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Transverse momentum dependent factorization
• The transverse momentum dependent (TMD) factorization 

scheme can be used for analysis of scattering with 
production of a final state of transverse momentum  
which is much smaller than a hard scale
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q?
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e2fH(Q,µ)

∫ ↑

0
db→b→J0

(b→p→
z

)
f1(x, b→;µ, ε)D1(z, b→;µ, ε̄) +O

(p2→
Q2

)
TMD factorization limit for SIDIS

• The power corrections (i.e. terms of order ) to the 
TMD factorization can be systematically calculated

p2
⊥/Q2

see e.g. Balitsky, Tarasov (2017-2018); Arroyo-Castro, Scimemi, Vladimirov (2025)

• The region of applicability of the TMD factorization 
corresponds to relatively large values of b⊥
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p2→/Q
2 → 1 ↑ b→ ↭ !↑1

QCD



• The TMDPDF is an intrinsically non-perturbative object
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b?

TMD factorization 
is valid

• To appropriately restrain this function we want to extract as much perturbative information as possible, 
including the dependence on the kinematic variables


• However, an appropriate calculation of the perturbative component of the function in the region of 
applicability of the TMD factorization (large ) is challenging, and, in general, has not been 
done

b⊥ ≲ Λ−1
QCD

Duhr, Mistlberger, Vita (2022)
Manteuffel, Panzer, Schabinger (2020)

The anomalous dimensions are 
known up to 4 loops

TMDPDFs as functions of four variables

• It is a function of four variables!

<latexit sha1_base64="PLaFr7H27Pw98Ymz4n1UF4w5c8g=">AAACBHicbVDLSgNBEJz1GeNr1WMug0GIEMKuSBS8BL14jGAekF2W2UlvMmT2wcysGEMOXvwVLx4U8epHePNvnCR70MSChqKqm+4uP+FMKsv6NpaWV1bX1nMb+c2t7Z1dc2+/KeNUUGjQmMei7RMJnEXQUExxaCcCSOhzaPmDq4nfugMhWRzdqmECbkh6EQsYJUpLnlkIPFa6L2PfcxIQyQV2wrSMnQdQ5Ngzi1bFmgIvEjsjRZSh7plfTjemaQiRopxI2bGtRLkjIhSjHMZ5J5WQEDogPehoGpEQpDuaPjHGR1rp4iAWuiKFp+rviREJpRyGvu4MierLeW8i/ud1UhWcuyMWJamCiM4WBSnHKsaTRHCXCaCKDzUhVDB9K6Z9IghVOre8DsGef3mRNE8qdrVSvTkt1i6zOHKogA5RCdnoDNXQNaqjBqLoET2jV/RmPBkvxrvxMWtdMrKZA/QHxucPm8OW0A==</latexit>

fi(x, b→;µ, ω)

kinematic variables factorization scales
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d

d lnµ
fi(x, b→;µ, ω) = εi

µ(µ, ω)fi(x, b→;µ, ω)
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d

d ln ω
fi(x, b→;µ, ω) =

1

2
εi
ω(µ, b→)fi(x, b→;µ, ω)



• Instead TMDPDFs have been directly calculated only in the region 
of small 


• The conventional approach is to consider TMDPDFs in a small 
 approximation and expand them in terms of the 

collinear PDFs - collinear matching:

b⊥ ≪ Λ−1
QCD

b⊥ ≪ Λ−1
QCD

• However, the region of applicability of the TMD factorization corresponds to large . The 
TMDPDFs genuinely contain contribution of all collinear twists!

b⊥ ≲ Λ−1
QCD

see e.g. Scimemi, Tarasov and Vladimirov (2019) 
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fi(x, b?, µ, ⇣) = C1 ⌦ f1(x, µ) + b2?C2 ⌦ f2(x, µ) + . . .

Matching coefficients (perturbative), 
contains logs of IR origin Collinear PDFs of rising twist

Problem: Only first few terms of the collinear matching are known. To obtain the correct 
structure of the TMDPDFs, which describes all collinear twist content of the distributions, 
one would need to resum all terms of the collinear expansion, which at the moment is 
not feasible!

Collinear matching
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b?

TMD factorization 
is valid

Collinear matching 
is valid



Non-perturbative function
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f̂a
1 (x, b

2
→;µf , ωf )

= [C → f1](x, b↑;µb→ , µ
2
b→) exp

{∫ µf

µb→

dµ

µ
ε(µ, ωf )

}( ωf
µ2
b→

)K(b→,µb→ )/2
f1NP(x, b

2
→; ωf , Q0)

• The collinear matching “model” for unpolarized TMDPDF used in the phenomenology:

TMD factorization  collinear factorization≠

TMD distribution for the large b⊥ ≲ Λ−1
QCD

CSS evolutionCollinear matching constructed in 
the region of small b⊥ ≪ Λ−1

QCD

Phenomenological function containing all 
collinear twist content of the distribution and 
describing its behavior at large b⊥ ≲ Λ−1

QCD
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fNP• In practice a phenomenological solution is used: higher twist 
terms are dropped
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fi(x, b?, µ, ⇣) = C1 ⌦ f1(x, µ) + b2?C2 ⌦ f2(x, µ) + . . .

• A phenomenological function  is introduced to extrapolate 
the result from  into the physical region 

fNP
b⊥ ≪ Λ−1

QCD b⊥ ≲ Λ−1
QCD

The procedure doesn’t allow us to reveal all collinear twist 
content of the TMDPDFs which is important in the region of 

applicability of the TMD factorization



Collinear vs. TMD factorization
• The discrepancies between collinear and TMD 

factorizations manifest themself in the phenomenology:
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and similarly for higher orders, and we introduce the following normalization factor:

ω(x, z,Q) = dσnomix

dx dz dQ

/ ˆ
d2qT W . (2.51)

We stress that these normalization factors depend only on the collinear PDFs and FFs, are
independent of the parametrization of the nonperturbative part of the TMDs, and can be
computed before performing a fit of the latter.

At NLL, ω(x, z,Q) = 1. Beyond NLL, the prefactor becomes larger than one and
guarantees that the integral of the TMD part of the cross section reproduces most of the
collinear cross section, as suggested by the data. On the contrary, without the enhancement
due to the normalization factor, the integral of the TMD part of the cross section would
be too small, requiring a large role of the high-transverse-momentum tail, which is not
observed in the data. The impact of the normalization factor defined in eq. (2.51) will be
addressed in detail in section 4.

As a consequence of our procedure, the theoretical expression for the SIDIS cross
section in eq. (2.23) becomes

dσSIDIS
ω

dx dz d|qT | dQ
= ω(x, z,Q) dσSIDIS

dx dz d|qT | dQ
. (2.52)

3 Data selection

In this section we describe the experimental data included in our global analysis. We
consider a large number of datasets related to DY lepton pair production and SIDIS, for
the observables discussed in section 2.1 and section 2.2. The coverage in the x-Q2 plane
spanned by these datasets is illustrated in figure 3.

The majority of datasets analyzed in the present work was already included in the
global analysis of SIDIS and DY data in ref. [5] and in the fit of DY data discussed in
ref. [7]. For more details, we refer the reader to those references. The new datasets
included in the present analysis are:

• DY di-muon production from the collision of a proton beam with an energy of 800GeV
on a 2H fixed target from E772 (√s = 38.8GeV) [76];

• DY di-muon production from the PHENIX Collaboration [77];

• DY data at 13TeV from the CMS Collaboration [78] and the ATLAS Collabora-
tion [79].

3.1 Drell-Yan

Our analysis is based on TMD factorization, which is applicable only in the region |qT | ≪ Q.
Therefore, in agreement with the choices of refs. [7, 22] we impose the following cut

|qT | < 0.2Q . (3.1)

– 16 –
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Bacchetta, Bertone, Bissolotti, Bozzi, 
Cerutti, Piacenza, Radici, Signori (2022)

Can we better address the all collinear twist content of the TMDPDFs?

