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Measurement of B — J/ ‘I’KSO effective lifetime

%  Decay probability of any particle defined as, P o e~ b — - ¢
7 = lifetime of the particle, t = decay time of the particle. I w )
BO w I - If -
%  An effective lifetime for a B decay channel is obtained by e} &) L7 sV k
S . 7l
fitting a single exponential function to decay time. K b g PV )
d(s) > d(s) = - T

%  LHCb lifetime results : 1.75 + 0.12 (stat) £ 0.07 (syst) ps o 0 S
Signal decay - B;" — J/¥K,°(1.92 £ 0.14 X 107)

*
Journal : Nuclear Physics, Section B 873 (2013) % Control channel - B — J/¥K,°
*

% SM expected results : 1.619 % 0.019 ps Related through interchanging all d quarks with s quarks.

nyMgil

Decay time is defined as, b= p
i

M, is the mass of the B candidate. (Reconstructed mass), Lxy is the length difference between the PV and SV in transverse plane.

The eftective lifetime is obtained by performing 2D UML fit to the J/ \yKSO invariant mass and the decay time.
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http://dx.doi.org/10.1016/j.nuclphysb.2013.04.021

Measurement of B — J/ ‘I’KSO effective lifetime

CMS 140 fo™' (13 TeV) w» 10*EMS 140 fb™ (13 TeV) CcMs 140 b (13 TeV)
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Invariant mass m [GeV] Decay time t [ps] Decay time t [ps]
Results
Parameters | Values (ps) %  SM expected results : 1.619 £ 0.019 ps
%  The measured effective lifetime from the simultaneous fit,
01 .
B’ lifetime 1-/521 +0.007 B> — J/YK,® = 1.59 £ 0.07 (stat) = 0.03 (syst) ps.
B O lifetime /{ 59+ 0.07 % The result is in agreement with the standard model prediction and ~50% smaller
° / uncertainty compared to previous result. mm - ---- - - -

|
Consistent with PDG (1519 & 0.004 ps) i Published - JHEP10(2024)247
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https://link.springer.com/article/10.1007/JHEP10(2024)247

CP violation measurement in D0—>KS°KSO decays

%  Up-quark CPV: largely unexplored, SM highly suppressed

KO o[
(GIM) [PRL 122 (2019) 211803] N . <: N <
* D0—>KSOKSO: CPV up to O(1%) possible — sensitive to BSM S S K’ T JKU
[PRD 92 (2015) 054036]
CMS 41.6fb" (13 TeV)

r(D° — KIK) — r(D° — KIKYQ)
I'(D? — KZK2) + I'(D? — KIKY)
Acp(K3K2) = (62 £ 3.0+ 0.2+ 0.8)%,

Acp(KIKQ) =

Candidates / 0.1 MeV
Candidates / 0.1 MeV

%  Uncertainties: statistical, systematic, and from ACP(KSOW‘%’) i ) ) i B
2.006 2.008 2.010 2012 2.014 2.016 2.006 2.008 2.010 2012 2014 2.016
measurement. m(D°*) [GeV] m(D'n) [GeV]
250 CMS 416 ' (13 TeV) 250 CMS 41.6 o' (13 TeV)
%  Consistent with no CPV within 2.00; agrees with LHCb ¥ B

—— D°xD*
— — D"xbkg

(=3.1£1.3)% (2.70) and Belle (0.0£1.5)% (1.80).

Candidates / 2 MeV
Candidates / 2 MeV

% First CMS search for CP violation in the charm sector. .

1 1.I804 ’ 1.85 1.190 1.95 1.'80 : 1.85 1.190 1.95
m(KS KQ) [GeV] m(K2 KQ) [GeV]
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https://doi.org/10.1103/PhysRevLett.122.211803
https://doi.org/10.1103/PhysRevD.92.054036
https://link.springer.com/article/10.1140/epjc/s10052-024-13244-0

Measurement of CP-violating parameters in B, — J/¥¢

B S CPVdecay
between direct decay and flavor mixing.

Precise Standard Model (SM) prediction: CPVmix I 114 $(1020)
¢Sz—2[?>sz—37i1 mrad, derived from CKM matrix fits ([CKMfitter, UTfit])
Sensitive probe for New Physics (NP): Any deviation may indicate contributions
from beyond-SM particles in B,” mixing loops.

