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® CP violation in charm - overview
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SU(3) flavor analysis

;Ld,S Tree + /lb PengUin

N ——— —
Insensitive to CP-even quantities & undetermined

1073

Pole model + Rescattering

Ag s Tree + 4, Tree X (Penguin / Tree )
N———_—

Determined by the PM + rescattering



e SU(3) flavor analysis — Tree

M = (BM;t — oo | Z o |B,) = iti (F — Gys) u,

SU(3) flavor representations :

LGA | \}520 ) D
B, = > %A \}520 n : = =0 From PG
=- =0, /2A
%(WO + cgn + s¢n’) T KT
M = T 55 (=70 + cgm + s41') K ,

K~ KO —S¢77 -+ C¢7’},



e SU(3) flavor analysis — Tree

eff_ Z £V (€00 + CL01) =4, ¥ CO, by =VEV,

300 o - 2| v 0 Vi [N+ 4]

H(15)) = 0 00 | -] Xs— e 0 0 | VEVLe 0 0
0 00) Vi Vi 0 0 ) \D+2| o0 0 .
17 1) tJ k
/ld + /1S + /1[9 — O

Cabibbo-suppressed decays (¢ — u)



e SU(3) flavor analysis — Tree

eff_ Z * qu( C,0% + C_ 0%) I ), CO:|  (BP|Zo|B,) = it (F — Gys) u

04_6{61/ = (Uq")y_s(GC)y_p £ (qq")y_s(Hc)y_4 3 ®3I® 3 =(1503,)® (603,

For CP-even quantities it is safe to take 4, — 0

ik} 7 j ik} 7\ pJ ik} 7
M = ays x (T3)(Hs) ;™ (Ts)iP} + bis % (Tez)i(His); ™ (Ts)yP] + 15 % (T3)i(His); ™ (Ts)] P
149 = j 3% Y ; .
+ dy5 X (Tcé)i(HB)l{] }(T8)§Pk T €15 X (Tcé)i(HE)z{J }(TS)jPi +ag x (T35)™* (HS){ij}(TS){cpg
+ bg X (Tcé)[ik] (Hé){ij} (T_g)ch{ T Ce X (Tcé)[kl] (Hé){ij} (T_S){ch + dg X (Tcé)[ik] (HB){ij} (T_S);cpf

To date, there are in total 30 data points but 9 X 2(S- & P-waves) X 2(complex) — 1 = 35



e SU(3) flavor analysis — Tree

eff_ Z * qu( C,0% + C_ 0%) b ), CO:|  (BP|Zop|B,) = it (F — Gys) u,

qu (g )V A(qC)V—A (qq )V A(l/tC)V A :3’® 3® Zt = (15 69\3;) D (6 693\)

 ofy 0, 0

For CP-even quantities it is safe to take 4, — 0

ik} \Jj ik} 7\ pJ ik} 7\J
M = ays % (T5),(Hs); " (Ts)iPl + bis x (T)i(His); " (T)iP] + e1s x (T3)i(His);™ (Ts)i Py
149 = j 3% Y ; .
+ dys X (Tc§)i(HB)z{J }(TS)g'Pk T €15 X (Tcé)i(HE);U }(TS)jPi T dg X (Tcé)[k] (HS){ij}(TS){cpg
+ be X (Tcé)[ik] (Hé){ij} (T_S)ch{ T Ce X (Tcé)[kl] (Hé){ij} (T_S);ch + dg X (Tc?,)[ik] (Hé){ij} (T_S);CP;

To date, there are in total 30 data points but 9 X 2(S- & P-waves) X2tcompiers—1 = 36

In the absence of final state interactions — 18

Phys: Lett: B 794,19-28(2019) JHEP 02, 235 (2023) [0 N S A o R [ IO EE I PPk



e SU(3) flavor analysis — Tree

B619) 16 input, [2028) 28 input, 28 input,
10 parameters™ 18 parameters 18 parameters

a (Af — E'K*) = 0.94%: 0.91+003 0.955 + 0.018

First Measurement of the Decay Asymmetry of pure W-exchange Decay AT — E°K T
(Dated: September 8, 2023)

