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Outline

¢ |ntroduction THE MIRROR DID ROT S<€r T
BE OPERATING PROFPERC\VY.
e Recent results for CP violation?

o CKM angle y and f,

e Direct CPV in B meson
e CPV in Baryons
e CPV in Charm (back up)

e Summary

Disclaimer: many new and interesting results, only a few selected
More details in parallel sessions and public page
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https://lbfence.cern.ch/alcm/public/analysis

Matter and anti-matter asymmetry Rev. Mod. Phys. 85(2016)015004

arXiv: 1801.10059
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https://arxiv.org/abs/1801.10059

CKM matrix

® Key test of the SM: Verify unitarity of CKM matrix 18
® Only source of CP violation in SM
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Indirect search for New Physics

® Sensitivity to New Physics scale much higher than direct search: 1~ 104 GeV

NP scale: A

—nergy scale for SM: v ~100 GeV
Flavor (quark)

W+
LHC I
BY u,c,t & | NP?
Tevatron E— og (E“ergy ) .
| | | | | | GeV : = T
2 3 4 S 6 7

@ Statistics or precision essential for flavour physics
e NP scale, i.e. Dim = 6, proportional to {4/statisitics

@ Would tell not only if there is NP but also which flavour it couples to
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Types of CP Violation

@® CP-violating nature of weak interaction has multiple manifestations

® Requires two interfering amplitudes with different strong and weak phases

Direct CP violation

=+
5 <

CP violation in mixing

T TS

CP violation in interference between
mixing and decay

B fer + 5 ‘l_i fep

-+

B <CP + E_';_<CP
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Types of CP Violation

@® CP-violating nature of weak interaction has multiple manifestations

® Requires two interfering amplitudes with different strong and weak phases

Direct CP violation

CP violation in mixing

CP violation in interference between
mixing and decay

B fer + 5 ‘1_2 fep

-+

E <Cp + AE_'B_QCP

CP violation from S- and P-wave interference

— <f + =8 ‘<f
=+

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15

§'§<f

credit: Wenbin Qian

We continue to discover new
types of CP violation

PRL 124 (2020) 031801
PRD101 (2020) 012006



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.031801
https://doi.org/10.1103/PhysRevD.101.012006

CKM angel y

@ Relative weak phase ¥ in interference between b — ciis and b — ucs transition
© Measured with tree-level decays, theoretically clean observable (0y/y ~ 1077)

7=arg( “/ZVU:) /DOh%MD
— charm —
B . mixing @ h
B ei(m bO h / e.g. D=K-t
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CKM angel y

@ Relative weak phase ¥ in interference between b — ciis and b — ucs transition
© Measured with tree-level decays, theoretically clean observable (0y/y ~ 1077)
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charm mixing
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CKM angel y

P. LI

@ Relative weak phase ¥ in interference between b — ciis and b — ucs transition
© Measured with tree-level decays, theoretically clean observable (0y/y ~ 1077)
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Latest ¥y combination HCb-CONF-2024-004

® 19 LHCb B decay measurements + 11 D decay measurements + 27 external inputs

® 29 physics parameters of interest + additional nuisance parameters

A 1.0 | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | |
O - LHCb (... BY decays -
i : ]
| _ Preliminary BN8: 5° decays -
P B* decays

— - Summer 2024 _
0.8 I All Modes |

| y = (64.6 = 2.8)
0.6_

0.4t

e Surpass LHCb design: 4°

» Consistent with SM predictions (65.570-02)°
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https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf

y measurement in B¥ — DK *( — K{z™")

e CP eigenstates DY — hh, nznn
e Suppressed decays DV — Kr, Knan
e Self-conjugated multi-body decays DY - thh

e Inputs for D’ > thh, e from BESIII
[PRD106.092004, PRD82(2010)112006, PRD102(2020)]

First observation of BT — [DY] ﬂK,ﬂKmK*J’
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LHCb-PAPER-2024-020

. T —+
y measurement in B — DFK*

e Time-dependent CP violation measurement
e Interference between mixing and decay — relative phase difference of y — 2/