=

% B,” meson decays probe time-dependent CP violation from the interference
*

*

Eg CPVdecay

0 =0
r(B2 50~ £) © F T (Bepy = £) ©
Previous q>s Measurements -

*  CMS 8 TeV data: ¢, =—75197 mrad — consistent with SM expectation ([PLB 757 (2016) 97]).

%  Global fits: SM expectations have ~20x smaller uncertainties than current experimental measurements, highlighting the need
for more precision.

Motivation for This Analysis

%  Largest tagged signal sample to date: Equivalent to ~27,500 B,’—]/v4 events from 13 TeV data (96.5 fb™").
%  Novel ML-based tagging: Uses both same- and opposite-side tagging (OS and SS) for significantly improved tagging power.

Objective: Achieve improved precision on ¢_and search for NP-induced CP violation
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http://ckmfitter.in2p3.fr/www/results/plots_spring21/num/ckmEval_results_spring21.html
https://arxiv.org/abs/2212.03894

Measurement of CP-violating parameters in B, — J/¥¢

The physics parameters are extracted with unbinned multidimensional extended maximum-likelihood (UML) fit
o  Physics parameters: ¢, [N, AT, T, Am_, |A %, |A |5 |A?, 8,,56,,65,  Analytical decay rate
o  Observables: mg,, t, 0, cos eT, cos Y., ¢T, Wi Time resolution (extracted from prompt background)
Fit model Angular efficiency (extracted from MC)
Time efficiency (from B® = J/{ K* events in data)

= [F(t 67 gta_q?wtag I a)|®p(t | Oy 1] gf(e)ép(at )P(nz)P(wtag)_*_Pbkg("')

P(t, Ot @, gtay‘wtag' m | a)

€(t)
Fit results %  Measured CP phase: ¢=-73% 23(sm) + 7(Syst) mrad

Parameter  Fitvalue Stat. unc. Syst. unc. *  Combined with Run 1: ¢=-74*23mr ad

Ps [mracﬂ " =2 =7 %  Evidence of CP violation at 3.2c.

AT, [ps'] 0.0761 +0.0043 =+ 0.0019

T lpst] 0.6613 =+ 0.0015 =+ 0.0028 %  Compatibility: Consistent with SM, constraints space for new

Amg[hps~'] 17757 +0035  +0.017 physics models.

(A 1.011 +0.014 + 0.012

| A2 05300 * %16 4 00044 % First CMS measurement at 13 TeV using combined flavor tagging.

|A, |2 0.2409 +0.0021 =+ 0.0030 e  Strengthens world average precision on ¢ .

|Ag|? 0.0067 +0.0033 =+ 0.0009 : °

5, Irad] 3145 +0089  + 0.025 e  Paves way for Run 3 and HL-LHC improvements.

8, [rad] 2931 +0089  +0.050 e ——"

S [rad] 048 +015  +0.05 ! Submitted to - PRL |
b e e e ____ I
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https://arxiv.org/abs/2412.19952

Search for the rare decay D’— '~

% Rare decays of hadrons is one of the most promising place to look for new physics beyond SM.
% FCNC processes, forbidden at tree level, as they are highly sensitive to new physics effects. L.
% D% —u*u is one such process (very clean) and the goal is to measure its branching fraction. Do o+
%  SM Prediction: BF(D® — p*pn7) ~3 x 107° PRD.66.014009 .
%  Most stringent experimental search BF < 3.5 x 107 at 95% CL from LHCb, PRL.131.041804 5
%  CMS searches for this using 64.5 fb™' data during 2022-2023. o ST i e S
% search for D® = pu*p in cascade D** —D%* % [ cms & paa ;‘:  cMs & om
o Background control: extra soft pion suppresses 8 - 7 é:}g'g}:yt'?ﬁaulngke;aimy % + o %i{’)ézﬁ:i:‘n;:;ain.y
background by orders of magnitude. g [ sonerao St g [ - umn-orce So i
%  Signal extraction: 2D unbinned fit to m(D® — u*p”) and COLy 5?:1*4—6‘6‘: NS g | amecigw S ET A
Am=m(D"*)—m(D°). e g
%  Normalization: use D® — 7*n™ (kinematically similar) to
cancel efficiencies and reduce systematics. T N L " T\
*  No significant excess over background expectation is found £ - '}’ o '{' - '{' '{' ' ‘+‘ 2 7K - H '*' | l ' * Il‘}l 1 ‘l
B(D°—>y+y‘)=B(D°—>n+n‘)ND0_’"+"_ D0t . ssll %Hf}: f}% 1 f{f+ T ;mzr T T{ t }1{1
ND0—>7r+7r_ £D0—>;¢+;J_ ) :'1_:32' e ) T TR
My, (GeV) Am (GeV)
B(D®—»putu~) <21(24) x10~°at90(9%B)%CcL. ~ eeee———————-- -

