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) New opportunities at LHC

Near and far future

» Run-3 + Run-4: Precision era
o High lumi. LHC
o Major upgrades on all experiments
e ALICE: triggerless experiment, ITS+MFT...
 ATLAS+CMS: timing layer (PID!!!), ...
o ...in addition of some bonus (maybe?) from LHC: O-O run

» Run-5: Proposal for lighter ions
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Proposed run scheduled

2021 (4 weeks)

Pb-Pb 5.5 TeV, 3 weeks
pp 5.5 TeV, 1 week

2022 (6 weeks)

wzCc=

p-O + 0-0 7 TeV, 1 week
Pb-Pb 5.5 TeV, 5 weeks

2023 (4 weeks)

LS3

pp 8.8 TeV, few days
p-Pb 8.8 TeV, 3.x weeks

ATLAS/CMS upgrades, ALICE: ITS3? FoCal?

Pb-Pb: 6.2/nb ALICE/ATLAS/CMS, 1/nb LHCb

p-Pb: 0.6/pb ATLAS/CMS, 0.3/pb ALICE/LHCb

pp 5.5: 300/pb ATLAS/CMS, 25/pb LHCb, 3/pb ALICE
pp 8.8: 100/pb ATLAS/CMS/LHCb, 1.5/pb ALICE
0-0: 500/ub

p-0: 200/ub

R | 2027 (4 weeks) | Pb-Pb 5.5 TeV, 3 weeks Pb-Pb: 6.8/nb, ALICE/ATLAS/CMS, 1/nb LHCb
U pp 5.5 TeV, 1 week p-Pb: 0.6/pb ATLAS/CMS, 0.3/pb ALICE/LHCb
N | 2028 (6 weeks) | Pb-Pb 5.5 TeV, 2 weeks pp 5.5: 300/pb ATLAS/CMS, 25/pb LHCb, 3/pb ALICE
4 p-Pb 8.8 TeV, 3.x weeks pp 8.8: 100/pb ATLAS/CMS/LHCb, 1.5/pb ALICE
pp 8.8 TeV, few days
2029 (4 weeks) | Pb-Pb 5.5 TeV, 4 weeks
RUNS Intermediate AA, 11 weeks E.g. Ar-Ar 3-9/pb (optimal species to be defined)

pp reference, 1 week

This is only a proposal from a working group — none of this numbers are granted
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Why do we need this?

CMS N> 110, 1 .0GeV/c<pT<3.0GeV/c

» Discovery of the ridge
o Long range correlation

o Similar to Pb-Pb collision %
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A Question raised

. . CMS
» What is the nature of the ridge? .{wimm il mmmm Trmpma s
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» How do we interpret that?
Observed Iong range correlations in n :> Rooted in intial/early stage

[Initial spatial g,  +final interactions]
' Hydrodynamics
1 Parton transport, es)cape
0 T
Initial spatial € CGC Glasma
by initial interactions Color-field domains, etc.
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A In other words...

Emergence of hot QCD phenomena in small colliding systems
» Standard descriptions of p-p, p-A, and AA physics may lack ingredients
» Common paradigm? Universality?

Where is the onset of collectivity if any?

» What are the least ingredients to observe collectivity in terms of mulitiplicity?
Energy? Density? ...

» No observation in electron-positron collisions so far
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A In other words...

Emergence of hot QCD phenomena in small colliding systems
» Standard descriptions of p-p, p-A, and AA physics may lack ingredients
» Common paradigm? Universality?

Where is the onset of collectivity if any?

» What are the least ingredients to observe collectivity in terms of mulitiplicity?
Energy? Density? ...

» No observation in electron-positron collisions so far

Disclamer: | am not intending to answer all these questions here.
Today | will focus and what LHC has to offer and what can be done
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) What are the driving factors?

» Initial geometry and its fluctuations
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Glauber-like

eccentric proton

Mantysaari, Schenke,
PRL 117, 052301 (2016)

» Medium response/transport coefficient (if any?)
» “background” — so-called non-flow also matters!

