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{ Early Universe The Phases of QCD

l LHC Experiments
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Temperature

Is there a critical point?
« If so, where?

. |Is there evidence for a first order R
phase transition?
« At what energy do key QGP Hadron Gas
signatures turn off? e el
 Suppression of high p; particles
— measured by nuclear modification
factor



hard scatterings produce early high p; probes
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N,., = number of binary collisions (from a Glauber MC model)
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peripheral Au+Au is similar
to p+p at \/syy = 200GeV
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Phys. Rev. Lett. 91, 172302 (2003)



hard scatterings produce early high p; probes
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Au + Au
Central
»
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(Npin)p _ (Spectra)c

Rep = X
7 (Npin)e  (Spectra)p

Au + Au
Peripheral / . <=

N, = number of binary collisions (from a Glauber MC model)

Ann. Rev. of Nucl. and Part. Sci. 57, 205 (2007)




- dauFTPCAU020% 1 oUppression’ = Rp <1

——d+Au Minimum Bias . . .
1 ‘Quenching’ = loss of energy for
1 high momentum particles

 CNM effects depend on the
presence of a heavy nuclei

» Asignificant QGP is unlikely to be

[ g * Au+Au Central E formed in d + Au collisions
00"'5'“"""5”'é'(é;,,"*§
pT ev/c . .
e Suppression observed in Au+Au
deuteron + Au at 200GeV at 200GeV is not a CNM effect

The ‘Cronin Effect’ was first observed as the
enhancement of spectra in asymmetric collisions
relative to a p+p reference

Phis. Rev. Lett. 91 ‘2003' 072304
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Phys. Rev. Lett. 91 (2003) 172302
Nucl. Part. Phys. 38 (2011) 124080



« We plan to use event generators to disentangle the relative
contributions of quenching and enhancement

« This requires verifying that the event generators can
reproduce the data

« HIJING 1.383
— QCD based Monte Carlo
« AMPT
— Similar to HIJING but adds transport mechanisms

— string melting (SM) off uses Lund string fragmentation for
hadronization (v1.21)

— SM on uses guark coalescence for hadronization (v2.21)

Gyulassy M. and Wang X. 1994 Comput. Phys. Commun. 83 307
Zhang B. et al. 2000 Phys. Rev. C 61 067901



T T | T T T | T T T |
~  STAR Preliminary

e 7.7GeV - % o 7.7GeV ]
— Stat. errors only u 11.5 GeV - 0 11.5GeV -
Not feed-down corrected 4 19.6 GeV o2 § # . 19.6GeV
v 27 GeV =+ i 0 27GeV .
¥ 39 GeV T & i 39GeV .
B 62.4 GeV 4 O 62.4GeV -
o  STAR(2003) 200 GeV _ o 200GeV -
-*-_:--_------------------I ---------------- I ol e, 0, l
P T ] 7
— . =¢= B
% T H IJ I NG HIJING (jet quenching on) 7
- (0-5%)/(60-80%) O 1 (0-5%)/(60-80%) )
10-1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ‘ | | | |
0 2 4 6 8 100 2 4 6 10
pT(GeVIc) pT(GeVIc)

« captures the collision-energy dependence
« 200GeV has odd low p; behavior
* Generally overestimates Rp
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AMPT SM off:
* Minimal beam energy dependence
* Falls to match data
« Sharp turn over near 2.5GeV/c
* Possibly due to AMPT’s hadronic transport model dominating at low pt
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AMPT SM on:

 Recovers beam energy dependence
 Limited p; reach (same number of simulated events for SM

on/off)
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« Spectra for central and peripheral from
data disagree with AMPT w/ SM off
» Recall no /syy-dependence to Rp
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peripheral spectra
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« Spectra for central and peripheral
from data disagree with AMPT w/ SM
on, though shape of R, are close
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« Clear energy ordering is observed in the data

