J%r 7
/ﬂ/l” ‘/ 4//,4

R

\&\‘// / Y
\
= S\
——
LivioBianchi =
W | |-Q¥fRcorrelations in

\
\'1\‘1 )
I (U W/,
QA v///
KIRNEYAO O2f f A
ClermontFerrand

&

Y YLIX Y€

@yfmﬁéff,

// // 7’/ %7,,» /,% z 2 4

////7’{/////;-/},- 2

7%ééﬁjiftﬁn

s = S
=

Livio.Bianchi@cern.ch



Overview

LightFlavours why and how
Small/large/medium/whatsoever system
Results from RHIC and LHC
LYGSNILINBGIF GA2YY FNB ¢S
Conclusions, Outlook, Positivity, Criticalities

Your turn: shoot!

CI

K

S

LivioBianchi
GDRQCDwshop

24 July 2018

NB

2
Yo

23

Wl f NB |



Introduction




: . LivioBianchi 4
Particles production: an {is. ) unbiased perspective ({f corcosnor

aX possible 24 July 2018

QCD: perturbative regime calculable up to the NNNLO levelpednrbative regime much less known.
LQCD addresses static hadron properties, models try to describe dynamical processes

Microsopicmodels To which extent can we use aO02tt SOUAL | I a
A Solidly QC@rounded UKSY 2 RSa ?N‘%g( ) O’éa Ll xadallle
A Implement several suimechanisms to aeausyas 20a;s |\I‘EA L1:ew pgrameters
deal with nonperturbative aspects What have we learnt so far? A Predictschemical composition
A (Relatively) large number of parameters Can we learn more A Surprisingly-worksfrom e‘e to
A Normally better in predicting dynamics Pb-Pb
rather than chemical compositior Hybrid Models 0 EXAMPLESSI/Heidelberg,
| - B ¢l 9wa! {Z {1 w¢
- ulEEEeE ACdzaS RAFTTSNBYG aNBIAYSa¢ 00 Odzzy b
A Clusters Models (HERWIG) statisticalhadroniz, collectivity, etc) A X 2 NJ Ké RN 0 YA a 02
A String models (PYTHIA, DIPSY) A Several purely phenomenological A Describe collective expansion of
AL X mechanisms-( parameters) hydrodynamic object
implemented
EXAMPLES:

A EPOS
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Example of microscopic models: Pythia GDRQCDWSHOp
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A Linear confinement potential for large distances (confirmed
by lattice QCD). Short distances: perturbation theory holds

A Confinedcolourfields:strings with tension k = 1 GeMim

A Breaking of strings (tunneling) give hadrons

- p . P
DG'QEK_:'Q K (D K

A Flavourdetermined bygaussiarmass suppression term
(which mass? currer less ssuppression than observed.
constituentA too much ssuppression. s/u tuned on dgta

VST)

linear part

. aryons
Coulomb part &

Fischer &Sjostrand arXiv:1610.09818 (201
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Example of microscopic models: Pythia GDRQCDWSHOp

24 July 2018

A Linear confinement potential for large distances (confirmed A hadronic collisionsmultiple strings needed +d
by lattice QCD). Short distances: perturbation theory holds to describe multiplicity distribution\MP) y i
g Lud
A Confinedcolourfields: strings with tensionk = 1 GeMin A In the LC Lund model each string is - Fud
hadronizingseparately with respect to the < it
A Breaking of strings (tunneling) give hadrons others §
I

. B b B A The muiltiplicity increases, but not ti#g,d
Ve QK =0 KK nor the relative flavor abundancies!

L Ae T
N S
“5IE

RIS 3. e

A Flavourdetermined bygaussiarmass suppression term
(which mass? currery less ssuppression than observed.

A Multiple strings are close in spatiene.
constituentA too much ssuppression. s/u tuned on dgta

Dynamical interaction not implemented,
but ColourReconnectior(CR) cahappen

vir i | A Takes place aftgvarton shower and considers
N all SU(3) permitted configurations.
@ Selection parameter: total string length

linear part

. aryons
Coulomb part &

e
c
@
c
=
()
S
c
@)
S

=]
@®©

I

A
d

A After reearrangementhadronizationtakes place

A Takes into accourttolourreconnection in remnant

Fischer &Sjostrand arXiv:1610.09818 (201

Christiansen &kandsarXiv:1505.01681 (201
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Nucl. Phys. A 904 (2013) 535-538

SHMC( class of modelg/hichpredict chemical composition
of the finalstate:

