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- .
Los Alamos Outline of the Talk

L

» Radiative energy loss and jet quenching:

e Theoretical derivation to first order in opacity

e Large angle emission - the death of the "dead cone"

e Derivation to all orders in opacity (reaction operator)

o Implementation in the perturbative QCD formalism

» Nuclear modification of (di-)hadrons:

e Energy dependence of the inclusive quenching

e Modification of the yields (energy redistribution)
o Modification of the large angle correlations
o Dijet attenuation

» Conclusions:
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'éMM Specific Processes with Nuclei 0

HNATIONAL LABORATORY

% S Inelastic
Final

AA

All couplings ~ «r, equally important

» The overarching principle in
calculations is not /s, or Py
but the physical process

Amplified
by density

(in)Elastic
Initial
Drell-Yan
Type | Effect pr-behavior
Elasatic Cronin Enhancement at low p;
Disappears at high p;
Inelastic Jet Suppression at high p; COhere nt
quenching Gluons feed the low p; Final
Coherent | Shadowing Suppression at low p; DIS
Quickly disappears at high p;
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Vacuum Radiation

If interested in the small angle

small frequency behavior

dN ¢
: oc‘l\/lC
dwdsin@*do
ngvac NCRas 1

2

7 N ||

——
\

0*

For massive quarks - "dead cone effect"

e Takes care of the collinear

dwdsind*ds 7% wsin@*

» Both collinear and infrared divergent

dN gvac CRCZ sin@*

S

dodsing*ds %2  (sin? 0*+MZ2/E?)

 Collinear persists. At fixed order requires
subtraction in the PDFs and FFs Cuts part of phase space 0<g*<M/E
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» Los Alamos Instructive Example

NATIONAL LABORATORS

The physics is more interesting than a Brownian motior

e
R

v

T
TS
e tet ettt batatelele!
eSS

Naive picture In reality

i(-i)=1 i (i)=-1=cos(x)

0N e oc(||\/| |2+2ReMb*M )+ Solution to first order in the mean # of scatterings
dadsing*ds ? o
AN % e ~2CRaST dAz qu g2 L o
‘ Kg‘@ ém@ ag‘“ ‘ 2 dedsing*ds  z* | A,(2)y =~ o,d’q,
@ XTda cosa
- (@’sin®0*-2q,wsin@*cosa +q?)
+2Re fsgg‘p %f&@ r{g ><{1_(:05(a)zsin2(9*—2qLa)sin6?*c0505+qf)Az}
20

§ X o I.V., hep-ph/0501255
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dN'/dod siné [1/GeV]
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o

=0
he

dN*/dd sind” [1/GeV]

Angular and Frequency Behavior

EgEE

w [GeW]

L=3fm

Expandi

ng medium
1

I.V., hep-ph/0501255

0.5

0" [rad]

1

=i
LA

* Radiation is moderately large angle
(cancellation near the jet axis)

e Finite gluon number

20
E—— — s~ Az ~L/2
(@°sin® @*-2q, wsin@*cosa +Q;)
3 i T T [ T [ ! |
= 29[ Gluon number i
g of .
=15k -
E - -
= lif =
B, ] -
=2 05 ]
D | | | | 1 | 1
, 0 0.5 L 1.5 2
w [GeV]

e The small angle #* — 0 and small frequency @ — 0 behavior of the radiative spectrum
Is under perturbative control
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:LosAlamos | Medium-Induced Bremsstrahlung

Need an organizing principle!
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A
. Los Alamos Recall the Elastic Case

MATIONAL LABORATORY

* The calculation of the elastic case (transverse momentum diffusion) was easy since
we organized the opacity series as a solution to the Reaction Operator (Although

some limiting cases may have been guessed)

Acquire broadening: a’NZ'(k:L) =6 (lﬁ)
* Obviously the Cronin Effect

dJ b b 1 262 5
61( ) - - Kl(’ub)N [11&2 £+O(b3>] &1. - ;--E o l_losrT‘ 'JIEKSI% rl1ad I' .

