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QCD in the Standard ModelTransverse-Momentum Distributions (TMDs)
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QCD in the Standard ModelTMD factorization: SIDIS

Semi-Inclusive Deep-Inelastic Scattering

+YUU,T(Q2, P2
hT) + 𝒪(M2 /Q2)

hadron

photon

proton

quarkq

P

Ph

p

kk⊥

k⊥

PhT

P⊥

∼zk⊥

Bacchetta, Diehl, et al., JHEP 02 (2007)

FUU,T

�
x, z, |qT |, Q

�
=

x

2⇡
H

SIDIS(Q,µ)
X

a=q,q̄

e2a

<latexit sha1_base64="Cr545RqnxwsI7QFjWjoH6wG40M0="></latexit>

Z +1

0
d|bT ||bT |J0

�
|bT ||qT |

�
f̂a
1 (x, b

2
T ;µ, ⇣A)D̂

a!h
1 (z, b2T ;µ, ⇣B)

<latexit sha1_base64="I6EgpnAtz9Rg3MSIRv9MlqlN9tg="></latexit>

If Q2 � M2

<latexit sha1_base64="o8hcn1BNr2YBLfShWxYCNILaGls=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsJuiOgx6EUPQgLmAdkkzE5mN0NmH8z0imHNwV/x4kERr/6GN//GSbIHTSxoKKq66e5yY8EVWNa3sbS8srq2ntvIb25t7+yae/sNFSWSsjqNRCRbLlFM8JDVgYNgrVgyEriCNd3h1cRv3jOpeBTewShmnYD4Ifc4JaClnnnoAHuA9MbDY1zrlrDj+/i2W+qZBatoTYEXiZ2RAspQ7ZlfTj+iScBCoIIo1batGDopkcCpYOO8kygWEzokPmtrGpKAqU46vX+MT7TSx14kdYWAp+rviZQESo0CV3cGBAZq3puI/3ntBLyLTsrDOAEW0tkiLxEYIjwJA/e5ZBTESBNCJde3YjogklDQkeV1CPb8y4ukUSra5eJZrVyoXGZx5NAROkanyEbnqIKuURXVEUWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A7BaUvw==</latexit>

and Q2 � q2T (P
2
hT )

<latexit sha1_base64="6XXdQtApDZOJDeC6EPOqkNtuTNk=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YIRpdENy4h4ZXwmHRKgYZOZ2zvGMmED3Djr7hxoTFu/QB3/o0FZqHgSZqcnHNubu/xQsE12Pa3lVpb39jcSm9ndnb39g+yh0cNHUSKsjoNRKBaHtFMcMnqwEGwVqgY8T3Bmt74ZuY375nSPJA1mISs65Oh5ANOCRjJzeY6wB4gJrKPp7jaK+LOcIjv3FqvmK+48ag27RXPTcou2HPgVeIkJIcSVNzsV6cf0MhnEqggWrcdO4RuTBRwKtg004k0CwkdkyFrGyqJz3Q3nh8zxWdG6eNBoMyTgOfq74mY+FpPfM8kfQIjvezNxP+8dgSDq27MZRgBk3SxaBAJDAGeNYP7XDEKYmIIoYqbv2I6IopQMP1lTAnO8smrpFEsOKXCRbWUK18ndaTRCTpFeeSgS1RGt6iC6oiiR/SMXtGb9WS9WO/WxyKaspKZY/QH1ucPUXOZ4A==</latexit>



4

QCD in the Standard ModelTMD factorization: SIDIS

Semi-Inclusive Deep-Inelastic Scattering

+YUU,T(Q2, P2
hT) + 𝒪(M2 /Q2)

TMD PDF 

hadron

photon

proton

quarkq

P

Ph

p

kk⊥

k⊥

PhT

P⊥

∼zk⊥

Bacchetta, Diehl, et al., JHEP 02 (2007)

FUU,T

�
x, z, |qT |, Q

�
=

x

2⇡
H

SIDIS(Q,µ)
X

a=q,q̄

e2a

<latexit sha1_base64="Cr545RqnxwsI7QFjWjoH6wG40M0="></latexit>

Z +1

0
d|bT ||bT |J0

�
|bT ||qT |

�
f̂a
1 (x, b

2
T ;µ, ⇣A)D̂

a!h
1 (z, b2T ;µ, ⇣B)

