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Abstract

Abstract

Charmonium resides in the transitional energy region between perturbative and
non-perturbative Quantum Chromodynamics (QCD). In this energy region, phenomeno-
logical models based on QCD have successfully explained and predicted the proper-
ties of numerous charmonium states below the DD threshold, as well as their pro-
duction and decay processes. However, since the Belle Collaboration discovered the
first charmonium-like state with exotic properties, X (3872), in 2003, a large number of
charmonium-like particles (XYZ particles) have been experimentally observed above
the DD threshold. The properties of these particles do not align well with the predic-
tions of the quark model for the experimentally undiscovered c¢ states, suggesting that
they might be exotic states permitted by QCD, such as charmonium hybrids, hadronic
molecules, or multiquark states. Therefore, further experimental studies on the decay
of charmonium and the search for new possible charmonium-like states will provide

crucial experimental evidence for the research and development of QCD.

The X (3872) has garnered widespread attention due to its mass being very close
to the D**D? threshold and its very narrow width. The hadronic molecular state model
predicts the existence of heavy-quark spin symmetry partners with quantum numbers
0**, 1*F, and 2 for X(3872) in the heavy-quark limit and also predicts the 0T DD
molecular state, denoted as X (3700), has a mass around 3720 MeV. Using the BESIII
data sample of 2.93 fb~! accumulated at 1/s = 3.773 GeV, this paper searches for the
scalar partner X (3700) of the X (3872) for the first time through the y(3770) radiative
decay yw(3770) — ynn'. No significant signal is observed, we establish upper limits on
By (3770) —» yX(3700)) - B(X(3700) — nn") ranging from 0.9 to 1.9 x 107 at the
90% confidence level, depending on the assumed mass of X (3700). For most possible
X (3700) masses, the experimental results are lower than theoretical expectations. As-
suming the chiral unitary theory predictions for |gx p+p-| and [gx p+p-| are reliable,
our results constrain the coupling constant for X (3700) — nn’ to gy, | < 1611 MeV or
1066 MeV, compared to the theoretical prediction of |g,,,/| = 1720 MeV. If this assump-
tion does not hold, the experimental results can impose further constraints on the param-
eter space of the product |g,,/|[gx p+p-+ p* Ds_l' Compared to the value of 2.09 x 10’
MeV? used in previous studies, this analysis requires | &' 18x . p+p-+prpz | < 1.96 or
1.30 x 10’ MeV?2.

Besides, this paper also provides the yield of y(3770) — ynn’ including all possi-
ble intermediate states for the first time, which is no larger than 4.8x107>. As a spin part-
ner of X(3872), the X(3700) — n*n~J/y decay may exhibit isospin violation effects

similar to those in the X (3872) — =™z~ J/y decay. Therefore, this paper also searches
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for the X (3700) — =z~ J/y process but don’t observe significant signal. The upper
limits of B(y(3770) — y X (3700)) - B(X(3700) — z*n~J/y) at the 90% confidence
level range from 0.9 to 3.4 x 10>, The experimental measurements can provide a ref-
erence for subsequent theoretical calculations on the properties and decays of X (3700).
For example, theorists can use the branching fraction of X (3872) — ztx~J/y to pre-
dict the branching fraction of X(3700) — ztz~J/y.

BESIII has accumulated a rich data sample in the energy region of 2 — 5 GeV.
Utilizing these data samples can improve the experimental measurement of the cross
sections of ete™ — light hadron final states, while also searching for charmonium and
charmonium-like states from the variation of cross sections with center-of-mass energy.
Using the BESIII data samples collected at center-of-mass energies ranging from 3.508
GeV to 4.951 GeV, this paper precisely measures the cross sections of eTe™ — ¢n’.
The cross section values range from 0.71+0.20 pb to 7.46+1.20 pb (uncertainties in-
clude both statistical and systematic), which are significantly lower than the Nambu-
Jona-Lasinio (NJL) model prediction of 45 — 75 pb. By fitting the cross sections, the
power parameter describing the variation of cross sections with center-of-mass energy
is obtained as n = 4.35+0.14, consistent with the NJL model prediction of n = 3.5+0.9
within uncertainties (uncertainties are from systematic uncertainties only). In calculat-
ing the ete™ — ¢’ cross section, the NJL model only considered the mixing of #’
flavor singlet and octet states without introducing form factors, and the obtained results
roughly described the distribution of experimental data. The high precision measure-
ment results of the e"e™ — ¢’ process provided in this paper require theorists to con-
sider form factors in the NJL model calculations of eTe~™ — VP (Vector Pseudoscalar)
cross sections and provide stronger constraints on the determination of form factors to
improve the accuracy of the NJL model in calculating the cross sections of e*e™ — VP

processes in this energy region.

We also search for the charmless decay w(3770) — ¢n’, whose significance is
below 2 standard deviations. The upper limit of B(y(3770) — ¢n') at the 90% con-
fidence level is 2.3 x 107>, which does not contradict the predictions of the S-wave
and D-wave mixing model ranging from 0.5 to 3.5 x 107>, This suggests that the S-
wave and D-wave mixing mechanism may play an important role in explaining the “pzx
puzzle” in the decays of J/y, w(25), and w(3770). This is also not contradiction with
the theoretical prediction that y(3770), with its large leptonic width of (0.262 + 0.018)
keV, is not a pure 1° D, state of the cc¢ system but a mixture of D-wave and S-wave
states. However, the upper limit of the branching fraction obtained by the experiment is
significantly lower than that calculated by the effective field theory considering the s-
channel and t-channel rescattering of intermediate D, D* mesons as well as OZI singly

disconnected transition amplitude, B(y (3770) — ¢n’) = 3.8 % 107*. The upper limit of
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B(y(3770) — ¢n') obtained in this paper is on the order of 107>, and combined with
previous experimental searches for charmless decays of y(3770), provides important

experimental input for understanding the non — DD decays of y(3770).

In addition to presenting studies on charmonium decays conducted at BESIII exper-
iment, this paper also includes research on C P violation in charmless decays of neutral
B mesons at Belle Il experiment. The measurement of C P violation in charmless decays
of neutral B mesons mesons can be used to extract the ¢, angle in the CKM unitarity
triangle. High-precision measurements of ¢, enable stringent tests of the unitarity of
the CKM triangle, thereby probing for potential signs of new physics. As a second-
generation B—factory, the Belle II experiment is expected to accumulate a dataset 50
times larger than Belle (50 ab™!). Such a substantial data sample will provide an ideal
platform for studying C P violation in charmless decays of neutral B mesons and mea-
suring ¢,.

This paper uses the generic MC samples and all data collected at the Y (4.5) res-
onance peak from the Belle II experiment to study the sensitivity of C P violation pa-
rameters in B’ — ptp~ decays. Since B > ptp~is a b — uiid transition with a
low branching fraction and involves the reconstruction of two broad p mesons and 7r0,
the background is complex, and the efficiency is also very low. Additionally, we need
to measure the polarization of p to extract the pure C P-even amplitude for measuring
C P violation parameters. Based on this, we perform a multi-dimensional fit on six ob-
servables (AFE, M(ﬂiﬂo), cos pT, and the output variable Tc for continuous background
suppression) to extract the relevant physical parameters. Using 1 ab~! of generic MC
samples, we obtain the branching fraction B(B? - pTp7) = (xx+0.14+0.15)x 107,

the longitudinal polarization fraction f; = X X £0.016 + 0.003, and the C P violation

+0.04
—0.01

tainty is statistical and the second is systematic. This study utilized machine learning

parameters A-p = XX+0.08+ and Scp = XX +0.11+0.02, where the first uncer-
methods to further suppress continuum backgrounds. Compared to the luminosity nor-
malized results from Belle and BABAR, the precision of S¢p, Acp improved by 14%,
7% and 10%, 13%, respectively. The sensitivity study in this paper shows that with the
Belle II data sample of 1 ab™!, the precision of A, p and Scp improves by 20% and

27%, respectively, compared to the latest Belle measurement results.

Key Words: Charmonium, X (3700), w(3770) charmless decay, C P violation, CKM
angle ¢,
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Figure 1-1 Particles in the standard model .
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Figure 1-2 The discovery of the J/y particle. The left plot shows the discovery of the J particle

in the Brookhaven experiment and the right plot shows the discovery of the y particle at
the Stanford Linear Accelerator Center. 2**!!
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Figure 1-3 Charmonium and charmonium-like spectrum. Black lines represent the masses in

the Godfrey-Isgur quark model*®!. The red and blue lines represent the states observed

experimentally before 2003 and since 2003, respectively. For the latter, the years when

the states were observed are labeled in green. The height of each shadow indicates the

width of the corresponding state*"!,
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Figure 1-9 Geometrical representation of the isospin triangular relations (eq. (1-43)) in the
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BATRER (AR 0.92~2.30 GeV(J5THI$E T+ 2 2.475 GeV)
AR (B 1.89 GeV

PRI 5T 910 mA
i b 8.3 mA
W% H 93(F 2T = 110)
el g 24m
H AR A K 1.35 cm
- EAEH 0.04
F2E378 N3 237.5m
A 4.5 % 10"
IP b 2% B BAE ./, 1.0 m/1.5 cm
IP A A2 LA 11 X 2 mrad
TR RS E 144 nm-rad
TAES VY, 6.53/5.58
ERE 3 396
SRS 1.5 MV
SPRARUARIAR 499.8 MHz
(HE7N ET%J%%@ 1
B ReEM 121 keV
Hﬁ%%ﬁ)ﬁ% 110 kW
et 7, /7 7 25/25/12.5 ms
EP/NiA A 5.16 x 107%
R A T 0.0235
T (Eppm = 1.89 GeV) 1.0x103cm™2s~!

P A A RIS 2.8 GeV,
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2.2 4pEiE{Y (BESIID)

BESTII 450 8% )& TAEAE 7-58REX AR R RE 1, TSR DI BE H ARt 4
& QCD fAL AN ARGl I BE AR B S AH ELAE A o, X -8R BEIX F 553 L)
BEATRE RS , AL BT B 545 . RARYI B H AR N AT LA

L XF s AR I BRI E FE . B R SE 0 T, T4k
QCD WiF WK, IRMEMEZ L 75, IR MR, KRMREEE
PRI KGRI -SRI R {E; 45655 QCD (LQCD) M, Kl &
PRER AR SR, WA ARG R o). RE RS

2. B BB AR RN T AR AR T, s
N T AR B i ARSI U & CKM R FEIT V,, F Vo, RIS 3 CKM [
4 IEVE: X DODY IRAMBIST, IS4 D AFRAENI CP W oo BIfEM
USRI R « BT e, Rk T EE SR

3. BB SRS i Ty AR, T SRR TR
THRBIRR RS TR MREA A

4. BEAKIFRVERRGER : MU Ty Ry (3686) TEAL H R B 145 30 B8 3
AZVA RGBT AS ) C P XFRE S

5. A PEAH AT AN Jhy 3828 R B T8 s RO B 1 A1 i
(B9 SUSR TR, IR RIS 5 B B BEA T A AL BRI

22,1 TIERIB

I T8 G & 7 A R B ARSI T, A3 B i TR R
X BEY L TR R A IR RERL T, BT TER I 2% LR AR e ge A8 i,
FUERR T XERERRIT (ev u. oo Ko pon. K) Flly 25) S 5HEMERA
W R A E AR, PR T4 15 S, B E RO R R k. R
[FI AR T AT, 8 TICm® LR E b 7, s Raus e 1
WS RS, RN AR ER LT RS . B, £
o RN, CSR T A AT R, I EReds B ARICSOE TG
o BRI 2 B2 TEMTE GRS 2NN A . Sqdsd ot
B SHMAA BRI TR EE R, W RARIMR Trofhsk, S8k T8
B, B, PAERZSEAES SR, BT E B AR B S A B R R Y
Y ER - T A
2.2.2 BESII &#4

T SE S T E B AR e B E ARIOBFSY, 355k BESIIT H50 £ A o 1)
WHR PR, [FE2SESPRREE, I X RH A B R 2%
Blges (Blan z. K. p &) XTET AR R0 HE. AE D PERIALE 5 P
TSRS R RS R R G A R T R4, TEICESRE b, RIBF
NG T E2-2 Frs iy BESI#88 P1 | AN THR I BS A 2 Mk E S 4509
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™ RPC: 8
RPC: 9 layers ‘ } A layers
|
SC coil }
NN i
TOF : [
barrel I i
TOF ;
| S
SCQ  ~] MpC =

—_—
——— =) .
¢ T T T
11 L 11 I
Ehi T ‘
9 AT ANTTNRNRI NAYS SO Yot 2 N
/ N]’ —_
Csl T Sl .
end ca L
P L i
Csl 7 i
barrel ] ‘
OE ‘w |
s[4 9 i i
X ) it i L
® © o B ‘ ‘ = | VAT
T )
I9 H
1
i T

Pel 2-2 BESIII #0135 &5 K 5l P
Figure 2-2 Schematic drawing of BESIII detector ',
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TER2-2, MK THRIER RE AT, FRMZE N BN IME K 2 R
4 (Beam Pipe) . {EF4% (Multilayer Drift Chamber, MDC) . “&FTH} ] %i28
(Time-of-Flight, TOF). HifZEHE#S (Electromagnetic Calorimeter, EMC)., #5%
fiif&  (Superconductring Magnet). p T2 %5#% (Muon Identifier, MUC),

42 2-2 BESHI 25 PERES 2.

Table 2-2 Performance parameters of the BESIII detector®".

TN G £ BT AR SebrikfE
B 0, 130 um 115 ym
= RSN 0,/pt (1GeV) | 0.5% 0.5%
HLETRER 0 odkra 6% 5.8%
\ Be /Pt op/E (1GeV) | 2.5% 2.3%
HLTG B -+ s
(LB P 0.6 cm 0.6 cm
RATI RIS | W) R/ ) | 100/110 ps | 68/60 ps (i JH4d)
. JEH e/ i i 9/8 -
i Bl BE 0.4 GeV 0.4 GeV
IR i 1T
SEEFE (AQ/4T) 93%
2221 FiRE

FMEE N IR0, TR ZR A5 L . 1F 50 TR A SR A
KR, 257 A R BT 28 5 A e AR IR N A T I R ik
WP IR 2 BT, RS B RE A AR, (A AR 35 EE AR 1
FPERR R R BEAh, R R R TR ERE, DURZ R, BN
25, HRFFE EZS, IR DUA R AR A A B R P A AR . BT L
WER, &RPUR RN, B RABUZEMSE BT, WEER 63 mm, B
FER 0.8 mm, AMERJERE 0.6 mm, FEE [ —4 0.8 mm [P E T 5
WA (B TP ) . R EIR G DA E RIS T - AU A
AR R AR T FEBOE B e A R R . 8L MDC, 3R /MR A IR
JERFFEIRIRE R +1° C Z N PR E M NRERA 14.6 um 194, DA
K RE R AR AT, A MDC PZ R . S R R
ElanE2-14 frs.

2222 ERE

MDC {74 BESII d 2 — A FHRIN A%, 2RI AL T I, 3h
HOACE. DARCRESRER, I HAE R DUNAEL M A e R 55 . MDC F 2T
PRI HLR A KL T2 MDC 5 H A i Uk TR A EAR I, (AU 7
BB, BT A SR e . B HORRYHT, TENASS ZR IR
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Beam pipe support

MDC Inner end plate  Re central pipe c0s6—0.93 o

% _Cu extension pipe DC inner tube ’// i /
P S

$63

@“ 1000 %%

Pl 2-3  SfC3f A i e R P

Figure 2-3 Cross-sectional view of the beam pipe ™"

N MHERE T 2R, BIAE S Z MR SR T 2R IAER N A S
ROR , SawifE s 2UdE, fih— 1 hkefEs, g rlss.

AT R ETHEES] T BESII B H A%, MDC 75505 £ DA R 2K,

L SE AR MARFTRER, I HLORETE W i 5 08 25 i 5 e % 2 ) it
A TR

2. I E AR E AR, BEER 100 MeV 24 RS &2, I HA%S)
PR 0.5% @ 1 GeV;

3.FE r— ¢ PP B 22 25 (B 0 HER BT T 130 um, z [m]433E462 1 mm;

4. WESREA A HERATT 7%, TE3hE N 700 MeV BHERXT K/n X 53HE T g
5% 30;

5.6 L T Ridp Fieoe TAE, I HAeidE N s H 8t .

% MDC B s — M /N IT ) B R 451 . %182 J5 n] AR AL T3 4
RN E, MDC st i SR, NE] PARSRYRE] . BREITKEY
2.4m, WANEERSE 126 F1 1620 mm. T REHE 5 A PO B8 v] RE S
XHE S (TP), N2 i AR B BT BRI, 28> MDC A7 (R f B 5%k 0.93
HARGERINE2-4F0 7R 8 T 3R 1B 2 U, MDC NI 78 9 AR 88 AR
PR AN R A, IRAHH 3:2.

MDC —3tf 43 ME5 222, RAMZESM, Bit 6 NMEZE. N THE z M
2 EE, SR N ER A Z SRR R 2 2. BB 2253
JCHCHIA] , AHAB B TCAS AN T, DA AE XA B B[] A5 B s e — Ik
H, WlaEES2, MRS, WER2-5HR. F522HA 25 um ¥4
ez, LR EAR 110 um B AR 2, KT 6796 {5522, 21884 RIfL.
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258

230

#1620

74

cos6=0.83

?1e6

32

Pl 2-4 kg Ak R P Y
Figure 2-4 Schematic drawing of the MDC2],

% sense wire

O field wire

O @ OO O %
000400
O© O 00D
OO0 0% 00
O4 0 0O 0 &
OO0 O0O40O0
OP 000D
OO0 O0O® 0o
O4 000

Pl 2-5 iR fonshb R agrd .
Figure 2-5 Schematic drawing of the MDC unit®l,
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2223 TKATHETEER

TOF fi T {EA 2 AL B e 0], F2 S AR I By vURE 110 "RATINS T, &
AR TREhE, AR B R, BEFTRL T2 Rt TOF Hybr 1251 fE
71 F R R B BT (19 RAT I R) 2281 TOF IR 73 96, FrLASR T} TOF
I IRF TR] 7 R X 2 TR 126 S RE AR 22

2-6 BESIII TOF &5k iEPel o AcDUDERGIS, tBURHANRRAG; e TR 2 i ,
H 22 B AL 1 s A DA 2 B R BEL AR 1 s g e %)

Figure 2-6 Schematic drawing of BESIII TOF. On the left is the barrel section, composed of
plastic scintillators; in the middle is the upgraded endcap section, composed of multi-gap
resistive plate chambers; on the right is the internal structure diagram of the multi-gap

resistive plate chambers >4,

[KI2-6/%7% 7 TOF L5 HR P, AL BRI 26 W4y, DASDRI AR (1R
SHRMTEE . WAL S TR IR, 452 88 B, fFBRIABRATE 2 12K % 2300
mm K 5%, BERRTHT S 50 mm [ IERATE , SR IR, AR ) 453
YN 68 ps. WL 48 PUNMRAMI R, EIETE. 7 2015 4F, MuES T T
THe . INIRARAS 2 SR B (MRPC) | #1112-6 H i) #0145 00 96 i 11 BT s
TH4% 2 S5 MRPC R4 S 2 AR T R () 23, 3 25 A I 7] 3 3 AN
Z iy 110 ps $27+% 60 pst,

2224 HEERESE

EMC JH R MR T e, 84 TR 7. M REE FaiE 1
A EMC, ENSMBEEPY R KEMEAEN, mmAERES, — T2
—XTEHE T, REHETFEH AT, Fg 2, BERETE e UTRIEY
A, B, EMC (5 AT T RE S, M5 RE AR AR SIRIT IS A S, 2
SRR 5, Bt EMC JE it AR IR, A8 RS 5If Hak
K, Sa#E Ak, RS ARIRKE (X)) FRIEMEI IR ERIfRE T,
Xo W€ G2 H i T EUR ST Re 115 MRk 1Y 1e B 28t W) B 2 1 PR

9T W & BESII 938 H 4%, BESIII ) EMC R CsI (TI) ShikAEh R 6
BOEL, A TR RE R PR R eI B ERESR . Z DA CsI fh iR 2 e A
HR I RIERERAERCE, I B RN, FEm e sL g i
1z O8I ol T SO T B TR BE R, BESIII ) EMC SR A 15X, 9K ¥
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(28 cm). [E2-7 &7 T BESHI EMC [ HL{A%54) . EMC 2 WAl Flim 55, A
i |cosf| < 0.83 X4, i wi 0.85 < |cosf| < 0.93 I, AHERNEARN
94 cm, KN 275 cm, FRFERGEZCANIFRHES, 306G 44 B, BT 5280 B
o AT B IR T Z RIS R R BRAE 25, BEARIRTE o Jr iR} 1.5°, bmis
H AR AL, BRI 6 EaiE, K1t 960 . EMC ryiitagsE 7
PR N op/E =2.5%@1 GeV, (EHATPERN o = 0.6 cm/v/ E(GeV).,

S

Z

\

|
A

ﬂ‘g

" -0
Csl end cap BENC 3440

Csl barrel
Pl 2-7 BESIII Hu it fi 25 S o A el )

Figure 2-7 Distribution of BESIII Electromagnetic Calorimeter crystals™®.

2225 BEHIE

- FREALLT EMC M MUC Z 0], BBk A3 Bl , S AP a4
Ik z MY 23RS, (SRR PR AR g AR e iz g, Ty (RS R . §2
R ] AR R s B e, (R R 3 i & AR S & R T MDC
NATH, SEAREXECANR, ShEn i, BTk, BESHT G375 E
BTN 1T, ZORBAA S NTET 5%, e NFET 0.1%, A
EZAnZ2-3

2226 uFEFE

MUC (i RN g oMz, d T IR IR 4 & PR AR (RPC) A58
TN (HEsk), BAEAISLARA |cosd] = 0.89, TBIRIKI; p THIH B
T BN K. w85 p TR N B9 505 AR A AR T AR AR, EA MUC
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4:2-3 BESHIL kA I A S5
Table 2-3 The basic parameters parameters of the BESIII Superconducting Magnet ",

MR 1.375m

IR EC HhAR 1.7 m
KE 491 m
S 1.475 m

e 2k ] KJZ 3.52m

FHERSE GEIE) | 3.7 mm-20 mm

HL 35 10T

TAER 3150 A

HA,J% 2.1H

" fiti e 9.5MJ
R e 36 ton
ST 1.92 X,

& EI (] <7X

2R PRI )] <1xR

ZHIEARAS R Z VR, s ERRMEHER PAgFa 22 MUC. Hz
K. 7 S5 T SR EY i A EAEH , fEdEA MUC Z B2 &% T &%
ek, MAh, MUC IEFEZ 2RI, SR AR kiR, HAB%E
HARADIUE, s Aregst MUC B 2808 ] AA UK 7w I E 581

MUC 35 Ad E R i 55 IR 73, AERIN AR 170 em, Ap2f42 262 cm, A5 9
JZ RPC )2, &@JZMW RPC M, Z5HUIEI2-8 iR, RPC )2 B JELE
B, BT 8 BHuigk. N TRIIER, BAEZER RPC RATECRHIE], H HAZ
FHEY . imEE e 8 EHIEKA 8 4~ RPC MZ M A, RPC py[a]fHE 2 mm, TAES (A
A Ar/CoH,E/iC H o #2218 50:42:8 WL BIE & Z JEWIR &S M. u FE e ik
Bz E2A 0.4 GeV, Mt 0.4 GeV 1Y u FHIMRF Ak 95%,

223 MRFIEFRLE

SO HI RS (Trigger system) J&— MRS PISIHING. 5 RS
T FAIRT (29 13X 107 Ha) ST IS MOV G] (520 4 kiz),
TER MR ARG BTG, ZB A A0, RS
1. FH9 IR BEPCIL SN 8 ns, {ELR I TA2AE R S A7 AEI A
R, AETHEAE 8 ns IR 52 RE— L% , FT0h BESTIUR i K &ehg st 1%
Bt Iy R TR A7

BESII (i & RAE MBI MRBIALL, S5—GORMIFME , 5 SURH P
%. F2-9 JE T BESII % HIYE R0 H02HE TR . B8P % 22Uk MDC o
ML, TOF iy, BMC s ryiB e e, MBS o T4 2%
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Ground plane

Dielectric foam

| iInsulator
+HV
Single
RP(gj-layer ‘ Gas gap |
Insulate
) | nsulator
strips = Insulator
-HV
Single
RPg-layer | Gas gap |
.
| 1 Insulator

Dielectric foam

Ground plane

Pl 2-8 BESIII v - %5 531 25 6 1 vy BEL VAR A 225 i s el 20

Figure 2-8 Schematic drawing of resistive plate superlayer structure for BESIII muon Iden-
tifier *%.

fFE, mndEH RGN R 2l A ORI, U 2 TBE i fi
KA, THEMEAE S . W R SRRSO ST RS, FRIARE, o
IE, WRIGHEAFERAE, AWRERFONECUIAR, HEEFR.

224 HELBIBRIKNERES

BESHI {4 RERG (DAQ REE) £ FAT 5 AR i i il & i 151
PEI 5 SR AL BTN 25 15 4, R4 L 22 B R ATUAR Hh A7 R B 3
TELITAN Lt T FoI4ss . k. BB sE 30, )it fT174. DAQ &
iR T RENEZ RS, AT, VME B&maih S8R, 5525
FER TR FT RN

R R FAGEM 2 (152 HE P24 WL E ) Ethernet (W 28 B 832 R0, BTG
A28 1 G A RS B B B R P LR, TR BRI R 4,
2-10 fir7s . FELRSEREAL BRAG B RIS 50 Mb/s,  f5Jed 2 B ik o 5 BTk
(BB AR L 40 Mb/s.,

225 BHREESNRSR

BESIIT B4 ABGIELIT C++ 45, I HAE caupn fEZE FUON 1% T
BESIII % | i 55 2R b B 2245 Boss!'! (BESIII Offline Software System, BOSS ).

Boss RILELE TSR RISARARY A4 BB, BBk EE . 22, K, 3
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TOF —W’—V Hit/Seg Count | L,

Track Match

MDC —| DISC —D} Track Seg. Finder |—} gragk
inder

Energy Balance

TrigSum

Etotal Sum

EMC
MU 4%’—»
4 4 4CLOCK

(RF " TTC
EEEEEEEEE NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEI

6.4 us >

[

L1P
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<

Pl 2-9 BESIII figh% Jl ik 2 4 Re b 2

Figure 2-9 Schematic drawing of BESIII trigger decision logic'®?.

