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Single-hadron TMD™) fragmentation functions
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Single-hadron TMD*) fragmentation functions

*)TMD ... fransverse-momentum dependent

quark pol.

¥ relevant for unpolarized final state

helicity FF
(longitudinal
spin transfer)
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} polarized final-state hadrons

transversity FF

polarizing FF (transverse spin transfer)

= FFs act as quark flavor-tagger and polarimeter

FF ... fragmentation function
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Why Lambda?

sensitive to
spin-dependent

its weak decay: fragmentation

easy-to-use polarimeter

lowest-mass hyperon:

relatively low yield largest production rate

compared to light

mesons
quark models:
AT genhérated : .
spin carried
strange valence by s quark:

structure ud unpolarized
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Lambda fragmentation - a window to strangeness
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Al

PUBLISHED FOR SISSA BY ¢) SPRINGER

I

RECEIVED: May 26, 2026
REVISED: July 30, 2026
ACCEPTED: August 31, 2026
PUBLISHED: October 8, 2026

First next-to-next-to-leading-order extraction of
fragmentation functions for A hyperons
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ABSTRACT: We present MAPFF1.0_Lambda, the first global analysis at next-to-next-to-leading

order in perturbative QCD of the collinear unpolarised fragmentation functions of A hyperons.

The fit is based on data from single-inclusive electron-positron annihilation, and from both
neutral-current and — for the first time — charged-current semi-inclusive deep-inelastic
scattering. We have adopted a statistical framework based on Monte Carlo sampling and
parametrised fragmentation functions in terms of a neural network. The fragmentation
function set comprises a total of seven independent parton flavours, allowing for the first
independent determination of valence-quark distributions. Our analysis offers new insights
into the hadronisation mechanism of strange baryons and establishes a baseline for future

phenomenological and experimental investigations.

MENU 2026 — Oct 22nd, 2026



Lambda fragmentation - a window to strangeness
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Motivation

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

State of the art of A collinear unpolarised fits

Collaboration

DSV (1998) SIA
Phys. Rev. D 57, 5811
AKK (2006) SIA
Nucl. Phys. B, 734
(2008) SIA,
Nucl. Phys. B 803 pp collisions
NPC23 (2025)
Phys. Rev. D 112, Slé;ﬁ:gfr;s
054045 PP

SIA,

MAPFF1.0_A (2026) (o (NC and CC)

Alessia Bongallino

Flavour separation

QCD Evolution 2026

Accuracy

NLO

NNLO

5

Extracted particle

A+ A

[JHEP10(2026)089]
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Lambda fragmentation - a window to strangeness

Motivation

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

State of the art of A collinear unpolarised fits

Collaboration Flavour separation Accuracy Extracted particle
DSV (1998) L
Dhoia Do, DNE7 £011 SIA I/l—d—S ( \
Inclusion of all available SIDIS IGSt independent determinatiD SIDIS data allow to reliably
neutral-and - for the first time - of valence-quark distribution for extract for the first time FFs
k charged-current data K\ the A, i.e., for u, d. s J \ for A and A separately J
NPC23 (2025)
Phys. Rev. D 112, S'é;) ﬁi'gfr;s u=d
054045 PP

SIA, _

. v A, A
MAPFF1.0_A (2026) SIDIS (NC and CC) NNLO

[JHEP10(2026)089]
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Lambda f
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Experimental data

Experiment Vs [GeV] N é:g‘/_&
SIA
ARGUS 10.0 16
Belle 10.52 15
TASSO14 14.0 3
TASSO22 22.0 4
TASS0O33.3 33.3 5
TASSO34 34.0 7
TASS0O34.8 34.8 10
TASSO42.1 42.1 4
CELLO 35.0 7
MARK 1I 29.0 13
HRS 29.0 12
SLD 91.2 15
91.2 8
91.2 8
91.2 8
ALEPH 91.2 25
DELPHI91 91.2 10
OPAL 91.2 15
Experiment Vs [GeV] N+ Niw
Neutral-Current SIDIS
CHIO 20.6 3+ 4
EMC 23.5 4+ 3
E665 30.3 3+ 3
H1 1996 300 2
ZEUS 10—-40 319 1
ZEUS 40—160 319 2
ZEUS 160—640 319 4
ZEUS 640—2560 319 3
ZEUS 2560—10240 319 1
Charged-Current SIDIS
WA59 9.2 6+ 0
NOMAD 9.3 6+ 7
ABCMO 23.5 4+0
Total 241

