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7 RHIC Ions — 6 species and 15 energies to date

S 2'clock

197 A u794+197 A u”9 |

7,9, 11, 15, 20, 27, 39, 62, 130, 200.0 GeV/nucleon
d+197 Ay7°
200 GeV/nucleon
63Cu29+63cu29
22,62, 200 GeV/nucleon
p'+p'
62, 200, 500, 510 GeV/nucleon
63Cu29_|_197 Au79

200 GeV/nucleon
238U92_|_238U92

193 GeV/nucleon

Can collide any species combination
from proton(polarized) to uranium.
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Sources of HF at RHIC
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Heavy Flavor Results in d+Au Collisions
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Heavy Flavor Results in d+Au Collisions
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Heavy Flavor Results in d+Au Collisions
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Heavy Flavor Results in d+Au Collisions

9/19/2014

Au

(os

i

IH#F\
» Los Alamos

HATIONAL LARBDRATORY
EST. 1043

< 3
o L 20-40% centrality
230 s HFpu,-20<y<-14
N _ B HFp, 14<y<2.0
2 BininL -
E b P T]
150 _f% % % 1] F
S T | S '
u.sf— - - %
:....I....I....I....I....I....I....
% 1 2 3 4 5 6 7

Cesar L. da Silva - LANL - PHENIX HF

11



Heavy Flavor Results in d+Au Collisions

S ==

9/19/2014

Au

V.
» Los Alamos

HATIONAL LARBDRATORY
=T 184

o *
» .
- )
- .
- u

. :

* o

* +*
- .
EETTT L 0

<L
o | 0-20% centrality
2.5

T R
1.5;— H§}+ i[ . “_
T

0.5 &
_I 1 | | | 1 1 1 1 I | | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 I 1 1 1 |
DD 1 2 3 4 <) 6 [
p_ (GeVic)
Cesar L. da Silva - LANL - PHENIX HF 12



d+Au Heavy Flavor Comparison with EPS09s ’ﬁ?
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Coherent suppression
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{Not a surprlse given the 11m1ted CNM coverage of DIS in EPSO9]
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x~10-2

correlation

T Phys. Rev. C. 89, 034915 (2014)
= Ui ' i ' 1 .
'E 0 ﬁ:— e*: p_>0.5 GeV/c, |n|<0.5 \]7 200 Ge _f
= TUF p.>1 GeV/c, 1.4<n<2.1 il .
< 0.50 =
% - O  <N,>-scaled p+p o .
@ — . .
':-'.::? 0 4:_ " d+Au 0B } 0 E
ji 0.3 | . H R
Z Il
£ 0.2l b ﬁ]m @]H ﬁ

0.1} HH I Hik

0
JdA(2.7<A$p<3.2) = 0.433 £ 0.087 (stat) £ 0.135 (syst
y

Back-to-back dominated by gluon fusion.
Continuum dominated by flavor excitation, gluon splitting.

9/19/2014

Cesar L. da Silva - LANL - PHENIX HF

15



rulvvaiuTiiinu tapiuity rir 7
,.-——-J,

correlation - Los Alamos

HATIONAL LARBDRATORY
EST. 1043

x~bx10-3

< J 10°¢ XN10-2
T | d+Au @ |5,=200 GeV £ 0.72‘ T 5
25+ 0-100% centrality 8 ggl & Pr0-5GeVic, nj<0.5 \l_ 200 GV
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05 - o | oF------—-—-—-- AL e e -
Ivan (shadowing+Cronin+E-loss) 0 2 4
IS B S S R AG (rad)
P, (GeVic) JdA(2.7<A$<3.2) = 0.433 £ 0.087 (stat)

+ 0.135 (syst)

Suppression in JdA stronger than in smaller x single muons.
HF from gluon fusion has a stronger suppression.
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Light/Heavy quark comparison £
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Light/Heavy quark comparison

J. M Durham, PhD thesis,SBU (2011)
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O 1 2 3 4 5 6 pZ(GeﬂHc)g

Final state modification of light and heavy quarks are consistent
within uncertainties.

I[s (RdA)? a valid representation of CNM effects in A+A ?

9/19/2014 Cesar L. da Silva - LANL - PHENIX HF 18
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Raa VS. pt VS. Npart VS. System size Los Alamos
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Phys. Rev. C 90, 034903 (2014)
O i ‘n| ‘< 035 Ad+Au
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10 N 10
part

Modification in Cu+Cu Is an interplay between d+Au and Au+Au mid-

rapidity results.

RAA(P7) INdicates a strong contribution from CNM effects.
Model including partonic fracgmentation and dissociation E-loss,
shadowing and Cronin underestimates low-p; R,, by at least 20%.
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Raa VS. pt VS. Npart VS. Energy L;'émamng

> o Au+A i i 2-5:_ -. T 1
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Large HF enhancement when going to lower energies.
Largely underestimated by E-loss+shadowing+Cronin based models.
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How CNM effects factorize in A+A collisions ?