A lot of studies/measurements have already been carried out to
understand all this aspects

16/03/1
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State of the art

Observable or effect | Pb-Pb p—PDb (high mult.) | pp (high mult.)
Low pr spectra (“radial flow”) yes yes yes

Intermediate p (“recombination”) yes yes yes

Particle ratios GC level GC level except 2 GC level except 2

Statistical model ~8C€ =1, 10-30% 7EC ~ 1,20-40% MB: 7 < 1, 20-40%
HBT radii (R(kT)’ R( Y, Nch)) Rout/Rside ~1 Rout/Rside SJ 1 Rout/Rside SJ 1
Azimuthal anisotropy (v,,) v —Uy U1 —Us Ug—Uy

(from two particle correlations)

Characteristic mass dependence Vg—Us Vg, Ug Vg

Directed flow (from spectators) yes no no

Charge-dependent correlations yes yes yes

Higher-order cumulants “4~6~8~LYZ" “4~6~8~LYZ" “4 =~ 67

(mainly vy{n}, n > 4) +higher harmonics +higher harmonics

Symmetric cumulants up to SC(5, 3) only SC(4,2),SC(3,2) | only SC(4,2),SC(3,2)
Non-linear flow modes up to vg not measured not measured

Weak 1 dependence yes yes not measured
Factorization breaking yes (n = 2,3) yes (n = 2,3) not measured
Event-by-event v,, distributions n=24 not measured not measured

Direct photons at low py yes not measured not observed

Jet quenching through dijet asymmetry | yes not observed not observed

Jet quenching through R 5 yes not observed not observed

Jet quenching through correlations

yes (Z—jet, y—jet, h—jet)

not observed (h—jet)

not measured

Heavy flavor anisotropy

yes

yes

not measured

Quarkonia production

suppressedJr

suppressed

not measured

16/03/19
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State of the art

Observable or effect | Pb-Pb p—PDb (high mult.) | pp (high mult.)
Low pr spectra (“radial flow”) yes yes yes

Intermediate p (“recombination”) yes yes yes

Particle ratios GC level GC level except 2 GC level except 2

Statistical model ~8C€ =1, 10-30% 7EC ~ 1,20-40% MB: 7 < 1, 20-40%

HBT radii (R(kT)’ R( Y, Nch)) Rout/Rside ~1 Rout/Rside SJ 1 Rout/Rside SJ 1

Azimuthal anisotropy (v,,) v —Uy U1 —Us Ug—Uy

(from two particle correlations)

Characteristic mass dependence Vg—Us Vg, Ug Vg

Directed flow (from spectators) yes no no

Charge-dependent correlations yes yes yes

Higher-order cumulants “4~6~8~LYZ" “4~6~8~LYZ" “4 =~ 67

(mainly vy{n}, n > 4) +higher harmonics +higher harmonics

Symmetric cumulants up to SC(5, 3) only SC(4,2),SC(3,2) | only SC(4,2),SC(3,2)

Non-linear flow modes up to vg not measured not measured

Weak 1 dependence yes yes not measured

Factorization breaking yes (n = 2,3) yes (n = 2,3) not measured A |Ot Of
Event-by-event v,, distributions n=24 not measured not measured work still
Direct photons at low py yes not measured not observed

Jet quenching through dijet asymmetry | yes not observed not observed need to
Jet quenching through R 5 yes not observed not observed be done

Jet quenching through correlations

yes (Z—jet, y—jet, h—jet)

not observed (h—jet)

not measured

Heavy flavor anisotropy

yes

yes

not measured

Quarkonia production

suppressedJr

suppressed

not measured
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State of the art

Observable or effect Pb-Pb | p—PDb (high mult.) | pp (high mult.)

Low pr spectra (“radial flow”) yes yes yes

Intermediate p (“recombination’) yes yes yes

Particle ratios GC level GC level except 2 GC level except €2
GC

Statistical model

~8C€ =1, 10-30%

~E€ ~ 1, 20-40%

MB: 7° < 1, 20-40%

HBT radii (R(kr), R(¥/Ng,))

Rout/Rside ~ 1

Rout/Rside S.; 1

Rout/ Rside SJ 1

Azimuthal anisotropy (v,,) v1—Uy V15 Up—TUy

(from two particle correlations)

Characteristic mass dependence Vg—Us Vg, U Vg

Directed flow (from spectators) yes no no

Charge-dependent correlations yes yes yes

Higher-order cumulants “4~6~8~LYZL “4~6~8~LYZ “4 ~ 67

(mainly vy{n},n > 4) +higher harmonics +higher harmonics

Symmetric cumulants up to SC(5, 3) only SC(4,2),SC(3,2) | only SC(4,2),SC(3,2)

