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The ALICE Collaboration £

ALICE (A Large lon Collider Experiment) is a major experiment at the Large
Hadron Collider (LHC), which is optimized for the study of QCD matter created
iIn high-energy collisions between lead nuclei
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The ALICE detector (Run 2)

Central barrel || < 0.9
Tracking, PID, calorimetry,
mid-pseudorapidity multiplicity
estimator (TPC+ITS)

a. ITS SPD (Pixel)
2\ b. ITS SDD (Drift)
PEERLAW. Y AYL mvm A aVAN c. ITS SSD (Strip)
d. VOand TO
e. FMD
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FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal
DCal

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

Forward detectors, VZERO: event |
activity estimator

CoNOOAWNE

Muon spectrometer —4 < < — 2.5
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Striking similarities between numerous
observables have been observed across
different collision systems at both RHIC
and LHC energies, when compared at
similar multiplicity



Small systems
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Striking similarities between numerous
observables have been observed across
~different collision systems at both RHIC
- and LHC energies, when compared at
similar multiplicity
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ALICE, Nat. Phys. 13, 535-539 (2017)

Small systems
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Small sy

" ALICE, Nat. Phys. 13, 535-539 (2017)
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1 observed across
ms at both RHIC

Strangeness enhancement as
well as vz and v4 (unlike v2) show
a continuous evolution across
collision systems:
pp<->p-Pb<->Pb-Pb




Jet quenching in A-A collisions

Jet shower in the medium, superposition of:
vacuum shower

Fast evolving medium

From L. Apolinario [2020 RHIC/AGS Jet Workshop]

Antonio Ortiz (23/02/2021) Seminario de Fisica de Altas Energias (IF-ICN, UNAM)

Instituto de
Ciencias
Nucleares
UNAM

>



Jet quenching in A-A collisions £

Jet shower in the medium, superposition of:
medium-induced gluon emission

Medium-induced
energy loss

2k — %o o
o - <P -
0000000 Y5
R ‘.: - 4 ‘
@
< . '

Collisional energy IOSS
Re

Fast evolving medium

From L. Apolinario [2020 RHIC/AGS Jet Workshop]

These processes happen simultaneously and interfere
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Jet quenching in A-A collisions

Jet shower in the medium, sug 17 i

|
medium-induced gluon emis

Medium-induced
energy loss
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Fast evolving mec
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ALICE,

PRL 108 (2012) 092301
SRR A B N N A T
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0-5% Pb-Pb/pp  60-90% Pb-Pb/pp

ALICE

These processes happl——
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Jet quenching in A-A collisions

Jet shower in the medium, sug

medium-induced gluon emis

Medium-induced

energy loss (
; obo.,‘.‘
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Re-scattering

Fast evolving mec

From L. Apolinario [2
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PRL 110 (2013) 082302

ALICE, charged particles
" @ p+Pb S, =502TeV, NSD,|n_|<0.3

Cm Pb+Pb {5,y = 2.76 TeV, 0%-5% central, |n| < 0.8

1 4 LA Pb+Pb VSun = 2.76 TeV, 70%-80% central, 1| < 0.8
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Jet quenching in A-A collisions S

UNAM

Observed consequences, e.g. 2

Jet shower in the medium, SUL F™" et charged paries £l
medium-induced gluon emis [ @ PHPO By =502, NSD, || <03 1

© T Pb+Pb {5 = 2.76 TV, 0%-5% central, |1 | < 0.8

| s 2 Pb+Pb ys, = 2.76 TeV, 70%-80% central, |n| < 0.8
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Medium-induced
energy loss
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The effect (suppression = parton energy loss) is not
seen in p-Pb collisions — more studies are needed
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Motivation from
spherXcity studies in pp
collisions
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First ALICE results on pp vs multiplicity ===

Isotropic limit

Publications and Article Submissions

HOME  ALICE COLLABORATION CONFERENCES PUBLIC & ANALYSIS NOTES

®  Article reference: Eur. Phys. J.C72(2012) 2124 Publication link arXiv HEPDat
® System:p-p rgy: 300 GeV,2.76 TeV, 7 Tev  Publication date: 31 August, 2012 ,
N paper on cnarac erlsatlon O%mhl
Measurement of charm production at central rapidity in proton-proton collisions at \,I =276 Tev
® Article reference: JHEP 1207 (2012} 191 Publication link arXly HEPData
® System:p-p Energy: 276 7TeV,7TeV Publication date: 30 July, 2012

Underlying Event measurements in pp collisions at \'? = 0.9 and 7 TeV with the ALICE experiment at the LHC
® Article reference: JHEP 07 {2012) 116 Publication link arXiv HEFData
® System:p-p Energy:300GeV, 7 TeV Publication date: 17 July, 2012

Multl-strange baryon production In pp collisions at A,.-; =7 TeV with ALICE
® Article reference: Phys. Lett. B712 (2012) 308 Publication ink anty  HEPData
® System:p-p Energy:7 TeV Publication date: 11 June, 2012

J/psi Production as a Function of Charged Particle Multiplicity In pp Collislons at sqrt{s) = 7 Tev
® Article reference: Phys.Lett. B712 (2012} 165-175 Publication link amXlv HEPDat
® System:p-p Energy:7Tev Publication date: 5 June, 2012

- Light vector meson production in pp collisions at ,,7 =7TeV
® Article reference: Phys. Lett. B 710 (2012) 557-568 Publicationlink arXlv HEPData
- ® System:p-p Energy:7TeV Publication date: 2 April, 2012
i Heavy flavour decay muon production at forward rapldity In proton--proton collisions at ./ I =TTeV
0 2 ® Article reference: Phys. Lett. B708 (2012) 265 Publication link ariv  HEPData
. — ® System:p-p Energy:7Tev Publication date: 27 February, 2012
e Jfw polarization in pp collisions at /5 = 7 TeV
® Article reference: Phys.Rev.Lett. 108 (2012) 082001 Publicstion link arkly HEPData
T ® System:p-p Energy:7T7eV Publication date: 22 February, 2012
" Measurement of charm production at central rapidity In proton-proton collislons at \s.'-.' =7 Te¥

H H H *  Article reference: JHEP 01 (2012) 128 Publication link arXiv HEPDam:
‘Jet_llke Ilmlt ® System:p-p Energy:7TeV Publication date: 4 January, 2012

Femtoscopy of pp collislons at \.I = 0.9 and7 TeV at the LHC with two-plon Bose-Einstein correlations
® Article reference: Phys. Rev. D84 (2011) 112004 Publication link arkiy  HEPData
® System:p-p Energy: 900 GeV,7TeV Publication date: 13 December, 2011

Strange particle production In proton-proton collisions at 5 =09 TeVwithALICE at the LHC
® Article reference: Eur. Phys. J.C71(2011) 1534 Publicationlink arXiv HEFDam
® System:p-p Energy: 300 GeV Publication date: 13 October, 2011

Data/MC

Production of plons, kaons and protons In pp collislons at \.-I = 9(X) GeVwlith ALICE at the LHC
® Article reference: Eur. Phys. J. C 71 (2011) 1655 Publication link antiy HEPData
® System:p-p Energy: 900 GeV Publication date: 14 June, 2011

