Charm Mixing and CP Violation at B-factories
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Experimental Charm Data set

» Available data sets from Charm factories, B-factories and hadron colliders

Experiment  Machine C.M Lumin. N(D) efficiency = ®advantage / @disadvantage
- CESR 1 2.9 x 10° © extremely clean enviroment
< E@‘S (ete™) S.f7 Gev' 0.8 b 2.3 x 108(D%*) © pure D-beam, almost no bkg
417 GeV 0.6 fb! 0.6 x 10° ~10-30%  © quantum coherence
BEPC-II 377 GV 2.02 fb-! 10.5 x 10° @ no CM boost, no T-dep analyses
(ete) ' ' 8.4 x 10° (D%)
4.18 GeV 3fb! 3 x 10°
* ok
KEKB 1 9 ® clear event environment
(ete™) 10.53 Gev A 1.3x10 @ high trigger efficiency
~5-10% @ high-efficiency detection of neutrals
PEP-II 10.58 GeV 0.5 ab-! 6.5 x 108 e © many high-statistics control samples
(ete) ' @ ' ® time-dependent analysis
* % % © smaller cross-section than pp colliders
Tevatron -1 11
(pp) 1.96 Tev 9.6 fb 1.3x10 @ large production cross-section
<0.5% ® large boost: excellent time resolution
. LHC 7 TeV 1.0 fb~" 5.0 x 1012 ' @ dedicated trigger required
M (pp) 8 TeV 2.0 fb ! ' © hard to do neutrals and neutrinos
ok K *

here we used ¢(D°DP@3.77 GeV)=3.61 nb, (D" D~ @3.77 GeV)=2.88 nb, o(D* Ds@4.17 GeV/)=0.967 nb,

0(cz@10.58 GeV)=1.3 nb, c(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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B-factories at KEK

e 1stVs. 2"d generation B-factory
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Detectors at (Super)KEKB

Belle detector Belle Il detector

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

: . Aerogel Cherenkov cnt. , Sl +WLSF +MPPC
SCsolenoid = " 08 01501030 Ry o

1.5T EM Calorimeter
Csl(Tl), waveform sampling electronics
CsI(TI) — \
16X0 \~~M M
—= y Particle Identification
electrons (7 GeV) g N / Time-of-Propagation counter (barrel)
= f/ / { Prox. focusing Aerogel RICH (forward)
[ .
Vertex Detector ‘ s I
2 layers Si Pixels (DEPFET) + ’ .y"!.jij;
- . 4 layers Si double sided stri vy
entral Drift Chamber =" ¢ %0 J
- Msmall cell +He/C,H 3 - '
- S | [ = X% ce e/C,He f positrons (4 GeV)
A N Y Central Drift Chamber 3
A - * N Smaller cell size, long lever arm
M B
Si vtx. det. m/ K, detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe Belle Il TDR, arXiv:1011.0352

= SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs

Wire Configuration

* CDC: small cell, long lever arm i
» ACC+TOF - imaging "TOP”+Aerogel RICH §
» ECL: waveform sampling S i
= KLM: RPC - Scintillator +SiPM (end-caps) 20 1200
[emif_layers Belle Il
[ B~ Bellell
10F T -
inner layer: r=20 mm > 14 mm 2
outer layer: r=88 mm > 135 mm-0 2 40 0 10 20 30 40
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data set at Belle and Belle |l
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Each 1 ab™! experimental data provides
e ~ 1.1 x10° BB = a super B-factory;

~ 1.3 x 10% ¢¢ = a super charm factory;

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

Peak luminosity x
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" Arich platform for Charm physics
v' Hadronic Modes
v’ time-dependent CPV & mixing
v’ time-integrated Acp
v' semi-leptonic Modes
v Leptonic and Radiative Decays
. v More exotic stuff (missing energy...)
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Improved performance

» Higher beam-related and QED background(x20)

> Higher event rate (x10): -y e
v’ L1 trigger: 500Hz(Belle) Vs. 30kHz(Belle 1) Vs |
» Improved performance: j:@wr
v’ vertex resolution; tracking; \\
v’ particle identification; o
Vo
» Important effects on Charm mixing and CPV
proper time resolution - signal events En"':f.“’.“‘m proper time resolution - signal events E""'::-Cﬂ:m
teooof - Blelle;l MIC' g e .“:"?‘z’ 200005_‘ Blellelll MICI R T j!:?""‘
16000/~ PRELIMINARY “Tesolution 1 107 E PRELIMINARY “Tesolution 1 1
vomof of 0.14 ps | - 3 of 0.13ps | 3
sooof— DO KK _i 5000%— DO— 1 é
60 nm Zooi} I | / 2 ! ! é 200(;;_. ] ] VIR ! ] é