<latexit sha1_base64="I6EgpnAtz9Rg3MSIRv9MlqlN9tg="></latexit>

If Q2 � M2

<latexit sha1_base64="o8hcn1BNr2YBLfShWxYCNILaGls=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsJuiOgx6EUPQgLmAdkkzE5mN0NmH8z0imHNwV/x4kERr/6GN//GSbIHTSxoKKq66e5yY8EVWNa3sbS8srq2ntvIb25t7+yae/sNFSWSsjqNRCRbLlFM8JDVgYNgrVgyEriCNd3h1cRv3jOpeBTewShmnYD4Ifc4JaClnnnoAHuA9MbDY1zrlrDj+/i2W+qZBatoTYEXiZ2RAspQ7ZlfTj+iScBCoIIo1batGDopkcCpYOO8kygWEzokPmtrGpKAqU46vX+MT7TSx14kdYWAp+rviZQESo0CV3cGBAZq3puI/3ntBLyLTsrDOAEW0tkiLxEYIjwJA/e5ZBTESBNCJde3YjogklDQkeV1CPb8y4ukUSra5eJZrVyoXGZx5NAROkanyEbnqIKuURXVEUWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A7BaUvw==</latexit>

and Q2 � q2T (P
2
hT )

<latexit sha1_base64="6XXdQtApDZOJDeC6EPOqkNtuTNk=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YIRpdENy4h4ZXwmHRKgYZOZ2zvGMmED3Djr7hxoTFu/QB3/o0FZqHgSZqcnHNubu/xQsE12Pa3lVpb39jcSm9ndnb39g+yh0cNHUSKsjoNRKBaHtFMcMnqwEGwVqgY8T3Bmt74ZuY375nSPJA1mISs65Oh5ANOCRjJzeY6wB4gJrKPp7jaK+LOcIjv3FqvmK+48ag27RXPTcou2HPgVeIkJIcSVNzsV6cf0MhnEqggWrcdO4RuTBRwKtg004k0CwkdkyFrGyqJz3Q3nh8zxWdG6eNBoMyTgOfq74mY+FpPfM8kfQIjvezNxP+8dgSDq27MZRgBk3SxaBAJDAGeNYP7XDEKYmIIoYqbv2I6IopQMP1lTAnO8smrpFEsOKXCRbWUK18ndaTRCTpFeeSgS1RGt6iC6oiiR/SMXtGb9WS9WO/WxyKaspKZY/QH1ucPUXOZ4A==</latexit>



4

QCD in the Standard ModelTMD factorization: SIDIS

Semi-Inclusive Deep-Inelastic Scattering

+YUU,T(Q2, P2
hT) + 𝒪(M2 /Q2)

TMD PDF 

TMD FF 

hadron

photon

proton

quarkq

P

Ph

p

kk⊥

k⊥

PhT

P⊥

∼zk⊥

Bacchetta, Diehl, et al., JHEP 02 (2007)

FUU,T

�
x, z, |qT |, Q

�
=

x

2⇡
H

SIDIS(Q,µ)
X

a=q,q̄

e2a

<latexit sha1_base64="Cr545RqnxwsI7QFjWjoH6wG40M0="></latexit>

Z +1

0
d|bT ||bT |J0

�
|bT ||qT |

�
f̂a
1 (x, b

2
T ;µ, ⇣A)D̂

a!h
1 (z, b2T ;µ, ⇣B)

<latexit sha1_base64="I6EgpnAtz9Rg3MSIRv9MlqlN9tg="></latexit>

If Q2 � M2

<latexit sha1_base64="o8hcn1BNr2YBLfShWxYCNILaGls=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsJuiOgx6EUPQgLmAdkkzE5mN0NmH8z0imHNwV/x4kERr/6GN//GSbIHTSxoKKq66e5yY8EVWNa3sbS8srq2ntvIb25t7+yae/sNFSWSsjqNRCRbLlFM8JDVgYNgrVgyEriCNd3h1cRv3jOpeBTewShmnYD4Ifc4JaClnnnoAHuA9MbDY1zrlrDj+/i2W+qZBatoTYEXiZ2RAspQ7ZlfTj+iScBCoIIo1batGDopkcCpYOO8kygWEzokPmtrGpKAqU46vX+MT7TSx14kdYWAp+rviZQESo0CV3cGBAZq3puI/3ntBLyLTsrDOAEW0tkiLxEYIjwJA/e5ZBTESBNCJde3YjogklDQkeV1CPb8y4ukUSra5eJZrVyoXGZx5NAROkanyEbnqIKuURXVEUWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A7BaUvw==</latexit>

and Q2 � q2T (P
2
hT )