A seehadronizationas particles spilling from an excited state - N

68d3d KIFIRNRYy NBaz2ylyos 3

X
c

T2% 2m\y3 LIdZNE au o
O,
o'@*%

Mult|pI|city dN/dy

A have few parameters at play: 2RER R
A T : the temperature of the source at chemical freezg S50 T T O O O O O i

A V : the volume of the source Data 99

. . 1 e

A m,: baryochemicapotential (0 at LHC) e STAR e Z}F@
:DPHENIXEE'

ABRAHMS?
L

—
T
|

Generally successful in heavy
lon collisions, making use of a
grancanonicalensamble

Q (1) d d K* E* A*eHe/ He

[I]l Bt

Andronic & BrauMunzinger & Redlich & StachakXiv:1710.09425 (2017



Example of hybrid models: EPOS

nucleon =, ... nonlinear quasi longitudinal
4 effects ) color electric field
"flux tube"

lowx
partons 5 &

y [fm]

o &b b d OoN s o »

P R N B U B P B 0
8 6 4 -2 0 2 4 6 8
x [fm]

LivioBianchi
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A Hard scattering treated with the addition of several DGpaAfond f | RR S N& €
(pomerong + a CGa@hspired saturation scale

A Parton ladders are then considered as relativistic strings, conveniently treated in a
string fragmentation approach {a Lund)

A Attimet, (well beforehadronizatior) strings are divided into: fluid (CORE) and
escaping (CORONA) according to their momenta and density of the string segmen

C CORONAstrings carnadronizeas in the Lund approach

C COREfrom the timet, evolves as a viscolydrodynamicsystem.
Hadronizatiorhappens statistically at a commop T

A After hadronizationhadron-hadronrescatteringcan be considered, making use of an
afterburner (e.gUrQMD

NOTE parameters governing the coanly part are 6
(tos M 0y €0 Vg feco &), 1O be tuned on data!

Werner, PRL 98, 152301 (2007)
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Particles production: measurement techniques (1)
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Charged stable light particlég,K',p) are detected through their energy

el
w

- ALICE performance

PERFORMANCE
o pp\s=13TeV

26/08/2015
ALICE pp 1s=13 TeV

bl
o

. T N msea 3
loss. Several PID techniques are useful to cover the lapgeshge > F . TPoTOF 1
(O
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Particles production: measurement technigues (I1)
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T
Weakdecaying particles detected exploiting: J T [ e S
A reconstruction of the topological decay - ﬂ 2 °F  preliminary :g'ag“id
A PID for daughter candidates ,:”»,I e Y Vros
A Signal extraction through invariant mass \ VOV g | Pornat g 2raTey
integration 4. /)q Vix S

4

M, - (GeV/c?)

g /?L l C E ;agggaaltfgackground
[ . preliminary Backround
Particle  Mass (MeVE?) Decay channel o 4 !g_asc;ioundﬁt
Z . l¥|<0.6
e 498 p*+p” (BR=69%) 2.68 W
L 1116 p+H (BR=64%) 7.89 8 2f
X 1322 L+p- (BR=99.9%) 4.91 Hit _, __
W 1672 L+K (BR=68%) 2.46 162 164 166 168 1.74_1/.)74
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Particles production: measurement techniques (ll) coracoree
24 July 2018
’:?103_' o " AuCE
Resonances can be studied through the cascade decay g o s
with PID assignment (large combinatorial background) =

(Anti-)Nuclei can be detected through their energy loss in

the material. 8

4
p/z (GeV/c)
.1016/|.nuclphysa.2017.12.004

=y 3 3
DCA of proton ) s T _
daughter to PV . - DCA 0.9 F -
DCAof A ' Ps between A 085 F a
toPV )\ L.t daughters i
- A 0.8 E g I
P 0.75 | & B

0.7 1 3 s Data

0.65 | + . i —Theoretical *He line

0.6 g - = Theoretical *He line _

: IIIIIIIIIIII llllllllllllllllll



https://www.sciencedirect.com/science/article/pii/S0375947417304839
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With small(largejsystems we can normally (" )
refer to two different things: SRR o

A Size otolliding objects
A Common way of thinking
A (ee<) pp <pA<AA

A Size otreated medium

A The correspondence to the previous
IS~ true only on average

A Npart’ |\lcoll Gy
A Multiplicity B IR 3
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Multiplicity is a very simple concept:

A Number of particles produced in a
defined kinematic region

A HEP experiments have very good
performance in reconstructing tracks
But:

A We are mostly interested in primary
particles! Need to removeecondaries

A Important concept of MULTIPLICITY
ESTIMATOR
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Multiplicity measurement