Based on 4.4 fb~! of eTe™ annihilation data collected at the center-of-mass energies between 4.60
and 4.70 GeV with the BESIII detector at the BEPCII collider, the pure W-exchange decay A —

=K is studied with a full angular analysis. The corresponding decay asymmetry is measured for
the first time to be azox+ = 0.01 & 0.16(stat.) £ 0.03(syst.). This result reflects the interference
between the S- and P-wave amplitudes. The phase shift between S- and P-wave amplitudes is

dp, —0s = —1.55 £ 0.25(stat.) = 0.05(syst.) rad.

To date, there are in total 30 data points but 9 X 2(S- & P-waves) X2tcompiers—1 = 36

In the absence of final state interactions — 18

Phys: Lett: B 794,19-28(2019) JHEP 02, 235 (2023) [0 N S A o R [ IO EE I PPk



e SU(3) flavor analysis — Tree
 The Korner-Pati-Woo theorem:

[8678) 16 input,
10 parameters™ (99,9, 0‘1‘1 |B)) =
—0 _ +0.06 / \
a(Aj—m:KJ“) = 0.947 7
Color symmetric Color singlet

04 = 5 (uq )V_A (qc)V_A + (qq )V_A(uc)V_A
* Free parameters: 18 =10 ' '

4

A(Bc—>BnM) = q2 qz

aoH (6):;(B.)"*(B,); i(B)" w(M)] (B’ ' —

c 4y — O
q;
PLB 794, 19(2019)

BN — YIKT) = BN — Z+K§)) q, q, PRD 54, 2132 (1996)
xp(2022): (47 £ 1.0)x 107" (4.8 +1.4)x 107*

BESIII PRD 106, no.5, 052003 (2022)



e SU(3) flavor analysis — Tree

B619) 16 input, [2028) 28 input, 28 input,
10 parameters™ 18 parameters 18 parameters

a (Af — E'K*) = 0.94%: 0.91+003 0.955 + 0.018

First Measurement of the Decay Asymmetry of pure W-exchange Decay AT — E°K T
(Dated: September 8, 2023)

Based on 4.4 fb~! of eTe™ annihilation data collected at the center-of-mass energies between 4.60
and 4.70 GeV with the BESIII detector at the BEPCII collider, the pure W-exchange decay A —

=K is studied with a full angular analysis. The corresponding decay asymmetry is measured for
the first time to be azox+ = 0.01 £ 0.16(stat.) & 0.03(syst.). This result reflects the interference

between the S- and P-wave amplitudes. The phase shift between S- and P-wave amplitudes is
d, —0s = —1.55 £+ 0.25(stat.) £ 0.05(syst.) rad.

To date, there are in total 30 data points but 3 X 2(S- & P-waves) X2(compies=1 = 36

Considering the Kérner-Pati-Woo theorem: — 10

Phys: Lett: B 794,19-28(2019) JHEP 02, 235 (2023) [0 N S A o R [ IO EE I PPk



e SU(3) flavor analysis — Tree

(8628) 20 input,  [2028) 28 input, 28 input,
19 parameters®™ 18 parameters 18 parameters

a (A - EK*)= _—0.15+0.14 0.91+) 0.955 +0.018

First Measurement of the Decay Asymmetry of pure W-exchange Decay AT — E°K T
(Dated: September 8, 2023)

Based on 4.4 fb~! of eTe™ annihilation data collected at the center-of-mass energies between 4.60
and 4.70 GeV with the BESIII detector at the BEPCII collider, the pure W-exchange decay A —
=K is studied with a full angular analysis. The corresponding decay asymmetry is measured for
the first time to be azox+ = 0.01 £ 0.16(stat.) & 0.03(syst.). This result reflects the interference
between the S- and P-wave amplitudes. The phase shift between S- and P-wave amplitudes is
d, —0s = —1.55 4 0.25(stat.) £ 0.05(syst.) rad.

