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Overview &)

- Absence of New Physics (NP) in direct searches — indirect searches more appealing —»
Significant contribution by ATLAS and CMS in heavy flavour (HF) measurements

- HF observables sensitive to NP even beyond to what LHC can directly produce

- Thus far: ATLAS and CMS plethora of vibrant results in a complementary program to
dedicated experiments
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Overview &)

- Absence of New Physics (NP) in direct searches — indirect searches more appealing —»
Significant contribution by ATLAS and CMS in heavy flavour (HF) measurements

- HF observables sensitive to NP even beyond to what LHC can directly produce

- Focus today: Summary of the most recent HF analyses

Production measurements Properties & Branching fractions
Differential cross-section measurements of D/Ds usi B meson lifetime measurement using B —» J/yK*
n ATLAS, Run 2 decays [ATLAS, 2015+Run?]
Cross-section of associated production Y(1S) meson Search fo uu decays [CMS, Run3]
Z n [CMS, Run2, New for winter conferen rch for D— M. Run

: : : Measurement of BF(B.=)/ytv) / BE(B~J/wuv) ratio in

B meson br tion fraction in n-charm m rement fBFB—>MT\)R BZFB—> v) ratio in
and charmonium decays [CMS, Run2, New for ree-prong 1 0
Moriond]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

Production measurements
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B meson production fractions [New]

- Goal: Production fractions ratios (PFR) fu/fs, fa/fs and fu/f4 in open-charm and charmonium decays
- Motivation: PFR source of systematic uncertainty (e.g Bs— pyu) = need to be measured in precision
- Final states: Open-charm (like Bs°» it Ds’), Charmonium (like B°— J/yo)

Dataset: High intensity single-muon, (2018)

— T .
. B E} %*___/" " Strategy:

- PFR in open-charm in probe B

Tag B g Probe B - - Relative PFR, R/ in charmonium both tag/probe
triggerin (non-triggering) - Normalize R to open-charm PFR
(triggering)

CMS Preliminary 461 (13Tev) x1 O? CMS Prlelllmlin'ary 41.6 b (13 TeV)

; _‘ LN, F FN IR TN P A B TN N S SR O P AN YN A R Sy l S L T LELI RN

i Data - 20.0, 23.0 -

§ 60 7 p €(180,230) __ gignal + Background § 81 giata Prel 0.15 ) =

. i 0 ] @ [ —— Signal + Background lyl (0, 1.5) 4

For open-charm (charmonium) § [ IvI<(000,225) —— B, 1 8 §L— BoJvK (tota) Y)NDF =097

S 40 ¥3/NDF =1.190 S Ba—>|‘(j'D5 1 S - —— By—Jiw K (main) .

- Build D (J/g) from tracks (muons) ¢ | ] S I R ST Sl N

- build B o i P - o B J/yo

- BDT (orthogonal cuts) selection i ;e :

- Divided in 7 (13) binsinprand 5 _ ¢ 4o, =

(6) bins in'y £ of . € oy = _

A 5.3 54 5.5 5.6 5.7 =+ 52 5.25 53 5.35 54

M(K*Km) - M(K*K') + M(D))[GeV] M(J/¥ K'77) [GeV]

G. Karathanasis MoriondEWK | HF Physics 5



B meson production fractions [New]

fs/fd and fs/fu Ks and K.s[{
- First measurement of PFR in CMS - Both in probe and tag B
using fully-hadronic states - Measure pr dependence with high
- Utilizing theoretical inputs stats
0.4 CMS Pre//m/nary 41.6 fb (13 TeV) 5 4 0.2 CMS, : Pre/l/m/nairy —— 41? 1b1 (.1|3, Tey)
= Uh Const ft, x?/NDF = 5.62/6 ] © | _
- C - Linear fit, y2/NDF = 5.58 / 5 o
03k 1 - 0.15 " \ ﬁ»
S LI S— | =
0.2 + T +$ = I #$
B ] 0.1 _— N
0.1 _ ) _: L —— Tag-side events
: Slope = (-1.65 £ 8.07) x 10 - - L = Probe-side events
0 b e L 96790 20 30 40 50 60 70
10 20 30 40 50 60 p [GeV]

p,[GeV]

Clearly, results do not show pr dependence in high pr region
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B meson production fractions [New]

Measurement of fq/f,

- Correct BF for isospin invariance
- Perform fit on both open-charm
and charmonium

CMS Pre//m/nary 416 b’ (13 TeV)

1 —— Tag S|de charmonlum i
1.5+ —=— Probe-side charmonium _|
T —— Hadronic open-charm

1 e et

o/t

o
(9]
T I T T
= 1 1 | 11 1 0

10 20 30 40 50 60
p,[GeV]

Combined result: fq/fu= 0.98 +0.05

G. Karathanasis

Measurement of PFR from R, R¢

- Derived in probe side
- Absolute normalizations calculated with:

-- Csdisuy = fo/faw(open-charm) / R,”

f/f
o

.

LR L B L L B
Charmonium, tag-side

Hadronic open-charm
HFLAV average for LEP |
LHCb: PRD 104 (2021) 032005 —

——
—

— vy

_+_
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- Compatible with low pr dependence

- In tension with the assumed linear trend
- fs/fa = 0.223 +0.015

- fs/fu = 0.233 +0.018



- Motivation: Z+Y dominated by DPS - Tool to understand the structure of proton
- Final state: 4 muons divided in signal (Z+Y—- 4u) and normalization (Z - 4p)

> —CIMIS IPIre{jqualryl | T L | T 1\3I8 flb-|1 (|13| -Il-el\I—) > E:M‘l?. IPl\re‘Fnl?frljalryl T | T T 7T 1|3I8 flb-li (I‘Is‘ Tel\l—)
K 35 b _?atal 3 3 905_ ‘ _I?at.aI 7
o — Tot b = — Total 3] . H
- _F Bz Y(iS)signal ] N i3 =z vas) sgna ] Dataset: 2 or 3 muon trigger, Run2
S 30 Z+Y(2S)signa ] & °VF Z + Y(2S) signal 7
2 5.30 E3Z+Y@S)signal 1 E 708 m2Z+v@s)signal 1 Strategy:
c ] L | .
g . @ goc 3 1) 4 isolated and prompt muons; Z+Y- 4u or