<latexit sha1_base64="6XXdQtApDZOJDeC6EPOqkNtuTNk=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YIRpdENy4h4ZXwmHRKgYZOZ2zvGMmED3Djr7hxoTFu/QB3/o0FZqHgSZqcnHNubu/xQsE12Pa3lVpb39jcSm9ndnb39g+yh0cNHUSKsjoNRKBaHtFMcMnqwEGwVqgY8T3Bmt74ZuY375nSPJA1mISs65Oh5ANOCRjJzeY6wB4gJrKPp7jaK+LOcIjv3FqvmK+48ag27RXPTcou2HPgVeIkJIcSVNzsV6cf0MhnEqggWrcdO4RuTBRwKtg004k0CwkdkyFrGyqJz3Q3nh8zxWdG6eNBoMyTgOfq74mY+FpPfM8kfQIjvezNxP+8dgSDq27MZRgBk3SxaBAJDAGeNYP7XDEKYmIIoYqbv2I6IopQMP1lTAnO8smrpFEsOKXCRbWUK18ndaTRCTpFeeSgS1RGt6iC6oiiR/SMXtGb9WS9WO/WxyKaspKZY/QH1ucPUXOZ4A==</latexit>



4

QCD in the Standard ModelTMD factorization: SIDIS

Semi-Inclusive Deep-Inelastic Scattering

+YUU,T(Q2, P2
hT) + 𝒪(M2 /Q2)

The W term dominates in the region where qT ≪Q


The Y term has been excluded in the analysis 

TMD PDF 

TMD FF 

hadron

photon

proton

quarkq

P

Ph

p

kk⊥

k⊥

PhT

P⊥

∼zk⊥

Bacchetta, Diehl, et al., JHEP 02 (2007)

FUU,T

�
x, z, |qT |, Q

�
=

x

2⇡
H

SIDIS(Q,µ)
X

a=q,q̄

e2a

<latexit sha1_base64="Cr545RqnxwsI7QFjWjoH6wG40M0="></latexit>

Z +1

0
d|bT ||bT |J0

�
|bT ||qT |

�
f̂a
1 (x, b

2
T ;µ, ⇣A)D̂

a!h
1 (z, b2T ;µ, ⇣B)

<latexit sha1_base64="I6EgpnAtz9Rg3MSIRv9MlqlN9tg="></latexit>

If Q2 � M2

<latexit sha1_base64="o8hcn1BNr2YBLfShWxYCNILaGls=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAInsJuiOgx6EUPQgLmAdkkzE5mN0NmH8z0imHNwV/x4kERr/6GN//GSbIHTSxoKKq66e5yY8EVWNa3sbS8srq2ntvIb25t7+yae/sNFSWSsjqNRCRbLlFM8JDVgYNgrVgyEriCNd3h1cRv3jOpeBTewShmnYD4Ifc4JaClnnnoAHuA9MbDY1zrlrDj+/i2W+qZBatoTYEXiZ2RAspQ7ZlfTj+iScBCoIIo1batGDopkcCpYOO8kygWEzokPmtrGpKAqU46vX+MT7TSx14kdYWAp+rviZQESo0CV3cGBAZq3puI/3ntBLyLTsrDOAEW0tkiLxEYIjwJA/e5ZBTESBNCJde3YjogklDQkeV1CPb8y4ukUSra5eJZrVyoXGZx5NAROkanyEbnqIKuURXVEUWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A7BaUvw==</latexit>

and Q2 � q2T (P
2
hT )