Histogram .
Run Control Display Event Display

Online Farm PCs

File Server
Fast Ethernet
. Switch
1 Gbps Switch
cccc Farm
"""" Supervisor

MUC

——— VME Crates (4)

E—rr VME Crates (2) P
!‘E [TIIT] !-E
L= 0]} =1
1

Pl 2-10 BESII cHadiiR Z 400 5k ™

Figure 2-10 Schematic drawing of BESIII data acquisition system !,
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Bl SRR, ARAMIEE AR ES . S RIREEAR R P AR MO T 7 A A
B H A T3 keme'9?1 | BaBavaca !l prokHARA O 25 2 S 44E 4
BoosT 52 i1, BoosT HET i BEM BRI o 2 08 I Y GEANTA R T 11001
BOOST MR A4 45 Y L 57 S 0P8 2 64T T AT L0, B 38 LB AR A
Jii. BOOST %5 KL FAERA-T- M AT 5 B, BH T 535289 m A A
HAERM. THEAEAE R, BN S . ESCEER EAFE
7. TOF E#., EMC HE##, MUC H @45, ZIEMRciim =i i, 4
SRR AS  B AG F S AT IR, 45 0 B S BA E IR R R 2 T R Y. X &R,
& MDC, TOF, EMC. MUC [JZIFE . )it B @5 5448 b r91%
W, B B S S BT O

2.3  SuperKEKB

SuperKEKB ({1 B 20 T H 4% KEK A0 FREFE IE 71 i T4 (KEKBHO),
KEKB [ 1998 4Ei547 % 2010 4F 6 H , 2003 4E k5125 1.0x 103*em™2s7!
FE 2009 4F K5 T s R (2,11 x 10 em™2s™ 1)) H KEKB ()
W, R T AR E R A, 2T B R4 CP RS E I &
FERE, [ B T BRI RS, H A BUR p e XF KEKB #5157 7H4%, 4
*f7 SuperKEKB., SuperKEKB {15125 4 6.5 % 103 cm™2s™!, SuperKEKB 3
—A~7GeV [WHLTFF (HHEFR, HER), —4~4 GeV IEH T3 (fKEEF, LER),
—/> 1.1 GeV IEH T fHJE¥F (Damping Ring, DR) FIyEAZEN# S (linac),
E2-11 7R

AT S8 SuperKEKB Al =y e 156 2 75 2% HER. LER Fl KEKB )5 2%
RERGHITERIH . AL E T EIITERT, DAL
RS AR EK . #62-4 J#/R T KEKB F1 SuperKEKB — 26 H 5124 1)
XFLG o H TR S B R LT AR R T, RIS R XOE TR T G A TP
A DUBE PR AR, T DA 45 2 S E R TP Ak D13 pRBORT DA SR TH 2 BE « 25 R
IEHFHEFTIA, K ESAR, B TRIGER FI S, SuperKEKB
BT T —ANIEHT DR, FE DR il SRR Al RS HNE RS &, T
AL TS RS, RAS SN S BE o [ 488 7 1) SR R Bt T DASRAS A58/
AR, FrDAAHEE KEKB, LER HJREREH 3.5 GeV #2871+ % 4.0 GeV,

SuperKEKB 7 — A8 B E 2 SR F AR A, 18 TP o5 i) 2 1 DL 3% e 850 4
Z 0.3 mm ([ KEKB [ DS pR BN T 363 20 £5) , A BRI 4/ 2
60 nm. A T SEEAOKE L, 1P AR A X M KEKEB () 22 mrad 341 %5 83
mrad, [#2-12 J&75 | KEKB Hl SuperKEKB [1J 3752 X 78 2
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electron-positron
injector linac

i 2-11 SuperKEKB ify5 2801, o F-SRRIE L T-SRA100A FZeB , M 400k . KR,
BRI vl TAORIE P T3 (ESE0E P SeB A 11 M AR )

Figure 2-11 Schematic view of SuperKEKB. The electron and positron rings have four

straight sections named Tsukuba, Oho, Fuji, and Nikko. The electron and positron beams

collide at the interaction point in the Tsukuba straight section

[109]

7 2-4 KEKB fil SuperKEKB J& A £ 5511 %f L 881101
Table 2-4 Comparison of fundamental parameters between KEKB and SuperKEKB 1831101,

2K

THREFOR  KEKB KE| S5 SuperKEKB i 24 (2022.5 1217540

fit # (LER/HER)(GeV)
BRI BE (10 cm™2s7!)
T L (LER/HER)(A)

IP 43R 7 D1 8% e %k (LER/HER) (mm)

HRFAE XA (mrad)

IP 4b7K-FHE R~ (LER/HER) (um)

IP 4b3E B iR ) (nm)
181824 boost

S ~t~m

Q Q
<x R

3.5/8.0 4.0/7.0(4.0/7.0)
2.11 65 (2.5)
1.64/1.19 3.6/2.6 (0.744/0.6)
5.9/5.9 0.27/0.30 (0.8/0.8)
22 (~ 1.3°) 83 (~ 4.8°) (83)
90/90 9/9 (17.9/19.6)
1900 60 (177)
0.425 0.287 (0.287)
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KEKB

o«

—100

o

y [pm]

I a4

—50

0 2 [m]

100

SuperKEKB

0.5
y[mm] G0
—0.5 —200

z [mm]

2-12 KEKB (J5ii#) Al SuperKEKB (Ji¢i) RIS Rk, 16 KEKB ', z Jj
I E R A X RO/ b2k 10 mm, £ SuperKEKB Hr£y2% 0.5 mm 7,

Figure 2-12 Schematic view of the beam crossing at KEKB (top) and at SuperKEKB (bottom).
The size of the interaction region in z-direction at KEKB was around 10 mm, while at
SuperKEKB it is around 0.5 mm 3,
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2.4 Belle Il #FIZs

Belle IT £l #5 2 TAEFE b £ 5a BE XX A R ALHE BRI, FZEMER Y H
P EFE : RIS B T RGN CP R, SR IARERZL BB W& «
By, DAKRAIH « B2t 1l ks & CKM JEFETC Vs Ve, PAK
ZIEZMIE=AM5: FRENTHIREG, 7EEE T FRUSw. %
TS, RS AR, AT ARSI G M AR O A M

AT SE CET T AR B A P H ARROEST, BT 2 A BESIIT #5850 2%
PIZEMRIEK AN, Belle I A BRI TFHF TG 33, XXHFFE B A1 B O/ Y
CP WIAIEREEL. T SuperKEKB ¥ it52 B ERIRF:, RIS YA PA S
PP SRR R ARSE =, DA i e 122 BT, 7E Belle 5
SR LRl L, &t T anEI2-13 Frzsi) Belle TG, AN BN AMK UG R E
(Beam Pipe ). T S48 M#% (Vertex Detector, VXD, f§51% Z#M|#s (Pixel Vertex
Detector, PXD) FIfEidscEM#s (Silicon Vertex Detector, SVD) ). HULEFEE
(Central Drift Chamber, CDC). K47H}[a]11%#s (Time-of-Propagation, TOP), ¥f
VMR TT4ies (Aerogel Ring Imaging Cherenkov Detector, ARICH). Hif;H
fitss (Electromagnetic CaLorimeter, ECL) . #5344 (Superconductring Magnet )
FLKD g TS (KLM) o 33X 28 THRMZ0 BRSO T S5 0n22-5 R, N
YR IX LR g8 AT R EEAN 41

KLM

ECL

TOP
\

PEl 2-13 Belle IT #5801 2545 K7 2 73
Figure 2-13 Schematic drawing of Belle II detector

[73]
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Table 2-5 Performance parameters of the Belle II detector

425 Belle I FMIZ PR S,

[110]

2R PERE
PXD TS0 9 0 ~ 20 ym (PXD+SVD)
SVD T 5539 04 ~ 20 um (PXD+SVD)
FA.22 53 ¥ Org 100 ym, o, =2 mm
RN 0,/ pt V(0.2%pt)? + (0.3%)*
CDC i
BRI o/pt | V(0.1%p)2 + (0.3%P) (5 SVD)
HL S HEIR 0 F 04 E/dx 5%
TOP 18] 53 o, 40 ps
K/z 433t 7 iRHHE < 0.5% B, R% > 99%
ARICH Kim 5338 (p=4 GeV) | z iR = 1% i}, %R = 96%
ECL etk op/E 0% @ L0 @ 1.2%
BB HE 605 0.5 cm/A/E ( GeV)
JEE R i 15/14
IR > 0.6 GeV
KLM FRFAL B HE Ag, AG 93 20 mrad (K?)
FETSR T IR B e R ~ 1%
BRI E S Ag, AG 92 10 mrad (K})
I B R o,/ 18% (1 GeV ) K?)
IR 75, 15T
- SR (AQ/AT) 92%
241 FHHE

AURLE R RUZ B BRAE A, SRS NEFA 10 mm, O TR RZ B 1E Rl
ST BER S, NIRIREECN 0.6 mm, NERTHRA 10 um /Y4, DA
PIREERFAZEADET . SMVEFE0N 12 mm, JEE 0.4 mm, HGUE HBLEN
WNE2-14 78 o R F I AR O R A R R0 2k L T THE B8 B A

[, NANZEZ TAIE 1.0 mm JEF 77 R e 2

242 TnsiRilzs

N T RERAS TR B A TRYIEAS TN, Belle IT SR 5 22 & L5 Y I,
TRIEE S FT 1L, Belle NI 7428 VXD, EXMRSIBAREH EERCR, DA
TeARIETIU A I B FEAT L Belle #2123 2 /5. VXD W& WZ K= PXD

SN PUJE SVD, Z5H94NE2-15 Fin.
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Paraffin Channel

3

45°

OFC

Stainless Steel

Pl 2-14  SfE3nE A R e P 1

Figure 2-14 Cross section view of the cryostat beam pipe!!'".

935mm
5 1 Layer-6 SYpD- [ ' Vﬁ
~ Layer- - — ] =
= ayer-4——<__, N
o~ Layer-3 — n
s = = —
— PYD o

4+4 diamond sensors

6+6 diamond sensors
PXD-beam pipe

SVD layer-3 and -4

Pl 2-15 VXD s he b2
Figure 2-15 Schematic drawing of VXD 11121,
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2421 1GEIENE

PXD DALAWZ, B0 8 M, S ZEA 12 VB, FF runl HUK
], TP A A, 55 TR HARE T 2 M. fE 2023 4F 8
H, W24 PXD g4 8) VXD . E2-16/87R T & MBI 4544 DA
KM ARG R 2 JrnE R . — N 4ikEry PXD Bl i —~4E 5 DEPFET ££l]
BT R EES A &R 24, 82 H TR AR e
B o NREMEERAERI BT R S 12.5x44.8 mm? | ANZEBOREEI 0 R S 2
12.5x62.4 mm? | JEREHS 2 75 um (0.21% X, ). T MG Z 1 RAFE 55%(55—-85) um?
z BT MR E R R etk 1T

Si support A +y thinned
DCD  Switcher frames : sensor

N

beam _

Kapton cable D

+X
- -

NN
Hole for sensor fixation «
N

g O
y T e \ﬁ =
PXD half-shell support and cooling block (SCB)
Pel 2-16  JPelit—A PXD Bl B 2 # A ANai b s i Pl o A Pl AT B e it 4380 38
El[lllﬂo

Figure 2-16 The left plot shows a schematic drawing of a PXD ladder with supporting and

cooling structures. The right plot shows a schematic drawing of the arrangement of all

ladders in a windmill structure ™3,

BB SRR RE T TR RO A% (FET) M. 7E FET MiE T
07, WE2-1TH0R, M T — DN . 235 R 128 i i, -5
FERLI A T s o SRR BRI I, R ERAS BRI . A P ) SRR
e VA A S RS VR -l F R . FEME S R 2 e, A ) N il st
AE [ L 5 e P SRS AR g el gy 1T,

2422 FEREIRNZE

SVD 4 BA T 2 XU Rk S5 5 % (Double-sided Silicon Strip Detectors,
DSSD) , sk 4 2, WE3E (RWNE) . £4. 56 2 (IMNZ) , 25l
H 7. 10 12 F1 16 A~ AN PR, RS s 3R 2. 3. 4
5 AR B TT . IR BTk B s B B R 2- 18 s o 3X 172 MR R TT
BT 12 Pk xR, HA7 224 x 10° A~z . DSSD 4244t 7 4k
EALEFE, AR OIRIN B ool S i L Al sk ] . SVD 56 3 22 HLY
TAES: 4. 516 2, fJ5—1> DSSD 73 5IPA 11.9, 16.0 F1 21.1 FERY A BE R .
DSSD {5 H 2 ol D B AR AR B R i, [R] I o e e B KA 5
W ok m
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FET
Source Gate / Drain Clear

sio, —_ P [ e N
7

deep n-doping
internal gate

depleted
n-Si bulk

[=Y
NONUONUONONUONUONUNUSN NN RN N NN N NSNS NN NSNS N NS NN NN ANNNNN
P* back contact

charged
particle

2-17 DEPFET 1% bk i 13 & 10
Figure 2-17 Schematic cross section through a DEPFET pixel '),

20~ Rectangular (122.8 x 57.6 mm®, 240 / 75 um pitch)
r [cm] F . Iayers - === Rectangular (122.8 x 38.4 mm®, 160/ 50 um pitch)
- 6.x.5 6.x.4 6.x.3 6.x.2
F° 5.x.4 5.x.3 5.x.2 8x1
X X. X
10 ° 4x3 4x2 51
o 4 o 4.x1
L 3 aeBX2 3x1__
O- JI: BT e = z [em]
-30 -20 -10 0 10 20 30 40 x [cm]

1 2-18 Jebelft SVD MBI AR, WSS IZIS5 6 )2, Akl SVD Bhif ol 2%
e (1121

Figure 2-18 The left plot is a schematic diagram of the longitudinal section of SVD, from the
third layer to the sixth layer, and the right plot is a schematic diagram of the transverse
section of SVD!''2,
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DSSD M B oA =2 43 512 By Hamamatsu Photonics K.K. (HPK) i
T PR BSH N AR BT, A K Micron i@ iR IE AR BT . AEIE ARG E
PRI B TT RSB43 528 320 pm FT 300 pemo A NERI A TT R n B2 SR ER 45
i, PMHCE AR B B P A N BUp ik -0 BT P AL SR SRR
)7y (SO AR ), N BRI ETER ) Ty 0] . 78 P AL SRk By
AR RIFEX T RA (VNAY) FETEARM BT 5 75 (50) um, XA TEHRM 5
JCH 50-75 pm. 7R N BLEFRSE ERYIRJEE XS T R AR BRI B0k 240
pm, NRUFEIERI B TT A 160 pm. DSSD #5830 BT R 48k T R A 1 2- 197
PRI A TCTE P AL A S N B R S th B IO B R ARl R Al %, DA
PR oA BRI A R

readout Al
SiO,

[ S g R i i N

P+ P+ P+
= Si0,
S i N P* stop
N
: ~_readout Al

Pl 2-19 DSSD Fs Gy HeR i 2 Rl 1.

Figure 2-19 Cross sectional schematic diagram of DSSD sensor ',

243 HulERE

CDC /& Belle IT 5255 T A R 4208 . M ESh& . k251
PRt R E 5 THRIAS . B2-20/%75 T CDC Rk i 7~ 5 &l . 7 Belle 11 52545
d AR TS R B HAE 0.1 - 4.0 GeV WTEREIN, FBhE > PR 33 K
B UCHUN . B, 8 R BT R s DA s> 22 U 5 . BT
I, CDC 433 10mm JEF)RImEEHR, 5 mm 1 0.4 mm JERRFE R R G
¥ (carbon-fiber reinforced plastic, CFRP) {ENAMaiFINTE . HH 78S A% T 5
FIFEMES IR S, IREHH 1:1, (5522356 B4 30 um 84842
2236 AR 126 um (P48 22, DA R B BE M8 22 SRy

F2-6 IR T CDC W EESE. N T AR A G B & o H 2R A 2217
#9125 Belle CDC ], Belle II CDC 7EH [ 2E42 R R A T8/ MY BEITCR
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Pl 2-20 CDC &5 fhop M7
Figure 2-20 Schematic drawing of CDC™"",

BT AR, |l 8 JZM B ICRT B/, E2-21878 7 CDC Hy/NRICLZ2 %R
RIS 22 BRI

#2-6 CDC L%Hy™M,
Table 2-6 Main parameters of the CDC%!,

ZH PERE
WAL (mm) 160

ANREA: 242 (mm) 1130
wWNEET 2242 (mm) | 168
ANE(EE 22242 (mm) | 1111.4

25 56
S5 H= 14336
G552 H4% (pm) 30

244 TATHEIT SR

TOP 1 16 PRI IBLERALN, B ARG, #aifE CDC KSME . 5
MR RG . Ve B AR, 2220 . s
A A SN UM PR B AT AR R . — RS — MR B4
AR K 125 ecm, T8 45 em, & 2 em, PIARASEA00 A FE— B AL
IR 2.5 m A S . K G S ARAT T 400 s M By SCREE R R, X
PhES T HAT R 08 B W BERUER IO ) A% JEeadie (8 1) ) 2 D 2 ol 1 AR G H £ 4
% (MCP-PMTs), BASETHIIIEI S HRILT 50 ps, REASAHRIX 7 GeV i
7 AT K AT o HBIRA o 4 x4 ANEiE . X484 TOP Kk, 324> PMTs
BHEPIAL 2 X 16 B RIAR,  RAK DRI &5 LR 73%

47



REF LMW ES B N T IEREA T CP IR

Il cell
small ce norm%ICSeII O o o o
O O O OO0
= £
SO e O o (O OE) O o O o O
O O O OO0
6-8mm 'O O O O o
Y lmm], Belle 11
2504
P 111.14x[;nm]

B 2-21 CDC {7/t 2258 Rl g2 i it s e 171,

Figure 2-21 Schematic drawing of small cell and wire configuration of CDC™7,

Focusing mirror

Quartz bar

B 2-22 TOP {ryhi 2 181 .

Figure 2-22 Conceptual overview of TOP!'3],
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— ik TOP {14 AR JFUBH i 1o ) 2y UL 1 AT 8], By eURL R 38
S, BONHESH (BIReR KA, 0.) BURTR THEE, B iEikN
WA R EEAAE R, ANE2-23fr7R . i1T Belle IT i) TOP 2Rl 7 MCP-PMTs i3
AR P RE E A F AT ARG £ AR ARAR (e, p), ZEARTEEE, FTDAEEH
“HERUMERE KRB, Ut PR TR IR RE -

quartz radiator / /

2
. %
-7

Cherenkov angle Oc

/ photon detectors
charged particle

P 223 TOP FIRIR SHUMERHIOE T 2k 1

Figure 2-23 Schematic side-view of TOP and internal reflecting Cherenkov photons!!'",

245 IFEYIERRITHRR

12-24) /R T ARICH [ )53 DA S 454 B B IO AR R — A~ B AU i
FEIFHA 20 em B G RN ARAL BT, 6 AR DN S A HRL T 2 e A R A
=AY R, Sailad g 0, TR 250, X 4 GeV k¥, #
A K Z R A BE 22 K 290 23 mrad, RFRSTA T EN 1.05. B 7] =5[]
AR, R TR AR RICH #7045 . WURE R AEK, UIeFRot
THAE ARSI, Bl TR IOCT I ENATEE, X2
R AR, W, 5IATHEAFRITHREY 2 cm JEEK, 154
WEBGA R ARIM AL E S, XA T ARSI B AL 7 . wifp
BRI R 54 ny = 1.045, ny = 1.054, FF HHEAT 40 mm B REFEH]EE .
ARICH I oi% S50 248 B, BAH% BRI 2-240 I s 1) 7 XHES

R BT B TEURK, I HALE SRS BES A F) 5x S mm?, It
Gb, AR 1.5 T WfiYs, [FIBTBEME AR ZRFE0alT 10 4F A i b 15 &
TR IXBEEIR, HPK FF & T 144 MNlE IR A S it igs (hybrid
avalanche photo-detector, HAPD), f[&2-25 fif7n. HAPD 2—PEZE, Hip4
& 4 NEAPEH G (APDs), #idB G S HE (O(1000)) F=AE 3 a5 Al APDs
(25 Hitss (O(10)), (753 HIEKE] 70000, SMBR T 73 x 73 mm?, 53006
13 64 x 64 mm>, ARICH fiL{di i T 420 /~ HAPD, HAPD [ 3745 5 Tk
32.2%.,

246 HHEEHER

Belle 11 (1) ECL %2 fil 7 Belle [ ECL, ECL ti—4~K: & 3 m Bt (2142
H125m), PARMTFSHEEHAR z=196m (§iH)) flz=-1.02m (5
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(nl<n2)

Photo-
detector

e o == )

R -
S S SIS = =y
' '
] 1
] {

Pl 2-24 ARICH WJBRER (Je) Mighimigkd (4)" .
Figure 2-24 Schematic drawing of ARICH principle (left) and structure (right)"".,

photocathode

/

-8 kV l e-
~20 mm

Pixelated’APD

P 2-25 HAPD (3B (F2) fiscn ()Mo,
Figure 2-25 Schematic drawing (left) and a photograph (right) of the HAPD ™",
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) AW ST . ECL B s 12.4° < 0 < 155.1°, HiFHIET S
Ui g < (B 29 1° SER R BRI e 55 . APt 6624 > CsI(T) ghfk, k29
ﬁ*ﬁlﬁlﬂi/ﬂ( BAREE— PR ZH 6 X 6 mm ﬁ AR, KA 30 cm
(16.1X) . WiingH 2112 4~ 69 FHHARAY CsI iR ZH . B IE 8736 A~ihik, &
A 43 I,

%JT%TP%%TE@J%?%TPI?%E@%HD WAL, Ry, YR, I H.
PEEDCEERE, MM EEEE 2R 200 um 1) Gore-Tex ZfLE IR L
I, #Eiﬁgﬁrgﬁ 25 HYERAN 25 um R ERHE . ECL IIFEgIN 4] 2%

%k[“” AT RELL BCL e A, (553 BI A8 T LAk, *f ECL i i 12

77T TR Jar et f T2 R OB R, R ECL 4 i TP BE L ) 8] 45
?Eﬁ 0.5 us, J/ T WERERR, F3RME ECL {5 B MK &t th A 2 J57E FPGA
Hp ot H R 4 B T AT i 120

247 BB

Belle IT 18-S (4T ECL AMI, KLM HugkAE R nl i, B4R 4
Pt z [ SIG, R 1.5 T, F2-TRR Tl m £ s o,

6 2-7 Belle IT i U245 L5 R 10,

Table 2-7 The main parameters of Belle II solenoid coil "',

S NEEES 1.7m
IR | 2.0m
HREAR 1.8 m
K 3.92m
SRS | 3x33mm’
B iR NI S gk
FRERS 99.99% %8
2 LI 4400 A
FJak 3.6 H
fitige 35MJ
HLb 5 15T
SH 23 ton
o | ARGR TR ~ 6 ton
L K 441 m
¥ Al B[] <6 X
RBWMERE | <1 K
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248 K} #u Fit#is

KLM Hi 4.7 cm JEREARM R LRI AR e BT A, HL ARG A 1E12-26 i
R, LGRS RIS S P Ay . WA R T 457 — 125°, MR AR T 20" — 155°, #
HOE 15 AN EA 14 ANM R, 35 14 D TRIRZ A 14 NIAH L
XFEERAT 0.6 GeV () p TRIPHERE T, EAIATLATF KLM, 55 it i
1.5 GeV, BT AE ILTFHL % KLM., K2 75 KLM w58kt & AL M E AR
JHTT DA T HE4T

prrrlinn | | | |
0 1 2 3m
“h “ “ Magnet Yoke
Backward Barrel KLM “FILMIL
Endcap Endcap
KLM KLM
Solenoid
NI Bamet Ect
) | Backward Forward Pole Tip
Pole Tip ECL ECL
N 2L

Pl 2-26 KLM &5y iiked ',
Figure 2-26 Schematic drawing of KLM 11,

RETy s ER=E (RPC) [¥) Belle KLM 7354~ Belle SC5 1 54 R 42
SRR I R A7), R RPC TR R S5 1K A2 FL 373 I 4 K R I 7] S 3 e A1 T e s A
RN BRI, (H27E KEKB 52T, KLM ABERIAS T 5 265 50 4 &
—%r. P, BIfiYE SuperKEKB it T WU M s AT 0L T, Al RPC
DA IE T (2R N2 RPC AR S0 R0 e ANE S T8, FibAh
TARFELFIVERE , AR IR A2 RPC G i REAE B E ARG R T L
VERITN MR, Hofth )2 R AR 1121 RPC M2 1 4544 775 72 B R 2-2 7 T s

TEvmmH, TR PR B TR G/ NE A R B BRI E R A B, A
H . Belle KLM 3t 25 A I FFIZR L2 0.1 — 0.3 Hz/em?, i} RPC AR E.
ZRPEE) 90% & 95% 2 [8] . 7£ SuperKEKB H1, i i HH 1 4 IS S 51l 5 T 1K 1 ol
20 5| 40 £, ¥4 53k RPC [RCRAET 50%. F, 7F Belle IT 1 fiT 4 2% RPC
RN IR o RS HOBEARTAT M (7 — 10) x 40 mm?, K J¥ &3k 2.8 m, 4447 58
JEE PR 2 T AT TE R e R, BT A KD sy sk U2
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0.25 mm Mylar
0.035 mm Copper

Ground plane

Dielectric foam 7 mm

0.035 mm Copper

Cathode plane

0.25 mm Mylar
Hy I 300 mm
Gas gap TS ToTToToTTToTToTTTTTTTTr 2.00mm
HY I 300 mm
Insulator [ 1 0.5 mm Mylar
v I 300 mm
Gas gap TSttt TTTTTTTy 2.00mm
HV I 300 mm
0.25 mm Mylar

Cathode plane 0.035 mm Copper

Dielectric foam 7 mm

0.035 mm Copper
0.25 mm Mylar

Ground plane

31.6 mm total

2-27 KLM R4 Tty RPC Iz b7 i 110,
Figure 2-27 Schematic drawing of RPC superlayer structure of KLM!!",

PRI AR AT Y Belle KLM Hyimsg , AR GEH 16,800 NMAMRARLLUK, HF
SIEPIAN IE AL, AN R B A — N8R, — DA P A A
PR AT . HARSSIE2-28 - B . TR R AT A Y,
I B B P8 XA 24 o s XTI AR 1% FESNEL R, T e 8800 o B An
SRR R, FEX S 4%. PE2-2845 &R T IR G IR A P i 434
P J B

The shortest strip
885

Support
structure

Longest strip i

2820
". Track

/ béi' ”””””” G ?@li@htp // 4 é,é
S R

228 KLM 3o PRI HEAi 75 R P () IR A DR e MR R ()11

Figure 2-28 Schematic drawing of the arrangement of scintillators in KLLM endcaps (left) and

scintillation light detection in scintillators (right)['!",
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249 HPlMrRE

filt i R0 TR REOGE R W B RE, [WIE KSR B SR U FT Bhabha #
SHAREANE, 4P A2 p B Al % R 51 #E922-8 1. 5 Belle 1L, Belle
I (Wi REA 3T, REIERE A (L1) B2 RuoRkZ A irigrt, it
HEmgeilfh % (HLT) AOAbHs s, XA % mAUARA K SA F1I R
U, RERZEWEAL. Belle II Fyfilt & RS HELE K& QED MIAJK T, XA
PVEAT R BRAE S b4 Tfilk , BN, ete™ — y+ nothing (A, A — yy), A RAFEH
FHT. L1k RERERAHE,
1. X} Y(4S) - BB fill ete™ — qg i FRHI il KRR 100%,
- WHEIEUR 2 RESH R SR,
- B Il A%k 30 kHz,
- [ EIEIR LM 5 ps,
. BPBRE BE/NT 10 s,
- /NI BT TE] A 200 s,
7. b R O R AR
% 2-8 AEBRIESEIE R 6.5%10% em™>s™! I, 2 Rivdy i B B I0IER i LA B fish %% %< "> . Bhabha
Al yy RSB () B 4D 100 £%

Table 2-8 Expected cross sections and trigger rates of various physics processes at 6.5 X

AN U B W

10 em~2s™! luminosity')]. Bhabha and yy rates (*) are artificially reduced by a fac-

tor of 100.

i M [nb] fil %% [Hz]

ete” = Y(4S) 1.1 960

efe” > gg(g=nu,d,s,c) 3.7 2200

ete” > utu~ 1.1 640

ete” - ¢~ 0.9 640

ete™ - ete” (10° < 0),, < 170°) 300 350*

ete”™ - yy (10° < 0, < 170°) 5.0 19%

Belle I filt % R G ) 7n B ANE2-29F7 7R . CDC 1l A fe iy viobs Bl (7
B ECL TR fLAER T, RERFEST. Bhabha FHHIRIF w2 HIMr <5 (5 5 ;
TOP f-fi A S NG B A I [R) At o A2 BEAS B, ARICH il A S BURS B i o 1
B KLM AR it p TAsBME . RIGIEHTA THRINE RS Al A e 2 4
k2 (GDL) FMUh A psE , FIWe 75 2 sl & a6 18, 7Bk
FTo WM RS ST RS . FRIARE . U, RIS
T, AW RBEBIRCAEANR, BEREF. MERGRNEIERLN S us.
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~2000 TSF bits
CDC TSF | >
—| r-¢(2D) Track Track Count >
Opening Angle >
Back-to-back >
3D Track >
~2000 TC bits
ECL 4x4 Trigger Cell -
—| Cluster '—|: Cluster Count >
Timing > '%')D L1 Trigger
) » S —>
_| Energy Sum High Threshold g S
Low Threshold > g
.-
Bhabha > E
a8
~100 hit bits
BPID Hit | >
N ol 2
y g =]
_—
Topology > O
Fine Timing >
~~100 hit bits
EPID Hit i >
KLM w hit Forward >
Backward >
Barrel >
New in Belle Il

~5 [ sec after beam crossing

el 229 Belle I fil J 2 s e 1.

Figure 2-29 Schematic drawing of Belle II trigger decision logic ",



REF LMW ES B N T IEREA T CP IR

24.10 FELRHBIRREARS

Belle IT ¥ DAQ RS L1 il & 555, MBS THRINZS 1) il s oL
TR (2 PXD), $di o477 =i it Belle2link &4 %] COPPER
(COmmon Pipeline Platform for Electronics Readout) f#ikk , COPPER it 21l &
N R L 25 BRI, SR 5 15 %0 31 HLT 55 LB T8 (i & F e 7 . e Bl
PeFsah 3| KEK 115 H0 (KEKCC) #Ff7if—25 43R5y & 21T 5% 5 (GRID).

