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o

Outline

© Belle Il at SuperKEKB

prospects at the Belle Il exp:



Belle Il at SuperKEKB
L]

SuperKEKB

[more info, see Jake’s report on 3" Sep

» KEKB = SuperKEKB (with "Nano-Beam" scheme)

oEN | R
luminosity: £ = T <1 + %) igyi EALS
2ere or) By+ \Re

E (GeV) 1 (A) By (mm) Lumin.
100um 2* LER/HER LER/HER LER/HER (cm2s71)
f KEKB 3.5/8.0 1.64/1.19 5.9/5.9 2.1 x10%
SuperKEKB  4.0/7.0 3.60/2.60 0.27/0.31 80 x 10%*
By ~2/3 x2 %20 x40

» Target integrated luminosity for Belle Il at SuperKEKB: ft Ldt =50 ab™!

g o | Goal of Belle 11/SuperKEKB ., First physics run will start in 2018
3F Each 1 ab~! experimental data provides
o e ~ 1.1 x 10° BB = a super B-factory;

poeemenn | @ |~ 1.3 x 10° c¢C = a super charm factory;

E e ~0.9x10° 777~ = a super T factory;
2 o wide effective E. ,=[0.5-10] GeV via ISR process.

L . L L L L J
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Belle Il at SuperKEKB
L]

Belle |l Detector

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintilator + WLSF + MPPC

p— h (end-caps , inner 2 barrel layers)
EM Calorimeter

Cs|(TI), waveform sampling electronics

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

oy

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

Impacts on Charm WG
® 50x larger dataset collected by Belle Il
© Better D proper time resolution (improved IP and secondary vertex resolution)

© Better reconstruction efficiency with improved tracking efficiency, eg: D** — D°rrJ etc.
© Better particle identification capabilities, eg: D® — K+ 7~ etc.

Belle Il TDR, arXiv:1011.0352
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mixing and CP violation

Outline

(%) DO-DO mixing and CP violation
@ Formalism and experiment status
@ Time-dependent measurements

@ Time-integrated CP asymmetry
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mixing and CP violation

Formalism and experiment status

Formalism of D°-DO mixing and CP violation

@ Open-flavor neutral meson transforms to anti-meson: > Three. types of Charge(.:l—copjugated—Parity
combined symmetry Violation (CPV):

K® & K9, BY < BY, B & BY, D° < DY . T(D—f-T(D—F) _
Acp = =A== 5 f+af, +af
_ NCEGECES
@ Flavor eigenstate (|D°), |D°)) # mass eigenstate -
|Di ) with My, and Ty ) ° a[;: (direct CPV) CPV in decay |A;/Af| # 1
_ PO |2
1D1.2) = pID%) £ 4| D7) (CPT: p?+c?=1) | |
iy Vi, — M I —T, ‘. o
@ Mixing parameters: |x = 2 — , = _ @ a;: CPVin mlxmg with r, = [q/p| # 1
erp [ +Ts Y=1 1+ 1>

PO po po PD 2
RN ]

@ Unique system: only up-type meson for mixing
@ af: CPV in interference with arg(q/p) # 0

@ Standard ModeI(SM) predlcts ~ 0(1%) ¢ 7
. s po /)‘ P /f
v S N R L e P

w 0 ) D’ PO PO _ 7 po_po__x
2 P L Lo e
e u ) NN L R

(1) short distance (< 0.1%) (2) long distance (~ 1%)

@ SM with onl : the ph in CKM

@ Precise measurement of x, y: effectively limit the SM with only a source: the phase in
New Physics(NP) modes; and search for NP, eg: @ in charm sector, it's predicted at ~ O(1073)

x| > |yl @ ~ 1% exp. sensitivity to observe CPV—NP
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Formalism and experiment status

mixing and CP violation

Status of D%-DO mixing and CP violation fmainly ref. charm physics at HFLAV]

DOP-D° mixing
g m [cpv allowed
> 1.2 CKM 2016

mioc|
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@ > 11.50 to exclude no mixing (x,y)=(0,0) with CPV-allowed

indirect CP violation

cKm 2016
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8

o
R e e

0.6 0.8 1 1.2 1.4

16
la/pl

Aadin

CP violation in D° — KK /ntrt
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@ No hints for indirect CPV < no direct CPV (|q/p|,¢)=(1,0) at C.L.=40%
@ No clear evidence of direct CPV <« no CPV at C.L=9.3%

