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MAPTMD22 — Parameterization of TMDs
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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
⊥
〉
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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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, (2.39)
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(ẑ� + �)(1� ẑ)�
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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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MAPTMD22 — Datasets included 
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MAPTMD22 — Quality of the fit
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MAPTMD22 — Results
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FIG. 12: Graphical representation of the correlation matrix for the fitted parameters.
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FIG. 13: The TMD PDF of the up quark in a proton at µ =
p
⇣ = Q = 2 GeV (left panel) and 10 GeV (right panel) as

a function of the partonic transverse momentum |k?| for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.

Fig. 3). Future data from the Electron-Ion Collider (EIC) are expected to play an important role in getting a
better description of the TMD PDFs at low x [107, 108].

In Fig. 14, we show the TMD FF for the up quark fragmenting into a ⇡
+ at µ =

p
⇣ = Q = 2 GeV (left

panel) and 10 GeV (right panel) as a function of the pion transverse momentum |P?| (with respect to the
fragmenting quark axis) for two di↵erent values of z = 0.3 and 0.6. As in the previous figure, the uncertainty
bands correspond to the 68% CL. In both left and right panels, an additional structure clearly emerges at
intermediate P?, especially at z = 0.3, which is induced by the weighted Gaussian in Eq. (39). Further
investigations on this topic are needed, and data from electron-positron annihilations would be valuable to
better explore these features.

We stress that the error bands displayed in Figs. 13-14 reflect the uncertainty on the fitted parameters (see
Eqs. (38)-(39)) that are determined by taking into account the uncertainty on the collinear PDFs and FFs as
discussed in Sec. III C. However, since the fits are performed using the central set of the collinear distributions,
all TMD replicas have the same integral in k? (i.e., their values at bT = 0 are the same). As a consequence,
the plots in Figs. 13-14 only partially account for the error of the collinear distributions.
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FIG. 12: Graphical representation of the correlation matrix for the fitted parameters.
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FIG. 13: The TMD PDF of the up quark in a proton at µ =
p
⇣ = Q = 2 GeV (left panel) and 10 GeV (right panel) as

a function of the partonic transverse momentum |k?| for x = 0.001, 0.01 and 0.1. The uncertainty bands represent the
68% CL.

Fig. 3). Future data from the Electron-Ion Collider (EIC) are expected to play an important role in getting a
better description of the TMD PDFs at low x [107, 108].

In Fig. 14, we show the TMD FF for the up quark fragmenting into a ⇡
+ at µ =

p
⇣ = Q = 2 GeV (left

panel) and 10 GeV (right panel) as a function of the pion transverse momentum |P?| (with respect to the
fragmenting quark axis) for two di↵erent values of z = 0.3 and 0.6. As in the previous figure, the uncertainty
bands correspond to the 68% CL. In both left and right panels, an additional structure clearly emerges at
intermediate P?, especially at z = 0.3, which is induced by the weighted Gaussian in Eq. (39). Further
investigations on this topic are needed, and data from electron-positron annihilations would be valuable to
better explore these features.

We stress that the error bands displayed in Figs. 13-14 reflect the uncertainty on the fitted parameters (see
Eqs. (38)-(39)) that are determined by taking into account the uncertainty on the collinear PDFs and FFs as
discussed in Sec. III C. However, since the fits are performed using the central set of the collinear distributions,
all TMD replicas have the same integral in k? (i.e., their values at bT = 0 are the same). As a consequence,
the plots in Figs. 13-14 only partially account for the error of the collinear distributions.

As usual, the rigidity of the functional form plays a role  
and probably leads to underestimated bands
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EIC impact studies with PV17
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z : [0.05, 0.95] (�z = 0.05)

<latexit sha1_base64="TPTxn/YkqBQKMpLCIkeT5ucAsgg=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsIMOMtPgAoagLlxXsA2aGkknTNjTzIMkI7dBPcOOvuHGhiFuX7vwbM+0stPVAyMk593JzjxcxKqRpfmu5hcWl5ZX8amFtfWNzS9/eaYgw5pjUcchC3vKQIIwGpC6pZKQVcYJ8j5GmN7hO/eYD4YKGwb0cRsT1US+gXYqRVFJbPxxdQAfapmFWjqFpnFdc9XRgybkhTCI4gpcw9Y7aelHdE8B5YmWkCDLU2vqX0wlx7JNAYoaEsC0zkm6CuKSYkXHBiQWJEB6gHrEVDZBPhJtMFhrDA6V0YDfk6gQSTtTfHQnyhRj6nqr0keyLWS8V//PsWHbP3IQGUSxJgKeDujGDMoRpOrBDOcGSDRVBmFP1V4j7iCMsVYYFFYI1u/I8aZwYVtmo3JWL1assjjzYA/ugBCxwCqrgFtRAHWDwCJ7BK3jTnrQX7V37mJbmtKxnF/yB9vkDKU6XpQ==</latexit>

x : [0.04, 0.84] (�x = 0.04)

