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% The ALICE Collaboration

ALICE
Data taking
System Year(s) Vsyy (TeV) Lint
2010, 2011 276 75 b
Pb-Pb 2015, 2018 5.02 800 pb-"
Xe-Xe 2017 5.44 0.3 pb-!
o 2013 5.02 15 nb-"
p- 2016 5.02, 8.16 3 nb-', 25 nb-"
2009-2013 0.9, 2.76, 200 pb-', 100 nb-"
7,8 1.5 pb, 2.5 pb-!
PP 2015, 2017 5.02 1.3 pb-i
2015-2018 13 36 pb-"

1025 Authors
174 Institutes
* 39 Countries
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% The ALICE Collaboration

ALICE

1025 Authors
174 Institutes
* 39 Countries

https://alice-publications.web.cern.ch/submitted

Data taking
System Year(s) Vsyy (TeV) Lint
2010, 2011 2.76 75 pb-"
Pb-Pb 2015, 2018 5.02 800 pb-"
Xe-Xe 2017 5.44 0.3 pb-!
- 2013 5.02 15 nb-!
p- 2016 5.02, 8.16 3 nb-1, 25 nb-!
= =2 310 papers submitted
§ § § § § § § § § § §



https://alice-publications.web.cern.ch/submitted

% A Large lon Collider Experiment

ALICE

Excellent track-momentum TR _ SPD
resolution and PID

AD A

solenoidal «.’:"_,-;ﬁ:___:,,_:‘r; -
magnet: 0.5 T -
.
Trigger and <PC VOC

event characterisation

detectors S T | o
VOA il ADCI
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% A Large lon Collider Experiment

ALICE

Excellent track-momentum ITS

resolution and PID

. TPC — i
solenoidal AR £

magnet: 0.5 T -

Tracking
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% A Large lon Collider Experiment

ALICE

Excellent track-momentum ITS

resolution and PID

. TPC
solenoidal S
magnet: 0.5 T - iias S,
Tracking
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% A Large lon Collider Experiment

ALICE

Excellent track-momentum TSROSO, ) ITS
resolution and PID ., ~—
\l

. TPC = Z -
solenoidal s -
magnet: 0.5 T - Wiias S, 3 ;
Tracking TRD

i —a—
Vertexing

TOF

PID
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% A Large lon Collider Experiment

ALICE EMCal
Excellent track-momentum \ T RRNNOSN N ; ¥ ITS
resolution and PID AR, -

i/‘,%{h\

TPC %
solenoidal F eSS4 h
magnet: 0.5 T - iias 25 3 Al
Tracking TRD
——
Vertexing
TOF

PID
Calorimetry
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Study of QGP in
Pb-Pb collisions




ALICE

Colliding nuclei

Y

central colliston
RGP formation
and hydro cxpawsiow

Hard colliston
and thermalisation o

i.sotropio shape

space <

Pb
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peripheral collision




ALICE

Colliding nuclei

Hard colliston

and thermalisation o

RGP formation
and hydro expansion

Pb

X

/ peripheral collisions

space 4
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% QGP characterisation
ALICE Vector mesons spin

QGP in Pb-Pb - high angular momentum
equivalent to the order of 1021 revolutions/s

 polarises the quarks angular momenti g

« if vector mesons are
produced via
recombination
—> their spin allgns o
Poo F 1/3

X

/ peripheral collisions

» measurement using K*0
- 30 effect at low pr

o
o

2 0.6

0.5

0.1

Event plane
~ oK 10-50 %
1 KS, 20-40 %

l |
~ Pb-Pb, {/s\ =2.76 TeV

pp, Ys =13 TeV
Production plane

oK™

l |
ALICE

ly| < 0.5

|
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ALICE

QGP characterisation

Second order anisotropies in particle
momentum arise from asymmetry in the

»
&

initial almond geometry of the collision P = =
q -
] / peripheral collisions

« pr< 3 GeV/c mass ordering l

from collective dynamics during hydro
expansion (heavier particles have
smaller v,))

P

N
— 7
=, '

v
3 <pr<8-10 GeV/c baryons flow more
than mesons

from coalescence hadronisation

ALICE
JHEP 09 (2018) 006

arxiv: 2005.14639 [nucl-ex] Valentina Zaccolo — SIF2020
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(Almost) all particles flow: light flavours

~ ,.éﬂjn% ) 40-50%

X £ e . ont

o M@} T 6 oK

[ o) c

- S W s + & p+P

R (o) o q)

5 % $ R Ks

- ALICE Pb-Pb |5, =5.02TeV 5 A+A

[ __ lyl<05 L ______

0 2 4 6 8 10 12 _i1_

P, (GeV/c)

j»\ T T ‘ T 1T ‘ T T ‘ T T ‘ T T ‘ T T ‘i

r ALICE 20-40% ]

- Pb-Pb, |[s = 5.02 TeV .