Alessia Bongallino
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SIA. Rangein \/E spans from 10 GeV to M,

SIDIS Measurements for neutral- and charged-current

Datasets delivered as the sum of A and A

Data provided separately for A and A

QCD Evolution 2026
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Lambda fragmentation - a window to strangeness

Fit quality

2 2 NOMAD A - ZEUS 160—640 AA

Experiment Naat Xl\{i\gat XNI/\IZ? 10° ; MAPFFL0_A T ; MAPFF1.0_A

CHIO A 3 0.56 0.55 Z|2 100 %LE BE
CHIO A 4 1.11 1.03 —l= s SO B
EMC A 4 1.19 0.83 1072 10
E665 A 3 0.50 0.48 =R CRERY T RN o
E665 {\ 3 1.00 1.27 = 05 0.2 0.4 0.6 0.8 1.0 = 05 0.2 0.4 0.6 0.8
H1 AA p 1.18 1.01 2 2
ZEUS AA 10-40 1 < 0.01 < 0.01
ZEUS AA 40-160 2 0.61 0.75 0% eeea, t - Belle AA ts } CrELLO AA
- ° . I MAPFF1.0.A ol 3 I MAPFF1.0A
ZEUS AA 160-640 4 1.07 0.81 = 107 e | o 10 i
ZEUS AA 640-2560 3 0.46 0.37 S . . N i
ZEUS AA 2560-10240 1 0.03 0.03 =S * = o1 }
WAB9 A 6 0.34 0.33 104 ] 1

NOMAD A 6 1.36 1.85 g 12 ¥E! o 19 {\

NOMAD A 7 0.14 0.18 3 Oé“l“iﬁ'i'il'ffi'i'f' - 'H'% """ 3 Oé "{H_%"T """" ‘} """"""
ABCMO A 4 4.05 3.05 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6

ARGUS 16 1.49 1.55 : :

Belle 15 1.13 1.26 100_'\.... § ALEPH AA '-‘ I OPAL AR
TASSO 14 3 0.23 0.23 oo I MAPFF1.0.A 100 ‘-._ I MAPFF1.0A
TASSO 22 4 0.48 0.49 5|5 107 T, ) oK "

TASSO 33 5 0.78 0.78 —1& ] . =& 51 *

TASSO 34 7 0.57 0.56 .
TASSO 34.8 10 2.79 2.75 101_;’: ¥ . i
TASSO 42.1 4 1.13 1.12 '4;96 '1.5....“.--.-!--}--;----*----{ ----- +--- '% '1-m!-g---.}---_{____.}____.I,____{\__-

HRS 12 0.82 0.82 = 08 : : : : =08 : —i :

0.2 0.4 0.6 0.8 0.2 0.4 0.6

MARK II 13 1.47 1.47 Z ,

CELLO 7 0.52 0.51
ALEPH 25 0.48 0.44
DELPHI 91.2 10 2.62 2.58 )(2 = 1.10 at NLO, ){2 — 1.09 at NNLO

OPAL 15 1.04 1.04

SLD 15 0.24 0.25
SLD UDS 8 2.30 2.02 , . ,

SID C 9 531 519 Quality of the fit stable when going at NNLO

SLD B 8 0.50 0.80 Slight improvement for the majority of the datasets

Total 241 1.10 1.09

Alessia Bongallino QCD Evolution 2026 0
T — T —————————————
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Lambda fragmentation - a window to strangeness

Valence quarks

0307 MAPFF1.0_A
0.25 Q) =5GeV ® Dominance of the strange
_______ A quark over the entire z
it ist ith th
range: consistency wi e
2D}, .
’ quark composition of the A
ZD{\,S

® Fragmentation of u or d into

. A is less pronounced

compared to s-quark

fragmentation, the

=5 10-;L distributions show a similar
S 5 \ shape
== Z
Q .
012 | | | 014 | | | 016 | | | 0?8 | | | 1.0
Z
[JHEP10(2026)089]
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Longitudinal polarization in fragmentation?

