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Heavy-ion collisions
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* Quark Gluon Plasma (QGP) produced in
heavy-ion collisions.

e Jet quenching is an important hard probe
to QGP.

* Jet transport coefficient g is a parameter
of jet quenching.

M. Gyulassy and M. Plumer, Phys. Lett. B 243, 432(1990)

* The average transverse momentum broadening squared per unit length inside the medium.

* ( indicates the interacting strength between the jet and the medium.

* ( extraction is a key task in the quantitative JQ studies, and helps to understanding QGP.
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JET Coll. extracting g via single hadron suppression

TGN * Five jet quenching models,
--= GLV-CUJET]

HT — BW XFG, XN Wang, PRL 85(2000)3591

5 F — HT — M A. Majumder, PRD 85(2012)014023
w 4 L 1 Y MARTINI — AMY G.v.Qin, J. Ruppert, etal, PRL100(2008)072301
‘E‘?, 3 ; McGill — AMY  p.Armold, G. D. Moore, and L. G. Yaffe, JHEP06(2002)030
b ] . GLV — CUJET ™. Gyulassy, P. Levai, and I. Vitev, NPB 594(2001)371
1 i_aN,T;(DI A LutAu atﬁﬁb L e Higher-twist, thermal QCD, opacity expansion
0 A7 —1  * The similar constraints for § /T3 by RHIC/LHC data
T (GeV) . .
e Consistent with both pQCD (BDMPS) and AdS-CFT SYM
JET Collaboration, PRC 90, 014909 (2014) results

* Motivation in our following studies - to reduce the uncertainties in the determination of g to
achieve a truly quantitative understanding of the QGP properties.
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A NLO pQCD parton model in HIC

According to factorization theorem,

p+p:

doyp oy /0
dx,d > , 4
dyd2py ; / :E fb Tp, 1°) )

CTEQ6.6M NLO cross sections AKKO08

A+A:

doap / 2 18
d“rd*bdx ,dxy
o Z rd*bdz ,dz

abed "

Woods-Saxon

dO’AB /ddePT

Nuclear modification factor: R,z = -
<Nbina.r-y>dapp/dyd pT 6

:é'f'ﬁf g f\}%
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Modified fragmentation functions --- mFFs PR c X
/ 2 ( _< L / l> 1 0 Z _< L / ﬂ> 0 2 \ HUAZHONG NORMAL UNIVERSITY
Dh/c(zc’:u ’AEC)z 1-e 1— Az Dh/c 1— A7 ,,Ll +€ Dh/c(zc’:u )
AZ=AE [p., z = / HZ Zhang, J Owens, EK Wang, XN Wang,
¢! Prer Ze = Pr/ Pre PRLY8 (2007) 212301; PRL103 (2009) 032302
_The modification is controlled by = AE, and (Li2) D
o . A N\
Within HT JQ formalism, AE_ dependson d :
Q% 772 1—e
= 04— /dg / Al / + (1= 2)? Xqp(y)dsin® (zpTy~ /2)
W.T. Deng and X.N. Wang , Phys. Rev. C 81,024902(2010)
- /
/Average scattering number (N g> : N /3+1D Hydro for medium evolution N
i3 [ dz
= 04— /dy / / 1+ (1-2)7 q(f,r){A ZAGL 1- f)} p, T > §/T3=C
pg(TO )
X (r(y)4sin '(:BLP y~/2) depends on the local T in the jet trajectory
N. Chang, W. Deng and X.-N. Wang, PRC 89(2014)034911

.

