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Beauty flavor in the quark-gluon plasma

First measurement of Bx in PbPb collisions

Heavy quarks are well-known probes of the QGP. 28.0 b (0p 5.02 TeV) + 351 ub™! (PbPb 5.02 TeV)
New insights with beauty: [ CMS Supplementary = TAMY
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The peculiar physics case of Bc mesons

Recombination (uncorrelated) @ Mpe = 6.3 GeV
D

B
] Regeneration  Hybrid quarkonium state
b

Dissociation (correlated)

> mass and binding energy between J/y and Y(1S)

) \ JIy m sensitive to medium-induced dissociation
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=nergy '°SS® |/ o > small production cross section in pp collisions
Hard Processes m- [ow-pT1 enhancement via the recombination of
27.4 pb'(5.02 TeV pp) + 530 pub' (5.02 TeV PbPb) . .
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Measuring B mesons with CMS

Ideal experiment to reconstruct exclusive b-hadron decays involving J/y — p+pu- final states

> J/y measurable down to pt ~3 GeV (forward region) and up to the most central collisions

» excellent vertex and muon momentum resolutions

m separation of prompt and
nonprompt J/\yy components
(see Gyeonghwan'’s talk)

> luminosity for rare signals
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B: — J/v ¢ (— K+K-)
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Dimuon distributions in the J/y mass region [PAS-HIN-21-008]
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P reco
Exploiting features of B meson decay topology "«
> final-state particles from a common vertex N ‘/\
> significance of the displacement between
decay and vertices 0 <

> pointing angle «
> constraints on particle’s pr ‘
> + variables specific to each case studied

B meson

Boosted Decision Trees trained with
signal MC samples for each B meson separately.

charged
track(s)

=

decay vertex
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B+ and Bs signal extraction

B+ — J/y (— ptu) K+ B — J/y (— pty) ¢ (— KK PLB 829 (2022) 137062
CMS PbPb 5.02 TeV (1.7 nb™) CMS PbPb 5.02 TeV (1.7 nb™)

s soF BY BDT selection
— 400E- | + Data — C Dg + Data
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wm first observation of the
S = 2— o ® ® e Y (] : . .
S S A L L Y Bs meson in heavy ion
S e collisions!

Background contributions

> uncorrelated combinations of J/y candidates with extra particles

> contaminations from other B decays* (partially reconstructed decays + misidentitied charged tracks)

*negligible in the Bs meson case (tight mass selection for the ¢ candidate)
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Investigating beauty hadronization with Bs/B+

CMS PbPb 5.02 TeV (1.7 nb™) /@3\ CMS PbPb 5.02 TeV (1.7 nb™)
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Measured yield ratios compatible with predictions from heavy-quark (re)combination models

as well as with pp reference data
m- no significant evidence for enhancement of Bs/B+ in PbPb collisions (expected at low pr)
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Observation of the B.t meson

» reconstructed in the decay mode B+t — (J/y — p*pr) pt v, APALV: 220202657

> template fit of the trimuon mass performed simultaneously in three BDT intervals

> background contributions estimated from data and MC samples

background > signal
enriched enriched
PbPb (1.61 nb”, 5.02 TeV) PbPb (1.61 nb™, 5.02 TeV) PbPb (1.61 nb?, 5.02 TeV)
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B.t nuclear modification factor

> signiticant suppression in the high-pt region arXiv:2201.02659

> low-pt bin standing above by 1.80 No significant variation as

m hint for a softer pr spectrum in PbPb collisions a function of centrality

PbPb (1.61 nb™ + pp (302 pb™), 5.02 TeV PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV
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arXiv:2201.02659
W 5.02 TeV PbPb (0.37-1.6 nb™) + pp (27-302 pb™)
3
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> B+ less suppressed than quarkonia despite a mf:1 5
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Measurements of beauty flavor hadrons offer new insights
into the microscopic QGP properties

