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CPV in Charm

« Charm is only up-type quark with observable mixing and CPV effect, providing a unique sensitivity
to possible new physics in up-type quark decays and complementing bottom and strange quark
decays.

* In the charm sector, Cabibbo-favored and doubly Cabibbo-suppressed decays are dominated by a
single diagram, leading to only tiny expected CP violation.

« Singly Cabibbo-suppressed decays receive comparable contributions from tree and penguin
diagrams, making CP violation observable.
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« CPV in the charm system is proportional to 2Im KVC”Z“”)] ~1073, a sizeable CPV could indicate
VeaVua
BSM physics.



3 types of CP violation

« CPV in decay
« T(D->f)#TD - f)

« CPV in mixing D
« T(D° > D% =T(D° - DY)

« CPV in interference between mixing and decay
* T(D° > fep) #T(D° — fep)
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Experimental status

* First charm CPV observed in 2019 PRL 122, 211803 (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
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Time dependent CPV in D° - K~ rt

JHEP03(2025)149

PRD 111 (2025) 012001



https://link.springer.com/article/10.1007/JHEP03(2025)149
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.012001

CPVinD’ > K rt ek
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The time evolution of D” and D" is described by i~ (| Do(t»] (le “ il My - %Fzz](l Do(,»)
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« The ratio of decay rates R,J—gn of WS and RS is sensitive to mixing parameters x;, and y;,

r(D° > Kn*) . TMD°>K*n) _ 2|My,| Tl
['(D® - K—nt) Km = r(D° - K*+r) Y2 =T 12 Ty

( m ” DCS |
DO mix RS K=ot Do mix WS K+7T_ arXiv:2506.15584
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https://arxiv.org/abs/2506.15584

CPVinD? > K rn*t ek

* The time dependent ratio can be given by

Rien() = R (1 & Agr) + v Rin(1 & Aer) (cierr £ Acgr)t + (Cer £ Ack)t?

CP even: Riy, Ckres Chre
CP odd:Ak,;,ACkr, ACkr

Rin + Rin
Km = —
2 Ao = REn — Rkr
Crmp = ylzcosgb]l:cosAf + xlzcosgb}wsinAf Km — R;gn + Ry,

. 1 ~ ) AM TETY A
Clhr = Z (x2, + y%) Acgr = X125ings cosAr — y12Singr sinly

I~ : M _ 4T
The weak phase ¢7, ¢ (also denote as ¢35, $3') , and strong phase Acgn = 5 X12Y128I0(¢5" — Pp)
are defined in PRD 103, 053008(2021)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.053008

CPVinD° - K—nt (Prompt) sl

PRD 111 (2025) 012001 K_[

Full Run2 data (6fb™1)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.012001

CPVin D% - K~nt (Prompt)
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CPVin D° - K—n* (Doubly tagged)

° -1
Run2 data (5.4 fb™") JHEP03(2025)149
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https://link.springer.com/article/10.1007/JHEP03(2025)149

CPVinD®° - K rnt

« The final results for both prompt and doubly tagged
analysis

e Combined Run1 and Run2 results

Prompt Doubly tagged
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https://indico-tdli.sjtu.edu.cn/event/2835/contributions/15245/attachments/5982/9938/Mixing%26Lifetimes_Ribatti_2025_05_12_CHARM.pdf

Time dependent CPVin D° - ntr~n"°

LHCD

PRL.133.101803 (2024)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101803

Time dependent CPV in D° - n*rn~n? G

PRL.133.101803 (2024)

Time dependent asymmetry for D° meson decaying to CP eigenstate

Acp(fep, t) = Coorep (1) ~ ooy () ~ qdr
, FDO—)fCP (t) + Fﬁo—)fcp (t) fCP

t
+ AYr —
fCPTD

The gradient AY;_, can be defined in terms of the Universal CPV parameter AY = ¢, AY; ,

For multibody D° decays, an effective time-dependent asymmetry is defined:

AYPT = (2F] —1)ay  F[: CP even fraction of the decay D° - f

Experimentally:

Npo(t) — Npo(t) g4 t
A t) = =af" +AY, ;r—+ Ay, () + A t
raw () Npo(t) + Noo(t) Afcp eff - det (t) prod( )

* Per-event kinematic weighting procedure to correct nuisance asymmetries


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101803

Time dependent CPV in D° - ntn~n°

Full Run2 + 2012 dataset (7.7fb™1)
D° from prompt decay D** — Dr,,

% reconstructed as Merged (y clusters in the same ECAL cell) or Resolved (y clusters in
different cell)

Signal yields are extracted from fit to Am = m(D** ) — m(D")
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Time dependent CPV in D° - n¥nr~ "

« Acp extracted from fit to A4m in each t/tp bin (21 bins)

» Simultaneously fit to D%/ D° sample, with shared shape parameters
« Mean decay time calculated as a weighted average of all candidates in that bin

+ Linear fit to Acp(t) to extract AY/ = (2F] — 1)ay

 Acp(t) for control channel D° - K~ntn® is also measured\
AYeff

/S = (-1.2 + 6.0 +2.3)x10™*
AY = (-1.3+ 6.3 +2.4)x107*

F/ =0.973 + 0.017 (CLEO-c)
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No evidence of CPV is found


https://doi.org/10.1016/j.physletb.2015.05.043

CPVin D° - KOK*r™

LH
ﬁ JHEP03(2024)107



https://link.springer.com/article/10.1007/JHEP03(2024)107

CPVin DY - KSOKiT[_I_ JHEP03(2024)107 %

Multibody decays allow to access many intermediate processes
Dalitz plot of a three body decay can be used to study localized CPV

A model independent unbinned method: Energy test is used to search for

asymmetries in local phase space Sensitive to local asymmetry,
but not global asymmetry

Test statistic:

Zn(n — 1) l,]ilwl] Zn(n _ 1) l,]ill/)l] i, l/}l]
All pairs of D° candidates All pairs of D° candidates All pairs of D° — D° pairs
Metric function: y;; = o —dij/287

Euclidean distance: df; = (s12,; — 512,]-)2 + (513 — 513,]-)2 + ($23,0 — S23,5)

Metric parameter §: the distance scale probed, optimized to maximize the sensitivity to CPV


https://link.springer.com/article/10.1007/JHEP03(2024)107

CPVin D% = KOK*n™ s

« Non-CPV samples are obtained by assigning flavor to D°/D° sample randomly (permutation method).
« Compare T from data with that from non-CPV samples
« The fraction of the non-CPV sample with T greater than that observed in data is the p-value

Physics Letters B 740 (2015) 158-167
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CPVin D% - KOK*r™ sy
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No evidence of CPV



Direct CPVinDt - K™K ™

% PRL.133.251801 (2024)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.251801

Direct CPVin DY » K*K™n* ek

PRL.133.251801 (2024)

The physics variable we are interested in is

_F(H—)f)—r(ﬁ—)f)

cp = FH = N+ T = 7 & sinA¢psinAd

Experimentally, the variable easily accessed is

N(H - f)=N{H - f)

Arqw = — =

NH->f)+NH=f)

The nuisance asymmetry must be taken into account

Arqw = Acp + Aprod + Aget

A control channel is introduced to cancel the leading-order nuisance asymmetries, and the CP
asymmetry difference between the two modes is given by

] l
AMep = AgF"Y — AN = Aygyy — DMprog — Dger


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.251801

C PV In D t — K + K - 77,- T Binning inspired by amplitude analysis PRD 78 (2008) 072003
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AATJ 7% is the global difference I asymmetries - In absence of CPV, the significance of AALp,
ins i i : ; AAL
averaged over all bins in the Dalitz plot defined as Sicp = 24cr follows a normal
. . O-AAL
CgbS  _\iC C : : 5 LP. . :
3 Vbins Zraw aw distribution, with y~ statistics given by
l o%s + JZ\SW . . \2
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raw - N 1
3 bins 5 5
l . . ) . .
UA¢§W + ”A;;gw Any difference between the global asymmetries in the two

decays is canceled by this term

Cancel the instrumental asymmetry



https://arxiv.org/abs/0807.4545

CPVin D* - K*K n* (sl

« Significance variation over Dalitz plot
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CPV in DY - KYK)

