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Introduction

High multiplicity (HM) pp collisions becomes
interesting due to new phenomena observations:
- Strangeness enhancement in pp.

ALICE coll NP13,535-539 (2017)

ALICE

* ALICE measured transverse sphericity
in pp collisions showing oposite

_ : _ _ behaviour from QCD-inspired models
- Radial and anisotropic flow measurements in pp.
CMS Phys. Lett. B 765 (2017)
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A double differential analysis using event shapes,
What could cause the collective effect?

could help to split diferent kind of events in pp.

See lvan’s Ravasenga

- mini QGP? talk: collectivity in ALICE

A. Ortiz arXiv:1705.02056

* New results on <p>vs N, and event shape will
be shown.

" ®  B.G. Zakharov, JPG41,075008 (2014)
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Introduction

High multiplicity (HM) pp collisions becomes ALICE
interesting due to new phenomena observations: * ALICE measured transverse sphericity
* Strangeness enhancement in pp. in pp collisions showing oposite

ALICE coll NP13,535-539 (2017)
- Radial and anisotropic flow measurements in pp.

behaviour from QCD-inspired models
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ALICE Non-flow effects

in pp QM2017
What could cause the collective effect?

A double differential analysis using event shapes,
could help to split diferent kind of events in pp.

A. Ortiz arXiv:1705.02056
* New results on <p>vs N, and event shape will

See lvan’s Ravasenga

. 2 talk: collectivity in ALICE
mini QGP* be shown.
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Introduction
ALICE

Spherocity: defined in terms of 7=(n.n,.0) , gy,4y HM pp collisions with S, allows to separates
wich minimizes the ratio: “soft” (nO-pQCD) from “hard” (pQCD) phySiCS.
By, x ] * e« According to PYTHIA 8, S, separate events where

A. Banfi JHEP ’ UE event is enhanced or suppressed.

JU .
1006:038,2010, S0 = ,mmin, S hn
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s, underlying physics in HM events, e.q: if flow or

other mechanisms (CR) predominates in events
with or without jets.

More of collectivity on Lund Monte

*
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ALICE at LHC (Run 2)

ALICE

THE ALICE DETECTOR a. ITS SPD (Pixel)
: : b. ITS SDD (Drift)
As seen in ALICE overview, pumnsiaw. v avh mm & a¥h c. ITS SSD (Strip)
Florin Alexandru’s Talk @ d. VOand TO
e. FMD

19 subdetectors
For the analysis we use:
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. PHOS, CPV
10. L3 Magnet
11. Absorber
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD
17. AD
18. ZDC
19. ACORDE
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ALICE at LHC (Run 2)

ALICE

a. ITS SPD (Pixel)

E ALICE DETECTOR ,
b. ITS SDD (Drift)

The trigger and background

Vo:
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rejection
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16,
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19. ACORDE
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ITS
FMD, TO

TPC

TRD

TOF

HMPID
EMCal

DCal

PHOS, CPV
L3 Magnet
Absorber
Muon Tracker
Muon Wall
Muon Trigger
Dipole Magnet
PMD

AD

ZDC
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ALICE at LHC (Run 2)

ALICE

THE ALICE DETECTOR

PEERE AWM. Y "AY A'E a a¥

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Stri

ITS:

used to measure the charged
particle multiplicity

and vertex determination

® c— — — ——

® ®

1. ITS

, 10, 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

CoNOUOAW

ALICE Performance -
PP 1s=13TeV .

ITS dE/dx (keV/300 um)

%07 01 02 03 0405 1 2 3 4 &
p (GeVic)
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ALICE at LHC (Run 2)

ALICE

THE ALICE DETECTOR a. ITS SPD (Pixel)
b. ITS SDD (Drift)
semnsiaw. v ayh mm ara¥A c. ITS SSD (Strip)
d. VOand TO
TPC: e. FMD

used to measure the charged
particle multiplicity and
Particle identification

® ®

1. ITS
4o=H0, VO

5. TOF

6. HMPID

7. EMCal

8. DCal

9. 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 L . b i o

19. ACORDE L el el

1 10
p (GeV/c)
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ALICE performance |
pp, 15 =13 TeV
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"dE/dx in TPC (arb. units)
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THE ALICE DETECTOR

