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unpolarised SIDIS cross-section (7*) in TMD regime

dUSIDIS /
= db b Jy(b
Q2 dudzdph, Jog Csip1s(@ Jo(bpr/2)
Q)
02 ) —2D(b

X fi (e, B)Dy gy (2, B) <<<b>

Parametrise — extract
» unpolarised TMDPDF fi(z, b)
» unpolarised TMDFF D ¢ ,4(z, b)
» Collins-Soper kernel D(Q, b)

Valentin Moos



Framework: matching PDF

Ll z
frp(a, b) = / j’ > Crp(y, b, ope) g (5, MOPE> Fip(z, b)
x f’

10° 10! 160 161 162
n? [GeV?] 1? [GeV?] n? [GeV?]

optimal TMD distribution: on special null-evolution curve
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ART23 — ART25

Differences
» + SIDIS data / TMDFFs

7

> v Y, M= )\ii ] ( same small-z behaviour for ¢ & 7 )

> )\g/ ¢ ( (slightly) more flexible ansatz )

» large-z resummantion in Coefficient function Cy_,p  [2501.17274]

7

C
» | popE = 70 4266V + 5GeV ] ( avoid quark-threshholds )

-

> Byp — 1.5GeV ™! ( constrained parameter )

Valentin Moos


https://arxiv.org/abs/2501.17274

Model overview for TMD distributions

fI{IP(x, b) = cosh™! (()\{(1 — )% 4 )\ém) b>
fe {u,ﬂ, d,d, sea}

b B2
dlip (2, b) = cosh ™! (n3(1 - z);) (1 + nfh’f};>

h € {wi,Ki} fe {U,E,ﬂ, sea} for h=n"

— 10 parameters for PDFs, 5 for 7* FFs, 5 for K+ FFs

o, 0), dil(z,0) ~ e @AY for > 1

Large b behaviour similar to SV19!

Valentin Moos



[ data input ) perturbative input )
> <Q> > 2GeV FCusp v Dpert Cf_>f/ Ch
> % =A<0.25 N‘Lo | N%Lo | NLO N3LO | NiLO

TMD 2 D\ 5 4 4 3 4
( regime: A\ < 1) a; oy oy ay o
» technical cuts
627(DY) + 582(SIDIS e
— SAUN) < BEAEILS) CS-kernel, TMDPDFs, TMDFFs
llinear input )
collinear mput: X2/Npt —1.17 D 0.92 ART25
» MSHTPDF20 (N2LO) e ooe —
(PDFS) 1lb \I,» O.J() b\’ 1»)
» MAPFF1.0 (N2LO) LU AR
(FFs)

Valentin Moos




Results: Drell-Yan

do/dgr [pb/GeV]

data / theory

] ATLAS ]
_ 003 | Vs =13TeV
E 0.04 l ART25 7
3
zon . «— ATLAS
< om ]
< Lo
0.01 el d
EEN—— fit It in x? f iment
. y result in x“ per group of experimen
51.005 o p
Z 1000 nfl p) pj pj
£ 0995 [ g - Data set Npt X/ Npt X3/ Npt X~/ Npt
s o CDF 84 2.06 0.07 213
7 2 w3 DO 36 2.20 0.08 2.28
arlGev] ATLAS 49 1.43 0.25 1.68
F T pooees CMS 113 0.69 0.13 0.82
B ot s e reenr LHCb 68 1.06 0.26 1.32
é “ﬂ Y PHENIX 3 0.41 0.08 0.48
f TERY ART25 STAR 11 1.15 0.16 1.32
*5&* ' collider: 364 1.34 0.15 T.49
ft #% s B228 175 0.67 0.02 0.69
5, E772 35 1.25 0.12 1.37
e, E605 53 0.31 0.12 0.42
; ; o y u‘ fized-target: 263 0.67 0.05 0.73
LR *W ﬁ{ﬁﬁm total: 627 1.06 0.11 117
% L lI 1 |
S « CDF
21 28 7 14 21 28

qr [GeV]




Results: SIDIS

d—h™*
70<Q2<160 16.0 < Q?*<81.0
5 o
‘ s
Z N
o, & 2
S A fit result in x* per channel
a -
Data set Npt XE/Npt
HERMES =T 48 1.70
o HERMES 7~ 48 1.29
B e HERMES K1 48 0.47
= ! A HERMES K~ 48 1.34
O, = COMPASS hTt 195 0.67
S o A COMPASS h~ | 195 0.91
N % = total: 582 0.92
£}
035 060 085 035 060 085 110
7 [GeV?] 7 [GeV?]

comparison with COMPASS

Valentin M



RESULTS

PDFs at as function of b

o p=1.5GeV!

PDFs at as function and z

.
1073 1072 107!

