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Introduction
°
Belle detector at KEKB

Belle experiment at KEKB

v KEK: T4V — hoig BAF MM © 5ILT
v B factory: /s =10.58GeV: Y(4S) — BB
v highest peak lumin. £ =2.1x 10% cm2s~!

v Belle Collab.: 536 colleag. 91 institut., 20 countries/regions

v China(5): IHEP, USTC, PKU, BUAA, Fudan.
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17 » Belle detector:

©® good P / vtx. resolution

35GeV @ high rec. eff. for 7/K2/n®
e © low bkg, high trigger eff.
» [Ldt ~1 ab~! dataset provides
e ~1.1x10° BB = a B-factory;
° |~ 1.3 x 10° c¢ = a charm factory;
b e ~0.9x10% tH7™ = a T factory;

o wide EST.=[0.5-10] GeV via ISR.
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Introdu
[ ]
Available Charm Samples

Available Charm Samples from Charm factories, B-factories, hadron colliders

Experiment  Machine C.M Lumin. N(D) efficiency  advantage/disadvantage
- >3 CESR 1 2.9 x 108 © extremely clean enviroment
CiLKE% (ete™) 3.77 Gev 0.8 b 2.3 x 105(D¥) © pure D-beam, almost no bkg
: . 417GV 0.6 fb! 0.6 x 10° ~10.30%  © quantum coherence
BEPC-II 10.5 x 10° ® no CM boost, no T-dep analyses

-1
BESI'I (e'e) 377 GV 2,02 fb 8.4 % 10° (D)
4.18 GeV 3fbt 3 % 10°

* ok k
KEKB 1 9 © clear event environment
(eTe™) 10.58 Gev 1ab 1.3x10 ® high trigger efficiency
~5-10% © high-efficiency detection of neutrals
PEP-II 1 g ° ©® many high-statistics control samples
T 10.58 GeV 0.5 ab 6.5 x 10 . .
(eTe™) © time-dependent analysis
* % ** ® smaller cross-section than pp colliders
Tevatron ) g6 1oy 06 b 1.3 x 101 ) .
(pP) ® large production cross-section
<0.5% © large boost: excellent time resolution
. LHC 7 TeV 1.0fb T 5.0 x 1012 e ® dedicated trigger required
% (pp) 8 TeV 2.0 fbt ’ ® hard to do neutrals and neutrinos
*kk *

here we used (D9 D%@3.77 GeV')=3.61 nb, ¢(D" D~ ©3.77 GeV/)=2.88 nb, ¢(D* Ds@4.17 GeV')=0.967 nb,
0(c2@10.58 GeV')=1.3 nb, o(DY@LHCb)=1.661 nb. This table mainly refers to IJMP A 29 (2014) 24, 14300518
and G. Casarosa’s report at SLAC experimental seminar 2016.
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Status of D%-DO mixing and CP violation fmainly ref. charm physics at HFLAV]

DO-D° mixing
g 12 [cPv allowed
= 12 canzors |
3

mio|

-0 20
30

—0.4] e
-0 50

-0.6 -0.4-0.2 0.2 0.4 0.6 0.8 1.2
X (%)

Arg(q/p) [deg.]

indirect CP violation

T0
. 4
[ cunzois 50
a0F
201
o
20
a0
B | 1
06 08 1 iz 14 16
la/pl

CP violation in D° — KK /ntrt

0015
Basar
Summer 16 Belle
COF Kier
0.010 LHCD SL KK+s7
LHCD prompt KK
LHCD prompt
0.005
S 0.000 o
~0005 F
8T ¢
-0.010 -
-0.015
0015 -0010 0005 0000 0005 0010
ad

Longke Li

U Mixing and CP

iolation Measurement at Belle


http://www.slac.stanford.edu/xorg/hflav/charm/index.html

Introduction
[ Je]
Status of experiments

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

.. . . . . . . . O
DO-D° mixing indirect CP violation CP violation in D — KK /ntrt
= 5 P TS 0015
SN HFLAY | CPV allowed 4 50- 20 @ Basar 0 nocev
= 12 Clere | ‘ 3, OO0 emizois 50 g MY
= CDF KK+77.
1 S sl 0010 reisap
s F oo kK
gt oo
N 20~ 0.005
of- ——
20
f £
mio| -40— a
0. b 40: ~0.010 g
30 L 3
—0.4] e .
-0 50 L | i -0.015
-C06 0402 02 04 0608 12 0.6 0.8 1 1.2 14 1.6 ~0015 -0010 -0.005 0000 0005 0010
la/pl g
X (%) o ind

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

ion Measurement at Belle


http://www.slac.stanford.edu/xorg/hflav/charm/index.html

Introduction
[ Je]
Status of experiments

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

DO-DO mixing

SO LAV || [cPv allowed

= 12 oz |

Wio |
-0 20
3a
-0.4 ae
- 50
~0.6-0.4-0.2 02 04 06 08 12
X (%)