S ]

- K* E

T ¢ p+p EE:

r . d+a I — B
o °He + °He @ [ gy ]

L = ca) ]
= ]

B i EBsEE=—

= o e :+: ]

& < -

f;ﬁ—»é%z ]
4 ]
Hyas + nuclei ]

0 1 2 3 4 5 6
| P, (GeV/c)




QGP characterisation

aiice  (Almost) all particles flow: heavy flavours

Second order anisotropies in particle

momentum arise from asymmetry in the Ny 0.3 ALICE
initial almond geometry of the collision 30-50%
L

Heavy flavours are produced in the hard 0.2 ¢ éij‘j@%
scattering = travel through the QGP | @ @
* D and J/y flow 01§ w@;
« e from b-hadron decay flow e 2

- b flow < c¢ flow
* Y(1S) large mass + small recombination 0+ %

—> flow consistent with zero

\

T ‘ T ‘ T ‘ T ‘ T ‘ T | T
Pb-Pb |s,,=5.02 TeV _|

< 7t lyl < 0.5

e Prompt D, lyl < 0.8

e Inclusive Jip,25<y <4

e Inclusive JAhp, lyl < 0.9 .
b—e, lyl<0.8

mY(1S) 5-60%,25<y<4

W@% .

ALICE

Phys. Rev. Lett. 123, 192301 (2019)

arXiv: 2005.11130 [nucl-ex]

arxiv: 2005.14518 [nucl-ex] Valentina Zaccolo — SIF2020
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(B

ALICE

QGP characterisation
Jets are quenched

The jet Raa exhibits strong suppression
- visible prj: dependence in the case of jet angular aperture of R = 0.2

& 1.4FALICE [R=02| e
- Pb-Pb 0-10% \/s,, =5.02 TeV
VA 1.2r pp (s =5.02 TeV ]
[ Injetl <05 p':i‘:f:b>5GeV/c p'TeZ‘;’°“>OGeV/c 1
AP e 1
= N— % ALICE 0-10% ]
/ 0.8 [ |Correlated uncertainty -
7/ Shape uncertainty
0.6F =
R.~ i m | W | ¥
A A 0.4 nﬂn :
/ 7 h
0.2 a
P P I
/ 07 L L | |
7 0 50 100
pT’jet (GeV/c)

ALICE, Phys.Rev.C 101 (2020) 3, 034911
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Raa for R = 0.2 and 0.4 are consistent =2 energy loss radiated outside the cone

1.4F ALICE R=04 ]
- Pb-Pb 0-10% \'s,, =5.02 TeV
1.2F pp (5 =5.02 TeV ]
[ njetl <0.3 p:i‘:;f:b >7 GeV/c p'iii‘“ >0GeV/ic ]
L B
B ALICE 0-10% ]
0.8 [ |Correlated uncertainty -
Shape uncertainty
0.6r 5
0.4F EE D
0.2r 3
0 L L L | L L L L | L
0 50 100
p_. (GeV/c)
T,jet
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QGP characterisation
ALICE Heavy-flavour jets are quenched

Heavy flavours are produced in the hard scattering - travel through the QGP

< T \\\\\H‘
< I

T T T TT \‘ T T T T TT L

4 A L ALICE Preliminary -
Pb-Pb, s\ =5.02TeV

0-10%, lyl<0.5

Energy loss depends on quark mass B
- prompt D-mesons (from ¢ quarks) more 120
suppressed than non-prompt ones (from b quarks)

i ol =
/ - - UL * Non-prompt D° ]
A/ = 0'8; T " Prompt D° 7:

od- ﬁ% :

\ B il ]

R.= 0.4/~ ﬁ -

-/ gt
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(B

QGP characterisation

ALICE Jets have modified anqular scale
Groomed jet: removing soft wide-angle radiation . 0 0.05 0.1 0.15__ A
Soft Drop alogorithm B e
. clustering.ajet | | at 3% Sy unceainy - Charged ’fff@"&'f
* re-clustering the constituents of that jet 250 iy o0 < ngohzsf;oZG;vgc
+ identifying a splitting that satisfies the grooming condition = s . =080, o, 058
. "
] R B

0.5F
— 2 2 E
R, =1/Ay“+ Ag EL

%
R

ALICE-PUBLIC-2020-006

The 6, distributions are narrower '

in Pb—Pb collisions compared to
pp collisions
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mm JETSCAPE, MATTER+LBT (Prel.)
mm Caucaletal,, 75<p < 100 GeV/c
Pablos et al., L,z = 0"

