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CMS Strengths for Heawrlavor Production Measurements
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Overview

CMS has an extensive heavyflavor production & properties program

Quarkonia- Open charm/beauty - Heawguark cross sections - Spectroscopy - Lifetimes - Exotic hadrons

Today only selected recent results: ;‘ T R G

Run / Event/LS: 315357 / 290649522 / 351

== =4 7 I

Measurement differential (1S), (2S), and (3S) production

Observation of (1S)+ Z associated production

Measurement of B meson production fraction ratios
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CMSBPH-24-004
arXiv2601.20023

Measurement of the p(1S), p(2S), and p(3S)differential cross sections in
pp collisions at As=13.6 TeV

4 )
UThe production of charmonium and bottomonium states provides

crucial insights for the understanding of hadron formation in the scope

of guantum chromodynamics, the theory of strong interactions CO
\ J
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Analysis Overview

Analysis Goal: Double differential production measurement of Y1S), YRS)
and (3S) in transverse momentum and rapidity

Measurementsof quarkonia production give insight into QCD fragmentation
and are important inputs to global NRQCD fits

Analysis Strategy:
A 20221 p @4 A @ata from dimuon trigger, © * °
A Compute then) and rapidity differential cross section times branching fraction

Yield extracted by a fit to Acceptance
iInvariant mass spectrum evaluated with MC

i((g')yo“)’Q” &
Qu)  fifswd3n |- Ha) 0N Ha)

[ 20GeV N <200GeV J [Efficiency evaluated byTag&Prob%

ly] <0.6and 0.6 < |y| <1.2
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P (nS) Cross Sections CMSBPH-24-004

Measured cross sections include feeddown decays from T _?MS 37.4fo"' (13.6 TeV)
heavier bottomonium states " & oo <06 4 = Y(18)x100
S o2l 'g% b 0.6<|y|<1.2 & 4 Y(2S)x10
‘ 8 o Y(38)
Extends the measured phase space 100 GeV = .
o 10 E’h .
T|Q -
- . . © I = =
Measurement assumes unpolarized upsilons, but provides @ 101%™,
. . - * p—
corrections for other assumptions : *
f e ——
- . .. . 10_2? —e ¢
Two rapidity regions show similar cross section :
103}
f NRQCD |y| < 0.6
_ _ o al NRQCD 0.6<|y|< 1.2
The measurement is well described by NRQCD predictions e
40 80 120 160 200
pt (GeV)
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P (nS) Cross SectionRatios

Excited -to-ground state ratios
A (2S)/ (1S)and (3S)/ (1S)inceasewith )
A Similar behaviorin both rapidity intervals
A Overalltrend is reasonablydescribed by NRQCD

A Ratiosseem to approach a plateau abover; D v GeV

Comparison with previous CMSmeasurements
A Cross sections increase with center of mass engery

A No significant rapidity dependence observed
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CMSBPH23-007
arxXiv2602.02770

Observation of p(1S)+ Z associated production and measurement of the
effective double -parton scattering cross section in proton -proton
collisions at As=13TeV

~

(uDespite extensive studies, the exact production mechanism of heavy
guarkonia in hadron collisions has yet to be fully understood B The
picture becomes even more complex for a quarkonium state produced
In association with an electroweak boson, where none of the theoretical
\models can capture all aspects of the experimental resultsCO )
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AnalysisOverview

Analysis Goal: Search for (nS)+ Zproduction and measurement of double
parton scattering

[SPS:one hard partonTtparton interaction produces the final state. ]

DPS:two independent hardpartonTparton interactions occur in the same
protonTproton collision, together producing the observed final state.

