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ALICE

Fundamental QCD with Jets

proton-proton collisions

Test pQCD techniques: Parton showers,
resummations, power corrections, ...

Constrain non-perturbative effects:
Hadronization, underlying event

Constrain PDFs, o,

Reference for heavy-ion collisions: Which
observables are under theoretical control?
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ALICE

Fundamental QCD with Jets

proton-proton collisions Pb-Pb collisions

Test models of jet quenching in the quark-gluon
plasma: Strongly-coupled vs. weakly-coupled jet-
medium interaction, ...

Test pQCD techniques: Parton showers,
resummations, power corrections, ...

Constrain non-perturbative effects: Constrain medium bulk properties:
Hadronization, underlying event Transverse momentum diffusion coefficient, g
Constrain PDFs, o Constrain structure of the quark-gluon plasma:

What are the relevant degrees of freedom?

. uasiparticle structure?
Reference for heavy-ion collisions: Which o P

i ?
observables are under theoretical control Test factorization/universality in high-T QCD

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020



Jets in ALICE

ALICE reconstructs jets at mid-rapidity (|7 | < 0.9) with
a high-precision tracking system (ITS+TPC) and EMCal

Charged particle jets
Pro: High-precision spatial resolution to resolve particles;
=xperimentally simpler

—» |deal for precise jet substructure measurements
Con: Additional modeling to compare to theory

Full jets (charged tracks + EMCal 71'0, Y)

Pro: Direct comparison to theory
Con: Significant experimental complication; Limited EMCal coverage

ALICE is very good for: ALICE IS not so good for:

- Jet substructure igh statistics
- Low-prtracks: 150 MeV/c - High pt > ~100 GeV/c
- Particle Identification - Jets at forward/backward rapidity EMCal @

acceptance: 107°

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 4


https://github.com/JETSCAPE/JETSCAPE

Jet substructure

ALICE

A powerful class of observables

Sensitive to a wide span of scales
Provide complementary information to disentangle multiple QCD effects

Many are analytically calculable from pQCD

Groomed jet substructure
Recluster and groom jet to expose hard splitting

SOft Dro " Z < Z QIBDasgupta, Fregoso, Marzani, Salam 1307.0007
p. Cut Larkoski, Marzani, Soyez, Thaler 1402.2657

Larkoski, Marzani, Thaler 1502.01719

Theoretical control: Isolate a pQCD-dominated, calculable
observable in the complicated heavy-ion environment

|dentifies quantities related to the ordering of hard splittings in parton showers,
which may give us a handle on pathlength/coherence effects in AA

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020



Jet substructure

ALICE

A powerful class of observables

Sensitive to a wide span of scales R
Provide complementary information to disentangle multiple QCD effects 0 =
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Many BNEWAREIIRERA in Summer 2020 %ﬂi

Jet substructure

pp collisions

Datasets:

Dynamical grooming: z,, 6’g, k- V5 = 5.02 TeV
. gint — 180 nb_l
Jet angularities: ﬂﬁ

\/§= 13 TeV

D"-tagged jets: 7., 0
58 Leticia Cunqueiro Mendez Lo =225 nb!

Thurs July 30, 09:30

Dead cone

Unfolded distributions

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020



Dynamical Grooming

proton-proton collisions

|dentify splitting in C/A tree as the maximum of a particular grooming condition:
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New Preliminary

Y. Mehtar-Tani, A. Soto-Ontoso, K. Tywoniuk

PRD 101 (2020) 034004 ALICE
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" ALICE Preliminary ?
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First measurement of Dynamical Grooming —» Well described by PYTHIA

James Mulligan, Lawrence Berkeley National Lab
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Jet angularities

proton-proton collisions
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Reasonably well-described by PYTHIA

James Mulligan, Lawrence Berkeley National Lab
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Jet substructure

Pb-PDb collisions

Soft Drop: z,, Hg

James Mulligan, Lawrence Berkeley National Lab

Dataset:

gint — 012 Ilb_l

Unfolded distributions

ICHEP 2020
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Groomed jet substructure in Pb-Pb |

Groomed jet momentum fraction, z, \e _Phiblen

P T,lead + P T,sublead

2N
Il

Modification of splitting function?
Coherent vs. incoherent energy loss?

Previous measurements: Slight suppression?