To date, there are in total 30 data points but 3 X 2(S- & P-waves) X 2(complex) — 1 = 36

Considering the Kérner-Pati-Woo theorem: — 19

arXiv:2310.05491 [hep ph] JHEP 02, 235 (2023) [l S AR [0 M M SR LN PI PR



e SU(3) flavor analysis — Tree

o Sizable strong phases

. KPW + SU(3)

T=0
C

+ 3B(Af — An™)

B

N\

—0
—c

——_—
|

— =

) = B(AS — X%7T)

1
— gB(Aj — n7r+)

“e'v,) = (2.38 £0.44) %
LQCD, CPC 46, 011002 (2022)

= 1.37 £0.08

Belle, PRL 127 121803 (2021)

- 2Im($*P)
[SI*+ 1P|

Channels Bexp (%) Qlexp B(%) o B

AT — pKs 1.59(8) *0.18(45) | 1.55(7)  —0.40(49)" 0.32(29)
A — A°T | 1.30(6) —0.755(6) | 1.29(5)  —0.75(1) || —0.13(19)
A =377 | 1.27(6) —0.466(18)| 1.27(5)  —0.47(2)1 0.88(2)
A - 2t7% | 1.25(10) —0.48(3) | 1.27(5)  —0.47(2)F 0.88(2)
Af - Z°K*| **0.55(7) 0.01(16) | 0.40(3) —0.15(14) —0.29(22)
AF — A°K*T| 0.064(3) —0.585(52)| 0.063(3) —0.56(5)F 0.82(5)
AT — 2°KT| 0.0382(25) —0.54(20) | 0.0365(21) —0.52(10)] 0.48(24)
AF = nrt | 0.066(13) 0.067(8) —0.78(12){ —0.63(15)
A —- T Ks| 0.048(14) 0.036(2) —0.52(10)] 0.48(24)
A — pr® < 0.008 0.02(1) —0.82(32)
AF = 3ty 0.32(4) —0.99(6) | 0.32(4)  —0.93(4) 1 —0.32(16)
AT — pn 0.142(12) 0.145(26) —0.42(61)7 0.64(40)
AF - Xy’ | 0.437(84) —0.46(7) | 0.420(70) —0.44(25)] 0.86(6)
AY — pn/ 0.0484(91) 0.0520(114) —0.59(9) | 0.76(14)
=F - =207t 1.6(8 0.90(16).  —0.94(6) F 0.32(21)
=0 =gt —0.71(3){ 0.36(20)
Channels ‘ i Olexp X o B

=0 = A°Ks | 0.225(13) 0.233(9) —0.47(29)" 0.66(20)
Ze — 27 KT |**0.0275(57) 0.0410(4) —0.75(4)1 0.38(20)
=0 — X°Ks | 0.038(7) 0.038(7) —0.07(117} —0.83(28)
2o =+ XTK | 0.123(12) 0.132(11) —0.21(18)[| —0.39(29)