E Z - 4pu channels

1 2) 2D fit on mass of Y and Z measure fiducial

E cross-section ratio

3) 2D fit on sPlot weighted Ay and A to extract
DPS fraction

05 11 70 8 90 100 110
M- [GeV] My~ [GeV]

Fiducial cross section ratio

Rz+vas) = [0(Z +Y(1S)*BF(Z- 2)*BF (Y- 2)] / [0(Z)*BF( Z- 4u)] =>
Rzivas) = 21.1 +5.5(stat) +0.6(syst) 103
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

Z+Y(1S) associated production [New]

Simultaneous fit of Ay(Z+Y(1S)) and
AQ(Z+Y(1S)) using SPS/DPS templates
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DPS effective cross section:

- Rz+vas)PP® = 20.2 +7.5 (stat) +0.6 (syst) 103
- Effective DPS cross section, ges= 13.0*7-835 mb
- Additionally e measured in bins of p(Y,Z)

Oerr VS P1(Y)

CMS Preliminary 138 fo' (13 TeV)
E LI | 1T | LI ‘ T T | LI | LI | 1T | T
E :
A 102k +- o, measured per bin |
8“’ C ~ Inclusive o

;

<G> [Mb]

o b b P g 1y
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II|III|III|II
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Pl [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

Differential cross-section of D/D. £

EXPERIMENT

- Motivation: Test of perturbative QCD estimation; input to theoretical calculations
- Final state: D/Ds in D -» @(uu)m decays

b somy, Dataset: Dimuon, (Run2)
:4
L pr(D) Strategy:
" 1) Select p - Create @ » combine ¢ with tracks — build D
oy Lr ... % 2) Divide in bins of pr, n and pseudo-proper lifetime - fit m(D)
-L SV p-value 3) Fraction of non-prompt D fye fit from lifetime slices
Sig(axa;;i;:‘(:ﬂ“ Sin(Log)>3 4) Reweight MC with fy» » Measure o in bins of pr/n
- 1|03HH_HI‘IHI‘HHIHH . . 3105?"‘\"“I""\""I""I“"I"‘_'I“"\"‘E
g 2°§AST=L1gsTeV e o *: Extracting fraction of 2 104;_?51‘1’3%\,,137,51 1??‘8'9:”2"5"'*‘“‘“’_5
i 15i §gc§k!grno;ind ; non- p rom pt D & i1 ?<DT<2O GevV e :Lo:pprlo%pt o
g r sD:;Izgwgasuszo ] 100
w L S;:: 68350 £ 580 F
10: 1ozé
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i NAUTSERATS At Ty
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/

Differential cross-section of D/Ds

EXPERIMENT

D do/dpr Ds do/dpr
; III|II\I|IIIIIIII|I\II|III\IIII|\III|II\I % 8I;]L"_AglIllllllllllllllllllIlllllllllllll
& 108 ATLAS ; i GM-VFNS G 10 7s=13 TeV. 137 b
o) {s=13 TeV, 137 fb % FONLL 5 | %?| 2; ;
a D* =] 7 1< 2.
= o7 M°1<25 e e
el kS "
5 8 10
10° g
10°*
10°
10
m 11 | | 1111 1111 111 111 | 111 I | | | _EE 2_ —
1 o o R R e i
2 S S —— —
g = L i | B
= F 05k . —
20 30 40 50 60 70 80 90 100
p, [GeV]

Mostly consistent within the uncertainties, with a slight deviation in the high p-.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/

Properties & Branching fractions
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B - J/yK™ lifetime measurement £

EXPERIMENT

- Motivation: Improve understanding of weak sector
- Final state: B = J/y(—= pn) K¥(—= Kmn); select K* / K*-bar based on the closeness to M(K*)

Iy, 8(m) Dataset: Dimuon, (2015+Run2) 140 fb*

- pr(B°) Strategy:
1) Apply cuts on g - build J/y = build K* - build B°
- 2) PV to minimize 3D impact parameter
K™/K™ 3) Calculate proper decay time, t: [t = Ly, m(B) / pr(B)]
4) 2D fit on mass and t & decay width I

*10°
% E T T T Alﬂ.AS T T E :;., - II|‘"|"'|'"|‘"|A:_lrlf-;ﬂ‘|s"'"'lIII
g 250 E:;ggev,mo fio'! E g 10° 8 Vs =13 TeV, 140 fo'
g = ot B ‘E ) ;D:’:: "
A e ] év s

Signal: 150E- Modelurcorainy 3 2 . Combinatorial background
- m(B): Johnson SU 100 3w
- t(B): Exponential*3 Gaussian sof- -

Background: ) T I 3 Y
- m(B): Polynomial+sigmoind Pk S— ——R TR TR S B E
_ . Ik . . S ossE : E WW-O—.%MTH Fetod =.;

t(B): Exponential*3Gaussian+3Gaussian oo oo AL LY IR
m{Jiy K*) [MeV] 2 4 [ 8 10 12 14 16 18 20

HJ/y K*) [ps]

Teo = 1.5053 +0.0012(stat.) £t0.0035(syst.) ps;
G. Karathanasis MoriondEWK | HF Physics 13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2020-09/

B° — J/yK™ lifetime measurement

EXPERIMENT

Mea it total uncertai Decay width (IN) is calculated from Tgo USing:
bed Messurenentvith ol iy ATLAS y () 0 USING
[ Systematic uncertainty

ATLAS B%— Iy K™ 140 b '@13 Tev = 1 1 ( 1+ 2»4}*’ + yz)

1.5053 £ 0.0012 (stat.) £ 0.0035 (syst.) TBU p— ]
ATLAS B'— Jw K 4.9 1 @7 Tev — rd 1 — y2 1.2 A}’

1.509 + 0.012 (stat.) £ 0.018 (syst.)