» Based on MC study, time resolution = 140 fs: 2x better than BaBar (270 fs)
» Time error 0;: factor 3 improvement; and RMS(o;): reduced by a factor 2.
o Res = Gauss(u, ko), so reduced RMS(c;) (higher weight in the fit) results in an increased statistics
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Outline

« DO-D° mixing and CP violation
* Formalism and status
* Hadronic WS decay D%->K*rr
* Time-dependent analyses
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Introduction to D%-D° mixing and CP violation

» Three types of Charged-conjugated-Parity

Open-flavor neutral meson transforms to anti-meson: _ oo
combined symmetry Violation (CPV):

K’ e K° B« BY, BY « B?, D° < D° At _ LD~ f)—T(D—7)

P Ir(D—f)+I(D—¥)

= af +af +af

Flavor eigenstate (|D°), |D%)) # mass eigenstate

|D12) with My and T ) e af: (direct CPV) CPV in decay |A-/Af| #1
PU
D) = p|D°) % q|D%) (CPT: p?+q2=1) e[ = |-=el|
Mixing parameters: |x = 2;’\/’2, y= Li—To ® af: CPV in mixing with rp, = |Q/P| B 1
F1+r2 I11'*‘1-‘2 po po _ _x_ P”

Unique system: only up-type meson for mixing

f- CPV in interfi ith
Standard Model(SM) predicts: ~ O(1%) ® in interference with arg(q/p) 70

e dad . . W . P(J //' 2 po //v 2
> - - . NV N\t _ ' ‘.‘\\ f ) ‘v\\ f
: " " b v dsd 4l b ¢ . . ¢ " + i ks + i
§ . % [ . D° > KK, ==\ . D" P()‘ hlwi /vf L)H ‘P(l /vf
MWWV ¢ ‘-l . [I "\\ » ﬁ'\

~ S

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

@ SM with onl : the phase in CKM
Precise measurement of x, y: effectively limit the SM with only a source: the phase in C

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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measurements of D°-D° mixing and CPV

» summary table Mainly basing on HFLAV group

CLEO
Decay Type Final State E i M ’ % BES]]I
DCS 2-body(WS) K+ * (2 v V sk
DCS 3-body(WS) K+ =m0 o<c) xz:» v Acp O5RS
. 4 N . (b)
CP-eigenstate (even) h™h ¥ Yo Y oaln Vap Y
(odd) KZ¢ v
. Kem+m~ v v v v v o5
Zelf-conj. 3-body K§K+K— = > O Acp >
ecay KS 779 770 v Dalitz Oycp
Self-conj. SCS ntma n® Y Acp /Zg;"g Y Acp o5
3-body decay KTK—nY Arp ©s
SCS 3-body KIK=m~ v Ao Vs 05
Semileptonic decay K € vy v v v
Kn~n | vRye v * O 5RS
— — d
Multi-body(n>4) Tt OAcp \/;()p
KTK—m ™ CAr \/A-r /'(qu)P ‘/Acp ©
Kem™m—m° v Ar
¥(3770) — DYDY via correlations v sk Y yep

In D°-D° mixing measurements: % for observation (> 50); ¥ for evidence (> 30); v' for measurement published;
o for analysis on going. A1 stands for measuring CP asymmetry using T-odd correlations.

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

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

(c) Belle measured WS-to-RS ratio Ryys and Acp in D° — KTt 70 in PRL 95, 231801 (2005).

(d) LHCb also searched for CP violation in phase space of D® — 7t 7w~ " 7~ decays in PLB 769(2017) 345.

(e) LHCb also searched for CP violation using T-odd correlations in DY — K K~ 7" 7t~ decays in JHEP 10(2014)005.
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Hadronic WS decay for mixing & CPV

DCS

° Wrong—sign(WS) decay rates with D°-D° mixing or CPV—aIIowed'

D° Wrong-Sign K'n
N(DO - f') 12 /2) A
— = Rp + \/RD(y cosp — x' snn¢)(Tt)+ f(rt) \u,,* ) /d‘/
0
N(D° — f) D

= =e It [RD - \/R—Dy’(l"t) + M(I‘t)zl (no CPV) r

where x’ = xcosd + ysind, y' = ycosd — xsind with strong phase difference ¢

}

Do Right-Sign K
T % first evidence for DO-D° mixing first observation in eT e~ collisions
BELLE