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

Arg(q/p) [deg.]

indirect CP violation

T0
. 4
[ cunzois 50
a0F
201
o
20
a0
B | 1
06 08 1 iz 14 16
la/pl

CP violation in D° — KK /ntrt

0.015
Summer 16 Belle

Bagar 0 nocev

=

Babar
0010 COF Kier [
- LHCD SL KKk ]
LHCD promt KK
LHCD prompt =
0.005
8 —
S 0,000 e
<
~0005 F
8T ¢
-0.010 -
-0.015
0015 -0010 0005 0000 0005 0010
ad

@ No hints for indirect CPV < no direct CPV (|q/p|,¢)=(1,0) at C.L=40%
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most important physical goals for Charm WG at our Belle/Belle Il experiment.

0.005 0.010

n Measurement at Belle


http://www.slac.stanford.edu/xorg/hflav/charm/index.html

Introduction
oe
Status of experiments

StatUS of DO-DO miXing and CPV [mainly ref. charm physics at HFLAV]

Decay Type Final State BES]]I
DCS 2-body(WS) KT V gk
DCS 3-body(WS) Ktm n 0§
+h— % ¢ 4(B)
CP-eigenstate (even) h'h - - “Ace Vae Y
(odd) K29 v
. Kot v v v v v
— = S Acp 5
‘j:lcfaconj. 3-body SIS 7 o
Y Kerm® v Dalitz__ Oycp
Self-conj. SCS 0 V Acp ‘/Z”CXP'""’T v Acp og
3-body decay KTK— 0 V Ace o5
SCS 3-body KIKE T Acp Vs )
Semileptonic decay KT, v v v
KTn—nim | VR v * O 5RS
= - d
Multi-body(n>4) AT | CAce v,
KK mhm | oy V ay 5 Vagp ©
Kintn n° VaAr
(3770) — DODP via correlations V skn Ve

In D°-D° mixing measurements: % for observation (> 50); ¥ for evidence (> 30); v for measurement published;
o for analysis on going. At stands for measuring CP asymmetry using T-odd correlations.

(a) LHCb gave the measurement of charm mixing and CP violation in D% — K*hT decay in PRD 95, 052004 (2017).

(b) LHCb gave the measurements of CP violation in DY — h~h*t decay in PRL 112, 041801 (2014) and PRL 118, 261803 (2017).

(c) Belle measured WS-to-RS ratio Ryys and Acp in DO — K¥ 7+ 70 in PRL 95, 231801 (2005).

(d) LHCb also searched for CP violation in phase space of D? — 777~ 7w+ 71~ decays in PLB 769(2017) 345.

(e) LHCb also searched for CP violation using T-odd correlations in DO — K+ K~ 7+ 7~ decays in JHEP 10(2014)005
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mixing and CP violation

Formalism and experiment remarks

Formalism of D°-DO mixing

@ Open-flavor neutral meson transforms to its
anti-meson and vice versa:

K® & KO, BY < BY, BY & BY, D° < D°

o Flavor eigenstate (| D), |D°)) # mass
eigenstate |D; ) with M; o and ' 2)

|D15) = p|D°) + | D) (CPT: p*+q*=1)

o Mixing parameters definition:

My — M» Lh-Tp L+l

X= ———, y= T , 2

r

@ under phase convention
CP|D% = |D%), CP|D°) = |D°),

o with CP conservation (g = p = 1/1/2):
|Di2) = |Ds ) (CP eigenstates)

Longke Li (

Mixing and CP Violation Measurement at Belle

o Unique: only the up-type meson for mixing
e Standard Model predicts: ~ O(1%)

c d,sb u c w u

(2) long distance (~ 1%)

@ Precise measurement of x, y: effectively limit
New Physics(NP) modes;

o search for NP, eg: |x| > |y|

Sep. 23 at Nankai Univ.



mixing and CP violation

Formalism and experiment remarks

Formalism of CP violation

» CPV: Charged-conjugated-Parity combined symmetry Violation

I'(D—f)—T(D—f)
Af — - ") _ f f f
‘ P TDfI(D—F) @ mta

(1) af: (direct CPV) CPV in decay |A7/Af| #1 (3) af: CPV in interference with
arg(q/p) #0

2 - 2
= A = A
| ‘v\f| # | \'\f| PO /'f 2 P /f 2
'\ '\
+ F3 B +
(2) af,: CPV in mixing with r,, = |q/p| # 1 Poi.\PO;<f ﬂ,ﬂ(f
0 po _ _a_|2 = 2
Pre e PP e
N -

@ Standard Model supplies only a CPV source: the phase in CKM matrix
o in charm sector, it's predicted at ~ O(1073)

@ under current experiment sensitivity ~ 1%, to observe CPV — NP

Longke Li g - Mixing and CP Violation Measurement at Belle Sep. 23 at Nankai Univ.