e SU(3) flavor analysis — Tree

2Im (S*P)
ISP+ PP

Channels Bexp (%) Qlexp B(%) o B
4 AT — pKs 1.59(8)  *0.18(45) | 1.55(7)  —0.40(49)] 0.32(29)
PDG > 0 A — A°T | 1.30(6) —0.755(6) | 1.29(5)  —0.75(1) || —0.13(19)
5 Ot | 1.27(6) —0.466(18)| 1.27(5)  —0.47(2)F 0.88(2)
(1 43 == 032) % SU(S) 2+ : §+7r0 1.25(10)  —0.48(3) | 1.27(5) —0.47(2)f 0.88(2)
Af - Z°K*| **0.55(7) 0.01(16) | 0.40(3) —0.15(14) —0.29(22)
OK*| 0.064(3) —0.585(52)| 0.063(3) —0.56(5)H 0.82(5)
2 (272 i 009) % ii : QOII; 0.0382E22’>) —0.54(20) | 0.0365(21) —0.52(10); 0.48(24)
< 0 Ai —nrt | 0.066(13) 0.067(8) —0.78(12) —0.63(15)
Bel Ie AC+ — YT Ks| 0.048(14) 0.036(2) —0.52(10) 0.48(24)
; —0.82(32)
T AT — pr® < 0.008 0.02(1)
( 1 | 80 N 052) % AF = X1y 0.32(4) —0.99(6) | 0.32(4)  —0.93(4) 1 —0.32(16)
Al — pn 0.142(12) 0.145(26) —0.42(61)7 0.64(40)
AF - Xy’ | 0.437(84) —0.46(7) | 0.420(70) —0.44(25)] 0.86(6)
= = — ; ' .0484(91 0.0520(114) —0.59(9) | 0.76(14)
%(E(C) T : j: : 1327# O 01%2 ; ) 0.90(16).  —0.94(6) F 0.32(21)
X R BT AR DT ERS ;’ — .:—7# -***1.43(32) *—0.64(5)| 2.72(9)f —0.71(3)§ 0.36(20)
— c | 1 ) :
9B EO - Bt Channels X Qlexp X
95’((”06* = 127008 =c — A°Kgs | 0.225(13) 0.233(9) —0.4775((249)) g.zzgg;
- =0 5= o . —0. .
Belle, PRL 127 121803 (202 =0 s = Kt ng';g(,gﬂ 00002180((74)) Ayl It
=) +¥°Ks | 0. . —0. .
Eo - 0.132(11) —0.21(18) —0.39(29)
— E2 1) =(3.26%0.63)% E¢ - YK | 0.123(12) (




e SU(3) flavor analysis — Tree
fe(PY)i#H(6),;(B)™ (B'); +f”H( )is (
+F1H(6);; (BT, (P1)] (B,)*

CP [, & [+ >
8 _B+B N _ =7
CP 2 Y CP 2 *

CP-odd quantities ~ 10~

dir dir

adr e —atr = (-1.57+£0.29)x 107°

)““(BT)Z(P‘L

)? + f “H(6);(B

)" (P (BY)]

Channels 1073) acp(1073) Bep(1073) 4op(1073) A%L(1073)
AF — pr¥ | 0.16(2) —0.61(39) —0.43(48) 0.53(145)  0.01(1)
AF —pn  |1.45(25)  0.05(17) 0.04(14) —0.07(22) —0.03(4)
AF —py ]0.52(11)  —0.02(7)  0.01(4)  0.00(4)  0.00(1)
A —nx™ | 0.67(8) 0.12(20) 0.13(26) —0.28(40) —0.01(2)
AF — AYK| 0.63(2) —0.03(10)  0.03(5) 0.04(24) 0.01(1)
=f — 2tqY |2.11(14)  0.06(13) —0.01(13) —0.09(42) —0.07(7)
=t = ¥tp 10.70(32) —0.10(22) 0.09(73) 0.29(57)  0.01(4)
=F — ¥ty |1.13(23)  0.03(7) —0.01(2) —0.01(4) —0.01(0)
= — X0%* 13.04(11)  —0.01(6) —0.01(11)  0.05(21) 0.05(5)
=t - Z0K+(1.04(13)  0.02(14) 0.13(18) —0.18(25) —0.02(2)
=f — A%t | 0.32(9)  0.0(19) 0.36(30) 0.20(19)  0.00(1)

0 — 307 | 0.34(2) —0.04(12) 0.25(39) 0.12(12) 0.00(1)
=0 5 ¥0 ] 0.12(5) —0.11(22) 0.09(73) 0.29(57)  0.00(1)
=0 — X% | 0.19(4)  0.03(7) —0.01(2) —0.01(4) 0.00(1)
=0 5 ¥t | 1.83(6)  0.02(7) —0.09(21) 0.03(12)  0.02(3)
=0 5 =2-K*T| 1.12(3)  0.02(5) —0.08(16) 0.02(11)  0.01(1)
=0 - A%0 | 0.09(1) 0.07(20) —0.27(25) —0.15(17)  0.00(1)
=0 A% ]0.43(11) 0.06(12) 0.11(14) —0.01(2) —0.01(1)
=0 5 A%’ ]0.68(13)  0.00(1)  0.00(1)  0.00(1)  0.00(1)




SU(3) flavor analysis

;Ld,S Tree + /lb PengUin

N ——— —
Insensitive to CP-even quantities & undetermined

1073

Pole model + Rescattering

Ag s Tree + 4, Tree X (Penguin / Tree )
N———_—

Determined by the PM + rescattering



® Pole model + Rescattering — Penguin / Tree

b — loop Is absent!