<latexit sha1_base64="0bqfyyIQZfqc2sxL6QQ69BjY36E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsIMOMjFgEoagLlxXsA2aGkkkzbWjmQZKRltJPcOOvuHGhiFuX7vwbM+0stHog5OSce7m5x08YFdI0v7TCwuLS8kpxtbS2vrG5pW/vNEWcckwaOGYxb/tIEEYj0pBUMtJOOEGhz0jLH1xlfuuecEHj6E6OEuKFqBfRgGIkldTRD4fn0IWOaZj2MTSNqu2ppwsr7jVhEsEhvICZd9TRy+qeAv4lVk7KIEe9o3+63RinIYkkZkgIxzIT6Y0RlxQzMim5qSAJwgPUI46iEQqJ8MbThSbwQCldGMRcnUjCqfqzY4xCIUahrypDJPti3svE/zwnlUHVG9MoSSWJ8GxQkDIoY5ilA7uUEyzZSBGEOVV/hbiPOMJSZVhSIVjzK/8lzRPDso3TW7tcu8zjKII9sA8qwAJnoAZuQB00AAYP4Am8gFftUXvW3rT3WWlBy3t2wS9oH98chZed</latexit>

qT : [0.05, 7.95] GeV (�qT = 0.1 GeV)

<latexit sha1_base64="2c3AHAckMaddJKW/SPhTeAjDm1U="></latexit>
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JLab20+ Impact Study

Pseudodata generation
Central value obtained using average 
parameters of MAPTMD22 baseline fit 

Uncertainties of pseudodata
Stat
Sys ? (1� 5%)

<latexit sha1_base64="BQDbDWEOe4NuD5OEMWJElufkHCQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxVKoB0siLXqz6MVjBfsBTSyb7aZdutmE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ58ecKW3b39bK6tr6xmZuK7+9s7u3Xzg4bKkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH91M/fYjlYpF4l6PY+qFeCBYwAjWRnq4Qi4qO+gM1ZBbOu0VinbFngEtEycjRcjQ6BW+3H5EkpAKTThWquvYsfZSLDUjnE7ybqJojMkID2jXUIFDqrx0dvUElYzSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//O6iQ4uvZSJONFUkPmiIOFIR2gaAeozSYnmY0MwkczcisgQS0y0CSpvQnAWX14mrfOKU63U7qrF+nUWRw6O4QTK4MAF1OEWGtAEAhKe4RXerCfrxXq3PuatK1Y2cwR/YH3+AB9xj64=</latexit>

1/
p
N

<latexit sha1_base64="86ZeuCUcn6A9hfFJLlmK2BjhU6E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BL54kgnlAdgmzk9lkyOzDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W4WV1bX1jeJmaWt7Z3evvH/Q0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3Uz99hNXWsTRA44T7oV0EIlAMIpGch1yRlz9qDC7m/TKFbtqz0CWiZOTCuRo9Mpfbj9macgjZJJq3XXsBL2MKhRM8knJTTVPKBvRAe8aGtGQay+b3TwhJ0bpkyBWpiIkM/X3REZDrcehbzpDikO96E3F/7xuisGVl4koSZFHbL4oSCXBmEwDIH2hOEM5NoQyJcythA2pogxNTCUTgrP48jJpnVedWvXivlapX+dxFOEIjuEUHLiEOtxCA5rAIIFneIU3K7VerHfrY95asPKZQ/gD6/MH/ZmRBg==</latexit>
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JLab20+ Impact Study
Included dataset Final-state hadrons

⇡+

<latexit sha1_base64="p/IF/+4x87Cob53w+74JRiNluQs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcVr1q5vK+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG6ijnI=</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

Q2 > 1.4 GeV2 (1)

0.2 < z < 0.7 (2)

qT < 0.2Q (DY) (3)

PhT < min
⇥
min [0.2Q, 0.5zQ] + 0.3GeV, zQ

⇤
(SIDIS) (4)

<latexit sha1_base64="p4A3BKmEneBFR46A9ZPYvxDiM4Q="></latexit>

Q2 > 1.4 GeV2 (1)

0.2 < z < 0.7 (2)

qT < 0.2Q (DY) (3)

PhT < min
⇥
min [0.2Q, 0.5zQ] + 0.3GeV, zQ

⇤
(SIDIS) (4)

<latexit sha1_base64="p4A3BKmEneBFR46A9ZPYvxDiM4Q="></latexit>

JLab 22 
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JLab20+ Impact Study
Included dataset Final-state hadrons

⇡+

<latexit sha1_base64="p/IF/+4x87Cob53w+74JRiNluQs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkoseiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcVr1q5vK+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG6ijnI=</latexit>

⇡�

<latexit sha1_base64="C0Q/8OaM625E9uaH8/7sJAGiyso=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0WPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKV61c3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/caqOdA==</latexit>

Q2 > 1.4 GeV2 (1)

0.2 < z < 0.7 (2)

qT < 0.2Q (DY) (3)

PhT < min
⇥
min [0.2Q, 0.5zQ] + 0.3GeV, zQ

⇤
(SIDIS) (4)

<latexit sha1_base64="p4A3BKmEneBFR46A9ZPYvxDiM4Q="></latexit>

Q2 > 1.4 GeV2 (1)

0.2 < z < 0.7 (2)

qT < 0.2Q (DY) (3)

PhT < min
⇥
min [0.2Q, 0.5zQ] + 0.3GeV, zQ

⇤
(SIDIS) (4)