TOF:
Particle identification

® ®

1. ITS
2. FMD, TO, VO
3. TPC

o 1 e (D)

7. EMCal

8. DCal

9. PHOS, CPV
10. L3 Magnet
11. Absorber
12. Muon Tracker
13. Muon Wall

14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD
18. ZDC
19. ACORDE
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ALICE at LHC (Run 2)
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ALICE

. ITS SPD (Pixel)
. ITS SDD (Drift)
. ITS SSD (Strip)
.VOand TO

. FMD

PTQO0 TR

ALICE performance
pp \s = 13 TeV =
]

p (GeV/ic)
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Data Analysis ( <pt> vs N )

* From ALICE, <pr> vs Nch has been measured for pp, p-Pb, Pb-Pb ALICE
systems and different energies for pp collisions (0.9, 2.76, 7 TeV

At HM not saturation is seen in the <pr> for pp systems, independent of the collision energy.

Does hard activity could cause this behaviour?
Phys. Lett. B 727 (2013) 371-380
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http://www.sciencedirect.com/science/article/pii/S0370269313008617

Data Analysis ( <pr>vs N:hand S ) .

- MB pp Vs =13 TeV (59 million of events) ALICE
» Multiplicity selection: Global tracks and ITS tracklets, in | n | < 0.8.
Spheroctiy is calculated with more than 2 tracks for pr > 0.15 GeV/cin|n | < 0.8.

o5 S B B B B B B B I I S e S L I I I IS L L I
4.5 ALICE Preliminary, pp Vs = 13 TeV = 45 = ALICE Preliminary, pp Vs = 13 TeV
Q 4 h*+h’, Il < 0.8, 3< N, <7 3 *°E h*+h, 11 <0.8,59 < N, < 70
(’g: 4 S;p,>0.15GeVic = 4F S;p,>0.15GeVic
~ Spherocity classes: 3 35E  Spheracity classes:
2 > '%1)0 80°/ty =30-70% £l 'p10%°/y =30-20%
s % Sxu s 3% S
- O, . O, : — Oo Oo
©  25F w4050% mO0-100% < 25F =40-50%  m90-100%
S e
— 1.5
3
— 0.5F
: :Illlll|"
02 03 04 05 06 07 08 09 1 0 0. 03 04 05 06 07 08 0.9 1

m Uncorrected S, Uncorrected S,
From low to hlgh MULTIPLICITY

Spherocity has been measured, 10% of the sample has been chosen for the different binning in the spherocity

probabmty distribution, the results show the multiplicity dependence (low Neh -> low So, high Nen -> high So)
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Corrections %
ALICE

I As seen in Sergio’s Iga Talk I

* The <pr> Is obtained from the fully corrected invariant yield

1. Spherocity correction is applied to the <pr> using a weighting average:

(PT) (NVm, SO,t) = Z<pT>(Nma SO,m)R(SO,tv SO,m)

m

- reconstruct

GREATER SPHEROCITY CORRECTION FOR ISOTROPIC EVENTS

not reconst

THAN FOR JETTY ONES, WE ALSO SEE THAT AT HIGH
MULTIPLICITY THE SPHEROCITY RESOLUTION ITS BETTER

1IIII|IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIIIIIII
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S, True (pT > 0.15 (GeV/c)
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Corrections

* The <pr> Is obtained from the fully corrected invariant yield

ALICE

I As seen in Sergio’s Iga Talk I

1. Spherocity correction is applied to the <pr> using a weighting average:

/-\1 OO _I LILIL I rrri I rrri I rrri I rrri I rrri I rrri I rrri I rrri I I 1 %
— oo - 2
<pT> (NH” So’t) - Z<pT> (Nm’ So’m)R(SO’t’ So’m) CVD 90F ALICE Performance I
2. Then multiplicity correction was done following £ g,f " *"PP \s=13TeV §
a similar procedure.: e
& < 70 |
_ =10
(pT)(New) = Y _{(p1)(Nen) R(Nen, Nin) 60 :
m 50?‘ -
40F 1
o 10-2
GREATER MULTIPLICITY SOF
RESOLUTION FOR HIGH 20E
MULTIPLICITY EVENTS :
BETTER RECONSTRUCTION FOR 10F
LOW MULTIPLICITY EVENTS 3

