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Background: from AA to pp
QGP-like signals from PbPb also found in high energy, high multiplicity pp

and pPb! Collectivity in small systems?
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Background: Important questions arise

e From how small of a system can partonic collectivity emerge?
e True surprise or consequence of strongly coupled QCD?

e Can hydrodynamics be generalized for non perturbative QCD processes?
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Background: Puzzles in e*e-

Hadron production in elementary collisions
well described by thermal gas approach.

Entanglement or MPI?

2D correlation studies in e+e- arxiv.org/pdf/

1906.00489

»
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Background: Puzzles in e*e-

e Hadron production in elementary collisions
well described by thermal gas approach.

Entanglement or MPI?

e 2D correlation studies in e+e- arxiv.org/pdf/

1906.00489

plicity (data)

Multi

Study single jets fragmenting
to high multiplicity final state!

Number of St.Dev.

10 ] T o
L:_ e'eVs=912GeV P
- onK  a.465
1 F N
E ,."
C n-f2 o p
-1f XN
o PP
- f’. }";,oj AT
27 A(1520)2?/' T T=161.9+4.1 MeV
OF e VT=25.8434
0= 7,=0.63810.040
x’=215.1/27 dof
] ™ T EPEPETI |
2 1
10 10 1 10
Multiplicity (therm. model)
F
[ ]
I 5 5 3% 35 5.,
(] 3 !-I! 4
_16 ....|....|....|....|...!.|....
KK p plo KKD 0’ a0 AT AT £, ST KATLED

F. Becattini et. al., EPJC (2010) 66, 377



Postulate:

Strongly interacting QGP-like state can be formed by systems initiated
by single quark or gluon propagating through QCD vacuum.

A. Baty, P. Gardner, W. Li, PhysRevC.107.064908,



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.064908
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Postulate:

Strongly interacting QGP-like state can be formed by systems‘initiated
by single quark or gluon propagating through QCD vacuum.

Goal:

Goal of analysis is'to look for evidence of in-jet collectivity using
highest multiplicity parton jets in pp collisions at the CMS.



Rare Jets from the LHC

Full 13 TeV pp dataset from LHC Run |l

>100 million jets analyzed

A few thousand jets at highest multiplicities
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CMS CMS Experiment at the LHC, CERN
Data recorded: 2018-Aug-03 17:13:35.770304 GMT
Run/Event/LS: 320809 / 36984773 / 233 '
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Coordinate

Transformation

* Reconstruct Jet Axis

» Calculate Daughter 6
with respect to jet
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Particle Correlation in 2D ©MS preliminary 138 fo™ (pp 13 TeV)
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Particle Correlation in 2D ©MS preliminary 138 fo™ (pp 13 TeV)
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Long range A@™ projection

CMS Preliminary 138 fb" (pp 13 TeV)
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2D and long range A@* projection: Monte Carlo \ A
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2D and long range A@* projection: Monte Carlo

CMS Simulation Preliminary
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CMS Experiment at the LHC, CERN
Data recorded: 2018-Aug-03 17:13:35.770304 GMT
Run / Event / LS: 320809 / 369847775 / 233

pT > 1.5 GeV
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'« ' 94| CMS Experiment at the LHC, CERN
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Results: 2D Correlations in Data
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Results: 2D Correlations in MC

CMS Simulation Preliminary

' Antik; R=0.8 CMS Simulation Preliminary Anti-k; R=0.8
<N,>=28 ' > 550 j > 550
ch plT.et <N,>=100 dT .
Nl <1.6 m®<1.6

= =
115 L3
b 2
ol o|g

© O 1.

= o
"|z 01

No such feature in
high-mult PYTHIAS8

PYTHIA8 CP5

» 5 PYTHIA8 CP5
03< jT <3.0 GeV -4

03<j <30GeV 3

CMS Simulation Preliminary Antik; R=0.8 CMS Simulation Preliminary
<Ng>=31

\ Anti-k, R=0.8
o' > 550 <N >=98 e > 550
<18 i h;e'l <16
g .g: 0.4 ‘§z _g:
s S5
T 0.2 // -cm .
-F % F
'oxmorom'_v.;t,'
4 L ]
No such feature in
0 [~ .
SHERPA SHERPA } h|9h'mU|t Shel’pa 19
03<j <30Gev L 03<j <30GeV 1 %7 -2




Results: Evolution of vo{2}, 1D Fits
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Results: Evolution of v,{2}
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CMS Preliminary 138 fb™! (pp 13 TeV)
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Results:
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Summa ry: In-jet v{2} w.r.t to the jet axis increases across 3 j;ranges
in Data and decreases in Sherpa and PYTHIAS8
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Summary:

In-jet v,{2} w.r.t to the jet axis increases across 3 j; ranges

in Data and decreases in Sherpa and PYTHIAS8
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Results: Evolution of Fourier Harmonics with Nich
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Particle Correlation in 2D

1 d*Npair B(0.0) S(An*, Agp™)
N;;g dAn*dAg* " B(AR*, Ag¥)
Signal Background
CMS Preliminary 138 fb™' (pp 13 TeV) CMS Preliminary 138 fb™' (pp 13 TeV)
A.ntl-kT R=0.8 <Nic >=26 Anti-kT R=0.8 <Njch> =26
,| Pr>550 0.3<j.<3.0 GeV ®1 pp>550 0.3<j. <3.0 GeV
M <1.6 3<j <3 3<j,<8.0Ge

I <1.6

dszalr
dAd*dAn*

g

Qo
Z
Al
e

1




Results: (JAn*| > 2) Correlations: 1D Ao*
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Results: Evolution of vo{2}, 1D Fits

138 fb™”" (pp 13 TeV)
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Underlying Event Injection: Random Phase
138 fb™! (pp 13 TeV)
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Underlying Event Injection: Phase locked with Jet

CMS Supplementary 138 b (pp 13 TeV)
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Basic properties of jets and daughters in new frame

CMS Preliminary 138 b (pp 13 TeV)
2
WE Anti-k; R=0.8
- °'°... pjft > 550 GeV
- ° ... jet
101 -, M1<1.6
e .-""'-\'!"--.+
Z X i ° .+ +—.—
i) 1= -~ .
—E T » Narrower distribution in
C DU high multiplicity jets
10'15— + -
5 « dN/dn* in jet can
- + Data, <N >=09 *, approach that of
. = Data, <N >=26 .
102E e t peripheral AA
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

* 11



All Fits:
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PileUp

From HLT AK8PFJet500 events:

PUPPI algorithm

*simplified*

* PUPPI mitigates PU by applying
weights to tracks

*w =1 from primary Vtx
*w = 0 from PU Vix

» Caveats for 2 closest Vix and
unassociated hard tracks
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