At LHC energies, (nS)+ Z production is expected to be dominated by DPS

Analysis Strategy:
A Full run2 data, 138 A at/T p deV
A Reconstruct (nS)° * * and®O *
A Extract SPS and DPS rates from fit to MC templates
A Use®O 1‘ as normalisation channel
A Use the DPS component to determine
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P(nS) + Z Signal Extraction CMSBPH23-007

CMS 138 b (13 TeV)

Signal is extracted by a simultaneous fit to Z and Upsilon Dimuon mass: = F D2+ Y18 sonal
— r Z + Y(3S) signal ]

GLEY @ o o R

" 20 E

C e 15 A\l

V(@Y W pa& x& 10l T

AN

Evaluating significance, by comparing Signal + background to background 35 95 10 ';9-?[;3;\,}1
only hypothesis (Wilks theorem): _oows  sblgaTey
& 90- A I

First observation (5.3 b WY#{LB)ipr&duction g 70 |

Z+YRS) and Z+ 3S) are below evidence leveld )
U Focus onZ+ (1S) for further studies

L R L L P Yhaiitrw =
70 80 90 100 110
m,.,- [GeV]
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Single and Double Parton Scattering

Using Splot from the dimuon mass fits to obtain
signal distributions in 3wand 3%o

Using MC templates for SPS and DPS productio

Perform a simultaneous fit tozwand 3+ %o
extract SPS and DPS rates

1 H

i H
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Fiducial Cross Section Ratio CMSBPH-23-007

Use®© T1‘ as normalisation channel to reduce systematic uncertainties

Signal extraction through fit toa

Al dlo H, 7
Selection Z—puum +Y(S) = utpu- Z — 4u
Calculate ratio of fiducial cross section times branching ratio: All muons Il <24, Sp <4 1l <24, Sp <4

Muon pr [GeV] > 30,15,3,3 >20,10,5,5

) ) 1 14 e i o 11 11 i 114 It 11 > _CIMS] LA B B S L ‘1:‘38}fb}1 (?SlTelv_}

] n -” 1] (n rP (-D (p g) ¢ (p v O ¢ (wo ) 8 4002 + Data A Z 1

= P R ” 1 ) ‘ — r — Total k .

” (r] rP (A)) ¢ (A) T ;350: ----Signal .

- -- Background .

( ) — [ 8 8 (V4k 48 Ve Y :

by ()= 18 s(veres veoya
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Effective DPS Cross Section

The effective doubleparton reference cross section,

, can be interpreted as a

measure of the geometric overlap of the spatial partonic distribution

It can be calculated usingT

GEl S
8 &mb

In agreement with previous measurements

First time evaluation of kinematic dependence of, d

A All measured values are compatible with inclusive,

A Consistent with decrease withn

A Consistent with constant inn

Heavy Flavor Production & Properties at CMS
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CMSBPH21-007
arXiv:2602.10270

Measurement of B meson production fraction ratios in proton -proton
collisions at As=13TeV using opencharm and charmonium decays

4 )
UStudies of production fractions of various species of b hadrons have

been a topic of intense experimental and theoretical interest since the

CERNLEPera. GO
\_ J
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Analysis Overview

Analysis Goal: Measureproduction fraction ratios (PFR)"QF'Q, "(r'Q and "Q¥ ¢

b hadronization measurementsE T ‘@ THA and A, (J i, [}y are interesting:

A Limiting systematic for rare BR measurements

CMSBPH21-007

Akt
_LK

Probe-side B

(Non-Triggering)

Tag-side B
A Precision studies of flavor physics (Triggering)
A Tests of isospin symmetry QF'Q=1?) p ~
b - — c
“x<<c} lbr
Analysis Strategy: £ .
+ *0
A Run2 data with single and displaced muortrigger \_nds - nads)
A Measurekinematic dependence € ) of PFR in two channel a4 u} )
s
A Relative production fraction ratios fronf charmoniunh, ((Taly [& Probe) ‘;VIK d
A Measure production fraction ratio irf open charn{ (probe sidg B { b ) ) ¢ } D
u, d, s > u, d, s
-
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InvariantMass Fit

CMSBPH-21-007
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Relative PFR Measurement from CharmoniuntcMS-BPH-21-007

No reliable conversion to"QF QA 1 "81Q for

charmonium decays

Measure the relative efficiencycorrected yield:

5
5

Consistent with previously measureddependence
of transverse momentum at lowr)

Consistent with no B meson kinematic
dependence atry >18 GeV

Heavy Flavor Production & Properties at CMS
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Vi

