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Introduction
e The CKM Matrix

* Penguin pollution

e Constraining penguin using b = ccd

* Branching fraction: B - J /ym" [JHEP 05 (2024) 065]

« CPV and branching fraction: B - J/{K*(892)" [arXiv: 2506.22090,
JHEP10(2025)173]

 Evidence of direct CPV: B* - J/yn™ [PRL 134, 101801 (2025)]

Evidence of direct CPV: A% - [/Ypr~ [arXiv: 2509.16103]
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CKM Matrix

e The transformation between mass & weak-interaction
eigenstates:

— Lyt = ﬁ Ur,i ’)f’“’ (VQKl\,{)ij dLj Wj + h.c. :_ UTfit
= summen25
U SM fit . Amy
Vud Vus Vub [ A;]d s
Ve = | Vea Ves Va e
Vie Vis Vi i
* Unitary triangle angles: o.4§ '
o = arg (_ thVtz) B = arg(— Vchzb) | /)
ViaVub I e e ,
y E arg(_ " ) —02 0 02 0.4 06 08 1 1.3
Vcd cb P
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Precision test of the Standard Model: CKM angle [

* Measure [ using Bg decays to CP eigenstates with b — ccs quark transition
« Benchmark channel: B® - J /Y K"

» Amplitude: A(B3 = f) = Agree + Apenguin = Aeree X (1 — bre'Prel)
* When measuring the time-dependent CP asymmetry:
—0
[ABy(t) = f)I IA(Bd(t) — f)I?
ABY(1) = I+ [ABy(t) - )P

_AHE cos(Amt) + AZBE sin(Amit)
~ cosh(AT't/2) + Aar smh(AFt/Q)

Acp (t) =

- Assuming no penguin contribution: by =0 = AfE* = n,sin(2f + ¢"F) |
(ny = £1, CP eigenvalue)
* Penguin pollution: br # 0 = AMX = nesin(2B + ¢"" + Agpy)

* The penguin contribution by is hard to calculate theoretically! Needs experimental

methods
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Enhanced penguin diagram in b — ccd processes

Wolfenstein parameter: 1 ~ 0.23 Tree ¢ Gluonic penguin c
b — ccs: _
Jhy colour-singlet Jhy
Af ~ (chvcb)T + (Vu*sVub)P “ excha&ge,

AN? (p — in)Ar* c c
b - ccd: b > b |
%% W

Af ~ (Vc*dVCb)T + (Vt”‘thb)Pt
—AA (14 p+inAX d (s) d (s)

Enhanced penguin contribution!
Two experimental observables in b — ccd to constrain penguininb — ¢CS  sSU(3) symmetry
. . assumed
* Branching fraction

* CP asymmetry from decay
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The LHCb Detector

* The LHCDb detector is a single-arm forward spectrometer covering the pseudorapidity
range 2 < n < 5, designed for the study of particles containing b or ¢ quarks.

LHCb Detector in Run 2. [JINST 3 (2008) S08005, Int. J. Mod. Phys. A30, 1530022 (2015)]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227

Branching fraction of the B® — J /Yt decays 95 (2024) 065

« LHCb Run1 (2011-12) + Run2 (2015-2018)

1232+55 B? — J/yr® signalyields 13052+115 Bt — J /P K** signalyields
. —r r r 1 T r r r 1 ' Tt r T T] 2000 — T T T T T
i;;{ 250 H LuCh 9t 4 2 1800 t LHCb 9fb~"
- P — Total ] = 1600 ﬁ E
z 200 . . i 1400 4 - ol 3
E:_L ..... B —}J/T,I’Jﬂ' . :’1200 _____ B+—>J/’£‘[)K*+ _E
™~ 150 + + —~ ]
% Bf, — Jfbp - 8 1000 B K
= B° — JRKY < 800 + =
< 100 4=, ]
= Random - g 600 Random /" _;
S 5o B 1 S a0 B Combinatorial
Combinatorial ] ombinatorial 3
] 200 ;
[] Ny RN R 8 L F TR Ty 0 , i . . .
5500 6000 6500 5500 6000
m(J/p7°) [MeV/c?| m(JpK*7°) [MeV/c?|
* Results: NBo Ly jppmd €8+ gkt Total uncertainty: 0.14 x 107
R = Nt okt X €59 S0 X Bicwt skt 70 Competitive with the most precise
— * —.
" 0 single measurement!
= (1.153 4+ 0.053 (Stat.) + 0.048 (Syst.)) x 107~. -Belle: (1.62 +£0.13) x 105
_5 [Phys.Rev.D 98(2018) 11, 112008]
Bpo_s jpmo = (1.670 £ 0.077 4 0.069 + 0.095) x 10
2025/10/25 stat. sys. external  Hopefully CP measurements in Run 3
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112008

