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Open heavy-flavour produciton

ol

(1) 2

r;/T ~ 3.9%

m¢ > Agcp, an ideal probe with a high
probability of penetrating QGP

Open heavy-flavour production offers a unique insight into heavy-ion physics:

@ Production is essentially restricted to initial hard scatterings (mainly gluon fusion) and carry a “memory” of the interaction
history with sQGP

@® Consistent with the theoretical calculation (pQCD in p+p collisions) and partons have energy loss in the medium

< 1 fm/c, initial partonic hard scattering

- Gluon radiation (dead cone effect; suppressed at 6 < mg/Ey) NN 420D
- Collisional energy loss (Brownian motion) R = Oinetd“Nay /dprdy
A < Ncoll > dzapp/dedy

® The nuclear modification factor R4 of heavy hadrons can be used to measure the nuclear effect
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D° R,, in Au+Au and Pb+Pb collisions

@ Suppression level comparable to that of light hadrons in 0-10%1.5

@® Similar suppression in both Au+Au and Pb+Pb

1
® A significant energy loss of charm quarks in isobar collisions?
(3877 + 38Zr, 3.91 nb™Y; 28Ru + 2SRu, 4.00 nb™1) 0
® The Nj;,-scale effect of the DY py spectra between isobar and

Au-Au collisions?

R = Ry(A)Y/3,Ry = 1.3 Fermi
Pm a = 2.04 % 10,, kgm™3

Note: Deformation nuclei may need to be considered

~(a) Au+Au \s,, = 200 GeV 0-10%
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Charm jets tagged with D° mesons

® DY tagged Jets probe the strongly interacting QCD medium

* Provide more details of charm production processes, and = &= A
test the contribution from higher-order pQCD calculations Beam line, _ _ G+

* Interactions between jets and the QCD medium set
additional constraints on the charm energy loss
mechanism and the medium properties

E==1 Vaccum fields

@ Nuclear modifcation factors R, as a function of pr je: and z

A Deconfinement partons

Z = ﬁT,DO ) ﬁT,jet/lﬁT,jetl

* reduction of jet energy, “jet quenching”

:> Light flavor/ anti

Low E Gluons

High E Gluons
* Insight into the charm-quark fragmentation ) Heavy flavor/ anti

@ Study the internal structure of these tagged jets by radial @ 77 Ideal flid gradient surface

distribution of the D® mesons in jets 5o 5o Measurements |
1 dlvjet 1 Alvjet . . . . : Light hadron
5 = 5 Note: Chemical and Kinetic freeze-out need extra consideration; flow
Nj[e)t dr Nj[e)t Ar The QCD physics is mainly considered. Heavy hadron

The size of the parton is indicated, and it is actually a point particle.

09/05/2023 Yuan Su @ QM 2023, September 3-9, 2023



Charm jets tagged with D° mesons

® Low pr D° mesons appear to be
diffused in the presence of QGP at LHC

@ A similar diffusion of charm quarks at
lower pr In Au+Au collisions?

® A significant suppression of D° meson
tagged jet yield with lower DY kinematics?
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STAR Experiment

Time of flight

Beamline

dE/dx (GeV/cm)
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HFT (run 14) Bia::-beam counterf ‘

PR
® Time Projection Chamber (TPC) ® Heavy Flavor Tracker (HFT)

~ 350 um, vertex resolution with more than 1000 tracks ~ 30 pm, adding PXL hits into TPC track 05, i |
® Time Of Flight detector (TOF) ® Barrel Electromagnetic Calorimeter (BEMC) Wi B4V

the precise 1/ extends PID power measures neutral component of energy in jets
Yuan Su @ QM 2023, September 3-9, 2023
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- - u
D? signal reconstruction / ot

hadronic modes: p° — K~ + n*;D° — K* + 7~ (I';/T ~ 3.9%)
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® The signal is extracted via an invariant-mass analysis . o
J Y @ Signal signifcance enables us to study the

