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Outline

® Motivation and STAR Experiment

® Energy loss

- Measurements of D pr spectra and R4y in isobar collisions at 1/Syy = 200 at RHIC

@ Collectivity

- Measurement of D? elliptic flow v, at mid-rapidity in isobar collisions

® Summary
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Outline

® Motivation and STAR Experiment
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Relativistic Heavy lon Collision

Energiesinvolved in the Quark epoch are directly accessible in RHIC (“Little” Big Bang)
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® QGP is the hottest (~101% K), smallest, and the most perfect fluid (0.08~0.2 #/kg) in nature!

® Hadronization and chemical freeze-out stages
- Confined again & inelastic interactions & The relative yields of different hadron species are fixed.

@ Kinetic freeze-out stages
- elastic interactions & The momenta of particles get fixed.
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Open heavy-flavour produciton

ol

(1 e

©)] 4)

r;/T ~ 3.95%

. . : m. > Aocp, an ideal probe with a high
< 1 fm/c, initial partonic hard scatt T .
m/c, initial partonic hard scattering orobability of penetrating OGP

Open heavy-flavour production plays a unique role in heavy-ion physics:

® Production restricted to early collision stages (mainly gluon fusion) and retain a “memory” of their evolution through the QGP

@ Consistent with the theoretical calculation (pQCD in p+p collisions) and partons have energy loss in the medium
- Gluon radiation (dead cone effect; suppressed at 6 < mg/Ej)
- Collisional energy loss (Brownian motion)

@

Heavy quarks retain their flavour and mass identity; can be “tagged” by the measurementof heavy-flavour hadrons
9/12/2025
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DO R4 in Au+Au collisions

STAR, Phys. Rev. C 99, 034908

' | ! | | | ! ! | ! | ! |
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h* 0-5% ALICE 2.76 TeV .
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® Suppression level comparable to that of light hadrons in 0-10%
@ Similar suppression in Au+Au and Pb+Pb

® \What is the system size dependence of charm quark energy loss and hadronization?
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How about system size dependence?

STAR recorded large sample of isobar collisions
(Ru+Ru & Zr+Zr) at v/syy = 200 GeV in 2018

Provide a great opportunity to study the system

size dependence 27 Data
0C 1 g = Ru+Ru —7— Au+Au
- 8= Zr+Zr —= d+Au .-
. . 1.6 — W pp uncertainty  —— Cu+Cu T ;Tc
High-pr charged hadrons: Ra, scales with (Np,) g +
in different systems — driven by average energy E % |
| SR L
density and volume 0sF 8 ™ LT |
o.ai— -%%.
How about D? 04 AR prai "
- TAR Preliminary v
0.2 Isobar |/s,, =200 GeV
of 1 (Mh2p>510GeVie _—
10 10? <|\|part)

STAR Phys. Rev. Lett. 91, 172302 (2003) STAR Phys. Rev. C 81, 054907 (2010)

STAR Phys. Rev. Lett. 91, 072304 (2003)
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STAR Detectors

Time of flight

3
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dE/dx (GeV/cm)

Isobar 200 GeV. Primary tracks
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Charge x IMomentuml (GeV/c)

| B
251 =
2l .
151
E = .
® Time Projection Chamber (TPC) @ Time Of Flight detector (TOF) f. . lsobar200GeV Primary tracks |
0 0.5 1 15 2 25 3
~ 350 um, vertex resolution with more than 1000 tracks the precise 1/ extends PID reach [Momentum| (GeVic)
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Outline

® Energy loss

- Measurements of D pr spectra and R4y in isobar collisions at 1/Syy = 200 at RHIC
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Data set and Analysis cuts

* Dataset: production_isobar_2018

hybrid PID functions

*  Year: 2018 225 pele
£ (p) Z{ ' '1.5,' 551'.6
* Production tag: P20ic
6.129-1.9316p, p<2.5
() = | s

* Triggers used: 600001, 600011, 600021, 600031 (MB)

min _ (-754+5.83p-131p?, ps1.7
fg'(p) = —1.4149, p>1.7

* Embedding request id: 20201503
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hnEvent
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| | |
EY 7B, T O.g B,
g Saar, or g '%“F"w 0 ot
Gy, Selection Flag
96,