Non-linear flow modes up to vg not measured not measured

Weak 1 dependence yes yes not measured

Factorization breaking yes (n = 2,3) yes (n = 2,3) not measured A lot of
Event-by-event v,, distributions n=24 not measured not measured work still
Direct photons at low pr yes not measured not observed

Jet quenching through dijet asymmetry | yes not observed not observed need to
Jet quenching through Ra a yes not observed not observed be done

Jet quenching through correlations

yes (Z—jet, y—jet, h—jet)

not observed (h—jet)

not measured

Heavy flavor anisotropy

yes

yes

Quarkonia production

suppressch

suppressed

not measured
not measure

Still a significant fraction of these observables are lacking of (robust) pre/post-diction
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A A word on v,{2}

» Extensively measured in data at LHC

» Theoretical prediction available for most of the “competitors”
o One example bellow

» More data won’t bring much for this observable only
o Not forgetting about known experimental ambiguity
o Systematic and much more precise PID studies still can be performed

superSONIC for p+p, Vs=5.02 TeV, 0-1% superSONIC for p+Pb, vs=5.02 TeV, 0-5% superSONIC for Pb+Pb, vs=5.02 TeV, 0-5%
' V'J "data for »';=13 TeV ) ) v;' : '2v2
0.14 V3 **v,, subtracted T V3 m J. V3
v4/2 Vs . V.;,/2 ’
012F  ATLAS, Nep=60+ —@— T ATLAS, Nen=110-140 —@— @ T AUCE, 0-5% —@— ¢ ¢
0.1 ATLAS*, Nep =60+ +—dp—t CMS, Nyy=120-150 = °
L eMS**, Ney=110-150 —5— * fied T ¢
008 - . ’ . ’@‘ - . — . .
0.06 | p L + i o + ° ¢
. $ f 4 L )
0.04 ¢ o0 * + ¢o o0 ® g + o °
002f M ¢ 1 .].'m. . ¢ .® I
0k ‘ ¢ ¢ .-_ il o ® . M ® o
0 0.5 1 15 2 250 0.5 1 15 2 250 0.5 1 15 2 2.5
pr (GeV) pr (GeV) pr (GeV)
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A Multi-particle cumulant c, (v,) Run 1 + 2 results

> Probe collectivity g [y T —
s | 4 Standard method 11 Three-subevent method ]
o Golden observable so far ¢  Amas |FATLas [Blop 5=5.02Tev
i U % rﬁ‘# 0.3<pT<3 GeV i 0.3<pT<3 GeV [5]pp Vs=13 TeV
> S it i i ) . % " 1 ‘% (8] p+Pb \5=5.02 TeV 1
ensitive to: N I ST P A5 % .......................................................... ]
[ ot 1 03
o IS geometry and ; "o 18 8 ? §+¢%¢¢¢ 5
. [ 0 i i
ﬂUCtuatlons . -5 ooooo " 00000 % Aar 0000000 o 00000¢§ ]
o Flow fluctuations P(v,) o I o
o .. bUt also non ﬂOW 40 50 607080 10° 2x10? 3><102<NCh) 40 50 6070 107 2x10? 3><102(NCh>
* Subevent neededto ~ — T T J[pereanss s
- pp, s = eV, 0.9 pb’ 1t P*Pb, \s,, =5. eV, 28 nb’
study the onset o | 03P, <3GV ATLAS 1[ 03<p<3GeV  ATLAS

i NSE' for 0.3<p_<3 GeV i NS for 0.3<p_<3 GeV

» Sub-event technique mitigate

1r - e e w
) . i 11 e * T2 30000388
the issue but require larger [ sesssesrresss [ 47 007 )
. ooooo.0‘°o T-*““““-..-...-.' "
Sample o ° o‘$ "owes 1l ——v,{2} template fit
1t -e-v,{2} peripheral subtraction
-=-v,{4} three-subevent method
G000 2000 - f00 200 300
(N (N
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A Multi-particle cumulant ¢, (v5) Run 1 + 2 results

> vV, is a better handle to
study IS fluctuations

©)

Easier to understand
things when you try to
break the problem in
pieces

> Caveats:

o Harder to get
o Need more statistic and
precise measurement
o Need to go down in
multiplicity
16/03/19

x1 O'GT

c,{4}

(&)
T I T T
——
—-

T
Sta

v o0 8

ndard method
ATLAS

0.3<pT<3 GeV

=]
¢ g =
0 _000;(}0{3o°°o°¢o°§_

:# ‘%iﬂi;%gi%?w%w{

1l atLas
[ 03<P<3CeV [Fpp (=13 Tev

T l T T
Three-subevent method

[8] pp 15=5.02 TeV

[0 p+Pb (5u=5.02 TeV |

!