2 2
d°q 4 14 el
I I —— 0.5/x'+7), noshadowing

L

1 e xn’¢
AN (k) = C(AR) = 2y ue

2w e
Were ¢ = log2 /(1.08ub)

* For our current purpose - elastic
unitarity
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ﬁmamns Medium Induced Non-Abelian
Radiative Spectrum

The goal:

* Landau-Pomeranchuk-Migdal destructive interference effect in QCD

* Incorporates finite kinematics and small number of scatterings

* Applicable for realistic systems

The idea:
l |
%h% J . [\/\/}/\A‘W/L
q’ a' | i qu
P | RN

Iterative solution M.Gyulassy, P.Levai, I.V., Nucl.Phys.B594 (2001); Phys.Rev.Lett.85 (2000)

The constraint: > .
~ —AU
Inconsistent with large number of e
scatterings approximation

October 6, 2005 9 lvan Vitev, LANL
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» Los Alamos

HATIONAL LABORATORY

Direct Insertion Operator

K (k-@)? (k-a—qy)?
WOT g, T g, MED T T
& - -
2 G ﬁg,\h
p 68
G@GG@E k.c G(\GGGSH k.c
. P P k
Col(c) E’q . a; Col(c) H = K2
o P
@GG@G k—}k—q B'I-= —Et_
i(o0g-0;) z;
e
+ p
Colic — [c,al)
N,
100 25
- (_E) Bie™ " [c.ai] Ty

‘ﬁﬂ"d‘il‘"’-’:n_l(mi k, ﬂ) = (aﬂ+§ﬂ+-ﬁﬂ)f4-il1"in_l (Et‘..,k., L‘)
= apdiyi, (@, K, )+
Ei{wn_w“}h"‘q’il“‘iﬂ_l(mik — qﬂ'.! [c:‘ aﬂ])_

(3
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)NqJ{Ail---iﬂ_l}Bﬂ 100 [ﬂ_l‘ aﬂ]TBI [:.,41

provin_1)

10

(k — Ei‘e:i ':lm}2
0

s Whig...jy = Dewr
+k)?
Ets kts Wigog) > ':PE_ )
co. . _ k—gi—Gy—-—ai,)
(ipige- im ) |:|!'[ Qi — Qi — o — Qi }c_, y

Biiy i )tiifein) = Clivig-in) = Cliviaia) -

Kk, . Kk, -q,
kL2 (k, —ai, )2

o—elastic—-Lr——
W z;,b,

Gunion-Bertsch Bi =
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-Losalamos | Virtual Insertion Operator
1::-:'1--’41] “in Ll-r']' 1{ 'FII CH-EI_EA Ai]...in lf':r'-‘:lfi:'-'!"-.-lI
el an]—nﬂnAzl i k — q [lr ﬂn]}
— @z i1 Ne & Wyl anin-1 i1
aCo](c—)[ca])p ( EJ 2 E - fﬂn | ﬂl
—% —% B, e™% ¢ Ty
~1(C,+Cy)-a,(S,+B,)=-aD, —-1(C,—-Cg)

V. ~D,

n

aN

suggests

at the probability level

Key ldentity for Calculating Induced Gluon Radiation

Example: R=D'D+V'+V =D'D-aD'-aD-(C,-C,)=(D"-a)(D-a)-C,

October 6, 2005
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.LosAlamos | Medium Induced Non-Abelian
Radiative Spectrum

Pulzre vzn) =alph (L — 20)0(20 — 2n_1) - 020 — 21)

whera

s — - — . )2 = N,/LA
ulj o my = (k —q 5 %a) Inverse formation . *!
zb times
Cljyomy = 7 n
Grom) = (e gy — - — )2 Color current
propagators

Biit1, . m)n) = Ci41,00m) — Cljm)
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> Los Alamos Numerical Results

MATIONAL LABORATORY

100.00

10.00

100

dldx [GeV]

0.10 ¢

0.01

* We look at the radiative spectrum and

the mean energy loss from a different
perspective — what are the higher order
corrections?

