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Motivation

- CMS
" - - A PbPb \s =276 TeV A
pp Vs =7 TeV,N"™ > 110 02
‘ 5 0 pPb \s =5.02 Tev
i > | =13 TeV
8 | eppl\s= e A O o
= O
N \ - - =
= LRI, N 3 opp\s=7TeV -
q S \3‘“‘ 0 o) B A O
£55 :
: “‘“‘ ‘ o “ X\ SO 'S\
142258 ' £ R — 01—
s K “:“‘:““““‘ "". IR | 6= % ) o] [ ¢ o ‘6:’ “““““,» i'.:m» i i(;:;‘;;\‘::‘\ -8 O
a7 "(‘\“““tg&:;/“ e z R ﬂ“‘\\\\\‘\:“\\@\o‘ = L
PR d SR 5 A B 20<|An|<40
£ 2 e r
A2 e 2 a O 1.0<p. < 2.0 GeV/
: Rttt %) L : p .0 GeV/c
o < T
Q L A O o ® [ ]
L o C®
1<p,<3GeVic -4 1 <py<3GeVic oruwﬁﬁi e® - ]
1 1 Il I I I
0 100 200 300

A The first unexpected discovery at LHC: Ridge in high multiplicity pp from CMS
A The origin may not necessary hydrodynamics, possible explanations includes:
A Initial state effect (e.g. CGC)
A Escape mechanism / Single or few scatterings (AMPT, PYTHIA with Rope Mechanism,
Multi-parton rescatteringe )

A Final state effect due to mini-QGP
Aé
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Physics Questions to be Addressed

A What are the minimum conditions for ridge signal in a small system?

A Can detectable collectivity arise from final state effects unrelated to the initial state?
A How does collectivity vary in different physics processes?

Als the underlying physics the same in small and large systems?
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Physics Questions to be Addressed

A What are the minimum conditions for ridge signal in a small system?

Vary the transverse size and multiplicity of the collision system

A Can detectable collectivity arise from final state effects unrelated to the initial state?

Use electron beams that doesnd have initial hadron structure

A How does collectivity vary in different physics processes?

Als the underlying physics the same in small and large systems?

By collection of all the experimental data and compare
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System Size
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Smallest System: e*e-

(C) PbPb |5y =276 TeV, 220 < Ny™ < 260

Alransverse Sizeo/ MPI
High multiplicity pPb

(b) pPb sy =502 TeV,220 < Ni™ < 260 AN
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Aete events: collisions with well-defined initial conditions
2T A No complication from hadron structure
: A No multi-parton interaction
hEY A No gluonic initial state radiation
MW Lo Multiplicity
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The ALEPH Detector

Hadron Calorimeter

Electromagnetic Charged Particle Multiplicity
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High Multiplicity Event in e*e” Collisions in LEP1

ALEPH Archived Dats

Azimuthal Vie

Highest multiplicity event in ALEPH LEP1 data %r:ti-ktT;a:_o.s E Schemef\et
.. ” — rust Axis
Collision Energy = 91 GeV Tracks in Leading J&

Jracks in Subleading Jet
acks in Third Jet
Tracks in Fourth Jet

Other ™acks

A:nthony Badea Austin Baty Chris McGinn Michael Peters Jesse Thaler Gian Michele Paoti Chang  Tzu-An Sheng ,
Innocenti I
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arXiv: 1906.00489 55 Charged Particles y 4

PRL 123, 212002 (2019) Thrust T=0.71 [,

Yen-Jie Lee (MIT) Two-Particle Correlation in e*e- Collisions at 91-209 GeV with Archived ALEPH Data



Reference AxIs for ete-

Random orientation of the jets Thrust axis analysis to follow
the rdirection of color stringo

Thrust Axis €

e'e"—>qq

Thrust AXIs

Sensitive to imedium expansiono perpendicular to the Thrust axis
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e*e at 10.52 (Belle) and 91 GeV (ALEPH)
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Janice Chen
No sign of ridge signal in high multiplicity electron-positron

collisions up to ~35 charged particles per event
A New reference to the collective behavior in small systems!

Off Y(4S) resonance, Belle PRL 128 (2022) 14, 142005
On Y(4S) resonance, Belle JHEP 03 (2023) 171

ALEPH archived data PRL 123, 212002 (2019)
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Compilation of Ridge Yield Limit in e*e- collisions
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System Size

Alransverse Sizeo/ MPI

1/$ ocp ~ 1 fm
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(a) Neutral current deep inelastic scattering.
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NnNTransverse Sizeo [/

MPI>1

Photoproduction:

ZEUS, H1 and CMS ap studies limited to low multiplicities
(Up to ~20 patrticles)

Multiplicity

m -
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Alransverse Sizeo/ MPI

MPI>1

Photoproduction:

0 1 ZEUS, H1 and CMS ap studies limited to low multiplicities
(Up to ~20 patrticles)
Next steps: (1) Increase multiplicity
(2) Increase <MPI|>

Multiplicity

m -
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Can We Overlap Two Color Strings?

e'e — qQq

No ridge-like structure
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Can We Overlap Two Color Strings?

e'e — qQq

No ridge-like structure
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High Multiplicity e*e- Event at LEP 2

e"e” — qq e"e” — WTW™ = qqqq

No ridge-like structure
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Charged Particle Multiplicity Distributions in LEP2 Data
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Charged Particle Multiplicity Distributions in LEP2 Data

e*e’— hadrons, (s=183-209 GeV
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Example validation study of archived data and MC

e*e” — hadrons, (s=183-209 GeV
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A Inspected thrust distributions (shown) and many other control plots (visible energies) year-by-year.
A Reasonable agreement between data and archived MC.