I I
Significant improvement compared to previous result. : _ I
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.66.014009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041804
https://arxiv.org/abs/2506.06152

£ Search for the production of an upsilon (nS) meson in association )
s with a Z boson V
=
% Associated production of a heavy quarkonium (Y) and an electroweak boson (Z) g
provides a unique test of perturbative QCD and quarkonium production models. i’
%  Sensitive to both Single Parton Scattering (SPS) and Double Parton Scattering (DPS) a ’
contributions. —<—3
% Dataset: pp collisions at Vs = 13 TeV, integrated luminosity 138 fb™ (2016-2018
CMS data).
* Fit Strategy: 2D UML fit tom (T) and m (Z) to extract yields. CMS prefiminary 7' EECN (13TeV) cus 'Pfe{m]lnaﬂry '''''' 138 1o (‘13‘I"eIV_
o 346+9.0(Z+Y(1S) ’ g 3 T | epas T
% First observation (5.3 o) of Z+Y production S 30 B Vi2s) signal < 80 — M 2:322:‘2
. . . . i) [1Z + Y(3S) signal - c 70! [3Z + Y(3S) signal
% Fiducial cross section ratio: € 25 2 o ]
— -3 i
R, yasy= 211155 £0.6 ) x10 % 20 i
%  DPS cross section ratio: 15 40
_ -3
Ry (DPS)=(20.2 £ 7.5 +0.6, ) <107, e
% Effective DPS cross section: ’ 20
Ot = 13.0778 mb 1IN U W
consistent with double-quarkonium results in pp and pp collisions. 8% : o (GeV] W 1°°mp oew)
* F-———————=—=—=—=——-==—=

First differe.ntial. T meflsure.ment in bins of T(IS.) p,and Z boson p., probing : _ :

parton spatial distributions in the proton. [Plots in backup]
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http://cds.cern.ch/record/2921885?ln=en

[ ] [ ] L] * * *
First exclusive reconstruction of the B**, B, and Bs*
mesons and precise measurement of their masses

o Y(55)—BL BL, Y(55)—B.*B., Y(55)—B,"B,*, Y(5S)—B,*'B,*’
Results were not in good agreement (PDG scale factor: 2.9).
Central value larger than for B* and B’ mesons.
CMS Analysis Strategy: Trigger: Use all available triggers — no trigger requirement.
Reconstruction: B*—>yK*, B*—>yK*(892)°[K*n], B =y [K'KT, J/¥ or ¥(2S)—>up'w

Photon conversion:

%  Hyperfine splittings (mass differences between excited and ground-state B mesons) are key benchmarks for testing heavy-quark
dynamics and QCD models.

%  Previous approaches: (a) LEP: Averaged flavor-blind transitions. (b) LHCb, CLEOQ, Belle: Indirect inference of mass differences
with limited precision.

