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http://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/LHC%20schedule%20beyond%20LS1%20MTP%202015_Freddy_June2015.pdf
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PROPERTIES OF €@ COLLIDERS
(AsS COMPARED TO LHC)
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General

PROPERTIES OF €@ COLLIDERS
(AS COMPARED TO LHC)

° LOW ENERGY

® LOW TRIGGER RATE / EVENT SIZE (30 KHzZ 1ST LEVEL, 10

300 KB EVENT SIZE)
i Low MULTIPLICITY (O(10))
®* GOOD HERMITICITY

KHZ HIGH LEVEL;

® SPECIFIC METHODS FOR FULL EVENT INTERPRETATION (FEI)

FULLY (PARTIALLY) RECONSTRUCT B
— B_,. 4-MOMENTUM KNOWN
RECONSTRUCT h FROM E.G.

B_.— 1(— Fv)v;

TAG’?

NO ADDITIONAL ENERGY IN EM CALORIM.;

SIGNAL AT E

ecr~0s

RECONSTRUCTION OF B MESONS WITH
INVISIBLE PARTICLES IN FINAL STATE;
FEl PERFORMED USING MVA,

&, ~1%, P, ~65%

HAD
Eg ~ 3%, PSL~3O%
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General

METHODS AND PROCESSES WHERE BELLE 2 CAN PROVIDE
IMPORTANT INSIGHT INTO NP COMPLEMENTARY TO OTHER EXPERIMENTS:

E

B— v, B— X v, B— hvv, B— X, /v, D, — v, A> yy,...
(SEMI)INCLUSIVE:

B—st#,B— sy, B—dy, ..

NEUTRALS:

B — K%, B— 7’ Kg, B— KsKsKs, 77— uy, D° — hOh0, DO — Vy, B, — vy, ...

N.B.: AT THE INTENSITY FRONTIER BOTH, EXP. AND TH. ACCURACY MUST
~MATCH IN ORDER TO BE ABLE TO SPOT DEVIATIONS FROM SM,

SUBJECTS CAN BE RE-ORDERED INTO PHYSICS TOPICS:
BELLE Il PHYSICS GROUPS

SEMIL. & E DECAYS RAD. & EW PENGUINS T-DEPENDENT CPV HADRONIC b—> C

MISS

HADRONIC b—> NON-C bb cc CHARM LOW MULT. & DARK SECTOR
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General

METHODS AND PROCESSES WHERE BELLE 2 CAN PROVIDE
IMPORTANT INSIGHT INTO NP COMPLEMENTARY TO OTHER EXPERIMENTS:

SEMIL. & E

MISS

DECAYS: INC. & EXCL. LEPTONIC b > C, b 2 U TRANSITIONS; LEPTONIC B
DECAYS; EW PENGUIN DECAYS WITH V‘S; LEPTON FLAVOR
UNIVERSALITY & LEPTON NUMBER VIOLATIONS

B— tv,B—X,tv, B—>X,7v,B— v, B— hvy,...

RAD. & EW PENGUINS: B MESON DECAYS INVOLVING FCNC
B—s#,B—sy,B—dyB,— ...
T-DEPENDENT CPV: QP
B— JyKg, B— n'Kg, B— KKK, ...
HADRONIC b ¢! DIRECT CPV, @5 ()
B— DK, B— Dhh", B— D, ...
HADRONIC b—> NON-C: CHARMLESS HADRONIC B DECAYS & DCPV
B — K°z% B -7’7 B — 7°7% By — KK, ...
bb: Y(nS)
cC: CHARMONIUM(LIKE) STATES
Y(4260), X(3872), Y(nS) — xvz
CHARM: OPEN CHARM, DECAYS, OSCILLATIONS & CPV
D, — 7v, D% — hOno, D% — Vy, ...
LOW MULT. & DARK SECTOR: T, DARK MATTER SEARCHES, YV
T uy, A= yy,...
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METHODS AND PROCESSES WHERE BELLE 2 CAN PROVIDE
IMPORTANT INSIGHT INTO NP COMPLEMENTARY TO OTHER EXPERIMENTS:

DETAILED DESCRIPTION OF PHYSICS PROGRAM AT BELLE 2 IN:

Physics at Super B Factory [ASiiemeseaamsissassia il

SuperB

Progress Feports

Physics

Physics of B Factories _

BELLE | | THEORY INTERFACE PLATFROM

(B2TIP)