1 0 20 30 40 50 Two-plon Bose-Einsteln correlations In pp collisions at .;.7 =900 GeV

' N ( > 0 5 GeV/c) ® Article reference: Phys. Rev. D 82 (2010j 052001 Publication link arkiv  HEPData
ch pT - ® System:p-p Energy: 300 GeV Publication date: & September, 2010
Transverse momentum spectra of charged particies In proton-proton collisions at SJ = 900 GeVwith ALICE at the LHC

“Further insight and puzzles on large-Nch events... Events are generically ol R e e
more Spherical’ less jettYQ than MC. MOSt Of the discrepancy Comes however Charged-particie muttiplicity measurement In proton-proton collislons at /5 = 7 TeV with ALICE at LHC
. . ® Article reference: Eur. Phys. J. C68 (2010) 345-354 Publication link arXlv HEPData
from hard events, not soft ones... probe final state consistent with those of = By B T Feblcbon s 2 . 4
extreme Nch (>100) measured by ATLAS/CMS in a larger rapidity VOIUINE.” i o s s oo s e s sine
Yy g p1dity
. ® System:p-p Energy:900GeV,2.35Tey Publication date: 12 August, 2010

M. Mangano (@ LHC Physics: present and future (2012) ——

Midrapldity antiproton-to-proton ratio In pp collisions at ./ = 0.9 and7 TeV measured by the ALICE experiment

2nd ALICE publication
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Transverse spherocity in ALICE ?—

IR« UE— N - First time transverse

Alejandro Ayala (ICN-UNAM, Mexico)

Octavio Castafos (ICN-UNAM, Mexico)

. -
Arturo Ferndndez (FCFM-BUAP, Mexico) - ) -
Paolo Giubellino (University of Torino, Italy & ALICE-LHC) S
_Gerardo Herrera (CINVESTAV, Mexico) 2 a Ny . O
Arturo Menchaca (IF-UNAM, Mexico) : s & .
Antonio Ortiz (Lund University, Sweden)

S W _ B S R presented to the community
c " as a tool to select special
pp collisions [link]

So is better than St for the isolation of the most “central” pp
collisions. Clean back-to-back jet structures can also be
discriminated

\ _ A
i b R > Z,- | pr; X1

Gerardo Hefrera

e 2 Sp = min

§ Maria Rodriguez

-M ‘‘‘‘‘ lva',n"‘” 4 Zi pT.i

Multiplicity

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Transverse Spherocity
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https://indico.nucleares.unam.mx/event/699/session/0/contribution/2/material/slides/0.pdf

6 years later...
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First scientific publication ?—
_ALICE, EPJC 79, 857 (2019)

ALICE pp Vs =13 TeV ,\v !
—_ o 0-100% (S,-integrated) fl il v 90-100% (lIsotropic)

- X
ml < 0.8, 0.15 = P, = 10 GeV_/’CNf\

v Submission Form

ID number: 4105

e-group: alice-paperdraft-id4105

........... PWG: PWG-LF (Light Flavour Spectra)
-------------------------- Format: Regular Paper

Paper Committee members: Guy Paic ( Guy.Paic@cern.ch)
— — PYTH IA 6 —— Arturo Fernandez Tellez ( Arturo.Fernandez.Tellez@cern.ch)
. PYTH I A 8 Antonio Ortiz Velasquez (Antonio.Ortiz.Velasquez@cern.ch)
lllllllllllll PYTH IA 8 (rr=0) /&8 et Eleazar Cuautle Flores ( Eleazar.Cuautle.Flores@cern.ch)
- N oo
EPOS LHC
[ | [ | [ | [ | I- — 1 1 1 1 I-
| | || || || | | 1 || || || | |
1 2 — —— —— _—

Data/Model

10 20 30 40 &0 10

20 30 40 50 10 20 30 40 50
dN_, /dn

PYTHIA predict a different behavior for high multiplicity jetty-like events: a third rise of
(pr) at AN, /dn > 30. This is a surprise because we know that PYTHIA describes
better hard physics than EPOS, e.g. ALICE, PRD 99 (2019) no.1, 012016 and PLB 753
(2016) 319-329 (WHY?)
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The origin of the effect in Pythia B L

Presented at the 11th MPI@LHC Workshop, Perugia 2019
I | |

/G L 1 1 1 1 1 I 1 I 1 1 1 1 | L
S - pp Vs=13 TeV PYTHIA 8.243 ] .
B 1.2 01510 GeV/c 1% The _eﬁeCt IS prpduced
=~ [ 0-10% S, (JETTY) 1 by high-prt particles
o {_ Contributions J [this agrees with the
~ . [0.15-2GeV/c . :
- @m2-4GeVic { picture: low So->hard
0.g EB4-10GeVE <1 events]
i . _
I o* ]
064 ® ° - .
- i
0.4 —
0.2 —
O | I_
10°
dN_ /dn
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The origin of the effect in Pythia B L

Presented at the 11th MPIQLHC Workshop, Perugia 2019
1 1 1 1 1 1 1

S F T T
S o TSmomiesenst e The effectis producec
~ [ 0-10% S, (JETTY) 1 Dby high-pr particles
Q = %ngifgtj%ngewc ] [this agrees with the
[ @m2-4GeVic 1 picture: low So->hard
0.g EB4-10GeVie -4 events]
- ® -
L 1® A significant amount of
¢ 1 the effect is attributed
04 1 to strong correlations
1 between the Underlying
0.2 -1 Event (UE) and jets
e ] Produced by Col
0 —_ Reconnection (CR)

10

chh/dl] : :
CR enhances the particle production from %

intermediate to high-pt. A. Ortiz, L. Valencia,
PRD 99 (2019) 3, 034027 K%)
) 20
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The origin of the effect in Pythia B L

Presented at the 11th MPI@LHC Workshop Perugla 2019

- pp Vs=13 TeV PYTHIA 8.243 noCR Even w/o CR we still

observe a small effect
which Is not seen In data:

2 e 0.15-10 GeV/c -
- 0-10% S, (JETTY) 4
I_— Contributions N
L []0.15-2GeV/c

(p.) (GeV/c)

—

[ @m2-4GeVic ool @ Can PYTHIA improve
0.g EB4-10GeVie "1 the description of jetty-
; L 0O eeee®® | |ike events with a better
0.6 o ® 7 CRmodel ? NO
0.4 -1 ® Is this an indication of
1 Jet quenching effects in
0-2 1 pp data? which of

course are not
10 102 Incorporated in the
AN/ model

0

To answer these questions:
(I) Measurement of pt spectra as a function of So and N¢n [work in
progress... David Romo, MS thesis]
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(l) Isolation of the jet S|gnal ?—

o) 1— pp Vs=13 TeV (PYTHIA 8.243 Monash 2013)

—

©c o ©O
N oo ©
2ding~5 GeV/c)

|
le
T

-
(@)
ability (p

S TTH

o
o

0.4 2

0.2

— _____.-u-_lh l 1

0 55 30 35

500

dN_ /dn
The analysis requires events with at least one high-pt track (e.qg.
prleading>5 GeV/c). The figure above shows that most of the events

which satisfy the prleading cut have low So!
Then, the jet-like signal is studied as a function of the event activity
(different set of particle to reduce the selection biases)
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Particle production in the
Jjet-like yield as a
function of prleading

pp <-> p-Pb
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Underlying-event observables £