[B. Aubert et al. PRL 98, 211802 (2007)] [B-R. Ko et al. PRL 112, 111801 (2014)] ‘ D
o fitting D° proper time distribution of WS o fitting time—deplendent ratio of WS-to-RS
sample (384 fb1) decay (976 fb™")

,2 ” rWS(t , xl2 +y12
Tws()  Rp + VRpy'Tt+ +y (Tt)?2 Rws(t) = Rs(t)) ~ Rp +v/Rpy Tt + =, (Tt)?
ﬁﬁ‘:ﬂ.qm 3 Parameter Belle Belle Il
SR 976 /fb | 5 /ab 20 /ab 50 /ab
B2 Gomonuone no  o(x2)(10°9) 22 75 37 2.3
E CPV o(y')(%) 034 | 011 0.056  0.035
- E g (x')(%) 037 023 | 015
"S- « CPV- oy (%) 026 017 | 0.0
orl E el allowed  o(|q/p|) 0197 0.089 | 0.051
s S I T B o(6)() 15.5 9.2 57
E R 5 0 5 10

1749

One order magnitude improvement at Belle Il
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Time-dept. analyses for mixing and CPV

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

>
» Only method: sensitive to linear order in both mixing parameters, especially self-conjugated
decays like thh (not rotated by an unknown §)
» TDDP fit on D° — KTt~ 7% WS decays to extract mixing par. (x”/ry, y"/ro)
n "
1Az |2 = |ADCS|2 It 4 (x? 4+2y )|ACF|2(Ft)2 I'e 4 (y_ Re[ADCSA*CF] + ’;_0 Im[.A’;?CSA*gF]) (Tt)e l'r] ®¢Res(t)
x"" = xcosbkp + ysindkp, y" =y cosdk, — xsinbkp, ro = |AF|/|ADCS|
» BaBar: the evidence (3.20") with 384 fb~1: o(x”,y") = (1325, T922)% [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)] - . o — ” oF —
_Z:"i: e 0.006F - E 4 S13 0y 0.0005697 é :- 54 O
3 2 >0.004F = 4 Z 4k b=
.1 g . - g,
E o g . o.002 3 g , =
".: N B ¥ S S TS W U:u.ulzz o024 0026 b0z 0,;13- (:- ‘I—l ~ . 0 - -
mi-. (GOV’!’C‘) D° lifetime (fs) ) x 0.024 U.()I(QG 0.028 o 0.002 0,(;’0-‘- 8006
ox = 0.060%, o, =0.049%
» More t-dept. measurements, like D° - KTK—, 77—, D° - K2nT 7t~ etc. in backup.
(ycp, Ar) (x.y.[a/pl.9)
R CERefr) D-DP mixing and CP Violation at B-factories HFCPV@CCNU



Time-dept. analyses for mixing and CPV

L.M. Zhang et al. PRL 99, 131803 (2007)
TDDA in self-conjugated decays: T. Peng et al. PRD 89, 091103(R) (2014)

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

DO — Kgn+ 7t~ with qusai-two-body decays with difference physics process:
RS: Af = (f|H|DO); g% — é’,& L¢ ¢i(6+4),

WS: Az = (FIH|DO); 951 = (;z

eg: DO — K*~ 7t etc.
CF/DCS

iﬁe"'(é_‘?’); eg: D = K*t 71~ etc.

= . 0  Self-Conjugated e
CP: A} = (+|H|D°) g%j— = +1:5eti?; eg: D% — K21y etc. D i . K <hh
- _ Miy; pC
A_ 1—e _—ig. Xin (3
CP: A_ = (—|H|D° %AT = —i7c€ 9, eg: DY = KQp/Klw etc. \\gljo
DP Model with Isobar: 12 BW+K-matrix(7t7t S-wave)+LASS(K 7t S-wave)
2 22 2 _ 22 0 no
DP m< = ngn_,er = ng7r+ for D¥, exchange for D".
? 15000] ,
‘;‘g [ gjsooa- 1{\\ 280000[ .K* peak
~ > g [\ N S
s ® L 2 [ ) ‘ ® |
Q 2 '(2 10000 8 | \ { ‘I g 60000
3 S > g'm [ / 5 \l
) S [ = ‘r\ ' \ /’ | o 40000 ||
E % 5000(- 3 1 / /o 3 H
1 o € sooo-| | \/ l S 200000 | |
> Qo f | > I |
: i) e
1 2 3 % 05 1 5 2 . ] 2 3 0 3 2 3
m2 (GeVZ/c?) mZ, (GeV?/c?) m2 (GeVZ/c*) m2 (GeV/c?)
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Time-dept. analyses for mixing and CPV

o Time-dependent DP fit on (m?,m? ,t) to extract (x,y) and (|q/p|.arg(q/p))
(M(F, 8)? = S5 [(| A7 + | 221 Af[2) cosh(yT't) + (| A¢[2 — | £ [2|. A7 |?) cos(xT't)
+2 Re[ 1 A Af] sinh(yI't) +2Im[ ] Az Af] sin(xT't)]

