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Searches for new physics 
in rare decays of heavy 

flavors at CMS



Outline
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üIntroduction, b sOll

üAngular observables in b sOll transitions

üSearches for LFUV in heavy-flavor decays



CMS experiment
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b ÓÌÌas New Physics probes
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üÂ ÓÌÌtransitions are precisely predicted by Standard Model

üProcesses are rare (loop level, CKM-suppressed)
ᴼ new interactions can be major contribution

üNew interactions can have different symmetries from the SM

üNP can modify parameters of angular distributions observed in 
FCNC decays B hO l+ lϾ



Angular analyses of b ÓÌÌtransitions
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üMany recent results measuring angular parameters 
and differential branching fractions

B0 +*0ʈ+ʈϺ, Run-1+2016, ~4500 signal

~3ʎtension at low q 2 !

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

ATLAS and CMS Run-1 results in backup

BF measurement of B0
s ʒʈ

+ʈϺ

~3.6ʎtension 
w.r.t. SM at low q2

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

Discrepancy also seen in 
B+ +*+ʈ+ʈϾ(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


B0ᴼ+*0ʈ+ʈϺ Angular decay rate
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Data set and B0ᴼ+*0ʈ+ʈϺ selection
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Run 2 dataset (2016-2018), corresponding to 140 fbϺρ

Trigger requires 2 muons + a track
B0ᴼ*ȾʕK*0 and B0 ʕO(2S) K*0 decays with the same final-state particles K±ʌᴜʈ+ʈϺ

are used for the control and validation

Specific backgrounds



4D UML simultaneous fit in 6 q 2 bins
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3 angles + mass 3 data-taking years

Fit to B0 +*0ʈ+ʈϺ sample additionally accounts for: 
ÅÔÈÅ ÐÏÓÓÉÂÉÌÉÔÙ ÔÈÁÔ + ÁÎÄ ʌ ÁÒÅ Ó×ÁÐÐÅÄ 
Å Efficiency as a function of angular variables
Å Background angular shape (from sidebands)
Å 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 +*0ʈ+ʈϺ Results 
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Good agreement with, and similar 
precision to the previous LHCb results
P5ȭ  ÄÉÓÃÒÅÐÁÎÃÙ ÒÅÍÁÉÎÓȣ

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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üSM has identical couplings of charged leptons to W 
and Z bosons 
Ą similar behavior of e, ʈ,ʐ(some differences due to different mass)

üObservation of a significant LFUVwould immediately 
point to New Physics contribution

üLFUtests in b ÓÌÌare theoretically-clean observables

q=m(ll)



LFUV searches: previous results
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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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ü$ÁÔÁ 0ÁÒËÉÎÇ ÓÔÁÎÄÓ ÆÏÒ ȰÄÁÔÁ ÔÈÁÔ ×ÉÌÌ ÂÅ ÒÅÃÏÎÓÔÒÕÃÔÅÄ ÌÁÔÅÒȱ

ü)Î ςπρψȟ #-3 ÉÍÐÌÅÍÅÎÔÅÄ Ȱ"-ÐÁÒËÉÎÇȱ
ü triggering on low momentum electrons is very hard 
Ą leverage the bbbar pair production, trigger on one 
B and investigate the other

üTriggering on displaced muon from SL b decays
üConstantly utilize full L1 bandwidth

Using a family of L1 seeds 
with decreasing thresholds 
as lumi decreases, to 
ȰÆÉÌÌ ÔÈÅ ÇÁÐ ÔÏ υττ Ë(Úȱ

üRequire muon displacement at HLT
üResulting purity~75-80% (events with b hadron)

üDedicated 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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üMeasuring double ratio to reduce systematics

üMuon channel on tag side, electron channel on probe side
üElectrons from two algos: PF and LP Ą PFPF and PFLP categories
üBDT discriminator(s) for background rejection
üFeatures: vertex displacement, fit probability, pointing angle

muon isolation, kaon pT, B pT

electron pT, isolation, K IP w.r.t eevertex, ID

üDedicated 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 ÓÌÌdecays, sensitive to NP, are obtained in the last few years 

×Some ~3-4ʎtensions w.r.t. SM have been observed in B meson decays 

× CMS made an angular analysis of theB0ᴼ+*0ʈ+ʈϺdecay 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 P5ȭ  ÐÁÒÁÍÅÔÅÒ

× 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=SMȣ 

× 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 ʈOʈ
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CMS-PAS-BPH-23-008

With many studies of Â ÓÌÌtransitions, even more rare Ã ÕÌÌones are often 
forgotten/neglected 

CMS searches for the D0 ʈOʈdecay via D*+ᴼ$0ʌ+ to suppress bkg

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

Å use new inclusive dimuon triggers

Normalization relative to D0 ʌO+ʌϺ

No signal observed, UL set at 

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

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


ȰÁÎÏÍÁÌÉÅÓȱ ÉÎ FCNCtransitions
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https://www.nikhef.nl/~pkoppenb/anomalies.html


B0 +*0ʈ+ʈϺ, 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 ÓÌÌtransitions
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B0
s ʒʈ

+ʈϺangular, 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 ÓÌÌtransitions
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B+ +*+ʈ+ʈϺ, (K*+ᴼ+0S ʌ
+) CMS Run-1, ~90 signal

Lower statistics compared to K*0 channel because of K0S

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 ÓÌÌtransitions
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B+ +*+ʈ+ʈϺ, (K*+ᴼ+0S ʌ
+) LHCb Run-1 + Run-2, ~90 signal

Lower statistics compared to K*0 channel because of K0S
Two categories based on K0Sdecay vertex position

Angular analysis, measuring full set of optimized variables,
FL ,S3 ,S4, S5, AFB, S7, S8, S9, P1, P2, P3, Pȭ4, Pȭ5, Pȭ6, Pȭ8
in 5 folds of the data, due to limited stat.

3.1ʎtension w.r.t SM at low q 2 !

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

737±34

B+ +*+ʈ+ʈϺ

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 ÓÌÌtransitions
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0υȭ (,-LHC
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CMS experiment
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B0ᴼʒʈʈ
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LHCb -PAPER-2021-042 JHEP05(2022)067

Signal

B0
s

B0O +ɕʈʈ

SL

Part.
reco ɤbᴼÐ+ʈʈ

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


B0ᴼK*0ʈᴜe± and B0
sᴼʒʈᴜe±
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LHCP-PAPER-2022-008. Full Run-1 + Run-2 analysis
Normalization using B0 JO/ʕK*0 and B0

sᴼ J/ʕʒ

World-best limits



K0
S O ʈʈ
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üFCNC process, in SM 
üSome NP (SUSY/LQ) models modify the B
üLHCb performed a search using Run-2 data
ü.ÏÒÍÁÌÉÚÁÔÉÏÎ ÕÓÉÎÇ ÄÅÃÁÙ ÔÏ ʌ+ʌϺ
üThis 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+ᴼK+ʈϺʐ+
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LHCb Full Run 1 + Run 2 analysis
Using B*

s2ᴼ "
+KϺdecays to tag partially-reconstructed B+ mesons

Normalization using B+ᴼK+ʈϺʈ+ (with J/ʕ)

Weaker than 2012 BaBarupper 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+ᴼK+ʈᴜe±
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LHCb Run-1 analysis
Normalization using B+ᴼK+ʈϺʈ+ (with J/ʕ)

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 JHEP06 (2021)044

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


EFT for bĄsll decays
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