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»Introduction

»>]et, jet quenching

» Extracted g, via single hadron R, 4
» Xe+Xe collisions at 5.44TeV

»Summary



Ajetis:
>a collimated spray of hadrons
> result of fragmentation

of an energetic quark or gluon

From QM 2018
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* The hard jet losses a large amount of its energy via

radiating gluon induced by multiple scattering. jx.-n. wang
and M. Gyulassy, Phys. Rev. Lett. 68, 1480(1992)]

* Jet energy loss in the QGP medium: A F « §---jet

transport coefficient.
~ _ d<qi>

q = :transverse momentum broadening squared

dL

per unit length. [Bomps, NPB482(1997)291]
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=ee MAR _ MCG‘"'AMYj In the initial time and in the center of the fireball
6 [= HT-BW -« GLV-CUJET

s HT-M ]
s - i ~ ] 12+03 2 T=370 MeV,
N < {1 { 19407 GOV /M 8t 1 _y70 Mev,
3 : Waueg | The JET collaboration.

arXiv:1312.5003,Dec 2013
2 L .
| 5_(.]'\”3@1 AurAuat RHIC=b ]

N et _Pb+Pb at LHC,

0 0l 02 03 04 05

T (GeV)

X 2, J11+02 at T =373Mev
Go(GeV*/fm) ~ {1.7 403 at T =473MeV

Ao(fm) & 0.4 4+ 0.03 at T = 373MeV
0 ~)05+005 at T =473MeV

[ Z Liu, HZ Zhang, BW Zhang and E Wang, Eur. Phys. J. C (2016) 76: 20]



m Modified fragmentation functions in QGP medium:

_ z
Diyelze, w2, BEe) = (1= e~ M) |00 (2, 12) + (Ng) - Dﬁ/g(zg,u)

C
+e—(Ng) Dg/c(zc, 1?)

where z. = pr/(prc — AE), zg, = (Ng)pT/AEc-
[X.-N. Wang, PRC70 (2004) 031901], [H. Z. Zhang, J.F. Owens, Phys. Rev. Lett.
98.212301 (2007)], and [H. Z. Zhang, J.F. Owens, Phys. Rev. Lett. 103, 032302 (2009)]

m Total energy loss of jet in high-twist method:

Q? dl2 l1—e¢
E — CA_/dT/ / dz 1+(1—z)2] X QF(}’)45’" (

[W.T. Deng and X.-N. Wang, Phys. Rev. C81,024902(2010], [E. Wang and X.-N. Wang,
Phys. Rev. Lett. 87, 142301 (2001); 89, 162301 (2002)]

12

2T
4z(1 —z)E)




14 16

AuAu —> =’ 200GeV |n|<0.35

PHENIX (2012)
PHENIX (2008)

q)(GeV/fm)=0.91.01.11.21.31.4 1.5 .

1

1— 1%, STAR)

54— 1%(Global FitR, (PHENIX 2008 +PHENIX 2012));

z,=p; Ry
12<p°<20GeV

away side |Ap-r|<1.4 |

¥ %(Golbal Fit)

|—iGobalFitq +R ) 0'-10:%5

o)(GeVAAm)=1.1{(1"

T T T T T T T T T T T
07 08 09 10 11 12 13 14 15 16 17 18 19 20

q,(GeV’/fm)



10 p,(GeV) 100

PbPb —» h* 2.76TeV |n|<0.8 0-10%

CMS(0-5%)

10
T

100

Pb+Pb-»>h’

2.76TeV |n|<0.8
Y ALICE(0-5%)
q,(GeV/fm)=1.31415161.71

0-10% |

T

PbPb—h"+h" |n|<1.0
CMS (19.2<p}®<24.0GeV) away side |Ap—=|<1.1

q,(GeV/fm)=1416 18202224

19.2<p[<24.0GeV

Pb+Pb-»x"+h’
= ALICE (0-10%)

8<p<16GeV
away side |Ap-x|<1.1

Il

T

Pb+Pb-h"+h’
= ALICE (0-10%)