GLV, Nucl.Phys.B 594 (2001)

100.00 F— . . . .

AEHJ

1+2)

0—o0 AE'

* It Is the interference between the hard
vacuum radiation and one scattering that
sets the overall scale for the intensity
spectrum and the mean energy loss.

* Higher order corrections provide an
oscillating and relatively quickly converg-
ing series

IOOO 3 1+2+3)

A— AE'

LO0

AE/n

LHC: E_/u = 1000
jet

0.10 ¢
; RHIC: E, /n = 100
SPS: E /u=10

0-01 Il 1 1 1 Il
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A . .
- Los Alamos Radiative Energy Loss

HATIONAL LABORATORY

Linear Regime: "ThinPlasma"
The energy loss measures the line weighted integral 2(2)
through the expanding gluon density Z(x,z) <1 = X, = “2E (z-2z,) <x<1
— . v 7/ — ]-DO T T rTrrrr T T L
(AE) o 1, = | dtto(t, % +9(t—t,)) o
In contrast, k;-broadening measures the zeroth order E L m,fj Jdx
moment %m 10 ’
2 [~ S A =
(Ak?)oc 1, _LO dt p(t, %, +V(t—t,)) g o
=] ! ‘i_‘
= @ N E,=10Gev
a
M.Gyulassy, I.V., X.N.Wang , Phys.Rev.Lett.86 (2001) 0.1 i el
0.01 0.1 1
C o ufﬁ@ 2E X=w'E
1 s
AE()zRT—}L—'LOgﬁ'F... ’ 1.2_ T T T T T T T ]
g no(L) || dN*/dy = 650-800 — Gluons |
—  Static medium Losk — - Quarks 4
AE“)zgnCRaSSL 1 ([dN?® Log 2E o, Eﬂ,ﬁ:— &
4 A \dy n?(L)L Vo4l o~
L -
— 1+1D Bjorken 0.2 —(C;" e lTTe
ob— 1 4 1.1, ]
0 5 10 15 20
qu | 1 - transport coefficient E, [GeV]

dN?/dy -effective gluon rapidity ~ Numerically slow AE/E dependence
October 6, 2005 density 14 lvan Vitev, LANL
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* Los Alamos The pQCD Formalism
* Reliable formalism with predictive  J-Collins, D.Soper, G.Sterman, P,
Adv.Ser.Dir. 5 (1988) j d 0
power 7T

QCD factorization

*To LO (2 to 2 scattering) - single and
double inclusive hadron production

Can also incorporate Cronin effect: | 87K e (kr)

do
dx dz gb
d d pTl abed o [nln xfmm
oiaNlN2 _ 5(Ap — W)Z j 1 M
dylddeQpTlde” Pr\Pry  abed 2, min 1
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eA)LgsAlamps Calibrated Probes

NATIONAL LABORATORS

10" - . - .
® Inc hadron 5 (h"+h7)/2 = GDF data s = 1800 GeV :
(El l 10 ® UA1 data, s'% = 900 GeV ]
utions GRV S8 LO % UA1 data s'® = 200 GeV
i 100 structure functions + ISR daTa;s _ 53 GeV E
% A FNAL data, n", s”2 = 194 CGeV
Q)] 10_2 v FNAL data, n, s = 104 GeV _
i) ""F]_."_
é 10_4 E ﬂmﬁ.ﬂ s = ]
Leading order pQCD a g T e —
phenomenology o 10 ]
= 40 :
'8 10
w 10 .
- . Solld llnes: pQGD calculation :
V., hep-ph/0212109 10 | ' | ' | ' | :
I.V., hep-ph/02121 > 4 6 3 10
pr [GeV]
b—cd
do do"
2 2
(L/A<$(L7Q )®‘]L;)/B($Z)7Q )®

"d’p dt

Parton distribution functions  Perturbative cross sections  Fragmentation functions
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. LosAlamos | Di-Hadrons and Feedback Energy

NATIONAL LABORATORS

. > 72'
Trigger
ot o o - = 0
T
" - g >
= s :
& ¢ - p. > p.(1-¢), z, > —¢
o [ (1-¢)
v 4
& Z;
p. > ()P, Z4 >
(¢)
1 Z
D (Z ) _ S — D 1 Quenched parent parton
h /d \ 41 h,/d
1-¢ 1-¢
Feedback gluons Pr, 1ng dN °
T I D, 14(24)
Z, °0 z, dw