’
OO 10 20 30 40 50 60 70 80 90 100

NCh (ml<0.8)
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Summary of systematic uncertainties %

ALICE
Sources of systematic uncertainties:
A. Systematic uncertainties from extraction of <pr> analysis.
* Track cuts (see table) < 2%
Track cut Nominal value | Lower value | Higher value
Min. number of crossed rows 70 60 100
Min. ratio crossed rows over findable TPC clusters 0.8 0.7 0.9
Max. x2 per cluster in TPC 4 3 5
Max. 2 per cluster in ITS 36 25 49
SPD point required not required | not required
DCAxy Uy 40 100
DCA, 2 1 5
* Efficiency (multiplicity dependence) <3% jetty (<2% isotropic)
B. Systematic uncertainties due to Spherocity selection.
* Extrapolation to the spherocity response <1% at HM
* Track selection for spherocity reconstruction ~ 1.5%
C. Systematic uncertainties from correction method
* Model dependence corrections (Pythia vs EPOS) < 2% at HM.
* Method of correction (non-closure test) <b % jetty (<4% isotropic) <— (Main cont.)
Total systematic uncertainty: <6% jetty (<5% isotropic)
_-S.:%é?\ 0‘0"40 Instituto de
o W _ .
‘RQad) - 19/09/2017 Hector Bello Martinez 7 Nﬁc':?ggr'gz
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{p.» (GeV/c)
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Spherocity dependence on <pr> vs Nch

ALICE

FULL SYSTEMATIC UNCERTAINTY
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B _ 45 m!o:%lgap\ tw%c;\sa gcf‘ m e _:
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Inclusive case <pr>vs Nch (model comparison) %
ALICE

FULL SYSTEMATIC UNCERTAINTY

{p.» (GeV/c)

1.2 I:l LILEL I L LI I L LI I L LI I L LI I L LI I L LI I LILEL l:I
11 - ALICE Preliminary, pp, Vs = 13 TeV e
£ h'+h,0.16 < p.<10 GeV/c, |n| < 0.8 .
0.9F- L ]
0.8F e -
07F e .
0.6 = 0-100% spherocity class -
T m Data 7]
S EPOS LHC ]
0.5F — — PYTHIA8 (Monash 2013) —
= e PYTHIAG6 (Perugia 2011)
O 4 I_l L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 l_I
0 10 20 30 40 50 60 70 80
Akh

No spherocity selection: models describe well the data

Nen<10: EPOS LHC underestimates the <pr>

Nen>30: PYTHIA 6 overestimates the <pr> et do @
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Jetty events <pr> vs Nch (model comparison) %

ALICE
FULL SYSTEMATIC UNCERTAINTY
§ 1_2 _l LI I LI I LI I LI I LI I LI I LI I I~‘ II :::l_
%’ 1.1 - ALICE Preliminary, pp, Vs = 13 TeV /E
G 'E h'+h,0.16 < p_< 10 GeV/c, |n| < 0.8 N E TS D
~ ~ T — ] y
/\I— = e
qQ 1f |
09 — —
— ] px
0.8 —
0.7E .
0.6 f_ 0-10% spherocity class _E
~ m Data -
- e EPOS LHC .
0.5 — — PYTHIA8 (Monash 2013) —
e PYTHIAG (Perugia 2011) -
O 4 L1 1 1 I L1 1 1 I L1 11 I L1 11 I L1 11 I L1 1 1 I L1 11 I L1 11
0 10 20 30 40 50 60 70 80
Akh

Non-isotropic events: LARGER DIFFERENCES WITH MODELS, PYTHIA 6 and PYTHIA 8 overestimate the <pr>
iInput to improve the CR models: soft-hard interaction), EPOS LHC describes well the data
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Isotropic events <pr> vs N:n (model comparison) %
ALICE

FULL SYSTEMATIC UNCERTAINTY

{p.» (GeV/c)

1.2 I:l LILIL! I LI DL I LI L I LI L I LI L I LI DL I LI L I LILIL! l:I
11 - ALICE Preliminary, pp, Vs = 13 TeV e
£ h'+h,0.16 < p.<10 GeV/c, |n| < 0.8 .
0.9 =
08F e
o7l s .
0.6 o 90-100% spherocity class =
T m Data 7]
T~ EPOS LHC .
0.5 — — PYTHIA8 (Monash 2013) —
- PYTHIAG6 (Perugia 2011)
O 4 I_l L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 l_I
0 10 20 30 40 50 60 70 80
Nch

BETTER AGREEMENT WITH MODELS

(except EPOS LHC [low Ncn] and PYTHIA 6 [high Nen])
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Quick look (hadrochemistry)

Results on identified particles spectra with spherocity.

