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erse momentum spectra in

Factorized pQCD + final state quenching + vacuum fragmentation
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M ingredients: Vacuum ca
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* Pythla parton pT distributions % 1= o PHENIX n° PRL91(2003)241803
- CTEQA4L neglecting intrinsic k, - PHENDE TR el
% 10° — PQM baseline
- No nuclear effects for the PDFs E 10
N 10°
° i i 10°®
KKP fragmentation functions o .
« BDMPS-SW quenching weights W £ pFp, 200 GeV
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— Eikonal limit requires
treatment for finite parton energies

* reweighted vs non-reweighted
- Fixeda,=0.3

* Optical Glauber with Wood-Saxon density distribution

- Parton production in transverse plane according to p_,

- Matter density according to pock X T 4 TB(X0+§COS b0 Yot Esing,; b)
* Determine length and transport coefficient using I = fd;g £ p(&)
— Static scenario (no expansion and no transverse flow)
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Ingredients: Quenching we

« Pythia parton p_. distributions ij e projec'm'e';
- CTEQA4L neglecting intrinsic k, 2;0_1 gng':eo:v:i);:: n
— No nuclear effects for the PDFs :
 KKP fragmentation functions 02| Emtoo cev |
- BDMPS-SW quenching weights G-1GeVim
o 20 a0 60 80 q00

A E [GeV]

— Eikonal limit requires

treatment for finite parton energies BDMS, JHEP 0109 (2001) 033
. reweighted vs non-reweighted Salgado, Wiedemann, PRD 68 (2003) 014008

- Fixeda,=0.3
* Optical Glauber with Wood-Saxon density distribution
- Parton production in transverse plane according to p_,
- Matter density according to pock X T, TB(X0+ gcosg, Yot gsing,; b)

* Determine length and transport coefficient using I = fd;g £ p(&)
— Static scenario (no expansion and no transverse flow)
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QM ingredients: Geomet

Pythia parton p. distributions

QhatVsLength
) Entri es 1000000

Mean 14.56 10*
Mean y 4.199
RMS x 5.48

RMSy 2.274| -

L=2*i/i [fm]
>
T
ek
3
,-,\

- CTEQA4L neglecting intrinsic k,

- No nuclear effects for the PDFs
a

= 10°

KKP fragmentation functions
BDMPS-SW quenching weights Im

- Eikonal limit requires N e s
treatment for finite parton energies ’ ° P T ke

* reweighted vs non-reweighted
- Fixeda,=0.3

Optical Glauber with Wood-Saxon density distribution

- Parton production in transverse plane according to p_,

- Matter density according to pock X T 4 TB(X0+§COS b0 Yot Esin d)o;b)
* Determine length and transport coefficient using I = fd;g £ p(&)
— Static scenario (no expansion and no transverse flow)
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Results at RHIC

< [ I I I I | I I I I I I I I | I I I I I I I I I _
rf: —  0-10% Au+Au, 200 GeV » PHENIX (prel., QMO05) ni° =
1.2 (@ = 4, 7 and 14 GeV*/fm, nrw ]
B — — @ =14 GeV¥im, rw =
e fixed L =6 fm,g =1 GeV¥m,nrw ]
0.8 :_ -------- fixed AE/E =0.25 _:
0.6 . —
S ]
- l Y ~— — —
0.4__ l+‘§ T —— — -
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02 __ e k] i ++ T + + l __
 CL, Hot Quallrks 2006 | | |:
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= | POM Model, { §) values pt [GeV]
1 E' ‘PHE-NlXPrehmmary Data and PQM Theory
E 05 nucl-ex/0701060
10" E_ F‘HENIXP[\IMAL! (0-5 % centra) 0-5; 2 A 2
e 4GeV'/fm < (q) < 14GeV*/fm
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6<(4)<24 GeV¥im y:
(Probability > 10%) % LN See also
~— Escola, Honkanen, Salgado, Wiedemann, NPA747 (2005) 511.
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Results at RHIC (2)

Centrality evolution: qlb|= k%< T, T.b
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ace emission and trigger

— R,, at 10 GeV, 0-5% Au+Au, 200 GeV

AA

ratio

J,I_JJI‘IIII

R,, at 10 GeV, 0-5% Cu+Cu, 200 GeV

. ---- Y, 8GeV<p <15 GeV, p™***° > 6 GeV

-—=- B2, 8 GeV < p”'g <15 GeV, P’ > 6 GeV

CL, Hot Quarks 2006
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* Strong observed suppression implies large densities
* Opaque medium leeds to strong trigger biases