3 0.015
i —— CPV-allowed(95%)
< s J— CP-conserved(1¢,95%)
< T 0.005 p Y
g | - \\ )
‘-: : ] IS AN e
E L S
L -0.005
A ; - é - - '0.%01 0.005 0 0.005 001 0.015
m2 (GeV?/c?) R ey o y
o fit results and prospect estimation:
. Belle Fit result Belle Il prospect | model-indept. LHCb
Fit type Para. 921 fb—* 5ab* 50 ab~! 100 M signals 50 fb—!
x(%) 0.56 +£0.1979%+00¢ | +0.08+0.11 40.03£0.11 +0.017
No CPV ; +8:83:88
y(%) 0.30£0.15°5:04+0.03 | +0.06 +0.05 +0.02 4 0.04 +0.019
i divect x(%) 0.56 = o.19j§;§t§;‘8’§ +0.08 £0.11 +0.03 £0.11 0.04
y(%) 0.30 + 0.15;‘%;0;%?7 +0.06 = 0.05 +0.02 £+ 0.04 0.004
CPV lq/p| 0.90*Q-19+0021085 | +0.069 £0.073 ~ =0.022 £ 0.069 0.04
arg(q/p)(°) —6+11+3F3 +4.7+4.2 +15+3.8 3
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Outline

Time-integrated CP asymmetry
* summary table of measurements
* Search for CPV in D°%->K K
* CPVin radiative decays D°->yV
* T-odd asymmetry in D°->K jtrim®

2R (EeeEfT) DO-D° mixing and CP Violation at B-factories

HFCPV@CCNU



Time-integrated CP asymmetry measurement

@ Time-integrated CP asymmetries are measured based on partial decay rates:

I'(D— f)—T(D—f)

fo_
Acp =

I'(D—f)+IT(D—f)

_ o f . f
=agt+ ajpyg

@ Several measurements are performed at Belle

e.g: in D% - th+, measured asym.: A, = Acp + ArB -+-Ag+ -{—A’é?J

Channel Current measurement Belle 1l LHCb
L(/fb) value(%) References 50 ab (%) 50 fb 1(%)

D 5w 976 +0.55 = 0.36 = 0.09 PoS ICHEP2012 (2013) 353 +0.05 +0.03

D° » K*K 976 —0.32+0.21 +0.09 PoS ICHEP2012 (2013) 353 +0.03 +0.03
D® - 7%x° 966 —0.03+0.64 +0.10 PRL 112, 211601 (2014) +0.09
D® - KIK? 921 —0.02+1.53+0.17 PRL 119, 171801 (2017) +0.20
D° — K2 966 —0.21+0.16 £0.07 PRL 112, 211601 (2014) +0.03
DY — Ky 791 4+0.54 +0.51+0.16 PRL 106, 211801 (2011) +0.07
D% — K§r]' 791 4+0.98 +0.67 = 0.14 PRL 106, 211801 (2011) +0.09
D® 5 wta 532 4+0.43+0.41+1.23 PLB 662, 102 (2008) +0.13
D Ktm 281 —~0.60 +5.30 PRL 95, 231801 (2005) +0.40
D° 5 K'm mtnm 281 +0.43+1.30 PRL 95, 231801 (2005) +0.33
Dt = nOxt 921 +2.31%+1.24 =0.23 Belle Preliminary +0.40
Dt — ¢t 955 4+0.51 +0.28 + 0.05 PRL 108, 071801 (2012) +0.04

D* — g 791 +1.74+1.13+0.19 PRL 107, 221801 (2011) +0.14 +0.01
D" = y'm! 791 ~0.12+1.12+0.17 PRL 107, 221801 (2011) +0.14

Dt — K%t 977 —0.363 = 0.094 = 0.067(3.20) PRL 109, 021601 (2012) +0.03 +0.03
D' - K2K' 977 —~0.25+0.28 +0.14 JHEP 02 (2013) 098 +0.05

DS — Kgrr ' 673 +5.45 +2.50 = 0.33 PRL 104, 181602 (2010) +0.29 +0.03
D! — KIK* 673 4+0.12 +0.36 + 0.22 PRL 104, 181602 (2010) +0.05

o Belle II: precision of 0(0.01%) (down to SM level).

