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Improving the determination of FFs  by focusing on a less extensively explored hadron:  
the  hyperon, the lightest among the strange baryonsΛ

MAPFF1.0_Λ (2026) SIA,  
SIDIS (NC and CC)

✓ NNLO Λ, Λ̄

Collaboration Data Flavour separation Accuracy Extracted particle 

DSV (1998)  
Phys. Rev. D 57, 5811 SIA 

NLO

AKK (2006)  
Nucl. Phys. B, 734 SIA ✓

(2008)  
Nucl. Phys. B 803

SIA,  
pp collisions

✓

NPC23 (2025) 
Phys. Rev. D 112, 

054045

SIA, SIDIS, 
pp collisions

u = d = s

Λ + Λ̄

u = d

State of the art of  collinear unpolarised fits Λ

[JHEP10(2026)089]

Lambda fragmentation – a window to strangeness

https://doi.org/10.1007/JHEP10(2026)089
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Lambda fragmentation – a window to strangeness
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2
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Fit quality
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Quality of the fit stable when going at NNLO 
Slight improvement for the majority of the datasets
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Longitudinal polarization in fragmentation?

large longitudinal polarization in e+e- at LEP 
➥ G1 ≠ 0 

scenario 1

scenario 2

scenario 3

AΛ

LO

NLO

xE

ALEPH
DELPHI
OPAL

-0.6

-0.4

-0.2

0

0.2

0.1 0.2 0.3 0.4 0.5

Figure 2: Comparison of LEP data [3, 4, 5] and our LO and NLO results for the asymmetry AΛ,
using the three different scenarios (see text).

even if the Λ is formed via the decay of a heavier hyperon. We hence have Nu = 0 in (12) for
this case.
Scenario 2 is based on estimates by Burkardt and Jaffe [1, 19] for the DIS structure function
gΛ1 of the Λ, predicting sizeable negative contributions from u and d quarks to gΛ1 by analogy
with the breaking of the Gourdin-Ellis-Jaffe sum rule [20] for the proton’s gp1. Assuming that
such features also carry over to the ‘time-like’ case [19], we simply impose Nu = −0.20 (see also
[7]).
Scenario 3: All the polarized fragmentation functions are assumed to be equal here, i.e. Nu = 1,
contrary to the expectation of the non-relativistic quark model used in scen. 1. This rather
‘extreme’ scenario might be realistic if, e.g., there are sizeable contributions to polarized Λ
production from decays of heavier hyperons who have inherited the polarization of originally
produced u and d quarks.

Our results for the asymmetry AΛ in (10) within the three different scenarios are compared
to the available LEP data [3, 4, 5] in fig. 2. The optimal parameters in (12) for the three
models can be found in [10]. As can be seen, the best agreement with the data is obtained
within the (naively) most unlikely scen. 3. The differences occur mainly in the region of large
xE , where scen. 1 and 2 cannot fully account for the rather large observed polarization due
to the positivity constraints (3). For instance, in the case of scen. 1, the asymmetry behaves
asymptotically roughly like −∆DΛ

s /3D
Λ
s , and even when saturating the positivity constraint

(3) at around xE = 0.5 it is not possible to obtain a polarization as large as the one required
by the LEP data. Of course, such an argument still depends strongly on the assumed SU(3)f
symmetry for the unpolarized fragmentation functions, which could be broken. The situation
concerning the Λ fragmentation functions can only be further clarified by future precise SIDIS
and photoproduction measurements for unpolarized and polarized beams.

Finally, in fig. 3 we show the LO and NLO partonic fragmentation asymmetries for each
flavour distribution separately, i.e., Af ≡ ∆DΛ

f /D
Λ
f . A rather large polarized gluon fragmenta-

tion function has built up in the Q2-evolution in spite of the vanishing input at µ2.

6
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Figure �: Sketch of the coordinate system (�) in ⇤ rest frame.

investigation for many decades for the case of hadron collisions, and has also beenmeasured in ⇤ leptoproduction��

[��, ��], as well as in e+e� annihilation [��].��

In general, the ⇤ polarization vector can be written as��

ÆP⇤ = P⇤Y ÆeY + PbDX (y)DLXÆeX + PbDZ (y)DLZÆeZ . (�)

The values DLZ (x, z) and DLX (x, z) in Eq. (�) are the spin-transfer coe�cients. In the current fragmentation region,
according to Eq. (�), they can be expressed in terms of various parton distributions and fragmentation functions as

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

, (�)

DLX (x, z) = �MH
Q

Õ
q e2qx2eq (x) H

q
1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

� M⇤

Q

Õ
q e2qxf

q
1 (x) G̃qT (z) /zÕ

q e2qxf
q
1 (x) Dq1 (z)

. (��)

In the one-photon-exchange approximation, one may interpret the spin-transfer phenomenon as follows: the��

spin is initially transferred from the longitudinally polarized lepton to the virtual photon, and then from the virtual��

photon to the struck quark (see Fig. �, left). The longitudinal (along Z axis) polarization of the quark PbDZ (y) and��

the transverse (along X axis) polarization of the quark PbDX (y) are eventually transferred to the ⇤. The fractions of��

the longitudinal and transverse quark polarization transferred to the ⇤ are the spin-transfer coe�cients DLZ and��

DLX . As one can see from Eq. (�) these coe�cients are sensitive to the spin-dependent fragmentation functions.��

Measuring the hyperon polarization in leptoproduction is practically the only way to get access to these functions.��

In �D case, and assuming that the ⇤ polarization vector is directed along the Z-axis, i.e., DLX = 0, one obtains��

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q

Gq1 (z)
Dq1 (z)

e2qxf
q
1 (x) Dq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q
DqLZ (z)!q (x, z) . (��)