<latexit sha1_base64="6XXdQtApDZOJDeC6EPOqkNtuTNk=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YIRpdENy4h4ZXwmHRKgYZOZ2zvGMmED3Djr7hxoTFu/QB3/o0FZqHgSZqcnHNubu/xQsE12Pa3lVpb39jcSm9ndnb39g+yh0cNHUSKsjoNRKBaHtFMcMnqwEGwVqgY8T3Bmt74ZuY375nSPJA1mISs65Oh5ANOCRjJzeY6wB4gJrKPp7jaK+LOcIjv3FqvmK+48ag27RXPTcou2HPgVeIkJIcSVNzsV6cf0MhnEqggWrcdO4RuTBRwKtg004k0CwkdkyFrGyqJz3Q3nh8zxWdG6eNBoMyTgOfq74mY+FpPfM8kfQIjvezNxP+8dgSDq27MZRgBk3SxaBAJDAGeNYP7XDEKYmIIoYqbv2I6IopQMP1lTAnO8smrpFEsOKXCRbWUK18ndaTRCTpFeeSgS1RGt6iC6oiiR/SMXtGb9WS9WO/WxyKaspKZY/QH1ucPUXOZ4A==</latexit>



5

QCD in the Standard ModelTMD factorization: Drell-Yan

Drell-Yan processes

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq
PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

antiquark

lepton

antilepton

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

Collins, Metz, PRL 93 (2004)



5

QCD in the Standard ModelTMD factorization: Drell-Yan

Drell-Yan processes

d� ⇠ F
1
UU +O

✓
1

Q2

◆

<latexit sha1_base64="dJ74DulKf23VpRApPNMAOSZZUqE=">AAACIHicbVDLSsNAFJ34rPVVdelmsAgVoSSlUpdFQdzZgmkLTVsm00k6dCYJMxOhhHyKG3/FjQtFdKdf47TNQlsPXO7hnHuZuceNGJXKNL+MldW19Y3N3FZ+e2d3b79wcNiSYSwwsXHIQtFxkSSMBsRWVDHSiQRB3GWk7Y6vp377gQhJw+BeTSLS48gPqEcxUloaFGpD6EjqczRtHN70rUFi2yk8h3fQcanvw5LjCYQTK02a/UqaiWeDQtEsmzPAZWJlpAgyNAaFT2cY4piTQGGGpOxaZqR6CRKKYkbSvBNLEiE8Rj7pahogTmQvmR2YwlOtDKEXCl2BgjP190aCuJQT7upJjtRILnpT8T+vGyvvspfQIIoVCfD8IS9mUIVwmhYcUkGwYhNNEBZU/xXiEdJ5KJ1pXodgLZ68TFqVslUtXzSrxfpVFkcOHIMTUAIWqIE6uAUNYAMMHsEzeAVvxpPxYrwbH/PRFSPbOQJ/YHz/AOHBoPQ=</latexit>

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq
PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

antiquark

lepton

antilepton

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

PB

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PA

nucleon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

kA

kB

k⊥A

k⊥B
quark

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

photon
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

qTq

Collins, Metz, PRL 93 (2004)



5

QCD in the Standard ModelTMD factorization: Drell-Yan

Drell-Yan processes

d� ⇠ F
1
UU +O

✓
1

Q2

◆

<latexit sha1_base64="dJ74DulKf23VpRApPNMAOSZZUqE=">AAACIHicbVDLSsNAFJ34rPVVdelmsAgVoSSlUpdFQdzZgmkLTVsm00k6dCYJMxOhhHyKG3/FjQtFdKdf47TNQlsPXO7hnHuZuceNGJXKNL+MldW19Y3N3FZ+e2d3b79wcNiSYSwwsXHIQtFxkSSMBsRWVDHSiQRB3GWk7Y6vp377gQhJw+BeTSLS48gPqEcxUloaFGpD6EjqczRtHN70rUFi2yk8h3fQcanvw5LjCYQTK02a/UqaiWeDQtEsmzPAZWJlpAgyNAaFT2cY4piTQGGGpOxaZqR6CRKKYkbSvBNLEiE8Rj7pahogTmQvmR2YwlOtDKEXCl2BgjP190aCuJQT7upJjtRILnpT8T+vGyvvspfQIIoVCfD8IS9mUIVwmhYcUkGwYhNNEBZU/xXiEdJ5KJ1pXodgLZ68TFqVslUtXzSrxfpVFkcOHIMTUAIWqIE6uAUNYAMMHsEzeAVvxpPxYrwbH/PRFSPbOQJ/YHz/AOHBoPQ=</latexit>