Murten, April 2018



B — D*1V

R(D*)=B(B— D*rv) | B(B— D*/ v) /=e,i TEST OF LEPTON
R(D).,,=0.300 +£0.008 FLAVOR UNIVERSALITY (LFU)
2 . v By .
M NA ET AL, PHYSREVD 82, 034410 (8013 | M2 = (Pete- — Puag — Ppw — Pe)?/ ¢
R(D*.,, =0.252 +0.003
| SFATERETAL, PHYSREVDSSGOIZ) 04025 SIGNAL —
> [EEsea |
SEMIL. TAG; 10°F % %79 Normalization 60 231+23
" B—D" I
USE NN wITH M?, __, Ml & = D™ Iv
2
E_., , COSOg p+, 9.
10 /// 5 77, AT oy 20
DATA SAMPLE WITH | S
1
LOW Oy USED TO -1.0 080 02 04 06 08 10 12
FIT THE BACKGROUND
_|_
CONTRIBUTION 2330_57 Erc, FOR DATA WITH
1%

o, >0.8
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B —> D*tVv

R(D¥*)

R(D#*)=0.302£0.030+0.01 1 045

BELLE, PRD 94, 072007, 700 FB"! 0 4

0.35
0.3
0.25
G(R(D™*))/R(D*MH[% ]
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1y

B2TIP REPORT £ [ab-1]
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CPV IN B — 5QQ

SOME UNCERTAINTIES CANCEL IN AS

(VTX RECONSTR., FLAVOR TAG, LIKELIHOOD FIT) ;
BETTER K5 EFF. WITH VTX HITS - LARGER VTX RADIUS,
30%);

VTX RECONSTR. IMPROVED WITH BETTER TRACKING;

O-(S[N2¢1eff) B2TIP REPORT
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 J

AS=sIN2¢,*" -sIN2¢,

P. URQUIJO, BELLE2-NOTE-PH-2015-004

Belle Il Projection {(Feb 2018)

Uncertainty

1

sin2¢p (B— Jiy K

‘_ :;7—..‘:\'—7— —
70% data Y(4S), 6 months, slow ramp-up ~—— %—‘———'

| —e— 70% data Y(4S), 6 months =

—e— 70% data Y(4S), full 9 months
70% data Y(4S), full 9 months, improved K _
4~ All data Y(4S), full 9 months, improved K _ ~ 0.007
" w - LHCb estimate
0 2017 2018 2019 2020 2021 2022 2023 2024
Year

o(sin2¢,) FROM B — Jy K,
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Inclusive

B — XS/*/‘

INCLUSIVE MODE: COMPLEMENTARY TO B — X_Y, LOWER HADRONIC UNCERTAINTIES
COMPARED TO EXCLUSIVE; COMPLEMENT TO MEAS.‘S OF EXCLUSIVE DECAYS;

MAIN BKG‘S: CC — SEMIL. DECAYS }

CAN BE REJECTED BY E,, .

BB —> SEMIL. B/D DECAYS

B =y (Y(25) X, CcAN BE REJECTED BY M{Z*/")

WITH LARGER STATISTICS FULLY INCLUSIVE STUDY POSSIBLE (AS FOR B — X_});
ESTIMATES FOR SUM OF EXCLUSIVE MODES, M(X_)<2 GEV (CAN BE RELAXED);

N ooox [

A
CONTINUUM DEPENDING ON Q12

Monte Carlo @stsmma
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Inclusive

B — XS/*/'

B AND DIFF. DECAY DISTRIB. (E.G. IN Q% & cosf) DEPENDING ON WILSON COEFF.‘s (C, 4 ,0)

B2TIP REPORT
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Summar

Olservables
UT angles sin28 LHCB ,,DOMAIN*
all BELLE Il ,,DOMAIN*
v [°] (B —DEIKE) »
26,(By — J/¥¢) [rad]
Gluonic penguins S(B — 6K
S(B = n'R"Y)
S(B — K3KIK?) * COMPLEMENTARITY!
4% (By 2:49) [rad NOT ONLY FOR ,,POLITICAL® REASONS,
B(B, — KK [rad)
Direct CP in hadronic Decays A(B — K%%) NEEDED FOR SYSTEMATIC CHECKS OF
s et NP SIGNALS AND IDENTIFICATION OF
|Ven| excl.
[V | inel. THEIR NATURE
[Vis| excl. (had. tag.)
Leptonic and Semi-tauonic ~ B(H — ) [1079]

B(B — uv) [1079]

