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Heavy quarks in heavy-ion collisions
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Heavy quarks in heavy-ion collisions
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Heavy quarks in heavy-ion collisions




Relativistic Heavy lon Collider (RHIC)
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Circumference 3.8 km
— two counter-circulating rings (yellow and blue rings)
Beam species : p, d, He, Cu,Au, U
— bunch length : 20 cm, bunches per rung : 56
Maximum energy for heavy-ion collisions: sqrt(sy,)=200 GeV

Maximum energy for proton-proton collisions : sqrt(s)=510 GeV
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Study of heavy quark production

Produced in the early stage of collisions
— dominantly produced by gluon fusion at RHIC energy
— experience full evolution of medium from heavy-ion collision

Medium effects on heavy quark production can be studied from various collision
systems
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Heavy flavor in PHENIX

Measurement of leptons from semi-leptonic @&\ Nﬁ@
—— T
® T

decays of D/B mesons “©
— easy to trigger
— need to understand/subtract background
from other lepton sources

Electrons at Central arm

— | m|[<0.35

— A=

— Tracking w/
DC, PC

— elD w/
RICH, EMcal
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== ° Muons at Muon arm

— 12<|n <22
- Ad=2rm
— ~10 A absorber

— Tracking w/
wire chamber

— mulD w/
5 layers of steel and
larocci tube plane



From N_,,=I to N_,,=1000
d+Au > Cu+Cu Au+Au
< p > Au+Au > I\Icoll~10OO

* In ptp collisions
10" — consistent with the FONLL calculation

— reference for other collision systems

* PHENIX data
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d+Au collisions

* Minimize the hot medium effects to study initial-state modification

P g -

A+A collision p(d)+A collision

* Jet quenching is absent in d+Au collisions C _
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CNM effects — Nuclear shadowing
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Bjorken x

JHEPO4 (2009) 065

Modification of parton distribution in nuclei

— shadowing
— anti-shadowing
N O
— EMC 2 = €
SNN
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CNM effects — Cronin effect & nuclear absorption

Minimum Bias
® 4N

n K'4K A
A p+p

p; (GeVic)

Phys. Rev. C 74, 024904 (2006)

Nuclear breakup (absorption)
— breaking up quarkonia with CNM

* nucleus during bunch crossing

®* Cco-moyver

— J/psi are suppressed at all rapidity and in all

centrality ranges

— large difference from open heavy flavor

results
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Cronin effect

— pT broadening due to multiple inelastic
scattering of incoming parton before hard
scattering

— baryon enhancement can be explained by

recombination model
(R. Hwa et al. nucl-th/040466)

R 4, (0-100%)

Phys. Rev. Lett. 107, 142301 (2011)

0.7;

0.6

05 —— Jy at\ s =200 GeV T, W
I Global Scale Uncertainty + 7.8%
04~ —— EPS09 and 6_=4 mb
- — — Gluon Saturation




el d+Au
'| Cu+Cu .

Au+Au

In d+Au collisions

p+p < 1

Neon="1
Phys. Rev. Lett. 109,242301 (2012)
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Rapidity expansion in d+Au
Phys. Rev. Lett. 112,252301 (2014)
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Rapidity expansion in d+Au
Phys. Rev. Lett. 112, 252301 (2014)
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p+p <
Ncon=1 j

el d+Au
< -FI Cu+Cu .

Enhancement in central d+Au

Au+Au
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Cronin enhancement!?

— initial pT component due to multiple

scattering of incoming partons
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Phys. Lett. B740 (2015) 23

© PHENIX -2.0<y<-14
Theory

15
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pQCD calculation considering multiple scattering effects reproduces the
enhancement at backward rapidity!
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d+Au
Cu+Cu
b

Enhancement in central d+Au

Phys. Lett. B731 (2014) 51

p+p < Au+Au
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* Cronin enhancement? 045
— initial pT component due to multiple 02l
scattering of incoming partons ST T P TP T
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Radial flow also qualitatively reproduce

the data!
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—— Blast Wave calculation
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HF mu vs. J/psi