M
%_ My, — M, = 130

GF N\Jj= .k —
T I oy e v araen o

(P| %, D)=TY) D, <%+>f’<<P*>l<P*>k (<P1>m<P2>"<P*>0 + (PR (PSP
; il Weak; D—P P> Strong; P P,—P ]
$ Penguin / Tree = 1

= ) D(FFYEPT) + DI HPTY,

1
~
N
SN
+
W |

“Hence, it is plausible to
assume that PE is of the
same order of magnitude as
E. We took PE =E.”

PRD 100, 093002 (2019)

—

P—exchange W—exchange

Proved by Di Wang
JHEP 03, 155 (2022)

1 .
Completeness relation: 2(/18) (A = /6 = 35}5,"
Ag




® Pole model + Rescattering — Penguin / Tree

F— Theory
e Experiment

R S

=788, 0, Tt
CC LLY

S35, BIEE

-1

)

4 P~ f(1710)

<

D 81, 074021 (2010)

AAqp (X107

I
N

+ (P)I(P)o(PN)!)

 P,P,—P

1

“Hence, it is plausible to
assume that PE is of the 2011
same order of magnitude as

E. We tOOk PE =E.” Proved by Di Wang

PRD 100, 093002 (2019) [l JHEP 03, 155 (2022) IS EEEUEEELE BLT ;<ﬂs>}<ﬂ§>’f = 56; =30/

(PTY,

2012 2013 2014 2016 2019

i

nge

Figure from Pro. -

Year



® Pole model + Rescattering — Penguin / Tree

b — loop Is absent!

i, Z\( ) B P ) (P (913 (BB + o3t (B (B);)

J/

Weak; g—)B 'p’ Strong; B P’'—Bg
) (ggzit + 3912> (ﬁ(Bc)MH(G)kl(BDf Mg S (Bc)iH(?’—)k(BDk) ,
E— 1 — 7 — 2g_ S
Fpole _ S (6 Bc [ki] PT l BT n — PT n BT Ly A\ S [
P = e @B (P, B! + 7 (P(BL) — N

= (B.).H(3-) (PHLBY ¢ aB ', becomes complex if My > Mg, + Mp.

