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Introduction: the discussed results were obtained with the RUN 11 data

CMS Integrated Luminosity, pp, vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC

180
- LHC DElIVEI ed: 162 8? fh

] CMS Recorded: 150.28 b~ 160
1140
1120
1100
180
160

140

)
(=]

120

Total Integrated Luminosity (b ')

0
1\ »\“3 3’6 '\'ﬁ 1\6 \"1 »\:1 'I \“1 '\-$ »\fb ‘\-ﬁ \'%
\\)\ 0(.'L \3“ P‘Q‘ \\)\ oC." s-a“ P-Q‘ \\)\ 0(:" \-a“ pp‘ \\1\ 0(."

Date

Events / GeV

o L=3.01" (Is = 13 TeV, 2018)
10 CMS Trigger paths
.
10° Preliminary —
JHp —x
1 08 B,
v
Y I low mass double muon + track
1 0? double mueon inclusive
10° z
10°
10
10°
11l | 111 ‘

1 10 10
w*u” invariant mass [GeV]

e 160 fb! has been delivered by the LHC
in Run 2 (2015-2018) at Vs=13 TeV.

e \fery efficient data collection by CMS
with improved track momentum resolution—>
recorded over 140 fb! of physics-quality data.

e Ingenious trigger algorithms were developed
for efficient online event selection.

CMS 1s contributing

intensively into the heavy flavor
and particularly in the

searches of the BSM Physics

in _b-hadron decays

In this talk selected new results from 13 TeV data sample will be discussed
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R(K) = Br(B+ > K+ u+ u-) / Br(B+ —» K+ e+e-)

In the SM the electrons and muons have identical couplings to gauge bosons.
This is known as Lepton Flavor Universality (LFU).

Rare B decays provide excellent place to test LFU.

/

Loop diagrams — Beyond SM physics might affect observables such as Br.fr. and R(K)

W
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Experimental situation with R(K)

I L L | I | | L] | L] I ] |
: BaBar .
- ; : 0.1 <g®<8.12 GeV/¢c*
[PRDB6032012]
: Belle ‘
. 1.0 < g2 < 6.0 GeV*/c*
: [JHEPO3(2021)105]
was
= LHCO O
: d=g?<6.0GeVic
: [LI]Cb[}:PAFER—EQEI-{]M]
I 1 1 L |1 L 1 Il I L 1
0.5 1 1.5
R, [ LHCb Ry low-g® = 0.004+00%
0 fb_1 Ry central-g* = 0.9497)0%
- Ry low-¢° = D‘)2Tf[[')[[:g{§
In SM this is 1 with 1% accuracy L.2p Ry central-g® = 1027407,
< |
< 1.0
e | 1
now 0.8
[ t SDl\aIt& =16 p=0812, 0 =02
0.61 "

Ry low-¢° Ry centralq® Ry low-¢° Ry central-¢°

(4)



Method and data sample

RK)(?) = BB = KT ) (@) [ B(BT — K¥eTeT)(q)
R = g TmGra K/ BB Sglee K-

The R(K) ratio is measured in the g° region from 1.1 to 6.0 GeV?, referred to as the “low-¢>"

This measurement became possible in CMS thanks to innovative trigger in 2018 data taking. This is the
BParking trigger which collected and storage 10 billion unbiased b-hadron decays.

To collect B+ --> e+e-K+ events
in 2018 a dedicated trigger was proposed, developed and successfully implemented: BParking

Setting Peak L L1 p; HLT py  HLT pIP;, Purity Peak HLT
[10*em 2s7!] thr. [GeV] thr. [GeV ] thr. [9%6]  rate [kHz]

1 1.7 12 12 6 92 1.5

2 1.5 10 9 6 87 28

3 1.3 9 9 5 86 3.0

4 1.1 8 8 5 83 3.7

5 0.9 7 7 4 59 54

Unbiased probe b-hadron
PV@® — “"'

Stored on tape;
Long delay in reconstruction

Trigger B muon with pt>6,9,12 GeV and IPS>3,5
()



Reconstruction of events for R(K) measurement:

Standard full reconstruction of b-hadron in CMS:

main features
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The Br.fr. Measurement and R(K) final results

Package B(B™ = K u"u ) [1077]
B(BY = K'pu"u~, 1.1 < ¢* < 6.0GeV?) Measurement 12.4 :I: (] 7
— (12.42 + 0.54 (stat) = 0.11 (MC stat) = 0.40 (syst)) x 105  EOS 18.9+1.3
— (12424 0.68) x 1075, FLov10 171327
SUPERISO 16.5+3.4
HEPFIT 19.8+7.3

From simultaneous fit (minimizing likelihood function of 1/R(K):

CMS Freliminary Upto 41617 (13 TeV)
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R(K) = 0.787075 (stat) "5 o2 (syst) = 0.787077, .