The purity !q (x, z) is the fractional probability that the produced ⇤ originates from an event in which a vir-��

tual photon was absorbed by a quark of flavor q. It is obvious that Õq !q (x, z) = 1. The purities depend on the��

quark density f 1q (x) and the unpolarized FF D
q
1 (z), and cannot be calculated from first principles. Instead, they��

can be approximated using a Monte Carlo model or calculated using parametrizations of parton distributions and��

fragmentation functions fitted to world data.��

One should remember that, unlike the pion production, using the xF-criterion in the case of ⇤ production is��

practically not e�ective at the not very high beam energy in the HERMES experiment. Application of Eq. � as��

definition of the spin transfer coe�cients is relevant for the current fragmentation region only. Therefore a more��

general definition of the spin transfer coe�cients given by Eq. � is used in this paper. As follows from the LUND��

MC simulation [��], contribution from the target fragmentation mechanism in the case of ⇤ production is not small��

at both negative and positive xF values. Moreover, the detected ⇤ rarely contains the struck quark and thus the ⇤��

spin orientation is nearly not sensitive to the beam polarization, i.e. the spin transfer is expected to be about zero.��

The only exclusion is the case of kinematics with xF very close to unity. Unfortunately, experimental access to this��

region is typically limited because of lack of statistics.��

� Method of Extraction of the Spin-Transfer Coe�cients��

The polarization of a produced ⇤ (⇤̄) hyperon can be measured by analyzing the angular distribution of a weak��

⇤ ! p⇡� (⇤̄ ! p̄⇡+) decay. In the �⇡ acceptance case, the normalized to unity angular distribution of the decay��

proton is given by��

d�
d⌦p

/ 1 + ↵ ÆP⇤ Æ̂kp. (��)
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investigation for many decades for the case of hadron collisions, and has also beenmeasured in ⇤ leptoproduction��

[��, ��], as well as in e+e� annihilation [��].��

In general, the ⇤ polarization vector can be written as��

ÆP⇤ = P⇤Y ÆeY + PbDX (y)DLXÆeX + PbDZ (y)DLZÆeZ . (�)

The values DLZ (x, z) and DLX (x, z) in Eq. (�) are the spin-transfer coe�cients. In the current fragmentation region,
according to Eq. (�), they can be expressed in terms of various parton distributions and fragmentation functions as

DLZ (x, z) =
Õ
q e2qxf

q
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, (�)

DLX (x, z) = �MH
Q
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. (��)

In the one-photon-exchange approximation, one may interpret the spin-transfer phenomenon as follows: the��

spin is initially transferred from the longitudinally polarized lepton to the virtual photon, and then from the virtual��

photon to the struck quark (see Fig. �, left). The longitudinal (along Z axis) polarization of the quark PbDZ (y) and��

the transverse (along X axis) polarization of the quark PbDX (y) are eventually transferred to the ⇤. The fractions of��

the longitudinal and transverse quark polarization transferred to the ⇤ are the spin-transfer coe�cients DLZ and��

DLX . As one can see from Eq. (�) these coe�cients are sensitive to the spin-dependent fragmentation functions.��

Measuring the hyperon polarization in leptoproduction is practically the only way to get access to these functions.��

In �D case, and assuming that the ⇤ polarization vector is directed along the Z-axis, i.e., DLX = 0, one obtains��

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q

Gq1 (z)
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q
1 (x) Dq1 (z)Õ

q e2qxf
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=
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q
DqLZ (z)!q (x, z) . (��)

The purity !q (x, z) is the fractional probability that the produced ⇤ originates from an event in which a vir-��

tual photon was absorbed by a quark of flavor q. It is obvious that Õq !q (x, z) = 1. The purities depend on the��

quark density f 1q (x) and the unpolarized FF D
q
1 (z), and cannot be calculated from first principles. Instead, they��

can be approximated using a Monte Carlo model or calculated using parametrizations of parton distributions and��

fragmentation functions fitted to world data.��

One should remember that, unlike the pion production, using the xF-criterion in the case of ⇤ production is��

practically not e�ective at the not very high beam energy in the HERMES experiment. Application of Eq. � as��

definition of the spin transfer coe�cients is relevant for the current fragmentation region only. Therefore a more��

general definition of the spin transfer coe�cients given by Eq. � is used in this paper. As follows from the LUND��

MC simulation [��], contribution from the target fragmentation mechanism in the case of ⇤ production is not small��

at both negative and positive xF values. Moreover, the detected ⇤ rarely contains the struck quark and thus the ⇤��

spin orientation is nearly not sensitive to the beam polarization, i.e. the spin transfer is expected to be about zero.��

The only exclusion is the case of kinematics with xF very close to unity. Unfortunately, experimental access to this��

region is typically limited because of lack of statistics.��

� Method of Extraction of the Spin-Transfer Coe�cients��

The polarization of a produced ⇤ (⇤̄) hyperon can be measured by analyzing the angular distribution of a weak��

⇤ ! p⇡� (⇤̄ ! p̄⇡+) decay. In the �⇡ acceptance case, the normalized to unity angular distribution of the decay��

proton is given by��

d�
d⌦p

/ 1 + ↵ ÆP⇤ Æ̂kp. (��)
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Mulders &Tangerman, Nucl. Phys. B 461 (1996) 197; unpolarized target:

	-	longitudinal	
									polarization
𝑷 𝜦

𝒁

D. Veretennikov, SPIN 2021

𝑃𝑃𝑋𝑋Λ = −𝑃𝑃𝐵𝐵𝐷𝐷𝑋𝑋 𝑦𝑦
𝑀𝑀
𝑄𝑄
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1

𝑞𝑞 𝑥𝑥𝐵𝐵 𝐻𝐻1
𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧
+
𝑀𝑀Λ

𝑄𝑄
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1

𝑞𝑞 𝑥𝑥𝐵𝐵 �𝐺𝐺𝑇𝑇
𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

𝑃𝑃𝑌𝑌Λ = 𝐷𝐷𝑌𝑌 𝑦𝑦
𝑀𝑀
𝑄𝑄
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1

𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1𝑇𝑇
⊥ 1 𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