Event Level cuts Track quality cuts . PDaws

A (-35,25) cm pr (GeV/c) > 0.6
_ btofYLocal (TOF matched )
V. < 2.cm TPC Nhits =20
VzDiff <3.cm
_ nHits/HitsMax ~ [052, 1.2 ] o Lo s b G
IBadrun_list
- gDCA < 20cm
coodligger 0> 16&& B > 0 (Pion)
lisBadRun() ul <l
passnTofMatchRefmultCut() nHitsDedx > 10. p = 1.6 && 'TofisAvailble
0-80% charge +1
# Events 2.78 Primary tracks ¥lpo

[-1.8,18]

hybrid PID functions

hybrid PID functions

INok|< 2. && |nog|< 2.

<10
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D? signal reconstruction / B

cw
C — \
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® The K, Tt invariant mass distribution with centrality 0-80% and pr range 0-8 GeV/c at midrapidity.

® D signal at 0-10% (a), 10-40% (b), 40-80% (c) centrality bins with
® The mix-event method can well reproduce the combination background (solid red line). transverse momentum range 0-8 GeV/c at midrapidity.
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@ (a) TPC tracking efficiency for Pion

Efficiency correction procedures

I e
2nprdprdy B 2nprApTAY X Neyents X B.R.

reco
(:'Do

= €accept X €TPc X €pID
€pID = €noy ' €TOF * EncTOF + €Engy (1 = €ror)

* ANT® : the raw yield measured in the bin AprAy ;

* €accept X €rpc . TPCacceptance and tracking efficiency (embedding);

* €pyp : particle identification efficiency (data, K2, ¢, A%).

0.5

o
~

|\\Ill\llll\llll\ll\lllll

7

D? efficiency

o
[N}

0.1

0

e 0-10%
¢ 10-40%
40-80%

2y

Isobar |fsy, =200 GeV

II\IilllliIIllil\I\illl\i\Illi\l\lillll‘tllllil\ll

0 1 2

4 5 6
P, (GeV/c)

8 9 10

@® DPfficiency as a function of D? transverse momentum at different centrality bins.

(b)

s T £ T T
. .. . - n Isobar 200 GeV
@ (b) TOF matching efficiency for Pion 08— 08| ~ v
= - B —m e ;mf&—_{?_
0.6{— 06—
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Systematic uncertainties

@ Signal extraction @® TPC tracking
> The difference between the fitting and counting methods (1.69, 2.04) GeV/c?; » DCA: Zcm (default);
> The order of polynomial function to depict the residual background (Pol3); » nHitsFit: 20 (default)
> Signal fit range (1.73, 2.00) GeV/c?; @ PID cuts 3%

» pr cut variation for daughter particles; ® B.R. 0.5%

» Mix-event like-sign normalization factor : : . :
® p + p inelastic scattering cross section 8%

0-10% 10—40% 40-80%
Raw yield 3.9-16.5%  3.7-10.5%  4.0-8.5 %
Track p; variation  10.6% 9.3% 7.3%
spectra €p1D 3% 3% 3%
TRE 2-6% 2-6% 2-6%
BR 0.5% 0.5% 0.5%
R (Npin) 1.6% 0.6% 0.4%
AA pp base 20.6-71.8% 20.6-71.8% 20.6-71.8%
0-10% 10-40%
Rep (/40-80%) _
Raw yield 13.6-20.7% 12.4-16.5 %
Integrated cross section pr>0 pr >4 GeVie
Total 12.7-15.8% 12.0-15.2 %
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pr Spectra and Integrated yields

Ed3N_ d*N  d?N
dp® prdprdydd 2mprdprdy

2N ANT®W /etGE /2 ANy dPel
2nprdprdy  2mprApTAY X Neyents X B.R.  2mprAprldy dp3

@® DY invariant yields at mid-rapidity (|y|<1)
vs. transverse momentum for different
centrality classes in isobar (solid) and

Au + Au (open) collisions at 4/syy = 200 GeV. 5

NN AA pp
dO-DO | — dNDO | Ginel
dy V=0 dy V=07 < Ny, >

® D integrated corss sections per nucleon-
nucleon collision in isobar.
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DY R,,: Isobar vs. Au+Au

