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* Physics of the suppression =
parton energy loss in fluctuating
hot nuclear matter

*=> Some observables (Iaa, Raa Of
particles, ...) result from a
complicated convolution of: hard
parton spectra, dependence of the
loss on the flavor and parton
shower shapes, path-length...

*=> All observables are convolutions
of (non-trivial) initial conditions and
(non-trivial) energy loss
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This talk ...

... use a simple model with minimal
assumptions on the quenching
physics to extract basic properties of
the jet quenching




The simplest modeling of
parton energy loss
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Fraction of jets of a
given flavor (i.e. quark
or gluon initiated)




The simplest parametric
modeling of parton energy loss

jet dn (<" +S(pjet)
dng(py ) _ (T T)x(l—l—ds)

R N
Yield of quenched jets of a é,l |
given flavor at given pt Sq = Spr - Fractional
energy
Raa In the approximation of Sg = Cp X Sq loss
fractional energy loss
—F




Jet Raa INn the simplest model
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Jet Raa IN the simplest model
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Realistic parametric model
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Input jet spectra
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Jet Raa IN realistic model
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Jet Raa IN realistic model
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—> Slow evolution with pt and no rapidity dependence of jet
Raa can be interpreted as a result of different energy loss of

guark and gluon initiated jets
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Jet Raa IN realistic model
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—> Flatness and no rapidity dependence of jet Raa can be

Interpreted to be a result of different energy loss of quark and
gluon initiated jets
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Quantifying the
parton energy loss, fixed cg

ot \ & Fixed to 9/4
\—
S, =5 =+ S, = cp X 9,
PT,0
[ > I
I ¢ Minimization 1 8 7| ¢ Minimization 1
0.8 T
- —— Minimization 2 ¥ 6 @ Minimization 2
I $ $ -
0.41 ¢ ¢’ 3l
I ol
0.2 i
I 1
O i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 O i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 100 200 300 400 0 100 200 300 400
Npart Npart

16




Quantifying the
parton energy loss, fixed cg
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Quantifying the
parton energy loss, fixed cg

ot \ & Fixed to 9/4
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peripheral? Some other physics? —
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Quantifying the
parton energy loss, free c
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S, =s"[ = Sy =cp xS
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* Use rapidity differential jet Raa measurement to perform a
multidimensional fit and extract o, s' and cg simultaneously
(Input: NLO spectra —- POWHEG+PYTHIAS8 + 3 variations of PDFs)

3 —— 1 *Vacuum value of cr measured
: . and evaluated in pQCD (MLLA
NLLAGmIL r=CpfC=22 calculations)

_————| <Invacuum, cg = 1.7-1.8 for

T 7 Q=20-100 GeV
; 0 CDRE,=41GeV] *|n-medium: cg=1.78%0.12 —
[ : ) E. .= GeV | . . -
L Camieta ey oes T 2% consistent with the value in the
- —— Lupia & Ochs, 1998 ] . .
f Capella et al., 2000 a orAL 1 vacuum (Useful discussion on

10 4 Gev 10 ¢ also in arxiv:1812.06019) 10



Quantifying the
parton energy loss

. et X

Y T _
Sy =5 S, = cr x S,
PT.0

* Use rapidity differential jet Raa measurement to perform a
multidimensional fit and extract o, s' and cg simultaneously
(Input: NLO spectra —- POWHEG+PYTHIAS8 + 3 variations of PDFs)

* Full result:
N n r=(123+14)- 1073 GeV.
§ = & Npare Y y=15+02 GeV
Q 0.52 + 0.02
CF 1.78 =0.12

* Average jet quenching encapsulated in 4 parameters.
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5.02 TeV versus 2.76 TeV
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*Same jet Raa ... but that does not imply same energy loss.

* Spectra shape and flavor admixture are different
=> energy loss must be different.

* About 10% larger energy loss at 5.02 TeV compared to 2.76 TeV.



Note

*... Jet Rpa ... @s a result of different energy loss of quark- and
gluon-initiated jets

* Alternative: shower shape — wide jets lose more than narrow.
*How to distinguish?

*Do as many comparisons with data as possible (in the kinematic
region insensitive to in-cone radiation / recoil effects). Here:

— Rapidity dependence of the Raa,

— Behavior of the Raa in the forward region,
— Jet fragmentation,

— Jet shapes.