« Raaandl  pre-dominantly determined by geometry

Miiller, PRC67 (2003) 061901.
Drees, Feng, Jia, PRC 71 (2005).
Escola, Honkanen, Salgado, Wiedemann, NPA747 (2005) S11.
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Extrapolation to LHC

lyl<0.5

eff

=170

1EKRT

-
:ln Vs

The transport coefficient is i OROS A0 Gy
proportional to the gluon density, & | + ruiCcomb. 130Gev A
which according to the saturation € [ * 0586V
model (EKRT) scales with 25 101 0 E866/E917 (AGS)
- O UAS
<d> o ngluons o AO.383 NNO-574 s CDF
5 -
Using the extracted value
at Au+Au 200 GeV gives L
(for 0-10% collisions)
(q) = [A1197% (Vs 200] " (g2 [GeV?/fm]

mmm) Scale with 6.8 for 5.5 TeV at LHC

Eskola, Kajantie, Ruuskanen, Tuominen, NPB 570 (2000) 379.
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AA predictions for LH
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= - : 7 O - ]
T 0.9- PQM, centrality 0-10% E * 0.95 POM Pb-Pb, Sy = 5.5 TeV,§ = 25-100 GeV2/fm—
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* Parton Quenching Model
- BDMPS-SW quenching weights married with Glauber geometry

* Simple model with one single parameter
- Rather consistently describes most high-p; RHIC data

- Exhibits trigger biases in Ry, and 1,5

* Transport coefficient can not precisely be determined

* Extrapolation to LHC collision energy requires an assumption of the
achieved density (multiplicity) at LHC

- Considered EKRT model (based on (q)" "*"***" = 4 — 14GeV*/fm )
- Predictions made for R,, and R, depend on this (dN/dy~3000)

« Only moderate increase with hadron p_
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atic variation of PQM ingr

Geometry

-~ Matter density according to pockX p . (rather than pock X p ;)

- Include (longitudinal) expansion

Quenching weights

- Compare with fixed a_ = 0.5

— Compare with single hard approximation

Parton p. distributions

— Nuclear effects in PDFs

Vary fragmentation functions

- AKK fragmentation

Work in progress
Dainese, Loizides, Paic, EPJC38 (2005), 461.
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atic variation of PQM ingr

Geometry

-~ Matter density according to pockX p . (rather than pock X p ;)

- Include (longitudinal) expansion

Quenching weights

— Compare Wlth fixed C‘ Nuclear modification factor |
3

(4

— Compare with single

,{3)=15.73GeV?/fm

(0 ) (§=7.87GeV¥fm

,(§)=3.15GeV?/fm
b NE=14.12GeV¥m
— (§)=2.82GeV?/fm

1

|III|HI

Parton p_ distributions ~ os
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— Nuclear effects in PC 6

Vary fragmentation fun
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- AKK fragmentation
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Work 1n progress
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energy loss in BDMPS-Z for

|
%-.. \ _ BOMFPS {H:cﬂ} BDMPS'Z formalism

‘ R=40000 <Cﬁ>
: d=-—x— transport coefficient

Radiated-gluon energy distrib.:
dl c_ | Vo /w for w<w,

w—— o€ xgLp )
w (w, / w)” for w=w,
o/ e,
Ck Casimir coupling factor: 4/3 for q, 3 for g
w,=qL*/2 determines the scale of the radiated energy
R=w,L related to constraint k< w and
controls shape at w << w,

Baier, Dokshitzer, Miiller, Peigne®, Schiff, NPB 483 (1997) 291.
Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008.
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nergy loss in BDMPS-Z for

<AE>Nfdwwioc g Cp e o otg Cr, G L7
. w

<AE>ocﬁo<;dedqiq$d0/dqi >
(gluons volume-density and Probe the
interaction cross section) medium

Finite parton energy (qualitatively)
« If E<w, (e.g. small p; with traversing large L) :

E
<AE>~fdwwdd—'oco<S B0 o CER Gl
0

w

- Introduces dependence on parton energy
— Reduces sensitivity to density
- Leads to linear dependence on path length
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Quenching weights

* Compute energy loss probability distributions

n

dl(w;)
[1f ooy,

i=1

n

AE—Zwi

i=0

O exp

P(AE) =Y

—fdwg%]

* Calculated from wdl/dw inthe E -~ o approximation (no E dep.)
P<AE’CR3(A:LL) — pO<CRaaaL) + p(AEaCRaa’L) [0(821/3]

g1 %2.2?" U Z230fm E
s L=30mm - A —— §=10.0 GeV?/im 7
3 — guark projectile - 2 ., —— §=5.0 GeV?/fm -
2 gl . ] g 1 ~ 2 E
A W gluon projectile - 8 14 G=1.0 GeV*fm
i . . o 1.2 1 =
081 discrete part = " contimous part E
0.4 0.8; —i
B 0.6F —
02l 0.4k Gluons
S ] 02 E

00 — 2I — éll — é - I.g\"ﬁ ...... 2 1"110 0(5' | ISBI - I1(|)0‘ - |1.‘!"0| - I2C|)0I - |25|0| N
g [GeV /im] A E [GeV]
BDMS, JHEP 0109 (2001) 033 mmm) Constrained weights