[ STAR Preliminary ® D°inZr+Zrand Ru+Ru @ 200 GeV
. - _ LSE 010% ¢ AutAu PRC 99,034908)
@ Significant D R,, suppression observed [ .. Langevin dynamics in Isobar
: : . qFF Lo ooooo oo} [ __-u Langevindynamicsin AutAu
at high-py in central collisions : HHHE@ N = 15675 14
B aN i =319.4+ 3.4
. - :S T n
® Suppression decreases from central to filk H@ -----
peripheral collisions — consistent with -
: : 1.5 10-40% AN i =854+1.4
decreasing hot medium effects [ N
Ll - I

@ Similar suppression between isobar and -3
Au+Au collisions In same centrality

® Theoretical model that includes collisional
and radiative energy losses Is consistent
with observed suppression
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RCE VS. Pr

® IsobarD'
O AuAu D' (/60-80%) @ 200 GeV

i i Isobar |syy = 200 GeV

® R.p with the 40-80% spectrum as the ] "1
reference for 0-10% and 10-40% centrality in % 05k L
isobar collisions compared to that of Au + o (2) 0-10% o ® O
Au results. =

mﬂ

_ _ 1 5_ O AuAu D" (20-40%/60-80%)
® Charm quarks suffer signifcant energy loss Iy E;
IN both system evolution 1 -3
0.5/
" (b) 10-40%
0|| P PR B IR A
0 1 2 8

3 45
P, (GeV/c)
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my Spectra and Collectivity

_ 08l ® D' isobar @ 200 GeV Central
1 ISUbar b||SMN - 200 Gev B 4 K, pinisobar Central
N ¢ mKp
O 0-10% (x 20) 0.7 ® 0. A. E Q.D"|Au+ Au @ 200 GeV Central system T
S L Al 2 34 ) ff
® 10-40% (x 5) 06 ¥ Tt 0.176+0.001
N ‘ : 0.203+0.005
O 40-80% —~ Isobar
% 0.5f ; p 0.218+0.001
O S - '# DO 0.424+0.015
\-; 04 [ l" ‘.,’+'#
5 i ¢ s m 0.199+0.002
= - -
= 03 K 0.340+0.026
51 0_5 - 2nprdprdy :anTmedy »> B ," AuAu P 0.594+0.020
— i - ‘_,.'
> L ANAY (g /T 0212 -4 DO 0.416+0.018
’-'l-'c 2mTegr(mo +Tefr) d
B T = [ 0 0
- —— m; exponential fits 0.1 L 2 D" (20-40%  0.431+0.012
i Teg = Tip +m (Br)
10_? — ! I ! I ! I ! I 0 _I Ll 1 I Ll 1 | l Ll 1 | I Ll 1 ‘ Lt | | I Ll 1 1 | Lt 1 | | L.l 1 | Il
0 2 4 6 8 0 05 1 15 2 25 3 35 4
p, (GeV/c) Mass (GeV/c®)

® DY invariantyield at mid—rapidity (Jy|<1) vs. pr for different centrality bins fitted with my distribution.
® T,.sr for DY in central isobar collisions is consistent with that of Au + Au results. The red rhombus from left to right
show the fit results of 11, K, and proton in isobar collisions respectively.
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Blast — Wave Fits

1 Isobar \s, =200 GeV Isobar \/s,, = 200 GeV .
oD
O 0-10% (x 20) 0.3 #rK,p
® 10-40% (x5
o { ) B 40-—80%
0 40-80% < %0.g5,
o } ”‘5'
D 0.2 PN
", O 60-500, WA
... . b 0-5%
s £ | 0., I 0-10%
. = "10%
E ] 0-5o
- D° 70-800, O 5%
< - 01 ¢ O
> — =3 0,2 70-809, '@'
R o - —— Blast-Wave Fit 0-5
107} - Tsallis Blast-Wave Fit < nKp %
- Au +Au y\s,, =200 GeV
. I . | . | . | U 1 ] 1 ] 1 ] 1 ] 1 ] 1 ] 1
0 2 él 6 8 0O 01 02 03 04 05 06
Vic
P, (GeVic) B (©)
@® DY invariant yield at mid—rapidity(ly|<1) vs. pr for different centrality bins fitted with blast-wave function. e, Tonllis blast-wave model fits parameters to D pr-
® DY freeze out temperature in isobar collisions are consistent with that of in Au + Au collisions for the same centrality. — esz :mm - “; d;(cj - -
The open red rectangles from left to right shows the result of fitting 11, K, and proton simultaneously from peripheral t mwﬁr . n'.r}ézio.u;s 0.070L0.007
central collisons. 10,50 018540091 0.08550.005