4

fixed-target). Particularly significant is the improvement
for ATLAS, for which the ω2 value drops from 3.51 for
MAP22 to 1.38 for NN. As the ATLAS measurements are
the most precise ones, this is a clear indication that the
NN parametrisation can better capture the information
encoded in the data. We also note that the correlated
contributions ω2

ω for the NN fit are generally smaller than
for MAP22, i.e. the NN fit is able to describe the data
without relying on large correlated shifts.
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FIG. 1: Comparison between experimental data (black dots)
and results obtained with NN (blue band) and MAP22 (red
band) fits. The top plot displays the 10.5 GeV < Q <
11.5 GeV bin of the E605 data set, while the bottom plot
displays the ATLAS measurements at 13 TeV. For each plot,
upper and lower panels show the actual distributions and their
ratios to the experimental central values, respectively. The-
oretical uncertainty bands correspond to one-ω uncertainties,
error bars on experimental data display uncorrelated uncer-
tainties only.

A visual representation of this statement is given in
Fig. 1, where we show a comparison between experimen-
tal data and results of the fit for a representative selec-
tion of data: a Q-bin from the fixed-target E605 experi-
ment (top plot) and the ATLAS measurements at 13 TeV
(bottom plot). Blue and red bands correspond to one-ε
uncertainties of NN and MAP22 fits, respectively, while
experimental data points are shown as black dots along

with their uncorrelated uncertainties. The upper panel
of each plot displays the absolute distributions while the
lower panel displays the distributions normalised to the
experimental central values.
In Fig. 1, it is evident that uncertainty bands are signif-

icantly di!erent between NN and MAP22 fits, with the
former being generally smaller than the latter. This is
a direct consequence of the larger systematic shifts that
a!ect MAP22 (see Tab. I). This is especially evident for
the E605 data where correlated uncertainties are partic-
ularly large. For the ATLAS data, the size of the bands
is comparable because systematic shifts are bound to be
small due to the small size of experimental uncertainties.
We also observe that the NN fit tends to better reproduce
the shape of the ATLAS data distribution.

0.0

0.5

1.0

1.5

x
f

u 1
(x

,k
2 �
,Q

,Q
2
)

x = 0.01
Q = 2 GeV

NN

MAP22

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

|k�| [GeV]

0.5
1.0
1.5

R
a
ti
o

FIG. 2: The unpolarised TMD PDF of the u-quark in the
proton extracted using the NN (blue) and the MAP22 (red)
parametrisations at µ =

→
ε = 2 GeV and x = 0.01 as func-

tions of the quark transverse momentum |k→|. The upper
panel shows the actual distributions, while the bottom panel
shows their ratios to the respective central values. Error
bands represent one-ω uncertainties.

In Fig. 2, we show the unpolarised TMD PDF of the
u-quark in the proton at µ =

→
ϑ = 2 GeV and x =

0.01 as a function of the quark transverse momentum
|k→|. As before, blue and red bands correspond to NN
and MAP22, respectively. The upper panel displays the
actual TMD distributions, while in the lower panel they
are normalised to the respective central values.
A generally good agreement between NN and MAP22

is observed, with the former featuring a larger relative
uncertainty band. This is a direct consequence of the
flexibility of the NN parametrisation. In this respect,
it is interesting to observe that the relative size of the
NN uncertainty band remains fairly stable up to |k→| ↑
0.6 GeV, while it tends to increase for larger values of
|k→| because of the increasingly smaller central value.
On the contrary, the MAP22 relative uncertainty band
shrinks as |k→| increases. Moreover, it shows a node at
intermediate values of |k→|. This behaviour can be traced
back to the rigidity of the parametrisation.

Bacchetta, Bertone, Bissolotti, Cerutti, 
Radici, Rodini, Rossi (2025)

• Significant dependence on the model for the non-perturbative 
function and wide spread of the function in the  dependenceb⊥
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Figure 8: Comparison of unpolarized TMDPDF for u-quark at x = 0.1 and x = 0.01 with
extractions made in refs. [21] (ART23), [81] (MAPNN) and [12] (MAP24). The comparison is done
for TMD distributions evaluated at 10GeV.

Figure 9: Optimal unpolarized TMDFFs for ω+ (upper row) and for K+ (lower row) as a function
of (x, b). The mean value is presented.

In fig. 8 and 11, we present a comparison of our extraction with earlier results from ref.[11, 12,
21, 81]. It is important to notice that the extractions by the MAP collaboration are performed using
the NangaParbat code, which employs a di!erent scale setup. Specifically, the bmin-prescription is
used, which modifies the evolution at small-b. This di!erence is responsible for the contrasting
behavior of the curves at b ↭ 0.2 GeV→1. In the intermediate region b → 0.2 ↑ 1 GeV→1, the
TMDPDF values are in general agreement. However, for larger values of b, the curves di!er again.
This deviation does not indicate a discrepancy between the extractions, as the data are generally
insensitive to this region. Therefore, we conclude that there is overall agreement between our
extraction of the TMDPDFs and those from earlier works.

The TMDFFs distributions are shown in fig. 11 and they exhibit much less agreement. This
is understandable given that TMDFFs appear only in SIDIS and there are significant theoretical
di!erences in the description of SIDIS data between our groups.

A larger number of plots comparing di!erent extractions are presented in appendix B.
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Moos, Scimemi, Vladimirov, Zurita (2025)

all collinear twist 
region. Contribution 
of this region to 
observables is even 
more enhanced!

leading 
collinear 
twist region
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b?

TMD factorization 
is valid

Collinear matching 
is valid

MSTT(-erious) factorization: calculation of the 
TMDPDFs in the region of large b⊥

Direct calculation of the TMDPDFs in 
the region of applicability of the TMD 
factorization

• The collinear matching procedure doesn’t allows us to fully 
uncover the all collinear twist structure of the TMDPDFs


• To obtain this structure one has to perform calculation directly 
in the region of validity of the TMD factorization corresponding 
to large 


• One needs calculation of TMDPDFs in the background field of 
general kinematics

b⊥ ≲ Λ−1
QCD

Mukherjee, Skokov, Tarasov, Tiwari (2024) - MSTT factorization
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In the collinear limit we effectively assume strong separation 
between quantum fields and the background in transverse 
momentum  scattering in the background of collinear partons⇒
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At large  we have to discard the assumption about 
ordering in transverse momentum and consider scattering in a 
background  of general kinematics

b⊥ ≲ Λ−1
QCD
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<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="gD2PBOgvV40XUm/7N2/6HV8CIPE=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkV0VWbE17LoxmUF+4B2KJk004YmmSHJCGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju6nfemLa8Fg92nHCAkkGikecEuukVtfwgSSnvXLFq3oz4GXi56QCOeq98le3H9NUMmWpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUEclMkM3OneATp/RxFGtXyuKZ+nsiI9KYsQxdpyR2aBa9qfif10ltdBNkXCWpZYrOF0WpwDbG099xn2tGrRg7Qqjm7lZMh0QTal1CJReCv/jyMmmeV/2r6uXDRaV2m8dRhCM4hjPw4RpqcA91aACFETzDK7yhBL2gd/Qxby2gfOYQ/gB9/gACJY9e</latexit>

�0

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a
<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg
<latexit sha1_base64="V2p7Gp+05S77WmLnfdR2YAwc9aE=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx4JXjxi4gIRVtItXWhou5u2a0I2/AsvHjTGq//Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38z89hNVmsXy3kwSGgg8lCxiBBsrPTQes54SKBxO++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJtfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZu+jAVOUGD6xBBPF7K2IjLDCxNiQSjYEb/nlVdK6qHq1au3uslJv5HEU4QRO4Rw8uII63EITfCAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gA50JCl</latexit>

Bbg

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>�

<latexit sha1_base64="ugBLlbbiUkETanr6qew3PJBFoYg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKRI9BLx4jmAckS5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LRThIaCjyULGYEWye1e4YNBT7vlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj93is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKz39GAaUosnziCiWbuVkRGWGNiXUIlF0Kw/PIqaV1Wg1q19nBVqd/mcRThBE7hAgK4hjrcQwOaQGAMz/AKb17ivXjv3seiteDlM8fwB97nDwJ3j18=</latexit>