40 50 6070

40 50 60 7080 10? 2x10%  3x10? 10? 2x10?  3x10?
(N) (N_)
X VEO{2)(ANI>2) 0.3<p_<3.0GeVic
. nl<2.4
0.0aF * V% -
[ B v {4} hydro 5.02 TeV
0.03[ . B o X
- . % e
0.02 % - 5 »
i X
¢
0.01- e
XX
1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 L I 1 1 1 1 I 1 1 1 1 I L 1
100 200 300 100 200 300
offline ffline
Ntrk rk

Small system workshop

10



i

Prediction for HL-LHC

» Large sample available at HL-LHC will drastically reduce the

statistical precision for all harmonic order (2, 3 and beyond)
o At low multiplicities: onset of collective signal

o At high multiplicities

o 4 7
< 1'5:_ ATLAS Preliminary
© - Projection from Run-2 -
1 || pp Vs=13 TeV, 200 pb™'
i <25 0.3<p <3.0GeV |
050 | * 5% vifd) ]
: L] £ 2.0% v{4} -
Of o frommmmernfenmmrnnnnnesee e r::tt:r:—:—':’:::::?::t:::}
""""""""""""""""""""""""" ':"i;""" Ry e
-0.5 } 33 ]
: i '
4 ¢ Run-2,09pb" £ 5 -
" | Projection 3

_I 1 L 1 1 I L 1 1 1 I L 1 1 1 l 1 1 1 L I 1 1

1550 "100 150 200 250
Nch
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Prediction for HL-LHC

i

» Large sample available at HL-LHC will drastically reduce the

statistical precision for all harmonic order (2, 3 and beyond)
o At low multiplicities: onset of collective signal
o At high multiplicities

16/03/19

\s it really constant at high N_,?

L] L L] L I L} 1 L} L} I L 1 L} L} I L Ll L —~— 1x10_6| ! U U T U I L I L J I T T T T I T
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) Is the v_ driven by €_in small system?

» P(v,) has never been measured in small

systems
o Measurement enable at HL-LHC
o Details of IS conditions and FS dynamics
o Better handle on flow fluctuations

» Cumulant ratio
o Shape of the distribution linked to universality
o Same in p-A and A-A? What about p-p

» Complementary informations
o Most straight forward way to understand if
eccentricity plays a major role
o Needs high precision cumulant measurement
together with P(v,) distribution

16/03/19 ‘ Small system workshop
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g Deeper into the details: SCs

> Symmetric cumulant SC(n,m)=<vjvm>—<v2><v2>

o Correlation between harmonics
o Sensitive to both medium response and IS fluctuation (depending on n and

m)

n m

o Cumulant based technique: same advantages/same caveats

» Within current precision: p-A and A-A are very similar at high

multiplicity

o w/ or w/o subevents

16/03/19
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) HL-LHC prediction for SCs

» Great improvement of the experimental «10°CMS Projection pPb (s, = 5.02 TeV

precision there in pp and pA 2 osl i
C o6 Projected, 1000 nb’
» Will lead to tighter constrains on IS here Vo4l B 2-sub
. > L Il 3-sub
EVEN IF so far not a lot of theoretical o O
calculation are available N 02
%’;-0.4
& -0.6
%—0.8
100 200 300 200 500
(N_ ) (ml<2.4)
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2\ HL-LHC prediction for SCs

» Great improvement of the experimental «10°CMS Projection pPb (s, = 5.02 TeV

precision there in pp and pA = ogf Data, 35 nb
. _ . > 06 Projected, 1000 nb™'
» Will lead to tighter constrains on IS here Vo4l B 2-sub
i Il 3-sub

o
T

EVEN IF so far not a lot of theoretical
calculation are available

... despite interesting effort to
understand this via a wounded hot-spot
approach 100 200

|
o
N O
T T

SC(2,3) (ml <2.4,0.3 <p
S
N

| | |
300 400 500
/NN ()l < 2.4)

Symmetric cumulants as a probe of the proton substructure at LHC energies

Javier L. Albacete,!"* Hannah Petersen,>¥* T and Alba Soto-Ontosol %

https://arxiv.org/pdf/1707.05592.pdf

Really need to understand how to discribe the IS condition -- is there any
geometrical contribution at the sub-nucleonic scale?
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g SC(2,4) —a more complex case

4x1'0—6 pPb 8.16 TeV ~ CMS Preliminary

I¢ 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
i 03< P, < 3 GeV/c 1

L.