𝑃𝑃𝑍𝑍Λ = 𝑃𝑃𝐵𝐵𝐷𝐷𝑍𝑍 𝑦𝑦
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1

𝑞𝑞 𝑥𝑥𝐵𝐵 𝐺𝐺1
𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

Λ polarization

Give us access to twist-2 (𝐻𝐻1
𝑞𝑞) and twist-3 ( �𝐺𝐺1

𝑞𝑞, 𝐷𝐷1𝑇𝑇
⊥ 1 𝑞𝑞) fragmentation functions as well as for polarized FF (𝐺𝐺1

𝑞𝑞) and 
unpolarized FF (𝐷𝐷1

𝑞𝑞)

𝐷𝐷𝑋𝑋 𝑦𝑦 =
2𝑦𝑦 1 − 𝑦𝑦 − 𝛾𝛾2𝑦𝑦2

4

1− 𝑦𝑦 + 𝑦𝑦2
2 + 𝛾𝛾2𝑦𝑦2

4

𝐷𝐷𝑍𝑍 𝑦𝑦 =
𝑦𝑦 1− 𝑦𝑦2

2

1− 𝑦𝑦 + 𝑦𝑦2
2 + 𝛾𝛾2𝑦𝑦2

4

3

Virtual photon depolarization 
factor 𝐷𝐷 𝑦𝑦 is different for X and 
Z axis

P.J. Mulders, R.D. Tangerman
Published in: Nucl.Phys.B 461 (1996), 197-237
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investigation for many decades for the case of hadron collisions, and has also beenmeasured in ⇤ leptoproduction��

[��, ��], as well as in e+e� annihilation [��].��

In general, the ⇤ polarization vector can be written as��

ÆP⇤ = P⇤Y ÆeY + PbDX (y)DLXÆeX + PbDZ (y)DLZÆeZ . (�)

The values DLZ (x, z) and DLX (x, z) in Eq. (�) are the spin-transfer coe�cients. In the current fragmentation region,
according to Eq. (�), they can be expressed in terms of various parton distributions and fragmentation functions as

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

, (�)

DLX (x, z) = �MH
Q

Õ
q e2qx2eq (x) H

q
1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

� M⇤

Q

Õ
q e2qxf

q
1 (x) G̃qT (z) /zÕ

q e2qxf
q
1 (x) Dq1 (z)

. (��)

In the one-photon-exchange approximation, one may interpret the spin-transfer phenomenon as follows: the��

spin is initially transferred from the longitudinally polarized lepton to the virtual photon, and then from the virtual��

photon to the struck quark (see Fig. �, left). The longitudinal (along Z axis) polarization of the quark PbDZ (y) and��

the transverse (along X axis) polarization of the quark PbDX (y) are eventually transferred to the ⇤. The fractions of��

the longitudinal and transverse quark polarization transferred to the ⇤ are the spin-transfer coe�cients DLZ and��

DLX . As one can see from Eq. (�) these coe�cients are sensitive to the spin-dependent fragmentation functions.��

Measuring the hyperon polarization in leptoproduction is practically the only way to get access to these functions.��

In �D case, and assuming that the ⇤ polarization vector is directed along the Z-axis, i.e., DLX = 0, one obtains��

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q

Gq1 (z)
Dq1 (z)

e2qxf
q
1 (x) Dq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q
DqLZ (z)!q (x, z) . (��)

The purity !q (x, z) is the fractional probability that the produced ⇤ originates from an event in which a vir-��

tual photon was absorbed by a quark of flavor q. It is obvious that Õq !q (x, z) = 1. The purities depend on the��

quark density f 1q (x) and the unpolarized FF D
q
1 (z), and cannot be calculated from first principles. Instead, they��

can be approximated using a Monte Carlo model or calculated using parametrizations of parton distributions and��

fragmentation functions fitted to world data.��

One should remember that, unlike the pion production, using the xF-criterion in the case of ⇤ production is��

practically not e�ective at the not very high beam energy in the HERMES experiment. Application of Eq. � as��

definition of the spin transfer coe�cients is relevant for the current fragmentation region only. Therefore a more��

general definition of the spin transfer coe�cients given by Eq. � is used in this paper. As follows from the LUND��

MC simulation [��], contribution from the target fragmentation mechanism in the case of ⇤ production is not small��

at both negative and positive xF values. Moreover, the detected ⇤ rarely contains the struck quark and thus the ⇤��

spin orientation is nearly not sensitive to the beam polarization, i.e. the spin transfer is expected to be about zero.��

The only exclusion is the case of kinematics with xF very close to unity. Unfortunately, experimental access to this��

region is typically limited because of lack of statistics.��

� Method of Extraction of the Spin-Transfer Coe�cients��

The polarization of a produced ⇤ (⇤̄) hyperon can be measured by analyzing the angular distribution of a weak��

⇤ ! p⇡� (⇤̄ ! p̄⇡+) decay. In the �⇡ acceptance case, the normalized to unity angular distribution of the decay��

proton is given by��

d�
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𝑃𝑃𝑋𝑋Λ = −𝑃𝑃𝐵𝐵𝐷𝐷𝑋𝑋 𝑦𝑦
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𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1
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𝑃𝑃𝑌𝑌Λ = 𝐷𝐷𝑌𝑌 𝑦𝑦
𝑀𝑀
𝑄𝑄
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𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1𝑇𝑇
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𝑞𝑞 𝑥𝑥𝐵𝐵 𝐺𝐺1
𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

Λ polarization

Give us access to twist-2 (𝐻𝐻1
𝑞𝑞) and twist-3 ( �𝐺𝐺1

𝑞𝑞, 𝐷𝐷1𝑇𝑇
⊥ 1 𝑞𝑞) fragmentation functions as well as for polarized FF (𝐺𝐺1

𝑞𝑞) and 
unpolarized FF (𝐷𝐷1

𝑞𝑞)

𝐷𝐷𝑋𝑋 𝑦𝑦 =
2𝑦𝑦 1 − 𝑦𝑦 − 𝛾𝛾2𝑦𝑦2
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4
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Virtual photon depolarization 
factor 𝐷𝐷 𝑦𝑦 is different for X and 
Z axis