1 .
Completeness relation: Z(ﬂg) (A = 8/5¢ - 55]’5{{

Ratio between 3 & 6 is CP 6 X 3 18

determined




® Pole model + Rescattering — Penguin / Tree St | Bl 0w | 8O« 7 °
Af = pKs | 1.598)  0.18(50)* | 1.55(6) —0.76(2) —0.11(3) 0.65(3)
AF — Azt | 1.30(6)*  —0.755(6) | 1.23(5) —0.75(1) —0.13(9) 0.64(2)
AF — X072+ | 1.27(6)  —0.466(18)] 1.31(5) —0.47(2) 0.01(5) 0.88(1)
AT — Stq0 25(1( —().48 —().4 ).( 0.88
0.55(7)*  0.01(16)** —0.31(11) —0.29(7) 0.91(4)
AT — AKT | 0.064(3) —0.585(52) 0.062(3) —0.55(5) 0.10(10) 0.83(3)
AF — XOK*[0.0382(25)F —0.54(20) |0.0347(22) —0.61(4) —0.04(4) 0.79(3)
Af = nxt | 0.066(13) 0.058(7) —0.70(11) —0.29(12) 0.66(7)
B = (18.0 4 0.8)¢i-02T001) B+ _ (9.9 4 | 9)¢i(-0424£0140) AF = STKs| 0.048(14) 0.035(2) —0.61(4) —0.04(4) 0.79(3)
AY — pr! 0.016(7) 0.017(3) —0.52(17) —0.45(13) 0.73(7)
E;§ =220=x14, Eljﬁ = —24.4+0.7, E:L% = —15.0x=1.1, =+ — =07t | 1.60(80)* 0.54(9) —0.78(10) 0.09(10) 0.61(13)
0t = (0.401 4 0.025)i(-0-10450122) 10 (5 4 —i(164£7)° =0 5 E-at [1.43(32)"*  —0.64(5) | 3.04(9) —0.68(3) —0.02(4) 0.73(3)
Channels RGP Qexp Rx a 8 o
Case in charmed baryons; arXiv: 2312.xxxx =0, AKs | 0.225(13)" 0.101(6) —0.68(2) —0.04(3) 0.74(2)
at, T x Color-allowed tree, a, C  Color-suppressed treefgﬂ KT |poareen PO T mR I 0T
=0 5 YOKg | 0.038(7) 0.041(6) —0.62(9) —0.60(11) 0.50(5)
Case in D meson; Phys. Rev. D 100, 093002 (2019) Ze — LTKT| 0.123(12)" 0.135(10) —0.41(14) —0.38(9) 0.83(7)
C = (2.767 + 0.029) e~ (1913507, ﬂ 5p — 5s

. —0.64£0.70 —-1.55x0.25
30 input, Data

Preliminary results 10 parameters ~ Theory —0.29+£0.07 —0.75+0.23



® Pole model + Rescattering — Penguin / Tree

E;

E,=220+14, Eg

= (0.401 £ 0.025)¢"(~01040-122)

_ (180 4 0.8)67;(—0.271:|:O.017) 7

24.4 -

E+

(9 9+ 1.2)€i(—0.424:|:0.144)

)

e
Eué

00 — (0 4p—i(164£7)°

0.7, — 150+ 1.1,

Case in charmed baryons; arXiv: 2312.xxxx

at, T « Color-allowed tree,

a", C « Color-suppressed tree

Case in D meson; Phys. Rev. D 100, 093002 (2019)

C =

(2.767 + 0.029) ¢—#(151:3+0.3)°

Preliminary results

30 input,
10 parameters

Channels B(107%) acp(107%) Bop(1072) yop(1072) AEL(1077)
Af - $tKg | 0.35(2)  0.06(2) —0.20(2)  0.04(1).  0.27(2)
AF - ¥°K* 1 0.35(2)  0.00(1) —0.01(1)  0.00(1)]  0.00(1)
At — pr! 0.17(3)  0.14(39) 0.83(39) 0.62(22)  4.19(33)
AF — nrt 0.58(7)  0.30(16) 0.35(28)  0.47(13)  3.30(16)
AF — AKT 0.62(3)  0.03(5) —0.06(5)  0.03(4)"  0.57(7)
=t 5 2tx0  12.70(17)  0.02(2)  0.04(3)  0.02(1) —0.30(2)
= = Y0rt 2.57(9)  0.02(1)  0.08(1)  0.01(1)] -0.11(1)
=F - 2YKT  [1.19(14)  —0.52(8) —0.18(14) —0.80(11) —2.44(12)
=5 — pKgr | 0.97(7) —0.07(2)  0.27(3) —0.07(2)] —0.24(2)
=f — Art  0.51(11)  —0.38(6) —0.10(18) —0.55(19) —1.81(20)
=0 5 ¥Ftr~ | 0.35(1)  0.08(13) —0.28(5) —0.10(7)] —1.45(6)
=0 — 3070 0.46(1) —0.03(1)  0.06(1) —0.01(1) 0.13(2)
=0 5 »—7xt | 1.57(1) —0.01(1)  0.08(1)  0.00(1)  0.02(2)
=0 — 2'Kg/p | 0.34(1) —0.03(3) —0.08(4) —0.02(1)F —0.62(3)
=0 > ="Kt | 1.31(1)  0.00(1) —0.08(1)  0.00(1) —0.03(2)
=) = pK 0.23(1) —0.10(14)  0.32(5) 0.14(10) 1.43(6)
=0 > nKg/y | 0.36(1)  0.04(4)  0.12(5)  0.03(2)]  0.61(4)
=0 — A 0.11(1) —0.25(3) —0.03(13) —0.37(11) —1.60(17)