CPV in the Bg —> ]/II)I_(* (892)0(—> K_Tl'+) decay :2506.22090

210(2025)173

e Dataset: LHCb Run-2 data

Yy

u—ut decay
plane

* Method: angular analysis, 3-D fits (6, 6,, @)

K~ nt decay

plane -1 ' -
B,
K-
Angular distribution: Amplitudes:

|)\|<J 2 A — Hl

_ 2741, 5 _inen gt 1 0 0’
PDF (0,0 i0n) = > | D \| = He ™" d} o, (0,)d,0(0x) A Lon )
ap==+1| \J I \/ﬁ +1 1)
Helicity A = 0,+1 for K*° or J /3 A = %(7{1+1 —H ),

e Ag = HJ.

Angular momentum between K" " : L = 1 (p-wave) S 0

Integrate |A|? over phase-space to get
2025/10/25 Xiaofan Hu widths I’ 8


https://arxiv.org/abs/2506.22090

B! — J/yK*(892)" : CPV observables

e Observables:

e Results:

arXiv: 2506.22090
— JHEP10(2025)173
AGP = Kk k=0
k — 5 . - — Y, | |; J—; S
[ + 1%

AST =0.014 4 0.029 (stat) £ 0.007 (syst).
A" = —0.055 £ 0.065 (stat) & 0.007 (syst).

ACT =0.060 + 0.057 (stat) + 0.016 (syst).

e After combination with LHCb Run-1 results:

2025/10/25

JHEP 11 (2015) 082
AST = 0.021 £ 0.026 (stat) £ 0.007 (syst),

A" = —0.073 = 0.060 (stat) = 0.007 (syst).

ATE = 0.057 4 0.049 (stat) £ 0.014 (syst).

No evidence of CP violation found

Xiaofan Hu
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https://arxiv.org/abs/2506.22090

B? - J/¥K*(892)° : Branching fraction ..

P10(2025)173

B(Bg — J/@D}?*% B NBQ EIBO CBO fd N -Signalyield

— e X x| =, &' - detection efficiency obtained from simulation
B(BO — J/@DK*O) NBO E’BO CBQ fs ¢ — correction from data & simulation discrepancy
and angular fraction

f- fragmentation fraction

 Results: B(B® — J/w}?*())

B(BY — J/pK*0)
B(B? — JhpK*)
B(B° — J/pK*9)

— (3.08 + 0.11 (stat) = 0.06 (syst) = 0. 10( ))

B(BO N J/v,b[(*”) % O x B(B[) N J/?!)K*O)Beue Correction to Belle result:

C=1.026+0.016

— (4.07 £ 0.15 (stat) & 0.07 (syst) £ 0.13 (?) +0.45 (Bgo)) x 107°.
» After combination with LHCb Run-1 result: pHEP 11 (20155) 082) With the best precision!
B(Bg s J/,lpﬁ*(]) LHCb Run 1: B(BE — J/wf*ﬁ)

=(2.99+40.25)x107°
) £ 0.45 (Bgo)) x 107°.

B(BY — JpK*0)

B(B? — JWK*®) = (4.13 £ 0.12 (stat) & 0.07 (syst) & 0.14 (fc

2025/10/25 Xiaofan Hu 10


https://arxiv.org/abs/2506.22090

CP asymmetry difference of B* — J /Y™ . 2025,
and Bt — J/YK™ decays

%)