/ Qirano, etal, PLB636,(2006)299; LG Pang, etal, PRC86(2012)024%
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Hints for the T dependence of § /T3

Jet Collaboration Go @ 19 @ RHIC ® LHC ® HAIRF RHIC @ LHC @ HiEF Q@ DEEF RHIC ® LHC @ ARERILE @ BigF
__'_R|| 7 —T —— —— 7 — 7 T[T e . B O S L
-0 GLV—CUJET  — 1 _ :‘ Collision systems ‘

- W HT-BW R g 6l ] 61 ] | =02TeVAu+Au = 0-5%
L ® HT-M Pl ] e, ] ] 20}
L A McGill—AMY el ] r : : ] ] r m2.76 TeV Pb+Pb ® 20-30%
[ O MAR—HN‘ £ _E ] 5 [RAEEE .: - 5_: _: : u 502 TBV Pb+Pb L40—50°/o
g S I Pl Do ; ; 1 15f v 60-70%
PR = : ' . : - g 4 i L
e % S qu ar : ; : ] {l:o 1 ] 1 E I Jet collaboration
. L L P Pl 7 3] / 3 # 0.2 TeV Au+Au
: 49 sl L ] S B % 2.76 TeV Pb+Pb
o i Z 2] ]
r A 0o 1 = 200GeV AuAu -7 0-5% 9."=ﬂ.4fm . 1 ) 1 r & } E
- /;Au uat 0.2 TeV, _ 2 @ 276TeV PbPb —»h* 0-6% 1,=0.5 fm ] 1 Jetcotaboraton 92 Tevauriu ] 5¢ i % I s . 4 .
L, AT (DIS) - Pb+Pb at 2.76 TeV, ] 1 i JetCollaboration . 1§ 276TovPoern 503 1oV pocib | : :
(Ti‘ 02 025 03 035 04 045 05 0% 038 gy 048 o TR o ow | om0 025 300 350 400 450 500
T (GeV) (GeV) T(GeV) T (MeV)
JET Colla., PRC 90, 014909 (2014) ZQ Liu, HZ Zhang, BW Zhang and EK Wang, M Xie, SY Wei, QY Qin and HZ Zhang, M Xie, HZ Zhang and XN Wang,
Eur. Phys. J. C 76 (2016) 20 Eur. Phys. J. C 79(2019)589 Phys. Rev. C 103 (2021)034911

Decreasing § /T3 with the temperature T, although § /T3 = C is set in each event
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QGP produced in p+Pb at 5.02 GeV ? /hR %Gt

25

[collision systems| Assume QGP is produced in p+Pb at 5.02 GeV,
oo L----102 TeVAu+Au = 0-5%
T 1276 TeV Pb+Pb ® 20-30% . .
r-5502TeV Po+Po A 40-50% and the energy loss mechanics is the same as AA
. 15[ 15.02TeV p +Pb v 60-70% 1
| Jet Collaboration
< 2 TeV Au+A
or o g.TGT:VP;:Pl:_ 1o (p + Pb) ~ 300 — 385 Mev
: | A 3
5 b [} | —
-E=____"___;___§______§____%=;_4 — QO/T() (p -+ Pb) ~ 4.0—-7.0
0 : ! L L L . -
250 800 350 T(M4‘i‘;) 450 500 M Xie, HZ Zhang and XN Wang, Phys. Rev. C 103 (2021)034911
e
1.5 — . T T T T T T T T T T T T
5.02 TeV, p + Pb — ydiet 4+ h*] 12<p}<40 GeV/c To=05-1.0fm/c
0.5<pi<15 GeV/c = é\o/T 3=40
| o A | The suppression of y-hadron is about
. 5-15% with 12-40 GeV in central p+Pb
0-10% 20 - 30% 40 - 50% 60 - 80% HP
I SUUUUUUUUN SRR , collisions,
Reone<0.4, EM™<1.5 GeV 40<pl<60 GeV/c

<067, |n"|<1.2, |Ad}>21/3 | 0.5<p"<45 GeV/c

3 and the suppression is weak with the
210 e e E—ee e BT ———— )
E trigger transverse momentum.

