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Parton shower modification studied
with jet substructure in ALICE
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In-medium energy loss Ni@j\ef

ALICE

2 Partons with high energy and virtuality lose energy through the medium
2 at large angle — jet not modified “pp-like”
2 Inside the jet cone — jet broadening

—_——
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In-medium energy loss

Nik[hef %

ALICE

2 Partons with high energy and virtuality lose energy through the medium
2 at large angle — jet not modified “pp-like”

2 Inside the jet cone — jet broadening

» Jet yields are suppressed (Raa < 1)  Rya =

2 energy lost out of the jet cone
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In-medium energy loss

Nik[hef %

ALICE

2 Partons with high energy and virtuality lose energy through the medium
2 at large angle — jet not modified “pp-like”

2 Inside the jet cone — jet broadening

2 Jet yields are suppressed (Aaa < 1)
2 energy lost out of the jet cone

» Jet substructure allows to study:

» detailed mechanisms of
energy loss and splitting

z modification of the
fragmentation

» fundamental properties of
the medium (density, degree
of freedom, ...)
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Jet substructure in ALICE Nl%ef H:LICE

» ALICE has developed a program on jet substructure studies:
2 1o establish a clean connection to theory

» 1o probe different aspects of jet quenching:
2 energy redistribution
z intra-jet broadening/collimation
» enhanced splitting
» mass hierarchy —
» colour coherence

—

» focused on low/intermediate pr jet:
» stronger quenching effects expected
B |arger backg round to deal with D. d’Enterria,Nucl Phys A827 (2009) 365
z exploiting ALICE very good tracking resolution capabillities
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Jet substructure in ALICE Nl%ef H:LICE

» ALICE has developed a program on jet substructure studies:
2 1o establish a clean connection to theory

» 1o probe different aspects of jet quenching:
2 energy redistribution
z intra-jet broadening/collimation
» enhanced splitting
» mass hierarchy —
» colour coherence

» focused on low/intermediate pr jet: |
» stronger quenching effects expected & favenehed ¢
B |arger backg round to deal with D. d’Enterria,Nucl Phys A827 (2009) 365
z exploiting ALICE very good tracking resolution capabillities

Disclaimer: due to time-limit, today | will show only Pb-Pb results.
pp results are agreement within ~20% with PYTHIA, used as reference (see back up slides)

—
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Jet reconstruction in ALICE ngﬁwef !CE

Inl <0.9, 0 < <21

ITS: Inner Tracking System (silicon)
TPC: Time Projection Chamber
Track pr > 150 MeV/c

Charged constituent jets (jetch)
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Jet reconstruction in ALICE NlE@ef

ALICE

EMCAL.: Pb scintillator
sampling calorimeter
Inl <0.7,14<p<T
An=Ap =0.014
Cluster Er > 300 MeV

Neutral constituent jets

Inl <0.9, 0 < <21

ITS: Inner Tracking System (silicon)
TPC: Time Projection Chamber
Track pr > 150 MeV/c

Charged constituent jets (jetch)
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Jet reconstruction in ALICE NlE@ef

ALICE

EMCAL.: Pb scintillator
sampling calorimeter
Inl <0.7,14<p<T
An=Ap =0.014
Cluster Er > 300 MeV

Neutral constituent jets

\4

Full jet reconstruction
matching the neutral and
charged constituents

Inl <0.9, 0 < <21
ITS: Inner Tracking System (silicon)

TPC: Time Projection Chamber >
Track pr > 150 MeV/c
Charged constituent jets (jetch)
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o Nik|hef %
Jet shapes definitions 1Ie ALICE

» Jet shapes are observables constructed combining different
informations coming from the properties of the jet
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o Nik|hef %
Jet shapes definitions 1Ie ALICE

» Jet shapes are observables constructed combining different
informations coming from the properties of the jet
» They can be classified in three different groups:
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Jet shapes definitions NiE@ef

ALICE

2 Jet shapes are observables constructed combining different
informations coming from the properties of the jet
2 They can be classified in three different groups:
» Ratio of jet yields for different R
2 sensitive to transverse energy profile of the jet
2 energy lost recovered at larger angle?
Z observable calculable in pQCD Soyez, Phys. Lett. B698 (2011) 59-62

R(1)

(Umin (2 )

O)min ( l )

—_—
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- | | Nik|het %
Inclusive jet cross section ratios I ALTCE

: : . : o] 81.6¢
2z ALICE measured the inclusive jet spectra in 18, , PO 0% 5= 502TeV
- @gqi—““ ! reliminary
Pb-Pb collisions at v/snn = 5.02 TeV for both I8 on Atk (9021 <05. |72 <04
. ol [ P> 5GeVie
charged and full jets for R=0.2, R=0.3 e
18 0.8F
» Ratios of charged and full jet cross sections 08w
R=0.2/R=0.3 are measured D45 o pownca.pyas
n ngn = - - 0.2_— 1 JEWEL, recoils on, 4MomSub
» No significant difference with respect to jet | S "
fragmentation in vacuum (powea + PYTHIAS reference) ° >0 18?, (GeVIo)
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o S Nik[hef %
Inclusive jet cross section ratios

ALICE
: : : : | 8167
2z ALICE measured the inclusive jet spectra in 1[5y, PoPo 010% (5, =502 TeV
- ‘”gcz'j ! reliminary
Pb-Pb collisions at v/snn = 5.02 TeV for both I8 on Atk (9021 <05. |72 <04
. ol [ P> 5GeVie
charged and full jets for R=0.2, R=0.3 e
18 0.83—
» Ratios of charged and full jet cross sections o8 po e ¥
R=0.2/R=0.3 are measured M g romes s
» No significant difference with respect to jet O
fragmentation in vacuum (powea + PYTHIAS reference) ° >0 18?, (GeVIo)
ALICE, JHEP 09 (2015) 170
. — AT E T R RN RN R R R i
» Also extending the measurement up to % 6F g‘ﬁ'g% Pb. Pbmzmw 5
R=0.5 with semi-inclusive h-jet coincidence « " 2T aggecies E
: : e : S 12 TT{20,50} - TT{8,9}
technique, no signiticant difference D R +—
< - y
observed R = E
. S ot L ﬁ# =
» Lost energy must reappear in at large angle I ™ ¢ -
. ' - 0.4 2 o ata —
outside the jet cone S b 50 =" Shape unceramy E
o UVer T (] Correlated uncertainty
< .. F,; e PYTHIA Perugia: Tune 2010 & 2011 |
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o Nik|hef %
Jet shapes definitions 1Ie ALICE

» Jet shapes are observables constructed combining different
information coming from the properties of the jet
2 They can be classitied in three different groups:
» Shapes built as a jet-by-jet function of the jet constituents
4-momenta
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Jet shapes definitions

Nik[hef %

ALICE

» Jet shapes are observables constructed combining different
information coming from the properties of the jet
2 They can be classitied in three different groups:
» Shapes built as a jet-by-jet function of the jet constituents

4-momenta

» Momentum dispersion (prD):