242 Events-»§

SPECTROMETER

Tree[ A, .+ A, (Penguin/ Tree) ] 21 s e

[[]-10% current
W
SU(3) flavor symmetry PM & Rescattering

EVENTS /725 MeV
H
8 3 8

N
o

Measurements of / and y in near future

g
Z
.
%

10 ‘
Measurements of Ap in STCF ;/i‘,T‘//M// e

2.5 2.75 3.25 3.5
Mete ™ [GeV]




® Pole model + Rescattering

PLB 794, 19(2019) ggf(A:r — ZOK+) — @(Aj — Z"'Kg)
47+1.00x107* @48+14)x10~*

BESIII PRD 106, no.5, 052003 (2022)

kY /7m—\7 ikt /7 ' kY /Aa\ 7
M = a5 x (T 3);(Hys) ™ (T)4P} + bys x (T 5);(Hys) ™ (T)LP) + 15 x (Te3):(Hrs) ™ (Ts)] Pl
149y = ; 13 ; .
+dys % (T3);(Hys) 1™ (Tg) PL + €15 x (T 3); (Hys) ™ (Tg)iPL + ag x (T 3)M (Hg) 1y (Tg) 1 P!
+ be X (Tcé)[ik] (HB){ij} (T_S)gcpg + Ce X (Tcé)[kl] (Hé){ij} (T_S){Pfc + dg X (Tcﬁ)[ik] (Hé){ij} (T_S);CP?



® CP violation in charm - overview

I (D) - f) — T (D) — f) N

cp(fi D) = -
crl) [ (DY) — f) + T (D) — f)

DY — ptp~ DY s KTK~

72""72'

Aag}ﬁ — aI%IfK_ adt = (=1.57+0.29) x 107

a% o = (7.7+£5.7) x 107, a¥  =(23.246.1) x 107*.

T

Phys. Rev. Lett. 131, 091802 (2023)



® Backup slide

Ino-K- * YpNr— - IpaKk— - Is—Ant+ - In-507+ - GA5070
1 1 1 1
=1:9, :—=(1—2¢9,): —=(1+g9;): —=(9, —1): —=(1+g,
V6 ( ) V6 ( ) V2 ( i )
N . AT . T . TTNK . TNK . T
F1\/(1535) : F23(1620) : FZ(IGQO) : F2(1620) : F/\(167’0) : F/\(1670)
=44.14+14.8:3.51+1.53:6.63x2.70:13.7+10.5:80£1.9:12.8 £5.1,




® Pole model + Rescattering — Penguin / Tree

eff_ Z 5V, (€01 + CLO8) =), 26 CO;)|  (BP|#uf|B,) = iit (F - Gys) u,
=3~
0% = (i1q )y_s@C)y_s = @ y_p(@O)y_, ~ 3®3@I= (1503, 9. @ (6af3.
X o ‘ o

= [(PNH(6);(B.)"(BY), + fH(6):;(B.)" (B, (P')] + fcﬂ(ﬁ)@-( )ZICS(PT) t(BT)t o
o | ensitive to CP-o
+FH(6),,(BNL (P (B)M + f° (BT)ZH(15)1{ZH(PT)Z(BC);‘ Insensitive to CP-even

Fz = f3(Bo);H(3)' (BN (PN} + f3(Bo)xH(3)' (BN (PN} + f5(B)H(3) (BT (PY);]

+f5(Be)H(3) (BNL(PT)7

SU(3) breaking effects are expected to be much larger than F5!

