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Introduction and Outline
e

Heavy Flavour physics gives us precise predictions of experimentally accessible quantities (lifetimes,
branching ratios, ...)

Predictions modified in numerous New Physics scenarios - great laboratory to look for BSM effects!

Many interesting recent results!

ATLAS

« Measurement of the BY — u*u~ effective lifetime with the ATLAS detector JHEP09(2023)199

» Measurement of the production cross-section of J /1 and ¥ (2S5) mesons Eur. Phys. J. C 84 (2024) 169
CMS

« Measurement of the B? effective lifetime in the decay BY — J/{ K CMS-PAS-BPH-22-001 New!
* Observation of the £ — Y(2S5)Z~ decay and studies of the E;;O baryon arXiv:2402.17738 New!
« Search for CP violationin D° - KJ K? CMS-BPH-23-005 New!
» Observation of the rare decay J /{ — 4u arXiv:2403.11352 New!

See also the CMS wildcard talk later in this session!
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https://link.springer.com/article/10.1007/JHEP09(2023)199
https://link.springer.com/article/10.1140/epjc/s10052-024-12439-9
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-001/index.html
https://arxiv.org/abs/2402.17738
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-005/index.html
https://arxiv.org/abs/2403.11352

ATLAS and CMS Experiments

General purpose detectors probing the SM and beyond in 13 TeV (13.6 TeV from 2022) p-p collisions @ LHC

Dedicated flavour physics programme including:
 CP/LFU violation
* Rare decays
* Quarkonium Spectroscopy

barrel New Small Wheel (NSW)

barrel toroid magnet
muon chambers muon chambers 8

inner detectors

endcap toroid
magnet

endcap calorimeters

barrel electromagnetic calorimeter

solenoid magnet

Many measurements highly competitive with dedicated
B-physics experiments thanks to excellent muon
performance, statistics and kinematic coverage

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym?) ~1 m* ~66M channels
Overalllength ~ :28.7m Microstrips (80-180 um) ~200 m* ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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ATLAS

EXPERIMENT

Measurement of the BY — u*u~ effective
lifetime with the ATLAS detector

Experiment: ATLAS
Dataset: 2015 + 2016 pp data (26.3 fb™1)

Keywords: CP violation, rare decay
Link: JHEP09(2023)199



https://link.springer.com/article/10.1007/JHEP09(2023)199

B) - utu~ effective lifetime ATLAS

EXPERIMENT

BY — utu~ effective lifetime (t,,) relates to the “heavy-light rate asymmetry” parameter 4,
A_/Bg 1+ 2yA,, +y? g = L= Tom > _T(Boy » wtp”) —T(Bg, —» ptu”)
1 —y? L+yAuy | 2y 1 T(BYy — utut) +T(BY, - ptur)
SM: Only the CP-odd heavy (BgH) eigenstate contributes (4, = +1)

e CP-even B?}L contribution allowed in certain BSM scenarios (4, € [—1,+1])
* Bgy and By, have notably different lifetimes (tgo, — 750 = [1.624 — 1.431] ps = 0.193 ps)

T

= Ty, is sensitive to B?}L contribution!

e Complementary observable to the BY » u*u~ branching ratio
* Different combination of effective operators
- Even if one is measured SM-consistent, the other can still be affected by New Physics

First 7,,, measurement in ATLAS
 Basedon 2015-2016 dataset & the corresponding BR measurement

* Wellunderstood simulation, signal/background BDT classifier and modelling
« UsingB* - J/y (—» uu)K* reference channel for data/MC comparisons
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BY - utu~ effective lifetime: Strategy ATLAS

EXPERIMENT

1. ML fit to dimuon invariant mass distribution
* 3 components: B:? — utu~, partially reconstructed B-meson decays, random p combinations

2. sPlot Background subtraction in proper decay time sPlot: statistical method allowing to project out
* sPlot procedure based on the invariant mass fit the signal/background distributions of a variable

* |solation of different fit components in proper decay time (€. 8. Tyy), based on afit to another, uncorrelated
variable (e. g. dimuon mass).