OBelle Il = \/(asztat + Uszyst) ! (‘CBe//e/so ab_l) + ai%red

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

A (FfE

B
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Search for CPV in D%->K.%K°

PRL 119, 171801 (2017)

D*+ i D*—
» The measured raw asymmetry: a
_ N ®
N(D°) - N(D°) Ve
Araw — N(DO) —|—N(DO) - ACP +AFB +Ae —|—A€ % g
» Choose normalization mode: D%->K.m°: |
ACP(DO = KOKO) Araw(DO — KOKO) raw(l)0 - Kg‘”o) & E Mo 2 E "_.
+ACP(D0_>K57[ )+A§’ 0.14 0145AM(0(-;'85VIC?)0155 0.16 0.1 o,145AM?(;165wc7)o155 0.16
500 500
B(D° — K9KQ)  (N/€)po_kogo ¥ oo | B oor =109
B(DO - Kg”O) (N/G)DOaKgn'O % 300 % 300 pO — Kg Kg
» most precise measurement on both A, and § - § -
BR for D%->K.Ks mode: B g
0 ot -
Acp = (-0.02+1.53+0.02+0.07)% R Py B A
=(1.324£0.02+0.04+0.04)x10* OW TS ST _TT Gie G o 018 57 ots

Acp: consistent with SM expectation (improved to LHCb in 2015: (-2.9%5.2+2.2)%)
* BR: consistent with PDG: (1.8+0.4)x10%, but 2.30 away from BESIII result
(1.67+0.11+0.11)x10 [PLB 765 (2017) 231]

» A uncertainty dominated by stat. error=»Prospect at Belle II: expect a precision of 0.2%
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CPV in D radiative decays

» branch ratio measurement in D°->yV

o dominated by long-range contribution (10~5, whereas short-range 10~8)
o Belle gave first observation of D% — ¢y with 78.1/fb data [0. Tajima et al. PRL 92,101803 (2004)]
o BABAR give first observation of D? — K*O~ with 387.1/fb data [B. Aubert et al, PRD78,071101(R) (2008)]

o using 943 fb~! of data; normalize to D° -+ KT K= /K~ =t /nt 7~

® My, and cosfy 2-dimension fit

PRD78,071101(R) (2008)

respectively.

PRL 118, 051801 (2017)

R WTUERESEE] T gm F= ] § |
) —FtnonBackgvound 80 %E;;;I;:Bii?&md §400 NG E’E; 3400—‘+- 0
g gt D“egn%seat e ) ?1:;. in % NDpY — f I
3 o0 f g ..... combinatorial s +‘f ore fittﬁ%s ggee)éaa?kqjg
% o 3 LT ~
< 40 S200- 00 e
2 sof [SWR T L e 4 | T
& 20
10 s >
17 175 18 185 19 195 2 °"08 05 04 02 0 02 04 05 08 O 118‘1”_.--‘ .{::;;"9 5 0 _(.;5 """""" I
M(67) (GeVic’) cos(6,) . ' mass D° (GeV/c?) . cos(®,)
0 _ —5
My, and cos 6 2-dimension fit: B(D — ¢v) = (2.76 = 0.20 =+ 0.08) x 10
B(D° — ¢v) = (2.78 £ 0.30 £ 0.27) x 1075 ('g‘pm"fd (?e"e result, > W.A) 4
only My, fit, and cos 6y consistency check: B(D~ — K* v) = (4.66 £ 0.21 _:t 0.18) x 10~
(first observation) B(D” — p“~) = (1.77 & 0.30 £ 0.08) x 10
(first observation, ~ theoretical predictions)
R CGERERT) DO-D° mixing and CP Violation at B-factories HFCPV@CCNU 18



CPV in D° radiative decays

Belle: First measurement of Acp in D® — VA [T. Nanut et al., PRL 118, 051801 (2017)]

@ in radiative charm decays: A‘C/g > 3% = signal of NP [rpL109,171801(2012)]

N(D°)—N(D°) _
N(DO)+N(D°) —

Acp + Arg + AT

@ raw asym.: A,y =

o Agg, AZ: eliminated through a relative measurement: .Asc'f, = Avan — Aporm 4 Anorm