Vs = 5-02 TeV, pp 27.4 pb', PbPb 404 ub’

AL L
[ ALICE Pb—Pb S\N = 2.76 TeV - 0-10% Pb—Pb

| | ' CMS Coherent antenna BDMPS
o 10k Anti-k ;. charged jets, R = 0.4 4+ 6 Emb. PYTHIA . B Data — g =1GeV%/fm,L=5fm 7
N + - - @ 0-10% - - a =2 GeVz/fm, L=5fm -
Q I = - == Smeared Hybrid Model O ° SCET Chien-Vitev
P —— Smeared Jewel (w/recoils) | e 2 ~ = JEWEL g=1.8 ]
-Ocn 1% : 8 i 1g=22 il
! 80 < p <120 GeV/c —o—F - - HT g =4 GeV2/fm 4
< Soft Drop z,, = 0.1 1 /p) R ‘\%\ - = =« COherent h
- AR™ > 0.0 Q| (GeV) luriy — incoherent l
10 ' + S 140-160 R Also: STAR
e o [T T ewage NPA 967 (2017)
[ O - SR ol
O sl i T
o - ! 4
= I_ b \ \\\\ \\
&0 E | anti-k, R=04, I _1<1.3 h )
O 2 O I [ I | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
' ' ' Z. ' ' ' " 0 0.1 0.2 0.3 0.4 0.5
PLB 802 (2020) 135227 9 Zy  PRL 120 (2018) 142302

Never unfolded for detector effects and background fluctuations in heavy-ion collisions

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 11



Groomed jet substructure in Pb-Pb

Groomed jet radius, 0,

dN/fl % Ringer, Xiao, Yuan (2019)
: 1907.12541

25 [/ © 80<p7<120 GeV, |n|<0.5
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Medium-induced gluon radiation (g) broadens jets

Energy loss selects narrow jets

d-g fractions, coherent vs. incoherent energy loss

And more, e.g. Iy ~ 1/9; affects path-length

——p Disentangle and constrain these effects

Never measured in heavy-ion collisions

James Mulligan, Lawrence Berkeley National Lab
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Identifying groomed jet splittings in Pb-Pb

Embed PYTHIA into Pb-Pb background to estimate the fraction of subleading prongs in
PYTHIA that are reconstructed in the subleading prong of the combined event

PP
Soft Drop z.,+ =0.1

CA reclustering
pT, et =49 GeV/c

o
D
©

do

~—
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=
.._.“
2

o

/ //,./

pp + thermal
= PYTHIA
== Background

Ratio

[ 4 =

JM, M. Ploskon
2006.01812

—» Large number of misidentified Soft Drop splittings predominantly at large angle

PYTHIA8 embedded in thermal background

| Sy = 5.02 TeV
- Charged jets anti-k;

| R=04 Iy <10

PYTHIA subleading
prong tagged in:

PYTHIA .Subleading
] 80 < pT, oh ot <100 GeV/c leading (swap)
SD: Zoi = 0.1,5=0 leading (mis-tag)
- i groomed away
- C-A reclustering Sutside jet
other
= Truth

e Embedded / Truth
m Tagging purity

_‘_—.-—.'—.- - -
-@- g

._._.._-Q-'.'_._ ____________________ 0]

......... ftsssssaasass

0 0.2 04 0.6 0.8 1
0

James Mulligan, Lawrence Berkeley National Lab
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https://arxiv.org/abs/2006.01812

Identifying groomed jet splittings in Pb-Pb

Embed PYTHIA into Pb-Pb background to estimate the fraction of subleading prongs in
PYTHIA that are reconstructed in the subleading prong of the combined event

pp Slg” PYTHIA8 embedded in thermal background AL LI S R L L B B
S s =5.02TeV " ALICE Pb—-Pb ys,,, =2.76 TeV T 0-10% Pb—Pb
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CA reclusterin ¢ | R=04 In_I<10 Prong tagged in Y T T e Emb. PYTHIA :
J 4 80 < pPYTHA< 100 Gev/ MEUbleading 'IC\IJ ; 3 —.— Smeared Hybrid Model ]
PT,jet = 49 GeV/c =P chjet = SVIC mleading (swap) = [ Y i
' J€ " SD:z,,=0.1,8=0 leading (mis-tag) e i = Smeared Jewel (w/recoils) |
- C-A reclustering gLﬁgirg:?;way © 1 i _
) . S ./ i other *Zj 80 <P <120 GEV/C et :
ol —Truth Z [ Soft Drop z,; = 0.1 1 ©
—
pp + thermal —L"'—._ 107'¢
m— PYTHI|A '
o<
e T I I
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CCEU 3:_ = Tagging purity : Yo
2 et el
[ . | et
- - 0 0.2 0.4 0.6 0.8 1
0 PLB 802 (2020) 135227 Zg
g

JM, M. Ploskon
2006.01812

—» Large number of misidentified Soft Drop splittings predominantly at large angle

Previous measurements with 7. . = 0.1 are significantly contaminated with background

