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Jet Physics in the Medium

Jet in Vacuum

created in a hard scattering event
back-to-back with parton/y/Z-Boson
highly virtual parton fragmenting

and then hadronizing into measurable
particles
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Jet in Vacuum

created in a hard scattering event
back-to-back with parton/y/Z-Boson
highly virtual parton fragmenting

and then hadronizing into measurable
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Jet in Medium

« modification of recoil angle

» modification of energy profile of the jet.
Softening/broadening?

« collisional/radiative parton energy loss
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THE ALICE DETECTOR

a. ITS SPD (Pixel)

b. ITS SDD (Drift)

: c. ITS SSD (Strip)
- d. V0and TO

- e. FMD

TPC (Time projection chamber)

3D gas drift chamber

ITS (Inner Tracking System)

Si pixel, drift, and strip detectors
EMCal

Pb-scintillator sampling calorimeter

©
- —

ITS

FMD, TO, VO
TPC

TRD

TOF P - ; -
HMPID A — = _‘1‘*

EMCal 7 = 3 ‘ -
DCal 2 1
PHOS, CPV
10, L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.ZDC

19. ACORDE
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Measured Systems

p-Pb at 5.02 TeV

pp at 0.9, 2.76, 5.02, 7, 8, 13 TeV
Pb-Pb 2.76, 5.02 TeV

Xe-Xe 5.44 TeV
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Results | Will Focus on

R Of inclusive and identified hadrons

How are inclusive hadron yields useful for
determining the medium transport coefficient qA?

¥ p; spectra at several collision energies

How such measurements constrain the
gluon to pion fragmentation.

Jet shape measurement in pp and Pb-Pb

How are the cores of jets modified in the
medium?

Splitting of groomed jets

How does the medium influence the jet
splitting distribution?
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ALICE

Results | Will Focus on

R Of inclusive and

How are inclusive hadron yields useful for
determining the medium transport coefficient qA?

¥ p; spectra at several collision energies

How such measurements constrain the
gluon to pion fragmentation.

Jet shape measurement in pp and Pb-Pb

How are the cores of jets modified in the

medium?

Splitting of groomed

How does the medium influence the jet
splitting distribution? \

identified hadrons

jets

from hadrons

to partons
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ALICE

R,, Of hadrons

ALICE collaboration

ALICE collaboration
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N Understanding jet energy loss

JET collaboration, K. Burke et al.,
Phys. Rev. C 90 (2014) 014909
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Jet Collaboration used data from 2013.

Charged hadrons 0-5%, Pb-Pb 2.76 TeV
ALICE collaboration,
Phys. Lett. B 720 (2013) 52
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ALTCE Understanding jet energy loss

JET collaboration, K. Burke et al.,
Phys. Rev. C 90 (2014) 014909 Jet Collaboration used data from 2013.
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ALTCE Identified high p; hadrons

Test of pQCD predictions for particle yields produced in hard scattering events.
Ingredients: PPFS and IiF
MSTW  DSS14
h 4
ZINLO
®: E. Epple =
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ALTCE Identified high p; hadrons

Test of pQCD predictions for particle yields produced in hard scattering events.
Ingredients: PDFs and FF | LHE data are ideal
‘ ! | to improve the
MSTW . DSS14 gluon to hadron
BNLO FF functions.
®: E. Epple 16




|

ALTCE Identified high p; hadrons

Test of pQCD predictions for particle yields produced in hard scattering events.

Ingredients: PPFS and IiF
MSTW  DSS14

0 NLO

[+1pp, ¥s = 8 TeV (x10%
(elpp, Vs =7 TeV (x10%)
+|pp, ¥s =5 TeV [Prelim.] (x10%)
10%- (=1 pp, s =2.76 TeV (x10)
,E (=Jpp, /s = 900 GeV
10°E — . TCM fit o Tsallis fit
10k — PYTHIA 8.2, Monash 2013
I NLO, PDF: MSTW - FF: DSS14
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LHE data are ideal
to improve the
gluon to hadron
FF functions.