�0

<latexit sha1_base64="hH7C0uoqp1OqecLR3aBWy4S+WVs=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx4JXjxiIh8GVtItXWhou0vbNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywupn5rSeqNIvkvZnE1Bd4IFnICDZWeqg9pl0l0HjaK5bcsjsHWiVeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFrqJpjEmIzygHUslFlT76fzgKTqzSh+FkbIlDZqrvydSLLSeiMB2CmyGetmbif95ncSE137KZJwYKsliUZhwZCI0+x71maLE8IklmChmb0VkiBUmxmZUsCF4yy+vkuZF2auUK3eXpWotiyMPJ3AK5+DBFVThFurQAAICnuEV3hzlvDjvzseiNedkM8fwB87nD4w9kEM=</latexit>

Bq

The background field method and the QCD factorization
• In the background field method the QCD factorization is defined by a 

separation of the QCD fields (i.e. ) into different modes separated 
by factorization scales 

A → C + B
σ

• Evaluation of the functional integral over  fields is hard in general, so, following 
the logic of the background field method, one can split the field into different 
components introducing IR scales  and integrate over quantum component

B

σ′￼

“quantum” fields

e.g. perturbative mode

background fields

e.g. non-perturbative mode


<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>�
<latexit sha1_base64="6x+fCiGRKGlqwjl5LrATrkxGpB8=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx4JXjxiIh8JrKRbutDQdpe2S0I2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDf3WxOqNIvko5nG1Bd4IFnICDZW8mtPaVcJNJ71uiLpFUtu2V0ArRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5zOCt1E0xiTER7QjqUSC6r9dHH0DF1YpY/CSNmSBi3U3xMpFlpPRWA7BTZDverNxf+8TmLCWz9lMk4MlWS5KEw4MhGaJ4D6TFFi+NQSTBSztyIyxAoTY3Mq2BC81ZfXSfOq7FXKlYfrUrWWxZGHMziHS/DgBqpwD3VoAIExPMMrvDkT58V5dz6WrTknmzmFP3A+fwCiDJII</latexit>

Bq
µ

<latexit sha1_base64="tO38r/vmHQzC43+fyyMg+vh8AUs=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WOpF48V7Ad0tyWbZtvQJLskWaUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZemHCmjet+O2vrG5tb24Wd4u7e/sFh6ei4peNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vp357UeqNIvlg5kkNBB4KFnECDZW6tV7ma8ECofTvi/SfqnsVtw50CrxclKGHI1+6csfxCQVVBrCsdZdz01MkGFlGOF0WvRTTRNMxnhIu5ZKLKgOsvnVU3RulQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJboKMySQ1VJLFoijlyMRoFgEaMEWJ4RNLMFHM3orICCtMjA2qaEPwll9eJa3LiletVO+vyrV6HkcBTuEMLsCDa6jBHTSgCQQUPMMrvDlPzovz7nwsWtecfOYE/sD5/AFRB5Jq</latexit>

Bbg
µ

<latexit sha1_base64="ugBLlbbiUkETanr6qew3PJBFoYg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKRI9BLx4jmAckS5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LRThIaCjyULGYEWye1e4YNBT7vlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj93is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKz39GAaUosnziCiWbuVkRGWGNiXUIlF0Kw/PIqaV1Wg1q19nBVqd/mcRThBE7hAgK4hjrcQwOaQGAMz/AKb17ivXjv3seiteDlM8fwB97nDwJ3j18=</latexit>

ω→

• In the context of the TMD factorization  and  is a TMD operatorσ = (μ2, ζ) 𝒪̂

• The calculation in general kinematics can be efficiently performed in the background field method
<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="gD2PBOgvV40XUm/7N2/6HV8CIPE=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkV0VWbE17LoxmUF+4B2KJk004YmmSHJCGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju6nfemLa8Fg92nHCAkkGikecEuukVtfwgSSnvXLFq3oz4GXi56QCOeq98le3H9NUMmWpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUEclMkM3OneATp/RxFGtXyuKZ+nsiI9KYsQxdpyR2aBa9qfif10ltdBNkXCWpZYrOF0WpwDbG099xn2tGrRg7Qqjm7lZMh0QTal1CJReCv/jyMmmeV/2r6uXDRaV2m8dRhCM4hjPw4RpqcA91aACFETzDK7yhBL2gd/Qxby2gfOYQ/gB9/gACJY9e</latexit>

�0

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a
<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="iqjyZKzHWbL1BtpF3hMxA7uJYhg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXpHoseumxgv2A7VKyabYNTTZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1PY2Nza3inulvb2Dw6PyscnHaNSTVmbKqF0LySGCR6zNnAQrJdoRmQoWDec3M/97hPThqv4EaYJCyQZxTzilICV/OaAV/uGjyS5HJQrbs1dAK8TLycVlKM1KH/1h4qmksVABTHG99wEgoxo4FSwWamfGpYQOiEj5lsaE8lMkC1OnuELqwxxpLStGPBC/T2REWnMVIa2UxIYm1VvLv7n+SlEt0HG4yQFFtPloigVGBSe/4+HXDMKYmoJoZrbWzEdE00o2JRKNgRv9eV10rmqefVa/eG60rjL4yiiM3SOqshDN6iBmqiF2ogihZ7RK3pzwHlx3p2PZWvByWdO0R84nz980JDB</latexit>

Hi(�)
<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>�

<latexit sha1_base64="tQP6ifZeXDAoE9aheg+kB5jNXdE=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZaaU6rLoxp0j2Ad0xuFOmrahmcyQZIQy7Y+48VfcuFDEhRvxb0wfC209EDiccy6594QJZ0rb9re1srq2vrGZ28pv7+zu7RcODhsqTiWhdRLzWLZCUJQzQeuaaU5biaQQhZw2w8HVxG8+UKlYLO70MKF+BD3BuoyANlJQqHgcRI9T7AYOHmGvDzrzItB9Ajy7GY8DhkduUPbkNHXvKdaLICgU7ZI9BV4mzpwU0RxuUPj0OjFJIyo04aBU27ET7WcgNSOcjvNeqmgCZAA92jZUQESVn02vG+NTo3RwN5bmCY2n6u+JDCKlhlFokpPF1aI3Ef/z2qnuXvgZE0mqqSCzj7opxzrGk6pwh0lKNB8aAkQysysmfZBAtCk0b0pwFk9eJo1yyamWqreVYu1yXkcOHaMTdIYcdI5q6Bq5qI4IekTP6BW9WU/Wi/VufcyiK9Z85gj9gfX1A4Vtojw=</latexit>

→P1|Ôi|P2↑
ω

<latexit sha1_base64="eRM/FCrxPlRX9AVeGnNlE18Wp0k=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELh4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJIPZhqjH9KR5EPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYRS0KUhgmqdddzY+OnVBnOBM4KvURjTNmEjrBrqaQhaj9dHDojF1YZkGGkbElDFurviZSGWk/DwHaG1Iz1qjcX//O6iRne+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel6l0WRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJl3jNI=</latexit>

C

<latexit sha1_base64="dqpQTE6yhcdpE3iygLLybkqRNvY="></latexit>

dω = Hi(ω)→ ↑P1|Ôi|P2↓
ω

<latexit sha1_base64="HRYIL92GISohuHRt9vAgX9YjVyw="></latexit>

→P1|Ôi|P2↑
ω =

∫
DB !→

P1
( ωB(tf ))Oi(B)!P2( ωB(ti))e

iSQCD(B)