*More info in the backup: charged particle Raa, b-jet Raa, zg, high-pt
charmonia, ... and more to come

* Do as many comparisons as possible ... and look for a failure
(by seeing a failure of the model one can learn new stuff)
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Predictions for the forward region
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-> The jet Raa should decrease in the forward region
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Measurement Iin
the forward region
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-> The jet Raa does decrease in the forward region
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Modification of
longitudinal structure of jet
(fragmentation function)

2 o ATLAS
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Modifications of
fragmentation functions

* How is the parton shower modified by the QCD medium?
e Basic picture ...

Black = vacuum component of PS

Red = medium induced radiation
-

Medium resolves
parton shower
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Modifications of
fragmentation functions

* How is the parton shower modified by the QCD medium?
e Basic picture ...

Black = vacuum component of PS
Red = medium induced radiation

Medium resolves Emission is
parton shower coherent

g.: Phys. Lett. B345 (1995), 277 e.g.. Phys. Rev. Lett. 106 (2011)

Nucl. Phys. B582 (2000), 409 Phys. Lett. B725 (2013), 357
Phys. Rev. Lett. 85 (2000), 5535 Phys. Rev. Lett. 111 (2013),
Phys. Rev. D50 (1994), 1951 052001

JHEP 12 (2001), 009
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Modifications of
fragmentation functions

* How is the parton shower modified by the QCD medium?
e Basic picture ...
Black = vacuum component of PS C) =a&&hb
Red = medium induced radiation For some configurations medium
_——________-J
_1 resolves parton shower
a) Lo D) _
I(d)=a]|b]| c+ more
3 in-cone
radiation
5 + jet excites
i% ? ,f medium =>
. “recoiling”
v f"” particles from
Medium resolves Emission is the medium
parton shower coherent
e.g.: Phys. Lett. B345 (1995), 27 e.g.. Phys. Rev. Lett. 106 (2011) . .
Nucl. Phys. B582 (2000), 409 Phys. Lett. B725 (2013), 357 eg. Pays. Rew L%F 200 O aaas
Phys. Rev. Lett. 85 (2000), 5535 Phys. Rev. Lett. 111 (2013), P1~NL¥[ E!-:;’I-Ll"lhOl 8) 0o f o
Phys. Rev. D50 (1994), 1951 052001 nys.Le 191« o .
JHEP 12 (2001), 009
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Modifications of
fragmentation functions

—> Subtract the energy from the jet / initial parton and
then let it fragment as in the vacuum

Emission is
coherent
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Modifications of
fragmentation functions

—> Subtract the energy from the jet / initial parton and
then let it fragment as in the vacuum

~1.6 . . .
B Ratio of fragmentation functions
o ® ATLAS 0-10% == ( g )
15
MC
1.4 analytic
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Modifications of
ion functions

Excess of low-z not due to flavor
effects (due to in-cone radiation e jet / initial parton and
or recoill effects) vacuum

ATLAS 010% > Struc_ture seen _at |

MC Intermediate and high-z is due
analytic to the difference in quenching of
guark and gluon initiated jets

—> Speaks in favor of presence
of color coherence effects in the
data

Some level of disagreement?
Will get back to it ...

Z
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Fp (P 1)

Transverse structure of jet
(Jet shape)
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Modification of the jet shape

—> Subtract the energy from the jet / initial parton and
then let it fragment as in the vacuum
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Modification of the jet shape

126 < Prie; < 158 GeV
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0.35 0.4
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6.3 < p;" < 10.0 GeV
®  Pythia8
Herwig?7
® ATLAS Preliminary

*r<0.05: values well reproduced
(for all p:°" bins)

*r>0.05: trends similar but
magnitude very different ...
... two particular possibilities:

1) Input spectra are not well
modeled (sub-dominant
contributions to jet py)

2) Coherent picture breaks for
~100 GeV jets at r~0.05
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Modification of the jet shape

126 < Prie; < 158 GeV
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[
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® ATLAS Preliminary

*r<0.05: values well reproduced
(for all p:°" bins)

*r>0.05: trends similar but
magnitude very different ...
... two particular possibilities:

1) Input spectra are not well
modeled (sub-dominant
contributions to jet py)