8 TeV - ALICE Collaboration,
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2.76 TeV - ALICE Collaboration,

Eur. Phys. J., C 77, (2017) 339
7 and 0.9 TeV - ALICE collaboration,

Phys. Lett. B 717 (2012) 162-172
5 TeV - ALICE collaboration,
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ALTCE Identified high p; hadrons

Test of pQCD predictions for particle yields produced in hard scattering events.
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Test of pQCD predictions for particle yields produced in hard scattering events.

Ingredients: PPFS and IiF
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LHE data are ideal
to improve the
gluon to hadron
FF functions.

Including ALICE data in fit:
Strong preference for less pions from
gluon fragmentation.

8 TeV - ALICE Collaboration,

Eur. Phys. J., C 78, (2018) 263
2.76 TeV - ALICE Collaboration,

Eur. Phys. J., C 77, (2017) 339
7 and 0.9 TeV - ALICE collaboration,

Phys. Lett. B 717 (2012) 162-172
5 TeV - ALICE collaboration,

PREL IMINARY

gluon to pion FF (DIDO |
L L L I B

j\

o

15

0.2 04 0.6 0.8
Z

D. de Florian et al.
Phys. Rev. D 91 (2015)
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ALTCE Identified high p; hadrons

JEE.

Test of pQCD predictions for particle yields produced in hard scattering events.

Ingredients: PPFS and IiF
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LHE data are ideal
to improve the
gluon to hadron
FF functions.

Including ALICE data in fit:
Strong preference for less pions from
gluon fragmentation.

Lots of new data available to
improve gluon FF further!
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Part 2
Substructure of Jets

- How does the medium modify it? -
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ALICE

Jet Shapes of Small Jets

difference between leading and|
sub-leading track momentum

LeSub

sublead

_ | lead
LeSub = PT track | |PT,track

momentum dispersion

p:D

2
\/ Licjet D1

pTD = .
Yic jet PT.i

A measure for the hardness
of the fragmentation.

Small value for many
constituents. Large value for
fewer constituents

prD~0

first radial moment or angularity

g

i
g=Y 1

icjet PTjet

AR jet
use momentum and distance
to jet axis of each constituent

A measure for the radial
energy profile of the jet

small g large g
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ALICE

Jet Shapes of Small Jets

difference between leading and|
sub-leading track momentum

LeSub

_ lead sublead
LeSub = PT track | |PT,track

O

We measure:

pp 7 TeV, Pb-Pb 2.76 TeV
Anti-k; jet algorithm,
resolution param. R = 0.2
|njet| <0.7,

pr =40 - 60 GeV/c

momentum dispersion

p:D

Ziejet p%‘d
D=

p .
Yic jet PT.i

A measure for the hardness
of the fragmentation.

Small value for many
constituents. Large value for
fewer constituents

prD~0

first radial moment or angularity

g

i
g=Y 1

icjet PTjet
use momentum and distance
to jet axis of each constituent

|AR; et

A measure for the radial
energy profile of the jet

small g large g
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Jet Shapes of Small Jets
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Jet Shapes of Small Jets

SB*Pb-Pb |5 = 2.76 TeV
Anti-k; charged jets, R =0.2
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Pb-Pb collisions
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Jet Shapes of Small Jets
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Jet Shapes of Small Jets

Pb-Pb collisions
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Jet Shapes of Small Jets

Pb-Pb collisions

= Preliminary A Y A A A
Po-Pb ysyy = 2.76 TeV Pb-Pb Sy = 2.76 TeV

Q© 0.1888ppp |5, = 2.76 TeV

(\5 0.16j"nti-k; charged jets, R =0.2 Anti-k; charged jets, R=0.2 'Anti-k; charged jets, R = 0.2
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The results of R=0.2 jet shapes indicate that jet cores in Pb—Pb are more
collimated and harder than those in PYTHIA at the same energy.
Soft particles emitted outside R=0.2
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Arriving at the parton level