_ _ U, C,t
> - 5 b - > -
BY D By w* W K- _ — B B
S ieid t# BY » DKt %% BY -5 D;K* %* Untagged D;K*
b g — S S % BY 5 DfK- % BO 5 DrK— 4 Untagged DI K~
/(;)\ L L L I: Pt ll 'l 'l' ; II' " " ! l| II "' !
U C i I 1
~ 3 + Q‘ -
Vo x Vi = X K- Vi X Ves = A = = O /\ - 1.
.q ]..O 'LH|CI T T T T T T ,:.,“l T T T T 'l___'__ll éo'd' — ? - ; ; Y/} ' ’ .‘ L R : | ) :
| | Preliminary : f BN B° decays 7 S " ' : :
— Summer 2024 ' F - #08 B* decays > )
0.87 ‘. B All Modes | £ _

LHCDb preliminary |
6fb " -

T 68.3%
95 4(7——
H e ."""-.'-'fi'.'.'l'.m:"'.""?"? / [pS]
90 100 110 — 74 i 1 1 ’
,y [o] }/ ( )

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15



CKM angleS ﬂ(S) Phys. Rev. Lett. 132 (2024) 021801

Phys. Rev. Lett. 132 (2024) 051802

® Tree dominated b — ccs transition offers access to the CKM angle f,, T
® CP violation in the interference between mixing and decays Ps) = arg( ‘;qvf)
iq " tb

x —D . Dl‘ y ;/]f ’ Sinzﬁ(s)‘ Sln(Am(S)t)

q/p
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https://doi.org/10.1103/PhysRevLett.132.021801
https://doi.org/10.1103/PhysRevLett.132.051802

CKM angleS ﬂ(S)

Phys. Rev. Lett. 132 (2024) 021801

Phys. Rev. Lett. 132 (2024) 051802

@ Tree dominated b — ccs transition offers access to the CKM angle ﬁ(s)

® CP violation in the interference between mixing and decays
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World best measurements!
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https://doi.org/10.1103/PhysRevLett.132.021801
https://doi.org/10.1103/PhysRevLett.132.051802

Direct CPV in B — J/yr*t New  LHCoPAPER20243

INn preparation

® O(1%) direct CP violation expected in B™ — J/wx™ [PRD 49 (1994) 5904, PRD 52 (1995) 242]
® Important control channel to understand penguin effects in sin 22 measurement in BY — J/ywK"
[PRD 79 (2009) 014030, JHEP 03 (2015) 145]

Ar x A Ap x A°

d(3)

W+
tH(K™) . <
tH K™
) § ) \\ . (K*)
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Direct CPV in Bt = J/yn™ New  LHObPARER2024-51

® O(1%) direct CP violation expected in B™ — J/wx™ [PRD 49 (1994) 5904, PRD 52 (1995) 242]
® Important control channel to understand penguin effects in sin 22 measurement in BY — J/ywK"
[PRD 79 (2009) 014030, JHEP 03 (2015) 145]
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Direct CPV in BT — J/yrn™

New LHCb-PAPER-2024-31
INn preparation

First evidence for direct CP violation in beauty decays to charmonium final states (3.2 o)

Run 1 = -

2016 —

2017 —s

2018 — 9

Average —

1 I 1 1 1 1 I 1

3.830 £0.030 £ 0.030

1 3.900 = 0.040 = 0.025

3.858 £0.039 £ 0.022

3.805 +0.037 £ 0.023

3.846 £ 0.018 £ 0.018

3.7 3.8 3.9
Branching fraction ratio [107°]

4 4.1

AAY = APBY = Jiyn™) — ALY (BT = JIyK™)

! | |
Run 1 : | 1.82 +0.86 +0.14
2016 1.43 4 0.87 + 0.09
2017 0.81+0.87 +0.11
2018 1.58 4 0.80 + 0.11
Average 1.42 +0.43 + 0.08

; | |

0 2 4

AA" [107]

e Taking previous LHCb result of A“Y(B* — J/wK™) to extract: [phys. Rev. D 95, 052005 (2017)]
A°(BT - J/ym*) = (1.51+ 0.50 + 0.11)x 1072

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15
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Penguin constraint New  LTCo-PARER 202451

INn preparation
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e SU(3) flavour symmetry:a = a’,0 = 6’

e Constraints on the relative size (a) and strong phase difference (6) between penguin and tree
contributions

See more details in Manshu Li's talk (Thursday afternoon)
P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15 14



CP violation in baryonic decays”?