R(B — Dri .7

R(B — I)'mg]
Radiative B(B — Xv)

Aop(B — X, q7) [1077]

S(B — K%n%)

26"(B, — ¢7)

S(B — p~)

BB, = ) 1074
Electroweak penguins B(B — K**vw) (1079

B(B — K*vp) (1079

C5/Cy (B=— X‘[[)

B(B, — 1) [1079

B(By — pp) [107]

B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002
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Summar

SCALAR ]_E PTOQ UARKS I. DORSNER ET AL., J. HIGH ENERG. PHYS.2017: 188

INTENSITY FRONTIER
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= e
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Summar

Observables

UT angles sin23
alq
y (7] (5 - IDOK®D)
28,(By — J/y¢) [rad]

Gluonic penguins S(B - 6 K?)
S(B = 'K
S(B — KIKAK?)
Ij:"(uc — ) [md]
B(B, — KCK*0) [rad)

Direct CP in hadronic Decays A(B — K%Y)

UT sides |Vey| incl.

|Ven| excl.

[V | inel.

[Vis| excl. (had. tag.)
Leptonic and Semi-tauonic ~ B(H — 7v) [107Y]

B(B — pv) [1079)

R(B — Drul .7

R(B — I)'mg]
Radiative B(B — Xv)

Aop(B — X, q7) [1077]

S(B — K %1%)

26:"(80 - ¢)

S(B — p)

B(B, = vv) [107]
Electroweak penguins B(B — K**uvw) [1079]

B(B — K*vp) (1079

C1/Cy (B XD

B(B, — 1) [1079

B(By — pp) [107]

B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002

LHCB ,,DOMAIN*
BELLE Il ,,DOMAIN

COMPLEMENTARITY!
NOT ONLY FOR ,,POLITICAL® REASONS,
NEEDED FOR SYSTEMATIC CHECKS OF
NP SIGNALS AND IDENTIFICATION OF
THEIR NATURE

INTENSITY FRONTIER EXP‘S ABLE TO REACH
NP MASS SCALES BEYOND THE REACH OF
LHC

Murten, April 2018



Summar

M,=15TEV !
_|=14f LH/RH ]
= I )
SlE | .
A BURASE ET AL, JHER 1411, 121 @OI4) ¥<§ “I I
T o 10 ;
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SATISFYING AF=2 CONSTRAINTS; 89 ‘e”q 0.8 ]
EFFECT ON AF=1 PROCESSES bk
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- @g O 3
X X (9 : :
X QR )8t 1
)6f LH > RH LH < RH ]
0 5 10 15 20 25 30
0.6 0.8 1.0 1
BK* — 7*wv) [1011] i%?B N féw)
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Summar

Observables
UT angles sin23 LHCB ,,DOMAIN*
vl BELLE Il ,,DOMAIN
- [o] (B — D[o)K[o))
28,(By — J/y¢) [rad]
Gluonic penguins S(B — ¢ KY * COMPLEMENTARITY!
S(B — K% NOT ONLY FOR ,,POLITICAL® REASONS,
S(B — I(i’- I\’_ﬂ I\'_‘.,'.)
B (By — ) [1ad] NEEDED FOR SYSTEMATIC CHECKS OF
B(B, — KCK*0) [rad) NP SIGNALS AND IDENTIFICATION OF
Direct CP in hadronic Decays A(B — K9%%)
e e THEIR NATURE
|Ven| excl.
[Vis| incl.
Vol ot D * INTENSITY FRONTIER EXP‘S ABLE TO REACH
Leptonic and Semi-tauonic ~ B(H — 7v) [107Y] NP MASS SCALES BEYOND THE REACH OF

B(B — uv) [1079]

R(B — Dru) ot LHC
R(B — D't g

Radiative B(B — Xv)
. o s AT * BELLE Il WILL IN 2019 — ~2025 PERFORM
S(B — K $n%) RICH PROGRAM OF (VERY) RARE
26:" By — &y
.\.'l'/f(——~,»~.) ! PROCESSES (VERY) SENSITIVE TO NP
B(B, — ) [lo-‘]
Electroweak penguins B(B — K*tuvw) [1079) o
BB — K+v) [1079] EAGERLY EXPECTING
C1/Cy (B X HIGH LUMINOSITY
B(B, — r7) (1079
BB, — pp) (10 DATATAKING WITH

B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002 B E LLE l l
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MODELS

SCALAR

Murten, April 2018

LHCB, LHCB-PAPER-2017-017

Summar

ATLAS, DOI: 10.1007/JHEP10(2017)182

Dimuon Invariant Mass [GeV]
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General

ACCELERATOR
“SUPERKEKB?”