» Use energy conservation to verify the fragmentation sum rule
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A
‘LosAlamos | Probabilistic Interpretation

* We calculated the single inclusive spectrum S——T——T—— T
L e ]
Several extra gluons. The plasmon AR
frequency forces the radiation in Oy ~ H~ gT NE B
fewer higher-frequency gluons %‘” 5
00 AE &) } L
P(s,E) = P,(c,E) ?:fdseP(e,E) -
=0 B
- 0
1 Zy 0
P.(&B)=— [ d, oz, B)B(c ~ 3, F)
IO ]_D = T T TTT II' I LI LA
— o) = oNY/dy = 650 Gluons 3
Pl(ng) =€ p(gaE) - y \ — Quarks :
/7
—~ | ‘ YS. ]
The probability can be constructed iteratively from the % 1k 11'.1 3 i
calculated gluon spectra . o\ NN
1 1 AE : | %
[P(e)de =1, [P(e)ede= — [ | E,=10Gev \]
0 > E (4 | \
D.]. L L L1 1 111 L 1 L1 1 11
1 0.01 0.1 1
_ e=Lo/E
The normalization of j P(£)de =1 i the interval -

ce [0 11 ensures ° AE <E * So far exclusive gluon distributions

have not been calculated.
M.Gyulassy,P.Levai,l.V., Phys.Lett.B 538 (2002)
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- Los Alamos Single Inclusive Quenching

HATIONAL LABOBATORY

10 1 1 1 Ll 1 1 1 | | -1 8
C ; ] Wy 1 - 1.~ 1.~ T 1T T 1 "1 E
- R T - F E
m . dN*/dy =200 . 02BN ANdycPp, for 2 in 0-10% Au+Au 2
------ . dN%dy=350 - % 3 Tpu=23 mp” — 1 in LO pQCD phenomencalogy E
® WA9B 1° (17.4 AGeV) 7 (.'J 10°F — 7inLo pQCD with GLV energy loss -E
— ', dN%dy-800 ] = 10°F ® PHENIX = inpep 1
______ °, dN¥dy 1200 = 0%k *  PHENIX 7° in 0-10% Au+Au -
}_ E
= PHENIX = (130 AGeV) 2 10°F E
1 a =0 o E
— n, dN%dy=2000 > 7 .
a N T 10F T
------ ., dN%dy=3500 ] ° . E
2 10°F 172 =g
% 10° - s =200 GeV dcfddepT forn’in p+p
i 10-1qf 1 | ! | 1 | 1 | ! | ! | 1 | 1 |
0.75 _ — RM(pT) forz” from GLV energy loss
i é_ 0 P ®  PHENIXR,,(p,) forz” in 0-10% Au+Au

] g 0. -
4 Y 4 ————————————
: LHC ] T ._ﬁ'juﬁ 0

i - i 0 N~ ! ! ! | | |

2 4 6 8 10 12 14 16 18 20
Py [GeV]
- 172
Au+Au ats =17, 200, 5500 AGeV

0.01 T T T T TTTTT I I LILLELLALL 1 ing

2 10 100 P ="
o, [GeV] 7R 7, dy
2 2
I.V., M.Gyulassy, Phys.Rev.Lett. 89 (2002) 7R* =120 fm", Ty = 0.5 fm
 Room for improvement at small 20 times the critical energy
and moderate p; density for deconfinement
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.Losalamos| Energy Dependence - 62 GeV

Changeonly the gluon g Fletsramagwi

. ; - h+h ]

rapidity density 12F -2 E

: -5 z

]_0: T I T | T | T | ' . 1: ° .