P.J. Mulders, R.D. Tangerman
Published in: Nucl.Phys.B 461 (1996), 197-237

Mulders &Tangerman, Nucl. Phys. B 461 (1996) 197; unpolarized target:

	-	spontaneous	transverse	
								(out	of	plane)	polarization
𝑷 𝜦

𝒀

	-	longitudinal	
									polarization
𝑷 𝜦

𝒁

D. Veretennikov, SPIN 2021

𝑃𝑃𝑋𝑋Λ = −𝑃𝑃𝐵𝐵𝐷𝐷𝑋𝑋 𝑦𝑦
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𝑞𝑞 𝑧𝑧
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Figure �: Sketch of the coordinate system (�) in ⇤ rest frame.

investigation for many decades for the case of hadron collisions, and has also beenmeasured in ⇤ leptoproduction��

[��, ��], as well as in e+e� annihilation [��].��

In general, the ⇤ polarization vector can be written as��

ÆP⇤ = P⇤Y ÆeY + PbDX (y)DLXÆeX + PbDZ (y)DLZÆeZ . (�)

The values DLZ (x, z) and DLX (x, z) in Eq. (�) are the spin-transfer coe�cients. In the current fragmentation region,
according to Eq. (�), they can be expressed in terms of various parton distributions and fragmentation functions as

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

, (�)

DLX (x, z) = �MH
Q

Õ
q e2qx2eq (x) H

q
1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

� M⇤

Q

Õ
q e2qxf

q
1 (x) G̃qT (z) /zÕ

q e2qxf
q
1 (x) Dq1 (z)

. (��)

In the one-photon-exchange approximation, one may interpret the spin-transfer phenomenon as follows: the��

spin is initially transferred from the longitudinally polarized lepton to the virtual photon, and then from the virtual��

photon to the struck quark (see Fig. �, left). The longitudinal (along Z axis) polarization of the quark PbDZ (y) and��

the transverse (along X axis) polarization of the quark PbDX (y) are eventually transferred to the ⇤. The fractions of��

the longitudinal and transverse quark polarization transferred to the ⇤ are the spin-transfer coe�cients DLZ and��

DLX . As one can see from Eq. (�) these coe�cients are sensitive to the spin-dependent fragmentation functions.��

Measuring the hyperon polarization in leptoproduction is practically the only way to get access to these functions.��

In �D case, and assuming that the ⇤ polarization vector is directed along the Z-axis, i.e., DLX = 0, one obtains��

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q

Gq1 (z)
Dq1 (z)

e2qxf
q
1 (x) Dq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q
DqLZ (z)!q (x, z) . (��)

The purity !q (x, z) is the fractional probability that the produced ⇤ originates from an event in which a vir-��

tual photon was absorbed by a quark of flavor q. It is obvious that Õq !q (x, z) = 1. The purities depend on the��

quark density f 1q (x) and the unpolarized FF D
q
1 (z), and cannot be calculated from first principles. Instead, they��

can be approximated using a Monte Carlo model or calculated using parametrizations of parton distributions and��

fragmentation functions fitted to world data.��

One should remember that, unlike the pion production, using the xF-criterion in the case of ⇤ production is��

practically not e�ective at the not very high beam energy in the HERMES experiment. Application of Eq. � as��

definition of the spin transfer coe�cients is relevant for the current fragmentation region only. Therefore a more��

general definition of the spin transfer coe�cients given by Eq. � is used in this paper. As follows from the LUND��

MC simulation [��], contribution from the target fragmentation mechanism in the case of ⇤ production is not small��

at both negative and positive xF values. Moreover, the detected ⇤ rarely contains the struck quark and thus the ⇤��

spin orientation is nearly not sensitive to the beam polarization, i.e. the spin transfer is expected to be about zero.��

The only exclusion is the case of kinematics with xF very close to unity. Unfortunately, experimental access to this��

region is typically limited because of lack of statistics.��

� Method of Extraction of the Spin-Transfer Coe�cients��

The polarization of a produced ⇤ (⇤̄) hyperon can be measured by analyzing the angular distribution of a weak��

⇤ ! p⇡� (⇤̄ ! p̄⇡+) decay. In the �⇡ acceptance case, the normalized to unity angular distribution of the decay��

proton is given by��

d�
d⌦p

/ 1 + ↵ ÆP⇤ Æ̂kp. (��)

�
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Figure �: Sketch of the coordinate system (�) in ⇤ rest frame.

investigation for many decades for the case of hadron collisions, and has also beenmeasured in ⇤ leptoproduction��

[��, ��], as well as in e+e� annihilation [��].��

In general, the ⇤ polarization vector can be written as��

ÆP⇤ = P⇤Y ÆeY + PbDX (y)DLXÆeX + PbDZ (y)DLZÆeZ . (�)

The values DLZ (x, z) and DLX (x, z) in Eq. (�) are the spin-transfer coe�cients. In the current fragmentation region,
according to Eq. (�), they can be expressed in terms of various parton distributions and fragmentation functions as

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

, (�)

DLX (x, z) = �MH
Q

Õ
q e2qx2eq (x) H

q
1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

� M⇤

Q

Õ
q e2qxf

q
1 (x) G̃qT (z) /zÕ

q e2qxf
q
1 (x) Dq1 (z)

. (��)

In the one-photon-exchange approximation, one may interpret the spin-transfer phenomenon as follows: the��

spin is initially transferred from the longitudinally polarized lepton to the virtual photon, and then from the virtual��

photon to the struck quark (see Fig. �, left). The longitudinal (along Z axis) polarization of the quark PbDZ (y) and��

the transverse (along X axis) polarization of the quark PbDX (y) are eventually transferred to the ⇤. The fractions of��

the longitudinal and transverse quark polarization transferred to the ⇤ are the spin-transfer coe�cients DLZ and��

DLX . As one can see from Eq. (�) these coe�cients are sensitive to the spin-dependent fragmentation functions.��

Measuring the hyperon polarization in leptoproduction is practically the only way to get access to these functions.��

In �D case, and assuming that the ⇤ polarization vector is directed along the Z-axis, i.e., DLX = 0, one obtains��

DLZ (x, z) =
Õ
q e2qxf

q
1 (x) Gq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q

Gq1 (z)
Dq1 (z)

e2qxf
q
1 (x) Dq1 (z)Õ

q e2qxf
q
1 (x) Dq1 (z)

=
’
q
DqLZ (z)!q (x, z) . (��)

The purity !q (x, z) is the fractional probability that the produced ⇤ originates from an event in which a vir-��

tual photon was absorbed by a quark of flavor q. It is obvious that Õq !q (x, z) = 1. The purities depend on the��

quark density f 1q (x) and the unpolarized FF D
q
1 (z), and cannot be calculated from first principles. Instead, they��

can be approximated using a Monte Carlo model or calculated using parametrizations of parton distributions and��

fragmentation functions fitted to world data.��

One should remember that, unlike the pion production, using the xF-criterion in the case of ⇤ production is��

practically not e�ective at the not very high beam energy in the HERMES experiment. Application of Eq. � as��

definition of the spin transfer coe�cients is relevant for the current fragmentation region only. Therefore a more��

general definition of the spin transfer coe�cients given by Eq. � is used in this paper. As follows from the LUND��

MC simulation [��], contribution from the target fragmentation mechanism in the case of ⇤ production is not small��

at both negative and positive xF values. Moreover, the detected ⇤ rarely contains the struck quark and thus the ⇤��

spin orientation is nearly not sensitive to the beam polarization, i.e. the spin transfer is expected to be about zero.��

The only exclusion is the case of kinematics with xF very close to unity. Unfortunately, experimental access to this��

region is typically limited because of lack of statistics.��

� Method of Extraction of the Spin-Transfer Coe�cients��

The polarization of a produced ⇤ (⇤̄) hyperon can be measured by analyzing the angular distribution of a weak��

⇤ ! p⇡� (⇤̄ ! p̄⇡+) decay. In the �⇡ acceptance case, the normalized to unity angular distribution of the decay��

proton is given by��

d�
d⌦p

/ 1 + ↵ ÆP⇤ Æ̂kp. (��)

�

Lambda production in DIS

access to several novel spin-dependent FFs 

Y-component of polarization (“self-polarization”) not correlated with beam polarization PB 
  ➥ drops out in beam-spin asymmetries 

concentrate on longitudinal-to-longitudinal and longitudinal-to-transverse spin transfer
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∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

𝑃𝑃𝑍𝑍Λ = 𝑃𝑃𝐵𝐵𝐷𝐷𝑍𝑍 𝑦𝑦
∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1

𝑞𝑞 𝑥𝑥𝐵𝐵 𝐺𝐺1
𝑞𝑞 𝑧𝑧

∑𝑞𝑞 𝑒𝑒𝑞𝑞2𝑥𝑥𝐵𝐵𝑓𝑓1
𝑞𝑞 𝑥𝑥𝐵𝐵 𝐷𝐷1

𝑞𝑞 𝑧𝑧

Λ polarization

Give us access to twist-2 (𝐻𝐻1
𝑞𝑞) and twist-3 ( �𝐺𝐺1

𝑞𝑞, 𝐷𝐷1𝑇𝑇
⊥ 1 𝑞𝑞) fragmentation functions as well as for polarized FF (𝐺𝐺1

𝑞𝑞) and 
unpolarized FF (𝐷𝐷1

𝑞𝑞)

𝐷𝐷𝑋𝑋 𝑦𝑦 =
2𝑦𝑦 1 − 𝑦𝑦 − 𝛾𝛾2𝑦𝑦2

4

1− 𝑦𝑦 + 𝑦𝑦2
2 + 𝛾𝛾2𝑦𝑦2

4

𝐷𝐷𝑍𝑍 𝑦𝑦 =
𝑦𝑦 1− 𝑦𝑦2

2

1− 𝑦𝑦 + 𝑦𝑦2
2 + 𝛾𝛾2𝑦𝑦2

4

3

Virtual photon depolarization 
factor 𝐷𝐷 𝑦𝑦 is different for X and 
Z axis

P.J. Mulders, R.D. Tangerman
Published in: Nucl.Phys.B 461 (1996), 197-237
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HERMES (1995-2007) @ HERA (DESY)

12

.

hermes Polarized Beam at HERA

Beam
Direction
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Polarimeter

Spin Rotator

Spin Rotator

pe

Spin RotatorSpin Rotator

Spin Rotator

Spin Rotator

Longitudinal

• 27.5 GeV e+/e− beam

• Self-polarizing through Sokolov-Ternov-Effect

• Average beam polarization of about 55%
Gunar Schnell, HERMES Collaboration Warsaw, May 25

th
, 2004 – p. 9/36
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beam polarization measured 
independently by two polarimeters 

excellent agreement
polarization up to 60% during HERA I
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HERMES (1995-2007) @ HERA (DESY)

.

hermes HERMES at DESY

27.5 GeV e+/e− beam of HERA

forward-acceptance spectrometer

⇒ 40mrad< θ <220mrad

high lepton ID efficiency and purity

excellent hadron ID thanks to dual-radiator RICH

Gunar Schnell, Universiteit Gent Jefferson Lab, January 11
th
, 2008 – p. 14/50

unpolarized (H, D, He,…, Xe) as well as  
transversely (H) or longitudinally (H, D, He)  
polarized pure gas targets   
particle ID (incl. dual-radiator RICH) for efficient e/pi/K/p separation

27.6 GeV polarized e+/e- beam scattered off ...
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Polarization measurement 

“self-analyzing” particle due to its parity-violating decay  

polarization can be extracted by “simply” measuring angular distribution of decay protons 

in praxis distorted by instrumental effects
14

D. Veretennikov, SPIN 2021

Angular distribution of protons
(in Λ rest frame)
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Polarized Λ production