Open charm allows "F'QA T "8IQ measurements o

with external input 2
Consistent with no B meson kinematic dependence at
n >18GeV
Results for myg 18 GeV:
BVl s 8 (vV4FE<48 Vi vay
BV s 8 (v <F «8 ViV«
Compatible with highry LEP measurement:

"I'Q=0.249+0.023
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=7l from Open Charm and Charmonium

"QF'Qcan be measured in both channels
A Ratio is a test of isospin invariance’QfQ  x p

Results are consistent between the three measurements

Combined result:

Bl ' MoOPE 8

Compatible with previous CMS measurement and SM expectation

Open-charm _,_, 0.946 + 0.057
Charmonium (tag) + 0.965 + 0.047
Charmonium (probe) + 0.949 + 0.051
Combined + 0.956 + 0.043
PRL131(2023)121901 0.998 + 0.063

08 09 1 11 12 13
f I,
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Summary

Measurement of the . £5),. 85), and 8B5)differential cross sections

A Insight into QCD
A Cross check for NRQCD calculations

Observation of . &5)+ Z associated production
Al RI 1 qWYHt 18)2Z qRYU WY n W bl

A First evaluation of kinematic dependence of,

Measurement of B meson production fraction ratios

A First measurement of production fraction ratios in CMS

A Compatible with isospin invariance

Heavy Flavor Production & Properties at CMS Beauty 2026
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CMS-BPH-22-001
JHEP10 (2024) 247

Measurement of the Ay © &F ¢ - effective lifetime from proton -proton
collisions at As=13TeV

LUIMeasurements using b hadron decays have dramatically improved our
knowledge of the standard model flavor sector. An important aspect of B
meson studies is determining whether the SM correctly describes the
violation of charge-parity symmetry observedin nature. CO )

\_
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Analysis Strategy CMSBPH22-001

Analysis Goal: Measure the || y© bt L effective lifetime
Tree-level diagram:

0 mesons are produced asflavor eigenstates but propagate as heavy and light b D ~ CJ
mass eigenstates with different lifetimes. Rl
W
0 RY 0 0 RO
B;, B, —>BS,H, Bs,L (s)
. . . . . S(d)
The observed decaytime distribution is evaluated by one fitted value: the Kg
effective lifetime . d (s) > d (s)
Penguin diagram:
This lifetime is sensitive tad and constrains penguin contributions c
< 30
Analysis Strategy: et ’
A Run2data,p T /EAati p deV ) (@)
A ReconstructUff © © * andyv © “ ¢ B, K
A Extract the effective lifetime from a fit to mass and decay time d(s) . d(s)
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Effective Lifetime Fit and Result CMS-BPH-22-001

» 10:CMS 140 fb™ (13 TeV
: . o B ¢+ Data
Fit strategy : g S
2 B sy K
. . ’ , . 2 , . S0 N 05 Iy K
A Simultaneousfitof6 © Gff 0 andé © Uff U N cecrous
A 2D unbinned fit to invariant mass and proper decay time WERN
_ oms 140 fb™ (13 TeV Fo
Ad O UIf 0 usedas high-yield control channel 2 ol Lo 1
E Esjjﬂz : oo b bm e Lo Lo L,
wE 4 Y Background i 2 3 4 5 6 7 8 9 10
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Lifetime Definition CMS-BPH-22-001

Thed O UIf v effective lifetime is defined as

_ Jo tH{T[BI(H) — J/pKE +T[BY(t) — J/pKY]} dt
o AT[BA(E) — J/pKY + T[BA(t) — J/pKY} dt

T(BY — J/pKQ)

TheG © U 0 effective lifetime can also be expressed as:

VW :Meand lifetime « yiNormalised decay-
Y . / width difference
T 0 1 —|_2y A _|_y2 AFS FL_FH TBQAFS
B sZ1AT S _ _ _ B
7(BY — J/yKQ) = —5 Ys = o = =
( S ] lp S) 1 . yg ( 1 +ySAA1“ 21, I'r +T'y 2

=y . asseigenstate rate asymmetry
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Efficiency Determination

Efficiency (arbitrary units)

Efficiency (arbitrary units)