<latexit sha1_base64="p4A3BKmEneBFR46A9ZPYvxDiM4Q="></latexit>

JLab 22 
⇠ 25000

<latexit sha1_base64="CLRJGGEgYKS4n3593kB1VzFMZNc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU8mWFj0WvXisYD+wXUo2zbahSXZJskIp/RdePCji1X/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXm5jc2t7J79b2Ns/ODwqHp+0TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7Ht3O//cS04bF6sJOEBZIMFY84JdZJjz3DJarUMMb9YgmX8QJonfgZKUGGRr/41RvENJVMWSqIMV0fJzaYEm05FWxW6KWGJYSOyZB1HVVEMhNMFxfP0IVTBiiKtStl0UL9PTEl0piJDF2nJHZkVr25+J/XTW10HUy5SlLLFF0uilKBbIzm76MB14xaMXGEUM3drYiOiCbUupAKLgR/9eV10qqU/Wq5dl8t1W+yOPJwBudwCT5cQR3uoAFNoKDgGV7hzTPei/fufSxbc142cwp/4H3+ALNQj6I=</latexit>

⇠ 2000

<latexit sha1_base64="Yx5jIEg0HavTUWg0eHBa5t7l8b4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KplS0WXRjcsK9gEzQ8mkmTY0jyHJCGXoZ7hxoYhbv8adf2PazkJbD1w4nHMv994Tp5wZi9C3V9rY3NreKe9W9vYPDo+qxyddozJNaIcornQ/xoZyJmnHMstpP9UUi5jTXjy5m/u9J6oNU/LRTlMaCTySLGEEWycFoWEChrCBEBpUa6iOFoDrxC9IDRRoD6pf4VCRTFBpCcfGBD5KbZRjbRnhdFYJM0NTTCZ4RANHJRbURPni5Bm8cMoQJkq7khYu1N8TORbGTEXsOgW2Y7PqzcX/vCCzyU2UM5lmlkqyXJRkHFoF5//DIdOUWD51BBPN3K2QjLHGxLqUKi4Ef/XlddJt1P1m/eqhWWvdFnGUwRk4B5fAB9egBe5BG3QAAQo8g1fw5lnvxXv3PpatJa+YOQV/4H3+AEcxj/M=</latexit>

MAPTMD22

+

JLab 20+ 

pseudodata

Increasing of an order of magnitude!
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JLab20+ Impact Study
Effect of systematic uncertainties on pseudodata
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<latexit sha1_base64="MnasQtHKrTeUMh9c7EsECiYUAdU=">AAACAnicbVDJSgNBEO2JW4xb1JN4aQyCpzATIvEiBD3oMQGzQDZ6OpWkSc9Cd40YhuDFX/HiQRGvfoU3/8bOctDEBwWP96qoqueGUmi07W8rsbK6tr6R3Extbe/s7qX3D6o6iBSHCg9koOou0yCFDxUUKKEeKmCeK6HmDq8nfu0elBaBf4ejEFoe6/uiJzhDI3XSR+V2jl5SJ1twaJM2ER4wvoHquJ3rpDN21p6CLhNnTjJkjlIn/dXsBjzywEcumdYNxw6xFTOFgksYp5qRhpDxIetDw1CfeaBb8fSFMT01Spf2AmXKRzpVf0/EzNN65Lmm02M40IveRPzPa0TYu2jFwg8jBJ/PFvUiSTGgkzxoVyjgKEeGMK6EuZXyAVOMo0ktZUJwFl9eJtVc1slnz8v5TPFqHkeSHJMTckYcUiBFcktKpEI4eSTP5JW8WU/Wi/VufcxaE9Z85pD8gfX5A7HylRk=</latexit>
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JLab20+ Impact Study
PRELIMINARY results
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<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

Q = 2 GeV

<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

x = 0.1

<latexit sha1_base64="IYwKBwHtwPXKn+Zdx4P/y9eFO8Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ9OKxgv2ANpTNdtMu3WzC7kQspT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NYWV1b3yhulra2d3b3yvsHDZNkmvE6S2SiWyE1XArF6yhQ8laqOY1DyZvh8HbqNx+5NiJRDzhKeRDTvhKRYBSt1Hwi18Rz/W654rneDGSZ+DmpQI5at/zV6SUsi7lCJqkxbd9LMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xn507IiVV6JEq0LYVkpv6eGNPYmFEc2s6Y4sAselPxP6+dYXQVjIVKM+SKzRdFmSSYkOnvpCc0ZyhHllCmhb2VsAHVlKFNqGRD8BdfXiaNM9c/dy/uzyvVmzyOIhzBMZyCD5dQhTuoQR0YDOEZXuHNSZ0X5935mLcWnHzmEP7A+fwBYfaOTA==</latexit>

x = 0.001

<latexit sha1_base64="Bij6I+fdp4rlIRuV80+EVbscjEk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRTdC0Y3LCvYh7VAyaaYNTTJDkhHL0K9w40IRt36OO//GTDsLbT0QcjjnXu69J4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8yv/1IlWaRvDeTmPoCDyULGcHGSg9P6Aq5Vdf1+uVK9mdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nS08RSdWGaAwUvZJg2bq744UC60nIrCVApuRXvQy8T+vm5jw0k+ZjBNDJZkPChOOTISy69GAKUoMn1iCiWJ2V0RGWGFibEYlG4K3ePIyaZ1VvVr1/K5WqV/ncRThCI7hFDy4gDrcQgOaQEDAM7zCm6OcF+fd+ZiXFpy85xD+wPn8AUCdjsA=</latexit>

1% sys 1% sysPRELIMINARY

PRELIMINARY
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JLab20+ Impact Study
PRELIMINARY results
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<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