3. x?-fit of the proper decay time distribution with Ty MC templates
* Eachtemplate represents different 7, value
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B) — u*u~ effective lifetime: Uncertainties

Statistical

* Evaluated with Neyman construction

* based on fits toy-MC datasets
generated at different t,,

Systematic

neglected backgrounds

[ps]

Obs
un
ﬂ
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ATLAS
s=13 TeV, 26.3 fb™

p— 1:°bs =0.99 ps
Neyman belt at 68 % coverage )
Neyman belt at 95 % coverage
----- 68 % CL limits :
----- 95 % CL limits
=.=:= Mean of 10’

ATLAS

EXPERIMENT

* Estimated in fits to toy-MC & reference channel data
* Three categories: Fit-related, data/MC discrepancies,

 Each contribution symmetrized & combined in

Ondra Kovanda, ondrej.kovanda@cern.ch

- quadrature
= Uncertainty source TOPS [fs]
Data - MC discrepancies 134
SSSV lifetime model 60
Combinatorial lifetime model 56
B kinematic reweighting 55
B isolation reweighting 32
SSSV mass model 22
B, background 16
Fit bias lifetime dependency and Bg eigenstates admixture 15
Combinatorial mass model 14
Pileup reweighting 13
B. background 10
Muon A,, correction 6
B — hh’ background 3
Muon reconstruction SF reweighting 2
Semileptonic background 2
Trigger reweighting 1
Total 174
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BY — utu~ effective lifetime: Result ATLAS

e EXPERIMENT
ThefirstATLASrW measurementis CMS 2011-2016 .
T, = |0.9970:35 (stat) + 0.17(syst)| ps LHCb 2011-2016 .

LHCb+CMS 2011-2016 |
* |n agreement with the SM prediction that only BgH LHCb 2011-2018 B -
contributes: | _
Tpo, = (1.624 + 0.009) ps (or Ay, = +1) CMS 2016-2018 _—
B ATLAS N
 Consistent with other experimental results ATLAS 2015-2016| =e=— | {s=13 TeV, 26.3 fb"
« Similar precision to other measurements using 115 2 55 3 35 4

datasets of comparable size Bg—mu Effective Lifetime [ps]

 Statistics-limited CMS 7, measurements:
. Anglysm of the Full-Run 2 (2015-2018) dataset 2011-2016: 1. 70J—r8f2411 (stat + syst) ps
underway 2016-2018: [1.83%033 (stat) £ 0.04 (syst)| ps
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ATLAS

EXPERIMENT

Measurement of the production cross-section of
J/¥ and Y (25) mesons in pp collisions at /s =
13 TeV with the ATLAS detector

Experiment: ATLAS

Dataset: 2015 - 2018 pp data (Full Run 2, 140 fb~1)
Keywords: Charmonium production, QCD model constraints
Link: Eur. Phys. J. C 84 (2024) 169



https://link.springer.com/article/10.1140/epjc/s10052-024-12439-9

J/y and Y(25) production cross-section ATLAS

EXPERIMENT

, o = - Attas T T THo00F ]
An important measurement constraining QCD models & 120007 pp Vs = 13 TeV, [Ldt = 140 fo! -
. . 10 - 0.75<|y|<1.50 500 .
* Charmonium production modes: S 10000 60 < p; <70 GeV =
* Prompt: QCD sources S s000E- 3% 38 3
(%] - -]
* Non-prompt: decays of B-hadrons 5 60001 P28 jection =
L - e |'F\’Irorl'lp't \p(ntS) nS) -
_— | L sonf- R S
Double-differential cross-section measured in bins of p* and rapidity (y) 2000 v Non-Prompt Bkg -
« Significantly improved reach in pT wrt. existing measurements OB e e <ses .

Use of.two trigger strate?es.- . g 2 };ﬁ- %% TP i; e %ﬁﬁ'ﬁ .

