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Soft probes in p+Pb and Pb+PDb collisions

 Collective flow in Pb+Pb:
* Flow fluctuations, flow correlations, event-by-event measurements

* More tools to constrain initial conditions and medium response
(viscosity, equation of state, ..)

* ‘Flow’/Ridge in p+Pb:
« Long range correlations in p+Pb: Flow in small systems?.
« Measurement of Fourier harmonics associated with ridge to high
pr (~10 GeV)
 First and higher order harmonics
« Comparison of flow harmonics in p+Pb and Pb+Pb. Common

origin?



Flow, correlations and fluctuations In
Pb+Pb




Flow harmonics from multi-particle cumulants
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 |f flow fluctuations are Gaussian,
(B,) = o~ (=" )2/26p,7}

Zn(San

Un{4‘} = Un{6} = Vn{8} - UnRP
Also non-flow contributions are suppressed in v,, from higher order
cumulants



Flow harmonics from multi-particle cumulants
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 |f flow fluctuations are Gaussian,
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Ratio of higher order
cumulants close tol

Un{4‘} = Un{6} = Un{8} - vnRP
 Also non-flow contributions are suppressed in v,, from higher order

cumulants



Event by event flow and flow fluctuations

* v,{2k} can also be calculated from P(v,, ) from EbE flow
measurements
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Comparison of EbyE and cumulant results

* v,{2k} can also be calculated from P(v,, ) from EbE flow
measurements
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Flow correlations — Event shape selection

« Can measure correlatlons between vy Dy selecting on event-shape
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Flow correlations — Event shape selection

« Can measure correlatlons between v, by selecting on event-shape
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Linear and non-linear contributions, v,

« Non-linear response: v,e!4®+ = cye?+ + ¢, (v, e292)2
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e Fit with v, = /co? + (c,v,2)? to separate linear(e,) and non-linear (v,?)
components.
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Linear and non-linear contributions, v,

« Non-linear response: v,e!4®+ = cye?+ + ¢, (v, e292)2
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Ridge in p+Pb

More results and details in arXiv:1409.1792



Ridge Iin p+PDb collisions

(b) CMS pPb |s,, =5.02 TeV, 220 < NJ%'™" < 260
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» Long-range correlations (‘ridge’) observed in high multiplicity p+Pb
collisions.

= Ridge present on both near and away sides.
= Arising from final state interactions or initial state correlations?



2PC Analysis — recoll subtraction

ATLAS p+Pb
VSw=5.02TeV,L =28 nb’
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YAOAN) = Yegee(A0) + Ya(A.AN) + Yy (Ag,An)
7 \ \

Signal of interest Away-side recoil Near-side jet peak

m Jet peak & recoll in central collisions are estimated from the
peripheral collisions and subtracted.



2PC Analysis — recoll subtraction

ATLAS p+Pb
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YA, An)

2PC Analysis — recoll subtraction

Before subtraction
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Away side — Near side

= 2nd 3rd and 4t order JEOS
harmonics cancel in the
difference.
0.6

Yield from recoil
matches the yield
difference for 1 <

0.4
pr <3 GeV \
* Holds irrespective of
pr

= At other p,2,
differences are seen
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Rldge at hlgher pr
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= Near-side ridge visible through the entire p; range studied.
= QOrigin of high- p; ridge?
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Fourier harmonics
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Fourier harmonics
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- First order harmonic in p+Pb
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= After recoil subtraction, p;®? dependence of v, similar to that seen
In Pb+Pb collisions
* In Pb+PD, attributed to long-range v; from density fluctuations
which i1s —ve at low p; and +ve at higher p;.
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Dlpolar flow In p + Pb

- 4
> a5l N.:n-220 2~<|an|=:5 ]
:+0.5«:pT<1GeV i i
[ —5-3<pl<4GeV . -
0'1:_—0—4<p$<5eev | _:
~ ATLAS p+Fb * )
0_05 \SNN-E.DETEV —]
[ L,-28nb" * i
- $ j
o 13 """""""""""""""""""" ]
A
0 2 4 6 8
p? [GeV]
" Employ similar factorization as other harmonlf:s but account for sign change
re
" vy, can be factorizedas | ) _ Ut 1 (p1. pr)
PT) = ref

01(Py
£\ f f
(P = sign(pr = p) yJor (P, P P = 1.5 GeV

" Good agreement for different p+"¢/, suggesting a single particle modulaztzion.




Comparison of with peripheral Pb+Pb.

(a) CMS PbPb |s,, = 2.76 TeV, 220 < NJy "™ < 260 (b) CMS pPb |'s,, = 5.02 TeV, 220 < N, ™ < 260
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m Peripheral Pb+Pb collisions have comparable multiplicity as ultra
central p+Pb collisions.
m Larger jet contribution in p+Pb than Pb+Pb in events with similar

multiplicity.



Comparison of v, In p+Pb and peripheral Pb+Pb.
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Uy, scallng between the p+Pb and Pb+Pb systems.
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Summary and Conclusions

= Flow and fluctuations in Pb+Pb
« Consistent results from cumulant and EbE measurements.
* Correlations of v, with higher order v,, = Event shape selection
 Linear and non-linear components separated for v, and vx

* Ridge in p+PDb
* Non-zero near-side ridge and v,, at higher p; (~10 GeV)
* v, In p+PDb : changes sign around 1.5 GeV, reaches 0.1 for p > 4
« Similar p; dependence as v,, from peripheral Pb+Pb, after
scaling the p; axis for Pb+Pb by mean p:
 Suggests a similar origin for v, In the two systems?
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