» Measures the fractions of the jet
momentum distributed in its constituents

» |ets with few hard constituents have
higher ptD

» different prD expected for quark/gluon
jets due to the different
fragmentation

J. Gallicchio, M.D. Schwartz, PRL 107 (2011) 172001

1/N*® dN/dp

D

CDT\I

1S

2

1

9]
T T

.~ ALICE Simulation
 Anti-k; charged jets, R=0.2

L 40 < djt’ °" <60 GeV/c

PYTHIA Perugia 0 -
pp Vs =2.76 TeV

e Gluon jets
m Quark jets
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Jet shapes definitions

Nik[hef %

ALICE
» Jet shapes are observables constructed combining different
information coming from the properties of the jet.
2 They can be classitied in three different groups:
» Shapes built as a jet-by-jet function of the jet constituents
4-momenta
% Radlal moment (g) 8 ALICF_I Slmulaltlon | PYlTHIA PelruglaO
2 Measures the momentum re- < 30[Anti-k; charged jets, R=0.2 pp I5=276TeV
CL . . . o 40<pJet ‘<60 GeV/c @ Gluon jets -
distribution of jet constituents 5 ol n m Quark jets E
weighted by their distance fromthe = ¢ :
' . 20__ —
jet axis : e
151 R .
: Al S S
9= Z Jet |TZ 105_ o —.— :
’LE_]et 5:__'_ N
O'...I...I...I...i...!...

J. Gallicchio, M.D. Schwartz, PRL 107 (2011) 172001
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Jet shapes definitions

Nik[hef %

ALICE

» Jet shapes are observables constructed combining different

information coming from the properties of the jet.
2 They can be classitied in three different groups:

» Shapes built as a jet-by-jet function of the jet constituents

4-momenta

7 Jet Mass (M) 028
» Difference of the momentum of the jets & Anick, charged jos, <04 b Yo 36 oay -
and the energy of its constituents L 02re0<prT<soCevic Bl R

weighted by their pseudo-rapidity. %
» Related to the virtuality of the parton JZ’OJS_ e i
traversing the medium s 0.1 . .
0.05 = . .
\/ p — 2. : o -
o) | | R -

— ZpTi sinhn;, p= ZPTZ- cosh n;.

1=1 1=1

J. Gallicchio, M.D. Schwartz, PRL 107 (2011) 172001 A. Majumder and J. Putschke. Phys. Rev. C 93, 054909
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| | o Nik|hef %
Charged jet shapes in Pb-Pb collisions 1Ie ALTCE

Charged jets, R = 0.2, 40 < ,oT <60 GeV/c

2 prD shifted to higher values in Pb-Pb o O ALIGE Prelifinary ARRRE RS

collisions relative to PYTHIA Perugial % [ PP Sy =2.76 TeV E

< _ Anti-k; charged jets, R =0.2 i

=z - ot.ch -4~ ALICE Data .

© 4—_4O<pJT <60 GeV/e Shape uncertainty
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T . -

2__ _

N = .
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| | o Nik|hef %
Charged jet shapes in Pb-Pb collisions 1Ie ALTCE

Charged jets, R = 0.2, 40 < ,oT < 60 GeV/c

% pTD Shlfted tO hlgher Values |n Pb_Pb D 6—AL|CE Pre||m|nary ] | | :
collisions relative to PYTHIA Perugiaif % [ PP Sy =2.76 TeV B
< _ Anti-k; charged jets, R =0.2 i
Z - iotch -4~ ALICE Data ]
© 4l 40<p r <60 GeVic Shape uncertainty
% - [] Correlated uncertainty
— T ' B —— —4— PYTHIA Perugia 11 ]
%SO:ALICI':L Preliminary | - Z 3 . o —
> [ Po-PD VS = 2.76 TeV ] ¢ = .
S 23 Anti-k; charged jets, R = 0.2 . oF E
®  [40<p®" <60 GeVic - ALICE Data - : : :
© o0l <k < © Shape uncertainty - - -
Z - [[]Correlated uncertainty f—e— = —
- [ +¢| f —4— —4- PYTHIA Perugia 11 ] == =
151 —— - [ | Lyl | R S
- —4— = ] 8 3 04 05 06 07 08 09 1
10— — — P D
N ] T
5 | B — | .
- . g » g shifted to lower values in Pb-Pb
C e, ] s :
% "0.02 004 006 008 01 0.12 collisions relative to PYTHIA

Q

Perugiali
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| | o Nik|hef %
Charged jet shapes in Pb-Pb collisions 116 ALTCE

Charged jets, R = 0.2, 40 < ,oT < 60 GeV/c
» prD shifted to higher values in Pb-Pb o ®ralicEreiminary

collisions relative to PYTHIA Perugiali Q" Feo Pb Sy = 2.76 TeV 3
Q S Anti-k; charged jets, R =0.2 i
< [ 40<p" <60 Gevic - ALICE Data -
© 4l T Shape uncertainty

% - [] Correlated uncertainty
— — —— . B —_— —4— PYTHIA Perugia 11 7
.8330: ALICE Preliminary ' - Z 3 n -
= [ Pb-Pb|s5,,=276TeV ] ¢ = ]
% 23 Anti-k; charged jets, R = 0.2 ] - E
- e - ALICE Data - 2r - 5
_% 20 —_40 <p; " <60 GeVic Shape uncertainty - N * N
Z T r [[]Correlated uncertainty - l—— = -
- T +=F|1J_+_ ~+- PYTHIA Perugia 11 - == ) .
s ] - E
15¢ —— N L | Ll | T S
N 4 ] 8 3 04 05 06 07 08 0.9 1
- 4 N
10— — — P D
- - T
= —— ]
5== __ . .
- . i » g shifted to lower values in Pb-Pb
B | | | | | | | | | | | | | | | ﬁ | I_ . . .
% 002 004 006 008 01 012 collisions relative to PYTHIA

g Perugiali

rThese shapes show distributions compatrble wrth a more coIIrmated and
| harder fragmentatlon iIn Pb-Pb than pp CO||ISIOnS
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Nik|hef
Charged jet shapes in Pb-Pb collisions 1Ie

ALICE, Phys. Lett. B 776 (2018) 249 Charged jets, R = 0.4, 60 < pr < 120 GeV/c
9 | T T T T I T T T T I T T T T I T T T T I T I 1 1 1 1 I 1 1 T T T T I T T T T I T T
2 : 60 <p, . <80 GeVic 80 <p, o <100 GeV/e 100<p . <120 GeV/c
< 0.2 -
6 0 i ALICE Charged jets, anti-k; @ 0-10% Pb-Pbys, =276 TeV ]
% E—g R=0.4, I”jetl <05 —+— pPb ﬁ =502 TeV
©
~— 2._. —-
20
M oy et (GeVI c?) M op jet (GeV/c?)

z M shows an hint of shift to lower values in Pb-Pb collisions with respect
to p-Pb collisions results for pr < 100 GeV/c

—_—
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Nik|hef
Charged jet shapes in Pb-Pb collisions lIe