Figure taken from: https://www-cdf.fnal.gov/physics/new/qcd/ue_escan/

Multiple Parton Interactions / Outgping Parton
PT(hard)

Proton _.--—"' .._.__ AntiProton

- ‘“—_ 4”\ oderlying Event

In high-energy pp interactions more than one parton-parton
scattering can occur within the same collision (MPI), see e.g. A.
Ortiz et al., PRD 102 (2020) 7,076014, arXiv:2101.10274 [Isai

Sotarriva BS thesis (2019) Erik Zepeda MSMtheS|s]
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Underlying-event observables ?—

Figure taken from: https://www-cdf.fnal.gov/physics/new/qcd/ue_escan/

Multiple Parton Interactions / Outging Parton

PT(hard)

— .
Proton e e AntiProton
- ——-‘,~_- S

--“‘l"\'k aderlying Event

Everything which does not belong the main partonic scattering
conforms the Underlying Event (UE)
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Underlying-event observables f,

Leading track

In MC event generators,
UE has contributions
from:

® beam remnants

® |nitial- and final-state
radiation (ISR & FSR)

= MPI

Experimentally, UE
properties can be
extracted from the
X~ 9 transverse side of the
Plane, azimuthal correlations
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Tradicional analysis using pp data g5
Figure from STAR, PRD 101, 052004 (2020)

s
T | &  STARFull Jet 20-25 GeV/c i<t
E_C ol A\ CDF Track 5-6 GeV/c nl<0.8
= A CDF Charged Jet 19-20 GeV/c i<t
© | ¥  ALICE Track 5-6 GeV/c Inl<0.8
2 T = CMS Charged Jet 17-22 GeV/c Inl<2
E>5 - () ATLAS Track 5-5.5 GeV/c l<2.5
@ | W ATLASFull Jet 20-30 GeV/c li<2.5
E 1 = O
=l ®
=
EF @ &
L % A
O.I \ \ L1l \ ] Lol
102 10° 10

Center-of-Mass Energy (GeV)

The number density In the transverse side increases with
increasing the center-of-mass energy (energy dependence
of MPI, ISR & FSR).
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Underlying event analysis in p-Pb £
Goal: compare the particle production in
pp and p-Pb collisions (same , /syy) In the
the jet-like regions of the di-hadron

correlations (towards and away sides) after
the subtraction of UE (transverse side)

r‘ 507 TN N8 -5 0T
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UE vs prleading (pp collisions @ 5.02 TeV) &L

g 3%@, Ahsan Mehmood (CCNU-ICN)
5 -~ p=05 GeV/c, Im|<0.8 ALICE Preliminary R
o 25— [§] pp, Vs =5.02 TeV ——— PYTHIA 8.244 (Monash) .
i [ Uncertainties: Stat.(vertical) ---- EPOS LHC - leadin g
F oy 1 preading < 5GeV/e:
15 - . -~
: 1 The number density exhibit a
fe— * fast increase with increasing
- - leading
0.5 _ —] p
Transverse Side . T
T T T T e —
14 = 1 I
513 - pTeadmg > 5GeV/c:
e .~ The UE activity saturates
p'Teadi“g (GeV/c)
The p}eadmg-dependence can be explained by MPI, which saturates

in “central pp collisions” (events with p}eadmg > 5GeV/c)
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Instituto de

UE vs prleading (pp vs p-Pb)

Ahsan Mehmood (CCNU-ICN) JE— —

1 R VR,
3II | | | | | | Illlll*_e_ 4-5 LI \

|
|
}

—e— N _I T | T T T T | T T T T | T T T T T T T | T T T T | T b | ’ ‘\:
< - < - o ml
S [ p205GeVic, n <08 ALICE Preliminary 4‘4: a— P=0.5GeVic, |n|<0.8 ALICE Preliminary — l
23 25— [# ] pp, Vs =5.02TeV ——— PYTHIA 8.244 (Monash) —.{5 - p-Pb, \[s,, = 5.02 TeV PYTHIA 8.244 (Angantyr) ,ﬂ
u 3.5— N : — i
— _ Uncertainties: Stat.(vertical) =---- EPOS LHC | —  Uncertainties: Stat.(vertical) - --- EPOS LHC ml |
3 - Syst.(box) G - Syst.(box) =l
S 2 > 3 —\
: \ E E ’k \
u 25— =l
- - . |
1.5— -1 - e yowrrs |
- ‘ — " ——— —— = -- - iem====1 — ]
1 = =
T f E|
0.5 _ r 11
Transverse Side . Transverse Side —0
_ ml
0 ! Orl_l N B | L1 | | I 0] ‘]
CE)}A CEJ}-“ S =
= 3 P BE - —no_ L =
1.2 w1257 Sl PR = |
0 11 Q 11_ I o - — 4 — \‘
1= 1==[= == =¥ P (KT XXX CXT= [OXX XXX CXE= (=T £IX 0T =X —im A R ETSII RS SE
0.9E 0.9 1
0.8 0.8
0.7 0.7
0.6 06E—. . .\ }
5 10 15 20 25 0 35 40|
pfa "9 (GeV/c) |
s — p— —_—— —_— — ——

-The transverse side in p-Pb collisions exhibits the same
behaviour as pp [SAME “UE structure” in both pp and p-Pb?]
-Models underestimate the “UE activity”
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Toward region £

Towards region

Keep in mind that in the traditional analysis, the toward region
contains both the jet and UE components
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Instituto de

Toward region (pp collisions @ 5.02 TeV) ==

Ahsan Mehmood (CCNU- ICN)

| = 4-57*I T 1 | T I ! | T 1 I | I T I | I I I ! | L | T 1T 1

4= p_=0.5GeVic, |n|<0.8 ALICE Preliminary

- [ f ] pp, s=5.02TeV —— PYTHIA 8.244 (Monash) =
3.5— —

— Uncertainties: Stat.(vertical) ---- EPOS LHC n

3:_ Syst.(box) e

- =l
2.5 =
= &l

2— e ST mmmme=- |

m— |
1.5— —

— 0

1__ — [

— 0

0.5 —!
of E|
g 1.4 _g I
S 1.3 —=|
- - == === m= === =

= 12e- e eT TEemmmarmmmm- = ]
Q 11 == —= I‘
g P T = ¥ e [ T T =T I [t & I T P pey |

0.9 ‘I
0.8 ‘Ih
0.7 |
06 II

5 10 15 20 25 3 40

Ieadlng (GeV/c)

The number density as a function of pleadmg exhibits a change
in the slope at 5 GeV/c, the effect can be attributed to UE
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Isolation of the jet- I|ke yield

1/Ng,dN . /dn

—

|III|III|III|IIITI

0.8

0.6

0.4

0.2

0

pp

[€]

s= 5 02 TeV (8$p
Pythia 8.243

Ieadmg

<15 GeV/c, |n'ea°"“9|<o 8 0. 5SRT<1 5)

before ZYAM

. .
E5556688oooooooooooo088ee5555Q53580oooooooooooooooooooooooaiﬂ

-1 0
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pp Vs =

5.02 TeV (8<p,
Pythia 8.243

.q.1.q..l.l '

leading

.l..’.’.'.'.P.l..r.l..l..l 1 l 1 1 1 1

<15 GeV/c, '**"1<0.8, 0.5<R<1.5)

after ZYAM
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-1 0
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Toward - Transverse region £