DY-DY mixing and CP violation
[e]e] le)
Formalism and experiment remarks

Formalism for time evolution

o Time evolution of D°-DP system:

st (Bi0) = 0440 (3(5)

diagonal: D — D,non-diagonal: D — D.

7= 0946, y = 0.997 2 =0.776, y = 0.01

arbitrary units
arbitrary units

o time evolution related to (x,y) and (q/p)
|D°(t)) = g+()|D%) + fg-(1)|D°%)

|D°(t)) = Bg—(t)|D°) + g+ (1)| D%)
gi(t) = e(*"M*%r)tcosh ( 'X+yrt> :E: e
£l
g (t) = e-M=3D)t ginp ( x +yrt>
@ Probability that the flavor is/is not changed at [ :

time t with a pure flavor state |DO) () BY-BY (d) D°—D°
[(D°]D°( t)>‘ et (cosh(yI't) + cos(xI't)) y effects lifetime in amplitude; x: brings a sine oscillating.
|(D°|DO( t))\ = E\%\ e Tt (cosh(yT't) — cos(xTt)) » DD mixing measurement is most difficult.

Longke Li b Y Mixing and CP Violation Measurement at Belle Sep. 23 at Nankai Univ.



DY-DY mixing and CP violation
[e]e]e] ]

Formalism and experiment remarks

General experiment remarks at Belle

tag flavor of D° using charge of 7t from D*: D** — D7 /5071; with D — f.
veto signals from B decays: p*(D*) >2.5/3.1 GeV/c for Y(4S/5S).

0 [ifatima: _ Mo = B
D lifetime: tpo = Tp(rdec — Tprod) * ry

lifetime error 0; by error matrix of production vertex, decay vertex and momentum.
extract signal and BKG fraction by M-Q 2-dimensional fit:

M: invariant mass of reconstructed D% M = Mo ,,
Q: release energy of D* decay: Q = Mp+ — Mpo —my, / AM = Mp« — Mpo

Signal
B Rnd.BG
EE Cmb.BG

Events/2.2MeV

" P° decay vix
~ 100 um

€ D* product vix et

Mass (GeVIE') 0 (MeVIc)

U Mixing and CP Violation Measurement at Belle

Longke Li



mixing and CP violation
o
Decays to CP eigenstates

mixing and CPV in CP-eigenstate decays

Mixing and CPV: using CP eigenstates DO lifetime analysis relative to non-CP eigenstates:

-1 Ar= (D%~ hh)—7(D%—+hh) (here h=K /)

Vep = K
<p <Tpp> (DO~ hh)-+7(DO— hh)

o Belle: the first evidence (540 fb™1): ycp = (4+1.3140.32 £ 0.25)% [PRL 98, 211801 (2007)]

o Belle updated result (976 fb~1) & g pis 753, 412 (2010) g 3
Yep=[1.11£0.22£0.091% (4.70) £ 14t | + ST S |
Ar=[-0.0320.20+0.07]% ﬂ‘t#ﬂ’ * JT ﬁ‘ﬂ 5 TL Lal ,*#I#x.#w

o Belle Il sensitivity (50 ab™1): - T s Ast

Oyep = 0.06%, 0a. ~ 0.04% " “
One order of magnitude improvement 1 05 0 0s 1 1 05 0 05 1
cos © cos 8

open(full) circles for 3(4)-layer SVD
o similar analysis ycp in DO — ng is on-going at Belle
o ycp in D° — K2¢ at Belle with untagged D° sample: 72K(ON)+62K(OFF) signals

yep = m (%) = (40.11 +0.61 £ 0.52)% [PRD 80,052006 (2009)]

o ycp in DO — 1% (~40K tagged signals) (wait for somebody to study at Belle)

Longke Li ), - Mixing and CP Violation Measurement at Belle Sep. 23 at Nankai Univ.
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DY-DY mixing and CP violation
[ Je]

Hadronic Wrong-Sign decay

Hadronic WS decay D° — K~

first evidence for D°-DO mixing Lgr=] first observation in eTe™ collisions
[B. Aubert et al. PRL 98, 211802 (2007)] el (B R o et al. PRL 112, 111801 (2014)]
o fitting DO proper time distribution of WS o fitting time—deplendent ratio of WS-to-RS
sample (384 fb~1) decay (976 fb;)) b
Tws(t) x'2 4 y? = Ius(t) | / XY 12
= « Rp + VRpy'Tt + f(rt)Z Rws(t) Trs () Rp+ VRpy'Tt+ " (Tt)
o fit results: o fit results:
Rp=(0.30340.016(stat)+0.010(syst)) % F\’P:(0.353i0013(stat+syst))%
x'2=(-0.2240.30(stat)£0.21(syst)) x 1073 x 2=(0.09+0.22(stat+syst)) x 1073
y §(9-Zi‘f»4(5tat)i3:1(5Y5t))><1073 y'=(4.643.4(stat+syst)) x 1073
(x2, y') with correlation -0.95 (x'2, y') with correlation -0.948
1600 )l:laata'
1400 2 J piing [
g 12005 (g T 0.006 —
S 1000F- 7] Gombinatorial r
E 800 No mixing fit r
& soo- [
400 © 0.005—
E 3 = k
e 3 = i 5.1
F b H Ao
so b) 4 [
- E N E| 0.004
2 ofes Frteme ] B t
] E ] E
 son 3 i
2 3 2 é 6 é 10

tt
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mixing and CP violation
oe