DO-pO mixing observation in more channels, and CPV searches are two of
most important physical goals for Charm WG at our Belle Il experiment.
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http://www.slac.stanford.edu/xorg/hflav/charm/index.html

DV-DY mixing and CP violation
[ le]e}

Time-dependent measurements

Improved D° proper time resolution at Belle I

> Time-dependent amplitude of D® — f (here t[tpo] and As = %;‘—;):

T(DO(t) — f) o |Af|?et (1+\2A;\2 cosh(yt) — Re(Af)sinh(yt) lf‘gf‘z cos(xt) + Im(Af)sin(xt)) ®¢Res(t)

> Time resolution Res(t) is essential in t-dept. measurements of DO-D° mixing and CPV

; 0 ime: + — fdec — MD g
» Determine D" proper time: t = &= ?d~

Tl

and its uncertainty o

tresolution

Il
18000 Py r=o) proper time orror
f Enies o706 10000 ‘ D> Enres 67006
16000 Moan 0006482 = Moan 007276
14000f swpev_o1as2 s1aoev_o0i0n
. 8000
1o Res(t) in
t po + K= in DO +K—
10000 DY = KTK 000 ‘ ot in DY - KTK
8000} l
4000
6000 |
o | :
2000 )
o] | X
foL .
T 60 nm £ T S NI L1y N
beam spot profile 2 15 1 05 0 05 1 15 2 0 005 0.1 0.15 02 025 0.3 035 0.4 045 0.5
10pum (RS . (ps)

» Based on MC study, time resolution = 140 fs: 2x better than BaBar (270 fs)
» Time error 0;: factor 3 improvement; and RMS(0;): reduced by a factor 2.
o Res = Gauss(ji, ko), so reduced RMS(0;) (higher weight in the fit) results in an increased statistics
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DV-DY mixing and CP violation
(o] le}

Time-dependent measurements

Hadronic wrong-sign decays D° — K+ 7t~

Wrong-Sign K'n

o Wrong-sign(WS) decay rates with D%-D9 mixing or CPV-allowed:
N q 2 (x2 +y'2) (l‘t)z] Do .
e a— Xip, ¥
4 \\Aﬁo C

Ro+| 9| VRo(y/ cos— ' sing)(re) |
20 ree] (no cPV)

dt
N(D° f
(2= f_ et [RD +vRpy'(Tt) + 7
where x’ = xcosd + ysind, y' = ycosd — xsind with strong phase difference &
D

N

N(D® — ) _ e

=)
o
=

Right-Sign K

dt
o Belle: first observation (5.1¢) of D°-D° mixing in e*e™ collisions

[PRL 112, 111801 (2014)]
o Belle Il sensitivity estimation based on ToyMC

e Smear decay time with Gauss (¢ =140 fs) for 1000 experiments

o Obtain sensitivities by RMS of residuals distribution of parameters
Parameter Belle Belle 11
976 /fb | 5 /ab 20 /ab 50 /ab
no o(x?)(107%) 22 7.5 3.7 2.3

CcPV a(y')(%) 0.34 0.11 0056  0.035

o(x") (%) 037 023 0.15

CPV- a(y')(%) 026  0.17 0.10

allowed a(la/pl) 0.197  0.089 0.051

o(¢)(°) 155 9.2 5.7

one order of magnitude better than Belle measurement
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DV-DY mixing and CP violation
ooe
Time-dependent measurements

Time-dependent Dalitz analyses in D three-body decays

» Time-dependent Dalitz plot(TDDP) provides an essential tool in studying D°-DO mixing.

» Only method: sensitive to linear order in both mixing parameters, especially self-conjugated
decays like K2hh (not rotated by an unknown &)

» TDDP fit on D® — Kt 7~ 7% WS decays to extract mixing par (x"/ro, y" /1)
|2 = MDC5|2 Tt 2 Jry )‘ACF‘Z It)2e Tt (Y Re[ADCSA*CF] [_ADCSA*CF]> t)e 4(] ®¢Res(t)
4rg
X" = xcosdkp + ysindkp, y' = ycosdk, — xsindyp, o = |ACF|/|ADCS|

> BaBar: the evidence (3.20) with 384 fb~1: o(x",y") = (fg:g;, fg:gi)% [PRL 103, 211801 (2009)]

» ToyMC: smear lifetime with Gauss(c=140 fs); without considering bkg effects.

