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Heavy Quarks in A+A

» Why are heavy quarks interesting? My > T, Agep

- produced early & experience full evolution of
medium

» Energy loss different
- “dead cone” effect: suppression of small angle

gluon radiation N
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Nuclear modification factor
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Cold Nuclear Matter Effects

Shadowing pr broadening Break up
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» Modification of » Broadening due » Quarkonia
the parton to multiple only!: Nuclear
distribution collisions b ti

: . apsorption,
functions within before the hard bound state is
nucleus scattering broken up

Use d+Au to investigate and quantify
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Open Heavy Flavor in d+Au

» Enhanced charm production relative to p+p

» Significant CNM effects...what does this mean
for energy loss?

- B Ry, [ 7° Ryp
2 B e R,, @ m® Ry,

PRL 109, 242301 (2012)
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Heavy Flavor at PHENIX

PHENIX Detector

» Open Heavy Flavor

> Indirectly through semi-
leptonic decay

» Quarkonia

- Natural length & time scales BBC: centrality & trigger
» Electrons at mid-rapidity DC: traclliiggH_&:rgmentum
» Muons at forward/backward EMCal: energy
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Open Heavy Flavor in Cu+Cu

|\IcoII: 1{ g+AU > Cu+Cu > AU+AU

—
5<N_, < 151 N, ~ 1000
10F e e —mroey T Two independent measurements
A €4 trom open heavy flavor ] » Cocktail: statistically subtract
« 1OF 2 - bg electrons (>1GeV/c)
L 10k _ » Converter: increase photonic
> . 4 electrons by a known amount
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» Excellent agreement
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Nuclear Modification in Cu+Cu
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Nuclear Modification in Cu+Cu

Suppressmn
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Nuclear Modification in Cu+Cu

Suppressmn
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Electrons in d+Au, Cu+Cu, Au+Au

» Hierarchy between the 3 systems
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Comparisons Between Systems

|\IcoII: 1{ g+AU > Cu+Cu > AU+AU
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System Size Dependence

» CNM effects in d+Au/peripheral Cu+Cu to where
HNM takes over as collision size increases in Cu+Cu
& Au+Au systems
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Theoretical Description
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» More suppression in muon vyield

- Additional CNM effects at forward rapidity (shadowing/initial
state energy loss)
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Quarkonia Suppression

02T, 0.74T, 1.1T 2.3T

c gt -

» Predicted “smoking gun” .
for QGP € (GeV/fm’)

> Medium screening

Y(3S) Y(25)

Y(1S)

dissolves bound state 3
hadrons 7
- Remaining states reveal w e
peak temp L - , difficult to
destroy destroy
» Not so simple... Py o .00 0301 2
-~ CNM effects S
> Recombination 1-2&“ X {39
- Bind after QGP 1
- Feed-down contamination 3“% Iy > 1241 <22
- Lower mass states produced 06 E{E@ AutAu
0.45— EE']EE'] E
02 Pt i B
O so oo ise 2v0 280" 500 s&a,;lp:?o
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CNM effects on Quarkonia in d +Au

» Same initial state effects (CNM) as open HF, but...

- Quarkonia also has breakup effects
- Different decay kinematics

« Forward rapidity
« Similar dependence
« Same underlying
mechanism

e | 0-20% centrality

[® |HF, 1.4<y<2.0
I Jy, 1.2 <y <22




PHCENIX
CNM effects on Quarkonia in d +Au

» Same initial state effects (CNM) as open HF, but...
- Quarkonia also has breakup effects
- Different decay kinematics

» Forward rapidity « Mid/backward rapidity
* Similar dependence « More suppressed than open HF
« Same underlying « J/w can break up
mechanism
< 3 57 i
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Other Quarkonia States - v’ in d+Au

» CNM dominates 0" 0<p, [GeViel <5 M-
’ di - 00-20% —— Correlated BG -
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Phys. Rev. Lett. 111, 202301 (2013) 17



http://prl.aps.org/pdf/PRL/v111/i20/e202301
http://prl.aps.org/pdf/PRL/v111/i20/e202301
http://prl.aps.org/pdf/PRL/v111/i20/e202301

TN
PH <ENIX

Nuclear Modification

1.4
1.2
1

=
- 0.8

o

0.6
0.4
0.2

oY
Global Sys +27.8%

Global Sys + 14.6%

III|III|III|III|III|III|I
:I-.-I {
1
HEH
HH

E_|Y|‘=?-35 1";5‘:]:%00 Gel‘V d+;|Au

m J/w Phys.Rev.Lett. 107, 142301 (2011)

2 4 6 8. 10
N

coll

14

16

-
o

» y much more suppressed than J/y

18



PH

'_Y__
+ENIX

Summary

» Open heavy flavor electrons in Cu+Cu system
show both suppression and enhancement
effects similar Au+Au and d+Au

» ¢’ is ~3X more suppressed than /vy in d+Au
central collisions

» CNM are different and important for both
open heavy flavor & quarkonia
> Important for the interpretation of suppression
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Backups




<RAA> vs Ncoll

B s d+Au
§ i m Cu+Cu ]
o 1.5 e AutAu -
o P + 2% ]
o\? i ¥ + ++ e
\?_I— 1__ L + + o d _
A i + ]
é :
o 0.5 7
\Y) i (a) Global error: +9.9% 1
0' R

102 10°

coll

<5 GeV/c
N

-

<RAA>3<p
o
(6)

N

—
T T [ T T 11

o .

s d+Au
s Cu+Cu i
e Au+Au —

Global error: +9.9%

102 10°

coll

21



Understanding Geometry in d+Au

Measure fraction of events
with a neutron in the ZDC.