Hadronic Wrong-Sign decay

prospect at Belle Il for D® — K7~

@ Time resolution at Belle Il based on MC study:

Belle 1l detector

v 4-layer SVD + 2-layer PXD
v smaller innermost layer radius
ao00 opin DO - K+ K- v larger outmost layer radius

<000 v squeezed beams at IP

tresolution ‘
Enuren 87000 10000

10000} Reg(t) in
14000 N0 pet jo—
oo

18000, ‘

- R ol Pilben. S S S T
z 45 T es o o5 1,35 @ % 6,05 0.1 015 02 025 0.3 045 04 045 05
(R s 308

> time resolution = 140 fs: 2X better than BaBar (270 fs)

» time error 0;: factor 3 improvement; and RMS(c;): reduced by a factor 2.

o Res = Gauss(j, ko), so reduced RMS(0) (higher weight in the fit) results in an increased statistics

o Belle Il sensitivity estimation based on ToyMC

o Smear decay time with Gauss (¢ =140 fs) for 1000 experiments
o Obtain sensitivities by RMS of residuals distribution of parameters

Parameter Belle Belle II

976 /fb | 5 /ab 20 /ab 50 /ab

no 7(x?)(107%) 22 75 3.7 2.3
CPV o(y')(%) 0.34 0.11  0.056  0.035
o (x) (%) 0.37 0.23 0.15

CPV- a(y')(%) 026  0.17 0.10
allowed a(la/pl) 0.197  0.089 0.051

a(¢)(°) 15.5 9.2 5.7

Sep. 23 at Nankai Univ.



pY mixing and CP violation
[ JeJele]

time-dependent Dalitz analyses

Three-body WS decay D° — KT

time-dependent Dalitz analyses(TDDA): an essential tool to study mixir bes
= the only method has linear order sensitive on both x and vy. Do WrongSign  gzz

e TDDA in WS 3- body decay D°® — ¥ (assuming no CPV and |x|,|y| < 1 \""m\g //

A2 = ‘Aucs‘z Tty & *Y )‘ACF‘ZU-“Z Tt 4 <Y Re[ADCSA*CF] + —Im[ADCS,A*CF]> l't)e’”}
arg

0

X" = xcosdkp + ysindy,, y' =y cosdy, — xsindiy, ro = |AT|/|APSS| CF

. . 0 Right-Sign -tr®

o BaBar: the first evidence at D three-body decay. [PRL 103, 211801 (2000)] D EISER Kn'm
© o \
> > 300
3 3
2 9 250
E ER
2 2 " _ +0.57 . no_ +0.55
2 2 X" = 261105 £0.39)%; y" = [-0.067025 +0.34]%
H a o £ -, 008

» 0.8 0.04-

%5 1 152 25 oah

m2.. [GeVc!] m2.., [GeVZc!] o8 -

% 04 \ o 3 \
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mixing and CP violation
[e] lele)
time-dependent Dalitz analyses

Self-conjugated decay D° — K2nt 7

" [T. Peng et al. PRD 89, 091103(R) (2014)]

@ TDDA in self-conjugated decays:

(1) direct measurement for x and y; (2) search for CPV: q/p # 1

o DO — Kgrﬁn’ with qusai-two-body decays with difference physics process:
RS: As = (f|H|D°); adr ‘%‘ locoil0t9);  eg: DO — K* 7t etc.

them o ) CF/DCS
WS: Az = (F|H|D°); 1;26*'(5*4’); eg: DO — K*t 7~ etc.

DO Self-C ted K°
CP: Ay = (+|H|D%) cg: D0 KOf etc. elf-Conjugated  K'hh

1+e '
i Miy, §OCS,
CP: A_ = (—|H|D°) A= 7% —i9; eg: DO — Kgp/KguJ etc. \% ,Oy

D
o DP Model with Isobar: 12 BW+K-matrix(7t7t S-wave)+LASS(K 7 S-wave)

e DP m2 = mf(so7r,m2+ = mK0 . for DO, exchange for DO.

