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➢ Introduction, b→sll

➢ Angular observables in b→sll transitions

➢ Searches for LFUV in heavy-flavor decays



CMS experiment
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b→sll as New Physics probes
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➢b→sll transitions are precisely predicted by Standard Model

➢Processes are rare (loop level, CKM-suppressed)
→ new interactions can be major contribution

➢New interactions can have different symmetries from the SM

➢NP can modify parameters of angular distributions observed in 
FCNC decays B→h l+ l−



Angular analyses of b→sll transitions
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➢Many recent results measuring angular parameters 
and differential branching fractions

B0→K*0μ+μ−, Run-1+2016, ~4500 signal

~3σ tension at low q2 !

LHCb-PAPER-2020-002 Phys.Rev.Lett.125(2020)011802

ATLAS and CMS Run-1 results in backup

BF measurement of B0
s →φμ+μ−

~3.6σ tension 
w.r.t. SM at low q2

LHCb-PAPER-2021-014 Phys.Rev.Lett.127(2021)151801

Discrepancy also seen in 
B+→K*+μ+μ− (see backup)

q=m(ll)

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-002.html
https://doi.org/10.1103/PhysRevLett.125.011802
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-014.html
https://doi.org/10.1103/PhysRevLett.127.151801


B0→K*0μ+μ− Angular decay rate
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The Kπ system can also be in S-wave →

p p
B0

μ+

μ−

K+

π−



Data set and B0→K*0μ+μ− selection
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Run 2 dataset (2016-2018), corresponding to 140 fb−1

Trigger requires 2 muons + a track
B0→J/ψ K*0 and B0→ψ(2S) K*0 decays with the same final-state particles K±π∓μ+μ−

are used for the control and validation

Specific backgrounds



4D UML simultaneous fit in 6 q2 bins
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3 angles + mass 3 data-taking years

Fit to B0→K*0μ+μ− sample additionally accounts for: 
• the possibility that K and π are swapped 
• Efficiency as a function of angular variables
• Background angular shape (from sidebands)
• Physical boundary in the angular observables space

CMS-PAS-BPH-21-002

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html


B0→K*0μ+μ− Results 
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Good agreement with, and similar 
precision to the previous LHCb results
P5’  discrepancy remains…

q=m(ll)

CMS-PAS-BPH-21-002

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html


Lepton Flavour Universality Violation
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➢SM has identical couplings of charged leptons to W 
and Z bosons 
→ similar behavior of e,μ,τ (some differences due to different mass)

➢Observation of a significant LFUV would immediately 
point to New Physics contribution

➢LFU tests in b→sll are theoretically-clean observables

q=m(ll)



LFUV searches: previous results

11

q=m(ll)

A set of previous results 
(with precision dominated by 
LHCb measurements) have 
indicated a discrepancy from 
SM prediction in Rx ratios 
(until 2023)

All the ratios are lower than 
prediction?



LFUV searches: previous results
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However, in 2023: 



Data sample
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➢Data Parking stands for “data that will be reconstructed later”

➢ In 2018, CMS implemented “B-parking”
➢ triggering on low momentum electrons is very hard 
→ leverage the bbbar pair production, trigger on one 
B and investigate the other

➢ Triggering on displaced muon from SL b decays
➢ Constantly utilize full L1 bandwidth

Using a family of L1 seeds 
with decreasing thresholds 
as lumi decreases, to 
“fill the gap to 100 kHz”

➢ Require muon displacement at HLT
➢ Resulting purity~75-80% (events with b hadron)

➢ Dedicated low-pT electron reconstruction

CMS-EXO-23-007

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-007/


Measurement strategy
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➢Measuring double ratio to reduce systematics

➢ Muon channel on tag side, electron channel on probe side
➢ Electrons from two algos: PF and LP → PFPF and PFLP categories
➢ BDT discriminator(s) for background rejection

➢ Features: vertex displacement, fit probability, pointing angle
muon isolation, kaon pT, B pT

electron pT, isolation, K IP w.r.t ee vertex, ID

➢ Dedicated vetoes to kill backgrounds from charm and charmonia

CMS-BPH-22-005
Rep. Prog. Phys. 87 (2024) 077802

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-005/index.html
http://dx.doi.org/10.1088/1361-6633/ad4e65


Observed signals
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CMS-BPH-22-005
Rep. Prog. Phys. 87 (2024) 077802

At just 20 events in the signal 
channel, the precision of R(K) 
measurement is quite low 

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-005/index.html
http://dx.doi.org/10.1088/1361-6633/ad4e65


R(K) result
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CMS-BPH-22-005
Rep. Prog. Phys. 87 (2024) 077802

The resulting value is consistent 
both with SM and LHCb, but the 
precision is not competitive

The main reason is the difficulty with 
low-pT electrons, especially at the 
trigger level, which is why the trigger 
for this analysis searches for 
the other b in an event 

CMS has learned a lot and huge 

improvement is expected in 

Run-3, stay tuned!

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-005/index.html
http://dx.doi.org/10.1088/1361-6633/ad4e65


Summary
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Thank you !