® Baryons crucial for asymmetries in Universe, no CP violation in baryons observed yet
® CPV: b baryons O(1 — 10%), ¢ baryons ©(0.1%), hyperon ©(0.001 — 0.01%)

TN

Li - CLHCP2024 - CPV at LHCb - 2024-11-15
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Charmless three-body b decays
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.031801
https://doi.org/10.1103/PhysRevD.101.012006

CERN Seminar by W. Qian

First observation of A (“_'b) - An'n (K ) New | Hcb-PAPER-2024-043

in preparation

® Systematic study of AO/ ”O — AhTh ™ with control mode to reduce systematic uncertainty

B(A) (5))— ARTH' ™) _ N A9 (20} A+ h- o A AT (At fag
B (A)— AL (= Art) ™) NAg—>AC+(_>A7r+)7r— €AY (E0)> AR+ h/- fAO(SO)
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https://indico.cern.ch/event/1441582/

CERN Seminar by W. Qian

First observation of A (“_'b) - An'n (K ) New | Hcb-PAPER-2024-043

P. LI

IN preparation

® Systematic study of Agl Eg — AhTh™ with control mode to reduce systematic uncertainty

B(A) (5))— ARTH' ™) _ N £9(29) An+h/- o A A (o Amt ) fag
B(A)— AL (= Ant)m) NAg%Ag(_)Aﬁ)ﬂ— €AY (E0)> AR+ h/- fAO(

2 — An" 7 (40)

First observations of Eg - AK 77 & Ag — Az 7~ and evidence for E

B=(11.01+2.$6+1.4+3.8)x107°

4%
(=
J) |
+
S
d) |
N
X
b
<
)

B=(10.4+1.4+1.2+3.5)x10°® B=(5.3+0.4

NO0O p—— ——
904 (56 + 27) LHCb

ROOE — Total /it

30
70

(119 % 15)

LHCb
— Total fit

> >
QO : . QO
= o = 700 B el
e 0 i S 640 +40) ey s
@\ 1, == 5, Ar*zm (mis '
:/ Comb. bkg. \\'/ Ll - ) Ee e 52 AK 7t (mis)
z GOF - [ e e B > 500 Cfmb. bkg.
i = 300 & 3
= ) o +
= S 200
@ Il O 100
O L _‘{ _______ . . | . 0 ________________ - :
5400 5600 5800 6000 5400 5600 5800 6000
m(AtK™) [MeV/c?] m(Ax+7) [MeV/c?]

- CLHCP2024 - CPV at LHCb - 2024-11-15 17


https://indico.cern.ch/event/1441582/

Evidence of CP violation in baryonic decays == = oo e

LHCb-PAPER-2024-043

New INn preparation
Signal channel Control channel
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Evidence of CP violation in baryonic decays == = oo e

LHCb-PAPER-2024-043

New INn preparation
Signal channel Control channel
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Evidence of CP violation in baryonic decays

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15
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CERN Seminar by W. Qian
LHCb-PAPER-2024-043

New INn preparation
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https://doi.org/10.1103/PhysRevD.107.053009
https://indico.cern.ch/event/1441582/

Evidence of CP violation in baryonic decays == = oo e

LHCb-PAPER-2024-043

New INn preparation
Preliminary
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20 20 A, ZK*K‘J_I: : _ _\]3 LHCb 17170
. . Ghi : - B s 4 o T T LA " 0 e
5600 5800 6000 5400 5600 5800 6000 % 20 A,— AK'K™ 1960
m(AK*K") [MeV/c?] m(AK*K") [MeV/c?] O 1 1o
™ 15} -
AAcp(N**K™) = 0.165+ 0.048 + 0.017 : : 40
: : T 5 10} 430
First evidence of CP violation in ! .
local resonant region, 3.20 5 _
: 10
0 ——— - ——L_Io
0 10 20 30

Preliminary m2(AK*) [GeV?/c*]
PRD107 (2023) 053009

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15 19


https://doi.org/10.1103/PhysRevD.107.053009
https://indico.cern.ch/event/1441582/

Evidence of CP violation in baryonic decays == = oo e

LHCb-PAPER-2024-043

New INn preparation
Preliminary
U 160 2 U 160 O he -
% 140: - . iﬁlfzzéﬁ:ﬁ - . -—’. - . > -1 O: EE%E ;>2é?2GC:ZV ;
> — Total fit = g 120 F — Total fit - AO —> N *+ K™
('o\] _A0—>AKK (-o\] J _Zﬁ_, AKK- ] b
\\./ - - :.:,'.;_)-AFK- | -_ - - :/ —?2—> AKHK- : O + N .
8 A ATy Ay AR (mis) A; = AKTK™ yields
r‘é Comb. bkg. _C'ﬁ Eg mb._bkg. - b
Fc% Fc% /Zlg:: g+§—3;0 | q{) I 70
~ > - ? -I'—i*-l--"h- + g -
5600 5800 6000 SU00 5600 5800 6000 o 20 1 760
m(AK*K") [MeV/c?] m(AK*K") [MeV/c?] O [ 1 1<
™ 15}
AAcp(N**K™) = 0.165+ 0.048 + 0.017 : : 40
S < 10} 30
First evidence of CP violation in ! .
local resonant region, 3.20 5
I 10
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A0 — Ag, Af(lSOO) A=, T
i Preliminary m2(AK*) [GeV?/c*]

