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Heavy quarks and quarkonia in heavy ion collisions (2)

Golden probes to characterize the quark-gluon plasma (QGP) properties

Collision history pre-thermalization  / Quark-Gluon-Plasma
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System evolution ® @ cxpansion | L @ >
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Quarkonium fate

production /formation medium interaction

Interactions with the medium constituents

freeze-out

© Alexander Rothkopf

time

> suppression effects (energy loss mechanisms, dissociative processes tfor quarkonia)

> hadronization moditied by (re)Jcombination of quarks m enhancement of rare observables?!
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Deciphering the nature of the exotic X(3872) (3

The measurement of its production in heavy ion collisions could reveal its structure!

Strong yield enhancement for molecular states? Or solely produced at the hadronization stage?
In-medium coalescence with a probability Regeneration for loosely delayed
increasing with the tireball volume with respect to compact tetraquarks
| AMPT model [PRL 126 (2021) 012301] TAMU model [EPJA 57 (2021) 122]
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Prompt X(3872) / P(2S) yield ratio ()

PRL 128 (2022) 032001
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The peculiar physics case of B. mesons ()

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

Recombination (uncorrelated)

- sensitive to medium-induced dissociation

D
B
Regeneration
Dissociation (correlated) . . . o
] > small production cross section in pp collisions
b m |ow-pT enhancement via the recombination of
_ w L
c\\ /47 beauty and charm quarks within the QGP

X,—’ ‘ / |

Hard Processes
dependence of energy loss mechanisms

(high-pT regime)
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» reconstructed in the decay mode Bt — (J/y — ptp) Bt v,

> template fit of the trimuon mass performed simultaneously in

A

BC
three BDT intervals to maximize the significance
. . . dpy (1)
> 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)
> > > 35
O CMS —e— Data D CMS _ —e— Data D CMS _ —e— Data
$400 Low BDT |4 gignai % Medium BDT |u signal 5 High BDT | signal
&350 Lt Rotated Jiy + X | &3 H= Rotated Jiy + X [ 2 30 L= Rotated JAy + X ;g
S w26% B - Jiy X S ! B - Jiy X S —e— 2% B = J/y X —
0 300 2 Fake Jiy + X 0 “ Fake JAy + X 0 25 ~% Fake Jiy + X .
= = = \Wrong-sign = = = \Wrong-sign = = = \Wrong-sign N
52°0 S S 20 o
2 N 2 o e — ... o
% 200K purity = 0.016 % purity = 0.316 % purity = 0.787 —~
o | N(B,) = 31 O N(B,) =50 o 15 N(B,) = 48 N
150 S
| % N
L5 N - O
2000} (A (7 e iy o
] I JIT N NN Jé,-/! ;i\: |< \54_6 :j-\t':! .............. %
= ' w
()
H
Florian Damas (LLR) X(3872) and B.* production in PbPb collisions with CMS QWG 2022


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html

) [pb/GeV]

—_k
o

d’N

Nyg T aa 9 dy

or
I IIIIII_|L

G
de dy

d2

BFx(

Hint for a softer pt spectrum in PbPb with respect to pp collisions

B.t production and suppression
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- CMS

—llll|IIII|IIII|IIII|IIII|IIII|IIII|

B: = (Jly —p-pury,

Centrality 0-90%

13< |y <23 |y"H <23

® pp 9 pp

® PbPb 0 PbPb

AN AdPT

Ryp =

p?P = 0.69
1-2
prPb = 0.45

1-2

0

TA A X d(fppde

—_— >

Raa < 1: suppression

<
<
C

3

2.5

1.5

Raa > 1: enhancement

0.5

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

CMS

B — (Jly —p-pury,
Centrality 0-90%

® 13< M <23
o |yMH <23

PRL 128 (2022) 252301

1.80 difference

IIII|IIII|IIII|IIII|IIII|IIII|IIII|

1
19 0 15 20 25 30 OO 5 10 15 20 25 30
Py [GeV] pr " [GeV]
L, trimuon kinematics 01.2: bin-to-bin correlation factor
Florian Damas (LLR) X(3872) and B.* production in PbPb collisions with CMS QWG 2022