« Charged R Is suppressed for high /syy data-sets

At the lower beam energies charged R is strongly enhanced

* Neither AMPT nor HIJING matches the measured central or
peripheral spectra

« AMPT generated spectra depends strongly on string melting

* HIJING has a strong +/syy-dependence, similar to the data

Additional models and tunes may allow us to disentangle
the relative contributions of quenching and enhancement
* Look into PID comparisons to models
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VSnn(GeV)  Year AMPT AMPT SM  HIJING HIJING Qoff ;lt\lelmc;te o
7.7 2010 4M 1.2M 1.2M 5.2M 2.2M 4.3M
11.5 2010 | 12M 1.2M 1.2M 2.5M 500k 9.3M
19.6 2011 36M 1.2M 1.2M 970k 1.7M M
27 2011 7/0M 1.2M 1.2M M 1.4M 950k
39 2010 | 130M 1.2M 1.0M M M 800k
62.4 2010 | 67/M 1.2M 1.0M M M M
200 2001 4M 1.3M 1.0M M M M
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7.7GeV barely changed from quenching on
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HIJING with AMPT’s Lund splitting parameters
Small effect to R from different parameters



— O 71.7GeV °: O 7.7GeV
- Rep HIJING I\_und values O 11.5GaY - central spectra o trsGev
) 5 . 2 19.6GeV
- . - ratio —o— e
25 R.» AMPT Lund values 198GV ; Mibol
L o 27GeV a— - O 62.4GeV
- 2L 39GeV o s )_%* O 200GeV
2 il O 62.4GeV E% 3 %
g B[ O 200GeV cE %%
Oy - ] -
Z (S1.51 : : :
ZE L il 1
I L
—= pt(GeVIc)
: :i: o: O 7.7GeV
F o 3 e
L L o 27GeV
I C L 39GeV
- 4 O 62.4GeV
o_lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII HEe O 200GeV
0 1 2 3 4 5 6 7 8 9 10 g" 3 M %%
p_ (GeVic} 2B [ E+
. o !
Spectra for central and peripheral are : —g% .
IS " peripheral spectra

altered by similar amounts when

n ¢+

ratiol

fragmentation parameters are changed * '

3

4 5 8 9
P, (GeVic)

10



Spectra Ratios

Central 0-5% ratio Peripheral 60-80% ratio
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As might be expected, guenching mostly effects central spectra



« PHENIX and STAR results are not completely consistent

« STAR sees greater enhancement of central pion spectra for
pP<5GeV/c
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Some beam energy
dependence for the Cronin
Effect was previously observed

R(p+W)/(p+Be)

0.75
2.5

1.5

—

— T T

A
Pl
o o

Fa

¢$#

[ A @ This exp.

E& & Ref 2

N Normalization Error +
[ } v

..¢

=& , 1 L

S L | ' | T L | ! } ' } | L |

E A e K T bk
h/Snn = 27.4 and 38.8 GeV_:C_ A E
" I A + ]
C % A ]
o A - .
C Fal "é%& ]

- T

L A ® [ 4
F o8 * #6“& + :
e R e s S — ]
g I | I I I :E I I I I I- ]
- P T P 7
: £ :
U T ?
' A : a ]
o 4o ... ) -+ A + .

a ® I A ? ]
C ® o ]
_‘"—‘AA _._dgé 3
: L I A I 1 I_L 1 .I_i !:: il l_L l_l. 1_!_] I_I I:
0 2 6 8 10 0 2 4 6 8 10

pr (GeV/c)



- o 7.7GeV
1.6 7 11.5GeV
1.4— ~ 19.6GeV
- o 27GeV
1.2¢ ?3%) i 39GeV
ot 1 G O 62.4GeV
ZE C O 200GeV
= |20.8—
I [
0.6—
0.4 4#* %
0.2
0:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 8 9 10

pT(GeWc]