LHCb B'—= Jiw K™ 1 @7 Tey

!

With:

I Oeh e == [« = average width of light and heavy mass eigenstates of B°
LHCb B K* 1107 el ——i Y = difference of light and heavy width normalized to 2 I'q

A = production rate asymmetry

1.524 £ 0.006 (stat.) £ 0.004 (syst.)
I
b @

LHCb B"— Iy K. 1 '@ 7 Tey

1.524 £ 0.011 (stat.) = 0.004 (syst.)

0 RN 0 el
CMSB = J/WK B = YK 197 @8 Tey
1.515 £ 0.005 (stat.) = 0.006 (syst.)

0 - ;
DO B"— Dy, X, 10.4 ' @1.96 Tel
1.534 £ 0,019 (stat.) £ 0.021 (syst.)

CDF B Iy K™, B > Iy K 43 @196 Te

s = 0.6639 +0.0005 +0.0016 +0.0038 ps
Stat.  Syst.  Ext.

| — |

==

?ellfl']?uDl'fof" e Fri— [a/Ts=0.9905 +0.0022 +0.0036 +0.0057

BaBar B'—=D I*vl_‘.\\ '@y (4s) —— Stat_ Syst_ EXt.
=

1.504 £0.013 (stat.) "7 (syst.)

Belle multiple channels, 140 fb ‘@Y (48)

1.534 £ 0.008 (stat.) £ 0.010 (syst.) L I Theory I_d/rs

1.48 1.5 1.52 1.54 T(B‘|6)5?ps] Model rd/rs
i : HQE [16] 1.003 + 0.006
Most precise single measurement to Lattice QCD [17] | 1.00 £0.02

date
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2020-09/

Search for D% -» uu

- Motivation: As rare decay (FCNC) highly suppressed in SM (O~10-!3) - sensitive to NP effects
- Final state: D* —» D° (uu) m as signal; D* - D(mm)it as normalization channel
- Key point: Use D* -» D° it decay chain to reduce background
- i 64.5 b (13.6 TeV) - 64.5 b (13.6 TeV)
Strategy: 2 [ CMS s g ) z wECMS ) Sl e
- Apply cuts p = build D - soft = build D* 5 f O L 2R sy uncoainy e pdtininy L e e
- 2D fit in Am =m(D*)-m(D) and m(D)
- D™ - D(mn)n normalization; Farscamcorwany OF sem,<tmow
10° e o ot-t—t—tt—0—t———SS—t—t—s—2—oo
Dataset: e L A
- High rate dimuon, Run3 (2022+2023)
- Zero bias for, Run3 (2022+2023) 10 1
e L i
g, 1225 '} § 1003
USSR NRLNE o
§~505— ?+T+ T+ T +T T T TT §—1oo;—
= 1.62 1.84 1.86 1.88 1.9 1.92 1.04 0.14 0.142 0.144 0.146 0.148 0.15

my, (GeV)

G. Karathanasis MoriondEWK | HF Physics

Am (GeV)

BF (D° - pp) < 2.6 10° @ 95% CL
Most stringent limit to date
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008/index.html

Ratio of BF(B.—)/ytv) / BF(B=)/wuv)

- R(J/y) = BF (Bc = J/ytv) / BF (Bc = J/yuv)
- Motivation: New physics contributions may introduce Lepton Flavour Universality (LFU) violation

- Final state: Bc = J/ytv, with J/y = yu & T - 3n

%10° CMS Preliminary 59.8 b (13TeV) . .
AL iisesis ittt Dataset: J/y(uu)+track trigger, Run2
f I [__] Data-Driven J/y X bk i
5 T Emeoswy : Strategy:
””-8;‘%3%:{;3;3; E - Apply cuts on u = build J/y - find T using 3 tracks - build B
B i E - Exploit the decay chain of T = av - p(770)nv —» 3nv
0.af _JJ“I.L— - Unroll both p candidate masses and fit the in 1D distribution
o.z;;[‘“L ] = - Result combined with the previous CMS measurement of R(J/y)
M e e with T - pvv decay ( )
= ‘1'.+1 T g U~ P | J._TLL'+'
8 oo CMS Preliminary
2 0 5 10 35 LHCb, Runt, 7, ' 1 ] '
Unrolled m(p1} V.S. m(Pe) bin ID Phys. Rev. Left. ——
120 (2018) 121801
Result: AT, ————
- Fitting hadronic channel alone: i . . .
RO/Wnaar = 1.04+95 .44 SE—
- Combining leptonoic & hadronic channels: oms — N T
R(J/@)comb =0.49 +0.25 (syst) +0.09 (stat) Combination : : ;

G. Karathanasis MoriondEWK | HF Physics 16


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html

—ATLAS

'E 300_' TTTTTT ' TTT T '_' T T T T
- High-rate parking already in place from Runl and Run 2 PR it id
= In Run 3: The rate |ncreased Up tO 600HZ ':ccu 2501 — e 2018 B-physics stream rates
- Complemented by soft di-electron trigger is used ol Y ]
- For more: arXiv document : s o
150F- .e". " '-""'.-."v'*i' R
. f.-" '_'_,..A'.'.. t ]
100F —:
406 08 1 12 T4 18 15 2 22
Instantaneous luminosity [1 o* cmis ]
— CMS 2022 (13.6 TeV)
¥ 8 « Parking - Prompt e =
- High-rate parking with dimuons through whole Run3 = & Pileup - Config. change /0 &
- High-rate parking with dielectrons for precise LFU tests g 6 60
- High-rate scouting strategy for 2025-26 5 Sk 50
- Details in: arxXiv document 2 LE 40
- State-of—t_he-art same-sign flavour tagger (BPH-23-004) key for CMS 5 .t s
CPV studies = 3 s
1 10

| " M 1 L PR | M 1

U A i 1 A i .D
18:00 21:00 00:00 0300 0&:00 09:00
Time [UTC]