» Sensitivity estimation: one order of magnitude improvement than BaBar
detailed info. see [Chin. Phys. C, 41: 023001 (2017)]

0 7 0004

Enies 0
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R o e TOmo0n 0% 00m ats Toed 00%  00m G002 0008 0006
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—'0.060%, 0, = 0.049%
» More t-dept. measurements, like DY - K*K—,mtmn—, D° — K%)TEJr ~ etc. in backup.

a“@jfa (vcp, Ar) (xy:fa/pl.¢)

)
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mixing and CP violation
L]
integrated CP asymmetry

Time-integrated CP asymmetry in D decays

&

@ Time-integrated CP asymmetries are measured based on partial decay rates:
I(D—f)—T(D—¥) ) + 0
oo — of f . 0 0pt+ . — h K
Acp = I ) +r(7 ?> =ayt+aj,y eg inD’— Kgh", measured asym.. Ay = Acp +Ars + Al +Alp

@ Several measurements are performed at Belle

Channel Current measurement Belle 1 THCb BELLE Belle I
L(/fb) value(%) References 50 ab—1(%) 50 fb~1(%) measurement projection
D’ i 976 +0.55 £ 0.36 & 0.09 PoS ICHEP2012 (2013) 353 +0.05 +0.03 ! T T | T
DY — KK~ 976 —0.32+0.21+0.09 PoS ICHEP2012 (2013) 353 +0.03 +0.03 [ PO —“+  008%
D — n0n® 966 ~0.03+0.64 +0.10 PRL 112, 211601 (2014) +0.09 '
D° - K2K? 921 —0.02+1.53+0.17 PRL 119, 171801 (2017) +0.20 E o K + 0.03%
Do — K§n5 966 —0.21+0.16+0.07 PRL 112, 211601 (2014) +0.03 H
D° — K%y 791 +0.54 +£0.51+£0.16 PRL 106, 211801 (2011) +0.07 o D' K = 0.07%
D° K§r/’ 791 +0.98+0.67+0.14 PRL 106, 211801 (2011) +0.09 \ : .
D° - 7t 532 +0.43+0.41+1.23 PLB 662, 102 (2008) +0.13 L Shaadl P4 0.09%
D° = K*7~n® 281 —0.60 +5.30 PRL 95, 231801 (2005 +0.40 s iy o ]
D = Kt ' 281 +1.8+4.4 PRL 95, 231801 ((2005)) +0.33 ) it H 0-12%
DT — " 921 +231£1.24+0.23 Belle Preliminary +0.40 H
DY — ¢t 955 +0.51+0.28 +0.05 PRL 108, 071801 (2012) +0.04 '
Dt it 791 +1.74+£1.13+0.19 PRL 107, 221801 (2011) +0.14 +0.01 0o D —=814%
D 't 791 —0.12+1.12+0.17 PRL 107, 221801 (2011) +0.14 :
D* — K+ 977 —0.363+0.094+0.067(32¢)  PRL 109, 021601 (2012) +0.03 +0.03 oo —4—  014%]
Dt — KOK* 977 —0.25+0.28+0.14 JHEP 02 (2013) 098 +0.05 T
DI — K™ 673 +5.45 £2.50 £ 0.33 PRL 104, 181602 (2010) £0.29 +0.03 s« 2z o 2 4
D = KIK* 673 +0.12+0.36 4 0.22 PRL 104, 181602 (2010) +0.05 noCpy %

o Belle II: precision of 0(0.01%) (down to SM level). s 1=/ (O + 0Bt) - (Lre/50 ab ) 020y

o With respect to LHCb, Belle Il has advantages of excellent o and 7% reconstruction.