L 1oE L YYYY IYY"IY"'I"Y?""'] """ L
QO - Q O
; ; VOM, (K +K")2 ; 1 0-1
sbt . (;g’ - VOM 0-10% é
= 0E — I ERE
2:— 2.- o=, — lsotropic ] :l-
T_ o_ 'o"o~2
-1 -
3 0°F E !
< € | 1€ |
E10'2? 2 2 -
o v LI
- 10°¢
10°E g
Jetty and . . .
Isotropic
separationon | 3 " 3 " 3 “E
icle yields | ¢ “f A 3 s
part_lceyle S|i .E L - :
Is seen E E \:
u- uf— o.oz
o8- asf- o.aE
a7t s : o 2 25 3 a7t s 3 s : 28 3 =
P, (GeVic) P, (GeVic) P, (GeVic)

Instituto de §

19/09/2017 Hector Bello Martinez 19 llencias

Nucleares |,
UNAM




Quick look (hadrochemistry)
ALICE

- Results on particle ratios with spherocity selection.

o : L} I 1] l LBl l 1] 1 l 1 ] 1 l : ° : LA B l L ] LA l L ' LBl LA l LIl 1 :
® 0.4F 1 ® 04F - ALICE, pp \s = 13 TeV —
oc E _—ﬂ—o—=$= ¥ 3 o E P Markers: Data 5
0.35 = s 0.35F — VoM 0-10°%  Lines: PYTHIAS -
. R ==na N s :
0.3F . =r— 0.3F — Jetty =
. = ; = — Isotropic :

0.25 - 0.25 ;
s . - =
0.2F - 0.2F -
0.15F K/r - 0.15F =
0.1~ — VOM 0-10% E 0.1f E
-/ ALICE, pp \s=13TeV — Jetty . - :
Markers: Data - 0.05F -
Lines: PYTHIA8 — Isotropic - .
1 AL l AL L 1 l A A Ll L l Al l - - 0 - AL L A A L .

Isotropic events B Y I T I B T

enhance the particle p. (GeV/c)
ratios for high pr . - 3
35
STAY TUNNED ...
2nd International Workshop QCD challenges Puebla MX
31/10/2017-3/11/2017 ettt de
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Conclusions %

ALICE

* [he double ditferential analysis shown here allows to test the models
where underlying event is enhanced or suppressed with respect to
the multiplicity dependent case.

* The average pr exhibits a steeper rise with Nch going from isotropic

(90-100%) to non-isotropic (0-10%) events.

* [he largest tension between data and PYTHIA (6 and 8) is
observed for non-isotropic events, where color reconnection can
affect the low pr part of the spectrum due to the presence of a

hard parton.

* This can be used to study the soft-hard interaction.

¥ Mean pr vs multiplicity is a measurement which is useful to
constrain the phenomenological models of particle production, e.g.
color reconnection models can be tuned.

Instituto de
19/09/2017 Hector Bello Martinez 14 enias E
UNAM




ALICE

Dziekuje!
Thank.you!
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ALICE

Backup
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Introduction

High multiplicity (HM) pp collisions becomes
Interesting due to new phenomena observations:

- Strangeness enhancement

Nature Physics 13, 535-539 (2017) : :
Anisotropic Flow of

. . u i Ch d Particl i
Radial and anisotropic flow harged Paricles In

Phys.Rev.lett. 116 (2016) no.13, 132302 Vsnn= 5.02 TeV

What is causing the observed phenomena:
- Small drop of QGP? NPA 956 (2016) 200-207

I See Ilvan’s Ravasenga talk: collectivity in ALICE I
To isolate the new physics, we implement a
double differential analysis which incorporates a
selection based on event shapes.

Andrea Banfi et all. JHEP 1006:038,2010 @ i

Antonio Ortiz arXiv:1705.02056 0.8

* It allows to split the events with jet content.