Λ is “self-analyzing” particle due to its parity violation 
Λ→ pπ - decay

Polarization can be extracted just by measuring angular 
distribution of decay protons, without any additional 
scattering

Unpolarized 
distribution

Angle between proton 
momentum and Λ spin 
in Λ rest frame

𝛾⃗𝛾∗ + 𝑝𝑝 → Λ+ 𝑋𝑋
↳ 𝑝𝑝𝜋𝜋−

D. Veretennikov, SPIN 2021

Angular distribution of protons
(in Λ rest frame)

𝑑𝑑𝑑𝑑
𝑑𝑑𝛺𝛺𝑝𝑝

=
𝑑𝑑𝑑𝑑0
𝑑𝑑𝛺𝛺𝑝𝑝

1 + 𝛼𝛼 𝑃𝑃𝐿𝐿′𝛬𝛬cos𝜃𝜃𝑝𝑝𝐿𝐿′

2

Polarized Λ production

Λ is “self-analyzing” particle due to its parity violation 
Λ→ pπ - decay

Polarization can be extracted just by measuring angular 
distribution of decay protons, without any additional 
scattering

Unpolarized 
distribution

Angle between proton 
momentum and Λ spin 
in Λ rest frame

𝛾⃗𝛾∗ + 𝑝𝑝 → Λ+ 𝑋𝑋
↳ 𝑝𝑝𝜋𝜋−

D. Veretennikov, SPIN 2021

Angular distribution of protons
(in Λ rest frame)

𝑑𝑑𝑑𝑑
𝑑𝑑𝛺𝛺𝑝𝑝

=
𝑑𝑑𝑑𝑑0
𝑑𝑑𝛺𝛺𝑝𝑝

1 + 𝛼𝛼 𝑃𝑃𝐿𝐿′𝛬𝛬cos𝜃𝜃𝑝𝑝𝐿𝐿′

2

Polarized Λ production

Λ is “self-analyzing” particle due to its parity violation 
Λ→ pπ - decay

Polarization can be extracted just by measuring angular 
distribution of decay protons, without any additional 
scattering

Unpolarized 
distribution

Angle between proton 
momentum and Λ spin 
in Λ rest frame

𝛾⃗𝛾∗ + 𝑝𝑝 → Λ+ 𝑋𝑋
↳ 𝑝𝑝𝜋𝜋−

unpolarised (uniform) 
distribution

angle between proton  
momentum and  

Λ spin in Λ rest frame  



MENU 2026 — Oct 22nd, 2026gunar.schnell @ desy.de

Polarization measurement 

15
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Polarization measurement 

acceptance ε distorts distribution 

heavy use of Monte Carlo to correct for acceptance 

major source of systematic uncertainty
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Polarization measurement 

NOMAD: basically 𝟒𝝅 acceptance
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Polarization measurement 

NOMAD: basically 𝟒𝝅 acceptance

COMPASS:  MC simulation of acceptance
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Polarization measurement 

NOMAD: basically 𝟒𝝅 acceptance

COMPASS:  MC simulation of acceptance

HERMES: cancel acceptance effect using two beam helicity states   
                (basically measures spin asymmetry)
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Polarization measurement 

17

Moment method [Phys. Rev. D64 (2001), 112005]:
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1. calculate    and    with  ⟨𝑃𝐵𝑐𝑜𝑠𝜃𝑝𝐿′ 
⟩ ⟨𝑐𝑜𝑠2𝜃𝑝𝐿′ 

⟩ 𝑑𝜔
𝑑𝛺𝑝

= 𝑑𝜔0
𝑑𝛺𝑝 (1 + 𝛼→𝑃

𝛬→𝑘 𝑝)
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Moment method [Phys. Rev. D64 (2001), 112005]:

1. calculate    and    with  ⟨𝑃𝐵𝑐𝑜𝑠𝜃𝑝𝐿′ 
⟩ ⟨𝑐𝑜𝑠2𝜃𝑝𝐿′ 
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⟩
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⟩
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extended to 3D case
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system of “linear” equations 
 
                 ∑

𝑘
𝐷𝐿𝑘𝑎𝑖𝑘 = 𝑐𝑖

Polarization measurement 

18

∑
𝑘=𝑥,𝑧

𝐷𝐿𝑘⟨
𝐷𝑘(𝑦)𝐷𝑖(𝑦)𝑐𝑜𝑠𝜃𝑘𝑐𝑜𝑠𝜃𝑖

1 + 𝛼⟦𝑃𝐵⟧∑𝑗=𝑥,𝑧 𝐷𝑗(𝑦)𝐷
𝐿𝑗

 𝑐𝑜𝑠𝜃𝑗 ⟩ = 1
𝛼

⟨𝑃𝐵𝐷𝑖(𝑦)𝑐𝑜𝑠𝜃𝑖⟩ − ⟦𝑃𝐵⟧⟨𝐷𝑖(𝑦)𝑐𝑜𝑠𝜃𝑖⟩
⟦𝑃2

𝐵⟧ − ⟦𝑃𝐵⟧2

[𝑎𝑥𝑥 𝑎𝑥𝑧
𝑎𝑧𝑥 𝑎𝑧𝑧][𝐷𝐿𝑥

𝐷𝐿𝑧] = [𝑐𝑥
𝑐𝑧]

Extraction of spin transfer in 3D and unbalanced case:
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𝐷𝐿𝑧] = [𝑐𝑥
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𝐷𝐿𝑘
(0)  calculate  𝑎𝑘

𝑖   𝑎𝑘
𝑖

(0)  solve 𝑎𝑘
𝑖 𝐷𝐿𝑘=𝑐𝑖  𝐷𝐿𝑘

(1) → . . .