[PRD 57 (1998) 5811]

e ALEPH
o DELPHI
» OPAL

gunar.schnell @ desy.de

scenario 1
----- scenario 2 NLO :
-------- scenario 3
] A T N T
0.1 0.2 0.3 04 x_. 05

@ l|arge longitudinal polarization in e*e- at LEP

w G520
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Longitudinal polarization in fragmentation?

- [PRD57(1998) 5811,
A
02 F A * ALEPH - ® large longitudinal polarization in e*e- at LEP
; o DELPHI -
|l aopaL - = 6120
) 0 | @ Z0 decay produces pairs of highly polarized strange
(anti)quarks
@ in simple quark models, the A spin is carried by
02 - . .
I strange quarks; the ud pair has zero spin.
e , @ suggests strong spin transfer from a polarized
04 | NLO ¢ - strange quark to A
- - - - - scenario 2 1 :
-------- scenario 3
0.6 T BT R S RS T IS B
0.1 0.2 0.3 04 x. 05
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Longitudinal polarization in fragmentation?

- [PRD57(1998) 5811,
A : : : L
02 F A * ALEPH - ® large longitudinal polarization in e*e- at LEP
; o DELPHI -
|l aopaL - = 6120
) 0 | @ Z0 decay produces pairs of highly polarized strange
(anti)quarks
@ in simple quark models, the A spin is carried by
02 - . .
I strange quarks; the ud pair has zero spin.
e , @ suggests strong spin transfer from a polarized
04 NLO ¢ - strange quark to A
- - - - - scenario 2 1 :
"""" scenario 3 | @ in DIS, mainly scattering of f u (and d) quarks
0.6 T BT R S RS T IS B
0.1 0.2 0.3 04 x. 05
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Lambda production in DIS

A production
plane
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Lambda production in DIS

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

ey PA
PA = p.D.( 2. engflq(xB)qu(Z) -
Z — ' B¥Z Y) 2 q q P2 - longitudinal
Zq equfl (xB)Dl (Z) JA\ pr()ducti()n polarization

plane
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Lambda production in DIS

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

A
2 q 1(1)q P, - spontaneous transverse
M ZCI €q xBfl (xB)DlT (Z) (out of plane) polarizatio

Py = Dy (y)
' Q Yqelixpf, (xp)D](2)
2 eszfq(x )Gq(Z)
Pé\ — PBDZ(y) 1 Z 1q Z 1q Pé‘-longitudinal
Zq eq xBfl (xB)Dl (Z) JA\ pr()ducti()n polarization

plane
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Lambda production in DIS

MY esxge (xg)H/ (2) N MA Y eixpf! (xp)Gy (Z)}

A=_p.D
Py sDx(y) {Q . engﬁCI(xB)Df(Z) Q X engflq(xB)Df(Z)

A
2 q 1(1)q P, - spontaneous transverse
M ZCI €q xBfl (xB)DlT (Z) (out of plane) polarizatio

Py = Dy (y)

Y ' Q Xg engflq(xB)Df(z)
Yqeixpf, (xp)G{ (2)

Pé\ZPBDZ(y) 1 Z Bflq & 1q Pé‘-longitudinal
Zq equfl (xB)Dl (Z) A pr()ducti()n polarization

P)’(1 - transverse polarization
in production plane

plane
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Lambda production in DIS

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

MY esxge (xg)H] (2) N MA Y eixpf! (xp)Gy (Z)}

P2 = —PyD
X B X(J’) {Q Zq engff(xB)qu(Z) 9, Zq engflq(xB)Df(Z)

A
2 q 1(1)q P, - spontaneous transverse
M ZCI €q xBfl (xB)DlT (Z) (out of plane) polarizatio