PRD107 (2023) 053009
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CP violation in Ag — ph

P. LI

® Sizeable CP violation found in Bg)

— hth~

New LHCb-PAPER-2024-048

iNn preparation

® Golden channel in baryon decays, with predictions of CPV ranges from few percent to 30%

o
W
o

NN
N
-

T I 1 T T l T T 1 I T T T l T T T I T 1

B Ll I T T T l T T T I T 1 1 I T T 1 I T T T

aHVE SR
= f LHCb2o018 } Data = I LHCb2018 } Dat
% 400 Magnet Down _ _Ilt -] > 400 Maget Down —— Fit
X m | , N mm mm]mm g - (e B O —o
> [ | R A, pKT . - H e A) > pK*
S 350 - B' > K*K~ S 350 - B°—>KK
= | N B k- = [ S B> K
2 300 | m A) = pr - 2 300 [ 5 m N
g - ‘ —-—- Comb. bkg. § _ + ' ==+ Comb. bkgl.)k
' —-=— Part. . -
= 250 | = 250 p art. reco. bkg ]
: : K
O 200 O 200

O PN\ NN R ey i 10N e 1 | Ll I

52 54 56 38 60 62 52 54 56 38 60
m(pK-) [GeV/c?]

6.2

m(pK*) [GeV/c?]

~ 2018 Mag. Down Preliminary
250 _ LHCb2018 { Data - N;" 250:_ LHCb2018 t{  Daa
~ Magnet Down - ﬂ — i;_)pﬂ,_ - m g- di M-agnet- Dovgl . : %gt_)pﬂ

Candidates / (10 MeV/c?)
[\
)
)

-~
-

N B> xta — B> xtm
N N B> K+ :/200_ EO—)JT"'K_
A)— pK- x - 4 A)—>DpK*
i —_ --=- Comb. bkg. ] = p ]Z' --+ Comb. bkg. ]
i pﬂ —-— Part. reco. bkg. _ o —-=— Part. reco. bkg. -
150 S 150
i <

100} 19K s:gna/s in tota/
} IR
50 Ff* ] ' ol
O e 60 6o O 54 56 38 '04

m(p~) [GeV/c?]
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6.2

m(pr) [GeV/c?]

* No clear asymmetry observed directly
APD = (—1.14£0.67 £0.36) %

AZ’,— = (—0.20x£0.83 £ 0.37) %

20



IN preparation

CP violation In Ag — ph New  LHCo-PAPER-2024 048

© Sizeable CP violation found in B, — h*h~
® Golden channel in baryon decays, with predictions of CPV ranges from few percent to 30%

P I e ] S0 :

< LHCb2018 { Data LHCb 20 l 8 { Data -

> 400 E Magnet Do | — § B >400 Magnet D — - ®

GUOp e b i @R e TR No clear asymmetry observed directly
S 350 1 B'—»K'K~ ] < 350 B> KK~ ]

~ [ f B’ - K- ~ [ B> K* i -

2300 | m/\—:pfr 2300 | m{\_)p; . pK — ( 1 14+O67+036)%

= . | -_--_ Comb. bkg %3' . + | -_—-_ g mb. bkgl.)k :

%250 pK ‘ | Part bkg "é 250 pK art. reco. bkg.

S 200 S 200

; : ‘ Agf, = (—0.20%£0.83 £0.37) %
sop | 29K s:gnals In total

Why CP violation so small?

O 6 58 60 62 B YRy ey 426.2
m(pK-) [GeV/c?] m(FK*) [GeV/c?] . _ . .