Extraction of spin transfer in 3D and unbalanced case:
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to solve given system, an iteration procedure is used 
 

3 steps are sufficient to converge due to    𝛼⟦𝑃𝐵⟧ ∑
𝑗=𝑥,𝑧

𝐷𝑗(𝑦)𝐷
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 𝑐𝑜𝑠𝜃𝑗 ~ 0

Polarization measurement 
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(anti-)Lambda yields at HERMES

HERA-I data of 1999-2000 

HERA-II data of 2003-2007 

DIS cuts  

W2 > 10 GeV2 

0.2 < y < 0.85 

0.8 GeV2 < Q2 < 24 GeV2

19

Background suppression 
▪ leading π rejection  

(in HERMES kinematics proton is always leading): 
▪ h+h- pair background (coming from V1) rejection, 

vertex separation: 
o d(V1,V2) > 6 cm for  

o d(V1,V2) > 10 cm for  

Λ
Λ̄	,	 	,	 			[fixed-taregt	frame]	

    [photon-nucleon	c.m.	frame]	

𝑥 = 𝑄2

2𝑀𝜈
𝑦 = 𝜈

𝐸𝑒
= 𝐸𝑒 − 𝐸′ 𝑒

𝐸𝑒
𝑧 = 𝐸Λ

𝜈

𝑥𝐹 =
𝑝Λ

∥

𝑝Λ𝑚𝑎𝑥

V2
Λ

p

π−

e’

beame
1V
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(anti-)Lambda yields at HERMES

HERA-I data of 1999-2000 

HERA-II data of 2003-2007 

DIS cuts  

W2 > 10 GeV2 

0.2 < y < 0.85 

0.8 GeV2 < Q2 < 24 GeV2 

total number of (anti)Λ is about 40k (6k) 

20

 / ndf 2χ  88.92 / 91

p0        113.2± 608.4 

p1        0.000± 1.116 

p2        0.000190± 0.003021 

p3        133.8±  1473 

p4        223.17± 82.04 

p5        108.4±1045 − 

p6        106.0±  3064 

p7        0.000± 1.116 

p8        0.000036± 0.001426 

1.09 1.1 1.11 1.12 1.13 1.14 1.15
), [GeV]πM(p,
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 / ndf 2χ  88.92 / 91

p0        113.2± 608.4 

p1        0.000± 1.116 

p2        0.000190± 0.003021 

p3        133.8±  1473 

p4        223.17± 82.04 

p5        108.4±1045 − 

p6        106.0±  3064 

p7        0.000± 1.116 

p8        0.000036± 0.001426 

 / ndf 2χ  95.46 / 91

p0        16.8± 488.8 

p1        0.000± 1.116 

p2        0.000054± 0.001532 

p3        9.904e+00± 1.506e+04 

p4        9.145e+00±2.636e+04 − 

p5        7.816e+00± 1.158e+04 

p6        14.20± 53.76 

p7        0.000± 1.115 

p8        0.000595± 0.004395 
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), [GeV]π,pM(
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 / ndf 2χ  95.46 / 91

p0        16.8± 488.8 

p1        0.000± 1.116 

p2        0.000054± 0.001532 

p3        9.904e+00± 1.506e+04 

p4        9.145e+00±2.636e+04 − 

p5        7.816e+00± 1.158e+04 

p6        14.20± 53.76 
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explored in deep-inelastic scattering, they display no evi-
dence of a strong kinematic dependence. One should re-
member, however, that in the theoretical models discussed
above, the !0 hyperon is assumed to be produced directly
from the polarized struck quark, i.e., the contribution from
the heavier hyperon decays is not included in these models
(see subsection IV D).

The HERMES results as a function of xF are presented
in Fig. 5 and Table III.

In order to provide a comparison with other deep-
inelastic scattering experiments, and to illustrate the level
of agreement in the region of overlap, the HERMES data
are shown in Fig. 5 together with data obtained by the
NOMAD experiment [13] at CERN with a 43 GeV
!"-beam. Results from the Fermilab E665 experiment
[15] obtained with a 470 GeV polarized muon beam are
also shown.

The most precise data are the charged-current !"N !
"!0X measurements from NOMAD. The energy of the
NOMAD neutrino beam is similar to the 27.6 GeV positron
beam of the HERMES experiment. However, the spin-
transfer coefficient D!

LL0 presented by HERMES cannot

be immediately compared to the longitudinal !0 polariza-
tion measured by NOMAD. In the framework of the quark-
parton model the polarization for the charged-current !"
interaction may be expressed as [13]:

 P!!!x; y; z" # $
qd!x"G!

1;u!z" $ !1$ y"2q "u!x"G!
1; "d!z"

qd!x"D!
1;u!z" % !1$ y"2q "u!x"D!

1; "d!z"
:

(14)

(Here, qd!x" and q "u!x" represent the number densities for
quarks and antiquarks separately, contrary to the conven-
tion used in the rest of the paper.) The quantity $P!! thus
represents the spin-transfer D!

LL0 from a struck quark to a
!0 hyperon, but for a different mixture of quark flavors
than in deep-inelastic scattering with electron or muon

TABLE II. Measured values of D!
LL0 in bins of z, for xF > 0.

The quoted uncertainties are statistical only. The systematic
uncertainties are on the level of &0:03, as discussed in the text.

z range hzi D!
LL0 , axis 1 D!

LL0 , axis 2

0:05< z < 0:34 0.28 0:09& 0:19 0:06& 0:20
0:34< z < 0:44 0.39 0:19& 0:19 0:21& 0:19
0:44< z < 0:55 0.49 0:12& 0:20 0:13& 0:20
0:55< z < 1 0.66 0:03& 0:23 $0:02& 0:23
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FIG. 5. Dependence of the longitudinal spin-transfer coeffi-
cient D!

LL0 on xF. The HERMES measurements are represented
by the solid circles, while the open symbols represent data from
NOMAD [13] (squares) and E665 [15] (circles). Error bars are
statistical only. As explained in the text, for the neutrino-induced
NOMAD data the quantity plotted is $P!!.

TABLE III. Measured values of D!
LL0 in bins of xF. The quoted

uncertainties are statistical only. The systematic uncertainties are
on the level of &0:03, as discussed in the text.

xF range hxFi D!
LL0 , axis 1 D!