24 July 2018

Multiplicity is a very simple concept: Multiplicity estimator:

A Number of particles produced in a A Tool to categorize each event according to its multiplicity

defined kinematic region _ _ S o o
A h gap: important trick to avoid bias in the multiplicity estimation!*

A HEP experiments have very good | | o
performance in reconstructing tracks A Comparison among different colliding systems should always be

done using unbiased multiplicity estimators

But:
. . . c 10 1=_ ALICé Fl'erlfnrmlance | 'Iu[}_rl\ﬂ I\I-'IullliDIicinr Classesl —z %04 |__. T:';bl T:;aslt\l SINNI =| 2I-75IT;"'[ IIIIII | é I_:
A We are mostly interested in primary Swoipy  ple-taTey T & e L
. . _5103 1-5% .30451 = ," 37{nz:ma a7
particles! Need to removeecondaries ay f ™ ==t g\ e ALICE Performance
% 10" 15-203% zf\;:ﬂavs : E:- IE /05! :
A Important concept of MULTIPLICITY e =T el |
ESTI MATO R I[J'Bé— S \ —é } 'l JI \
0= N E
° -U; W Bl " | \ ;
= 1 AT I NG RN Sy A § 5 R ‘ | ||

0 z : : I 2 1000 ‘I5IZI(‘.l “21!00 l 25!]0 30!]0
il litude / {VOM amplitude) J/wc tracks

* if you are interested in this technical bHiEYdetail, just ask




Results: particle spectra and collectivity
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Detailed study of multiplicity (centrality)
evolution ofp; spectra broughtup in all
collision systems and at all energies.

Hardening of spectra going to
higher-multiplicity collisions

Traditionally attributed to radial flow
in large collision systems. Same mechanism
iIn small collision systems?

What is the behavior at highegy?

Can we learn something from the first
moment of the distribution?

®
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Transverse momentum spectra: hardening
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way andcompareto models!
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Transverse momentum spectra: huge harvest at LHC

PRL111 (2013) 222301
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Hydro expansion can describe raising trend.

Coalescence and recombination give qualitative explanation of the
falling at higheip-.

EPOShydro+jetg can describe the baryon anomaiy a satisfactory
way, when tuning its free parameters on other observables

Higher radial boost at LHE peak at highemp,
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Hydro expansion can describe raising trend.

Coalescence and recombination give qualitative explanation of the
falling at higheip-.

EPOShydro+jetg can describe the baryon anomaiy a satisfactory
way, when tuning its free parameters on other observables

Higher radial boost at LHE peak at highemp,

T T T T OQ 25— : : . I 1
L AutAu @ 200 GeV (AthY | I<“u L ALICE Preliminary ]
STAR Preliminary (Dﬂ+50) B i
i | o N ]
_ o pp, s =7 TeV, ly|<0.5 (arXiv:1712.09581) ]
. v Ko: di-quark B 7]
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Ko: three-quark 1 B m ]
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01 2 3 4 5 6 % 5 10

P, (GeV/e)

Transverse Momentum P, (GeVic)
Is this feature present in the charm sector as well?
Need for larger statistics!



baryon/meson: different collidingystems
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Same pattern in thda/KOSmeas,ured in small
aeausSYax oAUK RATFTFS
X 0 dzi X
MIND THE MULTIPLICITY SPAN!

In order to make proper comparison, one can selet
prranges and look at multiplicity dependence
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baryon/meson: different collidingystems
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Hydro in pp?
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Blast wave: simplified hydro model:

A Assumes common particle expansion withand T,
A If assumption ok: fit (e.gp,K,p- predictp; shape of other particles

A Assumption ~ok for all collision systems
A pp and pPh similarT,, -b; progression

A Considering corresponding multiplicity:
f Saa GoA2f SPuPh SFIM

X X A . x . r
V. A N 7 \/ VA4

but T,;, common for all systems < 92
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Global Blast-Wave fit to
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Blast wave: simplified hydro model:

A Assumes common particle expansion withand T,
A If assumption ok: fit (e.gp,K,p- predictp; shape of other particles

A Assumption ~ok for all collision systems
A pp and pPh similarT,, -b; progression
A Considering corresponding multiplicity:

f Saa GOA2f SpPHPH SELIyaiz

but T,;, common for all systems

TAKE HOME

Simple hydro model
seems to describe p
spectra evolution with
multiplicity across
different collision
systems

Preliminary, pp \s =7 TeV
— Blast-Wave fit to &, K, p
--- Blast-Wave prediction
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