2) Coherent picture breaks for
~100 GeV jets at r~0.05
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Modification of the jet shape

126 < Prie; < 158 GeV

0.9
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r

ps" > 26 GeV
® Pythia8
Herwig?
® ATLAS Preliminary

*r<0.05: values well reproduced
(for all p:°" bins)

*r>0.05: trends similar but
magnitude very different ...
... two particular possibilities:

1) Input spectra are not well
modeled (sub-dominant
contributions to jet py)

2) Coherent picture breaks for
~100 GeV jets at r~0.05
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Modifications of fragmentation
functions — a detall

Excess of low-z not due to flavor p%ﬁgﬁ“r@d — p%“fe’fiched 1 péfoft
effects (due to in-cone radiation ’ ’
or recoll effects) e
& ® ATLAS0-10%
*These low-z hadrons contributeto 1 MC
the measured jet energy. Para- 1.4 analytic
meter s' contains this soft part. 12

* Soft part contributes to the measured , ,

fragmentation via denominator of z.
1.1

0.9

0.8




Modifications of fragmentation
functions — a detall

Excess of Iow-z_ not due to _fla_vor p‘%jgf”red — p&l}f;‘?hed e p%oft
effects (due to in-cone radiation

or recoill effects)

~ 1.6
*These low-z hadrons contribute to &£ 1.5
the measured jet energy. Para-
meter s' contains this soft part.

® ATLAS 0-10%
analytic
analytic+soft

1.4

1.3
* Soft part contributes to the measured

. . : 1.2
fragmentation via denominator of z.

7

Contribution of soft hadrons to
the jet energy can be estimated
from the measurement at low-z

=> fragmentation distributions w/ 08— —t—tmmy
correct soft contribution Za
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Modifications of fragmentation
functions — a detall

measured __ quenched soft
—> Prediction: detailed PT jet = P jet TPT

measurement of fragmentation
at the highest-z (or lowest-g) e
should exhibit a depletion F e ATLAS0-10%

1-5:‘ analytic

1.45— analytic+soft

1.3F

1.2f }

1.1;—

£
0.9F T3
0.8 TR
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Modifications of fragmentation
functions — a detall

measured _ _quenched soft
—> Prediction: detailed PT jet o pT;jet TP
measurement of fragmentation
at the highest-z (or lowest-g) e
should exhibit a depletion 5 e ATLAS 0-10%
o2 1.5 analytic
14 analytic+soft
>} ATLAS

18 Pb+Pb 0-10%

1.6

1.4

1.2

Seems observed Z =
in the data 0.04 01 02 04 1

Z




Example of other observables:
non-groomed jet mass

0.25 e

% EConstituent substraction ALICE E
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~

Ratio (Pb-Pb/PYTHIA)

A hint of possible shift to
lower jet mass values seen in
the data
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Ratio (Pb-Pb/PYTHIA)
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Example of other observables:

non-groomed jet mass

III|III|III|III|III|III|III|III|III|II
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... but rather complicated observable:

significant flavor dependence +
dependence on recoil at low-py

~

A hint of possible shift to
lower jet mass values seen in
the data
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What about other objects?

Data tell us that the medium largely sees a jet as one object
=> what about other objects with a structure that are suppressed?

¥ 15
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/ @
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CMS Preliminary
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0.6
0.4
0.2

ok

1
0.8F

VS = 5.02 TeV:
pp 25.8 pb'1 :
PbPb 404 ub’
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What about other objects?

Data tell us that the medium largely sees a jet as one object
=> what about other objects with a structure that are suppressed?
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What about other objects?

Data tell us that the medium largely sees a jet as one object
=> what about other objects with a structure that are suppressed?

I & W(2S)
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What about other objects?

Data tell us that the medium largely sees a jet as one object
=> what about other objects with a structure that are suppressed?

