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L HCb detector and dataset

LHCb Integrated Recorded Luminosity in pp by years 2010-2024
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e CKM angle

18 [ T CKM matrix unitarity: key test of the SM
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e How to measure y: direct CPV

« Interference between favoured b->c and suppressed b—->u decay amplitude

+ ldeal decays: B->DK (clean background, large branching fraction)

rBe"% [—)OK— — TBei(dg}.. DOK+ —
fok- ﬁ» fok*
\ ) \ -

| decay rate | rpe’ | decay rate pe’

[ 12 + 15 H2rgrp cos(6g +0p — ) Fecrg +15+ 21rg1p c0s(8p + 6p +¥)

o

direct CPV effect rg = magnitude ratio (~0.1)

dg = strong-phase difference

« Different method according to D decay modes
= GLW method: CP modes such as D>K*K-, 7"
= ADS method: Flavor modes such as D>Kr, Kz2?
= BPGGSZ method: D> K z4KKK (golden mode)



K6 GLW method (2

« D CP-even final states such as D> K*K-,n*n, ntnnO...
DUK* x 1
B* T [h*h~],K*
\‘ EOK-I-/OCI Changing flavours: CA(B+ h+h ] K+) X 1 + rBe—i(68+Y)

sign of ¥ changes A(B N [h+h ] K_) x 1+rBe_i(5B_y)

« Use the yields of B+ and B- to construct observables related to y

. NB™ > foK)=NB* - fok*) Zippsindgsiny
" N(B~ - fpK~)—N(B* - fpKt) RS insert a factor of (k=2F,-1) before

N(B~ - f,K~) — N(B* - f,K¥) interference terms (F,=CP even
- — - -

RS = D D =1+7r2 W content), need charm input

N(B~ - [Km]pK~) — N(B* — [Km]pK™) +7p + LKrgcosogcosy

Notice rg/d5 need input

[1] M. Gronau and D. Wyler, Phys. Lett. B265 (1991) 172
[2] M. Gronau and D. London, Phys. Lett. B253 (1991) 483 S



ey ADS method(12

+ Consider the Cabibbo-favored decay D°->K-* and doubly-Cabibbo-suppressed
decay D> K*r

& rge~i(E5+Y) D0K+ o 1
B+ T (K-, K+

T DKt

+
(04 rpe

+ I'gldg can be obtained directly, but external input rp/dp

L N

[ Ag=37(0) At (x)dx Need inputs from charm factory

RK3 e_i6K37T —
" Ag-3n(0) A+ 37(x) For K3n mode, coherence factor Ry, and 8,
averaged over phase space not good for whole space

[1] D. Atwood, I. Dunietz, and A. Soni, Phys. Rev. Lett. 78 (1997) 3257 6
[2] D. Atwood, |. Dunietz, and A. Soni, Phys. Rev. D63 (2001) 036005



% Dalitz method!l!

«» Golden mode: D>K /KKK (large statistic, large rp)
Model-dependent method (not used now)
Model-independent binned method (BPGGSZ method!l])

<« Binned Dalitz plane according to 65, measure B* yields in each bins

Sensitivity from phase-space distribution, not overall asymmetries = not impacted by
production/detection asymmetries JHEP 02 (2021) 169

LHCD latest K hh result: y = (68.712:2)°(uncertainty~1° from BESIII input)
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B’ - DK*°D - h*h'~(ntm™)
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e B° - DK*°,D - K2h+h—

+ BPGGSZ method: model
Independent

<+ Simultaneous fit to extract

Fx DK* cos(AS DK* )T

1)1(* l)ff*
= sin(Ad
¢y+ in(Ao }’)J

+» Combination with h*h'~ (¥ ™):
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S B* - DK**

= Simultaneous measurement - HRCD-PAPER-2024-023
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e Bt — D*h*,D —» K h*h~

<« Partial reconstructed analysis

JHEP 02 (2024) 118 : Iy [ —
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« Full reconstructed analysis
JHEP 12 (2023) 013
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* rg parameters propagates the difference in precision
« Low correlation between 2 method due to different selection criteria, combination is ongoing 11



e How to measure y: CPV in mixing and decay

LHCb-PAPER-2024-020
+ Time dependent measurement b u,c,t ]

+ Golden decays: B ?DcK

RO + + -
. . DK DK+ Bs W W K
= largerinterference: 13" ~0.4 (rg "~ ~0.1) - ;
= Use flavor tagging to determine the initial flavor ST = = -t
= Interference between mixing and decay amplitudes gives ; c
Pie . ~ +
sensitivity to y+(-)2B Vi X Ves = A D;
S
B0 DKt % BY — D Kt % Untagged D; K+ 3 3
W B DfK- Y BY - DfK- ' Untagged DI K~ . . | e
LHCb o
preliminary BE D:
B A B - N
___________________ u
V;:b X V::re ~ /\3 K~
S