*  m(B*")-m(B*): LHCb measured from difference between B,."(5840)°—B**K™ and _
(5840)°—>B"K" peak positions. VALZ:::AZ:: e BgDmOa(_s‘;MENTID TECN

*  m(B*)-m(B*): CMS measured from difference between B1(5830)°—~B* K, and 5415.471%  OURFIT Error includes scale factor of 2.9. K
pek posions CAIS L e T

% At B-factories previous measurements via Y(5S) decays: 54117 1.6 +0.6 'AQUINES 2006 CLEO

*

*

*

*

*

o0 Detect y—e'e, Refit ee tracks with m=0 constraint, Fit By vertex,

then refit to PV for improved mass resolution.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-16-003/index.html

[ ] [ ] L] * * *
First exclusive reconstruction of the B**, B, and Bs*
mesons and precise measurement of their masses

Parameter Value PDG 2024 [MeV]
1 Am(B*T) = m(B*F) —m(BY) 45277 £0.039 £0.027MeV| 4534 +0.20 Simultaneous fit in the 7 categories with different % regions. The mass
2 Am(B*?) = m(B*0) —m(B%) 45.47140.056 +0.028 MeV| 4534+ 0.20 . . . + 0 0 . .
3 Am(B0) = m(B:0) — m(BY) 49.407 + 0,132 + 0.041 MeV|___ 485 14 distributions of the B*y, By, and B,y candidates for the 3 categories
4 m(B**)  5324.69 + 0.04 + 0.03 % 0.07 MeV with the best invariant mass resolution, the rest 4 in backup.
5 m(B*0)  5325.19 £ 0.06 % 0.03 = 0.08 MeV )
6 m(B%) 5416.34 4 0.13 £ 0.04 & 0.10 MeV . 140 (13TeV) o g 140107 (13TeV) <, 2 140107 (13(TeV)
r F 0
7 m(B) —m(B**) 0504 0.07 +0.01 +0.05MeV |2 100 CMS 2 o CMs = iafOMS
8 m(B;O) — m(B*+) 91.66 +0.14 + 0.03 £ 0.12MeV ; [ ¢ Data, In(y)|<0.6 g 70 %_ 4 Data, In(y)| < 0.9 2 16F ¢ Data, In(y)| < 0.8
9 m(B%) —m(B*%) 91.15+0.14 +0.03 £ 0.12MeV ~ 80r —Fu % eof —Ft < 14f—Fi
10 m(B) — & [m(B*0) + m(B*+)] 914040134003 +012MeV | § [—esErEoyk ¢ T 8 of e
. 50F —
11 Am(B*®) — Am(B**)  0.19 £ 0.07 + 0.01 MeV -~ R Sy e T < v 2 qof o
12 Am(B:°) — Am(B**) 4.1340.14 & 0.03MeV § T e S S s
13 Am(B%) — Am(B*0)  3.94+0.14 £ 0.03MeV C O 30f B &
14 Am(B:0) — L [Am(B*0) + Am(B*+)]  4.03+0.13 + 0.03MeV sl 20f i
15 Am(B*0)/Am(B*+)  1.0043 £ 0.0015 £ 0.0002 . 10f ol I
16 Am(B:0)/Am(B*) 1.0912 % 0.0031  0.0007 0 SR 0 i - i ol Y i)
17 Am(BZO)/Am(B*)  1.0866 = 0.0031 = 0.0007 ' T M@BY) [GeV] WOl B2 ” ;-033 - 54 541 542 543
18 2Am(B:)/ [Am(B**) + Am(B*®)]  1.0889 + 0.0030 = 0.0007 (B™) [GeV] M(BZy) [GeV]
% 3 states reconstructed fully exclusively for the 1st time.
%  Precision order of magnitude better than PDG. f=——=—=—==—=—=-=--- 1
. ) |
%  Systematics much smaller than stat. uncertainty. : _ |
————————————— o4
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http://arxiv.org/abs/2508.05820

Summary

The CMS Heavy-Flavor Physics group has delivered several important recent results across CP
violation studies, rare decay searches, quarkonium production, and heavy-meson spectroscopy,
continually pushing for better precision and broader coverage in the sector.

This presentation showcases a selection of recent and impactful results from the CMS Heavy-Flavor
Physics program.

Overall Impact:

CMS’s precision tracking, muon identification, and flexible triggering allow it to deliver flavor
physics results competitive with dedicated experiments, making it a central player in the global
heavy-flavor program.