I & W(2S)

. check the differences between the suppression of jets and
charmonia at high-pt (at the LHC at mid-rapidity)

Input:

— Measured pp spectra of charmonia (cannot rely
on out of the box PYTHIA or other generator)

— Energy loss extracted from jets
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0.8
0.6
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0.2

Charmonia

ly|<2.4

== model - light quark

=== model - gluon
° CMS, JHEP 05, 063

©  CMS PAS HIN-12-014

1

10 15 20

25 30
p, [GeV]

< L 65<p <30GeV
5 - 65<p_< e
?l: 1'4— _T model - light quark
. B=== model - gluon
1.2~ e CMS,JHEP 05,063
B O  CMS PAS HIN-12-014
1
0.8
0.6
0.4
0.2
—
O_I | | | | | | | 1 | | | | | | | | 1 | | | | |
0 0.5 1 1.5 2

lyl
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Charmonia

iﬁ 1 4 VI<24.6.5<p <30 GeV 2 = 1 4l Ivl<1.6,6.5<p <30 GeV
oC - === model - light quark o 1Ar del - liah ‘
. B== model - gluon —~ i S model - light quar
1.2F e CMS, JHEP 05,063 @ 1.2p ES== model - gluon
i O  CMS PAS HIN-12-014 53 - e CMS, PRL 113, 262301
1 T
i 1
0.8F 0.8
© - ®
0.4 0.4F — 7
0.2 0.2 | 95% C.L.
O_ | 1 1 | | | | | | | | | | | | | | | | 0: | | | | | 1 | | | | | | | | | | 1 1 |
0 100 200 300 400 0 100 200 300 400
Npart Npart

... suppression of both charmonia at pt>6.5 GeV is similar to the
suppression of light quark jets
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Summary

*Flavor dependence of the jet quenching seems to drive quite
a lot of what we see in the data.

* Average jet quenching can be quantified from the data as follows:
r =123+ 1.4 GeV,

'et (8%
y=15+02GeV | o _ [ Pr
= 3 S, =cp xS
a 0.52 + 0.02 . PT0 g = KA P

Cp 1.78 £0.12

*Coherence effects seem to be important, but for jets with pt~100 GeV they
seem to break at r~0.05.

*Recoll (or in-cone radiation) can modify kinematic regions where one would
not expect that (e.g. high-z fragmentation).

*Precision is really needed:

— precision data are needed to understand details (recoil via high-z
fragmentation, jet shapes at low r; flavor via V-jets).

— precision MC is needed to have the reference under the control.

* Suppression of charmonia at p;>6.5 GeV at midrapidity behaves like the
suppression of light quark jets. 49
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Slides with more
Information
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5.02 TeV versus 2.76 TeV

oF | ATLAS ' antik, R = 0.4 jets y| <21
| [=]0-10%, s,y = 2.76 TeV [PRL 114 (2015) 072302] 1
[+ ]0-10%, sy = 5.02 TeV
1 | [=130-40%, sy, = 2.76 TeV [PRL 114 (2015) 072302] I

| (130 - 40%, {Syy = 5.02 TeV
HEENE (7,,) and luminosity uncer.

ey
v —=
d =
| ‘ :.:?FEE*“ i |
] RE
0.5 o = .
i T
| | | | | | | | | | |
40 60 100 200 300 500 900

*Same jet Raa ... but that does not imply same energy loss.

* Spectra shape and flavor admixture are different
=> energy loss must be different.
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5.02 TeV versus 2.76 TeV

1

<L
<L
oC
D 0.8
0.6// ! * - —
0.4—
o ATLAS [PLB 790 (2019) 108]
02— EQ model 2.76 TeV
EQ model 5.02 TeV
| | | | | L

cle
900 1000
pTJet [GeV]

*Same jet Raa ... but that does not imply same energy loss.

%OO 300 400 500 600 700 800

* Spectra shape and flavor admixture are different
=> energy loss must be different.

* About 10% larger energy loss at 5.02 TeV compared to 2.76 TeV.
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1N, dN/dz,

—
o

PbPb/pp smeared

Groomed z, ... checking the
Impact of jet flavor

AP ARRRRARARRE RS I 110160 Gev
E 160 <p,_ <180 GeV 3 > 6 T

i 50-80% Soft Drop, B: 0, Zcm =01 -O.._. - e quark_jet

| (x200) ~© AR;, > 0.1 . 2 5l _

3 B E = = (dluon jet

- 30;556:;% 5o o g _ E = I

F © 8 a-erge p. = 240-260 GeV

| 10-30% -6 _ A T

E (x10) 7O g o = |

- g B-lg—uas 7 _ i quark jet

[ 0-10% ) i L i

= (x1) -8 e 3 gluon jet

5 —5— 3 N

B = ] il

- O 4

| @ PbPb 8.9 _ 2~ v

E o pp smeared e B : ¢

:I 1| | ] | ] | ] | | | | | | I | ] | ] | IDI D |: =

__I LA L A |__ 1

— 50-80%- SO o =SS P = I | | | | | | |

0.1 0.2 0.3 0.4 0.5
o NS
- Using PYTHIA:

3 2y does not depend much
= o on the flavor or jet pt

o
o
—
(=]
[A*]
of
[#3]
o
.
(=]
[4)]

2, . . c3



1N, dN/dz,

PbPb/pp smeared

=

o
(]

o
1]

—
o

Groomed z, ... checking the
Impact of jet flavor

IR T 7

— CMS anti-k; R=0.4,I_I<13 6

= 160<pnei<18g]jae\,’ 3 g " o uUnquen.

e e ] BT © 0-10%

E 0 =

E 30-50% 5. 5 = 4

i 1(:10;%%%“@. B gy g I .

_ (x10) —E"—E_‘g_—é—_@_ B gey _g i .

[ - i 2 -

_ o A — i Tt e

- _E_— 17

- 8 - I

L O .

. OPbPb @BD _| 102

E o = = el g

C1 'F')plsr?&:lre:dl | I :D: | o :Ej i o 1.07- ' +

n ~ = 1k ¢ ¢ _

B I 0,99 ¢ ¢ N

- 50-80%- SO =@ n@mig OO i 0.98C ]

3 ] 01 02 0.3 0.4 0.5

 10.30% MW 1 | Same procedure as for modeling

PN ——— E fragmentation functions => no

: “a-e-mili| | modification seen => measured

0 Tor oz o5 aa 05 modification not due to a flavor "
g




Modifications of fragmentation
functions

516 1. = 1.6¢
o F e ATLASO0-10% o F @ ATLAS10-20% & F e ATLAS2030%
' MC ' MC N MC
1.4 analytic 1.4 analytic 1.4 analytic
13 1.3F
1.2 1.25—11
1.1 11 { *
: P
0.9 ¢ ¢ 0.9F ¢4
0.8 e e 08— el e
10" 1 10" 1
z z
= 1.6p =16 = 1.6
nc°1 55_ ® ATLAS 30-40% nc°1 £ @ ATLAS40-50% 3 . 55_ ® ATLAS 50-60%
1.4f = analytic 1 4f = analytic 1.4 = analytic
13-
1.2
o [ ]
. 1.1:+ + *
4: %- . I
I3
0.9
L1 1 08: 1 1 1 L1 1 II 1 1 1 1 L1 11
1 10 1
Z Z
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From jet internal structure to
charged particle Raa

Each particle of a given pt must be in a jet of the same or higher pt
=> Charged particle Raa (at high-pt) = convolution of flavor dependent
jet suppression and fragmentation functions
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From jet internal structure to
charged particle Raa

T particle
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Jets at RHIC versus LHC

— RHIC
— LHC

C}_I|

ol
5

| III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
10 15 20 25 30 35 40 45 50
piuarkjet [GeV]

* Jets very different between LHC
and RHIC

*Jet spectra for a given flavor
more steep at RHIC

*Flavor composition also different
—> Will impact charged
particle Raa

—> Apply the effective quenching
factors extracted at the LHC
to RHIC jets
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RAA

b-jets suppression

2-5 I | | I I I I | I I | I | I | I I I I I I
- CMS *PRELIMINARY PbPbys . =276 TeV -
i J L dt =7-150pb™ i
2 *Inclusive jet (0-5%) n| <2 —
[ =—=— "b-jet (0-10%) n| <2 ]
1.5 —
"] ________________________ —

_ } +
05— R ¢+* 4 4 * 4 4
— L —
0 _I | | 1 1 1 1 | 1 1 | 1 | 1 | 1 1 | 1 1 1 1 ]
100 150 200 250 300

P, [GeV]

*b-jet Raa ... comparable with
Inclusive jet Raa ... but again,
spectral shapes are different