G. Karathanasis
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https://arxiv.org/abs/2004.13447
https://arxiv.org/abs/2403.16134
https://arxiv.org/abs/2412.19952

- Update of the CMS analysis

“New Structures in the J/iJ/ip mass Spectrum”

using high intensity Run3 dimuon parking

- 4 muons - 2 J/y candidates - common vertex

- ~4 times more )/y)/y candidates in Run3 wrt
Run2 with only 1.3 times more luminosity
--> BPH-Parking is the game changer for the CMS HF

program

Results:

- More than 50 for the 7.179 GeV peak
- More than 50 for the interference model (“dips”)

CMS-BPH-24-003

135107 (13 TeV) + 180 fb™ (13.6 TeV)

Candidates [/ 25 MeV

7.179 GeV & Data —Fit

CMS Preliminary

Feeddown —BW,;
- -BW, - BW;
—BW, Interfering BWs.
-+ SP5+DPS+Comb

Stat. unc.

Data-Fit

- Details will soon be in preliminary BPH results

G. Karathanasis

MoriondEWK | HF Physics
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html

Summary o),

- Many exciting new results by ATLAS and CMS
- So far no significant deviation is observed from SM expectation
- Run 3 will be very interesting with new high statistics data coming

Stay tuned for more exciting results !!!
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Motivation

- Fundamental test of perturbative QCD estimation — Valuable input to improve theoretical calculations
- Heavy flavour production crucial to many analysis (signal or background)
- Production of D/Ds in @(upu)T

o
[/; (”T)¢

pr(D)

HE A
PV Lt .25
.: ————— .,'i.--':" SV p—value
axy 7 LXyA
Sig(ax)<4 Sig(Lxy)>3

Dataset: Dimuon, (Run2) 137 fb?!

Selection:

1) Apply pr (n) >6 or 11 GeV .&. n|<2.5 .&. ID
2) Create @ candidate (window depends on n)

3) Combine ¢ with tracks

to built SV

4) Apply cut on displacement significance of SV

5) SV probability > 15.8%

Lifetime

Divide in bins of n, pr
and pseudo-proper
lifetime

Events / 10 MeV

Pull

10°

T
[ ATLAS

151

R R

ata
[ Vs=13TeV, 137 fo" —
ackground

o D, Signal
DDDDDDDD

i
T

H LR

L
ANvONAO

%
T

b
Pt

700 1800 1900 2000 2100 2200

‘+$\ \+H l++++ | {
o *H—f

My.x [MeV]

E T T T T T T T T

E ATLAS —e— Data (Signal Extracted)
L[ V5=13TeV, 137 fo” — Fit

10°E 12<p <20 GeV Prom,

Events / ps

Pull

L

A

7 7L S S
—2;‘} I { +

~4E

0.5 1 15 2 25 3 35 4 45
Lifetime [ps]

Fit m(ppum) in each Measure the non-prompt

bin

D(Ds) fraction, fyp

do| :10;

dprl; [ Ldrx Cx B(D*[DF — d(up)r*) X Alpy’
d_G' _ Sﬁ)*/l)f

dinll; [ £dtx C/ x B(D*/D¥ — p(up)n*) x A|n|

- Use fyp to reweight MC - get
acceptance * efficiency (C)

- Measure signal using mass
fits in bins of pr (i) and n (j)

- Independent fits for D / Ds

G. Karathanasis

MoriondEWK | HF Physics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/

8 10° L ATLAS ami GM-VENS ]
5 F {s=13 TeV, 137 b 8 FONLL E
= [ om0 ]
& rpklsss - Data E
2 5 ¥ B
_8 10 % %
10°F E
10'E 1
10°F -
1RE
Ei il i i 1
I
o
e
>
5
(4]
=
|_
20 30
= e e R R R R R
) s ATLAS 7
o 10°¢ E
5 E \@;13Tev, 137 b E
[=% ’ e !
—"- 107§‘ﬂ | <25 =
o = 3
° oF §
g 107 E
R ;
10° == E
10'E - 4
1P
By i Iy | p oy i iy B
S 2F =
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- Dominant systematic for
o(D) is the background
model

- Dominant systematic for
o(Ds) is the branching
fraction

Results

Mostly consistent within
the uncertainties, with a
slight deviation in the
high pr.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/

[New for Moriond]

Motivation

- Investigate the quarkonia formation in hadronic collisions using Z+Y events
- Process dominated by double scattering (DPS) — Tool to understand the structure of proton
- Higher than predicted rate can be evidence of new particle decay to bb+Z

g Dataset: Events triggered with 2 or 3 muons, (Run2) 138 fb!
Strategy:
v Select event with 4 isolated and prompt muons
z - Divided in signal (Z+Y- 4u) and normalization (Z - 4p)
Z channels
- 2D fit on mass of Y and Z measure fiducial cross section in
g A q pr(nl-Z)>30, pr(pu2-Z)>15, pr(p-Y)>3 GeV .&. |n|<2.4
- 2D fit on sPlot weighted Ay and Ag to extract DPS fraction
B Yield eXtraCtion CMS Preliminary 138fb"(13Ter . 4
o | 5 w0 T =5t - Yields:
- Mass Z PDF: Breit-Wigner * Gaussian £ o5 e T £ B2+ Y(3s) sgnal 2 - ZY(1S): 34.6 9.0
- Mass Y PDF: Gaussians S 20 " N ZY(ZS): >0 46.7
- Background: Exponentrial 151 s 120 4
o " -- ZY(3S): 13.9 £7.2
5; ) t e ?—g E
g5 3 njl:.]f[Ge\;]1 070 T80 90 100mw1[gJeV]

G. Karathanasis
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

Y(1S) meson production in association with a Z boson

Fiducial cross section ratio

The measurement of [0(Z +Y(1S)*BF(Z— 2u)*BF(Y— 2)]/ [0(Z)*BF( Z— 4u)], Rz+vas) is:
Rzivas) = 21.1 +5.5(stat) +0.6(syst) 103