Compares well with
expectations from Glauber
maodel.
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Understanding Geometry in d+Au
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Large interest in correlations between the
process of interest and the measured
centrality (i.e. bias factors)

Determined using data+Glauber model

Included in PHENIX 2003 & 2008 d+Au
results.

Mow test results using HIJING

Minimal p, dependence at RHIC for p <10
Gev.

Good agreement with Glauber results.

[ ~5% Effect at RHIC! ]
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T Dependence of Suppression Relative Modification

5 18 arXiv:1305.5516 (actepted by PRL) ) L

3 14 1 Low energy results Relat_we "!°F"f'°a‘“?“ .‘l".'f(‘]’[ ) arXiv:1303.5516 (accepled by PRL)
212 described by increased vs midrapidity multiplicity for Ve - Nﬁ:llé'rluA I
= ] SPS p+A, RHIC d+Au and SPS T4/ - R
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e 04 - " E8SGNuSea o formation time ~ 0.05 fm/c esuts steemdo oflowa ® oo v NA3BSs E
£ oo ® PHENXdiu | Jjy formation time ~ 0.15 fmic common trend. 2 T ]
E 2 * —_ F.*-Ieuetnl. B -Tg 0.8 _H\\* ]
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. presence of a medium in 304 l?ﬁiﬁf E

Increased nuclear breakup can not explain RHIC results, the cc d+Au? Qo2 ,Hr t+\
crosses the nucleus too quickly! . | ~_

c I 1 i Ll
1 10 100 1000
Need either an initial state effect that differs at very short time scales, or dN_ h,odm"“‘:““
-

perhaps a long-range final state effect
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Cocktail Method

z %’ Combined o —nlete & o — ete
» 0 Dalitz largest background: MR oo direc
fit to PHENIX data |2t i i
- All other light mesons are m; E o pestie

scaled and normalized to
meson/pion ratio at high
momentum
» Cocktail includes electrons
from conversions, Ke3 decays
and direct photons

» J/wv, Y and Drell Yan also

added
» Large systematic uncertainties S — \/p;% + (M2, — M)
e 1% > yete~ n/m  0.4840.03
« - yete” 0 /7 0.254£0.075
t N o yeTer p/7®  1.0040.30
" pme e . . w/m 0.90+0.06
c womee &w—oe'e 0 .,
o motes 8o oten o/70  0.40+0.12

N 24

A\



Converter Method

» Converter wrapped around beam pipe for a number of
runs
> Increases photonic yield

Statistically limited

v

- - - » R and ¢ found in simulation
'?\".inc = N, + i?\f-n,on— / v

Combined RY
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_ e=2.1%+ 25%
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Cronin Effect

» Enhancement PHYSICAL REVIEW C 88, 024906 (2013)
more e
structured than  wf .. ™71

< b o+ K+K'
o 1__ L Eq.p

expected

» kT boosts to
partons before
scattering

- Doesn’t explain
mass
dependence
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Baryon enhancement

G. Martinez-Garcia et al. / Physics Letters B 663 (2008) 55-60

» Can SUPpPress ey S —
production o * PHENIX data

_ \ ¢, rad energy loss
o Sma”er branch|ng ¢ ¢, rad energy loss, C=12
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= ¢, rad+coll energy loss
A ¢, rad+coll energy loss, C=12
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Radiative & Collisional energy loss

» Intial radiative PHYSICAL REVIEW C 84, 044905 (2011)
energy loss A
calculations under — e e TR

. 1.2 B Collisional dissociation, D & B
predict R """ DALY, O onl
suppression osf

» Collisional energy Z:ig_ ~~~~~~~~~~~~~~~~~ :
loss should also 2 awa@ys-ogey - BT
be included "
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Dissociation

Ay* PO
. . . Tform = ; ﬂQZ—.
» D & B meson dissociation 1+ o Eg
] : ] I 2z(1 —z)p™
- Light meson formation time il v Ay e g
> length of QGP -
- Heavy meson formation  oncowote | F5 05697, 00P dasociont - 23

® PHENIX 0.5(e"+e), 0-10% Au+Au
®m  STAR0.5(e’+e), 0-5% Au+Au
¢ STARO.5(e'+e), 0-12% Au+Au

0.8 ]

5

time < length of QGP
- Has been successful for

Raa(Pr)
—

heavy flavor * i
. . Q\M !4 1
- Very sensitive to formation 0.4} \d#w\ ! 1
times of hadrons and QGP ool +’f‘§+“++-‘ i

* Persists longer for B Jomme 1t
0 2 4 8 10 12

A

A. Adil, 1. Vitev / Physics Letters B 649 (2007) 139—146 - 29
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lavor in Cu+Cu

Light & Heavy F

1 5 B Cu+Cu @ 'l"S—NN = 200 GeV

1: 4.' H@“* 0-10% Central
TH' _ i i1 + :
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e ™° Phys. Rev. Lett. 101, 162301 (2008)
el Loy

% 123745 6 7 8 910
pT[GeV//c]

I:aCuCu

) RAAIight < RAAheavy

» Suggests the initial state effects on the light and
heavy quarks are different
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