CMS Simulation 13 TeV

—

L L L L = Y L L B L B B B L

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0 1 2 3 4 5 6 7 8 9 10
Decay time t [ps]

CMS Simulation 13 TeV

o
n

1_ 1 .[. BY - Jy K¢
- 2016

0.9

0.8

0.7f

061

0.5 +
| A

o
w

i 2 3 4 5 6 7 8 9 10
Decay time { [ps]

[Slimn

Efficiency (arbitrary units)

Efficiency (arbitrary units)

MS Simulation

13 TeV

iy

T T T T T T [ TR I T[T T L YT T[T T[T )

t

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2

BY > Jny KZ

b b b b b
0'10 i 2 3 4 5

CMS Simulation

6 7 8 9 10
Decay time t [ps]

13 TeV

Y

B Rt BT =L L S LI B R R R R

it

0.9

0.8

0.7

0.6

0.5

0.4

03

B - JIw Kg
2017

2 3 4 5

o

Heavy Flavor Production & Properties at CMS

6 7 8 9 10
Decay time t [ps]

Efficiency (arbitrary units)

Efficiency (arbitrary units)

CMS Simulation

CMSBPH-22-001

13 TeV

iy

LA I B B B R B O A Y R B B B

0.8

0.6

0.4

0.2

B” - Jly Kg
2018

0

2 3 4

MS Simulation

5 6 7 8 9 10
Decay time t [ps]

13 TeV

—_

c
0.9f
0.8
07E
0.6F
0.5
04l
osf

0.2

B - Jy K]

_[_ 2018

0

2 3 4

Beauty 2026

5 6 7 8 9 10
Decay time t [ps]

26



Signal Extraction

Events / 5 MeV

Events /0.2 ps
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Lifetime Systematics

CMSBPH-22-001

Source Value (ps)
Limited MC event count 0.006
Efficiency modeling 0.002
Signal and background invariant mass model 0.022
Background decay time model 0.014
Invariant mass shape variation 0.004
Different fit strategy 0.006
Contribution of BY from B decays 0.002
Control channel lifetime uncertainty 0.007
Total 0.029

Heavy Flavor Production & Properties at CMS Beauty 2026

28



B* Systematic Uncertainties CMSBPH24-011

Source m(B**) —m(B*) m(B*®) —m(B?) m(B:°) — m(BY)
Signal model 4 8 21
Signal shape parameters 15 15 18
Yield ratios of |1(y)| ranges 1 2 10
Background shape 2 <1 7
Cross-feed B} «» B*? <1 1 10
Photon energy scale, statistical 12 14 16
Photon energy scale, systematic 18 18 19
Total 27 28 41
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B* Systematic Uncertainties CMSBPH24-011

Source Am(B) — Am(B**)  Am(B®) — Am(B**)  Am(B) — Am(B*)  Am(B:0) — AnB D tan(E)
Measured value 194 4130 3936 4033
Statistical uncertainty 68 138 139 134
Signal model 4 23 23 23
Signal shape parameters 1 3 3 3
Yield ratios of |#(y)| ranges 3 11 7 9
Background shape 3 9 6 8
Cross-feed B:? «» B* 1 10 12 11
Photon energy scale, statistical 4 11 11 11
Photon energy scale, systematic <1 2 2 2
Total systematic uncertainty 7 31 30 30
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B* Systematic Uncertainties

CMSBPH24-011

Source Am(B)/Am(B*F)  Am(B)/Am(B**)  Am(B:%)/Am(B*) — (Bz*in;ffi)(B*O)
Measured value 1.00428 1.09122 1.08656 1.08838
Statistical uncertainty 0.00151 0.00306 0.00309 0.00297
Signal model 0.00009 0.00050 0.00052 0.00052
Signal shape parameters 0.00002 0.00003 0.00004 0.00003
Yield ratios of |5(y)| ranges 0.00008 0.00023 0.00016 0.00020
Background shape 0.00005 0.00020 0.00014 0.00017
Cross-feed B:? «» B*¢ 0.00003 0.00023 0.00025 0.00015
Photon energy scale 0.00009 0.00025 0.00024 0.00024
Total systematic uncertainty 0.00016 0.00067 0.00066 0.00065
Heavy Flavor Production & Properties at CMS Beauty2026
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Open Charm PFRS Definitions CMSBPH-21-007

oD BD ki)
fs/ fa = B(BY—m+D; ) B(Ds -7 ¢)B(¢ >KK-)
N (BY =t D; (mp(KTK™)))