00000 0000 0 o OF
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trk
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E SC(2,4) —a more complex case

4 x10° PPb 8.16 TeV ~ CMS Preliminary
1 I¢ 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
l, O.3<pT<3GeV/C'
‘T o _
2 E ©) —
<
N L
S 0
e o no subevent -
. e 2-subevent
_ob m 3-subevent _|
i + 4-subevent
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 100 200 300
Noffline

trk

» Splitting observed

O

Cannot be non flow

SC(2,4)

_x10° pPPb 8.16 TeV  CMS Preliminary
I 1 1 1 1 I 1 1 1 1 I 1 1
i 0.3< P, < 3 GeV/c T
0 :
| 90000 0 0000 o ©4
LT e e :
LY e Y - 9 |
B o no subevent _
I e 2-subevent
i m 3-subevent
i + 4-subevent
I 1 1 1 1 I 1 1 1 1 I 1 1
100 200 300
Noffline
trk

o Factorization breaking — also observed by ATLAS
https://arxiv.org/pdf/1705.04176.pdf
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@ Can we factorize out contributions?

Longitudinal dynamics

» Detailed studies of this in small system are still not fully covered
o In particular the effect on sub-event cumulant
o Thisis shown in the data but poorly quantified

3 sub-evt

2,3

» Some ideas to study that >N
o “Standard” way: look at cumulant with different number of sub-
event and compare OR look at correlators directly <<4>>, <<2>>,

o “non-standard” way: Possible to combine (add, subtract, ...) to
isolate terms that are dominated by factorisation breaking
* |s this possible?
* Needs to make sure that anything measured is actually
usable for our theory friends
o Other ideas?
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A Can we factorize out contributions?

Non flow
» A proper understanding of flow = [oepbye 502 Tev, 280" |
goes with a proper understanding o[ 03P <3CeV  arLas ;
"1 NG for 0.3<p <3 GeV
of non-flow
o Different method from 2-p give [ L+7333533%83%88
different answer based on assumption 005 T gaseenest s B E S e R e,
——v,{2} template fit
o Important to study the onset e el subtracton
-=-v,{4} three-subevent method
OOI".1(])0.‘II2(I)0I‘l‘3(I)OI‘I‘
(N,

» Cumulant with sub-event helps but can we do better?
o Can we factorise out (partially) terms that depends on non-flow in
subevent cumulant and actually measure it?
e Comparison/combination of various definition of n-subevent
cumulant
o Not trivial most likely ®
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g Hard sector: heavy flavor v,

» Large v, observed for charmed

(_3M'S' ' - _ . pI’3b 8.1'6T'eV
quark i B PromptJiy [ K(s) 1855N§Ti”e<250 il
o Similar magnitude for J/W and D° 02-® Prometd O AO ) .
o Smaller than lighter flavor at low p; & o
o Uncertainties are still large 3 2.0 ©
: oo 09 aeap ;
- ++ O + g] 4
» The observed pattern is still very o.oﬁﬁ_%_, ___________ B
similar to A-A L 1 3
0 2 4 6 8
P, (GeV)

Magnitude surprisingly high

16/03/19 Small system workshop
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The puzzle

» Data compared to Model

©)

IS interaction like (CGC -- left)
o Final state interaction like (Rapp -- right)

» Final state interaction alone cannot explain this

S o VS Uy %2 [ oPb @ 6.16 TeV mid-rapidity high-mulliplicity
—— J/tb, me = 1.2 GeV —a— ALICE JI¥ -4.46<y<-2.96
0.15 |-[--- T, m; =45 GeV e AHISE Y 2.03<y<3.53
zzzz1 ¢

N B, = 6 GeV~2 o1 | (S)
< 010F A=05Gev N
S Q? =5 GeV?

0.05

ol B ——— :
0.00 f - ]
0 1 2 4 0 2 10
k_l_ (GeV)
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E What can be improved?