F 1
UU

�
xA, xB , |qT |, Q

�
=

xAxB

2⇡
H

DY(Q,µ)
X

a

ca(Q
2)

<latexit sha1_base64="D+q19OVlv+wdRkJeobAYA5kbWT0="></latexit>

Z +1

0
d|bT ||bT |J0

�
|bT ||qT |

�
f̂a
1 (xA, b

2
T ;µ, ⇣A)f̂

ā
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QCD in the Standard ModelMAP TMD fitting framework

https://github.com/MapCollaboration/NangaParbat



Accuracy SIDIS DY N of points χ2/Ndata

Pavia 2017 NLL ✔ ✔ 8059 1.55

SV 2019 N3LL ✔ ✔ 1039 1.06

MAPTMD22 N3LL ✔ ✔ 2031 1.06

-

-
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QCD in the Standard ModelAvailable Global Fits
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QCD in the Standard ModelMAP22: included data sets
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QCD in the Standard ModelMAP22: Perturbative accuracy

Resummation of large logs

-
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QCD in the Standard ModelMAP22: Perturbative accuracy
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QCD in the Standard ModelMAP22: NP parametrization
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

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

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

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

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

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

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

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

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

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

3.1 Semi-inclusive DIS data

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

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

– 10 –
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, (2.39)
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

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

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

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

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

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

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

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

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

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

3.1 Semi-inclusive DIS data
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high sensitivity to flavor dependence

+ deuteron target

COMPASS deuteron target & unidentified final state hadron

Drell-Yan  in the initial stateqq̄
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high sensitivity to flavor dependence

+ deuteron target

COMPASS deuteron target & unidentified final state hadron

Drell-Yan  in the initial stateqq̄

low sensitivity to flavor dependence
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The agreement between 
theory and HERMES data 
has increased a lot!
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Flavor-dependent TMD PDFs

Evidence of different behaviors for different flavors
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Flavor-dependent TMD FFs
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Flavor-dependent TMD FFs

Small evidence of different behaviors for different flavors
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Flavor-dependent TMD FFs

Small evidence of different behaviors for different flavors
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Flavor-dependent TMD FFs

Small evidence of different behaviors for different flavors

Some evidence of different behaviors for different measured hadrons
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TMD’s “effective width”

Evidence of different behaviors for different flavors

Evidence of different behaviors for different measured hadrons
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Collins-Soper kernel:
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Collins-Soper kernel: kernel of the rapidity evolution equation

@ ln f̂1(x, bT ;µ, ⇣)

@ ln
p
⇣

= K(bT , µ)

<latexit sha1_base64="nd3mjMPd7jLminmJPWsbiVo4WGY="></latexit>
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@ ln
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= K(bT , µ)
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K(bT , µb⇤) = K(b⇤, µb⇤) + gK(bT )
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perturbatively calculable

to be fitted
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QCD in the Standard ModelMAPTMD24: results

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>

perturbatively calculable

to be fitted

New feature: almost-linear behaviour at large bT

See S. Mukerjee’s talk
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QCD in the Standard ModelConclusions
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The extractions of unpolarized quark TMDs through global fits of 
experimental data have reached very high accuracy (NNNLL)

With the inclusion of recent NNLO collinear distributions, we need to 
introduce flavor dependence to obtain good theory/data agreement

MAPTMD24 is the first simultaneous extraction of flavor-
dependent unpolarized TMD PDFs and FF through a global fit

We observe non-trivial differences in the transverse momentum 
distribution of partons inside hadrons

QCD in the Standard ModelConclusions
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QCD in the Standard ModelStructure of a TMD: NP content

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C
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QCD in the Standard ModelStructure of a TMD: NP content