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 14


https://arxiv.org/abs/2006.01812

Identifying groomed jet splittings in Pb-Pb

Embed PYTHIA into Pb-Pb background to estimate the fraction of subleading prongs in
PYTHIA that are reconstructed in the subleading prong of the combined event

PP
Soft Drop z.,+ =0.1

CA reclustering
pT, et =49 GeV/c

/ //,./

pp + thermal
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- Background
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JM, M. Ploskon
2006.01812
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B T, ch jet
SD:z,,=0.1,5=0
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| Charged jets anti-k;

| R=04 17 1<10
80 < pPYTHIA < 100 GeV/c
T, ch jet

PYTHIA subleading
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leading (swap)

- SD: Zcut — 02, /5 =0 leading (mis-tag)
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i C-A reclustering outside jet

other

- 1 ruth
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3 = Tagging purity
- oo %o o
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Our solution: Measure in the (approximately) background-free part of phase space

Raising 7., removes mis-identified splittings and reduces their impact
This leaves ~5-10% mis-tagged splittings —» Unfolded measurement feasible

James Mulligan, Lawrence Berkeley National Lab
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https://arxiv.org/abs/2006.01812

Results — Soft Drop z,, 6,
Pb-Pb 0-10%

JETSCAPE 1903.07706

Multi-stage energy loss 0 0.05 0.1 015 Rg
MATTER+LBT SR - 8] : _ e s
SIS 10F @ pp ALICE Preliminary O % 45 o oD ALICE Preliminary
Caucal et al.  JHEP 10 (2019) 273 o " m Pb-Pb0-10%  \Syy=5.02TeV © o5l mPb-Pb0-10%  |Syy=5.02TeV
: —| o B Sys. uncertainty  Charged jets anti-k- | = - Sys. uncertainty  Charged jets anti-k
IOQC.D parton shower, vacuum-like + <2 81 R=02 Iy 1<07 > 3F R=02 Iy 1<07
medium-induced emissions 6:_ 60 < P, ., jet1< 80 GeV/c o5l 60 < P, ., jet1< 30 GeV/c
Chien, Vitev PRL 119 (2017) 112301 - S;)Sft Drop zcugo.z, £=0 oF S;gft Drop ZC“ATO'Z’ B=0
- - - = 0. = 0. : foo =089, fih =0.
Soft Collinear Effective Theory 4 Mtagges = 0-89: Tiaggeq = 0.88 15E tagged = 0-89: Traggeq = 088
Qin et al. PLB 781 (2018) 423 21 1—
Higher-Twist, coherent energy loss I 0.5 —
Pablos e't al_ JHEP (2020) 044 f i I-JE'II'SCAI\PE, II\/IAT'IlER+II_BT (IPreI.)I | p;b|oslet a|_| I I=O | - & . -IJEITS|CAPIE, I\I/IATITEF|{+LL;:T (II:’reI.I) |
|8 4 4f EGue T IR0V paesera Lo-2nr | T[S Caual et 72 <Pn <195V
: = ien et al., 100 < p™ < c ablos etal., Les =</l - ablos et al., Lyoq = uan et al., me .
y Hybrldtm(idel based on AdS/CFT i : C_Ginet Zla 90<f>1’,‘jeett<120 CaV/e W Pablosetal, L, = o : ﬁ oL Pablos et le; ﬁj::i/ﬂ - - yuan e 2:::gllia=rk5 e |
uan et al. 1907.12541 1.2 .
Two approaches: 1 :'"M_____________ e
(1) Modification of g/g fractions N )
med g/g fractions from: 0.8 - E i
Ringer et al. PRL 122 (2019) P T S O_ R R S H A SR
(2) § broadening 0.2 0.3 0.4 Z0.5 0 0.2 0.4 0.6 0.8 p 1

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 16




Results — Soft Drop z,, 0,

Pb-Pb 0-10%

Fully corrected for
background and
detector effects

No significant modification
of Zg distribution

OIN I -
SIS 10L o pp ALICE Preliminary
2 @ Pb-Pb0-10%  \Syy=5.02 TeV
| g gl Sys. uncertainty  Charged jets anti-k+
Q- i R=02 Iy 1<07
i 60 < p. <80 GeV/c
6 , ch jet
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- o |
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20
i ! ! ! ! I ! ! ! ! I ! ! !
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4l 1.4F Cﬁluecnaeteta? 1(7)(53ng6 12130 Gev/e [ Pablosetal, L =2/nT
al [ ==Qinetal, 90< Pl <120 GeV/c Pablos et al., Los =

