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e Energy loss (jet quenching)
e Photons
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E-loss - The Issue

@ QGP makes jets lose energy

o Radiational (Inelastic)
ﬁ‘7
j\ + others

~gT + others

o Elastic
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E-loss - The Issue

@ QGP makes jets lose energy

o Radiational (Inelastic)
ﬁ‘7
j\ + others

~gT + others

o Elastic

k
~T

@ Can we use this to characterize QGP?
@ Effects on photons ?
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E-loss - The Big Picture

° i (fa/A ® fp/a ® dUi;)X—ml) ® (E-loss module) @ Dirag

dUabHcd>
ax

@ Dy, As in vacuum but with reduced energy.

@ Energy loss module — Three separate pieces

@ Parton-parton scattering: <fa/A ® fp/a @

e Energy change rate: %(e, k; T): Thermal QCD
e Evolution (g, g coupled + keeps track of the radiated q, g):

dr(ctk. k), dr(e.k) ,
/dk dik etk /dk dtak <D

o T(x,t),u"(x,t): Must be obtained independently.

@ Still schematic. There are theoretical and conceptual problems to
further consider.
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McGill-AMY approach

@ Uses full leading order thermal QCD/QED rates - LPM and BH
limits are both correctly included.

@ Dynamic medium: Thermal quarks and gluons in the medium. T
and o characterizes the medium.

@ Keeps track of radiated gluons and qq pairs.
@ Thermal absorption included.
@ The “jet” propagates in a hydrodynamically evolving medium.

@ Flow is taken into account: Perform calc in the local rest frame,
and then boost back to the lab frame.
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Rough Idea - Radiational (following BDMPS)

11T -

@ Point here: Radiated gluon also undergoes multiple scatterings.
@ Bethe-Heitler Spectrum (low w)

ﬂ - asNC
e
@ Medium dependence comes through a scattering length scale /
a 1O¢SNC
Ydwdz T T 7w
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Rough Idea - Radiational (following BDMPS)

@ If all scatterings are incoherent
d asNe
dwdz = Thagp

| = lwip =1/pc and w

@ Coherence matters when multiple scatterings are needed to get
O(1) phase change: 1 ~ fonw(1 — k-¥) ~ foopw <02>
Both the radiated gluon and the original parton undergo random

walk:
<02> ~ Neoh (H_SJrgg) %//;2 <ZZ+I§>
or

w E2 al asNe [Eipm
leoh = hntpy / ~
h fp Eipm E? + w2 and dwdz 7T/mfp w

for E > wand w > Epy = pi2hney ~ T.
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Rough Idea - Collisional (Following Bjorken)

~gT + others

@ Energy loss per unit length

dE - 3 2 dO'e]
= N/d K p(K) /dq (1 = cos G AE Gz

where
e p(k): density, (1 — cos0px)AE ~ q?/2k: flux factor
2ma?

(%)
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Rough Idea - Collisional

@ with thermal p, this yields
dE
(dZ>cou x a2T?In(E/asT)

@ Compare:

(dE> ~ o2TV/TE
dz rad

@ NOTE: We actually need wdl/dwdz in place of dE/dz.
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Rough Idea - The behavior of Raa

Use BDMPS expression for the quenching factor for 1/p" with a large
n but with the energy range extended to w < 0:

00 t
Raa(p) ~ exp (— / dw / at' (AT iner o1/ dwat)(1 — € ”))
—00 O

For the radiation rate, use simple estimates

ar o N 5
mwam fOI’ O<u)</mfpﬂ
ar o e

dudt ~ Pt Ve for Impr2 <w< /mprZ(L//mfp)2
mfp

dr (6] NC _‘ ‘/T
- o~ 7 w f
deodt > 7] Ty € or w<0
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Rough Idea - Raa

For elastic energy loss,

el
RAA

Q

exp <_ /_ Z de /0 G (dra/dwdt)(1 — e—w"/P)>
- ol (2

o () () (%))

valid for p > nT and we used

K(wo) = (1+ng(leo))(1 — &~“5I"/P) + mg(Juo)(1 — &l)

n nT
~ |w — 1 - — for small w
[wol <p>< p) ¢
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Rough Idea - Raa

1 1
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08 08
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» »

@ Upper line: Without elastic

@ Lower line: With elastic

@ Flat R is produced in both cases up to O(10 T).