3 3

< I < I

o [ [y, 22<y<-1.2 ¢ HFu,-20<y<-1.4 oc [ [y, 22<y<-1.2 ¢ HFy,-20<y<-1.4
o5 IMlJy,1.2<y<22 = HFp, 1.4<y<20 o5 IMlJy,1.2<y<22 = HFp, 14<y<20

N
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J/psi : Phys. Rev. C 87,034904 (2013)

* In the most peripheral collision
— all RdA ~ |
* |n the most central collision

— RdA of HF muon and J/psi are still consistent at forward rapidity
— however, clearly different at backward rapidity

— charm production is enhanced but J/psi is significantly absorbed due to nuclear breakup
inside dense co-movers at backward rapidity
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Most central collisions in d+Au, Cu+Cu, and AutAu collisions
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Similar system size
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System size dependence
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M d+Au > Cu+Cu Au+Au
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Trend from d+Au and peripheral Cu+Cu collisions,
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To central Cu+Cu and Au+Au collisions,
where suppression effects take over
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Next measurement!

Silicon vertex tracking systemVTX and FVTX are successfully working now!

— fine measurement will be achieved based on very precise vertex position information
* separation of letpons from D and B mesons

« B->)/V, ¥’ measurements

PHENIX silicon vertex tr|<

™SECD A M Ty v
Rl L2 ) SN
02_\‘
= A '
0 [ #
\\

ing system

D meson

B meson



sPHENIX

* For full jet and enhanced Y measurements!
— arXiv:1501.06197
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BACK UP
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Ored . fdrAu
- Cu+Cu
p+p P > Au+Au
Neon=1
Phys. Rev. C 90, 034903 (2014)
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In Cu+Cu collisions

Cu+Cu @ sy, = 200 GeV

e*;e from open heavy flavor
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In Cu+Cu collisions

Phys. Rev. C 90, 034903 (2014)
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* R¢p shows a significant suppression
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E 60-94% Central Cu+Cu

— hot nuclear matter effects are dominating in central
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Cu+Cu collisions

2 4
P, [GeV/c]
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HF e and 719 in central Cu+Cu collisions

Phys. Rev. C 90, 034903 (2014)

1'5__ | Cu+Cu @ \'s,, =200 GeV H
i 1 + ' 0-10% Central i
- way W L
> 11—
S T '“' . g
EO S4TT ”. + } -
05__ .°000000'°°...:
O R A
pT[GeV//c]

June 5,2015 28



RAA

June 5,2015

1.5

4
0.5 - m—;
5 ' ' ' i
2 -
s ® Measured i® Cu + Cu 40-50°% 3
1.5 | [ Loizideset. al hep-phoacszot
: ]
L™ " N B4 it il =
0.5 |- =
F -+
b 4
-4

0 s 1 1 1

0 5 10

7t 9 production in Cu+Cu collisions at mid-rapidity
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7t 9 production in d+Au collisions at mid-rapidity

16 F + =
14 020% T° +oj.n ! :
1.2 =+ ¢ 8:1 =
1 =_ 1 12l
. oo 00 T ] e 1%
0.8} ¢ T N et E
: l.l * T 1
165 =+ =
1.4 [ 20-40 % = l =
1.2 C T . L4 -
L -0 T T —
d ee88%eee5i [1 ] E |l’$3?ll ] E
e L E! B s AT -
0.8F ¢ I =+ I d =
160 T =
1.4 |- 40-60 % : | + ; 3
- : + =
128 oo o 108 = L bl =
1] a0 it%0f2500 ¢ ! l :] T|2§1Tl! ] E
. 2o ] [l e ]
0.8F - Il = o (] -
] : + 1 | T E
160 ] o ] l =
1.4 |- 60-88% T =+ .] l =
1.23— oxI1T ” I l —EE— IITII l —E
e It 7 I [1e ]
0.8 = . =
g ES 1 7
16 [ + =
1.4 :_ min bias i ¢ _:
F + I o 1 ' E
1.2 T I - TT'!.TT I ° E
] LA YYTY B ° E (] T
1 i ;. -'522 : 1 I EL T ‘ ;
0.8 e = ES l -
0.6 Dot T .
0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
pr(GeV/c) pr(GeV/c)

June 5,2015 30



7t production in AutAu collisions at mid-rapidity
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