¥ 3 P ¥ D ¥ o X
g §rd - - S B §eoq
g B B AJ © g by it - g Ly
g, . ' ' Kre § /] s ‘H.\”';1 ;P‘ ¢ m".)‘.',. s }"H.‘l”‘ " X‘
g g }‘ \ X, *(1430) g / ‘ g 1% " (0 E Pl
< - Aﬂ ‘. :-',:f:wa Ero008 ‘)‘ 4 & 200 M e QM
2 < '4} “}’}‘ Kp'(-s =) y \ + i .
Ha {7 & I Ke PSR P“"M \
gl Mool e -
mass Kg-V!’l v b ‘-:-ul! ((invx') ! ‘:-.- o l({ov'ﬂ i . 'r:o-d (({-wr) il = '!:.u o mgcvrcﬁ : 'm--u (Gevich)
|
3| i ||| Ill ‘H ||| || u|,| H 3 3] l|| l“ !q "||l||ll |'5| IIII 'h, 3 3,' .lm l" '“ '. e I|| |.| |‘ W Ill 3 3" ”Ill ‘ || ll l|i |.‘ iy |.| 3 3.|I|' .“"I .". “.' H.' At "y 34“ 0"4 | I‘ “I| NUE gy ’H.
--------------- Y R S RN L S, l, 'l, |‘u l‘ - .! N W ...-.-..-......
mun movm) mass O (Gevie’) mass O (Gevie’) mass O (GeVie -vuu O (Gevie") NnD (Gevie’)
s s - - - -
g, j g, » 2 | s | 8 oo 4y §..J i
i W3 Wt /1t e 14
N | h 1 TN J|° \ / : %a,H Ak M b
i*‘“ 4 *-}" ! ’ Nf+ | I{H R ’ o vy 2oof gttt | s Wt gt
Wi 4 Mgt st
gt b
T 3% 0 L T 3% 3 LI 23 T 23 b i 2% Jr D% =T
| | i | { i « i [ H .
3 3, "I‘ "I Hl l"I ,.'t Wk |ll 'm 3 3‘-..|l||.-"I'."'";'”|I;||‘|'- |'|.,'|||..l i ? il’"lill"""l"' iy N, 3 i‘ " |" 'l' |’ 0" '|."'J|l_,l|-‘u,.'q.‘ 3 3 lM|-.."l-"'ﬁ"'ﬂ"""'- ll';,_h" .'"4_. 3 3_ e ',' ny “. g ey o
Y 6 B i LR | S RN S gy &5 N — BN T JE — T E——
muq) conln,) cosn) coan, ) conn ) coam, )

A‘C”g = —0.094 &4 0.066 % 0.001 A'gp Y = —0.003 £ 0.020 £+ 0.000 Agg‘f = 40.056 4+ 0.151 £ 0.006
Belle I1(50 ab™): 0=10.01 0=10.003 0=10.02
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T-odd asymmetry in D%->K.t*rem®

PRD 95, 091101(R) (2017)

» 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 >Plp2p3p-i
» Parity-odd observable Ct = (p1 X p2) - B3 and its

CP-conjugated observable Ct in mother

rest frame _, Cr aP1 X P
I[(Cr>0)-T(Cr<0) - TI(-Cr>0)-T(-Cr<0) P3 ;
AT = AT —

I'(Cr>0)+T(Cr <0)  I(-Cy>0)+T(—Ct <0)

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

] 1 — =
acp™d = (At — Ar) “Pi

» 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° - Kentm—n®  al9d9d = (—0.284+1.387023) x 1073 Bellel!!

D° » K*K-mtn~ al9dd = (+1.7+£2.7) x 1073 LHCb?, BaBarl®, Focusl*
D+ = KeK*tntn~  al$dd = (—1.10+1.09) x 1072 BaBarl’!, Focus!*

Df - KeK*trntn~  al$dd = (—~1.3940.84) x 102 BaBarl%!, Focus!*

] 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

| J.P. Lees et al.(BaBar Collab.), Phys. Rev. D 84, 031103(R) (2011) P ’

oA W=
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Outline

* ROE method for D flavor tagging at Belle I
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ROE method

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

o At B-factories, the charge of s from D*t — DO} is used to tag the
flavor of D°: but D° mesons from B decays are excluded. -
= only D° from D** in c¢ events (25%) were used. 35%

o ROE method: select events with only one K= in the Rest Of Event; ., p*+x p*+ 5 DO
ce — D*0x, p*0 5 p0,0/p0,

@ the charge of this K* in ROE to determine the flavor of DP°. cz —» DOD~ X/DOAZ X
D° (cﬁ) <'pnie;:gts
/ tagged D°
¢ : Nisg _ Coag ﬂgen“L(l_e’tkas)'Ns*e_"N 1
........... restoftheevent / Nig =~ €fg Ngen
: son;etzing’/__'__,.—-‘;—' . interaction point :
¢ B / here etag(e(t)ag): tagging efficieny of D*(ROE)
/C method with 80% (< 20%).
E °:hr§§3:f:y> cq Njen(Ngen): number of D° produced by a D*
' a (other cZ event) with N0, : Ni., ~3:1

: K* (;U) flavour tagging ¢ - - - i een
.................................. | A reduction of ~ 15% of o(stat) on Acp

An additional D° sample from ROE for mixing and CPV measurements.