€12-30)# R T Belle I DAQ 12 /R & & . KA THRINES R AGE— 1
AP, ME— A PXD, T H AR B R, R BEEEHG 7 &
PLERA A . B SVD H g kAR | PXD . FAI ] HLT 3645/
1230ME B E BOLER X 45k (ROI, Regions of Interest) . )i H A 2% H PXD ROI 1
BARA S, ARSI B s S AR 2 PT 232 7K F- . Belle T DAQ £5¢
W T AL FR = 30 kHz 1t & 3%, (8 T i s 52 BE R G Y B AR A R
TANRHI A .

rrrrrrrrr

HLT decision

|w)
@
@
@® >
S sa
=] S =
—~ o
&, =
Q =
=0
3 o
) g
~ o
Ll
o
D
(7]
@
F o » i
elec oL »| readoul ]
S| STpr| X 3 10 HLT farms units RAID
| " 150 CPU cores / unit
70kch 1 | . h
on detector electronics-hut computer room

P 2-30 Belle IT Bl B R wibel 2129

Figure 2-30 Schematic drawing of Belle II data acquisition system [124125],

2411 BEREEBSTES

Belle IT {if il #il trigger . DAQ AH[A] R A HESL HEAT MC 440 Bt R4k | HEE
ZIB . AHERI AT . X Le4 A FEELE (] python JHIAIZIT—RIET C++ 11
FRE AR SE A . MC B i 7= A g% kkmc 2! tavoral? | gvrgen!!?7]
. PRI ERA M R T GEANTAM OOV AL ] LA P B T AR AS (7] B
B AR AS R DS R R AR A2, RIS AEERST & 1) MC AR

Belle IT {{i ] GRID #EA7 R AR AL L, GRID 52 H B Y R 2L 5i 1AL
e (LHC) JF AWM T RABRATER AT B RS, HAl Belle II &1
H7r GRID FEZ5EM T —& 5 MC FEARRY ARG, AUFIE R, DR R E AL
. XF GRID FIizfTRIVELR al AL B, 261 LHCD SEgn 2T A K
DIRAC #1281 it 7 o (A0 )y X4 FE GRID Lz ATy 48 R e
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3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

BIE BT y@770) BHREIK X(3872) FREKE X(3700)

o

3.1 BRENE

H 2003 4EPAK, SL FEZKIL T 24 AR B S MRS R
A2 Moo — BSOS R e A TAHIFE! 55— e S ) S5 A4 ce
NTERALF G, BT AR5 vtz 2 A H e 85 MR, flin2 5 w7 e
TR g, X(3872) (19(0FC) = 0M(11F)) T 2003 4E4 Belle
LR PP TR R ARSI DD BIE (O = my@sgry)—mpo—mpo =
(—=0.04 £ 0.09) MeV) HEfEdEH % (= (1.19 +0.21) MeV)PY | HpE|E T
ZKYE. MR DD S TASHEEE, X (3872) AR T HE RN T L
2 FRRSEMBITITE, BN X,4013) (IR S-J D*D* siazs )40,

bl

Lat:m Lat:m-Eref+EZg, Exp
4.0k P —4.0
RPN 5.3 | meoo_2m,]
2117 |t """"""1 — T A ————s -
39l Ds e S 134
: X(3915)§ 1,(39307] >
3.8 _ _2'_11;)_ X(3860) _ 3.8
; . .
E 37k 2m, 437
3.6 —3.6
. 3% - o |
3.5 1P 5
L >* i
* e
34+ X P) —3.4
JPC 0++ 2++ 0++ 2++ 0++ 2++

Pl 3-1 LQCD Bl 5 1éy 51 g il M iS4 R M Le . e Bl firp B g ZR T LQCD g, 1
Wom FoR R SESER T U . AL AR SR LA O B SR U s T, 22T
PR, “MIBAGEORAE, WA SSIOREENE NG RRIRET R . AR RS
LIS

Figure 3-1 Comparison between the energy spectrum of hadron predicted by LQCD and ex-
perimental results. The left and middle panels display the LQCD calculation results,
where m denotes the mass obtained from the lattice study. The magenta symbols corre-
spond to hadrons extracted via scattering analysis, diamonds represent resonances and
triangles represent bound states, while the blue crosses indicate values extracted directly

from lattice energies. The right panel shows the experimental results!!*!,

FESE T TS, T Nieves 5 N A RO L% B E % 70 H ER PRI
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I8 TERF AR EAEM T, Bk X (3915) /& X (3872) & 1H8Ch 07 i [ gk
PE, TTRAS RIS SRR B, ATTTRGE T X (3872) T4 7 [ EXT BRI LK
PERBTR, FLE 6 4 DWW D 43 A5 MO142193] - sipeady | it o R B 07 19
DD 3135, 76 A =1GeV SAMEWT T &5 1B RAE 3720 MeV [z 140199 (45
BRI SCERHE B ACAE X(3720), A HIICHE X (3700), AR3C8—iC/E X(3700)). 7E
FET AT, AROHE P RHIA DD 4 TEMBREER S X(3872)
M RETFETE B GG, SEI8 BXT 07 ) DD 4> TSmS RIS X (3872) B
CEMDITARE R TS % | AL TR 70 TSI,

AN, ¥R T tsh f2E (LQCD) £ JPC = 0 HFALIEN 0 iR &
DD - DD, HUH WIS e 2mp (mp J2& D A T5ik) % 4.13 GeV W REX {1
R T =AM E . HP WA 5] AARRERL x.0(3860) Fl x.0(3930), %
Ah—A S iR & B DD BMEA R DD WRaES, 454 m - 2mp =
~4.073 T MeVI &3 15775 . 7E3CEHIAK LQCD 135/ DD H a5l
LT FEXFRIE TSI X(3872) B etk e, 07T 9 DD 43135, RiThER
7] — AN

75 FAE % IEFE ', Daniel Gamermannn %5 A F i} SU(3) X FRYE T /Kl T
AERL DA 2 SU(4) S FRIE R I AL G (18 % JE T R RN TAC b w2
WEBE] SUQB)) 1A TES MR T RS I3 S . XIS T
R H 255, A I7E T-HE R 3 B — MR R EAAS , S A2 /s = 3718.87 -
0.11i MeV . XM ASTI R BT SU@G) BEE SUG) (15 ES - 1D3P3IDS)
JG ZEARIR S\ RS A, Hgst 32355 DD Edias 14,

S a | 25 i

%) 60 ! : (c) combined
K50 | |
— C

Sa0

c

W30

Events/10 MeV/c2

20
. |
10 -1 I

el W

O L | | | | |
3.7 3.8 3.9 4 4.1 4.2 4.3

m(DD) [GeV/c?] M(DD) (GeV/c?)

Pl3-2 yy - DD (il DD A2 RS (feBl, BABARUS, 1P, Belle!!), Pl fn
Wil e DD BB LTI .
Figure 3-2 The DD invariant mass distribution(left, BABAR 4], right, Belle['*%)). The red

ellipse in the diagram indicates the enhancement near the DD threshold.
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3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

AR DD BUEPA T BRAES, BN My 3700, = 3723 MeVUI I My (3700, =
3706 MeV '8! LU fRRE AL IRZS X (3880)14Y B A3, A1, BABAR Fil Belle £1f:
HAE vy — DD W E S DD BE M A a4 U190 32
TNe N T S HIARRESC IR AR, En Wang 58 A\ $UA R4 2117 Belle Fl BABARG
VE MR DD RN, H% 18 S-ilf DD RASMEAEM, BEIME55RM
FEE 3720 MeV MHEFFAE—NFIGLIER 0 ) DD a0,

RAEVFZ AN R B BLAUG X(3700) #E4T T HIN, AH 3 KA A ] SEEe A A Ho A7
FE. SCUy EEARIN T 2 A2 TR X (3700), FillN w(3770) - yun' 1S,
w(3770) » y DO D052l 5 B0, pO PO gOBIS3T 2 " Danjel Gamermannn 25 A 15
WAL AT w(3770) fR T aEAE F4k X (3700), 2% &R w(3770) Fl DD &
R, Ko—ET e DD WA AR BIEZ T, RAWRE™ 4 X(3700), 7£
FAELIEFNETN, Z BT HEE R BN THIAMRERMG (gyyp Ml gy,) M
X (3700) R FESE )5 THE T w(3770) 455 48 2| X (3700) 1) 9 1—‘1,,(377())_,;,)((3700)
=1.05+0.41 keVIPH, BT FHABHIRS T X (3700), C.W. Xiao 25 A\
SCE LN X (3700) # AR AR SR G Y e RER AR, 2
BOE LA X (3700) A5 58 R T RS an’ T3 X (3700), R4 nn’ K&
%A DD K X (3700) B aREER, H2 B 250 K Hs A 52 2 B
A%, Hie BASEIR X (3700) — nn’ WIF=&iEL X(3700) - DD # K., ETF It
TEFAE Z IEFISREZR T 8 T JIE AR 1 43 T8 T, 3770)= 1 X (3700). X(3700)—nn! =
0.293 keVI1, HEIEH R Iﬂl,,(3770)_>;/)((37oo), X (3700)—nn’ AT S SC R
1%)5@ El/‘J Fl,,(377o)_>yx(37oo) %/ﬁﬁ%fﬁfiﬁﬁé\%éi% 0.65 keV[ISI], ;QF/J?J:J‘J‘_ZTZ
N EIERCEM G ISR 1.05 £ 041 keVe RIE T, 3770)- 1 x3700), X(3700)=mn! &
Ly a710)>yx3700) . T LARFENIE B Ty 37700~y x3700), X(3700)=nn' = 0473 £ 0.185
keV. T M IEEE T, 3770) = (27.241.0) MeV P T DU B(w (3770) — ¥ X (3700))-
B(X(3700) = n1") = T,3770)y x(3700). x3700)=nn Ty3770) = (1.74 £ 0.68) X 107>,
FEFAIF Ak 10 T A2 i BESII B2 R4 T K2 2.0 x 107 w(3770) B, 45icy
L, 377005, x3700) = 1.05 £ 0.41 keVIP* - FiJl 74 400-1000 4~ X (3700) A,
RSEgE FT4R X (3700) $43E T AT RE.

HF LA EHE, ASCR A BESI 5L 7E /s = 3.773 GeV TFHZ) 2.93 b~
A, HUYGET w(3770) — yon' SRR X(3872) BybRE kA X (3700).
T2 AR i - PT AR 7 s 56 TAE X IR BRI XZ A R 3 S & . [FIE
FATEHET X(3700) - xta™Jhy FFER T X(3700), % EF| X(3700) f)HEAE
WREARLIT X(3872) — nta™ Jhy FASHIRGLREMR LR 1, e bt
X(3700) —» z*z~Jhy FFREAE MKW, S8 E XA AR TR A R AT A
KIGESE X(3700) VAN FEAR (A X FIS T BRI S % . SHZ RN SR B H
BT gk B4 0 B HEXFRIE, FHFIRFRATTXN X (3872) A1 X (3700) 4 J5x ) BEf# -

59



SRR ES B NIRRT CP IR

32 BRI REE
321 HIEEAE

EARSCH, AT w(3770) = ynu' Fl yz* a2~ Jhy WX RE#EAT TSR,
Hn—vyy, n' = yata, Jhy = 5 (€ = e, ). A5HrET BESII
Z%F 2010 A1 2011 4E4E /s = 3.773 GeV REMBARFEA, BBUSTEE R 2.93
o~ IPOISTL i R BB R SRR BE BN B R 4E (BEMS) &, %224 +1.0
MeV. 4355 T Bhabha HHGIHHTIE, AifiEEh 0.47% 7, T4
S MR AE S S BESTIT B 4k 245 oss!!O | i RG R ET aunt! O JF &
1. IR ATTE Boss fliAs 664p01 Fi#kfT,

322 EREFEESE

SR (M) BE e b A% 12, BT ceantd 100 gy
et BoostH ) 418 T BESHI M g8 LATHEA . BT e, MC BT DA sfepbs
IS B B LR M A N AT R A TTAR . BB T RIS M e 5
RS S ARG S B B B E LT MC i,

3.22.1 {55 MC #7x

HTIAE B TR SRR ISR HE, RT3 57 4T
w(3770) — y X (3700) {55 MC #£4%, Hirh X(3700) —» nn' ,n —» vy, n' — ya*n~
PLE w(3770) > y X (3700), X (3700) - p°J iy, p° - nta™, Jhy - ete s utp .
w(3770) — y X (3700) fii i} P2GCO B4 =2k, X (3700) — nn’ Fl n — yy fEAFHZE
] (PHSP) K4 ' — yatz™ (i) Etap2gpipi #2077/, X (3700) — p°J /y
{fi fHl PHSP K252 . p° — zta™ [ VSS B, T Jiy — ete™ B pt ™
W F prOTOS VLL A AL WIS (ISR) ) kkme BEFFRC UM, Sz
THI KA SHST (FSR) NI protos g 1281,

T RNALE X (3700) P ESL i, ANAERTES 5ikix A 3710, 3715, 3720,
3725. 3730, 3733, 3735 1 3740 MeV , H-Fh &R, PifdFE w(3770) = yan’,
w(3770) > yata~Jhw (Jhy — ete™ Fl utu™) HAFHIFE 10° (55561 ZIEF
X (3700) 7))z i A AT RENL T 3720 MeV Bt , S BIEBEAA AT 58 H 8 H S
5 MC HEARER A Tl 3720 MeV [1{55 MC. AR¥E—LE3 LB 115, X(3700)
(1 9 R AATE keV G N FRATFHTERE 4 S E M 0. 200, 400, 600, 800
11000 keV, FF=AMHNAES MC. WA G K IFEZRAEE /DN, SRILXTEL
FREF/NT 03%. FHEF| X(3700) 15567 55 AT BERS S, HIILAE X (3700) 1Y 9
BEEE A 1.0 MeV,

3.22.2 ZJE MC #7

N TASTHATRER AR, A8 HILE /s = 3.773 GeV T4 il 12 MC FEAS
WREAMIET DD X A (i D N TR ALEE TR © w(3T770) (Y
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3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

non-DD FE7AE . Jhy Flw(2S) iy ISR 2, PAS: kkme oM E8Ed# . DD
X7 BB SR LY 10.8 /%, non-DD. ISR J/y I ISR w(2S) KIS 2
Fdiy 10.2 6%, M SRS RO BRI 7.4 . SR E UL
J EvraeN PR 27 4 S AR T e PR Y, AR G 8 8 2 pe s
JiI Lunperarm A 1000 Hep i i i il pyrmna PR O

33 EfHlEE
3.3.1 ¥k

X w(3770) — ynn' FAS, n EHEFE OG- X EE, o R N2
yat T BEEAASH T TUASE TR AR SR AR A R X T w(3770)
yat T Ty w3 FE, Thy kR R T (B ete” B ptp) EE. MRS
B, FHrUAR RS, KA REHEER SRR (BT1), SN
BXERARZE (7). ILAh, A — M RERZN 50 MeV (1. BARRH S
B BEPESA AN T -

L. BURAFH AR T MDC B2, B [ cos 0] < 0.93, &~ itz
BRI TXHE R, WA Ve, =/ V2 + V) <lem, [V, <10cm, XY
Ve V, FV, R SR S Ol s x. y Al z A84R. X w(3770) — yan' Fl
w(3770) > yatx~Jly, BRI AT ECR Bk 2 F1 4,

2. fFEat EMC iRGHE S B . 7 EMC RiERIrOET, A |cosd| < 0.8,
LORAER R T 25 MeV; 71 EMC i i 4 G 1, M 0.86 < | cos 0] < 0.92 i,
FURAER AT 50 MeV., BEGIRIEIGEE (0 <t <14, Bfik 50ns) HT#—
HIEARS S HTE A T R R U BROL T 5 Sl A f AR 2 18]
FJe AT 10 BE, DAl 42305 EMC 9k B4R B =R e 7. St F
w(3770) — ynn' Al w(3770) — yatn~Jhy 378, BOREHIETFRIE 1R 3 <
nGamma < 10 F1 0 < nGamma < 5. &% b FRAGE R —J7 T v] DAGR S 727,
B 1B BEFER R A JE Y B G S BRE PR, 5 — T AR R
B2 0l (K)ol A PR .

3. X E AT AR A T TS LS, AR E AT TR IR T [/l — T . 3%
B HBORIA I, RSN 1 K.

332 B
332.1 w(3770) = ynn'

L. R T n s, AT e Td &, IFESRPIIE TR RE S
KTF 1.65GeV, WE3-307~, [FBFERFEE 0.51 < M(yy) < 0.57 GeV, M(yy) =&
RAEF A & . WISRANESR n B EH , w3770) B SHEFhn] 58 H Bl iR
HE, IEAn PESIERIN. w@770) 3UHEF5ER n mA G FEX T E(ry)
<0.07 GeV Fl E(y,) < 1.65 GeV XISy =RBl, E3-3H KR~ (EEZ GG T
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HERBERACK NI, BT E(r) > E(ry) - 3847 BHZAL & FHIGLT By >
0.07 GeV Al E(ry) < 1.65 GeV Ik, FZRMITRE o' He TRig. Fit
ZR 0 (PIASE TR RERERT 1.65 GV, LAHERR w(3770) SRADIE TR [7)
R MGt 27) = MOp)) > 005 GeV (I TR n), DAHEBRIRET 0 T YIS
Ytr, Myatn) e yrtn” AERAETR, M) & PDG h n' ik,
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Pl 3-3 f5'5 MC truth P A e FigRe R 4 (FeBl) s didtny n BpiAs e kst 4k
A (RGBT, TR n ML FiAGERE K T 1.65 GeV (b)) ; A
PR, A BEATEER 1 IBIAS e PR R K T 1.65 GeV (£) .

Figure 3-3 The two-dimensional distribution of the energy of the two photons of 7 in the signal
MC truth (left);the two-dimensional distribution of the energy of the two photons of the
reconstructed # (without kinematic fit), requiring total energy of two photons from # be
greater than 1.65 GeV (middle);similar to the middle plot, but without the requirement
that the total energy of the two photons from # be greater than 1.65 GeV (right).

2. X w(3770) - ynn' WREMERFRITHANL R (5C) Wizsh#ils,
% T HEE SR SHESN, BOE— n NEFRAR . TS 2 MR
wEE UG, I FEGE R 4 DN EEFE A n R E RO (e R
AAH 0, HIRAGIREME, (KT 0.1%), WS vo. Shdlsa. Hik
ﬁm,m@@%ﬂmwme@ﬁrxowT%%%@w,ﬂ%me=ﬁ%?
X 22 BEAFIRAL, Fof S il B MBS S MC (551X [ S 650 2 MC i
A IS, BE AR L Bw(3770) — yX(3700)) - B(X(3700) — nn') K
2.0 x107° (ARIEHHEITEL, 223K Bw(3770) > yX(3700)) - B(X(3700) — nn') =
1.08 X 1072, {HFATIRISFHME 5 X AL B A S BIS00 T BRE TR (5 5%, B35
f > 2 He B R 22 1070, PRIFRATIH H 2.0x 1078, /1 2.0x 1070 &2 1.0x 107
SHRACG SRR N o JFER y2. /NT 18, FE3-4JERT xo MR
] o (BASE B R AR 5 i B MC X L IR 55 MC 11— 38R, A
BE R FRSLBR1E S H IS

3 AFEMA yrtaT Ay, WS o' FREREGEEMAGTEN 0. 0 MR
N M@yt )—M@n')| < 9.0 MeV,

4. FeATARHE MC BERUETT T 0 Fl 0’ ROEHRCE, 42512 83.7% F1 86.3%.

62



3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

o 400 o F
o +data + 14 o
N 350 —signal MC @, [ o | %eveveceqeece °
% By*" y(2s) = r
= OnonbDbar 9; 1.2 e
@ 3001 [ ] = L
> @aabar (%)) [ o
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Figure 3-4 The ;(52C distribution in data, signal MC and inclusive MC (left), and its optimiza-
tion presented with FOM (right). Black dots with error bars represent data, blue line

represent signal MC and other colour shaded histograms represent inclusive MC.

3322 w(3770) = yata~Jhy

L TRl o (X7 BT 1.2 GeV Bl AR S 5 R 1 (B EAE
L ERTIE), M/ 0.5 GeV WAFARDB NN 7. FAHGH,
n B TRECESR 2, I HERAhE. E3-5 (Z£R) R TRAMGS MC #
KA« R FRISES A, « MR TS E ERRIA .

2. EHL TR p TR 50, EMC g s iiBVINT 0.5 GeV 100 4 MK ps
i ARG T 1.1 GeV IARE RN T, ME3-5 CHE) B, %ikfFs
R RCRR A (MC BRI R KT 99%) . L, XEEEBERAFN R
GEAN E BE AT DAZZ S o %0 IRE 2 W T B BESTL et 9 Hadad
MC RCUHLIER T H T HL TR e 4 5005 R 1 2R G A a2 J3E T DA 2 11O 1090,
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Figure 3-5 Momentum distributions of 7 and leptons in the lab-frame (left) and the scatter
plot of EMC deposit energy of lepton pairs for signal MC events (right).
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3. Xj‘t/\%WJEPE’JIEI/\ HARIE (nfn7e"e” B 2tz uu™) FARFHGET
AT AC B E, ARSI A RARAE . T BA 2 Mot 76,
P v Ei/J\E@éH/ETXa‘F”E‘JJ‘ﬁ¥O K4-4 (a, c) JBIRT yata Jhy HBIH x.
S M oxee AL, xie B cut {EHiEd FOM AL E - 1F“** W4
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Figure 3-6 The )(fc distribution from data and MC (a), and its optimization presented with
FOM (b) for e*e™ mode. The same distributions are shown in (¢), (d) for 4* 1~ mode.
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3.4 KRS
34.1 w(3770) = ynn'

23t PRYREEE, BN g MEB-THTR . (FRATEE R B n BAERDETHIIY
g, T8 SCimah UG Z Ml K3-7, DMGA » AUEERE) . MIEB-THATAEH,
FEARK HFELLHE (¢4) A1 Bhabha F5l. K H g MC (1) F B F R A K AN
F3-1R .

~
O 18
% —+-data
s 16 —signal MC
@y y(2s)
8 OnonDDbar
;14 CysR oy
— Mqgbar
) 12 @@Ditau
c @@Bhabha
G>.> @Dimu
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Figure 3-7 The invariant mass spectrum of yy. Black dots with error bars represent data,
blue lines represent signal MC and other colour shaded histograms represent inclusive
MC.

3.4.1.1 kB ' WK

MFI-ITTAE Y, LI BRAR T h s 20 fdBbm, FA1m A
EIT A ARSI T R 20 WAS. ER-8AKER TR THRE 1 T4l
GZANIFTA vy AEHARA TR, TTAES], T Bhabha REAEAER KR
etk , X F %2 f1 T Bhabha MC BEARGE TR SRR T 4 A 7S 80
(Bhabha MC 55 2RO AY 0.2 4%, 4N T2 5) . I B HE i vk
)5, AABEER 2° 55 . @i TR IM@yy)- M) > 0.015 GeV, T A
HREM 20 AJRFH, Hh M2%) 2 2% PDG Hg i DY

3412 HEXRE

B3-S RR T ot n™ AR TR . MES MC ta] DUEIHLE 3 00 15
2, PP FEE N 0.6 <M(ztz7) < 0.8 GeV. Ml FHE cut ZJ5, K3-9ER
T yrtn” MRS, 55 MC Pl DUE RIVEWIN 1’ (55 AT e &
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% 3-1 qq MC £ 0 1 Z SRR i 1 W e A

Table 3-1 The main survived channels from gg MC after event selection.

%5 WA AL Fifigk FREEBIEL
1 ete” — coy’ w— ztn ataylyy 44 44
2 ete” > wyly!,w - 72t 7~ ataylylyy 44 88
3 ete” —» nOntayly! T ylylyy 37 125
4 ete” - nntny! ataylyy 34 159
5 ete” s wylyly!,w - 2zt~ ntrm y’y’y’yy 22 181
6 ete” - n'ntaylyly! ataylylylyy 16 197
7 ete” - 'zt nTn,n — yy T nTyyyy 16 213
8 ete™ = 2lntayly! T ylylyy 15 228
9 ete” > rtra)a) > ' —yy  TtaTyyyy 14 242
10 ete” - 'zt nyl,n - yy atxylyyyy 13 255

P S He (Eit108) HE 241 496

., IM(yz*z7)— M(n")| < 9.0 MeV RFEBIEFTHE—24007 . Inse b BT vkt
bR, BARHEAWERIEN ' 55, o [F5XENRE A0, Eif
BHHERA K OESXE (3.70 < M(rn') < 3.75GeV, M(nn') /& n Fl n' fFiE#E
HAEVAZTRE) N EA—AF0.
HTAEAE eTe™ = ¢n', ¢ — yn idFE, HEOR Mn') /T 3.75 GeV i}, X
— I RRBCRRATAE . HL, 3K [M(yn)-M(¢)| > 0.02 GeV (HH M(yn) 2
;‘%ﬁn n EREH A A AL TR, M(¢) N PDG ¢ s DY) Sk RBRIZASE
SERUNE- 9L E IR . KB MARG, Bl EAHEn «' 55, fH3.9%
L 2 BN RS w(B770) — yan' AR5 3 IR
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Figure 3-8 The invariant mass spectrum of yy (left), and z*z~ (right). Black dots with error
bars represent data, blue lines represent signal MC and other colour shaded histograms

represent inclusive MC.
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Figure 3-9 The invariant mass spectrum of yz*z~ (left, 3.70 < M(yn’) < 3.75 GeV, right,
M(nn’) < 3.75 GeV ). Black dots with error bars represent data, blue lines represent
signal MC and other colour shaded histograms represent inclusive MC.
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Table 3-2 The main survived channels from g4 MC after applying all above selections.
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Figure 3-10 The invariant mass distribution of z+z~¢* ¢~ after correction for e* e~ mode (left)
and u*u~ mode (right). Black dots with error bars represent data, blue lines represent

signal MC and other colour shaded histograms represent inclusive MC.
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Table 3-3 Cut flow for w(3770) — ynn’.
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Table 3-4 Cut flow for w(3770) - yn*n~J/y.
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Figure 3-19 Two dimensional distribution of M(yz"z~), M(nn') from signal MC at different
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Figure 3-21 The fitting results of M(##') at different mass hypotheses of X(3700) (3710(a),
3715(b), 3720(c), 3725(d), 3730(e), 3733(f), 3735(g), 3740(h) MeV) from signal MC.
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Figure 3-22 Two dimensional distribution of M(yz"z"), M(nn') from data at different mass
hypotheses of X(3700) (3710(a), 3715(b), 3720(c), 3725(d), 3730(e), 3733(f), 3735(g),
3740(h) MeV).
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Figure 3-24 Two dimensional distribution of M(Z*77), M
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Table 3-5 The helix parameters correction factors for 7+, 77, e*,e" and z*, 77, u*, u".

+

+

+

+

e e b4 T Y7i u- T T
mita — M€ _0.079 0.067 —0.042 0.025 -0.088 0.056 —0.047 —0.037
%o M 1236 1235 1.145 1.155 1301 1306 1246 1.257
mita —mMC 0308 —0.334 0.146 —0.134 0249 —-0.267 0.144 -0.118
" — 1.001 1.036 1.118 1.156 1.114 1.132 1207 1.195
i m¥ta — MC 0152 —0.130 —0.119 —0.124 —0.199 —0.169 0.124 —0.153
— 1.045 1.039 1.055 1.099 1.133 1.091 1.177 1.152
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Figure 3-29 The fitting result of M(yz*z~) based on data (left), and signal MC (right) in
control sample. The blue solid line represents the total fit. The read and green dashed
line represent the fitted signal contributions. Background contributions are described by

the cyan dashed line .
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Figure 3-30 The fitting result of M(##’) based on data (left), and signal MC (right) in control
sample. The blue solid line represents the total fit. The read and green dashed line repre-
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sent the fitted signal contributions. Background contributions are described by the cyan
dashed line.

3823 w(3770) = yata Jhy

aJly Rk

W w3770) - yata~Jhy 432 e, 51 T PDG2020 1 Jiy — ¢ Ky
A3 ST HE B HORH S ML 1 R 4y S HE Y RGN E M, B 0.55%.
b B F A

& B F A RGN E MRS T S B SO R eTe at T Ml ptunta”
PG IEH T8 FH£4-11. ML RINELS-TH . A TR, X ete it
B ot o, FR TR T R M 35 B2 1 R Rl
Ve, ARBIH 2.92% F1 1.94%. [WIEHG R TE S MR e(eehonr T €Cupt)oor 4 I
i ete™ iRERN utp~ IRRMIREE.
cJly i

i ete” > SRy @S)w2S) > zta Ty fEREEklE, it Ty R
A5 A RGN ENE. T HUE B R B0 S, SR bk 2o
RS, RIRMH YIS RZm k. Jy mES XiEE X, [3.086,
3.120] GeV., i‘.i@ﬁﬁﬂlﬁﬁiméj‘ﬁﬂﬁﬁjﬂﬂﬁfr J/l// R A5 AR RS 15R
. AREAAGERTTR, X PR 0, e 4RI (98.25 +0.10)% F

(98.33 + 0.09)%, eg’lﬁ"” 7 B (97.87 + 0.22)% F1 (97.78 + 0.18)%. it ], Xt

hosy
FHUFRA i, MO = 100388 0.00248, 1.00562 + 0.00207, |2 | =

o fM(f+f )

1.56,2.71. & 0 pme+e-) = 0.0025,0.0021 73 BIMEAPIANER R GE D2, AR IRIE
SMETED 2 1.00388, 100562, IPEEIAIFEIE, € = e/ M, M@te) e

SR ANE3-31F7

88



3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

& 400 & £
L F R F
> r > 18001~
Q 350? —Fit result Q C —Fit result
E F E 1600~
) r --Gauss 2 ) r --Gauss 2
o 300 < 1400
= = C
] £ 2] C
c — [
S 250¢ S 12001
> [ > C
W 2005 W 1000
g 800—
150 r
g 600
100 r
= 400—
50 200
RS/, P ——— i AR e
05506 307 308 300 3.1 311312 315 514 31 05306 507 3,08 3.00 3.1 341 3.12 3.13 314 315
M(e'e) (GeV/c?) M(e'e) (GeV/c?)
(@) ©)
S 600? S 2500?
% E —Fit result g r —Fit result
500 --Gauss 2 o r --Gauss 2
i r uss et 2000 auss
= r = [
400~ [
g F L 1500~
i F m F
300 [
F 1000—
200~ L
n 500
100— F
A’ by N 2,7 N Ny | . Fs SN ——|
006 507 3.06 300 3.1 311 3.12 3.13 3.4 315 205506507 305 3.00 3.1 341 3.12 3.13 314 315
M) (Gevic?) M() (Gevic?)
(© (d

Pl 3-31 Pl FE (a, b) Flu il (c, d) M) M TEH (a, ¢) Afs's MC
(b, d) MPAER. WARENREDMUVEEIR, dBdmatuBIons smn
Bk, ARk th 5 fu g gedens.

Figure 3-31 The fitting result of M(¢*¢") for e*e~ mode (a, b) and '~ mode (¢, d) based on
data (a, c), and signal MC (b, d) in control sample. The blue solid line represents the total
fit. The read and green dashed line represent the fitted signal contributions. Background

contributions are described by the cyan dashed line.
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37 Al X(3700) ke b, MR ¢ E8RE LS Boig B R i S MC 808, UL
BABIRGE, Ae = | S|,

Table 3-7 The efficiency of the signal MC before the helix correction (¢), after the helix cor-
rection (e, ), and the systematic uncertainty: Ae = | | for ete” mode and y* 1~ mode

at different mass hypotheses of X(3700).