3
~ 15000
< - EN *
2 S | g K" peak
3 3 % / A%
L 2 S 10000 3 \ (5 60000
3> = 2 10000 / 2
] ) 5 b3
S S b3 S 40000
t B 5000) b k] \
1 € + so00- £
2 s S 20000
i) I @
o 05 1 5 2 1 3 g 2
m2 (GeVZc?) m2, (GeVZc*) m2 (GeVZcY) m2 (Gev¥c?)
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mixing and CP violation
[e]e] o]

time-dependent Dalitz analyses

Self—conj ugated decay DO — Kg mtm— [T. Peng et al. PRD 89, 091103(R) (2014)]

o Time-dependent DP fit on (m?,m?2,t) to extract (x,y) and (|q/p|.arg(q/p))
[M(F, )2 = S5 [(|AF[2 + | £[2] Ap[?) cosh(yTt) + (A [2 = | £[2| A [2) cos(xTt)
+2Re[ 7 Az A sinh(yI't) + 2 Im[ ] Az Af] sin(xT't)]

o 0.015
o — CPV-allowed(95%)
< 104 i - CP—coniel\ied(la,QE%)
< 2 0.005 \\
= 5 .
[ 2.3 .
o g 10 = . }
= : 0 :
£ o m: _—
-0.005
ol b g
T B i L 001
2 - -0.01 -0.005 0 0.005 0.01 0.015
m2 (Gev?/ic?) 0 opertimetm x
o fit results and prospect estimation:

. Belle Fit result Belle Il prospect \ model-indept. LHCb
Fit type Para. 921 b1 5ab ! 50 ab~! 100 M signals | 50 fb!
No CPV x(%) 0.56+0.1970 57008 | +£0.08 +£0.11 +0.03 £0.11 +0.017

y(%) 0.30+£0.1570:5250% | +£0.06 +0.05 +0.02+0.04 +£0.019
. x(%) 0.56+0.19T 005 obe | £0.08£0.11 +0.03+0.11 0.04
indirect o +0.04-+0.03
(%) 0.30+£0.1570-52100% | +£0.06 +0.05 +0.02 +0.04 0.004
cPv lq/pl 0.90731870-057905 | £0.069 +0.073  £0.022 + 0.069 0.04
arg(q/p)(°) —6+£11+3%; +47+4.2 +15+3.8 3
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mixing and CP violation
[e]e]e] )
time-dependent Dalitz analyses

SCS non-self-conjugated decay D° — KgKﬁTjE

o decay rate of WS-like and RS-like:

Wrong Slgn—hke KK'n~  pO RightSignlike k'K z*
DO
o I'(D° = KK+ ™) = [fp+rDRDy res & A=rp)x?+(1+)y 1Jr’D 2]

o T(DP — KIK ) = e Tt [1 + rpRpy' Tt + w(m ]
where rp = Agyp /Ay, y' = ycosdp — xsindp, coherence factor Rp: ArArRpe D = Ar A%

T

0
Comparing with WS decays D° — K+~ : rK” < 1Vs. rKsK ~1

Db — K0K7r effectively sensitive to y'(large Rp); higher purity (large rp)
CLEO gave in D° — KOKTC Rp =0.73+0.09 and 6p = (8.2415.2)° [prD 85, 092016(2012)]
sensitivity estimation of mixing: ¢(y’) = 0.55% (80K signals) [pLe 701(2011)353]

LHCb has performed Dalitz plot fit on these two decays. [PRD 93, 052018 (2016)]

mixing and CPV measurement in these decays......
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.092016
http://www.sciencedirect.com/science/article/pii/S0370269311006162
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.052018

Time-integrated CP asymmetry

Outline

© Time-integrated CP asymmetry
@ Acp measurements in D decays

@ T-odd asymmetry measurements
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Time-integrated CP asymmetry
[ ]

Acp measurements in D decays

Time-integrated CP asymmetry in D° — KgKg [arXiv:1705.05966]

o time-integrated CP asymmetry measurement based on the partial decay rates:
; T(D—=f)-T(D—>F)
PTT(D—-F)+T(D—F)

o Acp at Belle [Vs. Belle Il precision ~ O0(0.01%)]

Foaf L of
agt+am+ ajr

Channel L(/f) value(%) References
D' 976 +0.55 £0.36 £ 0.09 PoS ICHEP2012 (2013) 353
D° — K'K 976 ~0.3240.2140.09 PoS ICHEP2012 (2013) 353
D° — 70 966 ~0.03+0.64+0.10 PRL 112, 211601 (2014)
DO — K2KQ 921 —0.02+1.53+0.17 arXiv:1705.05966
D° — K2r0 966 0.2140.1640.07 PRL 112, 211601 (2014)