® The average flow velocity increases with central collision, and (g —1) is also found to be close to zero.
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Summary — D° p; spectra and R, 4

« D%_meson productions are measured at mid-rapidity (ly| < 1) in 200 GeV isobar collisions

« The number of binary collisions scale effect of D® production cross section between isobar and Au +
Au collisions Is observed

* The strong suppression of DY nuclear modification factor Ry, is observed for pr > 3 GeV/c in central
Isobar collisions, demonstrating that charm quarks suffer significant energy loss in the QGP.

* No significant systematic dependence of D? kinetic freeze-out properties in central collisions
between isobar and Au + Au collisions within uncertainties is observed.
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Outline

@ Collectivity

- Measurement of D? elliptic flow v, at mid-rapidity in isobar collisions
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Collective flow in heavy-ion collisions

@ Acceleration of collective flow

reaction p]ane

APVo, P () pliut(Y)
v —_ v . [
u avup = T etP Euler equation ’ ™ Fluidc
=N ‘QiP ) —> Spatial gradient of pressure
‘atu/l.:( +$' :
N - i,"’ inertia of fluid

flow acceleration

Pressure gradients drive the hydrodynamic expansion
Anisotropic flow

dN N N
gk (1 + 22‘; v, cos[n(¢p — ‘Pn)])

v, = (cos[2(p — ¥ v, elliptic flow, v; triangular flow, ...

average over azimuthal distribution
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Elliptic flow at 200 GeV Au+Au collisons

N ' S 1]
0.3 Hydro model
_____ T
0.2— — —]
> .
> B — ]
01— ]
PHENIX Data  STAR Data
R O mr+TC * hish B
A% vV K'+K A K3
s O p+p ® A+A _
| . | . | . |
0 2 4 6

p, (GeV/c) PRC 72, 014904 (2005)

@ A significant elliptic flow indicate existence of

light flavor-medium interactions

Anisotropy parameter (v,)

TAMU no c-quark diff.
0.2 Duke - 2nTD=7
I LBT

| —..-.. PHSD

. — - 3D viscous hydrqy

I | >

- @ STARDS STAR Au+Au Sy = 200 GeV
- - - - SUBATECH
- —— TAMU c-quark diff. 0-80%

PRL 118, 212301 (2017)
1 I 1 I 1 I 1 I 1 | L I 1

1 2 3 4 5 6 7
pr (GeV/c)

® TAMU model with charm quark diffusion can
describe data, not vice versa;

@ A 3D viscous hydro suggests that charm quarks
have achieved thermal equilibrium.

9/12/2025
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D° v, at 200 GeV Au+Au collisons

03 eD° oA STARAutAu [ Sw =200 GeV —~ | eD° oA STAR Au+Au ‘/SNN = 200 GeV
~ - =8 10-40% £ - —_ —409
S _ g8 L2973 & I
-'g 0.2 I u:%m A f e = g : '5' E (m) [:' _ —_
o i DBEU%UF o - < - - st o
2 0.1 g_° i“ > B
" © o N
= 8 o
-— — a -— -
2 [ aze 8 g ; _________________________________________________________
< 0 = £ (a) 5: i (b)
= | ! ! | | | _ ' ' | ' |
0 1 2 3 4 5 6 0 0.5 1.0 1.5 2.0 2.5
p: (GeV/c) PRL 118, 212301 (2017) (m—my)in, (GeV/c?)
® Gained significant flow through interactions with the
@® A clear mass ordering for pr < 2 GeV/c; sQGP medium, and may thermalization;

® An experimental evidence for quark deconfinement.

