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Role of QCD in understanding the universe

e First microseconds after the Big Bang?
e Physics of a trillion degrees?
e Neutrons stars?
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e Quantum Chromodynamics (QCD) describes quarks and gluons, which make up

protons and neutrons 2



What makes QCD special?

e Coupling ~ interaction strength

e Running coupling and
perturbation theory

e Nonabelian gauge group
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How to study QCD?

e Want to study Quark Gluon Plasma — high-energy heavy-ion collisions



How to study QCD?

e Want to study Quark Gluon Plasma — high-energy heavy-ion collisions

Collision sets
up geometry

¥ (im)

QGP evolves
with hydro

Temp (GoV)

-~ "o
6e°, (:. 'o\
o ¢ % el

.. o) ® *
.50 <<
PN P
I .'-\] /.'.o.\
PR ree®

~ 0ee,
l/:'g..\,

L]

\Ce,

Energy loss

Hadronisation
and jet detection

Hadrons




Evidence for QGP formation: Angular correlations
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Evidence for QGP formation: Energy loss
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e N from Glauber model, treating
nucleons as independent
e Normalised s.t.

e Rap <1 = suppression

e Rag =1 — no final state
effects

e Rag >1 = enhancement


https://arxiv.org/abs/1202.2554

Solid evidence for QGP in A+ A;
p + A as a null control?



QGP formation in small systems?
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Energy loss in QGP

e Energy loss via elastic and

radiative interactions with ; “o> 6e° \
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(Gyulassy et al. 2001, nucl-th/0006010, Djordjevic et al. 2004, nucl-

th/0310076, Braaten et al. 1991, 10.1103/PhysRevD.44.R2625)
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Energy loss in QGP
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(Gyulassy et al. 2001, nucl-th/0006010, Djordjevic et al. 2004, nucl-

th/0310076, Braaten et al. 1991, 10.1103/PhysRevD.44.R2625)


https://arxiv.org/abs/nucl-th/0006010
https://arxiv.org/abs/nucl-th/0310076
https://arxiv.org/abs/nucl-th/0310076
https://arxiv.org/abs/10.1103/PhysRevD.44.R2625

Applicability of conventional A+ A
techniques for p + A?



Energy loss in small systems
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Energy loss in small systems
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Short path length corrections to radiative E-loss

Following arXiv:1511.09313 by Kolbé and
Horowitz
e Weakening of assumptions:

Ip<Dzm A< L 1/p<
A,

well separated assumption

e Important for small systems

Az ~ A



https://arxiv.org/abs/1511.09313
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Correction results in:
e Breaking of color triviality
e Possibility of energy gain

e Nontrivial correction for all path

lengths

e Correction grows faster in E than

uncorrected result
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Predictions with the short path
length correction



Heavy flavour predictions
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Heavy flavour predictions
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Heavy flavour predictions
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Light flavour predictions
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What’s going wrong?
How physical are these results?



Breakdown of assumptions?

e Assumptions have the form R < 1 where R = R(k,q, x, Az)

e Compute an expectation value:

(X RAXY) oty
Ja{x} |75y

and investigate whether (R) < 17. Note: dE = [ dx xE dN/dx

16



Breakdown of assumptions?

e Assumptions have the form R < 1 where R = R(k,q, x, Az)

e Compute an expectation value:

J A0} RUXY) |45y
Ja{x} |75y
and investigate whether (R) < 17. Note: dE = [ dx xE dN/dx
e Also; impact of scattering center distribution? For now:

e Exponential: pecp (Az) = 2 exp[—2Az/L]
e Truncated step: psiep(Az) = (L — 79) 1O(Az — 79)O(L — Az)
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(R) (assumed << 1)
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Recalculate Ry, with truncated
step dist.



Raa
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Raa
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Conclusions / Outlook

e Llastic short pathlength corr. needed for p + A
e Short formation time corr. to radiative E-loss

e Final state radiation (partially) responsible for
enhancement in p + A?

Or just normalisation / initial state effects?

19



Special thanks to my supervisor
and SA-CERN.

Thanks for listening!



Elastic E-loss: Central limit theorem
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Fractional collisional elastic energy loss distribution where ¢ is the momentum fraction lost.
(Wicks 2008, PhD thesis)
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Radiative emission kernel
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Geometry
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Making a prediction

e Interpret dN/dx as a probability
e Total probability for E-loss is the convolution Piot(€) = [ dx Prad(x)Pei(€e — x)

e The Rpa is schematically

Raa = hadronization ® geometry ® /dx Peot(x)(1 — x)"(PT). (3)

E-loss in brick

where n(pr) and hadronization are measured.
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Accessing R, theoretically

Assume slowly-varying power law production spectrum:

dN? 1
prod )
dp; (P:) S Wa (4)
leads to
Ria(pr) = [ de Pu (e,pr) (1= P07, )

Averaging over geometry:

(Raa (PT))geom. = /dLeﬂfp(Leﬁr) X / de Piot (6, {pT, Lesr, (T(70))}) (1 _E)”(PT)_]-.
(6)
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Asymptotic energy loss

2EL
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(Kolbé et al. 2019, 1511.09313; Gyulassy et al. 2001, nucl-th/0006010)
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