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Physics goals

@ Mainly tree-level b— Xcc decays
o High B~ (1073 -107%)

o Negligible penguin pollutions @
@ Charmonium resonances (J/1, 1(25)): @

o Clean exp. signature (¢p— pu™)

@ Stringent tests for SM @@ |

@ Focus on measurements of 3 and CP @
quantities

o Observables: Acp, lifetime, helicity angles

LHCb recent results

Measurement of the branching fraction of B® — J/¢n°

A measurement of Al
Measurement of CP violation in B® — (— £F¢7)K3(— 777 ~) decays
Measurement of CP violation in B — J/¢)K+ K~ decays near ¢(1020)
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Measurement of the B(B® — Ji7°) prepao

Physics interest:
@ Help to determine penguin pollution to
o JpK§ (b— cts): Precision to
o Jipm® (b— c€d): Precision to phase shift
@ Evidence of indirect CP violation in Rdz% (f—f)lsz
B° — J/’(/J’]TO, [BaBar] and [Belle] '

[EPJC71(2011)1798]

R BR(BY = J/y1) (@1 8 _ cos’ g
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e Connection to 7/n’ mixing S er ) ttor
_ . . o BROE I (o'

@ Probe for final-state interaction effects "= BR(BY S Jjent) @y | TN 0P

[PAN77(2014)1483-1490]
Analysis strategy: —

@ Goal: Measure B(B® — J/yn°)
@ Use BT — J/i K* as normalization channel
with K** — K*r0
@ Run 1 (2011-2012) + Run 2 (2015-2018) =
9fb™
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https://link.springer.com/article/10.1007/JHEP05(2024)065
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.021801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112008
https://link.springer.com/article/10.1140/epjc/s10052-011-1798-8
https://link.springer.com/article/10.1134/S1063778814120126

Measurement of the B(BO — J/@Z) 7T0) [JHEP2405(2024)065]

Measured value with 6.3% precision:
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https://link.springer.com/article/10.1007/JHEP05(2024)065

Measurement of the B(BO — J/@Z) 7T0) [JHEP2405(2024)065]

Measured value with 6.3% precision:

0 ﬂ_O _
Bz = (1.153 £ 0.053(stats.) = 0.048(syst.)) x 102

Using B (B+ — JAp K**) from PDG

Branching fraction:
B(B®— Jip7®) = (1.670 £ 0.077(stats.) £ 0.069(syst.) + 0.095(ext.)) x 1075

—— LHCb 9fb~"

Belle 2018 Results compatible with previous
measurements

—*— BaBar 2008

PDG 2022
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https://link.springer.com/article/10.1007/JHEP05(2024)065

t of Al ¢ pHepos(2024)253]

Physics interest: v . HrLAY
_— 8 016 DO 8 fb
@ Sizable decay width difference S o o5 ot conours
- Be=il,
Al =T, Ty CMS 116.1 10 N\ e !
0.12
— . Theory f\
@ Measured by BP-B? mixing: 010 D
o Golden mode: BY — Jj ¢ 0.08
. . LHCb 4.9 fb~!
o Requires flavor tagging angular 0.06 Compined”
. °T'; errors scaled by 2. B =
ana IySlS 0.04 AI[5 errors scaled byy 3757
@ Tension in LHC results %40 0.650 0.660 0.670 0.680

Tslps™]
Analysis strategy:

@ Innovative method: measure e = 1/ /1y using

o Pure CP-even B? — Jipn' (7er = 1/T1)
o Pure CP-odd B2 — Jjp £(980) (7efr = 1/T'h)

o Neither angular analysis flavor tagging is needed
@ Using Run 1 + Run 2 (9fb™ 1)

#

~
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https://link.springer.com/article/10.1007/JHEP05(2024)253

A measurement of Al pHepos(2024)253]

@ Yields are extracted in bins of decay time

g [e_rst(1+y) al—y AT,

= A (t =
Ngven = () [e*rst(lf}/)]:i 1+y’ 77 or,

R;

o Corrected with time-dependent relative acceptance (A,(t))
@ Measurement split in years:
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https://link.springer.com/article/10.1007/JHEP05(2024)253

t of Al ¢ pHepos(2024)253]

Number of bins and ranges from simulation: optimize the sensitivity on Al,

o 0.24

LHCb
2.1fb*

2018

LHCb
2011&12 ——

2015& 16 e

2017 [ —

3 2018 —

Average ——
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0.16F El
0.14F El
0.12F 4
£ |
2

Combined result:

ATy = 0.084 4 0.011 £ 0.009 ps—!

Combined value within 1o ATHFLAY = 0.082 & 0.005 ps~?
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https://link.springer.com/article/10.1007/JHEP05(2024)253

A measurement of Al pHepos(2024)253]

Number of bins and ranges from simulation: optimize the sensitivity on Al,

HFLAV 2021

HFLAV 2023: New LHCb result

b
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Combined result:

80

AT = 0.084 + 0.011 = 0.009 ps~?