A expected smaller hot nuclei systems in Isobar, so v, depends on the system?
Charm quark gets thermalized in Isobar like in Au-Au at 200 GeV?
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Event plane method to measure D° v,

(-35, 25) cm r(GeV/ic)  (02,2.)
VT s sem |n| <1l 4402””o.‘s““#””t‘s”"2“"'2}5"":;'
VzDiff <3.cm . v
TPC Nhits >=15 @ Event plane reconstruction and recentering
Badrun_list _ _
_ nHits/HitsMax [ 0.52,1.2]
IGoodTrigger
. DCA <=2,
iIsBadRun() gbt e
e
lpassnTofMatchRefmultCut() charge 1 : _:_f!fjf
0-80% Primary tracks . = S

TN B
40 50 60 70 80
centrality (%)

@® Event plane resolution vs. Centrality
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D? signal reconstruction

*
iy
=]
[*]

2 - T T T 2 ndf 18.39/29
% = yield 1.9820+04 + 1.432e+03"
1000 [— u o 865 + 0.001
= o .+ 001268 £ 0.00087
- p0 .-+ 6.243e+04 + 1.343e4+04
1<p._<2.0GeVic 500; Mopi 1.180:+07 2 6.540+04
x10° T oF— " p2 -2.41e+07 + 8.63e+05
1500 = -
g ﬁﬁ E 1<p <20 GeV/c 3
3 RGN E =
— ﬁé@‘:@: -1000 — —
1450 — 4 4 o hInvMass - -
- Oy ¢ hInvMassMixed -1500 | =
- AN é — hInvMassLikeSign a0 =
1400 |— & - =
— < & ~2500 [ —
B -é-gé' P R TaTa¥yl — | 1 I 1 I I I 1 I 1 I 1 I 1 I | I 1 I 1 I 1 I 1 I I I 1 I 1 I 1 I :
1350 - < & Nu - 2mdf = 18.4/29 RawYield = 1.98e+04 + 1.43e+03
— ﬁ':.ﬁ: ";;60'0 =1.865 * 0.001 GeV Si cance =13.8 —
- '9'.@._& & [o=127 £09MeV )
— =¢==@! g - —
1300 — 2 o =400 — —
£ ] L 4
B < 2,
& i
B | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 ﬁ g
1.7 175 18 185 19 1.95 2 2200 N
invariant mass (GeV/c?) o |
0
@® Total DY signal at 1.0 < pr < 2.0 GeV/c : t | | .
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D? signal reconstruction

@

. Tlo L B AL L A I 35.47 /29 . £ T T ndf 37.95/29 . (- T % T'ndf 2435/29
S 1000 yield 9759 + 1267.2 § 150 — yield 7087 + 1028.9 g 1000 — yield 54565 + 918
a B H 1.867 £ 0.001 o C H 1.864 + 0.002 o C u 1.86687% 0.002
g C o 0.01323 + 0.00179 2 o0 o 0.01317 + 0.00163 g - o 004185 + 0.00165
= L PO  —1.075e+05 + 1.1450+04 -4 - p0  —6.816e+04 + 1.039e+04 2 s0l— po -5198 + 9923.8
2 se0— Pl —6.34de+06 + 5.4260+04 2 s0F— p1 3.261+05 + 5.351e+04 2 - pi 75250406 + 5.321e+04
B p2 2.591e+06 + 74240405 | = -2.523e+06 = 6.880+05 C -8.995e-+06 =+ 6.6632+05
- § °E o -
o— — C - 1<p <20GeVic
- 1<p_<2.0GeVic - 50— - Py .
N 7] 100 = ~500 |— -
500 (— ] = + 3 - .
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D? signal reconstruction

%]
%]

" 1500i—1lr] T I ¥ I ndf 4251729 g ?In I I ¥ I ndf 2204 /29
< - yield < e yield 6989 + .
3 - u 5 - i 865 + 0.001
3 o0 & g - & 01135 + 0.00238
= C po 0380+04 + 1.107e+04 2 0l 7.9410+04 + 1.109e+04
: 500 — 1.0186+07 + 5.317e+04 : - 9.3360+06 + 5.291e+04
C ~1.4448407 + 7.162e4+05 - ~1.862e+07 + 7.2240+05 |
— —] 0 I p—
0 —_ u— — —
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Nr.a _xz.-"ndf =42.5/29 RawYield = 7.16e+03 + 1.19e+03 Nr.a 300 —xz.-"ndf =22.0/29 RawYield = 6.99e+03 + 1.22e+03 —
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v, correction