James Mulligan, Lawrence Berkeley National Lab

Pb-Pb

do
Ujet, inc ng
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4 ALICE Preliminary
- ® PP
3.5 :— B Pb-Pb 0-10% VSNN =5.02 Tev
. Sys. uncertainty Charged jets anti-k;
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. - | ‘
E = ]
15— . =
05 g .
. -IJETS(IDAPE I\I/IATTEFl{+LBT (IIDreI.I) —
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o) - Pablos et al., L _O Yuan et al., med g/g .
2 | Pablos et al., Lres =2/nT == Yuan et al., quark —
B Pablos et al., L, = Yuan et al., gL = 5 GeV?
1k I e —
O ] ] ! ! ] ]
0 0.2 0.4 0.6 0.8 p 1
9
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ALICE

Modification of 6’g:
Collimation / Narrowing




Results — Soft Drop z,, 0,

Pb-Pb 0-10%

Fully corrected for
background and
detector effects

Data seem to favor
Incoherent energy loss
and/or large g/g
suppression

QN - "
SIS 10L o pp ALICE Preliminary
2 @ Pb-Pb0-10%  \Syy=5.02 TeV
| g gl Sys. uncertainty  Charged jets anti-k+
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al [ ==Qinetal, 90< p < 120 GeV/c Pablos et al., Los = i
0.2 0.5

No significant modification
of Zg distribution

James Mulligan, Lawrence Berkeley National Lab
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Inclusive jet cross-sections

proton-proton collisions

PRC 101 034911 (2020)

107°F

= ALICE
pp Vs=5.02 TeV
Anti-ky |7 | <0.7-R
- Full jets
= =i 3=
 EE =
oy
o rm
: = E= =l .
- ¢ AR=0.1
@ R=0.2 o
- A R=0.3 = =
R=0.4 shape unc. - -
: R=0.5 correlated unc. C—&—
L+ R=06 o =21% ]
| | | I ppl | 1 1 I | II:?:
50 100
ijet (GeV/c)

Theory/Data Theory/Data Theory/Data Theory/Data Theory/Data Theory/Data

2F R=0.1 ALICE

) pp _Ys=5.02TeV
oo [T VIV e[V & | ¢ [ & |

NNLO+NP

5 R=0.2 ¢ POWHEG+Pythia8 A14
1B----4 Alviv]e. C PV = = = gy v
5F
58 R=0.3

1 ---- _A_*\/_y_\é vV |- -~ v v
5

5 A=0.4

15_ ______ “_ 4__“_ ¢ A S . AN ) AN S S
5E_R=O.5

15__ _____ 0‘__6_ ANl A Al A A

st R=0.6

1L____‘E_’__‘ é | A S S
0 20 100

NNLO P o (GEV/C)

Currie, Glover, Pires PRL 118 072002 (2017)

POWHEG+Pythia

Aliolo et al. JHEP 43 (2010), JHEP 4 (2011
Sjéstrand et al. JHEPO5 (2006) 026, CPC 178 (2008) 852

James Mulligan, Lawrence Berkeley National Lab

ALICE

Theoretical approaches

Fixed-order calculations:
NLO, NNLO

Resummed calculations:
e.g. (o, In 1/R?)"

Parton showers

NNLO contributions are significant

Currie, Glover, Pires PRL 118 072002 (2017)
Czakon et al. JHEP 262 (2019)

NLL resummations are significant
Liu, Moch, Ringer PRL 119 (2017) 212001

See also CMS 2005.05159 (2020)

