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Rare and forbidden decays at CMS

Introduction

eDiscovering rare and unusual processes is inherently interesting
e |nvestigating new physics via direct or indirect methods:
enew beyond the standard model particles can take part in the loops, altering the decay rates
eflavour changing neutral current decays suppressed in the standard model
*in general these rare decays allow for model independent searches

e Observing deviations from expected outcomes will indicate how the standard model needs to be
extended
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Rare and forbidden decays at CMS

CMS-PAS-BPH-21-002

Angular analysis of the BY - K™(892)u+u— decay

e Angular analysis of the rare decay B — K*0(892)u+u- in the K™9(892) — Kn

erate can be written as a function of the angular variables 6k, 6|, ¢

eexpressed by a set of clean observables related to the Wilson coefficients rynep o1 (2013) 048]

o [; is the fraction of longitudinally polarised K

o P, is related to Agg, the muon forward backward asymmetry

o P/ is the base of optimised observables
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Angular analysis of the B = K™(892)u+pu- decay CMS-PAS-BPH-21-002

e Current status
e CMS Run-1 - measure partial angular observables, including Pg [Phys. Lett. B 753 (2016) 424, Phys. Lett. B 781 (2018) 517]

e ATLAS Run-1 - different foldings used to measure the various parameters [JHEP 10 (2018) 047]
| HCb - angular analysis, discrepancy in both Run-1 and Run-2 data measurement [phys. Rev. Lett. 125 (2020) 1]
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Angular analysis of the B = K™(892)u+pu- decay CMS-PAS-BPH-21-002

oIn order to describe a system of BY — Ktrm—pu+u— decaying events, in which the K*r— system can also be
INn an S-wave configuration, the following extension of the angular decay rate is used:

1 d*T (1 Fs)T, - 3 :
dI'/dg? dg2d cos 6,d cos B d¢ P16

+ A% sin 6 sin 26, cos ¢ + Ag sin Oy sin 0; cos ¢

+ A% sin O sin 6, sin ¢ + A% sin 0y sin 26, sin ¢)

e Unbinned maximum likelihood fits performed in qz bins

Fssin” 6, + Ag sin® 6, cos Oy

sighal component

P(m, cos 6, cos0;, d) S (m) S%(cos By, cos 0, ¢) € (cos Oy, cos §;, P) fentative legend

C: correctly identified events
_ M: misidentified events

+R - SM(m) S*(— cos Oy, — cos 8;, —¢) € (cos b, cos 0;, p)

R is the ratio of the Y B" (m) B*(cos Ok, cos 0;, p) mistagged signal ~15%

average mistag fraction background component e“, eM from simulation
on data and MC

Angular distribution of the background (B“) determined using sidebands
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Angular analysis of the BY - K™%(892)u+u- decay CMS-PAS-BPH-21-002
e Angular fit validated in simulation and control regions - C“:'f P’e”:’gafvyz 11”“1“”9")
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Angular analysis of the BY - K™(892)u+u— decay

e Two sets of predictions are compared with measurement: flavio and EOS
eflavio: local form-factors (LQCD and Light-Cone Sum Rule) + non-local form-factors (QCDF)

eEOS: local form-factors (LQCD and LCS

e Clear tensions in the q2 region below the .

/Y for the P and P, parameters

CMS-PAS-BPH-21-002

e The other observables are in agreement with the prediction and available here
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Angular analysis of the B = K™(892)u+pu- decay CMS-PAS-BPH-21-002

e The results are among the most precise experimental measurements of the angular observables of this

decay

e Good agreement with LHCb result. Same tension from the predictions observed in P, and Px
e The combined tension from the prediction will increase
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> Observation of the J/¢ — ptu—ptp— decay

e Muon final states are attractive because they are very clean and in CMS
o/ = HTU—UTHU™ 1IN 2012 [JHEP 12 (2012) 034]

oZ — J/PU U = pHU—uFU— in 2078 [phys. Rev. Lett, 121 (2018) 14]
o/ = TTTUTU~ = UTU—HTU— INn 2022 [arXiv:240418298]