@ R just not that sensitive to p in the RHIC-relevant range.
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Gluon Radiation Calculation

k
Amplitude to radiate: Need to sum over
all N and all M and all possible radia- §
tion points. Then square it to get the ‘
radiation rate (BDMPS). >
Sm
p p—k
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Ratecc Im z

pinching

35 5 : HTL resummed
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Why is this so hard?

@ Collinear enhancement in photon & gluon radiations
Aurenche, Gelis, Kobes and Zaraket, PRD58:085003,1998, Arnold,
Moore and Yaffe (AMY), JHEP 0206:030,2002; JHEP 0112:009,2001;
JHEP 0111:057,2001

Leading order Collinear enhancement Need to resum all these, too
—_— vy makes these leading order (AMY)
as well

O : Hard Thermal Loop

3
L

-
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Photon SD (Simpler) — Sketch

-0

P » P
K __ K 9 K
— + 3o
—=
P+K P+K

P+K P+K-Q

F(P,P+ K) = Ggr(P)Ga(P+ K)V(P,K)
+ Gr(P)Ga(P + K)G(Q)F(P— Q,P— Q+K)
@ Bare vertex: V(P, K), Resummed vertex: F(P, K)
o p integrated legs (with K? = 0):
[ doPGa(P -+ K)GA(P) ~

1 1 1
dp° : .
i 1

EoiEp 0E(D, K) — i(T o + [ 5)/2




Photons — Cont.

@ Integral eq (schematic):
(IlE(P,K)+ N)F(P,P+K)=V(P,K)+G(QF(P-Q,P—-Q+K)
or

ISE(P,K)F(P, P+ K) = V(P,K)
+G(Q)[F(P—Q,P—Q+K)— F(P,P+K)|

@ [ turned out to be independent of P, K:

[~ / G(Q)
Q
with

m?,
- g3 (a2 +m2)

Jeon (McGill) E-Loss ATHIC2 17 /55



Gluon radiation is similar but more complicated ...

Any number of gluon lines can attach like this.

These pinch

Adding one more rung = O(1).
Need to resum.
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SD equation for the vertex

Equation for the vertex F

2h = isE(h,p, k)F(h) + ¢? / f’;:);C(ql)x

«{(Cs — Ca/2)[F(h) ~ F(h—kq.)
+(Ca/2)[F(h) — F(h+pq.)]
+(Ca/2)[F(h) — F(h—(p—k)a.)]},

h2 m m2_k m2
SEMPK) = okio k) "2k tap k) 2
@ m?: Medium induced thermal masses.

@ h = (p x k) x e — Must keep track of both p, and k. now. For
photons, we could just set k; = 0.
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Gluon Radiation Rate

Rate using F
dig(p.k) _  Csg? 1 1 5
dkdt  16rp’ 1+ e K/T1+e(p-k/T
14+(1—x)>?

X3(1—x)2 q—qg

2 VY
xq NTESE g —aq

4 )4
it 99— 09
d?h
X / (o2 ReF(h.p.K).
where x = k/p is the momentum fraction in the gluon (or either quark,
for the case g — qq). h = p x k: 2-D vector. O(gT?)
@ Correctly incorporates both the BH limit and the LPM limit.

Jeon (McGill)

E-Loss ATHIC2 20/55



Elastic scattering rate

Coulombic t-channel dominates

P PP P
Q Q
K KK K’
P PPYxrsrsysizryvyy P
Q Q
K K’ K K’
Jeon (MoGil) E-Loss
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Elastic scattering rate

We need

dE . 1 54( k / k/ / 2 fE/
= = p+k—p —K)(E—E)Mf(Eq)[1+f(E)]
at 2E K.k p!

= CmalT?|In ETm + D,
S

where C, and D, are channel dependent O(1) constants.

Jeon (McGill) E-Loss ATHIC2 22/55



Putting them together

@ Fokker-Planck Eqgn.

quq /P drgg (pt+k.k) ) dlgg(p, k)
9a\P dkdt 9 dkat
ro-(p+k k)
qq
+2Pg(p+k)—dk at
dPg(P) _ [p . dlgg(p+k, p) digg(p+k, k)
dt —/kqu(P+k) dkgr TPelptk)—=

drg k) dr(p, k
—Fol )< dlEZt )+ %jligt )e(k_p/2)>

o= rel + rinel

@ Inelastic part is solved as it is.