COrr

Neoe(BY =t D= (K+r—717))

corr

B(B"—-K'D") BB —»nxtD") B(D-—Kfm n)

B(B?— ntD; ) B(BO+K+D~) B(Dy =7 ¢)B(¢p K K~)
Neorr (B = Dy (7~ ¢ (K*K™)))
Neo (B = D= (Kt t—717))
o Ve fB0 1 BB'n*DT)  B(D”Kfna)
—P[Vual? f7 5o NaNe B(BO—K¥D~) B(D; = 71-¢)B(¢ K K")

Neorr(Be— "Dy (¢ (K*K™)))

corr

Neorr (B® = e+ D=(K* =7 =))

fa  BBT—=atD% B(MD'—=K nt) N (B—=natD™(Ktn—n7))

fu BB -7D)BD —K'm 7 ) N, (Bt—>aDV(Ktr))

PP Vi fR B0 1 B(B* —n+DY) B(D*—»K+7)
JolJu = Pesty P 72 g NyNg BB K7D ) B(D; 7 ¢)B(g +KTK)
 Negn(B = 7Dy ( (KK )))

CcoIrr -
N oy (BT = mtDO(K+ 7))

corr
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Probe Side Signal Extraction
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I;Xl Hi lﬂ' CMSBPH21-007
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Inputs to OperCharm PFR

CMSBPH21-007

Input variable Value Reference

Dpg 0.97074 £ 0.00010 PDG [32]; Ref. [31], Eq. (7)

Vs fx/ (| Vil f) 0.27683 + 0.00035 Ret. [33], Eq. (107)

Tgo/ Tg 1.0021 £0.0034 HFLAV [10,34]

1/N, 1.0048 0005 Ref. [31], Eq. (20)

1/ Ng 1.002 £ 0.042 Ref. [31], Eq. (16)

BB —<K*D7)/BB’—=xtD~) 0.08194+0.0020 PDG [32]
B(D-—K n n) 0.0938 £0.0016  PDG [32]

B(D; = mn ¢)B(p —-KTK™) 0.0225 +0.0005  PDG [32]

B(BT — 7 tDY) 0.00461 + 0.00010 PDG [32]

BMD" =K ™) 0.03945 4+ 0.00030 PDG [32]

Heavy Flavor Production & Properties at CMS Beauty 2026
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Open Charm Systematics CMSBPH-21-007

Source fs/fu (%o) fs/fd (%) fd/fu(o/o)
(DPS/ ’Vus’fK/(’Vud’fn)/ TBO/%QI Na/ NF 4.2 4.2 T
Branching fractions 5.4 4.0 4.2
Tracking efficiency 2.1 — 2.1
BDT performance 1.2 2.2 2.2
BY nonresonant subtraction 0.9 0.9 —
r=0 — — 2.2
Total global systematic uncertainty 7.4 6.3 5.6
Statistical uncertainty in simulation 2.2-3.7 2.2-3.7 2.1-3.6
Signal and background shapes 0.8-2.4 0.8-2.8 0.7-2.8
Reweighting in pr and |y| 0.0-1.4 0.0-1.6 0.1-1.1
Total systematic uncertainty <79 <7.7 <7.2
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Charmonium Systematics

CMSBPH-21-007

Tag Probe

Source d d

Ry (%) Rs (%) fq/fu (%) Re (%)  Rg (%) fq/fu (%)
Stat. uncert. in simulation 1.1-5.1 1.3-7.1 1.1-5.6 2.7-5.7 2.6-5.5 2.3-4.9
Signal and bkg. shapes 0.8-4.4 0.64.7 0.54.2 1.3-10.1 0.9-94 0.9-6.6
Trigger SF 1.9-2.6 19-27 1.9-2.7 — — —
Reweighting in py and |y| 0.2-1.6 0.1-1.2 0.2-1.9 0.1-1.8 0.3-2.2 0.2-1.7
Total syst. uncertainty <7.5 <7.8 <77 <11.7 <111 <8.3
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Y(1S) Systematic Uncertainties