R CERefr) D-DP mixing and CP Violation at B-factories HFCPV@CCNU



Summary

Belle at KEKB have proven to be an excellent tool for charm physics

« first (only) observation of D%-D° mixing in e*e- collision

* no hints for indirect CPV and no clear evidence for direct CPV

* fruitful results on mixing/CPV measurement, but mostly under statistical limit
Major upgrade at KEKB in 2010-17 2 SuperKEKB £%x40=50 ab-" before

2025. Belle Il at SuperKEKB will have a rich charm physics program with
much improved performance:

» improve precision of mixing and CPV parameters, direct CP asymmetlries.
« Many final states studies (e.g. with m%/n/n’ etc.) complementary to LHCb.
» Some new techniques are developing, like ROE method.

Detector is mostly installed and commissioned, will collect the first data
in 2018.

Let’s look forwards to the charming news of A4, ISR ?

charm physic from Belle Il (1t 3& 22 —itt). ii;g:%@aﬁg%%@?
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Reverse bend FODO
for short damping time

Positron Target

Damping Ring

SR +1.5%
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Energy
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prospect of mixing in three-body SCS decays

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

Wrong-Sign-like Ok p©  Right-Sign-like K“K '

\“'&
D()

0 0p+ Y — oTt | ,2 / (1- D)'2+1+’ )2
o I(D° > KK ™) =e ry + roRpy'Tt + (Ft

\
\

0 0 ¢ — rpt ~Tt / (1+r3)x"2—(1-r )y"2
o I'(D° > KK ™) =e 1+ rpRpy'Tt + 7 (T't)?
where rp = Agyp./Afav., ¥ = y cosdp — xsinép, coherence factor Rp: ArArRpe D = AfA}

0
K5K7r ~1

DO — K5°K7t: effectively sensitive to y’(Iarge Rp); higher purity (large rp)
CLEO gave in D° — K2K 7, Rp = 0.73+0.09 and dp = (8.2 4 15.2)° [PRD 85, 092016(2012)]
sensitivity estimation of mixing: o(y’) = 0.55% (80K signals) [pLs 701(2011)353]

Comparing with WS decays D° — K*t7t—: rK™ <« 1 Vs.

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

mixing and CPV measurement in these decays......

R CERefr) D-DP mixing and CP Violation at B-factories HFCPV@CCNU



Time-dependent Dalitz analysis

@ DP of 3-body decay described by Isobar model:
Phys. Rev. 123, 333 (1961)

NR {ab} : {ac) Ll {bc} b
a
—éb + b + ‘éc + —éc
C c b a

M(m?, m3 ) =Y, are'? A (m2,, m2 ) + ayge¥NR

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

> T,: resonance lineship
usually use relativistic Breit-Wigner with mass dept. width
For wide width or special resonances:
mass-threshold: Flatté model, eg: f(980)(KK) / ao(980)(KK /4'm)
7trt S-wave overlapping res.: K-matrix model  epJ A16 (2003) 220-258
nirr P-wave: p with Gounaris-Sakurai (GS) model  prL 2a.244(1968)
Km S-wave: K;(1430) with LASS model  ep. c7a (2014): 3026

> W, angular distribution:

(1)Helicity form [prD 78, 052001 (2008))
(2)Zemach covariant tensor form [pr 133, B1201 (1964), PR 140, B109 (1965)]

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

Ar(m2,,mé ) =Fp X F, 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.)
Fio=1

Fi_,= itz

. Vitz
F . 1{(2,—3)2+92,
J=2 =

(Zab_3)2+gzab
Frne /2 (2,~15)2+9(2z,-5)
J=3 = =
V/Zap (256 —15)2+9(22,5—5)
\/(22—452,+105)2+ 152, (212, —21)2
Vi, —45z3,,+105) 24152, (212,,—21)?
here z = (R q)%, R is the radius of D or res. r

Fjma=
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Time-dependent Dalitz analysis

» [Dalitz plot(DP) fit
e p.d.f of signal DP:

(1) efficiency plane € correction

(2) considering mass resolution Res(m)
(3) normalization

mZ . [GeV/c?)