<latexit sha1_base64="GrH6qzufU2KOaDCAwZD9t1Zq/80=">AAACEXicbVBLSwMxGMz6rPW16tFLsAgFoeyKVI+lXjxWsA/o1iWbZtvQJLsmWaEs/Qte/CtePCji1Zs3/43pdgVtHQhMZr6PZCaIGVXacb6speWV1bX1wkZxc2t7Z9fe22+pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYwup377nkhFI3GjxzHpcTQQNKQYaSP5drnuezyBno5g/Tb1JId3k0w5+bkHg0zw7ZJTcTLAReLmpARyNHz70+tHOOFEaMyQUl3XiXUvRVJTzMik6CWKxAiP0IB0DRWIE9VLs0QTeGyUPgwjaY7QMFN/b6SIKzXmgZnkSA/VvDcV//O6iQ4veikVcaKJwLOHwoRBk39aD+xTSbBmY0MQltT8FeIhkghrU2LRlODOR14krdOKW61Ur89KtXpeRwEcgiNQBi44BzVwBRqgCTB4AE/gBbxaj9az9Wa9z0aXrHznAPyB9fEN0BucaQ==</latexit>

Bµ → Bq
µ +Bbg

µ



• After splitting of the field  into two components, we aim to 
integrate over quantum modes  in a fixed background of  
fields. The integration over  fields is done perturbatively. The 
result has the following structure:

B
Bq Bbg

Bq

• The coefficient function  describes dependence on the 
factorization scales  (UV) and  (IR), and contains information 
on the perturbative component of the TMDPDFs. We aim to 
perturbatively calculate this function 

Cij
σ σ′￼

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="gD2PBOgvV40XUm/7N2/6HV8CIPE=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkV0VWbE17LoxmUF+4B2KJk004YmmSHJCGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju6nfemLa8Fg92nHCAkkGikecEuukVtfwgSSnvXLFq3oz4GXi56QCOeq98le3H9NUMmWpIMZ0fC+xQUa05VSwSambGpYQOiID1nFUEclMkM3OneATp/RxFGtXyuKZ+nsiI9KYsQxdpyR2aBa9qfif10ltdBNkXCWpZYrOF0WpwDbG099xn2tGrRg7Qqjm7lZMh0QTal1CJReCv/jyMmmeV/2r6uXDRaV2m8dRhCM4hjPw4RpqcA91aACFETzDK7yhBL2gd/Qxby2gfOYQ/gB9/gACJY9e</latexit>

�0

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a
<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="27aF9gcNyV8Ah3PdmkHdxk/9Dsc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPBi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/aKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/QmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5kXZuy5f1S9LlWoWRx5O4BTOwYMbqMA91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AJehjNA=</latexit>

B
<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg
<latexit sha1_base64="V2p7Gp+05S77WmLnfdR2YAwc9aE=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx4JXjxi4gIRVtItXWhou5u2a0I2/AsvHjTGq//Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38z89hNVmsXy3kwSGgg8lCxiBBsrPTQes54SKBxO++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJtfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZu+jAVOUGD6xBBPF7K2IjLDCxNiQSjYEb/nlVdK6qHq1au3uslJv5HEU4QRO4Rw8uII63EITfCAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gA50JCl</latexit>

Bbg

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>�

<latexit sha1_base64="ugBLlbbiUkETanr6qew3PJBFoYg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPoKeyKRI9BLx4jmAckS5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LRThIaCjyULGYEWye1e4YNBT7vlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNj93is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4JsyYTFJLJVksilOOrEKz39GAaUosnziCiWbuVkRGWGNiXUIlF0Kw/PIqaV1Wg1q19nBVqd/mcRThBE7hAgK4hjrcQwOaQGAMz/AKb17ivXjv3seiteDlM8fwB97nDwJ3j18=</latexit>

�0

<latexit sha1_base64="WEQYuy7JeE1cs8gYnd/LuMeJ2UU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLWEHKjEh1WezGZQXbCu0wZNJMG5tkhiQjlGE2/oobF4q49TPc+Tem7Sy09cDlHs65l+SeIGZUacf5tgpLyyura8X10sbm1vaOvbvXVlEiMWnhiEXyPkCKMCpIS1PNyH0sCeIBI51g1Jj4nUciFY3EnR7HxONoIGhIMdJG8u2Dhp/Sh6zSU3TA0Rmc9ZNT3y47VWcKuEjcnJRBjqZvf/X6EU44ERozpFTXdWLtpUhqihnJSr1EkRjhERqQrqECcaK8dHpABo+N0odhJE0JDafq740UcaXGPDCTHOmhmvcm4n9eN9HhlZdSESeaCDx7KEwY1BGcpAH7VBKs2dgQhCU1f4V4iCTC2mRWMiG48ycvkvZ51a1Va7cX5fp1HkcRHIIjUAEuuAR1cAOaoAUwyMAzeAVv1pP1Yr1bH7PRgpXv7IM/sD5/AGi6lac=</latexit>

Cij(�,�
0)

<latexit sha1_base64="hH7C0uoqp1OqecLR3aBWy4S+WVs=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagx4JXjxiIh8GVtItXWhou0vbNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywupn5rSeqNIvkvZnE1Bd4IFnICDZWeqg9pl0l0HjaK5bcsjsHWiVeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFrqJpjEmIzygHUslFlT76fzgKTqzSh+FkbIlDZqrvydSLLSeiMB2CmyGetmbif95ncSE137KZJwYKsliUZhwZCI0+x71maLE8IklmChmb0VkiBUmxmZUsCF4yy+vkuZF2auUK3eXpWotiyMPJ3AK5+DBFVThFurQAAICnuEV3hzlvDjvzseiNedkM8fwB87nD4w9kEM=</latexit>

Bq

<latexit sha1_base64="iUH1u1Xib3WLjAEkSypl25mhegc=">AAACHXicbVDLSgMxFM34rPVVdekmWERXZaaU6rLoxp0V7AM6dbiTpm1sJjMkGaFM50fc+CtuXCjiwo34N6aPhbYeCBzOOZfce/yIM6Vt+9taWl5ZXVvPbGQ3t7Z3dnN7+3UVxpLQGgl5KJs+KMqZoDXNNKfNSFIIfE4b/uBy7DceqFQsFLd6GNF2AD3BuoyANpKXK7kcRI9TXPWckdsHnbgB6D4BnlynqXc/qnpFV04id4mrWC+Ak9TL5e2CPQFeJM6M5NEMVS/36XZCEgdUaMJBqZZjR7qdgNSMcJpm3VjRCMgAerRlqICAqnYyuS7Fx0bp4G4ozRMaT9TfEwkESg0D3yTHq6t5byz+57Vi3T1vJ0xEsaaCTD/qxhzrEI+rwh0mKdF8aAgQycyumPRBAtGm0KwpwZk/eZHUiwWnXCjflPKVi1kdGXSIjtApctAZqqArVEU1RNAjekav6M16sl6sd+tjGl2yZjMH6A+srx/DQqL8</latexit>

→P1|Ôj |P2↑
ω→

result of integration 
over  fields Bq

operator constructed 
from  fields Bbg

Background field method and the QCD evolution

• The result of calculation is defined by the structure of the 
factorization scales  and , i.e. the definition of the 
factorization scheme

σ σ′￼

<latexit sha1_base64="fv+LPFCPJRrbraXj9Y8t6os68gc="></latexit>

→P1|Ôi|P2↑
ω =

∑

j

Cij(ω,ω
→)↓ →P1|Ôj |P2↑

ω→

<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg



Separation of the field modes
• One can separate the field modes using explicit cut-offs (e.g. high-energy rapidity factorization), but this is 

usually technically hard

• Instead one can use the renormalization approach. The 
divergent integrals are regularized and the corresponding 
scales play the role of the cut-offs, while the singular poles 
should be appropriately subtracted