- Classifying parton splittings in jets -
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A Classifying parton splittings
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Parton splittings
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A Classifying parton splittings
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Rrered
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Parton splittings
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A Classifying parton splittings
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Parton splittings
T = 1-))"4
<
"gar=) s
Lund Diagram
phase space of splittings

log 20 |

AN

logl/é

large angles small angles

®: E. Epple

32




& \//

|

A Classifying parton splittings
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Parton splittings
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A Classifying parton splittings
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W rrveres

Parton splittings
T = 1-))"4
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ALICE

Classifying parton splittings

Parton splittings
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A Classifying parton spllttlngs

Parton splittings e —

— - PYTHIA \s =276 TeV
#,06= (1 ) ) # 0 )
80 < p?}et <120 GeV/e, anti-k; R=0.4

- Cambridge-Aachen Reclustering
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log l/b
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We measure:

Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind
splitting
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A Classifying parton spllttlngs
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Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind
splitting
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ALICE

Classifying parton spllttlngs

Parton splittings

Lund Diagram

phase space of splittings

log 20 1
min.
track p;
large angles

log l/b
small angles

T an
r ALICE S|rnulai|on

- PYTHIA \s=2.76 TeV
| 80< p?}et <120 GeV/e, anti-k; R=0.4
- Cambridge-Aachen Reclustering

=(1-))"s

splitting

We measure:

Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind

In (m)
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ALICE

Classifying parton spllttlngs

JEE:
Rrered

W rrveres

Parton splittings
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Lund Diagram
phase space of splittings
log 20 1 Soft Drop
Cut soft parton splittings
2>7.,6°
Oo/é Impose phas_e space cuts to
St enhance regions of interest
o 00
log l/b
large angles small angles

We measure:

Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind
splitting
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L TCE Classifying parton spl

Parton splittings
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"gar=) s
Lund Diagram
phase space of splittings
log 20 1 Soft Drop
Cut soft parton splittings
2>7.,6°
U Impose phase space cuts to
<& S enhance regions of interest
o &90
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log l/b
large angles small angles

We measure:

Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind
splitting

Ittings
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: ALICE Simulation
I PYTHIA \s=2.76 TeV
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Classifying parton spllttlngs

W rrveres

JEE:
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Parton splittings
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Lund Diagram
phase space of splittings
log 20 1 Soft Drop
Cut soft parton splittings
2>7.,6°
U Impose phase space cuts to
R g S enhance regions of interest
o 00
R Hint for a depletion of large
log l/b angle first-splittings in Pb-Pb
large angles small angles collissons

We measure:

Pb-Pb 2.76 TeV, Anti-k; jet algorithm,

R =0.4, |nil <0.5, p;r =80 - 120 GeV/c
Recluster found jets with C/A to unwind
splitting
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ace A closer look into depleted splittings

I

o
W

Z, is the shared 09, L SRt
momentum fraction s, 7 O oS
' - 8 ' - 3
of the first groomed S = N 0% ooty ]
splitting g 05 ﬂ 3 —a— &= PYTHIA Embedded >
2 0.45 2, r —— -
- R < [ — ]
_ min(pr,1, pro) - 03 = 1E = .-
ig = 0.2 = 3
pr.1+ P12 ; - ]
O.I;- 10 -.E 4
U E U ] | | | 1 —:'
S 5 s T'SE 3
3 1 - a =
E 5 o T
DLlnSE|ECt9d q; 0.05 0.1 015 0.2 02295 0303504 04505
Lund diagram showed: large angles contain the biggest difference
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ALICE

. - B8
A closer look into depleted splittings

Z, Is the shared
momentum fraction
of the first groomed
splitting

e 10 IAPAQEARase Aana! IRaansanas=

E ALICE Preliminary E

0.9; POPO Y5, = 276 TeV B

£ Acti-k; charged jels, R =04 b

5 0.8¢ o 10 80 < pi’ <120 GeVic =

3 % 07t N SolDrop 2., = 0.1 =0 3

2 e o F —Data 1

g‘ “F % 1oL #= Shape Uncertainty _|

T 05 > —e—  ==PYTHIA Embedded 3

B, 04 2-‘1 F — ]

