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* Masters thesis 12/2024: Pure glue lattice QCD

Kvarkittoman QCD:n faasitransitio hilalla

...............

by [Runko}, [PyryJ
Published 2024

Master thesis

* Summer student at Cernin JYU ALICE group in 2023,
Flow analysis

ALICE
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Fig. 4. Fraction r of events with a large rapidity gap,
nmax < 1.5, as a function of Q%A for two ranges of xps. No
acceptance corrections have been applied.
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https://arxiv.org/abs/1806.06783 Mantysaari, Schenke (2018)


https://arxiv.org/abs/1806.06783

Structure functions
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* Most precise HERA data* is given as areduced cross section (2012)

* Idea: Use JIMWLK to compute the energy (xp) dependence for diffractive
structure functions (new!) for the proton and heavy nuclei > saturation

* Goals: Compare with HERA & predict for the EIC, constrain parameters with
additional cross sections

* https://arxiv.org/abs/1207.4864 H1, ZEUS (2012)


https://arxiv.org/abs/1207.4864
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J I MWLK eq LI atIOI"I (Jalilian-Marian, lancu, McLerran, Weigert, Leonidov, Kovner)

A renormalization group equation at low x (generalises BK)

= Color Glass Condensate: quarks are static sources of

dynamic color fields

= (Classical color fields and scattering off them is
described using Wilson lines V~ P exp(-iA), stochastic

variables

JIMWLK: evolve the probability distributions of low x Wilson

lines to even lower x

Langevin formulation of LO JIMWLK:

d
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Longitudinal diffractive cross section
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* Coherent cross section = proton stays intact

* Factorizes at high energy, schematically above 1.0
* Average over Wilson line configurations

https://github.com/schenke/ipglasma
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https://github.com/schenke/ipglasma

What's new?
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* Energy dependence is solved using JIMWLK *

= Wilson lines already used to describe other
HERA data

0.5

Evolution of the proton geometry is
naturally accounted for

y [fm]

* https://github.com/hejajama/jimwlk

Schenke, Mantysaari

™ https://arxiv.org/abs/1806.06783 _
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https://github.com/hejajama/jimwlk
https://arxiv.org/abs/1806.06783

Plans for the future

* |Investigate the Gaussian approximation for JIMWLK with TMDs

= Often used to reduce the computational load, but validity has been checked
only for (two) specific coordinate configurations [3]

* Work towards a Langevin formulation of NLO JIMWLK

[3] https://arxiv.org/abs/1108.4764 Dumitru, Jalilian-Marian, Lappi, Schenke, Venugopalan (2011)
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https://arxiv.org/abs/1108.4764

In 1/x

Y =




d
x — Vx 'tu
dyv Vi (it®)

The random noise is Gaussian and local in coordinates,

color, and rapidity with expectation value zero and

(i W)y ;) = 670878 00(y — /). (4)

The free éarametérs to be determined by the HERA
data are the following:

e ¢*11°: controls the saturation scale of the proton at
€r = I

e B,: controls the proton size at the initial condition

e m: models confinement effects in the JIMWLK evo-
lution limiting the growth of the proton at long dis-

tances

e constant oy or Aqcp which sets the scale for the
running of ayg

A’z ey &a(y)i + 0%

https://arxiv.org/abs/1806.0678
3
Mantysaari, Schenke (2018)

The deterministic drift term is

a . Qg 2 WLT T
0% =iz / d?z Sx_, Tr [T*ULU,] . (3)
with Sy = 1/x? and T“ the generators of the adjoint

representation. Uy are Wilson lines in the adjoint repre-
sentation.

K, — m|x|f{1(m|x\);.
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0.5 Charm reduced cross section o,
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FIG. 2: Description of the charm reduced cross section using the unmodified MV model (v = 0,x?/N = 4.3) and with an
ultraviolet damping in the initial condition (v = 0.3 GeV ™!, x*/N = 2.7). https://arxiv.ore/abs/4 7
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d40§;ff I’

dBdQ%dxpdt  BQ*

(1 + (1 o y)Q)FQD(éL) (183 Qza mIPat)

In addition to the usual DIS variables, Q? = —¢* = —(k — k")z, y=(P-q)/(P-k), z =
Q?/(2P - q), other quantities are used to describe the kinematics of a diffractive DIS event:

Q° Q’

_qP-P) Q' +Mg .
- 2¢-(P—P) Q>+ MZ%’

gp QW

t=(P—- P2, pB= (1)

TP
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