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Deep Inelastic Scattering in the Dipole Picture
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oTP(x, Q%) ~ % ® N (r,x) ® {LCWF}
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m Constrain model parameters, [Q%, 7, ec, C%, 00/2] against
combined HERA reduced cross section data ...
Some previous fits to HERA data:
v H.Mintysaari, T. Lappi (2013): 1309.6963
v AAMQS Collaboration (2010) arXiv:1012.4408
v H.Hanninen et al. (2020) arXiv:2007.01645

... this work: provides uncertainty for the BK initial condition!
m Tool: Bayesian inference to extract posterior distribution.
m Account for correlated experimental uncertainties in HERA data.
I This setup: Leading order acc. + light quarks only



Typical Bayesian Workflow

Model Calculation

to create the training data
set

Latin Hypercube
Sampling

to generate training samples
across the parameter space

Emulator Training

to replace the model with a
faster surrogate

Setting
prior bounds

Typical Bayesian Workflow

Bayesian

Statistics

MCMC Sampling

to find the posterior
distributions
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Acceptance probability:
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Bayesian Statistics

Acceptance probability: P(6) = posterior = likelihood X prior
_ P(0x+1) m Likelihood: how well data matches the model at 6
P(0x) \j m Prior: bounds of the parameter space
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Posterior Samples, Median and MAP
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— vith correlated errors Correlated systematic errors

— w/o correlated errors

Correlated systematic uncertainties from the
HERA data are input to:

4 P(6) ~ —Ay(0) T 71(0)Ay(6)

I where ¥ = Y oy + Lexp-

r '\-\,‘ . . . . -
I @ m Wider posterior distributions

m Moderate change to

| @ @ parameter correlations
A (»

L L L L

N

00/2 [mb]
% Y s %

O 0 90D O D, ) Q O ™ o 9 N N
TS FFE LS Y AR
02, [GeV2]) Y ec c? 00/2 [mb]

Correlated systematic errors



Inclusive quark production

dodtA—a+X _ xq(x, k2)§P(k)
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Inclusive quark production

dodtA—a+X _ xq(x, k2)§P(k)

So(k o(k) = 2DFT of Dipole amplitude

/dzre

X [1=N(r,x = x0)]

m v > 1 result to negative 2DFT
values (5. Giraud ct. al. (2016)]

So(K)GeV
[an
<

10—5 -_
FE=E [Q2, e, C?,00/2,Y]

10—6 E== [Oso ec C2 00/2]
T —ito
k [GeV]

Inclusive quark production 024 9 /11



Nuclear Madification factor at the EIC and beyond
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Nuclear Modification

factor at the EIC and beyond
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I These measurements
could provide further
constraint for the initial
condition
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Summary & Outlook

m Posterior distribution for [Q%), 7, ec, C%,00/2] ~ BK IC

m Method for propagating the uncertainties of non-perturbative
BK IC (first time!)

m Accounted for correlated errors in HERA data (first time!)

Further work

m Fit of the next-to-leading accuracy + heavy quarks

— SumEy TETOREED
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Parameters

m 00/2, half of normalization to the cross section, proton transverse area,
2fd2b — 00
] Qs270, related to the saturation scale at initial x. Previous fits used GBW
parametrization:
(r 52,0)7]

N(r,xp) =1—exp [— 2

m C?, connects the running coupling in r to its Fourier transform

® 7, anomalous dimension, controlling the steepness of the cross section related to
its fall-off for small dipoles

m e, infrared cut-off in the MV model



F> Structure Function for Nucleus
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Emulator vs Model
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Initial Saturation Scale
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Initial and Evolved A (r, y)

1.0

| E=== [0, e, C?,00/2,v]
== [QZ), ec, C?, 00/2]

0.8r

10



Nuclear Modification Ratio
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