’ 02 04 06 08 1.0 02 04 06 08 10 02 04 06 08 10 02 04 06 08 10 1.2
2024/4/13 Z7 Zr Zr Zr 8



Information-field-based global Bayesian inference of the jet transport

coefficient 4(T) ® RHIC ® LHC ® ARMIOE Q R, @ 11" @ 11"
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R7, in 0-5%, 0-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-80%, 80-90% Au-Au collisions at 0.2 TeV;
R, in 0-5%, 5-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-80%, 70-90% Pb-Pb collisions at 2.76 TeV:
R' in 0-5%, 5-10%, 10-20%, 10-30%, 20-30%, 30-50%, 50-70% Pb-Pb collisions at 5.02 TeV;

,rﬂ* in 0-10% Au-Au collisions at 0.2 TeV:

« I7,/"in 0-10% Au-Au collisions at 0.2 TeV: DATA

« "' in 0-5% . 0-10% Pb-Pb collisions at 2.76 TeV.

M Xie, WY Ke, HZ Zhang, XN Wang, Phys. Rev. C 108 (2023)L011901; arXiv: 2208.14419

10%y(a) ®) > IF prior: unk functi
100 random G(T)/T? Prior, 95% Cl prior. unknown tunction
prior §/T3(T) samples for training High-T var., 95% Cl individual variation in different T region.

{3 Low-T var.,95% Cl _
: remove the long-range correlations between T.

» NLO pQCD model with energy loss:
describe the pp baselines well; utilizes the different
geometric biases to probe the T dependence of g.
» RHIC and the LHC data: probe a wide T region.

0.15 0.25 0.35 0.45 0.15 0.25 0.35 0.45
2024/4/13 T [GeV] T [GeV] ’
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B mmm e B A LABAS nans Boms nans nans Bans ey ans e e L 14 7 .
e v RPN PR Y g ” oo Frmmmor]
s ATLAS
10 F——§/T* (i=099) I FrEuxz0i2 10f = F—§/T°(i=0,99)
- goat
L6k
04 b
02
00
12
10F
£08
04
02§
00 20 30
12 p(GeV/c) p+{GeVic)
10F
208
JEXYS T
04 5 i
02
0.04‘ ‘ Iél ‘ ‘!‘i‘ ‘ IIIT." ‘ ‘1‘2‘ ‘ II; ‘ ‘1‘6‘ ‘ ‘15 ‘4‘ ' IEISI ' Iél ' I1‘0I II1‘2I ' III4” I1‘6I ' IIIBI I4I ' Ié” I!I!I II1‘0I ' I1‘2I ' I1‘4I I1IE5I Iilal - 00 1‘0 20 30 100 1‘0 20 30 100 ‘I‘O 20 30 100 10 Z&V/SO 100
p-(GeVic) p{GeVic) p{GeV/c) p{GeV/c) p{GeV/c) p(GeV/c) paiVic)
15 H " +‘__ ‘,’_I j 77_‘ _I_?I ; j j j T '- T 1 T T T -l T T T 1- T i
ET::: ’::;:f’ i °_'°"S"rlmm - f‘: 2?;9;’ - 1% 8 pY9<16 GeV/c | —— 4/T?(1=0.99) 8< py#< 15 GeV/c 19.2< pif9<24 GeV/c
&E;{,SG‘,\;O ] ; g;\,; pfmfp.Tng ' i 3 GeV/ce pF®eapl® + ALICE (h*+h*, 0-5%) ] CMS(h*+h*, 0-10%)
ﬁ; 10 = — T o ioilk ALICE ] _- 200 GeV ® 2. 76 TeV ® 5-02 Tev
E i (oAt ® FRAWLE Q Rl ® 1" @ 117"
B 05 - %
—os| - Is
e 3400 MZIEIEEF
03 04 05 06 07 08 0z
SR 09 —
5 o2 1oV, Aus Au.0-10% | T—&mi-099) ] [ 24<p}f°<288 GeV/c |
8= pes 16 GeVic STAR2010 T 12<pi@=20 GaVic © STAR2016 .
I poat P s M Xie, WY Ke, HZ Zhang,
1 1 1 =70 3
D+ “+
: < XN Wang,
- <
o5} + .
Phys. Rev. C 108 (2023)L.011901;
—_— arXiv: 2208.14419
02 04 05 08 07 08 08 10 0.0 L L L .
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IF-Bayesian G (T) in the jet propagating path

posterior §(T)