LFU in semileptonic b-hadron decays

In the SM b->c (e, u, 1) v, transition is mediated with the same lepton-boson coupling.

Differences in Br.fr’s is due to different lepton masses.

—> SL decays are sensitive probes of LFU which can be violated by several BSM
theories (extended Higgs sector, extended gauge sector, leptoquarks, ...).

There is no direct evidence for BSM particles
but they could contribute to SM through virtual processes.
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Anomalies in R(Hc)

In recent years b—>c tv has been studied by Belle, BaBar, Belle2, LHCDb
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R(J/y) =
Br(Bc+ — Jy t+ v | t+—>u+vy) / Br(Be+ — Jy ut+v)

Can be measured only at LHC.

At CMS it is easy to collect such events thanks to 3-muon trigger
but very hard experimental analysis due to missing neutrinos.
SM prediction=0.2582(38)

LHCb measured R(J/psi) =0.71 +- 0.17 +- 0.18

Both channels have similar visible final state ( 3 muons ) and therefore can be
reconstructed in the same way and simultaneously fitted.

The analysis feature: one should separate between 3 neutrinos channel (numerator)
and 1 neutrino channel (denominator)

—> use kinematic observable q2:(pBC-|OJ/W)2

Where we approximate Bc+ 4-momentum by pg. = (Mg /M o) * Preco
(10)



R(J/y) =

Br(Bct —» Jy t+ v | t+—>pu+vv) /[ Br(Bct+ — Jhy pt+v)

Variables to separate signals and backgrounds:
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The first CMS result on R(Hc)

R(Jy) = Br(Bc+ — Jy 1+ v | t+—p+vv) / Br(Bet — J/y utv)

Results of the fit (selected plots):

events [ bin

CMS ereiiminary 50.7 b (13 Tew) CMS preiminary 59.7 fb [13 Tev)
' E _% 1600 .EI:I-J-%" | E: -1"11."; - ST
-

ttoar BBy [ B2 Hn1) H, misons

i
o o ———
8 $ e H
[75] - R R
L =]
[} 55 B &5 T 7.5 8 B85 B 85 1 [=] 0.5 [1] 0.5 1 15
q° (GeV?) log, L/ o

CMS Freiiminary 50.7 ' (13 TeV
T Ll L)

H, mesons H, barpens SOl S + E

o 3500
= .Iﬂnci + el slak + gyl e

g
1 l 1 1 | 1 1

R(J/hy) = 0.17 £0.33 =| 0177918 (stat.) (3} (syst.) o1

Systematics is dominated by
Bc+ semileptonic decay
form factors

Compatible with SM within 0.3 o,
with LHCDb - within 1.3 ¢

59.7 fb' (13 TeV)

- CMS "
+ o Ry =017
b Preliminary

- Qbssrved R(AY) = 0.17 **2(Syst) * *"*(Theo) 2 (stat )

| ---- Freeze Stat. + Theo.

[ ----- Freeze Stat. Only
[ N .

-08 -06 -04 -02 0 02 04 06 08 1 12

(12)



Events / 5 MeV

CMS: Search for charge-lepton flavor violating T — 3

. . R0 u
e Many New-Physics models predict Br.fr. enhancement .(Aeﬂ\ 7/
e Previous searches were performed by oS Al b
Belle[1], BaBar[2], LHCDb[3], ATLAS[4] ®
" l
T V. ‘v’“

[1]Phys. Lett. B687 (2010) 139143
[2]Phys. Rev. D81 (2010) 111101

[3]JHEP 02 (2015) 121 e Most stringent limit by Belle[1]: Br.fr < 2.1 10 @90%CL
[4]Eur. Phys. J. C (2016) 76:232

e New CMS analysis: search for t — 3 in a sample of 1’s produced in D and B decays
as well as in W —1v using data collected in 2017-18 (138 fb1)