» first observation of the B. and B.* mesons

> hint of a weaker suppression than for
heavy flavor hadrons at low pr
+ convergence towards higher momenta

> no sign of beauty hadronization modification with Bs/B+

» B+ less suppressed than quarkonia

Interpretation of measurements statistically limitea

m to be continued in Run 3

Summary

and other

I:{AA

Compilation of CMS Raa measurements

B+, PRL 119 (2017) 152301: Bg, PLB 796 (2019) 168
B+, arXiv:2201.02659

5.02 TeV PbPb (0.37-1.6 nb™") + pp (27-302 pb™)
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Thank you for your attention!
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This in-person presentation is made possible by the financial support
of the France-Korea Particle Physics Laboratory (FKPPL)
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Systematic uncertainties for B+ and B

B+

B

B meson pr (GeV/c)

Muon efficiency

Data/MC agreement

MC sample size
Fit modeling
Tracking etficiency

T'an
NMB

Branching fraction

Total

/=10 10-15 1520 20-50

+72 443 +3.8

—-6.3 -39 =35
4.2 15 3.0
9.1 3.2 1.9
4.5 2.7 2.8
5.0 5.0 5.0

2.2

1.3
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+15 +17 +8.7
—-14 —-17 —=8.5
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—3.6
1.7
1.4
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5.0

+ 8.2
—8.0

7—10

+38.9

—7.5
35
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1.2
10

+47
—47

10-15 1520 20-50
+3.7
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—5.2
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6.3
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10
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2.2
1.3
7.5

4.7
3.1
1.8
10

+15
—14

+3.9

—3.6
10
3.2
6.4
10

+18
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Summary of the systematic uncertainties (relative values in %)
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Analysis of the B.* production

Reconstructed in the decay mode Bt — (J/y — p*ps) pt v,

> three muons from a same displaced vertex Sy

> one opposite-sign pair consistent with the J/y mass

. . . . . . . . . dPV(/’l) ~*L,
> trimuon kinematics + wide invariant mass distribution

.
.
-

B C(MS-PAS-HIN-20-004

Signal topology similar to three background categories 2 014 oms — signal MC
: : s | Preliminary — J/y sidebands
» Fake J/w = accidental dimuon taken as the J/y " 012 —— NonPrompt Jiy MC
. . - = Prompt J/yw MC
- Mass sidebands in data ot  otated iy
» Association of a true J/y with a misidentitied hadron 0.08f
ad 0.06
» Combination of a J/y and a muon from different vertices 0.04f

m decorrelation by rotating the J/y candidates around the PV o

betore association with muons (data)
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Template fit for Bt signal extraction

pp (302 pb, 5.02 TeV)
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= = Wrong-sign

purity = 0.787
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arXiv:2201.02659

pp data

Background components

> rotated J/y data sample

>

» wrong J/y candidate
(data dimuon sidebands)

> pure combinatorial
background from three
same-sign muons

PbPb data
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Towards B.* production cross sections

BDT selection

+ template fit | rawy;h

Acceptance and efficiency

\

corrected MC
oT shape

Fit + correction of the signal <

Monte Carlo pr spectrum

Final acceptance and efficiency

+ variations* for systematic
uncertainties (dominant)

*account for correlations with other uncertainties (template fit shapes, ...)

corrections

corrected yields

Event
—

. —>
normalization

S B
@ | cMs B: — (Jy —puury,
%_ i Centrality 0-90%
J— N3 <py™h <23 M <23
> 101
Z|© -
S F | % ® pp O pp
< | = ® PbPb B PbPb
~ B
| m
=
PP _
. pP° = 0.69
© 1:_ pPbPb _ 0 45
>\ : 1-2
©[o B
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Analysis workflow

arXiv:2201.02659
output / result V

PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV

first step

o

5 10 15 20 25 30 35
pr " [GeV]

01.2: bin-to-bin correlation tactor
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