ALICE
ALICE, Phys. Lett. B 776 (2018) 249 Charged jets, R = 0.4, 60 < pr < 120 GeV/c
s L w<p,<@0evic T so<p ., <ioeewe I 100<p . <woGove
g _ 0'2:_ ALICE Charged jets, anti-k; @ 0-10%Pb-Pbys,, =276 TeV ]
% § R=041n 1<05 —sfls— pPb s, =5.02 TeV ]
.8
NE Ch d jet ti-k. :
» Difference between p-Pb and Pb-Pb 3 14 9% 50 :
. . ~ ~ R=04,In 1<0.5 ]
also observed in the mean jet mass. 2 et = -
» 10 difference between 60 < pr< 80 =% [ — g
GeV/c ——e
6 .
4 - o 0-10% Pb-Pb \/ST\JN =2.76 Ter
Jf ALICE 4 p-Pb {5, =5.02 TeV
i - Vs difference
b v v b v b b by
060 70 80 90 100 110 120
- o ,oT’Qhjet (GeV/c)
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Nik|[hef %
Charged jet shapes: comparison with models lIe

ALICE

Charged jets, R=0.2, 40 < pT < 60 GeV/c

6 T T 1 T 1T T T 1 T T T T T T T T T 35 T T T T T T T T T T
DI— |:ALICE Fl’reliminanl/ | | | ] -8) E ALICE Prellmlnellry | | | | -
% 5:_Pb—ll_°b VS =2.76 TeV _ #ALCEData E > 300 Po .I?b S =276 TeV | 4 AUCE Data -
< - Anti-k; charged jets, R = 0.2 | Shape uncertainty ] o) [ Anti-k; charged jets, R =0.2 Shape uncertainty ]
Z [ 40 < p2*" < 60 GeVic [JCorrelated uncertainty i 0 25:_ 40 < p*" < 60 GeVic [ Correlated uncertaint -
O 4 JEWEL vacuum ] © - orrelated uncertainty :
2 - JEWEL recoils off . =z - —JJEWEL vacuum -
= T []PYTHIA Perugia 11 . — 20 || JEWEL Recoils off =
< 3 — n [ |PYTHIA Perugia 11 ]
A B : ] = . S _
N i 15 7
2 - ] E i E
= . 5" .
- ] C Z
|_ I I | | | I I | | I | | L1 1 1 | I | | | I | | I I | | O B | | | | | | | | | | | | | | | | | | | | | | ]

8.3 04 05 06 0.7 08 0.9 1 0 0.02 0.04 006 0.08 0.1 0.412
pTD g

z The different fragmentation observed in Pb-Pb collisions for R=0.2 jets is
qualitatively described by JEWEL Recoil off model  «zappetal, iep 1303 (2013) 080

» Large uncertainties still do not allow to constraint the models
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Charged jet shapes: comparison with models Ie

Charged jets, R=0.4, 60 < pr < 120 GeV/c

80 < P ohiet <100 GeV/c

ALICE, Phys. Lett. B 776 (2018) 249

P~ T T T T I T T T T I T T T T I T T T T I T

60<p < 80 GeV/c

T, chjet
ALICE

I 1 1 1 1 I
100 < P chet <120 GeV/c

@ 0-10%Pb-Pb s, =276 TeV
mm== PYTHIA Perugia 2011
= = 1 Q-PYTHIA

JEWEL + PYTHIA 0-10% Pb-Pb
Recoil on

------- Recoil off

20 T
My, o (GeVic?) My, o (GeVic?) My, o (GeVic?)

» Data lie between PYTHIA Perugia 11 and JEWEL Recoil off
» Q-PYTHIA and seems to produce a large jet mass

» JEWEL collimates the jets since the soft particles are scattered at large
angles
z Qualitative picture in agreement for ptD, gand M
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o Nik|hef %
Jet shapes definitions 1Ie ALICE

» Jet shapes are observables constructed combining different
information coming from the properties of the jet

2 They can be classitied in three different groups:
» Shapes defined considering the clustering history of the jet

> Soft drop subjet momentum balance (zg)
» Momentum balance of the two hard sub- min(pr.1, pr2)

jets after jet grooming procedure % Pr1t P12

2 Correlated with distance between the two
Pri1 = (1-2)pr
<
Pr2 = ZDPr

sub-jets (9)

A. J. Larkoski, S. Marzani, G. Soyez, J. Thaler JHEP 05 (2014) 146
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. Nik|hef %
Jet shapes definitions lj:e

ALICE
» Jet shapes are observables constructed combining different
information coming from the properties of the jet.
» They can be classified in three difterent groups:
» Shapes defined considering the clustering history of the jet
> Soft drop subjet momentum balance (z,)
z Momentum balance of the two hard sub- _ min(pr,1,pr2)
jets after jet grooming procedure T o+ pra

2 Correlated with distance between the two
sub-jets (9)

pr1 =0 —2)pr
> Number of recursive splittings in the 0
jet evolution (nsp) Pra = 2Py

2 number of branches in the jet clustering
history that satisfy the grooming
requirement

A. J. Larkoski, S. Marzani, G. Soyez, J. Thaler JHEP 05 (2014) 146
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N viklhet ()
Splitting in the medium 1Ie ALICE

z Map of the splitting in the medium studied via the Lund diagram

2 |terative de-clustering unwinds the jet
structure and stores splitting
information

o

log 26 1

» Cambridge/Achen algorithm is used
to de-cluster the jets, preserving the |
angular ordering 108 iz

1 K
pr RL

logl/R  log+/qL? 10g 1/9

Tywoniuk et al. 5th Heavy lon Jet Workshop/CERN TH institute

log

A. J. Larkoski, S. Marzani, G. Soyez, J. Thaler JHEP 05 (2014) 146

—— _ — =
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Splitting in the medium

Nik[hef

ALICE
z Map of the splitting in the medium studied via the Lund diagram
2 |terative de-clustering unwinds the jet
structure and stores splitting
iInformation
» Cambridge/Achen algorithm is used A o A A A A I
. . - - 0.16
to de-cluster the jets, preserving the - PYTHIA i5=276 TeV :
: O__ 80 < p<" <120 GeV/c, anti-k; R=0.4 1" Ho.14
angLIlar Orde”ng B Cambriége-Aachen Reclustering .
ol 1 —o.12
» Focus on different region of the Lund & :1—0-1
diagram phase-space imposing E— 1"o.08
different grooming conditions 4 0.06
i 0.04
2 > Zcuteﬁ -8
i 0.02
Soft Drop!2 /mMDT Grooming!3! i
[1] G. Salam gitlab.cern.ch/gsalam/2017-lund-from-MC - 00 0.5 1 1.5 2 25 3 3.5 4 4.5 5 0
[2] M. Dasgupta et al. JHEP 1309 (2013) 029 |n(_) .
[3] A. Larkoski et al. JHEP 1405 (2014) 146 |arge ang|e AR collinear
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Nik[hef %
Zy, hsp measurements in Pb-Pb collisions lIe

ALICE

Charged jets, R=0.4, 80 < pr < 120 GeV/c

2 Difference in the zy distribution ¥ 3 10 T CE Protminary TS
, ‘ 0.9¢ E . POPD |8y, = 2.76 TeV -

observed when considering less o ; t Ak g o, 04

. . = t ] 10 = <p§f~< eV/c =
collimated subjets g8 o7 LN . :
< 0.6t 9 - -»-Data .

