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Technicalities and Theory




Our model: distribution’s shape

Parametrization of TMDPDF:

Ly x
fi,p(x,b) =/ m > Crop(y,Loas)qp <§> Fep(,b)
x Iz
depend on factorization scale popg

> [ € {u,ﬂ, d,d, sea}
L — 2 x 5 independent
cosh(()\{(l —z)+ A§x> b) parameters!
> )\{72 > 0 imposed!

Fip(z,0) =

fl,f(x’ b) = fl,f(ma ba 122 C,U«)
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Our model: hard scale evolution

Evolution equation:

d
Fle,bi iy, C5) = exp [ / (VF%“ - D(u,b>§)]F<m, b1 )
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(L) truncation of series
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Our model: hard scale evolution

Parametrization of TMD Evolution:

Ly
Db, 1) = Damati (0%, 1) + / O Leusy(1) + Dre ()

u*
» perturbative series(as, L)
oo,n 00 00
Dsmall—b = Z a?Lﬁd(n’k) I‘cusp(,uf) = Z a?+1rn 'VV(,U/) = Z a?’)’n
n,k=0 n=0 n=1

In our fit, we truncate the series after the power(coefficient):

Ceusp v B Dsmalib Cf%f/ Cy PDF
a? (y) | a* (ya) | a2 (85) || a2 (@*9) [ a3 (CP, ) | o | NNLO
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Our model: hard scale evolution

Parametrization of TMD Evolution:

’dy
D(b7 :U') = Dsmall-b(b*, M*) + / T'U,Ircusp(,u/) + DNP(b)
M*
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Our model: hard scale evolution

Parametrization of TMD Evolution:

o dy
D(b, 1) = Dsmal-b(b", u*) +/ _Pfr
/J/*

cusp (1) + Dnp (D)

» Ansatz for NP part:

b*
DNP(b) = cobb® + c1bb" In (B )

NP
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Our model: hard scale evolution

Parametrization of TMD Evolution:

* * " d !
D(bv :u) = Dsmall—b(b Y ) + / —/Jfrcuspﬂu/) + DNP(b)
/J/*
» Ansatz for NP part: » adds 3 parameters for

TMDPDF scale evolution

b*
DNP(b) = cobb® + c1bb" In ( )
Bnp
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Our model: hard scale evolution

Parametrization of TMD Evolution:

Body
D(b7 ,u) = Dsmall—b(b*a N*) + / T/Jfrcuspﬂul) + DNP(b)
M*

» Ansatz for NP part: » adds 3 parameters for
TMDPDF scale evolution
b*
Dnp(b) = cobb* + c1bb* In ( ) » 3 (NP CS kernel)
Bur +2 x5 (u,1,d,d, sea)
= 13 parameters to fit.
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collinear PDF choice

B HERA20

W MSHT20

m T8 B NNPDF3.1 m SV19

14

T
u-quark

T
b31./GeV

Param.
u
K1
U
K2

MSHT20
0.12

0.32

HERA2.0
0.11
8.15

NNPDF3.1
0.28
2.58

CT18
0.05
0.9

» obtained parameters

stronly depend on PDF

» collinear PDF is base
layer of TMDPDF
» we choose MSHT20 as

the strongest candidate
in JHEP 10 (2022) 118
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included Data




Kinematic range of included data
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Kinematic range of included data
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Kinematic range of included data
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Kinematic range of included data
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Additional cuts on the data

» Q": Hard process’ total
momentum

» qr: Its transverse component

» o: (uncorrelated.) Standard
deviation (datapoint)
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Additional cuts on the data

» Q": Hard process’ total
momentum

» qr: Its transverse component

» o: (uncorrelated.) Standard
deviation (datapoint)
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Additional cuts on the data

> (Q*: Hard process’ total
momentum

Criteria to include datapoint:
» qr: Its transverse component

» o: (uncorrelated.) Standard
deviation (datapoint)

Q
St

> 62 =

O
)
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Additional cuts on the data

> (Q*: Hard process’ total

Criteria to include datapoint:
momentum

> § <0.25
» qr: Its transverse component

» o: (uncorrelated.) Standard
deviation (datapoint)

(=}
NN

> 62 =

O
)
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Additional cuts on the data

> (Q*: Hard process’ total

Criteria to include datapoint:
momentum

> § <0.25
» qr: Its transverse component

» at least one of the following:
» o: (uncorrelated.) Standard

deviation (datapoint) Q ¢r < 10GeV
) Q /o <2
> 8=k
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Data at /s = 13 TeV
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Data at /s = 13 TeV
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Data at /s = 1.8 TeV
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Data at /s = 19, 23 and 27 GeV
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W Boson (y/s = 1.8 TeV)
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TMDPDF distributions visualized
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u TMDPDF vs. x and b
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uncertainty
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uw TMDPDF vs. x and b
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uncertainty Bands relative to central value
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Collins-Soper kernel

081 D(b, 2GeV)
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CS Kernels in comparison
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Scale variation
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Variation of the 3 scales u, u*, popg with factors 3, 1, 2

Ado = max (|do; — dol)

e overall reducing (higher orders) e minor oscillations
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Recapitulation & Outlook

» We work on
a first of a kind N4LO extraction of TMDPDFs

» overall good prescription of data

Outlook:
» Upcoming: DY-+SIDIS fit

» Impact Studies for EIC
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d TMDPDF vs. x and b
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d TMDPDF vs. x and b
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sea TMDPDF vs. x and b
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value

'4HHMHMHWHH\\HH\\Hmu_uHH\H\HHHHMHHHHH\HHHH :
L6 5—quark \ d—quark c—quark L6
13 13
1, L

0.7 0.7
0.4‘”“””‘” e 0.4
0. 05 1. 15 2. 25 3.
b(GeV™!)
e ART23 (us) e SV19

Valentin Moos 7/35



uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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TMDPDF distributions visualized
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TMDPDF distributions visualized
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TMDPDF distributions visualized
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value

12 u—ql‘lark d—qliark ‘ s—quark 12
1.1 1.1
1 :< e :11
0.9 0.9
08 ; b=0.5/GeV s
1.2 n—quark c—quark 12
1.1
—
0.9
b=0.5/GeY s
107 100 107 01 1.

X

e ART23 (us) e SV19

Valentin Moos 17 /35




uncertainty Bands relative to central value
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ATLAS
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CMS
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CMS
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LHCb
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