DDl D
&) (¥ PRD.111.012015(2025)
BELLE Belle IT
') (¥ PRD.112.012017(2025)
BELLE Belle IT

EPJC.84(2024)1264

% LHCb-PAPER-2025-036 (In preparation)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015
https://journals.aps.org/prd/abstract/10.1103/8x1h-39dp
https://link.springer.com/article/10.1140/epjc/s10052-024-13244-0

D\ D

CPV in D - K2K?

* Interference between W exchange and penguin annihilation diagram can generate CP
asymmetries at 1% PRD.92.054036 (2015)

BELLE Belle I

« Two different flavor tagging method

*
D" tagger Charm flavor tagger (CFT)
p opposite side (os) same side (ss)
Do
b S = 0~ <t @ —8— ¢ = D'(cil) -
ﬁ h + —
et e K (Su) signal decay



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036

DO D
) lde)
BELLE Belle IT

CPV in D° - KK

With D** — D% flavor tagger

PRD.111.012015(2025)

980fb~1 Belle and 428fb~! Belle Il data

Use control channel D - K~K* to correct detection and production asymmetry

04,0
CP observable Acp(D° - KOKO) = AXSKS — (AKK _ 4.,(D° - K™K ™))

Main background arises from D° —» K%w*m~, can be distinguished using K¢ flight distance significance
Smin(K2) defined as
L,

] L
* Smn(K9) = log[mm(é,d—Lz |


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015

Dl D

BELLE Belle I

CPV in D° —» K2K?

31400
5000

_ -1
Belle [ L dt =980 fb 1200

« Signal yields and raw

asymmetry extracted by fitting g } Daa 1000

to m(D0n+) and Smin(Ksp) % 3000 - DKk} ’,"“ 800 %
spectrum, simultaneously for g o k. ;o w0 2
D** and D*~ candidates : A A e S

1000 “ AN ""';"' R o

. > -

« The signal and D® - K{n*tm~ . 2 -
background peaking at different £ 04 &
position in S,,;,, (K2) spectrum . 0, £

< -04 <

2015
m(D°7*) [GeV/c?] S iKY

Belle: A(D° - KJKQ) = (-1.1+ 1.6 £ 0.1)%
Combined: A(D° - K?KJ) = (-1.4+ 1.3+ 0.1)%

Belle II: A(D° - KJK) = (—2.2 423+ 0.)%



Dl D

BELLE Belle I

' 0 0r/0
CPV in D° - KOK
« With charm flavor tagger
« 980fb~! Belle and 428fb~1 Belle Il data, but all D** - D%zt candidates are removed

« Use BDT and S,,,;,,(K2) to suppress D° — K{n*n~ background

- Signal yields and raw asymmetry extracted by fitting to m(KJKS) and qr
 g: flavor tag (+1)

« r: dilution factor r = 1 — 2w, w is mistag probability for each candidate

PRD.112.012017(2025)

3 100f Belle det=980fb‘1_§ 3 | Belle: A(D° » KQKQ) = (25 + 2.7 £ 0.4)%
g 1400_ 3 ¢ Data ] % 700;_
g 10p — Fit z = o Belle Il: A(D° —» KOKQ) = (—0.1+ 3.0 + 0.3)%
._g 1000}§ D°—>K‘S’K‘§ . 500§1H| O H
© . —- Backgroun 1 ™ ~rn n UG B )
800:1 Background 4005I I LT AP | 1 | Combined: A(DO — Kgf')Kg) =(1.3+2.0+0.2)%
600 [ : ]
4005—3 :
200l Combine D* tagged and CFT tagged:
oLl 1119‘ — A(D® - KJKQ) = (0.6 + 1.1 £ 0.1)%

m(KK?) [GeV/c?]



https://journals.aps.org/prd/abstract/10.1103/8x1h-39dp

CPV In DO — KSOKSO from CMS EPJC.84(2024)1264

41.6fb~! B parking dataset collected with a set of single-muon triggers with different minimum
thresholds on the muon p; and impact parameter

Triggers require muons inconsistent with being produced

b - uX % urribri_éséd
U

in the primary interaction other side B

tagged/B

80% events come from semileptonic decays of b hadron, nearly all of which decay to charm hadrons.