8\ “t % 1oL #= Shape Uncertainty _|

g 05 v : —e— == PYTHIA Embedded 3

2., 04f R i — X

gz_g_ 03:_ g 1§__ —‘—=.= -

0.2} - -

ot oL no 3 cut b

L . - | RIS | TIPS TP S PN ..

S 3 = 15F 3

E ot ¢ E 1E- —O—h——o—_e_ho_j

© 1 ©  05F =

Q (] 00 . . E
unselected 0.05 0.1 0.150.2 0225 030350404505

g
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Nik|hef .
Zy, hsp measurements in Pb-Pb collisions lI

ALICE
Charged jets, R=0.4, 80 < pr < 120 GeV/c
or
2 Ditterence in the zg distribution O;g g 10 TR TGE Bretminary
. . I B - PbPb 2.76 TeV —
observed when considering less . i ggt.;‘ﬂa;g;géeetswf y ]
collimated subjets 88 o I R S A
_8\ 0'6;_ ¢ E 10__ == Shape Uncertainty _|
s o5 " ° = == PYTHIA Embedded 3
8., 04 S B i
%‘3 0.3 § 1 == -
02 : R
0.1;— 9>0.2
O § O o
> 1.2r § >
s 8
© 0.8 © ;
unselected 0.05 0.1 0.15 0.2 0225 0.3 03504 04505
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Zg, hsp measurements in Pb-Pb collisions lI

(5

ALICE

2 Difference in the zy distribution
observed when considering less
collimated subjets

2 First Soft Drop splitting map
shows
2 suppression at large angle
» enhancement for collinear
splitting
iIn Pb-Pb data wrt PYTHIA
simulations

Charged jets, R=0.4, 80 < pr < 120 GeV/c

Cambridge-Aachen Reclustering

2 TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT
~  ALICE Preliminary (Data - Embedded) 7 0.1
- PbPb - PYTHIA Embedded \s,, =2.76 TeV -
O 80<p™™ <120 GeV/c. antik, R=0.4 N
B h N N 0-05
iy, - N —
—4— — 0
-6
I -0.05
- SoftDrop z,,=0.1,=0
-8+

1st SD Splitting 4._0_1
10 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 05 1 15 2 25 3 35 4 45 5
1 .
large angle Uyv=) collinear

'CIPANP 2018, 31/05/18 - Exploring jet substructure in ALICE

D. CAFFARRI (NIKHEF) - 13




Nik|hef %
Zy, hsp measurements in Pb-Pb collisions I ALICE

2 Difference in the zg distribution
observed when considering less
collimated subjets

2 First Soft Drop splitting map
shows
» suppression at large angle

Z for collinear
splitting
in Pb-Pb data wrt PYTHIA
simulations

z No enhancement in the nsp Is
present
» but larger number of jets that
don’t satisty the Soft Drop
condition in Pb-Pb

Charged jets, R=0.4, 80 < pr < 120 GeV/c

0.6"""I""I""I""I""""""
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B PbPb \'s,, = 2.76 TeV ]
0.5 Anti-k charged jets, R=0.4 ]
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Conclusions 1Ie

ALICE

» Measurements of jet shapes Pb-Pb collisions in ALICE:

z allow to study different and complementary aspects of in-medium
energy loss mechanisms in a unigue kinematic regime

» new techniques are being developed to understand the interplay
between the emitted radiation and the medium interactions
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Conclusions lj:e

ALICE

» Measurements of jet shapes Pb-Pb collisions in ALICE:

2 allow to study different and complementary aspects of in-medium energy
loss mechanisms in a unique kinematic regime

2z new technigues are being developed to understand the interplay
between the emitted radiation and the medium interactions

2 qualitative indication that
» R=0.2 jets are more collimated and fragment harder than PYTHIA pp
reference, more similar to “quark-like” fragmentation vs “gluon-like” one
» Jet mass indicates a shift toward lower values for /=0.4 jets
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Conclusions Ni@j\ef

ALICE

» Measurements of jet shapes Pb-Pb collisions in ALICE:

z allow to study different and complementary aspects of in-medium
energy loss mechanisms in a unique kinematic regime

2z new techniques are being developed to understand the interplay
between the emitted radiation and the medium interactions.

» qualitative indication that
» R=0.2 |ets are more collimated and fragment harder than PYTHIA pp
reference, more similar to “quark-like” fragmentation vs “gluon-like” one
» Jet mass indicates a shift toward lower values for R=0.4 jets.

» Large angle symmetric splittings seems to be suppressed in Pb-Pb
collisions and collinear radiation enhanced
2 no increase in the number of splitting observed in Pb-Pb collisions
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Conclusions Ni@j\ef

ALICE

» Measurements of jet shapes Pb-Pb collisions in ALICE:

z allow to study different and complementary aspects of in-medium
energy loss mechanisms in a unique kinematic regime

2z new techniques are being developed to understand the interplay
between the emitted radiation and the medium interactions

» qualitative indication that
» R=0.2 jets are more collimated and fragment harder than PYTHIA pp
reference, more similar to “quark-like” fragmentation vs “gluon-like” one
» Jet mass indicates a shift toward lower values for £=0.4 jets

» Large angle symmetric splittings seems to be suppressed in Pb-Pb
collisions and collinear radiation enhanced
2 No increase in the number of splitting observed in Pb-Pb collisions.

» New data at Vs = 5.02 TeV are already allowing more precise and
differential measurements
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Splitting in the medium 1Ie ALICE

z Map of the splitting in the medium che be studied via the Lund plane

splitting map for difference of

2IIII|IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIII |IIII
| ALICE Simulation jlo.m embedded and vacuum jets
L PYTHIA Vs =2.76 TeV

O__ 80<p;:et<120 GeV/c, anti-k; R i 10.14 P f | H|A

Cambridge-Aachen Reclustering

I0.2

=01 0
0.08
P 0.15
0.06 E
4 0.1
0.04 N4
I=
0.05
0.02 -6
1% "05 1 15 2 25 3 35 4 45 5 O 0
|n(i) -8
AR
_0.05
10
0 05 1 15 2 25 3 35 4 45 5
INn(—=
(AR)

clear enhancement of splitting at large angular
separation: background effect from fake jets
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Grooming performance in HI collisions lI ALICE

groomed branches groomed momentum fraction

108 10'°
107 ALICE Simulation 10° ALICE Simulation
o 0-10% Pb-Pb Embedded PYTHIA \s, = 2.76 TeV 108 0-10% Pb-Pb Embedded PYTHIA |5, = 2.76 TeV
e 80<php " <100 GeV/c 107 80<php " <100 GeV/c
o SoftDrop z,,=0.18=0 10° SoftDrop z,, =0.18=0