, isobar 10-40% — _
T x10 +2 / ndf 1.313/3 - | | 1 I | | 5
2 = N 9.275¢+05 + 4.518e+04 0.4— —
2 1200— vy 0.07774 + 0.03571 B |
: 11005 I sl + i _
— 0<p._<8.0GeV/c B |
- Pr B + 3 * ! t 4 t i
1000 — Of— - mmmmm e -
E >N = + T -
900 |— - -
C -0.2— —
8001~ n ® Isobar_blinded 200 GeV i
N 04— —]
e | | | | | | . A Au-Au 200 GeV 0-80% i
0o o2 04 06 08 1 12 14 Y A R E S E R E S SR SR
- 0 1 2 3 4 5 6 7
P, (GeV/c)
Y
N(1 4 2v5cos(2(¢p — ¥)))
® A scale of A/sinA = 1.01664 is done to correct for finite
bin width A = 0.17t; @® Non-zero D° v, is observed.

@® The 73 is divided by <1/R>, weighted by the D? yield,
to get physics vs,.
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Outline

® Summary

9/12/2025 Yuan Su, Group Meeting Presentations



Summary

@ DY p; spectra and Ry, in Zr+Zr & Ru+Ru collisions at STAR

* Significant suppression observed at py > 3 GeV/c in central collisions, indicating
charm quarks strongly interact with medium and lose energy

* At the same centrality, DY seems to behave similarly in isobar and Au+Au collisions,
while light hadrons do not

@ DO elliptic flow v, at mid-rapidity in Zr+Zr & Ru+Ru collisions at STAR

* A non-zero v, IS measured and consistent with Au+Au collisions within the uncertainty:.

Thank you!
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D° production cross section in p+p collisions

10° S = S B R B =
_ : T f 5=502TeV ]
- p+p@) — DD +X > 107 PP _
U] i!n;._._ E
2 oIt : §
= 104 i§§| Prompt D', [y|<0.5 3
—_ - i . 3
pp 7 TeV [x109 > F 'g§§‘ ALICE .
- 1 dm
Q. = S
2 - - 40
pp 1.96 TeV [x107 B 0L 1%
© 3 ©
i 1w
2 |
pp 500 GeV [x10] 107 |9
e — SIS
10 =+ 2.1% lumi, £ 3.1% BR uncertainty not shown 3 S
pp 200 GeV |~ S B R A A 7o
- TSALLIS-PARETO Fit oE :
1 -8 | | | é
o7 5 10 15 20 05k :
Transverse Momentum GeV/c o 5 10 15 20 25 30 35
pT( ) P, (GeV/c)
® pQCD calculationsin p+p collisions, convolution ® Measured down to pr = 0 in central collisions

- the parton distribution functions (PDFs) of the incoming protons ~© Provide important constraints to pQCD calculations and
to low-x gluon PDFs

- the partonic scattermg C_rOSS section @® Represent an essential reference for the study of effects
- the fragmentation function induced by cold and hot strongly-interacting matter
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Particle specie ratios in pp, p-Pb, Au-Au and Pb-Pb