W

Ch

o

=]
I

—+ Data —+ Data

Q F Q -
* LHCb Run2 data >3000[- LHCb 5 4fb™ _—Totlfit _ %3200— LHCb54fb! _ 3 —Towlfit -
S . WB—>Jiya W B—Jlyr
n 2500 _ B—J /K- n 2500 + B—JiyK* 3
¢ ACACP = Ac/qraw — Acﬂdet - ACAPID ‘;;20002— B — Comb. bkg. 2000 F B — Comb.bkg.
2 1500 = Part. bkg. 8 1500 ] Part. bkg. ]
= 2 S 3 E
* AAraw = Araw (BT = J/Yn™) 1000 21000 E
+ + O ok © ok ]
- - 500 500 =
Araw(B™ = J/PYK™) e o
o - 9 0 5100 5200 5300 5400 5500 0 5100 5200 5300 5400 5500
(1.43 £ 087+ 0.09) x 10~ (2016), mJ/y) IMeVICIgt _, 1 gt m(J/yx*) [MeV/c?]
AAY = {(0.81 £0.87£0.11) x 1072 (2017).
O : G —2 - &\106"I""I""I""I"" cQ\IO6'|' I T & 5 TN N AL
(1.58 = 0.80 £0.11) x 10 (2018), L _ Data _ 2 o +Data
R 5 l_ § — Total fit § “LHCbS 40 —Total fit
* Run-2 result: 10° B o g o
—Comb. bkg. —Comb. bkg.
< 3 RS P;Itr.l bkg.g < ey Pgrr:? bkg.g
AAcp = (1.29+£ 0491+ 0.08)% = “¢ S B
8 10° 9 R .,
< < 90000090950
e D R
. o = 10 B 10 BRESSSSSSSS
Combined with Run 1: E SR
© © otalateleletelolsl
1

&
25
&

Ac’qC'P — (1 42 T 0.43 T 0. 08)% 3.2 "G mEm BEw mo @ N sm s B s Em

First evidence of CP violationin B SERESRESS, K m(J/yK") [MeV/c?]

hadron to charmonium decays!
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Branching fraction ratio

* Signal Yields:

2016
N, 15500 + 140
Ny 371700 + 600
N, /Ny (%) 4170 + 0.038
 Efficiencies:
2016
€, /€x 0.935 + 0.004

_ B(B* - J/Yym™) _ Nnxe

15140 £+ 140
367300 + 600
4.121 £ 0.039

0.936 + 0.004

R/ = BB+ S pKT) Ny

2018
18130 £+ 150
454100 £ 700
3.993 +£ 0.034

2018
0.953 + 0.005

Run 1 I—-—I—l 3.830 £ 0.030 £0.030

2016 I—-—I 3.900 £ 0.040 £ 0.025
2017 I—'—'—I 3.858 £ 0.039 + 0.022
2018 I—-—=I 3.805 £ 0.037 £ 0.023
Average |—!—| 3.846 £0.018 £0.018

3.7 3.8

3.9 4 4.1
Branching fraction ratio [107%]

K = (3.8524+0.022 + 0.018) x 102

Combined with Run 1: R, /x = (3.846 + 0.018 + 0.018) x 1072

Important for constraining penguin contribution in b = cCs processes!

Xiaofan Hu
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)1801 (2025),
tary

Constraints to penguin parameters a and 0

* Decay amplitudes: % = —bse'frel, =ae'e (b ccd); = ea'e e (b ccs)
AT = J/Prt) = —Mireo(1 + ae®ei?), AB* = /YK ) = (1 %) Airee (1 + ea'ei®' el
e Assuming SU(3) symmetry:a=a’,6 = 6’ A~0.23,€= £z =0.056
" LHCh 8.4 ! T T TN ,«»’, 0.014

- .

0.6

0‘45 0.012
68% CL: :
0.2
0.0F 0.010
External results: R s
/ =0.2F =
r =
tree _ 1.32 + 0.07 5 N k3 0.008
Atree T
(J. Phys. G: 48 (2021) 065002) _0.60
: 0.006
y=(64.6 + 2.8)° ~ost
(LHCb-CONF-2024-004) —1.0F %I Combined N 0.004
C N\
L0200 00 0406 08 Lo 12 'fZ\
Relae'?] N
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CPV differencein A} — J/Ypm~ and

- J/YpK~ decays

* Measurement of the CP asymmetry difference AA p

* AAcp = c/qraw(A(l)) - J/Ypr~) — ‘Araw(A% - ]/l/)pK_) + Ap(K™) —Ap(m™)
» LHCb Run2:

& F " & T T T T T T T 7 & FEo E & e
§ 700 - LHCb E § 700 LHCh 3 %‘ 9000§ LHCb : }: 9000 LHCh _
2 sof 6107 ﬁ + Data E S sof 61 + Data = S S000F 6 b n - +Dm— - = =0 LR - = +Data E
Q - ] ] Q _ ] ] < 7000 - 3 < 7000 =
% 500;— B __'Fj""d’l' -'— - -%_500 - =T R- _i‘:m‘)del — % 000 - — Fit model : % 5000 — Fit model
< a0f N £ a0 T AT £ so00F N Z 5000 B
g C — Comb. bkg. ] g — Comb. bkg. ] ﬁ F E ﬁ E
S 300f 0 = S 300 o 4 O - Comb. bkg. 3 O 4000 . Comb.bkg.
- A o Mg TypK ] Ay JypKT ] E OXE 3 (ORE
200 b ] 200 | . 3000 3 AO E 3000 [_\O E
2000 b = 2000 b E
e 100 [\ ] 10002— —; 1000 —
S e S0 R - i 5600 00 ) e 5600 5700
m(Jypm) [MeV/c?] m(J/Iypm’) [MeV/c?] m(J/WpK~) [MeV/c?] m(J/YPpK ") [MeV/c?]
(10853 + 134) yields (125380 + 372) yields
- 0 -\ —
Araw(Ad = J/PpprT) = (5.94 + 1.14) % Araw Dy = J/YpK™) = (0.98 £ 0.30) %
* AAp = (4.03 + 1.18(stat.) + 0.23(sys.))% 3.30 Run 1 results: JHEP 07 (2014) 103

+ Combined with Run 1: Adgp = (431 £ 1.06 £ 0.28)%3.9 of , /KAfC(g T 0 oA

First evidence of CP violation in b baryon to charmonium decays!
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Triple-product asymmetry (TPA)

of the A‘,’, — J/Ypr~ decay piew!]

Triple product:

AY: Cr
A% . T

+ (ﬁp X ﬁn‘)
- (ﬁﬁ X ﬁn"')

Py
Py

Define an asymmetry
I'(Cr>0)—-T(Cr<0)

dq,\
'7Tr(Cr >0)+T(Cr <0)

Under CP: C; —» —Cr, Az — Az

CP violation variable:

1 _
AT_0dd = > (As — Ap)

Ar_odd = (-1.37 £ 1.15 £ 0.21) %

(no evidence of TPA found)
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arXiv: 2509.16103

Localised CP asymmetries submitted tosci. Bull

* Measurement of local CP asymmetry with 4 binning schemes

4: Split evenly into 128 bins

1: Splitthe J /Ypm™ data sample evenly in Dalitz-plot (4 bins)
2: Splitaccording to resonances in M(pr ™) spectrum (4 bins)

3: Split binning scheme 2 further, according to boosting angle 6, (8 bins)

* Both raw asymmetry A,.,,, and triple-product asymmetry

AT_o4q @re measured

* No significant variation of asymmetries across the phase space

2025/10/25

Xiaofan Hu

d lraw Scheme 1 ¢ lT—Odd
0@‘ 16 T T T - 0\'? g T ] T -
._; LHCb + Binned result ] ._é I LHCb + Binned result
< UE gt Overall result ] 2 6F ! —— Overall result
12 o Binned result avg, 1 = oo Binned resultavg. 4
10 - 10 of overall resnlt E Ay - 10 of overall result ]
8 F ]
6 0
4
2
0

I
LHCb
6 fb!

T
{ Binned result
—— Overall result
oo Binned result avg. _:

- 16 of overall result

v Binned result avg. _
- 1o of overall result ]

3 4
Bin
1 r_ T | ) L | I 1
+ Binned result + Binned result
— Owerall result — Overall result
- Binned result avg. w Binned result avg. _:

- 16 of overall result

- 1o of overall result




Localised CP asymmetries — multiple bins in PHSP

. Bull.