*Moreover, just one flavor =>
direct comparison misleading
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RAA

b-jets suppression

T *b-jet Raa ... comparable with
I Inclusive jet Raa ... but again,
0.8 spectral shapes are different
. —— i *Moreover, just one flavor =>
0.6¢ =5 ——— direct comparison misleading
= = = | *Use the model + b-jet cross-
i section measurement to
I | quantify the difference between
0.2y FESEE zfzz‘s"s PRLTIS, 132301 inclusive jets and b-jets.
—bjes *Results of minimization wrt to
%0 100 150 200 250 (statistically limited) data +
jetp, [GeV] including role of gluon splitting:

b-jets are suppressed by
1.5%0.4 more than light quark

jets.
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RAA

0.8

0.6

0.4

0.2

Charged particle Raa
RHIC vs LHC

N .. =260

part —

m 200 GeV
e 2.76TeV

1 col o b
15 20 25 30 35

charged particle p_[GeV]

*Underlying jet spectra very
different between RHIC and
LHC

* Effective quenching factors
from LHC applied to RHIC
parton/jet spectra

*Same quenching leads to
smaller Raa in the case of

RHIC

=> |nitial parton spectra and
flavor composition are very

Important for the extraction of
the size of jet quenching




Dijet asymmetry

L
o

100-126 GeV
e unquen.

v 0-10% subleadingx 3

—> The subleading jet is
guenched very differently then
the leading jet —> quantify

1/N dN/dx,
w

N
o

Y .
—> The subleading jet in the o, . .
maximum of the x; Is | . :
suppressed by a factor of ~3 T ; 2

larger than the leading jet 0.5

b g b b b b b brven b bea
% 0.1'0.2 0.30.40.50.60.70.80.9 1
X,
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Unused slides,
technical detalls
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z

Ratio of I%(

-\
—_—

1.08 |
f = 0.3<[n|<0.8 / |n|<2.1
1.06 |
1.04 |

1.02 F
0.98 |
0.94 |

0.92}

0oL

Modifications of fragmentation
functions — prediction

0.96 |

N|<0.3/ n|<2.1

1.2<|<2.1 / n|<2.1

107"

... central rapidity — higher
yields at high-z (but not by much)
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Modifications of fragmentation
functions — prediction

= 1.1r
Q_;‘T [ M[<0.3/ m|<2.1 - .
w 1.08F —_—
5 1 0 5h<05 ! <21 central _rapldlty higher
5 °F 1 2<hj<2.1 /<21 yields at high-z (but not by much)
1.04 |
1.02 F
1
0.98 F
0.96 |
‘E‘; 2011 Pb+Pb data, 0.14 nb" { | V_SNN=2-76 Tev iyt Pb+Pb 0.10% 1
b 2013 pp data, 4.0 pb™{ | anti-k, R = 0.4 jets { |- 12<ml<2.1
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3 ml < 0.3 | kg 0.3 < <08 + ]
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Modifications of fragmentation
functions — prediction

= 1.1r
QES [ M[<0.3/ m|<2.1 - .
w 1.08F —
5 1 0 5h<05 ! <21 central _rapldlty higher
5 °F 1 2<hj<2.1 /<21 yields at high-z (but not by much)
1.04 |
r -
1.02 F
1
0.98 F
0.96 F -«
af 2011 Pb+Pb data, 0.14 nb" { | V_SNN=2-76 Tev iyt Pb+Pb 0.10% 1
b 2013 pp data, 4.0 pb™{ | anti-k, R = 0.4 jets { |- 12<ml<2.1
.- Pb+Pb 0-10% 1 [ Pb+Pb 0-10% ] [ ' T
3 ml < 0.3 | kg 0.3 < <08 + ]
- 1F 1F - 1
- 4 - ]
- - 1r -+ | ]
- - i = -+ <
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Start: Two basic questions

=L
*Why do have the jet and charge particle <

Raa almost no rapidity dependence
given quite different input parton spectra

and flavor composition at different \ f
10

rapidities?

*What is responsible for

the enhancement (= not suppression) 103t

at high z seen in the fragmentation?