* Di-muon for low- p* regime (p,,, < 60 GeV) it i A ¢ # ;H'

B 2.8 3 3.2 3.4 3.6 3.8 4

* Single-muon for high-pT regime (60 GeV < p/, < m,, [GeV]

360 GeV (J /) / 140 GeV (25)) O TR PP W
* Separate treatment of prompt (P) and non-prompt (NP) components S ok ' ! E:
* Signalyields extracted in a 2-D fit to the g F R e %Eizﬁro{ect(igg) E
i i i i & 10 E pit el ) _. ...... --:--Non-;groqraptw(nS) E
dimuon invariant mass and proper decay time = [i Tl T ey, T Prompt Biy =
- C __________ ---- Non-Prompt Bkg _;l
P,NP i IR §
do™ " (pp > ) 1 Ny, g
- X BR(Y — pp) = X — o L
dpTdy Axe ApTAy [ Ldt R
Y =J/P or y(25) e = efficiency _55_% : "
A = acceptance 0 2 4 6 8 10
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J/W and P (2S5): Results

ATLAS

EXPERIMENT

Different theory models: large discrepancy at
: T
high Puu
. . ; NP / _P+NP - highlighting the importance of this
Cross-sections show similar The NP fractloTn (@™ /o ) shows gntie v gh'gh Tp h for tuni
. . ~ measurement's ni reacn 1or tunin
falling trend with pj, for both a plateau atpy, ~100 GeV ) dol N IT(”” f | g
J/ and Y(2S), in both P and > similar ¢” and o"? behaviour these models (see backup for more!)
. . T
NP production modes atvery highp,, ATLAS e o - 60 ey
pp Vs=13TeV  [Ldr= 2870, P, <60Ge
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—~ E -.-_' _ i pP_< ev - — L _ _ = : :
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N e E = r 26" p_<60GeV N Z
T 107, "o ", - — - |Ldt = 4T ] = 1| 0000000m000000-0-00-5-0:0:00-0-0-004 4§
S ol e, PRIEERTY g 1.2—J 14017 pr 260 GeV . : :
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ijgk 105; o .... . rompt Jiy E g- 1; Jhy ....**mwwWé} + '“_7 o =
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107E 3 Datax10' 075 <yl < 150 0.2 —%— 0.2 + NP fraction 0.75 < |y| < 1.50 _ - ICEM
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CMS

Measurement of the B effective lifetime in the
decay By — J /WK

Experiment: CMS

Dataset: 2016 - 2018 pp data (140 fb~ 1, Full Run 2)
Keywords: CP violation

Link: CMS-PAS-BPH-22-001



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-001/index.html

BY - J /W K¢ effective lifetime

Effective lifetime (7) can disentangle heavy and light eigenstate contributions
 If CP isconserved, only the heavy (CP-odd) eigenstate will contribute
* Precision B-meson lifetime measurements constrain other SM parameters (CKM elements, ...)
T 1wk measurement
Ty /yK extracted in a 2D fit to the BS0 invariant mass and proper decay time
- Effective lifetime of more abundant B® - |/ K decay measured in the same fit
- Used as a reference for systematic tests & validation

* Using BDT to improve signal/bkg ratio o 1y CMS Preliminary 140107 (13TeV) ~ CMS Preliminary 140 fb™' (13 TeV)
%,10 - ¢ Data > ¢ ¢ Data
w0 —Fit S C —Fit
2 B =y K 2 B = Jiy KO
ReSUltS .,E _____ Bg — Jhp Kg E N Bg — Jhp Kg
Wil 4\ e Comb. Bkg. S O — Comb. Bkg.
Ty /gK? = [1.59 + 0.07(stat) + 0.03(syst)] ps o o=
* Consistentwith7zo = (1.624 + 0.009) ps I
S, 10°
« Dominant systematic: invariant mass functional '"E £
models i
* Control channel lifetime also SM-consistent .- A ol %
* |Improved precision wrt. earlier LHCb result: 101 | o I | | o | ; o |' o }
LHCb  _ 52 525 53 535 54 545 55 555 T s 4 s e 7 8 8 1
Ty pkd = [1.75 + 0.12(stat) + 0.07(syst)] ps o U KO (0oY) Decay time (Jig KD (o]
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Observation of the & — Y (2S5)Z™ decay and studies
of the 5,° baryon

Experiment: CMS

Dataset: 2016 - 2018 pp data (FullRun 2, 140 fb~ 1)
Keywords: =, spectroscopy, =, properties

Link: arXiv:2402.17738
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https://arxiv.org/abs/2402.17738

5 - P(2S)E observation and Z;° studies

Increasing data statistics @LHC allows exploration of ground and excited %, states

* Weak ground £, decays: possible intermediate resonances or CP violation

* Measurements of both ground and excited (=) state properties constrain heavy
quark EFT = better understanding of quark dynamics and hadronization