II? I20|5| (I"'eIV/ICa Im|<0.8 ALICE Prellmlnary N$ - Ahsan MehmOOd (CCNU_ICN)
] p-Pb, (5 = 5.02 TeV o 5500 1. My Isolation of the particle

- - - - PYTHIA 8.244 (Angantyr) —— PYTHIA 8.244 (Monash) ] production In the jet-like
---- EPOS LHC ——— EPOS LHC region:

: ® Number density is system
____________ size independent for

S = pleadmg > 8GeV/c

[fragmentatlon IS not
modified]

—————

H

0.5

® Number density smaller
higher in p-Pb than in pp

for pleadlng < 8GeV/c
[flow effects]

EPOS LHC fails for jet-like observables. “Too few jets in EPOS
LHC” [Klaus Werner]
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Particle pro‘\ction INn the
jet-like yield as a function
of the event activity

pp <-> p-Pb <-> Pb-Pb
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Ian

System size dependence of

EGIAA!!:

B We analyse pp, p-Pb and
Pb-Pb data at the same

SNN

®For Pb-Pb we want to
extend the measurement for
more centrality classes

BResults are plotted as a
function of the event activity
which does not directly
belong the jet (in pp
collisions: Underlying Event)

Antonio Ortiz (23/02/2021)

Observed consequences, e.g. 2
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1 l Ll I I l

| O . | T T —
< + Away-side ALICE |
th T u
1 0-5% Pb-Pb/pp  60-90% Pb-Pb/pp 11
O Flat bkg W Flat bkg )
0 V2 bkg ¢ V2 bkg N J‘
O mgap ® 1-gap 11
i % . |
5 5] @? o B
1 ' | o
8GeVic<p,, <15GeVic o
P\ assoc <pl,lri'g <10 =
| R | e 1 &« 3 2 | ‘
GeV/c) |
pP

t,assoc

Suppression of jet-like yield |
of the away side of the di- |
hadrons correlations (A-A
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Analysis strategy I’—

Event selection

® Multiplicity estimator: VZERO detector

m prtrigger track: 8-15 GeV/c

Three regions are studied: toward, away 1

and transverse

B The prspectra of associated particles are - Ag
extracted for each region. The ptspectra
are corrected for detector effects

@ Multiplicity distributions in the transverse
region are corrected using a Bayesian

ransverse ransSverse
60° < |A@| < 120° 60° < |A@| < 120°

Away

unfolding Y
B The prspectra in the transverse side is
subtracted (ZYAM) from both the near !
and away sides (this gives the jet-like
signal) Analysis Note: A. Ortiz, S. Tripathy https://

alice-notes.web.cern.ch/node/1092
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Ipp,p-Pb,Pb-Pb

0.5

ALICE

\'Syn = 5-02 TeV (Away Side)
— @ pp (VOM mult. classes)

0 p-Pb (VOA mult. classes)

A Pb-Pb (VOM cent. classes)

Event classes

e 0-5%

e 5-10%
10-20%
20-40%

e 40-60%
e 60-90%

8<p'fadi”9<1 5 GeV/c
4<pT<6 GeV/c, ni<0.8 |

A
2 = . . ,
Lt

10

10°

Transverse Side
<N ch
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BSuppression for
central Pb-Pb
collisions [Results are
consistent with ALICE,
PRL 108 (2012)
092301]

®indication of medium
effects and presence
of jet-quenching
effects in Pb-Pb

BNo jet quenching
effects are seen for
small collision systems
iIn the measured
multiplicity ranges



Ipp,p-Pb,Pb-Pb

0.5

ALICE

\'Syn = 5-02 TeV (Away Side)
— @ pp (VOM mult. classes)

0 p-Pb (VOA mult. classes)

A Pb-Pb (VOM cent. classes)

Event classes

e 0-5%

e 5-10%
10-20%
20-40%

e 40-60%
e 60-90%

8<p'fadi”9<1 5 GeV/c
4<pT<6 GeV/c, ni<0.8 |

A
2 = . . ,
Lt

10

10°

Transverse Side
<N ch
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BSuppression for
central Pb-Pb
collisions [Results are
consistent with ALICE,
PRL 108 (2012)
092301]

®indication of medium
effects and presence
of jet-quenching
effects in Pb-Pb

BNo jet quenching
effects are seen for
small collision systems
iIn the measured
multiplicity ranges



Coming

" ALICE, Nat. Phys. 13, 535-539 (2017)

Ratio of yields to (" + )

—

—
-

S
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o
w

ALICE
® pps5=7TeV
O p-Pbs= s.z(u

[] Pb-Pbysyy=2f
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----------- EPOS LHC
3 ; 1 lllllll L lllllllJ 1
10 102
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Strangene
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A clear picture or more questions?
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' Jet quenching

ALICE
\Snn = 5.02 TeV (Away Side)
—  pp (VOM mult. classes)
o p-Pb (VOA mult. classes)
4 Pb-Pb (VOM cent. classes)

LR

Event classes
e 0-5%
L ¢ 5-10%
e 10-20%
e 20-40%
e 40-60%
e 60-90%

8<p':adi"9<1 5 GeV/c
4<pT<6 GeV/c, mi<0.8 _|

1 10

10°
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Collectlwty
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multiplicity reach, no jet

quenching effects are seen|
In small systems




Very limited multlpllmty reach In pp ?—

DI_ IIIIIIII IIIIIIII r 1 1T 11
£ ALICE
QO : leadin
o [San = 5.02 TeV (Away Side) ~ 8<p"™<15 Ge|V|/C
2 1.5 ® pp (VOM mult. classes) 4<p,<6 GeVic, nl<0.8 _
o p-Pb (VOA mult. classes)
a Pb-Pb (VOM cent. classes)
R
1 §+.D """ EI"E'EI'“E' """"""""""""""""""""""""""""""""""""""""""""""" =
A
A
A
A
Event classes
2 230% B
L @ O~ (o) —_—
0.5 » 10-20%
e 20-40% 4
e 40-60%
e 60-90%
I | IIIIIIII | IIIIIIII | L1 1 11
1 10 10°
Transverse Side
<Nch

(AN /dn) ~ 2.7 X (dN,, /dn)MB
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UNAM

First extension of the anaIyS|s ?—

Antonio Ortiz (23/02/2021)

Ipp,p-Pb,Pb-Pb

ALICE

—l
0]

o O

+Q

Event classes
2 530%
— 0 = (o]
0.5 10-20%
e 20-40%
e 40-60%
e 60-90%

\'Syn = 5-02 TeV (Away Side)
e pp (VOM mult. classes)

0 p-Pb (VOA mult. classes)

a Pb-Pb (VOM cent. classes)

Wide unexplored interval in pp!
& * We can still use the Run 2 data

b

T B —

8<p'jad‘”9<1 5 GeV/c
4<p_<6 GeV/c, nl<0.8 _

0

10°

Transverse Side
<N ch

(dN, h/dn) ~ 5 X (AN, /dn)MP
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Ciencias
New developments Rt ?—
NTransv Side
Rt allows the
T — < Transv Side selection of events
as a function of UE