• We use the dimensional regularization for the transverse 
integrals


• The rapidity divergent integrals are regularized as

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="OfQFGPcvzk6cVUgF8m17FCriagU=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzJTfG2EohuXFZy20BmHTJppQ5OZkGSEMnbhr7hxoYhbf8Odf2PazkJbD1w4Oedecu+JBKNKO863tbC4tLyyWlorr29sbm3bO7tNlWYSEw+nLJXtCCnCaEI8TTUjbSEJ4hEjrWhwPfZbD0QqmiZ3eihIwFEvoTHFSBsptPcH97XQF0QKeAl9nplX7jVHoV1xqs4EcJ64BamAAo3Q/vK7Kc44STRmSKmO6wgd5EhqihkZlf1MEYHwAPVIx9AEcaKCfLL/CB4ZpQvjVJpKNJyovydyxJUa8sh0cqT7atYbi/95nUzHF0FOE5FpkuDpR3HGoE7hOAzYpZJgzYaGICyp2RXiPpIIaxNZ2YTgzp48T5q1qntWPb09qdSvijhK4AAcgmPggnNQBzegATyAwSN4Bq/gzXqyXqx362PaumAVM3vgD6zPH7sPlUs=</latexit>

k2? = µ2
UV

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢

<latexit sha1_base64="UsYEsTGUtik7mjDWgUx3oZir6Vs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzJTfG2EohvdVbEP6IxDJs20oclMSDJCGbvwV9y4UMStv+HOvzFtZ6GtBy6cnHMvufeEglGlHefbmptfWFxaLqwUV9fWNzbtre2GSlKJSR0nLJGtECnCaEzqmmpGWkISxENGmmH/cuQ3H4hUNInv9EAQn6NuTCOKkTZSYO/27yuBJ4gU8Bx6PDWv7Pp2GNglp+yMAWeJm5MSyFEL7C+vk+CUk1hjhpRqu47QfoakppiRYdFLFREI91GXtA2NESfKz8b7D+GBUTowSqSpWMOx+nsiQ1ypAQ9NJ0e6p6a9kfif1051dOZnNBapJjGefBSlDOoEjsKAHSoJ1mxgCMKSml0h7iGJsDaRFU0I7vTJs6RRKbsn5eObo1L1Io+jAPbAPjgELjgFVXAFaqAOMHgEz+AVvFlP1ov1bn1MWuesfGYH/IH1+QOis5U7</latexit>

k2? = µ2
IR

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg

<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="Jh7pW3nIhFx4K6NXJLYVXUryVCk="></latexit>Z 1

0

dk�

k�
! ⌫⌘

Z 1

0

dk�

k�
|k+|�⌘

J. Chiu, A. Jain, D. Neill, I. Rothstein (2013)

<latexit sha1_base64="HNerXy2pgrJ5IuJVOlHydEdRlGI="></latexit>

S

• To resolve potential double counting due to overlap between field 
modes in rapidity the matrix element constructed from fields  
and  is to be multiplied by a soft factor

Bq

Bbg

<latexit sha1_base64="whEGCQbcZFOzA8bJv9FqbqyEMGw="></latexit>

fi(xB , b→) =
√
S(b→)Bi(xB , b→)

<latexit sha1_base64="69omLaqCQZU5czzjhCHURjPVTik=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj2WevFYwX5AG8tmu2mX7iZxdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbm+TFnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW0WJJLRFIh7Jro8V5SykLc00p91YUix8Tjv+5Hrmdx6pVCwK7/Q0pp7Ao5AFjGBtpIFd7vtYpo3sPu1LgR6ygV1xqs4caJW4OalAjubA/uoPI5IIGmrCsVI914m1l2KpGeE0K/UTRWNMJnhEe4aGWFDlpfPDM3RqlCEKImkq1Giu/p5IsVBqKnzTKbAeq2VvJv7n9RIdXHkpC+NE05AsFgUJRzpCsxTQkElKNJ8agolk5lZExlhiok1WJROCu/zyKmmfV91atXZ7Uak38jiKcAwncAYuXEIdbqAJLSCQwDO8wpv1ZL1Y79bHorVg5TNH8AfW5w/WI5M5</latexit>

B̄q

<latexit sha1_base64="fuM7KSvYksuML4gePEVWAWwA5Ck=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqsdSLx4r2A9oYtlsN+3SzSbsbgol5J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjf3u1MqFYvFo54l1I/wSLCQEayNNLBtL8Aya+ZPmScjFIzygV11as4CaJ24BalCgdbA/vKGMUkjKjThWKm+6yTaz7DUjHCaV7xU0QSTCR7RvqECR1T52eLyHF0YZYjCWJoSGi3U3xMZjpSaRYHpjLAeq1VvLv7n9VMd3voZE0mqqSDLRWHKkY7RPAY0ZJISzWeGYCKZuRWRMZaYaBNWxYTgrr68TjpXNbdeqz9cVxvNIo4ynME5XIILN9CAe2hBGwhM4Rle4c3KrBfr3fpYtpasYuYU/sD6/AGGapOb</latexit>

B̄bg



Calculation of quark TMDPDFs in the background field method
<latexit sha1_base64="ArsWh0Xfbzzsy++7y1CMbiYfVmU="></latexit>

U [ω+](z→1 , z→2 , b↑) = q̄(z→1 , b↑)[z
→
1 ,→]bω

+[→, z→2 ]→bq(z
→
2 ,↑b↑)

<latexit sha1_base64="Ds472d5ULKosw9ahdaP8lU1Ceas="></latexit>

![ω+](x, b→) =

∫
dz↑

2ω
e↑2iz→xP+

→P, S|U [ω+](z↑,↑z↑,
b→
2
)|P, S↓

<latexit sha1_base64="PTLTgvQMXFK+a/krUQ2RWh1QzuM="></latexit>

![ω+](x, b→) = f1(x, b→) + ibks̃
kMf→

1T (x, b→)

<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a
<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="ExPOFqwgX7g7fJydxXWEELr0MCc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqsH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4AyfeM8g==</latexit>c
<latexit sha1_base64="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d

<latexit sha1_base64="T6jdnRXg6uZZ2SVmGcuaVtfG7vA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqYL9UdivuHGSVeDkpQ456v/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6JScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGCM/wCm/Oo/PivDsfi9Y1J585gT9wPn8AzP+M9A==</latexit>e
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</latexit>g
<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="7LSIiiO1REiDYvJerL4BpG6lXFk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFLIlJdFt24rGAf0MQwmU7aoZNJnJkINWTjr7hxoYhbP8Odf+O0zUJbD1w4nHMv997jx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHV2O//UCEpBG/VaOYuCHqcxpQjJSWPHPP8ZFI77PKo2ffnRxD33NiIuIjzyxbVWsCOE/snJRBjoZnfjm9CCch4QozJGXXtmLlpkgoihnJSk4iSYzwEPVJV1OOQiLddPJABg+10oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zuokKLtyU8jhRhOPpoiBhUEVwnAbsUUGwYiNNEBZU3wrxAAmElc6spEOwZ1+eJ63Tql2r1m7OyvXLPI4i2AcHoAJscA7q4Bo0QBNgkIFn8ArejCfjxXg3PqatBSOf2QV/YHz+AFZTlZw=</latexit>

q̄(z→1 , b↑)

<latexit sha1_base64="8pdqQbwdFTvRaAI0iHWWnH31eoo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2AdinZNNuGJtk1yQpL6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySDyaNqS/wSLKQEWwy6bGang/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PhTrAwjnM5K/UTTGJMJHtGepRILqv3p/NYZOrPKEIWRsiUNmqu/J6ZYaJ2KwHYKbMZ62cvE/7xeYsJrf8pknBgqyWJRmHBkIpQ9joZMUWJ4agkmitlbERljhYmx8ZRsCN7yy6ukfVHz6rX6/WWlcZPHUYQTOIUqeHAFDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPgkON6A==</latexit>

q(y)