@ There are some other important methods at Belle Il, like T-odd asymmetry measurement with

weo, neutral particle in final states (see backup)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.211601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.211801
http://www.sciencedirect.com/science/article/pii/S0370269308002517?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.231801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.231801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.071801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.221801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.221801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.021601
https://link.springer.com/article/10.1007%2FJHEP02%282013%29098
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.104.181602
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.104.181602

Rare or leptonic charm decays
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Outline

© Rare or leptonic charm decays
o Rare radiative decays with one photon
@ Rare radiative decays with two photons

@ (Semi-) Leptonic charm decays
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Rare radiative decays with one photon

Rare or leptonic charm decays

Rare radiative decays of D® — Vv

» Radiative decays of D° — V+: dominated by long-range contribution (~ 107>, whereas
short-range at 1078 level); direct CPV can be enhanced to exceed 1% in NP. [PRL 100,17801(2012)]

» BR measurement to test SM; observing Agg > 3% is a signal of NP. [pRL 109,17801(2012)]

» Belle Il sensitivity estimation for Acp based on MC study:

o similar performance of 70 veto and resolution of signal or bkg
e similar signal-to-bkg btw Belle and Belle Il = scaling luminosity

§ . o3 D0 5y e | 300

I 0 - C) @ote) o000 oy
g‘ 7T veto %, Signal g;uw Bkg
i. e |1 i

* \ o o0z

[
T
i
|
|
|
4
o2
i
4

) 0o,

Signal

o) e

> Belle Il: statistical 04, at 1 —2% level with 50 ab~1.

radiative Belle Acp results 1] Belle Il uncertainty
decays 976 fb~1 5ab! 15ab"! 50ab!
DY — p%y +0.056 +0.152 £ 0.006 | +0.07 +0.04 +0.02
DO — ¢y —0.094 +0.066 +£0.001 | +0.03 +0.02 +0.01
D% — K*99 | —0.00340.020+0.000 | +0.01 +0.005 +0.003
5‘62?‘ [1] T. Nanut et al.(Belle Collaboration), Phys. Rev. Lett. 118, 051801 (2017)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.171801
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Rare or leptonic charm decays
L]
Rare radiative decays with two photons

Rare radiative decay of D° — v

@ FCNC process is forbidden at tree level in SM; but NP modes allow it and lead to significant
enhancement on BR.

e D% — 79: a sensitive probe for new physics.
o Belle: most restrictive limit (832 fb~1): BR < 8.5 x 10~7 approaching SM prediction (10~%)
e This FCNC decay will be probed further at Belle Il on 50 ab™1: ~ 107 — 108

@ With respect to LHCb, there are still some rooms for semileptonic decays (neutrinos in final
states) at Belle II.

10% ;1072
_______________________________________ 3 E UL's of rare charm decays by HFLAV [ref. HFLAV link]
< . ¢
e 8 100 — A,
=4 A
& A tem 12 P A S0 o
107 9 Yoa ® A - A A
N % L 2PN ® o e PS
10 é S
° <*
> g
106 b > =
°
* Belle o LHch
ol ® 2 5 e
A CLEON < HERAB
E - CLEO PRL 90, 101801 (2003) > BaBar @ CDF
0% ® 791 N Argus
- BESIII PRD 91, 112015 (2015) ° S e PRI
100k - BaBar PRD 85, 091107 (2012) v 653
Belle PRD 93, 051102(R) (2016) 107" =
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Rare or leptonic charm decays

L]
(Semi-) Leptonic charm decays

prospects for D (semi-) Leptonic decays

» (Semi-)Leptoinc charm decays involve both well-understood weak interactions physics and
non-perturbative strong-interaction effects = test lattice QCD or measure |Vy| and |Vc|.
o leptonic decays are used to extract |Vq|fp or | Vs|fp,
o semileptonic decays are used to extract |Vqq|f7(q? = 0) or |V|fK(q? =0)

o Study Episs(v) in c€ — DGED*™ X0, where D* — (Dsig — (h)fv)7t ({=e/p; h=K /)

With Priss = P+ 4+ Pe— — Prag — Prrag — Py(—Pp), define Umjss (better resol.) or Mpiss
= T T T T o asp T AR T T =
= 3z0f MC1ab™ IJ — Total 4 2 MC 1 ab™ — Total
© [ —siona = 30 — signat E
Z o8l — Backaround = — Backaround
] Unmiss = _ 2 28 Mpmiss = \/P2 s E
= 201 Emiss — |Pmiss| E £ 20

i}
15} E 15
10p 10
5 st
o ancfS 3 1T Solm] P fe ot e ¥y
D 01 0 0.1 2 03 ®¥3 "oz 01 0o 01 02 03
U i0a(D, XiragTsKe) [GeV] M3,
a3(DyagXirag

Fisa(DyagXiragsKe) [(GeV/c?)?]

o Leptonic decays yields estimation at Belle Il with 50 ab~!