Anti-k; charged jets R = 0.4 _w Anti-k; charged jets R = 0.4
10° 8 10t

Cambridge-Aachen (embedded)
Cambridge-Aachen (particle)

k+ (embedded)

k+ (particle)

Anti-k; (embedded)

Anti-k (particle)

Cambridge-Aachen (embedded)
Cambridge-Aachen (particle)

k+ (embedded)

k+ (particle)

Anti-k; (embedded) vvvﬂ%wgwwvvg@ig

Anti-k (particle)
VVVV

—_
o
S

[

<4 4 < 4 «
>

< 4 < 4 «

—_
o

1/N,gy dN/A(N,)
1/N,g, dN/d(pi/p'

! —_

vvvvvvvvvvvvvvv
wy

vvvV va v v

=~ 107"

. A 4 va M 1072 vvvv va \4 v%vv

10 v _3 L\ A/ v V Y
% Yy, 10 vv yvv v Vv

-4
10 Vv V'WY Y 10_4 YY Vvv YV
1078 " s Y v

w ' 10 | | v
107 107 T*
107IIIIlvlllI|IIII|IIII|IIII|IIII|IIII|IIII|I 107IIII|IIII|IIII|IIII|III|||IIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70 80 o1 02 03 04 05 06 07 08 09 1
N, (embedded) pg/plTet (embedded)

z Algorithm used for decluttering reflects the ordering of the
clustering strategy

» Can be changes to increase sensitivity to a given process
2 Kkt for example may be optimal for semi-hard splittings

_ — - — = e ——
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Zy, hsp measurements in Pb-Pb collisions l]:

Charged jets, R=0.4, 80 < pr < 120 GeV/c
1 10° g 9 : 103 2 v g
‘ 3 ALICE Preliminary 3 : = ALICE Prellmlnary 3
0.9¢ . POPD | 5, = 2.76 TeV . 0-9:‘ u PbPb Y5, = 2.76 TeV ]
} - Anli-k, charged jets, =04 "l 0 83_ B Anti-k+ chargedjets R=04 T
T o 0.8¢ o 10°E 80 < p™ < 120 GeVic - T o F o 10°E 80 < plfl <120 GeVe =
= E s 527 = - 4 5 2 = SoftDrof Zgy=018=0 3
s® 0.7t N 2 SONDIOP Zo, = 0.15 =0 S 0.7 N = 3 3
29 v 3 - = g © N AR>0.1 D ]
< 0.6k — N -»- Data < 0.65 E B —-o— Data . i
‘g\ " < 10 #= Shape Uncertainty _| 3 : S 10 &= Shape Uncertainty _|
3 0.5¢ e —e—  ==PYTHIAEmbedded 1 § 05 @ - —s— == PYTHIAEmbedded 3
[ 0.4k o R — 1 8, 04f - 2, - ]
3 @ : > 58 4 < L —= _
2 oy 2 L . | % o S .
E - = —— E ] : — 3
0.2 : = 0.2 E - ==
0.+ ° : 10" :_ - 0'1;_ _ 107 | =
. s ; . T TOTRITTONTION- BRr'S, : : O R E s e Aaasscessis:
. S i S 12 S  1sE E
= E = ~DE ER r = - ]
Y= 1 % osE =i S 08 I o5t =
o o °% - | Qoo bR TSR
0 00 . v . . . . 0.05 0.10.150.2 0.250.3 0.350.4 0.45 0.5
0.050.10.1502 02503 03504 045 0.5 unselected
unselected Z, Z,

2 Without cut on the relative distance (9) between the two sub-jets, difference
between PYTHIA embedded jets and Pb-Pb data observed only in the last zg bin

2 Applying a cut 3 > 0.1, larger fraction of imbalance observed but also a large
number of jets who are not selected by the grooming procedure.

—_——
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Nik|[hef .
Zy, hsp measurements in Pb-Pb collisions lIe

ALICE

Charged jets, R = 0.4, 80 < pr < 120 GeV/c

[ 1035‘"" """"""""""""" prrrrrrrerre Tt 1 103:'"'| """"""""""""" R LA B
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Zy, hsp measurements in Pb-Pb collisions I ALICE

VSi = 5.02 TeV, pp 27.4 pb’, PbPb 404 pb’’
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CMS Phys. Rev. Lett. 120, 142302
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Zg, Rg, Nsp measurements in pp collisions o TeE

Vs =7 TeV. Charged jets, R=0.4, 40 < pr < 60 GeV/c

"""""""""""""""""" 10_' T T T T [ L 1_' T 1
8 ALICE Prellmlnary — = ALICE Prellmlnary = = ALICE Prellmlnary =
= pp Vs=7TeV 3 9:_ pp Vs =7TeV = 0-9:_ pp Vs =7TeV =
7= Anti-k; charged jets, R=0.4 — = Anti-k; charged jets, R=0.4 - - Anti-k; charged jets, R=0.4 -
= 40 < p<" <60 GeV/c . > 8 40 < p" <60 GeV/c = A 0.8 40 < p<" <60 GeV/c =
NO) 6 SoftDrop Z=018=0 - o 73_ SoftDrop z =015=0 _f cC/) 0_7f_ SoftDrop Z,=018=0 _f
© C ] o - - C -
= —:;: - Data = = 6E- -o—Data - O 0.6 -o-Data =
% 5; == Shape Uncertainty ] % = == Shape Uncertainty = P = == Shape Uncertainty =
o A = PYTHIA Perugia 2011 L oE = PYTHIA Perugia2011 5 © = 05 —= PYTHIA Perugia 11 E
2 - m ° p= — - = T 04F =
2 e 1z F == - = E
= 5 E RS = — I e —=— 3
21 — - oC —g— E - n— - -
- — — - 0.2 —
- —— & = —;.= — — - 3
= E 1= E 0.1 === == E
go 1_4; """""" RS E RS =R o 14;_ e 94 O :H:' 'ﬁ
3l 1.2F = By 128 = 3 E
S0 Y 30 EBmm eSS Do oS e
EE 0.85 E "EE 0.85 = EE 1F ————— .
- 0.6 , , , , , 4 D 0.6 4 2 0b—s , , , , , , e

0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 O 4 0 1 2 3 4 5 6 7

Z, R, Nsp

2 Distributions fully corrected to charged particle level.
» Reasonable agreement between data and PYTHIA calculations for all the jet shapes.

z Use PYTHIA as reference for Pb-Pb
2z ~ 97% of |ets passing the Soft Drop requirement z > Zeut = 0.1
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ptD, g, LeSub in pp collisions

Nik[hef %

ALICE

===

5 IIIIIIIIIII |IIII|IIII| IIIIIII

a v ]
= ALICE Preliminary 1
Q
D r pp s =7 TeV .
% 4; Anti-k; charged jets, R =0.2 ]|
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2 B 1
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— g $ Shape uncertainty
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\/s = 7 TeV Charged jets, A = O 2, 40 <pr< 60 GeV/c