Valentin Moos
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RESULTS: FFs

2=03 Q=10GeV d-quark T

B ART25 [ MAP24 -
= MAP22

2=03 Q=10GeV d-quark |7 T

B ART25 B MAP24
1 MAP22

2=03 Q=10GV squark |7+

B ART25 5 MAP24
1 MAP22

Dy(z,b)

00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35 005 10 15 20 25 30 35

b(Gev-T) b(GeV) b(Gev-T)
2=03 Q=10GeV wquark |7 =03 Q=10GeV u-quark |7 2=03 Q=10GeV 3-quark
15 B ART25 5 MAP24 10 B ART25 55 MAP24 - B ART25 B MAP24
= B MAP2 | 5 MAP22 - 5 MAP22
L0 X5 Do
) ) g
5
0
0 - -5
00 05 1.0 15 20 25 30 35 00 05 10 L5 2}} 25 30 35 00 05 10 15 20 25 30 35
b(GeVY) b(GeV™) b(GeVY)

FFs at as function of b compared with MAP results




Collins-Soper kert

b*
D(b7 u) = Dsmall—b(b*a /L) + ¢obb™ + c1bb* In ( )
Bnp

—— ART25 ---- MAPNN o LPC22 v ASWZ24
—— ART23  MAP24 + SSSV23atn «  BGMZ24
e SVI9 MAP22 — ART25 — ART23

comparison with phenomenology (left) and lattice (right)

Valentin Moos



variation of fixed intrinsic parameters: popg and Byp

10 — . . . . . . . . . . . —
1.098 1.077 1.032 1.030 1.015 1.011 0.993 1.136 1.000 0.986 0.999
r e =5 GeV 1
8 —
- o . . . . . . . . . . . B
% 1.110 1.081 1.052 1.019 1.010 1.004 1.025 0.993 0.994 0.993 0.997
S 6L i
b L i
a
=
3 o . . . . . . . . . . . B
1.137 1.123 1.061 1.030 1.027 1.016 1.019 1.006 0.999 0.998 0.992
4 — . . . . . . . . . . .
1.154 1.110 1.116 1.052 1.039 1.023 1.011 1.012 1.005 0.999 0.999
S . . . . . . . . . . . g
1.176 1.123 1.091 1.052 1.052 1.086 1.021 1.017 1.013 1.016 1.003
2 ] . . . . [ . . [ . . —
]vIS‘ 1.270 1 145‘ 1.106 ].091‘ 1.078 1.]01‘ 1.053 1.05% 1.047 1.060‘
1.0 12 1.4 1.6 1.8 2.0
Byp [GeV ']
NP

X2/ Ngat for different choices of intrinsic parameters




variation of fixed intrinsic parameters: popg

and Byp
R A Raane
06 . 1
s r‘\ 04 = — o075 PEEE
vj 04t 0.050 E
L 02t g
§ 02 - 0.025 z=0.1 E
T T \ L
o 1 2 3 4 o 1 2 3 4 o 1 2 3 4
b[GeV]™! b[GeV]™! b[GeV]™!

=
£
H
!
=
w [=u
e
0 1 2 3 4
b[GeV ]

top: scale variation

Valentin Moos

b[GeV ] b[GeV]

bottom: ART25 68%CI




Systematics: Impact of Boundary Conditions

The PDFs are unique — yet not uniquely determined

MSHT20PDF

ART?23 result!

0
. . . . E— 10 i 13
06 o4 .
= I=u 1=d
A A % 04 -
— g0z oos
™
005 oa
o o

MSHT20PDF [~
= =
NNPDF3.1 . . % o
w.0. PDF oL
P - - P a—— — :
blGev| ! b(GeV| b(GeV]
08 1.0 12 0 2 4

issue addressed:

Valentin Moos


https://indico.cern.ch/event/1527657/contributions/6649637/attachments/3127880/5550804/Prokudin_QCDN25.pdf

Problem with fixed target DY

Also for pi-DY
Table of x? results (@ ~ 10 GeV, fixed target)
for fixed target DY data predictions without shift

‘ Experiment ‘ Onorm ‘ X2/ Nyt ‘ sys. shift ‘ #dat ‘

do/dgrdzp [nb/GeV ']

PHE200 12% 0.386 -5% 3
A13-norm 0% 1.274 0% 5

origin: higher Twist corrections?
(Q € (4,20) [GeV])
relation to pion induced DY?

do/dgrdzp [nb/GeV ']

I I . T .
05 10 15 20 25 30 35 05 10 15 20 25 30 35
qr(GeV] qr(GeV]
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[ data input ) perturbative input )
> <Q> > 2GeV FCusp v Dpert Cf_>f/ Ch
> % =A<0.25 N‘Lo | N%Lo | NLO N3LO | NiLO

