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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the

– 10 –
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the
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ū, d̄
s (sea)

p
Solution:

MAPTMD24 extraction 
Flavour dependence

2405.13833 12



u, d
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ū

s

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
|k?| [GeV]

Q = 2 GeV

x = 0.001
u

d

d̄

ū
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ū

s

MAPTMD24 extraction - TMD PDFs 

Very different - behaviours!k⊥ It changes also by varying x
2405.13833 15



0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
|k?| [GeV]

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

f
1
(x

,k
2 ?
,Q

,Q
2
)

f
1
(x

,0
,Q

,Q
2
)

Q = 2 GeV

x = 0.1
u

d

d̄

ū
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MAPTMD24 extraction - Scatter plots
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Conclusions and outlook

20

MAPTMD24 will be the first flavour dependent extraction of unpolarized 
quarks TMDs in the proton from a global fit

We are finding significant differences between the flavors in the TMD PDFs.

We are finding significant differences between different final hadrons in the 

 TMD FFs.

We are finding a weak signal between different flavors in the same final hadron.



BACKUP



MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



High Energy Drell-Yan

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

JHEP 07 (2020) 117



High Energy Drell-Yan

The description improves at high orders

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

JHEP 07 (2020) 117



SIDISHigh Energy Drell-Yan

HERMES

Strange behaviors at higher ordersThe description improves at high orders

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

JHEP 07 (2020) 117



COMPASS multiplicities (one of many bins)

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



COMPASS multiplicities (one of many bins)

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



COMPASS multiplicities (one of many bins)
D

at
a/

Pr
ed

ic
tio

n

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



COMPASS multiplicities (one of many bins)

For different orders the discrepancy amounts to a nearly constant factor

D
at

a/
Pr

ed
ic

tio
n

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAP Collaboration, PRD 104 (2021) 3, 
034007 

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

https://inspirehep.net/literature/1864155
https://inspirehep.net/literature/1864155
https://inspirehep.net/literature/1864155


SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAP Collaboration, PRD 104 (2021) 3, 
034007 

MAPTMD22: Normalization of SIDIS

No problems of normalization

MAP Collaboration, JHEP 10 (2022)

https://inspirehep.net/literature/1864155
https://inspirehep.net/literature/1864155
https://inspirehep.net/literature/1864155


SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

dσ
dxdQdz

= ∫ dPhT
dσ

dxdQdzdPhT



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

dσ
dxdQdz

= ∫ dPhT
dσ

dxdQdzdPhT
= ∫ dPhT W-term?



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

dσ
dxdQdz

= ∫ dPhT
dσ

dxdQdzdPhT
= ∫ dPhT W-term?

≃ ∫ dqT W
NLL

∝ f q
1 (x, Q) Dq→h

1 (z, Q)
dσ

dxdzdQ LO
=



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

dσ
dxdQdz

= ∫ dPhT
dσ

dxdQdzdPhT
= ∫ dPhT W-term?

≃ ∫ dqT W
NLL

∝ f q
1 (x, Q) Dq→h

1 (z, Q)
dσ

dxdzdQ LO
=

∫ dqT W
NNLL

≠
dσ

dxdzdQ NLO



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)

dσ
dxdQdz

= ∫ dPhT
dσ

dxdQdzdPhT
= ∫ dPhT W-term?

≃ ∫ dqT W
NLL

∝ f q
1 (x, Q) Dq→h

1 (z, Q)
dσ

dxdzdQ LO
=

∫ dqT W
NNLL

≠
dσ

dxdzdQ NLO

At higher orders 

something is missing 


(Y-term? Power corrections?)



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

MAP Collaboration, JHEP 10 (2022)21



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

Z
dPhT

d�

dxdQdzdPhT
=

d�

dxdQdz

<latexit sha1_base64="bb+oAVBDss7Qzmlnp6gwkeDs9yA="></latexit>

MAP Collaboration, JHEP 10 (2022)21



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

Z
dPhT

d�

dxdQdzdPhT
=

d�

dxdQdz

<latexit sha1_base64="bb+oAVBDss7Qzmlnp6gwkeDs9yA="></latexit>

w(x, z,Q) =
d�

dxdQdz

�Z
dPhT

d�

dxdQdzdPhT

<latexit sha1_base64="uSusD+i3rknoWqv4+yWUevnR9eI="></latexit>

MAP Collaboration, JHEP 10 (2022)21



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

Z
dPhT

d�

dxdQdzdPhT
=

d�

dxdQdz

<latexit sha1_base64="bb+oAVBDss7Qzmlnp6gwkeDs9yA="></latexit>

w(x, z,Q) =
d�

dxdQdz

�Z
dPhT

d�

dxdQdzdPhT

<latexit sha1_base64="uSusD+i3rknoWqv4+yWUevnR9eI="></latexit>

M(x, z, PhT , Q) = w(x, z,Q)
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="te1vULvrsfLoIStS22VHSLf2zRQ="></latexit>

