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Studies of the initial state
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Landscape of
PHENIX Measurements

e Aim:

- Understand relative production of heavy-quarks in AA compared to pp
collisions

« How are heavy-quarks quenched in the QGP?

AuA .

®
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Target lon Mass (-n)

e Tools:
- p+p collisions
- d+Au collisions

0
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- A+A collisions
- A+B collisions
- Energy Scan (39-200 GeV)

Projectile lon Mass (+n)
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Landscape of
PHENIX Measurements

 Heavy-ion collisions are very complicated:

- What we believe we start with: p+p collisions — binary (N_) scaled to Au+Au

Au+Au

>
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Projectile lon Mass (+n)

Target lon Mass (-n)

April 23rd 2013 Richard Hollis, UC Riverside 4



RAA

Landscape of
PHENIX Measurements

 Heavy-ion collisions are very complicated:

- What we believe we start with: p+p collisions — binary (N_) scaled to Au+Au

- Lower production rate measured: due to in-medium energy loss
Phys. Rev. Lett. 98 (2007) 232301
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Landscape of
PHENIX Measurements

 Heavy-ion collisions are very complicated:
- What we believe we start with: p+p collisions — binary (N ) scaled to Au+Au

- Lower production rate measured: due to in-medium energy loss

- Underlying cold-nuclear matter effects: Au+Au
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Cold Nuclear Matter

« Before one can understand A+A collisions, we must know what we start with:
explore the realm of cold nuclear matter to understand the initial state

 Probe the state of the initial collision

- Production dominated by gluon fusion
- Modified by

April 23rd 2013
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PHENIX Detector 2010

PHENIX Detector
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d+Au — testing the Initial

State
e Hard collisions in the nucleus
° J/w in pp collisions h“ﬂﬂiﬁ Phys. Rev. Lett. 107, 142301 (2011)
* J/yin dAu collisions % M a)
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http://link.aps.org/doi/10.1103/PhysRevLett.107.142301

d+Au — testing the Initial
state

Hard collisions in the nucleus Phys. Rev. Lett 107, 142501 (2041
« R (/)
Forward/backward asymmetry

R ,(0-100%)

e Larger “suppression” at forward 0.9
rapidity .
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d+Au — testing the Initial

Sstate

Hard collisions in the nucleus e PS.Rev. Lelt 107, 142501 (2071
. RdAu(J /W) ~ 1} Jy in d+At\{§ =200 GeV ~ -E
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d+Au — testing the Initial
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d+Au — testing the Initial

State

* Relative production of mid-
rapidity J/y and y' in p+p, and
d+Au collisions
* Relative suppression of loosely

bound '

e Strong centrality dependence
« Unmodified production ratio
v'/(Jhy) In peripheral collisions
« Strong suppression of y' In
most central collisions

April 23rd 2013
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d+Au — testing the Initial

State

e Relative production of mid-
rapidity J/y and y' in p+p, and g 1.2 e
. - = - Global Scale Uncertainty + 23.1%
d+Au collisions =S R TR, '
* Relative suppression of loosely E : ]
bound ' > 08 ? B
si—. B » |
_ < 0.6 —
e Strong centrality dependence X F .
» Unmodified production ratio = 04 E
v'/(Jhy) in peripheral collisions g2  preliminary &
« Strong suppression of y' in ly|<0.35 {5,,=200 GeVd+Au T 7
most central collisions 2 4 6 8 10 12 14 18, 18
coll
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1.6

Rchﬂ‘u

Upsilon

1.4

1.2

* No significant suppression of

forward Y
- larger backward suppression 0:4
* In reasonable agreement
with NLO model 3
expectations 2

* No significant constraint on

the break-up cross-section

- owing to statistical
uncertainty
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Initial state summary

« d+Au collisions impose significant modification of Jay and '
- Compared to p+p collisions

« Baseline for A+A collisions already modified before the creation of
the hot-dense QGP matter

 Fresh look at A+A collisions

- Energy Scan
- Species Scan

April 23rd 2013 Richard Hollis, UC Riverside
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Studies: Energy Scan

e Similar energy dependence

Phys. Rev. C86 (2012) 064901

1.6
C . 200 GeV
- Energy-dependent role of - Global syse+ 9.2%

CNM in AA collisions needs 1.4
further investigation

™ 62.4 GeV PHENIX data/our estimate
Global sys.=+ 29.4%

A 39 GeV PHENIX data/FNAL data
Global sys.=+ 19%

e Cold nuclear matter effects at S0s Iy =y, 1.2 <ly] < 2.2
lower collision energies Tt
0.6—
- Larger break-up cross-section N H E
_ 0.4 E |I||I||I|
- Sample higher x - 0 H
0.2— (] & [
« QGP effects - | | | | | |
% 50 100 150 200 250 300 350 400
- Energy loss Npart

- Regeneration
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CuAu Collisions —
Exploiting the flexibility of RHIC

e Completely swallowed * Naturally odd harmonics
Cu-nucleus in central -
collisions - Possibility to

investigate a “true v3”

- Cu-going corona
vanishes

Glauber model CuAu

. - - -
EE A ]

Spectators Participants
April 23rd 2013 Richard Hollis, UC Riverside

Large “corona” on Au-
side
- Investigation of it's size

- “v-like” azimuthal
dependence

Corona
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Energy density asymmetry

