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SINEURYSICINE

Small systems at LHC: pp, pPb and peripheral PbPb

What are the properties of the “matter” produced in
small systems? Are they different from larger systems?
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Correlations and fluctuations

* Ridge
» Collision energy, multiplicity and p dependence

* vV, and Higher Harmonics

» Peripheral subtraction; template fitting method
» Collision energy, multiplicity and p dependence

» Multi-particle Correlations
» Multi-particle Cumulants; v,{4}, v,{6}, v,{8} and v,{all=LYZ}

» [dentified Particle v,
» Mass ordering

* v, Factorization Breaking
» Lumpiness of the initial states



Ridge observed in every system

CMS pp 7 TeV, Ny, > 110 (b) CMS pPb |5 =5.02 TeV, 220 <

Hiine < 260

(a) CMS PbPb {s,,, = 2.76 TeV, 220 < N{i'"™ < 260
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Ridge yield
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Ridge yield in different systems
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Ridge yield weekly depends on center of mass energy in pp collisions

6




V_ and peripheral subtraction in CMS
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» Jet correlation contributions removed
* V., (N4 < 20) = 0 by construction



ATLAS template

|

fitting

method

T l L

T T

I LI T 7 T T

< ATLAS g s7 oo
< ATLAS > - ATLAS 0.5<p°<5.0 GeV
&) \s=13 TeV 1 [ Vs=18TeV 5 5 Ani<5.0
i i 5.65 N %290
1.05 _ '
: OSN ::ehc<20 : 56_ oooooo
" 0.5<p>°<5.0 GeV -
T A
1
- 2.0<IAnl<5.0 <
5.5
i i S o0 ]
0.95 5.45- R p _
| | | Fo 1‘1 N
0 2 4 -1 0 1 2
Ad PhysRevlLett.116.172301 A

Assumption: Correlation observed in high-multiplicity events is a
linear combination of “hard” correlation seen in low-multiplicity
events + cos(2A¢) modulation

ytempl(Ag) = FYPerph(Agp) + yridee(Agh)
Yridee(Agp) = G[1 + 2v,, cos (2A¢)]



Template fitting with v; and v,

T s5gF T T ™ ™ 7 % =HERE B B T 5
2 - ATLAS Prellmlnary 0. 5<p‘°<5 0GeV o Lo 1 X  SEATLAS Preliminary 0.5<p]°<5.0 GeV —
> X E
- pp Vs=13 TeV 2 0<L371|<5 0 oo . fg\ 4— pp (s=13 TeV 2 0<-3'l <5.0 B
5.75 N 5°>90 0]__ 1 = N =°>90 ---- n=3 component
N ; Y(A0) d < i ; 3 - — - n=4 component
- >
5.7 o G FYD""‘*( AQ) ﬁ. s 5 + —— Total
F— Yo X I
5.65; G4+ FY:e“'T(O) 00,... 0-:; 3-, E E
e --- YR LFYR ) o ‘J" - - O E
5.6/~ ° B £ E
- -qf,' e P 04:» -~ - - - -
:Lﬁ‘w’;\) (r;i.tv.’j : °2:_ _.:
5.55— . OO0 A — = 3
i . 3 + + =
8 | | | | 1 = - 1 a2 2 1 -
1 0 1 2 3 - -1 0 1 2 3 4

Ad A0

Observe clear higher harmonics
» Well described by sum of cos(3A@) and cos(4Ap)



Vv, after peripheral subtraction
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* No energy dependence observed

« Similar shape as pPb and PbPb

» Smaller v, than in larger systems
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v, after peripheral subtraction
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pp collisions:
* No energy dependence observed
« Smaller than pPb and PbPb
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How different are pp and pPb ? v,(p;) shape comparison
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« Compare v,(ps) in pPb with 1.51*v,(p7) In pp

* pPb v, have the same trends vs p+
12



v, In small and large systems
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Multi-particle Cumulant
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Multi-particle Cumulant
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* Clear signal observed in 13 TeV pp collisions
« Shape similar to pPb but with different magnitude
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v, from Multi-particle Correlations

Phys. Rev. Lett. 115, 012301 (2015)
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* V,{4}=v,{6}=v,{8}=v. {all=LYZ} in pPb and PbPDb!
o Strong evidence of collectivity! All particles correlated
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v, from Multi-particle Correlations

Phys. Rev. Lett. 115, 012301 (2015)
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« V,{4}=v,{6)=v,{8}=v.{all=LYZ} in pPb and PbPD!

o Strong evidence of collectivity! All particles correlated

* V,{2}=v,{4}=v,{6} in pp at 13 TeV! Collectivity?

