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Physics motivation : CKM matrix and unitarity conditions

e The rates of the decay processes are parametrized by the CKM matrix elements

¢ Unitarity triangle in the (p,7) complex plane

)

Vud Vus Vub

VCKM — Vcd Vcs Vcb =
Via Vis Vi

eOverconstraining the CKM elements is one of the key goals of flavour
physics

4 parameters: A, 4, o, 1

e 3 angles
* 1 complex phase

* Parameters are measured (overconstrained syste VCKM
( rich pheno and large mass range ):

= Nucleons, K, D, B, and top quark physics
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Physics motivation : CKM matrix and unitarity conditions

e In order to verify the unitarity of the CKM matrix

= Complex plase y = arg(-V,,V* V. ,V*) which is a source of CP violation

can be measured from the processes mediated by the interference between
between b—c and b—u quark transitions

e Only angle measurable with tree-level decays
e theoretically clean
e "Standard candle” of the Standard Model

e Precise measurements of the magnitudes of the CKM matrix elements : mixing,
branching fractions

e Sub-degree level of measurements to be compared with the CKMfitter global fit
to challenge the Standard Model

eLoop level (Indirect measurement)

o "sensitive to New Physics”
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CKM angle y measurements

_I_

IZ A model-independent measurement of the CKM angle y in the decayB* — [K*K ntn "] h™
and B™ - [z x ntn ]1,h~ (h=K,n) ([JHEP02(2026)253], [arxiv:2509.15139])

[Z Simultaneous determination of the CKM angle y and parameters related to the mixing
and CP violation in the charm sector |LHCb-CONF-2025-003]

[Z Measurement of y using B* — DK* and B* — Dz* decays with D - Kz"z— and NEW
D — KJK*K~ with Run3 [LHCb-PAPER-2026-010]

[Z Unbinned measurement of the CKM angle y in B* - D( - K¢hth™)h™ decays NEW
[LHCb-PAPER-2025-063], [LHCb-PAPER-2025-064]
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https://link.springer.com/article/10.1007/JHEP02(2026)253
https://arxiv.org/abs/2509.15139
https://cds.cern.ch/record/2948394/files/LHCb-CONF-2025-003.pdf

cos 2B <0
at CL > 0.95)

arxiv:2509.15139

excluded area has CL‘> 0.95

1=

JHEPO2(2026)253

—> [KJrK_irJrir_]Dhi and

v Analysis based on data samples Run1&2 corresponding to an integrated luminosity of 9/»~!


https://arxiv.org/abs/2509.15139
https://link.springer.com/article/10.1007/JHEP02(2026)253

A model-independent measurement of the CKM angle y in the decays B* - (K"K n7n™] Dhi and B — (7 n ] Dhi

Ci\ 800 — B* DK* c<];: 9 — B* sDg*
= 700 ' —— B* —Dx* > 8 —  B*—DK*
% Charmless bkg. % e ) —> K 777770 [77°]
> 600 = D>Kzaln] > e B =D (=D [7)) I
~ , m B —D (=D [7]) h* N e B* =D (=D [7°]) I ~Fi — — '
c 500 — 5D D)k S i — . oearht 1 eThe variation of the strong-phase over D - h*th~z"n~ provides
~" H m— b =D (=Dly)hn ~ 0+ h
~ 4 e B —D B ~ s B — D h7[ 7T ] sy s m
> 100 B BDilrl, 24 — Combinatorial big. enhanced sensitivity to y angle
§ 300 g " : : lert. reco. mis-ID bkg. "Cg 3 Total
s s
= = 2
Qv S
O O 1
0

200 o |5 . » Provides a model independent update, replacing [EPJ C 83 (2023) 547]
100
0 5200 5400 5600 5200 —— 5400 5600
m(DK~) [MeV/c?] m(Dx™) [MeV/c?]
s D KKwte. . . . .
< dp b AR ETT - 4+ v measured for the first time with a model-independent phase-space
~ | Plugin T U - : : _ + +
08 I - binning approach using B~ - Dh™ mode
0.61_ i - + The result from the phase-space binned analysis is: v = (53.9;;3'5)"
-~ LHCb '
o : T - - S +8.5
04l 9" - 4+ Combination with phase-space integrated analysis: y = (52.6,,7)°
023_ Lt - 4+ One of the most precise determinations of the SM parameter y ->
: oyt : significant impact on global fits
[ o™ .'Ir.’._.._. """ | o | ] o _
%0 50 100 150 + ~2X better precision compared with the 2023 measurement

JHEPO2(2026)253 , arxiv:2509.15139
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https://link.springer.com/article/10.1140/epjc/s10052-023-11560-5
https://link.springer.com/article/10.1007/JHEP02(2026)253
https://arxiv.org/abs/2509.15139

\
\ :
\. .
\ : 3 -
\\ .
A \
! \
\ \ .
\\ \
\ 3
K \

" Summer 25

\ \
sol.w/ cos 2 <0

LHCb-CONF-2025-003

“excluded area has CL > 0.95

1=

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol

Simultaneous determination of the CKM angle y and parameters related to the mixing and CP violation

IN the charm sector

v Updated LHCb simultaneous combination constraining the CKM angle y, charm mixing and CP-violation parameters

v Analysis based on data samples Run1&2 corresponding to an integrated luminosity of 9/»~!

v New measurements significantly contribute to sensitivity on CKM angle y : D' - Kz z"z%, B* - [K*K n"n"],h* and
B* = [ntn ntn],h— decays



https://cds.cern.ch/record/2948394/files/LHCb-CONF-2025-003.pdf

Combination of CKM anaqgle

2024 LHCb average: y = (64.6 £ 2.8)°

4+ The most precise determination of y from a single experiment to date! 4+ Coherence

1 L0/ N —
,—‘4 - @88 B* Only Preliminary _

0.4

0.2

40 50

+ Compatible with the previous LHCb combination

Autumn 2025_|
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[ HCb-CONE-2025-003

60 70
7 [°]
q 2025 LHCb average: y = (62.8 £ 2.6)°

with indirect
measurements

4+ Precision achieved beyond the original 4° expectation
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y = (66.37]))°

(CKM fitter, frequentist)



http://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf
http://ckmfitter.in2p3.fr/
https://arxiv.org/abs/2212.03894
https://cds.cern.ch/record/2948394/files/LHCb-CONF-2025-003.pdf
https://cds.cern.ch/record/2948394/files/LHCb-CONF-2025-003.pdf
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NEW

Measurement of yusing B* —» DK™ and B* — Dr* decayswithD — K7tz and D - K{K*K~

ol

with Run3

v A measurement of the CKM angle y from B* — Dh™ (h™ can be either kaon or pion) where D meson decays to
D — Kin*z~ and D - K{KTK~

v Analysis based on data corresponding to a total integrated luminosity of 5.8 f6~! collected by the LHCb in 2024



Measurement of y using B — DK* and B* — Drn™ decays with D — Kgﬂ'_l_ﬂ'_ and D — KgKJ“K ~with Run3

4+ B* - DK*/n* decays with all final states reconstructed :
D — Kgﬂ'_l_ﬂ'_

4+ Signal yields of B* in the i” bin dependent on the CP-violating observables - m> > m: !