Py = Dy (y)

rTTYQ Y, e2xgfl(xp)DI(2)
Yqeaxpf (xp)G] (2)

Pé\ :PBDZ(y) 1 Z 5 1q Z 1q Pé‘-longitudinal
Zq equfl (xB)Dl (Z) JA\ pr()ducti()n polarization

P)’} - transverse polarization
in production plane

plane

@ access to several novel spin-dependent FFs

@ Y-component of polarization ("self-polarization®) not correlated with beam polarization Pg
= drops out in beam-spin asymmetries

@ concentrate on longitudinal-to-longitudinal and longitudinal-to-transverse spin transfer
gunar.schnell @ desy.de 11 MENU 2026 — Oct 22nd, 2026



HERMES (1995-2007) @ HERA (DESY)

Longitudinal

Spin Rotator

Spin Rotator

Transverse

Rotator

pin

Polarimeter
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HERMES (1995-2007) @ HERA (DESY)

Comparison of rise time curves

— 80
|
S 7+ Transverse Polarimeter
E - 4 Longitudinal Polarimeter | | |
o= | 4 |
= 60 % W%
= ity
o I ﬁ
=W ‘ # +
- :
40
*@r
t
' i
20
\
Spin Rotator é@&%
0 é T

Time [hours]
Transverse

Polarimeter A

| / Dirgiglon
€ . .
—— P & beam polarization measured

independently by two polarimeters

M excellent agreement
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HERMES (1995-2007) @ HERA (DESY)

o] T
o G ; R
Rssssses] S essesesd
= = 2

Spin Rotator

Spin Rotator
Transverse
Polarimeter N A
T eam
e 4/p Direction
/

gunar.schnell @ desy.de 12

Comparison of rise time curves

— 80
S i
E 7+ Transverse Polarimeter
E - 4 Longitudinal Polarimeter | | |
o= | 4 |
= 1AL T i
> RV ‘ o ﬁ
=W ‘ # +
- :
40
%F
t
' i
20
\
\H
a
0 8 i

Time [hours]

M beam polarization measured
independently by two polarimeters

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

27.6 GeV polarized e*/e- beam scattered off ...

Q? [GeV?]

W H U1 ONOOo

L] IIIIIII

| IIIIII
—h
o
N

™ 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

gunar.schnell @ desy.de 13 MENU 2026 — Oct 22nd, 2026




- Polarization measurement
yV*+p-A+X

b pTT”
dN  dN,
= 1 + a P{,cos@ e’
do, da, ( (7050 _
€ — —>
[ &
| | angle between proton 3 S ]
unpolarised (uniform) momentum and I e e
distribution A spinin A rest frame £ /_'
p /

@ “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

gunar.schnell @ desy.de 14 MENU 2026 — Oct 22nd, 2026



V' +p-oA+X
b pr”

dN

da,

unpolarised (uniform)

dN,

da,

/

distribution

gunar.schnell @ desy.de

(1+ aPficosb,;,)

tilts the uniform
distribution

15

Polarization measurement

3.5-

3__

47t acceptance

Unpolarized P2 =0
Polarized PA=0.5
Polarized PA=—-0.5

I I I I

oF

2 0 02 04 06 08 1

cosB ;.
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Polarization measurement

PV +p-oA+X

10, _ 10, (1+ aPﬁcosepL,) ®€(O,1)

1

3.5¢
- 47t acceptance
— 3l
L prt | A
»5F Unpolarized P* =0
L Polarized PA=0.5

of Polarized PA=-0.5

0

Illlll

—

7 N,
%105 060402 0 02 04 06 05 1
unpolarised (uniform) tilts the uniform . o,
distribution distribution HERMES acceptance
2.