* Previous ALICE results shows important
differences with QCD-inspired models.

c  FAUCEPbPo ' Hydrodynamics
> 0.15—5.02 TeVv 2.76 TeV 5.02 TeV, Ref.[27] ]
L mv, {2, |An>1} O v,p{2, |Anj>1}  =v, {2, [An>1) ]
eV, {2 An>1} O V{2 jAn>1} ==V, {2, A1) ]
L ev, (2 |an>1) O Va2 [An>1}
| +v, {4 o Vo {4}
v, {6}
0.1 %v. 8
0.05
1.2 v R
g ’ -2 1/s(T), param1 +
CCEU 1.1 wa /s =0.20 " —
.P
.I....I....I.(.b.)._
I LLELL B BRI
| | | (C) _-
40 50 60 70 80

Centrality percentile

Eur. Phys. J. C 72 (2012) 2124

ALICE

See You Zhou'’s talk
ALICE results on
small systems on

Thursday

Transverse sphericity
of primary charged
particles in minimum
bias proton-proton
collisions at Vs= 0.9,
2.76 and 7 TeV

soft, p?ax <2GeV/c

e Here | will show new results on <py > as a ettt

1 hard, p™®>2 GeVic

ALICE
O PHOJET
O ATLAS-CSC
A PERUGIA-0
¢ PERUGIA-2011
Pythia8

1 all

function of both multiplicity (Ngn) and transverse 2
Spherocity (SO) 2 3'0 I . SN S I R (-
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https://www.nature.com/nphys/journal/v13/n6/full/nphys4111.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.132302
https://link.springer.com/article/10.1007/JHEP06(2010)038
https://arxiv.org/abs/1705.02056
https://link.springer.com/article/10.1140/epjc/s10052-012-2124-9
http://www.sciencedirect.com/science/article/pii/S0375947416300732

Motivation from Models

 Study features of High Multiplicity pp collisions

using spherocity event by event will allow to S v emann g
separate “soft” (no-pQCD) from § °F —Weles, S (5
“hard” (pQCD) physics. : of o BRI
 With spherocity MPI could be studied. 5 sp .

* According to PYTHIA 8, spherocity allows the
separation of events where UE event can be
enhanced or suppressed.

0 01 02 03 04 05 06 07 08 09 1

. . pp Collision Sy S
¢ Compa“ ng mOdels and data Wi ” hel p us tO get Disentangling the soft and hard components
' ' I Talllal For more of of the pp collisions using the sphero(i)city
more mformgnon about high multip I.|C|ty events, collectivity on Lund | approach. Eleazar Cuautie, Raul Jimenez,
for example if flow or other mechanisms as CR Monte Carlo see Ivanne Maldanado, Antonio Oz, Guy Palc,
i T : : C. Bierlich’s talk garTerez Aty heile
predominates in jets or in events without them.
25 Leading Charged-Particle Jet
(é)o ) - "A;_:C"E'SII ! 'II ! I rrrT I rrrT I rrrT I TTrT I TTrT I TTrT I T - L 6 L) L) l AJ L) L LJ l L L L L l L} L) L) L) l L T L) L) l L) L) L L l L L '_' o - o
o imulation More than two charged - © . . 3
=+ _ particles p_=0.15Gevic |7 ® 55 ALICE Simulation ppis=7TeV =
R D pom 2 (Monash 2019 1= PYTHIA 8.212 (Monash 2013) A7l <0.8,N,, 215 3
= [ Inl<0.8, Ny, =15 13 5 f Spherocity classes =
% B 1 <= [ \ (More than two charged particies - A = — AG =2
o - 1 =2 45 | ) Inl < 0.8, p_ =z 0.15 GoVi/s) — 3
o 15 - © [ | ' ‘ E
DL. - . E I | 0-10% ’ 50-60% -
L - % 4 |I \ 1020% 60-70% -
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https://arxiv.org/abs/1404.2372

Motivation from Models

Study features of High Multiplicity pp collisions
using spherocity event by event will allow to
separate “soft” (no-pQCD) from

“hard” (pQCD) physics.

With spherocity MPI could be studied.

" -
Hard Scatter
Ay

According to PYTHIA 8, spherocity allows the s o |

separation of events where UE event can be
enhanced or suppressed.