2 Jet shapes, fully corrected to charged particle level.
2z Reasonable agreement between data and PYTHIA calculations for all the jet shapes.
2z Use PYTHIA as reference for Pb-Pb

2 Important for low R where hadronisation effects start to play an |mportant roIe
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Jet Mass in p-Pb collisions 1Ie

ALICE
Vs =5.02 TeV. Charged jets, R = 0.4, 60 < pr < 120 GeV/c
ALICE, arXiv:1702.00804 submitted to PLB
< N I B L AL L B LA B BN AL BN LRI ILEN SO I B I B
8 : 60<pT ohi t<8OG|eV/c 8O<pT ohi t<1OOGeV/c 1OO<pT ohi t<1ZOGeV/c :
G 0.2F s
8_‘5 A ALICE Charged jets, anti-k ¢ n 0—Pb ‘/%:5.02 TeV
z| s R=04,1n_1<05 = PYTHIA Perugia 2011 1
© % !- Emmm HERWIG EE5C
50.1 7150 ]
— 301k N\ ¥ el Py ]
< 9} RN o - I"‘_,__= "IN :
K N o | 5 e 8
o4 o n y T,
ok AP B B B . NN BT BT BT, B il BT BT PR b
0 5 10 15 0 5 10 15 20 0 5 10 15 20
M, o (GeVic?) M g, o (GEVIC?) M o (GeVIc?)
» Reasonable agreement between and PYTHIA calculations for jet mass.

z Within 10-20%, some tensions in the tails.
z Slightly worst agreement with HERWIG, in particular in the low mass tail.

» p-Pb measurement can be used as reference for the comparison with the
Pb-Pb one.
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ALICE
Charged jets, R=0.4, 60 < pr < 120 GeV/c

Charged jet shapes in Pb-Pb collisions

ALICE, Phys. Lett. B 776 (2018) 249

—~~ 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 I
> -
3 60<p. . <80GeV/c 80<p, ., <100 GeV/c 100<p, . <120 GeV/c
<, 0.2r .
2 N ALICE Charged jets, anti-k; @ 0-10% Pb-Pb s, =276 TeV |
% Eg R=04,1n <05 —sfls— pPb s, =5.02 TeV
© ]
* ;
= ca o F i ;
S oS Lt ]
b + e
L L L L 1 I 1 I L L L I
15 0" 0 10 20 0 10 20
2 2 2
. Ch o (GeV/C ) Ch e (GeV/c ) M o1, it (GEVIC?)
% I T T T I -: 1 1 1 1 I 1 1 1 1 -: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 LI
.(% : 60 <pT ohi o, <80 GeV/c T 80 < T ohje t<1OO GeV/c 1OO<pTychjet<120 GeV/c _
T JE  0-10%Pb-Pbysy, =276 Tev Ed Charged jets, anti-k E3 P E
p-Pb |syy =502 TeV f=041n,1<05 e PYTHIA276ToV /5.02TeV ]
of ® PYTHIA Perugia 2011 £ F 3
1f o= —2 1" T 3
: O o ¢ ®: O g 0® ¢ 5
: ALICE + T ;
O: PR R TR T [ TR SR S TR NN SN T R TR NN S + P TR T AN SN T T T AN SO SN ST T T T T S S t I T I T T T T T T S M T S S R R R .
0 5 10 15 0 5 10 15 20 O 5 10 15 20

Mg, o (GeVic?) M, o (GeVic?) M, o (GeVic?)

2 Shift also quantified in terms of the ratio Pb-Pb/p-Pb and PYTHIA at the
two energies
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Zg measurement in p-Pb collisions

Nik[hef %

ALICE

Vs =5.02 TeV. Charged jets, R = 0.4, 60 < pr < 120 GeV/c

%I%m8-----|----|----|----- %I%m8-----|----|----|----- %I%m8- -|----|----|-----
,_| g1 60<p_ ot (GeV/ic) <80 | ,_lz_*g _ 80<p " (GeV/c) <100 ,_| g 100<p, " (GeV/c) <120 |
6F , - 6} - i -
B Charged jets - 1y ALICE Preliminary - —a —=— p-Pbys,,=5.02TeV .
[ i - ' [ ' [ Systematic uncertainty
. Anti-k., R = 0.4 [ ] | .
4F L |njet| <0.5 - 4F A - 4F . PYTHIAG6 Perugia 2011 =
L i I [ §
ok i - ok . - oF L m -
| ' ' : E I [ ] » [ ] . ] I '
0 [ | " " | M . 0 [ "I | ] : 2 1 4 4 3 . 0 [ "I | | 2 2 1 2 3 3 3
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
zq Z4 Zg

»Jet substructure obtained using SoftDrop method (FastJet)
» Good agreement between data and PYTHIA Perugia 11
» Reference measurements for future Pb-Pb results in ALICE
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Jet shapes background subtraction lIe

ALICE

2 Average background removal for jet shapes based on recent techniques:
2 Derivatives (area based) subtraction  -sovezetal, Phys. Rev. Lett 110 (2013) 16
2 Constituent subtraction e -serta etal, iHep 1406 (2014) 092

—_—
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Jet shapes background subtraction 1Ie E

2 Average background removal for jet shapes based on recent techniques:
2 Derivatives (area based) subtraction  c-sovezetal, Phys. Rev. Lett 110 (2013) 16
2 Constituent subtraction e -serta etal, iHep 1406 (2014) 092

| S 10EALICEsimulation .
2 PYTHIA detector level JetS 2 1[R3=0-2, Anti-k; charged jets 5
" jet,c EE
embedded in Pb-Pb events. T g0 oGeve s
o 2 '°—_:::::=‘==.= g """...-."'—;:g-'--t- -
Z 10_ E’-_._ _._* -.-_.__._ ++ E%
~ 10°k _*t *+r++-- -
10°E S 3
107t + 4 3
10°E +1, -
= —— Pythia Det. Level T 3
1 0—7 E —— Pythia Embedded Area. Sub (2nd order) —
= —e— Pythia Embedded Const. Sub 3
1 0—8 = —e— Pythia Embedded Unsubtracted T =
10—9:...|...|...|...|...| ]
O 0.02 0.04 0.06 0.08 0.1 O 12 O 14 O 16

uncorrected g
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| Nik|hef %
Jet shapes background subtraction 1Ie ALTCE

2 Average background removal for jet shapes based on recent techniques:
» Derivatives (area based) subtraction  .sovezetal, Phys. Rev. Lett 110 (2013) 16
2 Constituent subtraction e -serta etal, iHep 1406 (2014) 092

» PYTHIA detector level jets =
embedded in Pb-Pb events.
» Shape distributions are modifi€thS

by the high background —a

R=0.2, Anti-k_. charged jets
=40 < pjet " 260 GeV/c

= —e— Pythia Embedded Const. Sub
—e— Pythia Embedded Unsubtracted T

+
t
IIIIIlI]| IIIIIlIJ] IIIIIlI]| IIIIIlIJ] IIIIIlI]| IIIIIlIJ] IIIIIlI]| IIIIIlIJ| IIIIIlIJ] IIIII|JJ|_|:

_9§| 1 1 | 11
1070502 0.04 006 008 01 012 014 016
uncorrected g
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| Nik|hef .
Jet shapes background subtraction 1Ie E

2 Average background removal for jet shapes based on recent techniques:
2 Derivatives (area based) subtraction  -sovezetal, Phys. Rev. Lett 110 (2013) 16
2 Constituent subtraction e -serta etal, iHep 1406 (2014) 092

| Q 10EAUCEsimuaon =
2 PYTHIA detector level JetS 2 1[R3=0-2, Anti-k; charged jets 5
" jet,c EE
embedded in Pb-Pb events. T gib P <%H E
» Shape distributions are modified %, jp2p=="" _~~ T E
by the high background — 103!t *i}:. =
7 h ;g + -o-:*:-"-'f' E;
» Subtraction methods (area based,”” 10°g S
constituent based) reduce the 10°E | oot Lo Tl4 =
influence of the background on the LN - Aoty E
Sh apes . 1 0—8 %— —e— Pythia Embedded Unsubtracted 1T —§,
-9 v v v by by by ]

10°0""0.02 0.04 0.06 008 01 012 0.14 0.16

uncorrected g

' CIPANP 2018, 31/05/18 - Exploring jet substructure in ALICE D. CAFFARRI (NIKHEF) 26




| Nik|hef %
Jet shapes background subtraction 1Ie ALTCE

2 Average background removal for jet shapes based on recent techniques:
» Derivatives (area based) subtraction ¢ soyezetal, Phys. Rev. Lett 110 (2013) 16
2 Constituent subtraction r eerta etal, iHep 1406 (2014) 092

» PYTHIA detector level jets D 10FALCE simuation ' =
u S~ -
embedded in Pb-Pb events. Z  EaupTaboevie -
» Shape distributions are modified g 10g == e E
by the high background A = . E
) /&‘ ‘ + -, ++T =
: ++:F + é
» Subtraction methods (area based, / . /# * I E
constituent based) reduce the / = | + ﬂ: E
influence of the background on ' -~ PyieEnvedied . Su (e T3
sha pes. ; —— Pﬁh:: Embodded U?]gjtt;tral::ted T é
Eu ol by e b by | I .E

0

"0.02 0.04 006 008 01 012 0.14 0.16

» Residual difference betyen uncorrected g

PYTHIA detector leve 'et shapes /
and PYTHIA embedded subtracted
ones due to background
fluctuations.

z 2D Bayesian Unfolding applied to
remove
» background fluctuations
» detector effects.
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Jet shapes definitions

Nik[hef %

ALICE

» Jet shapes are observables constructed combining information:
2z on how the constituents are distributed in the jet

» considering the clustering history.

7 Transverse momentum difference of
leading and subleading particles
(LeSub):

7 Transverse momentum difference of the
hardest and second hardest constituents
of the jet.

2 Jet shape not IRC safe but essentially
background invariant, interesting for Pb-

Pb collisions.

LeSub = leadlng track prslilbleading track

— B T T T | T T T | T T 1 | T T 1 | T T | T 11 ]
% 0.1 *— ALICE Simulation -
(\5 i Anti-k; charged jets, R=0.2 |
S 40 < pjet’ " <60 GeV/c
£0.08— —
BT PYTHIA Perugia 0
CJ:) : pp Vs =2.76 'Igev
3 o) gluoaje’is i
QO.OG— m Quark jets ]
Z e
o —u—
£ 0.04- —
ES - .
0.02— —
- +—l—_._:
i | | | | | ¢
OO 5 10 15 30
LeSub (GeV/c)
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. viidher ()
Systematics lI ©

ALICE

» Different sources of systematics:
» Tracking efficiency - Variation of -4% dominate the jet energy scale uncertainty.
z Unfolding
» Regularization: variations of +3 iterations in the procedure.
» Truncation: difference to measured yield at a 10 GeV lower value than default
one.
» Prior: Variation of 20% between prPartand shapepart,
» Background subtraction - two different methods used to estimate the
background (only for Pb-PDb)

2T T T T T TALCE Preliminary | 3
% 14E %I;[’[rgfak’['ioe.rrg pp Vs =7TeV E
Mean jet mass 19 Duuncaton A, chauseien 102
Source Pb—Pb - 1.2 3 E
Prehijet (GeV/c) 60-80 80-100 100-120 = : E
Prior 0% 30%  5.0% s ==l E
Background 3.0% 3.0%  5.0% w09 E
Tracking efficiency 50% 5.0%  5.0% T 08 E
Unfolding (iterations, range) | 1.0%  3.0%  4.0% 0.7 E
Total 6.0% 80%  9.0% 0.65 E

08 002 004 006 008 01 012
g
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Charged jet shapes: comparison with model

N
S

i%ef %

6 | 1T T | T T I T T | T T | 1T T I LI 35 T T | T T T | T T T | T I T T T | I T T

DI— _ ALICE Preliminary i % E ALICE Preliminary ]
Q. [ Pb-Pbys, =276 TeV - ALICE Data i = - Pb-Pb ys, =276 TeV -#- ALICE Data -
O 5B : Shape uncertainty — Z 30 , . , ]
N _ Anti-k; charged jets, R =0.2 (] Correlated uncertainty il o) —  Anti-k; charged jets, R =0.2 Shape uncertainty 7
Z C 40 < pJTet’Ch <60 GeV/c JEWEL vacuum ] 0 L 40< pft’Ch <60 GeV/c (] Correlated uncertainty ]
© 4 - =7 JEWEL recoils off N D 25— - JJEWEL vacuum -
0 - [ ]PYTHIA Perugia 11 i —Z B 771 JEWEL Recoils off .
© - PYTHIA Perugia 11 quarks = oL [JPYTHIA Perugia 11 -
_Z B [1PYTHIA Perugia 11 gluons | ~— - PYTHIA Perugia 11 quarks -
< 3r — N 1 PYTHIA Perugia 11 gluons ]
T : : 1 5 - i - -
2 _— —_ E ................................................. E
: : 1 O __ _ —_
- ] 5 "7 _
8|_ I | I B R L l\ o | O: ol Ly, E———— .

3 04 05 06 07 08 09 1 0 0.02 0.04 0.06 0.08 0.1 0.2
pTD g

2 Qualitative comparison with quark/gluon jets at the same energy:
2 gluon jets: quenched jets with intrajet broadening,
2 quark jets: quenched jets without intrajet broadening.

> Results seem to be closer to quark-like jet fragmentation.