Preliminary

D
' bin number |

F_ (X0, F yss))

Fractional yield of D° — K¢hh |
common for DK and Dz (same

Strong-phase parameters of DY — K{hh -
c.; and s. inputs taken from combined [JHEP06(2025)086] 05 10 15 20 25 3.0

relative efficiency ) measurement of BESIII and CLEO) [PhysRevD.102.052008] m2 [GeV?2/cl]
D — K8K+K_ |
1.8 5 )
m- > m; :
+ The first y measurement with Run3: % 167 =
4+ Self normalising approach y sensitivity from relative bin yields S 14 - -
+ Reduced impact of detector asymmetries and simulation, etc. 3 . =
< 1
+ Run3 advantages: higher luminosity, higher trigger efficiency
(removal of LO + dedicated exclusive HLT2 lines for this decay) 1.0 Preliminary

1.0 1.2 1.4 1.6 1.8
m?3 [GeV*/c?]
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https://link.springer.com/article/10.1007/JHEP06(2025)086
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.052008

Measurement of y using B — DK* and B* — Drn™ decays with D — Kgﬂ'_l_ﬂ'_ and D — KgKJ“K ~with Run3

D — Kgﬁ'_l_ﬂ'_ [.] D — Kgﬂ'_l_ﬂ'_ D)

a0 ! e ' — < T 1T T T T T T T T ]
§ 14000 B* — Dng*™ LHCb § 12000 B* — Dg*LHCb -
—3— Data —3$— Data Imi —
§ 12000 Tottal fit § 10000 To:al ﬁtPrellmlnary
W e B* — D™ T e B — Dr*
~— 10000 —— B* — DK* ~ 8000 —— B* - DK* j
: : : — - B® — D*(— D[7))7* —~ B’ — D*(— D[7)a* -
e Global mass fit used to determine signal and background % 8000} - — D DD % 000 — NG S
components. S 6000 5 D'C> DlyDr S o B> D' Dlyba
. . . . Combinatorial Combinatorial
e Simultaneous fit performed across categories (8) defined: § 4000 5
2000 i Preliminary 2000
[DK, Dr] X [K{7r, K{KK] X [LL, DD] e A ) L -
5200 5400 5600 5800 5200 5400 5600 5800
D — ROR+R- m(Dx*) [MeV/c?] D — KJKTK~ m(Dx*) [MeV/c?]
S
‘<B - 1 r r . 1 T 1 T & 1000 |"'|"'|"'
§ 000 t BT —> DKT LHCb § t B* - DK* LHCb j
é) —3— ?ata1 i Preliminary é) 200 —3— ?atalf Preliminar
otal 11t otal 1t -
+ The number of signal yields from global mass fit ~ 200k o 800 Bk o) B DK :
| 2 ool BN B’ — D*(— DIx)K* P 600 BN B° - D*(— DIxDK* j
+ Relative to Run 1+2 measurement: 5 ' S 5 — D'~ Dlw DK® 5 ' S 5~ D(~> Dl DK*
) = 0 (T]DY])K ) 400 g _)DDOK("—[)]D]])K —
: . . . . . = 400 B = D K'lx] = P
+ ~17% higher signal yield despite lower luminosity = W B, — DK*(] = B B, — DK*(] :
“ 200 “\1 L Combingorial o 200 K \ S Combinorial B
+ LL yields per lumi is 2.7% of run 2 L‘ v My :
0 m““?‘_‘-@nm AL A A SR S ot 0 MA-“E“_~ AIPAR SRS B
5200 5400 5600 5800 5200 5400 5600 5800
m(DK*) [MeV/c?] m(DK*) [MeV/c?]
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Measurement of y using B — DK* and B* — Drn™ decays with D — Kgﬂ'_l_ﬂ'_ and D — KgKJ“K ~with Run3

+ Likelihood scans of X, y show close aggrement fit results : uncertainties are well approximated by Gaussian distribution

+ The vectors pointing to the coordinates (x;., ;) and (xpx, ypx) form an angle of 2y

e The resulting CP observables are:

rPK = (1 4.814+0.88 £0.20 £0.23) x 1072,

0.10 6.70 +1.26 + 0.44 + 0.56) x 1072,

Preliminary Yy_

" = (=7.634+0.88 £0.28 +0.15) x 102,

Preliminary

0.10

( )
( )
005 yPK = (—1.20 £ 1.34 £ 0.35 & 0.44) x 102,
0.05
g k ze™ = (—9.44 £2.51 +0.57 £ 0.69) x 1072,
Q 0.00 Q;u}f D _9
> ye " =( 2.76 £2.99+0.19+1.21) x 1077,
0.00
—0.05 LHCb :
/s =13.6TeV —0.05 Vs =13.6TeV 0.8 { Preliminary B* — DK+ . LHCDb
—0.10 5.8 fb~1 5.8 fb~t 1< =
—0.10 —-0.05 0.00 0.05 0.10 -0.20 -0.15 -0.10 —=0.05  0.00 ;00
DK Dr ol .
Le < 04 :
. o Z o | $
e CP asymmetries show good agreement across different fit methods. |
| I\Z/' 0.0 7 {
0.2 t :
Kirtn— 1 KIKtK-

8 -T7T—-6—-5-4-3-2—-11 2 3 4 5 6 7 8 —2—-11 2
Effective bin 2
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Measurement of y using B~ — DK™ and B® — Dx™ decays with D — Kgﬂ'_l_ﬂ'_ and D — KgKJ“K ~with Run3

e Comparison with Runl+Run2 measurements:
o Consistent vy, 55%, 6.7 values, smaller r;* larger r;”

e Higher y uncertainty from changed strong-phase inputs and a smaller r2* valUe

e Comparison with LHCb y combination :

e good agreement with a p-value of 12% in 5D parameter space _
+ Physics parameters:

140 | | | | I | | | | l | | | | | | | | l | | | | l | |

H 0.11 I '.'_._'.I L L e e e T U Thi i
S5 | AR LHCb | S& s ucvcowsomon oo, LHCD 68.1 + 6.7)°
0.10 R - E //,/' | \'\,\' _ — ( o . )
: - 130 e N \"-\ - ’y ,
l : '- : DK 0.0078
0.09¢ g 125 - ' = 0'07811-0.00797
:_ ;. !!. .\.\ \.\'\. _: 1201 _f .
- CEERS  | w L=t
- F - 115} B - |
, _ R '\.\ i _ - 1 \'\.\ __,.w"' - [) ) 16
0075 0 - : 110 < E TBW — 000731—888157
0.06L L : 051 - 5 Dn 20\0
| ; 2 T § 0p" = (286753)°,
0T TR T T TR T e 0 40'1'15‘0”116‘0”1'7‘01IHSIOHHglOIOI -
. ol

+ It is the first y measurement with Run3 !