<latexit sha1_base64="8deV+3zg0v9e3AZGOMTjbsVJEAw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegF48RzQOSNcxOepMhs7PLzKwQl3yCFw+KePWLvPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HvuNR1Sax/LeDBP0I9qTPOSMGivdPT2cdgpFt+ROQBaJNyNFmKHaKXy1uzFLI5SGCap1y3MT42dUGc4EjvLtVGNC2YD2sGWppBFqP5ucOiLHVumSMFa2pCET9fdERiOth1FgOyNq+nreG4v/ea3UhJd+xmWSGpRsuihMBTExGf9NulwhM2JoCWWK21sJ61NFmbHp5G0I3vzLi6R+VvLKpfLtebFyNYsjB4dwBCfgwQVU4AaqUAMGPXiGV3hzhPPivDsf09YlZzZzAH/gfP4ACrmNqA==</latexit>

z→

<latexit sha1_base64="P7/ufDS5aFAP5UsNYrKTzhiFrVs=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgx6JXjxi4gIJrKRbutDQdjdt1wQ3/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777aysrq1vbBa2its7u3v7pYPDpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4upn6rUeqNIvlvRknNBB4IFnECDZW8p8eznvVXqnsVtwZ0DLxclKGHI1e6avbj0kqqDSEY607npuYIMPKMMLppNhNNU0wGeEB7VgqsaA6yGbHTtCpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66QmugoyJpPUUEnmi6KUIxOj6eeozxQlho8twUQxeysiQ6wwMTafog3BW3x5mTSrFa9Wqd1dlOvXeRwFOIYTOAMPLqEOt9AAHwgweIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAyx45N</latexit>

z→2

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i
<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j

<latexit sha1_base64="WfXJcvCnaRzn+wqweCICKJqpfrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gADEo2j</latexit>p1
<latexit sha1_base64="v1v3RfjFmDc5DcTmKAaXMEqzA/8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6SPrVfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxatVaveX5fpNHkcBTuEMLsCDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAElo2k</latexit>p2

<latexit sha1_base64="LL7h5WkVtzFaXU53PQ1dwmWfoBI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3SPVY9OKxgv2QdlmyabYNTXZDkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3RBryllMW4YZTrtSUSxCTjvh+Hbmd56o0iyJH8xEUl/gYcwiRrCx0qMMPHSBZFALyhW36s6BVomXkwrkaAblr/4gIamgsSEca93zXGn8DCvDCKfTUj/VVGIyxkPaszTGgmo/mx88RWdWGaAoUbZig+bq74kMC60nIrSdApuRXvZm4n9eLzXRtZ+xWKaGxmSxKEo5MgmafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSbtW9erV+v1lpXGTx1GEEziFc/DgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzBxR4j00=</latexit>p1 → p2

<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a
<latexit sha1_base64="giX4jazC00QEvlGE4BNHI9hZ9xE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqBP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwByHOM8Q==</latexit>

b

<latexit sha1_base64="ExPOFqwgX7g7fJydxXWEELr0MCc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqsH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4AyfeM8g==</latexit>c
<latexit sha1_base64="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d

<latexit sha1_base64="T6jdnRXg6uZZ2SVmGcuaVtfG7vA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqYL9UdivuHGSVeDkpQ456v/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+6JScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE974GZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGCM/wCm/Oo/PivDsfi9Y1J585gT9wPn8AzP+M9A==</latexit>e
<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</latexit>g
<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

<latexit sha1_base64="7LSIiiO1REiDYvJerL4BpG6lXFk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFLIlJdFt24rGAf0MQwmU7aoZNJnJkINWTjr7hxoYhbP8Odf+O0zUJbD1w4nHMv997jx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHV2O//UCEpBG/VaOYuCHqcxpQjJSWPHPP8ZFI77PKo2ffnRxD33NiIuIjzyxbVWsCOE/snJRBjoZnfjm9CCch4QozJGXXtmLlpkgoihnJSk4iSYzwEPVJV1OOQiLddPJABg+10oNBJHRxBSfq74kUhVKOQl93hkgN5Kw3Fv/zuokKLtyU8jhRhOPpoiBhUEVwnAbsUUGwYiNNEBZU3wrxAAmElc6spEOwZ1+eJ63Tql2r1m7OyvXLPI4i2AcHoAJscA7q4Bo0QBNgkIFn8ArejCfjxXg3PqatBSOf2QV/YHz+AFZTlZw=</latexit>

q̄(z→1 , b↑)

<latexit sha1_base64="8pdqQbwdFTvRaAI0iHWWnH31eoo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2AdinZNNuGJtk1yQpL6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySDyaNqS/wSLKQEWwy6bGang/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PhTrAwjnM5K/UTTGJMJHtGepRILqv3p/NYZOrPKEIWRsiUNmqu/J6ZYaJ2KwHYKbMZ62cvE/7xeYsJrf8pknBgqyWJRmHBkIpQ9joZMUWJ4agkmitlbERljhYmx8ZRsCN7yy6ukfVHz6rX6/WWlcZPHUYQTOIUqeHAFDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPgkON6A==</latexit>

q(y)

<latexit sha1_base64="8deV+3zg0v9e3AZGOMTjbsVJEAw=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegF48RzQOSNcxOepMhs7PLzKwQl3yCFw+KePWLvPk3Th4HTSxoKKq66e4KEsG1cd1vZ2l5ZXVtPbeR39za3tkt7O3XdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4HvuNR1Sax/LeDBP0I9qTPOSMGivdPT2cdgpFt+ROQBaJNyNFmKHaKXy1uzFLI5SGCap1y3MT42dUGc4EjvLtVGNC2YD2sGWppBFqP5ucOiLHVumSMFa2pCET9fdERiOth1FgOyNq+nreG4v/ea3UhJd+xmWSGpRsuihMBTExGf9NulwhM2JoCWWK21sJ61NFmbHp5G0I3vzLi6R+VvLKpfLtebFyNYsjB4dwBCfgwQVU4AaqUAMGPXiGV3hzhPPivDsf09YlZzZzAH/gfP4ACrmNqA==</latexit>

z→

<latexit sha1_base64="P7/ufDS5aFAP5UsNYrKTzhiFrVs=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgx6JXjxi4gIJrKRbutDQdjdt1wQ3/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777aysrq1vbBa2its7u3v7pYPDpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4upn6rUeqNIvlvRknNBB4IFnECDZW8p8eznvVXqnsVtwZ0DLxclKGHI1e6avbj0kqqDSEY607npuYIMPKMMLppNhNNU0wGeEB7VgqsaA6yGbHTtCpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66QmugoyJpPUUEnmi6KUIxOj6eeozxQlho8twUQxeysiQ6wwMTafog3BW3x5mTSrFa9Wqd1dlOvXeRwFOIYTOAMPLqEOt9AAHwgweIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAyx45N</latexit>

z→2

<latexit sha1_base64="/cnyKmxVdU7M8ID6ozQbNE+/OJU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq8H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A0w+M+A==</latexit>

i
<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j
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• We integrate over  fields at the NLO order in a 
background field, e.g.  field in the diagram (a), which is 
defined by the IR scales 
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The structure of the result
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TMD operator of size , instead 
of its collinear counterpart

z⊥finite term regulated by the non-
zero value of the background 
transverse momentum  k⊥ − p⊥

usual UV divergencies leading to 
the CSS evolution
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 is a regulator of the UV rapidity divergence 
and  is the corresponding scale
η

ν

• Similar expressions can be easily obtained for all other 
diagrams



The structure of the result. Distribution functions
usual UV divergencies leading 
to the CSS evolution
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finite terms don’t develop a singularity 
 and doesn’t have logarithms1/ϵIR

• The UV poles can be removed in the usual way by the soft factor and the UV renormalization factor

• The result is the same for both unpolarized and Sivers functions 
<latexit sha1_base64="PTLTgvQMXFK+a/krUQ2RWh1QzuM="></latexit>

![ω+](x, b→) = f1(x, b→) + ibks̃
kMf→
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• The second term describes all collinear twist content of the TMDPDFs. Let’s see it more explicitly
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Collinear matching procedure
The result for the diagram in the MSTT factorization scheme:

no ordering in transverse variables

• How is the result related to the collinear matching expansion? Let’s expand the TMD operators in r.h.s. in terms 
of collinear operators: 
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• Each term of the expansion develops a new singularity and a delta-
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The collinear matching expansion 
introduces an additional ordering in 
transverse momentum between the 
quantum modes and the background
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Ordering of transverse momenta in the collinear matching procedure

• The presence of a new  manifests the fact that the collinear 
matching procedure introduces a new factorization condition defined 
by the strong ordering of the transverse momentum