10 2017, 38 fb™' (13 TeV)
jZ: grﬂgﬁmkary Normalization channel
ok Ds+ — ¢n+ — (ut+p-)n+
S 9 categories:
i i Data I e 3 categories by mass resolution due to different muon rapidity;
83?35“3” . e then train BDT discriminator using vertex and muon qualities;
°F +~ Background output for each resolution category divided into 3 subcategories
i PN A e ML fit performed simultaneously on the 6 categories
e s S

m(uur) [GeV] (13)



CMS: Search fort — 3u

2018, 59.7 fb' (13 TeV)
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CMS:

Events / 10 MeV
o

=

t fromW

No excess Is observed in the signal region

Search for T — 3u

2018, 59.8 fb™' (13 TeV)
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CMS: Search for T — 3u

) 153.; 10°® Up to 131 fb™" (13 TeV)
;%} - CMS
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o n
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5 L
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N
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Br(t —» 3u) <2.9(2.4) x 108
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Although designed for high-pt physics, Sum mary
CMS is good experiment for heavy flavor physics

where one can also search for BSM physics (LFV)

- New results from CMS on Lepton Flavor (Unification) Violation :
1) - the first measurement from Bparking data set =
R(K) = 0.781755 (stat) )02 (syst) = 0.78707%,
- statistics is limited by electron channel,
- will be improved with RUN 3 data

2) - the first test of LFV using b—>c t v transition
-R(J/y) =0.17 £0.33
- compatible with SM within 0.3 ¢ and with LHCDb - within 1.3 &

- Search for charged lepton flavor violating decay t — 3u
no excess observed, UL set: Br.fr. <2.9 x10-® @90% CL.

CMS will continue to test the SM prediction in LFV sector.

(17)
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Table 4: Input variables used in the electron channel BDTs, for both PF-PF and PF-LP categories.

Variable Description

prle,/es /KT /BT )/m(KTeTe™) Transverse momenta of e, e,, K7, and B™ can-
didates, respectively, divided by the invariant
mass of the B™ candidate

Az(ey,,K™) Longitudinal distance between the points of
origin of each electron and the kaon

|dap (K™ e e )|/ 0y k+etem) Kaon 3D impact parameter significance with
respect to the dielectron secondary vertex

p(B* vix) B* candidate SV fit x* probability

L./ oL, B* candidate secondary vertex transverse dis-

' placement significance
cos ap(B) Cosine of the angle in the transverse plane be-

tween the BT candidate momentum and the
vector connecting the beam-spot and the BT

candidate SV
AR(e't,e) AR between the two electrons
AR(ey,, K*) AR between each electron and the kaon

p(e+e_}>(r|— p(K+]I><r
plete  )xr|+|p(KT)xr

Asymmetry of the momentum of the dielectron
system and that of the K™ momentum with re-
spect to the BT candidate trajectory, where r is
a unit vector connecting the PV and the B™ can-

didate SV

ID(e, 5) Electron identification BDT score for each of the
two electrons

Ieh_o4(e1/e,/KY) Relative track isolation in a AR < 0.4 cone for

e,, e,, and K, respectively




Table 2: Input variables used in the muon channel BDT.

Variable Description

COS &3 Cosine of the angle between the momentum
vector of the B™ candidate and the vector con-
necting the primary and secondary vertices

p(BT vix) Probability of the B candidate vertex derived
from the kinematic fit, derived from the nor-
malized x? of the vertex

Ly, /0oy Significance of the BT candidate vertex dis-
placement with respect to the beam-spot

pr(BT) Transverse momentum of B* candidate after
the kinematic fit

pr(K™) Transverse momentum of the K™ candidate af-
ter the kinematic fit

min AR(u,K™) AR distance between the K™ candidate and the
closest muon

min Az(u, K™) Az distance between the points of origin of the

K™ candidate and the closest muon along the
beam axis direction

Iso(Miead) PF isolation for the py-leading muon, com-
puted using all PF candidates (neutral and
charged, excluding the muon itself) within
AR < 0.4 of the muon