ICHEP 2020 19



ALICE

Inclusive jet cross-sections
Modification in Pb-Pb

Suppression of jet yields in heavy-ion

PRC 101 034911 (2020) collisions relative to scaled pp collisions
S - & 2F R=0.1 ALICE
et i | ALICE S _pp_Vs=5.02 TeV PRC 1071 034911 (2020)
> [ ‘ S 1f----[*T2TVTvIelv] - | e | @ |
o _ pp Vs=5.02TeV g NLOLNP < :
= : . . +1 < B _
LE: 103k = =g g Anti-K | 77jet| <0.7-R §1.5 - R=0.2 ¢ POWHEG+Pythiag A14| CC 1.4 ! ALICE R=0.2
=_f Full jets | e = ASZKEEAE 28 SR ERER - Pb-Pb 0-10% |5, = 5.02 TeV
5 ' S05F I
o5, | = s Froa——— - 1.2 pp Vs =5.02 TeV
O| = gl
_81_10—4_ m:.:lI] %‘ 15_ _____ SO B B o g R Et R I S I ] | njet|<o'5 pfad’Ch>SGeV/C
£ sk I ,———_———_——— B
O ¥ g?:_ R=0.4 | | - - LBT
S " B ALICE0-10% [ SCET,
= === s F.___]: SR I R en o e e e e ¢ |L.¢ " [ Hybrid Model, L, = 0
10—5 - = E 0_8 — Correlated Uncertalnty - Hybrld MOdel, Lres= 2/(7.[7-)
- & R=0.1 = = c . ER=05 ] Shape uncertainty @ JEWEL, recoils on, 4AMomSub
& A0.2 A 3 T i mm JEWEL, recoils off
- | B === R S S EE S IRk ahk o ot —— 0.6+
== F F -
1 —6 - R=0.4 shape unc. ] - _ i
0 £ ¢ R=0.5 correlated unc. —&— §1 5p =06 - n -
L+ R=06  ¢”°=21% — S qb---- E._‘_J Alelela ] ] 0.4r
- | | | | I ppl | 1 | I 1 !1 ﬁ i . . . . 1 . . . . 1 . :
0 20 100 0) 50 100 0.2 B
Pr et (GeVic) NNLO Pr e (GeVic) T H
Currie, Glover, Pires PRL 118 072002 (2017) -
POWHEG+Pythia O'....l...ll.l.
Aliolo et al. JHEP 43 (2010), JHEP 4 (2011) O 50 1 O O
Sjéstrand et al. JHEPO5 (2006) 026, CPC 178 (2008) 852 ( GeV /C)

T,jet

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 20



Inclusive jet cross-sections
Modification in Pb-Pb

Suppression of jet yields in heavy-ion

Exp|oring new methods: Machine Learning collisions relative to scaled pp collisions
based background subtraction PRC 101 034911 (2020)
.. < i
< T S — E— New Preliminary = 1.4] ALICE R=0.2
X, | ALICE Preliminary Pb-Pb |s, = 5.02 TeV, 0-10% _ -
b FullJets, anti-ky R=04,In_|<0.7 - R . - Pb-Pb 0-10% \'s, =5.02 TeV
_ ML Estimator Trained on PYTHIA ] 12+ op s =5.02 TeV
‘- I J<05 s 5 Gove
: o] Area-Based (p_ _, >7 GeV/c) | 1 R B
0.8~ = = « Fractional Collinear — - - BT
BDMPS-Motivated : - B ALICE 0-10% =) SCET,
o6 o Fractional Large Angle b 0.8 - Correlated uncertainty E :zg::g mggg:: t:2==2(;(7l37_)
L - i Shape uncertainty mm JEWEL, recoils on, 4AMomSub
. 1--- m=s + ] I mm JEWEL, recoils off
- e T 0.6
- e : l
- e i N N
o N 0.4+
"ML Fragmentation Bias Studies I I
. ””5|o """"" 1cl>o """" 0-2__

Caution: Introduces large model-dependence 0 50 100
Open question: How to properly quantify bias? p. ., (GeVic)
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ALICE

Semi-inclusive hadron-jet correlations

ALICE JHEP 2015 9 (2015) 170
STAR PRC 96 (2017) 024905

v
Ve

,'/ .
» Lrigger

hadron Measure semi-inclusive yield of jets recoiling
from a trigger hadron:

INAA -
1 d N ( 1 42 G AA—h+jet+X )
PT.trig eTT

AA 1..ch | AA—h+X ch |
Nirig dPT jerdMjet O dpT jerdMjet

praElT

Well-suited to statistical background
subtraction procedure in heavy-ion collisions

Allows low-p, large-R measurements

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020 22



Semi-inclusive hadron-jet correlations

0.05

v
Ve

,'/ .
> trigger
hadron

JHEP (2015) 9 170

i AI\LICE | | | | | | |
. 0-10% Pb-Pb \/ST,N =2.76 TeV
Anti-k; charged jets, R = 0.4
40 < p_rrejceci’Ch <60 GeV/c

 TT{20,50} — TT{8,9}

- @ Pb-Pb: 0 =0.173+0.031(stat)+0.005(sys)
- l PYTHIA + Pb-Pb: 0 =0.164+0.015(stat) M

Statistical errors only
Illlllllllllllllllllllllllllll

16 18 2 122 24 26 28 3
Ag

ALICE JHEP 2015 9 (2015) 170
STAR PRC 96 (2017) 024905

Measure semi-inclusive yield of jets recoiling
from a trigger hadron:

2NTAA '
[ &N ) 42 gAA—hHjet+X
trig dpf T ]etdnJet DT €TT dp T,]eth’Jet

Well-suited to statistical background
subtraction procedure in heavy-ion collisions

Allows low-p, large-R measurements

Angular distribution may be sensitive to:
Large-angle deflection

D’Eramo, Rajagopal, Yin JHEP 01 (2019) 172

Jet broadening: (| chenetal, PLB 772 (2017) 672

Gyulassy et al., 1808.03238
Zakharov, 2003.10182

James Mulligan, Lawrence Berkeley National Lab ICHEP 2020
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ALICE