In EPOS 3.1, using spherocity one can achieve
samples with enhanced or suppressed core
contribution.

pp Collision

C T I T T T T I T T T T I T T T T I T T T T I T T T T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
S T 1 F ]
S 14 pp Vs =7 TeV (EPOS 3.117)] [ pp s =7 TeV (EPOS 3.117)]
= core 1 E core .
S 1.2 o corona —H o corona —
o - 1EC :
B, BN E
08 = i%x E
- allls ° FERAREE ‘ *
06 4 F o o0t + -
B 1 F o e
- 4 F s
0.4 i ol * %0, % ]
4 1 F . o
- 1 .0' o ©0o6®9 ; + %
0.2 [ 00000000 ¢ o ° —_ _— .. p—
I:'/‘BTV.Chldn=6.6, 0.0-10.0% (’sobercemiae). . . - _—/"{ dN,,/dn=6.6, 90.0-100.0% (S, percentile)
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 .I I [ 11 n 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 1 2 3 4 5 6 1 2 3 4 5 6
P, (GeV/c) P, (GeV/c)

19/09/2017 Hector Bello Martinez

e
E pp, Vs = 7 TeV, Pythia 8.180

25 =——nMPlvs S, nMPl vs S, (S;) —:
nMPI vs S, * ozet 3

20~ ---- Inelastic * °DBd o

Average number of MPI

Disentangling the soft and hard components
of the pp collisions using the sphero(i)city
approach. Eleazar Cuautle, Raul Jimenez,
Ivonne Maldonado, Antonio Ortiz, Guy Paic,
Edgar Perez arXiv:1404.2372
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https://arxiv.org/abs/1404.2372

Motivation from Models

Study features of High Multiplicity pp collisions ALICE
using spherocity event by event will allow to S

- 30:,Ar.]”n,:”,..r.]rr”,nn,m,1 e
separate “soft” (no-pQCD) from ' 5 ab P e, (5 -
G T - Hard Scateer 3 AMPI vs S. ¢ ozel 7

hard” (pQCD) physics. ) SR——— 29 3

) -

o

With spherocity MPI could be studied.
According to PYTHIA 8, spherocity allows the
separation of events where UE event can be
enhanced or suppressed.

In EPOS 3.1, using spherocity one can achieve

pp Collision

Disentangling the soft and hard components

Samples Wlth enhanced or Suppressed core of the pp collisions using the sphero(i)city
I I approach. Eleazar Cuautle, Raul Jimenez,
Contﬂ bU.thn ' . Ivonne Maldonado, Antonio Ortiz, Guy Paic,
Comparing models and data will help us to get Edgar Perez arXiv:1404.2372
more information about high multiplicity events,
for example if flow or other mechanismsas CR  *_ ..o =~~~ [ = '~ T
, o , . R (@ 1 ()
predominates in jets or in events without them. T o6l o aucedusm<oseamoeow o + 0 auce s yi<os eua 5o core) 720, -
+ | T Pythia8.212lyl <1, with CR | T EPOS3.117 Iyl <1, with Hydro
+._‘, o """" Pythia 8.212 Iyl < 1, without CR """ EPOS 3.117 lyl <1, without Hydro
Revealing the source of the radial flow E -
patterns in proton--proton collisions using R 45
hard probes, Antonio Ortiz, Gyula Bencédi, ;
Héctor Bello, J. Phys. G: Nucl.Part.Phys.44 ~
(2017). !
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http://iopscience.iop.org/article/10.1088/1361-6471/aa6594/meta
https://arxiv.org/abs/1404.2372

Experimental background at ALICE before RUN 2

Multiplicity dependence of the average transverse momentum
in pp, p—Pb, and Pb—Pb collisions at the LHC

ALICE

Phys. Lett. B 727 (2013) 371-380

Transverse sphericity of primary charged particles in minimum bias
proton-proton collisions at Vs= 0.9, 2.76 and 7 TeV