The flavor of neutral D meson from pion charge from decay D** — DOx=

A control channel with same final state D° - K9n ™=~ is introduced to cancel the production and
detection asymmetry

Mcp = ATHY(D® — KOKO) — AT&¥ (D® — KOm+7r™)


https://link.springer.com/article/10.1140/epjc/s10052-024-13244-0

CPV in D° - KJ2K? from CMS

A 2D fit to the distribution of m(Dr¥)
and m(KJKJ) are performed to extract

signal yields, simultaneously on D**
and D"~ samples

All parameters of pdfs are shared for D**
and D*~ samples, except for the yields

The difference in the CP asymmetries
between D® —» K9K? and D° —» Kn*n~
AA-p(D° - KIK9) = (6.3 +3.0+0.2)%

Using the world average value:
Acp(DY - Kdntn™) = (—0.1 +£ 0.8)%

Acp(D® > KIKO) = (6.2 +3.0+ 0.2+ 0.8)%

Candidates / 0.1 MeV

Candidates / 2 MeV

CMS 416" (13 TeV)
200F + Data
[ = Fit
DOXD _____________________
150 F —— D°xbkg _ YN
-------- bkg x bkg
[ --- Df x bkg I
100 b T [ adtly
50' A
0' P e e s
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S CMS 41.6 6" (13 TeV)
= 200f * Dot
-  —— Fit
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& 100 | T
8 i ++ ----------- +
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0 L i R |
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m(D n~) [GeV]
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>250F

¢ Data
— Fit
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—immem Ds x bkg
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CPV in D® - K2K? from LHCb G

6.2fb~! LHCb Run 3 data of best quality, same
lumi of the Run 2 analysis

S OBNE e LHCb E I s A LHCb

+ Data divided into 8 blocks according to data- £ ™ sy T 1T Hay o3
taking period with different running conditions, < ., ™™™ Tam 3 S e s
and analyzed separately. Each sample further = w- B - T
split in two subsamples according to a I SUUROOPY G SO I i LY . WU W
multivariate classifier (high/low-purity) ot e T ik g - miklk) Meviel

« Benefit from new trigger system, events so0 T e sasoniialr 00T Ty
containing K¢ are selected at first level trigger T Lowpuy’ W4T E e Lowpaly m
600 = | |4Gb prelimina — Totl E 890" Heb preliminary — Toul 3

for every bunch crossing — 3x higher signal

500 E

Candidates / (0.08 MeV/ ¢2)
Candidates / (0.08 MeV/ c?)
wn
2

efficiency ' I A

- Signal yields and CP asymmetries extracted o A 3 C R A3
from 3D fit to Am = m(D** ) — m(D°) and two
m(K?J), simultaneously for D° and D° samples

: : Integrate ALL data blocks

* Nuisance asymmetries corrected by . _
reweighting individual candidates with weights 15676 signal candidates, 3x larger than Run2 sample
extracted from a calibration sample via a kNN (~5400 candidates for 6/fb)

algorithm




CPV in D° - K2K? from LHCDb

The measured CP asymmetries for

different data blocks are compatible
with each other

The weighted average is
AP = (1.86 + 1.04 + 0.38)%

Most precise single measurement of
this quantity, compatible with CP
symmetry, compatible with world
average of previous measurement.