A big challenge when estimating and interpreting RAA..
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Disentangliing CNM efrects in HI 7

<
MQ: 66‘H+§feﬁ§ HATl&HﬁE?ng%
bo Ia.rIX]T-Vlzli40|4.lll87|3 | I I I I I 1 I I I -
g5 1 CNM =EPS09 +
O i J/w%uu * CutAu .
oo | 1 eve =CNM Calculation 4mb breaku
| Forward: 1.2<y<2.2
= [ Backward: -2.2<y<-1.2 B .
~ NP 1+ Cu-going probes small-x in Au
< I Il T3 1 H{* Au-going probes small-x in Cu
< . = 1 -2 initial state effects cause R to
® —
%D 0.8 |1 } } [ \ \ 7 decrease with centrality
mnil | 1 -
% I - _\ |+ Final state effects causes more
&0 o 6 B = _|  suppression in Au-going side
5 L | > Final state effects should
O 0 ' 5'0 ——— (') B — 5' B 200 increase R with centrality
! Number of Participants

R

Rapidity dependence of CNM and QGP effects is not symmetric.

PHENIX is analyzing HF in Cu+Au (no breakup, formation time
easier to understand). First FVTX data.

22
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HF analysis using runll Au+Au and runl12 Cu+Au going on. Will
be the first R, , and flow results from separated charm and bottom
quarks by PHENIX.

Runl4 Au+Au results are very promising
More data than all previous runs combined
Vertex detectors (VIX and FVTX) fully operational.

Runl5 p+A (Al,Cu,Au) can be the basis CNM measurement for
high energy hadron collisions

A-dependence can help distinguish the role of saturation, coherent
effects(shadowing) and energy loss

It will be a better reference for Cronin effect

Future detectors need to emphasize large coverage and precision in
order to disentangle CNM and QGP ettfects
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Open and bound cc¢ modifications

< 3
o L 0-20% centrality

.50 [ |HFp, 1.4<y<2.0
2:_ DE Jiy,1.2<y <22

1.5?—
. HE@E@:&@%%% """ !
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T S S S S S

e J/1¢ and open charm have same pr

dependence at forward direction

e Small final state effects.
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) e, midrapidity
2 = JIy, midrapidity
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f clE d $ !
127345 6 T 8 9
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2'5;_ [ |HFp, 20<y<-1/4
2:_ = [y, 12.2<y < 1.2
e
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e significant breakup of J/¢ at low pr mid- and backward rapidities

9/19/2014
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Charmonia suppression in d+Au A
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PRL111, 202301 (2013) 'AE ETL T:f;"”ﬂ'”“"
I ot vord ' ' por L
— oV ]
1.4 - Global Sys +27.8% .
- m J/y Phys.Rev.Lett. 107, 142301 (2011) =
1.2 - Global Sys + 14.6% :
1 . [ ]
30 ol : r E
.}n:% 0.8F | ¢ . .
0.6 ® —
0.4 —
0.2 — N & i
-y[<0.35 |s,,=200 GeV d+Au .

. " R I A " R I I T g T L

16 1

2" ® 8 10 12 14 18

coll
e 7' has a binding energy 12X smaller than J /4

e data suggests 1’ is more sensitive to final state effects

e excellent tool to study charmonium nuclear absorption
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Mid- and large rapidity J/Psi R .
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a7 : = Jy|y|<0.35 [PRL9S, 232301 (2007)] g T
I : (b) m 2004 Au+Au, |y|<0.35, global sys. =+ 12% .
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part

e EPS09 cannot describe the difference

e larger R4 may indicates another source of J/1 (regeneration 7)
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J/Psi azimuthal anisotropy at 1.2<|y|<2.2 )
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;‘“*“ AurAu—J/y+X \5,=200 GeV

- EPIIENE{ PRELIMINARY (1.2<lyl<2 2)20-60% Lﬂﬂﬁ'ilhl}'
y=0 predictions Ry
—— Coalecence at freezeout[Greco, Ko Rapp- F'LE-S'H,EGE]
0.3 —— Transport model[Ravagli Rapp-PLB655,126]
- Coalescence in fireball[ Yan Zhuang Xu-PRLY7 1313&!]
Coalescence + initial mix[Zhao Rapp-hucl- tl'u'ﬂﬂ!:hlfr 1239]
—— Regeneration in fireball[Song Han-PRCE3 01491 4]
— Hydro W/ viscosily T:lEUMeVII‘Ieim.Shm]--'

02— —— Hydro w/ viscesity T=165MeN [Heinz, Shen] -
Hydro wa/ viscosity T=1208eV[Heinz Shen] 1 ' it
| ---- Hydro wo/ viscosity T=63MeV[Heinz Shen] ﬂ-f""""__-_ M

- == Prompt JAp[ Yan Zhugdg Xu-PRLYT 232301 T

0.1

LI I

_Dhl — | 1 1 | | 1 | | 1 | | 1 | 1 I | | 1 | | [ | | | 1 | 1
5
P, [GeV/c]

Models calculated for y=0
Data don’t rule out most of Coalescence/regeneration models.
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J M| = i (r‘ﬁrx = WD
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e break of the rapidity symmetry in
Y South Side View North |
>

H OGRS 4, !
— parton distribution modifications 1m0

— nucleus crossing time of the ¢ — ¢ precursor
— initial state energy loss

— breakup in the hadronic phase

o comparisons with p(d)+A results will test CNM+QGP factorization
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Is R, also Asymmetric ? y
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U+U allows:

- higher energy density

- more room for recombination
- different geometry
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Near Future Results
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L'JE'silons in SPHENIX
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p+p 18 pb-1 756B 1 805 202 106
Au+Au (MB) 50B 2404 12794 3217 1687
Au+Au (0-10%) 5B 962 5121 1288 675

Clear separation of the three states
Large acceptance
Similar statistics to LHC
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