CMSBPH-24-004

Bd?c/dpdy
Apr {pr) y| <06 0.6 <lyl <12
(GeV) (GeV) (Pb/ GeV) (sstat (O/ 0) 5syst (O/ 0) (Pb/ GEV) 5stat (0/ 0) (Ssyst (0/ 0)
20-22 20.9 6.51 0.50 11 7.12 0.58 12
22-24 229 4.58 0.47 7.5 4.23 0.54 7.8
24-26 249 3.29 0.50 7.7 2.77 0.56 8.1
26-28 26.9 2.06 0.54 8.5 1.97 0.61 7.6
28-30 28.9 1.50 0.61 6.7 1.32 0.67 7.0
30-32 31.0 1.04 0.69 7.8 9.75x 10~ 0.75 7.9
32-34 33.0 738x10°!  0.77 7.3 6.98 x 1071 0.84 6.8
34-36 350 5.33x10°!  0.88 8.5 5.09 x 1071 0.95 9.1
36-38 370 398 x10°!  0.99 8.6 3.73 x 101 1.1 8.8
38—-40 39.0 3.18x 1071 1.1 8.4 311 x 10! 1.2 8.6
40-43 414 222 x10°! 1.1 8.3 213 x 101 1.1 11
43-46 444 1.63x10°! 1.2 11 1.43 x 101 1.3 10
46-50 479 1.07 x 10! 1.3 8.9 9.81 x 102 1.4 12
50-55 523  6.71 x 1072 1.5 9.1 6.07 x 1072 1.6 11
55-60 573  4.31 x 1072 1.8 9.5 3.65 x 1072 2.0 14
60-70 64.3 228 x 102 1.8 11 1.93 x 102 2.0 14
70-100 80.8 6.35x 103 2.1 14 5.11 x 1073 2.3 12
100-130 1116 128 x 1073 5.1 12 1.08 x 1073 5.8 27
130-160 1423 3.72x107*% 11 13 353 x 10~* 11 13
160-200 177.0 7.49 x 107 26 10 7.49 x 107° 29 20
Heavy Flavor Production & Properties at CMS Beauty 2026
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Upsilon Polarisation Scaling Factors

Apr
(GeV)

20-22
2224
24-26
26-28
28-30
30-32
32-34
34-36
36-38
3840
4043
43-46
46-50
50-55
55-60
60-70
70-100
100-130
130-160
160-200

Heavy Flavor Production & Properties at CMS

ly| < 0.6 0.6 < |y| <1.2
/\9:+1 /\9:—1 /\9:+1 /\9:—1
1.32 0.67 1.30 0.68
1.31 0.68 1.28 0.70
1.30 0.68 1.27 0.70
1.29 0.69 1.27 0.70
1.28 0.69 1.25 0.71
1.26 0.70 1.25 0.71
1.26 0.71 1.25 0.72
1.25 0.72 1.23 0.73
1.24 0.72 1.23 0.73
1.23 0.73 1.22 0.74
1.22 0.73 1.21 0.74
1.21 0.75 1.20 0.75
1.20 0.75 1.19 0.76
1.18 0.77 1.18 0.77
1.17 0.78 1.16 0.78
1.15 0.79 1.15 0.80
1.12 0.83 1.12 0.83
1.09 0.86 1.09 0.86
1.07 0.88 1.07 0.88
1.06 0.90
Beauty 2026
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CMS-BPH-24-011
Phys. Rev. Lett136 (2026) 031902

First exclusive reconstruction of the
measurement of their masses

HZ

4

h

-

and 6“ are much less exploredCO
\

LWhile the ground states of beauty mesons 6 h® and 6 have been
extensively studied, the corresponding excited vector mesons 6° hH°

~N

A4

J
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Analysis Strategy CMSBPH24-011