Combined value within 1o ATHFLAY = 0,082 + 0.005 ps~*
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https://link.springer.com/article/10.1007/JHEP05(2024)253

CP violation in BO—> QﬁKg [PRL132(2024)021801]

Physics interest:
@ Measurement of CPV parameters of 54y

and Cg) Boer BY L w+ W¥<’:\\§
@ Golden modes: \“\\\\d}lx’“mf"
o B Jp(= ptu,ete )KS(= wtn) .,
o B Y(25)(> K 7o) (. }
e S=sin(28+ Ag + AgNP) ) '
@ Penguin topologies suppressed (A¢ ~ 0) vaéﬂ‘[" HO 0 KO

|d ——»——d|
@ Assuming Al'y ~ 0:

r(B°(t)= )= (B (t)=>f - -
o Ap = r((EOEtt)):f))#((BO((tt))::f)) ~ sin(20) sin(Amgt)

Analysis strategy:

o Goal: Update measurements with Run 2 data (6fb™!)
o Previous measurements using Run 1 data (3fb™)
[PRL115(2015)031601] [JHEP11(2017)170]

@ Combined, time-dependent measurement of the CP violation parameters
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031601
https://link.springer.com/article/10.1007/JHEP11(2017)170

CP violation in BO—> QﬁKg [PRL132(2024)021801]

Mass fit to tagged (flavor identified) candidates:

-
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Flavor tagging calibrated with:
e SS: BY— Jap K*
e OS: Bt — JWK™

102 L a | L L
5150 5200 5250 5300 5350 5400 5450 5500

o Signal yields:
e 306090 + 570 B® — J/ih (— pu)KS
o 42700 + 220 B® — Jip(— eTe ™)K
o 235604160 B® — (2S)(— " u")KS

o Considering Kg reconstructed with
partial tracker info (LD and UL)

o Increase data size by 13%

Flavor tagging power = ety5 X D?

Channel €tag [70] D? %)
B - Jpp(— pt )KL 85.34+0.05 4.66140.013
B®— Jp(— ete )KL 92.20£0.08 6.462+£0.032

B (28) (= ptp)KS  84.81+£0.15 4.59 +0.04
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

CP violation in BO—> QﬁKg [PRL132(2024)021801]

CP fit from background-subtracted time-dependent decay rates:
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

CP violation in BO—> ¢Ké) [PRL132(2024)021801]

Results per channel:

Sipp(—sptu-ykg = 0.716 £ 0.015 (stat) & 0.007 (syst),
o (oo = 0.010 £ 0.014 (stat) = 0.003 (syst),
Sp(2s)(—putu-)ky = 0.649 +0.053 (stat) & 0.018 (syst),
Cy(25)(sp+u—)ke = —0.087 £ 0.048 (stat) + 0.005 (syst),
Sipp(—ete-)k = 0.754 £0.037 (stat) & 0.008 (syst),
Copp(sere)ky = 0.042£0.034 (stat) = 0.008 (syst).

Combined result, more precise than the current HFLAV world average:

Simultaneous fit all channels

Syke = 0.717 £ 0.013 (stat) = 0.008 (syst) Sali(cz) = 0.699 +0.017
Cykg = 0.008 + 0.012 (stat) + 0.003 (syst) Gatez) = —0.005 £ 0.015
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

CPV in Bg—) J/l/’ KJFK* near ¢(1020) [PRL132(2024)051802]

Physics interest:
o BY-B? mixing induce CPV phase (¢s)
6o = —2B5 + AgM 4 AGYP
o Negligible penguin pollution (A¢M ~ 0)

e ¢ very sensitive to NP

Analysis strategy:

o Goal: Update measurement with Run 2 data (6fb™')
o Previous measurement with 2015-2016 data (1.9fb™')
[EPJC79(2019)706]
o m(K*K~) € (990, 1050) MeV/ c? E—
PD
o Also measure AT, s — Ty, || A and Am,
A= nk(p/q)(Ak/Zk) Bg &decay  fcp
Ay polarization amplitudes
nk: CP-eigenvalue of polarization k
p, q relate mass and flavor basis

(>T>[ Bg SM
’D

~
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

CPV in Bg—) J/l/’ KJFK* near ¢(1020) [PRL132(2024)051802]

Physics interest:
o BY-B? mixing induce CPV phase (¢s)
s = —20s + AGM + AoLP
o Negligible penguin pollution (A¢M ~ 0)
e ¢ very sensitive to NP

op°° = arg(V

Analysis strategy:

o Goal: Update measurement with Run 2 data (6fb™')
o Previous measurement with 2015-2016 data (1.9fb™')

[EPJC79(2019)706] M — 2arg(ViaVi2)
o m(KTK~) € (990,1050) MeV/c? —
; .
o Also measure AT, s — Ty, || A and Am, m »

s NP?2?
A =n(p/q)(Ax/Ax) b
Ay polarization amplitudes

nk: CP-eigenvalue of polarization k
p, q relate mass and flavor basis

L.M. Garcia Beauty to charmonium decays at LHC{


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

CPV in Bg—) J/l/’ KJFK* near ¢(1020) [PRL132(2024)051802]