4 JET Collab.

e V771 JETSCAPE

LIDO

0 This work 95% Cl
—— 20 posterior samples

-------------
oooooooooooooo
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sensitivity analysis

Zr
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{(a) 1., 0-10%

12 < pi"¥ <20 GeVv

—

High-T var.
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1 Low-T var.

(<) 150, 0-10%
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posterior observables

ZT
0.25 0.50 0.75

ZT
0.25 0.50 0.75

{La , O- ]
(a) STAR X, .. 0-10%

12 < pi'? <20 GeV

s

g

b) STAR /4h, ., 0-10%
12 < p}"? <20 GeV

B aire]

(T |

(d) PHENIX, ATLAS RL,

v’ The extracted § /T3> exhibits a strong T dependence with smaller uncertainty.

v' High-T data are more sensitive to §; 1,4 is more sensitive to § than R, ,.

v' Our analysis show a global descriptive power to the Exp data.

M Xie, WY Ke, HZ Zhang, XN Wang, Phys. Rev. C 108 (2023)L011901; arXiv: 2208.14419

2024/4/13

l(c) ALICE I}, 0-10%
8 <plid <15 GeV c)(.:“:l,o
S
N> S
A
"% S
s o
mmm Posterior 60% ClI X
Posterior 95% CI
0] 5 10 10 100
pP7°c [GeV/cl pr [GeV/c]
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Sudakov resummation model for Z/y-hadron angular correlation

J g
In + / g LU I O Y I O B N N O B B
P+P Pra I O CMS [110, 140]GeV R
'k [~ roe-y o
X/ p F |-~ NLO(2-4) -
g g T2 - _— Resummed . ’ 1
= = = %5 {]__ :"" |
Prat Pr2 =0 I ]
. . . i -1
The cross section is given by [ e R |
1071 E—E_E:{_I—M I. £
Omovn _ g [ Qg oy 2y Mamval
aP.S. — 22 hfd \=d, 1 167252 22 24 2&6 28 3
a.b, : '
5 ) d?by a8, ¢
X Tafa/p (;L:aj 7 ) o [ /p (J:bhu. ) X (2??)28 € /
In A+A Sudakov factor TR
2
5@, =@, @ b) )+ (01,))
Sudakov effect Medium-induced broadening

Lin Chen, GY Qin, SY Wei, BW Xiao and HZ Zhang et al,
PLB773 (2017) 672; PLB782 (2018) 773; NPB933 (2018) 306; EPJC80 (2020) 1136; arXiv:2312.17460 12
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Effects of jet energy loss + transverse momentum broadening

dNémdQCAas[ 13] 8.0 l T

2 — 4 0-10% centrality mmm Radative
dzdipdr ml mm Collisional

[ l2 T . TD) ] 6.0 i mm Total )
x(qq (T — 70 1 s 1
< > 4z(1 — 2)E : 0.2TeV 5.02TeV 1

energy loss

o o [ ()
(

(r1) [GeV?]

= (] < : >>
(1 )raa = ( [ dr e pr [GeV]
L/rad dzdF dr
_ * A same parameter (IF-Baysian §(T)) is used for jet energy
broadening loss and transverse momentum broadening
(PL)or = (PL)er + (P1) g + 4(T) ® RHIC ® LHC @ Z-8F ® KF-EF

Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460
2024/4/13 13



Momentum and angular correlations in Z/y-hadron production

D(zr)

Au+ Au— v+ h @ 200 GeV Pb+ Pb— v+ h @5.02 TeV

T T 1 T T ——— T T T
[ o STAR pp 2016 i 10+ | B
5 ALICE E
[ o 0-12% AuAdu 2016 | E L theopp ]
10E e o STAR pp 2010 4 s pp theory b
£ E —— ¢-median 1
F = 0-10% AuAu 2010 ] o g-uncertainty |