» Measurement precision
o Projection already done for HL-LHC

02EMS Pro({ect/on PPD Sy, =8.16 Tev 0.20 — —
Prompt D Prompt JAp
-1.46<y <054 -286<y <-1.860r0.94<y <1.94 ® CMS, J/¢
Lipy = 500 nb"" Lin = 500 nb” 0.15 . 4/1#, - 4=51-é (i’ev
: --=-T, mpy =4.5 Ge
- Liy =2 pb”’ - L,,=2pb” b
. T R B, =6 GeV~2
S & 010 A=05Gev
S Q? =5 GeV?
o 0.05
I ' ' ' 0.00 | -
0 2 4 6 8 i
p, (GeV)
H o, . . 0 1 2 3 4
o Upsilon v, even more exciting in pPb
k. (GeV)

» What about small systems like p-p?
o More data are needed to hope for equivalent signal significance respect to

pPb
16/03/19 ‘ Small system workshop 20
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Hard sector: high-p; v,

» High-p; v, related to parton
energy loss

o Unbiais observable compared to

RAA
o No reference needed

» If jet-quenching exist in small

systems such as pPb and pp, it

very small
» Can look at high-p; v,

» Need to suppress non-flow their

e 2PC + gap not sufficient
probably

* Need cumulant + sub-event

16/03/19

6-\'_ C T T T | | .
£ 0.2-ATLAS 2elAni<5
> - p+PDb \s,=5.02 TeV, 28 nb 0.5<p:<5 GeV
- N>150 |
0.15 ooo o % o o o h N
i e ® o ° o i
- éﬁu g o g ]
B .u -
B ol o .
0.1— e"‘ e ]
B o .
- @ eTemplate Fits -
— Q .
0.05 _QQ' o Template Fits (ZYAM)
- o Fourier Transform
i Peripheral Subtraction
1 | Il 1 1 | 1 1 1 .
0 2 4 8 10
p? [GeV]
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A Light ions, Run3/4 and beyond

> From pp '> pA '> AA §0.16:— ALICI; Pr'eli'mi'n&;r;l ppl p‘-Pb‘ X'e-)'(e‘ th')-le ‘ '—:
o Difficult to understand 014 Weoh o EE EE B W 1a ]

« Different geometry Og";: = m m m tiﬂiiliﬁi:;

* Some signatures are there butsome .- 3

are not (jet-quenching) R ETMELY. E

0.04:— 3

> System size dependence CUERRAERIL e e —
o What about smaller systems? o O <08)

o Opportunities to collect some O-0 at LHC
* A-A geometry but similar to p-Pb in terms of multiplicity, N
e Better understanding of the transition pA->AA
 0O-0O system large enough to observe jet quenching

part***
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Light ions, Run3/4 and beyond

» Also some potential request for other species in Run 5

o Going toward smaller ions Ar-Ar
 Get more control on the geometry while studying the onset of collectivity

o L A — Q | I o 1.2 -
E=d | — L —1 - =
g 7 © XeXe/PbPb: ATLAS Data 1 2 5L © XeXe/PbPb: ATLAS Data 1 £ © XeXe/PbPb: ATLAS Data
O o XeXe/PbPb: Theory, Giacalone etal{ § |3 o XeXe/PbPb: Theory, Giacalone etal | Q o XeXe/PbPb: Theory, Giacalone et al-
8 « ArAr/PbPb: Theory, Giacalone etal 1 <L @ ArAr/PbPb: Theory, Giacalone etal | &L = ArAr/PbPb: Theory, Giacalone et al -
> i * OO/PbPb: Theory, Giacalone etal | > L # OO/PbPb: Theory, Giacalone etal | > #* OO/PbPb: Theory, Giacalone etal
15 -
i i 1; _________ e - oo L vl - = iy = "ot ITTITTIT =
RN N :
L 0.5 “— 05 —
0 5‘_pT € (0.5,5) G]eV " pr €(05,5)GeV T . pr€(05,5) GleV |
0 20 40 60 0 20 40 60 0 20 40 60
Centrality [%)] Centrality [%)] Centrality [%]
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) Wrap-up

» LHC will offer new opportunities
o More precise/differential measurement from soft to hard sector
o New colliding systems
o Better detection systems: extended coverage, PID, large data acquisition
capacities
» Need to find a coherent explanation for all the signature observed

in small systems
o Being able to chose between various scenario require close collaboration
between theory and experiment
* Find observable and event classification that are usable for all
o Break the problem in pieces
e Systematic studies of various observable
* Factorization

» One way to go would be to combine cumulants with various “flavor”
of subevents to isolates terms that strongly depends on non-flow or
sensitive to factorization breaking for exemple
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