TMD 2 D\ 5 4 4 3 4
( regime: A\ < 1) a; oy oy ay o
» technical cuts
627(DY) + 582(SIDIS e
— SAUN) < BEAEILS) CS-kernel, TMDPDFs, TMDFFs
llinear input )
collinear mput: X2/Npt —1.17 D 0.92 ART25
» MSHTPDF20 (N2LO) e ooe —
(PDFS) 1lb \I,» O.J() b\’ 1»)
» MAPFF1.0 (N2LO) LU AR
(FFs)

Valentin Moos




Recapitulation & outlook

What has been done:

» good quality of fit
X2/ Npt = 1.05 = 1.17 @ 0.92 (for average parameters)

» more spread in replica fits affecting DY ( no issue in ART23 )

» SIDIS data can be described without imposing normalisation

Work in progress:
» pion TMDPDF fit

Valentin Moos



RESULTS: FFs

6 6 15
5 2=03 Q=10GeV d-quark | Kt 5 2=03 Q=10GeV dquark |K*t: 2=03 Q=10GeV s-quark | K
4 BE ART25 B MAP24 4 B ART25 B MAP24 - BS ART25 B MAP24
— B MAP22 | = MAP22 4 MAP22
= 3 = 3
5 5
= 2 = 2
S S
0 0
-1 -1
00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35
b(Gev) b(Gev) b(Gev)
N L5 R RN 25 TR "
5 =03 Q=10GeV w-quark | KT 2=03 Q=10GeV a-quark | KT 03 Q=10GeV s-quark | I
20| -
4 B ART25 B MAP24 1.0 B ART25 B MAP24 B ART25 5 MAP24
— FoMAP22 ] 2 MAP22 . 5 £ MAP22
=3 = =
W x W
) 0.5 <10
Q 1 Q
5
0 0.0
-1 0
00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35 00 05 1.0 15 20 25 30 35
b(GeV) b(GeV ) b(GeV)

FFs at as function of b compared with MAP results




Extracted function:

2.0 1.0
5 =01 Q=10GeV d-quark =01 Q=10GeV d-quark =01 Q=10GeV s-quark
B ART25 &8 MAP24 15 B ART25 B8 MAP24 08 B ART25 55 MAP24 ©
4 ART23 =5 MAPNN ART23 = MAPNN ART23 54 MAPNN
= = :
3 3 3 1.0
=, =
0.5
1
0.0 00
00 05 10 15 20 25 30 35 0.0 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35
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7
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5 B ART25 B MAP2I 12 ART25 g MAP24
ART23 &5 MAPNN 10 ART23 =5 MAPNN
sS4 = 08
3 < 04
3 S
2 0.4]
1 0.2
0
o X
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Perturbative input

£
3
ved gved
Quark Rapidity Anomalous Dimension
10
& —— NNLL
o N3LL
= —— NiLL
04
02 ////
ay(mz) =0.118
K 0 0.75 1.00 1.25 150 175
br [GeV™!]
Y
1Py
.................
" x

”Quark and gluon form factors in
four-loop QCD” [2202.04660]
— C(Q%)

Rapidity anomalous dimension at
N4LL [2205.02242]
— Dpert (b, 1)

Splitting functions at N3LL
[1908.03831]

— Cy—p/ (Y, LOPE)

Valentin Moos



Parametrisation: SV19

(MT + Ao + A327T) b2>

(1)

f
z,b) =exp | —
pr( ) p ( (e

dljiIP(za b) = exp —Mb_z (1+774b—z) 2
1+773(b/z)22 s

DNP(bv :U’) = Dresum(/«% b*) S Cobb* (3)

fl(ICP(xa b) ~ e for b>1 (4)

Valentin Moos



replica of data + replica of PDF

ensemble of replicas

TMDPDF replica

do/dqr [pb/GeV]

3
3,
3,

Uncertainty processing in fit (ART23 figures)

average value and 68% CI

CDF1 7
Vs =18TeV |

doldgr [pb/GeV]

data / theory

CDF2 ]
VS =196 TeV |

S
g @ﬁﬂﬁ M !

14
qr[GeV]

Valentin Moos

28 7 14 21 28

qr[GeV]

S
=

Ifl.(.wv(r-, b)
S




s LHCH 1 E605

B8 LHCD 7GeV T
6.3 L — S 4 L
— = LHCb 8GeV [
| [

do /dgr(fb/GeV)

|
T
E v b b b b 1y
0.5 1. 1.5 2. 2.5 3.
- 1 qr(GeV)
—0.03- E
—0.06 \ \ \ LHCb 8GeV | o7 < () < 8GeV o3 < Q) < 9GeV
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Scale dependence:evolution equations

10! 10?

p? [GeV?]

To evolve (1,¢) — (Q, Q%)
» define TMDPDF at saddle point

» evolve in

» evolve in (

Valentin Moos
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