Q = 2 GeV

<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

x = 0.1

<latexit sha1_base64="IYwKBwHtwPXKn+Zdx4P/y9eFO8Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ9OKxgv2ANpTNdtMu3WzC7kQspT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NYWV1b3yhulra2d3b3yvsHDZNkmvE6S2SiWyE1XArF6yhQ8laqOY1DyZvh8HbqNx+5NiJRDzhKeRDTvhKRYBSt1Hwi18Rz/W654rneDGSZ+DmpQI5at/zV6SUsi7lCJqkxbd9LMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xn507IiVV6JEq0LYVkpv6eGNPYmFEc2s6Y4sAselPxP6+dYXQVjIVKM+SKzRdFmSSYkOnvpCc0ZyhHllCmhb2VsAHVlKFNqGRD8BdfXiaNM9c/dy/uzyvVmzyOIhzBMZyCD5dQhTuoQR0YDOEZXuHNSZ0X5935mLcWnHzmEP7A+fwBYfaOTA==</latexit>

x = 0.001

<latexit sha1_base64="Bij6I+fdp4rlIRuV80+EVbscjEk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRTdC0Y3LCvYh7VAyaaYNTTJDkhHL0K9w40IRt36OO//GTDsLbT0QcjjnXu69J4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8yv/1IlWaRvDeTmPoCDyULGcHGSg9P6Aq5Vdf1+uVK9mdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nS08RSdWGaAwUvZJg2bq744UC60nIrCVApuRXvQy8T+vm5jw0k+ZjBNDJZkPChOOTISy69GAKUoMn1iCiWJ2V0RGWGFibEYlG4K3ePIyaZ1VvVr1/K5WqV/ncRThCI7hFDy4gDrcQgOaQEDAM7zCm6OcF+fd+ZiXFpy85xD+wPn8AUCdjsA=</latexit>
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Q = 2 GeV

<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

Q = 2 GeV

<latexit sha1_base64="8bOxtVYV1gNhnJUbCV56tvUcvmE=">AAAB+nicbVDJSgNBEO1xjXFL9OilMQiewkyI6EUIetBjAmaBZAg9nZqkSc9Cd40axnyKFw+KePVLvPk3dpaDJj4oeLxXRVU9L5ZCo21/Wyura+sbm5mt7PbO7t5+Ln/Q0FGiONR5JCPV8pgGKUKoo0AJrVgBCzwJTW94PfGb96C0iMI7HMXgBqwfCl9whkbq5vI1eklLtIPwiCm9gca4myvYRXsKukycOSmQOard3FenF/EkgBC5ZFq3HTtGN2UKBZcwznYSDTHjQ9aHtqEhC0C76fT0MT0xSo/6kTIVIp2qvydSFmg9CjzTGTAc6EVvIv7ntRP0L9xUhHGCEPLZIj+RFCM6yYH2hAKOcmQI40qYWykfMMU4mrSyJgRn8eVl0igVnXLxrFYuVK7mcWTIETkmp8Qh56RCbkmV1AknD+SZvJI368l6sd6tj1nrijWfOSR/YH3+AD3zkrg=</latexit>

x = 0.1

<latexit sha1_base64="IYwKBwHtwPXKn+Zdx4P/y9eFO8Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ9OKxgv2ANpTNdtMu3WzC7kQspT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NYWV1b3yhulra2d3b3yvsHDZNkmvE6S2SiWyE1XArF6yhQ8laqOY1DyZvh8HbqNx+5NiJRDzhKeRDTvhKRYBSt1Hwi18Rz/W654rneDGSZ+DmpQI5at/zV6SUsi7lCJqkxbd9LMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xn507IiVV6JEq0LYVkpv6eGNPYmFEc2s6Y4sAselPxP6+dYXQVjIVKM+SKzRdFmSSYkOnvpCc0ZyhHllCmhb2VsAHVlKFNqGRD8BdfXiaNM9c/dy/uzyvVmzyOIhzBMZyCD5dQhTuoQR0YDOEZXuHNSZ0X5935mLcWnHzmEP7A+fwBYfaOTA==</latexit>

x = 0.001

<latexit sha1_base64="Bij6I+fdp4rlIRuV80+EVbscjEk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRTdC0Y3LCvYh7VAyaaYNTTJDkhHL0K9w40IRt36OO//GTDsLbT0QcjjnXu69J4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8yv/1IlWaRvDeTmPoCDyULGcHGSg9P6Aq5Vdf1+uVK9mdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nS08RSdWGaAwUvZJg2bq744UC60nIrCVApuRXvQy8T+vm5jw0k+ZjBNDJZkPChOOTISy69GAKUoMn1iCiWJ2V0RGWGFibEYlG4K3ePIyaZ1VvVr1/K5WqV/ncRThCI7hFDy4gDrcQgOaQEDAM7zCm6OcF+fd+ZiXFpy85xD+wPn8AUCdjsA=</latexit>
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JLab20+ Impact Study

Kernel of the rapidity evolution equation

@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>

K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )

<latexit sha1_base64="dgvIMUnDSTLKdZgkoStUj1spgNA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoa6kzUtGNUHQjuKnQF7TDkEnTNjTzIMkIZehnuPFX3LhQxG13/o2Z6Sxq64HA4ZxzubnHCRgV0jB+tMza+sbmVnY7t7O7t3+gHx61hB9yTJrYZz7vOEgQRj3SlFQy0gk4Qa7DSNsZ38d++5lwQX2vIScBsVw09OiAYiSVZOsXjwXHbpR7bmhHjl2aFuEtjKVSGS5o53BoJ8GireeNipEArhIzJXmQom7rs17fx6FLPIkZEqJrGoG0IsQlxYxMc71QkADhMRqSrqIecomwouSwKTxTSh8OfK6eJ2GiLk5EyBVi4joq6SI5EsteLP7ndUM5uLEi6gWhJB6eLxqEDEofxi3BPuUESzZRBGFO1V8hHiGOsFRd5lQJ5vLJq6R1WTGrlaunar52l9aRBSfgFBSACa5BDTyAOmgCDF7AG/gAn9qr9q59ad/zaEZLZ47BH2izX/OjnJg=</latexit>
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Kernel of the rapidity evolution equation

@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>

K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )
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Outlook and Conclusions

MAPTMD22: global extraction of unpolarized quark TMDs  

Old studies with PV17 show impact of EIC only at low-x

Preliminary study on JLab20+ shows impact at both low- and high-x 

We have to understand the role of systematic errors and the methodology

number of data?
flexibility of TMD model?
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BACKUP SLIDES



TMD factorization — Logarithmic counting 
Orders in powers of ↵S

<latexit sha1_base64="TYVkC03V0DMU+cUQJOGUKKMZDy4=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq1fRW9OKxov2ANpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3DYVVPTBwOO9GWbmBTFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7TRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F48uZ37qnUrFI3OpJTP0QDwUbMIK1kdpdzOMR7t30iiXHLnte1T1BGTnzMuJVq8i1nTlKsEC9V3zv9iOShFRowrFSHdeJtZ9iqRnhdFroJorGmIzxkHYMFTikyk/n907RkVH6aBBJU0Kjufp9IsWhUpMwMJ0h1iP125uJf3mdRA88P2UiTjQVJFs0SDjSEZo9j/pMUqL5xBBMJDO3IjLCEhNtIiqYEL4+Rf+TZtl2K/bpdaVUu1jEkYcDOIRjcOEcanAFdWgAAQ4P8ATP1p31aL1Yr1lrzlrM7MMPWG+fklWQWg==</latexit>

-
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TMD factorization — Logarithmic counting 
Orders in powers of 

Hard factor and 
matching 
coefficient

↵S

<latexit sha1_base64="TYVkC03V0DMU+cUQJOGUKKMZDy4=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq1fRW9OKxov2ANpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3DYVVPTBwOO9GWbmBTFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7TRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F48uZ37qnUrFI3OpJTP0QDwUbMIK1kdpdzOMR7t30iiXHLnte1T1BGTnzMuJVq8i1nTlKsEC9V3zv9iOShFRowrFSHdeJtZ9iqRnhdFroJorGmIzxkHYMFTikyk/n907RkVH6aBBJU0Kjufp9IsWhUpMwMJ0h1iP125uJf3mdRA88P2UiTjQVJFs0SDjSEZo9j/pMUqL5xBBMJDO3IjLCEhNtIiqYEL4+Rf+TZtl2K/bpdaVUu1jEkYcDOIRjcOEcanAFdWgAAQ4P8ATP1p31aL1Yr1lrzlrM7MMPWG+fklWQWg==</latexit>

Ingredients in 
perturbative Sudakov 
form factor

Accuracy H and C K and γF γK PDFs/FFs and αS evol.

LL 0 - 1 -
NLL 0 1 2 LO
NLL’ 1 1 2 NLO
NNLL 1 2 3 NLO
NNLL’ 2 2 3 NNLO
N3LL 2 3 4 NNLO (NLO FF)
N3LL 2 3 4 NNLO

-
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TMD factorization — Logarithmic counting 
Orders in powers of 

Hard factor and 
matching 
coefficient

↵S

<latexit sha1_base64="TYVkC03V0DMU+cUQJOGUKKMZDy4=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq1fRW9OKxov2ANpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3DYVVPTBwOO9GWbmBTFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7TRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F48uZ37qnUrFI3OpJTP0QDwUbMIK1kdpdzOMR7t30iiXHLnte1T1BGTnzMuJVq8i1nTlKsEC9V3zv9iOShFRowrFSHdeJtZ9iqRnhdFroJorGmIzxkHYMFTikyk/n907RkVH6aBBJU0Kjufp9IsWhUpMwMJ0h1iP125uJf3mdRA88P2UiTjQVJFs0SDjSEZo9j/pMUqL5xBBMJDO3IjLCEhNtIiqYEL4+Rf+TZtl2K/bpdaVUu1jEkYcDOIRjcOEcanAFdWgAAQ4P8ATP1p31aL1Yr1lrzlrM7MMPWG+fklWQWg==</latexit>

Ingredients in 
perturbative Sudakov 
form factor

Accuracy H and C K and γF γK PDFs/FFs and αS evol.