Semi-inclusive hadron-jet correlations
0-10% Pb-P

107 .
| /. trigger T N RN New Preliminary
hadron O - —  ALICE Preliminary -
= 'E Pb-Pb, s, =5.02 TeV -
O gL charged jets, anti-k; -
5 [ R=02In 1<07 .
________ & 5F 30<p™ <40GeV/o =
A» _ 4 —e— Pb-Pb0-10% _+::
5 First fUIIy'CorreCted 3 = Sys. uncertainty B
» . . .. . - =
hadron-jet Ay distibution - T PpPYTHIASMonash2013 o
2 B — _
— T N
= ———— =
0 o =
_ S P P P I S -
Two observations: %1 | z
= 1.0 —
> - ]
Suppression of Pb-Pb yields relative to PYTHIA S -
= E —e——— ]
. . . . i 0.5 + ¢ ® —— —
Narrowing of A distribution towards Ap =« & ;
Role of radiative corrections? zakharov, 2003.10182 1.6 18 2 22 24 26 28 3 A
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ALICE

Semi-inclusive hadron-jet correlations

High-multiplicity proton-proton collisions

Significant modification of A
distributions in High-Multiplicity (HM)
compared to Minimum Bias (MB)

1_/\ T | | | | | | | I | | | I | | | I | | | I | | | I | | | I | | ]
|

Q- a07 ALICE preliminary il s

O chad 8 I =

8 0t e recoll jets :

3 0.06 Unc?orrected . (15,20) Gev 5

<&’ B Anti-k; charged jets, R =0.4 _|_ E

E 15 < prece < 20 GeV/e -

009 EL =

— A =030 -I— -

| jet —

B 7.,/ <05 B

0.04— Hadron TT{20,30} — TT{6,7} _|_“ SRS

- —— MBdata Ls& -

0i0S Correlated syst. uncert. MB %*\ =

E —— HM data 5 < VOM/{VOM) < 9 § : H\ &

0.02— Correlated syst. uncert. HM $_T\ i

B Jide =

b fl-%-é\ ';I; 5

B~ e - :

O o | | | | | | | | I | | | | | | | | | | | | | | | | | | | | | | ¥

16 1.8 2 2:2 2.4 2.6 20 3

Ag| (rad)

Similar effect seen in PYTHIA — what is its origin?
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ALICE

Semi-inclusive hadron-jet correlations

High-multiplicity proton-proton collisions

Significant modification of Ag HM trigger constructed from
distributions In Hi_gf_l-Multip_liCity (HM) forward scintillators: VOA + VOA
compared to Minimum Bias (MB) 5 < <
T-’; = IA:_ch:E”rI'IHIHIIHI'I'IHIIHIH: <VOA+VOC>
il preliminary —
8 0t ey recoll jets E
§ 0.06— Uncorrected (15,20) Gev = —
<&’ E Anti-k; charged jets, R = 0.4 _|_ E
E 15 < peh'ee® < 20 GeV/c _ |
oosE- s, E > N
e n | <05 —|_1\ g :l\- =
0.04— Hadron TT{20,30} — TT{6,7} _|_“" SRR v U o
E S ME et L%\QR E (.z ________ — A T e e e =] CXETTm
0i0S Correlated syst. uncert. MB }\_*\ el z=0— bsorber -‘E
C —— HMdata5 < VOM/AVOM) <9 ;:%% 5 1' i
0.02— Correlated syst. uncert. HM T —:
0.01— = \—E'\%‘% * N — L ,‘ |
%* &*d;; :*\ = E :\\ e— — — S— — | ...................................
O e T s T2 2z 24 26 28 3 VZERO-A . VZERO-C
Ag]| (rad) VOA:2.8<n<5.1 VOC : -3.7<n<-1.7

Similar effect seen in PYTHIA — what is its origin?
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B

ALICE

Semi-inclusive hadron-jet correlations

High-multiplicity proton-proton collisions

HM trigger induces forward-backward

Significant modification of A¢g rapidity bias for recoil jets

distirbutions in High-Multiplicity (HM)

