Lepton Flavour Universality

iy . B n . 1t
hi/vl 88 A i B T L0 B TR, i lE AR L ;
R L e oo AL T ‘ dh it
": | - ‘ : "y | J ’.' . : . “'-‘“' 7y
u 1 ~ } { il o
f‘;~ ; . . § LICETY ! i 4 A " i \ i ] ! | | 1
| TR ‘ ,
il [ Iy i :
*-J = i m ’tm ;m'
_.‘_JL.H
o

l_..._

......

i .L.c, ,m i 7

a--—b"’.‘h‘ [Er T
o |

| '“ ‘ b | Wi % 7 1 i DRETAY THT I
J_ A lh [ ‘ Lfl ﬂ__L " ‘ "' : : " g "; A' } l I ! 'hl”l 4 i - o ‘f;;ﬁ ll‘[a m

AVMAWYY W WA

WAAL A AAAD

mmmm& 'MMW&

-
)
= 8

B
S,

AR

! SSRLERU

Compact Muon Solenoid




e The Standard Model (SM) describes
three fundamental forces of nature, an

the particles connected to them.

o Successfully validated by
experiments
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Measured cross sections and exclusion limits at 95% C.L.
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See here for all cross section summary plots

Overview of CMS cross section results

CMS preliminary
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

<107 [arXiv.2312.16993]
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https://www.nature.com/articles/nphys4021
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https://doi.org/10.48550/arXiv.2310.04372

<10~ [arXiv.2312.16993]

pr— Il' 1 1 I I 1 1 | I | 1 | I [ 1 1 | I I 1 | I ] I 1 | I 1 I |
o — —
I he Standard MOdeI > 320 == T2Krunl1-10 - Super-K 2018 -~ MINOS+ 2020

~ - 30 - — = NOvVA 2020 IceCube 2017 + Best fits

..........

o'
N
'
-"
'
gt
o
""""" .
...... ] c—
-
.....
.
-
o

 The Standard Model (SM) describes
three fundamental forces of nature, and

the particles connected to them. =
200
 Successfully validated by v b0
experiments [arXiv.2310.04372]
 Fails to account for several P L vy,
phenomena - g Baryonic

asymmetry

Asymmetries (%)

o Efforts are ongoing to test SM
predictions to identify potential
deviations

® o> y2/ndf=211/12
C ! |

5 10
Phase space bin

Federica Riti 2 142


https://www.nature.com/articles/nphys4021
https://doi.org/10.48550/arXiv.2312.16993
https://doi.org/10.48550/arXiv.2310.04372

Lepton Flavour Universality

 Lepton Flavour Universality (LFU): the mediators of EW interactions (y, W, Z)
exhibit the same couplings to the three lepton families (e, i, 7)

e Accidental symmetry of the SM:

O Not protected by any conservation law but successfully tested in several
classes of decays

 Purely leptonic decays Using measured values for
[PPNP 11 (2013) 002 OB 1y, T
G
S F
m,T, = 1.0011 £0.0015
= Bt~ —> e v, G
m_T,
G o)
F
= 1.000 %= 0.004
G
F
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https://doi.org/10.1016/j.ppnp.2013.11.002

Lepton Flavour Universality

 Lepton Flavour Universality (LFU): the mediators of EW interactions (y, W, Z)
exhibit the same couplings to the three lepton families (e, u, 7)

LEP 2 o tension solved

» Accidental symmetry of the SM: by ATLAS and CMS

o Not protected by any conservat/on law but successfully tested in s veral
classes of decays e
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https://doi.org/10.1016/j.physrep.2005.12.006
https://link.springer.com/article/10.1140/epjc/s10052-024-13070-4
https://link.aps.org/doi/10.1103/PhysRevD.105.072008

LFU In the b-sector

Therefore LFU is assumed as a symmetry in the SM
But is LFU also valid in semi-leptonic b-decays?

FCNC: b — sl™]™

FCCC: b —> Cl_ljl

e Loop-level > smallerBR § { e« Tree-level — large BR
« U-less i t < wusinthe final state
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LFU In the b-sector

Therefore LFU is assumed as a symmetry in the SM
But is LFU also valid in semi-leptonic b-decays?

FCNC: b — sl™]™

FCCC: b —> Cl_ljl
I Ratio based observables
are the best for LFU tests:

 Cancellation of form
factors (partial) and CKM
matrix elements

 Loop-level = smaller BR § "J  Tree-level — large BR !

e U-less : s in the final state i ¢ Reduced dependency on
efficiencies and

_ By > hao) systematic uncertainties

R, = & .
) L@(hlb — hc//t_ylu) 3

‘%(hb 7 hs//l-i_:u_)
Ry = |
© YB(hy > hete)

Federica Riti 5142



Experimental status of LFU tests

 LFU in b-physics is a very active field.

; Recent results in the FCCC channel : b — clv ’;
¢ *®) 4
=
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https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/html/RDsDsstar/RDRDs.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/html/RDsDsstar/RDRDs.html

 LFU in b-physics is a very active field.

R(J/y) =

BB — JlytTv)

CMS Preliminary

BB - Jlyutvy,)

Experimental status of LFU tests

i Recent results in the FCCC channel : b — clv |

LHCDb, Run1, T,
Phys. Rev. Lett.
120 (2018) 121801

CMS, 2018, 1,
CMS-PAS-BPH-22-012

CMS, Run2, 7,
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https://cds.cern.ch/record/2908224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102

 LFU in b-physics is a very active field.

LHCDb, Run1, T,
Phys. Rev. Lett.
120 (2018) 121801

R(J/y) =

BB — JlytTv)

BB - Jlyutvy,)

Experimental status of LFU tests

i Recent results in the FCCC channel : b — clv |

CMS Preliminary

CMS, 2018, 1,
CMS-PAS-BPH-22-012
CMS, Run2, 7, —————————
CMS ®
Combination | L
0 sy 05 1 1.5
RJ/\|!
[PRD 111 (2025) L051102] [CMS-PAS-BPH-23-001]

More details about this

analysis later!!
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Experimental status of LFU tests
 LFU in b-physics is a very active field.

Recent results in the FCNC channel : b — s[™[™
RK) = 28 = KD
~ B(B+ = Kteter)
_ CMS Preliminary Up to 41.6 fb" (13 TeV)
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https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803

Experimental status of LFU tests

 LFU in b-physics is a very active field.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65

Beyond LFU Tests

 The FCNC b — sl™1™ rare decay is a powerful probe for New Physics Z" 5| K
(NP) N
. . _ v/ Z° s
« Not only tests LFU via ratios like R(K) .
» Sensitive to virtual contributions from heavy new particles, like Z’,
leptoquarks (LQ)...
« Complement LFU tests with independent, theoretically clean B Lé 1_1} KT
probes of the same NP < \\‘ 5
t
9 /42
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* (Some) Interesting experimental observables:

BranChing Ratios  Branching Ratios / Lifetimes
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Branching Ratios

. Bg) — uu~ decay:

* Precise SM expectation and clear experimental
signature

Recent measurements of branching ratio and lifetime

by CMS, ATLAS and LHCDb

[PRL 128 (2022) 041801]

 Excellent agreement between experiments and SM

[PLB 842 (2023) 137955]
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[JHEP09 (2023) 199] Proper decay time [ps]

* (Some) Interesting experimental observables:
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https://www.sciencedirect.com/science/article/pii/S0370269323002897?via=ihub

* (Some) Interesting experimental observables:

Angular Observables

 Branching Ratios / Lifetimes

 Angular observables
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* (Some) Interesting experimental observables:

 Branching Ratios / Lifetimes

Angular Observables

 Angular observables

. Angular analysis of the rare decay B® — K UKtz )u*u~

. Amongst the b — 5171~ measurements (as R(K))

» Rate can be written as function of angular variables: 6,, O and ¢

1
u* M*M~ rest frame n- BO rest frame®
K*0 rest frame
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* (Some) Interesting experimental observables:

AnQUIar Observables  Branching Ratios / Lifetimes

 Angular observables

. Angular analysis of the rare decay B® — K UKtz )u*u~

. Amongst the b — 5171~ measurements (as R(K))

» Rate can be written as function of angular variables: 6,, O and ¢

1
u* M*M~ rest frame BO rest frame®

K*0 rest frame

fp= 1 d'T —i_g(l—-F\ in” @y 4 F; cos” 6
P= dr/dq? dg?dcos,dcosfede 327 [4% | k4o VKT ILEOS BK
1 « Set of clean observables related to
+ (1(1 —F) sin? 0x — F cos? GK) cos 20, Wilson coefficients
+ 1 — F) sin” 6 sin” 6 cos 2¢ « | F, lis the fraction of longitudinal

polarisation of the K 0 meson

+1/(1-F)F, ( P, bin 26y sin26; cos ¢ + Pikin 26y sin 6, cos 4»)

. base of the optimised clean

1
—+/(1 = E)E [ P! sin26y sin 6, sin — P! sin 20+ sin 20; si
\/( L) ( 6 K SIn6; sing 575 K SIn Zsmcp) =tdorvables

+2P,(1 — F; ) sin? O cos 8, — P;(1 — F; ) sin” Ay sin” 6, sin 24;] ,
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* (Some) Interesting experimental observables:

Angular Observables

 Branching Ratios / Lifetimes

 Angular observables

 Angular analysis 4

* Amongst the e Deviations for the P’5 observable from

the SM prediction for two q2 bins

e Rate can be

1

1
\
\

|
BO rest frame"

. 1 PRL 125 (2020) 1 LHCb Run 1 + 2016 - ELB 78 (2018 517]:::;
— SM from DHMV _ _
P= dT/dq? dg?d p: B : o

vles related to

i i O Hey SM-DHMV
. ( : : : \ S

N 5 . \\
T E '; | : itf —'{+‘— *ﬂi@ﬁﬂﬁ f longitudinal

k
K™Y meson

s 8101214161820
q* (GeV’)

btimised clean

+2P,(1 — F;) sin® O cos 0; — P3(1 — F; ) sin” A sin” 6, sin 24;] ,
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* (Some) Interesting experimental observables:

Angular Observables

 Branching Ratios / Lifetimes

 Angular observables

 Angular analysis 4

* Amongst the e Deviations for the P’5 observable from

the SM prediction for two q2 bins

e Rate can be

1

1
\
\

|
BO rest frame"

b:f) 1.5

[PLB 781 (2018) 517] ¥ ™S
—+— LHCb

—k- Belle
0.5 SM-DHMV

+
\ fﬁ+@¢“

. 1
16 18 20

q* (GeV’)

1
P~ dr/dq?dg?d

I

SM from DHMV

1""I""I"' |
- EPRH% (2020) 1 LHCb Run 1 + 2016 1

E%%I||III

vles related to

f longitudinal
K meson

lean

More details about most

—|—2P2(1 — FL) Sinz OK COS 91 BN P3(]. — FL) Sinz GK Sin2 01 sin 2¢] p recent ?I\.:IS”analySiS
ater!!
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Effective Field Theory

How can the anomalies be explalned’?

* Jo separate the effects from
different energy scales, a
EFT approach is employed

 Heavy particles are
incapsulated in Wilson
coefficients

e Light particles are the
operators

 Easily adaptable
framework to include NP
effects

FCNC: b — sl+l—

FCCC b —> Cl

3

|

s il 4

Y Z f
u, C, t~<_
- ] ”' 5\ , ,."
B 4 l- > \J H

Heff(b — Sl—l+) —

4G R

7

thv;szc O;

Dominant operators:

€+

Y ¢
O

O‘)[ 10¢

/

€+

o/
o

5588

BT
4

H

o =~

Heff(b — Cl Vl

WS

4GF cbZCO

Dominant operator:
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Global Model Independent Fits Example of global it

“IPRD 108 (2023) 095038] coefficients,
100 = considering different

t ¢ Model-independent analyses: A A _ NP scenario. Clear
addition of NP contributions to deviations for A&
! Wilson coefficients S 9

0.25 A

ACY,

0.00 A

e Global fits to relevant
observables

_0.75 L I 1 1 1 1 I
~2.0 ~15 ~1.0 —0.5 0.0 0.5

L oy gt ol = A L£og L Az Y T DI, e W TS A= fos g LO2=2d Ea il 42 el 2 v -y A L2 D T e 0 ke GO (X B el e - A B _praRa LB a D PD T BAS <db GO - _ ~En e e A B ry - - e D p— prevare ea ey e - _ . po—— - Ea e e _ e B

,,,, S S - - /. — P - /. Y g 0SS = - /. ., _ 03-& o - > _ P - /. _ - e = _ PEIRC - L _ emans _ - _ m = _ P s o m = _
(-2 = DS L i 3 W YIRS Ve AN -T2 6O e BT LI Coasi B TAFNCT D B NV % W FIACV % D W TN T a—od (i e AR O st v e Saal o a — aa S (i s AR F e e e s P asl & Ccmlr VeV 7T (i e e F e co e —— e E g 2SS & i d o d Sy YT el S S 4 ——

1.0 Global Fit to b — sé¢
] Global Fit Including R(D(*))

* Wilson coefficients can contain two types of NP
ROy~ %" contributions:

‘ : N CNP =Y +CY . -
[ R . & T one violating and one not violating LFU §

________________________________________

: * An example is shown in the figure, a specific NP scenario,
At SRR R i i s one of the best from a quality-of-fit prospective

. . (] — '
: o [EPJ2332020)408]  ABCONN: Model-independent connection between charged and
! L L S neutral anomalies

—1.0 —0 5 0.0

V
CQ,u o ClO,u

g ame — - ey d o g i - . o ama- > 2w ALl . s A L L O\ aBa A R el AT e - 4 - . _pvama oo T ) o IR Sy P o . gy posma RS B P P O Y LW, oI Ao - - e B sRa SE Py oo - o L gy basma T R ST P s oo T (o e yasmas P T o - . L g vasaa)
— = = = 4 B = - = g — ity = = Stens — - bt = = A G = =4 e - - o - - - - —a o - DR - - - 3 -
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https://doi.org/10.1103/PhysRevD.108.095038
https://link.springer.com/article/10.1140/epjs/s11734-023-01012-2

Interpretations

Other than global fits, there are simpler models that could explain the anomalies.