- Au+Au ®  CERES 8%central ' m ] 0.8 T

- ®  WA98 7% central - C _

B s'?-17 GeV. dNYdy=400 ] 0.6— ]

3 —  o"_g2 GeV. no E-loss L P -

- - s'?_62 GeV, dNYdy=650 o 0-4:— '"_F".FD:!? T _:

—_ L~ ~ — = 5'_g2 GeV. dNYdy=800 - - -ﬂ:— =

“9_"_ 1 *+++ l| kl e ®  PHENIX10%centraln’ | 0.2— —

r:l:% g’+ s"2-200, dNY/dy=1150 . 0: | | L L

s = g"_g2 GeV. no E-loss . 0 1 2 3 4 5 6 7

- — — . i pr (GeVic)
A

03 +++*++ 1 |.$l I I ] n:é 1-4: I ! I ! ]

i T + T T | 1 121 PHENIX preliminary

: | : L 1 1 : | ! 1- n

0'12 4 6 3 10 12 n -

p; [GeV] 0.8- -

l.V., Phys.Lett.B nucl-th/0404052 0.6 — —

0.4 .

* Qualitative and somewhat 0.2 =

quantitative agreement P S T I D P -

0 1 2 3 4 5 6 7 8

p; (GeV/c)
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Modification of the
Jet-like Correlations

“

B
2
=
2

LY
[ |
L
=

1 v 1 ' | v 1 v 1 v 1
I N 2 __AA
_ [ ® STARhNh +h in p+p (x10) ]
“ 30 ®  STAR h*+h’in central d+Au (x10) i RMhlh2 ( Pr ) — d°o > /N(szldeZd 771d T
S2sp — aoverde : (Nyn)d°c™ /dpy.dpy drdn,
E‘ > | afl_‘tI <p>=4GeV ]
= B ! 1 -
£ 1.5F i & — hhy o
S T Y S L T
S 2 ! L __
0 s nr e Al I " ~ ear 1 2 e—A¢ 120 Near + ar e—(A¢—ﬂ) 120 Far
. ® gtﬁnd:ﬁntraéimgu (x‘IlO) h N2 Oy V2rop,,
= , p-diffusion only
= i — GLV, QV p_-diffusion and e-oss ]
2.5 Y Pr — . . .

- o - In triggering on the near side all effects
% I are taken by the away side correlation
=z or function
— 1F
= =
= o.s5F
© ok * The attenuation of the double inclusive

3 hadron production is between the two

naive limits ,
 Attenuation (disappearance) of the away-side
correlation function */'
* Dependence relative to the reaction plane Jet ;‘ Jet 1
October 6, 2005 21 lvan Vitev, LANL



Alamos Numerical Results for
- 62 GeV Correlations

o]

1 I 1 I 1 I 1
o - (b) ——  dN%dy = 800 A
- a —

< <15 ——  dM%dy =650 _

- ——————

L E-loss only (no Cronin in F-‘.Mh‘] -

[]-" [ I [ I [ I [
75 5.5 6 6.5 7
Pry = Pz [GeV]

Bjorken expansion

o]

L] I L]
| () = p+p back-to-back corralations
) = AU+HAL, acoplananty anly
« Even passage through the center is 15k AutAu quenched correlations  —
not effective any more | v, not subtracted i
Eﬂ = Pre = Prz
« Only 25 - 50 % more suppression © 1 Sl
for dihadrons
0.5 —
V., Phys.Lett.B nucl-th/0404052 I | _
‘} - - »
w2 ﬂ: 32
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- Los Alamos Dijets from K. Zapp
225 | Zoa kb
Doz B © - i
8175 E f‘as’ 3 W
Fo1s B R
5,125 = s
o1 02 F
0.075 E 015 E
0.05 E— 01 E |
0.025 ;— 0.05 E . h
° 0 > 4 B BT
pritrig) 4 — 6. m[ﬂssuc}&g i T.I;.'d distance of hard scatterdng 'fl'DL"lfI:fErgtrE
3 Thanks to K. Zapp
4
5 | e Certainly not surface
2|E
IS e Certainly gradual dependence
uwﬁ-;.-.é. onr

| & fm
distance of hard scotterdng from centre
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+ Los Alamos More Realistic Simulations

NATIONAL LABORATORS

Some mechanism of
jet cone production

Trigger
particle T +

7T

PHENIX Detector
Central Magnet

Experiments measure in the plane ¢
(to make the life of theorists difficult)