« =% is the first particle discovered by CMS

%q’g'lz

First observation of 5, — Y (25)=Z~

 Usingy(2S) - uu, 2~ > A(= pn™ )~ .5 CMS 140 b (13 TeV)
* Branchingratio measured relative to reference channel B ‘0 . | Data W(2S) = -
with Y (25) © J /¢ = b —F
B(Z; > p(28)E- N A {\\
= B((Z—_)—)l/}(/l/) ):—>) = 0.84*92(stat) % 0.10(syst) & 0.02(ext. inputs) g 20| - Background
g; g § 5f
» Consistent with analogous b — (cc) decays of B and 4, o 20f
(with values of R between 0.5, —0.6) S 15F }
o AR
5 I HHTW R |1t/ Mw |H L ul]
Y ALV TR A AU Al

5.6 5.7 5.8 5 9 6.0
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5 - P(2S)E observation and Z;° studies

Properties of Z}°
« Using 5;° - Z; ™ with multiple 5, decays (W(2S)E~,J/Y E~,J/Y AK~, ] /P 2°K™)
 Z;% mass and decay width extracted in afitto AM = M(5; nt) — M(&};) — mPDG

- Improved mass resolution wrt. M(5, ™) - _CMS 140 fo' (13 TeV)
) a2 t Data N on
Mo = 5952.4 + 0.1(stat + syst) + 0.6(m55) MeV s ® : i o > Y
rﬁ*o = 0.877922(stat) + 0.16(syst) MeV = S0F ﬁ _Signal
© o5F --- Background
2, :
T 20F
) ¥
> i
—~x() —_— . . . L 15 |
* E," and X, production cross-section ratio i
10
a(pp — E;°X)B(5;° > Eymt) 5 } \ \ 4
= 0.23 £+ 0.04 (stat) + 0.02 (syst o
Sop = 5. ) a0 £ 002 Gy0] S ) N e et
0 001 002 003 004 005 0.06
> ~1/,0f 5, are produced in 5,0 - 5, mt AM [GeV]
> ~1/; of 5, coming from Z;° decays Results consistent with LHCb (& stat + syst):

Mo = 5953.02 £ 0.07 £ 0.02 £ 0.55(mz; ) MeV
[y:0 = 0.90 £ 0.16 + 0.08 MeV
Prod. Ratio = 0.28 £ 0.03 £+ 0.01
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Search for CP violation in D° - K¢ K¢

Experiment: CMS

Dataset: 2018 pp data (41.6 fb™ 1)
Keywords: CP violation

Link: CMS-BPH-23-005

Novel trigger strategy employed: “B parking”
* b-hadrons mostly produced in pairs
- One decay used for triggering (“tag”)
- Second decay is unbiased (“probe”)
* Unbiased sample of 101° b-hadron decays obtained in 2018 data
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-005/index.html

CP violationin D® - K¢ K¢

Study of CP violation in charm-mesons Acp

e Complementary to and SM-suppressed wrt. b- and s- systems
» Significant CP asymmetry (Acp) = hint of BSM contribution

First CMS CP measurement in charm sector
« Using D%s from D** — D%°z* > pion charge tags D° vs. D°
« D**vs.D* differences:
« Production cross-section (= different rate of D° vs. D9)
« Detection efficiency of low-momentum t vs. ™

—2>Acp in signal (S) measured relative to D° - K2n+1l'_ reference (R) channel

DO 50 0 no

A . AS AR . NS — VS NI%’) o }l?)
cp = Acp — Acp = =0 =
NP® + NP° NP 4 ND°

—>D** vs. D*~ differences cancel out in A4 p

Reference channel
* Similar kinematics and topology to signal
« More abundant & well established A%,

* Yields N}’?O and N}?O obtained in a fit to the D** and D*~ inv. mass

Ondra Kovanda, ondrej.kovanda@cern.ch
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_T(D° > KJKQ)—T(D° » K KS) |/
T T(D° - K KQ) + T(D° — K9 K?)

i 1
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@ I
= t Data
T — Fit
=
=~ 60000 |- — Signal D*
‘% ----- Comb. bkg.
S I
T 40000
S i
o
20000

20|12 2.01;4r | é.016
m(D°*) [GeV]

0 L [T T T
2.006 2.008 2.010

- -1

> 80000 CMS Preliminary 41.61b" (13 TeV)

© I

s ¢+ Data

e —Fit

o

~ 60000 - — Signal D~

‘% Comb. bkg.