18



v{2PC, sub}

va{2}

ldentified Particle v2

0.25

0.2

0.15

0.1

0.05

|
ALICE
p-Pb |s,, =5.02 TeV p P b

(0-20%) - (60-100%)

mh AT

* K opP

0.15

0.05

0.00

CMS pp ﬁ =13 TeV P(e/im(narx

0.10

B . K° [Anl > 2
.o PP
+ h +
: § ot +
¥ i |
+

P — — — —— — — — — — — — — — — — —

. - — —
0.3[ CMS m

| pPb {5 =5.02TeV,L_=35nb

- 0

- = K pr |
0.2 o A/A o g

- e . ]

< h P .
+f "= w

i ol
0.1+ & e —

L " e

<>. o tthine
o, 185 s N[, ™" <220

- .' (0.006-0.06%)

00 | 1 1
0

(GeV)

 Clear mass ordering observed
up to 2 GeV/c

 Features similar to those seen
n “large” systems

19



ldentified Particle v,
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v, Factorization Breaking

Initial state fluctuations

!

Lumpiness of the initial state ge

!
pr and n dependent W _(p+, N)

!

Vapr.n®prsm’) = v, (pr.n*)%v,(pr.n")

(two-particle) (single-particle)
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Vv, Factorization Breaking in p+
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* No obvious difference between small and large
systems

v Ridge yield

v' v, and higher harmonics
v Muliti-particle correlations
v Identified particle of v,

v' v, factorization breaking

* Is QGP produced in small systems?
o Need more theoretical studies
o New measurements?
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ATLAS and CMS method

Assumption: Correlation observed in high-multiplicity events is a
linear combination of “hard” correlation seen in low-multiplicity
events + cos(2A¢) modulation

Ytempl(A¢) — FYpeﬁph(A¢) + Yn'dge(A¢) (1)
Yudee(Ag) = G[1 4 2v,, cos (2A¢)] 2)

Data suggests that Yrerrh contains a hard component and a
soft component:

YPeivh(Agp) = YM(Ag) + Go|1 + 209, cos (2A¢)] @

CMS peripheral subtraction 0
method subtract: 2FGO ’1)2,2 COS (2A¢) Reduced Vs

ATLAS template fitting 0
method subtract: FGO[I T 21}2,2 COS (2A¢) ]

Reduced G in (2), less impact on v, .
Can be interpreted as correlation w.r.t. a subset of particles? 26




v, from Multi-particle Correlations

Phys Rev. Lett 115, 012301 (2015)
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* V,{4}=v,{6}=v,{8}=v. {all=LYZ} in pPb and PbPDb!
o Strong evidence of collectivity! All particles correlated

* V,{2}=v,{4}=v,{6} in pp at 13 TeV!
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v, In small systems
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v,, Factorization Breaking in n

- ¢ - - P V.(m'n)= 1:':’::', -9’
Redefine “factorization ratio”: ") = {(cos[n(¢”- "))

V_.(n®
a b VnA('ﬂasﬂb) I )
rn(n ’n )E a.b Vv ('s b)
vnA(n o7 ) '“l] i
HF- Tracker HF+ b
| 1 | 1 | | l’
-5.2 -3.0 -24 0 24 3.0 5.2
l

HF towers (tracks) weighted by E+ (p;) CMS. arXiv:1503.01692

Ensure all pairs used have n gap > 2 units!

(cos [¥nu(—n*) —¥u(n®)]) (cos[¥n(n?) —¥u(—1")])
V' (cos [¥u(n") = ¥u(nP)]) (cos [¥a(—1") —¥u(—1")])

~<cos[n(\Pn(na)—‘I’,,(—ﬂa))]> in pPb 29
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V (%, 0°) X ra(—=n%, —nb) =



|dentified Particle v, in pPb
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Identified Particle v, in pp
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