% (Global fit

T PR e L g .
= CMS (24.0<p["<28.8GeV)
24.0<p[°<28.8GeV ’
q(GeV’/fm)=14161.8202224
S S H e %
= CMS (28.8<p[°<35.2GeV)
28.8<p[°<35.2GeV |
q,(GeV/fm)=1.416 18202224
"""""" g""-'-—--------";'::::""""""‘;
CMS (35.2<p[°<48.0GeV)
35.2<p[?<48.0GeV g
q,(GeV/fm)=1416 18202224
- Jifissangasaasnnss==33333333333333333555
. ] ¢
; 5 ; 8 o Y 1a 1} 13

6 ST T T T T T

%’ (R, (ALICE+CMS))
5] %°(1, . (ALICE+CMS)) P
d o LR

q;=1.6{5: GeV/fm ;
34 p
24 B
14 -4
° — T T T T T T T T T T T
11 12 13 14 15 16 1.7 18 19 20 21 22 23 24 25 26



51 PbPb ->h" |n|<1.0 5.02TeV 0-10% 1
1ol ©  CMS 502TeV0-5% ]
< « CMS 276TeV0-5% e
o ALICE 2.76TeV 0-5% s psshatoass
0.5 ] T . . o
oy T q,(GeV?/fm)=
o Jramneansancen® 141.51.61.71.81.9
s 10 P (GeV) 100
T T L | T ¥ T T T T T J
o ~——— Global Fit %* 3
. (CMS 5.02TeV
ata] + CMS 2.76TeV R
~g +ALICE 2.76TeV)
2] ]
14 A 0.3
. q,(GeV/tm)=1.7( ¢

T T T T T T T T T T T T
12 13 14 15 16 1.7 18 19 20 21 22 23 24 25

q,(GeV?/fm)

q°'= 1.6GeVv-/fm
q,=1.9GeVv*/fm
q,=2.2GeV*/fm

PbPb—h'+h"
5.02TeV, 0-10%

20.0<p)"<30.0GeV

Q,=1.6GeV/fm ' 30.0<p}’<40.0GeV
q,=1.9GeV/fm away side |Ap-n|<1.1 -
q,=2.2GeV /fm In|<1.0

T T

qp=1.6Gev*/fm 40.0<p}“<50.0GeV
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Xe-Xe @ 5.44TeV
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- Rpp in Xe-Xe collisions

Ran in central Xe-Xe collisions is
similar to Ry, in Pb-Pb collisions at
similar multiplicity.

- Possibly the result of a non>
trivial interplay of geometry and
path length dependence.

D. Sekihata, Tue 09:00

mé | ALICE charged particles, || <0.8

- Xe-Xe | S, =5.44 TeV, 0-5%
(AN, / dn)=1167 + 24

(dN_/ dn )= 1180 + 31

+ --Pb-Pb | s, =5.02 TeV, 40-50%

- Pb-Pb | 5,,, =5.02 TeV, 10-20%

0.5¢ »ﬁ
| & 0.’.0

* Xe-Xe \s, =5.44 TeV, 30-40%
(dN, /dn)=315+8

(AN, /dn)=318 + 12
.;""4-"“"." ]

R

Lol 11111

P
w1l

vl 1 1-1 1

1 10

P, (GeV/c)

1 10
P, (GeV/c)

[QM 2018 ALICE]

[arXiv:1805.04399]



new

XeXe: charged hadron Ry, -

Raa

27.4 pb™ (5.02 TeV pp) + 3.42 ub™' (5.44 TeV XeXe)
L T T lrllll[ L T T rrrrr

CMS-PAS-HIN-18-004

Raa VS Npory

27.4 pb™ (pp) + 404 pb™' (PbPb) + 3.42 pub™' (XeXe)
l T T T T T T T T T T T T | T T T T | I_
- CMS 8] 5.44 TeV XeXe R*,,
~ Preliminary ]
1 | © |5.02TeVPbPbR,, |