-

2  J
==t
SARART= .._l

iy G
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e

Ssuper

KeKB

SUPERKEKRB:

e (HER): 7.0 GEV
e* (LER): 4.0 GEV

\V Ecys=M(Y(4S))c?
(= BB)

[M(Y(1S))c?,M(Y(6S))cA

dN,/ dt = o(e*te— )L

L =8x10% cm2 s




General

PROPERTIES OF e’e" COLLIDERS
(AS COMPARED TO LHC)

° LOW ENERGY
°* LOW TRIGGER RATE / EVENT SIZE
(B30 KHZ 1sT LEVEL, 10 KHZ HIGH LEVEL; 300 KB EVENT SIZE)

* LOW MULTIPLICITY (O(10))

Exp 3 Run 422 Form B Event 1488
42 1989

Eher 8.00 Eler 3.50 FriJul 30 2:
B EL LE TrgD ODetVer O hicglD O BHRId 1.50 Dspver 4.01
Ptot{eh} 7.7 Etot(gm) 24

Murten, April 2018



B — TV, HVV, X_TV,...

Full reconstruction i/
(hadronic tagging) |

or S

\

partial reconstruction
(semileptonic tagging):

D
2EveamEp+e — m3; — M3, \ Bsig

2|pB| - [Pl

coslp_p+y =

=

A
W
Q&

\%

Murten, April 2018



General

a0 !
‘B ghiedton!
Lumi ratio for same sensitivity g Betig .. F1piechion {FeL 2010)
= = LHCb [fb]
i e e TEES B ES = —e— Belle (I1) full 9 months [1.]ab"]
3 2 —e— Belle (Il) 6 months [ab 4
! 3.: B = 9K 4 Belle (1) 6 months, slow ramp-u}
5 2
E =
= 120 10 .
u -
-l [ :
— 1A
S i
[S) B
2 1 e
- = 53 7 P. Urquijo,
o I e Y Belle2-note-ph-2015-004
[ - ' 1it_ Y 23320 CRRIDIZ TS KRN SE e - FEREREOSLTL ORI ETes:
0-9: B>y ” 2017 2018 2019 2020 2021 2022 2023 2024
0.8 Belle Belle 2 © o
S S T S D = - Belle Il Projection (Feb 2018) |
3 32 34 36 38 4 E —e— Belle (II) Baseline
e+ = Belle (Il) K |
E cr (GeV) E beam § Bk oy E"; Bisa i g
Ee-beam from Y(4S) mass g LHCb Hadronic /
B. Golob, K. Trabelsi, P. Urquijo, Belle2-note-ph-2015-002 > o “8*LHCD Leploni: - l
.
Belle 2: improved Kg reconstr.; " BELLE 1l
. . -
improved hadr. B tagging; . BIFNCGRD
LHCb: & «cVs; .
run 2 50% less eff. for hadronic triggers |
than run 1 _ T2017 2018 2019 2020 2021 2022 2023 2024
run 3 increase eff. for hadr. triggers by Vear
2x w.r.t. run 1; RELATIVE YIELD INCREASE

LHCb EPJC 73, 2373

Murten, April 2018



General

MEASUREMENTS OF BEAM BKG‘S IN PHASE 1

SEPARATION OF TOUSCHEK AND BEAMGAS
(BREMSSTHRALUNG+COULOMB SCATTERING)

CONTRIB.

?: El T T l L] L] T I T T T I T T T I L] T T I T T T I T E
p ) P. Lewis E
5| 40F =
SN E BGO :
ol 35 -
w - =
L0 E =
Ol 30f =
25F -
20 Touschek E
15E B
OBS.: BKG 1ok Beam gas =
SENSITIVE 55 =
OBSERVABLE [ =
il W W T N VNN W U NN WO SN TN NN WO W TN (NN Y WO O A NN NN N AN B

IN BEAST S Y S S B T R T
DETECTOR ; [mA Pa'um-]