Mode Dy — u v DY — v D~ —u v D — nltv
0.91 ab~T 0.92 ab~T 0.28 ab~T
Belle 3
492426 (695 +1) x 10 126+12
Belle 11 27000 38 x 10° 1250 7.0 x 10°
e Sensitivity | improve | Vis|pest 7X better <2% |Ve4| comparable to BESIII
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© ROE method of D° flavor tag
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ROE method of DY flavor tag

ROE: a new D° flavor tagging method

@ To measure CPV, the flavor of D° is determined effectively.

o At B-factories, the charge of 75 from D*+ — DO is used to tag the

flavor of D% but D° mesons from B decays are excluded.
= only D° from D** in cc events (25%) were used.

o ROE method: select events with only one K in the Rest Of Event;
o the charge of this K* in ROE to determine the flavor of D°.

Charged D*
25%

neutral D*
35%

ce — D*F X, D*t - DO
ce — D*0x, p*0 — p0707p0,
ce - DOD~ X/DOAZ X

— d
DO () == products
tagged D°
A 0 0 0
[ . Niag _ Ctag | NgenJr(l*e’tfag)'N;enN 1
é‘atkag N;en

___________ restoftheevent / : Nisg

something ~———————— ®  eraction point
else /

here ejag(e?ag): tagging efficieny of D*(ROE)

¢ method with 80% (< 20%).

products cq zen(Ngen):

i other decay - / : - N*

K* (;u) Flavour tagging <¢ - -

(NS,,): number of D° produced by a D*
(other cc event) with Ng,en iNZep =3:1

A reduction of ~ 15% of o(stat) on Acp

~C2, lAn additional DO sample from ROE for mixing and CPV measurements.[
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e Summary
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Summary
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Summary

» Belle Il at SuperKEKB which aims to achieve luminosity of 8.0 x 103® cm~2s~1, will
collect 50 ab™?! of dataset, which gives us a rich program for charm physics study.

» Many impacts on charm physics at Belle Il with the large dataset are presented,
benefiting from the improved tracking efficiency and vertex reconstruction,
o DO-D° mixing and CP violation measurement with much more precision

@ more precise and exciting results for CP asymmetries
@ competitive in searches of several rare charm decays
» A new D° flavor tagging method, ROE, will increase an additional D® sample.

» Belle Il will achieve more precise measurements (mostly one order of magnitude
improvement) of charm observables in the next decade, improving our knowledge of
charm physics and searching for new physics beyond the Standard Model.

Let’s look forwards to the charming news of charm physics from Belle II.
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Back up

Thank you for your attention.
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Status of DV-DY mixing and CP violation
[ ]

Status of D%-DO mixing and CP violation fmainly ref. charm physics at HFLAV]

h . CLEO
Decay Type Final State % % BESHI
WS 2-body decay KT * * v V sk
CP-eigenstates KtK=/ntn e " “i’(:C)P Vae YV
WS 3-body decay Ktm o(B) P V Acp o5
e -
Self-conjugated Kem' 7t — N v v VA Y g
KIKTK (c) v o -
3-body decay o0 s
KIn'm Y Dalitz__ °ycp
Self-conjugated SCS | ntm— v Acp »/Z”CXP'"g V Acp o5
3-body decay KTK= " VA )
SCS 3-body KIK=nT VA Vs o5
Semileptonic decay KTl v, v v v
Kfn nfn V Rys v * O5RS
e -
Multi-body(n>4) T “Acp /(“f)P
KtK - ntm oAy Var Y dep Y Acp o
Kintm VaAr
(3770) — D°D" via correlations vV skn Vyep

% for observation (> 5¢); 7 for evidence (> 3c); v for measurement published; o for analysis on going. At stands
for measuring CP asymmetry using T-odd correlations.
The related publishments are linked under their corresponding signs.
(a) LHCb also give the measurement of indirect CP asymmetry in D® — h~h* decay in PRL 112, 041801 (2014).
(b) Belle measured WS-to-RS ratio Ryys and Acp in D° — K¥ =70 in PRL 95, 231801 (2005).
(c) Belle measured ycp in D° — K2 in PRD 80, 052006 (2009), the amplitude analysis for mixing parameters is on going.
56?7 (d) LHCb also search for CP violation using T-odd correlations in D% — KK~ 7+ 7~ decays in JHEP 10(2014) 005
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.111801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.5038
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.251801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.231802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.5038
http://www.sciencedirect.com/science/article/pii/S0370269314003815
http://arxiv.org/abs/1212.3478
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.012004
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Belle Il detector upgrade