+ Higher signal yields observed with less integrated luminosity

4+ These results show good agreement with the previous measurement
MORIOND EW 2026 Halime SAZAK




0.7

.
R
Hi

-
i)
)
3
-
S,

! "
.‘3 2
et i
AT
:_msx

""""

.....

.....

0.4 &7
0.3 E
LHCb-PAPER-2025-063 ~
LHCb-PAPER-2025-064 00 / B
-0.4 -0.2 0.0 0.2 0.4 06
p

.\ Summer 23

sol. wi cos 2§ < 0
(excl. at CL > 0.95)

NEW

Unbinned measurement of the CKM angleyin B — D( — th’“Lh’_)hi decays

v Joint analysis between BESIII and LHCb experiments (in preparation)

v The CKM angle y determined via model-independent measurement unbinned approach (novel)

v The analysis based on data samples collected by LHCb Runl&2 and BESIII at ¥(3770) corresponding to a total

integrated luminosity of 9/6~! and 8f»~!

Preliminary



Unbinned measurement of the CKM angle 7 in B* — D( — thurh/_)hi decays

v The y determination : Model-independent unbinned approach N EW
4+ Goal: extract the angle y with CP violation in B* - D( - K¢hth)h* (h — K, x) decay

rgh . ratio of suppressed to favored B-decay amplitues

Decay rate densities for B~:

5P strong-phase difference

B™: pp(z) < pp(z) + (x2 4+ y2)pp(z) + 2[x_C(z) + y_5(z)]
B*: pp(z) x pp(z) + (x5 + y{)pp(z) + 2[x,.C(z) —y,5(2)]

D°/D° = th "h~ decay density {COS, sin}(¢)
+ Weighting Methods: pp(z) :decayrateof D — K hth™

e Binned approach

Preliminary
1.5

- Step weighting function

® -
S
-
~

- Average strong-phase differences are measured per bin

0.5

e Unbinned Fourier (novel)

- Introduce an additional weight that takes into account the amplitude magnitude
and signal purity

- Using Fourier expansion of the phase difference ®(z) = 6,(2) — 6,(2)
- Strong-phase parameters determined from BESIII - model independent

+ Advantage: A novel unbinned Fourier weighting retains full phase information -> improved statistical precision than binned
methods

MORIOND EW 2026 Halime SAZAK




Unbinned measurement of the CKM angle 7 in B* — D( — thurh/_)hi decays
NEW

e CP-violating observables extracted from a simultaneous fit to both datasets

e Determined strong-phase parameters from BESIII data

0.3

0.25

0.2

0.15

0.1

0.05 —

—0.05

-0.1

CoC GG CC €G08 88, 858, 55 8 ¢ C GGG G0 G S, S S, S5 8 95 S

Kmn

Preliminary

Kintn

BESIII
8 b~

-4= Fit to data
— Model prediction

+ The result of the physics parameters: y, 0k 52K

v =(71.3£5.0)°,
rDE — (.094910-9086

= (121.6729)°,

— 0.006470:9921

— (311127)°.

+ Novel approach shows ~5% improvement in the statistical precision of y compared to the binned phase-space analysis

+ Optimising the analysis strategy can enhance the precision of y with the current data set.

+ Joint BESIII-LHCb publications under preparation.

MORIOND EW 2026
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Mixing and CP violation measurements

IZ Search for CP violation in D™ — ®z* decays [LHCb-PAPER-2026-011] NEW

lZPrecisiOn measurement of CP violation and branching fractions in B* — K{h* h(K, ) decays and search for the
rare decay B — KJK* ( submitted to PRL, [arXiv:2512.09288] )

IZ Observation of CP violation in BY — J/up(770) decays (Submitted to PRL, [arxiv:2601.15646])

(Z First measurement of the decay-time integrated CP asymmetry in BY - Dyzt decays [arXiv:2603.1086]

IZ Measurement of CP asymmetries in B’ - D;D* and B{ — D}D~ decays

+ Recent measurements but not covered in this talk (backup)

lz Study of charm mixing and CP violation with D° - K*z*z*zF decays ([JHEP12(2025)153],
[arXiv:2510.04963]) (contribution to gamma combination)

IZ Measurement of CP asymmetry in D° - KJK.; decays with Run 3 data. ([JHEP02(2026)253],
[arXiv:2510.14732])

(Z Measurement of branching fractions and CP asymmetries in A)(E)) — pK/h~ decays ([arxiv:2508.17836],
JHEP10(2025)169])

MORIOND EW 2026 Halime SAZAK


https://arxiv.org/abs/2512.09288
https://arxiv.org/pdf/2601.15646
https://arxiv.org/abs/2603.10860
https://link.springer.com/article/10.1007/JHEP12(2025)153
https://arxiv.org/abs/2510.04963
https://link.springer.com/article/10.1007/JHEP02(2026)253
https://arxiv.org/pdf/2510.14732
https://arxiv.org/abs/2508.17836
https://link.springer.com/article/10.1007/JHEP10(2025)169

LHCb-PAPER-2025-049
submitted to PRL, arXiv:2512.09288

Precision measurement of CP violation and branching fractions in B* — K h™ h(K, r) decays and search

for the rare decay B> — KgK -

v Analysis performed based pp data collected at \/E = 13TeV, corresponding to an integrated luminosity of
5.4 fb~


https://arxiv.org/abs/2512.09288

Precision measurement of CP violation and branching fractions in B* — thi (h = K, 7) decays and search for the rare decay B;—r — KgK =

e Primary focus on the measurement of CP violation in B* - Kzt and Bt - K’K* via b — dds and b — ssd

e B* — K'h* testing isospin-sum rule, also with B* — K{h* independent null test of SM

e Dominated by gluonic penguin b — s transitions, direct CPV expected to be very small in the SM—> (A, = O(1%)
in B* > KJK* )

e Provides a clean reference channel for testing the B — Kz isospin sum rule

e Signal yield extracted via an unbinned extended maximum likelihood-fit to the B* mass

e Control channel B™ —» J/wK™ used to determine the detection & production asymmetries, cancelling most of
nuisance asymmetries

~ 1600 ~ 1600
O -1 I ) ~1
T — Total ﬁ% D — Total hg
12 —B'—> K ! 12 — B > K¢m . . .
E . o B'— KK 5 o B KK +The CP-violating observables determined as:
= 1000 < Comb. bkg Z 1000 < Comb. bkg
% 200 Part. bkg % 200 Part. bkg
g 600 g 600 Acp(BT = KJn™) = 0.028 + 0.009 % 0.009
400 400
~ 200 ~ 200 Acp(BT — KJK*) = 0.118 = 0.062 £ 0.031

000 OO 5400 5600 000 OO 5400 5600
m(K?2 ) [MeV/c2] m(K2 ) [MeV/c2]

4+ Most precise determination so far ~2x more precise than the Run 1 measurement.