Combine with LHCb previous
measurement:
A? = (-0.37+0.78 + 0.29)%

%

i  CLEO
§ —23+19
. i LHCb 2015
Data block |  Yield A (%] H—°-‘—|| 704152429
1 2915+85 0.3+24 ;
2 1385+ 55 —0.3+3.4 ; LHCb 2021
4 1534+ 75  5.5+3.4 i CMS
5 3149494  0.0+£24 g +6.3 £3.0+0.2
0 2544 £ 77 46226 g Belle + Belle II 2025
7 1599 £67  1.7£3.3 : —0.60 + 1.10 £ 0.10
11+54 56+4. i
: Aot 564 " LHCb 2025
; +1.9+ 1.0+ 04
H LHCb average 2025
; ~0.37 £ 0.78 & 0.29
H World average 2025
o a —0.17 4 0.62 4 0.18
—40 —20 0 20 40 60

Acp(D° — KJK?) [%]

Expect significant further improvement with

complete Run 3 sample



CPVinD? - 7% and D - n*®

D
‘aya»] PRD 112,1031101 (2025)

Belle IT

D
'&a»]) PRD 112, 012006 (2025)

Belle IT



https://journals.aps.org/prd/abstract/10.1103/3kqk-ldm4
https://journals.aps.org/prd/abstract/10.1103/vg9c-xvdc

D

CPVinD? - n’z%and D™ - n*m° S

Belle IT

Direct CP violation in Cabibbo-suppressed charm decays is generated by the interference of a
leading tree-level amplitude and a suppressed Al = 1/2 QCD penguin diagram

In SM, A% (D* > n*tn%),, is expect to be 0 while A% (D° - n°7°),_¢, or AZ (D » ™), Can
have non-zero CPV

A sum-rule helps determine the source of CP violation PRD85,114036(2012) PRD107,052008(2023)

le‘(DO St ) le‘(DO ST 7TO) le‘(D+ —>7T+T[O)
R = + +
1 4+ Do (Bnono _ 237T+7T0) 1 4 Do (Bn+7r— _ ZBn+ﬂo) 1_ 3Tp+ (Bnoﬂo + B+ -
By+z- " Tpo 3Tp+ Brogo N Tpo 3Tp+ 2B +50 % Tpo 3Tpo

If R # 0, CPV arise from Al = 1/2 transition. If R = 0 and at least one Ad”” # 0, then CPV arise from
BSM Al = 3/2 amplitude



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.114036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
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+ )%

0.30 £ 0.72 +£ 0.20

ACP(DO — 7T07T0) = (

+ 0.1)%

—1.8+0.9

ACP(D+ - 7T+7T0) = (



https://journals.aps.org/prd/abstract/10.1103/3kqk-ldm4
https://journals.aps.org/prd/abstract/10.1103/vg9c-xvdc

CPVinD? - 7% and D - n*m°

dlr(DO > ata ) le‘(DO ST 7T0) le‘(D+ —>7T+T[0)
R = + + B
1+ Tpo  Brogo ZBn+ﬂ0) 1+ Tpo (Bn"'n‘ _ ZBn"'no) 1_ 3Tp+ ( om0 B+ - )
BTL""T[_ Tpo 3TD+ Bnono Tpo 3TD+ ZBn+ﬂo Tpo 3TD0

Before the two measurement: R = (0.9 + 3.1)x1073, limited by D® - n%=°

Including D® —» n°7°%: R = (1.5 + 2.5)x1073

Including Dt - wtn% R = (3.1 + 2.3)x1073




CPVin Dy — KK n¥m?

Dl D
] (&) |HEP04(2025)036
BELLE Belle I



https://link.springer.com/article/10.1007/JHEP04(2025)036

Dl D

BELLE Belle I

- + Op—F+ -+

CPVinD > KK n™n
(s) S

« Search for CPV with scalar triple-product asymmetries and quadruple-product asymmetry

Ctp = (Px- X ﬁﬁ;;) DK 5

Cap = (Pk~ X Prt) - (P X Pyt
- Data divided into 4 subsamples: X > 0,X < 0,X > 0,X <0

NX>0)-NX<0) . NX>0-NE<0)
NE>+Nx<0) FP)=FEsoTNR<0)