M(X(3700)) MeV 3710 3715 3720 3725 3730 3733 3735 3740

e(ee) 16.20% 16.03% 16.30% 15.87% 15.76% 15.65% 15.16% 14.05%
e(ee).,, 15.74% 15.65% 1594% 15.56% 15.44% 15.38% 14.89% 13.82%
Ae,, 292% 243% 2.26% 199% 2.07% 1.76% 181% 1.66%
e(uu) 24.710% 24.55% 24.54% 24.47% 24.06% 24.03% 23.55% 22.14%
€(UM) sor 24.23% 24.11% 24.15% 24.07% 23.80% 23.67% 23.29% 21.92%
Ae,, 1.94% 1.82% 1.61% 1.66% 1.09% 152% 1.12% 1.00%
400 n
§' 350; +data J[ §' 500; + tdata *
2 ¢ —y'S® (29) 2 ¢ —y'S® y(29)
E 300 L%’ 400:7

250 [
£ 300
200— r

150F 2001
100 a
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50— L

0 2 Y N IR P IR I O /A A W B A A T S S N .
1 -08 -06 -04 02 0 02 04 06 08 1 -1 -08 -06 -04 02 0 02 04 06 08 1
cosb, cosf,

Pel 3-32 a1~ A p Bt MC i cos 0, s34«
Figure 3-32 The distribution of cos, in control sample from data and MC for e*e™ mode
(left) and u*u~ mode (right).
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HORAMRT . BRI RSB 190102165,
383 RHIRERG

P AR SR R G E PEAN3-8F s, [RENZRIBCA MK, LA
IhS7 ARSI AR GEAN E 1 V5 FIAT IO AR SA521) S A SR M R GE AN 2

% 3-8 yw(3770) — ynn' R w(3770) — ya*z™Jly RSy STLEMIR A TE RGER LM LSS
Table 3-8 The summary of multiplicative systematic uncertainties for the branching fraction
measurement of y(3770) — ynn’ and w(3770) = yxtn~ Jly,

RGRZE (%)

SR w(3770) — ynn' w(3770) » ya*a~ Jly
ee HH
By )g 0.5 0.5 0.5
w(3770) SR T 53 53 53
12305 B R R 2.0 4.0 4.0
e E 4.0 1.0 1.0
B 2.9 2.9 1.9
Jly 753 - 0.6 0.6
Jly iR - 0.3 0.2
cos 97, cut - 13 0.8
HE cut - 1.0 1.0
n WS 0.5 - -
n' AL 1.4 - -
n' FiErE 2.2 - -
nn' R 2.8 - _
peN:l) 8.5 75 7.1

39 EX&A3Zt ERRfEIT

T IRATIE A EZEE] X (3700) 155, FIAR I w(3770) — X (3700). X (3700) —
' DAJZ X(3700) — xtx~Jhy A4 I R, TS AR FIR,
oMM 5 X 18] P9 T 00 24 00 MR AR 11 w(3770) 3875, 658 1 A 10 Stk
(e*e™ - yX(3700)) TLAZMS At

T A B R 5 2, AR DL T, 1% 18 R R b
HORIL T, T A4 3 At 90% FA5KF (CL) R, T 84
w(3770) - yX(3700). X(3700) — nn' B4 S WM ERE, Bl 1M T AR
BRI 90% C.L. F i EFRAA. (RS IR i I EI R 8 (N,,,) Rl
B IOEE (N,) IRAGERAS A (Poisson) , TR (&) MRAEIIRAM i
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(Gaussian) ,
P(N,, ;) = Poisson(Ng,; u +b),

P(N,) = Poisson(Ny; b), (3-9)

P(e) = Gaussian(e; £, 8" ),
Hdr oy 255 X ) A E?Fﬁ%ﬁf b ey I P R AR, € 2
LﬁMcmaﬁﬁmﬂz W7E(Wm%»mnﬁEM@ﬁwx$%%I%
FHE, 81 = egx oM, Horpt 61 K w(3770) — X(3700), X(3700) — ny’ i LY
FHX A T VE R G A P .

T3 DI LT R 0, IRATFERISR R ECH R Ny, b [EE R 0,
PABRASSEARST I LR . 3552 b, XA A B 44 BESIL 204 (i st U7, 3
THOBAET DR L. F3-9FnR THEAR X(3700) FiERie T, IR
Ny Nyooe Flb YA, IR RET & LT :

(e eo)2

! 25”’7,2
um=/ﬂe— 0 de,
0 \/27[5'1’1 (3-10)
/! l’l S —U
L) = ~N1°

2 90% C.L. PRI (N™,) it ASY (3-10) Fisk, Hoob [, " Lodu =
09 [o" Ludp. RIBIHYHETS I By(3770) — yX(3700)) - BX(3700) — nn')
R TSR,

B(y(3770) — yX(3700)) - B(X(3700) = nn’) <

NP (3-11)
nn

L-o-gy-Bn—yy): Bl — yata~)’
Hrp, L2 IRreAr s, o & w@770) FLINET, € 243

FBIEEES MC WRCE (I033-9R), B — yy) M By’ - yztx )ﬁ’ﬁ”j‘j
39.41% F129.50% 34,

%39 AW X(3700) ARG T, WSRMRBOT Ny, N, e BIbHIIRAA.
Table 3-9 The value of N ,, N, ¢, b in the likelihood function at different mass hypotheses
of X (3700).

M(X(3700)) MeV 3710 3715 3720 3725 3730 3733 3735 3740

Ny o o o0 o0 o0 1 1 1
N, o 0 0 0 0 0 0 0
e 10.56 10.50 10.14 9.77 9.31 8.99 8.70 8.15

0 0 0 0 0 0 0 0

KI3-33 7% TSR R 43 A F1 90% C.L. FEEBIFUY EFRME. BT, i1
SHASE] X (3700) A [ Jo e il Tk W I 5 70 2 LA L FRAEL,  a3-10875
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Figure 3-33 The likelihood distribution of v (3770) — y X (3700), X(3700) — 55’ at different
mass hypotheses of X (3700) (3710(a), 3715(b), 3720(c), 3725(d), 3730(e), 3733(f), 3735(g),

3740(h) MeV). 03
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#3-10 90% C.L. T, B(w(3770) — yX(3700)) - B(X(3700) — nn") W45 < b LR .
Table 3-10 The upper limit of the product branching fraction B(y(3770) — yX(3700)) -
B(X(3700) — nn') at the 90% C.L. .

M(X(3700)) MeV 3710 3715 3720 3725 3730 3733 3735 3740

L(pb™") 2931.8
By = vy) 39.41%
By — yrtn7) 29.50%
o(pb) 7150

£o 10.56 10.50 10.14 9.77 931 8.99 8.70 8.15

Boog ¢ (X107% 89 90 93 97 10 18 18 19

39.1 w(3770) - ynn'

WRIERIA RS, FOTFE RSN o’ WA TR, BIEAEE
B S w(3770) JRIEZ TG OL R, 45t S Blw(3770) — yan') AE
90% C.L. THy LFR.

MRIEZ T Y D307 3, FATTRHE S 2 BIEOR 0 1) 35 PAZHK 0.1 311728
6, PAIRASH— LIRS 11 . XTIEI3-9 BRI Y M(ya™ ™) #EAT A bin 1 i%
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EIFTR . FAVERBS TS REm o', Bdle5 MC Z i 70 p2e - S 1 hlE
22 TP A ) o 5 Je O 4 il T 75 21 B9 s i ek K 5 (55 MC AT B R AL &
Bs, ARG L “Fro) S R WAL . SRR LA S5 R A 3-344 & By
Zig

SRS 2R IR, BEREREZ G, wG770) > ynn' 73 H
R A AT

up

B(y(3770) — ynn') < AL . (312

Loc-e™ B —yy)- By > yrta-)

Hob, L, o RIHISCE ORI, € R MC BHAR IR, St MR IETE
J5o 13.02% ({55 MC th PHSP BIZA: ).

EEI SR ATNE3-35 %, 90% C.L. F430H By (3770) - ynn') b
Rk 4.8 %1077,
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Figure 3-34 The fitting result of M(yz*z~) based on data in control sample and the fitting
result of M(yz* z~) based on data in signal process. The blue solid line represents the
total fit. The read dashed line represent the fitted signal contributions. Background
contributions are described by the cyan dashed line.

Pl 3-35 43 3Lk B(w(3770) — ynn') 41 90% C.L. F LFRAE . £L2fws gk s AR AT 34 %
IERGE )

Figure 3-35 The upper limit of the branching fraction B(y(3770) — ynn') at the 90% C.L. The
results obtained with and without incorporating the systematic uncertainties are shown

in red and blue curves.
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S8 PEAURE X AR 3 1 R e A 1
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Figure 3-36 The likelihood distribution of v (3770) — yX(3700), X(3700) — n*z~J/y pro-
cess at different mass hypotheses of X (3700) (3710(a), 3715(b), 3720(c), 3725(d), 3730(e),
3733(f), 3735(g), 3740(h) MeV). The results obtained with and without incorporating the
systematic uncertainties (average value of the systematic uncertainties of e*e™ and p*p~
mode: 7.40%) are shown in red and blue curves.
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%% 3-11 90% C.L. |, Bw(3770) — yX(3700)) - B(X(3700) — ztz~J/y) BIeE 5y L e TR .
Table 3-11 The upper limit of the product branching fraction B(y(3770) — yX(3700)) -
B(X(3700) - n*n~J/y) at the 90% C.L. .

M(X(3700)) MeV 3710 3715 3720 3725 3730 3733 3735 3740

L(pb™) 2931.8
B(Jly — £+¢7) 5.97%
&(pb) 7150

£ 15.68% 15.59% 15.88% 15.50% 15.38% 15.32% 14.83% 13.76%

et 24.10% 23.97% 24.02% 23.93% 23.67% 23.54% 23.16% 21.80%

BY . (x107%) 22 12 18 30 08 10 13 34

3.10 ZEBEFiTie

FI I BESII 52367 /s = 3.773 GeV FALZE M) 2.93 o~ Hdi, AT K
#id w(3770) — ynn' 1 w(3770) » yata Ty HAERF R X(3872) Mz R KL
X(3700), AN B A5 S- 2], 7F 90% C.L. T % EARFM X(3700) Rk,
R T IXA A E A S B, R8T 3410, 3-11, AT EH RS
T w(3770) — ynn' AIEFTA T REFR SIS T 4.8 X 1070,

25 SCik ST g P T DA % B TE Y w(3770) BR T EEAEE] X (3700) H
B T, 37705y x3700) = 1.05£0.41 , BEHR A7) S H B(w(3770) — y X (3700) -
B(X(3700) = nn') = (1.74 = 0.68) x 107, F&A1EHEIHIBEA 5 3 LA b BRI
0.9 F| 1.9(x107°), Xfi7 X (3700) ik 3710 F] 3740 MeV., XFT k£ T GEM
X(3700) JFifk, SCERs FHEME T BIC U . ARIETAE L ERISmITE,

B(y(3770) — y X (3700), X(3700) - n1") o |, 1*|gx p+ p-1 0+ p= I* 1&gy |7, (3-14)

Hrlg,| = 117 & w(3770) #&%] DTD™ (g, Bt im0 A HEm .
|gx.p+p-+p¢ D7 | & X(3700) # A5 DYD™ Fl Dy Dy WEHRIE, CEHLA MM
|gx.p+ -1 Fl 1gx prp| 4M B2 6198, 5965 MeV. |g,,/| = 1720 MeV 2 X (3700)
HEEE] gy’ fi g 1Y

) P S 6 0 o 5 L ] DASK FAE & E B TR0 5 B 6 AR A R g, |
(I SHS A PRAEE— A . 2Z FEINE T S 1/ S iR 2, 43S BT RAM (1.06 -
2.42)x 107 MRETFAE L IEFRVIF |gx prp-| Bl 1gx pr pr | R FTHERT . HIHLTF
GE L EFEE TR g, | = 1720 MeV, ASCHIIEZER |g,,/| < 1611 5 1066
MeV (ffi ] X(3700) JFif#E 3720 MeV AME2If) 4 3 Hb EFRAE 0.93 x 107°) . 41
RIATAAHIEIT AR gx prp-| 1 lgx prps | FTREFFARIEE, SIS LR v
PAXS 1&gy |1&x D+ p-+pf pr | AR SRS RIS BEpE—2D B, A LG SCE P el 1 Y
2.09% 10" MeV?, FATEK |8, |18x.p+ p-+ 0 p-| < 1.96 B 1.30(x107) MeV?,

Ieah, FATATHR T X3700) » 7z~ Jhy W2, EREIEZEN X(3700)
{55, £ 90% C.L. F, 1831 B(w(3770) - y X (3700)) - B(X(3700) » z* 2~ Jly)
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3 E i w(3770) FE S TEAE T R X (3872) Frik ikt X (3700)

7 EBRAE M 0.9 %] 3.4(x107), XA X(3700) &M 3710 | 3740 MeV., 1EH
X (3872) kR EAKEE, X(3700) — ata Jiy WEERA S X(3872) » nta Jly
R ] 457 R R R 25k 7 L1950, iz ) 8 45 SR ] DA A S 45 X (3700) 1 Jo il g A8
FIAH NS TR ME S BN &R X(3700) 158 X (3872) 1) H etk £t PA K
FALL R E HEME RN, HE BRI PARI X (3872) - #z~ Jhy 1943 > L
X(3700) = zta~Jly 5 .
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4T ete” — on’ HIMAYIEA w(3770) - ¢n' AR T

Ea4E e - ¢ BEMNEN v(3770) > o HENHIHK
41 EHENE

et e JH K AR IR T AN T B AR AR 0 - 0 7 AR ML DA R R R e o
FH AR A A e 2 e g U0, e ARG BIC AHEZE R, JE R NIL
R R HA T AR T2 (] SR AT AR 3 32, T T /s M 2.3 F]
5.5 GeV JLEN ete™ — VP R 8018, RS St iRk, BABAR &
YRR ete™ — pn’ 1 FEAIATE 5 NIL B Fiml— g 184185 NIL iR
T /s=3.5 5] 5.0 GeV BEX LI ete™ — ¢n’ IEARIEIELI A 45 — 75 pb,
R4 1R, BRSO R BRI EE o o« s M RHAT, H
n=35+09, X—FRAT DM IS e G5 . SR, Sk SETN B AR T ks
FE SIS R R IAIE . A AR R NIL A8 v 25 v A1 B9 A A A s o 5 | AFEAR
TR, RERTERN T B SERIE AR, 5 B2 4 T3 R
TR B T2 T4 L. T2 B TS b B RS B I SE I R,
I NIL BRI eTe™ — on' BRI IHE L5 18 ' RE SR ESWIR G
AFIANTERA T, I HAE = R ERIE T 2% 8 TN B X R, 2B T
nIReR A TR (B IEr=2E B S, TREMES S &M, SEIHETS
B R EEHIA T S ey 23 7 185, (E2 X S (L 1 39 9 5 NIL B AR 1 5
ete™ — VP BRI RS ALK (20 — 30)%.

0.09 T T | B | L A R AR EE A |

0.08 |- -
0.07 |-
0.06 |-

20 25 30 35 40 45 50 55 60
s"?, GeV
Pl 4-1 NJL BORIBE TG ete” — on' b BB i ™.

Figure 4-1 The Born cross section for e e~ — ¢n’process predicted by NJL model '3,
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SRR ES B NIRRT CP IR

BESII 5286 L4 7E 2 — 5 GeV SER PR T F 5 WAL, FIH X 2o ir
AW T A AR TSI FAT eTeT — SRR TR AR MW B, I0IE NIL B il
o IR AT AR AT 500 2R RE R AL h S SR B R RIR R (R, X e
K= DD LA E IR IR BE w(3770). w(3770) T 20 tHAL 70 4EAH &
UL f3ly DD 7 R A E IR R, BT EILT- e T 0ZI il
() DD RS, iR AR R PR R MRS AR EERIRE T RS (1
Fru.d. s BINE) W5 S IR /NIET IS S Rl f2, BES Sl it
P24 155 w(3770) — non — DD 4y 37 ek (14.7 + 3.2)% U811 11 CLEO
OIS (=3.3 + 1.4759% 1921, By non — DD FEAS YA 3 R & FRIE
EIK w(3770) B4ER R EH cc (NRMEER, TTHESCRE A B BRI 55,

7 348 w(3770) ) non — DD FEASIGIIF BB 45 5, BES. CLEO-c Fl
BESII {20 i i 26 4 w(3770) £ non — DD B4 ET T2 348, 1EK
WAL R PR R L E S UM 5241k, B w(3770) 1 non — DD
FEASI A S BT INT 2% 5 X 5 2R3 34 w(3770) 1 non — DD
AR ARG, feilt, BESHL A& T w(3770) — JlwX HE2E R
SEH (X RELERSKT) Bw@770) > JiwX) = (05+02)%, SE%
W w(3770) > atn Jhy, 2’20y, ndhw M yx.; (J =0,1,2) B4 32 OB
(0.47 + 0.06)% 1051981 Y imoa 3 BBl g — 31, XU EX T w(3770) non — DD %
AFH SR BT, SE06 b G LA AT | 2 A B2 3 2 ) e A —
. FrLA w(3770) non — DD FEAF K43 37 B A28 A3k 256 ) 94 R — SR mT
ek AR S IR TASHIME . hT w(3770) MTEEROR, Bkbh LM
BRI 5 HL A B R0 TR A 4y K L T RE B 2 LS. (2 8k B A
SEiy DA S BebREIR 2 K LI w(3770) %50 T- 3878 N7 BESIIL 2B e 2024 4F
WLMEF w(3770) - KOKY , A3 HAE 2.67)¢703) x 10752000 50 % m 2 i
FOTFNT. PR S B bE— 2t w(3770) FRYARRHE T 578 (1 - Xk T B B 2% 0 A
#2552 1) non — DD FEAE 4y 37 A — B A EEY IR L.

%£T w(3770) IBF5E, 18T H#E4H non — DD {4y L2 4h, B—AEE
FRIFFE 7 1) B I PR SEH . RAE w(3770) WA A2 ce RGiY 1°D; &5, {HH
BRI T 981 (0.262 + 0.018) keV EHIH 5 § Y BE MR AP, 5
WA D PR AL E PN TR w@S) fl Jly FEAS Y “pr BEafE720%203]
HHH w(3770) - VP AT RELHIR, 035 pr. dn. on' 2. @I 0
[ Ty — on' Flw@2S) — ¢’ 143 BY ) H2 18 S W D P2 iR A
0, Wl w(3770) > ¢n' IFEAESF . (By, ) 4 (046 £0.18) X 107 < By, <
(3.5 + 1.3) x 107> 204201 pR yp 5236 bt w(3770) — o’ iR T, WA TR
S WA D PR AU G TR “pr BEAE”,

B T SCBE, FEIE 6T w(3770) non — DD FEAS AT —BE T RIFSE AL,
5. Christoph Hanhart 25 A IS A6 10 K FE R BRI R 7 HRIE 1 4 IE 4R
fRMTIE R AGERY40H7 T BES, BESII 71 BESII SCHG7E 3.70-3.83 GeV i il A il 4
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4T ete” — on’ HIMAYIEA w(3770) - ¢n' AR T

i T 2000, BT R R SR B SN | AR non — DD 4337 H, BEAIEZ
A DR AT HR A LK . Bn 5] A— " H0E P A non — DD TiHk, 7E
90% C.L. F15%| B(y(3770) — non— DD) < 6%. Z5Er525 Fim2s il 45 %, )
SEUEHH T BES S5 A A5 E] Y non — DD FEAF 4y SZ AT RER RS . 245K A
VIR S50 75 R RS0 ER Ll R py il &, [F] it 75 Bk — 20 R AIK p s )
i) non — DD AR>S HU IR ZE

eAh, Y. J. Zhang % ATEAROAENELRL R, A w(3770) non — DD 7% 2
PLE L DD Fl DD* EHU AT, BT HIE D, D* /1 s dEA CGE N E R A
Je B OZI FEARAYBREARIE , 115458 By, = 3.78 x 107 PO, AE 1 ofth T 41
SEIM w(3770) — nd Iy, dn B4 32 ORI pre 1943 32 e b BB I 5 T AR epr s
NSE TTEFRWLE w(3770) - VP R c vk 5 5, sEmT w2S) - VP
173 > AR /MR R AR . F B T[] D, D* /¥ R U DTk AT OZI
R TTHRAE dn’ 13RS TR, SEBUIN w(3770) > ¢n' L HE K.

7% 3CAI A BESII SCH7E /s A 3.508 GeV $1| 4.951 GeV 135 [l P SR AE 5K
PEFEAS, KEHRNE eTe™ — on' AYARTE DAKEUE NIL #5120 X2 1o P2 A i /NN
THT 5L 2R BE AL B SO T . EAh, XFEH Dressed #RTAVEATINA, Al
W T w(3770) 5 EEAE w(3770) > ¢y’ . L EXF w(3770) — ¢’ iSFEHF:
T, REALHS IHTRATHRAR SCUG 1 BA 2% I BRI 26 -5 2 Y w(3770) AESR A4y
LA —E, w(3770) B AR 4> 3 LU R/ 78 w(3770) OS5t 2 ¢
HE, WIDAKEE S A D R MESIRAYIHEEEH TR “por ZEME”, DA
JUGAE YJ. Zhang 45 \NAEA BB IEHER N A% B4 2 e Wi . i T 22wt
w(3770) ISR B EEART S 52 B A%, FRATR M BESII £ % & 3 4
i B w(3770) I BURREAR .

42 BHREEAFSERIREL
421 HIEEAE

AR BB A 1 T RE R R A pp I FR S ATAL Xy A S AR
HRHE BN T 1.0 MeV 2082101 - i ss e e s 55t Bhabha S #2l, 9 T7E /s
= 3.773 GeV REREIE CRHiEEE R 047%17) | e SR re A B r2 8
AHE Y 1.0% 1209210 a3t b (i B Boss R PEIR AR (L35 6.6.4p01 . 7.0.3,
7.0.5. 7.0.6. 7.0.7 F17.0.9, Fed-1ER T 0 FBCHRPEANE H DA T AR RIE 0t 7
(¥ Boss AT, Hirb B0 AERERIZEE L G A R SRR 22102 BESIIT A1/E41E 4
KRR, A AT R

422 FHFFIBHAE

MC BT i B B (8 AR 12, 52T ceant4 1) jdgi ) 454 BoosT O]
1087 BESHI 48 g8 Uik . E i, MC B n] DA SR SL Y H g
BIFEBRIZS NAT R ASTEARE . B BIFRAT] T MR 2R I PERE &5 o AR SCHY =R i
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% 4-1 Srpr P B B FE AR Run 5 RO e

(+V/s). Biorseig (L,,) FiBoss fRA.

Table 4-1 The run number, center-of-mass energy (\/E), integrated luminosity (£,,) and Boss
version of the data samples used in this analysis.

G e Run & /s MeV) £, (pb™) BOsS T4
3508 51657-51893 ~ 3508.00 ~ 181.80 7.0.3
3510 51894-52090 ~ 3510.60 ~ 184.60 7.0.3
3581 55375-55461 ~ 3581.54 ~ 85.70 7.0.3
3650 9613-9779,69612-70132 ~ 3650.00 453.88 +0.77 6.6.4p01,7.0.9
3670 55462-55541 ~3670.16 ~ 84.70 7.0.3
3773 11414-13988,14395-14604,20448-2354 3773.00 + 1.0 2931.80 +£0.20 + 13.80  6.6.4p01
3810 33490-33556 3807.65 +0.10 £ 0.58  50.54 + 0.03 + 0.49 7.0.3
3867 52108-52206 ~ 3867.41 ~ 108.90 7.0.3
3871 52207-52297 ~3871.31 ~110.30 7.0.3
3900 33572-33657 3896.24 +0.11 £0.72  52.61 +0.03 +0.51 7.0.3
4009 23463-24141 4007.62 +0.05 +0.66  482.00 0.1 +4.7 7.0.3
4090 33659-33719 4085.45+0.14 £0.66  52.86 +0.03 + 0.35 7.0.3
4130 59163-59573 4128.78 +0.05 + 0.36 ~ 401.50 7.0.5
4160 59574-59896 4157.83 +0.55 + 0.34 ~ 408.70 7.0.5
4180 43716-47066 4178.00 +£ 0.8 3189.00 + 0.20 + 31.90 7.0.3
4190 30372-30437,47543-48170 4188.59 +0.15 + 0.68 570.03 +0.1 +2.2 7.0.3
4200 48172-48713 4199.15+0.05 +0.34  526.00+0.1 +2.5 7.0.3
4210 31983-32045,48714-49239 4209.39 +£0.06 + 0.34  572.05+0.1 + 1.8 7.0.3
4220 32046-32140,49270-49787 4218.93 £0.06 +0.32 56920 £ 0.1 + 1.8 7.0.3
4230 30438-30491,32239-33484 422626 +0.04 £ 0.65 1100.94 +0.10 + 7.00 7.0.3
4237 49788-50254 423577 £0.04 +0.30  530.30 + 0.10 + 2.40 7.0.3
4246 50255-50793 424397 +0.04 £ 0.30  538.10 £ 0.10 + 2.60 7.0.3
4260 29677-30367,31561-31981 425797 +0.04 + 0.66  828.40 +0.12 + 5.50 7.0.3
4270 50796-51302 4266.81 +0.04 +0.32  531.10 +0.10 + 2.80 7.0.3
4280 51303-51498 427778 £0.11 £ 0.52  175.50 £ 0.10 + 0.90 7.0.3
4290 59902-60363 4288.43 +0.06 + 0.34 ~ 502.40 7.0.5
4310 30492-30557 4307.89 +£0.17 +£0.63  45.08 +0.03 +0.30 7.0.3
4315 60364-60805 4312.68 +0.06 + 0.35 ~ 501.20 7.0.5
4340 60808-61242 4337.93 +0.06 + 0.35 ~ 505.00 7.0.5
4360 30616-31279 435826 +0.05 +0.62  543.94 +0.10 + 3.60 7.0.3
4380 61249-61762 4377.88 +0.06 + 0.35 ~ 52270 7.0.5
4400 61763-62285 4396.83 + 0.06 + 0.36 ~507.80 7.0.5
4420 36773-38140,31327-31390 4415.84 +0.04 £ 0.62  1090.70 + 0.10 + 6.90 7.0.3
4440 62286-62823 4437.10 £ 0.06 + 0.35 ~ 569.90 7.0.5
4470 36245-36393 4467.06 £ 0.11 £0.73  111.09 +0.04 + 0.73 7.0.3
4530 36398-36588 4527.14 +£0.11 £0.72  112.12 +0.04 + 0.74 7.0.3
4600 35227-36213 4599.53 +£0.07+0.74  586.89 +0.11 +3.90 7.0.3
4610 64314-64360 4611.86+0.12+0.32  103.83 £ 0.05 + 0.55 7.0.6
4620 63075-63515 4628.00 +£0.06 +£0.32  521.52+0.11 +2.76 7.0.6
4640 63516-63715 464091 +0.06 +0.38  552.41 +£0.12 +2.93 7.0.6
4660 63718-63852 4661.24 +0.06 +0.29  529.63 +0.12 +2.81 7.0.6
4680 63867-64015,64365-65092 4681.92 +0.08 +0.29 1669.31 +0.21 + 8.85 7.0.6
4700 64028-64313 4698.82 +0.10 £0.39  536.45+0.12 +2.84 7.0.6
4740 65208-65307 4739.70 £ 0.20 £ 0.30  164.27 £ 0.07 + 0.87 7.0.7
4750 65322-65494 4750.05£0.12+0.29  367.21 £0.10 + 1.95 7.0.7
4780 65495-65645 478054 +0.12+0.33 51278 +0.12 +2.72 7.0.7
4840 65647-65864 4843.07 £020+0.31 52729 +0.12 +2.79 7.0.7
4914 65867-65935 4918.02 £ 0.34 +0.35 208.11 +0.08 + 1.10 7.0.7
4946 65938-66224 495093 +0.36 + 0.44  160.37 +0.07 = 0.85 7.0.7
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PRI FNS T BRI e AR 3T MC Bl
4221 {52 MC #A

R T IRAAF B MITESRCR . W55, KO0 T
efe” > pn', ¢ > KK, n' - yatz” fln' - nata” JABENGES MC HEA, F4
HAEFAE 107 (55 MC 6. ete™ — ¢n’ 55 MC FEA I EVIGEN HEZE HH)
HELAMP (1000-10) #i7ma: U271 S £330 1o 45 8 AR 1 i 12 e 1
PRI AFAIAL PR A . BEE A ¢ > KTK™ iR &-fr-fra (VSS)
Bl =g Hh R BRI RER . K A HTE ¢ HIIRTE R ALTR
ZH 5 sin? 0 BIEHUP Hi 0, 2 K TE ¢ RIRTE S AR B 2 B IBUIE R £
n' — yrtx” FEARE DIY po4Fr4: (Etap2gpipi) , A% ET p— o T
il box AR, 0’ > natx” Mg — vy FASYIH PHSP f=4: . ISR {fi ]
kkme PEFFREOF S A 4 % FSR NI H proTos 181,

4222 ZKJE MC AR

{ili fi} BESHI A E417E 1/5=3.650. 3.773. 4.178 ., 4.416 F14.843 GeV 4bj7A: )
FA26 MC FEAAS T 7T BE AN IS - FESE 2 Hi kxme A=48, 1i QED 1 #2451 411 Bhabha
utuT . T Al yy B KKMC. BABAYAGA Hl TaUOLA [ fEi4p) (1021031261 g
AR R Bvreen B, CAIEASR > K PDG 44 B R
TSR, B0 Ty Fw(2S) BRI EEAS M ] Lunperarm 7 A (1991600 0 e
BTl ] pyTHIA g O

43 ZEFIERE

A A TE I S B E PEARHE QN T, Hp AR B T3 eTe” - o', ¢ —
K*K™, n' - yatn™ i TAGE DR ete” > ¢, ¢ > K'K™, ' >
natx, n—yy AR,

1. e R AR IR EEAE MDC (13227 P, B | cos 0] < 0.93. A 471 HLfR
TR SR TR, W Ve, = VS + V) <lem, |V, <10cm, XH
Ve V, BLV, 5 5@ AR S5 i sy xo y Fl z AR KT eTe™ — ¢’
T2, THEE 4 KUFRAT AT,

2. e riEat EMC 45 B E#. 78 EMC iRt 1, A |cosf| < 0.8,
BURBEE AT 25 MeV; 7E EMC i g il 6+, A 0.86 < | cos 8] < 0.92 K,
FORAER KT 50 MeV. SEHHRTEIGE (0 <t <14, Bfk50ns) AT
SEAIE K FF R ERIREE U BRI 5 Bl B9 AR 2 18] 1Y 3 A
KT 10, PAEBAT RS EMC Y S BAE = A e 7. s
I, WG FEET L 0 < nGamma < 105 XFEASE I, F#/E 1 < nGamma
<10, FE4-2J8R T HAE LES MC (LK) FIARJEHEEE MC HA (F1E) Hif
ST R4, AT A Bk nGamma < 10 28| ARG ARHIEE. 43
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N T HEARTE AR 40, AT RAUE K nGamma < 20 A& 5| ARG A
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Figure 4-2 The distribution of the number of good photons in signal MC (left) and inclusive
MC (right) for decay mode 1.
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Figure 4-3 The distribution of the number of good photons in signal MC (left) and inclusive
MC (right) for decay mode II.
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Figure 4-4 The )(fc distribution from data, signal MC, inclusive MC (left) and its optimization
presented with FOM (right) for decay mode I. Black dots with error bars represent data,
blue line represent signal MC and other colour shaded histograms represent inclusive

MC.
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Figure4-5 The )(52c distribution from data, signal MC, inclusive MC (left) and its optimization
presented with FOM (right) for decay mode I1. Black dots with error bars represent data,

blue line represent signal MC and other colour shaded histograms represent inclusive
MC.
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O3 A B AR ACSE AN B A-AFTR, X TRARHE TR p2. < 100, 22 (95315 Kk
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Figure 4-6 The invariant mass distribution of M(K*K™) for decay mode I (left) and decay
mode II (right) in data, signal MC, and inclusive MC. Black dots with error bars rep-
resent data sample, blue line represent signal MC and other colour shaded histograms
represent inclusive MC samples.
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represent inclusive MC samples.
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42 R T THERRG, aq FEAC (2010 4F) 25 A -

Table 4-2 The main survived channels from ¢ sample (2010) after event selection for decay

mode L.

i WA K& HOIE BRI
1 ete > K"K n',n — p% " K*K™y 10 10
2 ete = KK n'y',n' = p% ata KYK yly 3 13
3 ete” > nta  KYK~ xtn KK~ 3 16
4 ete” - K"K~ n'y'yl,n" = p% T KK ylyly 2 18
5 ete” — f,(1270)K* K~ tr KK y" 2 20
6 ete” > KKy K}® - ntK” rtr  K*Ky! 1 21
7 ete” > K*Kaly',d) - n7p* rtr  KYKy! 1 22
8 ete” > K+f(; Kg_,f(; - rtn” xatn KK yy 1 23
9 ete” > K'K-aly'y'y',a) » a7 pt  2lata K*Kyly'y! 1 24
10 ete” - T KK y! T KK y! 1 25

ES HE (B 2D HE 21 46

6 4-3 pOBIH 1 RIS, qq FEA (2011 42) TR0k RAOIRE -

Table 4-3 The main survived channels from ¢4 sample (2011) after event selection for decay

mode 1.