S I

T 40000

5 I

O

20000

0 L 1 L I | I L L | L n L L
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CP violationin D® - K¢ K¢

DO DY DO DY
Ng — Ng Ng — Ng

NP + NP°  NP° 4+ ND°

i Ap = A2, — AR =
Signal channel cp = Acp — Acp

* Rare process - signal statistics dominates the D° = K° KO D° - KO KO
analy3|s uncertainty - CMS Preliminary §TS 41.6 o' (13 TeV) - CMS Preiiminary 5 §1.6fb’1(13 TeV)
i Do Do . . ) 2200 4 Data 2200 4 Data
- Yields N¢ and Ng' obtainedina2Dfittothe = | —ri s
_ . o [ —DUXD*+ o I _DOXDw—
D** and D? inv. mass PR S 2150 — 0P bkg
§ [ - bkgxbkg ! % [ - bkg x bkg .
: 2100 ' 2100[ ieiuk A
Small overall systematics S S 1 H +\* H
« Signal & background parametrization 50 50|t gt +
* Non-cancellation of terms in AA.-p \ :
2006 2008 2010 2012 3.011#501 D006 2008 2010 20122014 2016
Result (+stat + syst + AE,): m(Da") [GeV] m(D’x") [GeV]
0 v,0 > 250 S:IVIS Preliminary 41.6fo" (13 TeV) - 250 E;MS Preliminary 416 6" (13 TeV)
Acp(KgKg) =[6.2+3.0 £0.2+0.8]% Ch . Data 2 | , Data
5200} —Ft | Z200f —B .
« Consistent with no CP violation (Acp = 0) g | T | £ f T kg
e Pij i 2150 ~-bkgxbkg | 150 - bkg x bk
PI.lOt result paving way to future measurements 5 B k. g 50t At
with more data 100 | 100 |
e Consistentwith LHCb ([3.1 + 1.2 + 0.4 £+ 0.2]%) § :
50 50
and Belle ([0.02 + 1.53 + 0.02 + 0.17]%) : :
0 I1.86I — 1.85 1.90‘ — I1.9! 0— |1_230f — 1_85| | 1_|90| — ‘1_95
m(Ks Kg) [GeV] m(Ks Ks) [GeV]
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Observation of the rare decay J /{ — 4u

Experiment: CMS

Dataset: 2018 pp data (33.6 fb™ 1)
Keywords: rare decay

Link: arXiv:2403.11352
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https://arxiv.org/abs/2403.11352

Observation of J /{ — 4u

e SM: proceeds via virtual photon or Z with predicted B(J/{ = 4u) = (9.74 + 0.05) x 10~

- BSM particles can contribute & affect the rates
* Novel testing ground for QED predictions

* Previously: 90% CL upper limit on BR set by BESIll at 1.6 x 107°

First observationof J /Y — 4pu

* Usingthe “B-parking” trigger strategy (see slide 17)
* Branchingratio measured relative to abundant J/{ — uu reference decay

N
BU/W = 40 = BU/b = i) X 12 % “2u
2u 64/1

* Signal and reference yields extracted in a
fit to the 4- (2-)u invariant mass
e Efficiency ratio studied in MC

Result

Events / 50 MeV

B(J/y - 4p) = [10.113:3(stat) £ 0.4(syst)] x 1077
« Consistent with SM prediction (9.74 + 0.05) x 10~

Ondra Kovanda, ondrej.kovanda@cern.ch

CMS - - 3(|3.6‘fb'1|(11|3T9V)

B ¢ Data a
10- — Fit result n .

| — J/y signal T
8- — Background -
6 -
4 -
0:_ L T el 71 2T
2.6 2.8 3 3.2 3.4

Events / 25 MeV

x10°Ccms . 33607(13TeV)
1.83— ¢ Data f\ —f
1 '62_ : j;t;frz?::al ) _E
14F — Background ]
12F -
i ' i
0.8/
0.6]
0.4-
0.2]
g. T 2.8 | 3 T 3.2 3.4
m,., [GeV]
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Summary
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Summary
- 4