51 E —_—

3 s = iF ——

F - E ——3

0.2 F ]

0.1 10 3

o E O By 3

S 3 S 15 3

E 27 + E 1; ”“:—g_é

j\") 1 © 0.5 E|

a D" (=] |
unselected OU 0.05 0.1 0.150.2 0.25 0.3 03504 04505

QL

o>

I T T T T T
ALICE Preliminary

PuPg \s,, =2.76 TeV

Anli-k; charged jets, R = 0.4

8O = p'l'"l_. <120 GeVic

SoliDrop 2., =014 =0

AR<O1

- Data
&= Shape Uncertainty _|
= PYTHIA Embedded 3
Smmg— -
——— —

|

T

ol 1o

ul J wbal 54 I

70 = min(pr,1, pr,2)
¢ =
pr.1+pr2
] 107 g
0.9; ] F
_ o0& ; 2l
38 o7 | %m -
ﬁ:‘?: 06: t > -
2 o5 i ©° o=
2., 04 i 8 r
5 E. 0 35_ . g_ 1
< I A =
(].2;- 3 E
0"% E 10
Q I T & E
S 12 i S 15z
(] l: (] F
unselected

Slight enhancement of
collinear first-splittings
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Depletion of large-angle first-splittings but no low

Z, enhancement. Sensitivity to color coherence?
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More jet shape results

- : : .. = AT T T e
qubjetlness qf Jgts in Pb-Pb co!I|S|_ons b a5 e j’;\ﬁfjfi,‘;ugim@
Ratio of 2-Subjettiness to 1-Subjettiness (z,/7,) o f Ak e 04 ohape tncenany 4

. o] I <p < eVic —
measures two-prongness of the jet > . : *
-02.5:— i -
Interpretation 5 2 o E
7y ~0, N or fewer cores =1 ~ E
7y ~1, N+1 or more cores |3 = h E
Thus: R S g
17,/T, tells us about 2-cores | IV R YR Y R 1
If 7,/T, ~0 parton has split T,/T,
into two resolvable subjets T T e T T
E\' 3_5? 0-10% Pb-F'bfsTm =2.76 TeV —-—;:;’;:Z ::::;:;1 —]
5 8 s E
= F— E
-‘g—o . ; 4U<|d: =80 GeVl/c I

We measure: N 125 3
Pb-Pb 2.76 TeV - S — E
Anti-k; jet algorithm, o5h N
resolution parameter R = 0.4, 8F_°_
2 03 04 05 06 07 08 09 A1
|r]jet| <0.5, 774

pr =40 - 60 GeVi/c consistent with PYTHIA
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ALICE

Summary

R, Of inclusive and identified hadrons

Improved statistic and errors of inclusive
and identified hadron measurements. Will
help constrain medium transport properties.

¥ p; spectra at several collision energies

Improve understanding of gluon to pion
fragmentation.

New measurements with increased
precision of incl. and identified hadron
spectra and R,, have clear potential to
improve understanding of jet transport
coefficients and gluon fragmentation
functions.

Jet shape measurement in pp and Pb-Pb

How are the cores of jets modified in the
medium?

The results of R=0.2 jet shapes indicate that
jet cores in Pb—Pb are more collimated and
harder than those in PYTHIA at the same
energy.

Splitting of groomed jets

How does the medium influence the jet

Large-angle splitting is suppressed for
groomed jets in PbPb.

splitting distribution?