[New for Moriond]

DPS effective cross section:

- Fitting sumltaneously Ay(Z+Y(1S)) and A@(Z+Y(1S)) sPlot weighted distributions, with SPS/DPS templates
- Measure Rzivas)PP® = 20.2 +7.5 (stat) +0.6 (syst) 103
- Effective DPS cross section, ges= 13.0%7:835 mb

- Additionally ge+ measured in bins of p(Y,Z)

G. Karathanasis

—— Oeff VS pr(Y)

<G> [Mb]

}

CMS Preliminary 138 fo' (13 TeV)

-+ 6,4 measured per bin |
~ Inclusive o

v v e b b b P by
0 20 40 60 80 100 120 140
pf‘sl[GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

Motivation

- Production fractions ratios, PFR, important ingredient for many measurements
- Source of systematic uncertainty - need to be measured in precision
- Previous PFR measurements showed dependence with pr(B)

y , « Dataset: High intensity single-muon, (2018) 41.6 fb! i

N Strategy: o b
i - Measure PFR in full hadronic open charm decays using S
s > Siige: theoretical calculations s

B B 'é[) - Measure the relative PFR, R/, using charmonium decay /Y M
BV T
" - 5,-]3-6@”

A
A

0 - Use open charm PFR to normalize the charmonium R,@.
7 e extract the absolute normalization

3-prong (Dg = md(KK), D™ = Knm) Trj.dl(sz
~ Hadronic ~ Leptonic
- Decays: B%- n*D-(K+mmr), B% — m*Ds (mre(KK)), - Decays: B%- J/yK™(Km), B% - J/go(KK)), B - J/yK
B- -» mD(Kmn) - Using the “tag-side” and “probe-side” (i.e.
- Using the “probe-side” (i.e. non triggering B) triggering and non triggering B)
- Create D vertex -» combine with m to built B - Select leptons and built J/y
- BDT discriminator for selection - Combine with tracks to built B apply cuts

G. Karathanasis MoriondEWK | HF Physics 26



— Hadronic

0 + - 0 + -
- Fit in 7 bins in B*— m* D° B> m* D Bs°> m* Ds
d 5 . pT «10° CMS 416107 (13 TeV) . 50 CM§ . . 41‘.6!b"(13Teﬂ _ CM§ . . 41I.6fb"(13TeV")
an N =3 B ' T Dat ' ] > - i Data 1 3 - 1 Data .
. y . 8 1 p,€(13.0,180) S%:al + Background ]| e - P;e(280,330) " gjgnal 4 Background 2 60 p,e(180.230) ___ gignal + Background |
- Signal PDF: S [ (000225 — B—wD ] S [ Iyle(0.00,225) — B'>x'D 1S [ yle(0.00,225) — BlsaD;
: = ‘);_LNE()F ] 024) B KT S 200 [ »2NDF = 0.916 B—K'D 1 S 49| x2NDF=1.190 B—K'D, ]
o =1. — B 4 = =u. = = = =1 - Bg s
dou ble Ga ussian E [* B*:ﬁ" + hadrons P L ke B°-D + hadrons 1 = i . BJ—D; + hadrons ]
- Comb. BKG PDF: E 0.5 —— Comb. bkgd. i g 100} ; —— Comb. bkgd. _ g " —— Comb. bkgd. ]
Exponential - i i . _ ]
p . ] e i bt tetertitiiseg B 1 e .MLQ“,:{':QK:;h:}‘.‘““uf’*;&;—'
- B - DX BKG PDF: _ bt 5 4F . =—— 5 4f
. S . 3 . o 0 - T e ettt o 0 F =~
Error function 4t = =5 S == = E 52 53 5.4 55 56 = 53 54 55 56 5.7
M(K*T) - M(K') + M(D%)[GeV] MKz 7z) - MK 7 ) + M(D)[GeV] MSIRAL - MR - WD iGeY]
— Leptonic
0 %
B+ J/yK B%- J/yK Bs°— J/yo
- Flt in 13 b|nS in . ><103(I2MS 41617(13Tey _ >_<103CMSI : : 416" (13 Tev) < 300 CMS ‘ 4161 (13 TeV)
. = W = - )
pPT and 6 in Yy 3 o | 7 Data Pe(140,180) -8 o€ 1 Dan P<200,230) 1 3 C Data Pie190:10.0) ]
. . Q i Signal + Background ly| € (0, 1.5) by " —— Signal + Background lyl € (0, 1.5) g 9 L lyl € (0, 1.5) ]
- Slg nal PDF: = L —— BTy K ¥¥NDF =114 8 g [—— By>J/yK (total) x)NDF =097 7 S 200 — Signal + Background X*NDF =117
] |- —— Comb. bkgd. = r B,—J/y K, (main) =l A ]
JO h nson -—E: 5 B ' Jiynt - F— B:AJJ’W K (swap) - g L Bi=dorg N
Comb. BKG PDF: £ 1 B*—>Jhy+hadrons £ 4 [ Comb. bkgd. 1 £ 4o [ Comb-bgd. :
- . . o B P C 1 @ IC ]
. 1w L 2 - a = =
Exponential . - _ _ 1% ]
-B - J/JyX BKG PDF: s ¢~ = - 4 e — -
R o 0 B o = o 0 . 3 E e
E & e 3 . DDA . o 0 F - A ~
Error function kd 5.2 53 5.4 P = 52 5.5 53 5.35 54 4t = 55 o
M{JI¥ K*) [GeV M(J/¥ K1) [GeV] ' ' '
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~ PFR from open-charm decays

p,[GeV]