ZDC South
|

October 6, 2005 24 lvan Vitev, LANL

ZDC North
[

» Surprisingly flat dijets in a wide
rapidity range Ay =2-3

| ‘ * One has to filter through the di-jet
rapidity distribution



Angular Di-Hadron Distribution

» Los Alamos
MATIONAL LABORATORY
400 I I I
- —  A+A gluons only L=3fm y
300 b= — — A+A parent parton only  Prz = LRt An
L=9fm \
m P =1 GeV 1 /
2 f \

' n 3m/2
- o, =0 Gey -
L=9fm o y,=0 AP [rad]
300 T I
pp ﬁ
i A+A, parent| D
200 parton x5 'E
| P = 2 GeV i %
N k=1
100 p= / \ - =
= S A N I
olb—— : N f:l.g
/2 n 3m/2 w2 e 3T/2
A [rad] Ao [rad]
I.V., hep-ph/0501255
October 6, 2005 25

Orar (AA) > o, (PP)

* The width ‘A(O—ﬂ‘ of the
large-angle correlations is
dominated by medium
induced gluon radiation

* Reasessment of the origin

of small and moderate p+
away triggered hadrons

The quenched parton is

not wider
Because:
o - <k-? >vac <k$ >tot
A [Py /(1= &)]

Ivan Vitev, LANL



Alamos Results in Aut+Au

PHENIX data STAR data

B A ]
‘Au+Au\J%=200 GeV; 1<y 1050, <2.5<P; ;<4 GeVic ] r y—r—r et et

‘f'ﬂﬂ
++++ + +

=
—L
oh
A
=
A
E=
-G
)
"=
&
p—
[T
b

(8) 0-5% 7 (b) 5-10%

............................. .

(c) 10-20%
opp A Ags A 5% ([Adem]<t. “]' —]
|T||"':1ﬂ ® AutAu 5% qulqdﬂe\ﬁ'{: A {0 5 O pp (d} :
|¢'| 8 AushAu 5% -

ZYAM subtracted pairs per trigger: 1/N* dN*2(di-jet)/d( A} )

A ¢ (rad)

« Confirmation of avery broad distributions of away-side triggered hadrons
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Los Alamos Analytic Model
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« Hadron production cross section - Energy loss
h _ ~\ -
_di__ = Z/ 1z do*(p. = pT/N)%DWC(z) dN9/dy x dN"/dy x A Npart
dyd=pr — dyd?pr, z4 e
_ L x AY3 N)é,;,t :
~ Y er/E) Lp,, () i'
s dy deTc <’j>2 2 flj_ = 142/3 X L\Tj'iigt :

Q

A
> — ()" Dy, (2)

. p.’i}c
Combine them to find:
Nuclear modification Natural variables
1 dolig/dyd®pr
Rap = NAB col d(rh /dyd?pr n R o \Tq/ 3
L y n—2 1 AA — v p!fl?t
] ) ] +2/3
= (1—e)"2%2=(1— N
(l 6) (l n —9 par t)
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Alamos | Results from the Analytic Model

 Peripheral reactions are
normalized to R,, =1

« Good for qualitative and even
quantitative description of the
quenching

 For central Cu+CuR,,=0.5

* Will do a better job if fixed to
the central bin

October 6, 2005

Species||”Be|'°0|*5i|* S |° Fe|*Cu| """ Au|** Pb|***U
b [f m.] 1 1 1.5 1.5 2 2 3 3 3
] TEXB g 1¢ 1 - Te )¢ / Er ==
;\-pmt D 8 12 |14 | 20 22 48 50 DH
2 T I I T I I i T I
L6 v BeiBe - 4 ]
i ® 040 &(.\’
08| -
L2 o siusi Soel 1 7
] S+S o L 1 7
08 x FesFe 041 1
- ® Cu+Cu 0.2 o B
0.4+ 1 | | | L | L | | —
* Pos+Pb % 50 100 150 200 250
é u+u A
o —