®: E. Epple
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Thanks to the ALICE Collaboration

37 Countries, 154 Institutes and over 1500 members

Special thanks to the Jet working group and Gamma working group with
about 30 members each.
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ALICE

Backup
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Fig. 3: a) Differential invariant cross section of 7V production in pp collisions at 1/s = 7 TeV (circles) and 0.9 TeV
(squares) and of 11 meson production at /s = 7 TeV (stars). The lines and the boxes represent the statistical
and systematic error of the combined measurement respectively. The uncertainty on the pp cross section is not
included. NLO pQCD calculations using the CTEQ6MS PDF and the DSS (AESS for 1 mesons) FF for three
scales . = 0.5p;, 1p; and 2p; are shown. Dotted lines in panels b) and c) correspond to the ratios using the BKK
FF. Ratio of the NLO calculations to the data parametrisations are shown in panels b), ¢) and d). The full boxes
represent the uncertainty on the pp cross sections.

7 and 0.9 TeV - ALICE collaboration,
B.Abelev et al.,
Phys. Lett. B 717 (2012) 162-172

49




Improved analysis for 2.76 TeV data
i T T T T T T T T T T T T T
S 4y | PUCE NS, =276TeV | ] o= ALICE Preliminary Pb-Pb charged particles, | 7| < 0.8
o Pb-Pb, pp charged particles 1 pos% 1gs10% ]
[ . <0.8
0.8/ & Reanalysis (2017) 7l 0.8 filed symbols:\s,,, = 5.02 Tev
[ o Publication (2012) ' open symbols: | s, = 2.76 TeV
0.6f 1 1
0.4-A - .-:-_r: &9 ﬂ —
] 0.2} % pre—— ] !—.. -[Iir‘ !
T ] < ..__Eﬁ"" e . e et e b
m ] o 1 [ 10-20% + I 20-40% |
=]
j ] 0.8 + |
] 0.6} + |
40-50% I -
| 0.2} - 1 ]
st t t t t t t t t + t t t t 1 t t t
L e« 1r I40-60% . IEO-E-U% F—
0.2 50-60% 1 60-70% 1 0-80% 1 0.4 1
0 10 20 30 40 500 10 20 30 40 500 10 20 30 40 50 T
p (GeVlc) p (GeVIC) p (GeVIC) 0 5 10 1520 25 30 35400 5 10 15 20 25 30 35 40
T T T p. (GeVic) p. (GeVic)
Fig. 51: Raa for six different centraity dasses. The open symboles represent the Rya 8@ measured in 275TeV
2010 ddta [8).
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ALTCE R, IN different systems and centr.

ALICE collaboration
Charged hadrons arXiv:1802.09145

Neutral pions

T T | T | i | LU | L I LI LI LB LI T
g AUCE&S ~5.02TeV. 1 3 o 1
Q:. 1°2__ charged partlcles |71<0.8 ] I:I:B 12? ALICE Preliminary ]
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o -1 r Al -
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- o8| fh .. _
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041 ——— | o~ I =
o B === 1 - f .
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0.2 L s==ge= 8 Pb-Pb,0-5% 0.2 ¥ [*]x°: Pb-Pb 0-10% =
- [P @l Pb-Pb,70-80% 1 B [%]2° : Pb-Pb 60-80 % ]
i % p-Pb NSD -0. 3< Ne< 1 3 T i [#]x° : p-Pb NSD (arXiv:1801.07051) |

i [ 1 1 1 1 ‘ 1 1 1 | 1 0 | | | | - I 111 | | - | L1 11 1 L1 11 I 1
% 107 20 a0 a0 B0 A

p. (GeViec
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ALICE

R, IN different systems and centr.

Y e
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Charged hadrons

ALICE collaboration
arxXiv:1802.09145
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&s -502TeV
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1.
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e 1 =
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ALICE

R, IN different systems and centr.