- - . 0.35 | | | | | | | | | | | | | | ] ]
Minimum Bias (MB = B op e =13
compared to u as (MB) 2 T F AloE simuaton S New Preliminary
B onas i
~—~ ) | e o ] Y L g 0.3 —
= 0.07 — | AlLICE prelilminary I I 'II ' ’[ | I - 8 L By Anti-k; charged jets, R =0.4 _
- F op Vs = 13 TeV recoll Jets 5 S Events with TT{20,30} -
Ta) 0.06 Uncorrected (15,20) Gev — Fe) B = Recoill jets: |(pTT — (pjet| =Tl
<&’ E Anti-k, charged jets, R = 0.4 + = 8 E p?h_ > 25 GeV/c o
. 15 < p7e° < 20 GeV/c i o 02 m O=m = 2
0.05 ey _I_ . o : O 0e®eveeee®e -
L. jet - E 9 o
8 gl oo - N 0.15— S 'Ogoooooooo L =
0.04[— Hadron TT{20,30} — TT{6,7} T S5k E o B O e \'e _
G : 3 = bl Bml. © Q 0
E —— MB data LQ\%R = 0.1 nEgtnty 085- A i
0i0S Correlated syst. uncert. MB %*\ ol i 5 .l. 05 i
EE = = - L =
H HM data 5 < VOM/VOM) < 9 N = H PY_ il
goz2k R Correlated syst. uncert. HM T ) S — 0.05— ® st AR, ® i
: - 3 = & NEES VOM/AVOM) < 5 ie 5
3 g : - m 5 < VQMAVOM) < 9 -
0.01 Eu TRT o 0 R | o0 | h..
e - e \—;-\%% Stk - —4 —2 0 2 4

S & g L

O | | | | | | | | I | | | | | | | | | | | | | | | | | | | | | | Jet
16 1.8 2 2.2 2.4 2.6 20 S

High-multiplicity requirement
biases towards multi-jet topologies
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Summary

ALICE has a rich QCD jet program in both pp and Pb-Pb collisions

Jet substructure measurements

A variety of groomed and ungroomed observables in pp collisions
First fully corrected measurements of Soft Drop z,, 6’g iIn heavy-ion collisions

Inclusive and semi-inclusive measurements

Inclusive cross-sections test pQCD calculations and constrain jet quenching models
Semi-inclusive techniques allow low-p measurements to probe jet acoplanarity

And more not covered!

LHC Run 3 will open new jet possibilities:
Heavy-flavor, differential measurements, correlations, ...
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Backup

James Mulligan, Lawrence Berkeley National Lab

ICHEP 2020

ALICE

29



Soft Drop — D-tagged jets  wecrmcsnnce

proton-proton collisions

Do-tagged jet: A jet containing a prompt D
DO

0 1 2 3
V. Kucera, Hard Probes 2020 Nsp

Goal: Constrain charm fragmentation
Dead-cone effect

Quark vs. gluon differences

James Mulligan, Lawrence Berkeley National Lab

'|'[+

HL.ICE

1III|IIII|lIlI|IIII|IIII|IIII|III NeW Preliminary

" ALICE Preliminary, pp, Vs = 13 TeV

o
~

- 6 D°-tagged
- charged jets, anti-k;, R=0.4 Hinclusive
15 < p” " < 30 GeV/c, | <05

5 < p2 < 30 GeV/e, 1y, <08

p'eadmg rack > 5.33 GeV/c

T, incl. ch. jet

Soft Drop (z., = 0.1, 5 =0)

O
(2

(1/N.,) dN/dng

0.4 cut — =
0 .. _
- .‘. ........ ".' ........ —
B . S0 a, —
O . 3 [ 00" ‘," *9 A .E —
- . . . —
L "‘ "‘ —
.
B 0" 0"' “N j
__ ‘.0 0" ”o __
O . 2 N ¢ E‘ ““ —
L "0 " . —
| R 4 ‘$’% “‘ —
| ~.. EI —
0.1— R i
| ‘o' ~’~~ |
L
- Erx ’~~¢ .
o -
el I I | [ 111 | [ 111 | I | 111 | I | 111 | [ 111 I [ 111 | [ | 1 1
0 1 2 3 4
Nn
SD

Harder fragmentation of charm
quark compared to inclusive jets
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Soft Drop — D"-tagged jets

ALICE-PUBLIC-2020-002

Recluster and groom jet to expose hard splitting \ P subead

P T,lead + P T,sublead

Soft Drop: 7 < Zcutﬁﬁ

Dasgupta, Fregoso, Marzani, Salam 1307.0007
Larkoski, Marzani, Soyez, Thaler 1402.2657
Larkoski, Marzani, Thaler 1502.01719