@ Elastic part — Soft exchange dominated.
Implement it as drag + diffusion

@ Get T(x,t)and u*(x,t) from 3+1 D Hydro
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(3+1)-D relativistic hydrodynamics (Nonaka & Bass)

@ Based on conservation laws: 9, T*” = 0,0,j* = 0.

@ Forideal fluid, T"" = (e + p)UFU” — pg"”, j* = ngU*.

@ EOS: Bag model + Hadron with extended volume

@ Initial conditions: e(x, y,n) = emax W (X, y; b)H(n),
ns(X, ¥,n) = Nemax W(X, y; b)H(n)

initial energy densi ity b=2.4fm
40 | initi By y

BN w s
1locod5

N

€(GeV/fnt)

@ Particle spectra: Cooper-Frye Formula

dN,' / gi 1
E—— = -d
B~ S P @B expl(p- U— )/ T £ 1
Nonaka and Bass, Phys.Rev.C75:014902,2007
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Following calculations mostly by

Guangyou Qin (Rad + Coll, 3+1 Hydro)

and
Simon Turbide (Rad only, Bjorken Hydro)

with C. Gale, S. Jeon, G. Moore and J. Ruppert
(McGill-AMY)
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Example evolution of a single jet (Qin)

@ The final momentum distribution P(E, t;) of a single quark jet after
passing through RHIC medium (b = 2.4 fm)

0.5 T T T T T
— total
- — radiative
0.4 E :%6 GeV -—- collisional| 7]
I- E =30|GeV
N Ry
0.3 " N 7
@ !
x
0.2 7
0.1+ 7
OO - 10 40

E @)

@ Medium described by (3+1)D ideal hydrodynamics.
@ The jet starts at the center and propagates in plane.
@ Jet energy loss turned off in hadronic phase.
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Averaged energy loss of a single jet (Qin)

@ The averaged energy loss of a quark jet after passing through
RHIC medium (b = 2.4 fm)

71—
[ |— total
101 |— - radiative
| | — collisional

8

<AE> (GeV)
(o))

% ‘ 0 15 20 2 %
E, (Gev)
@ Averaged energy: (E) = [ dEEP(E)/ [ dEP(E)

Qin et al., arXiv:0710.0605 [hep-ph], PRC, in press, arXiv:0705.2575 [hep-ph]
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Pion Production

@ Fold in the nuclear geometry, local production rate, jet angles, with
the energy loss

dN:A _ (Ncoll /ande gA(Xa, Q)QA(Xb, Q)
dyd Pr Tin a,b,c,d

K d0a+bﬁc+d bﬂ'O/C(z7 Q)
et at 194

with Dﬂ-o/c(Z, Q) = /der ,P(rl)brro/c(za Q> ry, n)a and
bﬂo/c(z Q,r.,n)=

[ o1 (Paqsopri i 1) Dy (2 Q)+ Pyyolpripi A1) Dyoo(2'. )

with z = pr/p; and Z' = pr/py.
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R4 at RHIC - 70 - Radiation only (Turbide)

1 T T T \]/2 T T T T
L Au+Au @ s =200 GeV
0.8 Central 7’ (0-10%)  _° FHENX™ -
L —-—0a=03
06 94(@—q+g—>T B
0
<
04l 1
[ E E E E E?—E ___________
021
$
O 2 4 6§ 10
Pr (GeV/c)

12

T; = 370MeV, dN/dy = 1260. 1-D Bjorken expansion.

Best g = 0.33 s.Turbide, C.Gale, S.J. and G.Moore, PRC72:014906,2005
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Rxx at RHIC — 70 - Full (Qin)

1 \ ‘ \ ‘ \ ‘ \
08l « PHENIX 0- 5%, Preliminary | ]
<06 L aimimm=— _, e ———— —
m< L .- .|
0.4 EIEE _________ I_I_I_ S S >
02 meeemriety T 7
0 : : } : ‘ : } :
08k PHENIX 20 - 30%, Preliminary | ]
<06 N l '''''''''''' =]
P N ) Tl oo 1
[0 0,4j [} EEEEH T TITTEIE ELEE -
0.2F ] :
! ! ! ! ]
% 5 20 25

10 15
p; (Gevic)

@ total, rad, coll
@ Strong coupling as tuned from 0.33 to 0.27
Qin et al., arXiv:0710.0605 [hep-ph], PRC, in press, arXiv:0705.2575 [hep-ph]
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Raa Vs. reaction plane at RHIC (Qin)