G WAL RA HOE DB
1 ete > K"K n,n' — p T KKy 18 18
2 ete” - K*K 'yl n' = p%, ata KYK yly 15 33
3 ete” » ot KYKy! atn  KTK y! 5 38
4 ete” = KK n'y'yl,n' = p%, ata K"K ylyly 5 43
5 ete™ — KYK™ f,(1710)y! atr K K ylyt 3 46
6 ete” > ata KK yly! ata KK yly! 3 49
7 ete” - K*Kn'y!,n' — p% T KYKylyfy 2 51
8 efe” > ntn KK~ Tt KYK~ 2 53
9 €+€_ N K+K—;,Ilylyl’n/ N pOy 7r+”_K+K_VIYIYF7 1 54
10 ete™ = 7f,(1270)K K~ atn KKy 1 55

Pl HE (it 24) HE 24 79

% 4-4 URIE T BRERR G, qq FEAC (2010 4F) TS5 BIAOEIE -

Table 4-4 The main survived channels from ¢4 sample (2010) after event selection for decay

mode II.
%' WA KA HOIEL  SFHBIE
1 ete™ > KK 'yl 0 = ntnn,n—yy atn K K yly 6 6
2 ete” > K*Ky',n' - ntnn,n—yy atn KYK yy 3 9
3 ete™ > K'Kn'ylyl,y' - ntnnn—vyy nta KK ylylyy 1 10
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#e4-5 pORIH I B HIkR G, g FiA (2011 4F) RERRAKIE -

Table 4-5 The main survived channels from g4 sample (2011) after event selection for decay

mode II.
YT WAL K HOE B
1 ete” > K'Ky',n' - ntny atn K"K yy 12 12
2 ete > K*Kn'yl,y' - ntnn atn KK ylyy 9 21
3 ete™ > K"K n'ylyl,y - ntnp atn KK ylylyy 2 23
4 ete” > nK*K;n - ntayf KT - K™ atnKYKyTyy 1 24

K 4-6 RIE 1 B FENG, 9d FEAAE M(KTKT) 55 T 1 GeV ZbFk R A it .
Table 4-6 The main survived channels from g7 sample at 1 GeV in M(K*K") distribution for
decay mode I.

Hi's WA RA FHIE  SFOIE
1 ete” —» 'zt fy, fo = KK~ tn K*K yy 156 156
2 ete” — 7r°7r+7r_f(;y’,f(; - KTK~ atr K K ylyy 127 283
3 ete” =t foy', fy = KTK™ rtr  K*Ky! 110 393
4 ete > ot foyly! fy - KYK~  zta KTKyly! 68 461
5 ete” — ﬂ0ﬂ+7t_f(;y1yl,f(; — K"K~ #ata KK y'ylyy 40 501
6 ete” —» atn fo, fo — KK~ rtn KYK~ 24 525
7 ete” > ntx  KTKy! ata KYKy! 22 547
8 ete” — ﬂ0K+K1/_J/[,K1,_ — 1 K* T KTKyly 21 568
9 ete” = ﬂOK_K;Jr}/I,KI/J“ — 1t K* atr  KYK ylyy 17 585
10 efe — 7r+7t_f(;y1y1y’,f(; - KK~ #atn KYKylyly! 16 601

Pl HE (81t 223) HE 396 997

X 47 pBIE N FHIEREIG, 7 FEARTE M(KTKT) 55T 1 GeV b5k R i A< icis -
Table 4-7 The main survived channels from g7 sample at 1 GeV in M(K*K") distribution for

decay mode II.

i WACHE RA FHE SO
1 ete” s> ntanf,, fy > KK~ " K*K™y 393 393
2 ete” — 7r+7r_11f(;y1, fo = KK~ atn KK lyy 271 664
3 ete” - ntay fy,a; > nn, fj > KYK™ ztn KKy 199 863
4 efe” > ayfy,af - ntn, fj > KYK™ #tn KKy 196 1059
5 ete” = atas forlay > o, f - KK~ zta K*K™! 152 1211

0Jo? > % N Jo 144
6 ete—aalfyr'yal - atn f > K'K- zta K*K lylyy 145 1356
7 ete” = 7z+11f(;y1y1,f0’ - K'K~ ata KK Tylyy 81 1437
8 ete - ﬂ_agf(;ylyl,ag -ty fi > K*K~ ztz K*K™'ylyy 58 1495
9 et —aalfyyyal - atn f - K'K~ zta KYK lylyy 42 1537
10 ete” - nta) f),a5 - w7y, fy > K'K” " KtKy 41 1578

GBS HE (BT 659) He 4137 2925
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Figure 4-8 The invariant mass distribution of M(yz*7~) in data, signal MC and inclusive MC
samples at different \/E, 3.650 (a), 4.178 (b), 4.416 (c) and 4.843 (d) GeV. Black dots with
error bars represent data sample, blue line represent signal MC and other colour shaded
histograms represent inclusive MC samples.
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Figure 4-9 The invariant mass distribution of K*K~ (a) after require |[M(yz"7") - M(y)|
< 0.015 GeV and M(yz*7~) (b) from M(K*K") sideband region for decay mode 1. The
invariant mass distribution of M(K*K") (c) after require |[M(nz*7z~) - M(5")| < 0.015
GeV and M(nz*7z7) (d) from M(K*K"™) sideband region for decay mode II. Black dots
with error bars represent data, blue line represent signal MC and other colour shaded
histograms represent inclusive MC. The pink arrow marks denote the signal region and

the cyan arrows denote the sideband region.
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Figure 4-10 The distribution of events in the 5" sideband region in the M(K*K~) spectrum for
decay mode I (left) and decay mode II (right). Black dots with error bars represent data,
other colour shaded histograms represent inclusive MC. Signal region is located between
pink lines.
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Figure 4-11 Fitting result of the invariant mass distribution of y z*z~(left) and nz* 7~ (right).
Black dots with error bars represent data, red dashed line represent signal MC shape,
background contributions are described by the green dashed line and blue solid line rep-
resents the total fitting. Signal region is located between pink lines and sideband region
is located between cyan lines.
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Figure 4-12 Momentum distributions of K*(a), K~ (b), z*(c), ™ (d), y(e) for decay mode 1. The
black dots with error bars represent data, the blue histogram represents signal MC and
the green shaded histogram represents background events from 7’ sideband region.
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Figure 4-13 Momentum distributions of K*(a), K~ (b), z*(¢), 7~ (d), #(e) for decay mode II.
The black dots with error bars represent data, the blue histogram represents signal MC

and the green shaded histogram represents background events from #’ sideband region.
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Figure 4-14 cos6 distributions of ¢(a), K*(b), K~ (¢), ' (d), z*(e), 7~ (f), y(g) for decay mode L.
The black dots with error bars represent data, the blue histogram represents signal MC

and the green shaded histogram represents background events from #’ sideband region.
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Figure 4-15 cos@ distributions of ¢(a), K*(b), K~ (¢), ' (d), z* (e), z~ (F), #(g) for decay mode II.
The black dots with error bars represent data, the blue histogram represents signal MC

and the green shaded histogram represents background events from #’ sideband region.
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Figure 4-19 Cos# distribution of K* in ¢ helicity frame (a), cosf distribution of # in »’ helicity
frame (b), cos@ distribution of y (high energy) in 7 helicity frame (c) for decay mode II.
The black dots with error bars represent data, the blue histogram represents signal MC

and the green shaded histogram represents background events from #’ sideband region.

123



SRR ES B NIRRT CP IR

Ng 60[ 4 gata
> - — signal MC
g | [ sideband
I — MC+sideband
p 507 sideban
S B
&" B
— 40
7, B
— L
c B
g B
[HH] 30?
20
10
O,

04 05 06 07 08 0o
M(T'TT) (GeV/c?)

Pl 4-20 &35 Trp 272 AVERUR . VDA E R I SRR B, W B T IR H
5 MC, ZBPIEE I PRASKE 1" QA XA B
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F 48 \[5=3713GeV AL, e'e” — ¢n', n' — yatx R, 159 MC HurbEeEEL A
26 MC Al A e BBl e P8 2R A8 AL

Table 4-8 Cut flow and percentage of remaining background for e*e™ — ¢n’', ' — yatn~
at \/s = 3.773 GeV.

TEHEAAT {55 MC #4655 300% B4 MC IR AL
HHLARIE AL =4, rELR =0 57.19% 22.1%
¢ i ik 54.24% 8.0%
N(z*)=N(z")=N(K*)=N(K")=1 53.81% 7.5%
T A 52.66% 7.3%
0 < Ngamma < 10 48.85% 7.0%
4C === A 35.68% 0.1%
Yie < 100 33.42% 0.0%
¢ S 1 31.53% 0.0%
n' e 29.45% 0.0%

#49 \[s=3713GeV A, e'e” — ¢’y n' - nataT R, 5% MC MR DU A
26 MC i vH A BB e e 2 1 81k

Table 4-9 Cut flow and percentage of remaining background for e*e™ — ¢n’', ' — natnx”
at \/s = 3.773 GeV.

PEHEAAT 55 MC 46X 30% B4 MC FRAR AL
HHLARI R =4, prELR =0 54.74% 22.33%
¢ i ik 54.76% 10.09%
N(zH=N(z")=N(KH)=N(K")=1 54.18% 9.58%
T A 53.02% 9.29%
1 < Ngamma < 10 43.70% 8.85%
5C iBHIZE A 25.57% 0.01%
¢ FTE T 24.07% 0.00%

n REHEO 23.28% 0.00%
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Figure 4-21 The two dimensional scatter plot of M(K*K™) versus M(yz*7") in data (a) and
signal MC (b) for decay mode I, and the two dimensional scatter plot of M(K*K™) versus
M(nz* z~) in data (c) and signal MC (d) for decay mode II.
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Figure 4-22 Fitting results of invariant mass distribution of yz*z~and 5z * =~ for decay mode
I (left) and (IT) (right) at \/— = 3.773 GeV. Black dots with error bars represent data, red
dashed line represent signal MC shape, background contributions are described by the

green dashed line and blue solid line represents the total fitting. Signal region is located

between pink lines.

4.7 HENE

TR S, SRR AT AR,

obs

GlBorn — Ni 1
NP SIS M(ya* ™) 8 MOz ™) SpAEATHL 6 180 i 5 e gl 80 (A
HAGTNR) , L 2B, ¢ BES%, B 24 X HLHFEM B -
K*K™)-B(' = ya*z7) 8 B(¢p > K'K™)-B(' = na*z7) B = ry), XLE(HM
PDG | FIBY, FR i 4 5I3R 2455 1i=1) FIRA5TE 1i1=2). (1 + 6) S5}

& 1F 717 m J2 T Fred Jegerlehner [#) QED 18 () ELZs WAk [H - 2181

; (4-1
“€ - B

127



REF LMW ES B N T IEREA T CP IR

Dressed #f 18 1 PA T ATHE,

b
Dresed N0 (42)
' L-(1+68)-¢ B’
B TR S
o0 oPressed o (1 — x))F(x, s)dx
(1+6)=— =/l ( ) ; 4-3)
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F(X, S) %%E QED E‘J%Eﬁl‘@ﬁv *ﬂﬁggj"j 01%[217], X = 2EJ//\/E %i‘”ﬂ*'ﬂﬁlﬁ’\]
ISROGTRER. o = N¥™/(L - ¢, - B,) KWLM ST
Wi RS I A 1Y) Dressed A M T DA T AR5,

Nobs
O_Dressed — com (4-4)

L-(1+6)- |1_1H|2 -;e,. . B,

N RPIASE ] 1 55 F O S5 eI w(3770) FYFEIRS S T
B R T HAMAR P, R TR B A B AR, IR G
Dressed i K420 B(w(3770) — ¢n'). FEATHIE ISR (1. EHRFH Dressed
B A H SRR« T RIS HERI R ISR PRI, FRAT6E AT EAART ISR
TACRIATIEACO, FETFIAN,, RT3l TR EE, EeHF
WLIE 4055 MC F7R, FH153]9)20 0 ISR K 1~. 24 A Dressed #( . %X
THT I 5 R SRR e R4- 10 El4-24 v . ATDUE Y, RIS FEAE 0.7 3] 7.5 pb 22 ],
JEBEE /s BB ITEIE N . TR RER IR, B0 B 2 S S AR R e R
RS TR

TRV ESGE R w (3770) FLARIRIFHI M T BIRIUA eFe™ — on' 1
Dressed B[, AR SEALINT,

2

oPressed(yfs) = ‘(\/a_) \/PS(V/s) + e>BW(v/s)| (4-5)
Ky n

 12aT, T, By (BT70) > ¢n’) [PS(+/s)
BW(Vs) = s— M2 +iMT,, PS(M)’ (4-6)
PS(v/s) = ¢*(\/s)/5s.PS(M) = ¢*(M )/ M* 4-7)

V(s = (M = My 2)(s = (Mg + My )
a(\/s) = : (4-8)
25

A/ (M2 = (M = M, )(M2 = (M, + M,)?)

g(M) = o, (4-9)
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H 410 ctem - on’ MR BIREAR, IRBEBAT w(3770) Uik FoDft (1/s). B3
(L) . 'l (N) . Bl (o) . fgHEENE T (1+6) . HAaBibr 1
(7o)~ Dressed i (op™) DRI (o57), Hob Fhi LRI 52858
W TIL 55— ANAFRE MG ATETE, B A ATETEh REEATEE .

Table 4-10 Summary of cross section measurement for e*e~ — ¢7’, assuming there is no
contribution from y(3770). The center-of-mass energy (\/E), integrated luminosity (L),
the yields of signal events (N°*), detection efficiency (¢), the radiative correction factor

(1+ 6), the vacuum polarization factor (m), combined Dressed cross section (c2r*°),

and combined Born cross section (¢2°"

—om’), where subscripts I and II represent decay mode

I and II, respectively. The first uncertainty is statistical uncertainty, and the second un-

certainty is systematic uncertainty.

Vs (Gev)  L(pb™!) N NQPs a%) %)  (1+6) ﬁ olressed (pb) 550 (pb)
3.508 181.8 46.1%73 15673, 3252 2579 0734 1044 67510004034 647H0%+032
3511 184.6 50.3%73 2453 3247 2602 0737 1044 77970924039 7.46*00°+037
3.582 85.7 250733 75431 3109 2502 0792 1039 72871394036 7.01%}31+035
3.650 4539 940T10Y  375TC7 3048 2423 0915 1021 493%040+025  4.837073+024
3.670 84.7 132136 68729 3012 2420 0839 0905 44270024022 489t 134024
3.773 20318 538.8*20  237.0713¢ 2833 2228 0960  1.056  4.637015+023  439*017+0.22
3.808 50.5 74132 2979 3009 2388 0896 1056 3597|3018 3401 2+0.17
3.867 108.9 8.8737 68731 2926 2345 0918 1051 25340784013 240%074+0.12
3.871 110.3 19.9%4¢ 5877 2929 2317 0919 1051 412708021 39240814020
3.896 52.6 11.013% 3973 2044 2361 0927 1049 491710+025  4.684]19+023
4.008 482.0 52.5%7% 304789 2852 2279 0964 1044 29670314015 2.84703140.14
4.085 52.9 71531 20717 2834 2261 0988 1051 291753015 2774 %+0.14
4.128 401.5 374783 214%5 2766 2195 1.047 1052 240%0B+012  2.284032+0.11
4.157 408.7 413768 92138 2775 2226 1052 1053 2.00%03)+0.10  1.907029+0.10
4.178 3189.0  299.0%170  1136tIM 2782 2180 1014 1054 219%01s011  2.08*211+0.10
4.189 5700 63583 213732 2761 2193 1017 1056 2527024013 2.387028+0.12
4.199 526.0 36.0%%4 17.6%9 2792 2199  1.020 1056 17070264009 1.61%923+0.08
4209 572.0 46,5173 107735 2745 2163 1021 1057 1.70%033+0.08  1.61*923+0.08
4219 569.2 48.0771 187748 2743 2165 1.024 1056 198%02%+0.10  1.88*024+0.09
4226 11009 10621107 536775 2790 2214 1026 1056 24170204012 228*010+0.11
4.236 530.3 44,187 170755 2757 2199 1.029 1056 1.93*02%+0.10  1.821073+0.09
4.244 538.1 453771 18575 2778 2204 1031 1056 1970294010 1.86*023+0.09
4258 828.4 73.5750 251%%L 2782 2204 1035 1054 1967022+0.10  1.86*07+0.09
4267 5311 452785 234%3; 2776 2195 1.038 1053 213*0274011  2.02%028+0.10
4278 175.7 79132 4945 2719 2148 1042 1053 12270394006 1.16%037+0.06
4288 502.4 32.0%03 15642 2699 2129 1.083 1053 15470234008 1.461023+0.07
4308 45.1 19%10 LOFE? 2753 21.83 1.051 1.052 106707840.05  1.00*07¢+0.05
4312 501.2 34081 12749 2708 2106 1087 1052 LSI*033+008  144%022+0.07
4.337 505.0 27.143¢ 127738 2698 2127 1.093 1051 12749274006 1.217030+0.06
4358 543.9 527774 1257, 2769 2165 1.065 1051 1.94%023+0.10  1.85%023+0.09
4377 522.7 247433 17675 2692 20113 1102 1051 1307030+007  124%070+0.06
4396 507.8 375463 106538 2680 2086 1106 1.051 15370234008  1.45*02240.07
4416 1090.7 833404 24447 2704 2132 1082 1052 160701008 1.52*(13+0.08
4.436 569.9 47,0173 14473 2665 2100 1116 1054 L728031+009  1647033+0.08
4.467 111.1 4877 107453 2694 2093 1.096 1055 0.857031+0.04  0.807039-+0.04
4527 112.1 6.672% 2979 2664 2061 1112 1054 1377030+007  1.30*047+0.06
4.600 586.9 24,0749 146730 2640 2054 1132 1055 1.05%)17+0.05  1.00%(7+0.05
4.612 103.8 49123 00895 2601 1995 1158 1055 07570304004  0717037+0.04
4.628 5215 285428 87135 2585 1976 1162 1054  L147030+006  1.08%)10+0.05
4.641 5524 27.5434 8873¢ 2500 1974  L164 1054 L0STI12+0.05  0.99*018+0.05
4.661 529.6 27.6*3| 17575 2559 1959 1169 1054 13770304007 1.30%512+0.06
4.682 16693 66.4153 21237 2569 1953 1174 1054 08470(0+0.04  0.79%)00+0.04
4.699 536.5 167753 85733 2576 1925 1178 1055 07570154004 0.71%013+0.04
4740 164.3 113434 2979 2618 1952 1188 1055 13570314007  1.28*337+0.06
4750 367.2 8938 8833 2623 1961 1192 1055 075434004 0.7170730£0.04
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4.843 5273 257433 7552 2563 1913 1213 1056 098%013+0.05  0.93%017+0.05
4918 208.1 9.4%33 19717 2504 1894 1234 1056 0.85702340.04  0.80*220+0.04
4.951 160.4 6428 498 2478 1849 1244 1056 L11'030+006  1.05%037+0.05
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Figure 4-23 The intermediate plots of the efficiency during the ISR iteration (a) and the fitting
result of the Dressed cross sections of e"e~ — ¢ after the second iteration (b) for decay
mode I and the intermediate plots of the efficiency during the ISR iteration (c) and the

fitting result of the Dressed cross sections of ete™ — ¢’ after the second iteration (d) for
decay mode II. The black dots with error bars are the measured Dressed cross sections.

The solid blue lines are the continuum fitting results.
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Figure 4-24 Dressed cross sections of the efe~ — ¢#n'process and the fits under different
assumptions: (a) continuum amplitude only; (b) coherent sum of continuum and y (3770)
amplitudes, the solution with ® = 2.0 rad, B;,, = 4.6 X 107, and the significance of the
w(3770) — ¢n’ decay is 1.5¢; (¢) coherent sum of continuum and y(3770) amplitudes,
the solution with ® = 4.7 rad, B,,, = 1.9 X 1073, and the significance of the y(3770) —
¢n’ decay is 1.66. The black dots with error bars are data. The red solid lines are the
total fits, the magenta dot dashed lines represent the y(3770) component, and the blue
dashed lines the continuum process.
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Figure 4-25 The combined Dressed cross section and corresponding fitting result of the com-
bined Dressed cross sections of ete” — ¢#5’. The black dots with error bars are the
combined Dressed cross sections. The solid blue lines are the continuum fitting results.
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Figure 4-26 The two-dimensional scan result of the parameters B,,, and ®. In (a), the y-axis
is from 0 to 2.3 x 1073, and the upper right contour corresponds to Figure 4-24(c) and the
bottom contour corresponds to Figure 4-24(b), respectively; in (b), the y-axis is from 0 to
2.3 x 10~ (Plot (b) is the subset of plot (a)). The color in the figure represents the value
of y? in different o intervals defined in Eq.(4-10).
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Figure 4-27 The pull distributions of signal yield from the I/O check using the Toy MC at
3.511(a), 3.867(b), 4.219(c), 4.600 GeV(d).
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Figure 4-28 The fitting result of M(K*K™) based on data (a), and signal MC (b) in control
sample for decay mode I and the same fitting results for decay mode Il(c, d). The blue

solid line represents the total fit. The read and green dashed line represent the signal

contributions. Background contributions are described by the cyan dashed line.
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Table 4-11 The helix parameters correction factors for z*. 7=, K, K~.
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Figure 4-29 The fitting result of M(yz* z~) based on data (a), and signal MC (b) in control
sample for decay mode I and the fitting result of M(nz*z~) based on data (c), and signal

MC (d) in control sample for decay mode II. The blue solid line represents the total fit.

The read and green dashed line represent the signal contributions. Background contri-

butions are described by the cyan dashed line.
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Table 4-12 The systematic uncertainty caused by the signal shape. N1 is the nominal fitting

results of signal events, N2 is the fitting result of signal events with changing signal shape.
NI1-N2
NI-RZ),

The systematic uncertainty introduced by signal shape is: AN’ = | T
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4.278 790 7.64 3.29%
4.308 1.90 1.89 0.53%
4.467 482 472 2.07%
4.527 6.64 659 0.75%
4699 1665 1651 0.84%
4740 1134 11.05 2.56%
4918 943  9.09 3.61%
4.951 6.38 633  0.78%

P RAGHE I, i FARART/D, Brf SE R i) i e S HH e & b
IF, I HERRER RS AR . I, 3AGHE I A i 5 SR ARE R R 58
AHHETE

49.10 ZAJEFK

TEE T, AIRIPR T —Br TS R 2 . T AR E N,
MG S R ZIEF AL b TR ST A E MR, U
3773, 4.178. 4.420 #14.680 GeV (#4tith) MEURFEASRIE T AIRIERSEL
BRI RFEATENE. AFRARIIRSEACLZ 5578 ok 22 57 40
NARGAENE, X T 5AGE LA 73502 1.4% F12.7% (X BURIHTSCRERL, R
PEBE ) S X R GURZEIAT T, 7 (82 Ja X AN E R G RENIRE ) -

140



4T ete” — on’ HIMAYIEA w(3770) - ¢n' AR T

4911 #MEKXIE

N T BRI LA DX e, AT 23 BIRF UL DIk I 10, 20 MeV
FI/D 10, 20 MeV, F HBCEARTE TR I 55 PR 225 . 4R AN3R4- 1371
FA-14f7R . AIDARH, FEE S B RETL RN, 2 RS L& X015 2 1 45
R, RUFRNTIEBR A X o, DA A8 E T A G 25 B A X

)5 AR RGN ENE

413 R TANBA XA . Nsignal JELA TGS 615, Nsignal,,, J&40,

s s BB R %

Table 4-13 Fitting results with different fitting regions for decay mode I. Nsignal is the number

of the fitting events, and Nsignal_, is the error in the number of the fitting events.

Ecy (GeV)  #1&1X[E] (GeV) Nsignal Nsignal,,

3.773
3.773
3.773
3.773
3.773
3.773
3.773
3.773

[0.90, 1.00]
[0.89, 1.00]
[0.90, 1.01]
[0.91, 1.00]
[0.90,0.99]
[0.88,1.00]
[0.90, 1.02]
[0.91,0.99]

538.79
541.30
543.37
534.26
544.94
541.08
544.64
53543

24.88
24.94
24.73
24.89
25.53
2491
24.66
25.09

#* 4-14 pBJE IARA X RIIA S5 R . Nsignal 281455 34615, Nsignal,, &40,

e T PRI 2E .

Table 4-14 Fitting results with different fitting regions for decay mode II. Nsignal is the num-

ber of the fitting events, and Nsignal_,, is the error in the number of the fitting events.

Ecum (GeV)  #I41X[E] (GeV) Nsignal Nsignaly,,,
3.773 [0.90, 1.00] 236.95 15.58
3.773 [0.89, 1.00] 234.56 15.43
3.773 [0.90, 1.01] 239.40 15.63
3.773 [0.91, 1.00] 237.23 15.60
3.773 [0.90, 0.99] 238.09 15.78
3.773 [0.88, 1.00] 232.27 15.60
3.773 [0.90, 1.02] 238.18 15.08
3.773 [0.91,0.99] 238.32 15.74

49.12  3E ¢ IBEARE

AT AT KK " ARRR 0, BATE BT efe” > KTKTn' #Y

MC #A%, SRJG, BATX M(yatz7) Fl MCKTKD) #5474k (2D) ]

Ao

EReil!
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KTK™n" A5k 1 th T MC TR AR Al 2D HistPdf i34, ASJiEHh 2D Y]k
ZWARR, PLALERNE4-300T7R . 4R EREINES FHECH 539.5+24.1,
5R%IE KTK ™' ST — 4B A 4551 (538.8 £24.9) TEIRZEERIN—2. FTA
IE o BEEA RS AR RGEATEENTT Y 0.1%, " PAZI .

80
S 2 60}
@) >k
= s
9 3
) s T
P 2 [
£ g t
g S 20
LLI m -
002 0.4 086 008 T T 104 106
M(yTt'TT) (GeV/c?) M(K'K) (GeVi/c?)
Pl 4-30 /s =3.773 GeV &b ynta~ RIKYK™ [ “HEA RIS EI . HFDE MR

BB, HBLARGS MCIBIR, HELEs KK n'MCIBIR, axfalgzkdk
AP ANE G, SRR A SR .

Figure 4-30 Two-dimensional fitting result of invariant mass distributions of y z7*z~and K*K~
at \/— = 3.773 GeV. Black dots with error bars represent data, red dashed line represents
signal MC shape, cyan dash line represents K*K 5’ MC shape, flat background contri-

bution is described by the green dashed line and blue solid line represents the total fit.