PZ; o,

P: PRESSURE

Z,%: EFFECTIVE ATOMIC NUMBER OF GAS
O,: VERTICAL BEAM DIMENSION

Murten, April 2018

x10°

SPECTRUM OF FAST NEUTRONS

> 10*
s -=== MC Touschek Fit B MC Touschek
8 3 ---- MC Beam-gas Fit B MC Beam-gas
2 10 ---- Experiment Fit ¢ Experiment
g
£ 102
[}
>
w
10}
10°
1071
0 250 500 750 1000 1250 1500 1750
Detected Energy [keV]
> 10°
2 ---- MC Touschek Fit ~ EEE MC Touschek
2 5 ---- MC Beam-gas Fit m@m MC Beam-gas
© 10 ---- Experiment Fit ¢ Experiment
g
2 102
(]
g HER
10!
10°
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General

STATUS:
PHASE 2 (FULL BELLE Il w/0 SVYD) STARTED MARCH 19, ONGOING UNTIL JULY;
BOTH BEAMS SUCCESSFULLY STORED, COLLISIONS EXPECTED IN ~ WEEK

e . P

CHERENKOV RING

COsMIC RAY

(1/8 OF) VXD

CDC HiTs SVD HITS
{/Ilé

—_—

TOP MODULES

Murten, April 2018



General

PHASE 2 (FULL BELLE Il w/o SVD) STARTED MARCH 19

HER 080 [A] 1394 [bunches] HER Vacuum Scrubbing Phase-2 started: 2018/03/19
LER .000 [A] 1576 [bunches] LER Orbit Tuning HER stored bearn: 2018/03/21
Luminosity .000 (now) .000 {peakin 24H @6:57) [mb/sec]
Integ. Lum. O(Fl) .0(Day) .0(24H)[/pb] 3/31/2018 20:13 JST
O.ILI T T T T T l T T T T T I T T T 1 T l T T T \.l7 T I T T T T T l T T T T 1 l T T T T | l T T T 1200
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General

BEAM SQUEEZING

[l 1 I I 1 I .l 1 1 1 I 1 1 1 I l I 1 I I I 1 I 1 1 I 1 1 1 1 I 1 I I I i
I PEP -
,|_SPEAR
U o LEP BEPC VEPP-2000 ]
- PETRA e ¢ ]
I RITAN  crsree BEPCAI I
E i ° PEP-II i |
— {02 CESR : - -
* D C 3
E DAFNE o SuperKEKB :
| KEKB ~~_  Phase2 FCC-ee |
- . = . n
CEPC
1073 . =
I Y 1
5 SuperKEKB .
10—4 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 IPlllafe 13 1 I 1 1 1 1
1970 1980 1990 2000 2010 2020 2030 2040
/(PHASE 2) < 4 -10% cm2s"! Year

L(PEAK KEKB) ~ 2 -103%* cm2s"!

Murten, April 2018



POLARIZATION IN B —2 D*TV

USING HAD. TAG & 2-BODY HADRONIC
T DECAYS

v, w
O
(o

N

/7
L,

q_— ~ 3(1+ aPrcosbpe(T))

d cos Ope(T)

&l

-
—

R
I
BIJ - o

o
EQE!

M.TANAKA, R.WATANABE PHYS. REV. D87 (2013), 034028

0.2} I sM+TENSOR E
SM+VECTOR E
0.0 sM+scaLAR
502l A
T
-0.4 ]
o su i
0.0 0.1 0.2 0.3 0.4 0.5
BELLE, ARXIV:1608.06391 R(D*)

‘ BELLE Il, 50 AB™! | B21iP rerorr

DIFF. DISTR.‘S ALSO DIFFERENTIATE
BETWEEN SM AND NP:

(M=p = a=0.45) EXPECTED DATA ;53120";‘ ++
ALSO D* POLARIZATION CAN BE ® 50 AB™, SM 1222:—>++
MEASURED AND CAN DIFFERENTIATE ot T
AMONG NP MODELS 400?
2HDM TYPE II, =
TANf/M,,,=0.5(GEV/C?)"! 0 7 8 9 10 11 12

@? (GeVA/c?)
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(XX [%)

D_—>/v o

| B.Gu K TRABELSI, PL URGUIO, BE LLEZ-NOTE- PH-2015.002

RDS’C/u \

\BF(DS—> ny)

N Br(D,— v

RDST/y= BF(DS—> TV) / Br(Ds—> /uv) / ( s )
1F

RPs,,=10.73 + 0.69 £ 0.55 o

(R, )o1y=9.762 £ 0.031

n.b.: o(RIDYYVR(D*)~2.5% @ 20 ab"
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Belle preliminary, arXiv:1303.3719, 711 fb-!