2018 Mag. Down Preliminary A = 1'% F91) 4 gget(02t @) A = a1e" 7% 4 gge’l®2792)
L LHobaws | boowe ] & [ rHCbas b b _
% 250 ~ Magnet Down - ] —— Fit I _- -% 250- M-agnet-Dovgl e = Eit ] |14'|2 o |A|2 . - ?
; | = é- :  N)opr Acp = AL A~ o sin(d; — d2) sin(¢y — ¢2) 51 62 0’
=200 B > K'x g 200'
7)) Ag—)pK w
Z — ---- Comb. bkg =

—— Part. reco. bk

?;150 pﬂ " : %150 _ o
S : e Small strong phase difference”

e Cancellation between S, P waves? arXiv:2409.02821

e, e e, See more details in Xinchen Dai’s talk (Thursday afternoon)

m(p-) [GeV/c?] m(pr) [GeV/c?]
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https://arxiv.org/abs/2409.02821

What’s more?

Phys. Rev. 108 (1959) 1645

® Decay parameter, first proposed by Lee and Yang (1959) to study hyperon decays

» 2R(S*P) 2|S||P| cos(8 + ¢)
- “§. . . ax =t s T T SERIPE
) . S+ 1] S+ 1P|
el 3 L 23(5°P) _ _ 2ISIIPIsin(s £ ¢)
ab oc 1+ P cos — +
ooy 1B v a |s|2+uo|2 E ST PP

= (o + P, cos@)z’+ BP X"+ YP,)

P 1+ aP, cos B

Chen Ning Yang Tsung-Dao Lee

1S|?
Y =

a‘+ B +y*=1

S

* 0, @: strong and weak phase difference

® New CP observables between S and P waves

b+ — B-

z a+—a_

B+ + -

— a_

a, + a_
at

a

1 a,

—tan(9)

—tan(4) tan(¢) Rg = tan(¢) Rp

— a_
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Decay parameters of Ag — ATh™

$4
o~ ////, h:
Iy
ay: A9 = Ath~ Z

A} - At (> AWDh™,A - pr™

A} rest frame

ac, Be,Ve: AT > AR

A} rest frame

lab frame

A rest frame

arxiv:2409.02759

dP

10 X (1 + apaecos b + aca, cosby + apas cos by cos by

— QYO Sin 0 sin 0, cos @9 + .05 sin B sin O sin @)

 First determination of @ in A} — Ah~ decays 0(0.9%)
» Most precise determinations a, (£, v)

a,:A - pn~ e Confirmation of a(A — px™) from BESIII

* Pave the way for other decay parameter measurements

82000_ IAO A*I( IAI ) | IAOI IA+I( IAIK I) R - LHCb éolfbl'll I 'AL(IAInI)n'-' @ I o IASI*A;(*IAJT*I)JT‘I'
4 | — A (— aa~ — A (— Y/ - _ 4 _ , 9. p A (— + - = _ c -
S i b—+— Data b—+— Data(x10) | S 2000 ;‘-ﬁ_ —+ Data - ; 2000 — LHCDH,90 fb_:_ i?;ta -
4 — Fit — Fit (x10) 4 i — Fit i R i 0 A%/ Ay e
21500 Siso0f Mnakir] S sk A Dty
o > - + Data(x10) - — i — Fit (x10) -
i - Aj — A1 — Fit (x10) 5
1000 | 1000 - _+_ .;ﬁ 1000 -
A - A
00 soof T4 T : soofr T
- LHCb, 9.0 b AF = AK* : I A+ AR + ; AZ‘ - AK
O T S S T N S T T S NN SR S T N SR S T - o 1 5 4\ | ol o] . ! I . . I I !
-1 -0.5 0 0.5 1 0—1 -0.5 0 0.5 1 0 -2 0 2
(cosB) (cos) (¢2> [rad]
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https://arxiv.org/abs/2409.02759

Summary

v LHCb dominates the world average of many measurements in CKM and CPV

v Various precise measurement of CP violation in beauty and charm decays using LHCDb
Run 1+2 data

v First evidence of CP violation in BT — J/yrn™ and Ag — AKTK~
v Run 3 provides great opportunities for further test of the SM and search for new physics

O Run 3 has collected more data than Run
ol ecasTavnosen 1+2, a lot more new results to come!