(@) s7an o NitA
o L Au+Au, USNN =200 GeV D°+D°
- : - —_— ——r — B 10-80% o AtA
Q 14 Auce <05 I 41 T o 2K¢
O [ Pb-Pb, 5, =502Tev T 1 ¢ o b+P
1.2 X 1 3 T AT
£o o0 T o 0-10% 2 5004 pp?
B 30-50% + 1 = & o — T R —
0.8k o _ +  ——— SHMc + FastReso + corona B S 4 %0 (] 14 - ]
B[ pp, Is = 5.02 TeV T 1 = 1+ QEDD o 0 < 1.4 ALICE Preliminary .
o T G o +0 L —_ —_ |
0.6F 1 m ] Oonp < L pp, \s=5.02 TeV pp, \s=7 TeV E
: PR R ] 0 bo'g ¢ 9 o 1.2 lyl<05 lyl <0.5 -
0.4 {E-—E&E—-&-’E'gﬁ E . - 3 B L —e—data —e— data (JHEP 04 (2018) 108)
C N . I o i ] 1 0; M.He and R. Rapp —— PYTHIA8 (Monash) N
0.2 +1.9% BR uncertainty not ?hown —+ *1.9% BR uncertainty nolI shown —_ 1 L L 1 o I PYTHIAS8 gg,q3— ¢, ModeO -
2 C f T s = ——T f i y 3 b) PYTHIA ---- Ko et.al: three quark (0-5%) N ==+ PYTHIA8 SoftQCD, Mode0 |
Q 14 - -] ( -.-..- Ko et.al diquark, (0-5%) I - .= DIPSY (ropes) |
D - I JHEP 174 (2022) ] T - PYTHIACR i Ko et.al: wicllh ﬂow((0-15%) 08 - HERWIG7
= I E - Catania, coal+frag, (10-60% ; ]
C I ] 3~ -...-. Catania, coal. (10-80% —_ il
= T 4 — — Tsinghua (10-80%) 0.9 P-Pb, sy =5.02 TeV 1
B 4 pp, ¥s=5.02TeV + |o Rapp et.al [0-20%; - -096<y. . <0.04 ]
C T Q " jemm= el Cao et.al (10-80% 0.4 _
0.8 T ) , L Lo —=— data N
osb o mﬂg Ay I % o "o PRL 124, 172301 (2020) .
F 1 ..;'550 {?}'Z'j:%: = S <& B
- B a8 + g i
045 I o _ x ,,,,,,,,, N
0.2 :_ + 0.7% BR uncertainty not shown _:_ +0.7% BR uncertainty not shown _: ~ ':, """"""" L ""‘--.
N - ‘ l — = R ':"Jﬁ.a{u“"“‘ . '?-é'f’-?‘h:.;.-—-_ 0O e p T (GeV/C)
1 10 P, (GeVic) 10 P, (GeVic) p— THERMUS "“:--_:‘ .
. | . I . | P il Journal of Physics 1602 (2020) 012031
@ Relative abundances 0 2 4 6 8

¢ _ ¢ _ Transverse Momentum (pT) (GeV/c)
- fragmentation fractions . . . :
J . o ® A./D°yield ratio is comparable to the baryon-to-meson ratios for light and
- hadronisation scenario (independent on system and energy)
® . . : : strange-flavor hadrons
Universality of the fragmentation fractions for charm Baryons contribute significantly to the total charm cross section

can not be ruled out in the meson sector. @ Fragmentation fractions of charm quarks are non-universal
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Energy loss mechanisms and Mass ordering

< 2.2 T T T T T T T T
@ L[  ALICE Preliminary =
18 Pb-Pb, (s, =5.02TeV E

-~ Prompt D°, lyl<0.5 1

[ ST E
1.4/ 30-50% -
{of  * 60-80% JHEP 10 (2018) 174 E

0.2

lllll

® Measured down to p7 = 0 in central collisions
@® A large suppression is observed at low-intermediate

ll|Illlll]ll]]ll]]llllll]l]lll]ll|JLlllll
05790 15 20 25 30 35 40 45 50

P, (GeV/e)

RAA

<
<
o

pr, and it is larger for the most central class

1.4
1.2

0.8
0.6
0.4

0.2

T T T T T T T T T T T T ]
E(2)ST4R AutAu VSxn = 200 GeV B ctboe —
— 0-80% ® PHENIX c+b—e 0-92%—
= .
- mM —
__Oorl'_‘,—'l_' - —
C OO e .
— = OOO ™ 7
m m

= LLL\—L:_‘O o o~ ™ ™ .
= o & g N e S
: R R T O
- 1 1 1 1 1 1 3
I I ! ! I I ! -
(b) Duke PHSD ¥ bose E
---bse —b-oe ]

= ---c—e ---c—oe + c—e 3
- | ST 3
— e '-?',_ ____________ —
- | Eur.Phys. ). C(2022)82:1150 .