* Introduction of new particles as:
+ Charged Higgs boson (536524 23 (5657 628 567"
* Leptoquarks (LQ) g 55z s o= oot

e New vector bosons [Summary plots EXO]

c(S)
~ () -/
b b / D b c(s)
> > 4 - -
H W(Z') 10
Ve (ut) Ve (ut)
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https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/CurrentBarChartVersion_v6.svg
https://link.springer.com/article/10.1140/epjc/s10052-021-09472-3
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.072001
https://link.springer.com/article/10.1007/JHEP07(2020)126
https://link.springer.com/article/10.1007/JHEP01(2020)096
https://link.springer.com/article/10.1007/JHEP05(2024)311
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.061801

Interpretations

Other than olghz e anomalies.

 Introdu

* Charg ® After this introductory overview, we will study in more
e |eptc detail three interesting and recent CMS analyses

[CMS-PAS-BPH-23-001]
[PRD 111 (2025) L051102]

e New

e Test of LFU through the R(J/y) measurement

e Test of LFU through the R(K) measurement [RPP 87 (2024) 077802]

e B - K*(892) "1~ Angular Analysis [PLB 864 (2025) 139406]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-021/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-015/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-004/index.html
https://doi.org/10.48550/arXiv.2308.07826
https://doi.org/10.48550/arXiv.2308.06143
https://doi.org/10.48550/arXiv.2308.06143
https://cds.cern.ch/record/2908224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102
https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65
https://www.sciencedirect.com/science/article/pii/S0370269325001662?via=ihub

R(J/y) Measurement



e SM prediction: R(J/y) = 0.2582 = 0.0038

[PhysRevl ett.125.222003]

Leptonic and Hadronic Channels

B(BF — Jlyr'y,) |

* Only one previous result:

. LHCb experiment (Run I: 3 fb~ 1)
R(J/y) = 0.71 £ 0.17(star) = 0.18(syst) = 0.71 £ 0.25

R(J/y) =

[PhysRevLett.120.121801]

~ 20 from SM prediction (enhanced 7 couplings)

Decay mode Resonance B (%)
Leptonic decays 35.2
- o7

T —u me

T~ —=hv, 11.5
T~ = h 7, 0(770) 25.9

t— —h hth v,
7t —sh"h*th 7%, 48

 Two measurements performed in CMS

BB — Jlyutv,)

 Fully leptonic analysis: [PRD 111 (2025) L051102]

« Same final state (3 + vs) for both num. and den.

. 2018 data (59.7 fb~ 1)

 Hadronic Analysis: [CMS-PAS-BPH-23-001]

e 7> man(+a°)
e Num. with full Run-2

* Den. from leptonic channel analysis

Jhy— u u"in
both channels

Federica Riti
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://link.aps.org/doi/10.1103/PhysRevLett.125.222003
https://cds.cern.ch/record/2908224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102

[PRD 111 (2025) L051102]

R(J/y) Leptonic Channel

BB — Jly( = p )" (= pyg)v,)
BB = JIy( = putp-)uty,)

R(J/y) =

; - +.
» Leptonic channel: 7" — u'v v,

; Num: B — J/yt™v Den: BY — J/yu™v

 Similar final state 3u + vs), = same
reconstruction and simultaneously fit
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Signal and Bkg Contributions

Signal y: B, — J/yuv,
o . J/Iy + misidentified hadron (mostly decay in flight K — puv)

In the detector there are events where a J/y meson is
coupled with objects coming from:

 Decay in flight (K — uv)

* Punch-through (hadrons that pass the magnet)

» Photon conversion (y — uu)
* Actual fakes coming from accidental reconstruction

Some of these object could be misidentified as muons —

muon misliD.

data-driven

7
/A
wl
5

[PRD 111 (2025) L051102]

c CMS 597fb (13 Tev)
L L l Ll Ll 1 1 I L] L] L Ll L] L]

5 10°F B! — Jiwt'v, - B! —>J/«;/ D{S’,x 3

~ - B: — w(2S)u'v, B Other B, — (cT) u'v,,

-g L I comb. dimuon +u* [ B mesons

@ - [ b baryons B e -y,

Lﬁ 103 — mislD ’ Data —
- 2% Stat. + syst. unc. 3
e o o ® o * o o , . ..

Q.
x
)
E a — — — — e — — 1
8 55 6 65 7 75 8 85 9 05 10
q® (GeV)
CMS 59.7 b (13 TeV)
_E4000 —r T
8 . B mesons b baryons E
N 3500 — -
— -
(- . Comb. dimuon + pu* misID _
() 3000 — -
L o + Data -2« Stat. + syst. unc. .
2500 |~ —
2000 |- - —
- o m
1500 |- P 3
1000 |-
500 |
T 1R
Q 1 - —
@ 0.9F
—
4y -1
(]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102

Signal and Bkg Contributions

:B. — Jlyty,

« Signal

- Signal u: B, — J/yuv,

 Hp bkg: combinatorial J/y + p

from simulation

. J/Iy + misidentified hadron (mostly decay in flight K — puv)

data-driven

[PRD 111 (2025) L051102]

c CMS . 59. 7fb '(13 TeV)
S 10°F B dipey, B s oy DX E
~ - B> y@Sw'v, [ Other B - () u'v, 3
-g — I comb. dimuon +u* [l B mesons .
) - [0 b baryons s - vy, |
Ll>J 10° misID ¢ Data =

10°

—
.

Data/exp

8 85 9 95 10

q? (GeV)
CMS 59.7 fo (13 TeV)
< 4000 T -
_Q -
—~— . B mesons . b baryons .
0 3500 — -
-+ —
cC . Comb. dimuon + p misiD _
) 3000 _— -
> - oy 3
L - + Data f,:_;i:f;i:é;f:f; Stat. + syst. unc. .
250 —
2000 |- -
: o e :
1500 |~ e —
: . -
1000 [~ . —
5 . 5
500 S —
n ..-‘...,
S 1t e
R 0.9 - .r .~ T TN RRNERRXRANDO
-+~ mb— s
8 -1 -0.5 0 0.5 1
I Ly /o
0910 ¥ / LxY
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102

[PRD 111 (2025) L051102]

O = 0 CMS 59. 7fb (13 Tev)
E VN LA B (') ..__
Signal and Bkg Contributions R4 reo e
.EQ » -Comb.dimuon+p+ -Bmesons
QCJ - [0 b baryons Bl - vy,
Ll>J 10° misID ¢ Data =
» Signal 7: B. = J/ytu,
10°
- Signal u: B, — J/yuv,
data-driven 10

. . J/Iy + misidentified hadron (mostly decay in flight K — puv)

—
.

5 6 65 7 75 8 85 9 95 10

g2 (GeV?)

Data/exp

 Hp bkg: combinatorial J/y + p

from 1000 CMS _ 59. 7fb (13 TeV)
¢ BC bkg- SimU/athn E .Bmesons .bbaryons é
_ @ 3500 - E
® feeddOwnS (exc cc to ]/l//), § 3000 |- .Comb'dimuonw e =
% L - + Data Stat + syst. unc. -
» other J/y+charm. hadrons (mostly BY — D{J/y) mop T :
1500 :— ,..:.\ ‘ —
1000 i— ‘.m E
500 :— “.‘;0'»0 =
Y mre— B
() T T et ¢ ¢ ¢4y
E 0.9 o ) . ]
8 3 0.5 0 0.5 1
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total contribution

Signal and Bkg Contributions

- Signal yi: B, — J/ypv,

 Hp bkg: combinatorial J/y + p

« B_.bkg:
 feeddowns (exc cc to J/y);
» other J/y+charm. hadrons (mostly BY — D{J/y)

 Combinatorial dimuon +u
to that of the J/y

data-driven

. J/Iy + misidentified hadron (mostly decay in flight K — puv)

from
simulation

" unrelated muons with m(uu) close

data-driven

[PRD

111 (2025) L051102]
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total contribution

Signal and Bkg Contributions

fake 1,

- Signal yi: B, — J/ypv,

data-driven
e mislD bkag: J/y + misidentified hadron (mostly decay in flight K — uv)

« Hp bkg: combinatorial J/y + u

from
« B_bkg: simulation

 feeddowns (exc cc to J/y);
» other J/y+charm. hadrons (mostly BY — D{J/y)

» Combinatorial dimuon + 4 ": unrelated muons with m(u) close
to that of the J/y data-driven

*

real [,

[PRD 111 (2025) L051102]
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[PRD 111 (2025) L051102]

MislID Background

ID

 Four regions defined on p; features: 5 ISO and ID

* measurement of iso fakerate (fr,,,) in !ID: fit in multiple dimensions 'so fakerate
. . . . 11D C D
using NN classifiers; outputs interpreted as event-by-event weights I
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[PRD 111 (2025) L051102]

MislID Background

~ iso fakerate _

- ®SR g
 Four regions defined on p; features: 5 ISO and ID I >
 measurement of iso fakerate (fr, ) in !ID: fit in multiple dimensions ;

. e . . 11D C D
using NN classifiers; outputs interpreted as event-by-event weights ~

Aoplv the | f7150 reweighted ,
. Ll >0 . A Region
B Region |fr;o weights B Region
e S pemeenn 27 already MS?PP@M'&: __sermisTey) o CMS R 0.7 1" (13 TeV)
§4500 .Bh_:::(oa =:;f:,:(h1) com uted .Bm::ﬂocm _.:o;::’:\:n ,.z(,;:s(:::‘ i 23500 .B: .er%(v' = JN|: — . BI[;&S» _:
* application in B: ISO fakerate weights 2 ool Wersm, Moo ooyl COMPIEEC oo Wi W {0 0 o) Use the mislD -
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Fit Model

Parameters of interest Signal and background pdfs

<

~_,
P(data | @, 9)—HP01sson(n | A @, 9)+b(9))p(9 1 9)

Nuisance parameters l

Binned maximum likelihood fit

Uncertainties are integrated into the fit as nuisance parameters

Normalisation of B.. is a free floating parameter
« Correlation between the 2 signals and the B, bkg

« Additional independent normalisation for 7-signal treated as POl
measurement

Normalisation of H,, bkg is a free floating parameter

« Correlation among different H, contributions

MislID background is estimated in the fit.

prlor nuisance
pdfs

— result of the R(J/y)

[PRD 111 (2025) L051102]
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R(J/y) Leptonic Result

— 0.33
R(J/y) = 0.17%0%

R(J/y) = O.17J_r8:%é(Syst.)J_r8:%g(Theo.)fgzg(Stat.)