@ Ry for 79 in plane and out of plane at RHIC (different b)
0.4 T T T T T T T T

0.3

— b=24fm, =0
- = b=24fm, =12
— b=45fm, =0
0.1 —=b=45fm, =12
— b=75fm, =0
— = b=75fm, =112

I I | I | I | I
0 5 10 15 20 25
p; (GeVic)

@ Jets propagating out of plane (¢ = 7/2) are suppressed more
than in plane (¢ = 0)
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PHENIX data from QMO06 (Pantuev’s talk)

The results:

PHENIX Run2, nucl-ex/0611007, submitted PRC

3<p; <5GeVic 5<p; <8GeVic
5
Kg sl 10-20% 20-30% o oaf 10-20% 20-30%
s L osf Fa.
. e B St
nsf Ll g B e OAF g S F e _—
azf i - ozb w-m | E
g 3 .
€ 30-40% - . anson | € b e | 3 0-50%
5 . T osf R £ T
0 -ki_- L Tk g ¥
04f Cwg 04F # L]
0.2| 02 E
H 3
o aaf 50-60% [ B0-T0% © 1z o ., 50-60% T BO-T0%
1
oaf " "4 YT - P 'P} h %{‘f
osf " " o T ¥ ) [
.
aaf 0af
ozf 02
, . L E—— L L I
0 40 60 80 20 40 60 80 20 40 &0 80 20 a0 60 80

Angle Ap {degrees)

Angle Af (degrees)

Angle As (degrees)

R, in plane and out of plane changes by factor ~2

Angle A4 (degrees)

- For peripheral bins no suppression in plane, while a factor ~2 out of plane 13
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LHC Ran (Turbide)

l——————

09 pPp+Ph @ s"°=5500 GeV
0.8f Central Tt (0-10%) §
0.7+~ |
0.6- Ti=845 MeV —q(@)-gtg-T ]
< I --q@- T ]
05| Ei__=400GeV .

04+ _ N
04l AE eﬁ—AE(r,cp) ]
01  Z—-—"77 -
O> | | | | | | | | | |
0 5 10 20 25 30
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Where are we now?
@ Most models have jet quenching under control in the
hadronic part.
@ But Ra4 too simple to be the full story.
More information? — ~ production
@ Need:

o Thermal photon radiation rate (AMY)
e Jet bremsstrahlung rate (AMY)
e Jet-photon conversion rate (Fries, Mueller, Srivastava)
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Various sources of photons

Direct photons: Fragmentation
photons:

Bremsstrahlung Jet-conversion Thermal
photons: photons: photons:

@ BERNES
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Photon Radiation

Arnold, Moore and Yaffe (AMY), JHEP 0206:030,2002; JHEP 0112:009,2001; JHEP
0111:057,2001

Thermal Radiation rate:

Y k
arR g™ 1 R =
i e e L p-
Physical process: e
t ty

Need to sum over the scattering centers and the radiation
points.
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Remember this slide?

@ Collinear enhancement in photon & gluon radiations
Aurenche, Gelis, Kobes and Zaraket, PRD58:085003,1998, Arnold,
Moore and Yaffe (AMY), JHEP 0206:030,2002; JHEP 0112:009,2001;
JHEP 0111:057,2001

Leading order Collinear enhancement Need to resum all these, too
makes these leading order  (AMY)

I R R RS
as well

O : Hard Thermal Loop

3
B

-
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Schwinger-Dyson Equation

P-0
P » P
K K 9 K
— + 40
—
P+K P+K P+K  P+K-Q

Photon production rate
0.5 T T T T

Total

L srensseninst - Arnold, Moore and  Yaffe,
o | ——— Pai JHEP 0112 (2001) 009
g- The same formalism can
T Ll 1 be used to calculate ther-
5 mal radiaton (P ~ T)

and bremsstrahlung from
jets (P> T).

R wha oo
0 2 4 6 8 10
Photon energy k/T
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Jet-Thermal Conversion

k k’=k k k= k

B VAVAVAVAV B VAVAVAVAV,
q <<k q <k

TV I AR RRS

Fries, Mueller, Srivastava (nucl-th/0208001)

arR en? Taos,, ,— o 4E, T
oy =2 (5) g 16l + (PN 2n(f0) o

with C ~ 2.33.
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Putting everything together...

Putting everything together for ~...