Ml <1
6.4 <p_<7.2GeV

1.2

- CMS B cMis 5.44 Tev XeXe
L Preliminary

—o— CMS 5.02 TeV PbPb

Normalization uncertainty
L ies

g _— :

0% T T | E..x.ﬁxe:.o's.%.,...|Pbpp:1.o'.'3.o.%..i

0 100 200 300 400 0 1 10 102
N, P, (GeV)

Similar scaling in XeXe and PbPb Within uncertainties R, consistent

Talk, Jet modifications, Tue. 9:20, A. Baty

[QM 2018 CMS]
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RAA FOR CHARGED HADRONS IN XE-+XE

» Measurement of charged-hadron spectra
measured in Xe+Xe collisions at 5.44 TeV

esses a question about a role ©
eometry in HI collisions

> Raa shows a centrality-dependent suppression with
characteristics already observed in Pb+Pb

> Increase to pr=2 GeV (maximum), decrease to
pr~7 GeV (minimum), and again increase up to
pr~60 GeV

> Raa in Xe compared to Pb in similar <Npar>
intervals

> In central events, hadron yields in Xe more
suppressed to those in Pb, while in peripheral
events, milder suppression in Xe than Pb

> Also shapes of Raa seem to be systematically
different in two collision systems

T T T T T T I T T T
” ATLAS Preliminary pp,25pb®  Xe+Xe, 3ub?  Pb+Pb, 0.49 nh| ]
i<2.5 (\EH =5.02TeV, Sy =544 TeV |5, =Ts.02 Tevgg
- e IA_TF:_
F= A R S e O
Pt e s b T e
BEC OO0 s SU T AL LIS SE N
=50 o —— B — e el e
Eo e oo — s P B e
O'TOSLO»—(E‘ 'T, . —— —ol—
oo e POD0C i
- — e & L £ —r ot -
[ ] &_‘ 5 e [a—
0.3_ ;‘T&?'_v—h - & — .
‘_,T‘—‘ 00 00—
XesXe, (N ) —*ee*’ Pb+Pb, (N ) |
o 5-15%, 194 o 20-30%, 169
« 30-40%, 84 40-50%, 87
+ 55:70%, 24 o 60-80%, 23
0.1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1T
1 3 10 30
P, [GeV]
Talk by P.Balek on Tue 9:40

[QM 2018 ATLAS]
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R, of charged particles at 2.76 and 5.02 TeV

u:g 1-~tim i ALICE g
o |5 = 5.02TeV charged particles
0.8F 1 |n]<0.8
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0.6f + .
A — f—e
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0.4f 1 1
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P, (GeVle)

ALICE collaboration : arXiv:1802.09145 H LIC =

1 Strong centrality dependence.

: + Similar Ry, for the two collision energies, but

harder p; slope at higher collision energy.
— Larger energy loss at higher collision energy.

1+ Strongest suppression by a factor of about 8

at pr = 6-7 GeV/c in the most central collisions
(0-5%).

|+ The suppression is about 30% for the

intermediate p; and reaches unity for the
highest p; bin in peripheral collisions (70-80%).

[QM 2018 ALICE]
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Comparison of MY Ry, at 2.76 and 5.02 TeV

: -ll|l||l||l||v||v||y||v|||l|ll|v-llll|||lllllr|||v|||||v|llvr|||.llllll||lllllllllllllllllllllll
ok -+ -+
“ ALICE Preliminary [
L PbPbafR, = 502TeV L PbPbats,, =502 TeV L Popoatfs «502TeV
bl [ 010% 2 10:20%

:l [« :2040%

1
|| PoPbatfs,, = 276 TeV b PoPbatfs, =276 TeV Po-Poat i, « 276 TeV
[ [G]x":0-10% (arXiv:1803.05490) x:10-20 % (Eur. Phys. J. C 74 (2014) 3108) [ [T« :20.40% (Eur. Phys. J. C 74 (2014) 3108)