We can define Rt as follows:

T. Martin, P. Skands, S. Farrington, EPJC 76
(2016) 299
A. Ortiz and L. Valencia, PRD 96 (2017) 114019

S prtesmeie e ihasienas 1 |n order to extend the analysis
3 1 to higher R, we can use Rr as
" osf 1 event classifier. However, we
oo E face one issue...
o4 E The ZYAM approach can
I ] not be used if we consider
S B B e e e events with large Rt

The UE subtraction is not trivial
First preliminary results vs Rt do not consider the UE
subtraction!
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First preliminary pT spectra vs Rt ?—

L 3 | | | | | | | | | | || | | || | | | | | | | | | | | | || || | | || || |

o 0 ALICE PRELIMINARY Away Side pp Vs=5.02Te
3 Near Side 8<p'fad'”g<1 5 GeV/c Transverse Side (TS)

D pT20.5 GeV/c, n|<0.8

@) 10

I_
=
1 _
}() 10 (NZ:) \ =
2 ALICE: 2.85 +0.10
PYTHIA: 2.84

O 10- R;= NI:/<NI:> EPOS: 2.68

O = 0.0<R.<0.5 Solid line: PYTHIA 8.244 /

V.ooog - ?gigﬁ;g 1 Dashed line: EPOS LHC i i

[ ] S <

QC m 2 !

VI

o

O

i

O

-

o

oC

Analysis Note: A. Ortiz, S. Tripathy https://alice-

hotes.web.cern.ch/node/1031
Finalisation of the analysis: Luz Tiscareno (BS thesis)
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First preliminary pT spectra vs Rt ?—

1I_/_\ 3 | | | | | | | | | | || | | || | | | | | | | | | | | || || | | || || |
o 0 ALICE PRELIMINARY Away Side pp Vs=5.02Te
3 Near Side 8<p'fad'”g<1 5 GeV/c Transverse Side (TS)
D pT20.5 GeV/c, n|<0.8
@) 10
. S
s \
1 _
X 10 W T
Z ALICE: 2.85 +0.10
PYTHIA: 2.84
O 10°3 R;= NI:/<NI:> EPOS: 2.68
L0 = 0.0<R.<0.5 Solid line: PYTHIA 8.244
V.ooog - ?gigﬁ;g 1 Dashed line: EPOS LHC i i
[ ] S <
QC m 2 !
VI
o
O
i
O
-
o
oC

Iaa results are reported up to Rt~1.5 (we did not see a significant suppression)
The pt spectra are now measured up to Rt~3 which is more or less

dN, /dy =~ 5 x (AN, /dn)MP: the near and away side do not exhibit any deviation wrt MC
(no hint of jet quenching)
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ALICE in Run 3 e

Time Projection Chamber Inner Tracking System 2

oo a sy
PR V'l P T A

aEAEDEN.

B
= wRogtll] 0

Muon Forward Tracker

10 Half-disks — 2 detection planes each Disk 3

MFT doses 7
< 300 krad Disk 1 _ (z=-76.8 cm)
< 2x1021 MeV neg/om?

Disk 0

Upgraded data processing:
02 (Online-Offline processing) S
tRun 3 target luminosity:

ipp: 200 pb-! (rare events e.g. HM)§
{pp: 3 pb' (MB) "
iPb-Pb: 6 nb-
|p-Pb: 0.3 pb-!

Most of the detectors will
operate in continuous
readout mode

s . interaction rate: Pb-Pb (pp)
7 e " 50 kHz (0.5-1 MHz)

-
7 .
e 1 » 4
= J"// /
Y
. s, N/

A AL e BRN NND N
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Iaa analysis in Run 3 E

Run 3
o) I 1 1 1 LI III 1 1 LI lll 1 1 1 LI
~ 1§ mi<1.5 25 ALICE |
Eo 10 'F ' 3; sy = 5.02 TeV (Away Side) 8<P|Teadmg<1 5 GeV/c
o 102 C g 1 5— ® pp (VOM mult. classes) 4<p <6 GeV/c, nl<0.8 _|
3 = % Pb-Pb 5.5 TeV 0 p-Pb (VOA mult. classes)
10 . ;E 4 Pb-Pb (VOM cent. classes)
107%E \
10°F p-Pb 5.5 TeV AT IEUT T _
107F 1 A
7 = 4 A
10 E A
1 0-8 ;E_ \ 14 TeV |Ev8n5t°/classes
of PP e | o 5-10% .
1 010 dJ \ 0.5 ;842180?0 A
10— L I\: I\; ° ) zo
¥ PP B ;
E Z z V N Q' I 1 1 1 L1 1 lll 1 1 L1 1 lll 1 1 1 L1 1
107 %F il e |7 |n 2
= w (% T | & | 1 10 10
10_1351 1l 1?1 | 1I'1nl Ll 1h 1 1‘-11 1‘- [T, <N Jransverse Side
0 100 15 2 oo 350 400 L

(h‘|| 1 5) With Run 3 data, the jet quenching search in pp can be
ch <L extended up to more than 14 times the MB multiplicity

Very high multiplicity reach !
Preparation for the analysis of HM

pp events: Paola Vargas (MS thesis) pb. pb 6 nb- |
Antonio Paz (PhD thesis) p-Po:03pbt |
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of pp events with very large Rt

G. Bencédi, A. Ortiz and S. Tripathy, J. Phys. G: Nucl. Part. Phys. 48
015007 (2021)

SAME MIXED SIGNAL
2.5=R;<3.5 TN TN

Preparation for the analysis E

-
-
.
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.
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-~
.
.
. -
i -
-
""""
. ..
-
. .
. -
. . .
_____
..
.

We propose to use event mixing in = R el
order to model the selection bias T =T S
(mixed events). Then, we can i = |
remove this contribution from the i
same distribution Eooommgeen R
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Underlying event analysis z o B s sy
[paper 7 under preparation] ) T ot T cetie
BThe transverse side in p-Pb 3

collisions exhibits the same

behaviour as pp. This

suggests the SAME “UE
structure” in both pp and p-
Pb
B The jet-like yield in p-Pb and
pp collisions is the same for
prleading > 10 GeV/c. At lower
prleading medium effects seem

to be present [investigation
with JEWEL]
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[aa analysis P::,z; S B
[(L’ /(f#()/ « [;5’/ Wl(&)/ ‘/7/ ‘qQ([/ ‘let.()/L] f;]: -- EPOS LHC T EPOS LHC
® In contrast to central Pb-Pb % = ALICE -
. . . & VS = 5.02 TeV (Away Side) ~ 8<p*""*<15 GeVic
collisions, little or no S 15+ o (VOM mul casses) | 4<Pi<0 GeViC, <08 _
. . . o p-Pb (VOA mult. classes)
SuppreSSK)n Of IAA IS Seen In AEb-Pb (VOM cent. classes)
away regioninppand p-Pb & [ ' N _
collisions. Based on these L S
- . . Event classes
results, no jet quenchingis | st e .
observed in small systems for e :
the measured multiplicity R L aa
ran g es <Nch Transverse Side