10"k

10™E

—|y|<0.3
— 1.2<]y|<2.1 (scaled)

L ! o | ! !
50 100 200 300
piuarkjet [GeV]
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Start: Two basic questions

s
*Why do have the jet and charge particle < | — |yl<0.3

Raa @almost no rapidity dependence I — 1.2<]y|<2.1 (scaled)
given quite different input parton spectra  '° ¢
and flavor composition at different f
rapidities? \ 107

*What is responsible for [
the enhancement (= not suppression) 107
at high z seen in the fragmentation? -

10

—-> Use a simple model with minimal 50100 200 300
assumptions on the quenching pl I [Gev]
physics to extract basic properties
of the jet quenching
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Dijet asymmetry

ATLAS anti-k, R = 0.4 jets

Ex—‘ 4_III|I|||||||||||||||||||||II|IIII|IIII_
T - ]
100 < p__< 126 GeV 0-10 %1
‘—‘23_5_— T1 -
3f [BIPb+Pb -
- [¢lpp :
2.5 — s
B == ]
- =¥= ]
2F ]
5 - = 5
1.5:— EEEE_._ :
1:_ =X T -
: it _
0.5F — :
:Illl .ii||||||||||||II|II||||||||||II:

03 04 05 06 0.7 08 09 1 DT .subleading

x.]_ 9e S5

PT . leading
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Dijet asymmetry

ATLAS anti-k, R = 0.4 jets

25‘:—‘ 4_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
T T C ]
- 100 < p__ < 126 GeV 0-10%:
‘—‘23_5_— T1 -
3f [BIPb+Pb -
- [¢lpp :
2.5 — s
R — i
I// = — ]
Source ?? I/( o e
it =T ]
- +E -
0.5F 2 ]
:Illl .ii IIII|IIII|IIII|IIII|IIII|IIII:

03 04 05 06 0.7 08 09 1 DT .subleading

Ty =
PT . leading
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Dijet asymmetry

* Test the role of path-length dependence

S(pT,ini: Z) —

- () 0

: =

k=05,1,23

| — / dr7p(F)
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Dijet asymmetry

* Test the role of path-length dependence

‘_-E_’ 2.9 __ reference Glauber IC
.. — = ~ —— k=0.5

S(pTalnla Z) — Z o — k=1

RN = k=2

_ Ck S (pT,ml) f(l) 15— Ke3
() \ pro 1 :
Ik 1
k=0.5,1,2.3 0.5

SHE

l:/d'r'rp(f?) Sy

12



Dijet asymmetry

* Test the role of path-length dependence

_é_’ 2-5f reference
E - Glauber + large fluct.
S(pT,iIli) l) — O : Glauber + small fluct.
Z 2 i Uniform + large fluct.
B CFS pT,lIll Oéf(l) o - Gl.-fluct. + large fluct.
- (l) 1.5~
PT.,0 1 -
Ik |
k=0.5,1,23 05
O__ L TN N TR N I NN N N B R
0 0.2 0.4 0.6 0.8 1
[ = /d’r’rp(?) Path-length or fluctuations in IC have | X
no major impact (similar conclusions in

EPJC 76 (2016) no.5, 288)
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Dijet asymmetry

* Test the role of flavor CES  (PTini \ .ok
S(pr,nil) = 7 F(1FeR))
(IFee)) \ pro
5‘_’ 2.57 _ reference
% E—kq=2, kg=1
s Z_ZE“:i' EQ:?'S Peaking in the
- configurations when the
1o <\ loss of quark jets is more
E non-linear than the loss of
T gluon jets
0.5- ... contra-intuitive
% 02 04 06 08 1
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Flavor fractions and fit parameters

1N, dN/dp_[GeV']

Fit/PYTHIA

Fit type Parameter lv] < 2.1 [v] < 0.3 03 < |yl <08 1.2 < |y| < 2.1
All fa0 0.34 0.28 0.29 0.40
= e PYTHIA (gluon) Power law 1y 5.66 5.37 5.40 6.15
r ng 6.25 5.97 6.09 6.92
; Extended power law ng 4.19 434 427 3.75
E By 0.71 0.49 0.54 1.2
B ng 4.69 455 457 4.60
L Be 0.80 0.71 0.76 1.2
i o 1
= 2,
: =
- g
B > 0.8
5
B c
L O
= B 0.6
C @
[ LS
- L
! |
T . = 0.4
O ] n _ ——
® o
[ ] ® I
—’—:—-—-—-—’—‘—'—. 0.2 —1.2<|y|<2.1 —|y|<21
[ ]
N —0.3<|y|<0.8 —|y|<0.3
L L L L L | L ._ 0 | | | |
50 100 200 50 100 200
P, [GeV] p.  [GeV]

T jet
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1N, dN/dz
2

-
o

1073

1.4
1.2

FittPYTHIA

0.8
0.6

D(z) parameterization

—4— quark
—¢— gluon

(1 +dz)?