Salgado, Wiedemann, PRD 68 (2003) 014008
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Quenching weights

* Compute energy loss probability distributions

Hfda), dw

i=1

n

S|AE - ) w,

i=0

P(AE;Cg,q§,L) = lexp

fdwd;]

n= 0

* Calculated from wdl/dw in the E — oo approximation (no E dep.)
P(AE;Cg,G,L) = py(Cg,G,L) + P(AE;Cr.q,L)  |ag=1/3]

P(AE:C.,§,L,E) with AE<E

BDMS, JHEP 0109 (2001) 033
Salgado, Wiedemann, PRD 68 (2003) 014008
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strained quenching weig

Construct constrained weights from quenching weights

P(AE;C.,q,L,E) with AE<E

a) non-reweighted weight b) reweighted weight

(thermalize for AE>E) (truncate + renormalize at AE=E)
= L L L S s m = I I L B
;i . quark projectile E ;i E’ -------- quark projectile E
Z - —— gluon projectile - g . —— gluon projectile |
2o non-reweighted | 107 reweighted

— 1 0-2 E=100 GeV

4=1GeV’/fm ™., 4= 1GeV2/fim .
Loom L Lesim

0 20 40 60 80 100 0 20 40 60 80 100
A E [GeV] A E [GeV]

1 0-2 E=100 GeV
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Expanding medium

centers

A

* Dynamical sc
same spectrL
an equivalent
transport coe

* Time-dep. density of scattering

X
i

q(t)=q, X

If not explicitly mentioned,
all values for the transport
coefficient are for the >

. . . R
equivalent static scenario. \::>

mmm) Calculations for a static = o “giegine

10#

L+,
— 2 . v L
G=15 | drlr-mfam
° ¥
03

scenario apply for also
for expanding systems

Constantin Loizides
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Results at RHIC

L
*  STAR h',h 0-5%
"= PHENIX h',h 0-10%
O PHENIX ©° 0-10%
[ ] PQMk = 5e+06 fm;
= <> = 14.1 GeV¥/fm

<
<
o

reweighted case PHENIX prel. QMO5 E

------- %] iE‘[] - o _:

& J;ﬁﬁﬁéi@@@@@ﬁ i '% =
E non-reweighted cege : {J -
OO — 5I — I'IIOl — I'II’:_)l — I2|0l — I25

The scale of the energy loss 1s estimated with central
Au+Au collisions at 200 GeV, which fixes the single,
free parameter of the model.
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riginal PQM LHC predictio

(§PPPPY ~25-100 GeV?/fm

Pb-Pb, =55 TeV Iqteresting(?)
Ny 2600 - 3500 difference
In predictions.

Similar results:

Eskola et.al.
NPA 747 (2005) 511.
Au-Au, s, = 200 GeV
B Fo-ro. ¥si=5.5 Tev
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
P [GeV]
mmm) PQM predics also for large p;
a rather p;-independent R, ,
(for central collisions) Vitev and Gyulassy, PRL 89 (2002) 252301.

Dainese, Loizides, Paic, EPJC38 (2005), 461.
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. Tangential di-jet emissi

Parton emission points and direction < 1E | ! | .
8GeV<p! <12GeV —= F ) .
= 0p T T saavegascey 0-96 * radial E
=ogf - ] 0.8T% il
o °f - 1 - tangential :
> 6 :_ = _: 0.75_ % _E
4 - B 0.6 @ I AA E
2 f_ _f 0.52_ s thrig>8GeV _g
C ] 0.4 % =
L 1 H K ass> .
0 : ] 03F . Pt 6GeV E
20 E 0.2F E
4 == E 0.1 -
_6 :— ’ ' _: 0 AN N N T T s e e e e . TH
g A E 0 2 4 6 8 10 12 13 16
_85 Lol <|q$| - |14 |GeV2/|frTE Q) [GeV*/im]
_10 L1 1 111 L1 1 111 L 11 L 11 L1 1 L1 1 L1 1 L1 1

-10-8 6 4-20 2 46 8 1_0 Radial (black) lines: one jet of the

Xo [fm] dijet crosses inner core of R=3 fm.

Tangential (red) lines: none of the

‘ Large medium density biases Jets crosses Inner core.

dijets towards edges of surface

(14 : : s b
(“tangential emission™) Miiller, PRC67 (2003) 061901,

Dainese, Loizides, Paic, QM 2005 Poster.
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Change to larger ag

é 0_8 : I I I I 1 I 1 I I I 1 I I I I I I I I 1 I I I I 1 I 1 :
o 0.7 f_ OCS=1/3; k=5e+06 _f
06E = <G> =141 GeV¥m 3
B 0.=1/2; k=3e+06 3
05F — <G> =85GeVm
0.4 ;— —;
0.3 ;— —;
- ——— ]
0.1 ;— —;
0 - | | | ol | -
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p, [GeV
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