> > 10r

o 14- [] i
B —> hvy 8] . 8 | S K v

S 4ot -- signal s
B(B* — K™ vv) can be 2 back 2

c g -- background £
measured to £10% 5 =
with 50 ab™"; iy +

. . - -
similar accuracy for 2:_”% =
B* — K*¥vy, Bt — K** vy, = ==
B+%K+Vl/; 80 02 04 06 081012 00 02 04 06 081012
Ecc. [GeV] Ecc [GeV]
combined semil. + —Re (CECE')
had. tag; CLETICRE < Ky Kvy
limits on right-nanded 0
currents VLR
e SM o EXE 50
approx. expected . VICE ¥ [CBJ?
precision @ 50 ab™ = SN
- [(CE)M
04}
W. Altmannshofer et al., arXiv:0902.0160
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B* = tv
PROJECTED ACCURACY oN B(B* —1v)

o(B)B

0 258

V.ao

SEMIL. TAG

]
10 20 30 40 50

J

o
L)
o

CORRESPONDING |V, | UNCERTAINTY
(EXPERIMENTAL):

SEMIL. TAG, 50 AB™': ~3%
HADR. TAG, 50 AB™': ~3%

- -
N
o O

IIIlIIIIIIII

Events / 0.05 GeV

°°

BELLE, PRL110, 131801 (2013), 700 FB"!

AnnEnnE

R
PG e, LY, [ S0 R T PO PP U (A

.....

HADRONIC TAG

0.2 04 06 038 1 1:2
Egco (GeV)

Events / ( 0.1 GeV/c)

SEMIL. TAG

2.0
Py, (GeV/C)

BELLE, ARXIV:1503.05613, 700 FB"!
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Inclusive

B— X /'

DIFF. DISTRIBUTION

+ < .
// N O
G2=mM27 ) 5 &
“-///:> Xs
z=cosl /-

S:qZ/MbZ d2r Ky § [(1 + 22)HT(q2) . QZHA(qQ) % 0 2(1 o zQ)HL(q:Z)]
d¢?dz 8
dAFB / d°T sgni(z) = §HA(C]2) Hr(q%) = 25(1 - 3)? [ICQ + %Cﬂ2 + |010|2]
dq2dz 4 ’
AT 22T Hi(¢®) = (1-3) [|C.9 +204° + |Cm|2],
= [ e o = Bl + (@)

HA(?) = —43 (1 - )Re[cm(cg+ 07)]
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Inclusive

B— K*//-

F%'ACCURACY

(f:kﬁ@ﬁ/)

g2 [GEV?]
1.0-2.5

\ 2.5-4'0
- 4.0-6.0
>14.2

. s . 5 2 .1 M " A L EOL [ab-1]

/=e+u

10 20
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Inclusive

B— K®/Y-

R(K), R(K*) ACCURACY

oo oo

0.20

ROK®) [1GEVE,6 GEVE] s

Q° [GEV?]
1.0-6.0
>14.4

R(K*)

i 1 i i 1 i 1 1 i 1 A i 1 L 1 A 1 )
10 20 30 40 =0 L [ab™]
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Inclusive

B — STT

PROBABLY NOT OBSERVED EVEN WITH FULL STAT.;

BR(B — K*’Z'T) < 2-'[0‘5 ® 50 AB-1 B2TIP REPORT
BRgy, (B — K*r7)~ 1107

coMPARED TO K*VV (WITH ADDITIONAL TWO TRACKS FROM 7)
- USING HAD. TAGGING ONLY (TOO MANY V'S IN SEMIL. TAG)
N(K*17 )/N(K*VV) ~ (€0 (EpnptEs)) [BR(B — K*17) / BR (B — K*v1)1 BR(D)

~ V2 1072 0.1 ~5-
+ SOME BKG FROM B — X_(— X, ‘vl v
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Inclusive

B > s(+D) Y

EXPERIMENTAL CHALLENGE:
HUGE BKG;
ONLY Y RECONSTRUCTED IN THE SIGNAL SIDE

fi 1.26 GEV < E < 2.20 GEV

CONTINUUM =

0 P
T —> VY g
n—v "
B — sY

Br(B— X,y;1.7GeV <E,)=(3.47%£0.15£0.40)-10"*

DIFFERENT METHOD: HADRONIC TAGGING (= FULL
RECONSTRUCTION OF B, );
REDUCTION OF SYSTEM.UNCERTAINTY ON THE ACCOUNT

OF LOWER EFFICIENCY (€., ~ 1%);
K
Bsig v
- / Btag \Xs

SIMILAR ACCURACY 5
WITH SEM. TAG

Monte Carlo
140 fb~!