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>
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QCD in the Standard ModelStructure of a TMD: NP content

bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>
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QCD in the Standard ModelStructure of a TMD: NP content

bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>
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<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

bmin =
2e��E

µ

<latexit sha1_base64="l4vvfwexXhvIF0rP5zzRb4Siw4g="></latexit>

bmax = 2e��E

<latexit sha1_base64="5mPQjZStBBmlcunyqvsUMb8GQa8=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQg2hjtRtBFEESwVjApJPOY2k7i4e3fszonhuNLGv2JjoYitP8HOf+MmpvDrwcDjvRlm5kWpkpZ8/8MbGh4ZHRufmCxNTc/MzpXnF85skhmBNZGoxFxEYFHJGGskSeFFahB0pPA8uj7o+ec3aKxM4lPqptjU0IllWwogJ4Xl5SjMG4S3lGu4LQq+yzfwMl9vdEBrCA+LsFzxq34f/C8JBqTCBjgOy++NViIyjTEJBdbWAz+lZg6GpFBYlBqZxRTENXSw7mgMGm0z7z9S8FWntHg7Ma5i4n31+0QO2tqujlynBrqyv72e+J9Xz6i908xlnGaEsfha1M4Up4T3UuEtaVCQ6joCwkh3KxdXYECQy67kQgh+v/yXnG1Ug83q1slmZW9/EMcEW2IrbI0FbJvtsSN2zGpMsDv2wJ7Ys3fvPXov3utX65A3mFlkP+C9fQJym5mb</latexit>

Collins, Soper, Sterman, Nucl. Phys. B250 (1985)
Collins, Gamberg, et al., PRD (2016)
Bacchetta, Echevarria, Mulders, et al., JHEP 11 (2015)

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>

28

QCD in the Standard ModelStructure of a TMD: NP content

bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

bmin =
2e��E

µ

<latexit sha1_base64="l4vvfwexXhvIF0rP5zzRb4Siw4g="></latexit>

bmax = 2e��E

<latexit sha1_base64="5mPQjZStBBmlcunyqvsUMb8GQa8=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQg2hjtRtBFEESwVjApJPOY2k7i4e3fszonhuNLGv2JjoYitP8HOf+MmpvDrwcDjvRlm5kWpkpZ8/8MbGh4ZHRufmCxNTc/MzpXnF85skhmBNZGoxFxEYFHJGGskSeFFahB0pPA8uj7o+ec3aKxM4lPqptjU0IllWwogJ4Xl5SjMG4S3lGu4LQq+yzfwMl9vdEBrCA+LsFzxq34f/C8JBqTCBjgOy++NViIyjTEJBdbWAz+lZg6GpFBYlBqZxRTENXSw7mgMGm0z7z9S8FWntHg7Ma5i4n31+0QO2tqujlynBrqyv72e+J9Xz6i908xlnGaEsfha1M4Up4T3UuEtaVCQ6joCwkh3KxdXYECQy67kQgh+v/yXnG1Ug83q1slmZW9/EMcEW2IrbI0FbJvtsSN2zGpMsDv2wJ7Ys3fvPXov3utX65A3mFlkP+C9fQJym5mb</latexit>

Collins, Soper, Sterman, Nucl. Phys. B250 (1985)
Collins, Gamberg, et al., PRD (2016)
Bacchetta, Echevarria, Mulders, et al., JHEP 11 (2015)

f̂1(x, b
2
T ;µ, ⇣) =


f̂1(x, b2T ;µ, ⇣)

f̂1(x, b⇤(b2T );µ, ⇣)

�
f̂1(x, b⇤(b

2
T );µ, ⇣) ⌘ fNP(x, b

2
T ; ⇣)f̂1(x, b⇤(b

2
T );µ, ⇣)

<latexit sha1_base64="ykbVh03jkIMCioTMyRtb84wXqIM="></latexit>

Non-perturbativePerturbative

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

bmin =
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Fourier Transform of:

pQCD

Input (extraction from collinear cross section)

Non-perturbative functions to extract from data.

(TMD region)

15

(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Normalization of SIDIS calculation

Vladimirov, JHEP 12 (2023) 
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(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Gonzalez-Hernandez, PoS DIS2019 (2019)

Sun, Isaacson, Yuan, Yuan,  IJNP A (2014)

Normalization of SIDIS calculation

Vladimirov, JHEP 12 (2023) 
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QCD in the Standard Model

MAP22 work solution

Normalization of SIDIS calculation

MAP Collaboration, JHEP 10 (2022)
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SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
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dxdQ
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MAP22 work solution

Normalization of SIDIS calculation

MAP Collaboration, JHEP 10 (2022)
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MAP Collaboration, JHEP 10 (2022)
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Good agreement theory/data

MAP22 work solution

Normalization of SIDIS calculation
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Piacenza, PhD thesis (2020)
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Error propagation
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ū

Æ
1
ū
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