3,
. Unpolarized P2 =0
5[%, °. Polarized PA=0.5
: : : : - .‘"..'-. Polarized PA=-0.5
@ acceptance € distorts distribution 25, o,
SN
1.5_— e
@ heavy use of Monte Carlo to correct for acceptance :
-
@ major source of systematic uncertainty 05
0: I I | |
1 0.8 0.6 0.4 0

| 1 1 L1 || I | | |
. . 2 0 02 04 06 08 1
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- Polarization measurement
yV*+p-A+X
Ny

dN  dN, ;
o= 201 aPfcostyy) ©2(6,1

/ f

unpolarised (uniform) tilts the uniform
distribution distribution

@ NOMAD: basically 47 acceptance
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- Polarization measurement
yV*+p-A+X
Ny

dN  dN, ;
o= 201 aPfcostyy) ©2(6,1

/ f

unpolarised (uniform) tilts the uniform
distribution distribution

@ COMPASS: MC simulation of acceptance

gunar.schnell @ desy.de 16 MENU 2026 — Oct 22nd, 2026



- Polarization measurement
yV*+p-A+X

Ny
x10°
14 HERA 1, P, ~60%
dN 5 dN, (1 a0 PAcosd ) ®8(9 ) | HERA 2, Pzeam~40% J
dﬂp dﬂp L pL/ pL 12-_ 1
10- .
/ f ; |
unpolarised (uniform) tilts the uniform - ‘[\ 1
distribution distribution 4-
¥ s
0.lr u

06 04 02 02 04 06
PB

® HERMES: cancel acceptance effect using two beam helicity states

(basically measures spin asymmetry)
gunar.schnell @ desy.de 16 MENU 2026 — Oct 22nd, 2026



Polarization measurement
Moment method [Phys. Rev. D64 (2001), 1120057
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Polarization measurement
Moment method [Phys. Rev. D64 (2001), 112005]:

1. calculate (PpcosO ;) and {(cos20 ;) with ——(1+ PAk
. calculate 0s0 ;) a CcOS Y Wi = o
B L rk dS2 ds2 P

P P

gunar.schnell @ desy.de 17 MENU 2026 — Oct 22nd, 2026



Polarization measurement
Moment method [Phys. Rev. D64 (2001), 112005]:

. dw dw —>A>
1. calculate (PgcosB,;) and (cos26,;) with = l+aP k,

a2, dQ,
1
2. in simple 1D case and helicity-balanced data sample: I]PBH = ot JPB d =0

| Ps| (cosb, L'>o +aD; ;| Pg| (cos?0, L’>o [Py]=0
1+ aD; L/I]PB]] (cosd, L'>o

(Pgcosb,; ) = aD; L,HP%]] (cos26 L'>o

p

(cos?0, L'>o + aD; L,HPBH (cos36,; )
(cos?0,; /) = =  (cos26 L'>0
1 +aD; L’”PBH (cosb, L'>o
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Polarization measurement
Moment method [Phys. Rev. D64 (2001), 112005]:

. dw dw —>A>
1. calculate (PgcosB,;) and (cos26,;) with = l+aP k,

a2, dQ,
1
2. in simple 1D case and helicity-balanced data sample: I]PBH = ot J'PB d =0
[[PB]] (cosO, ;) + aDLL,HP%[I (cos20 ;) P.l—0
(Pgcosb,; ) = — 0 Ny aD; ;|| Pg| (cos26,, )
1 +aD; L/I]PB]] (cosd, L'>o
(cos?0, L'>o + aD; L,HPBH (cos30, L'>o 1P,] =

1 +aD; L’HPBH (cosb, L'>o
1 (PpcosO,; )
a|Py| (cos?0,.)
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Polarization measurement
Moment method [Phys. Rev. D64 (2001), 112005]:

1. calculate (PpcosO ;) and {(cos20 ;) with ——(1+ PAk
. calculate cosO ;) and {(cos Y Wi = o
B L L ds2 ds2 P

P P

2. in simple 1D case and helicity-balanced data sample: I]PBH = J'PB d =0

| Ps| (cosb, L'>o +aD; ;| Pg| (cos?0, L'>o [Py]=0
1+ aD; L,I]PB]] (cosd, L'>o

(Pgcosb,; ) =

(cos?0, L'>o + aD; L,HPBH (cos36,; )

1 +aD; L’HPBH (cosb, L'>o

1 (PpcosO,; )
a|Py| (cos?0,.)