[PRD 111 (2025) L051102]

Total of 435 systematic
uncertainties in the fit
Contribution Type Uncertainty (1072)
Form factor (theory) S 19
misID statistical S (bin by bin) 13
misID systematic N, S 8, 0.7
Finite MC size S (bin by bin) 9
Topological S 9
Efficiencies N 6
Total systematic uncertainty 28

59.7 fb' (13 TeV)

. . . g iy - 8r
Compatible with SM prediction within 0.3 o = [ CcMS I
] o < ’F Supplementary P e
with LHCDb result within 1.3 ¢ D S
[ e Stat. + Theo. oo O 0
sF — Total
» The first LFU resultin b — ¢/"7,in CMS, on 3
limited part of the statistics (only 2018 data) 3
21
O—:ols 0 oA 020 o 04 06 08 1 T2
R(JAp)
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[CMS-PAS-BPH-23-001]

R(J/y) Hadronic Channel

BB — Jly( = ptp )t (= maa(+7°)v,)
RBBE = Jly( = ptu-)uty,)

» Hadronic channel: 7, , — 7[7[7[(71'0) R(J/y) =

e Different final state in numerator and denominator
 Denominator from leptonic channel analysis, including only 2018 dataset (59.7fb_1)

» Numerator includes full Run 2 (138 fb_l)
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[CMS-PAS-BPH-23-001]

R(J/y) Hadronic Channel

BB — Jly( = ptp )t (= maa(+7°)v,)
RBBE = Jly( = ptu-)uty,)

» Hadronic channel: 7, , — 71'71'71'(71'0) R(J/y) =

e Different final state in numerator and denominator
 Denominator from leptonic channel analysis, including only 2018 dataset (59.7fb_1)

» Numerator includes full Run 2 (138 fb_l)

e Pre-fit B. normalisation derived from the leptonic analysis for 2018

 Relative corrections for possible € - A differences due to year of data taking are
computed by fitting B, — J/wrxx mass peak

» Uncertainty computed with validation study on B. — J/wx mass peak
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[CMS-PAS-BPH-23-001]

Low pT 7 Reconstruction

1. Pre-filtering of charged pions

e Closeto PV: Az(PV,7) < 0.12 cm

 Close tothe J/y: AR(J/y, ) < 1

* Close to the SV: distance of closest approach -0.4 mm < DOCA(SV,7) < 0.6 mm
2. Build all possible triplets

* Trigger matching for one track required

3. If multiple triplets, pick the highest in p;

 Good vertex: vix prob > 10%
* Flight significance > 3 ¢

 Compatible with a 7: invariant mass < 1.7 GeV
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[CMS-PAS-BPH-23-001]

Background Suppression

' CMS Preliminary
 Main backgrounds: —T

59.8 fb™' (13TeV)
—_—

B;—J/y D"

B.— others

2/ [ ll u '
5 10’ 0 0 1 ¢ Observed
« H, — J/y+ X bkg 11 10° ' . H,—J/yX bkg
10° : : . B.—J/yt v
i i
i

« B-hadrons that are not B,

* Dominant background by orders of magnitude

* Estimated directly in data

. B. — J/yD!"

 Other B, decays

. e.g. B, = JlyD*®, B. — JIyD*K",B, — JIyD" K"

« BDT to maximise background rejection XGB output score

« Variables: 7 flight length significance, particles multiplicity, vertices
quality, isolation, ID... « BDT score used to define SR and SB

 Main goal: maximise signal vs H, bkg separation e SB used to derive the data-driven
H, = J/y+ X bkg
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[CMS-PAS-BPH-23-001]

%10° CMS Preliminary 59.8 fb™' (13TeV)
c L O I L B B L BN R B B
r - 2 14E 4 Observed SB
ignal Extraction 1S
L%J 10 Bc—>J/\|mhv

Bi—J/iy D"
B.— others

» The possible hadronic 7 leptons 3-prong decay through 7+ — a,v_, with
a,; — po( — 7~ )n™ is exploited for signal extraction

N &~ O ©

o L4 N
T T T I T T T I
111 11 1

IlleIII|III|III|IIIIIII|III|

« Maximum likelihood fit of 1D unrolled distribution of the 2D distribution (m(pl),m(pz))

S 12F E
L
1. Pions ordered by pT 208l . . =
0 3 10 15
2. OS pairs combined as possible p: &y + 7,; 7, + w3, W, + 73 Unrolled m(p,) v.s. m(p,) bin 1D
C : : . : : : : 3 CMS Prelimi 59.8 fb™! (13TeV
3. The unrolled m(p,),m(p,) distribution used as discriminating variable in the fit g 4 P rr TP
o ¢ Observed SR
2 4 Data-Driven J/y X bkg
§ BZ—)J/\uthv
Ww 0.8 B.—Jly Di*)+
0.6 B.— others _—

_||III|III|IIIIIII|III|
~1|I1I|III|III|III|III|

LI%12—
G ety
3 08F

0o 5 10 15
Unrolled m(p1) V.S. m(pz) bin ID
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[CMS-PAS-BPH-23-001]

%10° CMS Preliminary 59.8 fb™' (13TeV)
c L L L B B L I B L BN L
r - - 14 ¢ Observed SB
ignal Extraction 1S
L%J 10 Bc—>J/\|mhv

Bi—J/iy D"
B.— others

» The possible hadronic 7 leptons 3-prong decay through 7+ — a,v_, with
a,; — po( — 7~ )n™ is exploited for signal extraction

N &~ O ©

|IIIII|III|IIIIIIIIIII|III|

o L4 N
T T T 1 T T T I
111 11 1

IlleIIl|III|III|III|lII|III|

« Maximum likelihood fit of 1D unrolled distribution of the 2D distribution (m(pl),m(pz))

S 12F E
L
1. Pions ordered by pT 208l :
0 5 10 15
2. OS pairs combined as possible p: 7; + m,; n, + 73, 7, + 3 Unrolled m(p)) v.s. m(p,) bin ID
C : : . : : : : 3 CMS Prelimi 59.8 fb™' (13TeV
3. The unrolled m(p,),m(p,) distribution used as discriminating variable in the fit < 1_251-0'; -651'?’"7;767’*' S SaaRcaaCELES
- B serve SR
. . , 2 ¢ Data-Driven J/y X bkg _
 Simultaneous fit of SR and SB Several studies S r B! JhyT v -
performed to validate the 0 0.8 8*_sJw D -
_ bkg extrapolation method T Bi :'; s -
« SB used to derive H, bkg 0.61- o 0SS E
bin = ; - . . , o2-| 1 [ L N =
N/ big (SR, bin = i) = foyy (i) X (Ndata(SB,l) — 7g+ X Nyt 3 (SB,i) —rgs x 7 x Nyt . (SB, 1)) i
S0
.. factor that extrapolates from SB to SR, derived from simulation % 1$ +++ oyl + -
g |
@) 08 [ ' | | | | . |

0o 5 10 15
Unrolled m(p1) V.S. m(pz) bin ID
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[CMS-PAS-BPH-23-001]

%10° CMS Preliminary 59.8 fb™' (13TeV)
c L L L B B L I B L BN L
r - - 14 ¢ Observed SB
I g n a x rac I O n £ 12 Data-Driven J/y X bkg
|_<|]>JJ 10 Bc—>J/\|mhv

Bi—J/iy D"
B.— others

» The possible hadronic 7 leptons 3-prong decay through 7+ — a,v_, with
a,; — po( — 7~ )n™ is exploited for signal extraction

l|||l|III|III|IIIIIII|I[I|

N &~ O ©

|IIIII|III|IIIIIIIIIII|III|

|1

« Maximum likelihood fit of 1D unrolled distribution of the 2D distribution (m(pl),m(pz))

c>'3.'1.2:— - - - =

LL - ]

. =~ 1-6—-0—0—0—0—0—0—0—0—0—0—0—0—0—0—-0

1. Pions ordered by pT Lost
0 5 10 15

2. OS pairs combined as possible p: 7; + m,; n, + 73, 7, + 3 Unrolled m(p)) v.s. m(p,) bin ID

C : : — : : : : 3 CMS Prelimi 59.8 fb™! (13TeV

3. The unrolled m(p,),m(p,) distribution used as discriminating variable in the fit < 1_2’51-0'; -651'?’"7;767’*' S SaaRcaaCELES

- B serve SR

. . , 2 ¢ Data-Driven J/y X bkg _

 Simultaneous fit of SR and SB Several studies S F B! JhyT v -

performed to validate the 0 0.8 8*_sJw D -

_ bkg extrapolation method T Bi :'; s -

« SB used to derive H, bkg 0.6f — > oo -

o - ' ' ' ' [ ' ! ' ' I '
/.- factor that extrapolates from SB to SR, derived from simulation @ 1'21 * +++ +++++ e
_ +0.50 Sosf - ;
RU/W)pgq = 104700 Sost .
assuming denominator from leptonic channel result Unrolled m(p) v.s. m(p,) bin ID
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channel

Systematic source Type  Affected proc.

- - 71,2018 17,2018 T, 2017 7, 2016
Form factor shape Bl — J/plv, v v v v
R(J/y) Combination e B o S A
Bl decay lifetime shape  All B procs. v v v v
H, — J/$pX shape shape DD bkg. v v v
Pileup weight  shape Al MC v v v v
: : . : issi +bkg. sh her B v v v
» Leptonic analysis provides both numerator and denominator by & reonerh
for 2018 uncertainties shape All v v v v
Triplet reco. eff. norm. Bl — J/ywttv, 6.9% (V') 6.9% (V') 6.9% (V')
. . . BSL — I/lng*)+ (%)+ o s} o o
 Hadronic analysis provides numerator for 2016, 2017, 2018 normalisation "0 B& 2 JADST ) 3R 8% () 3 (Y)
?fi‘f;:ﬁ;‘a‘zolf norm. other B} 50% (v') 50% (v')  50% (v')
 Simultaneous fit of leptonic and hadronic channels Trigger (u*#7) norm.  AIMC  10% (V) 10%(/)®5% 10%  10%
Trigger (track)  norm. Al MC 10% 10% 10%
_ _ Trigger (J/4) norm. Al MC 10% 10% 10%
» Signal POl and free floating parameters correlated MuonID  norm.  AIMC 4% 4% 4% 4%
Muon Reco norm. All MC 4% (V') 4% (V') 4% 4%
between the tWO Channe|S Bkg. norm. norm. DD bkg. 30% 30% 30%
B MCnorm.  norm. All B} 5% 30% 30%
. .. Displaced track o o o
* Treatment of systematic uncertainties reco eff. norm.  AlB/ 5% (v) 5% () 5% (V)
CMS Preliminary
LHCb, Run1, 1, | | | |
Phys. Rev. Lett. — —
120 (2018) 121801 - ]
CMS, 2018, 1, .
- R(J/y) =049 *£0.09 (stat) £ 0.25 (sys?)
CMS, Run2, t,_ o
Combination | | | |
0 suv 05 1 1.5
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R(K) Measurement



[RPP 87 (2024) 077802]

,K—ir

R(K) Analysis Overview

» Rare decay b — 5I1I~ R(K) = BB — uuk)
 Test LFU measuring R(K) QQ(B —> eeK)

* Jo reduce experimental uncertainties, R(K ) measured as a double ratlo

normalised to (%(B‘F — J/WK_l_) ENORIN O AP A A I AP LIS
%’(B — //t//tK) HB(B — eeK)
R(K) — /

95’(3 — J/l//( — ,u,u)K) %’(B — J/l//( — ee)K)

= . G
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[RPP 87 (2024) 077802]

R(K) Analysis Overview o

 Rare decay b — 511~
' R(K) =

 Test LFU measuring R(K)

 JO reduce experimental uncertainties, R(K ) measured as a double ratlo

— — ee
R(K) — Huk /
%’(B —> .]/l//( —> Iulu)K) %’(B —> J/l//( —> ee)K)

-0

* |nnovative technigue to collect data:

* 2018 B-parking CMS-DP-2019/043

* R(K) ratio measured in the q2 of di-lepton system 1.1 < g < 6.0 GeV? “Iow-qz” region

e CR: 8.41 < ¢? < 10.24 GeV? for normalisation channel BT — J/w(ITI7)K™
» Dedicated low p; electron reconstruction and ID

* R(K) measured through KI[ mass fit
31/42

Federica Riti


https://cds.cern.ch/record/2704495?ln=en
https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65

CMS-DP-2019/043

CMS B-Parking Data

* For this analysis, CMS developed new trigger and data processing strategy for 2018 — B Parking

* B Parking dataset still in use for BPH and other analyses

Tag-side:

* Events recorded with a trigger logic that requires the presence of a single displaced muon b—px

» bb events with high purity

Signal-side:
biased
* The p candidate responsible for the trigger comes from the "tag-side” b hadron that Enhe;z?gn
undergoes a b — u + X decay. ecays

* The "signal-side” b hadron decays naturally as it is not biased by the trigger requirements.

F|" 71 08 HLT rate — Physics Streams — = Prescale change

Data Parking — = Run change

» B-Parking trigger threshold depends on instantaneous luminosity:

Rate [HZ]

 when it decreases, together with the other physics triggers,
B-parking trigger requirements are loosened (lower pT seed
enabled) to exploit spare bandwidth.