@ Vertex detector:
o 2 layers PXD (DEPFET) + 4 layers SVD (DSSD)
o smaller inner radius, larger outer radius
= better vertex resolution
= improved efficiency for slow pion and Kg
Central drift chamber
o smaller cells, larger outer radius
= improved momentum resoluion and dE/dx
Hadron Identification

o TOP (barrel) and Aerogel RICH (forward): replace ACC+TOF
= less material in front of calorimeter
= improved hadron ID

Electromagnetic calorimeter
e waveform sampling technique to cope with increase background

KE and muon detector

o RPC's in endcaps and first two layers of barrel replaced with scintillator counters to cope with
increased neutron background
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D° Decays to CP eigenstates

e Mixing and CPV: using CP eigenstates D° lifetime analysis relative to non-CP eigenstates
(here h=K/r):

— Kn _ {1  Ap— 7(D%— hh)—7(D°— hh)
Yer = 22> L' = Z(BY=hh)+7(DO— hh)

if CP is conserved, ycp = y;

if direct CPV negligible, ycp = y cos¢ — %AM sing, Ar = %AMyCOS(l)* xsin¢

Belle: the first evidence (540 fb™1): ycp = (+1.31 4 0.32 4 0.25)% [PRL 98, 211801 (2007)]
Belle updated result(976 fb™1) [ps 753,
412 (2016)]

yep=[1.1140.22-40.09]%(4.70)
Ar=[-0.0340.20+0.07]%

o Belle Il sensitivity (50 ab™!):
[0ycp =~ 0.06%, 0a; ~ 0.04%]
One order of magnitude improvement -1 ‘ 10 ‘ ‘ ‘

-1 -0.5 0 0.5 *1 -1 -0.5 0 0.5 _1
; . 0 cos 6
° %g‘:}r %F(’)—ael(ggg(s);a:cdecays. KS . open(full) circles for 3(4)-layer SVD
sW, Ngdo .
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Belle 11 detector upgrade
°

Do three-body self-conjugated decays

DO three-body self-conjugated decays D° — Kgnﬂ

Belle Kgrr*rr’ by time-dependent Dalitz analysis [T. Peng et al. PRD 89, 091103(R) (2014)]
o direct measure x and y; search for CPV: g/p # 1
e 921 fb~! dataset: ~1.23M signals with high purity 95.5%
@ a sum of quasi-2-body amplitudes: CF/DCS/CP-eigenstate ys, like K*F ™, ng

@ isobar model with form factor (Blatt-Weisskopt), angular de ence (Zemach tensor)

’ =y .~ 1s000- 0.015
e 10° ’/\ """ CP-conserved(10,95%
A s 2 / 0.01 — CPV:allowed(95%)
,;: 2 i S 10000) \ 10 / \ —
i & It $7 AN N
= B~ 2 43 = /
b i1 g 5000) } \I g 10° / \\ o
i ( ¢ mz -
L 5 " -0.005
m2, (GeV/c) °oF '" ' h“ W‘M g 1
3000 o 2000 2000 001 0005 0 0005 001 0015
. Proper time (fs) x
B 1so0d (\ % 80000) ﬂ K*
£ | M Feel |
§ | \ / “ & s0000 | dataset Belle Belle II
g | /1 B o “ 976 b1 5ab! 50 ab~!
g {‘\/ R r‘i x(%) 0.56 +0.197003 7005 | +0.08 +0.11 003011
i IR I §ad | y(%) 0.30 ié)éSjg e o0s | 40.06+0.05 | 40.02£0.04
a ) @ N : la/pl 0.907 370700 000 | £0.07£0.07  +0.02+0.07
e i 3 3 z arg(q/p)(°) —6+£11+373 +5+4 +244
& m? (GeV¥c?) m2 (GeVZc®)
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Belle 11 detector upgrade
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T-odd asymmetry measurement

T-odd asymmetry measurements in D four-body decays

» T-odd correlations provides a powerful tool to indirectly search for CP violation:

(1) a triple product of momenta;  (2) assuming CPT symmetr
Parity-odd observable C1 = (p1 X p2) - B3 and its
CP-conjugated observable Cr