4+ No significant signal is observed for BF — K/K*

submitted to PRL, arXiv:2512.09288
MORIOND EW 2026 Halime SAZAK 19



https://arxiv.org/abs/2512.09288

LHCb-PAPER-2025-059
Submitted to PRL, arxiv:2601.15646

Observation of CP violation in B — J/yp(770)" decays

v The flavour tagged time-dependent CP-asymmetry in B — J/yp(770) decay

v Based on data collected by the LHCb at \/E = 13TeV Run2 (2015-2018) corresponding to an integrated
luminosity of 6 fb~!


https://arxiv.org/pdf/2601.15646

Observation of CP violation in BY — J/wp(770)" decays

e Proceeds via b — céd and is sensitive to the CP-violating phase 2 *Signal extracted unbinned extended
| | - | | maximum likelihood-fit to the m(Jyz"z7)
e Provides a control of penguin contributions in ¢¢ measurements from B; — J/y¢ using

SU(3) flavour symmetry S 12000 - —
Sﬁ > - LHCb 6 fb™ -
e BY momentum required to originate from the closest PV and the mass u*u- > 10000 - —— Data and it B
. ) _ 0 e _
constrained to the J/y mass ~ 8000 B=lyrn
- 0.2 B | | | ' ' ' | | | _ \\/ _ B> Jlwrntn _
. . . 2 i LHCb 6 fb' - £ 6000 Partially Rec. Bkg. —
e Combinatorial background described by E i - = - ey Ree PR
_ =4 0.1 — o woo— { \ | % Combinatorial Bkg. -
a 5th-order polynomial. Z + - S 00 - -
e Background-subtracted sample used in & 0 1 N + E S 2000 - —
a multidimensional likelihood fit to the 73 i e e e e
decay time, m(zx), angular variables 3x ‘go il ! - 5250 5300 5350 5400 5450 5500
helicity angles to extract 25 and A = - m(Jly ") [MeV/c?]
_0.20 ' ' ' ' g ‘ ' | | 1|0 E iiggé: -o—pD(a7t3§)r(1)dﬁt :; % 5002— { : ,_n {ﬂ* —i
t' modulo 2/Am , [ps] § o3 fs0) 5 0P ¥ ! Ty =
2 200 3 £,(1270) E 'c% 300 -
. : : : : : S sob el C 200§
+ First observation of time-dependent CP violation in b - ccd B-meson to S aof A E
] O 200F * ’ = - - :
charmonium decays T e VA L e T
m( wrmw~ ) [GeV/c?] cos 6,
+The CP-violating observables determined as: 5 —3 & g —
S; izzg *H ; ** **++LHCb6fb : § ook u H + . *++ LHCb+6fb+ +*
2 5 i Yt »  400F - tt i
29 = (0.710 £ 0.084 £ 0.028)rad | A| = 1.019 % 0.034 £ 0.009 S I i P
5 200 g 200 E
+ Consistent with earlier results, with a twofold improvement in precision! i —— Y —
—1 —0.5 0 0.5 COS91 -2 0 2 p
‘ g g g | g g ] — _I_ H .
The most stringent limit on the penguin contribution: Ad®, = 5.0 £ 4.2 mrad arxiv:2601 15646

MORIOND EW 2026 Halime SAZAK



https://arxiv.org/pdf/2601.15646

LHCb-PAPER-2025-074
arXiv:2603.1086

First measurement of the decay-time integrated CP asymmetry in Bg — Dg ' decays

v A measurement performed on the flavour-untagged decay-time-integrated CP asymmtery in flavour -specific

0 — -+ \)
decay By » Dyn™, <Ay 00eq™

v Analysis based on data collected by the LHCDb at \/E = 13TeV Run2 (2016-2018) corresponding to an integrated
luminosity of 5.4 fb~!


https://arxiv.org/abs/2603.10860

First measurement of the decay-time integrated CP asymmetry in Bg — Dg 7" decays

¢ B — D¥h™ (h = =, K) decays dominated by color-allowed tree level
amplitudes, proceed via b — ciug transitions, with (g = d, s)

B> D-K*
e Predictions/experimental measurements disagree, could induced RO _y -+
direct CP-violation, resulting in @ small decay rate asymmetry.
(Bg — DS_7Z+)
B> D~ xt
e TO increase the statistical power untagged time-integrated
asymmetry B - Dgr* BY — D*~ x+
ay,
< fmtagged> o Afiir o 28 (1 o Ps) B?—>DS_K+
Where A% can be up to 0(1072) and p, ~ 0.001 B) - D
o <A, ....s> Measured across 2016-2018 data
<A1§ntagged> — Araw _ Adet. -
N(Djz~) - N(D;z*) 1\ L0 PID | 4 track
Araw = Ager. = Ager. T Ager. T Ader, T Adet,

MORIOND EW 2026 Halime SAZAK
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6 1 =@ Exp. value [PDG 2025]
o

SM prediction
[JHEP (2021) 235, EPJ C 80 (2020) 951}

-- 310

2 3 4 5
Branching fraction [10~> for b — cud, 10~ for b — cus]

arXiv:2603.10860


https://arxiv.org/abs/2603.10860

First measurement of the decay-time integrated CP asymmetry in Bg — Dg 7" decays

0 — _+ S
b s DS oy < Auntagged
I Data - Total fit
B) - DT K~
O ¥
>2500F LHCb E
é) ; 11 54 fb -
o 2000 2k 4 DK 3
~ 1500 - D

T

5600
m(K"K ") [MeV/c?]

5800

1000 —m— oo
§ " LHCb
o 800 4, — 4+ 540 -
2 : ,!,.l D D+ + -+ _ :
8 400, # it E
. E‘* L :
o - 5 -P"hl;#l-l-l#qu_, -
S 2200 MEMMWQ“H?##?
T 5600 5800

m(m ) [MeV/c?]