onN = UTU~MTHU— IN 2023 [Phys. Rev. Lett. 131 (2023) 9]

e These decay modes involve the # — £y*/Z" transition with the

subsequent decay of y*/Z" — ptu- /\i
eprobe for 4-lepton Wilson coefficients (j\%\
eHere we look at the rare decay of the J/P meson to ptu—putu—
e BESIII claimed the observation of J/Y — ptu—ete— and J/P — ete—ete- ]/t_l_
emeasured branching fractions in agreement with SM (phys.Rev.D 109 (2024) 052006]
e after initial tension with theory i’t —

etheory calculation B(J/W — pru—p+p-) = (9.74 £ 0.05) X 1077 (phys. Rev. D 109 (2024) 51
every clean as it’s almost free of intermediate vector resonances

S. Leontsinls U. Zurich


https://inspirehep.net/literature/2769595
https://inspirehep.net/literature/1190671
https://inspirehep.net/literature/1677496
https://inspirehep.net/literature/2781837
https://inspirehep.net/literature/2657654
https://inspirehep.net/literature/1978821
https://inspirehep.net/literature/1819257

Rare and forbidden decays at CMS

Phys. Rev. D 109 (2024) 11

Observation of the J/Y — ptp—utu— decay

eDuring Run-2 CMS recorded O(1019) B decays
elow pPT displaced single muon trigger strategy
ecxcellent place to look for rare decays

e Analysis strategy

eexploit this large dataset and measure B(J/P — ptp—ptu—) as a
function of B(J/P — ptu-)

BJ/p —pppp ) NUY—=p uwpu ) /Cypoptupty

B(J/y — utu~) N({J/p = utu-)

GJ/LIJ_>H+H—H+H—/€J/L|J_>H+H— = (1192 * 002) %0

T/t
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Observation of the J/Y — ptu—ptu— decay Phys. Rev. D 109 (2024) 11
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Searching for rare charm decays into two muons CMS-PAS-BPH-23-008

«Seach for DV — utu— and measure its branching fraction Y <
ethe decay proceeds under FCNC, highly suppressed in SM, DO v
esensitive to New Physics
«SM Prediction: B(DY — p+p-) ~ 3 x 1071 v >

e Rare charm decays mediated by “c — u” transition, which is less studied, comparing to “b — s”
eMost stringent experimental search %(DO — Putu-) < 3.5 X 10~ @ 95 CL (from LHCDb), 4 orders of
magnitude away from SM
oInstead of search for DY — utu—, we search for the cascade decay: D*t — D%+ and further on
DY - utu—

efactor of 4 reduced stats wrt inclusive production

eorders of magnitude reduction of combinatorial background

eBranching fraction estimated with respect to D** — DO+, with DY - e+
eclose kinematics with signal channel

NDO—>"I/£+"L£_
N

DO—rtr— D0 y+yu—

8D0—>7l'+7l'_

B(D’ = utu)=BMD° = ntn")
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Searching for rare charm decays into two muons CMS-PAS-BPH-23-008

einal selection employs a multivariate analysis including Effoctive lumi51.4 nb” (13.6 TeV)
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Summary

e CMS continues to push the boundaries looking for rare processes with several new measurements
e|n this talk

eangular analysis of the BY — K*O(892)u+u— decay

eone of the most precise measurements of the angular observables
esimilar effect in P2 and P5’ parameters observed as in LHCb measurement

eoObservation of the J/Y — ptu—ptu— decay
e AB(J/Y — ptu—ptu-) = [10.1f3:3(stat) + 0.4 (stat)] X 10~/ consistent with the standard model

calculation (9.74 £ 0.05) x 10~/ y = v
esearching for rare charm decays into two muons DO v
e B(DY - ptp-) < 2.6 X 107 at 95% CL y ,
|

eMost sensitive measurement to date
e Other new CMS results in other flavour fronts:
e Spectroscopy - Alexis Pompili
e| epton flavour violation - Chiara Rovelli
e CPV and lifetime - Enrico Lusiani
e Production - Yewon Yang
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