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Schematic picture of energy loss
mechanism

in hot dense matter

path length L

Outgoing quark
Xx.= (1x)E

Radiated energy
AE=XE
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Geometry of HI collision

« Woods-Saxon profile Temperature profile
of central collision

T (G

« Wounded Nucleon Scaling with optical Glauber £°

« Medium formation time: 7,=0.6 fm

« Longitudinal Bjorken Expansion 1/t

* Freeze out temperature: 150 MeV

dN
dpt, hadr

Measurement
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Medium density profile

» Parton travels through

]
. . ® 44F yuwt!;@ =0
eVO|VIng medlum {D'E - Irf:itial density profile
- 12 B Parton created at =1,
* Parton sees different o F T G=d(x,) for =<,

medium at each step in
space and time

* Density of medium
decreases as function of
space and time

Local ghat as function of
space-time coordinate x for
different starting points




Model input parameters

« Multiple soft scattering approximation (ASW-MS):

dl
Ngiuon _/dwd— (UC, /dw*

“Medium

« Opacity expansion (GLV, etc.) density”

gluan / dw — )

#scattering centers Debye screening mass

. {d1) .

 No ghat for opacity expansions. q )\

all
A

 How to determine input parameters in an evolving medium?




Effective input variables

 Define integrals to average T, T%, T° along parton
path through the medium:

J(m) = f u"T™ () du
0

+ ASW-MS: ghat~T® > m=3  « OFE's:  1/A ~T — m=1
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R, , at RHIC

Common input parameter for all
models: Temperature

All models can be fittedto R, ,

Best fit is estimated by modified X°
analysis.

Each best fit is has a 10 uncertainty
band (shaded area).
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Factor 4-5 difference
In density estimation
between multiple soft
scattering

approximation and
opacity expansions.

PHENIX data: Phys. Rev. C77, 064907 (2008)




- Calibrate density using R,,
« Most models underestimate |,,

« Small difference in effective length
definition for multiple soft and opacity

expansion

* Next step:
iIntegrate realistic
medium within GLV
instead of
calculating effective
parameters
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Opacity Expansion Single Gluon Spectrum

« General formula:

z e — GRCQQ f d Vo ;d’k dz C(q, 2) x K(k,q, 2)

dx
In which:
k-qk—q)?—#q- (k- k—q)? + 3
K(k.q.z)= -,q( .q) q- _ (1) X |1 — cos ( ifl) z
(k — q)? + .._fQP(\kz + 32) 2F
2 Reference: S. Caron-Huot & C. Gale,
C(q) = Oi(zwp d-l'e(q) arXiv:1006.2379

d*q
* C(q) depends on medium properties.

« Explore effect of constant C(q) (uniform medium) vs
position-dependent C(q) (non-uniform medium).




Scattering rate in (D)GLV

dN | dz 2 2
pogt =GR L [ A2k [ gr ol x K(k, q,2) X p(z)

GLV _ (27)? l p?
Cla,z)™" = ACg | (g% + #2)2,0(2)

* Normalized Yukawa potential and p(z)

* p(z) is the probability to have a scattering at position z
— p/A = scattering rate per unit length

« Single gluon radiation spectrum is calculated for 1 scattering
and then multiplied by the number of scatterings (=L/A)




Single gluon spectrum (D)GLV

« Normalized p(z) is varied and compared to the WHDG result

* In WHDG radiative change of variables q — q+k is applied

- Similar spectrum in case of  Z|xw L= 5 . T=500 MV
exponentially decaying and 1=0.97 GeV, 1=0.60 fm |
uniform (brick) distribution of T
scattering centers. 1! >
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Local p and

* p(z) = medium density = A/ (z) ~ T°

- Differential cross-section temperature i
dependent while the parton = Local p in expanding
propagates through the medium. || el

- ¢'N(z)
Cla2) = @ ey
N(z) = %(1 + %Nf)T(z)3

u(z)? = (14 Np)g*T(a)

* Medium: participant scaling + Bjorken
expansion + constant medium density z [fm]
prior to formation time




Opac:lty expansion + evolving
participant scaling

e Parton starts at center of medium Single gluon spectrum
and moves radially outwards. Z|x 10

« Compare gluon spectrum for:

- Average medium properties
(WHDG shifted, DGLV unshifted) i3

- Local parameters in evolving
medium (DGLYV local)

|
— \WHDG shifted
10" o

' (D)GLV unshifted

)

| = DGLV local 1, L/A
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Opac:lty expansion + evolving
participant scaling

« Parton starts at center of medium
and moves radially outwards.

Single gluon spectrum

%,x“’

« More soft gluon radiation in case of
Inhnomogeneous distribution of scattering
centers

%‘.’gm 1.4 _
Outgoing quark spectrum

1.2
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10" o

' (D)GLV unshifted
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Parton is absorbed by the medium Xg No energy loss




Medium as seen by parton

e Exercise:

- Parton is created at x, and

travels radially through the
center of the medium until it
leaves the medium or freeze out
has taken place.

» Characterize energy loss of
parton with suppression factor
R

7
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Medium as seen by parton

e Exercise:

- Parton is created at x, and

travels radially through the o
center of the medium until it
leaves the medium or freeze out
has taken place.

» Characterize energy loss of
parton with suppression factor
R .

7

-
=)
)

« Large difference in energy
loss for parton with long path
lengths.

— WHDG shifted
— (D)GLYV unshifted
— (D)GLV local n

2 0 2 4 6
X, [fm]
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Summary

 Different energy loss models give different estimates for the
medium density when fitting to RHIC data.

« Using effective values as input for the energy loss models
overestimates the energy loss for partons with a long path
length through the medium.

- Long parton trajectory — NOT the same as
equivalent brick
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R,,and |, , at LHC

Assuming same medium density £ z: Centrality 0-5%

as at RHIC. 063_— ASHINS
- —— WHDG rad —— ]
Parton p, spectrum for LHC flatter 7 o
than at RHIC. 035
0.2
Higher parton momenta than at 0.1E
RHIC. 0720 40 60 80 100 120 140 160 180 200
p, [GeV]
P, dependence of R, , o,
different for several models ~ °7 WS
0.6: ASW-SH
0.5 — WHDG rad
0.45
Forl,,: 90 <p,7, ,< 70 GeV 03- —_
’ 0.2 - —
pt,Assoc> 20 GeV 0.15— T
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Suppression Factor

In a brick

» Hadron spectrum if each parton loses € energy:

dN 1 dpy 1

_— - / — ﬂ—]. 7, pt' - (1-6) pt
dpy  [(L—€e)p]™ dpy (1 —€)" p;

Weighted average energy loss: ¢ = AE/E

For RHIC: n=7

- R, approximation for R,,.
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