F —— pp theory B o
[ —— ¢-median b = 107 E
10° E g-uncertainty E “:i( 1
£ E & i
L i = e

t ] <
S 10} E
1071 Ag> i E Ap > In 1
[ 12<pp <20 GeV 1 12 < p} < 40 GeV 1
[ ph>12GCeV 1 0.5 < ph < 10.0 GeV 1
102k o /NN = 200 GeV | 10-2| 0-10% centrality i
— L el . —————————
[ o STAR 2016 | + —— §-median 1
15 = STAR 2010 | 15[ o -uncertainty |
[ —— g-median i [ ]
B [ g-uncertainty :;:. I ]
2 b 1o
=0 1 R ]
= r 1 = N ]
05F ] 05¢ \ |
L i 0.0 . vy ey
U'OO 1 0 0.2 04 0.6 0.8 1
zr zZr

Pb+Pb— Z +h @5.02 TeV

-—m —— —
L 15 < pZ < 30 GeV £ 30 < pZ < 60 GeV + p% > 60 GeV Z
. 101§ ph > 4 GeV ES = E
a - 0-30% centrality T i i
= r T T ]
T 10°¢ E Ed E
C_S( E T T —— pp theory ]
i I o ATLAS pp 1 —— g-median ]
101k 4 mATLAS PbPb |  g-uncertainty |
—t————
— 1.5F -+ =+ E
= E T T E
A 1 T T e
3 F E Ll—l——r—l- 3
< 05F + i o =
0.0k Ly F L L
T T 3 T T
=T gﬂ' E'JT g'ﬂ'
A¢ [rad]
2024/4/13

Taa(ph)

Taa(ph)

X

Pb+Pb— Z+h @5.02 TeV

0-10%

T T T TTTTT T T
15 < p% < 30 GeV
A¢>%ﬂ'

—— g-median
I j-uncertainty
m ATLAS

30 < p% < 60 GeV

pZ > 60 GeV

< p% < 30 GeV
At,z&}%?r

g-median
[ g-uncertainty
= ATLAS

pZ > 60 GeV

Daagm(A¢)

Taa(Ad)

4.0

3.0

2.0

1.0

15}

0.0

1.6

Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460

|
10 20

1.0}

0.5}

5 501 2 5 10 2
h
pt [GeV]
_— —
10-2 Pb+ Pb— v+ h @ 5.02 TeV
IR B B e B B
e ALICE pp 0-10% centrality B
I —— pp Resummed |
| —— G-median b
 g-uncertainty 4
| ---ppNLO ] I~
| --- PbPbNLO N 4
12 < pl < 40 GeV i B
[ 54 <ph<10GeV ] 3
045 < 27 < 0. i Q
'MH}H:iiHiHw:HMHMHMH:
[ —— g-median ]
o [ g-uncertainty 4
---NLO b
1 g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N 3
] =
- : 5
_—"‘ ]
N S B Y A AT MUY S A U AR A
1.8 20 22 24 26 28 3.0 32
Ad¢ [rad]

301 2 5 10 2 50
— _— — _— — _— —
Au+ Au— v+ h @ 200 GeV

—— T
14} STAR ) ]
E ; STAR :jlpu Au 0-12% centrality E
1.2 —— pp Resummed B
[ ——¢-median 1
1.0} G-uncertainty L
r ---pp NLO 1
0.8} --- AuAuNLO !
0.6 5 /SNN = 200 GeV E
F12 <p} <20 GeV }
04F 3<ph<5GeV ]
0.2F ]
e -

T T T T T I T T I N
N I ‘ él STAR‘ ‘ ]
1.5k —— g-median ]
[ g-uncertainty ]
r --- NLO 1
1.0 :777777777777777777777777777777777777777_
0.5 ]
L ]

%.U 2.2 24 2.6 2.8 3.0
Ag [rad]

3.2
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pr correl.