6000

6000

Combinatorial

>2500F  F LHCb
§ 4 54 b
032000 :’aﬁ _ 4 DK K )7t
~1500F | | T
Q P
S1000F | |
= ook
5 500 & 4

.

0 5400 5600 5800 6000
m(K K" ") [MeV/c?]
~1000——————————————T————
g {:B LHCDb
2 600 * * A /4 D (n"m'n)m’
P T
§ aoof [ 4
% I *’w‘fww
c 200 ¢ ¢ e et P
05200 5600 5800 6000

m(mt nn ) [MeV/c?]

e First measurement performed on the flavour-untagged decay-time-integrated CP asymmtery in flavour-specific decay
> : two Dy modes: Dy - K K*z~ and Dy —» n n'n™

e Maximum likelihood fit to m(hhzz) determine A,  for each mode

e Contributions to determine A, : hardware trigger and PID
provide larger contribution and minor contributions from
software trigger, etc.

KK 7t final state

et final state

arxiv/2603.1086 Combined
+ First time measured this asymmetry : <A? >=(=14+59+1.1)x103 2

untagged

+ In agreement with SM expectations, no evidence for direct CPV

+ Currently statistics-limited — expected to reach per-mille precision in Run 3

MORIOND EW 2026
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LHCb

Vs =13TeV, 5.7 fb~!

|
N\

- 40 P (HELAV 2018)

Stat. error only
—+o+— Stat. & syst. errors

2 4 6
< 3ntagged> [ To

arXiv:2603.1086


https://arxiv.org/abs/2603.10860
https://arxiv.org/abs/2603.10860

LHCb-PAPER-2025-037

Measurement of CP asymmetriesin B’ — D" D" and Bg — DD~ decays

v Analysis based on data samples Run1&2 corresponding to an integrated luminosity of 9fb~! of pp collisison
at center-of-mass energy /s = 7,8 and 13 TeV



Measurement of CP asymmetries in B" — D D™ and Bg — DD~

e The measurement of B’ - D¥D¥ decays proceed through b — cés and b — céd

].04 | 1 | |
a LHCb Dat + LHCb Dat _ - .
§ 01 : EﬁiD_DJ’ T omp! :B§1D+D_ | o Similar strategy : <A; .., > analysis
= .| m B> D; Dt | m B> DD
@10 W 5"~ D7D W B”— DD A . extracted from maximum likelihood fit
@ - Combinatorial | ' - Combinatorial - raw
- + A, . determined using data-driven techniques
) 2 - : : :
;g 10 A .q - €valuated from production cross-sections for different
S 1 neutral B-meson flavours : 0.0013+0.0015

10* -

o ] Acp(BY — DID™) = 0.1029 £ 0.0534 + 0.0099

5200 0300 5400 5200 5300 5400
m(D; D) | MeV/c?| m(DFD™) | MeV/c?|

7

4+ First time measured this asymmetry in B} decays; most precise 5" result to date

4+ No CP violation observed

4+ Significantly improves the measurement precision of B’ relative to Belle (~4x)

+ Hardware trigger removal in Run 3 boosts fully hadronic performance

MORIOND EW 2026 Halime SAZAK



LHCb-PAPER-2026-011

Search for CP violationin D™ — ¢z™ decays

v A measurement of the direct CP asymmetry in the D™ - ®z* performed.

v Analysis based on data samples Run2 (2015-2018) corresponding to an integrated luminosity of 66! of pp
collision at center-of-mass energy /s = 13 TeV



Search for CP violationin D™ — ¢z™ decays

e D" — ¢n™ decay is governed by a singly Cabibbo-suppressed transition N EW
e Superseding of previous LHCb measurement: A .(Dt — ¢zt) = (0.5 4.2 (stat.) £2.9 (syst.)) x 107" PRL 122 (2019) 19, 191803

e performed with a partial LHCb Run 2 dataset (2015-2017) — 3.8fb~!

e used D — K. nt decays to cancel production and detection asymmetries [employed only K{(LL) decayed within the VELO]

x10° e A.p(DY — ¢x*) using the full Run 2 dataset (2015-2018) — 6fb™"

Dt —> ¢rn | Data e Dt - K!z* decays include K/(DD) decayed downstream of the vertex detector.

I

LHCb 6 fb™! '} — Signal + bkg. First time ever in a high precision measurement
— Signal

N
N

e Neutral kaon asymmetry model highly improved, even at higher decay times.
Comb. bkg.

—
)

e Account for interference between DCS Dt — Kz* and CF Dt - Kz decays,

regulated by strong parameters r, and §.. K K" > KO \
CF \

Candidates / (1.2 MeV/c?)

0.5
4 . Preliminary —
O — S LA + 0.+ + ~ ot
1820 1840 1860 1880 1900 - i6Ae) — AD" — K'7™") D i / o
M(¢r™) [MeV/c?] z — oA (Dt — KOrt) K0 7 _/

FAT prediction [1] - [1] Factorisation-Assisted o Also include contribution from “Incoherent regeneration” [Charpak et al. (1966)].
r, = (—0.073 £0.004) Topological amplitudes

=+(139+005) PRL119, 181802 [checked to be negligible in asymmetry measurements] (this contribution might

become dominant in certain cases—specifically regarding thin regenerators like
the VELO layers.)
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https://cds.cern.ch/record/275831
https://inspirehep.net/literature/1723351
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.181802

Search for CP violationin D™ — ¢z™ decays

e Analysis strategy: time-dependent analysis in bins of K{ decay time

o AA =AS (DY — Kint) —AS, (DT — ¢xt), with s labelling the K{ decay-time bin

raw raw

e Equalise the 3D momentum distributions of signal and control channels to cancel

production and detection asymmetries
e Raw asymmetries from simultaneous fit to D™ and D~ mass peaks Preliminary

e Model: AA, = AS(K;r, ,8)—Arp(DT — ¢pr)

1T K0

e Ap(DT — ¢n™) from a fit to AA,, optimizing . and 6_ on data (Profile Likelihood)
Acp(DY = ¢prt) = (0.1 £4.9 (stat) = 1.9 (syst)) x 10~

{ Data

— Best fit model

-1 4 No CP violation observed

_ Preliminar _ LHCb 6 fb™
4 : :

-0-4E % + Agreement with earlier LHCb result at 0.67¢. K%DD)

_06 LHCb 6 b _ _ _ _
5 B CL=683% (l0) - 4+ First measurement (confidence intervals)

-0.8 | | CL =95.4% (20) — :
: B CL-9%7%G0) - of strong parameters r, and §,:

-1 — _ _ _ _ _
e T ,FAT, . . .3 +* Inclusion of DCS/CF interference in the model and extraction of (r, §) from data crucial
-2 0 2

6_[rad] to perform charm CPV measurements in Run 3 and beyond (A p(KK) etc.)
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Conclusion & Outlook Stay tuned!