Forward/backward asymmetry in bulk

« Expect an S soor=
asymmetric dN/dn S [ PHENKX
v it o) soof—  preliminary
- Measured in the 35 ¢
Beam-Beam e _F
Counters (BBC) % .
charge ~ s
A distribution £ '
dN O ¢
0 200
d 0
n 28]
100 %
0 lll-J]JJJJ]-J_L.lEllllllllllllll- 1
0 100 200 200 400 500 B00 700 800 a00
BBC Charge (Au-going)
n
3.1<|n|<3.9
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Jhy measurement: forward
rapidity

LA
e Tl | L | Tl | L | L
= i
« Measure Jly g 2000 Background-subtracted pairs |
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1500 i
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i
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Nuclear Modification Factor

Comparison between
particle yields in AA to
pp (scaled by the
expected number of
collisions)

CuCu and AuAu

- CNM and final-
state effects

- Suppression
observed

- Independent of
collision system

April 23rd 2013

T | |
Jy—up
d-going 1 2<y<2.2

Au-going -2 2<y<-1.2

H dAu (gl. sys. 12%)

*» Au-gomg + d-going
T . # AuAu (gl. sys. 9.2%)
Hi ¥ CuCu (gl. sys. 8.0%)

i
L

“PH ENIX
" preliminary

0.5 ﬂ@l
~——

E']E.]

- —— s e S T T e e e e e e e e e e = J—

| | | | | |
0 100 200 300

400

Number of Participants
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Nuclear Modification Factor

Comparison between
particle yields in AA to
pp (scaled by the
expected number of
collisions)

CuCu and AuAu

- CNM and final-
state effects

- Suppression
observed

- Independent of
collision system

April 23rd 2013
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400

Number of Participants

Same suppression as AUAuU/CuCu measured in the Au-
going direction
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Nuclear Modification Factor

Comparison between
particle yields in AAto
pp (scaled by the
expected number of
collisions)

CuCu and AuAu

- CNM and final-
state effects

- Suppression
observed

- Independent of
collision system

April 23rd 2013

f T Il|1—> | ' CuAu (gl sys 7. 1%) -
Cu(d)- gomg 12<y<2.2 o# Au-going oz Cu-going
] —— Au-gomg -22<y<-1.2 #¢0-5%central ___________ |

dAu (gl. sys. 12%)

1 *x Au- gomg #* d-going
= il h o AuAu (gl. sys. 9.2%) B
¥ CuCu (gl. sys. 8.0%) B

e

It i iy
r{] ;
_ \,@ *j s :
- [ ql l t] .
PH ENI ()
plrelllmllnary | | | o o
OO 100 200 300 400
Number of Participants

* CuAu collisions
- Same suppression as AuAu/CuCu measured in the
Au-going direction
- More suppressed in the Cu-going direction
- Jhy not significantly more suppressed in completely

swallowed-Cu (top 5%) events
24



Nuclear Modification Factor

« CNM effects
(estimated from same
model as earlier)

- Can partially
explain forward /
backward
difference

- Final state effects
must account for
additional
suppression

e Similar CNM
observations in AuAu
collisions

April 23rd 2013
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0.5@ t -
i B’J [{’J b4 * } |
I b 2] 1 8 ]
PH “ENIX [
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% 50 100 150 200
Number of Participants
 Model:

4mb break-up cross-section
» Bestdescribes dAu data

Center line —» best EPS09 fit
« Band limits — outer limit of EPS09 nPDFs

Linear thickness dependence on shadowing

: 25
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Relative suppression

« Ratios of yields at
fixed centrality

Ratio: Cu(d)-going/Au-going

* Relative I |
suppression l i
observed _ i
forward/backward - # CuAu |

- Centrality- i PHI%E\%ENIX T ]
independent oLpRremmary o

0 50 100 150 200

Number of Participants

Presents a challenge to theories trying
to describe the data

April 23rd 2013 Richard Hollis, UC Riverside 26



Relative suppression

o)
+ Ratios of yields at  -Z
fixed centrality 050
<
2l
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0 50 lOO 150 200
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Presents a challenge to theories trying
to describe the data
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Summary

R4, (0-100%)
[

o.a%—
* AAcollisions are a complex 07
admixture of cold nuclear matter and e vene - 0cer
hot nuclear matter effects A
- - GuonSaturstion
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2 0.6~ ]
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CuAu Collisions —
Exploiting the flexibility of RHIC

« Why interesting?
~ Singly-int(?(a_cting_ nucleons

RN T T

- Large “corona” on Au-side

« Giving rise to more detailed
investigation of it's size

. “v_-like” azimuthal dependence

Glauber model CuAu, b=4fm

April 23rd 2013 Richard Hollis, UC Riverside
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CuAu Collisions —
Exploiting the flexibility of RHIC

« Why interesting? Spectator nucleons

- Completely swallowed Cu-
nucleus in central collisions

« Cu-going corona vanishes

Glauber model CuAu, b=0fm

April 23rd 2013 Richard Hollis, UC Riverside

31



Vv

n

« Measure particle
production relative to Au-
spectator plane

- Representative of the
true reaction-plane

e Indata — use the shower-
max in the ZDCs (neutron
reaction-plane)

- Hadrons at mid-rapidity
exhibit large v, and v,

(not observed in AuAu)

- Not consistent with a
large v..

April 23rd 2013
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