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Why heavy flavor ?

k3 57 ¥

= Heavy-flavor quarks (c,b), m, >> A,,, T, produced dominantly in initial hard scatterings
(negligible thermal production), production cross section calculable with pQCD.

® |nteractions with the medium — parton energy loss, flow.
2> Constraints on energy loss mechanisms: collisional vs radiative process.

> Medium thermalization and transport coefficient D (2xT). Collisional Radiative
\ . . energy loss energy loss
2 Hadronization: fragmentation vs coalescence. - 5/9
E AE
X
D(B)-meson decays (medium)
D(B)-meson diffusion in | Hadronisation 5, .
hadronic phase + 10~ 5 e
(S ‘ . : . Fragmentation o @)
c(b)-quark hadronization E - Hadron Gas ” .@;f««&.
(e _ . _ chet™= Q!
+ 5 - | P Coalescence
c(b)-quark drag and o ‘ ®
diffusion in QGP ’ ® ).
;o‘ @'
Initial conditions, nPDFs, ... =0.5 (o< 1 fm/c)
Hard production 0 _
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Why quarkonia ?

= QQbar potential and spectral function modified in the QGP B
medium w.r.t. vacuum. 1| s [GeV] . ,},ér-i’i{'

= Hot nuclear matter effects: 05 I Sttt
2> Dissociation due to color screening, regeneration. ol
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Dissociation Regeneration

=
>

m Sequential quarkonium suppression due to different binding (Re)generation

energies.

m Cold nuclear matter effects:

2> Modification of PDFs, nuclear absorption, coherent energy
loss, co-mover absorption, ... .

QGP melting

Quarkonium R ,

Energy Densit):f

3 STAR HF | B.Trzeciak | ICNFP 2022



STAR detector at RHIC

= TPC - momentum and PID (dE/dx)
= TOF - PID (1/B)

= BEMC - trigger on and identify
high p, electrons

Time Projection Chamber

Barrel ElectroMagnetic
Calorimeter (BEMC)

Time Of Flight

= HFT - excellent pointing resolution
for secondary vertex
reconstruction

Muon Telescope
Detector (MTD) = MTD - trigger on and identify

muons

o
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Open heavy flavor



Open heavy-flavor hadrons
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2 Strong suppression of D° and D* at high p. - strong interaction of charm quarks with the medium.
2> D*/D° yield ratio in Au+Au consistent with PYTHIAS.

6 STAR HF | B.Trzeciak | ICNFP 2022



Charm hadrochemistry

® |nsight into hadronization mechanism of charm quarks.

D _/D°
D,/D°
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STAR, Phys. Rev. Lett. 124 (2020) 172301
v (2020) Transverse Momentum P, (GeVic)

. STAR, Phys. Rev. Lett. 127 (2021) 092301
2 Enhancement of A_/ID°and D_/D° ratios compared to PYTHIA.

2 Consistent with models including coalescence hadronization.
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Total charm production cross section

> Total charm production cross section per binary collision in Au+Au at \/sNN = 200 GeV.
= Consistent with p+p collisions.

Collision System Hadron do /dy [pb]
D’ [1] 39+1+1
Au+Au at 200 Gev | © 1813
Centrality: 10-40% @ D_[2] 15+2+4
O0<p.<8GeVic
F A 8] | 40+6zx27"

Total 112 + 6 + 27 D° [1] STAR, Phys. Rev. C 99 (2019) 034908

D, [2] STAR, Phys. Rev. Lett. 127 (2021) 092301

p+pat200 GeV [4] | Total | 130£30£26 0t kel oo oross

* Preliminary D*- results
** A\ cross section derived from A /D° yield ratio
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Mass dependence of parton energy loss

m Heavy-flavor hadron decayed electrons: ¢ = e and b = e separation thanks to HFT.
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2 Clear mass hierarchy of c-e and b - e R,, observed. Consistent with model predictions.

2 b quarks lose less energy than ¢ quarks.
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Energy dependence of HFE v,

= V, Vs coll. energy - temperature dependence of charm quark diffusion coefficient.
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> Significant non-zero v, of c,b » e at 54.4 - 200 GeV.

> At low p; models underestimate data.

> HF quarks interact strongly with the medium at 54.4 - 200 GeV.
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D%-meson tagged jets

jet

1

Njet

m DO%jet radial profile: charm quark diffusion in QGP.
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2> R .. strong suppression at low jet p_, hint of increasing trend.

2 Ratio of radial distributions consistent with unity. Potential to go to lower D° p._..
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Quarkonia



CNM effects on }J/p production
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2> Low p_ (< 2 GeVIc): significant CNM effects. Consistent with nPDFs and nuclear absorption

models.
2 High p.:

13

R ., consistent with unity — suppression in AA due to QGP effects.
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Energy dependence of J/y R,,
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2> R, increases with p below 3 GeV/c at 39 - 62.4 GeV, less p, dependence at 200 GeV.