Charged hadrons

ALICE collaboration
arxXiv:1802.09145

ALICE \s = 5 02 TeV
charged partlcles |7]1<0.8

1_2

Rewprs Aopp

TR BT

Heavier particles account
for the difference in Rpypy,
and R,p, between inclu-
sive hadron and pion

TR BT R |

I results.
041 ———
e _—
- L ]
0.2 b4 =g 8N Pb-Pb,0-5%
B .++-.- - Pb Pb,?O’BOD/‘D 7
i @ p-PbNSD-03<7_ <13 {
OI Ll [T B R R B B
0 10 20 30 40 50 —
)
p, (GeVic) Q, g, p, K, 1
f a4
= #Z4E -06< Yens < 05<y, <0 forp <20GeVic
25 - e+ -05< Vous < 0 . :‘?K( Y es < 0.3 for ey > 2.0 GeVic
L 05<y <0 forp <2.8GeVic
03« Vs © 0.3 for P> 2.8 GeVic
r A p+p
2 -05< Yous < 0 for p.< 3.0 GeVic
o 03« Yeys < 0.3 for P> 3.0 GeVie
1.5
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R,pp @and peripheral Ry,
for high p; particles
approach unity.

Depleated R,, not an
initial state effect.
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ALICE Regions of interest

Parton splittings Lund Diagram
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ALICE

Sub Resul 1
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SE— ALICE Preliminary - ALICE Preliminary 3 E ALICE Preliminary 3
F pp1s=7TeV 3 9 pp\s=7TeV = 0-9? pp \s=7TeV -
7 Anti-k; charged jets, R = 0.4 — 8 Anti-k; charged jets, A = 0.4 3 0.8 E Anti-k; charged jets, R = 0.4 =
E 40 < p:"'“ <60 GeV/o 3 o 40 < p?"m <60 GeVic E o °E 40 < p‘r’]M <60 GeV/c E
Nc‘ 6 SoftDrop z,, = 0.1 =0 3 o 7 SoftDropz_ =0.15=0 = c:w 0.7 SoftDrop z,,, = 0.1 =0 3
k=) E 3 o B = E
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¢ Jets satisfyingz>z.,, = 0.1:
1. Data 97.3(0.5)%
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**Good agreement observed between data and PYTHIA Perugia 2011
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ALICE

Background Response and Fake Subjets

Splittings map for difference of embedded and true PYTHIA

2

7100 05 1 15 2 25 3 35 4 45 5

In(A—

+*Compare Lund diagrams of two populations:
1. PYTHIA jets in vacuum
2. PYTHIA jets embedded into central PbPb
+*Observe a clear enhancement of splittings at large angular separation:
purely a background effect, not physical
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JEE:

Yale
ntP-hadron correlations
pp and PbPb
ALICE Collaboration. ). Adan et al-.
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ALICE mt%-hadron Correlations

7!

/) /7

We measure:

pp & Pb-Pb 2.76 TeV
8 < pt9 < 16 GeV/c

0.5 < p@ssec < 10 GeV/c
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mt%-hadron Correlations

TtO

Example from
h-h correlations

d2 Ntrig.—h

™K 4P Y(An, Ap) = —
/S / / (An, A0) = Vg dAndA¢
(8, &) = 1 d?Np7 /dhgdAn
Ntrig. a2NY~"/dA¢dAN

We measure:

pp & Pb-Pb 2.76 TeV
8 < pt9 < 16 GeV/c

0.5 < p@ssec < 10 GeV/c

Pb-Pb |s,, = 2.76 TeV, (0-10)%
h-h, 6 < p‘Trig <15 GeVic

3 GeVic < p: ,,,,,,,,,, .

Same event pairs (a.u.)

Pb-Pb |s, = 2.76 TeV, (0-10)%
h-h, 6 < p‘T"g <15 GeV/c

3GeVic< p:ss“

W

\\
(O

e

T
T

uuuuuuuuuuu

RRRRRRRRRRR
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h mt%-hadron Correlations

% CAUCE pp Ys=276Tev ]
i 1'6:_ ; 05<pEe<10GeVc 1
g 1.4'_ i Corr. sys. unc.: 5.4%
‘@2 1.2:— f -
T T
Zg 1'_ ¥ L] N *i*‘ h
= [ B . * '
L * o ]
i P
0.6~ ) ; L
1 0 1 2 3 4
Ao (rad)
: ALICE Collaboration, J. Adam et al.
tri ? ?
8 <p"¥ <16 GeVic Phys. Lett., B 763, (2016) 238
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mt%-hadron Correlations
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ALICE Associated Hadron Yield .'Iﬁ