D° — K% 791 +0.54 4 0.51 +0.16 PRL 106, 211801 (2011)
D° — Kﬁq' 791 +0.98 £ 0.67 + 0.14 PRL 106, 211801 (2011)
D° =t 532 +0.4340.41 +1.23 PLB 662, 102 (2008)
D° — Kt n® 281 0.60 +5.30 PRL 95, 231801 (2005)
D° - Ktmmin | 281 £0.43 £ 1.30 PRL 95, 231801 (2005)
D > 0T 921 +0.89 £1.98 £ 0.22 Belle Preliminary
D* — ¢t 955 +0.510.28 £ 0.05 PRL 108, 071801 (2012)
Dt~ yrt 791 #1.74 £1.13+0.19 PRL 107, 221801 (2011)
Dt = y'mt 791 —0.12+1.12+0.17 PRL 107, 221801 (2011)
D* — KA+ 977 —0.363:0.09440.067(3.20)  PRL 109, 021601 (2012)
D* — KIK* 977 —0.25+£0.28+0.14 JHEP 02 (2013) 098
D — Kin' 673 +5.45£2.50 £ 0.33 PRL 104, 181602 (2010)
D — KK+ 673 +0.12£0.36 £ 0.22 PRL 104, 181602 (2010)
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https://arxiv.org/abs/1705.05966
http://inspirehep.net/record/1206609
http://inspirehep.net/record/1206609
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.211601
https://arxiv.org/abs/1705.05966
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
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
http://www.sciencedirect.com/science/article/pii/S0370269316307584

Time-integrated CP asymmetry
[ ]

Acp measurements in D decays

Time-integrated CP asymmetry in D% — KgKg [arXiv:1705.05966]

o time-integrated CP asymmetry measurement based on the partial decay rates:
f I(D—f)-T(D—F) , D*~

_— = +af, +af !
PTTDSAH+ID ) % inf _
) FRRCS D0 — K2
o Acp at Belle [Vs. Belle Il precision ~ O0(0.01%)] g g .
Channel L(/) value(%) References < ES
D’ 976 $0.55 £ 0.36 £ 0.09 PoS ICHEP2012 (2013) 353 H £ s
D° - KYK 976 ~0.32+0.21£0.09 PoS ICHEP2012 (2013) 353 @ @
D° — 70m® 966 ~0.03+0.64£0.10 PRL 112, 211601 (2014) o
D° — K2K? 921 ~0.02+153£0.17 LrXiv:1705.05966 _ T _ s -
D° — K20 966 0.214+0.16 +0.07 PRL 112, 211601 (2014) < 9 ¥ - 2 Y7 g
D° — K% 791 10.54 +0.51 +0.16 PRL 106, 211801 (2011) ofE o oie 0T ot R L v
D° - KE 791 £0.98+0.67 +0.14 PRL 106, 211801 (2011) e A (Gevr
D° — mtm n” 532 +0.4340.41 +1.23 PLB 662, 102 (2008) _ _
D° = Kt~ n® 281 0.60+5.30 PRL 95, 231801 (2005) 2 Loof woor=ore | % f woer =109
D° - Ktmmtm 281 +0.43 4 1.30 PRL 95, 231801 (2005) S 3
DT - 'm 921 +0.89 £ 1.98 £ 0.22 Belle Preliminary § oo — KgKg g oo DO - KgKg
D* — grt 955 +0.51+0.28 % 0.05 PRL 108, 071801 (2012) H H
Dt -yt 791 }1.74 £1.13+0.19 PRL 107, 221801 (2011) S =or s
Dt = y'nt 791 —0.12+1.1240.17 PRL 107, 221801 (2011) 2 o0k 2 1oof
D* — K" 977 —0.363+0.094+0.067(320)  PRL 109, 021601 (2012) H . 2 o
D* — KIK* 977 —0.25+0.28+0.14 JHEP 02 (2013) 098 = > =
DI — Kon' 673 T5.45£2.50£0.33 PRL 104, 181602 (2010) s b v S SR
DS — KIK* 673 +0.12 4+ 0.36 +0.22 PRL 104, 181602 (2010) = f b R B
OO 035 0T Ote 440145 015 0155 016
AM (GeVicH) AM (GeVic?)

o eg: DY — K2K(sig), respect to DO — K27%(resp), measure Acp and branching fraction

0
Ay = MOD-NDY) _ Acp + Apg + A + AK Bk  (N/€)po_k0xg

N(D9)+N(DY) — 5L — S5
N
ASE — ASE, AT AP 4 AK BD"KI®) — (N7€) 50,050

@ most precise measurement on both Acp: consistent with SM expectation; and
BR = (1.3240.02 4+ 0.04 + 0.04) x 10~*: consistent with PDG (1.8 £0.4) x 10~%, but 2.3¢ away from
BESIII (1.67 £0.11 +£0.11) x 10~ [PLB 765(2017)231]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.211601
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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
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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
http://www.sciencedirect.com/science/article/pii/S0370269316307584