LL 0 - 1 -
NLL 0 1 2 LO
NLL’ 1 1 2 NLO
NNLL 1 2 3 NLO
NNLL’ 2 2 3 NNLO
N3LL 2 3 4 NNLO (NLO FF)
N3LL 2 3 4 NNLO

-

24
 N  LL  = N  LL but with NLO collinear FF 3 - 3



MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, 

Q ⇠ 100 GeV

<latexit sha1_base64="hQx0FdiXAJBcdkvS+b0S//gicME=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiTiJZBCy0TMB+QC2FvM0mW7H2wOycJR0ob/4qNhSK2/gQ7/42b5ApNfDDweG+GmXleJIVG2/62Miura+sb2c3c1vbO7l5+/6Cuw1hxqPFQhqrpMQ1SBFBDgRKakQLmexIa3vBm6jceQGkRBvc4jqDts34geoIzNFInf+x64Qi6SZW6WvjUsW3qUhdhhMkt1CeTTr5gF+0Z6DJxUlIgKSqd/JfbDXnsQ4BcMq1bjh1hO2EKBZcwybmxhojxIetDy9CA+aDbyeyRCT01Spf2QmUqQDpTf08kzNd67Hum02c40IveVPzPa8XYu2onIohihIDPF/ViSTGk01RoVyjgKMeGMK6EuZXyAVOMo8kuZ0JwFl9eJvXzolMqXlRLhfJ1GkeWHJETckYccknK5I5USI1w8kieySt5s56sF+vd+pi3Zqx05pD8gfX5AyZtmM0=</latexit>

High-Energy Drell-Yan beyond NLL
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MAPTMD22 — Normalization of SIDIS

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, 

Q ⇠ 100 GeV

<latexit sha1_base64="hQx0FdiXAJBcdkvS+b0S//gicME=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiTiJZBCy0TMB+QC2FvM0mW7H2wOycJR0ob/4qNhSK2/gQ7/42b5ApNfDDweG+GmXleJIVG2/62Miura+sb2c3c1vbO7l5+/6Cuw1hxqPFQhqrpMQ1SBFBDgRKakQLmexIa3vBm6jceQGkRBvc4jqDts34geoIzNFInf+x64Qi6SZW6WvjUsW3qUhdhhMkt1CeTTr5gF+0Z6DJxUlIgKSqd/JfbDXnsQ4BcMq1bjh1hO2EKBZcwybmxhojxIetDy9CA+aDbyeyRCT01Spf2QmUqQDpTf08kzNd67Hum02c40IveVPzPa8XYu2onIohihIDPF/ViSTGk01RoVyjgKMeGMK6EuZXyAVOMo8kuZ0JwFl9eJvXzolMqXlRLhfJ1GkeWHJETckYccknK5I5USI1w8kieySt5s56sF+vd+pi3Zqx05pD8gfX5AyZtmM0=</latexit>

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond NLL
Q ⇠ 2 GeV

<latexit sha1_base64="XcxvkZSMScqDkvQuo9LhuAXjuoo=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8hZkQ0WPQgx4TMAtkQujpVJImPQvdNZIw5OTFX/HiQRGvfoM3/8bOctDEBwWP96qoqufHUmh0nG9rZXVtfWMzs5Xd3tnd27cPDms6ShSHKo9kpBo+0yBFCFUUKKERK2CBL6HuD24mfv0BlBZReI+jGFoB64WiKzhDI7XtE8+PhtBJK9TTIqAF6lEPYYjpLdTG47adc/LOFHSZuHOSI3OU2/aX14l4EkCIXDKtm64TYytlCgWXMM56iYaY8QHrQdPQkAWgW+n0jTE9M0qHdiNlKkQ6VX9PpCzQehT4pjNg2NeL3kT8z2sm2L1qpSKME4SQzxZ1E0kxopNMaEco4ChHhjCuhLmV8j5TjKNJLmtCcBdfXia1Qt4t5i8qxVzpeh5HhhyTU3JOXHJJSuSOlEmVcPJInskrebOerBfr3fqYta5Y85kj8gfW5w876Jha</latexit>
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MAPTMD22 — Normalization of SIDIS

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, 

Q ⇠ 100 GeV

<latexit sha1_base64="hQx0FdiXAJBcdkvS+b0S//gicME=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiTiJZBCy0TMB+QC2FvM0mW7H2wOycJR0ob/4qNhSK2/gQ7/42b5ApNfDDweG+GmXleJIVG2/62Miura+sb2c3c1vbO7l5+/6Cuw1hxqPFQhqrpMQ1SBFBDgRKakQLmexIa3vBm6jceQGkRBvc4jqDts34geoIzNFInf+x64Qi6SZW6WvjUsW3qUhdhhMkt1CeTTr5gF+0Z6DJxUlIgKSqd/JfbDXnsQ4BcMq1bjh1hO2EKBZcwybmxhojxIetDy9CA+aDbyeyRCT01Spf2QmUqQDpTf08kzNd67Hum02c40IveVPzPa8XYu2onIohihIDPF/ViSTGk01RoVyjgKMeGMK6EuZXyAVOMo8kuZ0JwFl9eJvXzolMqXlRLhfJ1GkeWHJETckYccknK5I5USI1w8kieySt5s56sF+vd+pi3Zqx05pD8gfX5AyZtmM0=</latexit>

