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HELICITY distribution

gq
1 (x) = q+ − q−

U L T

U

L

T

f1(x)

<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>

g1(x)

<latexit sha1_base64="z6OPaYnqZ9fjDEZiH4Eldz4w+6k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br2vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl4COfg==</latexit>

Quark Polarization 

N
uc

le
on

 P
ol

.

h1(x)

<latexit sha1_base64="75CnuonrMWqKgMfRaWlXU5bgKjE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br1vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmQmOfw==</latexit>

2



HELICITY distribution

gq
1 (x, k⊥) = q+ − q−

✦ How the polarization of the proton 
reflects on its internal structure in    
3 dimensions?  

✦ How the polarization of the quark 
distorts their transverse 
momentum? 

✦ Do quarks with spin parallel to the 
proton’s spin have smaller or larger 
transverse momentum?

⦿
kx

ky

⊗

⊗
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HELICITY distribution
Analysis of longitudinally polarized process

DOUBLE SPIN ASYMMETRY 

A1 =
dσ→← − dσ→→ + dσ←→ − dσ←←

dσ→← + dσ→→ + dσ←→ + dσ←←

M. Diehl and S. Sapeta, Eur. Phys. J. C 41, 515 (2005) 

SIDIS
ℓ⇄(l) + N⇆(P) → ℓ(l′￼) + h(Ph) + X

A. Bacchetta et al., Phys.Rev.D 70 (2004), 117504
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HELICITY distribution

A1(x, z, Q, |PhT | ) =
∑

a=q,q̄

e2
a ∫

+∞

0
d |bT |2 J0 ( |bT | |PhT |

z ) ̂ga
1(x, |bT |2 , Q) D̂a→h

1 (z, |bT |2 , Q)

∑
a=q,q̄

e2
a ∫

+∞

0
d |bT |2 J0 ( |bT | |PhT |

z ) ̂fa
1(x, |bT |2 , Q) D̂a→h

1 (z, |bT |2 , Q)

TMD factorization

✦ Large energy scale  

✦ Small transverse momentum 

Q2 ≫ M2

q2
T ≪ Q2

Experimental observables in terms of universal objects⇒
5



HELICITY distribution
TMD factorization

✦ Large energy scale  

✦ Small transverse momentum 

Q2 ≫ M2

q2
T ≪ Q2

Experimental observables in terms of universal objects⇒

MAP Collaboration, Bacchetta et al., JHEP 10 (2022)
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HELICITY distribution

  crucial to satisfy ω1(x) → |g1 | ≤ f1

gNP(x, k2
⊥, Q0) = f MAP22

NP (x, k2
⊥, Q0)

e− k2
⊥

ω1(x)

knorm(x)

➤ Proportional to  

➤ x-dependent

f MAP22
NP

 knorm(x) → ∫ d2k⊥ gNP = 1
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positivity breaking

  ω1(x) → + ∞ ⇔ g1(kT) = f1(kT)

  ω1(x) ≪ 1 ⇔ g1(kT ∼ 0) > f1(kT ∼ 0)
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HELICITY distribution

  crucial to satisfy ω1(x) → |g1 | ≤ f1

At , the ratio  reads: Q0 = 1 GeV g1/f1
g1(x, k2

⊥, Q0)
f1(x, k2

⊥, Q0)
=

g1(x, Q0)
f1(x, Q0)

e− k2
⊥

ω1(x)

knorm(x)

g1(x, Q0)
f1(x, Q0)

1
knorm(x)

≤ 1 ω1(x) = fpos.(x) + N2
1g

(1 − x)α2
1g xσ1g

(1 − ̂x)α2
1g ̂xσ1g

⟶

gNP(x, k2
⊥, Q0) = f MAP22

NP (x, k2
⊥, Q0)

e− k2
⊥

ω1(x)

knorm(x)

➤ Proportional to  

➤ x-dependent

f MAP22
NP

 knorm(x) → ∫ d2k⊥ gNP = 1
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HELICITY distribution

✦ MAP22 kinematic cuts 
✦ 291 fitted data points 
✦ Perturbative order: NLO

Highest possible 
since  known up to NLO Cg

✦ Collinear PDFs: NNPDFPol, MMHT, DSS 

✦ Perturbative accuracy: NLL & N2LL 

✦ 3 fitted parameters   

✦ Error analysis with bootstrap method

 Airapetian et al. (HERMES), Phys. Rev. D (2019)

Gutiérrez-Reyes et al., Phys. Lett. B (2017)
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HELICITY distribution

|PhT | [GeV]

°0.2

°0.1

0.0

0.1

0.2

0.3

AK°

1, d

0.075 < x < 0.1

0.2 < z < 0.35

|PhT | [GeV]
°1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

AK°

1, d

0.1 < x < 0.14

|PhT | [GeV]

0.35 < z < 0.5

|PhT | [GeV]