08f T +

......................... B L L L L L T T -

Po-Po at {5, = 5.02TeV
[#]#:2050% [0 :4060%
orvafs 2wt "H'p'b.'p;a} oot
[0]5*: 20.50 % (ariv:1803.05490) [[07] 2" 40-60 % (Eur. Pys. . C 74 (2014) 3108)

081
0sf — Ha
g [
Lj:] [ ¥
- * o
04 1 040 o
} 4| Po-Poat |5, « 02TV
‘ (]« :e000%
02k + T Pepoatfig 27TV
[ (0] :6080% (Eur. Phys. 4.C 74 2014) 3108)
v bbb b b BT b b b b b BT b v bev v b s
5 0 15 20 25 N 5 10 15 2 25 kli] 5 0 15 2 2 0
P, (GeVic) p, (GeVic) P, (Gevic)

ALICE

1+ Well defined fragmentation

function for an identified
hadron, compared to
inclusive charged particles.

1+ Strong centrality

dependence.

1+ Similar R, for the two

collision energies.

12010 data

ALICE collaboration :

| Eur, Phys. J. C (2014) 74:3108

12011 data

ALICE collaboration :
arXiv:1803.05490

17



Ry in Xe-Xe at 5.44 TeV

Q:E
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arXiv:1805.04399 ALICE
Strong centrality dependence.

A minimum around p; = 6-7 GeV/c and an
almost linear rise at higher p.

The strongest suppression by a factor of
about 6 at the minimum in the most central
collisions (0-5%).

Raa = 0.6 at the highest p; bin (30-50 GeV/c)
in the most central collisions.

[QM 2018 ALICE]
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Raa in Xe-Xe and Pb-Pb vs. p; at similar dN/dn (*)

NEW

T T

- Xe-Xe |, =5.44
L (N, / dn)=1167
©-Pb-Pb \s,, =5.02

T

1 ALICE charged particles, |n|<0.8

TeV, 0-5%
+24
TeV, 10-20%

(chhl dn)=1180 + 31

&

T+ XeXe |5, =5.44 TeV, 30-40%
(dN, / dn)=315+8
+ -Pb-Pb |5, =5.02TeV, 40-50% -
(AN, / dn)=318 £ 12

°

RXeXe/RPbe
?

1 semi-central Pb-Pb collision

T T o /.... ‘
. ..M *Te *
_QOM. "
1 . ++
o
ol N IR e l pul
1 10 1 10
P, (GeVlc) P, (GeVic)

arXiv:1805.04399 ALICE

+ Similar Ry, in the most central Xe-Xe
collisions to that in 10-20% Pb-Pb collisions
over the entire p; range.

+ Agreement of R,, between 30-40% Xe-Xe
and 40-50% Pb-Pb collisions within
uncertainties.

central Xe-Xe collision centrali ty Npan
. . 0-5% Xe-Xe 236 £ 2
10-20% Pb-Pb | 2634

30-40% Xe-Xe |82.2 £ 3.9
40-50% Pb-Pb | 86.3£1.7

[QM 2018 ALICE] 19



R, in Xe-Xe and Pb-Pb vs. dN . /dn |

12f 'ALICE charged particles, [n|<08 1
. p,=12-4.2GeVic
.
L
08BN .
b4 06'3?::&1} o
i Rt T
0.4F v hrmnny - 4
0.2
| " l
1.2F ! ) ' ! =
1;— p,=5-8GeVic 3
;' == Xe-Xe, |5, = 544 TeV
0.8k ~4-Pb-Pb, |5, =5.02TeV ]
3 N PP, |5, =276 TeV ]
0.6 7
© R ]
04 o "': :‘ ] -]
L W ]
02f et SRS e eee J
12F '
h. p,=10-20GeVic
08h Y .
$ P
o 06 i -
r " ?!: .
0.4f "
: AT
0.2 Srernny L R N
E 1 1
0 500 1000 500 2000
(dN ch/d77)

[QM 2018 ALICE]

arXiv:1805.04399 QLI

+ Aremarkable similarity in R, is observed between Xe-Xe
collision at \syy = 5.44 TeV and Pb-Pb collisions at Vsyy =
5.02 and 2.76 TeV for dN/dn > 400.

