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Heavy ion collision
Hard scattering

- Many independent hard scatterings.
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Hot dense mediumu

What is the density of the medium?

Energy density of the medium?

Viscosity of the medium? o 4 s
= Early Universe

Quark Gluon Plasma? =

o =9
Phase transition? N Quark Plasma

. =Y h
Equation of state?
Hadronic Matter
nuclear matter \ core neutron star
A

Densit);
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Nuclear Modifaction Factor

dN/dpt ‘ Au+Au
NeoudN /dpi|pp

Yield per collision relative to p-p

Raa =
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PHENIX, PRL 94, 232301
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Energy loss in hot dense
medium

- Parton traversing medium \%% path length L
radiates gluons. B >

+ Medium characterized by: (k2
Transport coefficient =7 S

dN

dpt, hadr

Measurement
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Energy loss models

- Multiple Soft Scattering Approximation:
many interactions
Input parameters: ghat and L

- Opacity Expansion:
few hard interactions
Input parameters: mu and lambda

- Both have an energy loss probability
distribution.
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TECHQM Brick Problem

Theory-Experiment Collaboration for Hot QCD Matter

Brick: fixed length L and temperature T.
Parton of energy E is shot through brick.
- Apple-to-apple comparison of:
- Multiple Soft Scattering (ASW-BDMPS) rnys rev.0ss 014008
- Opacity expansion:
o ASW-SH rrys.rev.068 014008

« WHDG radiative wuci.pnys.azss 426
Input parameters are calculated from T.
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Brick examples

- Single gluon - Energy loss
emission spectrum distribution

3 E i
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Energy loss probability distribution

w [
.{'_'I - L = 5 fm T=450 MeV
P(AE): a0.07}
5WﬂEpﬂ=ﬂ.{H
- Continuous part 0.06
S - WHDG DEpn=l].ﬂ22Epm=1ﬂ-[I
- Discrete part 0.05}
. I WHDG OEp =0.08E__ =10
Large differences F "
between models under ; BDMPS p,-0.24
same medium conditions. 0.03¢

0.02k4

0.01

ﬂ L1l | | 1
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AE
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How much energy do we lose?
Energy loss distribution

- Single gluon spectrum

(Ng1) = /dw%
dl
(w) B f dw w3
(Ngi) s e o e e
(Ngi)  (w) (GeV) (AE) (GeV) »TorE,,
BDMPS | 2.0 13 3.4 10 GeV
WHDG (E=10 GeV) | 3.0 3.2 5.4
WHDG (E=100 GeV) | 5.3 12 8.1
SWOE | 7.2 9.8 9.0

Large difference between BDMPS and OEs!
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Suppression in a brick

R. is an approximation
for R,,.

1
R, = / de(1 — )"~ P(e)
0
e=AF/FE

Roughly factor 2
difference in ghat for
same suppression.

~  1F
0.9F
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0.7F W)
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0.5
04
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0.1

L=5fmE =20 GeV
BDMPS-Z/ASW-MS
=== WHDG rad

mmmssmmssshssskmsEEms Na g ssEEEsEEEsEEEE s E

R7=0.25

qghat (GeV~"2/fm) T (MeV)

BDMPS

2.13 400

ASW-OE

1.25 360

WHDG

1.58 330
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Outgoing quark spectrum

| — BDMPS-Z/ASW-MS

XE —_ 1 = AE/E 5.4
S L=5fmE=20GeVR, =025
©

1-2__---‘WHDG rad

X. = 0: Absorbed - woare s
X. = 1. No energy

loss
Black-white scenario
for BDMPS
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“Realistic” Geometry

- Parton spectrum: LO pQCD T. Renk
- Energy loss: BDMPS and WHDG

- Fragmentation: KKP
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“Realistic” Geometry

- Parton spectrum: LO pQCD T. Renk

- Energy loss: BDMPS and WHDG
- Optical Glauber:

» Density profile of medium

- Collisional scaling:
P coll — Reoll X TA TB

- Participant scaling:

=K s X(T (1= #7)+T (1—e "))

Pwns~ S wns

- Fragmentation: KKP
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Di-hadron suppression

Away side Near side

|.,: suppression of

away side S~

(associate hadrons)

trigger

associate
%1:_ v DB LA N DN A L !
i . + d+Au FTPC-Au 0-20% .
I = 02 L -
i > 8 - — p+p min. bias 73?3 .
5 i
o'k = * Au+Au Central 1
i -

[ g 0.1 n

L o -

i = .