49.13 RHAWEMERIEKE

BRICHE TR Y = (Y], Ya, .., V)T FTDARE] m AR, HP Y B2H
B X BYREL:

Yk = Yk(X) = Yk(Xl’XZ""’ Xn), k= 1,2,..., m, (4—14)

AR 2208 vV (Y) Al PLE DA A0,

V(Y)=SV(X)ST, (4-15)
Her, S 02 mxn WS E0ERE,

R

Y, Y, &

X,  0X, X,

o, oY, oy,

X,  0X, X,
YR 44, TN AL 30 A S ARh G A, il w A

wy 53 95E Bn' — yxz) - e #l B(n' — nrx) - Bln = yy) - €0 55 i Iﬁ%éﬁfﬁﬁam
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e 6" WL AR 4-15 PEATELA,

. Vi Vi
(51)2:(1,0 -:w)2< Wi W )( VI"1 V1i2)< Zl >:
1 2 21 22 2 (4—16)

2y 2y i
wiVyy + wiVs, + 2w w, vy,

(w1 + LU2)2

HH V= 01,88m Pl 250 | TUFIR R E A K REL, 6, 5 6, 2
ARASEER ke SVEER m SRR R G ENE. 23 4-16 ATLATRL N,

\/ (w8))? + (wy85)% + 2w wyp), 8,6,

I/Ul+I/U2

i=13
5= \‘ Z (51)2. (4-18)
i=1

XTSI R AR E R, T EBRNCRA L ¢ WA M RGEAHE
Ve, o, =1, HWERGIRZERKKARHHERZ 0. tHILT DAFE S R G E 1,
WNRA-1SFR

49.14 RHEIMEMRLSE

P ZRGEATREMES IHERA-15 , B RGEAH & P F5 Ay St i) 2R 48
AN E DT A IR S5 21, B EA T Z [RIBCA R K

5 =

4-17)

ERIRGEATENE 6 N,

4.10 32tk ERRETT

TE ete” — ¢n' MR A LEE B W] LAY w(3770) BTk, fN&4-24 s, B
TR, A B R G AT E R RO, 15T By, 76 90%C.L. F
g LB BN IRIEALG ete — ¢n' MORIE, FFAIE TIIAMTHE 0%,

0_;‘it)2

(o, —
0=y e (4-19)
J

J

Heb o) fil ol FIAR (4-10) B UM, & LI M B SE TR 25 A 1R 5
BERGER2, AT S T R AR . SB i SE25 B, 15%] O
(53T . RIGAEELREL, L (Byy) = e 05 . (Lo LR B0 i FH B3 0
BT, HIEN £o, FRiERER 8., = 69 X 650, Favt 6, 1 650 43514
YRR B R GE 2 . IR B HE XN,

1 et
———e Y0 deg, (4-20)

1
L(B ,)=/ V& B,
én o & on \/ﬂé

Hrp g 2l RS MC BRI IR
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K 4-15 etem — ¢n' PP RGEATETELES

Table 4-15 Summary of systematic uncertainties (%) in the measurement of the cross section

of ete™ — ¢y’
S REAHENE (%)
n' —=yrtaT n' - pataT BRAE

SR & 1.0 1.0 1.0
(ESUNEINE 4.0 4.0 4.0
T 1.0 2.0 1.3
B(p - KTK™) 1.0 1.0 1.0
n - 1.0 0.3
By - yxtn) 1.4 - 1.0
By — nxtn) - 1.2 0.4
B(n - vy) - 0.5 0.2
¢ FiE T 0.2 0.4 0.2
n' g 0.3 0.5 0.3
BTG 1.2 0.7 0.9
AR 1.4 2.7 1.3
(ERERIZN 1.6 - 1.1
it 52 5.7 5.0

By 1E 90% CL. ) LI By, , @i A T AL,

BUP, oo
/ " L(By,)dBy, = 0.9 / L(By, )dBy, . (4-21)
0 0

EMARE (AKX (4-5)) H, w(3770) 15 R AR YL [E 5 i PDG Hols
H, 3773.7+0.4 MeV F127.2 + 1.0 MeV 34| 22 3| 5 51 0 58 B I i 2556
BRASE I . FE R AL S BE 0 PO E R B, 2 IR b1 o (o N
FURTEREM R iR 2E ), 58] 9 MR R TEEMALE (3x3), M ks By,
R —H ERE. E4-26 10— fFiRZEREL RN, By, MERKELE © =2.81
BREEFT . T IR RSP IR, AER7E By 19 LRRES, HIf © R &
2.81 5% . H—(bRUR R WE 431178, 53] w(3770) > ¢n' FAEM 4> X
. 90% C.L. F LM 2.3 x 107,
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4 -5
By, (107)

Pl 4-31 TUSAHECRG B, 5k, RIBL © [k 2.81 R0 Mol Sedens 90% C.L. %
&R

Figure 4-31 The distribution of the likelihood versus B, , with the phase O fixed to 2.81 rad.
The black arrow shows the result corresponding to the 90% C.L. .

411 LR

TEFLORER M 3.508 GeV | 4.951 GeV [HFEEI N, A TXF ete™ — ¢’
BEPME. R4-10P LR B, #IIETE A 0.71+0.20 pb 3| 7.46+1.20 pb
(R EEAIES T ARG AT ERE) , X5 NIL A28 U85 3500 4 45 — 75 pb 2251
K, L PRI R ERES L NIL BB S AR T — S 8 1 o i 3t
e, 8RR D BRI RS ECN n=4.35+0.14, 5 NIL
BRI n = 3.5 £ 0.9 FER LR NS (ILESRERHEN) .

BITAIFE S T 2 B BENE TS T ks B nY SE g i, AR NIL 45
BIAETTE ete™ — on MIEATH T L8, BlaE A 5 AR S AT
YERMIEIREAE T, HEE " MkiE RSN ESKIRG . (A2 NAEEER
) NIL A28 ik 5 s f A EAE AR TR 2, AFIEREA T
HEFEARENAN, R4 Fryshas Kt AR s+ E 2.
bz mi e EAE ] RE 2 S EEER TS eTe™ — ¢n' AYEI A SE 50 EE
AFFEIIEE . A SRR eTe™ — on' IR RSB R LSRR, ZORMIB2AR
I NIL B85 eTe™ — VP iR B 25 TR R -1 HX TR R 1 i e Al
PP R AR, [R]EHFE R I b 2% 8 R Dk S 2 B SE s i e AR AL, AT
FETF NIL BERLAEZ BRI X efe™ — VP I Rk A9 1T 3ERG B2

TH 0 I 1) Dressed # R A THA G, FeATIA T4 T w(3770) Je88 =72 w(3770)
— o', HBEMALT 20, w(3770) 4} I By, 1) 90% C.L. Ry K 2.3x107°
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X5 S YA D PR AR 0.5 7] 3.5(x107°) POR2PN AP g £ H, S ¥
il D PR AW T BELEMRRE Thy . w(2S) Fil w(3770) FASHY “pr BEXE” Hiid
T 202203 (ER AT 9 43 S e RS T Y. Zhang % ALEA AL
FWHEGR, ZIET A D, D* s R A FEHET A B OZI FEARHI BRI
PRIR, SIS Bp(3770) — ¢n') = 3.78 x 107207 FE3H44 p i ] 7]
JA SR B w(3770) — nd ly, dn (53 32 R prr (953 52 H b BRAFL T G T 28 v
WA BE. T SCE R B (3770) > ndly) = (9 £4)x 107, B(y(3770) -
dn) = (3.1 +0.7) x 107 B4 553 LU i eI A%, T B s Bl 6 52 ) S50 P
SESEAEN AR, SEEHSTIN A L R,

FRAEE 0 Bw(3770) — ¢n') B_LFRTE 107 B2, F1Z Hi 5L F4F w(3770)
SRR AL &, PR w(3770) ) non — DD REASFRAL T E BESLIGHI A
{1 2 B 2% ) 70 34 245 W00 75 ) 9 non — DD 43 37 LR — BURR IH JE Y fRe . 32
SERTRE w(3770) USSR AR, A S — 2T R SC I RIS A ST
H &7 BESII S8 O & 1E w(3770) SLIRIEHTIT 3.768 #1 3.780 GeV R4 T Mt
800 pb~! FUBIHRAREAS , 45 EriX SeRR T4 H £ w(3770) f) non — DD 7% 7] %
AR SR 543 57 FURAR 20535 B AT PRI w (3770) 19 non — DD 58748 B34 5 11
34 25 W R — K. X RN OR — BT B R 1 SR B 2 . AEAE B SR UL B
w(3770) A58 TS T FE . B % AE X AEAE B B 45 44 DA B i AR 2% T B 3l 1 2380
PRI, S b5 0 0 H 3 2 1o P 0 5 e 3 ) LA o TS Ay P
S, RS BRI 2 IR I, IR AT w (3770) SRR EAS P T 1 B
fitt.
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58 B - )y AERNFEKRBN CP HEFSHNRBETE

51 BRENAE

FRUERST R C P BERASIE T CKM SR R 2 A 62 Y % CKM
EEMIBEA b1 by Tl by B, 24T AR J7 T4 CKM i 4 e —f
C P WAL HEA TR, AT RART CKM £ IE =TG4 EME BT . QSR
HBE, BR85S 80 L 1F = A TR L IE PEARTE—E PR R IR, 30K,
T ERAEAE B AR . RS L BT A A 0 1 5 SR R Y B L &
IEVER SR, (ERSZ BT Seuara il EokE 2, 76 B — BO IR A HIRIR i A aE K
25 O(10%) P oo P2 227, Bk, 5286 FE— 4 TF CKM L E=ATE=
AEEREIE , T B A AR SR R R A 25K

TELIEZ TR AT @y, b, = arg(-gig) = B4175 P, 2
2k LHCb %15 ¢ Bl B ah R J5 228 R s R — AN & . s2ie b
WA b — wad s FEPEATIEMRA ) CP XEFRMEN R ¢y, (HE%ITFE
— RS E—AE LA 20, LHC SLI AR5 20 fd b ATl & . i,
KT ¢, T HASEL B T.) — A EIEHYER H Fx.

TE et XHE, MR AT Y(4S) LIRS, £t ete” —» Y(4S) —» BB
R — A T2l iR BOBO Xb. 24— B A TAEBA ) 10 p A EEASF] CP AR
fEZs (Bep), MiH—A BT (By,) AR 1, AKIE ¢ (¢ =+1 %% B,
q =135 BY) MRl FR 40

o~ 1AM/ 50
P(At,q) =

- {1+ q[Acpcos(AmyAt) + Sep sin(AmgAn)]}, (51
HH, Ar=tcp—ty,, tpo & B NFHIZE, Amy RFIA B® FREAMSZ
2 (SOTFRMIR AR ). Acp, Sep 48 2 H51.2.2. 345 R 2] (4 B AN
RE CP IS4

1 B 7480, WEM ISR b - uid & B — nx. B — pr. B — pp Fl
B - ayr AN T RIRIE. KIREQIARGR ¢y, 0k E B°-B° {RAKH
fii. BN, b — d BYREIEIRIE R AR SR A — NMRE TR el IR IE 1 55
AL W IERIEAF, HI Sep M S MALEL S B TTERI Y sin2é,) 28K,
\/ 1= A%, sinQe, + Ady). Jy T Ak HE FERIR I SR LA K, Ay R/, Michael
Gronau S N FXER M B — 7x RGEAFIRIE, 2 J5H] RIS Z A % R Al
VR 5 e U R [ R 2 1A ) 96 2R T DA 3 [ S2E SU () X RRIEAS 3] .
XNT wn REGE, WO RARSHAZHAFRME, ERYEAIER] DA 0 23 2.
B — zx it REH) S & AN -8R . XTRIERY, 68 TIRREA 20s B i h &
it QCD B IE M AT I AT, FTLAEFE T = 0 5 2 AR P20, 3
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/K, FEURH QCD S W BT, S 1 =0 MRS, Wi, [\
DRESA & AT = 32 SUHRBIAER BB, {2 AT = 12 BEAW E Tk, A BRREE
Tk X atx® RS G FNE T = 2 fOPRIE, Btk BE - 2ta® b f A
TR I DA_EX 28 5 28 AT DARE 2 AN [R) o AR i e 5= ~F- vy 395 2 Y [R] 25 = A
XA, WES-18R. FAREAE =M R R GKR EX B — nr KRG
LA CP BEAS R N R AT DASEIL &y, (R SLAE T RO TR A 2 L2 1.2.2.477

Pl 5-1 B — zx id RIINLEE = fIE. A FoRAN 2z KB, A, 2R ARKERNE D
L SE I AN PRy S TSR L TR R R

Figure 5-1 The isospin triangle of B — 77 process. A' represents the amplitudes of different
zr final states, A, denotes the amplitude of a final state with isospin k. The right plot is
the charge conjugate process of the left plot.[”!,

J5i ok Harry J. Lipkin 2 A JIERA 2 o4 [ G256 4047t 7 DAR JiTE) BY — pp it
B0 IFHAY RSN B > 1 R4, HEE B > rtr oA H
WA B3 CP WS Acp MRS 01502223 i st A, = —0.314 +
0.030834 (3 L TRIZARSC it e 30, A Acp FREH: CP IR, JESCH
(2 C), EHRECBETHER. THET B — 2%, WEIK 2 i FA%
. ISR TR T RE S TR, X P8 PEGE B — nx i BRI ¢, MR
Ko ZIRSEH I E s B ptpm RS, T RE MR, 5
FHIMESER AT =0.00 £0.0954 | L0 BY — p*p~ 87 o B R R I Y TR AR
N, Xt by AR B > an. B — pr fl B > aym FASRMBER 205U A% B,
R ¢y M4

B BY - ptpm BGARETIEEN, AR b, HOI RORS R, i R
2 BT RE I RO I TEHE, 5 HIE7E Ak Belle I (ORS G0 EHB 0L . 28 7 BRI
I Tk, TR B — pp (94 X IR HIIE. B — oo R P > VV 3
A5 I p AT SRR : DAk Ho RISkiAfe H, . H_. Hy 240
CP REMZS, T H, B CP HIEWAH CP ARG . ARG Hy 4
BT DA T IR CP SFRIEAHT, DRI CP BRBEL Acp M Sep. 15
B TALRIB A, SRR £, = —— 100 535 1, Belle 1 BABAR &

|Hol|?+|H |>+|H_|?

TEHE AR B - p*p™ AR 3L, I RALFER C P B SHEAT Tl
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ZERMNES- VPR, FIARE BN i 7 15, SHEIeH 2. f B
EPERBET CPIRSEL Acp Rl Scp MR, TR EAEHIIE £ .

N B A TP sR MR AR, Bl e B 2, AR
ME e ASSCH Run 1 BCRCYI AL 2B 1 BirA {1 run -5 f958 ] MC HEAAITE
Y(4S) diite FREMEDE (HIEERRENTT), % BY — p*p~ AN LI,
N AR A e CP BRSO T T RBUZHTIL

%51 B’ = ptp” xS XL, B FRDL K C P bR S0 i e BRI S Pl
Table 5-1 Recent measurements and world averages of the branching fraction, fraction of
longitudinal polarization, and C P violation parameters for B — p*p~decays.

B(107) fL Sep Acp
Belle™  2.83+0.15+0.15 0.988 +0.012+0.023 —0.13 +0.15+0.05 0.00 = 0.10 + 0.06
BABARP®! 25540217070 0.992+0.024700°  —0.17 £0.20700°  0.01 +0.15 +0.06
PDG"Y 2.77+0.19 0.990700%% -0.14 £ 0.13 0.00 + 0.09

52 BREEARTSREFRIgER
52.1 HUEREEAR

Belle IT 320 M 2019 4F = A FF 4R HUEC, Run | —EHs 78] 2022 45 7 A, 1
Y(4S) R B RE T (365.37 + 1.70) £~ P40 b pEA . A HTRIRAT]
i T Belle IL SRAEM AT Y(4.S) HePRIE Ery%ds, MRIRSLm SRR AT G A,
procl3 (exp7-18) Fll Moriond2023 (exp20-26) . MAMH T HFFTELL IR A,
WA THE Y(4S) FEHRIE 60 MeV PATF SREEM)IELL TR M T (42.3 £0.3) fb~!
B .

522 FHFRBHAE

MC HEULTE 5 B B P I A3 732, Belle I % MC B30 2 54T gEanT4106]
SEE . MC AR AT DA R B SE Yy B I E R 28 N ATk Al AR . 3
BhFRATT T BRI 28 BB SE 55 . A SC B R BEAA IAR AL ANG B BERCR )
T ER AT MC B,

522.1 {52 MC#E

RT ARG FHEPERAE . ATHE SRR BS54, AT M Belle
L AVEE XA p HA 2 B AL 0 = AP run SME 5 MC BEAS, (a)
OB L (f, =099), (b) HAEMNMMA, () HAMmMIL, H4
FEASECH 974 1000 J7 o X AR run 5378 MC 7= A48 B RHEEIR A T A [R] BN
B AR A S, PAFETE MC BRI EE R — 8. ete” - Y(4S) - BB fli[]
EVTGEN fE42 i) VSS_BMIX pm B~/ | 7/ it & T B, BO (iR &
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B S s 2 B - ptp~ f#1 ] EVIGEN HEZEH ) SVV_HELAMP (IH+|, arg(H+),
IHOI, arg(HO), H-1, arg(H-)) ABAY A 1271 By o238 1od 445 1 A Ao O e
JEIRME RAATAEAT A TEAZ o X T BERI DN RIS [ Ak, A2 LA S 450mT DA
SHIER (001000) A1 (100010), XTIk 0.9 iR AidE, &
$i2 (0.070.000.990.000.070.00). BlJEHIFA p* — nta® fli ] K R-fri-prit
(VSS) Al Hh RERL T2 NP RERL T A, A THH CP Bk
W, BATEMEH SVV_CP arpHaADM 1 (001000) AL A1 2y 100 J7 A 55
C P BRI RAAEAS, AR CP BIRZH, Acp = 0,Sep = —0.392, ISR
A kxme PEATHEUUOY TSR FSR M H prOTOS BEALL P,

5222 @HEAMC #R

KT BT RER AN, FATEEF KT (744.76 + 699.24)) £b~" K run 511y
1 MC FeAs (MFR-ME ] MCrd) o X EeREA A 450 ] kkme 1 pyTHIA JL[H]
Rl L FR IO ete™ — gg; H KKMC. BABAYAGA Fil TAUOLA iUl QED
i #%, @0 Bhabha, ptu~. yy fil oo HORI031260 o1t #5607 ] BviGEN B
ete” —» BYB™ fllete™ - BYBO i, Jb B AT AFEATIACHAS, B
HIEAS )4y S ot PDG 45 B SR 43 S U AR TR E I 43 S e EA T £ T A
Mo FRATAE R T FFRATARSE LR — L35 28 MC FEA R 7T 1] BRI IR AR T,
BAR(E EANHERS-2 .

53 BHIERERF

1€ Belle IT W i FEIEFEAMBR K, HHSWREEGEHRARERNH. AT
R AL A K B AR AT, W R EER AT T A PRI iR . 1 e R R B R A
b, PRAERR R mDST B9%diE . mDST KRN T FASER KN, S
B HTAR G B, Bk U, TS, AT ERIE RS, ZEAFEIT
Py PR AT AH A 2R ) A At R S AR EL AR A 75 SR mDST fiff i 4R IR e 5 25 44
E—2 4/ INEARAEAR T KN (FRA skim) o XFFA50 4T, FRAT 1 S 9 il & 1)
581 skim (hlt_hadron skim) , X & — A~ HREARREXT B /1t 340258 1K

ShY skim.,
5.3.1 hlt_hadron skim 9148

TE /s = 1058 GeV ) e*e” Rlifiirh, &M EREF T BB X4
(W#2-8) . T k4B &y BdfE, XHEE S AERER 2 ey B AR IS
Az, BRI P R R AR T AR B U R AR RO AE R R . S TR L

Hldr] <2em. BEAL, N TR ATEERBE SR THH), AR QED ik, SEORRE
A7 R AL T 2% A48 T 7 AR R A AR, ELXG X ey P AR 0 A 3 DA S AE
ECL H iy UARAE B A 2K, RO i K1Y Bhabha i FEAEA: HA S i gh &
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AT, T A AR STE BECL ARk A Y BE &
Y BRSPS J5, XFT hit_hadron skim 2 & it 99% 1) BB Zifl
M 85% 1) qq FBil, [R5 T kit 99% rydEsR 101, ankS-3fs.

52 WFREWEIRAORMEN I B . 4 X be. 7= B ey A iy
Table 5-2 The decay channels, branching fractions, event number and generation models used

for the study of peaking backgrounds.

FASH A¥ITHE (x1070) P p g (x100) IRRas it

B > 2t 2%2° 1.0 5 PHSP
B - p+7r_7r0 1.0 5 PHSP
B® - afz° 1.0 5 SVS
B 5 2tn 70 1.0 5 BTO3PI_CP dm alpha
B’ > afp” 1.0 5 PHSP
B’ > Kon'n° 1.0 1 PHSP
B? - 07070 0.3 0.5 PHSP
B° = £,(980)7°x° 0.1 0.5 PHSP
B? - wr® 0.05 0.5 SSD_CP dm
BT - d%p* 1.0 5 PHSP
Bt - zt7%2° 1.0 1 PHSP
Bt - ptrta” 1.0 1 PHSP
Bt - pratat 1.0 1 PHSP

#¢ 5-3  hlt_hadron skim %} ARl R R E.

Table 5-3 Efficiencies for various processes selected through the hit_hadron skim.

W BB qq vt utum  ete”
R 0.995 0.854 0.273 0.0096 0.0014

532 {52 B' ERMBOIVS LR

FE e R T Y bast2 BRAFARAS Ay “light-2309-munchkin”. {55 #2 1Y
AN B - ptpm, Hi pt - 2t20, 20 - yy. FEEEMAZE, MT AT
JEH TR AT 254 A BR K B ARG DA SR A A 1 151 -

1. fF i AR 75 24E CDC (32BN, B 17° < 6 < 150°, AR5
FRITH i TR B T XHE A, W2 dr = V/(dx)? + (dy)? <0.5cm, |dz| <3 cm,
Ht dx. dy fll dz 53 5248305 0HE S x. y Bz AAR.

2. JeFiEat EMC #ESHE B EH. 7 EMC it T, W 322 <60 <
128.7°, HREEE KT 50 MeV; 7E EMC B35/ 5% T, WA 124 < 0 < 31.4°
F1130.7 < 0 < 155.1° B, BR GEEICTF 50 MeV , iR Bk 5 5t 7P %% (clusterNHits)
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> 1.5, H#ESgdHEtE (IclusterTiming|) < 200 ns, fT#—2 AR SHEGIITLX
T e s AR S TR

30T 20 Mk, BEEEEG R FIARESRADE T ER 20, FFESRIOE T
BFE 118 < M(yy) < 150 MeV {5RE . %t 20 kB fUR B 1C i@ 3h2# A
(KFit) . 47 EMCTRAAE R 20, 3K 20 RO T RAG T3 & 220
D7 T 70 AES2Iy = A SR ) A i 45 X |cosHelicity AngleMomentum| <
0.98, SHFELfY 70 , KA INE TAEM 23 [A]#5) 431 , cosHelicity AngleMomentum
16 [-1,1] R ) N A2 3 51401 . (ER AR 2° TiASE TRIRE R RES A R K
20, SEHE 2° UL TR S —E A EEA S 20 FELIR E R
AT e E SCEAT, FrPA cosHelicityAngleMomentum FESET +1 (R &
BRI, K, 5K |cosHelicityAngleMomentum| < 0.98 0] AR KA & X 4
B 20, FRASERMLEW 20,

4. X0TF p* WyHeER, AN EELEAHTE 1 A 2 HAER o, HER 2520 1Y
A T M2t 2%) 3 2 0.6 < M(zt7%) < 1.1 GeV,

5.BO, [IVERE, B3R My, > 5.25GeV H|AE| < 02GeV, My, ALY

ﬁﬂ’ﬂm’}ﬁﬁj‘iﬁ Mbc = \V Egeam - P]_rz;v AE = EB - Ebeama Ebeam %B\%'D%‘FE@%
TAEE, Eg(Pp) RFULARTN BATHRER (Sh&). X B WIEFH M P 2R
TR LG AR R TR 0 7, H IR ARA AT H RIS

533 tRiZMIERE

TR R B A R R0, AT P RIAR T (tag tracks) T
i B?ag fiRiE - Egg A4 T 5 3 2o basf2 WY TagVertex il dbfTE 4. X tag
tracks PO TR BHL, B RCERIN TARR AR, DURIRSAS R B B . ok
TR AL E 3P, tag wacks T EAEARIL A RGN I TR A
drd s, PXD. SVD M CDC. M THA TR B ML 2 ik ik,
Rk A 153 9% 3 BEZ R ARIC O U B . FRAT XA T O i BER AT -

e dr<0.5cm, |dz| <2.0cm, nepepis > 05 Asvpmis > 05 Ppxpmis > 0, H.
p > 0.05GeV,

TERRE M TS, FRATHE T “tube” MUSEIRLIHE, SORMZSAE R4 AT
(25 S B T R B0 22 R TS S HE B Pl o tube 293 BER By, TH
BT By, ST IMIEARIKIRI Y, FPRIR FERE R Y(4S) TR AL B A
PERfsE . B W0 KATOT I AT DAIEI BY, HO3h DA RES RESFIRfE . T Y(4S) 1Y
DS B R A By, CATH A2 A AkAS BRI U S5 A S-2 05 . i
it By, il Bl MU BLE LA S AR AE R, WAV R IR BEFT C P 1%

sig

PRI G EEA A B ARSI 2E At
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0 -
B sig ™

Pl 5-2 B, Al By, DR & RIZRIR AR . XL By, ¥4 DY pov, B3I, 2
X ] G f BBl et . Y (48) DR X I L0l 4, e Rkl KA Y5 BY, &47
Jit (LLfBgk) WS migkG. B, M By, ZMIMBERY (@) wLlidid Y4s)
I¥) boost By ¥4k At.

Figure 5-2 Schematic illustration of how the B

0
tag

0

g aNd BSOig vertices are fitted and what con-

straints they use. Here the B’ decays to D* U~ v, for illustration. The beam spot region

is shown with a green ellipse. The Y(4.5)vertex region is shown with a red ellipse, ob-
tained from the intersection between the beam spot and the Bg . line of flight, shown with
ared dotted line. The distance between the B, . and Bf)ag, shown with the black arrows, is
converted into At using the Y(4.5) boost fy.

53.4 #kRigM BC mRiEARIE

7E Belle 11 5236, B AT-0A BB XTI Y(4S) SLIRZS sk, %3tk
BILTPA LR S B R —X o B AT KEZ8%T CP i B° — BY
RANNERFEEEEER MES BNAT (FS), HEERY B N T
(FRicil) TERASRE) b B ahkiE, XA SRR BY lREkRiC.

ZRVATT AR B A TORERAC, BFEATH B N THTE B0 REHE
WEEFER, BASHE B AT b HTOAREM . BN, kg
B® » D* 1Yy, WIEHMHE TR TSR B (A8 — A HRIERK b 55),
A B T MARC TS B (BE— M nlmm b 55) . NTHIE B
TR . b R T R SR TR B CE Y, HE R H
Belle il BABAR i1 52 T & V0241, BT 2 Bk i bRic s 1 5E R 51 BO 5%
AFRZS, FINTX RS B R E T HE € XiRE RS p e (s 1 (Bl k1
HURE) ST b 5 STRE RS20, SRIGEE A A 2R RIS M5 B E b B 58
HWRIE . 3 RS AT AN A 9 2K, TR A — F X251,

LT e P B AT 348 AR v A i 85— 1 e R e £ R
Wi b Z o, XA TR b > of v B b > ul v BT KA, Hi AR
KHTEE u. LR BHE AR SR E WA R LA R TR AR H B
NTHE—REE, BREANETAS %, —BlE T2 BN THE—
PRSP R T, IR TR EL TR T DA b % SE R RSE
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2. A TR ] g AT SR TSR T TR AR R R T TR ALY
HURHE BT b B TalRil, XSRS b — ¢ — s(d)Ity, BRIT &L . TEX AP
R, BTHAS b & TIMERIN R % R 5 H— AR TR 36 R, IR
(PR TARCHIAS R B, T O i i R R T ARE ISR BY

3K AT WERNTHRE T RN K N TR ghi 2w b 5
WRiE, XS b - ¢ - s BRIE7 A R K AR5 B K
1, #2& Cabibbo fFRVFIIFEAS. HIE K AT, MARICH B, WA IE
i, WFRE R BY. K#80% ) B AR K, HAMSIERMA K K4 L
e 70%, FF 10% 24245 i5a K, B1i#id Cabibbo FEAKAYRAS =4, Hil4n
b— Wt(= csled)X,c - s - K,

418 7 A7 @it B - D* (= DX FATRS » N . T D*Y
1 D° Z IR R B2 R8N, R x AT ERE, WPFRE 2z AT AT
WA —% r AT, FHEM AT K A T2 50 B i — 28 8ok 5 AR AR 5
% T K 35 i)

5. KN T-r AT it B » D (- D= K™ XH)n )X~ 378 445 IE
() K A8 7 /T RIS AL BT b £ 70isl, 245 ER K FE = /10
HAL 1 AH

6. PR T FIH b—> W Bib—>uW AR W BE =AM K AT
N F, AREAT b— v (= h v)v: X PEARGRFHIW b &7k (h 2R K 83
7)o AT DA P SR A KL R, B, BY - K (= K 20X,
) AR A T SR A T R B TR . X e R K A T 2 T
RSB RE, FIH OISR T TR T, iR fNE » 125
I EI AR [ 12 B AR AR S 7 3R A

7. Bk p* AE YAS) FUL 2 sl B i m pa R, I L A A
N b ETIE SR . FEAH b— W B b - uW ™ BT WA R
B R TEE R TR EA.

8. Pt eI I Bl RIS T DA B FLRE AR R 1018 7 N TR (F B
FI KRS -

9. ANET: FIb— ¢ — s BT ER A B FRE0E E AW . A FFT
WZE BY, 1A WERC B, A@i TS « S,

Belle IT (R TEARICHEVE , FIURARCIRL THZ3h2705 5. . Ul (5 5 A K
AR B AR, SRJE 20 T B L TR B ) 28 B e T 2
S, REE b BITRIENE R BB GITE 2E DIR AR A S R R A gr, Hop
q FTRARICM B A TFHRTE, r FRMREE T, RIEE X, BRE T r=1-2w,
o w X EHEARIC I T B B SRR T r = 0 I, FORWIE S SRR
(FEyEX 4y BO 1 BO), T2l r = 1 I, FORMGESEERFIC. IS, ¢ = +1 4]
RARCiE BY, q=—1 W RWARicil2 B%. Belle IT (R EARICEIE A LM R 5
ENES-3 . BT Hud 3 T3k (Fast Boosted Decision Tree, FBDT)
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o2&, XL IR R I BEPURR BEAR T o ket , IFEs & 7 2R WAL, R
TEVNGRAN N H A AL AT T B R

(Eracké) (%LMCluster%) ECLClusters q-r
T I
) 1 1

__________________________
v Gcand * Ycat l
Electron
Int. E1.

| Int. Muon I

Kin. Lepton
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(qK N yKaDn)eﬁ'
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Kaon-Pion
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Figure 5-3 Schematic overview of the category-based flavor tagger %,

535 EZERKRER

TE ST SR TR AT FBE I, G AR A TR S AH I 1 58 1 F 5] & e P
B, X H A AW, —KEBE efe” HEAE KB RS (B80T
f) . —/NEBGr R eTe” —» Y(AS) —» BB, B NIRRT AL, RA
XN R AT DI T RE(R 5 0] . A FR2-8H W] DAE B 4L A i 8 L
ete” - Y(4S) —» BB WBIH KR L, B L] FARES S R A AL T 40 A
PR LS

XL, WHRRRRES OMFERUD R R4, I B R,
JUF#AT T — PR O R BEE . FERE S 0958 1 R AR I 9 1 ORAT R
sz, kp ~ 0.3 GeV., (NIt KL FAE%SE] X ESEDIBHER S5, WnES-442
E 7R . 16 BB Fhld, PR B ATl PR, ERL &R PILTPAE T #
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A
4-*

~ 0.3GeV/c

ete” - qq (q€ {u,d,s,c}) ete™ — Y(4S) — BB

Pl 5-4 fELL R, ESGERE RIS IR RIEY efe” — Y(4S) — BB iythdbaifnt
H: [243] .