2 =

p. (GeVle)

._
==l

22.5_

151

T T T I T T T T

ALICE Preliminary
0-10% Pb-Pb, \/s,,, =5.02 TeV, lyl <0.5

—e— Al
—=— Average D°, D', D" .
—#— D

charged particles, ly| < 0.8, JHEP 1811 (2018) 13

Filled markers: pp measured reference
Open markers: pp p_-extrapolated reference |

® Bottom decay electron Ry4 to be significantly higher than those of

charm-decay electrons

@® RAA(gluonS, u, d) < RAA(C) < RAA(b)
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Technical details: Formulas

@® Spectra @® Levy func
(AN AN a
dp3  prdprdydd 2mprdprdy An—1)(n—2) % (1 + mr — mo)_n
nT(nT + mo(n — 2)) nT
2N ANTOW /€ /2 __ ANSEdPopt
2nprdprdy ~ 2mprAprAY X Neyents X BR.  2mprAprAy  —  dp3
L ® mr Spectra
@ Nuclear modification factor
d2 f\,r _ d2N _ dN/dy J_ (mT_m{])/Teff
d2NP,) /dprdy B ofN d2NP) /dprdy 2rprdprdy  2mmpdmaydy  27Teg (mo + Teg)

Raa = TT0> d20PP [dprdy < Neoy > d207/dprdy

® Blast-Wave func

d*N R pr sinh(p) me cosh(p)
E—dp3 x . rdrmrly (—Tkin ) K (—Tkin )

R = Y(0 —10%)/< Neoy 9-10 > NN
P Y(40 —80%)/< Neoyy a0-g0 > < Tpa >X Ojper =< Ngou > 42mb

@ Systematic uncertainties for integrated D° cross section

NN AA d3>N +Y +7 R
dopo o = dNps % Ohrel Open Charm Hadron | Constitution B ocmr JZy cosh(y)dy [~ dg [ rdr )
y=0 = =
D° cu

dy dy ly=0 < Npjp >

3 (1 + % (m cosh(y) cosh(p) — pr sinh(p) COS(¢))) "
1 D+ cd
d]\/[)‘l(;‘1 _(ANraW—D.C)/Elt)%t/Z D+ cs
dy ly=0= Ay X Ngpents X B.R. ;
2 /\2" UdC
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my-spectra fit details

-
o
W

Au-Au, |[S =200 GeV

® 10-5%
¢ K0-5%

N
o
(28]

p 0-5%

ev

—

&®N/(N_ 2m.dm.dy) (GeV/c?)?

0—1 IIII|IIII|III\‘IIII|II\I|IIII‘IIIIIIII\|IIII|II\I
0O 0102 03 04 05 06 0.7 0.8 0.9

m;-m, (GeV/c?)

1

10°

-
o

LI IIIHI[

—

—
<
N

diN/(NeVanTmedy) (GeV/c?)?
= 2

107

isobar, | S\\=200 GeV
® 10-5%

T TTTTI

¢ kK0-5%
p 0-5%

T IIIIIII‘

IIII‘IIII‘IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII

«=0.171 + 0.001

/

0 0.1 02 03 04 05 06 07 08 0.9
2
m.-m, (GeV/c?)

® mr-spectra fit details for Au + Au (left) and isobar (right).

1
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System size dependence of Ryx

2 £ oF
v 0 o - Ru+RU&Zr+Zr@200 GeV D’
o ,p. >4 GeVl/c
18 s Ru+Ru&Zr+Zr@200 GeV, p, > 4 GeVlc 1.8 - !
16 16 f_ ¢ Au+Au@200 GeV, p_> 4 GeV/c, PRC2019
14 ¢+ Au+Au@200 GeV, p_> 4 GeV/c, PRC2019 145 |
C Global uncertainty
1.2 1.2

Global uncertainty ]
0.8 ﬁ E

I|III|III|III]IIITIII|III|III|III|III|I
=1
= 2|
=

0.8 f— H
0.6 |E| O.B;E H H
0.4 lﬂ EI 0.43—
021 oraR Proliminary 0.2;— STAR Preliminary
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V2, measurement

® Event plane construction

| Qy) QX:Z(qx_<qx >)

P, =—tan"! [ =
% 2an (

qx — pT COS(2¢)

qy — pT Sln(2¢)
Q,=2 (qy_ < g, >)

@ v, calculation

Uy = — R =< cos (2 (‘P2 - ‘P,,p)) > Uy, =< cos[2(¢p—-",)] >
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