Time-integrated CP asymmetry
o

T-odd asymmetry measurements

T-odd asymmetry measurement in D — K2ﬂ+7r*710

» T-odd correlations provides a powerful tool to indirectly search for CP violation:
(1) a triple product of momenta;  (2) assuming CPT symmetry conservation
M - P1P3P3P,

v

Parity-odd observable Cy = (P1 x p2) - B3 and its

CP-conjugated observable Cr ’r’;s’;’;::;’e

.- (Cr>0-T(Cr<0) 4 _
T T(Cr >0 +TI(Cr<0) =

I'(—Cr>0)-TI(-Cr <0)
I(-Cr>0)+TI(-Cr <0)

» T-odd asymmetry: remove strong phase introduced by FSI

1 — ,
a‘gﬁdd — E(AT _ AT) “Ply
» Observing a T-odd asymmetry would be a signal for processes beyond the SM.
» Status of T-odd asymmetries in charmed mesons decay-rates:

D% — Kontmm®  alipdd = (—0.28+£1.38752) x 1073 Bellel!l

DO — KYK-mtmn~  alpdd = (+1.7£27) x 1073 LHCbP!, BaBarl¥l, Focus!*l
Dt — KK+t aldd = (~1.10+1.09) x 1072 BaBarl®!, Focusl*!
Df —» KIKtmtm~  alPdd = (—1.39£0.84) x 1072 BaBarl®l, Focus!*l

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

R. Aaij et al(LHCb Collab.), JHEP 10, 5 (2014) ) ]
P. del Amo Sanchez et al.(BaBar Collab.), Phys. Rev. D 81, 111103(R) (2010)  Belle Il could improve these results with more

M. Link et al.(FOCUS Collab.), Phys. Lett. B 622, 239 (2005) precision benefited from the increased dataset.
P. Lees et al.(BaBar Collab.), Phys. Rev. D 84, 031103(R) (2011)

Mixing and CP Violation Measurement at Belle Sep. 23 at Nankai Univ.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.091101
https://link.springer.com/article/10.1007%2FJHEP10%282014%29005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111103
http://www.sciencedirect.com/science/article/pii/S0370269305009780?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.031103
http://www.sciencedirect.com/science/article/pii/S0370269305009780?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.031103
http://www.sciencedirect.com/science/article/pii/S0370269305009780?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.091101
https://link.springer.com/article/10.1007%2FJHEP10%282014%29005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111103
http://www.sciencedirect.com/science/article/pii/S0370269305009780?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.031103
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Summary

Summary

e Many measurements of D%-D? mixing and CP violation at Belle has been performed, in
different physical process or different technique.
o only one channel gives the observation of D°-D° mixing: D° — K* 7t~ (in e*e~ Collider)
o lots of measurements are under the limit of statistics.
o in some channels, stat. error comparable with syst. error model-independent method has prospect.
@ no hints for indirect CPV in charm

@ Time-integrated CP asymmetries have been studies with many channels, but no significant
signal for direct CP violation in charm.

@ For more information on prospect at Belle |l, please keep mind of talk by Prof. Chengping
SHEN tomorrow.
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ACPin charm decays into neutral kaons [ref. Fu-Sheng Yu et al., arXiv:1707.09297]

o A new CP violation effect in charm decays into neutral kaons, e.g: DT — K5°7'[0 with
evidence for CP violation: Acp = (—0.363 £0.094 + 0.067)%

CPV in interference between

Indirect CPV in kaon mixing L
kaon mixing and charm decays

—
Acp(t) ~ M+ AT () + AL ()| /D(t)
} Ac(t) = [ABp(®) + A%H®) +{a3h0)] /D)
ABp(0) = 2675 [Rete) |- 272 (Re(e) cos(Amt) + Tm(e) sin(Am) )](10 3) A (e) — n+(m,,z(ZmI')WMW) _ Rt,(t)sin(&ml))]

L t 4 ~-3
A _\Ko K° T~ ko (102)

CF CF Tt
/ \\ \ Dominant / \ Non-negligible

but and
. important
irrelevant to charm

New findings

Report at Beihang Univ. at 22nd Jun. 2017
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Dalitz plot(DP) analysis with Isobar model

@ DP of 3-body decay described by Isobar model:

Phys. Rev. 123, 333 (1961)

o A,: dynamics of D — (r — ab)c
PRD 63, 092001 (2001)

) a b D a
NRO {ab) < {ac} a {be} b \ r
—éb A N ¢+ c Fp = F /
¢ b a / \
b

c
C

M(mZy, mp) =¥, are'?r Ar(m3,, mi,) + ange/Pr

here ar(¢r) is magnitude (phase) of resonance r.

[Ar(m2,, m2) = Fp x Fr x T, x W]

> F,, Fp form factor: PR D 63, 092001 (2001)
using Blatt-Weisskopt Barrier form factor, depend on
orbital angular momentum /(here ¢ = J(spin of res.)