Ag correl.

14



A competition between broadening and anti-broadening in
angular correlations
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Au+ Au — v+ h @ 200 GeV I . . o .
w0 0 » : Root-mean-square (RMS) width of A distribution
- I T - T T T T II T I T T T T T T T ] . [ T T . T T T T T T T T T T T T T T ] a) [ T T . T T T T II ’Ir T T T T T T T T
[ 27 1 1 [ 3.2 [ a0} I
3.0k ‘)," ____,.---"'-F B 3.0F b 3.0 1 f dd¢ A ¢ - Tr) 2 dA¢
i , I Adrus = qA
5|5 [ 25 — : 1 5|5 [ 2.0 - i 353 [ a7 A
=d 2.0 3.05 3.10 g =H 2.0} 3.05 B =g 20 3.05 3.10 g f ‘-’135
—le I § B == I 3 R =l : I dA "i)
[ 8 <pp <12Gev [ 12 < 5 < 20 Gev [ 20 < p} < 30 GeV
- (P;.r( . E - fl : 1 - r:rf ¥ I Ph+Pb— Z+h @502 TeV Au+ Au— v+ h @ 200 GeV
[ 3<ph <5QeV ] [ 3<ph<5GeV ] [ 3<ph<sqev i +Fb—= 2+ o.02 le U+ Au—y+h@ e
1'0_ ) o i 1'0_ i l'D_ £ I n2rr—r——r—r—rr T .20 —m™@Mm™mm—m—m——m——m———————————————
fs.-‘i"' --- Audu wjo Br | | i oSTAR pp 1 | P g-median 1 [ «w/o EnLoss + w/oBr | : -w/o EnLoss + w/o Br :
F .;ﬂ"’“‘a:é """ Auduw Br + = E‘SI \R lu “-" E L __n’_,_-f"—(' O—IU/E centn]lt\« B I [ “"“'ﬁ” E“i”ﬁs + "‘"ﬁ: E' | i =w/o EnLoss + w/ Br
| S SR I T N N T T SO S SN SO T SR TR IR T TR S S N . iU T S S S | | = LW, nloss + wj/o br | «w/ EnLoss /o Br
00733 2.6 28 3.0 3.2 0054 26 2.3 50 3.2 0033 26 38 80 32 L] - ww/ Enloss +w/ Br | 0.15) :; —— :50 m |
Ag [rad] Ag [rad] Ag [ra'd] I > [ +¢ 0-10% centrality | ~ F 0-10% centrality |
[ t = W ] o b — )
N = — pr >4 GeV | = —_—
Pb+ Pb— Z +h @5.02 TeV | 5" =_ ¥ fmedion | Eowp  —— P ]
: : ' e ——— e . = T 4 == i
1of szl : ol | : w0l | . =, =
f2if o — ] 27t I ] [Tt P ' s I 0.06 =, } 0.05 == R
N ] L P ] L iy ﬁ/ 11 e, ] =
30f . 3.0 ] 30 i/ £ 0.04 ' p
RPN N v S T £/ / 102 ool emnlescw Brog A 0.00 [
"E|$J Ry 3.10 ] "5|53 [ 30, 3.10 ] "5|5! EREYR 3. ] % L w/ EnlLoss + wjoBr-pp K 0.02 [ “Wﬁo EHEOSS + W;‘ gr -
== 20k . =g —l= 20} . | =t 20F _ ES — w B ; | 2 U2 «w/ EnLoss + w/o Br-pp |
U 15 < p% < 30 Gev == " 30 < p% < 60 Gev 1 L 5% = 60 Qev I 2 - W/ EnLoss +w/ Br-pp '; . v/ Enloss +w/ Bropp |
h ; 1 I 4 r 1 r 4 . = q
:pT-)-'iGe\« ] :pl}-?bice\' ] :pl'rr>1ce\ I 3‘1 0.000 ‘ .
10} g » 1 Lof P 1 Lof ] Z i S Q00 f---------o o bl
- . —_— 4 - B F = < — .
F T -—- PbPbw/o Br A F ﬁ/ s ATLAS pp A F 2 g-median 1 < Z
e e PbPbw Br | i b D ATLAS FbPb ] Iy 0-30% centrality 1< _o0melL i a .
el SR TR RN TR SR SR [ SR SR S S S T I S SR B T S | s T S R N TR SR SR ENT SR S SR R R ST —
0.0 —54 35 55 25 7o 00— 35 35 25 =5 0.0—4 55 55 75 o I 50 10 60 80 100 120 140 160 180 200 ) T T
, , , P [GeV]
Ag [rad] Ag [rad] Ag [rad| . Pl [GeV]