Analysis Goal: First full reconstruction of A" HA" and A, o
Al* o || s v L soHHLSA e~
AzO”ﬁOFEZﬁOHIHIEZﬁ fmcker\%
szo||vﬁo|_4ﬁ0|-|l|-||&&ﬁ

Challenge: verysoft photon with’'O D1 m MeV ind” rest frame. v

Analysis Strategy: Tl
A Run2 data with dimuon trigger - B+
A Combine dimuon into J/+
A (Combine two tracks to" / L) p §*\/@/
A Add one (two tracks) and dimuon to reconstruct ground stat& meson /Zﬂlﬁ

A Reconstruct photon from conversions togg gy Pairsin the beam pipe and
tracker material

A Combine photon and ground state B meson to reconstruct vector-Bieson
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Invariant Mass Fit CMSBPH24-011

Simultaneousfittothea (6 1) & (0)spectrainthed [ 6, ando | channels

v O [|[v8° v =

ZO”ﬁCfEﬁ

ZO||ﬁO|_|_LZﬁ

140 fo ' (13 TeV) 140 fo ' (13 TeV) 140 fb™' (13 TeV)

% [ % 90¢ % 20
§100_—CMS s 80;CMS S 18- CMS
; | ¢ Data, n(y)| <0.6 ﬁ ; 70 f, ¢+ Data, n(y)| < 0.9 “ g 16;— ¢+ Data, In(y)] < 0.8
> 80 - — Fit 5 eob = 14 —Fit
D —B" By, Bk D OUF —B B Q ,f — BBy 1
(4] . (Y] C © co_
o 60— - Background i) 50 Background o i Background P
_g . -——B*—> B'y, B’ yn' _g 40F BX’— By _g 10 - ——B— B%
(4] r 4] - [4y] 8 '
O 40 O 30¢ O 5 5
; vy ERTIRTRI, : L 2-\ 4,
0 y o N 0 0 .;L._—:/ . AT 0! T Ul
5.31 5.32 5.33 5.31 5.32 5.33 5.4 541 542 543
M(B"y) [GeV] M(By) [GeV] M(B7) [GeV]
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Results

“-B mass splittings : determined by the fit,\

CMSBPH24-011

are compatible with previous world

Value

45.471 = 0.056 = 0.028 MeV

45.277 £0.039 £ 0.027 MeV
49.407 £ 0.132 £ 0.041 MeV

5324.69 + 0.04 + 0.03 + 0.07 MeV)
5325.19 £ 0.06 £ 0.03 £ 0.08 MeV

5416.34 +0.13 +0.04 £ 0.10 MeV)

) - Parameter
averages and |mprove_the precision by A = (B~ (B
\_about one order of magnitude. Am(B*O)Em( 0) — m(B°)
Am(B®) = m(B:°) — m(B?)
m(B )
B vector meson masses: determined by [mgg:g)
the measured difference and the world TR

(B
averageof the ground states m(B;") —m(B"")

0.50 £ 0.07 = 0.01 £ 0.05 MeV )
91.66 £0.14 = 0.03 = 0.12 MeV
91.15+£0.14 £0.03 = 0.12 MeV
91.40 £0.13 £ 0.03 £0.12 MeV J

(Mass differences between vector meson / Am( 0y — Am

(B
states: obtained with world average of Am(B5") ~ Am(B* )
Am(B;'?O) Am(B*°)

\_ground state mass. Am(B) — 1 [Am(B*®) + Am(B*)]
| AmEB*U)/Am(B*Jr)
. . . A Am(B;%)/Am(B*)
Differences and ratios of differences : Am(B*)/ Am(B)

")
utilize  cancelation of uncertainties. \ 2Am(B}")/ )/[Am(B**) + Am(B0)]

0.19 £0.07 £0.01 MeV \
4.13£0.14 £0.03 MeV
394 +0.14 = 0.03 MeV
4.03 £0.13 £0.03 MeV
1.0043 £+ 0.0015 £ 0.0002
1.0912 £+ 0.0031 £ 0.0007
1.0866 = 0.0031 = 0.0007
1.0889 £ 0.0030 £ 0.0007 /

Reported for the first time.
- J
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Muon Selections

CMSBPH23-007
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