Figure 5-4 The characteristic event topology of continuum events in the c.m. frame is visual-

ized and compared to the ete™ — Y(45) — BB topology**).

IRIRZS. HH BATRIATER 0, HEEA T WA ALY, , RESRL 245 [
Moy, Hit, BB HHIFEZSA_ LAERREG Bk, MES-4GETR. 5
Tk, FRATRT DA i B ARAE 2 18] A A [R] XA T S A A B 13272
T TR A B A R AR ) — LR R R AR B A AR

1. & (Thrust)

PhEE (T ) WIRES R 2 1E 20 tH4D 80 4R/ 7E PEP Ml PETRA J#ESE F#F5T
T R R R B . b T 5 SUR P —AN 7 3 T A AR SR T3 B e %
J7 R 2 ARk . E SR Rl

T
T — IE I’

T Y. pl

Hrp b, FoRFHIPE | DRSKFIhE. T BA R I b i S04k
(BlamE 2L RO RS 5O A =42 ), ppEE ) TRBRRE T - 1.
R, R W FPEFEGIY, ohEE6 ) T 58 5/IME T — 0.5,

HELLIFER BB %ﬁﬂé@%~4\%n?¢%ﬁa‘éﬂ@tﬁ§§%ﬁ%ﬂlﬂ B /it
F i BT 3R R SR TR vh R R Z TR JEff , cosTBTO. T B/t
THERL &R 'ZPIH‘%L?%%JJ:/U( A, FFHHESEAR A A [ 2 & R EERT, BAT
o B2 L7, BRIAE BB F4 1 cosTBTO 43123211 . EESE
ARG, R S R SR AR RIS E ) SR . EER B Rk E R v hE
ST Hrp—A e, I H B sk gk B S R0 b R ok T e R R A
I, W, fEELIEFEGIY, IcosTBTOI i ] T-7E 1 BB al— k.

2. CLEO 4 (CLEO cones)

(5-2)
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CLEO #fi,2&H1 CLEO AfF4TEN & B /1 o2 5] ARy. CLEO #ig
St R — 25 Ak, FF FLIG cosTBTO HAT HIFIES AR KM BE S . B 2—
DA BRI AR G . HAAREIT O A [ELCHE . 7E Belle I g ST 9 AMHEMR,
FEOAAT 10 3] 90 FEZ[a], PR Z FIAHZE 10 B2 s dg A HEAR T i RE
AL T AR R, XA A ] DA R X TR LA o R S0 B AT g
R rA eI AE PAER R HEAR R, MBRIE SR e &R 1 E 1 2] .

3. Fox-Wolfram %41 Super-Fox-Wolfram %

Fox-Wolfram 4@ & LS BIEAR A R Z —, EAHEFGIRT 8 LA
I —H A TG R R B TP AT T, ARSI RT3 (8] 70 11 B e AN e
MRE I BI AR, 26 | [y Fox-Wolfram 45 SCH

H, = Z |Pi| . ijlPl(COS 9,-,]-), (5-3)

.. 2
LJ event

Hop p, #1 p; #bLTHIEIE, 0, R ENTZRIIEH, Eeen 230 H) S EESR,
P2k fEemA. WA, WHWEH—LE R, R = H/Hy, TEK T
2R, BB ESFIEEOR Hy = 1. £ 8A 2 PBEIREE I rY 2Ll 15
Hr, STk SETEEC (F550), R 9fEEEE 1 (0), 1M BB 51 MHA A F BE.

A Fox-Wolfram 4 (954 Super-Fox-Wolfram %) H Belle §1E415] A,
JE X} FiR Fox-Wolfram ik . 7ERER) Fox-Wolfram 4, %3 (5-3) woxt
51 ISR KRB E B SR A AS B E G B BT KSR TR . A
5% B ARG bR R F RS, AR 3E A s #l o, PILAETT PAFR
KR, RPFIR”, T R . R . RY Ml My.. AE & —EXE, FBULHE
W My, Fl AE $EEUE 57780, FrDARTFEH . X T 2k 2k Fox-Wolfram Jf 5=
B R A1 RY KA S0 FEFN BB 4.

T AATERZ A] AR TR St FE R SRR AS &, HOS R LA cut FR
REFE A X S(E R I, FRATE LR 2= 2 6 H B S BR A B 1)
5, M — TR R, 5 B ELL I AR AL G T . FRAT]
i T basf2 R FBDT K X /£ 4L #2 M BB F54, #HA T4 AKHEAR
(PAF#K “CSMVA”) . FBDT WS40 &I,

o WHYEE: 400,

o PR B IRE: 3,

e nCut: 10,

o giF (H2]3%): 0.1,

AT AU run S-1938 F MC (MC15ri) FEAVERESIFRANE, HOH run
SES MC ARG S #A TN AL DGR A B,
o YIZRFEAR,
FEHAR D 0.5 M A, A YA iRk,
ST RREA: 0.5 M Hi4l, K3 lab~! MCl5ri,
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o MAEAR,
Foo A 0.1 M 41, ALY AR AR AL,
e FEREAS: 0.1 M 35, 3K lab~! MCl5ri,
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Figure 5-5 Correlation plot for CSMVA input variables.

53.6 H—EFFEEFEMRL

TR AM T, E IR E S IXTE], My, > 5.27 GeV, —0.1 <
AE < 0.05 GeV #l M(z*7z%) < 0.9 GeV. AE 155 X [8) 2647 A AR A2 B g i) v
B 20 T EHE IR T A RE S R B 20 A A A —
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4 5-4 JII'T- CSMVA VIZiIryAE i L4,
Table 5-4 Summary of the variables used in the CSMVA training.

2 45

thrustOm Ttag

thrustAxisCosTheta cOT

R2 R2
cosTBz cTs, b
cosTBTO cTs, t
cosHelicityAngleMomentum cHm
KSFW Variableset M

et

KSFW Variablesmm?2 Mmiss?
KSFW VariableshooO Hoo 0

KSFW Variableshool Hoo 1
KSFW Variableshoo2 Hoo 2
KSFW Variableshoo3 Hoo 3

KSFW Variableshoo4 Hoo 4

KSFW Variableshso00 Hso c0
KSFW Variableshso02 Hso c2
KSFW Variableshso04 Hso c4
KSFW Variableshso10 Hso n0
KSFW Variableshso12 Hso n2
KSFW Variableshso14 Hso n4
KSFW Variableshso20 Hso m0
KSFW Variableshso22 Hso m2
KSFW Variableshso24 Hso m4

CleoConeCS2 C2tag
CleoConeCS3 C3tag
CleoConeCS4 C4tag
CleoConeCS5 CStag
CleoConeCS6 Coétag
CleoConeCS7 CTtag
CleoConeCS8 C8tag
CleoConeCS9 COtag
CMS cosTheta cOx
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Figure 5-6 Overtraining plot for training and test samples.
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Figure 5-7 ROC curves of CSMVA output.
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Figure 5-8 The M, (left) and A E(right) distributions in signal MC and jii Hf MC. The nor-
malization of signal is arbitrary.
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162

4% 5-5 EPEARIFRALEAGS .

Table 5-5 Summary of the optimized selections.

AR AT
CSMVA CSMVA> 0.96

E_forward > 0.09 GeV
E_barrel > 0.07 GeV
E_backward > 0.1 GeV

daughterObeamBackgroundSuppressionScore> 0.8
daughter] beamBackgroundSuppressionScore> 0.1

p_x daughterOfakePhotonSuppressionScore> 0.3

daughter1fakePhotonSuppressionScore> 0.3
P> 0.22 GeV

daughterObeamBackgroundSuppressionScore> 0.5
daughterlbeamBackgroundSuppressionScore> 0.5

p_z daughterOfakePhotonSuppressionScore> 0.6

daughter1fakePhotonSuppressionScore> 0.6
P> 0.14 GeV

xt PID_bin_pion_noSVD> 0.1

. PID_bin_pion_noSVD> 0.1

#$5-6 X} Ar YLK,

Table 5-6 Summary of the further requirements of Az.

signal vertex p-value > 0.0
tag vertex p-value > 0.0
Bgig and B?ag =t tag vertex NDF > 0.5
0.0 <o0p,<2.0 ps
|At| < 10ps
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Figure 5-9 The CSMVA output distribution of signal MC and generic MC(left) and optimized
selection (right). The normalization of signal is arbitrary.
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Figure 5-11 The beamBackgroundSuppressionScore distribution of generic and signal MC
for two photons (a, b) and optimized selection (c) for z° from p* decay and the same

distributions (d), (e) and (f) for 7° from p~ decay. The normalization of signal is arbitrary.
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(d), (e) and (f) for z° from p~ decay. The normalization of signal is arbitrary.
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Table 5-7 Summary of efficiencies, branching fractions, estimated background events, type
and free or fixed in the fit of peaking backgrounds. Type A, B, C represent (A E peak),
(no AE peak, with C P violation) and (few events, without C P violation), respectively.
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Figure 5-16 The fitting results of 1 ab™' generic MC sample. The black dots with error bars
represent the total generic MC samples; the solid blue line represents the total fitting
result; the thick red and green dashed lines represent the longitudinal and transverse
signal, respectively; the thin red and green dashed lines represent the SCF of the longitu-
dinal and transverse polarization signal; the pink dashed line represents the continuum
background; the cyan dash-dotted line represents the BB background; the light blue
dashed line represents the 7+~ background and the gray solid line represents the peak-
ing background.
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Table 5-9 Parameters fitting results of generic MC samples.
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Table 5-10 Fitter bias of 5 and f,.
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Figure 5-17 The Pull distributions of the bootstrap study. The branching fraction (a), longi-
tudinal polarization fraction (b), continuum background yield (c), BB background yield
(d), 47 peaking background yield (e), a?ﬂo peaking background yield (), p* 7~ z° peaking
background yield (g), 7"z~ 7" peaking background yield (h), a’p* (i) and rare peaking
background yield (j).
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Figure 5-18 The correlation coefficient of the fit parameters.
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and gg MC, as well as the same distribution after re-weight (b, d).
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Figure 5-20 The comparison of data and MC of cosp™ (a), M(z*7°) (c) between Off-resonance
data and ¢qg MC, as well as the same distribution after re-weight (b, d).
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Figure 5-21 The comparison of data and MC of cosp~(a), M(z~7°) (c) between Off-resonance
data and ¢qg MC, as well as the same distribution after re-weight (b, d).
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Table 5-11 Fit result of the resolution function to signal MC samples.

SR PO RE

c 417 006
® 483 016
foL 0.043 0.004
oo 040 001
fr 033 001
o025 004
fop 032001
f& 0.6 001
fmain  -0.04 001
ut . -0.09 0.0l
Py -0.82  0.04
us., 034 0.3
Omain 126 0.01
Can 224 0.04
fmax  0.10 0.01
f, 030 001
f,r 040 0.3
for 011 0.02
Con  0.17 0.0l

/L\\I‘ (5_9) Qj‘ju

o, Ao Ml plF,

—|Al |/t 50
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Table 5-12 Flavour tagging parameters extracted from the B — p™p~ and B — D* z"
samples using the MC truth information, and expected statistical uncertainties on these
parameters when determined using 190 fb™' of data. Here the parameters and expected

statistical uncertainties of the B — D*~z* sample are cited from Ref.>*",

S R g0 qgrl q2  qr3  qrd  gr5 qr6
B = ptp™ 0482 0423 0328 0242 0.178 0.118 0.025
o B> D"z 0479 0407 0319 0.227 0.156 0.086 0.015
= 0.008 0.008 0.007 0.008 0.008 0.008 0.004
BY - ptp™ -0.005 0.006 -0.022 0.019 0.013 -0.011 -0.005

Aw B> D*z* 0.039 0.018 -0.001 0.021 0.019 0.016 0.001
R 0.016 0.015 0.015 0.015 0.016 0.015 0.009
B’ > ptp~ 0.023 -0.019 -0.005 0.002 -0.008 -0.030 -0.015
U B - D* z* 0.018 0.010 0.022 0.026 -0.013 0.028 -0.025
TR 0.017 0.017 0.017 0.019 0.020 0.021 0.018
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Figure 5-25 The fitting results of 1 ab~' generic MC sample. The black dots with error bars

represent the total generic MC samples; the solid blue line represents the total fitting
result; the thick red and green dashed lines represent the longitudinal and transverse
signal, respectively; the thin red and green dashed lines represent the SCF of the longitu-
dinal and transverse polarization signal; the pink dashed line represents the continuum
background; the cyan dash-dotted line represents the BB background; the light blue
dashed line represents the 7"z~ background and the gray solid line represents the peak-
ing background.
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Table 5-13 Parameters fitting result of 1 ab™' generic MC samples.

28 MEHHE WAE
N;® 1025.0 +72.0 1098
NSCFF'T 336341043 373

N3CHnotr™2™ 14434893 33

NE 493+358 19
NPEF 574772 1

Ny  6065.6+1140 6056
Nps 301581526 2940

Nptp-gop0 19524786 22
Ny -346+1161 63

N oo 83.1+ 69.4 85

Npip-po 7044255 22
18.6 + 1205 11

e 373+49.0  104.9
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F R GG REAS R R 7 5 5 455 4.5 PR ], (HEEAR K/ NN E) 1 ab™!, fiii A
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EriwZs, FInZmS T e A8 f 2 (R et . X TR MO Edade , AR e
SCHITA A AR C P R B3L (AE. M(z*2°). cosp® F1 Tc 1 6 4EBIEr, It
L sWeight, $ME7 sWeight [138 | MC BEA Ar 431 .

K]5-27 7R bootstrap 25 A5, A 1H-S ¥ AHFE 20 JERI—2. B
Acp Tl Scp TEIRZETERI N A AME—2, H2Z2 WP O Eir 25 A E
H—EmzE, WHERS-14, FHIL, 2 EUEEdE Rz bootstrap 153 1)l 2=
YR AFEIR) Acp Al Sep B OB TIEIE, B IEEWZES- 140K,

2514 Acp R Sqp B .
Table 5-14 Fitter bias of A, and S ..

S bootstrap FPIYME WAME W (BIEHT)
Scp  —041+001  -0.39 0.02
Acp —0.09+001 00 0.09
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Figure 5-27 The Pull distributions of the bootstrap study of C P violation parameters A,
and S p.

56 REFIRE
56.1 ZTEEEWE

A P20 08 TR R R A A R 0.3% 1 R BY — ptp™ AR P
ZRl AR A AR E 1N 0.6%

562 o0 BEYE

FIH © = ha'v RGP T BRI MC Bl h 2° i R %
SR T RBEAE S BRI TR 2 SRR S, 138 T WS-
LSFR RS B AN R 2° BRCRAN MC 2R E . W RATHE S MC R
ERRRBIEREL )G, WENHOERHE LR T ABREBIEFES MC 5%
e =eXx f(f =0.956). [FN5IEHARRE BRI ERRITRESER
¥, IHEBIER TS50 £ ORRERENRGEIRE, B4 2° WRGEIREMTY
1.60% .

46 5-15  Z A R HAL & REGER I 2° B BaE R

Table 5-15 Momentum and angle dependent 7° efficiency correction with systematic uncer-

tainties 51,

cos 6
[-1,-0.6] [-0.6,-0.3] [-0.3,0] [0,0.3] [0.3,0.6] [0.6,0.8] [0.8,1]
0-0.5 0.625+0.113 0.813 +£0.027 0.945+0.018 0.949+0.012 0.951+0.012 0.904 +0.014 0.852 +0.080
0.5-1 0.651 £0.019 0913 +0.016 0.994 +0.008 0.976 +0.011 0.975 +0.008 0.939 +0.010 0.886 +0.017
1-15 0.648 +0.009 0.922 +0.018 0.986 +0.008 0.998 +0.007 0.986 +0.008 0.950 +0.018 0.883 +0.017
1.5-2 0.670 £ 0.015 0.949 +£0.008 0.988 £0.013 0.980+0.017 0.985+0.009 0.972+0.009 0.895+0.011
2-25 0.677 £0.021 0.955+0.010 0.980+0.014 0.985+0.014 0.969 +0.027 0.972 +0.008 0.886 + 0.009
25-3 0.680 +0.017 0.956+0.014 0.988 +0.009 0.986+0.013 0.984 +0.009 0.968 +0.008 0.877 + 0.022
>3 0.652+0.030 0.982+0.011 0.995+0.009 0.997 +0.008 0.984 +0.010 0.967 +0.013 0.910+0.011

P(z°) GeV
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563 TR

i i “Systematic Corrections Framework* T. E.3E {11 PID 1E4%1) RS E
PEo T 7* B)JC PID cut J5, 58] THET 2= &M cos 6 EHE 5 MC 24
RIWAES T, WES-28R. AT HEE S MC BRCR FHEXHES MC 1) —
e MAL, MAUSREES MC IRCRBIER T f = 0993, BIEZ JEHfES
MC %R € = e X fo AR EERCRIVENIRZE, 290K 1o XHF5 MC &
FAL, BREGHTRRCREER 75 f BRKRZEFAGTT R PID () R & M
B 72 0.1%,

00 pi ratio table [%] for cut "pionID / (pionID + kaonID) > 0.1"

99.7+0.0 99.7+0.0 99.5+0.1 987#0.1 99.8+0.1 99.7+0.0 99.8+0.0 99.7+0.1 100
0.4375 -
100.4+0.1 99.3#0.0 992+0.0 99.0+0.0 99.3+0.0 99.1+0.0 99.6+0.0 102.1+0.0
0.875 - -80
101.0£0.1 99.5+0.1 99.3+0.1 99.1#0.0 98.9+0.0 98.8+0.0 101.2+0.1 107.5+0.1
1.3125-
1002+0.0 98.4+0.1 99.6+0.1 99.4+0.1 99.0+0.1 98.6+0.1 101.0+0.1 107.2+0.2 60
1.75-
100.0£0.1 95.2+0.2 99.5+02 99.4%0.1 99.2#0.1 98.4+0.1 100.7+0.1 106.3+0.2
2.1875 - 40
100.120.1 92.1%£0.2 99.3%0.6 99.4+0.3 99.6+02 98.1%+0.1 99.7+0.1 104.0+0.2
2.625-
100.3:02 90.4+0.4 99.4+0.4 997+0.3 99.9+0.3 986203 99.7+0.3 103.5+0.3 20
3.0625 -
100.8+0.4 91.5£0.9 99.5+0.4 100.3+0.3 101.0+02 99.2+0.4 100.5+0.5 102.4+0.8

p bins

3.5 i 1 1 1 1 1 1 1 1
-0.866 -0.682 -0.4226 -0.1045 0.225 0.5 0.766 0.8829 0.9563

cosTheta bins

Pel 5-28 7~ 11 PID (%8 f5 MC R b . BEARIZN A5 0 A 285 48 B0 i) cos 6 Rl 7= gl
Figure 5-28 The data/MC efficiency ratio of PID for z=. The x axis and y axis are cosf and

momentum in the Lab. frame, respectively.

5.6.4 BB R#

Run 1 Firf7 Y(45) 3641 3R BB B4 (Npg) 4 (387.1£5.6)x 10012401,
JITA Npg ARG E TN 1.45%.

56,5 Y4S)— BB {43 F Lk

AN S T Y(4S) — BYBO f943 37 0k (0.486 + 0.6)% P4, Ak, 5l
FZ 5 I RGN E R 1.2%

5.6.6 ELTEREER

N T WS CSMVA 5 AM RS iR%E, 1M B~ - (D° - Kzt (=)~
VER RIS, Pt I B AR A 9T 225-16 . b2tk ik Ry CSMVA
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cut, FEEHEF MC £E45%3 51143 i, CSMVA> 0.96 1 CSMVA< 0.96 F S TR,
e PAE LR T CSMVA> 0.96 30K
N,

€data/MC = —Nl N, (5-20)

Hr Ny, N, 435 CSMVA> 0.96 Fl CSMVA< 0.96 [ NREA {55 261 5% .
TE SURCRIBIEH TH .
f= data. (5-21)
€MC
WA HIER AE 153 gy, = 0.293 +£0.005, ey = 0.270+0.001, i1
83| £ =1.086+0.018, FA1HH ¢ = e x 1.086 B IF5E MC %%, 38| H 1.8%

VENRGAH ETE. FEHEEEEA MC AE $0l& 45 5 W& 5-29F1 E5-30 Fis .

450 - 1400

> >

O 400~ T D 1200

O 3501 ] o 1000

8 300} — 8

g 250 = g 800

~ 200 = ~ 600

n - [%]

g £ o

g ’’’’’ q>) 200

o so- - L
nl=Z i Py n { fag

= 2 = 2

E i A AL ~yryrirm AN _a & 2 E_A‘,A—"_A' Aa & LAvAv_LAv
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

AE | GeV AE | GeV

Kl 5-29 %idiivh AE 648505, CSMVA>0.96 (/) Fil CSMVA< 0.96 (£5). #fasgegeidi
PAER, AABEERE S, BOBZRMfE S0 SCF, HAaBEURAN.
Figure 5-29 The fitting results of AE in data with CSMVA>0.94 (left) and CSMVA<0.94

(right). The cyan solid lines represents total fitting, the red dashed lines represents signal,

the orange dashed lines are SCF component of signal, the purple dashed lines represents
backgrounds.

567 ERAERIEEIRSEF

NI R RS ARG RE, FATE NG S Rk
PO B E B — DO o, A BFST e X L T RR R MC i
PRI 2 R RGR 2 . ATk T FOIh BO HUABIA. DY DU A R
° SRR AR [T N AR e B e, o LR

2 2 2
2 /}/BO /}/DO X”O

Areduced — ndeo + l'ldeo + ndfﬁo’ (5-22)
I FE Fr A e 25 I, I RS AR R R e AR R AE i EeT
WA, FENZERERMX R, 55 MC SRR, eua = 0.913 £ 0.004,
emc = 0.900 + 0.001, MTEF] f = 1.015 £ 0.005, X EREM £ HHEAR
555.6.67 T L. AV e = ex 1.015 & 1E MC IRCE, 51 0.5% 1EH
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4000 =
2 2
3500~ -
O o
o 3000~ — o
S 250 — 3
O 2000 — o
-~ ~
o) 1500 — 0
c c
o 1000 - — 5
111 500 e b n L
N et h 1 R s e o
— — 4
= 2 - = 2
3 Erv“v““*‘v‘“r‘*‘*mv‘"' —— z E DUV VY W VWYV T
05 01 00 0 0.05 01 015 015 01 00 0 0.05 01 015

AE /| GeV AE/ GeV

Pl 5-30 {55 MC v AE U485, CSMVA>0.96 (4:) Fl CSMVA< 0.96 (7). gk
REMUAEER, AfBRIURES, BB 51 SCF, BBLIURANR.

Figure 5-30 The fitting results of AE in signal MC with CSMVA>0.96 (left) and CSMVA<
0.96 (right). The cyan solid lines represents total fitting, the red dashed lines represents

signal, the orange dashed lines are SCF component of signal, the purple dashed lines
represents backgrounds.

4:5-16 il B~ — (D° — K 7" (x"))p™ MBIk PR A rhia g .

Table 5-16 The summary of event selections of control channel B~ — (D° — K 7" (z%)p™.

PR
WA B — (D' - K ah)p~ B~ - (D° - K ztz%)p~
E¢orward > S0 MeV, Ey o1 > 60 MeV, Ey, qwara > 100 MeV
y NClusterHits > 1.5

|clusterTiming| < 200 ns
PhotonMVA > 0.1

0 IM,, —0.135] < 0.01 GeV

b4
p > 240 MeV
P dr<05cm, |dz| <3 cm
il :
thetalnCDCAcceptance, Prob( y<)>0
L(K)

P~ 0.6 <M(z~ ") < 0.9 GeV

0 1.857 < M po < 1.873 GeV
D

P, .. >2.02GeV

B~ M. > 527GeV, |AE| < 0.2 GeV
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RPN AR R IRE . BIRA{ES MC 1 AE L& &0 3140 & S5-3 THIE]5-32
Zi
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i
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AE | GeV AE /| GeV

Pl 5-31 % AE AR, 8 7istbiik kst (f) MBEuRtEmE kst (4).
PR MMUA AR, A ABEAVRES, BIBZRE SN SCF, RBLIUVEANR.
Figure 5-31 The fitting results of A E in data with (left) and without (right) the best candidate
selection. The cyan solid lines represents total fitting, the red dashed lines represents

signal, the orange dashed lines are SCF component of signal, the purple dashed lines
represents backgrounds.

4000 [~ -
> >
) i D 3500 | .
] V]
- _ o 30001 .
S i 8 2500 7
= S 2000 .
= i =
0 ¢ 1500 — -
2 N 2
] S 1000 - .
0l N G s .
n

= =
E E s amad_ '..,A' e Ay ia A aa i 5 o &

35 01 005 ¢ 505 01 015 015 : 0.5

AE / GeV AE / GeV

5-32 155 MCAE #8458, M1tk kst (k) MBEMdn g s g (47).
WAL DAAER, dELR'S, BOELREME SR SCF, ROBLRREARIL.

Figure 5-32 The fitting results of AE in signal MC with (left) and without (right) the best
candidate selection. The cyan solid lines represents total fitting, the red dashed lines rep-
resents signal, the orange dashed lines are SCF component of signal, the purple dashed
lines represents backgrounds.

568 ESHIRAS

1E B fr W, EES TR R ARG (S 5 MC EE 755
SCF S BIHIX T LA E B H I LBl O 1Al [ E 2 LB 5 AR R G E
P, FATHOT SCF WL BIH-BEATHIF LG, 753 B A f B ARG E 7>
AR 1.2% F10.1%. XF CP WIRINE, FATHOT T SCF BB, HIEAT
X — I ARG E N
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569 ttrT KIEEL

TE ) SN AR AL Z b, ARG MC o™ REAA T AR I
BEET ohe” ARMPHL 8 THTHE - RSt 2e, JAHEE N MC F
T FEARMGT A REUE D) £100%, EHVEF 4 SN TR, 74
BIFRE 23 SCEEANGL T RIB) R GE R 2 0.96% 1 0.20%

5.6.10 IERAEASZEE

FERLEH, FRATIRYE PDGEY st 7 BY > afn™. B > K**(892)p7
il B® — K £(1430)p7 B4 2 o S TAGVHX SBIERRA RS S e R e 1, F&
fITHE PDG #5143 32 W — 515825 Vi IRl A A 38 3k 2643 37 U H- AT IR L, Ly
2 R IR 25 ST R G E L, BRI £ BRGNS M4 51 0.2%
F10.1%.,

5.6.11 {ESHIRFN BB KIEFK
f59IBk:

T EHE B~ > D~ KBFFEEWES MC BUAE AE FIl M(z*7)
FiE B ZES, DM REARHEE. iR p 198 2 RTERE 5 K
0.6 < M(z*7%) < 0.9 GeV, 18 AE 7E{Z2IX[E (-0.15 < AE < 0.15 GeV) F
WARXNE (-0.25 < AE <03GeV) HESHOSMHM (ZEEAREEER),
T R BRI S MC SRR R R G R E. EdXT AE A5 215
PEAT MC BIRCRD B2, €data = 0.9923 +0.0013, epc = 0.9863 +0.0004, M5
F| £ =1.0062 +0.0014, {fiff] e = € x 1.0062 1&1F MC %%, H5|H 0.14% 1EH
HIE5H AE IR EMN ARG A ENE. B MC ) AE #L&NES-330178.

