Shanzhen Chen
IHEP, CAS

IAS Program on High Energy Physics - Mini-workshop on Experiment/Detector



Outline

Lepton flavour universality (LFU) and the LHCDb detector
b —clv: R(D) and R(D*)

b —sll: R(K) and R(K*)

Prospects and Conclusions




Lepton Fiavour Universality
in the Standard Model

Lepton Flavour Universality: In SM, EW couplings are independent from lepton

flavours _
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Lepton flavour universality
tests with B decays

LFU tests in b —clv at LHCb
Large branching fraction, tree level processes

Missing neutrino makes it experimentally challenging
e.g., R(D(x) =B(B » DWt~1,) /B(B » DPu~7,)

LFU tests in b —sll at LHCb
branching fraction ~ O(10-), suppressed at tree level
Highly sensitive to NP

e.g., R(K(*)) = B(B(B » K@ utu))/(B(B » KMete™))




The LHCb experiment

= LHCD is dedicated for flavour physics studies, but also serve as a forward general-

purpose detector

= forward arm spectrometer with unique coverage in pseudorapidity (2 <n < 5)

catching 27% of b-quarks in 4% of solid angle
precision measurements in beauty and charm sectors

= momentum resolution Ap / p = 0.5% at < 20 GeV/c to 1.0% at 200 GeV/c

= |IP resolution (15+29/pT[GeV]) um for high-pT tracks
= decay time resolution 45 fs for Bs ->J/y ¢ and Bs ->Ds 1
= Particle ID with calorimeters, muon system and

Cherenkov detectors (RICH)

Participation in heavy ion runs

= Unique operation mode as fixed-target experiment
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Extended physics program to QCD, EW, direct searches
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LFU tests in b — clv

B(Hp—H:lvp) ’

H.=D*", DY, DT, DX, AL T/
H, = B®,B*,BY,B,, A, ...
R(D*) and R(D) :
Studied with B » D®7~v, and B - D®u~7, ,
Ratio R(D(*)) = B(B = D™1~¥,) /B(B —» D™ u~7,) is sensitive to e.g charged Higgs, leptoquarks

R(Hc) =

where at LHCb [=pu, (at B-factories [=pu, e)
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R(D*) and R(D)

= Previous measurements from LHCb and b-factories are combined
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BB->Dpv
EEB->Duv
BB->Duv
Bl Fake muons

New study = coriio
B— DD X
BElB->Drtv

O\ B(B-»DM1v,) _ _ . BB->Dr1v
“R(DW) = BE-DOwy’ ¢ H VT D* = (D » nK)m

= Simultaneously measure R(D) and R(D*) with Run 1 data

= Higher branching fraction and higher efficiency due to inclusion
of not fully reconstructed D*
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= Experimental challenges: neutrinos - 3 for (77— u~v,v,) v; N . "
= No narrow peak to fit (in any distribution)
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http://arxiv.org/abs/2302.02886

Results

Simultaneous fit to 8 samples
= Signal sample + 3 control sample,

= for both D% and D*

R(D*)=0.281 + 0.018 + 0.024
R(D)=0.441 £+ 0.060 £ 0.066

slightly lower R(D*),
slightly higher R(D),
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LFU tests in b->sli

__ B(b—spp)
fix B(b— see)

= Coherent pattern of tension to SM in LFU tests

with b-> sll trasitions

= Measure differential branching fraction
vs dilepton invariant mass

= RX ratio extremely well predicted in SM
= Cancelation of hadronic uncertainties at 104

= O(1%) QED correction [Eur.Phys.J.C 76(2016)8]

= Any departure from unity is a clear sign of
New Physics
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Recover brem

Event reconstruction ..

Magnet
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= Electrons at LHCb vero ©
= Emit bremmshtralung vy, high occupancy in ECAL A—

- ECAL tight trigger thresholds and ID mostly from CALQ., |
. &, and Zworse thang

p
- Muon at LHCb S
= Negligible bremmshtralung, MUON has low occupancy . . |
- Muon soft trigger thresholds and ID mostly from MUON S 1D }
- Excellent ..., and % 08 5 ~ 140 MeV ECAL
06l- 0 ~ 40 MeV ~
resolution

= Overall, a ratio of ~ 3:1 of reconstructed muons to 04-Missed y
electrons in LHCb in Run1/2 data taking ->

"Brem
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arXiv:2212.09153
arXiv:2212.09152

R(K) and R(K*)

Full Run 1 + Run 2 data

fqzmQXdB(B*K(*)I«L-FH_)d 2
g?min dq? q

study

New

RK(*) - q2maxdB(B—-K(*ete™)

q?min dq?

dq?

Experimentally accessible through a double-ratio measurement

Use resonant-J/y mode as normalization to cancel out most of € systematics in e/p
differences. Resonant-J/y mode also used for € calibration

B(B—>K(*)ﬂ+u‘) B(B—>K(*)e+e_)
B(B=J /Y (~utpu)KE) ! B(B—j/ih(~ete )K™)

low-q2 : q2 € [0.1,1.1]1GeV?/c?
central-g* : g% € [1.1,6.0] GeV?/c*

R+ measured in two g regions
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Misidentified background in

electron mode

= By tighten the PID requirement to electrons, the R(K()) measurement shifts towards 1

Ry low-¢? Ry central-¢°
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= A new inclusive data-driven treatment of misidentified background implemented
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Results

= Most precise and accurate LFU test
in b -> sll trasition

= Compatible with SM with a simple
2 test on 4 measurement at 0.2 o
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= Previous R(K) results superseded

. LHCb
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LHCb upgrade(s)
schedule updated beginning of 2022

Physics programme limited by detector, fol K2 . Rund _ Runs _Runf
NOT by LHC

Phase | Upgrade
a brand new detector!
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Inst. luminosity [10* cm2s1]
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Loeak = 2x10%3 cm2 ™1 8 | Phase |l S| 5
Lint = ~ 50 fb-1 during Run 3 & 4 6
4 100
2 |< Phase 113>
Phase Il Upgrade 9010 2020 2030 2040
Loeax = 1.5x10%4 cm2 s Year

Lint = ~ 300 fb-1 during Run 5 & 6, Install in LS4 (2033)
Some smaller detector consolidation and enhancements in LS3 (2026)
Potentially the only general purpose flavour physics facility in world on this timescale
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LFU tests Prospects

= By scaling the uncertainties with luminosity, prospects on future LFU tests ability at
LHCb can be obtained
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Conclusions

Lepton Flavour Universality tests are a clean probe to NP, complementing the direct
researches

R(D*) and R(D) studies:
1.9.0 away from SM
Combined results with B-factories: 3.20 hint of a deviation from lepton universality

R(K) and R(K*) study:
Compatible with SM at 0.20
Previous R(K) results superseded

Run Ill of LHCb has started, more data to come