= - - —
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| | o Nik|hef %
Charged jet shapes in Pb-Pb collisions 1Ie ALTCE

2 prD shifted to higher values in Pb-Pb
collisions relative to PYTHIA Perugiali

» g shifted to lower values in Pb-Pb ngrged jets, A= 0.2, 40 < pr < 60 GeV/c
collisions relative to PYTHIA S "LALICE Preliminary | o
. © 0.18EPb-Pb |5, = 2.76 TeV E
Perug|a1 1 (\5 0.16EANti-k; charged jets, R =0.2 -
~ 0.1 4:_40<pjft’°h<60 GeV/c E
- : Q —— ALICE D ]
» M shows an hint of shift to lower & 0120 Shame wncartanty -
values in Pb-Pb collisions relativeto & 01 [ Correlated uncertainty —
PYTHIA Perugia S 008 T rYATenes T -
< 0.06F =
4‘2 004;—
2z LeSub in fair agreement with PYTHIA 2 0.02E
Perugia 11 O s T 0 5 20 25 30

LeSub (GeV/c)
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P | NikK %
Jet shape distributions PYTHIA Perugia 11 1]1‘97:

ALICE
D 8_ I|IIII|IIII|IIII|IIII ] G)35— I|III|III|III ]
— F ALICE Simulation . o t ALICE Simulation ]
S 7 PYTHIA Perugia 11 E = 30 PYTHIA Perugia 11 =
> 4 pp Vs=7 TeV . T pp Vs=7TeV ]
S 6;_ Anti-k; charged jets, R=0.2 % o5 Anti-k; charged jets, R =0.2 ]
o 5L 40 < ﬂ:""“ <60 GeV/c E = 40 < ;fft”“ <60 GeV/c .
= a ] — 20° —— E
~ — - L ]
T F —— - 151 + -
SE " E B —— -
S —— E 5F =
- — . —= = .
C | | | | 1 111 [ 1 1 - 111 1 C | 1 | 1 1 1 | | | 1 1 7
83 04 05 06 07 08 0.9 1 O0 0.02 0.04 0.06 0.08 0.1 0.12

pTD g

—~ 07— ]

= 000+ ALICE Simulation E

) Tk PYTHIA Perugia 11 =

S 0-08F pp Vs=7 TeV =

=~ 0.07E Anti-k; charged jets, R =0.2 3

Q ) - jet,ch ]

S ) 06E 40 < p ™" < 60 GeVic E

CJ) ' = ]

() = =

-BI 0.05g :

<< 0.04 —

Z 2 ]

w‘o 0.03E E

z 0.02F =

Z 0.012— — =

A 0:...|....|....|....|....|....§|

0 5 10 15 20 25 30

LeSub(GeV/c)

—— — e EEEEEEE——
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- Nik|hef %
Vs dependence of jet shapes PYTHIA 1Ie

9

ALICE
C 2: I I I | I I I | I I I | I I I I I I I I I : 0330_ T T T | I. T T | .I I I | I T T | I I I I I T ]
218 ALICE Simulation E Y [ ALICE Simulation ]
QO Cr Anti-k. charaed iets. R=0.2 : % o5l Anti-k; charged jets, R=0.2 B
L% &b rcharged jets, 5=0.2 - - - 40 < p " < 60 GeVic PY'IFIIA Perugia 0 -

: PYTHIA Perugia 0 - -] @ - m ppls=7TeV i
914:— m pp Vs=7TeV —: Z 20—_ O pp Vs=2.76 TeV N
O © Oppis=276TeV . — U —

1.2 = B ﬂ—:g;:g: i

n —— ] i .

1 —0— = 151 —— .
0.8k E - - =, = y
F — ] 10 % . .
0'6:_ =*=++ 4+__: i {1 i
0.4:—:$: = 5L .
C 7 —_._D _
: : B | | | | | | | | | | | | | | | | | | | | | | | i

O —20""20" 60 80 100 120 % 002 004 006 008 01 0,12

)

pjTet’ "GeV/c

2 Not negligible difference in the jet shapes due to due to g/g difference
fraction at two collider energies.
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Systematics
y ALICE
>1 _5_ T T T | T T T | T T T I T T T | T L | T T T >1 _5_ T T T lt[aIC T éffl T I | I T T | T roT | T T T
= E irack. eff ALICE Preliminary ] = F = &y ALICE Preliminary =
.% 145 Hiierations PP ¥s=7Tev E S 1.4 ,:,{anFanon Pb-Pb (5 =276 TeV
+ 1.3 Citruncation Anti—kFeLcC:parged jets, R=0.2 7 + 135 %gu[g method Anti—kT_etcéparged jets, R=0.2 5
D 1 25 Ciprior 40 <p_"" < 60 GeV/c . 8 1 2; 40 < p**" < 80 GeV/c .
O 1.2 g= 2 —
- : . (- ~ =
D 1.1 — D 1.1 =
o = I = (b E .
> ! : > :
E 0.9; E E 0.9;— =
D 0.8 E D 0.8f E
oC_E - o’ 85 -
0-7:_ = 0.7:— —
0.6F = 0.65 3
O 5: oo by by ey ol A 0 5E T A I R N T R IR N ]
0 0.02 0.04 0.06 0.08 0.1 0.12 "0 0.02 0.04 0.06 0.08 0.1 0.12
g g

2 Tracking efficiency. Variation of +4% dominate the jet energy scale uncertainty.
z Unfolding:
» Regularization: variations of +3 iterations in the procedure.
2 Truncation: difference to measured yield at a 10 GeV lower value than default one.
2 Prior: Variation of 20% between prPartand shaperat, Default value PYTHIA Perugia O.
» Background subtraction: two different methods used to estimate the background.

= — - — - = . -
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Charge jet shapes: comparison with models 1Ie ALICE

2 If the jet would lose energy as a whole (single emitter) then we would expect Pb-
Pb shapes to be in agreement with vacuum shape at higher-pr

35

m I I I I \ I I I I I I l I I I l I I I_ 6 T T 1 T T T T T T T T 171 T T T T 171 T 11
o n ALICE Prellmlnary Pb-Pb ySyy =2.76 TeV ] Dl_ “ ALICE Preliminary ' Pb-Pb Vs = 2.76 TeV ]
7 30 Anti-ky letc;parged jets, A=0.2 7 Q. B Anti-k; charged jets, R=0.2 _
B — ALICE Data 1 = B i
N . B ALICE Data ]
2 25 — Shape uncertainty — Z - —+ Sh .
2 - [ Correlated uncertainty- O L ape uncertainty |
= C 200 1 < 40 Govle | 2 4 [ Corre|gted uncertainty
~ 20F SEP 6 " <50 GoVic] 2 - =0 :gﬁ‘ 220 Govie -
N L ' []40< pB " <60 GeV/c] Z 3__ #.% 140 <p. tc <60 GeV/c _]
1 5 - T I: 50 < pJ ,ch < 70 GeV/c +~— B & — : ] 50 <pnatc <7O GeV/C 7]
- 60 < p "< 80 GeV/c] - y A4 60 <p_ "<80 GeV/c -
- — - 2— . N\ —
10E N - B o= -
s~ e E 1 = =
- ] — =

O_ | | | | | | | | | | | I | | | | | | | | | | |_ |_ | I | | | | 11 1 | 1 11 | | I | | | | | | L1 L1 | | |
O 002 004 006 008 01 0.12 83 04 05 06 07 08 09 1

g o

» The radial moment seems to show this behavior.
» prD does not, but it has a milder dependence on the transverse momentum.

— — N —
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