Jeon (McGill) E-Loss ATHIC2 40/55



104: T T T 1 1 3
: e PHENIX ]
i direct + fragmentation 1
10°F E
< F 1/2 ]
> ptpats "=200GeV 1
© 1k 5, al scales = 1xp; 4
o = 3
o [ ]
(")_c |- 4
== il .
B 10 {2 E
L r ]
10 3
t | | | | | PR T N R B PN I N .

4

|
9 10 11 12 13 14 15 16 17
p; (GeVic)

[
o]

Using P.Aurenche et al’s pQCD program.
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~ — Composition (Turbide)

-4
10 E T T T T T T T
i Photons at RHIC ]
N’_‘ 10'5 172 _ E
L Au+ Au s “=200A GeV
) N ]
O 10 Ti =370 MeV -
z
< 107F \\
>, -8
10 £
5 fy =0 ' — jetth
9 yv « = = jet-bremss. N
10 ¢ \  — - jet-fragmentation ]
10: \}— — th-th
- 1 L | | L |
10 4 6 8 10 12 14
PT [GeV]
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~ — Our Calc vs. PHENIX Data (Turbide)

0
10 T L
W'k Y= Au+Au at RHIC
S v 0- 10 % Central
> 10'2= =
(5} £ E
g 1 0-3:_ — prompt + QGP + HG 3
%\ « =+ prompt + QGP (no jet-th) +HG 3
— 1 0-4;_ — — prompt (no E-loss) -
g = PHENIX :
50
10 F
Z
= 107
107F
-8: ] | | | |- | |
1054 8 10 12 14 16
PT [GeV]
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vs. Data (Turbide)

0
10 T T T T T T T T T T T T
o y =0 Au+Au at RHIC ]
R L 0- 20 % Central
o 10 0\ E
< PEIAAN —— pQCD+QGP+HG ]
= £ .« = pQCD+HG 3
— 10-4 > — = pQCD (no E-loss) -
o N » PHENIX PRELIMINARY 3
B 5 N .
Z>.10 N
= 10° 1
7L T=370 MeV :
-8 I N (N BTN R R R

10— 4 6 8§ 10 12 14 16
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~ — Composition — LHC (Turbide)

10-4§ | " T T 17 ™ 1T ¥ 1T ¥ 71 °
i Photons at LHC
107k 12 d
LIRS Pb + Pb, s “=5500A GeV
(qj) S N 1
=107 > T. = 845 GeV 1
5 i \\ ! 1
ch 10'7;— i
SEn: o]
~710°F .=« N-N ~
o c _ \ — jet-th i
10-9;_ yy B N + jet-bremss. ]
g \ = = jet-fragmentation 3
10 » " th th |

10§70 12 14 16 18 20 22 24 26 28 30
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~ — LHC prediction (Turbide)

10\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘:
10% Photonsat LHC ]
ol Pb + Pb, s”°=5500 GeV :
% 10 ¢
O, 10%F 3
2 10-3; — pQCD+QGP+HG ]
&+ 4; -—-- pQCD+QGP (no jet-th) + HG 1
NQ 107F — — pQCD (no E-loss)
>_ ~-5[
10°F
g5 Y=o
10 ¢
07 T84 MeV T — 2
S8 b ]
10 274 6 8 10 12 14 16 18 20 22 24 26 28 30

P; [GeV]
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G. Qin - Photon production at RHIC

Photon production in Au+Au collisions at RHIC from various sources:

107 T " ‘\‘\‘\‘\51'87‘“\‘\‘\‘\‘\7
i ® PHENIX Prelim. 0-10%| | 161 ® PHENIX Prelim. 0-10% | -

- — direct photon r — direct + frag. + jet-plasma
— - fragmentation photon ] 1-4f — — direct + frag. 7]
-+« jet-plasma photon 12
— sum 2f
1

0.8
0.6
04
0.2

L 1 L L | L | L | L | L | n | n |
4 16 04 6 8 10 12 14
p; (Gevic)

<
o

dN/d’p,dy (Gevd)

8 10 12
p; (Gevic)

3+1 D hydro. Rad + Coll E-loss.

Jet-plasma photons (bremsstrahlung and jet-conversion) are
significant to understand the photon data in AA collisions
Qin et al, in preparation
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G. Qin - Application: Photon-tagged jets

At LO, Compton scattering and annihilation process:

q R ANANNNANN, T

! BOO00000 —————

Wang, Huang, Sarcevic, PRL 77, 231-234 (1996)
Proposed advantage for photon-tagged jets (at LO):

Ejet = E’y

00000000 ¢

The photon is strongly correlated with the away-side jet

— a calibrated probe of the QGP.