0.5 < z < 0.8

|PhT | [GeV]

°0.5

0.0

0.5

1.0

AK°

1, d

0.14 < x < 0.2

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]

°1.0

°0.5

0.0

0.5

1.0

AK°

1, d

0.2 < x < 0.3

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]

°3

°2

°1

0

1

2

3

AK°

1, d

0.3 < x < 0.4

|PhT | [GeV] |PhT | [GeV]

0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

°2

°1

0

1

2

3

4

5

6

AK°

1, d

0.4 < x < 0.6

0.2 0.3 0.4 0.5 0.6 0.7

|PhT | [GeV]
0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

|PhT | [GeV]

°0.1

0.0

0.1

0.2

0.3

0.4

0.5

Aº+

1, p

0.055 < x < 0.075

0.2 < z < 0.35

|PhT | [GeV]

0.0

0.1

0.2

0.3

Aº+

1, p

0.075 < x < 0.1

|PhT | [GeV]

0.35 < z < 0.5

|PhT | [GeV]

0.0

0.2

0.4

0.6

0.8

Aº+

1, p

0.1 < x < 0.14

|PhT | [GeV] |PhT | [GeV]

0.5 < z < 0.8

|PhT | [GeV]

0.0

0.2

0.4

0.6

0.8

Aº+

1, p

0.14 < x < 0.2

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]

°0.2

0.0

0.2

0.4

0.6

0.8

1.0

Aº+

1, p

0.2 < x < 0.3

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]
°1.0

°0.5

0.0

0.5

1.0

1.5

Aº+

1, p

0.3 < x < 0.4

|PhT | [GeV] |PhT | [GeV]

0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

°1

0

1

2

3

Aº+

1, p

0.4 < x < 0.6

0.2 0.3 0.4 0.5 0.6 0.7

|PhT | [GeV]
0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

|PhT | [GeV]

°0.2

°0.1

0.0

0.1

0.2

0.3

AK°

1, d

0.075 < x < 0.1

0.2 < z < 0.35

|PhT | [GeV]
°1.00

°0.75

°0.50

°0.25

0.00

0.25

0.50

0.75

AK°

1, d

0.1 < x < 0.14

|PhT | [GeV]

0.35 < z < 0.5

|PhT | [GeV]

0.5 < z < 0.8

|PhT | [GeV]

°0.5

0.0

0.5

1.0

AK°

1, d

0.14 < x < 0.2

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]

°1.0

°0.5

0.0

0.5

1.0

AK°

1, d

0.2 < x < 0.3

|PhT | [GeV] |PhT | [GeV]

|PhT | [GeV]

°3

°2

°1

0

1

2

3

AK°

1, d

0.3 < x < 0.4

|PhT | [GeV] |PhT | [GeV]

0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

°2

°1

0

1

2

3

4

5

6

AK°

1, d

0.4 < x < 0.6

0.2 0.3 0.4 0.5 0.6 0.7

|PhT | [GeV]
0.2 0.3 0.4 0.5 0.6

|PhT | [GeV]

Theory vs Experimental data

10



HELICITY distribution
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More data are needed: present

New experimental data: 

CLAS12 Hall C

+ SoLID (?)

intermediate- large-x region

small exp. errors! 
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More data are needed: future

Calculation of  asymmetry in JLab22 kinematics 

+ study of  meson subtraction

A1

ρ
see Harut’s talk
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 asymmetry at JLab22A1

Target: proton Final state: pion(-)

x = 0.3
 GeVQ2 = 4

z = 0.45

2

JLab22 white paper, Eur.Phys.J.A 60 (2024) 9, 173
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 asymmetry at JLab22A1

Target: proton Final state: pion(-)
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PRELIMINARY

JLab22 white paper, Eur.Phys.J.A 60 (2024) 9, 173
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Distribution in  qT /Q

✔    q2
T ≪ Q2

PRELIMINARY

JLab22 white paper, Eur.Phys.J.A 60 (2024) 9, 173
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 asymmetry at JLab22A1
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Final state: pion(-)
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-subtraction exerciseρ
see Harut’s talk

“Effective” subtraction of -meson (diffractive) contributionρ

Aρ−sub
1 =

A1

Ωρ
Ωρ = 1 + e−6P2

hT“deRHOification” factor

Only for final-state π

baseline fit (only )π
χ2/N = 1.10

-subtracted fitρ
χ2/N = 1.86

Impact on the shape of

 ratiog1/f1

PRELIMINARY
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Conclusions and Outlook

We can extract the transverse momentum distribution  of 
longitudinally polarized quarks in longitudinally polarized nucleons

g1(x, k⊥)

We impose to the validity of positivity constraints a priori

Current experimental errors from HERMES are poorly constraining the g1(x, k⊥)

JLAB22: new experimental data with (expected) high precision

study of the extension of MAP extraction at larger PhT

study of fit “effectively” excluding diffractive -mesonsρ
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