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* Perfect fluid property of QGP
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Breaking news in 2010 ...
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... and also observed in p-Pb
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* QGP droplet? Something else?
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Extensive study on the Ridge nature was performed in p-Pb
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As it is a collective effect, the interpretation is restricted to mainly
two different pictures

Initial state interactions (CGC, ...)

Initial state fluctuations + final state interactions (hydrodynamic, ...)
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As it is a collective effect, the interpretation is restricted to mainly
two different pictures

Initial state interactions (CGC, ...)

Initial state fluctuations + final state interactions (hydrodynamic, ...)

Fluctuations in the initial state is probably what matter the most in
small systems

Initial state fluctuations has to be very well understood
Main incertitude comes from the proton fluctuations

p-Pb and of course p-p collisions can help to constrain these
fluctuations

23/05/16 Maxime Guilbaud — Latest news on high multiplicity p-p collisions at CMS — 152016



z
CMS E
g
o
]
§
E}

N3

\\\\ At are =Wele nle exp 0
P~
‘\\\\\\

As it is a collective effect, the interpretation is restricted to mainly
two different pictures

Initial state interactions (CGC, ...)

Initial state fluctuations + final state interactions (hydrodynamic, ...)

Fluctuations in the initial state is probably what matter the most in
small systems

Initial state fluctuations has to be very well understood
Main incertitude comes from the proton fluctuations

p-Pb and of course p-p collisions can help to constrain these
fluctuations

What about the Ridge in p-p collisions? What is new?
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CMS has published Ridge yield up to very high multiplicity
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CMS has published Ridge yield up to very high multiplicity
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Does the ridge arise from a collective behavior in p-p?

Mass ordering for identified particles as in p-Pb and Pb-Pb?

Can we understand better fluctuations in the IS in p-p collisions?
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Low multiplicity subtraction is applied on V, ,

Remove jet correlation contribution
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Does K° and A shows a mass ordering in p-p collisions?
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Before jet correlation subtraction:
= v,{2} consistent for all particles at low multiplicity

= Clear ordering for p; < 2.5 GeV/c at high multiplicity
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Similar pattern to what is observed in p-Pb and Pb-Pb? Similar origine?
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Low multiplicity subtraction applied
Clear mass splitting observed up to 2 GeV/c

Clearer effect in p-p than in p-Pb (or Pb-Pb)

Where does this come from?
= Connected to radial flow
= p-pis a more explosive system
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Goal: Probe the collective nature of the “Ridge” in p-p collisions
= 4- and 6-particle cumulant distributions were measured at different energies
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Goal: Probe the collective nature of the “Ridge” in p-p collisions
= 4- and 6-particle cumulant distributions were measured at different energies

Clear signal observed in 13 TeV sample!
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Goal: Probe the collective nature of the “Ridge” in p-p collisions
= 4- and 6-particle cumulant distributions were measured at different energies

= Shape similar to p-Pb but different magnitude
Clear signal observed in 13 TeV sample!
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Goal: Probe the collective nature of the “Ridge” in p-p collisions
= 4- and 6-particle cumulant distributions were measured at different energies
= Shape similar to p-Pb but different magnitude
Clear signal observed in 13 TeV sample!
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Multi-particle cumulant results CMS Preliminary
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Multi-particle cumulant results

CMS Preliminary
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Multi-particle cumulant results
compared to v,{2}

= Probe collectivity

v,{4} = Y —cn{4},

V }
v,{6} = \6/ ch{6} ,

Comparison between v,{2}, v,{4}
and v,{6}:
" V,{2} = v,{4} = v,{6}

=» Collectivity!
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to IS fluctuations
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to IS fluctuations

One possible explanation: PRL 112 (2014) 082301 al \
= smaller v,{2}/v,{4} =» Less IS fluctuating sources
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Comparison between v,{2}, v,{4} and v,{6} in p-p and p-Pb:
= v,{2}/v,{4} (p-p) < v,{2}/v,{4} (p-Pb) = Related to IS fluctuations

One possible explanation: PRL 112 (2014) 082301 al \

o —_

= smaller v,{2}/v,{4} =» Less IS fluctuating sources
= Still true before subtraction=>» Upper limit . .
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A clear long-range near-side structure is observed in p-p collisions at
high-multiplicity

Significant v, and v, are measured with CMS at 5, 7 and 13 TeV using
dihadron correlations and low-multiplicity subtraction technique
= Similar shape for v, as p-Pb but smaller magnitude

= v, is different from p-Pb and Pb-Pb: suggest that initial state fluctuations in p-
p and bigger systems have different patterns

= (Clear mass ordering is observed

v,{4} and v,{6} were measured at high multiplicity
= Results indicate that the Ridge in p-p is collective!
= May provide important insight of the initial state fluctuations of the proton
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As in p-Pb, it is a collective effect, the interpretation is restricted to
mainly two different pictures

Initial state interactions (CGC, ...)

Initial state fluctuations + final state interactions (hydrodynamic, ...)

Need of theoretical inputs in high multiplicity p-p collisions
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As in p-Pb, it is a collective effect, the interpretation is restricted to
mainly two different pictures

Initial state interactions (CGC, ...)

—|Initia| state fluctuations + final state interactions (hydrodynamic, ...)

Need of theoretical inputs in high multiplicity p-p collisions

—

Initial state and its fluctuations is different from p-Pb and Pb-Pb

Less fluctuating sources
Can we constrain the proton initial state fluctuations?
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As in p-Pb, it is a collective effect, the interpretation is restricted to
mainly two different pictures

Initial state interactions (CGC, ...)

—|Initia| state fluctuations + final state interactions (hydrodynamic, ...)

Need of theoretical inputs in high multiplicity p-p collisions

—

Initial state and its fluctuations is different from p-Pb and Pb-Pb

Less fluctuating sources
Can we constrain the proton initial state fluctuations?

More results on small systems will come
with the Run-2 p-Pb run this year!!!
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Fundamental difference between ATLAS and CMS method:
Subtract or not the combinatoric pedestal in the correlation
function of low multiplicity from those of high multiplicity

T(A¢) = N{1+ Z 2V,acos(nAg))}

T T —
- Ridge Reqi ] n
1.65 Idge hegion —
- i I ‘ZQ 2V, ac08(nA@)) |_
: i n
i 1.60__ .. .. a
ilg f ° * : :
e .'i'. e * - Baseline of the correlation:
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T (Ag) = FTHY (Ag) + TH9¢(Ag)

NL) M eos(nd)} = NI D2 eI )2, ()

G = NHIM _ p LM

G.V;ridge _ ]\[HM.‘/2 . F.NLM.‘/QLM

HM
if V Z 2V, acos(nAg)) = cste and N N G smaller tharj N, v, 2
- — Smaller G can be interpreted as
thenVnA & correlation wrt a subset of particle

HM: High Multiplicity
LM: Low Multiplicity
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Compact Muon Solenoid
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Compact Muon Solenoid
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Clear double ridge structure also observed for V° after subtracting jet

correlations
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