® slightly more complicated iteration procedure used in case of unbalanced Py
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Polarization measurement
Moment method [Phys. Rev. D64 (2001), 112005]:

1. calculate (PpcosO ;) and {(cos20 ;) with ——(1+ PAk
. calculate cosO ;) and {(cos Y Wi = o
B L L ds2 ds2 P

P P

2. in simple 1D case and helicity-balanced data sample: I]PBH = J'PB d =0

| Ps| (cosb, L'>o +aD; ;| Pg| (cos?0, L'>o [Py]=0
1+ aD; L,I]PB]] (cosd, L'>o

(Pgcosb,; ) =

(cos?0, L'>o + aD; L,HPBH (cos36,; )

1 +aD; L’HPBH (cosb, L'>o

1 (PpcosO,; )

DA, = -
LL a|Py| (cos?0,.)

® slightly more complicated iteration procedure used in case of unbalanced Py

@ extended to 3D case
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Extraction of spin transfer in 3D and unbalanced case:

@ system of "linear” equations

Z Dy pay = ¢
k

gunar.schnell @ desy.de

Polarization measurement

Dk(y) D, (y) cos0,cos0,

RCT

HPBH ijx,z D j( y) D cost, >

J

i <PBD( )cosé’> HPBH< ( )005«9>

04

73] - [P

18
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Extraction of spin transfer in 3D and unbalanced case:

@ system of "linear” equations
Z Dy pay = ¢
k

® coefficients g;, are dependent from D; . (unless helicity balance HPBH =0)

gunar.schnell @ desy.de

Polarization measurement

Dk(y) D, (y) cos0,cos0,

RCT

HPBH Zj:x,z DJ’

Lj

)

(y)l) cos0,

i <PBD( )0056’> HPBH< ( )005«9>

73] - [P

ax X
aZX

ax %
aZ %

DLx
DLZ

-1

18
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Extraction of spin transfer in 3D and unbalanced case:

)

(y)l) cos0,
@ system of "linear” equations

Z Dy pay = ¢
k

® coefficients g;, are dependent from D; . (unless helicity balance HPBH =0)

Polarization measurement

Dk(y) D. (y) cos0,cos0,

RCT

D

aHPBH ijx,z J

Lj

i <PBD( )cosé’> HPBH< ( )cos«9>

04

73] - [P

|

é)
a

XX

ZX

ax %
aZ %

DLx
DLZ

|

@ denominator in matrix elements are close to unity

gunar.schnell @ desy.de
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Polarization measurement

Extraction of spin transfer in 3D and unbalanced case:

< D,(») D,(»)costeost > | (PaDi(v)eost) — [P {Di(v)cost,)

aHPBH Zj=x,z Dj(y) DLj COSHj } ’ HPI%’” o ”PBH

Z Dy

@ system of "linear” equations
axx axz DLx
Z DLkaik — Cj azx azz DLZ
k

® coefficients g;, are dependent from D; . (unless helicity balance HPBH =0)

|
e —
o O
N =
——

@ denominator in matrix elements are close to unity

@ to solve given system, an iteration procedure is used

calculate a* 0) solve 4D, =c
DLk(O) > a-k( ) LN DLk(l)

l
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Polarization measurement

Extraction of spin transfer in 3D and unbalanced case:

< D,(») D,(»)costeost > | (PaDi(v)eost) — [P {Di(v)cost,)

aHPBH Zj=x,z Dj(y) DLj COSHj } ’ HPI%’” o ”PBH

Z Dy

@ system of "linear” equations
axx axz DLx
Z DLkaik — Cj azx azz DLZ
k

® coefficients g;, are dependent from D; . (unless helicity balance HPBH =0)

|
e —
o O
N =
——

@ denominator in matrix elements are close to unity

@ to solve given system, an iteration procedure is used

calculate a* 0) solve 4D, =c
DLk(O) > a-k( ) LN DLk(l)

l

@ 3 steps are sufficient o converge due to a||Pg| Z Dj(y)DLj cos; ~ 0
j=Xx,Z
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(anti-)Lambda yields at HERMES