e Angular distribution is broadened by (pi) while narrowed by AE, broadening vs anti-broadening.

* Observed medium effect in the A distribution is a competition between the broadening and the anti-broadening.

2024/4/13 Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460 15



Summary

* From g, to §(T) extracted with JQ-AE & JQ- (pi) & RHIC @ LHC Q@ ARNTGE @ BifF Q@ WidF Q@ WIS
iEQ imF-IEE ® H6F/2/H-IEE Q HF/z/H-3:F , 10 4E , pQCD , Sudakov resummation .

* Machine learning for §(T, E, ...) in jet quenching, improving model.

Neural Networks

- e e e e e e e e e e e e e e e =

Fragmentation functions

dlnQ?

X
R

o - Physics-informed part of neural network™ %
|l Loss1 \
: aD.S"li (N- Q) ht ht :
IS ~amgE Maq(N)Ds™ (N, Q) — Mgq(N)Dg™ (N, Q) |
I 1
I Loss2 !
| _aDF(V,Q) :

’ & &

| = ongr ~ Mag(IDE (W, Q) — Mg (WN)DG" (N, Q) |
I .
1 " |
| dDNs(N, !
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3+1D Hydro for medium evolution
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d depends on the local T in the jet trajectory :

Hu
4(z,r) =| G, Py(71) (1-f) " pgocT3—> G/T°=C
Py (7,.0) Po
: 0 T>170 MeV
Hadron phase fraction: frr=d 0~ 1170 Ay
1 T<170 MeV

X. Chen, T. Hirano, E. Wang, X.-N. Wang, H. Z. Zhang, Phys.Rev. C84 (2011) 034902
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T, f, u aregivenby 3+1D ideal hydro to describe the medium evolution
T. Hirano, etc, Phys. Lett. B636, 299 (2006); Phys. Rev. C77, 044909 (2008)
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Fixed order pQCD vs Sudakov resummation

We now focus on the region close to .

@ Multi-scale problem: Q% = pf > qf

. . . 2
@ Large logarithm in a5 expansion: (::1:5 In

Ideal QCD expansion:
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O CMS [110, 140|GeV
LO (2 — 3)
NLO (2 — 4)
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The kiclq, distribution for different energy scale

0.20 ===

RHIC

pp ———- HI [9, 30]4+[12, 18]
HJ [9, 30]4[18, 48]

i A pocket formula
015 [

— —— HH [5, 10]+3, 5]
- &* ....... HH [5, 10]+[5, 10] *2 -~ *2 2
o i T —— HH [12, 20]4[3, 5] qJ_AA - qj_pp + (pj_}
2010 "
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e —--=- HJ [0, 30]+[18, 48] - :
LHC: vacuum Sudakov > medium broadening

RHIC: vacuum Sudakov ~ medium broadening

— .= HJ [20, 50]+4[E0, 80]

HH [5, 10]+[5, 10]
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(p?) should be more sensitive at RHIC than LHC due to smaller qff-,p

Smaller p; jets are more effective in probing the broadening due
to smaller vacuum Sudakov effect.
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