ALICE Collaboration, J. Adam et al.,
Phys. Lett., B 763, (2016) 238
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Near Side Signal Away Side Signal
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= ALICE, 0-10% Pb-Pb, (5 =276 TeV -+ —~ [ ALICE, 0-10% Pb-Pb, s, = 2.76 TeV
5 8< p‘T”g <16 GeV/c 50 | 8< p‘T”g <16 GeV/c
Near side (|A¢| < 0.7) - Away side
# n’hadron (v, bkg) C # n’-hadron (v_bkg)
1.8 ¢ di-hadron (v, bkg) 41— Ae-r| < 1.1
B ¢ di-hadron (v2 bkg)
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X X
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Assoclated Hadron Yield

ALICE Collaboration, J. Adam et al.,
Phys. Lett., B 763, (2016) 238

Near Side Signal Away Side Signal
g T 1T ‘ T TT ‘ T 1T ‘ T TT ‘ LI ‘ T T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T \L g 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ LI ‘ T 1T ‘ T TT ‘ 1T 171
~ r ALICE, 0-10% Pb-Pb, \/STJN =276TeV - — [ ALICE, 0-10% Pb-Pb, \[ST,N =276 TeV |
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A
o H HH mﬁ 1 z
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Ina = f Jaa(Ap)dAg/ f Jpp(Ap)dAg,
X X

Enhancement at the near side in Pb-Pb  High-p; suppression at the away side

 Medium response to the jet e parton energy loss in-medium
* Modified fragmentation function? Low-p; enhancement at the away side
« Change of g/g jet fraction? » Soft gluon radiation/medium response
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Assoclated Hadron Yield

ALICE Collaboration, J. Adam et al.,
Phys. Lett., B 763, (2016) 238

Near Side Signal Away Side Signal
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All models can describe the suppression at high p; for the away side.
The increase at low p; is only described by AMPT.

For AMPT, however, the suppression at the near and away side is much too
strong.
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In Context

JEE:

ALICE Collaboration, J. Adam et al.,
Phys. Lett., B 763, (2016) 238

PHENIX Collaboration, J. Osborn et al.,
Nuclear Physics A 00 (2017) 1-4
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Low-p; enhancement also seen by PHENIX. ph
Enhancement there also starts at about 3.5 GeV Zr=— 1 _
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Same p; region where ALICE sees the enhancement. pr 99
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ALICE

Intra-jet Distributions |

Jet Mass

ALICE Collaboration, S. Acharya et al.,
Phys. Lett., B 776, (2018) 249
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Jet Mass

Jet mass is a measure of the spread of the jet and is
linked to the virtuality of the initial parton

e
7

//
_ / Z
=

F—

Measure jet mass
In a given cone

O

In Medium

If the profile broadens due
to soft gluon radiation
measured mass will
increase

M = E2—p2

In Medium

If the profile broadens so much
that large fraction of radiation is
outside the cone, mass as well

as p; will decrease
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Jet Mass

L 1
L i
— p— -

Jet mass is a measure of the spread of the jetandis M = y/ E2 — p?
linked to the virtuality of the initial parton
/ /
s 7 / 7
~ ~ _
/
d o d
In Medium In Medium

Measure jet mass

in a given cone If the profile broadens due

to soft gluon radiation
measured mass will

We measure: Increase
p-Pb 5.02, Pb-Pb 2.76 TeV
Anti-k; jet algorithm,
resolution parameter R = 0.4,
|r]jet| <0.5,

pr =60 - 120 GeV/c

If the profile broadens so much
that large fraction of radiation is
outside the cone, mass as well

as p; will decrease

®: E. Epple

69




Jet Mass Results

ALICE Collaboration, S. Acharya et al.,
Phys. Lett., B 776, (2018) 249

p-Pb, 5.02 TeV
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ALICE Jet Mass Results -'i‘