LL0 , axis 2

$0:2< xF < 0:06 $0:05 $0:12& 0:23 $0:16& 0:23
0:06< xF < 0:24 0.15 0:24& 0:18 0:24& 0:18
0:24< xF < 0:42 0.32 0:06& 0:16 0:08& 0:16
0:42< xF < 0:56 0.48 0:30& 0:26 0:33& 0:26
0:56< xF < 1 0.66 0:09& 0:34 $0:13& 0:34
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FIG. 4. Dependence of the longitudinal spin-transfer coeffi-
cient D!

LL0 on z, for xF > 0. The curves represent the phenome-
nological model calculations of Refs. [5,30], as described in the
text. Error bars are statistical only.
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explored in deep-inelastic scattering, they display no evi-
dence of a strong kinematic dependence. One should re-
member, however, that in the theoretical models discussed
above, the !0 hyperon is assumed to be produced directly
from the polarized struck quark, i.e., the contribution from
the heavier hyperon decays is not included in these models
(see subsection IV D).

The HERMES results as a function of xF are presented
in Fig. 5 and Table III.

In order to provide a comparison with other deep-
inelastic scattering experiments, and to illustrate the level
of agreement in the region of overlap, the HERMES data
are shown in Fig. 5 together with data obtained by the
NOMAD experiment [13] at CERN with a 43 GeV
!"-beam. Results from the Fermilab E665 experiment
[15] obtained with a 470 GeV polarized muon beam are
also shown.

The most precise data are the charged-current !"N !
"!0X measurements from NOMAD. The energy of the
NOMAD neutrino beam is similar to the 27.6 GeV positron
beam of the HERMES experiment. However, the spin-
transfer coefficient D!

LL0 presented by HERMES cannot

be immediately compared to the longitudinal !0 polariza-
tion measured by NOMAD. In the framework of the quark-
parton model the polarization for the charged-current !"
interaction may be expressed as [13]:

 P!!!x; y; z" # $
qd!x"G!

1;u!z" $ !1$ y"2q "u!x"G!
1; "d!z"

qd!x"D!
1;u!z" % !1$ y"2q "u!x"D!

1; "d!z"
:

(14)

(Here, qd!x" and q "u!x" represent the number densities for
quarks and antiquarks separately, contrary to the conven-
tion used in the rest of the paper.) The quantity $P!! thus
represents the spin-transfer D!

LL0 from a struck quark to a
!0 hyperon, but for a different mixture of quark flavors
than in deep-inelastic scattering with electron or muon

TABLE II. Measured values of D!
LL0 in bins of z, for xF > 0.

The quoted uncertainties are statistical only. The systematic
uncertainties are on the level of &0:03, as discussed in the text.

z range hzi D!
LL0 , axis 1 D!

LL0 , axis 2

0:05< z < 0:34 0.28 0:09& 0:19 0:06& 0:20
0:34< z < 0:44 0.39 0:19& 0:19 0:21& 0:19
0:44< z < 0:55 0.49 0:12& 0:20 0:13& 0:20
0:55< z < 1 0.66 0:03& 0:23 $0:02& 0:23
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FIG. 5. Dependence of the longitudinal spin-transfer coeffi-
cient D!

LL0 on xF. The HERMES measurements are represented
by the solid circles, while the open symbols represent data from
NOMAD [13] (squares) and E665 [15] (circles). Error bars are
statistical only. As explained in the text, for the neutrino-induced
NOMAD data the quantity plotted is $P!!.

TABLE III. Measured values of D!
LL0 in bins of xF. The quoted

uncertainties are statistical only. The systematic uncertainties are
on the level of &0:03, as discussed in the text.

xF range hxFi D!
LL0 , axis 1 D!

LL0 , axis 2

$0:2< xF < 0:06 $0:05 $0:12& 0:23 $0:16& 0:23
0:06< xF < 0:24 0.15 0:24& 0:18 0:24& 0:18
0:24< xF < 0:42 0.32 0:06& 0:16 0:08& 0:16
0:42< xF < 0:56 0.48 0:30& 0:26 0:33& 0:26
0:56< xF < 1 0.66 0:09& 0:34 $0:13& 0:34
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cient D!

LL0 on z, for xF > 0. The curves represent the phenome-
nological model calculations of Refs. [5,30], as described in the
text. Error bars are statistical only.
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result of less suppressed anti-s contribution 
to anti-Lambda production in SIDIS?
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hyperon production fruitful field due to flavor structure and spin degrees of freedom

first NNLO extraction of Lambda FFs based on e+e- and NC&CC SIDIS data 

MAPFF1.0_Lambda FF set underpins dominant role of strange quarks

weak decay allows for unique insights into spin-dependence of hadronization

HERMES in good position to measure beam-spin dependent hyperon polarization due to 
frequent reversal of beam helicity 

reduction of systematic uncertainties from detector acceptance

preliminary results from 1999-2007 data on longitudinal and longitudinal-to-transverse 
spin transfer to Lambda and anti-Lambda shows no significantly non-zero spin transfer 
coefficients 

potentially consequence of up-quark dominance in contrast to strange-quark dominance 
at LEP (where large longitudinal polarization was observed) 

global trend of rise with xF for anti-Lambda suggestive for substantial strange G1
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Figure 9. Comparison at NLO of the MAPFF1.0_Lambda FFs with DSV [41], AKK08 [43], as well as
NPC23 [44], for Q = 5GeV and for d+, u+, s+, c+, b+, g.

6 Summary

This work presents a global extraction of Λ FFs from experimental data carried out, for the
first time, at NNLO accuracy in perturbative QCD. Our analysis includes data for single-
inclusive electron-positron annihilation (SIA) and semi-inclusive deep-inelastic scattering
(SIDIS). The latter process features, for the first time, both neutral- and charged-current
data. This allows for the first determination of Λ FFs that treats Λ and Λ̄ separately, offering
new insights into the hadronisation mechanism of strange baryons, and establishing a baseline
for future phenomenological and experimental investigations. In particular, our results are
suitable for phenomenological applications in the context of TMD extractions.

– 18 –

Lambda fragmentation – a window to strangeness