12 Billion events recorded In
2018 with bb purity of 75 %

e ! ko L 1 I ol
09:25 05:34 0744 0953 12:.03 14:12 16:21
2018-08-31 03:25:32 to 2018-08-31 16:21:53 UTC Time
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CMS-DP-2019/043

Low pT ¢ reconstruction and ID

~ CMS simulation Preliminary (13 TeV)
= [ LR LN BRI BRI DL IR LRI B ILRL
© — Lepton (leading pT)
0.1~ — Lepton (sub-leading pT) N
* Leptons from B decays are soft j — Kaon ‘
» Standard reco efficiency (PF) for electrons with p; < 5 GeV 005l [
is very low - ;
 New type of e introduced: LP electron T T -
T2 s 45 6 7 8 9 10
. . . . gen
e Reconstruction made with a combination of 2 BDTs Py [GeV]
tralned on traCker (mOStIy) and ECAL InpUtS CMS Simulation Preliminary 2018 (13 TeV)
1.0
» Also electron ID optimised 200 ey e
0.8 iH ++ -
- Two different BDTs for PF and LP electrons et .
——
: iy 0.5 ——
* |Input variables: track related quantities; ECAL shower . -
. ’ —o— ——
shapes; matching... A
0.2 = ¢ Low-pr GSF tracks (Seeding WP)
01 4+ Low-pt GSF electrons (Seeding WP)
# PF electrons

0 1 2 3 4 5 6 7 8 9 10
pY" [GeV]
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[RPP 87 (2024) 077802]

B candidate selection

» To maximise sensitivity: BY — K u™*u~ selected from the tag side and BY — KTe*e™ from the probe side

* B candidates reconstructed combining leptons with OS and same flavor + track u R u
Bt ~ W+ ) K

» Inthe BY — K"e™e™ channel, two regions defined: PF-PF and PF-LP b Ny 5

* Several quality criteria to leptons and track v/ Z° s

-

 Final selection based with MVA

» Three BDTs (one for i channel, and two for e channel) trained with signal MC and data from the SBs (outside m.; peak)

 BDTs tested to ensure they don’t introduce mass sculpting

CMS 33.6fb" (13 TeV) CMS 416f0" (13 Tev) CMS 41.6 fo' (13 TeV)
j | 3 1 3 10—1 -
®© 107"k w 10 = © §
107 107 107
_3 B —
" = 107 & 107 E
i B* — K : B" - K'e'e : B" - K'e'e
107 E . - PF-PF Category i PF-LP Category
: — Signal 107 & — Signal 10+ L — Signal
n | | L— BaCkground - |_ Bacquound I E l_ Backgrlound I
-10

4 6 8 10

BDT score

Background in plots: data in SR with inverted OS requirement

TR
10
BDT score

TR e
10
BDT score
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Mass Fit

Unbinned Maximum likelihood fit to invariant mass to

extract B™

— KT[T[ signal yield

Signal and background shapes described by analytical
functions or templates

Bkg composition differs from channel to channel

« B — K*|[[: partially reconstructed background

Combinatorial: random combination of objects from
different b hadron decays

J/IwK leakage: leptons produced in the normalisation
decays can radiate photons. Relevant in eeK channel

Other B: Any other B decay
Misidentified hadron bkg: negligible

Candidates / 20 MeV

Pull

Candidates / 6 MeV

Pull

B+—>K,u U

33.6 fb' (13 TeV)

300 F
- g2 e[1.1, 6.0] Ge\/2 - Total fit
i == B' K 'uu-
| Signal: 1257 + 31
200 — Other B & Comb.
: —ian BO/+_>K*0/+H+H_
B SR TR
100 ¢ Data
.:_I.I:.I_I:_::L”;|| > pile o L [ ol i
o
0F -
-2 ;—
5 5.1 5.2 5.3 5.4 55 5.6
+ -
m(K'un) [GeV]
x10° CMS 33.6 b (13 TeV)
50—
C g2 < [8.4, 10.24] GeV? = Total fit
40 F == B >JiyK'
" Signal: 728000 + 1000
- Other B & Comb.
30 = e B UK
20 - B =Jiyn’
- ¢ Data
10
2 ; 0.0.00° ° ¢ ° ° paps
0 s vt e ey et
-2 ;_ oo o ®e
5 5.1 5.2 5.3 5.4 55 5.6

m(K'u'uw") [GeV]

Candidates / 50 MeV

Pull

Candidates / 20 MeV

Pull

40

30

500 -

400
300
200
100

[RPP 87 (2024) 077802]

B+—>Ke e

41.6 " (13 TeV)

L = TOtal fit
- PE PF Category , e B oK'ete
- 9©€[1.1,6.0] GeV - .= Combinatorial
—Signal: 18 +7 B —>JiyK'
¢ Data

5 5.2 5.4 5.6
m(K'e*e™) [GeV]

B+ — Jly(ee)K™

41.6 o' (13 TeV)

- T Otal fit

- PF-PF Category - - - B SJiyK'

C g2 € [8.4, 10.24] GeV? -...= Combinatorial
Y : + Other B
—Signal: 4857 + 84 I —>J/wK

= B eJ/wK
4 B '>Jiyn’
¢ Data

|-r|-||-ll-"-”-”-”-”-“~'.1
I’

" Ry
LR R R R LR A L R §

L 4N

'm,

~'1
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[RPP 87 (2024) 077802]

R(K) Results

CMS Up to 41.6 fb™' (13 TeV)

min)

R(K) = 0.78+030(star)*o 02 (syst) = 0.7810:]

— — Statistical only / l

Statistical + Systematic ~ /

—— SM prediction

* In agreement with SM expectations of ~1

Profile of —In(L/L
>

 Measurement limited by the low statistics of

—_
N
lIlIlIIIIIIIIIllIlllllllllllllllllllIllllllllllll

0.8
B — eeK channel 0.6
0.4
* |mprovements foreseen in Run3 02F -
0 0.5 1 1.5 2 2.5 »
e The first LFU resultin » — s//in CMS R(K)
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BY — K*(892) "~ Angular Analysis



[PLB 864 (2025) 1394006]

[PLB 781 (2018) 517]

‘D:o 1.5_

—-4-CMS

—+ LHCb

—k- Belle
SM-DHMV

Angular Analysis

- Angular analysis of the rare decay B* — K YKtz )u*u~ o

* Already a CMS analysis available, but only Run-1(20 fb_l) and
partial angular observables measured |pLB 753 (2016) 424] [PLB 781 (2018) 517]

S e 8 10 12 14 16'18'20

 This analysis: CMS Full Run-2 (1 4Ofb_1) q* (GeV?)

 Selection:

 Two OS good muons + two OS tracks coming from a common displaced vertex

e Tracks fitted to common vertex to form K *0 candidate

. KV invariant mass computed for both K™z~ and K™z, the closer to mpp(K*) assigned (~12% of wrong assignment)
 MVA analysis to optimise background rejection

 BDT trained on data events from mass sidebands and signal events from MC, separately for each year of data-taking
 Input features: decay-vertex quality and displacement, isolation, mass of Kx system

« Veto on invariant mass of possible Kuu combinations to reduce BT — K*u™u~ contamination,
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[PLB 864 (2025) 1394006]

Fit Procedure

* Angular observables measured in qz bins of di-muon system [1.1,16] GeV?

e 4D unbinned maximum likelihood fit

R I PPV ORI RN O B B N IOV DX e e D o Ry B BT PNV W ey D -

P(m, cos 0y, cos0;, ¢} = Yo | S©(m) S?(cos O, cos 0, ) €“(cos O, cos 6}, p) :
i i $§ Signal Component
Signal Yield R SM(m) S?(— cos Oy, — cos 6, —¢) €™ (cos Oy, cos 8;, §)
| Y3 B"(m) B*(cosby, cos 6, 0)4
/ T B T U T PRI, |

Background Yield Background Component

S C, SM - mass distributions of correctly and misidentified signal candidates

€C, eM efficiency for correctly and misidentified events

R : ratio of mistag fraction in data and MC

B™ : distribution of the combinatorial bkg events

B“ : angular distribution of background (determined using sidebands)
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[PLB 864 (2025) 1394006]

Fit Projections

Example of two q2 bins

CMS 140 fb™" (13 TeV) CMS 140 fb™" (13 TeV) CMS 140 fb™" (13 TeV) CMS 140 fb™" (13 TeV)
E 6 < g2 < 8.68 GeV? } Data § i 6 < q2 < 8.68 GeV* § igg; 6 < g2 < 8.68 GeV? { gzoof— 6 < g2 < 8.68 GeV?
. o500 gt Signal 2 250 S { = 180f
° d < 0 2 f 5 200F :
Fit performe 5 | sacigound | § | 5 1a0f £ 100}
" o L — Total fit L . LIJ160; u>J1405
simultaneously on 5 | : o 149
1501 -
each year of data ; 120 100
. - - - 80F
200} 100F 80F -
taking | | o0l oo}
1002 50F 40 40
. . i i 20F 20F
® PrOJeCtlonS On %—JLJ.L-J"['-I‘-;’.IIIlllIIII:..'.'I'-0~LIIIIII O_Illllllllllllllllll|l|l|l|l|lll|lll|lll ob—Lo Lo Lo Lo L b b b L O:IIIII|llll|llll|llll|llll|llll|
. . 5.1 5.2 5.3 5;4 55 5.6 -1 -0.6 -0.2 0.2 0.6 1 -1 . . . . -3 -2 -1 0 1 2 3
Invariant mass and MR (Ge) 200 cost®) ?
CMS 140 fb™" (13 TeV) CMS 140 fb™ (13 TeV) CMS 140 fb™" (13 TeV) CMS 140 fb™" (13 TeV)
th ree angleS ® | 10.09<q?<12.86 GeV? Sk 10.09 < g% < 12.86 GeV? Q[ 10.09 <q? < 12.86 GeV? B -
2 I ¢ Data S 450 | S 350F S 350
21 soo- A - Signal % 400F > =
-~ et - h—t 2 B
e (Good t £ so0f Sackgroune 8 350f g 5 F
0]0) ag freemen g 500 — Total fit mooF uJ (0 e
w - 300F -
between data and PDF 600} 250f 200f
40()- 2005"---. 1503
- 150F 1005
200} 100F F :
S U PN I ¥ et S e e o e T e e T e e A
m(K'pn-) (GeV) cos(6,) cos(6)) o
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[CKM Workshop] [PLB 864 (2025) 139406]

SM cc loop - oo 1?"!"3[ — 11]41011‘9_1 (13ITIG\]/_)

- —$—Data =

Results e | Do mee _-

; ) 05F N B

O ;

* Various sets of predictions compared with measurements: - : :

-0.5F F -

« ABCDMN: local form-factors (LQCD and Light-Cone Sum Rule) + ] :
non-local form-factors from [JHEP 02(2021)088] I ST

L 1 1 11 1 1 1 | I I | Ill|l 11
O 2 4 6 8 10 12 14 16

» flavio: local form-factors (LQCD and Light-Cone Sum Rule) + non- q? (GeV?)
local form-factors (QCDF)

. . CMS 140 fb™" (13 TeV)

* EOS: local form-factors (LQCD and LCSR), novel parametrisation of RO N

non-local form-factors - [Jascown 1 eos z

 HEPTfit: more conservative estimation of non-local hadronic matrix 0-52‘ + ‘

elements to account for possible large impact from charm-loop e

N di 0f -

penguin diagrams ,i

 HEPfit compatible with data, due to high uncertainties 05F g -

. -

: : . :

« Tensions for Ps and P, parameters for EOS and ABCDMN predictions vl I E

0 2 4 6 8 10 12 14 16
q° (GeV?)
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Comparison

 Comparison between CMS and other experiments measurements

* Good agreement with previous CMS measurement and LHCb most recent result

* N.B. Bin choice slightly different

o 1

0.5

|
O
o

I
-

CMS

B | | [ I L | LI I L I L I [ | |
:_ —¢— CMS (this result) _:
- 4 LHCb PRL125 (2020) 011802 .
— : e -
— —— —
- } e —
e B
: | 11 | 1 1 1 | | 11 | 1 11 | | 11 I 11 | 1 1 1 | 11 | 1 1 1 | | :

0O 2 4 6 8 10 12 14 16 18

g% (GeV?)

I
-

CMS

[PLB 864 (2025) 1394006]

_IIIIIII

.

||||||||||||||||+||||||||

-
-
=

|

IIIIIIIIlllllllllllllllll_
—e&— CMS (this resullt)
ATLAS JHEP10 (2018) 047
—&— Belle PRL118 (2017) 111801
CMS PLB781 (2018) 517
—4— LHCb PRL125 (2020) 011802

ign!
|9

—

Illlllllllllllllll

:
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;

lllllllllllllllllllll—
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o)

|
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q? (GeV’)
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Conclusions



Conclusions

 Comprehensive overview of LFU tests and beyond in the b-sector

* Discussed the motivation behind these measurements and their potential to reveal
physics beyond the Standard Model.