* Scheme 4: Split the phase space evenly into 128 bins (~90 candidates each bin)

N Scheme 4 At_odd
— T T T T 02 [ —— T 0.4
R -“ LHCb j 03 || 3°F LHC jlm
> 28F 6 b > ogE 6 fb!
S F 02 || & _F 1 0.2
— 26} - = 26 K .. -
~ - -4 - o~ L -4 -
S 24F s 0.1 & g ™= Iz 0.1
S T 10 [ Tk 10
;?/ 2F = [ P ;?/ 22 I =
= E . ! — _f—-o-l 2 0F B _f——O-l
JA: u 0.2 I - S — -0.2
E _0.3 E _ _0.3
16 | | | 04 16| , I 0.4
2 4 6 ' 4 6 q
2 247 TV 2 2/.47 * T-odd
m*(pm) [GeV</c?] m?*(pm) [GeV</c?]

* No significant variation of asymmetries across the phase space

2025/10/25
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Summary

* Conclusion
* Branching fraction of B® — J/ym? : a first step towards its CPV analysis at LHCb
* Branching fraction and CPV of BY — J/YK*(892)°: most precise values to date

 Branchingratio and CPV of BT — J/ym : first evidence of CPV, constraints to
penguin parameters

» CPVof AY - J/ypm~:first evidence of CPV

* Prospects
* LHCb Run3 (started in 2023)
* Higher integrated luminosity (25-30 fb™'), significantly larger dataset
* CPviolation in pentaquarks?

* Both statistical method and amplitude analysis can be used

Thanks for your attention!

2025/10/25 Xiaofan Hu
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Wolfenstein parametrization

Vud Vus Vub
Vekm = | Vea Vs Va
Viae Vise Vi
1—4x2 - 28 A

k AN L= (L= 5X)(p+in)] —AN + SAN L —2(p + in)]

2025/10/25 Xiaofan Hu

AN (p — in)
AN?
1— A2\

\

)
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CKM angle gamma

« Take B® - J/YK® as example (b = cCs):

A(BY — J/ Ks) = AP (AS, + AS,) + A0 A%, + X7 A

)"E.'S) = Vo Vb

(2)

are the usual CKM factors. Making use of the unitarity of the CKM matrix and applying
the Wolfenstein parametrization [9], generalized to include non-leading terms in A [10],

we obtain

A(BS — I/ Kg) = (1 - )‘;) A [1 - (1 i‘g)

where
A= NA (A + ALY,

with A% = A9 — Ab_ ., and

pen?

. )‘2 ut!
ade? =Ry [1 -2 ) [~ 1“3“ .
2 4.':'_|_ 4ctn

2025/10/25

(3)

(4)

Xiaofan Hu

ph/9903455

99-78

e ForB? - J/YK° (b - ccd):

A(B? — T/ Ks) = - A[1 —ae?e"],

A= NA(As + AL,)

] }12 Aut
!'H: o pen
e _R"(l 2)(A&+A;fm)

e ForB* » J/ymtorJ/YK™:
cea=a,0=40

e Normalization factors

!

A
g — de_)K/de_)n- = 1.32 i 0.07

f a(m3,) = 0.487 £0.018,

Form factors: Fay e (m3,) = 0.645 4 0.022

21
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Precision test of 3 0506102

Measure f3; using BY decays to CP eigenstates with b = ¢Cs quark transition
e Benchmark channel: BY - J /¢ Bs = arg(-

Vts V:b)
VCS V:‘b

When measuring the time-dependent CP asymmetry:
ALY cos(Amt) + AP sin(Amt)
cosh(Al't/2) + Axr smh(AFt/Z)

Amplitude: A(B = f) = Agree + Apenguin = Aeree X (1 — bre'Pret?)

Acp(t) =

Assuming no penguin contribution: by = 0 = ATUX = nrsin(2Bs + ¢"F)

Penguin pollution: by # 0 = AZE* = npsin(2Bs + NP + Ads) (5, = +1), CP eigenvalue

Constrain penguin using B, decays with b — ccd transition!
Global fit result 0.7155+2-3972 (ckMFitter) 0.03757%3:99927 (cKkMFitter)

Average from c/lm‘x 0.699 + 0.015 (urTtit 2025) 0.052 + 0.013 (HFLAV Winter 2024)
2025/10/25 Xiaofan Hu 22