Yuan et al., med g/g

Pablos et al., Los =2/nT = Yuan etal., quark .

mm Pablos etal., Lo =

Yuan et al., gL =5 GeV?
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QCD-related
measurements

L,

hard scattering

muLtLpLe parton

tnteractions
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ALICE

QCD properties in pp and AA
Strangeness enhancement

* In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass

* In AA particle ratios are described by a grand-
canonical approach within the statistical

T

@. oooeemEner)D B

iiad L

Ratio of yields to (m*+m")
o
L

T

& & B w2k

- @@@W‘W! HOEEEESEm ), ()

o 0 B g 20 (x2)

T LI ITIT‘ T T T TT T T 17T T T LI
u WOROEIMPAN L By & g 1 foh g DD (<6)

hadronsation model

» What is the microscopic mechanism that
explains strangeness enhancement?

e
o
v

1072

Valentina Zaccolo — SIF2020

Dﬂ,ﬂnﬂrﬂ'ﬂlu+ux3) ]

N

0 l ALICE Preliminary

Kk Xe-Xe, | sy, =5.44 TeV
¢ p-Pb, |5, =8.16 TeV
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Ll Ll

=

I N B I

10

10?

Ll L L
10°

(dN_/dr)

10*

14

In< 0.5




% QCD properties in pp and AA

ALICE Strangeness enhancement
Deflqe relatlyg transverse mmj,;m %h Y Ty
gctwlty classifier | = 5<p™ <40 (GeVIe)
in the plateau region 2 e, ]
. >~ 107" p > 0.15 GeV/c,|n| < 0.8 -
5 < prleading < 40 GeV/c S E s
Martin, Skands, Farrington = 102 é_ op. 15 - 13Tev _;I
Eur.Phys.J.C 76 (2016) 5, 299 = b :
10—3 = — PYTHIA 8 Morjash 2013 —-
Ntransverse 3 - §POS LHC "“E
R.. = ch 1074 B -~ NBD fit (k = 3p71, m = 5.24}) S
T — ( transverse) o i W ' g :
ch § = g ey T = = =
osf =2 T 2 -
(almost) jet—free multiplicity estimator 0 1 2 3 4 3

> use it as tool for particle-production studies

ALICE, JHEP 04 (2020) 192 Valentina Zaccolo — SIF2020




(B

ALICE

QCD properties in pp and AA
Strangeness enhancement

Particle production vs Ry
transverse
Nch

RT:

( N t;;ansverse )
c

e {ransverse
o nho enhancement

« toward
o enhancement
o for high R; values
—> same ratio yields
as transverse

» Strangeness enhacement
observed in
+ jet+UE
* high UE activity

0.1

(E4+E)/(m*+1)

—

0.05

—

Ratioto R, >0
o
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F T T T — F T T T
L p‘eadmg > 5 GeV/c ALICE Preliminary ¥ n p\eadmg > 5GeV/e ALICE Preliminary
FoT pp, Vs = 13 TeV e B T pp, Vs = 13 TeV e
- m25<R; <50 p,0.15 GeV/e, [n] < 0.8 I{>]~ 0.1— ®m 25<R;<5.0 p,0.15 GeV/c, || < 0.8
L ) i v, L _ i
| ®00<R;<05 Transverse Region..-| m | "00<R;<05 Toward Region
PYTHIA8 (Monash2013) .= — PYTHIA 8 (Monash 2013)
-------- EPOS-LHC ] | wssssess EPOS-LHC
B -0‘.“.“ 0.05 e, N
== . ¢: ——
EEJ’ - - e
L /—r/’l/l__ - .= : | ;
:_ _: 72N S . — P PPLLLL
E E 2 e CEERRA I
E | o o e
= o E—— %i; — kg s =
e i 1 2 ==
3 =+= EE 3
1 2 3 & 1 2 3

4 5
p, (GeV/c)
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% QCD properties in pp
ALICE Baryon-hadronisation studies

Modelling baryons is difficult due to their colour topology
» are not included in leading-colour approximations - interesting probes!