* Reviewed the current experimental status of key observables.

 Took a closer look at three (four) recent analyses in CMS: R(J/y), R(K) and
BY — K*(892)°u*u~ Angular Analysis

* The B-physics sector remains a highly dynamic and exciting area, rich with discovery
potential.

* | am looking forward to the next developments in this field!
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R(J/y) Measurement - Leptonic Channel



Why R(J/y) at CMS?

. BC meson cannot be produced at B-factories (Belle, BaBar, Bellell): eTe"at c.o.m energies
around Y(4S) peak

« B_can only be produced at hadron colliders -> in fact previous measurement from LHCb

* In CMS we can perform measurement of R(J/y):

 Excellent muon reconstruction and identification performances

o Efficient J/yw — uu triggers

* No need of particle ID detectors (only muons in the final state)

—
.
—

1.05

Efficiency

0.95[ =

11 LI L L L L L N I L L LY L L L L L L L L LB L LB LB IR

- 2015pp data  —*~ Data =

0.9 N
0.85/— —

08 lllllllllllllllllIllllllllllllllllllllllllllll
T T 1 U T T T T T

[JINST 13 PO6015] 2 (13 Tev)

CMS Loose ID, p_> 20 GeV

- MC

Data/MC

1.04F
1.02F

0.98F
0.96

(0]
o

Total integrated luminosity (fo™)
N
o

N
o

(o]
o
T

2 15 -1 05 0 05 1 15 2

[CMS Public]

CMS — 2010,7TeV,45.0pb™
= 2011,7 TeV, 6.1 b
m— 2012, 8 TeV, 23.3 fb™!
= 2015, 13 TeV, 4.3 fo™’
2016, 13 TeV, 41.6 fo™
e 2017, 13 TeV, 49.8 fb
m— 2018, 13 TeV, 67.9 fb™
— 2022, 13.6 TeV, 42.0 fb™
= 2023, 13.6 TeV, 31.4 fby

- - - - - B . RN D N o N N c N 0\‘*: ec’l
* Higher luminosity and solid-angle acceptance than LHCb, which compensate for CMS T e
lower acceptance in soft muon p - 0 R Ter 200
O 10"E mroiminay i
« ¥ =59.7 fb~! for CMS 2018 data vs & = 3 fb~! for the full LHCb Run 1; N :
10° é
« Almost 4x acceptance for CMS vs about 0.167 for LHCb 107 3
10° E
10° é
« CMS muon pras low as 3 GeV vs LHCDb that reaches 0.8 GeV 10 :
[CMSPUb”C] u* w invariant mass [GeV]
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https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06015
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/HLTDiMuon2017and2018

[PRD 111 (2025) L051102]

R(J/y) Leptonic Channel

BB — Jy( = et (S Wi,

R(J/y) =

. Leptonic channel: 7 — ,u+vﬂv'f BB: - J/ - +'u_+” ) B

- Num: BY — J/ytty

 Similar final state 3u + vs), = same
reconstruction and simultaneously fit

The B 4-momentum useful to build b direction  p reweighing
kKinematic observables to distinguish _
between 7 and u signals collinear 3u direction pP = i Dy
approximation ms, M
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[PRD 111 (2025) L051102]

B. Form Factors

» B_form factors (FF) are very relevant in this analysis

* They parametrise the internal structure of hadrons

» B. MC samples are generated using 20-year old FF model

“Kiselev”
[arXiv.hep-ph/0211021]

* A correction to the FFs has to be applied, to update them
to the “Boyd, Grinstein, and Lebed” (BGL) parametrisation

[PhysRevD.100.094503]

e Uncertainties are added to this correction

» Jotal of 10 shape uncertainties for each signal
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[PRD 111 (2025) L051102]

Observables for misiD bkg measurement

dontiication (D) on | Solaton (S0 oy |
softMva ID | Ap. 15O ’

[JHEP04(2020)188] i Pil h d
Y = S S @ S —_ SRS S Y il Charged hadrons from Photons ehadrons.

= S, e B e S M i the PV \ Thadm”s ;
_ e A NP ey SIIPND R : & neutral |
: 5 E : 5 5 it hadron

Efficiency

Muon
o

Foe) o
o O

0.86 ..................... ~ .................. ...................... , ....................... ,“ ‘ ch n phO U
0.84 ................................... .................... ........................ .......... ---.Pions — ' ’: Aﬁ . L I + max(.[ + .[ - ABI ’ O) :' ..'
0.82F— N - AR SRS S —e— bmmd i corr S0 — : o A

0.8F— el S S A —6— bmm3 i} Pr BN/ photon
078 FE— - Pioef N AN SO SO SO —1— bmm3 cut (0.36) X T T

: : : : : Tight Muon (SV)
076 . .................. ...................... ........................ .ﬂ .......... 7 bmm4 cut (058)
074 1 AR AR e ....................... ........................ ........................ .......... o KaonS o

(VU AU A S S AT —e— bmm4 %3
0.72 : § g 5 omm? , v charged
07 ................... ........................ ........................ ........................ .......... EE

—— bmm3 cut (0.36) . } Neutral 0.5 tuned on data hadrons

068 , ..................... ,. ....................... ........................ ., .......... >< T|ght Muon (SV)

0.66 % RIS SR R ST s o A 71> bmma cut (0.58) .‘ ‘T hadrons

1 | 1 | 1 | 1 1 1
0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 § ¢
Misidentification Probability
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[PRD 111 (2025) L051102]

for /u separation

CMS Supplementary 59.7 b (13 TeV)
B I I I | I I I | I I I I I I I I I ]

© 0.2 f_ """" B;_>J/ 'I’pf\’u _:
: B —J/ W'y,

oref M EI Kinematic variable
- . . 2 2
q° = (pg.— Pyy,)" useful to

> [P R distinguish between 7 and u
0.065— : ] Signals

0 — 2 — 4I' — 6 — 8 — I10
g? (GeV’)

CMS 59.7 b (13 TeV)

S 02T T T T T T T T T T
S oof e Bi—J/ W'y, -
018 B.—=J/Wttv, -

0.16 MisID -

0141 E BY = Jlyt™ (- uty i)y,

or2|- i | . The IP3D significance of
°-‘§‘ 4 — ' M3 helps in increasing the

0.08 |- =

| significance of the
ooaf 1] analysis

0.02 —

0.06 |- -

----'"i-": [ R S T N S SRR :---T"'T----e_ﬂ_
0 4

2
IP3D / Gppyp,
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[PRD 111 (2025) L051102]

Observables for bkg control

CMS Supplementary 59.7 b (13 TeV)
: | | | . | | | | | | | | | | :
© 018 R LELLLE Bc+:_>J/ Wu*vu .

o6 MisID E

— H, mesons

0.14

Invariant mass of the 3y useful \ vob oL E
to constrain H, bkg: Y -
m(3u) > my = 6.3 GeV — :

| 0.06 [— -
sideband { ooal- | -

0.02 - -

L, By = Jly ™ (- uty i),

= | l l l | E--J ! L | i d l ]
0 4 6 8 10

mys (GeV)

CMS Supplementary 59.7 o' (13 TeV)
0.24 __| | | | | -| | | | | | | | | | | | | | | | | | |__
SERLLLLIL B.—J/ Putv,

0.22 .
B_. meson decay length j o2f " MisID =
. e / 018 —— H,mesons [ 1 =
significance useful to |
distinguish between mis|D L onf ST S
background and other ’ >E 5 =

contributions | ool -

a.u.

0.16 | —

0.06 | i

0.04 |- -
0.02 _JJ_ =

-1 -0.5 0 0
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-2AInL

Outlook

- Add more data: Run 2 (tot 137 fb~1) and Run 3 (67.37 fb~! when
paper was published)

Stat reduced of 1/\/5

Current Asimov fit Lumi. projection: 3xlumi

RWAp) =0.71 **(Stat) ****(Theo.) * *%(syst)  R(JAp) = 0.71 *019%stat.) ¥ '%(Theo.) * ¥*'(Syst

-0.16 -0.09 -0.1¢ - 0.2 Fakes bkg has a statistical part of its
) 50.7 1 (13 ToV) . Projected 180 fb™! uncertainty (from data in B), and a
L CMS pull: CMS systematic part (from MC in B,
75 Private Work RUI) =071 2% < 7F private Work RUA) =0.7170% subtracted from data). The§e two are
- Stat. Onl N Stat. Onl correlated, and when stat increases
6 Stat: N Tf):eo. RWAp) =0.71*>"(Stat) * *1%(Theo.) * 2%(Syst.) 6:— St:t: . ':ll'f):eo. R(hy) =0.71 *°"(stat) *21%(Theo.) *°%\(Syst.) in B, also correlations diminish
s — Total_ | ; ; 5 : — Total ; ' friso reweighted A Regi
- \ . ! ' | \ ' | . . egion
- 5 ' : : B Region
4 — ) ‘ '." . c CMS supplementary 59.7 fb" (13 TeV) < 4000 (_2MS Supplementary 59.7 fb” (13 TeV)
3:_ “‘\ g ," § §
2 : :
I8 g
0:1 | A I \
-02 0 02 04 06 08 1 12 14 16 003

Federica Riti 49/ 42



Outlook

- Add more data: Run 2 (tot 137 f6~1) and Run 3 (67.37 fb~! to date)

* Would reduce uncertainties of statistical nature associated to fakes background estimation and validation

Bin-by-bin unc. from limited statistics
of the validation region

| CMS ISLIJp;?IerInentalry IIIII 597 fb'1l (1.3 TI'eIV)
§ 1200 - IBH/%M | .B§—>J/1P|Hg)(h1...) Blzeav(zsmm_
_SL) . ot —( )M’fv. H, mesons H, baryons
CICJ 1000 - .BZ*J Yurv, MisID + observed ]
[ ] [ ] > st
Bin-by-bin unc. from oot . ,
limited statistics of the | S
[ | [ ] [ | k: ﬂ : ¢ : ;‘,
NNs training region { ! i - !
J 3 ~ * ® ] p |
b, , B ° 1 X
3 - 200 __‘ B _
g R f
o A L — E &
E—’ 1 21 ¢ $ : " : o ¢
B g s e — e — E !
'®) 6 7 8 9 10
5 ;
¢ (GeV?) !
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Systematics

B+

0

Systematic name in combine type Jivpp | JfYT | xe,0p | xe,1p | xe,2p | hep | J/Yhe | ¥(28)p | ¥(2S)T ; Zp Ay | fakes | comb J/v || A | B | corr
1 ?i:)ms;sa::s:atics) bglvar_e(#syst) shape X X X yes
2 | fakes normalisation fake rate InN 13% X
3 | fakes bins (one for each bin) fakes_bin# rateParam X X
4 | fakes method fakesmethod shape X X
5 | fakes shape fakesshape shape X X
6 | fakes stat (one for each bin) fakes_stat_bin#fch# shape X X
7 | pileup weights puWeight shape X X X X X X X X X X X X X X X X | X | yes
8 | B. MC correction becorr shape X X X X X X X X X X | X | yes
9 | B, decay time ctau shape X X X X X X X X X X | X | yes
10 | IP3D,;, correction ip3d-corr-unc shape X X X X X X X X X X X X X X X X | X | yes
11 | L., ,;, correction jpsivtx_corr_unc shape X X X X X X X X X X X X X X X X | X | yes
12 | SF Reco A sfReco InN 3.1% | 3.0% | 2.7% | 29% | 3.0% |4.1% | 32% | 2.8% 22% |2.9% | 29% | 2.9% | 2.9% | 2.9% | 2.9% X yes
13 | SF Reco B sfReco InN 26% | 26% | 2.6% | 2.7% | 2.6% |29% | 2.8% 2.6% 30% |28% |28% |28% |28% |28% |28% X | yes
14 | SF MediumID A sfldjpsi InN 2.T% | 2.7% | 2.6% | 2.6% | 2.7% | 4.1% | 2.9% 2.6% 24% |2.8% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% X yes
15 | SF MediumlID B sfldjpsi InN 26% | 2.6% | 2.6% | 2.6% | 25% |2.9% | 2.6% 2.5% 28% |26% |26% |2.6%|26%|26%|26% X | yes
16 | SF SoftMvalD sfldk InN 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% | 3% | 3% | 3% | 3% | 3% X | X | yes
17 | SF iso sfiso InN 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% | 3% | 3% | 3% | 3% | 3% X X | no
18 | SF trigger trigger InN 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% | 5% | 5% | 5% | 5% | 5% X | X | yes
19 | BR x_op br_chic0_over_mu InN 16% X | X | yes
20 | BR x.p br_chicl over_mu InN 10% X | X | yes
21 | BR x, op br.chic2_over.mu InN 22% X | X | yes
22 | BR hcp br.hc.over.mu InN 15% X | X | yes
23 | BR J/vhe br_jpsi_hc_over_mu InN 38% X | X | yes
24 | BR ¢(2S)u br_psi2s_mu_over _mu InN 13% X | X | yes
25 | BR ¢(29)r br.psi2s._tau.over.mu InN 15% X | X | yes
26 | B, not-yet measured decays missing-mc shape X X yes
27 | norm B” (H, bkg) jpsimother_bzero InN 10% X | X | yes
28 | norm B™ (H, bkg) jpsimother_bplus InN 10% X | X | yes
29 | norm B! (H, bkg) jpsimother_bzero_s InN 10% X | X | yes
30 | norm X, 0 (H, bkg) jpsimother_sigma InN 10% X | X | yes
31 | norm =, /* (H, bkg) jpsimother xi InN 10% X | X | yes
32 | norm A, (H, bkg) jpsimother_lambdazero_b | InN 10% X | X | yes
33 | Comb J/¢ dimuon norm dimuon_norm InN 20% || X | X | yes
34 | MC stat fail (one for each bin) | bbb(#bin)fail shape X X X X
35 | MC stat pass (one for each bin) | bbb(#bin)pass shape X X X X
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Systematics