2 F E —
ng 3 = B : e ;4 sl : :
: ] Ui o L b o5 < o Sk T R

o T A
L I I BT RIS RS I I R
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A ¢ (radians)

0.6 0.8 1
Zp= pT(assoc} ! p_r(trig)
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R,,and |,
Glauber geometry

Coll

BDMPS 0-5% k=0.280

All models can always be 2 ot o5 st

- WHDG 0-5% k=0.0015

fltted tO RAA' 1; = PHENIX 0-5%

0.8
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0.4F %+ i
- .-.I-‘.'l ._1_..__. . =-=i j{-
020 LMmnas Bl
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R,,and |,

Glauber geometry

All models can always be 317 ,,,,
fittedto R,,. M‘; . moasn
Using constraint obtained e
from R,, fit, models do ook Hﬁ‘wﬁﬁﬁﬂﬁgjﬁfﬁ
not “predict” |, T
measurement.

<12

B SWOE 0-5% k=0.0040
1 - WHDG 0-5% k=0.0015
B B STAR0-5%

0.8
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0.4F
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B ................................. I ——
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R,,and |,

Glauber geometry

Coll

All models can always be 2 ot o5 st

1 - WHDG 0-5% k=0.0015

fltted tO RAA. E ®  PHENIX 0-5%

0.8

0.6

Using constraint obtained _
0.4:—_'-. +

from R, fit, models do E ; 1
AR o2 Hﬁ‘%ﬁ*ﬁé*ﬂ#ﬂjﬁfﬁ

not “predict” |, 03 F 6 i0 a2 14 16 18 20

measurement.
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BDMPS 0-5% k=0.280
B SWOE 0-5% k=0.0040
1 - WHDG 0-5% k=0.0015

All pairs
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Conclusion

- All models fit RAA
- |AA can distinguish between models

- Qutlook

- Typical parton energy at RHIC: 10 GeV
- At LHC: 100 GeV -> absorption rate lower
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Backup
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BDMPS vs WHDG (2)

— 12 - =12 -
E | - BOMPS | = E I WHDG | =
= n = [
S 10 2 Loof -
Q i ] Q i
O m O .
- i -
{U'E [ 2" ...l dos ﬂTE [ d0.8
6 " '|1| 6
i . : i
ar . - " ar
. . {06 : 0.6
2__. 4 -I:l... 27
i i u . —0.4 i 4
0G24 6 3 05158l G2 4 6 B g0z el
L, [fm] L [fm]

Scattered background: medium density for best fits
collisional scaling in static medium.
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Single Gluon Spectra

BDMPS:

dl ¥, C = X T dEn(g) o(u
W — s fi 2Re | dy; [ dyi /du [ dk e eim g f-*f.r dEn(&) o(u)
Y Lo

dw  (27)2% w? i

<o o Bresn [ e (- 2952)
ASW_SH “y=0 Sy (W

ar 4aSOR( D /00 - [zj? —sin@“?] y I 1
T ~
dw 0L)7 . qaq @'4 q/+q2 \/(52+§2+’}/2)2—4f€2§2

- WHDG:
dN CRQSE/Qﬁm 2q° udq?
Ydr T w ANy (4aEhe/L) + (@ + 2)°

5 ‘/\kﬁnx A2 k?(k.? _ q2 _|_M2) _ ,82(!432 _ qz _ HZ)
0 k? + (32 (k—q)? + “2)3:’2((% +q)2 + !«*—'»2)3/2
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