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Motivation: From Large to Small (I)

Still via Ann.Rev.Nucl.68 (2018)

Full video via Yen-jie Lee, Wit Busza,
and Andre Yoon
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1. Lorentz-contracted nuclei inbound

2. Initial collision
3. After some formation time, Quark Gluon Plasma (QGP) - hydrodynamics takes over

4. After some longer time, freezeout and hadronization
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https://arxiv.org/abs/1802.04801
https://drive.google.com/file/d/1ZjWBxrp_RKLO1UzJ8nL5AhtfuX_mdJk3/view?usp=sharing
https://www.bnl.gov/phobos/Animations/index.htm
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Motlvatlon From Large to Small (Il)
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1. Lorentz-contracted nuclei inbound

2. Initial collision
3. After some formation time, Quark Gluon Plasma (QGP) - hydrodynamics takes over

4. After some longer time, freezeout and hadronization
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html
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e Observable phenomena in collisions systems of all sizes!

¢ Possible signature of QGP droplet formation

¢ Alternatively, initial state correlations with no QGP

¢ How small can we go? Are there two-particle correlations in point-like systems?

mEm Massachusetts . .
Institute of Christopher McGinn
Technology


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-16-010/index.html

The ALEPH Detector
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° Colllsmns of e*e~ are a clean environment for testing QCD
e Can we observe long range correlations in a point-like system?
® Let's check archived data!
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Defining Two-particle Correlations in c'e~

Two particle correlations:
Signal Background

(raw correlation function) (accounting for baseline of random pairing)

1 dZNmix

1 dZNsame B(An. A )_
S(An, Ap) = —_ (An, A¢ _fo’k" IAndag’

NS dApdAg

in pp/AA, coordinates defined by beam-axis
but in e*e the initial state annihilates...
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Defining Two-particle Correlations in c'e~
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Two particle correlations: -5
Signal Background S -
(raw correlation function) (accounting fdr baseline of random pairing) S

Thrust Axis ﬁ

Defineourn — ¢
coordinates w.r.t

1 dZNsame _ _l‘ dZNmix # x !
S(An, Ap) = N dAndAG B(An, M) = N dAndAG '7\ <! the thrust-axis
Il
,I
in pp/AA, coordinates defined by beam-axis /
but in e "¢~ the initial state annihilates... Thrust Axis

Maximizes particle momentum projections
In case of dijets, pencil-like events
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Search with LEP-I Data

e*e — hadrons, Vs=91 GeV
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¢ Thrust-axis search shows no increase in associated particle yield
¢ Limit on associated yield magnitude set for Ny >35
* No associated particle yields at the Z-pole!

Anthony Badea
(Chicago, ATLAS)

mEm Massachusetts . .
Institute of Christopher McGinn
Technology


https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201906.00489

Ntrk range Fraction of data (%) <Ntrk> < §S£r> OMS pp {5 = 13 TeV .
[5,10) 3.1 82 89 "
[10, 20) 59.2 15.2  15.8
[20, 30) 34.6 231 234 L SRR
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LEP-I Multiplicities
Ny range Fraction of data (%) (Ny) (Nf:’k")
[10,20) 586 152 173 PLB 765 (2017) 193
[20,30) 33.1 23.1 25.7 .
[30.40) 37 326 359 In pp, correlations emerge
[40.50) 0.4 42.8 47.1
[150.0 <01 53.0 584 at the high multiplicities
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-16-010/index.html

Motivating a Search with LEP-1l Data

Nk range Fraction of data (%) (Nerk) (Nepe

Cross-section (pb)

[5,10) 3.1 82 89
[10, 20) 59.2 152 15.8
20, 30) 34.6 231 234
30, 00) 3.1 324 326
135,50 05 369 372 |

LEP-I Multiplicities

Ny range Fraction of data (%) (Ng) (N
[10,20) 58.6 15.2 17.3
[20,30) 33.1 23.1 25.7
[30,40) 3.7 32.6 35.9
[40.50) 0.4 42.8 47.1

[ 150, 00) <0.1 53.0 58.4
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e More complex final state of 1/ ™11/~ might achieve conditions for correlations
¢ Studies in AMPT from Nagle et al. suggest two color strings are sufficient



https://arxiv.org/pdf/1707.02307

Two-particle Correlations in LEP-II

ALEPH e'e’, 15=183-209 GeV

Inclusive
Thrust Axis

¢ Inclusive multiplicity has no correlation
¢ Hint of correlation at high multiplicity!
¢ Let's check the large | A7)| projections...

Inclusive Ny Nyk > 50

Both with respect to
the thrust axis
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https://arxiv.org/pdf/2312.05084

Two-particle Correlations in LEP-II

ALEPH e'e’, 15=183-209 GeV
Inclusive
Thrust Axis

Ny > 50

%é zig ¢ Inclusive multiplicity has no correlation
J e ¢ Hint of correlation at high multiplicity!
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Let's check the large |An| projections...
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https://arxiv.org/pdf/2312.05084

Extracting Associated Yields and Setting Limits
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® Low Ny, can only set limits
¢ Similar to LEP-I study shown
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e At highest NV, extract significant
associated yield
e VW= —> 2 color strings?
e Other mechanisms?

e Compare with MC to check trivial effects
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https://arxiv.org/pdf/2312.05084

Comparing to theory and pp
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¢ Inclusive Ny, well modeled by MC; MC does not model Ny > 50 v,
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https://arxiv.org/pdf/2312.05084

Comparing to theory and pp

ALEPH e'e’, s = 183-209 GeV
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¢ Inclusive Ny, well modeled by MC; MC does not model Ny > 50 v,
¢ Rising with pr behavior also seen in pp m
¢ Highest py in eT¢~ exceeds pp trend >
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¢ New paper on search for correlations in e "¢~ with archival ALEPH data

¢ First search at higher energy and multiplicities of LEP-II
® Observe a correlation-like signal!

¢ Another piece in a much larger puzzle of two-particle correlations
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