° 1 B O 7.7GeV
- Rep HUING CPuenchlng off .. central spectra; | w
5/ Rcp Data —o— - ratio o
- T 55%:%0%0% i Ty
4 ] 2 3T );LEI‘:! . —
- ) 2 [ I
UE' © B 3 # 5 ﬁ%%ﬂ_ )
Zz |8 3 L O 7.7GeV - s o
2 ° - & 0 11.5GeV ”; Lt " STAR Preliminary,
ol J%} /. 19.6GeV S T B Setsy S B S S B
:§ _E:]_ AE%:F 0 2?Gev L pT(Gev’c} O 7.7GeV
Bt *t 39GeV ..~ Pperipheral spectra ;2
1 _ O 62.4GeV “Foro ratio 0 27GeV
r Mo L 39GeV
- STAR Frelir|ninar|y o © 2?06'9"' o sadoey
o 111 111 111 L 111 L 111 L 111 L1 11 L1 11 111 111
0 1 2 3 4 5 6 7 8 9
P,(GeVic) %STAR Preliminary
Spectra for central and peripheral from T
data disagree with model ‘ 0
e b b e b b b b b b

c'0 1 2 3 4 5 6 7 8 9 10
pT(GeWc}



HWING,

data

—Rcp HIJING w/ AMPT Lund paro 7.7Gev
B [ 11.5GeV
B Rep Data /. 19.6GeV
- o 27GeV
B 1 5. 39GeV
= | O 62.4GeV
- O 200GeV
Ks
— STAR Preliminary

pT(GeWc]

Spectra for central and peripheral from
data disagree with model

3: @ O 7.7GeV
; central spectra - nseev
oo . /. 19.6GeV
2.5%@ ratio o 27GeV
r o L 39GeV
e 23;6; O 62.4GeV
g % O 200Gev
wc"g %mg%
3 ""5%@“%%%% STAR Preliminary
B Ay
0.5
D;‘hll\l\\l\ I_ |\\|\ll\ll‘l\\l‘\l\ll\ll\
o 1 2 3 4 5 & 7 10
p_(GeVic)
r o 7.7GeV
3—@%3 O 11.5GeV
o . 19.6GeV
2'5:_5%3 ¢ 27GeV
RS it 39GeV
E 2?&&’*@ O 62.4GeV
ol s @%ﬁﬁo O 200GeV
0| Ho
2 [9sf - ]
z %%oo peripheral spectra
17— 0o .
ey % ratio
o5 ..
- . 4 STAR Preliminary
Dj‘tll\l\\l\ _(\}I__Q—Ig\plﬁl\ll‘l\\l‘\l\ll\ll\
o 1 2 3 8 9 10

4 5 6
pT(GeWc}



Structure of AMPT v1.xx (default model)
A+B + HIJTING (PDFs. muclear shadowing):

minijet partons, excited strings, spectators

Less partonic

b action ZPC (Zhang's Parton Cascade)

Partons freeze out

Hadronization (Lund String fragmentation)

Dominated by
hadvonic

Mteractions ART (A Relatrvistic Transport model for hadrons)
(at very high

densities)

Hadrons freeze out (at a global cut-off time);
strong-decay all remaining resonances

Final particle spectra

ﬁﬁ' Zi-Wei Lin (ECL] 28tk WD, Pusrts Rico April 10, 2012 4



Structure of AMPT v2.xx (String Melting model)

A+B =g | H

LJING (PDFEs, nuclear shadowmg)-

minijet partons, excited strings, spectators

. Meltto g & gharvia

Partonic intermediate hadrons
interactions ZPC (Zhang's Parton Cascade)
dominate.

Partons freeze out

Better describes | Hadronization (Quark Coalescence)
flow & HBT,

bt does not

_ ART (A Relatvistic Transport model for hadrons)
describe well

single particle Hadrons freeze out [:Ellt :aglnbal cut-off time);
spectra strong-decay all remaining resonances

Final particle spectra

ﬁﬁ' Zi-Fei Lin (ECL] 25th WWND, Puerts Rico April 10, 2012



 HIJING 1.383

— default Lund splitting parameters a=0.5,b0=0.9
« AMPT v1.21/v2.21

— string melting (SM) off uses Lund string fragmentation for
hadronization (v1.21)

— SM on uses guark coalescence for hadronization (v2.21)
— default Lund splitting parameters a=2.2, b=0.5

(1' Z)a - bm? /2

Lund fragmentation formula: f(z) U e
Z