Systematic name in combine type Jivp | JipT | xe,0m | xe, 1 | xe,2p | hep | J/vhe | ©(28)p | w(28)r | B° | Bt BY | & /0 -ry A} | fakes | comb J/v || A | B | corr
1 ﬁ;ms;:f:z;ﬁ belvar.e(#syst) shape x | x X [ X | yes
2 | fakes normalisatio fake rate InN 13% X
3 | fakes bins (one f; in ) fakes_bin# rateParam X X
4 | fakes method fakesmethod shape X X
5 | fakes shape fakesshape shape X X
6 .
X | yes
X | yes
X | yes
0 NE ol o ACTC X e
X | yes
1 yes
13 . ! : : : o e : . neran : on : vy v oy neran X | yes
14 | SF MediumID A sfldjpsi InN 2.7% | 2.7% | 2.6% | 26% | 2.7T% |[4.1% | 2.9% | 2.6% 24% |2.8% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% X yes
15 | SF MediumID B sfldjpsi InN 26% | 2.6% | 2.6% | 2.6% | 2.5% [2.9% | 2.6% | 2.5% 2.8% |2.6% |26%|26% |26%|26%|26% X | yes
16 | SF SoftMvalD sfldk InN 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% X | X | yes
17 | SF iso sfiso InN 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% | 3% | 3% | 3% | 3% | 3% X X| no
18 | SF trigger trigger InN 5% 5% 5% 5% 5% 5% 5% 5% 5% 5% | 5% | 5% | 5% | 5% | 5% X | X | yes
19 | BR x_ gp br_chic0_over_mu InN 16% X | X | yes
20 | BR x.pn br_chicl _over_mu InN 10% X | X | yes
21 | BR x_..p br_chic2_over.mu InN 22% X | X | yes
22 | BR hep br.-hc.over.mu InN 15% X | X | yes
23 | BR J/vhe br_jpsi_hc_over_mu InN 38% X | X | yes
24 | BR ¢¥(2S)u br_psi2s_mu_over _mu InN 13% X | X | yes
25 | BR ¢(28)r br.psi2s_tau.over.mu InN 15% X | X | yes
26 | B, not-yet measured decays missing.mc shape X X yes
27 | norm B" (H, bkg) jpsimother_bzero InN 10% X | X | yes
28 | norm B™ (H, bkg) jpsimother_bplus InN 10% X | X | yes
29 | norm B, (H, bkg) jpsimother_bzero_s InN 10% X | X | yes
30 | norm X, Y (H, bkg) jpsimother sigma InN 10% X | X | yes
31 | norm =, /° (H, bkg) jpsimother xi InN 10% X | X | yes
32 | norm A, (H, bkg) jpsimother lambdazero_b | InN 10% X | X | yes
33 | Comb J/¢ dimuon norm dimuon_norm InN 20% X | X | yes
34 | MC stat fail (one for each bin) | bbb(#bin)fail shape X X X X
35 | MC stat pass (one for each bin) | bbb(#bin)pass shape X X X X
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Systematics

Systematic name in combine type Jivp | JipT | xe,0m | xe, 1 | xe,2p | hep | J/vhe | ©(28)p | w(28)r | B° | Bt BY | & /0 =y A} | fakes | comb J/v || A | B | corr

1 ?ﬁ)n;;::;r(:atics) bglvar_e(#syst) shape X X X yes
2 | fakes normalisation fake_rate InN | 13% X
3 | fakes bins (one for each bin) fakes_bin# rateParam | X X
4 | fakes method fakesmethod shape | X X
5 | fakes shape fakesshape shape | X X
6 | fakes stat (one for each bin) fakes_stat_bin#fch# shape | X X

7 | pileup weig puWeight shape X X X X X X X X X X X X X X X X | X | yes

8 | B.MC ‘ becorr shape X X X X X X X X X X | X | yes

9 g chane X | X | yes

X X X X X X X | X | yes

X X X X X X X | X | yes

v 12.9% | 2.9% | 2.9% | 2.9% | 2.9% | 2.9% X yes

] u 28‘7(: 2.8%» 28% 2.8%- 28‘70 2.8%- X yes

Fakes uncertainties 2.8% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% X|_ | yes

2.6% | 2.6% | 2.6% | 2.6% | 2.6% | 2.6% X | yes

3% | 3% | 3% | 3% | 3% | 3% X | X | yes

3% | 3% | 3% | 3% | 3% | 3% X X | no

: 5% | % | 5% | 5% | 5% | 5% X | X | yes

19 | BR x_ gp br_chic0_over_mu InN 16% X | X | yes

20 | BR x.pn br_chicl _over_mu InN 10% X | X | yes

21 | BR x_..p br_chic2_over.mu InN 22% X | X | yes

22 | BR hep br.-hc.over.mu InN 15% X | X | yes

23 | BR J/vhe br_jpsi_hc_over_mu InN 38% X | X | yes

24 | BR ¢¥(2S)u br_psi2s_mu_over _mu InN 13% X | X | yes

25 | BR ¢(28)r br.psi2s_tau.over.mu InN 15% X | X | yes

26 | B, not-yet measured decays missing.mc shape X X yes

27 | norm B" (H, bkg) jpsimother_bzero InN 10% X | X | yes

28 | norm B™ (H, bkg) jpsimother_bplus InN 10% X | X | yes

29 | norm B, (H, bkg) jpsimother_bzero_s InN 10% X | X | yes

30 | norm X, Y (H, bkg) jpsimother sigma InN 10% X | X | yes

31 | norm =, /° (H, bkg) jpsimother xi InN 10% X | X | yes

32 | norm A, (H, bkg) jpsimother lambdazero_b | InN 10% X | X | yes

33 | Comb J/¢ dimuon norm dimuon_norm InN 20% X | X | yes

34 | MC stat fail (one for each bin) | bbb(#bin)fail shape X X X X
35 | MC stat pass (one for each bin) | bbb(#bin)pass shape X X X X
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Systematics

Systematic name in combine type Jivp | JfvT | xe,0p | xe,1p | xe.2u | hep | J/vhe | ¥(28)p | ©(25)7 BY | & I A} | fakes | comb J/v || A | B | corr
1 i(;;]nlyf::;gatics) bglvar_e(#syst) shape X X X yes
2 | fakes normalisation fake rate InN 13% X
3 | fakes bins (one for each bin) fakes_bin# rateParam X X
4 | fakes method fakesmethod shape X X
5 | fakes shape fakesshape X X
6 | fakes stat (one for each bin) fakes_stat_bin#ch# X X
7 | pileup weights puWeight | X X X X X X X X X X X X X X X X | X | yes
8 | B. MC correction becorr | X X X X X X X X X | X | X | yes
9 | B, decay time ctau | X X X X X X X X X X | X | yes
10 | IP3D,;, correction ‘ip3d-corr-unc | X X X X X X X X X X X X X X X ' X | X | yes
11 | L., .;, correction jpsivtx_corr_unc | X X X X X X X X X X X X X X X X | X | yes
12 | SF Reco A sfReco | 3.1% | 3.0% | 2.7% | 2.9% | 3.0% |4.1% | 32% | 2.8% 2.2% |[2.9% | 2.9% | 2.9% | 2.9% | 2.9% | 2.9% ' X yes
13 | SF Reco B sfReco | 26% | 2.6% | 2.6% | 2.7% | 2.6% [2.9% | 28% | 2.6% 3.0% |28% |28% |28% |28% |2.8% | 28% | X | yes
14 | SF MediumlID A sfldjpsi | 27% | 2.7% | 2.6% | 26% | 2.7% |[4.1% | 29% | 2.6% 24% |2.8% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% P yes
15 | SF MediumlID B sfldjpsi | 2.6% | 2.6% | 2.6% | 2.6% | 25% |2.9% | 26% | 2.5% 2.8% |26% |26% |26%|26%|26% |26% X | yes
16 | SF SoftMvalD sfldk | 3% 3% 3% 3% 3% 3% 3% 3% 3% 3% | 3% | 3% | 3% | 3% | 3% X | X | yes
17 | SF iso sfiso | 3% | 3% | 3% | 3% 3% | 3% | 3% 3% 3% 3% | 3% | 3% | 3% | 3% | 3% ' X | X | no
18 | SF trigger trigger [ 5% | 5% ; 5% | 5% | 5% | 5% 5% 5% | 5% | 5% | 5% | 5% | 5% | 5% ' X | X | yes
19 | BR x_op br_chic(_gx mu ' X | X | yes
20 | BR x_p br_chig Ju X | X | yes
21 | BR x_.pn br. 227 X | X | yes
22 | BR hep X | X | yes
23 | BR J/vhe X | X | yes
24 | BR ¢(2S)u - - - X | X | yes
25 B U5} Uncertainties on the corrections XX [res
26 | B, not-yet measured decays X yes
27 | norm B” (H, bkg) - - X | X | yes
28 | norm 57 (7, bk (IP3D . corr. most impacting one) XX | yes
29 | norm B! (H, bkg) Slg X | X | yes
30 | norm X, Y (H, bkg) X | X | yes
31 | norm =, /" (H, bkg) jpsimother xi InN 10% X | X | yes
32 | norm A, (H, bkg) jpsimother_lambdazero_b | InN 10% X | X | yes
33 | Comb J/¢ dimuon norm dimuon_norm InN 20% X | X | yes
34 | MC stat fail (one for each bin) | bbb(#bin)fail shape X X X X
35 | MC stat pass (one for each bin) | bbb(#bin)pass shape X X X X

Federica Riti 51/42



Systematics

_ _ S |w@s)yr| B° | BY | B | £7°| =7 | AY | fakes | comb J/¥ || A | B | corr
: Uncertainties on XX | yes
2 13% X
: B.BR X :
1 C S X X
5 X X
6 X X
: B . not-yet measured decays X X [ XX [ X% X% [ve
8 C X X | X | yes
9 _ _ X X | X | yes
10 X X X X X X X X | X | yes
11 Hb norm. uncertalntles X X X X X X X X | X iw
12 8% 22% (29% | 29% | 29% | 29% | 2.9% | 2.9% X yes
13 6% 3.0% |28% |28% |2.8% | 28% | 28% | 28% X | yes
14 CO m b _ J / l/j b kg 6% | 2.4% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% | 2.8% X yes
15 5% 28% | 2.6% | 2.6% | 2.6% | 2.6% | 2.6% | 2.6% X | yes
16 % 3% | 3% | 3% | 3% | 3% | 3% | 3% X | X | yes
17 o M C Stat 8% 3% | 3% | 3% | 3% | 3% | 3% | 3% X | X | no

18 [T _ _ 5% 5% 5% | 5% | 5% | 5% | 5% | 5% X | X | yes |
19 | BR x_ op br_chic0_over_mu InN 16% X | X | yes
20 | BR x.p br_chicl_over_mu InN 10% X | X | yes
21 | BR x, p br.chic2_over.mu InN 22% X | X | yes
22 | BR hcp br.hc.over.mu InN 15% X | X | yes
23 | BR J/yhe br_jpsi_hc_over_mu InN 38% X | X | yes
24 | BR ¢¥(2S)u br_psi2s_mu_over _mu InN 13% X | X | yes
25 | BR ¢(29)r br.psi2s._tau.over.mu InN 15% X | X | yes
26 | B, not-yet measured decays missing-mc shape X X yes
27 | norm B” (H, bkg) jpsimother_bzero InN 10% X | X | yes
28 | norm B™ (H, bkg) jpsimother_bplus InN 10% X | X | yes
29 | norm B! (H, bkg) jpsimother_bzero_s InN 10% X | X | yes
30 | norm X, 7 (_) (H, bkg) jpsimother_sigma InN 10% X | X | yes
31 | norm =, ° (H, bkg) jpsimother xi InN 10% X | X | yes
32 | norm A, (H, bkg) jpsimother_lambdazero_b | InN 10% X | X | yes
33 | Comb J/v¢¥ dimuon norm dimuon_norm InN 20% || X | X | yes
34 | MC stat fail (one for each bin) | bbb(#bin)fail shape X X X X
35 | MC stat pass (one for each bin) | bbb(#bin)pass shape X X X X
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misiD bkg - fr,;, measurement
ID
>

data(C) = MC(C) + fakes(C) D C iso fakerate
< 4ata(©) a0y = 2O viey + 154S©) ks .;'

data(D) MC(D) fakes(D)
< B - MC(C) . ~ Jakes(C) . - MC(D) B 5
< = Waa: MC(D) HFuc fakes(D) =Iiso; data(D) .