Many exciting new results probing the flavour sector:
* Covering a broad range of observables accessible to LHC’s general purpose detectors

Measurement of the B? — u* u~ effective lifetime with the ATLAS detector
2Ty = [0. 991’8:‘53 (stat) + 0. 17(syst)] ps — Consistent with SM prediction of exclusive BgH contribution

Measurement of the B? effective lifetime in the decay B? - J/{ K
> Ty /K = [1.59 + 0.07(stat) + 0.03(syst)] ps - consistent with SM and BY,; hypothesis

Measurement of the production cross-section of Jpsi and psi2S mesons
- New high-p” constraints for QCD models

Observation of the £, — P(2S5)E™ decay and studies of the E;‘,O baryon
- Novel measurements of b-baryon properties

Search for CP violation in D° —» K2 K
-> No significant CP violation observed in the pilot CMS CP measurement in the charm sector

See backup for more
results from 2023!

Observation of the rare decay J/{ = 4u
> B(J /Y - 4p) = [10.1133(stat) + 0.4(syst)] x 1077 - in agreement with SM
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Backup
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J/W and P (2S5): Results

All theory — data comparisons

ATLAS

EXPERIMENT

The high p{m reach of this measurement is important for tuning different models

Prompt | Non-prompt
ATLAS ATLAS ATLAS ATLAS
26fb" p_<60GeV 26fb" p_<60GeV 26fb" p_<60GeV 26fb" p_<60GeV
pp (s =13 TeV Ldt = 4 Pr pp (s =13 TeV Ldt = 4 Pr pp Vs =13 TeV Ldt = 4 Pr pp (s =13 TeV Ldt = 4 Pr
0<lyl<0.75 I 140 fb P,z 60 GeV 0<lyl<0.75 I 140 fb P,z 60 GeV 0<lyl <0.75 I 140 fb P,z 60 GeV 0<lyl<0.75 I 140 fb P,z 60 GeV
Prompt J/yr Prompt y(2S) Non-prompt J/y Non-prompt y(2S)
S 10 77 = S 10 ‘ — = o0 R ol - ! ]
i) = = i) = = © L a o L .
O £ NLONRQCD 1 & E NLONRQCD 1 |8 [ FoNLL 1 o [ FONLL ]
> L 1 = L 1 1= L 4 = L 4
o o (o] o
Q - T Q - n [ Q
= = o =
oy _—w«mmwé—-f: oy —9-9-000000000000000-0-0-0- 4404444 = _—_.-O"M.Mﬂw F 1 90000000000000000-0-0-0-4- 4440544
10 = = 10E — B - I : .
- NRQCD with k -factorisation ] - NRQCD with k -factorisation ] - GM-VFNS 4 GM-VFNS 4
1 Wﬂ% 1 :—mmmwm Mww :—mmmw
105 = 10 — : :
" ICEM ] " ICEM ] | NRQCD with k,-factorisation _ NRQCD with k -factorisation
1 00000000000000-000- 59900900008 - 15 19-0-000000000000000-0-0-0-4-§—0-8-4--—$-- S O00IINING00008-0-00-5-5-000-0-0-0 44§ $— — 4-0-000000000000000-0-0-0-4- 40404
10 102 10 10° 10 102 10 10°
p.(1p) [GeV] p.(1p) [GeV] p.(1p) [GeV] p.(1p) [GeV]
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Search for the lepton flavor violating T — 3u decay in
proton-proton collisions at /s = 13 TeV

Experiment: CMS
Dataset: 2017 + 2018 pp data (97.7 fb™1)
Keywords: Lepton flavour violation, rare decay




Search forthe T — 3u decay
- 4

LF-violating decay, can proceed in SM through neutrino oscillations in loops
- Extremely suppressed: BR(1 = 3u) =~ 0(107°%)