Mass fit for background subtraction

Using flavor tagging

e Calibration channels: BT — Ji K* (0S) and B — D 7" (SS)
o Tagging power: (4.18 £+ 0.15)%,(4.22 £+ 0.16)%, (4.36 + 0.16)%

L.M. Garcia
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

CPV in Bg—) J/l/’ KJFK* near ¢(1020) [PRL132(2024)051802]

Time-angular dependent decay rates

LHCbRun2, 6 b
~+Daa

Candidates/(0.01 ps)

5 10
Decay time [ps] cosf

T 3 T T T
LHCb Run2, 6 b 8000 LHCbRun 2,6t |

Candidates/0.02

@ Angular resolution and decay time acceptance and resolution

o Consider four polarization:
o Jip-¢ (P-wave): 2 CP-even + 1 CP-odd
o KT-K~ (S-wave): 1 CP-odd

Beauty to charmonium decays at LHCb
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

CPV in B_g—) J/l/’ KJFK* near ¢(1020) [PRL132(2024)051802]

o = —0.039 + 0.022 4+ 0.006 rad
Al = 1.001 + 0.011 4 0.005
0.00 =
AT, = 0.084819:9%3% + 0.0024 ps~*
Ms—Tyg= —0.0059"%%91% 4 0.0014 ps~!
Amg = 17.743 + 0.033 + 0.009 ps—*
@ Most precise/competitive with CMS: 012 pr—
¢s, Algand T4 — Ty Sou B2l K oo
@ No evidence for CPV Z: SHnopenguins
o Compatible with SM prediction I ) oo o
o ™ = —0.0368"%%%9% [PRD91(2015)073007] 0o
@ No polarization dependency is observed oo BTLAS 59.7 fo-1
o Consistent with 2015-2016 measurement vos_[CMS-BPH-23-004]

¢/¥<'K [mrad]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.073007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004

Branching ratios:

o Measurement of B (B — J/iy7°) with 9fb~* compatible with BaBar and
Belle

CP parameters:

o Time-dependent: Updated Al'; measurement in B® — J/in' /¢ with 9fb™*
compatible with world average

o Time-dependent Acp: Update Sy and Cy measurement in B® — 1K$ with
6fb~! more precise than current world average

e Angular-Time dependent: Update ¢, Al'g, s — Ty, ||\ and Am,
measurement in BY — Jjip KK~ with 6fb !

L.M. Garcia Beauty to charmonium decays at LHCb



Thanks for your attention




The LHCb experiment

@ The LHCb idea: to build a single-arm forward spectrometer:
o ~4% of the solid angle (2 < n < 5)
o ~30% of the b hadron production
o Excellent PID via Two Ring Imaging CHerenkov (RICH) detectors
e Precise tracking and IP: VErtex LOcator (VELO) and tracking stations

Magnet

LHCb MC
¥s=14TeV
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The LHCb experiment

@ The LHCb idea: to build a single-arm forward spectrometer:
o ~4% of the solid angle (2 < n < 5)
o ~30% of the b hadron production

o Excellent PID via Two Ring Imaging CHerenkov (RICH) detectors
e Precise tracking and IP: VErtex LOcator (VELO) and tracking stations
@ Designed to run at lower instantaneous luminosity
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The LHCb experime

The LHCb idea: to build a single-arm forward spectrometer:

o ~4% of the solid angle (2 < n < 5)
o ~30% of the b hadron production

Excellent PID via Two Ring Imaging CHerenkov (RICH) detectors
Precise tracking and IP: VErtex LOcator (VELO) and tracking stations
Designed to run at lower instantaneous luminosity

Largest sample of heavy flavour decays

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2022
T 2z(EsTe 02

. amEsTe2iom
- 2017 (6.542.51 TeV): 1.71 b + 0.10 /fb. 4

2016 (6.5 TeV): 167 0

2015 (6.5 TeV): 033 /b
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The LHCb experiment

@ The LHCb idea: to build a single-arm forward spectrometer:

o ~4% of the solid angle (2 < n < 5)
e ~30% of the b hadron production

Excellent PID via Two Ring Imaging CHerenkov (RICH) detectors
Precise tracking and IP: VErtex LOcator (VELO) and tracking stations
Designed to run at lower instantaneous luminosity

Largest sample of heavy flavour decays

Highly complementary to eTe™ " B-factory” experiments:

e Produce all types of b,c-mesons and baryons
e Huge cross-section

#

~
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Flavor tagging

SS pion
SS proton
SS kaon (for BY)

. ,_,—y. 0S kaon
(& S

b e S

b X \. 0S muon

0S electron
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Track types

>
9 1 2 4 6 Bl lzm)
1 1
1 1
: : Upstream track
| 1 R
1 1
1 1 Ttraq%"/"
1 1
: Downstream track
VELO >
Velo track
=
ot
i\~~
T2 T3

L.M. Garcia Beauty to charmonium decays at LHCb



	Appendix