To date, there are in total 30 data points
(441 +4)X2(S-&P-waves) X 2(complex) — 1 = 35



® Pole model + Rescattering — Penguin / Tree

eff_ Z qc qu( qu_l'c qu>

qu = (Uq")y_a(GC)y_a £ (Gq")y_a(UC)y_4

F = f(P")H(6);(B.)"(B"); + f*H(6),;(B

+FH(6)5(BNL(P (B + f* (B,

[

0 0 0 (

H(E) =1 0 VIV |—As — % 7—[(15)}? —
0 ViiVus \

To date, there are in total 30 data points
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® Pole model + Rescattering — Penguin [ Tree

| r—T a4+ a
Adzr_ _ _
CP x f. & CPT LT P T
x f B+5 v -7
6013_ 9 . Yop — 9

% = 1.80(35),0.91(30), 0.96(5), 0.31(31), 0.55(63),
5% = 1.66(31), 0, —2.20(39), —0.57(31), —0.58(50),

* — 6.11(1.67), 7.01(29), 0.69(43), 1.31(39), 1.62(1.34) ,
6% = —1.77(34), 2.60(0.37), 2.03(0.43), 2.39(0.74), 1.98(1.03

CP-odd quantities ~ 1074

ad o —adt . =(—1.57%£0.29)x 107

Channels  |B(1072) acp(1073) Bep(1073) vop(1073) A%L(1073)
AF —pr | 0.16(2) —0.61(39) —0.43(48) 0.53(145) 0.01(1)
AY —pn |1.45(25)  0.05(17)  0.04(14) —0.07(22) —0.03(4)
AY —pr 10.52(11)  —0.02(7)  0.01(4)  0.00(4) 0.00(1)
AY —nrt | 0.67(8) 0.12(20)  0.13(26) —0.28(40) —0.01(2)
AF — AYKT| 0.63(2) —0.03(10)  0.03(5) 0.04(24) 0.01(1)
=F — 2tx0 (2.11(14)  0.06(13) —0.01(13) —0.09(42) —0.07(7)
=F — Yt 0.70(32) —0.10(22)  0.09(73)  0.29(57) 0.01(4)
=F — Yty [1.13(23)  0.03(7) —0.01(2) —0.01(4) —0.01(0)
= — X0%* 13.04(11)  —0.01(6) —0.01(11)  0.05(21) 0.05(5)
=F — Z0KT(1.04(13)  0.02(14)  0.13(18) —0.18(25) —0.02(2)
=F — A%t | 0.32(9)  0.0(19) 0.36(30)  0.20(19) 0.00(1)
=0 — Y070 | 0.34(2) —0.04(12) 0.25(39) 0.12(12) 0.00(1)
=0 — X% | 0.12(5) —0.11(22) 0.09(73)  0.29(57) 0.00(1)
=0 — X% | 0.19(4)  0.03(7) —0.01(2) —0.01(4) 0.00(1)
=0 — Yot | 1.83(6)  0.02(7) —0.09(21)  0.03(12) 0.02(3)
=) > =Z7KT| 1.12(3)  0.02(5) —0.08(16)  0.02(11) 0.01(1)

0 — A% | 0.09(1) 0.07(20) —0.27(25) —0.15(17) 0.00(1)
=) — A%  10.43(11)  0.06(12) 0.11(14) —0.01(2) —0.01(1)
=0 — A%/ 10.68(13)  0.00(1)  0.00(1)  0.00(1) 0.00(1)
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Figure 11.1: Sketch of the unitarity triangle.

The CKM matrix elements are fundamental parameters of the SM, so their precise
determination is important. The unitarity of the CKM matrix imposes ) ; V;; V.1 = d,
and Ej V’iij*j = 0;. lhe six vanishing combinations can be represented as triangles in
a complex plane, of which the ones obtained by taking scalar products of neighboring
rows or columns are nearly degenerate. The areas of all triangles are the same, half of
the Jarlskog invariant, J [7], which is a phase-convention independent measure of C'P
violation, Im [V;ijl JVI;}] = ‘]Zm,n EikmEjln-