12




e Unbinned model-independent method

« Basic idea: Bins = Events (Eur. Phys. J. C, 2018, 78(2))
= Make most use of amplitude info in phase space

< Binned approach: average over phase space regions
m ignore variance inside each bin

m stastical sensitivity diluted due to binning ; lb i
optimal binning scheme

< Fourier expansion the amplitude by strong phase
m parameters definition similar to BPGGSZ method

m events with lower uncertainty of y = higher weight
assigned

m dependence on others (amplitude, signal purity): optimal _
weight wePt to minimize y uncertainty R

m*(KSht) [GeV /e

wOPt from pseudo-experiments

LHCb&BESIII joint analysis is in WG review 13



LHCDb y combination
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Tpessn q o M - % I S 68.3% 1
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0060708090 7 [ 04 708 90 100 [5]1(: 0.0,) 10 e
] ) _ 7 [
LHCb-CONF-2022-003 LHCb-CONF-2024-004
y = (63.8+3'5)0 0
-3.7 Yy =(64.6+2.8) o
Species Value [°] 68.3% CL Uncertainty [°] 95.4% CL Uncertainty [°] Species Value [°]  68.3% CL Uncertainty [°] 95.4% CL Uncertainty [°]
+3.2 +6.4
B* 606 e e B 634 3 RE
. +
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BY 79 i ’_'i% B; 75 i =20
: . +5.5
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 Combination of all LHCb public results - <3° precision
* previous tension between charged and neutral B resolved
 Still large uncertainty for B, mode 14



Quantum correlated DD measurement

+ y(3770) is a spin -1 states, therefore the amplitude of y(3770)->DD:
(|D°)|D—0) — |D—0)|D°))/ V2 [anti-symmetric wave function]

The amplitude for two D mesons to decay to states F _and G_is [D. Atwood and A. Soni, PRD68, 033003 (2003)]:
['(F|G) =T, [A7 A2 + A A2 — 2RpR ApApA A cos[8) — (58]]

The coherence factor k- and the strong phase difference §, can be extracted

K+ -

ST CP El enstate % Single tag (ST) samples:
\K' ¢ decay products of only one D meson are

. @ - reconstructed
et / e v Double tag (DT) samples:
@ decay products of both D mesons are
DT - "‘7 & Opposite CP-eigenstate reconstructed
T ' v Some typical reconstructed D decay modes
~ Tag group
+ T Flavor K'a", K n,K'xx n,K'e D,
The DT mode K*K™ vs. K.°t*nt~ is selected as an example. CPeven K*K-,ntn ", K2 “, 0 K ;, n. x+ =70
C' P-odd Ks=°, Kgn, K sw, K ”r)' Kin’=°
Mixed-C'P Kentn

15



e The BESIII experiment

Key datasets for charm physics: e o (i)
— 2010-2011: 2.9fb! at (3770) e
® 2013-2019: 7.3fb™" of Dy D; Boxion] - Do g e S
o 2020: 4.5fb~! of ATA; |
- 2021-2022: 5.0fb~! at ¢ (3770) S s s e
> 2022-: ~ 8fb! at ¢(3770) (et
20 fb-11(3770) data is ready o -, | 2

BEPCII peak luminosity.

Threshold produced y(3770) — DD provide a unique access to
strong parameters information for y measurement at LHCb/Bellell

16
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Future prospects for y@ LHCb
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includes Belle |l
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< Status now :

R/
0.0

R/
0.0

Error for vy is about 3°

BESIII contribute about 1°

Around 2030
Less than 1° will be achieved

BESIII 20fb-1 data - improve the error to 0.4°

(>)2035
LHCDb upgradell - sensitivity <0.4°

Need more charm factory data (STCF)

dataset Int. Lum. year sensitivity
LHCb Runl (7,8TeV) 3 fbl 2012 80

LHCb Run2 (13TeV) 6 fb 2018 4o

Bellell Run 50 ab 202? 1-2°
LHCb upgrade (14TeV) 50 fb! 2030 <10

LHCDb upgradell (14TeV) 200 fb (>)2035 <0.4°

17



e Summary

« CKM angle y measurement is one of the major goal for LHCDb
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10 - L of e L 0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P p
o

» v no longer the least precisely known of the weak phases, now <3° precision
» BESIII 20/fb data is ready, STCF for future

» Run3 data will be soon added, more modes studied Th 2| N k yo U !
18

« More data in future, better knowledge!
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