M A large number of precision results have been obtained in CKM and CPV measurements using the Run 1-2 dataset (9/6~!) and more on
the way with Run3 data (~2.5 larger dataset then Run 1+2)

M Numerous first observations and improved precision results from Run1&2 : CPV in D* - ¢z*, B - D D¥, B] - Din*, v in
B* — D( — KYhh™)h*

M First y measurement shown with Run3 data : B* - Dh* (h = K,n) With D - K{z*z~, D - KJK*K~

M Higher efficiency with a fully software-based trigger in Run3

M With Run 3 still in progress, increasing statistics will enhance measurement precision and future analyses
Total recorded luminosity — pp — 31.7 fb™

—_—
-
—

> - .
Qc:) — e T aw 5 — _— . i
. - ~ 5 o | = 2 3 Run 3 - 22.56 / fb rach
- —f— > kS s » — a
i
- —gg- —F— 0.8 = — R > — 2025(13.6 TeV): 11.81/fb
o V-8 gt = % 0.8 — H0.8 £ = — 2024 (13.6 TeV): 9.56/fb
7 —_— =y —— - 72 2023 (13.6 TeV): 0.37/fb
O L g 8 _ -t 8 7§ ———— 2022(13.6 TeV): 0.82/fb
- - : 5 :
0.6 a -4 0.6 = = —_ E é Run 2 - 5.90 / fb
| o { = 0.6 196 ¢ = 2018 (13 TeV): 2.19/fb 2
—— | —_— e —— c . 2.
LLHCDb Preliminary 0 e ) s = 20 2017 (13 TeV): 1.71 /b QperathnS
—t— i ot oI+ = L LLHCb Preliminary O 9 2016 (13 TeV): 1.67/fb
0.4 i BT — .//L)(é’ e K 0 4 -— B() —>D (K*tmr o )7t ; g ——— 2015 (13 TeV): 0.33/fb
+ 2025 (HLTT) - - + 2025 (HLT1) A - %D 15 Run1-3.23/1b
— -+ Run2(LO+ HLTI) - . | = =
© — —+  Run2 (LO+ HLT1) - 3 = 2012 (8 TeV): 2.08/fb
-, i -y —e 2011 (7 TeV): 1.11/1Db
0.2 N — ()2 —— - — S —  2010(7 TeV): 0.04/fb
o S /
Sl | q.)
0.0 5 10 5 50 55V 0.0 0.0 X 5 /
+ fq- —1 1
B * transverse momentum [GeVc¢™'] BY transverse momentum |GeVe™! ] P /

LHCb-FIGURE-2025-015
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https://lbgroups.cern.ch/online/operations_plots/
https://cds.cern.ch/record/2950664

Thank you for your attention !







LHCDb: Large Hadron Collider Beauty Experiment

 Precision measurements of particles containing b & ¢ quarks mainly produced in the forward direction at LHC

A single-arm forward spectrometer covering the pseudo-rapidity range 2<n<25

* Precise vertexing, tracking, particle identification and the reconstruction

Side View

SciFi RICH2
Tracker

Recorded integrated luminosity [fb ']

Total recorded luminosity by year — pp

[
(\9)

(—
-

@)
|||’|\\‘\\I‘|II‘III|III

0
Apr

| ’ | | | | ‘ ‘ ‘
2025 (13.6 TeV): 11.81/1b
LHCD

2024 (13.6 TeV): 9.56 /fb

2023 (13.6 TeV): 0.37/1b m
2022 (13.6 TeV): 0.82/1b

2018 (13 TeV): 2.19/1b

2017 (13 TeV): 1.71/1b

2016 (13 TeV): 1.67/1b

2015 (13 TeV): 0.33/1b

2012 (8 TeV): 2.08 /b {/
2011 (7 TeV): 1.11/1b

2010 (7 TeV): 0.04/fb Qpe ratiOnS

’I\\‘\\|‘III‘III‘III

/7 ,:_///
/ //_//’/‘_/{’

—T T |
| | | |

May Jun Jul Aug Sep Oct Nov Dec

+ bb~ pairs are predominantly produced
in the forward region of pp collisions

LHCb MC
\s =8 TeV
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https://lbgroups.cern.ch/online/operations_plots/

Physics motivation : Unitarity triangle

e Discrepancy between these will indicate "New Physics”

e Many different channels used to measure the angles and sides of the triangle

-
~

0.7 | | | | | | ! I I | | | | | I | | I | | | | | | I |__I I I I I I | | I_I_I | I | T 1T = 1 I I I
C/z | Y fi - C/t d S
0.6 . E % 0.6 E_ & Amd K Summer 23
05 —'g 05 s sin 2B
S : G sol.w/ cos 2B <0
— 8 — 8 (excl, at CL > 0.95)
04 — 5 | 04 — 5
1= S : % 1= |
0.3 0.3 _E
0.2 0.2 |
5 | U ;
00 | I 1 l l I L 00 |:_| : | : : : k
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
p p
Direct measuments Indirect measuments
(Pure SM like) (Possible sensitivity to NP)
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Combination of CKM anaqgle

= |nputs from beauty sector

B decay D decay Ref. Dataset  Status since Ref. [16]

B* — Dk’ D — h=h"~ 29 Run 1&2 As before e Combination of measurements sensitive to CKM angle y

B* — Dh- D — hth nrn~ 30 Run 1&2 As before

B~ *DZ: D= h"h 4 Hun 1§2 » 235 observables to determine 64 free parameters with all

B~ — Dh- D— K ntnrm™ 24 Run 1&2 s before -

B~ — Dh- D — h=h'F7" 31 Run 1&2 As before frequentlst treatment

B* — Dh D — K{h*h~ 32 Run 1&2 As before o External inputs from BESIII and CLEO Collaborations

B* — Dh- D — KgK T 33 Run 1&2 As before

B* — D*h D — h*=h'T (PR) 29] Run 1&2 As before

B* — D*h D — KSh™h~ (PR) 34 Run 1&2 As before

B* — D*h D — K3hth~ (FR) 35 Run 1&2 As before = |nputs from charm sector

B* - DK* D — h*h'T 36 Run 1&2 As before

B* - DK* D — h*ntntn 36 Run 1&2 As before

B* — DK* D — KSh™h™ 36 Run 1&2 As before

B* — Dh*n*n~ D — h*h'F 37 Run 1 As before

B’ — DK™ D — h h,__ 53 Run 142 As before D decay Observable(s) Ref. Dataset  Status since Ref. [16]