® HERA-I data of 1999-2000
® HERA-II data of 2003-2007

" | ) I : e
-
-
-
-
-
-
-
-
-
-
-
-
.-
-

@ W2>10 GeV?
@ 02<y<0.85

Background suppression

@ 0.8 6GeV2i« Q2«24 GeVe

» leading i rejection
(in HERMES kinematics proton is always leading):

= h*h- pair background (coming from V;) rejection,
vertex separation:

O d(Vl,VZ) >6 cm for JAN
0* v E —E EA

= , y=—=————,z=—[fixed-taregt frame A
omv' Y T E z=— 1 8 J o d(Vy,V,)>10 cm for A
A
Xp = | [photon-nucleon c.m. frame]

A
Pmax

X
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(anti-)Lambda yields at HERMES

® HERA-TI data of 1999-2000
® HERA-IT data of 2003-2007
@ DIS cuts

@ W2510 GeV?

@ 02<y<0.85

@ 0.8 6GeV2i« Q2«24 GeVe

@ total number of (anti) A is about 40k (6k)

Q* v E—-F EN
X = , Y = = , 2z = —— [fixed-taregt frame]
2Mv E, E, Y
A
Xp = A” [photon-nucleon c.m. frame]
pmax

gunar.schnell @ desy.de

4000

3500)

3000

2500

2000

1500

10001

500/

0

HERMES preliminary | * /" 88.92/91

B ﬁ pO 608.4 = 113.2
p1 1.116 = 0.000

— A p2 0.003021 + 0.000190
p3 1473 = 133.8

| p4 82.04 = 223.17
PS5 -1045 = 108.4

B p6 3064 + 106.0
p7 1.116 = 0.000

P8 0.001426 + 0.000036

1.09 1.1 111 112 113 114 1.5
M(p,7), [GeV]

20

600

500

400

300

200

100

HERMES preliminary

2 [ ndf 95.46 / 91

pO 488.8 +16.8
p1 1.116 +0.000
|
p2 0.001532 =+ 0.000054

p3 1.506e+04 = 9.904e+00
|

I* p4 -2.636e+04 = 9.145e+00

p5 1.158e+04 = 7.816e+00

p6 53.76 = 14.20

+ p7 1.115 +0.000

1 p8 0.004395 = 0.000595

L

1.09 1.1 1.1

[one data-taking period]

112 1143 114 1.15
M(p,), [GeV]
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fl® GT
X
LZ f@DiI

Longitudinal Spin Transfer
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0.6 T
0.4 |

0.2 |

0.2 |
0.4 |
-0.6 |

-0.8

1.2 |

Improvements from previous publication

PHYSICAL REVIEW D 74, 072004 (2006)

T g

. ® HERMES (eN —e’AX) |
- O NOMAD (v,N ~puAX)

- O E665 (LN —’AX)

-0.5 0

21
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S Improvements from previous publication

LZ f{] R Dcll

PHYSICAL REVIEW D 74, 072004 (2006) A
0.6 [ — N _ HERMES preliminary
- <04

. o4 L o "
Q T -
[ & L 0.2 ¢
% 0.2 [ % % T | 0
s Ly || s 0 -
- I
- ® —0.2-
(g- 0.2 :
= ! 0 — 0.4
c 04r W HERMES D preliminary
S o6 —0.6- 4 HERMES 96-97* |
= . @ COMPASS*
g’ 0g [ ©® HERMES (eN —e'AX) —0.8- ¢ NOMAD*
3 0 NOMAD (v,N ~pAX) _1:_ 8 E665*

-1 — O E665 (N —=1’AX) - *rescaled to o = 0.747 X

'1-2__ | |c|) | _1'2'_..1...,1....1.
-1 -0.5 0 0.5 1 -0.5 0 0.5
Xe XF

@ PDG updated values of asymmetry parameter m rescaled older results that used previous +0.642
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{8 G Improvements from previous publication