1.6 1.8 2 2.2 2

[ B te gomma
W From pi0

W From eta

W His—Ided

[ AddBg

[] ather apurce

[] Frem cantinuum

4 2.6 2.8 3
CM energy |GeV|

30

v) Had tag.

25

s+d

20

2
e
@
w

LEL LB By L L LSRR Y SRR ELLP S B

T rrrrrry T ™ rrrr

Belle Il

- -1
Exp.L,_=3ab

~ Total

L1 el I T T B 1

Projection

[ETETITS IPET AT ISl ATTTSrArS ITSTArAr S AR AT A

5%

TR |

o 1 1=

1

10

Integrated Luminosity [ab™)
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Inclusive

B — sy N, —N;
srsan, prUt0r, 17100ac00msoret  ———— = (DAL +AD+ A,
DIRECT CPV N, +N;
= ' ' T L LT A E ST e e
L 1 2 ]
= C 1 = ]
SEMI-INCLUSIVE, SUM OF MANY 3 1500f 1 1500 2
[ . 0 J
EXCLUSIVE STATES: 8 1 8 ]
o [ 1 o &
ALL FLAVOR SPECIFIC FINAL =1e00] | =% -
v v
p 4 1 p 4
. < 4 <
STATES; £ 500 1 % 50
<D>: AVERAGE DILUTION DUE TO o8 528 ' o o --
FLAVOUR MISTAG, ~1 Mg (GeVic) mg g (GeVic®)
AD. DIFFERENCE BETWEEN _
G ; g
FLAVOUR MISTAG FOR ADET: CAREFUL STUDY OF ,% 20.\ i : (X E}i)lnc
_ - T Nep g it &
B AND B, << 1 K/TU ASYMMETRIES IN (P, elab) g i I , ¥} Hadron tag
= 10 i 53
A__.: DETECTOR INDUCED USING D DECAYS OR INCLUSIVE = LI AgplX, ) Siim of EXel
x
ASYMMETRY TRACKS FROM FRAGMENTATION; % [~™
<C N
= 1
—(_ 0 ‘ HFAG, 2014
ACP — ( 0.8+ 29)4 LOTS OF WORK ON SYSTEM.,
004 — FEW 1073 TN
. - : o ~ {
SM: Acp ~ (0.44x7°%, ;)% EXP. SENSITIVITY | NG
T. HURTH ET AL., NUCL.PHYS. B704, 56 (2005)
Ny
SEMI-INCLUSIVE METHOD MOST N1
ACCURATE (UNCERTAINTY STAT. Betle -1+ rojection
0.3 1 1 1
DOMINATED) 1 10

Integrated Luminosity [ab]

B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002
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Inclusive

B—>DYy

WITHIN SM: BrR(B — D)) /BRrR(B — s)) =(3.8 £0.5) -107?

T. HURTH ET AL., NUCL.PHYS. B704, 56 (2005)

(RATIO CAN BE USED TO DETERMINE |V, /V..])

BR(B > s)) =3.4-10"

BR(B — D)) SHOULD BE MEASURED WITH AN ACCURACY OF

SUM OF EXCLUSIVE MODES:

BABAR, PRD82, 051101 (2010), 0.4AB-1

LARGEST SYST. UNCERTAINTY:

B

— S Y BKG.;

~(0.5 102) (3.4-10%) ~2-10°°

o(Br(dy)) = (x311)-107 Low X_ MASS REGION
o(Br(dy)) = (x20£22)-107 HIGH X_ MASS REGION

SIGNIFICANT IMPROVEMENT NECESSARY

MISSING (>= 5 BODY) MODES;

(S
[=]

B
o

LIS L Y (L LR AL LN L NI LIPTLSC G LB BN ¢

8 BF(X Y) Sum Excl.

w
o

20

10

LI L R | T

-

a3 sl

BELLE 2 FULL SIMULATION:

T | RN A "I T T T -
Belle Il  Projection - § 2400pr T Ty & 100f T T e
] 3 Ziggs— ?;‘;?;d;”":i(e.s kaons ERE [ [ Misidenified kaons 1
o - 7R = L from B—K"y .
Exp. Systematics limited 1 - - E =
p. Syste 2l < 1800 [ ] correct reco B—py 4 T 80 [ ] correctreco B—py -]
: B 1600 4 ¥ - ]
~— Total ] 8 E i 2 L ]
3 < 1400 3 8 eof 2
o b 2 1200F 4 = B ]
Statistics i $ 1000F- = - ]
: 1 3 800F 3 3 “F 1
Systematics ] 3 600;— —i g e ]
3 g 400E 3§ «of ]
----- ey 1 5% 200F 4 o |
- E 1 1 1 1 1 1 1 - i 1 1 1 1 rall e Wosey i)
b 827521 5.20 523 5.24 5.25 5.26 5.27 528 5.20 5.3 82521 5.22 5.23 5.24 5.25 5.26 5.27 5.28 520 5.3
2
] m,. (GeV/c?) m,, (GeV/c?)

