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Motivation

Study of charm quark

1 Heavy quarks formed early in the collision
O Evolution of collision system
[ Probe energy loss mechanisms

U Hadronization process:
» String fragmentation vs coalescence

> A} (udc)/D°(c) ratio essential for charm quark
coalescence

» May depend on system size (pp, pPb and PbPb collisions)
O Anisotropic flow — QGP interaction
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Reconstruction

% AT reconstruction
» At -5 pTK 1t (BR ~ 6.23%)

pK*(892) » pK™nt  1.31%
A*TK™ - pKnt 1.08%
A(1520)n" -» pK™nt 0.49%
Non resonance = 3.5%
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Reconstruction

¢ PID (dE/dx) used for
proton identification for

% AT reconstruction
» At -5 pTK 1t (BR ~ 6.23%)

pK*(892) » pK it 1.31% AZ in pPb
AY*K™ - pKnt 1.08%
A(1520)Tt+ — pK‘n+ 0.49% -
Non resonance = 3.5%
T[+

% At reconstruction (pPb)
> Af - Kdp (BR ~ 1.59%)
> K -t~ (BR ~ 69.20%) P
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Reconstruction

¢ PID (dE/dx) used for
proton identification for
A% in pPb

% AT reconstruction
» At -5 pTK 1t (BR ~ 6.23%)

pK*(892) » pK™nt  1.31%
A*TK™ - pKnt 1.08%
A(1520)n" -» pK™nt 0.49%
Non resonance = 3.5%

% At reconstruction (pPb)
> Af - Kdp (BR ~ 1.59%)
> KO - ntn~ (BR ~ 69.20%)

% DY reconstruction
> D% - K-t (BR ~ 3.94%)

¢ All possible combinations of three (two) charged tracks in an event are considered for pp
and PbPb

Soumik Chandra, SQM 2024 5



Events/(8 MeV/c?)

Pull

Signal Extraction A in pp

CMS
_|_ —
AL+ A,
pp 252 nb ™ (5.02 TeV)

315><103
E3<pT<4GeV/c

310-p| <1

305

300

295

¢ Data
—Signal+Background
--Background

290

285

e -
2
Mokr (GeV/c?)

Low p7 in pp collisions

Events/(8 MeV/c?)

Pull

Soumik Chandra, SQM 2024

CMS
_I_ —
AL+ A,
pp 252 nb " (5.02 TeV)

850520 < p_ < 30 GeV/c

oo
o
T
=
A
—

¢ Data
—Signal+Background

--Background

==
2
Mokr (GeV/cY)

High p in pp collisions




Signal Extraction A7 in PbPb
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Events /0.005 GeV

Signal Extraction A in pPb
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Low p in pPb (low multiplicity)



DY anisotropy

Azimuthal anisotropy

Q Correlation between D? and light particles Properties:

O Studying anisotropy: i g;if;séoennergy loss

» Particle production in ¢ » Coulomb effect - Av,

AN N
i X (1 + nz::l v,cos[n(¢p — Lpn)])

¢ — azimuthal angle of D°

v

Y, — symmetry plane (Event plane)
Low &,— Small v, High ¢, —» Large v,
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Signal Extraction D° v,

U v, is extracted using the
scalar product method

O Simultaneous fit of the K
invariant mass and v,, Av,

[ Linear function is assumed
for background v,
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Results
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O PYTHIA8+CR(mode2) is consistent
with pp data.

» Final partons in the string
fragmentation are color
connected to minimize total
string length
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Data
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Prompt AL p; spectra in pp
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O PYTHIA8+CR(mode2) is consistent
with pp data.

» Final partons in the string
fragmentation are color
connected to minimize total
string length

O GM-VFENS systematically below
data for p,< 10 GeV/c

» Fragmentation tuned from
Belle/OPAL (e*e™ data)

» Breakdown of the universality
of charm quark fragmentation
functions?
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Prompt A. p; spectra in PbPb

PbPb 0.607 nb™!, pp 252 nb™ (5.02 TeV)
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Prompt AL Ry 4

PbPb 0.607 nb™", pp 252 nb™ (5.02 TeV)

O Larger suppression of A} production for

— P
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Prompt AL Ry 4
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23 Prompt AY /D° in pp

pp 252 nb™ (5.02 TeV)
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J‘fj E""»“.f# Prompt A-CI'-/DO in pp

pp 252 nb™ (5.02 TeV)
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L) Prompt A% /D® in pp

pp 252 nb™ (5.02 TeV)

)/ (D'+ DY)

Global uncertainty: 6.6%

“CMS oD predictions consistent
19 C < ® Data with pp data for pr < 10 GeV/c,
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Prompt At /D? in PbPb

PbPb 0.607 nb", pp 252 nb™" (5.02 TeV)
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Prompt At & D° p; spectra in pPb

1CMS Preliminary pPb 97.8 nb™ (8.16 TeV) CMS Preliminary pPb 97.8 nb™ (8.16 TeV)
% T | T T 1T | T TTT | TTTT | T T TT | T T TT ‘ T T T | T T TT | TTTT ‘ T ? :Et T | ITTTT ‘ TTTT | ITTT ‘ TTTT | T TTT | TTTT ‘ T TTT | TTTT ‘ T ";‘ .
- ] - 1 % pr spectra measured in
B | T = ) TR
R 146<y,, <054 3 - E L . 146<y,, <054 3 different multiplicity
1072 s = 1072 L - - :
- =— - - S T = regions
- C S 1 < B —-—— - %j.%—la%%* ] .
> = LT == T g 3 —-— e » Determined based on
-0t 4 o 104k e —; number of offline
g | T 13l | —— ] cted track
‘_2‘% f n 2< Nf’r{(:';;: 35 DR ‘_2;% E m 2< Nﬁ,f(:'f::n: 35 ? selected tracks
- 30Ny <60 ] - 35S Ny <60 1+ Increased charm hadron
1076; x 60 < Ntl’k. < 90 A+ + A- E 1076 = * 60 < Ntrk. < 90 0 - = . . .
- 4 90 < NO™ <120 c T Ac ; © .4 90 < NOI™ <120 D°+D E production with higher
=+ 120 < Np " <185 2 < = - 120 <N <185 2 = e
-« 185 < N2 < 250 1 - . 185< O < 250 : multiplicity
10*8 11 | L 111 | L 111 | I | | | I ‘ 1111 | 1111 | I ‘ | 10*8 1 | | 1111 ‘ .| | L 111 ‘ 1111 | 1111 | 1111 ‘ 1 111 | 1111 ‘ | |
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
p, (GeV) p. (GeV)

Soumik Chandra, SQM 2024 22



Prompt At /D° ratio in pPb

CMS Preliminary pPb 97.8 nb' (8.16 TeV) 1 CMS Preﬁmfﬂlan/ | pPb 97-? nb'(8.16 TeV)
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Anisotropic D° flow in PbPb

The flow vector:
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Anisotropic D° flow in PbPb

Soumik Chandra, SQM 2024

0.25CMS PbPb 0.58 nb™ (5.02 TeV)
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O Strong pt dependence of v,
and v,

O Significant nonzero v; up to
pr ~10 GeV/c

O Significant centrality
dependence of v,, while v; is
largely independent of
centrality
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O Comparison with models

O No model explain the data
over all centrality and pt
ranges.
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Eftect of Coulomb Field

0.02 CMS PbPb 0.58 nb™ (5.02 TeV)
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Q A} production significantly suppressed in PbPb —

Summary
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’ CMS Preliminary pPb 97.8 nb' (8.16 TeV)
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