Stay tuned with CMS for new results!
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CP violation measurement in D0—>KSOKS° decays

CP Asymmetry Extraction

e  Method: 2D maximum-likelihood fit on m(D**) and m(D°)
e Simultaneous fit to D** and D* samples; yields free
e  Selections: m(w*n’) within PDG 20 MeV
o m(KK)in [1.7,2.0] GeV
o  Displacement >9¢ (xyz), >20 (xy)
e  Bkg suppression: fit alternative topologies, vertex prob. cuts
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Search for the production of an upsilon (nS) meson in association
with a Z boson

Zoptu” +YAS) s ptp” Zoptpptps

All muons 7| <24
pr [GeV] 30, >15 >3,3 > 20, > 10, > 5,5
olpp > Z+Y(1S)) x B(Z —» utu~) x B(Y(1S) = utu~) N%FY(]S) NS}E{(IS) €zut i
P s = | == . EF F P [21.1+5.5(stat) £ 0.6 (syst)] x 1073
PP~ B XB{E — g €ziv(s)  €zix(s) ) Nzoutu—ptp
Cross section ratio for DPS component [20.2 £ 7.5 (stat) & 0.6 (syst)] x 1073
CMS Preliminary 138 fb" (13 TeV) CMS Preliminary 138 b (13 TeV)
i) R I I PR R e I T o) R i s o Ul R R I i I R I
‘%:102__ + Oy mt'easured per bin ] %102__ + oy mt.aasured per bin ]
S U(Y(lS)) B(Z T y+y_)B(Y(1S) Loy ‘u+‘u—) AZ+Y(IS) 9‘" Inclusive o s“’ r Inclusive 6
ff — — -
= RERs) B(Z = ptp—ptp-) Az ‘
= 13.0755mb wz"Jf E 105J([ E
e b o by by by by g by v by PIFITE ENITE B TS TS RS A A S A s |
0 20 40 60 80 100 120 140 0 50 100 150 200
P19 [GeV] Pz [GeV]
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[ ] [ ] L] * * *
First exclusive reconstruction of the B**, B, and Bs*
mesons and precise measurement of their masses

The rest 4 categories with different % regions
> _ 140 fb™ (13 TeV) > 30, 140 fb™" (13 TeV)

F CMS r CMS
2 60} 2 . . . 0
5 ! 2 b Photon energy scale calibration with ©*

o s50F t+ Data, 0.6 < m(y)| < 1.0 ¢ o [ ¢+ Data, .0<n(y) <14
5 Pkt % 20 P —Fit
L 40f — BBy, BoyK’ L T —B"sBY,BoyK 60 fb' (13 TeV) 60 fb' (13 TeV)
g I — - Background 8 F— Background % 400 E cMs % 400 F cMS
© Ee] 15 > E el > E s
S S F o 350 [ Preliminary ¢ Data o 350 k- Preliminary ¢ Data
O O 1of < F —Fit < P ke
r — 300} 08<p (r)<0.9Gev —nlsyy — 300 08<p (v)<0.9 Gev —m0syy
F a F os< n(y)l < 0.9 Background a Fos< n(y)l < 0.9 Background
® oenF ® 250k
5 r ‘(-6 250 i m = 133.48+ 0.09 MeV E 250 E m = 134.94+ 0.09 MeV
o LA e i 3 200F , PES 3a00f
; 531 532 533 S._F : e F
+ + 150 correction & 1s0f
M(B"y) [GeV] M(B"y) [GeV] - 5 S TSNk
1 1 100F ' 100F
> 30— 140fb " (13 TeV) > 16 140fb (13 TeV) : E
Q r CMS Q r CMS 50 : 50F
= = q4f : i : ,

i £ PRl i R I WA N O R . AT Y IR
g 25 [ t Data, 0.9<(y) <15 g 12 :_ t Data, 0.8 <p(y)l<1.4 0 50 100 1é0 260 0 50 100 150 200
~ [ —Fit ~ '“F —Fit
» 20F : %] [ " m MeV m(YY) [MeV]
g B £ 1op—E ey 1 ] PDG ni° mass: 134.9768 + 0.0005 MeV
o F Background o _ Background
g 15 g 8F g, gy

I 6F . . .

9. 1ot e = Photon energy from conversions is underestimated out of

| 4L . .

5f : the box, developed a dedicated correction
0 0 54 541 542 543
M(BSY) [GeV]
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