B’ - DK* D — h=nFrta~ 38 Run 1&2 As before - , _ _

B’ —- DK*Y D — KSh™h 39 Run 1&2 As before DO — N '+h B ﬁACP o 44~46]  Run 182 ﬁs vejore

B’ — DFr DY — K ntn™ 40 Run 1 As before DO ~ K K cr(K Kl—iﬁ) 46-48] - Run 2 $ bejore

BY? - DTK DFf - hTh™n™ 41,42]  Run 1&2 As before go : Z Z yAC; — Jep ;l?,z(jl]] Eun igg js ZB;OTB

0 T N — + 41— _+ ' J1— url S 0€J]0TE
B, - DFTK*n™r DT — hTh 7 43] Run 1&2 As before DO s K*7% (double tag) RE, (2/5)2, y* 21,97 Run 1&2
~ () |

D’ — K=nT (single tag) RK,,T, (A) K cg'()w, A'C ke 199,956] Run 1&2 As before
D’ >K=nFgtn~ T, ny (z* + y 2)/4 28 Run 1 As before
D° S K*nenn- ik () 49y 2] Run?
D° — Kintn~ T, Y 57 Run 1 As before
D — Kdntn~ Top, Yop, Az, Ay 58 Run 1 As before
D — Kdntn~ Top, Yop, AT, Ay 59,60] Run 2 As before
D’ — ntn— 70 AYett 61] Run 2 As before

MORIOND EW 2026

LHCb-CONF-2025-003

Halime SAZAK



https://cds.cern.ch/record/2948394/files/LHCb-CONF-2025-003.pdf

Unbinned of the CKM angleyin B= — D( — I(ghuriz/_)lf—r decays with a novel approach

4+ The result of the CP-violating observables: y, %, 525, r)%, 57"

0.13

0.12

0.11

0.08

0.06

- Preliminary BESIII 8 fb™
i LHCb 9 fb™
O
Y °]

I ; : | : l
! T T
" Preliminary BESIII 8 tb
- LHCb9 b

|

110

!
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55 [°]

!
130

|
140

0.015

0.015

0.01

,,I)zr

0.005

’ | ' 1 Y T T
Preliminary BESIII 8 fb™

LLHCb 9 fb™!

| ‘ ! : |
60 70 80

Y [°]
- I . - , l
Preliminary BESIII 8 fb™
. LHCb 9 fb™'

|
300

S," [°]

1

-

——

0.8 —

e Results of extracted CP observables (uncertainties statistical only)

BESIII 8 fb
[LHCb 9 fb !

90

llllll

|llAl|lll

100

v = (71.3 £ 5.0)°,

— (311

:. )°,

0.0064090%¢

e

Preliminary
Configuration v (°) rgK (1072) 5§K (°) ré?“ (107%) 55” (°)
Binned (refitted) 67.7+5.1]9.61 98 1186722 0.53+0.19 2867 7%
M, =2, Mg =1 (baseline) | 71.3 4.9 | 948 £0.81 121.6727 0.64+0.20 311725
M, =2, Mg =2 71.6 T 17 958 T 085 122572 0.62F 030 30975
M, =3, Mg =1 71.04+49 9361798 120.772% 0.64 7029 311125
M, =3, Mg =2 713148 946 © 98 1215721 063 © 918 30917

+ Novel approach shows ~5% improvement in the statistical precision of y compared to the binned phase-space analysis

+ Including higher-order Fourier terms shows robust agreement with the nominal results.

MORIOND EW 2026
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+ Optimising the analysis strategy can enhance the precision of y with the current data set.



LHCb-PAPER-2026-021

First evidence of CP violation in beauty baryon to charmonium decays

v Measurement of the difference in the CP asmmetries AA., between A) - J/ypz~ and A} — J/ypK~

v Analysis performed based pp data collected in the years of 2016-2018, corresponding to an integrated
lumonosity of 6 fb~!


https://lbfence.cern.ch/alcm/analysis/details/5870

First evidence of CP violation in beauty baryon to charmonium decays

e First evidence in B meson decay to charmonium in 2024 by LHCb experiment
Acp(BT = Jlyn™) — Acp(BT = JIwypK™) = (1.29 £0.49 £ 0.08) % (3.20)

e The difference between governed by b — ccqg (g = d, s) transitions. Constrain on
the b - ccs by b — ccd enable to extract the week phase 24 through penguin
enhanced processes

e The enhancement in the penguin diagram and large weak phase lead to
sizable CPV

e CP-asymmetry difference AA., measured between A} - J/ypz~ and of
A, = JlwypK~(Run2) 0 «
5500 5600 5700

e A determined from the invariant-mass fit (J/yph), to substract ~=/K= using m(J/ypm-) (MeV/c?)

raw

the correction detection asymmetries :
AAcp = A, (A4 = Jlhwpr™) — A, (A = JlwpK™) + Ap(K™) — Ap(n)

700

—{’ Data

— Total fit

=

— Aﬁ—)J/ YpT
— Comb. bkg.

o ATk

Candidates/ (2 MeV/c?)
B
=

raw raw

+ Data

— Total fit

AAcp = Acp(A) = Jlwpr™) — Acp(A,) — JIwpK™) = (4.03 £ 1.18 £0.23) %

e Combined with Run1(2011-2012) result (5.7 £ 2.4 £ 1.2)%
AAqp = (4.31 +1.06 +00.28) %

—)
— A, /ypmt
— Comb. bkg.