❖ Many new results on rare b→sll decays, sensitive to NP, are obtained in the last few years 

❖ Some ~3-4σ tensions w.r.t. SM have been observed in B meson decays 

❖ CMS made an angular analysis of the B0→K*0μ+μ− decay with full Run-2 data

❖ The results agree with and are as precise as earlier LHCb results

❖ Confirming the tension between experiment and SM in P5’  parameter

❖ R(K) measurement is very challenging at CMS due to low-pT electrons 

❖ The result agrees (with large uncertainties) with LHCb and LFU=SM

❖ In the meanwhile, refreshed LHCb results from last year also agree with LFU=SM… 

❖ Run-3 triggers will allow to make significantly more precise measurements

http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_RD.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_RD.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/


BACKUP
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Search for D0→μμ
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CMS-PAS-BPH-23-008

With many studies of b→sll transitions, even more rare c→ull ones are often 
forgotten/neglected 

CMS searches for the D0→μμ decay via D*+→D0π+ to suppress bkg

One of the first analyses to:
• use Run-3 13.6 TeV data! (2022+2023 in this case)

• use new inclusive dimuon triggers

Normalization relative to D0→π+π−

No signal observed, UL set at 

Best limit to date, 35% improvement over LHCb
SM prediction ~3*10−13

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008/index.html
http://dx.doi.org/10.1103/PhysRevLett.131.041804


“anomalies” in FCNC transitions
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https://www.nikhef.nl/~pkoppenb/anomalies.html


B0→K*0μ+μ−, CMS and ATLAS Run-1
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CMS-BPH-13-010 Phys. Lett. B 753 (2016) 424

ATLAS-BPHY-13-02 JHEP10(2018)047
~350 signal, 3 q2 bins

~1450 signal, 7q2 bins

More details in the parallel talk by Samar N. yesterday

More details in the parallel 
talk by Samar N. yesterday

http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-13-010/index.html
http://dx.doi.org/10.1016/j.physletb.2015.12.020
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2013-02/
https://doi.org/10.1007/JHEP10(2018)047
https://indico.cern.ch/event/1109611/timetable/?view=standard#583-rare-decays-experiment-1-i
https://indico.cern.ch/event/1109611/timetable/?view=standard#583-rare-decays-experiment-1-i
https://indico.cern.ch/event/1109611/timetable/?view=standard#583-rare-decays-experiment-1-i


Angular analyses of b→sll transitions
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B0
s →φμ+μ− angular, Run-1+Run-2 (no 2015), ~2000 signal

Compatible with SM
CMS Run-2 analysis 
in developmentLHCb-PAPER-2021-022 JHEP11(2021)043

2011-2012 2016 2017-2018

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-022.html
https://doi.org/10.1007/JHEP11(2021)043


Angular analyses of b→sll transitions
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B+→K*+μ+μ−, (K*+→K0
S π

+) CMS Run-1, ~90 signal
Lower statistics compared to K*0 channel because of K0

S

Compatible with SM

CMS-BPH-15-009 JHEP04(2021)124

S-wave

http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-15-009/index.html
http://dx.doi.org/10.1007/JHEP04(2021)124


Angular analyses of b→sll transitions
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B+→K*+μ+μ−, (K*+→K0
S π

+) LHCb Run-1 + Run-2, ~90 signal
Lower statistics compared to K*0 channel because of K0

S

Two categories based on K0
S decay vertex position

Angular analysis, measuring full set of optimized variables,
FL ,S3 ,S4, S5, AFB, S7, S8, S9, P1, P2, P3, P’4, P’5, P’6, P’8
in 5 folds of the data, due to limited stat.

3.1σ tension w.r.t SM at low q2 !

LHCb-PAPER-2020-041 Phys.Rev.Lett.126(2021)161802

737±34

B+→K*+μ+μ−

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-041.html
https://doi.org/10.1103/PhysRevLett.126.161802


Angular analyses of b→sll transitions
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P5’ HL-LHC
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CMS experiment

27



B0→ φ μμ
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LHCb-PAPER-2021-042 JHEP05(2022)067

Signal

B0
s

B0→K*μμ

SL

Part.
reco Λb→pKμμ

https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2021-042.html
https://doi.org/10.1007/JHEP05(2022)067


B0→ K*0μ∓e± and B0
s→ φμ∓e±
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LHCP-PAPER-2022-008. Full Run-1 + Run-2 analysis
Normalization using B0→J/ψK*0 and B0

s→ J/ψφ

World-best limits



K0
S → μμ
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➢FCNC process, in SM 
➢Some NP (SUSY/LQ) models modify the B
➢LHCb performed a search using Run-2 data
➢Normalization using decay to π+π−

➢ This decay is also the main background

Statistically combined with Run-1 result upper limit is most stringent to date:

LHCb-PAPER-2019-038 Phys.Rev.Lett.125(2020)231801

https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2019-038.html
https://doi.org/10.1103/PhysRevLett.125.231801


B+→ K+μ−τ+
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LHCb Full Run 1 + Run 2 analysis
Using B*

s2 → B+K− decays to tag partially-reconstructed B+ mesons
Normalization using B+→ K+μ−μ+ (with J/ψ)

Weaker than 2012 BaBar upper limit

More details in the parallel talk by Liang S. yesterday

More details in the parallel 
talk by Liang S. yesterday

LHCb-PAPER-2019-043 JHEP06(2020)129

https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2019-043.html
https://doi.org/10.1007/JHEP06(2020)129


B+→ K+μ∓e±
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LHCb Run-1 analysis
Normalization using B+→ K+μ−μ+ (with J/ψ)

World-best limits
More details in the parallel talk by Liang S. yesterday

More details in the parallel 
talk by Liang S. yesterday Run-2 analysis ongoing

LHCb-PAPER-2019-022 Phys.Rev.Lett.123(2019)241802

https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://indico.cern.ch/event/1109611/timetable/?view=standard#586-searches-for-lepton-flavou
https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2019-022.html
https://doi.org/10.1103/PhysRevLett.123.241802


Rare charm decays 
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LHCb JHEP 06 (2021) 044

https://doi.org/10.1007/JHEP06(2021)044


EFT for b→sll decays
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