—2018 (13 TeV): 2.19 b 0.7
. Ll 1 1 I 1 1 1 I 1 1 1 I Ll 1 1 1 1 1 I 1 1 1 I Ll 1 1
— 2017 (13 TeV): 1.71 fb™” _ | Y
B - sin 2 : Am, & Am, LHCb 300/
—2012 (8 TeV): 2.08 fb™’ /

has CL >0.95 |

—2011 (7 TeV): 1.11 b 0.5

' excluded area

| IIII|IIII P11 IIII/VII

Integrated Recorded Luminosity (fo™)

4 — 0.4 i \'4, —E

0.3 S 3

>

21— 0.2 l —

|Vub |/ I E

0.1 =

1 — P =

O D 0.0 ] 1 ! | 1 ! 1 ! ! | ! ! ! ! A ! | ! ! ! | ! A NS
Mar May Jul Sep Nov 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Month of the year p
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https://lhcb-outreach.web.cern.ch/2024/10/18/end-of-successful-proton-proton-collision-data-taking-period/

LHCb Experiment at CERN
Run / Event: 255623 / 300064
Data recorded: 2022-11-25 09:40:16 GMT
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L HCb detector

General purpose detector specialised in beauty and charm hadrons

LHCb MC

/s =14 TeV
A
y —
M3
Sm — SPD/PS 1\ M2
Magnet —
B o T3 RICH2 ECAL =
M1
Verte
proton beam Locator
—S5m T ' /| —
| W e, .. \ »
| I I > ’72 i I—
15m 20m z j:
o-
L HCb performance: * e
' oF ~ ILHCb MC
C - 1s=14TeV
| IR A Los ol ool ooy s ooy

669
&
'S
N
=3
N
'
o
®

JINST 14 (2019) P04013 | :
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: py ~ O(1 GeV/c), flight distance L~1mm et e
A
y e
M3
S SPD/PS HCALM2
Magnet -
_ 13 B2 i
B T1T2 LS ) L —
RICH1 |
Verte
proton beam Locdtor/ |/ TT
/| B
| | | | I | | | | g ’72“’ 6{1‘
10m 15m 20m 7z 4

LHCb performance: (oo M
" P JINST 14 (2019) P04013
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm B =14 Tev
Precise vertex Excellent decay time ) M3
measurements, | resolution ~ 43 fs for B - M3
o(IP )~ 35 ym - e 13 RICH2 | ECAL o
: ey =—=
/ RICHI il
Verte /
proton beam Locate/ _ / ke :
- | Excellent particle
R - identification
4 v m oo e(K) ~ 95 %
ST/ A : — misID p(x = K) ~ 5%
BYZ. 9\ ° i 5 L e(n) ~ 97 %
—5m (— ‘ / \
| A| N | I N I N . I B > ”i s—::
\sm 10m 15m 20m z ;
collision point iz Excellent momentum
SV “|' | resolution ~ 0.5%
LHCb performance: e
P P JINST 14 (2019) P04013 e,
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

Control of penguin contribution

o o(¢,) ~ 0.016 comparable with the theoretical estimation of Agbfe”g”i” ~ 1°~ 0.017,

better control of penguin effect necessary

@ Combined analysis of penguin contributions in ¢, and ¢, (sin 2f), using SU(3) flavour
symmetry

PLEASE BE AWARE OF US!

¢d _ Sin(zﬁtree) 1+ A¢dpenguin ‘|‘¢de
¢s _ ¢’;ree 4+ A¢Eenguin + ¢LVP

og &

0.2 I I I I I I I I I
o~ <] Current Precision

' B() — J / )KQ - x2 Improvemen E
A@d K d /l/ mgbd 0.1 __% xg imgrovemen: N

BY - J/yK?| |BY — J/wrl|  |BY — J/vp° of
(bk ' - */Aé —O.lf— ]
= By = J /v i : I
I VR S| '5'"NlP01_0
J.Phys.G 48 (2021) 6. 065002 ¢, [l
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202010.14423&ui-citation-summary=true&ui-exclude-self-citations=true

Method to measure 44¢F

» CP asymmetries

ACP(B'T'—>]/1/JT[$) prod(B-T-) adet(nF) _aPID(n.-T-)

. raW(B¢ — ]/ 1/)71;)
ACP(B$ — ]/l/JKi) araW(B$ — ]/IIJK¢) . prod(Bi) aDet(K$) —,PID (Ki)
Raw asymmetries
from mass fit Detection asymmetries
from D* control data
Production asymmetries
largely cancelled PID asymmetries

from PIDCorr

» CP asymmetry difference
AAP = AP(BT — J/ymt) — AP (BT — J/YKT)
= NataWV — Md — Aqdet — pAqPID credit: Manshu Li

P Li- CLHCP2024 - CUrv dl LMuL * cucd-11-10



Y measurements

B decay D decay Ref. Dataset  Status since
Ref. [14]