B to Jpsi pi0 —————

—~— LHCb 9fb~" S—

* Measurement by Belle, Babar, and global average

—— Belle 2018

—*— BaBar 2008

| PDG 2022

* Global fit of B+ -> Jpsi K*+

] L 1 | | L 1 | 1 L
1.2 1.4 1.6 1.8
BB“—}JNWD X 10’5

The current world-average for the normalisation branching fraction of (1.4340.08) x 1073 [12]
includes seven measurements performed using K** candidates with a reconstructed mass
within a 100 MeV/¢? mass window or smaller of the known K*' mass [40-46]. The Belle
analysis [42] is the only to measure the yield for resonant decays but estimates the contributions
from nonresonant decays at the level of 5.2% in the K* mass region. Including the nonresonant

contributions, the uncertainty-weighted average of the normalisation branching fraction
increases to

Bp+_s prc+ = (1.449 £0.083) x 107°.

2025/10/25 Xiaofan Hu 23



Angular correction to BY — J /1 K*(892)°

i An gu l.a r C O rre lati O N fa Cto r Index & Amplitude product ay Angular function G,(Qye)
1 (0) | Ag|? 76, c08” O (1 — cosj)
C — Cdecay/ deca 2 (Ih [A]? 397 (1 — cos” O ) (1 = (1 — cosj ) cos” )
Y 3 (1) |AL|? 3= (1 = cos* 0 ) (1 — cosg ) cos® gy, + cosg )
6 4 Im(AjAL) 767 (1 — cos? ) (1 — cosj ) sin(2¢)
P Ek‘.:l gkak 5 Re(A§A)) 9‘[ 2 cos i cosy, \/(1 cos? O ) (1 — cos,,#) oS Pp,
dE‘C&y — 10 3 P_Wave 6 Im(A§AL) 9‘[ cos f cosy, \/(1 cos? Oy ) (1 — cosgﬁ) sin ¢y,
Z — &-k A Ok 7(9) [AsP? = (1 —cosy,)
8 Re(A5A)) :ig; €0y, \/(1 cos? ) (1 — cos§ ) cos &y
c Ek 1 gk Ay (Adata) 9 Im(A5A)) i‘é: cosg, \/(1 cos? O ) (1 — cosy ) sin ¢,
deca‘y 10 Re(A%Ag) 3‘/_ cos O (1 — cos2 )
> e Erk(Asim) =
Index £ Amplitude product ay Normalised weight & /&
Cgo T A T
_ 2 A2 1.4249 % 0.0073
gy U1 E0.034 (stat) & 0.017 (syst); | e L4159 £ 0.0074
B9 4 |Ay|AL]sin(5) —6.) —0.0013 + 0.0043
5 | Aol | Ay] cos(d)) —0.0189 = 0.0029
P-wave| ¢ |Aol[A, [sin(5,) 0.0027 + 0.0028
7 Agl? 1.2485 £ 0.0062
acceptance correction §k = f €(hel) G (et ) A nel 8 | As||Ay| cos(ds — d)) —0.0412 £ 0.0040
9 |AS||AL| Sin((SS — (Sl) 0.0072 + 0.0040
10 | Ag||Ag| cos(ds) —0.6919 + 0.0096
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B! — J/4¥K*(892)°: correction for Belle results

Belle uses B mesons from Y(4S) — B°BY to measure Phys. Lett. B538 (2002) 11

B(BO — J/@DK*U)BEH{E = (129 + 0.05 (stat) + 0.13 (SYSt)) X 10_3.

In that analysis, the production ratio R*¥/% = T'(Y(4S) - BY¥B~)/T'(Y(4S) —» B°B%) was
assumed to be 1.

Measured ratio: Rt/% = 1.052 + 0.031
HFLAV 2023

Correction factor: € = (1 + R*/°)/2 = 1.026 £ 0.016

2025/10/25 Xiaofan Hu 25



Detection asymmetries

 Methods from LHCb-PUB-2018-004
* Using D meson decays

A K7t =AY (DT - K ntnt) — A™(D" - K°7) — A(K"),
* Calibration dataset from LHCb during 2016-2018

2 ;_—o— LHCDb simulation LHCb _:
- —— 2016 data

A®(K 1) [%]

A [%]

0 20 40 60 80

K~ momentum [GeV/c]
2025/10/25



Bt — J/Ym": CP asymmetry of each year

2025/10/25

Run 1

2016

1.82+0.86+0.14

2017

2018
Average

i

1.43+0.87+0.09

0.81+0.87+0.11

1.58+0.80+0.11

1.42+0.43+0.11

0

Xiaofan Hu
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AAp [107]
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CPV difference in A; — J/yPpm~ and

b INew!]