AX(D(+5)) =

« Define the clean CP-violating observable :

Ay — Ag
2

Acp =



DO D
) lde)
BELLE Belle IT

CPVin Dy — KJK n¥m™

» First measurement of CPV in Df5) — K/K " n*m* JHEP04(2025)036

- The Dt - KYK~ntrn* decay has large BF, multiple diagram contributions, rich intermediate
resonance — promising for CPV study

W—I—

Qd‘
&IAOJ

» Six observables are studied
X=Crp
X =Cpp

X =Crp- Cop
X = cosbty - cosby-
X = cosOy, - cosby- - Cpp

X = cosby - cosby— - Cpp



https://link.springer.com/article/10.1007/JHEP04(2025)036

CPVin Dy = KJK mtm* <B|<5

X AZX5 Belle AZp Belle 11 Combined A%,  Significance
Crp —4.0+59+30 —-02+70+£1.8 —-23+45+15 0.50
Cqp —-1.0+59+25 —-04+70+£24 -—-0.7+45+1.7 0.20
D+ Ctp Cqp 4+6.4+59+22 +406£70+13 +3.9+45+1.1 0.80
cos ng cos O - —4.7£59+£30 —-06£69+3.0 -—-29x+45+21 0.60
Crp cos ng cosfg- | +1.94+59+20 —-02+70£19 +1.0+45+14 0.20
Cqp cos ng cosOg- | +14.9+59+14 +70+£70+1.6 +11.64+45+1.1 2.50
Crp —-03+31+£13 +1.0+39+11 +0.2+24+0.8 0.10
Cqp 4+06+31+1.2 +420£394+14 +1.1+£24+0.9 0.40
D+ Crtp Cqpr +1.5+32+14 -274+394+1.7 —-02+£25+1.1 0.10
$  cos ng cos Oy - -3.7+31+11 —-63+39+12 —-47+24+038 1.80
Ctp cos ng cosfp- | —44+32+14 +08+£39+14 —-224+25+1.0 0.80
-16+31+£13 —-00+39+£17 -1.0+24+1.0 0.40

Cqp cos @ K9 COS Ok -

T T T l 5 T
D' Ks*n'n® (CF)

(-0. zs+1 33*° 23)><1 0®

No evidence of CPV found

- [Belle] A
0 +17- % :
= + : +2.1)x
DR (8€S) - 305cu3/ aBar/LHCb/BeIIe]
D’—>KKgr*n (SCS) : -1.95:1.42%0 1%
...................................................... DTS OO |- =113 WSS
D*—Kx*n*n® (CF) 0 0.2+1.5:0.8)x10°
! Belle]
D'—>K.K'K'n* (CF) ; f'3 .34:2.68)%
v ; Belle]
D*—>K Kn*n* (SCS) . -2.3+4.5:1.5)x10™
! Belle (I1) ]
D'—K'K*'n*n® (SCS) o 2.6:16.64_-1.3)x10
] Belle
D*—K.K*z*r (SCS - -2.7+7.1)x10°3
= ¢ ) : OCUs/ axBar/BeIIe]
D*'—K'r'n*x® (DCS) : (-1.3+4.2:0.1)%
.................................................................................... e ABEIEY
D!—K.Kr*n* (CF ' .2+2.4+0.
-—KKn*n* (CF) + gezl’lez("‘);]os)xm
D;—»K.K'n*n (CF | .2+5.2)x1
SrERg il (CR) — %cug/ axBa?/Belle]
D.—K'K'n*n° (CF) ! o 2.2:?.3:4.3)x10'3
. Belle
D:—K'rwn*n® (SCS) ; (-1.122.2+0.1)%
X [Belle]

I 1 1 1 | 1 1 1 I 1 I 1 1 1 I 1 1 1 I
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
ACrr
cP




CPV in 1(3686) — mtm] /i
BESTI amiv: 2507.20618



https://arxiv.org/pdf/2507.20618

CPVin ¥(3686) » n*n~ ] /Y BESIL

« Existence of a non-zero EDM implies CPV

* The neutron EDM could be originated from the contribution of quark EDMs and CEDMs
PLB 245, 640 (1990) PLB 248, 170(1990)