TF,,. - data(D) = TF,;~ - MC(D) + frq, - fakes(D)

TF 400 = TFyc - @+ frigo - (1 — @) TF N TR (e o il TF N = TB () o il

fakes(C) _ ( data(xz)l MC(‘xl) a('xl)> . data(D) _ ( data(xl)l MC(xz) a(‘xl)> . MC(D)
TF i) = TFycx) - ax) — ) — )

friso(x) = 1 — a(x)
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misiD bkg - fr,;, measurement

I't, .., TlF,,~and a are transfer functions between two different regions

* They are fitted in many dimensions using classification NNs

* For the Universal Approximation Theorem, A Neural Network (NN) can approximate Input features
any arbitrary complex f(x)
® q2
* [7p]
Three classification NNs are trained to distinguish between 2 classes ° p7
2
® Mpyss
* Provide the probability for each event to belong to either class p o logiovix(py, to)Lyy /01
p o vix(py, iy, p3) prob
, The weights for the transfer functions are computed as w = - o (i, 1o, 113)2Dcosa
p o N,3IP3D(VtXJ/w) Slg
TF, .. :data(C) vs data(D) * Hsldyl/oq,

¢ ﬂ3‘dz|/adz

TF ;- MC(C) vs MC(D)

a . data(D) vs MC(D)
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misiD bkg - fr,;, measurement

* |t is important that the NNs learn to discern the observables and correlations on which
the fake rates depend

* This guarantees the applicability of the fake rate to different phase space regions
 Check the NNs ability to generalise properly — done

 Check closure in the C region — it closes by design
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misiD Background Data Validation

ISO =0.2 ISO =15 ISO =2
1SO =0 A A A SO =+ inf
» Validation on data control regions SR | f“
',/'/ ' ’,.ISO
b ) )
¢ |ISO>1.5 — fakes enriched b @ - e B'<- , II_Bt_
pp lc? ion
« Same strategy of analysis: train NN in !ID; apply a— meglen...

WelghtS in B” to find fakes in B’ | Iriso
o ¢| - | De4—D”

c CMS ISLIJp;?le/Inenteliryl _ _ 597 fb'1l (1.3 TI'eIV) i, L
S ol e e
_'CB B (o] b b
GC) 1000—_.|3<J§—>J/¥’M+\ﬁu MisID ¢ observed ] ] :
> [ s : « Closure in B’ — good agreement
8001~ ks data-fakes
600 | ¢ ¢—:
¢ % . . .
so0b W E  (Conservative uncertainties added to
o : account for limited statistics of the
200 [— —
C ] test
2 1.2£+ -------------------------- oo
) - ® g - -
PR S S S SN  Several other uncertainties added
° T G to this data-driven bkg
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SO L. !ISO [PRD 111 (2025) L051102]

= \}Q .

MislD estimation In the fit o (&) )

a ' >

iso fakerate

1D CTD

 Each one of the 7 categories is split into two further

categories for the estimation of the fakes background Jriso reweighted A Region
during the fit. B Region
CMS suppiementary 59.7 fb”' (13 TeV) CMS supplementary 59.7 fb”' (13 TeV)
» reweighted-B Region with 1), already measured in 5 oo Hsisrev. Wl ovy Msven]  § OF e, W o Wa-re,
the !ID categories. 2 | = — W 2 0F :
2 pinmisiDs — p, inimisIDB — bi niMcB L%’Z::: )

 Region A z

« B.and H, bkg shapes and norm. could change during
the fit because of their syst. unc.

* Hence each fakes bin is defined as a free floating
parameter, which compensates the difference
between data and MC in reweighted-B region during
the fit

Obs/exp

7x2 total categories
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L051102

Overview on misID background uncertainties

{ Uncertainty on the method Stat. uncertainty on validation Stat. uncertainty on NN training |

Instead of measuring fr;qH we

measure fr;p and rotate the * \Validation on data stat. limited:
scheme |  bin-by-bin uncertainties on mlsID

The difference between misID shape l * The NN is trained 5> times, each on '

shape from nominal method to . a statistically independent training

2 2
rr?tt?wtee%tone is added as single unc. u \/ (Statdata) + (statfakes) <10% ! sample

{ « MisID shape derived for each NN
CMSSpplm ntary 59.7 fb! (13TeV) ‘

W W Wi | + Std dev derived for each bin and
T o - I  applied bin-by-bin as uncertainty
D @ B : B0}~ b ? on mislID shape

' | 600 ¢ —

] . B ( ] \ B

}—$Pf akes '4Ffakes > X 400 | o § =
i | ® _

‘ 4 L o ( ] .

—
N
o
o

)
@)
>
)
O
Events / bin
=
..
2 7
<

200 — ]

—
e~

>
-

—_
N
T
-
|

Obs/exp
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Combinatorial J/y dimuon background

« Two unrelated muons can accidentally return invariant mass within the analysis J/y window

* Data driven background

Normalisation

* Fit to the J/y invariant-mass in Loose SR Sidebands cut at trigger
level, therefore another

dataset, including dimuon
enriched sideband, is
considered

e Signal shape: Crystal Ball + gaussian

 Bkg: exponential fixed from sideband

e Result: 2-3 % contribution in the SR
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Combinatorial J/y dimuon background

« Two unrelated muons can accidentally return invariant mass within the analysis J/y window

* Data driven background

i Shape

» g° shape from sideband 3 & from the J/y peak

Successful closure test of
the method extrapolating

 Extrapolated to the SR by scaling the J/y four-momentum by the ¢~ shape from a left

the ratio < mﬁgG >/ <L Mep > sideband to a right sideband

For [, ;. NO

Xy
shape shift
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Event Selection

Final State particles:

e 1. mediumID, pt* > 6,
e L, mediumID, p7? > 4,

77#1
77#2

< 2.5,
< 2.5,

M1
dxy

M2
dxy

o u3: PP >4, [n"?| <25, |d}| < 0.05 cm

o |dI'" —dl'?| <0.2cm, |di" —di?| <0.2 cm,

O AR]_Q > 0.01,AR13 > 0.0I,AR23 > 001
e /D on 3 is discussed later

J /1 and B_ vertices properties:

@ probJ/d, > 0.01
o probBC > 10_4
e A 1 dependent m’

/Y

cut

< 0.05 cm
< 0.05 cm

di? — d*| < 0.2 cm

PV defined as the closest in z-direction to the J/.
Transverse displacement L,, computed wrt the beamspot.
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Trigger selection

e The trigger paths used are HLT Dimuon0O Jpsi3p5 Muon2 v5 and
HLT DimuonO Jpsi3p5 Muon2 v6, from Charmonium dataset

e [he seeds are
L1 TripleMu_5SQ_3SQ_00Q_DoubleMu_5_3_SQ_0S_Mass_Max9 OR
L1 TripleMu_55Q0_35Q-0_DoubleMu_5_3_SQ_05S_Mass_Max9

e The two muons coming from the J/v are matched with the filter
label hltVertexmumuFilterJpsiMuon3p5

® 13 is matched with the filter label h1tTripleMuL3PreFiltered222
The trigger requires :

e 3 muons;

e The probability of the uu vertex fit better than 0.5 %;
o p//? > 3.5 GeV;

e 2.95 < m(pqypy) < 3.25 GeV;

o p > 2 GeV.
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R(J/y) Measurement - Hadronic Channel



Event Selection

* J/¥ candidate:
 OS muons (pT >4 GeV, |n| < 2.4, loose

« Trigger Selection: HLT_DoubleMu4_JpsiTrk_Displaced_v* ID, trigger matched within AR < 0.1)
e 2 OS muons with pT> 4 GeV e 2.95 <m(up) < 3.25 GeV
* m(uy) in [2.9, 3.3] GeV * |If multiple, choose the highest pT(J/)

e pT (uu) > 6.9 GeV cand.

e Vertex prob. > 10%

 Vertex Selection:
* Flight sig. > 30

+ Additional track with pT>1.2 GeV * minAz (extr. J/ to the beam
axis)
* chi2/ndof <10

e Tau Reconstruction:

* |n main presentation...
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R(K) Measurement



CMS-DP-2019/043

B-Parking Trigger Purity

CMS Preliminary 2018 (13 TeV)
_llll lllllll r 17 1 19 11

* 12 Billion events recorded in 2018 with bb purity of 75 %

* Purity determination relies on decay
B’ - D™ uv — (D°ny,p)uv — (Knrm,p)uv

Events / 0.0004

» In the plot: difference for D™+ and D" masses

. DY built combining opposite charged tracks

. D* built by combining DY with a soft track ........................ .......................... ......................

....................................................................................................................................................

e U required to pass the trigger

e The product of K and p is required to be +1 (right sign), or MM B m(?(l,iz,nsoﬁojlfsm(K,gklf [G.e\ol'i65
-1 (wrong sign)
* Plot shows clear peak for the right sign curve p N(b — uX)
b —
N(u)
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https://cds.cern.ch/record/2704495?ln=en

Pre-selection

» Preselection for puK: * Preselection for eekK:
e pT(B) >3 GeV * Az(trg p, track/e) < 1.0 cm
e Az(trg p, track/p2) < 1.0 cm * pl(e2)>1.0 GeV
e pT(track) > 1 GeV * cos (a)>0.95
o |Lxy/o>1 * Prob > 10-5
e cos (a) > 0.90 e m(K,e) >2 GeV [ anti-DO ]
e« Prob > 10-5 e d3d<0.06-1D (e1) > -2
e m(K,p) >2 GeV [ anti-DO ] * ID(e2)>0
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BDT Working Points

CMS 33.6 o' (13 TeV) CMS 41.6f0" (13 Tev) CMS 41.6 fo" (13 TeV)
= - 5 2 107
© 107 o 10 E_ © §
1W% 107 107 &
—3 — i i -
10 107 10°
i BY = Ky : B" —» K'e'e - : B" » K'e'e"
107 , - PF-PF Category | PF-LP Category
: — Signal 10~ & — Signal 104 — Signal
| | | | L_ BaCkground : | I . Baquround l | § 1 BaCkgrlound |
10 -8 -6 4 -2 0 2 4 6 8 10 -10 -5 0 5 10 -10 -5 0 5 10
BDT score BDT score BDT score

* Working point definition

« As final selection, cut on the BDT score to maximize S/\/_(S+B):
 For muon channels: BDT>4
* For electron (2PF) channels: BDT>8.6
* For electron (1PF & 1 low pT) channels: BDT>8.3
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Cross Checks

» Several cross checks performed, the two most important are:

» Measurement of R s, exchanging theB — Kl with B — w(25)K in the double ratio

» Measurement of R, , ratio of B — J/y(uu)K and B — J/y(ee)K
* They are both expected to be flavour universal ~1

 The measured ratios agree with the expectations <1 o

 These cross checks also demonstrate that the efficiencies that cancel out in the R(K)
ratio are well estimated
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Fit Functions and Yields

* Muon channel

e Electron channel

Process

BY 5K upu” BT = J/b(u"p )K"

BT —h(2S)(n"p)KT

Signal

DCB + Gaussian Sum of 3 Gaussians

DCB 4 Gaussian

Process

BT - KTeTe™

BT = J/P(eTe )K"

BT = YP(2S)(eTe”)KT

Signal

DCB function

CB + Gaussian

CB + Gaussian

Comb. & other b bkg. Exponential® Exponential Exponential Comb. background Exponential Exponential Exponential

BT 5 K* (892)”/ X DCB (+ expon.) DCB + exponential DCB + exponential Bt — K*(892)"*X — KDE template KDE template