- J/YpK™~

» Significance level from Wilks’s theorem: V—2AIn £ = 3.30
* Results in different years/polarities compatible with overall results, as well as run-1 result

e Combined with the LHCb Run1 results with the Best Linear Unbiased Estimate (BLUE) method
* A p = (431+1.06+0.28)% 3.90 First evidence of CP violation in b-baryon to charmonium

decays!

<~ x0fF - 1 T T T T = T N B B e B

g - : @)— 57+24%12  —

! 16 E— —E Downl5&16 — 5.03+2.77 —
14 = Upl5&16 |— 6.01 +2.88 —
12 E Downl7 — 2.27 £2.99 —
10 E_ _5 Upl7 |— 4.32 £3.00 —
:E_ _E Downl8 — 0.04 £ 2.85 —
) E_ _E Upl8 |— 6.79 +2.87 —
) 3 E Run2 Average | 403+ 1184023 —
0 - . o = R R R

0.05 0.1 0 10 15 28
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Combination with Run-1 results

* Combination of AAp
* Run-1result JHEP 07 (2014) 103): (5.7 + 2.4 + 1.2)%

* Best Linear Unbiased Estimation (BLUE) method is used for sys. uncertainty

Source Run 1 [%] Run 2 [%] Correlation assumption

Stat. 2.4 1.18 0%

signal shape 0.14 0.016 100%

comb. bkg 0.71 0.012 100%
Detection asymmetry 0.85 0.040 0%
Mis-id J/i K+~ background — 0.013 0%
Binding Aj peak parameters — 0.21 0%
Rewelghtmg — 0.017 0%
PID asymmetry - 0.074 0%

Combined result: Acﬂcp =(4.31 + 1.06(stat.) * 0.28(sys.))% 3.90

2025/10/25 Xiaofan Hu
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The BLUE method

 Total result @ and total variance &2:

i
a = Zwi_ai,
()
i
= Zwﬂ/;jwj
2V,

e The total covariance matrixis
calculated as

V Vstat + Vu + Va,?

> Diagonal: V;; = 07

» Non-diagonal: V;; = Vj; = p;;0i .0;¢
(pe[—1,1]is the correlation coefficient)

2025/10/25

. Weights:

Summary of combination:
1. Construct the covariance matrix, calculate its inverse, and
then the weights.

2. Average the measured values using the weights.
3. Calculate each component of uncertainties:

E : 21/stat __ E :

\/ wy; {/m \/ ’le ) St.a.t
- : _ 27w 2.2

» Systematic, uncorrelated: o, = />, wiV¥ = /> w; oy

» Systematic, correlated: 7. = \/th ww; Ve

» Statistical: ogat =
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Binning schemes

e Scheme 1 ° Scheme 2
: : >200F Lhop || - Dam -
m?()/¥p)30F : = 180 M e
28F 37 0160}
3 E =140f
26 _ = 1401
N ] 2120:
24 E 2100}
22 F E > 80}
20F = 60¢
- . 40¢ 1 )
oF : 20f 4
161 -] ( Lsizsiienassismaransnee

m?(pn~)
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Significance

* Look-elsewhere effects for 128 bins:
P(1 or more bins p-value < t; 128 bins)

Global significance ““ =1 — P(128 bins p-value > t)

Local significance requirement 5.90 =1 — [P(p-value > ¢)]"* = 1 — [L — ],
o T I — T 4 AL I LR R A L 4
A~ — ~ =
IR LHCb il?, o 3OF LHCb §I3
- e -
> 28 = > 28 =
P - 112 B - 172
O 26F 1, QO 26F E
— - 1 - — - 1 1
E 24 - E 24 -
S - u 110 > - 1 10
S 2F - S 22F i =
;':g 2{):— S e I ;g 2{}:— E N
: 1 -2 : 12
18 18
. j -3 : 3 —3
16 l6
1 | L 1 L | L 1 ] | 1 _4 . L | L 1 L | L 1 ] | 1 _4
2 4 6 2 4 6
m*(pr) [(GeV/c2)’] mA(pr) [(GeV/c?)]
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