pp:
(AN, /dn) ~ 2.7 X (AN, /dn)MP
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RT anaIyS|S § F---- EPOSLH;: neany —EPOSLH;: onest)
Weﬂé’ ma/eﬂWa/‘atwﬁ/] i‘ % | ALICEI | ‘ |
® Using the UE tool, one can 51.5_@ S 1T ALICE PRELIMINARY
reduce the jet bias. In this s earsie
- . O
way the pT spectra in the 1=
jet-like region can be §£
measured up to NS
N MB | "Ti7©
<chh/d77> S X <chh/d7]> .6
We do not observe any T
deviation wrt Pythia R
predictions. Compatible with

absence of jet quenching in pp
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(7 W E L B B L A I IR LA
I—I pT=0.5 GeV/c, |m|<0.8 ALICE Preliminary
9, p-Pb, |5, = 5.02 TeV pp, s =5.02 TeV
R I u z_ . ---- PYTHIA 8.244 (Angantyr) —— PYTHIA 8.244 (Monash)
T ana yS|S ::1] | ---- EposLHC —— EPOS LHC
q>, b? I I I LI II I I LILELL III I I LILELL
[/Qa%l(/ W&(/e/‘ /J/‘(/Q(l/‘afa)ﬂ/] 5 4 ALICE
2 o]
- i 1 _ _ - - 05: VS_NI Yn—/_\ 103 I 1 ' 1 1 | ¥
’G L LR B L ' 1 U al15—°*r O ALICE PRELIMINARY
S - pp Vs=13 TeV PYTHIA 8.243 ] °R 5 Near Side
S 1.2~ ©0.15-10GeVie . P O
: B 0'10%SQ(JETTY) ﬁ | T T T T T T T T T TTT] T T T 11
|_ - . .
Q  Contributions a : Run 3
~ T 30.15-2Gevic 4, ALICE |
L ey o [y = 5.02 TeV (Away Side)|  8<p*"<15 GeV/c
- eV/c =
0.8~ o®® 69 - 2 1.5 *® pp (VOM mult. clpsses) 4<p,<6 GeVic, ni<0.8 _
- o® ¢ ] 0 p-Pb (VOA mult. classes)
0-6_—;;'_'_'_.__/ ' n | s Pb-Pb (VOM cert. classes)
04 XX B
g[S T e e e —
¢! i
0.2 \ | .
I=vent classes 60 ]
2  230% i
10 10 0.5 ¢ 2:10% — =
10-20% -
| AN r/cn F o 20-40% " 4
458
= () -90%
Waltlng for the Run 3 LHC I 1 1 1 llllll 1 1 llllll 1 1 L1 11 F

1 10 10
data! < N ) Transverse Side
C
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ICN-UNAM group meeting 2~ UNAM

Friday 12 Feb 2021,09:00 — 11:20 America/Mexico_City
® F209 (ICN, UNAM)

LT o e o e et Our group is quite active,
s g e unfortunately | could not cover
- all the results

ere are mir tached to this ev Show them

i Zoom Meeting
(KON — 09:20 Service work + MC study (RTmin and RTmax)

Speaker: Gyula Bencedi
(A WeeklylcN_12feb20..

Ll 40l — 09:40 Analysis update: ML studies
Speaker: Erik Alfredo Zepeda Garcia
[B meeting1202.pdf

[0 — 10:00 Analysis update: UE vs Nch in MC
Speaker: Ahsan Mehmood Khan
(A 12Feb21ICN.pdf

Rl XU — 10:20 Analysis update: pT spectra vs centrality and multiplicity in Pb-Pb
Speaker. Paola Vargas
(A Adv2.pdi

RlUv1 0l — 10:40 MC study: Pythia + FastJet

Speaker: Luis Diaz-Calvo

B slides.pdf

glUZIUN — 11:00 Crosschecks: pT spectra vs RT

Speaker: Luz Tiscarefio
(A E3.12022021.pdf

RRE N — 11:20 Analysis update: 3D unfolding

Speaker: Jose David Romo Lopez

A 11-09.pdf

RREUON — 11:20 TMVA study
Speaker: Arlette Melo

Weekly_Report-Arlet...

LLHUUN — 11:20 analysis update + service work

Speaker. Antonio Paz

m AnalysisUpdate_ICN
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Di-hadron correlations ?—

pp Vs = 5.02 TeV, Pythia 8.244 | Monash, without CR Monash
15 Monash, without ISR and FSR T T I:IQ’T ZF?O 0E 7
mE < trigg. Em ¢ = Nt < V.
" I 8=p <15 GeV/c |  05-R.<15
10} - 4spT <6 GeV/c 4 1.5 =< R; <2.54
= 25< A, <35
R;=3.5

1/Ny15dN ass00/dAG (rad)”

— 2 3 4

A¢ (rad)
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Collectlwty in smaII systems ?—

¥ 0 15— o s E
1= ._.OOO O’?O " . OOG%@'» - O S't .k. . .I ._t. b 't
ook Teo%% o Ny, riking similarities between
0055 0,4 SAbula " = numerous observables have
oM S0z 15 502 2 532 Yo 1o - been observed across different
002L- m zresnauso:uan 4 collision systems at both RHIC
== — PYTHIA 8 ] .
s Fa | em-10 1 and LHC energies, when
- e o wseRgEme. 1 compared at similar multiplicity
0.02f 4’*99 ¥ %‘O'ﬁ* F 9 . a
- Ml <0.8 = . .
e ewp<eve ] O Besides hydrodynamic
S 003 @ wemi-t0 - description, calculations from
= = .m e, | trANSpOrt models, hadronic re-
i W 3 il e scattering, ultlato
OF— — == ot
S ot Interactions (MPI), string rope
3 ﬁ@rﬂﬁlﬁ%ﬁﬁe o, 1 and shoving, as well as initial
3 **"+ §+¢*:+ + 5 state effects have been
- % 8 **O‘T} = ¥ %3  investigated
0__open without n-subevent [ <~ [EEN [AA Vz{ﬁ} E
- SO|Id wuthnsubevent . [@ vv v2{8} | E
107 N, h1|<08)

. ALICE, PRL 123, 142301 (2019)
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Iaa VS Nchtrans. (near side)

>

ALICE
|y = 5-02 TeV (Near Side)
1.5 @ pp (VOM mult. classes)
o p-Pb (VOA mult. classes)
a Pb-Pb (VOM cent. classes)

Ipp,p-Pb,Pb-Pb

Event classes
* 230%
— @ = o
0.5 10-20%
e 20-40%
e 40-60%
e 60-90%

[
I )
- W T ] T o l"y

8<p'fadi”9<1 5 GeV/c
4<pT<6 GeV/c, mi<0.8

1 10

10°

Transverse Side
<N ch

Antonio Ortiz (23/02/2021)
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220-30% enhancement
of IAA In central P-PB
collisions [Results are
consistent with ALICE,
PRL 108 (2012)
092301]

®No significant
enhancement Is seen
for small collision
systems in the
measured multiplicity
ranges
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First ALICE results on pp vs multiplicity 5§
»0.9