- 04CMT?‘, ‘ , 41sfb (13 TeV) } 04CM§. . 4161b (13 Tev)
. = - Constiit leNDF 562/6] e " Gonst fit, y2/NDF = 2.06 / 6
- FU” hadronic open Charr_n qecays A L Linear fit, ¥NDF =558 /5] L Linear fit, ¥*NDF = 1.91 / 5]
- First measurement of this in CMS 0.3 + g 0.3[ ]
- Results compared with both 0ok + T o == 0oF ++++¥+ s :
hypothesis “r + I ]
- Low pr trend not observed might : :
S o 0.1F ) : 0.1F . -
be from limited statistics f Slope = (-1.65 + 8.07) x 10 X Slope = (3.01+ 7.69) x 10
Oi..\..‘.l“.|‘..‘|.“|.‘..\..7 S TP R Pl v e Tt I
10 20 30 40 50 60 090 20 30 40 50 60
p,[GeV] p[GeV]
R, R from charmonium
5 4 0.2 CMSf ............. 41.6 fo” (,13T9V) 0.2 CMS 4161 (13 TeV)
n U. . 1 LR,
I o r —— Tag 5|de events 7
- Measurement for both tag and =— Probe-side events i
probe sides 0.15 + \ L —— CMS: PRL 131 (2023) 1219011
A0 L ] 0.15 - |
- Not observed any statisticaly -t%iﬂ#ﬁ'
significant trend with pr T I *¢H #__*7
: : 0.1 ] 0.1+
- Consistent though with pr e Tagside svents I
dependence at low Pr 0 05: = Probe 5|de events
%010 20 30 40 50 60 70 %% 10 20 30 40 50 60 70

p.[GeV]

G. Karathanasis

MoriondEWK | HF Physics

28




Production fractions in hadronic & charmonium decays

——Measurement of fy/f,

- Correct Branching fractions w/o
assuming isospin invariance

- Perform fit on both hadronic
open charm and tag side
charmonium

- Result: fq/fu= 0.98 +0.05

CMS 416 b (13TeV)
> | . ) . !

1—% 3 —e— Tag S|de charmonlum
= 45 il —=— Probe-side charmonium _|

L —a— Hadronic open-charm

1 fﬁ ﬁ%ﬁlﬂé_ =
0.5+ B
L 1 | I T S N O N Y | 1

Measurement of PFR from R, R¢

- Only probe side charmonium events used

- Absolute normalizations calculated with:

-- Csa = fo/fs(open-charm) / R
-- Csu = fs/fu(open-charm) / R,

- Results compatible with low pr depedence but in tension with
the linear trend
- In the region w/o no pr dependence:

f/f,

-- fs/fa = 0.223 +0.015
-- fs/fu = 0.233 +0.018

CMS _

416 f! (13 TeV)

Q41— 304
r —=e— Charmonium, tag-side -
i —=—— Hadronic open-charm ] 7
—*— HFLAV average for LEP J i
03F ——— LHCb: PRD 104 (2021) 032005 5 0.3
B 0.2

+ lliT

—— Charmomum tag S|de
—=—— Hadronic open-charm
—— CMS: PRL 131 (2023) 121901

p,[GeV]

0.17"”“‘”IHHIH"I"""'”I""i 01_....|‘H‘\‘H‘\H‘.|....|...‘|.H._
10 20 30 40 50 60 70 ' 10 20 30 40 50 60 70

p,GeV]

G. Karathanasis
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Properties & Branching fractions
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B° — J/yK™ lifetime measurement

Motivation
- Measure the lifetime of B® - improve understanding of weak sector

- In SM b-hadrons lifetimes differ due to corrections of Pauli interference and weak annihilation
- Potential deviation could be evidence of new physics

Dataset: Dimuon, (2015+Run?2) 140 fb!

p(BY)  Selection:
1) Apply pr (n) > 4, 6 and 11 GeV .&. |n|<2.5 .&. ID
2) Built J/y = g using kinematic fit
3) K*— Kmt built from non-u tracks; pr (K,m)> 1, 0.5GeV and mass cuts
4) K* and K*-bar hypothesis tested - keep the closest to M(K*)
5) B created from kinematic fit of J/y and K* tracks to a common vertex
6) Find the production primary vertex selected to minimize 3D impact
parameter

J/l/i 5(”1).]/1//

ny mg L., = transverse decay length
5 ms = B candidate mass
PTpg prs = B candidate momentum

Proper decay time is =
determined by: o

G. Karathanasis MoriondEWK | HF Physics 31
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B° — J/yK™ lifetime measurement

Simultaneously fit mass and t of BO;
N

ln L = Z W(II) 1n[ﬁ-l ;M‘.lg(ml)q‘:}g(rh U-Il'! PT;1+ (1 - ﬁlg) th&(mi)(]gkg(ri! O_f,;s PT,;)II-

i=1

M.is: Mass PDF for signal (Johnson SU) Msig: Mass PDF for BKG (polynomial + sigmoid)
Tsiq: Proper decay time PDF for signal Tsiq: Proper decay time PDF for BKG
(Exponential*Resolution) (Exponential*Resolution [displaced] +
Resolution [prompt])

Fit Projections

R — a 31000ﬂ llllllllllllllllllll = g B L B L L B B
z ATLAS ] 8 T ATLAS . g ATLAS P
@ 250 (5=13 TeV, 140 fo" - = [ Vs =13 Tev, 140 it a1 s 10 Vs=13TeV, 140 b E
5 e Data B 2 800— . _Eﬁlﬂ”_ =4 # ® Data E
§ 200 — Total fit i g L :Sﬁ;ﬂd" 1 g o — Total i 3
i =+=+ Signal ] - -~ Prompt background B w +=== Signal 3
--- Background - 600— = =+ Combinatorial background — == Prompl background 1
150 Model uncertainty — C Model uncertainty ] 10° = =+ Combinatorial background
L ] 00— . 3
00— — - g 102 -
F - 200(— 4 ] ]
50— — = ] 102 -
C 7 r by b =g ~TP E
C | I I b I a ey i = F' JNH
£ o1 T E et - P I EPIN I R SR R R ; l%
- - 1IE = i 14 p —
- s et S T abib
8 095E el 8 oobe? E £ 1M’—"W¢ idTate! ++4
5000 5100 5200 5300 5400 5500 5600 08—7 02 ] 0.2 04 06 08 ] 0.6E, - - . —50
p o3 1

m(Jiy K*) [MeV] iy K*) [ps] = 4 88 R .

t(Jiy K*) [ps]

B lifetime (Tso ) = 1.5053 +0.0012(stat.) +0.0035(syst.) ps
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B° — J/yK™ lifetime measurement

Decay width (I) is calculated from Tgo Using:

With:

TBU:r_d']_yE

1 1 1 iOA Y
1+ Ay '

[« = 0.6639 +0.0005 +£0.0016 +0.0038 ps
Stat. Syst. Ext.