B* — Dh* D — h*h'T 35] Run 1&2 As before
B* — Dh* D — hth ntn™ 19 Run 1&2 New

B* — Dh* D — K*rFrta~ 36] Run 1&2 As before
B* — Dh* D — h*nF70 37] Run 1&2 As before
B* — Dh* D — K3hth~ 38] Run 1&2 As before
B* — Dh* D — K{K*n¥ 39 Run 1&2 As before
B* — D*h* D — h*W'F (PR) 35 Run 1&2 As before
B* — D*h* D — K*h- (PR)  [200  Run1&2 New

B* — D*h* D — K{hth~ (FR) 21] Run 1&2 New

B* — DK** D — h*h'T 22]1 Run 1&2 TUpdated
B* — DK** D — hErFrta 22]1 Run 1&2 Updated
B* - DK** D — KShth™ 22]"  Run 1&2 New

B* — Dh*rntn~ D — h*h'T 40 Run 1 As before
B° — DK™ D — h*hT 23] Run 1&2 Updated
B — DK*Y D — h¥nFrta 23] Run 1&2 TUpdated
B — DK* D — KShth~ 24] Run 1&2 Updated
B? — DFr* Dt - K—ntnt 41] Run 1 As before
B? —» DFK= Df — hth ™t 25,42]" Run 1&2 Updated
B? - DFK*ntm~ Df — hth ™ 43] Run 1&2 As before

D decay Observable(s) Ref. Dataset  Status since
Ref. [14]

D® — hth~ AAcp 44-46] Run 1&2 As before
D’ —» KTK~ Acp(KTK™) 46-48] Run 2 As before
D® — hth~ yop — Y& ™" 49,50] Run 1&2 As before
D® — hth~ AY 51-54] Run 1&2 As before
D° — K*n~ (double tag) R¥*, (z'%)%, y'* 55] Run 1 As before
D — K+~ (single tag)  Rxxr, Axn, cg()ﬂ, Acggﬂ 27,56] Run 1&2 Updated
DY — K*nFatp— (22 4+ y?)/4 57 Run 1 As before
DY — KQrtm™ T,y 58] Run 1 As before
DY — Kdmtm~ Top, Yop, Az, Ay 59] Run 1 As before
D' — Kdrtm™ xcp, Yop, Az, Ay 60,61] Run 2 As before
D°— wra— " AYtt 26] Run 2 New

P. Li - CLHCP2024 - CPV at LHCb - 2024-11-15
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Time-dependent CPV in B’ - D*D- New .. 240003000

dr'(t, d)
dt

S e CP asymmetry observed in BY — D*D™ for the first time

ox et/ TBo (14 dCp+p- cos Amgt — d Sp+p- sin Amgt)

Cp+p- = 0.128 +0.103 (stat) = 0.010 (syst)

E* 102 ¢ LHCb E with a significance exceeding 60

3 - 6 fb~ - — _ 4

= : B DD Sp+p- = —0.552 £ 0.100 (stat) £ 0.010 (syst)
2

[—
-

[PRL117 (2016) 261801, BaBar PRD79 (2009) 032002] [Belle PRD85 (2012) 091106]
e | HCb combination:

o »° \.\

2 4 6 8 10
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IIIII
a
S
ol

| | | | | | I | | | | -
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L

>

O
" — Total fit : <102k ) — Total fit -
8/ : % ’ — - ; '} :

72}

2

<

=

E
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O

LHCb 1§ Data

6fb! .. B — D'D;
-~ Comb bkg
— Total fit

| | I | I I | I | I | | I |
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https://arxiv.org/pdf/2409.03009

CP violation in charm sector

 GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix

. Oscillation and CPV ( < 107
e Long distance contribution comparable/larger than short distance

|44

T, K™,
~ C u
d,s, b d,s,b
) C U C
n ,K,...