> > - -
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Pl 5-33 Bt (Fc) A MC (47) b AE UGER. W OgRAUAER, Ak
&GS, KBRS S SCF, SiMsk B LeCRANK.

Figure 5-33 The fitting results of AE in data (left) and signal MC sample (right). The cyan
solid lines represents total fitting, the red dashed lines represents signal, the orange

dashed lines are SCF component of signal, the purple and green dashed lines represent
backgrounds.
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5 _ERWFREERL, FATR AE Z9RFEFS5 XA —0.15 < AE < 0.15GeV, 115
Mz~ 7% (=2 X JA] (0.6 < M(zr~7°) < 0.9 GeV) FIfI&1X[E] (0.47 < M(z~2°) <
1.2 GeV) 5SS HE (R MMEER) . Bt Mz~ 2% #4155
BARFI MC HRCR I, €4aa = 0.8160 + 0.0050, ey = 0.8380 +0.0012, M
MA53] f =0.9739 £0.0061. AT 0.61% 1R {55 p IERG IR RGEA
WasE M, A e = € X 0.9739 & 1F MC %, A MC 1% Mz~ z°) #1410
K]5-341 7
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Figure 5-34 The fitting results of AE in data (left) and signal MC sample (right). The cyan
solid lines represents total fitting, the red dashed lines represents signal, the orange
dashed lines are SCF component of signal, the purple dashed line is the MC shape ex-
tracted from generic MC sample describing the (peaking) background.

HARPLEI p TR SEUL R GS 2%k, & XanT 3,

my(1+c-T/m))

FP = —— _ , (5-23)
my —m? + f(m?) —im,I,(m)
N EI:‘ )
m, dh
2\ 202 2 2 2 2 2072
f(m*) = F”q?,(m,z,) [q,,(m ) - (h(m®) = h(m))) + (m; — m*) - qz(m) - wlmzzmg ,
(5-24)
2 2
+2
h(m?) = 290, m ¥ 2a50m) (5-25)
T m 2m,
dh/dm? 2 = h(m3) [8*(mo) ™" — @m2) ™ + Qzm) ™! - ¢ (5-26)
3 m,zr m, + 2qﬂ(m%) m, m72rmp 527
7 gz (my) 2m;, 27q,(my)  mgr(md)
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¢ RIKH p SRR, m=mpe,e, q,(m°) = \/m¥4 - 2 2t n” #IES% R

IR 7 B, g (md) = \/mald —mz JE m=m, i} ot #ES% R o S,
2\ 3 m
o =1 (42) &
55 MC 7= I p (TR F B A XHETE BW s, o T2, 1l
A5 MC Mz~ x°) st AR R S50k, & SR B,

pp_—ﬂl'_ﬂo B(pp_—)ﬂ_no)
m? — m(z) + imyl'(m) B(P;)_

A(m) = (5-28)

s
—)77,'_7[0)

Hormy 2 p IR, p2 ot E BN TRORYNEhE. p' 2 m=my i p 5

e Dim) 2N, ; )
_(P\ ("™ B(p) ]
[(m) = <p,> (=) [—B(p/)] , (5-29)
HA T 52 p TEEE, B(p) 52 Blatt-Weisskopf #22 A1,
I

B(p) = (5-30)
HH R K 3Gev!,
BB IR

SER p R R A AT ] 0.47 < M(z2%) < 0.57J 0.97 < M(z*2”) <
1.2GeV, 8 AE {52 X (=0.15 < AE < 0.15GeV) HIEIXE (-0.25 <
AE < 0.25GeV) 1 BB FHIIE LA o i@ 4T LEEEIE A 5 MC ' BB S5514017)
P22 Al RG22 . JEXT AE A58 4dEF MC 1 BB S50 LU 5
B €gara = 0.5401+0.0114, ey = 0.5464+0.0062, M 153 f = 0.9884+0.0236.
i € = € X 0.9884 & 1F MC §0%, 5| 2.36% YE5 BB MC FEATE AE {55
X [E) MC B85 AR RGEAEE. A MC ) AE & 1ES-35071 .

5 EIRPEIAL, FATR AE ARAEDT X -04 < AE < -02J0.2 <
AE <04 GeV, 18 Mz~ 2% ZE(= 21X 8] (0.6 < M(z~7z°) < 0.9 GeV ) FlHUl & X |]
(047 <M(z~7°) < 1.2GeV) w1 BB HBIEAY LU . 8330 Mz~ 20) BLATEI%L
PEF1 MC 1 BB HHBIBHL B3 B4, €gara = 0.5968+0.0062, ey = 0.6065+0.0035,
MIMEE] f =0.9839 +£0.0116. FA15[H 1.16% 1£8 BB MC FEATE p {55 X (1]
MC U5 | AR RGEATENE, HEH e = €x0.9839 & 1E MC 0% FdfEl MC
iy Mz~ %) A 101&15-36 BT /s o

56.12 {55 MC $it&
FERCRI G A E R FS MC BRI G Eooe, Ml ARIHE,

l-e (5-31)
N X e
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Figure 5-35 The fitting results of AE in data (left) and MC sample (right) in the p sideband
region. The solid blue line represents the total fitting result, the orange dashed line rep-

resents the signal, the purple dashed line indicates the BB background, and the red and
green dashed lines represent other background.
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Figure 5-36 The fitting results of AE in data (left) and signal MC sample (right). The cyan

solid lines represents total fitting, the red dashed lines represents signal, the purple
dashed line represents BB background.
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A e A AN ) R ) AR AL £ MC GBI ECRR /2 1000 T, G 1) R ) %
AEE MC IR 10 3.98% Fi1 6.81% (33 HLAd I A MOAE IE O BCR A1+ B 4%
wR72) o i MC HEAGTR5ERE SRR R LA E RS IR fFS 2
0.16%, BmRAL(E SR 0.12%. FIHRZEEL LT AGE] B £ BIARGAHE T
¥ 0.16%.

5613 HIERE

FEAUA H R TS IR AR R Z 18] F 7= A A — € S PR DA Bt MC AR
ARG, MERANYESEAAE—EMZE. FH bootstrap 45 H 1) 2 KUl
FERITEYHSHFIE, PEERNRHERIRGE R ZE B 1L S, R W)
FITATEEAMARATEN, RAGRNZES-17HR.

% 5-17 AN IS T WRIR) FRBE R T -

Table 5-17 Systematic uncertainties due to the fit bias.

ZH bootstrap HYIY(H WAL Mk BIEH RGIRE
B(x107%)  283+001 277 0.06+001 —0.06 0.0l

fr 0.974 + 0.002 0.99 0.016 +£0.002 +0.016  0.002
Scp -0.41 +0.01 -0.39 0.02+£0.01 +0.02 0.01
Acp —-0.09 £ 0.01 0.0 0.09+0.01 +0.09 0.01

5.6.14 SR EL

SPRBINSEAL RS R AL A 655 MC. AT, hFEE TEZHS
W, AEEGETR A A, MR SRS, A SERARE.
B, 2 HE R AT TR SR E s BT (E S MC BEI(E. N AT
THHEE SN REAT @, FA15E% B® - D7, (D" - D'x;, D° —
Ktz ("), K ata~a™ s Kgr ™) AR A3 o Fli i ol PAc e 45-
18, Z:% 7 SO, UMM RS B BOR 5 3R5-6 i Bk — L.

A1 BY — D*"xy {55 MC FEAHERT TR Ar BRI ABR I B
B SE. FS-3TRZES- 195 58S T B® — D™~ af 143 ek Bl £ Pl DA B
ML E S BS, RAIX B — Dy BRFEA Ar Sl T & DASRE C P
RS, G AR PDF 52 N A 3K (5-32) Bim. JATESCUA AE 21
PABRAGAR 5 U4 1 sWeight, $0Er 25 SRANIES-381 1. 552 30k 0 i e
SR, BATEN TS EOR (RHFZHK CSMVA> 0.2), IR RAZ I
qq ARMAIKR. fF5BRMm MC JEIRSE, [R5 B MC #Ll-5 % 2 (8] 7] 78
W e, B MC IR & i s e BURER U G MC J2AR. SCF HIX
IER A S A L BIERL A 5] 5E 4 MC truth £330 U6 . BB AR AR
Bl . WeRAK 122 B - DK R, MV MC AR IA .
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|qr| bin dependence of the resolution function fit to the signal MC of control
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4518 B’ — D* xy PRI R PSR PELAL, .

Table 5-18 Summary of the selection criteria for control channel B — D*‘zr}'.

KR
E¢orward > 60 MeV, E, .1 > 50 MeV, Ey, ward > 100 MeV
y NClusterHits > 1.5
|clusterTiming| < 200 ns
° |M,,, —0.135] < 0.01 GeV

dr<0.5cm, |dz| <3cm

/X\/jj-;
= thetalnCDCAcceptance, Prob( ;(2)>0
L(r)
PID for x L(I?(J;(L)(ﬂ) > 0.1
PID for K m > 0.1
7 p <0.3GeV
DO 1.845 < M 5 < 1.885 GeV
D*~ — DOx; 0.144 < [Mp.- — Mpo| < 0.147 GeV
BY My, > 527 GeV, —0.10 < AE < 0.15 GeV
CSMVA CSMVA>0.2
3 s 1
Fops(AL, 67, @) = / d cos e*Z (1 —cos®0*) / e =/ Boydit’ / dAt' R(At — At 6,,)
BO

(1 — gAw + qu(1 = 2w)] + [q(1 = 2w) + u(l — gAw)][SC sin(Am,yAt")+
Cncos(AmyAt")]).

(5-32)
Yy =+1(=1) H ¢ = +(-) M T By, AL D2~ (D" xh) i, ZHC M s¢
AR ARG,
2 *

=1—r* gt

C=——,
1+ 2 1+ r*2

sin2f +y +6%),

Horr 7 /2 Double-Cabibbo-Suppress (DCS) #&lF-5 Cabibbo-favor (CF) #iRIFE L,
5* J& DCS FI CF {RIE 2 IISARGI2 . r* IEETIIIMER /D, 292 0.021254 ) 5%
W] C AEHHAE 1. A TR e, RATCEREE C. T By, &l
NSRS TR, 45 AR CHIE BY, IWRIERE, Fif B, BY,
SR PAZY R MIRIE (OF, RISh B ZARABURA && TMEuK; H
[FWE (SF), Bl—4 B &4 THERIRA.

w5, XN TRER At G, WAEETRANES-39515-40 . 1521 CP
WIRSHECN

C =0.993 + 0.009, S* = 0.100 + 0.020, S~ = 0.041 + 0.021, (5-33)
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Figure 5-38 AE fit to B —» D* z* data sample.
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Figure 5-39 Fit to the sWeighted At distribution for OF events from the B° — D* z* data
sample.
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4 5-19 FEliE S S MC FEAR 2 PreR Bl A 4R

Table 5-19 Fit result of the resolution function to signal MC samples of control channel.

28 hbfE RE

c 3.15 0.04
c® 3.21 0.09
for 5.96x107% 0.37x1073
oL 4.79 0.09
fr 0.24 0.01
re 0.28 0.01
fexp 0.25 0.01
foo 0.15 0.01
Hoain  -0.12 0.01
ut . -0.08 0.01
He  -0.48 0.01
ut.,  -0.23 0.02
Opain 112 0.01

O il 1.70 0.01
foax  0.10 0.01
fu 0.25 0.02
for 0.40 0.02
for 0.09 0.04
Chail 0.37 0.01

C 5HBH (~ 1.0) —28, RATWLERAERZEEE NS Belle 45 R —2
(S* =0.061 +0.018,5~ = 0.031 +0.019) . TR ESE P IMELE Lo JEEN
g, EE IR IGREIFHN K CP RS fmilid e BRI & 4R 55
FRILE S RIS, it T PR B SEE e 5 ARG A E M, g5
F5-201 7%

5.6.15 HIES% Amy, Tgo B FE 1

TELE T, Amy Rl 7o BRI H PDG HE P Ry T BEREE EAT5 AR
RGN, TE45 5 BYIR 250 B P [R] B2 30 i & 1 0B (70 = 1.519£0.004
ps, Amy =0.5065%0.0019 ps' ") - HATXHE S MC FEARIATREL CP iif %
. BN Sep Ml Acp M RGEATHE RS- 21HT7R .
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sample.

% 520 Sy PRPRBGI AR RBER L

Table 5-20 Systematic uncertainties due to the resolution function.

SRR C Scp((ST+57)12)
B - D* 7t MC (FpF/{E) 0.993 +£0.009  0.071 +0.015
B’ - D* "zt MC (+16) 0.995+0.009  0.071 +0.015
B’ - D* 2t MC (-16)  0.990 +0.009  0.070 + 0.015
AN P +0.003 +0.001

%521 BE Amy,, 1 SIANRGEATEE.

Table 5-21 Systematic uncertainties due to the parameters Am, and 7.

-ACP SCP
HulME 0.003 +£0.010 —0.394 + 0.015
HUME + 1o 0.003 +0.011 —0.394 + 0.015
HME - 1o 0.004 +0.011 —0.395 +0.015
AN E M +0.001 +0.001

5.6.16  BRiE$EHIRFRICAILL B

£ CP RS R, WRIEHRARICH 5 3408 58 MC truth A B® — p*p~
fii%5 MC BEACHHREL, A TR RGEAHE M, #H B - D" 44 MK
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P IR B R E SRS IC SR G HA TN ES MC FH CP BIRS A L. &
M5 IS EAINERS- 22571 . 15518 Scp M Acp FIATETEINRS-2378.

465-22 fgA |ar| X Bk BB bRICI S50,

Table 5-22 Wrong tag parameters in each |qr| bin>¥7,

lqr| X i) u %]  [%] Aw [%]
0 —1.72+1.47+132 4829+0.78+0.75 0.78+1.16 +0.71
1 —094+1.36+1.45 42.07+0.72+0.32 —1.41+1.06+0.92
2 —-028+1.28+1.46 34.63+0.61 +0.61 —0.04+0.97 +1.28
3 321 +1.44+150 24.17+0.68+0.36 1.64+1.13+0.52
4 1.17+1.58+147 1698 +0.68+0.92 1.36+1.15+0.72
5 —1.13+1.30+1.55 11.50+0.53+0.39 —-0.26 +0.92 +0.71
6 —0.18+ 091 +1.30 2.62+0.27+0.14 0.75+0.53+0.60

2 5-23 WL SHS AN RSN

Table 5-23 Systematic uncertainties due to the wrong tag fraction parameters.

SRR Acp Scr
B = ptp~ 0.003 +£0.010 —-0.394 +0.015

B > D* z*(+16) 0.002 +0.011 —0.411+0.015
B - D z*(-16) 0.003+0.011 —0.401 + 0.015
ANt P +0.001 +0.017

5617 #REMITFH
FREIITHS ARG AHELES S T Belle G T I, SR,

o(Scp) = £0.0020, o(Acp) =108 (5-34)

5.6.18 ZRFIRERL

73 3 L DN AL R FE DA K C P BEA S AN & BN R G iR =S IFERS-24.
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F6524 B, f,. Acp HlSqp BRI RGERVEMAE, .

Table 5-24 Summary of the systematic uncertainties of 5, f;, A.p and S, measurements.

i B(%) fL(%) Acp(1071) Scp(107h
% 060 - - -
70 R 320 - - -
PID %% 0.20 - - -
Ngs 1.45 - - -

Y4S) —» B'BO 51 120 - ] .
S EAR 1.80 - - _
T FATEE A e 0.50 - - i

SCF L% 1.20 0.10 - -
T AL 0.96 0.20 . -
IR Ao 32 L 020 0.10 ; _
(ERez & 0.63 - - -
BB #i% 2.87 - - B}
{55 MC 4iit &5 0.16 0.16 - §
P& 2 036 020  +0.10 +0.10
IrHERREL - - +0.03 +0.01
YIS - - +0.01 +0.01
U SEREY NI - - +0.01 +0.17
LR - - o0 +0.02
Total +537 +035 0¥ +0.20

5.7 ZERIMHE

BT 1ab~! 5@ MCrd #64, Fef152 1 TxF B — ptp™ A4 1. I
WAL R DA S, CP WERSE Acp Fl Scp W RERIT, BEI4SXI,

BB? - pTp7) = (xx+0.14+0.15) x107>,
A iz,

f1r =%xx+0.016 + 0.003,

M CP WIS,

Acp =X X 20081000, Scp = x x +0.11 £ 0.02.

HP TR S B, F R ARG IRE.

5258 T MM L5 SR E M & (f135 Belle. BABARF Belle 11 i
FRIR) DA S S HH -39 (5 1 (%t e . Belle (0 14557 F A0 50 20 o A 24 2
725 fb" (Npg = 772 x 10°), S} T H{EXT LR AT Belle 5511525 F) F £l ==
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JEIA—1LF Belle I 22 B HOME, (JH—ALH T2 V725/365), IH—1bZ JGHI%E
RANTEFRS-25%, FHLE Belle (4047, A SCHIRFFEME A THLES 24> kit —2 &
1% T HELEad FE AR R DA B T M B U e 4%, BT DASY S HE AN I MR AL R ) i 22
HWE KT Belle 55 B IH— AL S IZE R . I TAEEAR, FRAVEHIA CP IR S5
Scp Fl Acp HIRSEEA I Belle 5% IH—fb 2 S 25 SR A4» SR TF T 14% 1 7%. F
BABARIVJZ5 SR M U2 2R ML, S IS TR ZE IS K T EMEER, Scp il Acp
HIKG R S T) 10% F113% (HZESTRE).

Belle IT 5 45 R4 7 Run 1 BUSYIEILE Y(45) SLIRIE FRAER) M 1T 365
o~ BrdlkeAs . T Belle T1 & 7 6 AR REAS (U Belle J i & f—2F
BEH CP BIAS RIS R EN BT Belle fIIIl B4R, HILEAR GRS
&, WIRERE . IRATTBIREFE 2 A T Ak Belle I 58RI EHRAE A HE 11« J£T Belle [1)
ML, FRATE A H ARk Belle IT 8K EAEAE A REI CP WA SRR B
HE— AR T 50 20% .. AR SCHY R BUE BT BIfE ) Belle T 1 ab™! f%cdi AL A 5
AR PATE R R ZR, Acp Fl Scp FIGETTIRZE S HIM 0.10, 0.15 K% 0.08
($27F20%). 0.11 (427} 27%).

%525 B > p*p gHAER KLE. HARRALLLBILL B C P RS Mo Bl s AR AL & I
CLR SR P S e X LE

Table 5-25 Measurement results for the branching fraction, longitudinal polarization fraction
and CP violation parameters of B — p™p~decays and their comparisons with other
measurements and the world average values.

Ny5(x10°%) B(107) fL Sep Acp
My results 1060 Xx+0.14+0.15  Xx+0.016+0.003 X +0.11 +0.02 X +0.08+10%
My results 387 Xx+£023+0.15  x+0.026+0.003 X +0.18 +0.02 X + 013100
Belle 111 387 2.88%023+0% 0.92110024+0017 -0.26 £0.19+0.08 —0.02 + 0.12*)%
Belle 387 2.83+0.21 +£0.15 0.988+0.017 +£0.023 —0.13 +0.21 +0.05 0.00 +0.14 + 0.06
Belle 772 2.83+0.15+0.15 0.988 +0.012+0.023 —0.13 +0.15+0.05 0.00 +0.10 + 0.06
BABAR'* 384 2554021705 0.992+0.024700  —0.17 £0.20*)0>  0.01 +0.15 +0.06
PDG 4 - 2.77+0.19 0.990*00%% -0.14 +0.13 0.00 + 0.09
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6.1 1&id y(3770) FEETRE T X (3872) #RE L HF X(3700)

X(3872) T H R EARR T DOD° B B9 kw2, H 2003 4E & B
ZHIRRBIE T Rk, —H PR T i pr s A P SR
TABALAK X (3872) LEE S il i T AAAE R0 071 i E 5 5 B EXT Rk
Tkl HLEMEESRE DD 4748, BEFE 3720 MeV 10142181 g2
ARFBERAS X (3700) JEAT 7 Fign A0 141931940 A g SR AT ] SRR A A LA
TE. R4E TR L IEFIS R, X (3700) FZREASE S ', WE 0 LN
By (3770) > y X (3700)) - B(X (3700) = n1’) = (1.74 +0.68) x 1075151 ) sz
Ext X (3700) §95-Hexd TG FAE L IEFIE B T DA K BT 554 50 E HERtFR i
TR RIS D IR AT AR X (3872) My PR B S 3

AR A BESII B2 75 /s = 3.773 GeV FRUR 1) 2.93 o~ FdiakiAs, |k
It w(3770) — yyn' AFEFH X (3872) mybnE kA X (3700), (HAULINF| B 215
S FATHE 90% C.L. FHIEAMP) X(3700) FifElRix, il T Bw(3770) —
yX(3700)) - B(X(3700) — nn') HY_EFR, M 0.9 F] 1.9(x107%), %FT R L HATREHY
X (3700) JFife, SZEGEESEERMRT TAE L IEHIE R (1.74 + 0.68) x 1071151
YT SL 0 25 Y 43 S L B BR B BRS FUA AR, ) R S B ) R 4 R AT DA TR
ZIEFE T S R G AL g, | SRR 0. # &
PSS 4y 2 He ik 2E, 2 SEHATRAM 1.06 F) 2.42(x107%), R FAE L IEH
WHHED lgx prp-| T lgx prp- | TR, HILTAE X EIIBTTER |g,, | =
1720 MeV P A IEEDR g,/ | < 1611 B3 1066 MeV (fiiF] X (3700) J
BAE 3720 MeV AME 4 3 EFRME 0.93 x 107°) o AR FRATIA N B T
|&x.p+p-1 F |gx.p# D | FIREFF AT EE , SO0 I 545 R T DAY |8y 118x D+ D-+7 D3 |
TR SR R BRI, M ScEE sl 19 2.09 x 107 MeV2IPH - 341
B3R 18, |18x.p+ p-1p 07| < 1.96 B 1.30(x107) MeV?,

AIGAFIT X(3700) - 2tz Jly 1A, HERKEIIHER X(3700) 55
¥E 90% C.L. T, FA1EHM Bw(3770) » yX(3700)) - B(X(3700) - ntx~J/lw)
B ERRMEA 0.9 3| 3.4(x107°), X X(3700) i M 3710 | 3740 MeV., 1EH
X (3872) Wbr&E ke, X(3700) —» ztx Jhy TTREE A S X(3872) —» ntn Jly
REARA A ] (57 HRE R R 358 7 930 iz )-8 435 SR ] DA A S 4 X(3700) o I 2 A8
PR R BRISTHERR MR S 2 flns EF] X (3700) 1EH X (3872) 1 H BELK 1A K
FAL R 7 HEME RN, e BRI PARIH X (3872) — #z~Jhy 1943 > H T
X(3700) = 'tz Jhy B4 1.

BESIII S2HG 75 2021-2024 4E7E /s = 3.773 GeV R4 T 2 17 b~ ikt
A%, BIAERITIA 20 o7 ASRREA BT (B S e B BRIE Fe T8 ie AR R/
TFHES, 20 fb~' TR} Bw(3770) — ¥ X(3700)) - B(X (3700) — nn’) IR 7 4
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JERTPATKE] 0.3 — 0.7(x107°), 528 F Al DAt AR #5018, |18x. 0+ p-4 07 D7 | T
BUSHESRIRE], B0 (g, 118x, b+ p-+ptp-] < 1.30 B 0.85(x107) MeV? ({&
WL X (3700) Gt fEAE 3720 MeV A48 2 143 3 Fe FRRAE A 0.4 x 107°) . 14k,
THRIAE 2035 E @ P52 T.) (Super Tau-Charm Factory, STCF) ¥l
B BEPCIL 27 50 4% (0.5%10% ecm™2s71)[250) 24 2 -7 GeV REIX RAEF K
PIECTEAE A . I X S 2 A B AE A ] DA — 20 3R+ T 3R Hh 5 e i Al 2 4b
Frbr T R (BIanFRA1S-401 X (3872) Ani ik i X (3700)) . ik STCF f¢ )5
TE /s =3.773 GeV REE T #) 1 ab™! BBEEEA, NIXT B(yw(3770) — ¥ X (3700)) -
B(X(3700) — nn') BN R U T DA E] 0.5 1.00<107°). 18, 118x.0% b+ b7 D |
TN SRR RGEE |2, |18x p+p-+ptp-] < 0.50 8 0.33(x107) MeV?
(BRI X (3700) J5i BE7E 3720 MeV AL453 i 4 52 He B FRME 9 0.6 X 1070) , 24
SR, BEBESTREEEE, R X(3700) EEAEEE, S8 EAE 1070 43S Ay
HH EARA TR I X (3700) fETERIIES

Bl AR SL IR GTT E ARG, AT (38) RERNLEHRE
A A AR . R, X R HESN A R ENE T, B TR L IR
LQCD 453 [m] B = ORG BE, AT AWM IR TR AT P B S5 A A E A A A

62 e'e” — ¢n' BERIMEF w(3770) —» ¢’ REHITFH

A SCAF ) BESIIT AE 3.508 — 4.951 GeV fEX REEM FEEHIRFEA, R T
IE G KO T R . etem Y AR B T B ST T R AR SR TR0 e R
WL DA 38 7R 18 2 S siAH A R g AR v 2 o6 s U700 AR AR BE (o HE
AR, NIL AERIH T 4/s=3.5 £ 5.0 GeV fEXFEE A ete™ — on’ 1R
295 45— 75 pb, AR O R BE RIS 0 o s BOMRE R T, Hik
n=35+0.9. SRIM, XLETFM A 1k =0kG BE SRR 6k .

A BESII SE56 R KRG TR EWREEA, ASUBIHINE T efe” —» on' 1Y
U A IE NIL B2 11 . B ETE R A 0.71+0.20 pb ] 7.46+0.95 pb, Ak
T NIL BRIy 45 — 75 pbUSS) St xR a HEATI0 Ay, 530 Bl iR A v B 5
D RAERAM RS S n = 435 £0.14, 5 NIL BB HHIE n = 3.5 £ 0.9
TEIREVLFE N A . ERIEA NIL BIE T ete™ — on’ FITIBA T ARGE
LM TR EAERERE T, REE " ARERSHNARESHIRG. =
fr P L B b 2200 1 AT BB RE B ok, S EURALTH R ete — VP IR )
KEREALUA (20 — 30)% 180, H2 U/ TS BRIy, TR PR+ 2
B SRR ER . ALY eTe” — on’ WFRM R EI RS, ZhkES
249 H NIL BTG eTe™ — VP S BRI I SRR 1, I HAEIRIE 25 18
JE BRI TS B T S A B, M TE NIL BEBLE L REIX X} eTe™ — VP
PRI A T A

I X SRR AR AS B T AT AR T SE 88 B X etem — FRR T AR AR I
a, R IEA W] DA R T BE 0 R AR AR AL R TR IR E R AR R EE, 6
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5 S WASHIR AR g 0201

TR, BATMERN S X ER(EEMLT Y. J. Zhang % ATEH R
WHEZE R, 2R T D, D* /v s A ¢ 180 FHUH A 3 OZI AR I IR
SRR, RIS K I By = 378 x 107207 155 e 1 AR S50
M w(3770) = ndhy, ¢ (9432 LR prr (943 52 e b PRV 8 58 7 RS2 epr 3 4
ZH. T CER M By (3770) > nJiy) = (9 +4) x 1074, B(w(3770) —
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SESEAEN LR, FEEHSHMIMNS L LK. BT CLEO X Hife il &
B(y(3770) — ¢n) HIMMBEAT % R 4R R IR A 1 FRAR IR 2 [0 B 798, 15801
Sy S ARTTRE S W BIEY . 75 BESHL 528 b, FRAIEL A T HIRIRIR
MESIRIFS G RN T, ZAZET WX L g R EmR R, JHit, 5%
IR EIEEE _FHE CLEO M1 By (3770) — én) N AE B E BB 5. H
Fii BESII 225 KRB BEA TR T w(3770) — on IIBFSE, 2 ek T
5 AT A 32 o P o VA 1 4 S LU R S . S0 ) BESIIL S0 45007 I 42174
B(w(3770) - nJhy) = (8.7 1.2) x 1074157 pL RSl 1 g w(3770) — KOKY,
B(w(3770) - K9KY) = (2.6%1¢703) x 10752000 fejg g by A i1 ] DASE— 548
EISTTERREE, WELE U S S M R 2

A SCAGBIE By, B_EFRAE 107> B2, AR IF R RE AR B 26 A5 51 ) w(3770)
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Table 6-1 The experimental inputs used for the ¢», measurement in the isospin analysis of the
B — pp system. The data used in Belle’s measurements include 0.08 and 0.8 ab™", while
BABARS measurement utilizes 0.5 ab™!, and this sensitivity study employs a generic MC
statistic of 1 ab™', along with the expected precision of Belle II at 50 ab™".
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dashed line shows the result adding the constraint S /""" = —0.14 + 0.07 + 0.01. The full
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correspond to a C.L. of 68%"%.
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App Figure 1-1 Fitting results of invariant mass distribution of y z* 2~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-2 Fitting results of invariant mass distribution of y z*z~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-3 Fitting results of invariant mass distribution of y z*z~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-4 Fitting results of invariant mass distribution of y z* 7~ from 3508 MeV to 4946

MeV for ete” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-5 Fitting results of invariant mass distribution of 77+ 7~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-6 Fitting results of invariant mass distribution of 77+ 7~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-7 Fitting results of invariant mass distribution of 77+ 7~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line
represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 1-8 Fitting results of invariant mass distribution of 77+ 7~ from 3508 MeV to 4946
MeV for e"e” — ¢n'decay. Black dots with error bars represent data, red dashed line

represents signal MC, background contributions are described by the green dashed line

and blue solid line represents the total fitting.
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App Figure 2-1 Comparison of data and MC distribution of variables used for CSMVA.
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App Figure 2-2 Comparison of data and MC distribution of variables used for CSMVA.
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