« non-zero CEDMSs contribute to the static potential between ¢ and ¢, which cause mixing between CP-
even and CP-odd bound states, introduce CPV in ¢(3686) -» n*tn~] /Y

Acp = (9.33 £+ 2.34)x1073d.. xm, (Chen-Kuang model)

PRD 85, 114010 (2012
Acp = (6.93 £ 0.97)x107d; xm, (Cornell model) (2012)

« CPV effect in 1(3686) — n*mn~] /i is predicted to be ~1075 in SM arXiv:hep-pn/0001314v2

« With largest (3686) dataset, enable a precise measurement for CEDM of charm quark and test of
CPV


https://doi.org/https:/doi.org/10.1016/0370-2693(90)90705-B
PLB%20248,%20170(1990)
https://doi.org/10.1103/PhysRevD.85.114010
arxiv:hep-ph/0001314v2
https://arxiv.org/abs/hep-ph/0001314v2

CPVin ¥(3686) » n*n~ ] /Y BESIL

« Dataset: 2.7billion ¥ (3686)

arxiv: 2507.20618

B+ (B +—Dr= )P g+ B+ XBr~)
|ﬁ7‘[+ Xp_)T[_ |

« CP-odd operator is defined: g3 =

. CP observable: Agp = Y4:>0)-N(a5<0)

Ratio: 1 — Ntruth

data

N(q3>0)+N(q3<0)

g B - Signal yield§ and A.p extracted

1 Reweighted Dats Iy —ee [ Jy — wu using counting method
")g MC truth
8 1 Parameter J/p—ete” J/p—ptu”
S T Acp (x107™%) 33429404 —1.24£24+0.1
g ] S 1 =y S WA ey <ACP> (X10_4) 0.6:': ]..8 :t 0.1
g [ i d., [CK] (e-cm) (2.6 £7.84+0.4+0.6) x 10716

d.. [Cornell] (e-cm) (3.5410.5 £ 0.6 & 0.5) x 10~'°
g 02E" ' | | . " |d| (e-cm) <21x10°1
By a—) 0 01 02 0z or o102


https://arxiv.org/pdf/2507.20618

CPVin ¥(3686) » n*n~ ] /Y BESIL

IIII|IIII|I|II|IIIIIIIIIIII|II

« The average CP asymmetry combined Indirect Bound (10°2) ,I
from two measurements via ete™ and
utu~ consistent with CP conservation

Direct Bound (1074

4,|

BESIII [Cornell] (107'%) ®

* The upper limit of d’. at a 90% confidence BESIII [CK] (107) v

level is proximately one order of
magnitude lower than BESII results This Bound (10" _"'I
o b b b b b g ydx1o™
=30 -20 -10 0 10 20 30
d. (e-cm)



Summary

« Charm physics is a highly active research field, important breakthroughs
are expected in the coming years.

 Future precise data will be essential to address open questions, such as
the origin of CP violation.

» Upgrade of LHCD, Belle Il, BESIII and CMS will provide further high-
precision measurements.




Thanks for your attention!
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Direct CPV in D(;) > KtTK K™

LH
ﬂ JHEP07(2023)067



https://link.springer.com/article/10.1007/JHEP07(2023)067

CPV in D(g) > KTK K™

 Run2 dataset (5.6fb™*) IHEP07(2023)067

CPV investigated using model independent binned
technique

« For each dalitz bin, local CP observable S.p is
calculated

Signal yields in each bin are obtained by fitting to
m(K*K~K*) spectrum
N'(D(s)) — aN'(Dgs)) 5 NI(DEy)
a = :
a(82, \+62, _\) Z;NI(DG)
\/ Ni(pfy) * Ni(Dg) l )

Only sensitive to local CP asymmetry

Scp =

P value with respect to the CP conservation hypothesis is:
« Df > K*K"K*:13.3%
e DY > KTK " K*:31.6%