2> No significant colliding energy dependence of the J/y suppression between
39-200 GeV - interplay of dissociation and regeneration effects.
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Isobar collisions at 200 GeV

96 96 96 967
wuRu+  Ruand Zr+  Zr

< -
m Moderate size collision system, between Au+Au 60-80% 0-20%
and Cu+Cu. i o C = ®* Au+Au
= Large sample: ~ 4 billion minimum bias events
and high-tower trigger events.
. 102 | 60-80% 0-10%
= Event P_Iane Detect_or. reduction of non-flow . i e
effects in v, analysis. -
. I A A A Cu+Cu
= Study dependence of hot nuclear medium - 0o 0205
effects on medium size and geometry. s
I 1 1 1 1 1 1 1 II
10 10

<Npart
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J/y R,, and v, in isobar collisions

m Dissociation vs regeneration effects: system size and geometry dependence.

3 2 : ————— : —] 0.4 ano |
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> No significant collision system dependence of the J/y suppression at similar N__..

> Elliptic flow (v,) consistent with zero for p. < 4 GeV/c at \/sNN = 200 GeV -
small regeneration or/and small charm quark flow.
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Suppression of T states in Au+Au
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2> Sequential suppression of T states at RHIC. 4 “g\\
> T(1S): similar magnitude of suppression at RHIC and LHC. o2 [
2> T(2S): hint of less suppression at RHIC in peripheral b ey
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J/w production with jet activity in p+p

®m Constraining J/y production mechanism: color singlet vs color octet state.

Lansberg, Physics Reports, 889, 1 (2020)

— D). — D =0
fe) < .
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2 ' pl¥ <10 GeV/e, |y | < 0.4 < Pl <10 GeVre, |y ¥| < 0.4
b% 10 Charged jet, R=0.4 b}, 10k Charged jet, R=0.6
© E jet jet © = jet jet i
« Iy with one jet. F p; 23GeVie, [y |<1-R g p, 23GeVic, |y |<1-R
B . R
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i |:| Systematic uncertainty T'r B |:| Systematic uncertainty
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T s I 3k
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= 1 1. o 1
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3 o 0 1 2 3 0 0 1 2 .
Jet Activity Jet Activity

2 |/ production cross section as a function of jet activity for R = 0.4 and R = 0.6 jets.

> For the measured kinematics, PYTHIAS8 predicts larger fraction of }J/y
produced in association with jets than that observed in data.
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Outlook - 2023 and 25

= High luminosity Au+Au runs at 200 GeV

1 First g(2S) measurement in Au+Au at RHIC.
2> Regeneration contribution and temperature profile of QGP.

N

2

Azimuthal anisotropy v

Improved J/y v, measurement with reduced non-flow effects.
2> Regeneration contribution and charm quark thermalization. §
Precision T measurements (~30% statistical uncertainty for Y(35)).

2> Medium temperature.
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Summary of heavy flavor in STAR

1 Strong charm quark interactions with QGP 1.4;-'(b)' B
. . . . .. ---b—e - boe =
» Constrains on diffusion coefficient VB e cess tee T
2 b quarks loose less energy than c quarks Fos §—~“:j\'"+“-<;::;:f:: :::::: T- ;
= Mass dependent parton energy loss A S R E
.: @ --Z """"""""""""""" .
3 A/D°and D/D° enhancement 02 ! E
Y 10

= Importance of charm quark coalescence p, (GeVie)

[‘ G AC R This work was supported by grant from The Czech Science Foundation,
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Summary of heavy flavor in STAR

1 Strong charm quark interactions with QGP 1"‘?'@)' — Dkbé pHsbi T e
= Constrains on diffusion coefficient VB e cess tee T
2 b quarks loose less energy than c quarks s — \L'\:*”"“ii.:t;::::fI ~~~~~~~ _
= Mass dependent parton energy loss zj: ~~~~~~ ?%;52_.' ‘ e
3 A./D°and D./D° enhancement °‘§i__“§ o * <°<0
= Importance of charm quark coalescence 2 R S e <°<0A2 ]
4 )/w suppression: no significant collision system and o_;'%% ll
energy dependence & i B g ! -,
= |nterplay of dissociation and regeneration effects - stan poiminay
5 J/w v, consistent with zero in isobar collisions R “°‘<’ij§°

= Small regeneration effects

[‘ G AC R This work was supported by grant from The Czech Science Foundation,
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Summary of heavy flavor in STAR

1 Strong charm quark interactions with QGP
= Constrains on diffusion coefficient

2 b quarks loose less energy than c quarks
= Mass dependent parton energy loss

3 A/D°and D/D° enhancement

= Importance of charm quark coalescence

4 J/p suppression: no significant collision system and

energy dependence

= |nterplay of dissociation and regeneration ef'fects

5 J/w v, consistent with zero in isobar collisions
= Small regeneration effects

6 Sequential Y suppression at RHIC
= Thermodynamic properties of the medium

[‘ G AC R This work was supported by grant from The Czech Science Foundation,
grant number: GJ20-16256Y
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Mass dependence of parton energy loss

m Heavy-flavor hadron decayed electrons: ¢ = e and b = e separation thanks to HFT.

N(b—e)/N(b+c—e)

- 3 ' ' - =32
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/ — — )
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2 Bottom-to-charm R_,(0-20%/40-80%) and R_.(0—20%/20-40%) ratios in p_ range 2 - 4.5 GeV/c
reject null hypothesis at 4.2 and 3.30, respectively.
2 b quarks lose less energy than ¢ quarks.
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Outlook - 2023 and 25

® High luminosity Au+Au runs at 200 GeV
2> Projected kinematic coverage of the heavy-flavor program.
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