A A

< ﬂ 0.4: ] < 5 O 4__ HERMES preliminary |
Q 0.2} j: . | = R ‘ |
: O 0.2 o O :
0+#‘}‘+# | ¢ Q. - # |
—0.2;- % OF ] + L
_04— —0.2" %
06" —0.4; "
B HERMES D preliminary
-0.8/ | —0.6- 4 HERMES 96-97* |
1 B HERMES H 08 ® COMPASS*
— ¥ + HERMES 96-97* —U.0" ¢ NOMAD*
1.2t 3¢ CLAS12 s 8 E665*
® E665” i *rescaled to o. = 0.747 ®
-1 .4_‘ | *rescaled to oo = 0.747 1 2_
0 02 04 06 05 0 05
Xe Xe

@ PDG updated values of asymmetry parameter m rescaled older results that used previous +0.642

@ separate results for H and D targets
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i ® Gf
LZ X
J1 ® Df

<J1.2

0.8
0.6
0.4
0.2

_0.2
—0.4/
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Improvements from previous publication

A

A

HERMES preliminary

1 HERMES D preliminary
- O COMPASS*

> NOMAD*

$3 E665*

*rescaled to o =-0.757

1111111111111111111

< N ] HERMES preliminary
- }
A 0.4: -
0.2 ¢ . 1
| ¢ ¢
0o o maf 5
0.2 - o
0.4 |
i B HERMES D preliminary
—0.6f 4 HERMES 96-97* |
: ® COMPASS*
08" ¢ NowmaD*
_1'_ 8 E665”
i *rescaled to o = 0.747 x
—1.2¢
0.6 -0.5 0 0.5
Xe

@ PDG updated values of asymmetry parameter m rescaled older results that used previous +0.642

@ separate results for H and D targets

@ results for anti-A
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{8 G Improvements from previous publication

X
LZ f{l Q Dg

A
< ﬂ ] HERMES preliminary
120 1 HErmes D preliminary
1+ O COMPASS*
- NOMAD* &
0.8° & E665° | | |
06 roscaled (0 o = 0,757 Clear rise of spin transfer:
04 = result of less suppressed anti-s contribution
0 2 | 23#2# 7! to anti-Lambda production in SIDIS?
i IR
0.2 ¢
0.4/
-04 -0.2 0 0.2 04 0.6

@ PDG updated values of asymmetry parameter m rescaled older results that used previous +0.642
@ separate results for H and D targets

@ results for anti-A
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ool e Improvements from previous publication

DLX
1®Df  fi®Df

A A
¢ _ HERMES preliminary B o4 _ HERMES preliminary
< Py
(3 0.60 O HERMES D preliminary 0 0.6/
- () NOMAD* :
0.4_‘ *rescaled to o =-0.757 “ 04_
0.2" | | 0.2f . . |
9 * | T m
O - [] 0 .+¢
-0.2 Y 0.2 B HERMES D preliminary
04 0.4 & NOMAD®
- *rescaled too = 0.747
-06 06 .
-04 -0.2 0 0.2 0.4 0.6 -04 -0.2 0 0.2 0.4 0.6
X Xg

first more detailed exploration of current fragmentation region for
longitudinal -to-transverse spin transfer
e.g., sensitivity to twist-3 e(x) and transversity FF Hi(z)
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conclusions

@ hyperon production fruitful field due to flavor structure and spin degrees of freedom
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conclusions

@ hyperon production fruitful field due to flavor structure and spin degrees of freedom
® first NNLO extraction of Lambda FFs based on ere- and NC&CC SIDIS data
@ MAPFF1.0_Lambda FF set underpins dominant role of strange quarks
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conclusions

@ hyperon production fruitful field due to flavor structure and spin degrees of freedom
® first NNLO extraction of Lambda FFs based on ere- 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
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conclusions

@ hyperon production fruitful field due to flavor structure and spin degrees of freedom
® first NNLO extraction of Lambda FFs based on ere- 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 xr for anti-Lambda suggestive for substantial strange 61
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Thank you!



pack-up



Lambda f
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ragmentation - a window to strangeness

[arXiv: 2605.05314]
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