S|
<
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CP violation in charm sector

 GIM mechanism very effective for charm decays, SM loops highly suppressed
e Tiny weak phases in first two generations of CKM matrix

. Oscillation and CPV ( < 107
e Long distance contribution comparable/larger than short distance

|44

T, K™,
~ C u
d,s, b d,s,b
) C U C
n ,K,...

|44

S|
<

Breakthroughs by LHCb thanks to huge statistics:
First observation of CPV in D° - h*th™ decays
AMep = Arp(KTK™) — App(etn™) = (—15.4 + 2.9)x10™* [PRL(2019)211803]

Evidence of CPV in D° — ntn~ decay
Arp(mtn™) = (23.2 £ 6.1)x107* (3.80)  [PRL(2023)211803]

P. Li - CLHCP2024 - CPV at LHCDb - 2024-11-15
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Direct CP violation In D+ —> K+K_7Z'+ New  arxiv:2409.01414

® Search for localised CP violation in the phase space of D* — KTK z™ (S) decay
® Control channel D;” - K"K~ n™ (C) to subtract nuisance asymmetries

AA&'P — Ai7S _ Ai,C _ AAglobal

raw raw raw

—3. 5
= E B
+ -
< | B
e 1M1
A i
1 O
_ T -1
; T2
T -3
B T4
I ! L . 5

O i
P Li - CLHCP2024 - CPV at LHCb - 2024-11-15 s(K~7m*) [GeV?]


https://arxiv.org/pdf/2409.01414

Direct CP violationin DT —- K™Kzt

® Search for localised CP violation in the phase space of D™

New arXiv:2409.01414

— KYK 7" (S) decay

® Control channel D;” - K"K~ n™ (C) to subtract nuisance asymmetries

A"4219 T Araw AZC

raw

A Aglobal

raw

pm T il 0 -3
Afrs = (0.95 %+ 0.43 £ 0.26) x 10
A@Zj’f* — (—0.26 + 0.56 + 0.18) x 1073
C?S : ;_ I—{b_1 Statilical Uncertainty _;
é 4 = >.4tb —+— Total|Uncertainty =
St - +
% Oi B ++ == | ] 0 B 0 68 (01 5 ) —+—+ BE +'__§
-2 :— —— B sl —:
4 :_ - _:
e o ke D" — ¢nf =
o = ! L \s | J 1 | LG | | ; / i , | ,_—
5 10 15 20
Dalitz plot bin
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p-values (2.3-14.1%) compatible with no CPV
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https://arxiv.org/pdf/2409.01414

Direct CP violationin DT —- K™Kzt

— KTK 7" (S) decay

« Search for localised CP violation in the phase space of D™

New arXiv:2409.01414

» Control channel D — KTK~ 7™ (C) to subtract nuisance asymmetries

A"47413 T Ara,w Al?agv AAgIObal

raw

* Test-statistic to extract a p-value for the
hypothesis of no localised CP V|olat|on

[E—
-
()

Weighted candidates / (2.7x10™ GeV*)

[
-
~

[S—
-
(O8]

I
[E—
-

[\

I
[
-,

| L1t 1 1 1 S[se
[E—

05 1 15 2 05 1 15 2
s(K™7*) [GeV?] s(K™7*) [GeV?]
DT - KK zn* (S) DI - K™K 7" (C)
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https://arxiv.org/pdf/2409.01414

Direct CP violation In D+ —> K+K_7Z'+ New  arxiv:2409.01414

« Search for localised CP violation in the phase space of D™ — K™K~z (S) decay
» Control channel D — KTK~ 7™ (C) to subtract nuisance asymmetries

2,89 1,C global
AACP — Ara,w Araw AArw * p-values (2.3-14.1%) compatible with absence of

» Test-statistic to extract a p-value for the localised CP violation in Dalitz plot
hypothesis of no localised CP V|olat|on

5
| S LHCb
= = Sdibh
| 10" X ] -
i 1o3§ _ —1
o |
1 -
=10 = 2
y 1 = .-
05 1 15 2 0.5 1 15 W e
| s(K~1*) [GeV?] | s(K~70%) [GeV?] 0.5 1 1 9) X
Dt - KKt (S) Ds+ — KTK 7™ (C) s(K 7w*) [GeV~7]
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https://arxiv.org/pdf/2409.01414

Time-dependent CP violation In DY = 1t 7Y

Phys. Rev. Lett. 133 (2024) 101803

* First measurement of time-dependent CP violation in SCS mode

Alsoxm? N <180 >:<—103' L
E“‘) LHCb ! Data E Enéo;_LHCb_1 ! Data : I'po_ fop (t) — 50, fo (t)
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Time-dependent CP violation in D' = Kr

LHCb-PAPER-2024-008

* Interference between mixing and decay for favoured RS and suppressed WS decays
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CPV observables: Ak, (in decays), Ack, (in interference), AC%7T (in mixing).
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Time-dependent CP violation in D' = Kr

P. LI

 Measured with yields: RS ~400 M, WS ~1.6 M
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