<AE> « € x L2 oc <dN/dn>/A; x L2

AE : radiative energy loss

€ . energy density

L : path length (related to the radius of the nucleus)

A; :initial transverse area = 1 x /2 (r : radius of the colliding nuclei)

Phys. Rev. C 97, 034904
arXiv:0902.2011

—This result can provide insight on the path length dependence
of medium induced parton energy loss.
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 Similar oscillatory shape as PbPb

XeXe and PbPb agree well for p.< 3 GeV
Indication of less suppression at higher p

R*,, — asterisk denotes use of extrapolated reference
XeXe R*,, compared with PbPb R, ,
Strong suppression in XeXe

CMS-PAS-HIN-18-004

27.4 pb™ (5.02 TeV pp) + 3.42 pb (5.44 TeV XeXe)

16 - e R R A B R
- CMS CMS 5.44 TeV XeXe nx CMS CMS 5.44 TeV XeXe + CMS CMS 5.44 TeV XeXe
1.4- Preliminary I Preliminary = Preliminary
1 2:~ o CMS5.02TeVPbPb | ~—o— CMS5.02 TeV PbPb - ~—o— CMS 5.02 TeV PbPb
E. Normalization uncertainty ::' Normalization uncertainty Normalization uncertainty
= < i< i<
- O.8L =
20 o
C 0.6

0.4-
0.2

10-30%

| A [T R A |

o

10
p, (GeV)
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- XeXe R*,, increases in more peripheral events until last centrality bin

16 27.4 pb™ (5.02 TeV pp) + 3.42 ub™ (5.44 TeV XeXe)
. cee ceree — T Crre T TR T
CMS B+ cms5.44Tev XeXe + CMS B+ cms5.44 TeV XeXe -+~ CMS CMS 5.44 TeV XeXe

1.4 Preliminary | Preliminary & Preliminary B
12 ——o— CMS 5.02 TeV PbPb + ——a— CMS 5.02 TeV PbPb H ——o— CMS5.02TeV PbPb (70-90%)
Normalization uncertainty Normalization uncertainty Normalization uncertainty d

2 T i< i< d
z0.8 B
g 1

Flat trend in 70-80% XeXe
* Larger suppression than 70-90% PbPb events
« 30% normalization uncertainty (T,, + event selection efficiency)

Strong quenching not expected in peripheral events

« Could also be affected by p,-dependent event selection biases

CMS-PAS-HIN-18-004

30-50%

-~ 50-70%

sl

p, (GeV)

1 I N T

1 )
p, (GeV)
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T T T T 1 LI | T T T T T LI T T T T 1 T | T T T T 1 L
~ ATLAS Preliminary pp,25pb”  Xe+Xe,3ub"' Pb+Pb, 0.49 nb”| ] ~ ATLAS Preliminary pp,25pb”  Xe+Xe,3ub"' Pb+Pb, 0.49nb" |
mé iyl<2.5 (ﬁ:m 502TeV. VS = 5.44 TeV |5 =Ts.oz TeV mé Ini<2.5 &;ﬁ.gg Tev, VS = 5.44 TeV |5, = 5.02 TeV

1— TR B e & = 1— — :E
DO T NIl Lo e s se e~ N T g3
= e — _‘W _‘.* | ) i -1 ﬁ*“""'—! '_'?@ T A -
—;i‘.i;.fi*:\"T,—. ———— —m\ 15 l tet ] g)—‘ '_'._.—"_‘,_"_JE‘_'Q_‘ —’—‘.i‘ -

W o ot B — R . iy — ¥ B Fg-'
0.0 O o — . —_— =’_I._. I e l=5°0*’.—a@ . .