- Significant contribution in NP scenarios (e. g. SUSY: BR ~ 0(1071% — 107%8)) g
Zly
, w
Two strategies based on the 7 source: -
« Heavy flavourdecays (Dt - ttv,, B¥(BY) - 1t + X) STt H
* Vast majority of the sample y
T x 107 Upto 131 fo' (13 TeV)
e Lowermuonp = 15
* BRnormalized with D — @ (- uu)n* yield ? -~ CMS ]
e I i
e Wt > tFv_decay @ - .
T . - c 10— — Observed n
« Typically high pT, well-isolated muons o T .-~ Median expected
* Large missing transverse momentum E i Il 68% expected
= i [] 95% expected )
BR(t — 3u) extracted in a simultaneous fit to the tri-muon ‘é 5; B
invariant mass in all data categories j - -
3 I i
Measurement combined with 2016 result: g° I 1
(o)}

o

BR(T - 3‘[1) < 29 X 10_8 at 90% CL HF analysis W analysis HF + W HF + W

2017+2018 2017+2018 2017+2018 2016+2017+2018
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Test of lepton flavor universalityin BT > K u "y~
and BT - KTe"e™ decays in proton-proton collisions
at /s = 13 TeV

Experiment: CMS
Dataset: 2018 pp data (33.6 fb™1)
Keywords: Lepton flavour universality violation, branching ratio




R(K) and differential B(B™ » KT u*u™)
[
SM: LFU violated only by lepton mass difference = R(K ™) very close to unity

* Can be significantly affected in BSM (e. g. leptoquarks with non-universal
couplings)

BT ; W+ i Kt Bt ; LQ li K+
Experiment: measuring double ratio wrt. abundant reference channels: SMW;’E’t - BSM ;
+ +,,+,,— + +,+,— - I I
R(K)|,2 = BB = KTp i )lg? B(B” ~ K7eTe )y (=2 1in SM)
T BBT->J/Y (- utuT)KY) B(BT > /Y (- eteT)KY)
Signal and reference yields extracted in
an invariant mass fit:
« Same final state, proceeding through J /{s resonance R 33.6 fb' (13 TeV)
—> Cancellation of systematics 2 300F i1 601GeV? — Total fit
o . == B'-K'u'p-
S | Signal: 1257 + 31 Other B & Comb.
R(K) measurement performed in dimuon invariant mass squared (g2) 2 e - O
region of 1.1 GeV? < g% < 6 GeV? S B
« Optimized to avoid contamination by ¢ and J /\{ decays g 100 b Da
Measurementof B(B* - K*u*u™) I .
- Differentialin g2: range extended to 0.1 GeV? < g% < 22.9 GeV?, I e I

avoiding the ¢, J/y and Y(2S) windows
* Integrated: intheR(K) g range

5.4 55 5.6
m(K'u*w) [GeV]
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A
R(K) and differential B(B* » KTu*u=)— ;
oo ® ; g% € [0.1, 8.12] GeV?
10352 _:*’_' g?el 'g‘e 2.90] GeV?
Novel trigger strategy employed: “B parking” 0745097 } HeD 3 1o
 b-hadrons mostly produced in pairs o ‘ Feehdoon
- One decay used for triggering (“tag”), source of Bt - K utu~
- Second decay is unbiased (“probe”), source of BT - Ktete~ 0.846 0% } 0 s Gev?
 Unbiased sample of 101° b-hadron decays obtained in 2018 data 0.943:307 - LD

g2 e[1.1, 6.0] GeV?

LHCb 5 fo'’

I

+0.062 I
0.846°, - | g2 <[1.1, 6.0] GeV?

I

+0.46 . CMS (this work)
07873 * @ < [1.1, 6.0] GeV?

Results: o 05 1 15 2
R(K)

R(K) = 0.781535 (stat.)Xgos (syst.) 10° CMS 33.6 b (13 TeV)
* Consistent with unity tv; sl HEPFIT
* Largely limited by the electron channel statistics (3 i itj:slpgso

o L
Differential B(B* —» K u*t ™) %’ i + o

©

* Generally lower than theory predictions

Integrated B(B* — K" u*u7)| 2¢1.16) = (12.42 +0.68) x 107°
* Inagreement with and of similar precision as the current I *e h
world average
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Observation of the A, = J/WE"K™ decay

Experiment: CMS
Dataset: 2015 - 2018 pp data (Full Run 2, 140 fb™1)
Keywords: intermediate resonances, pentaquarks, rare decay
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Observation of the A, —» J/Y Z~K™ decay