How does it look like in a full calculation?
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Results for photon-hadron correlations (Qin)

Centrality dependence of 144 and yield per trigger for away-side 7°:

1 T T T T
09p o STARPrelim.p, =46 GeV| -
0.8 & -ocdculation, p, = 4-6 GeV N
o7k - m calculation, p; = 6-8 GeV ]
06 1
_fosf {@\e ]

O'4f o/ ‘B..‘i"o"‘— - i
03 R T S
0.2 4

t =8-16 GeV
0.1~ Ev N
07 | | L L

0 100 200 300

part
1ia(EnEy — PArA(EnlEy)
AA( h| 7)

~ Ppip(EnlEy)

&

yield per trigger

10°F T T T 3
E o STARPrim.p, =46Gev| 1
t STARPrelim. p, =6-8GeV| 1
[ & -o calculation, p, = 4-6 GeV 1
10'15* oo caculation, p, = 6-8 GeV
[ °G"““3—‘;—-o———§.®
-2
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Both I44 and yield per trigger are consistent with current data!
Qin et al, in preparation

Data from QM2008: Mohanty’s plenary talk and Hamed’s parallel talk
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G. Qin - Contributions from different source of photons

Probability distributions of the initial Different contributions to yield per

jets tagged by different photons: trigger for away-side #°:
100§ T T T E 10'1§ T T T T
| E=15Ge gl ‘ T2 St pon
107F : — quark, jet-plasmapart| 1025 - fr;gblzgrtt]apan i
£ > — — gluon, jet-pl ] Froee, ceee et
@ gluon, jet-plasma part @ o \
% 10'2;’ & 10'3; -
10% 10°F R
P E,=15Gev s,
05— 1isl — 20 2% 0 W 1 12 \14
E (Gev) p; (GeVic)
P(EJ|Ey) =Y P(Ej,src|E,) P(En|Ey) = P(Ep, sic|E,)
SIc src

Direct photon-tagged jets dominate at lower pr, jet-plasma and
fragmentation photon-tagged jets dominated at higher pr.
Qin et al, in preparation
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G. Qin - What is the importance of additional

processes?

Iaa for the away-side 70 for different photon triggers:

1, T ) T i i T T ] 1 T T T T T T T T ]
091 E =15Gev - — direct trigger 1 09 E =g16Gev —— direct trigger .
0.8 — - direct + frag. trigger| ] 08l — . direct + frag. trigger| |

8 — photon trigger 4 b — photon trigger
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_%05 _Sosf ]

04F = 0.4 _
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0.1 O.lj ______ 7
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Jet-plasma intera and fragmentation are import&rff6? studying
photon-hadron correlations, even dominant close to photon-trigged
energy.

Qin et al, in preparation
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Conclusions and Caveats

Calculated Jet Quenching with radiational and collisional energy
loss

Radiational part plays bigger role, but collisional part not
negligible.

Best fit as reduced by 10 %

Important to use the full momentum distribution at any given time,
not just dE/dx.

Geometry and 3+1 D expansion included.

Best we can do using perturbative results (We keep track of
radiated partons as well)

Good description of existing data — pions and photons.

For photons, jet-thermal interaction is crucial.

LHC predictions — Should be better since pQCD should work
better there.

Photon spectra + Photon tagged jets - Preview version at HPQ8,
full version soon
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Conclusions and Caveats

@ Calculations consistent in the g < 1 limit for momenta
T < p. Yet for quantitative calculations, we needed as ~ 1/3 or
g ~ 2! So in reality, one must sum all diagrams, not just pinching
part of the ladder diagrams!
e At this leading order, a5 is an overall factor. So one
might hope that the structure of the solution is OK.
e Right now, this is best we can do with perturbative
calculation.
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'

Included in the PDF scale dependence

]

Correctly dealt with in the AMY-McGill approach ]
These two can interfere.

|

Part of this in the fragmentation function
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Conclusions and Caveats

@ What about jet correlations? — Need to keep track of the evolution
of the joint probability function of two jet energies. Much harder
than single particle distributions!

@ Most energy-loss calculations these days do get Rax right. Is
there an experimental way to distinguish?
— Photon bremsstrahlung + jet-photon conversion should be able
to distinguish different scenarios. How to fish that out of all others
is another matter.

@ It is important to keep in mind that photon tagging is not 100 %
efficient!
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