> T,: resonance lineship
usually use relativistic Breit-Wigner with mass dept. width

For wide width or special resonances: Fro=1
mass-threshold: Flatté model, eg: £(980)(KK) / ap(980)(KK/14'm) F, — Iz
77t S-wave overlapping res.: K-matrix model ey A16 (2003) 220-258 =T Tz,
7t P-wave: p with Gounaris-Sakurai (GS) model  pre 24,244(1968) Fiop = V(@ =32+9z
K7 S-wave: K;(1430) with LASS model  epJ c7a (2014): 3026 (2ap=3)°+025p
i i . Frs— 2,(2,—15)2+9(22,—5)
> W, angular distribution: I=3 T ez 1507 19(22355)
(1)Helicity form [pro 78, 052001 (2008)] Fiq= (27 452, +105)2 4157 (212, 21)?

(22, ~452,,+105)%+157,5 (21,5 —21)%

(2)Zemach covariant tensor form [PR 133, B1201 (1964), PR 140, B109 (1965)] > ! !
here z = (R - q)? R is the radius of D or res. r

Longke Li U Mixing and CP Violation Measurement at Belle
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Dalitz amplitude analysis

» |Dalitz plot(DP) fit
o p.d.f of signal DP:

(1) efficiency plane € correction
(2) considering mass resolution Res(m)
(3) normalization

[GeVZc

2
Kn'

‘M(mgzm"’%&f)‘zx‘mRes(m)‘dmfz,wmgif)

2 2
sig (M3 . M35 ) =
Peig (M2, M33.1) = 1ot B, TM (2 2 26 s (m) < (2 )

o fit method: unbinned maximum likelihood (UML)

2InL=2%7,In [Q}gpsig(mfz,i’ m3s i) + Lx—bg fepx(miy ;. '"%3,;)}
signal-to-bkg f' determined by kinematic variable fit result, like M-Q.

> [time-dependent Dalitz plot(TDDP) fit]

o p.d.f of signal TDDP with considering time resolution : Rz (t)

) 'R (ti—t! 01) | My (m2, - m3 .,r’)\z-e(mz am2s )

o (M2, M2, 0l) = J dt' Reg (ti—t' o) | M (m3p ;.35 ; 12,1 M3,
Psig(mi j, m33 7, ti, 07) T dt ffpp driydids

o fit method: unbinned maximum likelihood (UML) . (GeV:

m . [GeVZc')
2InL =2 ZH'"(’;'igPsig(m%z.fv my ;. ti,0f; x, VIPog(01) + L=bg fipx(miy ;o m3s ;. t1)pEc (0l))}
here p<(coy) is global function for time error, independent on others.

M (mizy,m3s,t)|"e(miy,m3)
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Time-dependent amplitude of D° 3-body hadronic decays

@ Right-Sign(RS) abd Wrong-Sign(WS) decays

a e [ M (RS, t)2 = e TE|ASF2

)
)

0 Right-Sign  g-7*7° o0 Wrong-Sign r° . p
D D eSIEN K'TR" 44 = — JRpe ;X" = xcosd +ysind; y' = ycosd — xsind
M, . " " w2
Xing ct | My (WS, 0)2 :e—rz{u;p(:‘z,(% Re[ADCS AGF* +%‘m[/@(5/,‘?cr,”rt+ x 20;0 2‘A7(F‘2(1-ZJ2}
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@ Self-conjugated CF/SCS decays

CF/DCS SCs RS: Ar = (F|H|D%); WS: A; = (F|H|DC); CP: Ay = (+|H|D)

)

0 2 — m2 2 — Do 2 — m2 2 —
D% i = g, m? = mygy-; D m = i = my,

DO  Self-Conjugated K'hh )0 Self-Conjugated 7o), . :
M2 = {\A]\Qe’y' t 4 |Ag|2et 4 2Re[A1A3] cos(xTt) + 2Im[A1A§]sin(x]'t)}e’“

ing C¥/ Xiiy, sC _ o _ I I .
\\ﬁu < o | M2 = {\Al\ze ITE | Ay [29Tt 4 2 Re[Ay A3] cos(xT't) +2Im[A1A5]sln(xrt)}e re
@ SCS non-self-conjugated decays

SCs sCs (very difficult! No one experiment gives time-dept. amplitude analysis to date.)

A= (KK~ 7+ [H|D%) = (KK 70~ [H]|D%); B = (KQK* 7 |H|DP) = (KIK~ || DO)
IM(RS, 0)]2 = e T AR + 222 B|BP(Te)? + ro(y' Re[AB"] + x' Im[AB))T't |
IM(WS, t)]? = e’r‘{rl%\B\Z + 222 AR(T)? + 1 - (y' Re[BAT] + X' Im[BA‘])l"t}

DO Right-Sign-like KXK' DO Wrong-Sign-like gx+z
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n Measurement at Belle Sep. 23 at Nankai Uni:
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