MAP Collaboration, JHEP 10 (2022)21



SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

Collinear SIDIS cross section d�

dxdQdz

<latexit sha1_base64="s8wjn6Kdk2vuCm4tHXTsauW3e4A=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJUBGMFC2Mr0YfURJXjOK1V24lsB1GifAALv8LCAEKsfAAbf4ObZoCWK1k6Pufce+3jx4wqbdvfVmlldW19o7xZ2dre2d2r7h90VZRITDo4YpHs+0gRRgXpaKoZ6ceSIO4z0vMn1zO9d0ekopG41dOYeByNBA0pRtpQw2rNDSXCaeAqOuIoS4P7oO3mY1NJAnN/yDLjsut2XnAZOAWogaJaw+qXG0Q44URozJBSA8eOtZciqSlmJKu4iSIxwhM0IgMDBeJEeWm+NYMnhglgGElzhIY5+7sjRVypKfeNkyM9VovajPxPGyQ6vPRSKuJEE4Hni8KEQR3BWTIwoJJgzaYGICypeSvEY2TS0Sa/ignBWfzyMuie1Z1G/bzdqDWvijjK4Agcg1PggAvQBDegBToAg0fwDF7Bm/VkvVjv1sfcWrKKnkPwp6zPH/75nN8=</latexit>

MAPTMD22: Normalization of SIDIS

Z
dPhT

d�

dxdQdzdPhT
=

d�

dxdQdz

<latexit sha1_base64="bb+oAVBDss7Qzmlnp6gwkeDs9yA="></latexit>

w(x, z,Q) =
d�

dxdQdz

�Z
dPhT

d�

dxdQdzdPhT

<latexit sha1_base64="uSusD+i3rknoWqv4+yWUevnR9eI="></latexit>

M(x, z, PhT , Q) = w(x, z,Q)
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="te1vULvrsfLoIStS22VHSLf2zRQ="></latexit>

Fitting parameters 
 independent

MAP Collaboration, JHEP 10 (2022)21



BACKUP 



Error propagation

100 Monte Carlo 
replicas of data
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ū

N
1
se

a
N

2
se

a
N

3
se

a
Æ

1
se

a
Æ

2
se

a
Æ

3
se

a
æ

1
se

a
æ

3
se

a
∏

1
se

a
∏

2
se

a
N

4
u

º
N

5
u

º
Ø

1
u

º
Ø

2
u

º
± 1

u
º

± 2
u

º
∞

1
u

º
∞

2
u

º
∏

F
u

º
N

4
se

a
º

N
5
se

a
º

Ø
1
se

a
º

Ø
2
se

a
º

± 1
se

a
º

± 2
se

a
º

∞
1
se

a
º

∞
2
se

a
º

∏
F

se
a
º

N
4
u

K
N

5
u

K
Ø

1
u

K
Ø

2
u

K
± 1

u
K

± 2
u

K
∞

1
u

K
∞

2
u

K
∏

F
u

K
N

4
s̄K

N
5
s̄K

Ø
1
s̄K

Ø
2
s̄K

± 1
s̄K

± 2
s̄K

∞
1
s̄K

∞
2
s̄K

∏
F

s̄K
N

4
se

a
K

N
5
se

a
K

Ø
1
se

a
K

Ø
2
se

a
K

± 1
se

a
K

± 2
se

a
K

∞
1
se

a
K

∞
2
se

a
K

∏
F

se
a
K

g2
N1d
N2d
N3d
Æ1d
Æ2d
Æ3d
æ1d
æ3d
∏1d
∏2d

N1d̄
N2d̄
N3d̄
Æ1d̄
Æ2d̄
Æ3d̄
æ1d̄
æ3d̄
∏1d̄
∏2d̄
N1u
N2u
N3u
Æ1u
Æ2u
Æ3u
æ1u
æ3u
∏1u
∏2u
N1ū
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æ1ū
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