BT » 77X DCB DCB DCB Bt » "X — CB function —

BT = J/P(pTp )KT DCB (nearby ¢°) — — BT = J/P(eTe )KT KDE template — -

BT = P(2S)(putp )KT DCB (nearby ¢°) — — Other b decays - KDE template KDE template

2 2 1 ) )

Channel q- range [GeV~] Yield Channel ¢ range [GeV?]  PF-PFyield  PF-LP yield
BT - K utpu™ 1.1-6.0 1267 4 55 Bt —» Ktete™ 1.1-6.0 17.94 7.2 3.0+59
BT = J/P(pt ™ )KT 8.41-10.24 728 000 £ 1000 BT = J/Pp(ete)KT 8.41-10.24 4857 + 84 2098 + 58
BT —P(2S)(pTp")K* 12.60—14.44 68 300 + 500 BT —(2S)(eTe” )K" 12.60-14.44 320+ 20 94 + 11
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Systematic Uncertainties

Impact on the

Impact on the
R(K) ratio (%)

Source PF-PF PF-LP
Signal and background description 5 5
J /b event leakage to the low-g~ bin 4 9
BDT efficiency stability 2 S
BDT cross validation 2 3
Trigger efficiency | o
BDT data/simulation difference 1 2
J/\b meson radiative tail description 1 1
Total systematic uncertainty 7 13
Statistical and total uncertainty 40 200

Source R(K) ratio (%)
Background description, low-g* bin 1.8
Trigger turn-on 1.3
Reweighting in pt and rapidity 0.9
Background description, J /1 CR 0.6
J /1 meson radiative tail description 0.5
Pileup 0.4
Signal shape description 0.3
Trigger efficiency 0.2
J /1 resonance shape description 0.1
Nonresonant contribution to the J /1 CR 0.1
Total systematic uncertainty 2.6
Statistical uncertainty in MC samples 1.7
Statistical uncertainty in data 7.5
Total uncertainty 8.1
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Measurements Comparison

|
0.74*0.‘ | BaBar
-0.32 _0—'—': 2 € [0.1, 8.12] GeV*
' RD 86 (2012) 032012
|
+0.28 | Belle
1.03 92 :’ g2 € [1.0, 6.0] GeV?
| JHEF U3 (Z20217) 105
|
0.745’0-097 | LHCb3 b’
008 ! q? € [1.0, 6.0] GeV?
. PRL 113 120794) 157601
|
0.846‘0.“2 | LHCb 5 fb-1
-0.056 : g2 € [1.1, 6.0) GeV?
: FRL 1272 (2079 19180
|
+0.047 LHCb 9 fb™
0.949 9,046 ".'E g2 € [1.1, 6.0) GeV?
FrRD 108 (2023) 032002
|
|
0.78*0'48 | CMS (this work)
-0.23 e g2 € [1.1, 6.0] GeV?
|
| 1 1 1 1 | L 1 1 1 M A A | I
0.5 1 1D 2
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 Measurement of the differential branching fraction

of the Bt — K*tu*u~ decay in the full g* range,
excluding the J/{ and (2S) resonances

* From the simultaneous fit in all the q2 bins

 Jo reduce uncertainties, it is normalised with
the J/¢ channel

dB/dg? [GeV

«10° CMS

33.6 fb" (13 TeV)

HEPFIT
SUPERISO
FLAVIO
EOS

—4— Data

Measurement of BR

2 2

B(B" = K"u" 117 [Gimins Gimax

B NB+_)J/¢(#+# )K+ [8.41, 1024] GGV2
(A€€uig) g _y /(e u-yk+ [8:41,10.24] GeV?

2 2
(Afﬁmg)8+ —K+ptp- [qmin ’ qmax]

xB(BT = J/WK")B(J/b = pp”),

N 2 2
Bt 5K+tputpu-— [qmim qmax]

X

u —$— ——
: | | |
10 15 | | 20 —
q? [GeV]

g~ range Branching fraction
(GeV?) Signal yield (107%)
0.1-0.98 260 £+ 20 291+0.24
1.1-2.0 197 £ 19 1.93 +£0.20
2.0-3.0 306 £ 23 3.06 =0.25
3.04.0 260 £ 21 2.54 +0.23
4.0-5.0 251123 2.47+0.24
5.0-6.0 264 £+ 27 2.53+£0.27
6.0-7.0 267 £ 21 2.50+£0.23
7.0-8.0 256 + 23 2.34 +£0.25
11.0-11.8 207+ 19 1.62+0.18
11.8-12.5 172+ 16 1.26 +0.14
14.82-16.0 272+ 20 1.83+0.17
16.0-17.0 246 + 17 1.57+0.15
17.0-18.0 317+ 19 2.11 +£0.16
18.0-19.24 242+ 19 1.74 £ 0.15
19.24-229 158 £ 19 2.02+£0.30

Integrated BR in low-g*

B(BT - Ktutpu™)[1.1,6.0]GeV?

Source (107%)
Measurement 12.42 +0.68
EOS 18.9+ 1.3
FLAVIO 17.1 2.7
SUPERISO 16,5+ 3.4
HEPFIT 19.8+7.3
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BY — K*(892) "~ Angular Analysis



[PLB 864 (2025) 1394006]

Angular Analysis Previous Results

PRL 125 (2020) 1

S LHCb Run 1 + 2016
e CMS Run-1 (ZOfb_l) ~1400 signal events [pLB 753 2016) 05 8 T -
424] [PLB 781 (2018) 517] T +
 Measure of partial angular observables, including 0 _+_
Ps, consistent with SM ok - : : :
 Atlas Run-1 (20.3fb_1) JHEP 10 (2018) 047 o 0 -
0 5 10 15
* Foldings used to measure various parameters q? [GeV?/c]
[PLB 781 (2018) 517]
‘Q.LO 1.5_
« LHCb, Run-1 + 2016 (4.7fb_1) PRL 125 (2020) 1 : +-cms
1 —+ LHCb
* Full angular analysis, discrepancy found in both 0sh | %E:IQDHMV
Runi1 and 2016 data il | |
O —
- Q
“ i
1 I —1 _1:_ - \\
This analysis: CMS Full Run-2 (140 b~ ") 5 .
8T e e 10 12 1416 118 20
q% (GeV?)
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Rejection of Specific Backgrounds

« BY — KT uu (plus combinatorial track)

» additional veto on mass of two h+pp systems
» B, » ¢( — KK)up
» veto at preselection level on KK mass hypothesis

* residual contribution negligible wrt signal (<1%)

« BT — KTw(25), with (2S)—J/prrt (partially reconstructed, a m track is lost)
* only affects J/Y control region

e combination of cuts on intermediate masses

« B, — KKuu contribution (4%) treated as combinatorial bkg

» Negligible contribution from B, = K*uu (< 1%), no evidence of Ab = pKp+p—
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Systematic Uncertainties

Table 1
The uncertainties considered in the analysis on the various angular observables. For
each source of uncertainty, the range covers the absolute variation observed across

the ¢ bins.

Source F, (x107%) P (x107%) P, (x107%) P, (x1077)
Efficiency modeling 1-9 7-44 3-11 0-46
Fit bias 1-2 0-6 2-62 1-12
Misidentification fraction 0-2 1-4 1-3 0-14
Signal mass resolution 1-10 1-12 2-11 1-21
Signal mass shape 0-9 1-22 0-10 3-70
Background mass shape 0-5 1-16 1-13 0-8
Efficiency (statistical) 1-10 5-31 1-64 4-45
Background (statistical) 2-6 4-20 1-21 2-16
Data/simulation differences 8 0-23 0-16 0-13
Partially reco background 1 1 0 1
Resonant background 0-1 0-6 0-5 0-2
Source P (x1073) P; (x107%) P/ (x103) P (x10-3)
Efficiency modeling 3-87 2-13 5-16 6-28
Fit bias 9-54 0-8 0-3 0-24
Misidentification fraction 1-5 1-10 0-4 0-12
Signal mass resolution 4-23 0-12 0-5 0-16
Signal mass shape 2-16 1-15 0-7 0-91
Background mass shape 6-30 1-13 0-7 1-10
Efficiency (statistical) 5-47 4-22 4-13 10-59
Background (statistical) 6-37 4-24 3-9 5-23
Data/simulation differences  0-11 0-13 0-3 0-30
Partially reco background 25 0 0 2
Resonant background 0-30 0-11 0-5 0-12
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Results

Table 2

The measured CP-averaged angular observables, in the corresponding ¢* bins.

The first uncertainty is statistical and the second is systematic.

1.1 < g* <2GeV?

2 < g* <4.3GeV?

4.3 < ¢* < 6GeV?

F, 0.709 *007 +0.021 0.810*20% +0.016 0.714 *20°% +0.012
P, 0.09 *035 +0.04 -0.29 *0% +£0.05 -0.30 *)1; +0.04
P, -0.37 *11 £0.10 —0.244* )% +0.039 0.121 *705% +0.030
P, -0.05 *22} +0.04 -0.19 *739 +0.09 -0.03 +0.14+0.08
P! -044 00 +0.11 -043 ') +£0.08 -0.72 *p2 +£0.07
P! 036 *J11 +0.03 -0.14 )0 +0.04 ~0.44 +0.10+0.03
P! 0.000 *2-% +0.021 0.108 7% +0.018 0.129 *2% +0.011
P! 0.16 +0.37+0.11 0.73 *115 +0.06 -0.01 +0.22+0.04
6 < ¢* < 8.68 GeV’ 10.09 < ¢* < 12.86GeV*  14.18 < g* < 16GeV”
F 0.627 +0.016 +0.011 0.474* 0011 +0.009 0.394 + 0.012 + 0.009
P,  -0.06 +0.10 £0.05  -0.439*0% +0.030 ~0.465 + 0.037 + 0.025
P, 0.188 *000 +0.014 0.386 *07; +£0.018 0.440 *000% +0.008
P, 0.099 005 +0.014 0.013+204! +0.007 -0.034 *70°0 +0.010
P;  —095 +0.10 £0.06  —1.025%)° +0.059 ~1.159 *0% £0.041
P! -0495+0.067+0.023  -0.746*00" +0.014 ~0.688 *)'°¢ +0.021
P! 0.010 +0.052 +0.016 0.080* 4" +0.011 0.121 *20%0 +0.011
P! 0.06 +0.14 +0.04 0.09 *2% +0.03 0.011 *P7% +0.022
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Other



R(A}) Result

e Inthe b — clv channel there is another result

BN, - ANft70)
B(A\) — ANfu—u,)

R(AY) =

+ LHCDb result R(A) = 0.242+0.075 = 0.242+0.026(stat.)+0.040(syst.)+0.059(BR)

[PhysRevl ett.128.191803]

* |Last uncertainty term comes from external BR measurements

. SM prediction R(A})= 0.324 + 0.004 Compatible with
[PhysRevD.107.L011502] SM prediCtiOnS
within 2 o
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Bellell BT - K™vr

St
Wi Wf) ffW_
e — u,c,t B T,c,1
e FCNC transition b — svv AR L) —
u - u u
) b)

. SM prediction: B(BY - K*vp) = (5.58 £0.37) x 107°

o SN Average [arXiv:2311.14647]

® Belle 11 (362 fb1, (()1:1;‘11‘)111( d)

2.3+ 0.7 This analysis, preliminary

e Belle || measurement:

BBt - K*'wvo)=23+0.7)x 107

Belle II (5()2 fb : 111(110111()

1.1+ 1.1 This analys 11

Belle II (362 fb!, inclusive)

2.7+ 0.7 This analysis, preliminary

Belle II (63 fb!, inclusive)

1.9+1.5 PRLI127, 181802

Q

o 2.9 o deviation from SM prediction

Belle (711 fb!, semileptonic)

1.04+0.6 PRDY96, 091101

* |t goes on the same direction of the other anomalies
° Belle (711 fb'!, hadronic)

29+1.6 PRDS87, 111103

BaBar (418 fb!, semileptonic)

0.240.8 PRDS82, 112002

BaBar (429 fb!, hadronic)

1.5+ 1.3 PRDS87, 112005
| ] ] ! | ! ! ! |

0 2 4 6 8 10
10° x Br(BT—K " vp)

T SN S . - P — _________-_____*

=—c
—rd
=
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Lepton Flavour Violation

Other than LFU, there is another accidental symmetry of the SM, the Lepton Flavour

 Lepton Flavour Violation (LFV)

* There is evidence of neutral LFV through neutrino oscillations

« Charged LFV happens in loop diagrams with v mixing, but strongly
suppressed (rate ~ 10_55) [NuclPhysB(2007)02.014]

. SM extensions predict larger BR up to 10710 — 1078
[EPJC57(2008)13-182]
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