ALICE Collaboration, S. Acharya et al.,
Phys. Lett., B 776, (2018) 249

p-Pb, 5.02 TeV

; 0 L L L L

8 - 60<p, . <80GeVic 80 <p, . < 100GeVic 100<p, . <120GeVic

~ 0.2F -
kS) C ALICE Charged jets, anti-k 1
>| = R=04.1n 1<05 = PYTHIA Perugia 2011 ]
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pPb, 5.02 TeV and PbPb 2.76 TeV
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8 60 <p, . <80GeVic 80<p, . <100GeVic 100<p, . <120 Gevic

~ 02F i
o ALICE Charged jets, anti-k; @ 0-10% Pb-Pb {s,, =2.76 Te\

R=04,|7_|<05

[ 4 | pPoys,, =5.02Tev

N [+ TEE ‘%
S = gl 5
. i Ok L < |
e * q.hhiﬂgglé
L L L L PR T N T T A | L L L | L L L 1 1
0 5 10 5 10 15 20 0 10 20
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Jet mass in PbPb seems shifted to slighty lower values compared to pPb
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Jet Mass Interpretation

ALICE Collaboration, S. Acharya et al.,
Phys. Lett., B 776, (2018) 249

L; 4 | T T | T T | T T T T | T T T T I T T T T I T T T T I T T :_I T T T I T T T T I T T T T I T T T
Qo ]
= : 60 < Pr chlet < 80 GeV/c 80 <P h et <100 GeV/c ] 100 < Pr ch ot <120 GeVic
4 E o _ - - 3
3F 0-10% Pb-Pb ys,\=2.76 TeV Charged jets, anti-k = . Data Pb_Pb /p_Pb

p—Pb ‘/SNN =5.02TeV

R=04,1n,1<05

— PYTHIA2.76 TeV/5.02 TeV

PYTHIA Perugia 2011 __

| * ;
| %ﬁﬂ%g"\,ﬁ

oo ®
ALICE

C [ 1 1 PR SR T o AN TN T T T [N TN T M N SN T T T AN T T Y S " T T I | [ I 11
0 5 10 15 0 5 10 15 20 0O 5 10 15 20
My jet (GeV/c?)

M, jot (GeV/c?)
To see effects of:
o different g/g ratio at different collision energies
« effect of different shapes of the underlying jet p; spectrum
The PYTHIA ratio is compared to the Pb-Pb/p-Pb ratio

Observed effect is compatible with PYTHIA, no significant shift observed due to medium.
The soft radiation outside the cone doesn't alter the relation between p; and mass of the parton
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Jet Mass Interpretation

ALICE Collaboration, S. Acharya et al.,

Pb-Pb results compared to models Phys. Lett., B 776, (2018) 249

How well do they describe the in medium shower shape evolution?

S\ _I T T I T T T T I T T T T I T T T T I T T | T T T T | T T T T | T T T T | T T T T | T T T 1 I T I T T T I
8 60 < pT‘ h jot <80 GeV/e 80 < pT. h jet <100 GeV/c 100 < ’OT. h jot <120 GeV/c
0.2 T
o r ALICE @ 0-10%PbPbys, =276 TeV JEWEL + PYTHIA 0-10% Pb —Pb ]
'E'_)‘ r e PYTHIA Perugia 2011 Recoil on ]
°
%g’ - S S etYmA o Recoil off
© [ 5 . :“‘—"7 \‘,':
-| 8011 “n “ S~ o .
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2 2 2
M'chjet (GeV/c?) Mfchjet (GeV/c?) J’Mmjet (GeV/c?)

PYTHIA  result without jet quenching
Q-PYTHIA modifies the splitting functions of PYTHIA resulting in medium-induced
gluon radiation following the multiple soft scattering approximation
JEWEL computation of scattering of leading parton with medium constituents.
Gives a microscopic description of the transport coefficient §
“Recoil on” keeps additional track of momenta of recoiling scattering centers

Quenching models do not describe measured jet mass
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