® The mix-event method can well reproduce the dependence of D? yields on centrality and
combination background transverse momentum
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pr Spectra and Integrated yields
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R,y4 and R, vs. Pt
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my Spectra and Collectivity
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® D° Tesy is consistent with result in Au+Au collisions with similar (Npqr¢) at the same collision energy

@ Less radial collectivity with respect to light hadrons, which radial velocity may dependent on collision
system
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Blast — Wave Fits
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D? tagged jet production in Au+Au collisons
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® D° tagged jet pr spectra for lower D° kinematics 1 < prpo < 10 GeV/c

. . 0 , , , o Diptanil Roy, Sep. , 2023
® Hint of suppression of DY meson tagged jet yield in central collisions Poster Session

09/05/2023 Yuan Su @ QM 2023, September 3-9, 2023 12



B | 1 | | I | 1 I I | N v ! T T T T TAR'P ’. ] T T ]
—e— Central (0-10 %)(x 100) - —¥— Data S reliminary ]
2| . | - |:| Svs. Unc Au+Au \s,, =200 GeV ]
10 _—#— Midcentral (10-40 %)(x 10) ] 2 :— ys. . Full Jets, anti-k_, R=0.4, anetI <0.6 —:
10 |==— Peripheral (40-80 %)(x 1) N sE B T, Unc. 1<p, ,[GeVic] <10 E
T sys. Unc. - 9L ' 5<p, . [GeVic]<20 .

— — — S — I —

- )

§ § E.EE.EE-EE.E!EEE g 1 - #—4 l
<O, — % —a——a A T .
QJO Ng — S — — g - Central (0-10%) o
ro) B n b - } + } + { } -
—_ n_ — .
N 10° == 4 & _F :
bt e e 2f E
| L — N
zZ N —a— -] = -
5 STAR Preliminary 1.5 — | : ]
10°—— Au+AU (S = 200 GeV C— 1 T * .

. 1 e -t TS

. Full Jets, antl-kT, R=0.4, IrlJetl <0.6 | - —¥— ¥ _
- 1<p_ [GeVic]<10 . 05 E ¥ E
-7 ' — ~E .
107°¢ | o 2SPry [GeVie]<20 - MidCentral (10-40%) -
0 0.5 0 0.5 1

_= = 2 - - 2

Zget = pT,Jet'pT,DU/pT,Jet Zget = pT,Jet'pT,DUIpT,Jet

® D° tagged jet differential yield as a function of momentum fraction z

® Hard fragmented charm jets show signs of suppression, soft fragmented Es S ERII:E AT PP
jets have Ry, consistent with 1. Poster Session
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Radial profile of D® Mesons jets
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@ Ratio of radial profile in central and peripheral consistent with 1, no hint
of D° meson diffusion with current precision (&= [E)

® DY-tagged jet measurement for Ry, and the ratio of radial profile will be g'ptan'éROY’ Sep. , 2023
explored using high-statistics p+p data in 2024 oster Session

09/05/2023 Yuan Su @ QM 2023, September 3-9, 2023 14



Summary

@ D° p; spectra and R4 in isobar collisions at STAR

* Detailed yield of D® are measured in isobar 200 GeV, and a significant suppression R4, observed at
pr > 3 GeV/c in central collisions

« DY production cross section follows binary collisions scaling between isobar and Au + Au collisions

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

Ru/Zr

@ DY tagged jets in Au+Au collisons at STAR

« DY tagged jet yields VS py and z measured for 1 < prpo < 10 GeV /c at RHIC energies

* Hint of suppression of D® meson tagged jet yield in central collisions

* The ratios of the D° meson radial distributions are consistent with unity within uncertainties, " ¢
indicating that no significant diffusion of charm quarks with respect to the jet axis in Au+Au @ __...........-----.----;;:::21221131333333333 ;;;; o
collisions i — e
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Technical details: Formulas
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Technical details: Formulas
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Hard fragmented charm jets show signs of suppression, soft fragmented jets have RCP consistent with 1.
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Technical details: Formulas
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