[4/Ts=0.9905 +0.0022 +0.0036 +0.0057

Stat. Syst. Ext.
Theory Iy/ls
Model Ca/Ts
HQE [16] 1.003 + 0.006

Lattice QCD [17]

1.00 £0.02

Most precise single measurement to date

G. Karathanasis

MoriondEWK | HF Physics

I« = average width of light and heavy mass eigenstates of B°
Y = difference of light and heavy width normalized to 2 I'q
A = production rate asymmetry

J=e=] Measurement with total uncertainty
Statistical uncertainty
[ Systematic uncertainty

ATLAS BeJI\pK 140 fb" @13 TeV
1.5053 £ 0.00 0.0 ysl.)
ATLAS‘ B”—)J/wK 19 b '@7 TeV
1.509 + 0.012 +0.018 st.)

LHCb B %JI\PK 1 | @7 TeV
1.524 + )0 st.)

LHCb B“—> J/\u K" | fb'@7 Tev

1.499 + 0.013 ': 05 (syst.)
LHCbBAKn 1 b TeV

1.524 £ 0.011 (stat.) HH[H SL.)

CMS B"—= Iy K, B enwK‘j 197
1.515 £ 0.005 (stat.) = 0.006 (syst.)

DO B'— Dptv, X, 104 16 '@1.96 Tey
1.534 £ 0.019 (stat.) £ 0.021 (syst.)

CDFB"— Iy K™, B'= Iy K% 43 @196

1.507 £ 0.010 (stat.) = 0.008 (sysL.)

Belle I B"—D'"K*/n*, 190 ' @V (45)
1.499 £ 0.013 (stat.) £ 0.008 (syst.)

BaBar B'—D 17v,, 81 i '@y (s)
1,504 + 0.013 (stat) """ (syst)

Belle multiple channels, 140 b '@Y (45)
1.534 £ 0.008 (stat.) :H[H[)l-)ﬂ )

1
Y @8 TeV

ATLAS
B
————
p=
———
——
=

= |

fey ==
———
=

1
148 15 152 154 156
B [ps]

33


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2020-09/

Search for D% -» uu

Motivation .

- Rare decay (FCNC) highly suppressed in SM (O~10-13) 0 :
- Enhancement in BF predicted by several NP models 7 ] ”

- Less explored with respect to B rare decays r

Pu“ Strategy:
7 - To reduce the background search for D**— DO(uu)m*
=Y OL%D - Extra Am =m(D*)-m(D) observable to enter the fit
s - Use the D™ - D(mr)nt as normalization channel to cancel any
dependence on the o( D)

T
U3D
/ D \ Dataset:
i 13D sl e o - High rate dimuon stream, Run3 (2022+2023) 64.5 fb™!
- Zero bias for the normalization channel, Run3 (2022+2023) 51.4 nb!

- Selection

1) Apply pr>4GeV and |n|<2.4 to all p ™

2) Create D° candidates with fit to a common vertex Applied both to signal

3) Find the PV as the vertex with closest impact parameter and normalization

4) Select tracks from the PV as n candidates to built the D" candidates channel

5) Cuts on vertex probability, distance from PV, pointing angle

6) Final selection using a BDT discriminator _/

G. Karathanasis MoriondEWK | HF Physics 34


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008/index.html

Search for D% -» uu

Fitting procedure:
- Same 2D (my, & Am) fit for signal and normalization channel
- D% = pp signal PDF: 2 Gaussians in my, and 3 Gaussians in Am
- Combinatorial background: descrite profiling method
- Fake p background: same as signal PDF with different parameters

D - (mm)m

64.5 fo (13.6 TeV)

D - (uu)n

64.5fb" (13.6 TeV)

> F >
60 Effective lumi=51.4 nb™ (13.6 TeV) i35 Effective lumi=51.4 nb™' (13.6 TeV) 2 °'L CMS Signal + total bkg. it 2 w0k CMS Signal + total bkg. fit
% FCMS Prelimin % LCMS Prelimi 0 E o Total bkg. component < i i — Total bkg. component
r eliminary reliminary <~ [ Preliminary s Data S [ Preliminary s Daa
= - = B 2 5[ Stat. + syst. uncertainty * ik, Stat. + syst. uncertainty
© s ¢ Data —— Full PDF ; 100 ¢ Data —— Full PDF § 10° Combinatorial bkg. g gnombinalorial bkg.
- - E D —u'u 4 = 50 D —u'u
‘2 I D" za == DKt ~ N s DK = 1ol BO-wu)=10x10° . D"ler‘zqup‘vuu’vu & "OF souu=10x10° DI S VT
@ 0 ) . ‘g 5.6 . X E e D' pr, . —me DU,
U>..I N non-D , D't Combinatorial bkg g | EmEsr non-D , D' s Combinatorial bkg F 0.145 < Am <0.146 GeV 10 1.84< m,, <1.89 GeV
40— — 3L o g—0—0—0—0—8—5—0——9—0—0—0—20—0—5
o |-|-|80_ 10§==—‘==;:a:—fr—:rs===9a=9;:;=':: 10°k: oo 8—8=0—0—%
L 10
60— E 10k
r 10g 1ok ’ N
40} P S L L 1 T L ) PN |
L g 100? @ . :
L 5 sof + ; [} . S 00 R + % l
= | = T - ' L) 1 ® - - T
20 5 031 ) ix\%‘ - v~T"+w 2 cj+'.J~ — T’L b
| g UM Tt f| oy BT Ep Tt
F 1o BT i i o 50 g —100F
00-&—#"1“" e NN b E c
14 0.142  0.144 0146  0.148 0.15 182 18+ 186 188 19 ,71,'92((39\1,‘)94 0.14 0142 0144 0146  0.148 0.15
Am (GeV) “a Am (GeV)