[c=9°°* o .= - :ﬁ :(ri‘”\i T '_'é-g‘%r&’g— e
iy —el, e 8 e i oo et o = .
I — e & [ —— '_"'V'_‘:_r— ®— h‘:}% \!:_4 —]
0 3 :é?_‘ 00 % 0 3_‘ -:z ’_\E—f— +
3F o D ®— . 3F °o— —g 5

R A Coo0Cns e T

XesXe, (N ) oot PbsPb, (N_) | XesXe, (N ) ~oo o Po+Pb, (N ) ||

o 5-15%, 194 o 20-30%, 189 o 0-5%, 986 Oy as o 10-20%, 1003

* 30-40%, 84 © 40-50%, 87 20-25%, 361 o 30-40%, 346

¢+ 55-70%, 24 ¢ 60-80%, 23 + 40-50%, 97 % 50-60%, 90
0.1 — 1 1 1 1 1 11 1 I 1 1 1 1 1 L 1-1 0.1 — 1 L L L 1 111 I 1 1 | 1 1 L 1.1

1 3 10 30 1 3 10 30
p, [GeV] p, [GeV]

\

f

e same colors have similar <Npart> and similar <Ncoll>
@ very similar pt dependency in Xe+Xe as in Pb+Pb

@ although the shape is not exactly the same
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* Large pr hadrons are studied in a NLO pQCD parton
model in heavy-ion collisions with mFFs due to jet
quenching.

« We obtain §, = 1.1{0% GeV?/fm for central Au+Au
collisions at 200GeV, and §, ~ 1.6{;0: GeV?/fm for
Pb+Pb central collisions at 2.76 TeV. We also have
predicted the dihadron suppression factors for Pb+Pb
collisions at 5.02TeV.

* Next we will use the latest data of Xe+Xe collisions to
extract gy, and predict dihadron suppression factors for it.

e And, to study the temperature dependence of § /T?3.
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solid: x%
dashed: x¥%

. (b) E=3GeV

02 03 04 05
T (GeV)

- — 4
_—

- —
—— — ]

é- (al) E=30G?V | ! ]
02 03 04 05 06
T (GeV)

Assume ¢/7T is linear dependent on T

4IT°=4./T. _§4,/T;-4,/T;
T-T, I,-T,

Twoinputs: 4 /7° | 7. =170MeV
/T, | T,=370MeV
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y’ldof (R +v,) Au+Au—r’

4.000
2.500
1.500
T - 1 1 T T T ]
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> . _ N
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q./T(T =370MeV)
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%’ for R, +V, Pb+Pb—h’

15.00 1PbPb 5 |yl<10 ' 2.76GeV ]
10.00 7 0-10%
. 6.000 6_5 /,,—”/ _
% 3.000 ] JPaad
= 5 h
= 1800 ]
~ E Z?; -7
" 0.8000 F 44 I e p
o o ] - . S
mL_/o 3 \\\\ a
= ] :
o 24------bh=0.5,ac=4.5 ]
; I bh=3.5,ac=4.2 A 1
}----- bh=6.5,ac=3.6
0+—— I L e S S B B B
0.0 0.1 02 03 0.4 05
T(GeV)

05 10 15 20 25 3.0 35 40 45 50 55 60 65
q,/T.(T,=473.4MeV)
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* Partons originating from initial hard scatterings
lose their energy in the hot and dense medium,
which results in suppression of high pT hadrons.

 NEW: utilise Xe collisions to shed light on a role of
geometry in HI collisions
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QCD transport coefficient a

The effect of the QGP medium on a fast primordial parton:

A
q = po<gih> = A <¢%>
QCD Plasma Square momentum
Properties transfer with plasma

29



1<0

initial state

0<1<0.5fm/c 0.5<1<6 fm/c 6<1<10 fm/c

" M "
i r':
»:." i
[ B )
;n‘ﬁ' _'“‘1
"3
{3

pre-equilibrium QGP & expansion Phase transition&freeze-out

-~
L
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