D) =a- —.exp(—712)

| e SPT2
a b C d e f

Quark 318 2.51 1.44 —0.85 52.4 0

Gluon 574 1.87 2.32 9.09 32.0 10.3

.._

—.ooc..oooll..=|'r
0.1

Z
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R, — full analytic expression

|
1+ S8,/ pr

o log(1+58, /'Y
X . 1 + .
jet jet
Pt de

| ngBg log((pjft—i—.S'g)/PTo)
+ (1 - fCI) ( Jet)

1+Sg/p

log(1+S
X . 1 + . ;
Jet jet
P de

fq ( Jet) : _ ,
1— f, o1 ng—nq+(Bg—By) log (ijet/}’To)
) (3)

jet
fq 0 pT

ng+pPy log((pjft%--?q)/mo)
Raa = [y ( )

jet
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Minimization in (I.)

10-20% 60-70%
3

0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0246 8 10 12 14 0527476 8 10 12 14

s' [GeV] s' [GeV]
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Modifications of fragmentation
functions — a detall

How is the soft excess estimated: - 16

Q:E ® 0-10%
Measured o analytic
(at least partially) 14 [ —— analytic+soft
(I)soft L intq)soft + (1 int)q)soft
inc — fq q - fq 8 1.3 F
soft __ soft ’
b7 = crdy 12 F
1.1}
) int soft :
Dmeas(z) — fqm Dq (Z[l _|_ (I)ZO ]) 1-
int soft [
+ (1= fI") Dy (z[1+ DPM)) g o
0-8- 1 IIIIIII_’I 1 1 1 1111
10 1
Z



Rpr

1.8
1.6
1.4
1.2

0.8
0.6
0.4

Charmonia in p+Pb

- pompuy  ATLASPreliminary -
- 1.5<y <15 p+Pb |sy, = 5.02 TeV B
. ¢ E
- L] -
: ‘ L L | L L L L ‘ L L L L ‘ L | :
10 15 20 25 30

P, [GeV]

o
o
o

Qe

1.8
1.6
1.4
1.2

0.8
0.6
0.4
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= Promptyes) " ATLAS Preliminary = |
- 1.5<y <15 p+Pb {5y, = 5.02 TeV B
: L | L L L L | L L L L ‘ L L L L ‘ L L | :
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P, [GeV]



Feed down

< 1.0

o o ATLAS  pommyjeors
0.8%— Vs =7TeV J.L dt=4.5fb" —¢— Data —%
0.75_ Isotropic Decay & LHCb20<y" <45 _E
0.61- E
0.5 E
0.4 E
03— :
0.28% E
012_ = NLO NRQCD _i
00 3520 S5 g0

p" [GeV]

ATLAS, JHEP 07 (2014) 154
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Feed down

®
S S 107 v
a 2 a” -
- 10°F - [ o X, rescaled
<~} o) -
» ©
(a8} - @ i
I 107 F
10k I
; c T BT BT o 4[] =2 HEE T N R BT PR N R
10 12 14 16 18 20 22 10 12 14 16 18 20 22 24 26
p, [GeV] p_ [GeV]

ATLAS, JHEP 07 (2014) 154
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Intrpduction

JEWEL
Two paths: (jewel.hepforge.org)
C QPythia
*Be as realistic as one can: (ifae.use.es/gatme)
— MC generators —»\ Martini
(PRC 80 (2009) 054913)

— JETSCAPE Collaboration

-~ theoMf parton enegy loss

The Jet Energy-loss Tomography with a Statistically and Computationally
Advanced Program Envelope (goal provide modular software which includes:
modeling of initial state + dynamical evolution of QGP + jet energy loss

+ advanced statistical tools; http://jetscape.wayne.edu/ )

— parametric modeling of parton energy loss J\
/ \

— 7\
Phys.Rev. Lett. 119 Phys.Lett B767 Eur.Phys.J. C76
(2017) 062302 (2017) 10 (2016) no.2, 50
\

arXiv:1702.01931
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http://jetscape.wayne.edu/