1

- B° > K*(Km)y, B° = p(nr)y

Integrated Luminosity [ab™]

B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002
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Neutrals

DCPV PUZZLE:
TREE+PENGUIN PROCESSES, B*©@—K*g/") 750

AA=AK 7)- A(K 7%= -0.147x0.028

BELLE, NATURE 452, 332 (2008), 480 FB!

500

250
+ -
l..B (B> K*x”)
K+n— 0 - KOn— g ~0__—y 1B
= Agcp" ‘B(B"— K™n7)+ Agp -B(BT — K'w
T+
0.0 + 70 TRO > ‘ I AR AR
— 2457 - B(B® = K% +2A4%.™ - B(B* —» K*n%)— £ 2 B I PGS {85 2078)
TH: £ ¥ :
M. GRONAU, PLB627, 82 (2005); Nz 2 O'(A CP(KST))
D. ATWOOD, A. SONI, PRD58, 036005 (1998) e 1
£ 15
xll)
- - 1
% ) o 1
< B 5 .
M U 0-6 & B ll II —_ (U 70% data Y(4S), 6 months, slow rampfup %
70% data Y(4S), 6 month -
< - clie | 05 e 70% data Yzas; S rmorsbs
-~ 1 70% data Y(4S), full 9 months, improved K
0 4 - — 4— All data Y(4S), full 9 months, improved K_ 2
Tl I s @ LHCb estimate =
B ] 0 2017 2018 2019 2020 2021 2022 2023 2024
0.2 - — e e e e e e e s
g 1 '% E belle Il Projection (Feb 2018)
- R = 0.8} N
- i 8 S
0—— w— § 0-7370-(ACP(K57Z'+)»)
- 1 BELLE K°0 S
B R = 0.o6%
I 1 BELLE Il K°2° £ ™
_0.2 B v 05 = ES
I N ] s0=AB! 1 oak
B \ Xl Gm - [
04 X \— S 03 i
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1 _0 5 0 I O 5 0.2 - —®— 70% data Y(4S), 6 months
M - —e— 70% data Y(4S), full 9 months
B2TIP REPORT KJ'[ P. UFQUIJO, 0.1 All data Y(4S), full 9 months
BeIIeZ-note-ph-2015-004 [ -# - LHCD estimate S
B 2017 2018 2019 2020 2021 2022 2023 2024
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Searchfort — uy

Belle, PLB66, 16 (2008), 535 fb" //' 1
. . . T
kinematic variables e / e S
for signal isolation: / S -
_ T
AE=EM(uy)-EM(beam) e | = |
Miny=m(py) / signal
AY%
main background from
ee— t(uvv) (V) Yisr 165 17 175 I8 .85
//< My (GeV/c?)

g (b) expected sig.
Brut o 1/ VL K 54t B ~5x1077

*® 5f
polarized beam(s) would 3
help T / 15

background .
V _EAIIIIAAIIIIIIIIIAIIIIIIIIIIIIIAISII
0.5 0.4 0.3 0.2 0.1 0 0.1 0.2
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UL simplified (1D) toy MC
90% 4 .
Search fort — py Bt — ny)
[107] 2 ~ocl/L
w/o polarization: -
ULggo,(B(t — py)) ~ 2x10° @ 50 ab™
w/ polarization: 04
factor ~(2-3)x better sensitivity o |
0.2
decays r— 3/ /h% background free A
ULgge,(B(t — py)) ~ o< 1/ £ to ~10ab! 02 1 10 febd
90%( B( Hy)) x 3 ST
ol G AT
° i e
B(T — H’ ’Y)<44 : 1 0_8 10-7: ‘. A Toppp
g ®
Belle, PLB666, 16 (2008), 535 b’ 1o AEEENN _
Updated expected sensitivities ewéx\é
10-9; Super B fa%xi_
K. Inami, PANIC 2011 e e

Luminosity (ab™)
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