1/ϵIR

IR singularity in all terms of the expansion 
onto the collinear PDFs  factorization⇒

Part of the DGLAP kernel 
generated by the diagram
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wide separation in transverse 
momentum  factorization⇒

large
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0→small• The exact MSTT result doesn’t have this ordering, i.e. the 
factorization condition for transverse momentum
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• The ordering is justified only in the 
region of small b⊥ ≪ Λ−1

QCD
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TMD factorization is valid, no phase space 
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no factorization in transverse momentum

⇒

collinear expansion is valid, enough phase 
space for large transverse logarithms  
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⇒
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Leading collinear twist

• The result matches IR logarithms of all order terms of the collinear expansion 

• The MSTT result develops exact logarithms when the factorization condition for transverse 
momentum is imposed in the region of small b⊥ ≪ Λ−1

QCD
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• The MSTT result perfectly matches with known terms of the collinear expansion but contains contribution of all 
collinear terms which is essential for the region of validity of the TMD factorization large b⊥ ≲ Λ−1

QCD
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in full agreement with the known 
result for the collider matching

MSTT contains contribution of the 
higher order collinear twists as well

note that the expansion converge 
only at small b⊥ ≪ Λ−1

QCD



Higher collinear twists
• The MSTT result for the sum of all diagrams partially reproduces contribution of higher order 

collinear twists, but contain contribution of all of them

• The MSTT result contains only mixing with leading twist TMDPDFs. To reproduce higher collinear 
twist terms one has to consider mixing with higher twist TMD operators

• The result of the collinear matching for the Sivers function contain contribution of the mixing with 
higher twist TMD operators even in the leading term
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in full agreement with the known 
result for the contribution of this 
diagram to the collider matching 
result for the Sivers function

mixing with higher twist TMD 
operators can be systematically 
analyzed as well 
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Virtual diagrams
• virtual diagram in the collinear matching procedure. Expanding the MSTT result:
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• in the collinear matching, when the factorization in transverse 
momentum is imposed, all terms of the collinear expansion are trivial 
in agreement with the standard result
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• In the MSTT approach, without the factorization in transverse 
momentum the diagram generates a finite term
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non-trivial dynamics in 
the MSTT factorization! 



• In the conventionally used collinear matching approach these diagrams contain scaleless integrals, which 
are zero in the dimensional regularization. In the MSTT approach we observe a non-trivial structure

rapidity divergence on the IR type!
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<latexit sha1_base64="5F3jRLCn16NYRSY84MEmEv9ekHw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOepMhs7PDzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFldW19o7hZ2tre2d0r7x88mjTTDBssFaluRdSg4BIblluBLaWRJpHAZjS8nfrNJ9SGp/LBjhSGCe1LHnNGrZOafrejUKtuueJX/RnIMglyUoEc9W75q9NLWZagtExQY9qBr2w4ptpyJnBS6mQGFWVD2se2o5ImaMLx7NwJOXFKj8SpdiUtmam/J8Y0MWaURK4zoXZgFr2p+J/Xzmx8HY65VJlFyeaL4kwQm5Lp76THNTIrRo5Qprm7lbAB1ZRZl1DJhRAsvrxMHs+qwWX14v68UrvJ4yjCERzDKQRwBTW4gzo0gMEQnuEV3jzlvXjv3se8teDlM4fwB97nDxXZj2w=</latexit>

0?

<latexit sha1_base64="wGKArQJVX3ERuBUc3NGWPcCxP7g=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOepMhs7PDzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFldW19o7hZ2tre2d0r7x88mjTTDBssFaluRdSg4BIblluBLaWRJpHAZjS8nfrNJ9SGp/LBjhSGCe1LHnNGrZOaUbejUKtuueJX/RnIMglyUoEc9W75q9NLWZagtExQY9qBr2w4ptpyJnBS6mQGFWVD2se2o5ImaMLx7NwJOXFKj8SpdiUtmam/J8Y0MWaURK4zoXZgFr2p+J/Xzmx8HY65VJlFyeaL4kwQm5Lp76THNTIrRo5Qprm7lbAB1ZRZl1DJhRAsvrxMHs+qwWX14v68UrvJ4yjCERzDKQRwBTW4gzo0gMEQnuEV3jzlvXjv3se8teDlM4fwB97nD2LNj54=</latexit>

b?

<latexit sha1_base64="CDivuv+Gryivh7MqSXMFKdDUKQ8=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARBCDPidgzx4jGCWSAZQ0+nJ2nS0zN014hhyEd48aCIV7/Hm39jZzlo4oOCx3tVVNULEikMuu63s7S8srq2ntvIb25t7+wW9vbrJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHJtRKzucZhwP6I9JULBKFqp8dSpkOrDaadQdEvuBGSReDNShBmqncJXuxuzNOIKmaTGtDw3QT+jGgWTfJRvp4YnlA1oj7csVTTixs8m547IsVW6JIy1LYVkov6eyGhkzDAKbGdEsW/mvbH4n9dKMbz2M6GSFLli00VhKgnGZPw76QrNGcqhJZRpYW8lrE81ZWgTytsQvPmXF0n9rORdli7uzovlyiyOHBzCEZyAB1dQhluoQg0YDOAZXuHNSZwX5935mLYuObOZA/gD5/MHO6SO3A==</latexit>

xBP
+

<latexit sha1_base64="qNO/TrR5G8HVqnx3y8X5AZoBync=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOepMhs7PDzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFldW19o7hZ2tre2d0r7x88mjTTDBssFaluRdSg4BIblluBLaWRJpHAZjS8nfrNJ9SGp/LBjhSGCe1LHnNGrZOaqttRqFW3XPGr/gxkmQQ5qUCOerf81emlLEtQWiaoMe3AVzYcU205EzgpdTKDirIh7WPbUUkTNOF4du6EnDilR+JUu5KWzNTfE2OaGDNKIteZUDswi95U/M9rZza+DsdcqsyiZPNFcSaITcn0d9LjGpkVI0co09zdStiAasqsS6jkQggWX14mj2fV4LJ6cX9eqd3kcRThCI7hFAK4ghrcQR0awGAIz/AKb57yXrx372PeWvDymUP4A+/zB3hZj6w=</latexit>p? <latexit sha1_base64="Ty43vnDNZR8eKm0Fcu3r3NUStgs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF2y2Sy7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvlJxp43nfTmlldW19o7xZ2dre2d2r7h886jRTFFs05anqhEQjZwJbhhmOHamQJCHHdhjfTv32EyrNUvFgxhKDhAwFixglxkrtuN+TqGS/WvPq3gzuMvELUoMCzX71qzdIaZagMJQTrbu+J02QE2UY5Tip9DKNktCYDLFrqSAJ6iCfnTtxT6wycKNU2RLGnam/J3KSaD1OQtuZEDPSi95U/M/rZia6DnImZGZQ0PmiKOOuSd3p7+6AKaSGjy0hVDF7q0tHRBFqbEIVG4K/+PIyeTyr+5f1i/vzWuOmiKMMR3AMp+DDFTTgDprQAgoxPMMrvDnSeXHenY95a8kpZg7hD5zPH3Cnj6c=</latexit>

k?
<latexit sha1_base64="PeCZG68bswfsTfg1ZEr3FW2efaA=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2AR3FhmxNuy6MZlBXuBdhgyaaYNzWRCklFK7aO4caGIW5/EnW9j2s5CW38IfPznHM7JH0nOtPG8b2dpeWV1bb2wUdzc2t7ZdUt7DZ1mitA6SXmqWhHWlDNB64YZTltSUZxEnDajwc2k3nygSrNU3JuhpEGCe4LFjGBjrdAtDcKOpEqiEyRnFLplr+JNhRbBz6EMuWqh+9XppiRLqDCEY63bvidNMMLKMMLpuNjJNJWYDHCPti0KnFAdjKanj9GRdbooTpV9wqCp+3tihBOth0lkOxNs+nq+NjH/q7UzE18FIyZkZqggs0VxxpFJ0SQH1GWKEsOHFjBRzN6KSB8rTIxNq2hD8Oe/vAiN04p/UTm/OytXr/M4CnAAh3AMPlxCFW6hBnUg8AjP8ApvzpPz4rw7H7PWJSef2Yc/cj5/AIb6k4s=</latexit>

k? � p?