In
o
EEN [a]
1 / |

(D)GLV energy loss

Central collisions

12

S N = 200 GeV

Uncertainty associated |
with Au+Au quenching

5 10

15

20I

part

Ivan Vitev, LANL
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MAT

Medium-Induced Bremsstrahlung

« Absolte scale comparison
for Au+Au and Cu+Cu

b RAA= 0.4‘0.5
* Within 20 % of an analytic guess

1.5

1.25

0.5

0.25

172
=200 GeV 0,
RM(pT) for & in Cu+Cu

o,
RM(pT) for T in Au+Au —
= PHENIXR,,(p;) for 7°in 0-10% Au+Au
No nuclear effect

dN°/dy = 250 - 370

— — —— —
—— ——
—

18 20

October 6, 2005

dN/dyd’p, [GeV ]

29

10°

10

10

« Absolte scale comparison
for Au+Au and Cu+Cu

10 T T T T T T T T T
1/2 =t r=r>r rrrri
s =200 GeV o 0. [
% 1 0-2 . m in LO pQCD 4 3
g JE% ® PHENIXz inprp H
3 E 10 . 4 ]
L
Nf e "'-\ 3
5 .8 . LI
E 10 . -1 4
10 'O B A R N T g -

no L
(]

g8 10 12 14 16 18
p; [GeV]

E
3

— 7’ with (DYGLV energy loss in Au+Au .

— 7 with (D)GLV energy loss in Cu+Cu

*  PHENIX n°in 0-109% Au+Au
T, =45mb
1 l 1 I 1 I 1 I 1 l 1 I 1 I 1 l 1
4 6 8 10 12 14 16 18 20
P [GeV]

Ivan Vitev, LANL
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» Los Alamos Energy Redistribution
The slide | forgot to put but is critical to see how E is redistribured
Define a measure for nuclear modifications 177
to di-hadron correlations: 5 5k 4 — Elosswith gluon feedback
B == E-|055, No gluon feedback
o < r A STAR 0-5% central ]
R = do,,’ /dy,dy,dp;,dp,, < 1or L=9fm |
h1hZ -
<Nbin>d(7pp [ dy,dy,dp.,dp;, I
0.5} ry
0 R T TF SIS TS

 Fix the energy

P, trigger: « Ensure high Q2 1.5'_ B STAR 40-80% central
* Minimize the effect I
on the near side @é 1
- Maximize the effect =}
on the away side 0.5
%

* The redistribution of the energy is a
parameter free prediction

1.V., hep-ph/0501255

* For large energy loss - the radiative gluons

Data is f :
dominate to unexpectedly high p,, ~10 GeV arals trom

J.Adams et al.,, nucl-ex/0501016
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» Los Alamos

MATIONAL LABORATORY

Medium-Induced Bremsstrahlung

Now replaced by the 4 flgures | sent and pQCD Il added
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dAu

2 I I I I 1 I I I I
| 75 y=0 —  pQCD T in central d+Au
L , ——  pQCD =" in min. biasd+Au
b
LsH— —]
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075 — —]
Dashed lines - Cronin only (by
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Alamos Conclusions

NAL LABORATORY

> Energy loss formulation to all orders on the mean number of scatterings.
Studied the convergence of the series. Found that numerical calculations

of energy loss provide large corrections to the analytic formulas.
and verified, it can be used to extract information about the density in the

early stages of HIC (jet tomography)

> Jet quenching simulations have successfully predicted the difference in the
nuclear modification at SPS and RHIC (LHC t be tested). The extracted
e =15 GeV/fm?is well into the deconfinement phase transition

P  Showed the first study of large angle gluon emission and large angle hadron
production. Implications about the dead cone effect.

> A parameter free description of the redistribution of the lost energy for

tagged jets can be obtained in the peturbative approach. The medium
parameters only specify -dE (to be improved). Predictions versus p; trigger

> Significant broadening of the away side correlations confirmed by PHENIX.

Extra theoretical work needed - none of the other models has included any
away side distribution of jets. This calculation - approximate way.

P Inarealistic calculation Iaa ~ Raa Has been predicted at least at 2 energies.
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