M — P1P2P3P4

\

in mother
rest frame _,
[(Cr>0)-T(Cr<0) 5 _I(-Cr>0)-T(-Cr<0)
[(Cr>0)+I(Cr<0) T T(-Cr>0)+I(—Cr<0)

» T-odd asymmetry definition to veto FSI effects:

Ar =

1 — :
a-'(:;’dd = E(AT — A7)| can be nonzero if CPV “Pi
» Observing a T-odd asymmetry would be a signal for processes beyond the SM.
>

Status of T odd as(}/mmetnes in charmed mesons decay—rates
D% — Kntnn ali9dd = (—0.28 £1.38102%) x 1073 Bellel!

D% — K*K’ ntnT afdd = (+1.7£2.7) x 1073 LHCbZ, BaBarl3, Focus!*!
DY - KK*tntn~  aldd = (~1.104£1.09) x 1072 BaBarl®!, Focusl*l
Df = KK mtm~  ali$dd = (~1.39+0.84) x 1072 BaBarl, Focus!

[1] K. Prasanth et al.(Belle Collab.), Phys. Rev. D 95, 091101(R) (2017)

2] R. Aaij et al.(LHCb Collab.), JHEP 10, 5 (2014) H 1

H P del Amo Sancher e::/(BaBar Collab.), Phys. Rev. D 81, 111103(R) (2010) Belle Il could Improve these results with more
4] J.M. Link et al(FOCUS Collab.), Phys. Lett. B 622, 239 (2005 e : H

‘[5]‘ TP Lees et o ((EzBar CoHZba),)PhysysReve“D 84, 031103((R) (2\))11) precision benefited from the increased dataset.
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T-odd asymmetry measurement

ACPin charm decays into neutral kaons [ref. Fu-Sheng Yu et al., arXiv:1707.09297]

@ A new CP violation effect in charm decays into neutral kaons, e.g: D" — Kgno with
evidence for CP violation: Acp = (—0.363 £0.094 + 0.067)%

CPV in interference between
kaon mixing and charm decays

Acp(t) ~ [AEn(0) + A5(0) /D)

.»ﬁ‘ 2 (Re(e)costamt) + Tm(e)sin(Amt) ) |(10°3)  aigh(o) = e L'/"'+(A"'/"<Im\v cos

Indirect CPV in kaon mixing

+ AGL() + Aﬁv,',(r)} /D(1)

Acp(t) ~

AB () = 2¢7Y/7s

Amt) — Rr(r)xin(AmL))]

—o t —0 ¢ (104~3)
CF N oF K?
ks n ™
/ \ \ Dominant / \ Non-negligible
D+ s but D [ and
. important
irrelevant to charm
DCS ot
K°

New findings
Report at Beihang Univ. at 22nd Jun. 2017
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Belle 11 detector upgrade
[ ]
E method impacts

Impacts on measurements of CP asymmetries ref. [BELLE2-NOTE-PH-2017-001]

0
» Ratio Z—i‘ of Acp statistical sensitivity o between ROE method and D* method
A

0
a1 Q" e
ah 3 Q0 (P

o effective tagging efficiency: Q = €15(1 — 2w)? with mistagging ratio w;
® Orec: purity of reconstructed D.

» Combining ROE and D* method: 0§ = ﬁ ~ 0.85 - 0, with assuming pec /0% = 1.4

x< 2.2 S 0.92r—

T T T T T T T
\b 2.1 /Il MC5 Production 4 < EI MC5 Production
< 2 < 7 .

o, ] vos A reduction of ~ 15%
19 0.88 / of o(stat) on Acp
18 0.86 ]
1.7
165 1 0.84) 1
155 — Criteria A 0.82) — Criteria A ] Criteria A basical (see ref. [BELLE2-NOTE-PH-2017-001])

A Criteria B veto rec.ed K{ = 7~ in ROE;
1475 — CriteriaB  J — Criteria B proper cut on cosfl: po
- L 0.8l L Criteria C  veto all KI/K{ gen.ed in ROE

135 — Criteria C - — Criteria C same cut on cosfy- po as before
1 0.78.

I Lol | 1 [T
1 1112131415161.71819 2 11112131415161.71819 2

0 0
WEC2, Pleco ! Preco Pleco ! Preco
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