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Nucieon tomography

Mapping the proton

It’s a

a Snake!

... What you see depends on how you look!
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slide credit: Fulvio Piacenza

GComplications!

Transverse momentum can be ...

intrinsic perturbative

/
%,

pT =

what we measure i1s:
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Parton Distebulion Funcliond

fi(x, by, Q) = Z (Cj @ f7) (z, ba; )™ Ox#01) fup (2, b)
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Parton Distebulion Funcliond

r——————— collinear PDFs

fi(x, by, Q) = Z (Cj @ f7) (z, by ) ™00 fup (2, b)
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IMD PDFs

matching to the
collinear region

fl(aj b :ua

perturbative expansion
In C{S(//t)

unpolarized lhandverde Momentun Dependernt
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collinear PDFs
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Parton Distebulion Funcliond

matching to the
collinear region

fi(x, b;p, Z.® f7) (2 b*a:ub-fNP

perturbative expansion perturbatwe
evolution

collinear PDFs

resummation of large
logarithms
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Parton Distebulion Funcliond

matching to the
collinear region

perturbative expansion perturbatwe
( ) evolution non perturbatlve
" aS H l transverse content
2 l
L = 1n =

_ Hy parametrized
resummatl_on of large and fitted (0 data

logarithms

collinear PDFs
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Drell-Yan tor g7 < O

N(Py)+ N(Pg) = ~"/Z =11~

nucleon

Py
F&'U(ajAa XB, qCQZU QQ)

- ZH Fos) d2kLA koLB-- o kLA —dqr T kLB)

+ YUU (QQ, qT) + O(MZ/Q
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IMD factorization
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Drell-Yan

N(P4) + N(Pg) = ~*/Z — 111~

for 4T < Q
IMD factorization




large b,

do

dqr

/ d*b
X
47t

e'™ 97 f(21,b) fi (22, b)

when bT becomes large

Ne VE
as(,ub)=a< 7 ) > 1

a,(0?)

[ - Integration up to infinity

cross section

Invalidates perturbative
calculations

necessary to introduce a

prescription
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QCD running constant o,

™ >
- %ocp(Q)

o

parobing dmall distance dcaled

high O
non perturbative region perturbative region
quark confinement asymptotic freedom
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b* prescription

BVJ
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b* prescription
and definition of fxp

— perturbative

. | flabug)
T te6) = [ | M@

non perturbative !
fup(z,0,¢)  fitto data

Non perturbative function depends on
the choice of b*-prescription
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X, Q, y coverage

only Drell-Yan data
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Integrations

In order to compare theory with data

*k experiments measure the cross section o

integration over the range integration over the range integration over bins in transverse
in momentum transfer in rapidity momentum g,

Qmax Ymax dT max dO-
0 = d d / d
fo @) ]

min min T . min

\ 4

numerical integration analytic integration

Ogata quadrature

v
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Parameterization analyplic’, “with a funclional foun’

of the non-perturbative part of TMDs

IMD PDF

il il il
Gaussians -L—-——%veighted Gaussian

g1(x) = N 1= ) 27
NP evolution
g (83) = —g3 2 VIAP22

12 parameters
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Parameterization

of the non-perturbative part of TMDs

proof of concept

fvp(, by) = eNNAD( ) (S

formula implemented in NangaParbat

fnp (2, b7, ¢) = exp

_— (NN(z, by) — NN(z,0)) — g5 log (

Q3

)i

10 hidden layer nodes

only one output node because
the analysis is

flavor blind
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Motivation

What do we want to do? What do we want to prove?

goa&' fit for the first time TMDs with NN

* are NN really a more general parameterization with respect to the “analytic classics™?

e.g. ‘analytic functional forms’, like sums of Gaussian and weighted Gaussians

sk we want to/have to test methodology
L with closure tests

# / Tutorials / How to run a closure test

How to run a closure test -

Closure tests are a way to validate methodology by fitting on pseudodata generated from pre-existing PDFs. "
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https://docs.nnpdf.science/tutorials/closuretest.html

Closure tests

to validate the methodology

sk Level 0
|

sk Level 1
|

sk Level 2
|
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central pseudo-data is given by Central pI'EdiCtiOI'IS of the known model
noe Monte Carlo noise Is added on top of the central data

— each replica is fitting the same set of data

central pseudo-data is shifted by some noise
drawn from the experimental covariance matrix

no MC noise is added — each replica fits a subset of the same shifted data

central pseudo-data is shifted by level 1 noise 7
MC noise is added on top of the level 1 shift

AAAAAAAAAAAAAAAAAA




Closure tests o onett-1an dae

to validate the methodology

closure test of level 0

Generate pSEUdOdﬂtﬂ based

on a model that we know

% central value: MAPZZ

% uncertainties: real DY data

K—O fit with NN
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can we recover the

MAP22 result?

_/
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Closure test - level 0

comparison with central replica

of MAP22
1.0
—— MAP22
= 0.1 . - -
Z Gy replicas here come from variating
the random seed for
the initial values of the parameters
1.2 |
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Closure test - level 0

1.0 1.0
e 0.8 - A 0.8 -
« «
S 06 S 0.6
N.\ o~ —
2 0.4 2
3 ]
g0 =
’ —
iy Ty
8 0.0 S
1.2 1.2
2 ke
= 1.0 w Lo
> >
0.8 - : . . . 0.8 T : . . y
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
|kJ_| [GeV1 IkJ_I [GeV]
1.0
. —— MAP22
.. 0.8
«y
S 0.6-
T z = 0.001
= 04 Q =2 GeV
B =
0.2
S ~
¥~
8 0.0 — —
1.2
2
w Lo
ae
0.8 v v . v .
0.0 0.5 1.0 1.5 2.0 2.5 3.0

$2, Q) U.S. DEPARTMENT OF  Argonne National Laboratory is a

p ;3 EN ERGY U.S. Department of Energy laboratory
Rz managed by UChicago Argonne, LLC.

|kJ_| [GeV]

Argonne & z;

NATIONAL LABORATORY




Results of NN TMD fit

Caveat: very preliminary results! X =102

2 nodes (hidden layer)

TMD distribution _I'MD distribution
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Results of NN TMD fit

Caveat: very preliminary results! X 0,97

10 nodes (hidden layer)

__TMD distribution__ _TMD distribution _
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Conclusions

Neura'. NEtworks opened up a new realm of possibilities for fits

L—————————' pI‘EIImInary I‘ESUItS on Drell-Yan data

closure tests

o do

X .. keep trying to use NN in TMD fits
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XK Study b* prescriptions - do they have an impact on the TMDs?

X Perform all stages of closure tests - validate the use of NN
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