« p/m® (|S|=0) 214 - o 1l
o models are flatter than data c Y WP
< Y EIA/KS IL
(%] I \ 11
() L 1 Y ALICE =13TeV |l
. A/KOS (|S|=1) E + i L — Egn:ﬁ% :;Airugiiz?)ﬁ_ i
1 |- Q— 8 2013
O EPOS LHC Off ) g : 1 “‘-I-I EPOS'LHC Sias 1
o PYTHIA overestimates data g ! :
by factor 3 @
0.5
« =/} (|S|=2) and Q/d (|S|=3, all s) |
o EPOS LHC good
QL&

o PYTHIA off
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QCD properties in pp
ALICE Baryon-hadronisation studies

Modelling baryons is difficult due to their colour topology B, ALCE Preiminary | ki e <10

= _

F pp, s=13TeV,|y| <05 Data: i

» are not included in leading-colour approximations - interesting probes! & [ ™7™V o (min- ma mean ]
[ [ Syst. from data —&— [ 14- 75], 39 T

//\“ [ Syst. from B feed-down —a— [ 8.4- 24.3],13.7 i

L —— [24.5- 45.8],28.1 _

O = T T T T ‘ T T | T T T T | T T | T T L . B

Sa m e tre nd fo r A C/D ( | C | 1 ) ALICE Preliminary A; ! DO __ 08* + 7.0% unc. on :jlzlltjszegllm::o: not shown |
PP, Vs=13TeV, vyl <0.5 Multiplicity r[;lasses: |17|]< 1.0 B : PYTHIAB (dN,,/dn mean): :

dN,,/d7: [ min—max], mean L Monash: Mode2: B

H H [ syst. from data 4- 7.5], 3. _ - — . _

o is mid-pr enhancement 0l e remoicssiom I 0.6 - %;_3 )
a baryon/meson feature? = 7.0% ey on ity I —2e  Nes ]

Baryon-over-meson ratio

] 0.4 o
Al Kg (Eur.Phys.J.C 80, 167 (2020)) | L JHEP 08 (2015) 003
© PYTH IA MOde2 (QC D-C R) WO rks Multiplicity classes: || < 0.8 E ;
for A /DO dN,/dn: mean 02_
c o —0— 3.8+0.1 L
_m:@ —A— 234104 __ O_I L \-T-\"I-u Lo r-l-\ |\ L1
By : 0 5 10 15 20
b * @ i (GeV/ c)
02 W .

\|||‘||\1||\|\|||\\|\|\|

10 15
(GeV/c)

oO
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ALICE

QCD properties in pp

Baryon-hadronisation studies

Modelling baryons is difficult due to their colour topology 23

» are not included in leading-colour approximations = interesting probes! &

Same trend for A-/D° (|C|=1)

O

is mid-p; enhancement
a baryon/meson feature?

PYTHIA Mode2 (QCD-CR) works

for A/DO...

..but not for E./D0!

+ O

ALICE Preliminary
pp, Vs =13 TeV, ly| < 0.5

| T T T T | T T | T T
0
ALID
Multiplicity classes: 5] < 1.0
dN,,/d7: [ min—max], mean
—m— [ 1.4- 75], 39

—4— [24.5-45.8], 28.1

+ 7.0% uncertainty on multiplicity
estimation not shown

[ syst. from data
[ Syst. from B feed-down

0.8

Baryon-over-meson ratio

1 0.4
Al Kg (Eur.Phys.J.C 80, 167 (2020)) —
Multiplicity classes: 77| < 0.8 -
dN/dy: mean 0'21 I
—0— 38+0.1 1 A
—A— 23.4+04 - o
1 5o 0.8
B [x]
@ _ 0.6
i 0.4
O Il 1 1 L ‘ 1 1 Il 1 | Il Il 1 Il | 1 L Il L | Il 1 Il L
0 5 10 15 20 0.2
(GeV/ c)
0
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ALICE Preliminary
pp, Vs=13TeV, |y| <0.5

[ Syst. from data
[ Syst. from B feed-down

Multiplicity classes: 5| < 1.0

Data:
dNg/dn:[ min— max], mean

—&— [ 14- 75], 39
—4&— [ 8.4- 24.3],13.7
—— [24.5- 45.8],28.1
—— [38.6-152.0], 44.0
+ 7.0% unc. on multiplicity estimation not shown

PYTHIA8 (dN ,/dn mean):

Monash: Mode2:

— 37 EH 38
—13.0 BR129
—27.9 N 27.8
-= 414 a2

JHEP 08 (2015) 003

‘ I | 111 ‘ |- — ‘ I ‘ L1 | | 1

sl DA

C T T T T T T ]
I ALICE Preliminary —
- pp,Vs=13TeV, |y| <0.5 -
r — Eg/D0 -+~ M. He and R. Rapp 7]
i EE/DO PYTHIA 8.243 —
r — Monash 2013, EPJC 74 (2014) 8, 3024 ]
- CR beyond LC approx., JHEP 08 (2015) 003
r % ==~ Mode 2 ]
C = ]
—_ + 22.0% branching ratio uncertainty on £ E ° not shown _—
[T *44.4% branching ratio uncertainty on E; not shown

C 1 | 1 L | L 1 L | L ]
0 2 4 6 8 10 12 14

P, (GeV/c)
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