0.7

IIIIIIIIIIIIIIII|III

0.6

0.5 ‘
0.45 “
: o PHOJET
0.3 A PERUGIA-0
- O ATLAS-CSC
*%F » Pythia8
0.1
"ai!!‘*”!!!!!!!!!!!!!as!!!!_
o 1.3F ,%_ | :
= g2 5 i
5 = @ X LA
Tﬁ 1 '1 wi'«. ALINIIN LI NI AL 0 = pa Y &
(] ‘ ;;::“;u:..__.:_.,__.._‘.,_, T
S 15 ; |
S 0.9F
0.8 i s - . .
Ng, (p, = 0.5 GeVic)

A. Ortiz (for the ALICE
Collaboration), proceedings
of the Physics at the LHC
Conference 2011
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First ALICE results on

0.9 PRELIMINARY
N~

0.8
0.7
0.6

0.5

IIIIIIIIIIIIIIIIIIIII|IIII

ALICE
PHOJET
PERUGIA-0O

ATLAS-CSC
Pythia8

0.3

e O D> O N

0.2

0.1

1.8
1.3
1.2
1.1
t.
0.9
0.8

ratio Data / MC

|I|I|IIII;HII|IIII|IIII|IIII‘_IIII|IIIIIIIIIlIIIlIIIIIlIIIIlIIII|IIII|III[|IIII

10 20 30 40 50
N¢p, (P = 0.5 GeV/c)

A. Ortiz (for the ALICE
Collaboration), proceedings
of the Physics at the LHC

Conference 2011
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Measurement of charm - duction st centr rapiaft
® Article reference: JHEP 1207 (2012} 151 Publication link amiv HEPDatz
® System:p-p Energy:2767eV, 7 TeV Publication date: 30 July, 2012

Seminario de Fisica de Altas Energias (Il

Publications and Article Submissions

HOME  ALICE COLLABORATION CONFERENCES  PUBLIC & ANALYSIS NOTES
ransverse sphericity of primary charged particies in minimum Bias proton-proton collisions at sqr(s;=0.9, 2.7¢
® Article reference: Eur. Phys. J.C72(2012) 2124 Publication link arXiv HEPDam
® System:p-p Energy: 300 GeV, 276 TeV,7TeV Publication date: 31 August, 2012

n Proton-pro oltls|

Undertying Event measurements in pp collisions at /5 = 0.9 and 7 TeV with the ALICE experiment at the LHC
® Article reference: JHEP 07 {2012) 116 Publication link arXiv HEPData
® System:p-p Energy: 300 GeV,7TeV Publication date: 17 July, 2012

Multl-strange baryon production In pp collisions at ._x? =7 TeV with ALICE
® Article reference: Phys. Lett. B712 (2012) 309 Publication ink ariy  HEPData
® System:p-p Energy:7 TeV Publication date: 11 June, 2012

J/psi Production as a Function of Charged Particle Multiplicity in pp Collisions at sqrt{s) = 7 TeV
® Article reference: Phys.Lett. B712 (2012} 165-175 Fublication link arXiv  HEPDat
® System:p-p Energy:7TeV Publication date: 5 June, 2012

Light vector meson production in pp collisions at .v-} =7TeV
® Article reference: Phys. Lett. B 710 (2012) 557-568 Publicationlink arXlv HEPData
® System:p-p Energy:7T7eV Publication date: 2 April, 2012

Heavy flavour decay muon production at forward rapldity In proton--proton collisions at ...‘? =7TeV
® Article reference: Phys. Lett. B708 (2012) 265 Publication link arXiv HEPData
® System:p-p Energy: 7TeV Publication date: 27 February, 2012

Jjw polarization in pp collisions at /s = 7 TeV
® Article reference: Phys.Rev.Lett. 108 (2012) 082001 Publication link arXly HEPData
® System:p-p Energy:7T7eV Publication date: 22 February, 2012

Measurement of charm production at central rapldity In proton-proton collislons at \.'I =7 Te¥
® Article reference: JHEP 01 (2012) 128 Publication link amXiv HEFDat
® System:p-p Energy:7Tev Publication date: 4 January, 2012

Femtoscopy of pp collisions at \;E = 0.9 and7 TeV at the LHC with two-plon Bese-Einstein correlations
® Article reference: Phys. Rev. D 84 (2011) 112004 Publication link arkiv  HEPData
® System:p-p Energy:900GeV,7TeV Publication date: 13 December, 2011

Strange particle production In proton-proton collisions at \G = 0.9 TeVwithALICE at the LHC
® Article reference: Eur. Phys. J.C71(2011) 1584 Publication link arXiv HEFDam
® System:p-p Energy: 900 GeV Publication date: 13 October, 2011

Production of plons, kaons and protons In pp collislons at \.-Z = 9(X) GeVwith ALICE at the LHC
® Article reference: Eur. Phys. J. C 71(2011) 1655 Publication link anXly HEPData
® System:p-p Energy: 900 GeV Publication date: 14 June, 2011

Two-plon Bose-Einsteln correlations In pp collislons at V‘? =900 GeV
® Article reference: Phys. Rev. D 82 (2010) 052001 Publication link arXiv  HEPData
® System:p-p Energy: 300 GeV Publication date: & September, 2010

Transverse momentum spectra of charged particies In proton-proton collisions at ‘.,; = 900 GeVwith ALICE at the LHC
® Article reference: Phys. Lett. 8553 (2010) 53-68 Publication link arXlv HEPData
® System:p-p Energy: 900 GV Publication date: 19 August, 2010

Charged-particle multiplicity measurement in proton-proton collisions at /s = 7 TeV with ALICE at LHC
® Article reference: Eur. Phys. J. C 68 (2010) 345-354 Publication link arXly HEPData
® System:p-p Energy:7TeV Publication date: 12 August, 2010

Charged-particie multiplicity measurement In proton-proton collisions at . /s = 0.9 and 2.36 TeV with ALICE at LHC
® Article reference: Eur. Phys. J. C 68 (2010) 89-108 Fublication link arXiv HEPData
System: p-p Energy: 900 GeV,2.36 TeV Publication date: 12 August, 2010

Midrapidity antiproton-to-proton ratio In pp collisions at ./z = 0.9 and7 TeV measured by the ALICE experiment



Transverse spherocity in ALICE ?—

e M " First time transverse

Alejandro Ayala (ICN-UNAM, Mexico)

Octavio Castafos (ICN-UNAM, Mexico) . s
Arturo Ferndndez (FCFM-BUAP, Mexico) e ) -
Paolo Giubelling (University of Torino, Italy & ALICE-LHC) R -
JGerardo Herrera (CINVESTAV, Mexico) % O
Arturo Menchaca (IF-UNAM, Mexico) . .

Antonio Ortiz (Lund University, Sweden) 3 :

T il | eS8 R presented to the community
A 7)) as a tool to select special
pp collisions [link]

— il
-

n
S
N
A4
> '*ﬂ'
Y L aia
L 54 T -

. i ’ <4 A = ‘ -w
i "A:‘w"jt,‘}
¥

A YA

e People use to look for However, high

kind of collectivity in multiplicity events may
high multiplicity pp have different event
events (argument: structures associated
multiplicity measured with the hardness of

in pp at 7 TeV is the event.