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html

()

B.+ and quarkonia

PRL 128 (2022) 252301

5.02 TeV PbPb (0.37-1.6 nb™") + pp (27-302 pb™)

3 CMS 2015, centrality 0-100%
. . . - % 18<ly|<24
Comparison with previous measurements: - Supplementary  promptdiy L L
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Comparison with model calculations

singhua model (J. Zhao @ HE-WINC 2022):
data do not support full thermalization
for beauty quark
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AMU model (B. Wu @ HF-WINC 2022):
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Summary

PRL 128 (2022) 032001
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CMS CMS Experiment at the LHC, CERN

Data recorded: 2018-Nov-08 23:00:35.173312 GMT S I t t - I
Run / Event / LS: 326392 / 3003879 / 56\i U p p eimen ary materia

Event display of a candidate in 2018 PbPb collisions



On the X(3872) state ®

slide from Jing Wang's talk @ Quark Matter 2022

/ PRD 71 (2005) 014028

o'.: . m k
-+ 2003: X(3872), aka Xc1(3872), discovered by Belle {%‘, TQ 1

- Today: Internal structure is still under debate
Possible interpretations:
= Tetraguark: Compact four quark state
- : X(3872) =~ D(1875)D*(2007)
= Hybrid: mixed molecule-charmonium state

PLB 590 (2004) 209

- All interpretations can explain measured mass/decay width
= Any way to distinguish these models?

EPJA 47 (2011) 101
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CMS performance for X(3872) — J/\ mtm

Measurement in pp collisions at 7 TeV [JHEP 04 (2013) 154]
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X(3872) suppression (?) in PbPb collisions ()

PRL 128 (2022) 032001
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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) ,*b
> trimuon kinematics + wide invariant mass distribution

" PRL 128 (2022) 252301

Signal topology similar to three background categories émlcms — signal MC
: : 5 I Preliminary — Jly sidebands
» Fake J/w = accidental dimuon taken as the J/y 0.12] —— NonPrompt Jiy MC
m mass sidebands in data o ::Z;th//:: e
» Association of a true J/v with a misidentified hadron o.oaf
ad 0.06
> Combination of a J/w and a muon from different vertices 0.04f
m decorrelation by rotating the J/y candidates around the 0.0k

orimary vertex before association with muons (in data)

Florian Damas (LLR) X(3872) and B.* production in PbPb collisions with CMS QWG 2022


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html

Template fit for Bt signal extraction

PRL 128 (2022) 252301
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pp data

Background categories

> 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 mass fit awyields
A Acceptance and efficiency
corrected MC corrections
oT shape

Fit + correction of the signal <

Monte Carlo pr spectrum corrected yields

Final acceptance and efticiency cvent
.. : ven
+ variations* for systematic — S =
.. . normalization
uncertainties (dominant)

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

Analysis workflow [PRE 128 (2022) 252301
first step

output / result

PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV
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01.2: bin-to-bin correlation tactor
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B.+ nuclear modification factor

PRL 128 (2022) 252301

Hint for a softer pr spectrum in PbPb

with respect to pp collisions No signiﬁcant variation with the Centra\ity
PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV
< [ N < [ N
o= 3 CMS Be = (Jly —upiury, o= 3 CMS Be = (Jy —u pwiury,
- Centrality 0-90% - 6 < pruu <11 GeV & 1.3 < |yuuu| <23
2 51 o 13<|MH 23 2 51 - or 11 < prtt < 35 Gev & [y < 2.3
: o M <23 :
2 2
E . ;
1,55 p, , = 0.43 1.51 I
- - °
e | R .
i {; " Cent. 20-90% Cent. 0-20%
0.5 0.5 _
- 1.80 difference i Pyp=0-57
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII| O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 5 10 15 20 25 30 35 0 50 100 150 200 250 300 350 400
,DMML [GeV] Npart

T

h trimuon kinematics 01.2: bin-to-bin correlation tactor

Florian Damas (LLR) X(3872) and B.* production in PbPb collisions with CMS QWG 2022



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-20-004/index.html