B

Candidates/ (2 MeV/c?)

eThe phase-space triplet product asymmetry measured for A) — J/wypz~

Ar_oudd) = Jlypr™) = (=137 1.15£0.21) %

e No significant variations observed V ' 5700
m(J/yprt) (MeV/c?)
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Measurement of y using B~ — DK* and B® — Dx™ decays with D — Kgﬂ'_l_ﬂ'_ and D — KQKJ“K -

08 B — DK™ LHCDb B

= — D™ LHCDb
= 0.6 L
- +0.05
Z 04 Ll
T~
3 0o I I = 0.001.....
z T+ I
| Z,
T e . S IR IR O sasnsndunnh o'l s " uw | —005
|Z| 0.0 I I' ‘e
0.2 } t ; S 010
KOrntn— 1 KOK+K- :
KOntn— 1 KOKTK~

8 -T7T—-6—-H5-4-3-2—-11 2 3 4 5 6 7 8 —2—-11 2
Effective bin 2 —8—-7T—-6—-5H-4-3-2—-11 2 3 4 5 6 7 8 —=2—-11 2

Effective bin 2
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Unbinned of the CKM angleyin B= — D( — I(ghuriz/_)lf—r decays with a novel approach

+ The result of the physics parameters: y, 12X, 50K 07 50

1
Preliminary : : ".* BESITT 8 - 5
Conﬁguration 0.8 N - ' [LHCbH 9 fb ! H
Binned (refitted) R O.6~ ] 1 . |
M, =2, Mg =1 (baseline) S P Prob -
Mz =2, Mg =2 ~ 04 < a0 £ % I Plgn - v = (71.3 £5.0)°,
M. =3 Mg =1 — ;;. ............................ . E +0.0086
M, =3, Mg =2 0.2 - o '-.,.. =
 954% S .._.--.,,k A | pr +0.0021
’ 0 0 80 o500 | "B~ V-U90% 000
Y [°] = (31175))°,

+ Novel approach shows ~5% improvement in the statistical precision of y compared to the binned phase-space analysis

+ Optimising the analysis strategy can enhance the precision of y with the current data set.

+ Including higher-order Fourier terms shows robust agreement with the nominal results.
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LHCb-PAPER-2025-029
arxiv:2510.04963

JHEP12(2025)153

Study of charm mixing and CP violation with D' - K*rFntn™ decays

v Analysis based on data collected by the LHCDb at \/E = 13TeV Run2 (2015-2018) corresponding to an
integrated luminosity of 6 f»~!

v Signal yields variation analysis across the D decay phase space


https://arxiv.org/abs/2510.04963
https://link.springer.com/article/10.1007/JHEP12(2025)153

Study of charm mixing and CP violation

with D° » KEnFrtn™ decays

7
=, 10|
=N
0
— Ax® = 2.30
-- Ax? =6.18
—-10 Ax* = 11.83

> LHCDb average

|
—10 0

—Ax* = 2.30
- - Ax”® =6.18
""" Ax® = 11.83

LHCb
6 fb— !

e Performed a study of charm mixing and CP-violation in
DY - K*¥nFntn* :

e Charm-mixing observables measured: inclusive & four bins
of phase space

o Alternative analysis performed: hadronic parameters from
external inputs used to extract charm-mixing parameters

k= 043010083 5 =(163.31138)

r=(5.49 £ 0.02)x1072 0,039 _14.8

e Mixing parameters from external inputs (BESIII, CLEO-C)
constraint on hadronic parameters

x=(0.85T )% Ax=(-0.02+0.04)%

y = (0.21+O.29) A

-2 Ay = (0.021000) %

—0.03

e Consistent with prior results and CP-symmetry

_ 0.18
x = (0.7477,2) %

4 Charm-mixing limited by hadronic parameters of D" - K*z¥z*z¥
+ Larger BESIII charm-threshold data will enhance sensitivity
+ Upgraded LHCDb collecting more data enables higher-precision studies

y = (0.34102) %

MORIOND EW 2026
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arxiv:2510.04963 JHEP12(2025)153


https://arxiv.org/abs/2510.04963
https://link.springer.com/article/10.1007/JHEP12(2025)153

LHCb-PAPER-2025-036

JHEPO02(2026)253, arXiv:2510.14/32

Measurement of CP asymmetry in DY — KgKg decays with Run 3 data

v Measurement of the time-integrated CP-asymmetry A ,(K/KJ) for DY — K{Kg

v Analysis based on 2024 data collected by the upgraded LHCb experiment with a total integrated
luminosity of 6.2 fb~!


https://link.springer.com/article/10.1007/JHEP02(2026)253
https://arxiv.org/pdf/2510.14732

Measurement of CP asymmetry In D' - KgKg decays with Run 3 data

300
D" — K K

20 High-purity

200

150

e D' KJnr, Cabibbo-suppressed decay sensitive to CP-violation
e In SM, potentially larger A x(KJKY) than in D - z*z~ and D° - K*K~

100

Candidates / (0.08 MeV/c?)

e First measurement with 2024 data, improved trigger with software
based K{ selection

450
400
350
300
250
200
150
100

e A-p determined from a maximum-likelihood fit to A, and m(Ky) High-purity

e Fit projection for the total data sample passing the high and low
purity selections.

Candidates / (1 MeV/c?)

480

e Event weights from calibration sample D —» K/zx to cancel
production and detection asymmetries

450
400
350
300
250
200
150

100

D' - KK
High-purity

Candidates / (1 MeV/c?)

480 490

145

490

147 148 149 150
m(D™) - m(D") [MeV/c?]

146

520 530
m(K'Q) [MeV/c?]

500

520
m(KJ) [MeV/c?]

510 530

4+ The most precise single measurement to date : A p(KJK{) = (1.86 £1.04 +0.41) %

+ In agreement with CP symmetry and previous averages

+ Beter precision thanks to the improved trigger efficiency with Run 3!

Halime SAZAK
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Candidates / (1 MeV/c?) Candidates / (0.08 MeV/c?)

Candidates / (1 MeV/c?)

D — KK}
High-purity

150

47
m.(D*') . m(DO) [MeV/c?]

148 149
450
400
350
300
250
200
150
100

D — K$ Ky

High-purity

520 530
m(Kq) [MeV/c?]
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Measurement of branching fractions and CP asymmetries in Ag(Eg) — ngh_ decays

v Measurement of the branching fractions and the CP-violating observables of the charmless AY(E)) — pKJh~

v Analysis based on data samples Run1&2 corresponding to an integrated luminosity of 9f»~! of pp collisison at
center-of-mass energy /s = 7,8 and 13 TeV


https://arxiv.org/abs/2508.17836
https://link.springer.com/article/10.1007/JHEP10(2025)169

Measurement of branching fractions and CP asymmetries in AY ( b) — pKOh decays

e Charmless A)E)) — pK{h~ (h = K, n) decays with contribution from both tree &
penguin diagrams
e Possible asymmetry due to interference
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e Yields determination from extended maximum-likelihood fit (m(pKJz "))

—

o CP asymmetries across different Dalitz regions of A) — pK{z~ decays : fit

performed, split in four bins of Dalitz space according to the observed
resonances
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e Nuisance asymmetries largely canceled via control channel (A, - A7( = pKo)n™) 5600 5300 5000 6200
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o First observation : A} - pKJK~ and E) —» pK{K~ decays with 8¢ significance
e No evidence of CP violation in the studied decays.
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+ More data needed to probe CP violation mechanisms in baryon decays. ' 5600 5800 6000 6200
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+ CP asymmetry in K*(892) significantly far below 20% expectation
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