ALICE Collaboration, Eur. Phys. J. C (2012) 72:2124
How to isolate high multiplicity events,

comparable to Cu-Cu

collisions at RHIC) with isotropic distribution of transverse
momentum and with a small
K. Werner at al. Phys.Rev.C83:044915,2011 contribution from multi-jet topologies?
k. Werner at al. J.Phys.Conf.Ser.316:012012,2011 . Goal: Understand effects which

~ are observed in Pb-Pb collisions
and may be present in pp
collisions.
December 1st, 2012 A. Ortiz, (Symposium in honor of Guy Paic) 4
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Transverse spheromty in ALICE

Speakers:

Néstor Armesto (Universidad de Santiago de Compostela, Spain)

Alejandro Ayala (ICN-UNAM, Mexico)

Octavio Castafos (ICN-UNAM, Mexico)

Arturo Ferndndez (FCFM-BUAP, Mexico)

Paolo Giubellino (University of Torino, Italy & ALICE-LHC)
JGerardo Herrera (CINVESTAV, Mexico)

Guny (he Roland (Massachusetts Inm;uuoﬂ'ecnology USA)

Daniel Tapia (University.of Paris) France)’

or “‘é}g sity of Washington, USA)

Arturo Menchaca (IF-UNAM, Mexico) . g s & a
Antonio Ortiz (Lund University, Sweden) /
N

Spheroc1ty and Cenrallty
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o
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= | -
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i) = Enhancement factor ( e(b))

A. Ortiz, (Symposium in honor of Guy Paic)
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First time transverse

spherocity (So) was

18

presented to the community
as a tool to select special

pp collisions [link]
ent shapes

However, high
multiplicity events may
have different event
structures associated
with the hardness of

the event.
. Collaboration, Eur. Phys. J. C (2012) 72:2124

How to isolate high multiplicity events,
with isotropic distribution of transverse
momentum and with a small
contribution from multi-jet topologies?
11 .~ Goal: Understand effects which
~ are observed in Pb-Pb collisions
and may be present in pp
collisions.
onor of Guy Paic) 4
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Di-hadron correlations [PYTHIA 8]

1/Ny4dNassoc/dAG (rad)”

—
o1

—k
o

5

0
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pp Vs =5.02 TeV, Pythia 8.244
~ Monash, without ISR and FSR 7

M

Monash, without CR

8 < ptT”gg- <15 GeV/c
4 < pf‘sm' <6 GeV/c -

v
:UO

VA N A
mylnvinvin

o
&

— 4 4 A
ANNNO

&)

W=
o &1 o

zoomed) '

(

v YRy

Apparent modification of the jet-like signal in events which
includes ISR and FSR [the away side gets broader with

increasing R}
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Ipp up to Rr~3.5 [PYTHIA 8] £

" pp Vs =502TeV, Pyth|a8244 Monash without CR T Monash i
Monash, without ISR and FSR
1.5F8 < ptT”gg- <15 GeV/c + + -
e v - = v 5
2| e S it ol e S~ e et e Ll S iabuenabaer e Sefueid- et Uniueler. Ssbuibuinbuietel- - Shugnfolueiueiel
¥»05=<R;<15
0.5 Towards Region T T 1.5=<H; <25 .
IAnl < 0.8, IA¢l < 0.8 rad m25=R;<35
% OF 1 I l L] RT|23.5 I '
— ok 1L 1 1 I 1 1 ]
1.5F T T -
O O O = O O
1r"%ﬁ"#‘"H:'"&"E::::EE:: :IE::ZQ::!:::ﬁ:.‘:.:::::E:--%Zi:--%---l ..... b xbogulh lelabel
0.5 Away Region T Empty markers: T  Full markers: )
IAnl < 0.8, IA¢l > 2.34 rad without UE subtraction with UE subtraction
0] L L L 1 L L LT L L L
4 6 8 4 6 8 4 6 8

p_all_ssoc. (GeV/c)
Near Side: Simulations which includes radiation gives a Ipp
which increases with Rt (same feature observed in A-A data)
Away Side: seems to be independent of Rt [this observable is
the best suited for jet quenching searches]
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Inner central region upgrade
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Inner tracking system (ITS) upgrade
Improving tracking performance at low p;

r15
s,

- Large area (10 m?) tracker made of {3222 7
monolithic active silicon pixel
sensors (|n|<1.22)

Beam pipe

» 7 layers from R=22 mm to R=400 mm
Inner Barrel, Outer Barrel (Middle
layers & Outer layers)

« Spatial resolution O(5 um)

» First layer closer to IP (smaller beam
pipe radius)

* 0.3%X, per layer in the 3 inner most
layers (light mechanical structure)

Flex Printed Circuit
Pixel Chip

Flox Printed Circut - —
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Muon Forward Tracker (MFT)

920 silicon pixel sensors (0.4 m2) on 280 ladders of 2 to 5 sensors each

10 half-disks — 2 detection planes each
Disk 2

Disk 3

Add precise vertexing
capabilities to muon
tracking at forward rapidity

Disk 4

Disk 1 (z=-76.8 cm)

Disk 0 -
(z=-46 cm) q 3

-3.6<n<-2.45
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ALPIDE pixel sensor
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 um technology

* Developed for ITS and MFT

* Thickness 50 um (inner ITS and
MFT) and 100 um (outer ITS)

* 130 000 pixels/cm?2

— Sensor size: 15 mm x 30 mm
— Pixel size: 29 um x 27 um

« Detection efficiency > 99%

« Event-time resolution <4 pus

« Space resolution: 5 um

« Max particle rate: 100 MHz/cm?

« Power consumption: ~40 mW/cm?

« Radiation dose (Run3+Run4):
<300 krad, <2.0x10'2 1MeV ngq/cm?

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR
/

nw

... |

"‘ﬂfJ
/
A

Epitaxial Layer P-

\
\
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ween numerous

=0

Vo{2, |An| > 1.4}

. . . w 10 observed across
Jet quenching searches in pp: one of the main @\ . 't b th RH IC
topics for the LHC Run 3 e 28MsS a O
ALICE 2 | ——— —
ALICE-PUBLIC-2020-005 !
CERN-LHCC-2020-018; LHCC-G-179 I; Strangeness enhan_cement as
:11 well as v3 and v4 (unlike v2) show
Future high-energy pp programme with ALICE | a continuous evolution across
" collision systems:
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— High- dens1ty QCD effects and search for quark—gluon plasma in hngh-multlpllclty pp col-
lisions. The discovery of heavy-ion-like phenomena —in particular, the long-range correlation
structures (the ridge) and the increasing production of strangeness as a function of multiplicity— ¥ ?

in the small collision systems, pp and p—Pb, has been a major outcome of the LHC programme
so far, and one of the most unexpected. A data sample with selection of high-multiplicity events ﬁ
and an integrated luminosity of about 200 pb—! would be larger by a factor of 10 with respect to [
the sample recorded during Run 2. Such increase would allow us to a) study pp collisions with
a multiplicity of charged particles per unit of pseudorapidity dN.,/dn =~ 100 as found in semi- 7
peripheral Pb—Pb collisions and an estimated energy density € ~ 50 GeV/fm> as found in central 1
Pb—Pb collisions; b) search for jet quenching, one of the characterising quark—gluon plasma (QGP)
signatures that has not been observed so far in small-system collisions, with a sensitivity to energy N
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