G. Karathanasis

BF (D° -» pM) < 2.6 10° @ 95% confidence level

Most stringent limit to date
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008/index.html

Ratio of the B.—~J/ytv and B.~)/yuv branching fractions

Motivation
- Lepton Flavour Universality (LFU): Couplings of Z,W to leptons independent of flavour
- New physics contributions may introduce LFU violation

- LHCb measured 20 deviation from SM expectation ( )

Mz (TS

Dataset: J/y(up) .&. track trigger, (Run2) 138 fb!

T Strategy:

- Measure R(J/y) = Bc = J/ytv / Bc = J/Ypv, with t= 3mr(+10)+v

- Event triggered by the J/y— pu

- Hadronic T reconstructed using tracks close to J/yp

- Result combined with the previous CMS measurement of R(J/y)

with T - pvv decay ( )

" C|I||5 Pr.;-'m.:;.:m;r . IEQI_E 1!I]"-:13Tle\.l']

. E 107 é‘ I I [ Clbsemed I 'é
Selection G0 g D e v Xt
1) Apply pr>4GeV and |n|<2.4 to all u and built the J/y vertex . ooy ]
2) Require displacement of J/y >30 wrt beam axis 10° oo
3) Find hadronic t using 3 tracks close to the PV in Az and close to J/y 1o E
4) Tracks of T fitted to a common a vertex with probability >10% : E
5) Additional cuts on mass and displacement applied T e
6) Final selection using a BDT discriminator trained on MC < 1 ,_.,,,-;.__',_*_g;iﬂ i
P . o LA ]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html

Signal extraction:

- Exploit the decay chain of T - av -» p(770)nv = 3nv

- Pair pions in triplet and compute their mass

- Signal is expected to have p mass in one of the combinations
- Unroll both p candidate masses in 1D distribution

- Fit unrolled p to get the signal yield

i
[a*]
|

vents / bin

E
c o o
2 o o

£
)

Obs. / Exp.
@ W

o

CMS Preliminary
—

Results:

- ¢ Observed SR 1
- [__] Data-Driven J/y X bkg

F BéaJa’\pt"v

rrrrrrrrrrrrrrrrrrrrrrrrrr

] Bty B :
:[:IBHW 3
‘J L*—:E.. =M W
O e e B L A S B | ]
e - ) _L,J.-ﬂ-hlll*;'*'
_*_'-r i i, o T i e T
E ; E
0 5 10 15

Unrolled m(p1) V.S. m(pe) bin ID

- Fitting hadronic channel alone:
R(J/‘I’)hadr = 1.04%°5 .44 CMS PAS-BPH 22.012
- Combining leptonoic & hadronic channels:
R(J/@¥)comb =0.49 +0.25 (syst) +0.09 (stat)
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A glance into the Run 3 improvements

—ATLAS

'ﬁ‘30[}“‘I"‘\"‘I"‘\"'I"'"'I“‘"‘
ey L ATLAS Trigger Operations 1
] . . % 250j_ select pp data 2016-2018, Vs = 13 TeV
- Data high-rate parking already in place from Runl and Run 2 S Bphysics sream raes
- In Run 3: The rate increased up to 600Hz 2000 s g =
- Complementary a soft di-electron trigger is used sof ’,.-"" _-:-'_:'_-““..-.-“;'* ;
- For more: AP ’
100;4!". 7
S T B I B R WO W R B
Instantaneous luminosity [1 0* cms ]
— CMS
- High-rate parking strategy with dimuons through whole Run3 _ 2022 (136 TeVh o
. . . . . e | ;
- High-rate parking strategy with dielectrons for precise LFU tests T B b, o
. . o s = Pileup Config. change a©
- Described in detail in L &
- State-of-the-art same-sign flavour tagger ( ) 5 SE
Category £tag [%] thag,eff Py [%] g 4
Only OS muon 6.07£0.05 0212 1.29 £ 0.07 Z 3
Only OS electron  2.724+0.02  0.079 0214 £0.004 T
Only OS jet 516+ 0.03 0.045 0.235+0.003 :
Only SS 33.12+0.07  0.080 2.64 +0.01 -
SS + OS muon 0624001 0202 0.125+0.003 | i i W T T
SS + OS electron 277+0.02 0150 0416 £0.005 18:00 21:00 00:00 03:00 06:00 09:00
55 + OS jet 540+0.03 0.124 0671 £0.006 Time [UTC]
Combined 55.9+0.1 0.100 5.59 +0.02
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https://arxiv.org/abs/2004.13447
https://arxiv.org/abs/2403.16134
https://arxiv.org/abs/2412.19952

First result with 315 fb-1

- Update of the CMS analysis “

high intensity Run 3 dimuon parking

-4 muons in |n|<2.4

- OS pairs create 2 J/y candidates
- All muons fit to a common vertex

" using

- 4 times more J/y)/p candidates with only 2.5 times
more data thanks to high-intensity dimuon triggers

- More than 50 for the 7.179 GeV peak

- More than 50 for the interference model (creates the

“dips”)

- More details will become soon available in

G. Karathanasis

MoriondEWK | HF Physics

Candidates / 25 MeV

CMS-BPH-24-003

135" (13 TeV) + 180 fb”' (13.6 TeV)

@
=

- n
= =

(]
=
TTELTT

ra
=
1

CMS
& Data = Fit
Feeddown — BW,;
- -BW, ---BW;
—BW,; Interfering BWs.

---5P5+DPS+Comb
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html
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