Multi-body decays of b-hadrons may proceed through exotic intermediate resonances
» E.g.pentaquark-like J/{y p structurein A, = J /Y pK~ observed by LHCb
« J/WETK™ final state can unveil yet-unobserved (e. g. doubly-strange) pentaquarks

This measurement:
* First-time observationof A, - J/YP E~K*

] ) i Signal extracted in a fit to the (J /Y 2~ K ™) invariant mass:
* Infinalstates with J/Y = uu, 2= - A(» pn™)m~

- 5.8 g significance . Cms 140 fb' (13 TeV)
N_ ¢+ Data
« Ay > J/YP E-K* branching fraction ratio measurement g W — Fit
. . . . © 35F 1
 Determined relative to the topologically similar g F Ag signal
Ap = Y(28) (- J/yn~n)A reference channel: 2 30 3 1 Background
<= 25 ¢ ih
© - it
_BA, 2 J/WETKT) S 20} - }
" "B(A, > W(2S)N) (5% 15 |
10
* Search forintermediate resonances 5F
* Looking for structures in the invariant mass 0 S R, S S
of the decay product pairs 5.2 5.4 5.6 5.8 6
m (Jw=K*) [GeV,
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Observation of the A, —» J/Y Z~K™ decay

-/
Ay = J/YP E-K* branching fraction ratio measurement
* Large systematics cancellation in the measured ratio R

_ B(Ab - ]/L|J E_K+) _ Nsignal X Esignal x B(LP(ZS) - ]/LlJ 7T—7T+)

B(A, — W(2S)A)

Nref.

e_ref.

B(E~ - Am™)

= [3.38 +1.02 (stat.) + 0.61(syst.) + 0.03 (B)] %

* Result dominated by low signal statistics, last
uncertainty is due to the external BRs

Search for intermediate resonances
* |nvariant mass distributions of the signal decay product pairs isolated with the sPlot procedure:

No evidence of
resonant structures
at this signal
statistics

Candidates / 160 MeV

20

Ny..r. extracted in afit to the (/(25)A) invariant mass:

. Cms 140 o' (13 TeV)
(0] -

2160 5 + E.?ta

™ 140 — Fl

P £ Aj signal

2 S S T — Background
T100 g

...........

........

140 fb' (13 TeV)

CMS 140 o' (13 TeV) _ Cms
L (] r
N + Data = ; + Data
: o 20F
L o MC * © L OMC
: ~ 15}
Q9 ¥
N S 10
5 |
% i
$ 3 5|
0F
| | L L | L L L 1 " C L L L
3.6 3.8 4 4.2 1.8

m (JawK") [GeV]

T4 26
m(EK") [GeV]

Candidates / 160 MeV

57 575 58

m(y(25)A) [GeV]

CMS 140 fb' (13 TeV)
20 1 + Data
15F o MC
10} l
L O
5F
of
L ! L | L L L | ! L ! | ! L L
4.4 4.6 4.8 5 5.2

m(Jwe") [GeV]
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Test of lepton flavor universality in semileptonic B
meson decays at CMS

Experiment: CMS
Dataset: 2018 pp data (59.7 fb~1)
Keywords: Lepton flavour universality violation




R(J/WP) measurement

Test of LFU in B} decays:
 SMpredicts R(J/y) = 0.26 B(B}Y = J/Yttv,)

RU/Y) =
| | | AT CE uhvy)
Experiment: R(J/{) ratio measured directly
* Usingonly//y - u*u~andt™ - u*v, decay channels CMS oo I,
- Always 3 muons in the final state I = B—— A S LA
) ) ) ) ) e . 5 10 W uvy BimsJ/ P’y eSS
* Signals best separated in kinematical variables utilizing the large = oer Bt @oney [ B oy K1) 0 H mesons
— i . v H, baryons comb. dimuon + * [ fakes -
mT m‘u' dlfference. 2 L GCJ ¢ observed stat. + syst. unc. -
« g% = (pBC —p;y) » transverse decay length significance (—%) > 10°

O'ny
 Dominant background: hadrons misidentified as muons . .

Signal and background yields obtained in binned

Lxy

template fits to g2 and in several data categories

O'ny

Result:
R(J/Y) = 0.17 £+ 0.33 (stat. + syst. + theory)
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