Yu-Chen fJaniceoChen (MIT)
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The Highest Multiplicity Events in Archived LEP2 Data
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Inclusive Hadronic e*e” Events at LEP 2 (N, O5)

ALEPH e'e™, Vs=183-209 GeV
Inclusive
Thrust Axis

e*e’— hadrons, (s=183-209 GeV

EI LN L N Y I Y L L |E 1 2ALEPH e+|6'., \’E —t 18I3-209 Gevl £ <e]
: +LEP2D : . i ) I I 1 I 1 1 I 1 1 L] I ] :.Z-g_ 2 ‘7
0 . [MIOD PRELIMINARY B = : 1-5£|{3ﬂ| <3.2 : j§151
€ 107 B vy E 11k Inclusive -
S i e : - -
LLJ - : ) i I
T 102E - 43 | [ v
o = u ., 1 2|8 1+ -e-Data -
= F T 1 © I & ]
“s . [ |l g F BmC Rt -
3 E =2 - hd ]
S 1T o9r . -
@© 4 - .
o 1 = =
L . - 3 08- ]
- i -OR (sys. =0.8%) -
- y T B BT N @ )
_5 o . .
10 0 :10 20 30 40 50 60 70 0 1 ﬁ(l) 2 3 Yu-Chen AJaniceo C
» NOfﬂine
. Trk A Excellent agreement between data and
< ............................................... ) . . .
= S|mU|at|On (ArCh|Ved MC) arXiv:2312.05084 submitted to PRL

H N CERN
I I I I I Yen-Jie Lee (MIT) Two-Particle Correlations in Electron-Position Collisions 22 \ﬂ’

NS



High Multiplicity e*e Events at LEP 2 (N, O 5 0

ALEPH e'e”, Vs=183-209 GeV
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= ST > A Data also feature a narrower away-side spectrum at o ¢’

arXiv:2312.05084 submitted to PRL
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Comparison to Prediction from PYTHIAS

Inclusive
ALEPH e*e, |s=183-209 GeV
~ Thrust Axis
0.4
© 1.6<An <32
- Inclusive ®
0.3 o__
-®- Data L_
®
I Pythia8 MC (reweighted)e
o
L _‘_-.-
0.1 j _.__..
P
Data
0 ..,..4-0-‘_.— CZY}\M =0.79
- Covyy = 0.77
— L1 L | ‘ [ L1 | [ [ 1 |
O'10 0.5 1 1.5 2 2.5 3

Ao

d Npalr
o

. 16<|An <32 + ]

- N, 250 +

High Multiplicity

Thrust Axis

-®- Data

.Pyth|a8 MC (reweighte ;i

#—{f—ﬂH cXE,-029

ZYAM_ 3.14

Yu-Chen fAJaniceodo C

A Smear PYTHIAS with detector tracking efficiency from archived MC

A Reweight multiplicity to match with data

A Worse description of the inclusive sample than archived MC

A No peak structure at ¢ «0

arXiv:2312.05084 submitted to PRL
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A Reweight the MC to match the data multiplicity

A Effect of reweighting is small

Yen-Jie Lee (MIT)
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A PYTHIAS with shoving changes the correlation function

A Doesnd produce a near-side excess

Two-Particle Correlations in Electron-Position Collisions

arXiv:2312.05084 submitted to PRL
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Assoclated Yield as a Function of Multiplicity

A Very tight upper limit set with ,
and LEP2 data set at low
multiplicity (<40), lower than
pp results

A Indication of an increasing trend at
high multiplicity in LEP2 data

A Non-zero central value reported at the
highest multiplicity bin with large
statistical uncertainty

arXiv:2312.05084 submitted to PRL

Analysis note: MITHIG-MOD-NOTE-23-011 (arXiv:2309.09874)
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Extracted v, vs. Charged Particle p+

Inclusive High Multiplicity
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A Reasonable agreement between Inclusive data and MC (Left)
A At High Multiplicity (Right): Larger v, and v, magnitudes than MC (dash lines)

A Vi, V3 change sign at hlgh P arXiv:2312.05084 submitted to PRL
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PV in etfe- Compared to v,5U? in pp Collisions
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A Similar increasing trend in e*e- and pp data as a function of p;

Yen-Jie Lee (MIT)
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arXiv:2312.05084 submitted to PRL
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Emerging Picture

ALEPH e'e”, Vs=183-209 GeV pp Vs =7 TeV, N > 110 pPb \fs =502 TeV, 220 < N2 < 260 PbPb \[s = 2.76 TeV, 220 < N < 260
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Emerging Picture
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Emerging Picture (Artist® impression)
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Emerging Picture (Artist® impression)
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Lessons Learned from Collectivity Searches

AWhat are the minimum conditions for ridge signal in a small system?

Large MPI and/or multiplicity events help reducing the V,,, and directly reveal the ridge

A Can detectable collectivity arise from final state effects unrelated to the initial state?

Indication of final state effects from CMS high multiplicity single jet and ALEPH LEP2 data

A How does collectivity vary in different physics processes?

Long-range near-side correlations vary in different physics processes
In LEP data

Als the underlying physics the same in small and large systems?

Data suggest that small systems lacking hadronic initial state effects
could still yield a ridge-like signal. Nature of the correlation to be understood.
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Thank you!

Janice Chen Dennis Perepelitsa
(MIT, BELLE/CMS) (CU Boulder, ATLAS)

Yang-Ting Chien
(GSUV)
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