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond NLL

HERMES

Q ⇠ 2 GeV

<latexit sha1_base64="XcxvkZSMScqDkvQuo9LhuAXjuoo=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8hZkQ0WPQgx4TMAtkQujpVJImPQvdNZIw5OTFX/HiQRGvfoM3/8bOctDEBwWP96qoqufHUmh0nG9rZXVtfWMzs5Xd3tnd27cPDms6ShSHKo9kpBo+0yBFCFUUKKERK2CBL6HuD24mfv0BlBZReI+jGFoB64WiKzhDI7XtE8+PhtBJK9TTIqAF6lEPYYjpLdTG47adc/LOFHSZuHOSI3OU2/aX14l4EkCIXDKtm64TYytlCgWXMM56iYaY8QHrQdPQkAWgW+n0jTE9M0qHdiNlKkQ6VX9PpCzQehT4pjNg2NeL3kT8z2sm2L1qpSKME4SQzxZ1E0kxopNMaEco4ChHhjCuhLmV8j5TjKNJLmtCcBdfXia1Qt4t5i8qxVzpeh5HhhyTU3JOXHJJSuSOlEmVcPJInskrebOerBfr3fqYta5Y85kj8gfW5w876Jha</latexit>

Preliminary
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Preliminary

The description considerably worsens at higher orders!!
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MAPTMD22 — Normalization of SIDIS

Preliminary
COMPASS multiplicities (one of many bins)

J.O. Gonzalez-Hernandez, PoS DIS2019 
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MAPTMD22 — Normalization of SIDIS

Preliminary
COMPASS multiplicities (one of many bins)

The discrepancy amounts to an almost constant factor!! 

J.O. Gonzalez-Hernandez, PoS DIS2019 
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MAPTMD22 — Normalization of SIDIS
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MAPTMD22 — Normalization of SIDIS

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

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>
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MAPTMD22 — Normalization of SIDIS

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>
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MAPTMD22 — Normalization of SIDIS

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

dxdQdzdPhT

�
d�

dxdQ

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

Collinear SIDIS cross section d�
dxdQdz
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No problems of normalization!!

Khalek, Bertone, Nocera, arXiv: 
2105.08725
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicity M(x, z, PhT , Q) =
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dxdQdzdPhT

�
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Collinear SIDIS cross section d�
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No problems of normalization!!

Normalization of prediction such that
Z

dPhT
d�

dxdQdzdPhT
=

d�

dxdQdz

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

Khalek, Bertone, Nocera, arXiv: 
2105.08725
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No problems of normalization!!

Normalization of prediction such that

w(x, z,Q) =
d�

dxdQdz

�Z
dPhT

d�

dxdQdzdPhT

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

Khalek, Bertone, Nocera, arXiv: 
2105.08725
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No problems of normalization!!

Normalization of prediction such that

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>

Khalek, Bertone, Nocera, arXiv: 
2105.08725
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MAPTMD22 — Normalization of SIDIS

SIDIS multiplicity M(x, z, PhT , Q) =
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�
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No problems of normalization!!

Normalization of prediction such that

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>

Independent of the 
fitting parameters!! Khalek, Bertone, Nocera, arXiv: 

2105.08725
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MAPTMD22 — Output of the fit

Visualisation of TMD FFs
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MAPTMD22 — Output of the fit

Visualisation of TMD FFs
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MAPTMD22 — Output of the fit

Collins-Soper kernel
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MAPTMD22 — Output of the fit

Collins-Soper kernel

Kernel of the rapidity evolution equation

@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>

K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )

<latexit sha1_base64="dgvIMUnDSTLKdZgkoStUj1spgNA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoa6kzUtGNUHQjuKnQF7TDkEnTNjTzIMkIZehnuPFX3LhQxG13/o2Z6Sxq64HA4ZxzubnHCRgV0jB+tMza+sbmVnY7t7O7t3+gHx61hB9yTJrYZz7vOEgQRj3SlFQy0gk4Qa7DSNsZ38d++5lwQX2vIScBsVw09OiAYiSVZOsXjwXHbpR7bmhHjl2aFuEtjKVSGS5o53BoJ8GireeNipEArhIzJXmQom7rs17fx6FLPIkZEqJrGoG0IsQlxYxMc71QkADhMRqSrqIecomwouSwKTxTSh8OfK6eJ2GiLk5EyBVi4joq6SI5EsteLP7ndUM5uLEi6gWhJB6eLxqEDEofxi3BPuUESzZRBGFO1V8hHiGOsFRd5lQJ5vLJq6R1WTGrlaunar52l9aRBSfgFBSACa5BDTyAOmgCDF7AG/gAn9qr9q59ad/zaEZLZ47BH2izX/OjnJg=</latexit>
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perturbatively calculable
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@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>

K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )
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Collins-Soper kernel

� � � �� �� � �� �
� � � �

� � �

�

�

�
�

�
�

�
�

�
�

�
�

�

�

�

�

�

�

1 2 3 4 5

-0.2

0.2

0.4

0.6

0.8

�

�

�

�

�

Kernel of the rapidity evolution equation

@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>

K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )

<latexit sha1_base64="dgvIMUnDSTLKdZgkoStUj1spgNA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoa6kzUtGNUHQjuKnQF7TDkEnTNjTzIMkIZehnuPFX3LhQxG13/o2Z6Sxq64HA4ZxzubnHCRgV0jB+tMza+sbmVnY7t7O7t3+gHx61hB9yTJrYZz7vOEgQRj3SlFQy0gk4Qa7DSNsZ38d++5lwQX2vIScBsVw09OiAYiSVZOsXjwXHbpR7bmhHjl2aFuEtjKVSGS5o53BoJ8GireeNipEArhIzJXmQom7rs17fx6FLPIkZEqJrGoG0IsQlxYxMc71QkADhMRqSrqIecomwouSwKTxTSh8OfK6eJ2GiLk5EyBVi4joq6SI5EsteLP7ndUM5uLEi6gWhJB6eLxqEDEofxi3BPuUESzZRBGFO1V8hHiGOsFRd5lQJ5vLJq6R1WTGrlaunar52l9aRBSfgFBSACa5BDTyAOmgCDF7AG/gAn9qr9q59ad/zaEZLZ47BH2izX/OjnJg=</latexit>

perturbatively calculable

to be fitted

MAPTMD22

Martinez, Vladimirov, 
arXiv:2206.01105 29

https://inspirehep.net/literature/2090818


Logarithmic Accuracy 

LL ↵n
S ln2n

✓
Q2

µ2
b

◆

<latexit sha1_base64="zOx6Gry89pANROSOKNBhMd7S/H4="></latexit>

↵n
S ln2n�2

✓
Q2

µ2
b

◆

<latexit sha1_base64="X8/2JjxKTGkZcJbz1YWzpJGOrXc="></latexit>

the difference between the two is NNLL:

Sudakov form factor
C̃0

<latexit sha1_base64="7pPqu/FWJ8SukksJ4glueV5RllU="></latexit>

Matching coefficient

C̃0
<latexit sha1_base64="7pPqu/FWJ8SukksJ4glueV5RllU="></latexit>NLL ↵n

S ln2n
✓
Q2

µ2
b

◆
, ↵n

S ln2n�1

✓
Q2

µ2
b

◆

<latexit sha1_base64="+1BruYdh2njEeDrFU9YFmyhJJAs="></latexit>

⇣
C̃0 + ↵SC̃

1
⌘

<latexit sha1_base64="VFnjEzm75NrG3lgPqLghjiocr7s="></latexit>

NLLʹ ↵n
S ln2n

✓
Q2

µ2
b

◆
, ↵n

S ln2n�1

✓
Q2

µ2
b

◆

<latexit sha1_base64="+1BruYdh2njEeDrFU9YFmyhJJAs="></latexit>



Logarithmic Accuracy 

LL ↵n
S ln2n

✓
Q2

µ2
b

◆

<latexit sha1_base64="zOx6Gry89pANROSOKNBhMd7S/H4="></latexit>

↵n
S ln2n�2

✓
Q2

µ2
b

◆

<latexit sha1_base64="X8/2JjxKTGkZcJbz1YWzpJGOrXc="></latexit>

the difference between the two is NNLL:

Sudakov form factor
C̃0

<latexit sha1_base64="7pPqu/FWJ8SukksJ4glueV5RllU="></latexit>

Matching coefficient

C̃0
<latexit sha1_base64="7pPqu/FWJ8SukksJ4glueV5RllU="></latexit>NLL ↵n

S ln2n
✓
Q2

µ2
b

◆
, ↵n

S ln2n�1

✓
Q2

µ2
b

◆

<latexit sha1_base64="+1BruYdh2njEeDrFU9YFmyhJJAs="></latexit>

⇣
C̃0 + ↵SC̃

1
⌘

<latexit sha1_base64="VFnjEzm75NrG3lgPqLghjiocr7s="></latexit>

NLLʹ ↵n
S ln2n

✓
Q2

µ2
b

◆
, ↵n

S ln2n�1

✓
Q2

µ2
b

◆

<latexit sha1_base64="+1BruYdh2njEeDrFU9YFmyhJJAs="></latexit>

Spert(µb, Q) = 1 +
1X

k=0

1X

n=1+[k/2]

✓
↵S(Q)

4⇡

◆n 2nX

k=1

L2n�kR(n,2n�k)

<latexit sha1_base64="Bd1vRay2yYPwTMnkONVthkG5Qiw="></latexit>

- L = ln

✓
Q2

µ2
b

◆

<latexit sha1_base64="EaRV/QgcikekQR301+WUv/F4tLU=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCRShJqehGKLpx4aIFe4Emhsl0kg6dTMLMRCihD+HGV3HjQhG3Ltz5Nk7bLLT1wMDH/5/DmfP7CaNSWda3sbS8srq2Xtgobm5t7+yae/ttGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD64nfeSBC0pjfqVFC3AiFnAYUI6Ulzzy9hZfQYRw6Pg1DWIZOIBDOmvfVceZEqedryL0TzyxZFWtacBHsHEogr4Znfjn9GKcR4QozJGXPthLlZkgoihkZF51UkgThIQpJTyNHEZFuNj1qDI+10odBLPTjCk7V3xMZiqQcRb7ujJAayHlvIv7n9VIVXLgZ5UmqCMezRUHKoIrhJCHYp4JgxUYaEBZU/xXiAdKpKJ1jUYdgz5+8CO1qxa5Vzpq1Uv0qj6MADsERKAMbnIM6uAEN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+lPH5A2jJnJM=</latexit>



Non-mixed terms in collinear SIDIS cross section

4. Low transverse momentum: phenomenology

4A Appendix: di�erence between the TMD integral
and the integrated SIDIS cross section at O(UB)

In this Appendix we report the theoretical formula for the SIDIS cross section inte-
grated over transverse momentum at O(UB), for the reader who wants to compare
it with the integral of the TMD cross section (Sec. 4.1.2). This expression can be
found, for instance, in [84]:
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MAPTMD22 — SIDIS data selection

COMPASS multiplicities (one of many bins)
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MAPTMD22 — SIDIS data selection
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