§ 091 | ALICE, charged particles
o '! [7]<0.3, 0.15< p_<10.0 GeV/c ]
& 085 f T .
~ ' ]
“3+ 08
QI—
~N~
0.75
0.7}
065 & e
06 4 @
0.55 ¢ epp(s=7TeV ]
05 ¥ = p-Pb s, =502TeV |
4 Pb-Pb |5, = 2.76 TeV -
L L L | L L L | L L L | L L L | L L L 1]
0-45¢ 20 40 60 80 100
Nch
6\ [rrrrrrTrrrT T T T T T T T T T T T T ™)
= 0.9F ALICE, charged particles ]
(o) [ |n]<0.3, 0.15<p_<10.0 GeV/c
& o85f T .
~ 08} .
o Y
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0.75} E
0.7} ;
0.65} ]
0.6 f pp collisions b
0.55 [ 28 oVs=7TeV ;
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; v(5=09TeV 7
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for the three systems 07
have seen, specially o
not saturation for pp Ny
systems, this behavior |
its independent of the "
collision energy. 03
2
Sto E# p.  P.p,
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2
ST = AQTA/;LI for )\1>=)\2’

Eur. Phys. J. C 72 (2012) 2124
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hard, p7*> 2 GeV/c
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& 1
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where sphericity limits are: ST —
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http://www.sciencedirect.com/science/article/pii/S0370269313008617
https://link.springer.com/article/10.1140/epjc/s10052-012-2124-9

Spherocity
Sy

Pﬁxd
pherocity j'[_ . i
The spherocity is defined by: S? 7 (mlno) Son

Where 7i=(n,n,,0) IS the normal vector in the transverse
plane that minimises this ratio. The limits are: |

o gpherocity _ 1 1sotropic
o 0 jetty

Spherocity is calculated event-by-event considering
more than 2 charged particles having pr > 0.15 GeV/c
and within Inl<0.8.

Phenomenology of event shapes at hadron colliders
Andrea Banfi, Gavin P. Salam, Giulia Zanderighi
JHEP 1006:038,2010

A recent review on event shapes at hadron colliders.
Antonio Ortiz arXiv:1705.02056
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https://link.springer.com/article/10.1007%2FJHEP06%282010%29038
https://arxiv.org/abs/1705.02056

Reterence to Pythia 8

Introduction Color Reconnection (PYTHIA8)

Production via Final states via: s
Lund String fragmentation Hadronization model. cJ'f
Model L

) LI
S KIS

é’l EPAY

-.n;é—ﬁudd-t——sxd
11)4‘—*3 d*—;cl
U eF5Nes  SedslNe | (eessoell UseSe
K™ K" T T
1st partonic +2° partonic .
system . system .. . - L
0—‘ o~ ’ - . o~ 0--"‘--‘ 0‘. - | ".." - "_" f ) 2
L N g "R e e
lb ) gt - . . — - " ."'." P (. RR x plO )
N/ \ when CRjs activated ( Py ) = - — "
"’ . ' = -—
(a) (b) (,RRXPTO) *+ Py
- Figure taken from: G. Gustafson, Acta Phys. Polon. B40, 1981 (2009) ' .
Effects of CR on hadron flavor observables, C. Bierlich and J. R. Christiansen, After colour recon “ec;'c"
PRD 92 (2015) 9, 094010 q’
QCD rules say how q - .
reconnection is allowed 5 kagk 1. Py
(epsilon color tensor) gq'qg el —» 4§ <\ q‘qs"
N
. : ' From: Jesper Roy Christi MPI@LHC 2014
The minimum string length : rom rRoy ansen MPI@
tell us the configuration
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Reference to EPO

Introduction 3+1D Hidrodynamics

Model with: Saloon 5 'bfﬂ ) n;;l rear -quasilnngiﬂx‘l nal
Energy conservation in multiple scattering rrbonrerrs ) et e
Parton modelled by (Gribov—Regge Theory) ‘1
Off-shell, remanents partons T Ty
Saturation :;:'.'.az:.a.'.aaaa:zaa
rucloon .,'7:: !3: .’.1‘. R ?:;‘:h _ /
“Core-corona” separation 7 =% j \_, m L{l e
1!1 nout -t
Core—high string density '
Corona—low string density
with “Core"=Hidrodynamics - . o . ~- ’
No “Core"=just string model & 7T"" =8 T + ;T + T, 7" = 0. Q0 ere vivm
D S K. Werner et al., PRC89 (2014) 6, 064903
oner: ,
: . . Color flux tubes for the pomeron exchange.
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-851 1 [EPETET | 1 1 F
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K. Werner et al., PRC 82 (2010) 044904  K.Wemer etal, PRC 92 (2015) 034906
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