<latexit sha1_base64="UdLwgU6k/qOjEklxUrDE12Fd3iE=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaUY8ELx4xkQ8DK+mWLjS03bXtmpANv8KLB43x6s/x5r+xwB4UfMkkL+/NZGZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU/91hNVmkXyzoxj6gs8kCxkBBsr3dce0q4S6HHSK5bcsjsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezgCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEV37KZJwYKsl8UZhwZCI0/R71maLE8LElmChmb0VkiBUmxmZUsCF4iy8vk+ZZ2bsoV27PS9VaFkcejuAYTsGDS6jCDdShAQQEPMMrvDnKeXHenY95a87JZg7hD5zPH4vrkEI=</latexit>

Bq

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg

<latexit sha1_base64="6AwsLHNdlA/ffKlEAxVGSVHhjeo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2OIF48RzAOTNcxOZpMhM7PLzKwQlvyFFw+KePVvvPk3ziZ70MSChqKqm+6uIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXy3kxi6gs8lCxkBBsrPdQf054SKBhO++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP51dPEUnVhmgMFK2pEEz9fdEioXWExHYToHNSC96mfif101MeO2nTMaJoZLMF4UJRyZC2ftowBQlhk8swUQxeysiI6wwMTakkg3BW3x5mbTOqt5l9eLuvFKr53EU4QiO4RQ8uIIa3EIDmkBAwjO8wpujnRfn3fmYtxacfOYQ/sD5/AE5fpCk</latexit>

Bbg

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a
<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b <latexit sha1_base64="CpuGTudZT3v+ouFHRmGxxqyJ/Cc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVWa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwByaWM8Q==</latexit>c

<latexit sha1_base64="pbrTBi+I5TdMb2KRSYVNYXSeyj4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnZ3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8m/qtJ1SaJ/LBjFL0Y9qXPOKMGivVw16p7FbcGcgy8XJShhy1XumrGyYsi1EaJqjWHc9NjT+mynAmcFLsZhpTyoa0jx1LJY1R++PZoRNyapWQRImyJQ2Zqb8nxjTWehQHtjOmZqAXvan4n9fJTHTjj7lMM4OSzRdFmSAmIdOvScgVMiNGllCmuL2VsAFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHyymM8g==</latexit>

d
<latexit sha1_base64="a0LNiNj9XuoHPJay2BWGHqBh+mg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVsVcquxV3BrJMvJyUIUetV/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMEJ7hFd6cR+fFeXc+5q0rTj5zBH/gfP4AzK2M8w==</latexit>e

<latexit sha1_base64="XfwCK5zZDdPU0ydowFOpTzy/11w=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVw16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDzjGM9A==</latexit>

f

<latexit sha1_base64="P0jAJnOicO6LpgfhXjzCqsb1ghk="></latexit>

Bq(1)+bg;virt
ij (xB , b?) = �2↵sNc
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<latexit sha1_base64="nqPX3F23W5e/dU2GRBxewjE3itU="></latexit>

+ . . .

Virtual diagrams for the gluon TMD operator

This doesn’t depend 
on the value of xB



BFKL dynamics

<latexit sha1_base64="aCPgLDuRc65hKHCT+gKGvOzFVpw=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWNEs0Ayhp5OT9Kkp2forhHCkE/w4kERr36RN//GznLQxAcFj/eqqKoXJFIYdN1vJ7e0vLK6ll8vbGxube8Ud/fqJk414zUWy1g3A2q4FIrXUKDkzURzGgWSN4LBzdhvPHFtRKwecJhwP6I9JULBKFrpfvB40imW3LI7AVkk3oyUYIZqp/jV7sYsjbhCJqkxLc9N0M+oRsEkHxXaqeEJZQPa4y1LFY248bPJqSNyZJUuCWNtSyGZqL8nMhoZM4wC2xlR7Jt5byz+57VSDK/8TKgkRa7YdFGYSoIxGf9NukJzhnJoCWVa2FsJ61NNGdp0CjYEb/7lRVI/LXsX5fO7s1LlehZHHg7gEI7Bg0uowC1UoQYMevAMr/DmSOfFeXc+pq05ZzazD3/gfP4A836NmA==</latexit>

k�

<latexit sha1_base64="b2TuNOEnZy2e2IvSWvXVj1wGQUg=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8eIZoFkDD2dnqRJT8/QXSOEIZ/gxYMiXv0ib/6NneWgiQ8KHu9VUVUvSKQw6LrfTm5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvoUDJm4nmNAokbwSDm7HfeOLaiFg94DDhfkR7SoSCUbTS/eDxpFMsuWV3ArJIvBkpwQzVTvGr3Y1ZGnGFTFJjWp6boJ9RjYJJPiq0U8MTyga0x1uWKhpx42eTU0fkyCpdEsbalkIyUX9PZDQyZhgFtjOi2Dfz3lj8z2ulGF75mVBJilyx6aIwlQRjMv6bdIXmDOXQEsq0sLcS1qeaMrTpFGwI3vzLi6R+WvYuyud3Z6XK9SyOPBzAIRyDB5dQgVuoQg0Y9OAZXuHNkc6L8+58TFtzzmxmH/7A+fwB8HaNlg==</latexit>

k+

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="1wlkqvaUz99P3hhPo3Y6o901eQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ1elvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBiI43h</latexit>⌫

<latexit sha1_base64="OfQFGPcvzk6cVUgF8m17FCriagU=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzJTfG2EohuXFZy20BmHTJppQ5OZkGSEMnbhr7hxoYhbf8Odf2PazkJbD1w4Oedecu+JBKNKO863tbC4tLyyWlorr29sbm3bO7tNlWYSEw+nLJXtCCnCaEI8TTUjbSEJ4hEjrWhwPfZbD0QqmiZ3eihIwFEvoTHFSBsptPcH97XQF0QKeAl9nplX7jVHoV1xqs4EcJ64BamAAo3Q/vK7Kc44STRmSKmO6wgd5EhqihkZlf1MEYHwAPVIx9AEcaKCfLL/CB4ZpQvjVJpKNJyovydyxJUa8sh0cqT7atYbi/95nUzHF0FOE5FpkuDpR3HGoE7hOAzYpZJgzYaGICyp2RXiPpIIaxNZ2YTgzp48T5q1qntWPb09qdSvijhK4AAcgmPggnNQBzegATyAwSN4Bq/gzXqyXqx362PaumAVM3vgD6zPH7sPlUs=</latexit>

k2? = µ2
UV

<latexit sha1_base64="k11aXVxtue3ceF+8Q+UD3RSospI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRmWa0BZRXOlOhA3lTNKWZZbTTqopFhGn7Wh0m/vtJ6oNU/LBjlMaCjyULGYE21zq6UT1qzW/7s+AlklQkBoUaParX72BIpmg0hKOjekGfmrDCdaWEU6nlV5maIrJCA9p11GJBTXhZHbrFJ04ZYBipV1Ji2bq74kJFsaMReQ6BbaJWfRy8T+vm9n4OpwwmWaWSjJfFGccWYXyx9GAaUosHzuCiWbuVkQSrDGxLp6KCyFYfHmZPJ7Vg8v6xf15rXFTxFGGIziGUwjgChpwB01oAYEEnuEV3jzhvXjv3se8teQVM4fwB97nDyLsjlE=</latexit>⇢
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k2? = µ2
IR

• We observe that the virtual diagrams have a non-trivial structure. 
This is different from the conventional approach


• The gluon TMDPDFs at large  contain logarithms of the BFKL 
type!


• To reveal this structure one has to take into account all-collinear 
twist content of the TMDPDFs in the region of large 
using the MSTT approach
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Thank you for your attention!