Shigh [GEV’]

Shign 1GEV?]



https://link.springer.com/article/10.1007/JHEP07(2023)067

CPVinDt - mtn¥

D
aya»])] PRD 112,1031101 (2025)

Belle IT



https://journals.aps.org/prd/abstract/10.1103/3kqk-ldm4

CPVinDt - ntr®
PRD 112, L031101 (2025)
ete™ collision data

e 428fb~1

« DY sample categorized depend on whether or
not they originate from D** — D*r%(tagged or

null-tag)

« CP observable A;p(D* - ntr?) =

+
T
AD

* Nuisance asymmetry estimated by CF control
channel D* - K¢

+ 0
« Ap+ AT =A
+ 0 ntm +KS K°
ACP(D —)T[T[)—Araw —A +A
Tagged: (—3.9+ 1.8+ 0.2)%
Null-tag: (—1.1 £ 1.0+ 0.1)%
Combined results: (—1.8 + 0.9 + 0.1)%,

ATL'+TE0

_AP_

Candidates per 7 MeV/c2

Asymmetry

Candidates per 14 MeV/c2

Asymmetry

x10°

Tagged decays

%x10° Null-tag decays

LSI® Belle II [ L dr = 428 fb™!

§ Data

— Fit
[ [ | Phys. backg.
1 [ 7”1 Comb. backg.
05
i)
0.1
0.2F
: + ol e
f T
-02F
! -0.1 hﬂl } ¢
1.8 2 22 1.8
m(r*7°) [GeV/c2] m(*z) [GeV/cZ]
5 x10° Tagged decays 15 10° Null-tag decays
Belle I [ L dr =428 fb™! { Data
| — Fit
d | Background

10

1.85 19
m(m*K?) [GeV/c?]

1.85 1.9
m(r*K?) [GeV/c?]


https://journals.aps.org/prd/abstract/10.1103/3kqk-ldm4

CPVin D° - 79%x©

D
&) PRD 112, 012006 (2025)

Belle IT



https://journals.aps.org/prd/abstract/10.1103/vg9c-xvdc

D

- 0 0.0 /o
CPV In D —> T[ 7T Belle IT
« 428fb~1 data from Belle Il PRD 112, 012006 (2025)

Flavor of D determined by D** —» Drt

D* tagged and untagged DY - K~n* used to estimate instrumental asymmetries

Kmtag __ ,D* TTs AKTT
* Araw — AP +Ae Ae

Krnountag _ ,D* TTs AKTT
* Araw - AP +Ae Ae

Production asymmetry of D** and D° can be suppressed by averaging raw asymmetries from forward
and backward decays:

Af (cos6. 1, s>0)+AS (c0sO; 1 s<0)
2

e A =

0.0
ACP(DO N TL’OT[O) — AT _AlKn,tag _|_AIK7T,untag


https://journals.aps.org/prd/abstract/10.1103/vg9c-xvdc

CPVin D% -» 7" -

I BellIeIIJI'LdtI=428flb Be//eﬂ'
—4— Data

% x B::l_z:;{Ldt:ﬂth" % %fg :

- . ¢« w3 i me

» 2D fit to m(n°=®) and Am, independently for g Gomsmant. § - § el

positive and negative cosf, , s B B o
« Kinematics distributions of control sample - 5
are reweighted to match those of signal to 5 -
ensure the cancellation of detection i TR, §
asymmetry L MR LA B &

% 00 B_e:l_ef)lat{de=428£b" E 2500 B_e+ﬂfIDIa£Ldt=428ﬂ>" _

. ] 8 o i S 2000 e 3

« Same fit procedure is performed to control i % 10 SRR e, b

sample : 3w cosf >0 3

. 0 O O . .14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 O.IASZ(Eé:\SHg.]IG

Acp(DY » m”) = (0.30 £ 0.72 + 0.20)% : : -

Consistent with CP symmetry. 15% less precise than
the Belle measurement, but with less than 50% data

Am = m(D*®) — m(D?)