Psi (m2 . m2 ) = (M(m3, ;. m3s ;)|> @ mRes(m)-e(mi, ;. ’”23,)
Ig\T12,ir TU23,0 Jpp dm3ydm3s | M(mz,,m5,)[2®mRes(m)-¢(m3,,m3;)

o fit method: unbinned maximum likelihood (UML)

m . [GeV%c)

2InL=2}74In [ s:gp518(m12 i m23 i)+ Lx=bg foX(m12 i m%3 i)
signal-to-bkg f’ determined by kinematic variable fit result, like M-Q

time-dependent Dalitz plot(TDDP) fit

2 »&\

>

Ai' 2 100
o p.d.f of signal TDDP with considering time resolution : Rz (t) =
. 'é‘ 15 2,4
[ AR, (ti—t ol) | Mg(m2,,; m§3 )% -e(m2, ;. m33 ;) 1)
pSig(m%Z,i' m§3'i, ti, 0‘) — p Slg ’d 5 dl M i 12 I > 5 ! 5 o
J dt [fpp dmiydm3y | Mg (miy m3,.t)|"e(miy m3y) N,
o fit method: unbinned maximum likelihood (UML) e (GeVY)
2InL = 2En{|n(f51gp518(m12 i m23 ir Lis U. X, y)pSIg(o't:) +Zx bg f;px(m%2 i m%3 i ) nc(o-tt:))}
here p7¢(c}) is global function for time error, independent on others.

FheRE (RBein)
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Time-dependent Dalitz analysis

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

m DCS M((RS. t)|2 — e~1~g|AEF|2

Right-Sign

)

K 0 W 0 - s "
x'r D rong-Sign K'n'n Az /A = —v/Rpe . x —xcos§+ysin5 y =ycosd —xsind

ing My(ws, O = T { AP - (L RelAPS AT+ 2

cY

\

o nee . w2 a2
. ~ImAPSAFre+ *—;g—uff\z(nf}
DO

® Self-conjugated CF/SCS decays

m SCS RS: A = (f|H|D%); WS: Ay = (F|H|D°); CP: AL = (£|H|D°)

()

2 — 2 B T S S S
Self-Conjugated K"hh p©  Self-Conjugated  oup D°: m} = mi&h' pm- = myqy-i D7 mZ = Mygnt+ M+ = Myp
A oCS i s M2 = {|A1 2e Tt 4 | Ay |2t + 2 Re[A1 A} cos(xT't) + 2Im[ALA3] sin(xl‘t)}e‘“
Xip CF Ty, sC: N . . .
-4 Do \%D" M;|? = {|A1 2e Tt 4 |Ay |2t + 2Re[A1 A} cos(xT't) + 2Im[AL A3] sin(xl‘t)}e4 ¢
@ SCS non-self-conjugated decays
SCS SCS

(very difficult! No one experiment gives time-dept. amplitude analysis to date.)
= (KOK—m+ 0y — (KOK+m— . B = (KOK+ - 0y — (KO
p° RightSign-like K%k z* DO Wrong-Sign-like 'k x A= (KGK=m* [H|D%) = (KK m=[H|DP); B = (KIK* n~[H|DO) = (K3
M’X”, S(S

DU

K-t [H|D°)
" M(RS, )2 = e "t {| A2 + 22 2 BI2(T)2 + rp(y' Re[AB*] + x' Im[AB"])Tt }
S

M(WS, t)12 = e-"f{rg,]B 24 22 | A2(TH)2 4 rp - (y Re[BA*] + X' Im[BA'])Ft}

/

/|’,'

D()
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search for CPV in D%->K.%K.°

SM limit 1.1% for direct CPV in D° — K K °
U. Nierste and A. Schacht, PRD 92 (2015) 054036
SCS decays (such as D° — K 'K ”) are special interest: possible

interference with NP amplitude could lead to larger nonzero CPV
The previous measured A _ (D° — KK °):
CLEO  (-23+19)% 13.7fb'  PRD 63 (2001) 071101

LHCb (-2.9+52+22)% 3fp!  JHEP 10(2015) 055

. 0_, 0y _ 0 _ 0 0_ 0
Method: A (D’ —>K’K")=(A_ (K'K")-A_ K 1)+A_ (D" —K'n) +A,.,

A ox-o - ASymmetry originating from the different strong interaction of KO and KO mesons
with nucleons of the detector material = (-0.11 + 0.01)%
[B.R.Koetal, PRD 84 (2011) 111501]

A, D° — Ks°n°) =(-0.20 + 0.17)% [PDG]

T~

N. Dash, ICHEP 2016
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