6. =R/R
g g
O O01 02 03 04 05 06 0.7 08 0.9 1
() N@ :I T 1 | T T 1 | T T 1 | T T 1 | T 1 1 l T T 1 l T 1T 1 | T 1 |: m@ _I T | T T | T T | T T | T T I T T | T T | I'TTT1 | I'TTT1 | T |_
" . " TaY © u imi = - .~ ALICE Prelimi =13 TeV |
D _tagged Jet A Jet COntalnlng = o ALICE Preliminary, pp, (s =13 TeV 5D%tagged | 2D 6 C lre|m|nalry, pp, Vs =13 Te §D%tagged
0 S - charged jets, anti-k+, R = 0.4 & inclusive . % [ charged jets, anti-k;, R = 0.4 Hinclusive .
d prompt D 1y —~ 8 15<pf"" <30 GeVie,n | <05 1 o~ [ 15<p""<30GeVic,|n | <05 ]
DO 9 B (;I_ jet ] ko) 5L (;r jet )
3 2E5<p2 <30 GeVic, |y ,| <0.8 4 = L 5<p2 <30 GeVic, |y ,| <0.8 |
______ > - ~  |eading track 7] > ~ _leading track b
K— ~ u piincl.gche.l(j:et >5.33 GeVic ] ~— i pT, incl. ch. jet 25.33 GeV/c |
6:_Soft Drop (z,, = 0.1, 5 =0) B 4_—Soft Drop (2., =0.1, 8 =0) ]
55 % — i .
g - 3 -
N N L | | i
= B ] B Q 7]
Physics effects 3 7 E of :
2 - — - i
- = - - ]
Dead-cone E 7 b= O o9 b
E||||||111||1|||||1||111||||||l|||1|11||E :IIII|IIII|lllllIllIllllllllll|llll|llll:
0.1 015 02 025 03 035 04 045 05 0 0.05 0.1 0.15 02 025 03 035 04
Quark vs. gluon 7 P>

9 9

No significant modification of Do-tagged compared to inclusive
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Dynamical Grooming

|dentify splitting in C/A tree as the maximum of a particular grooming condition:

z;(1 — Zi)pT,iHia

a— 0 hardest z
a=1 hardest k7 (krDrop)
a="2 smallest tr (timeDrop)

First measurement of
Dynamical Grooming

—» Well described by PYTHIA

Y. Mehtar-Tani, A. Soto-Ontoso, K. Tywoniuk

PRD 101 (2020) 034004 ALICE

Similar to Soft Drop — except

grooming condition varies jet-by-jet

]_OO_I T T T T T |""|""|""|"_ﬁ-""I I I I LA L g
— : ALICE Preliminary 7 ALICE Preliminary 1
N —— pp /s = 5.02 TeV ][ == pp /5 = 5.02 TeV :
N R N Anti-kt charged jets 17 — Anti-kT charged jets 1
CDO R = 04, ‘njet‘ <0517 R = 04, |77Jet‘ < 0.5 1
101 . 60 < p jer < 80GeV/c | L - 60 < S ier < 80 GeV/c _
o 1F N
= S A
g -+ ktDrop =  —+ timeDrop —
™ 10°2L—— PYTHIAS Monash 2013 {F o PYTHIA Monash2013
12; —r  r r I 1 I I _E _' I I I I I I I I F
% S 1 0:_ _____________ _+_ ______________________________ _ -——--_+——_- ——————————————————————————————————————————————————— —
Cls +YE ] +‘ ' +‘
- 08;— + E _I | | | | T | | | :
o 1 2 3 4 5 6 7 B8 0 1 2 3 4 5 6 7 8
kt (GeV/c) kr (GeV/c)
krDrop timeDrop
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ALICE
Unfolded, 7., = 0.2 Not unfolded, z_.,, = 0.1
o i
3N ok ALICE Preliminary S B L
® PP
cEJ i m Pb-Pb 0-10% V SNN =502 TeV ALICE Pb-Pb vSNN =2.76 TeV
™| B Sys. uncertainty Chared jets anti- k Anti-k - charaed iets _R =04
b-qi 8: | 77 |<O 7 N@ 10 T ged | ’-
_ 0<p. %80GeVic |
6_— _ ~
I fo =089, —08_8 %
™ tagged "~ Ttagged
4__ ' g9 g9 -I‘L) 1 h
- . o 2 a - O 80 <p> <120 GeV/c
Y Soft D =0.1
New Preliminary < Db Zou
- ~ AR 7 >0.0
& i iJE'II'SCAI\PE I;/IAT'IEER+II_BT (IPreI )I | p;b|oslet a|_l, Lresl=0 ] 10_15_' E
& a 1 4F '8%‘552?2?'1382‘;;32113%%23’/2 Pablos etal., Le; =2/nT _ ——————————
2l | ==Qinetal, M<p <120 GeV/c I Pablos et al., L = T o < 1 ]
o = I B g
o - | .
=
&U - |
_ : 0 0.5f -
0.2 0.3 0.4 0.5 0.1 02 03 04 _ O
Zy  PLB 802 (2020) 135227 Lo
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