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Introduction

Collinear unpolarised fragmentation functions

Describe the non-perturbative hadronisation of a quark or a gluon into
an observed hadron.

Carry information on the fraction z of longitudinal momentum that the
hadron has inherited from the parent parton.

, , , , e New experimental measurements
Universality — Extraction from different processes

e [ncreasing accuracy in calculation
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Next-to-next-to-leading order of perturbative accuracy

SIA [Rijken, van Neerven (1996, 1997)]

SIDIS [Bonino, et al., Phys. Rev. Lett. 132 (2024) 251901, Goyal et al., Phys. Rev. Lett. 132 (2024) 251902]

PP ‘M. Czakon, Phys. Rev. Lett. 135, (2025) 17|
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Pions and kaons are the most studied extractions. Improving the determination of FFs is essential to
achieve a more complete understanding of the hadronisation process.
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Collaboration Flavour separation Extracted particle
DSV (1998) S|IA Uu=d=sgs
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Nucl. Phys. B, 734 _
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NPC23 (2025) SIA, SIDIS, U=
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achieve a more complete understanding of the hadronisation process.

Lightest strange baryon : A hyperon

Collaboration Flavour separation Extracted particle
DSV (1998) S|IA Uu=d=sgs
Phys. Rev. D 57, 5811
Nucl. Phys. B, 734 _
(2008) SIA, A+A
Nucl. Phys. B 803 pp collisions
NPC23 (2025) SIA, SIDIS, u=d
Phys. Rev. D 112, 054045 pp collisions
MAPFF1.0_A (2026) SIA, v A, A

SIDIS (NC and CC)
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Theoretical framework

Single-inclusive electron-positron annihilation

@?

A(Py)

et(k) +e (k) = A(Py) +X

SIA kinematics
2Py - q
Q°=q" z= i

Vs =0

Differential cross section

do"  Ama*(Q)

h
d_z — 02 F2 (2, Q)
Fragmentation structure function
| &
F(z,0) =— D 2A0) [cg . (2.0(Q)) @ D' (2.Q) +C35 (2. a,(Q)) ® D} s (2. Q) + G5, (z.a4,(Q)) @ D, (. Q)]
J q

De Florian et al, Phys. Rev. D 57, 5811 (1998)
NNPDF Collaboration, Eur.Phys.J.C 77 (2017) 8, 516
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Theoretical framework

Semi-inclusive deep-inelastic scattering

£(k) + N(P) = (k) + A(Py) + X
7 \(Pr)
1 SIDIS Kinematics

Q2

2
N 2p - q
S P-P 0*

Z:
P-q Y XS

\»
(\&]
|

Differential cross section

d o Aror?

dxdQdz - xQ3 Y, Fr(x,2,0) = 2(1 = y)F;(x,z, Q) + [,Y_xF5(x,z, Q)]

Fragmentation structure function within collinear factorisation (Q > A p)

k 2
FMx,z2,0)= ) CE (x.2.0) @ f) (x, Q) ® D} (z. Q) Copr % €8> Vexm
p.p’ k=y,W*, i=LT,3

L. Bonino et al., JHEP 10 (2025) 016
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SIA

Alessia Bongallino

Experimental data

Experiment Observable Vs [GeV] Naat (A + A)
ARGUS G e 10.0 16
Oh z
Belle T [nb 10.52 15
TASSO14 5 92 b 14.0 3
TASSO22 5 G2 bl 22.0 4
TASS033.3 42 (o) 33.3 5
dp
TASSO34 5 92 lub 34.0 7
TASS034.8 5 GZ b 34.8 10
TASS042.1 5 GZ tnb) 42.1 4
CELLO B 2 35.0 7
MARK II 5 92 inb) 29.0 13
HRS 5 GZ Inb) 29.0 12
SLD L do 91.2 15
Oh xp
1 do
1 do
o da e 91.2 8
1 do
o das 91.2 8
ALEPH L do 91.2 25
Op ATp
DELPHI91 L do 91.2 10
Op ATp
OPAL L do 91.2 15
Oh z
Total 185

MAP Collaboration meeting

Hadron mass corrections

PA 2D
xp - — = —
Pb \/E
o 4M3
2(x,, M) = x, | s

S. Albino, et al. Nucl. Phys. B 803 (2008),
NNPDF Collaboration, Eur. Phys. J. C 77 (2017) 516
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Experimental data

Experiment Observable  4/s [GeV] Constraints Naat(A) 4+ Naat (A)
Neutral-Current SIDIS
CHIO T . 20.6  0.08 <y < 0.93 3 + 4
1 dN, g 0.07 <y <0.9
EMC e 23.5 S e 4+ 3
AN, 0.1 <y <0.85
E665 e 30.3 10 Gy 3 + 3
H1 1996 o 300 0.05 < y < 0.6 2
ZEUS 10— 40 . T 319 0.04 <y <095 1
ZEUS 40— 160 . T 319 0.04<y <095 2
ZEUS 160— 640 . 319 0.04<y <095 4
ZEUS 640 —2560 . 319 0.04<y<0.95 3
ZEUS 2560—10240 - 1—0le* 319 0.04<y <095 1
Charged-Current SIDIS
L dn y < 0.89
WA59 A 9.2 W o VE Gov 6 + 0
1 AN, y < 0.89
NOMAD e 9.3 W o 3 Gev 6+ 7
1 an y < 0.93
ABCMO e 4 23.5 W e 15 ey 440
Total 56

MAP Collaboration meeting

Hadron mass corrections

2PA,L

Restricting to x, > 0
for proper SIDIS analysis

4M3

22
xgW

AF




Constraints and kinematics

Process Type Q2 limit Z range
b
sia 4 S<M2 5 0.075<z< 09 Kinematic coverage of the included datasets
s= Mz 0.02<z< 0.9
SIDIS I ‘;—!Z 0.3<z< 0.9 102': (BeCeC WIS ® CWO DO ® 00 G COWeCO @ @0® e © O O
g, 4 Q%" 1GeV? 02<z< 09 - ¢
£ 0.1<z< 0.9
F
@ @
O’..‘“" ..‘ .‘ ® © ©
';' @ 000 00O ® @ 000 o0
e IfnoQ isprovided, D o e o o
. O, 0 " T
Qmm — Q < ymax\/_ o . ¢ . o 0’. ”0
o xrallows a good separation between target 10" - RinBodH S 8 § 8°8°8°%
and fragmentation regions o SIA 0
e More likely for A to get contributions from ¢ SIDIS & ‘E ’? ’:0 000 ¢
target fragmentation region - ————— - - —
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Fit Methodology

Architecture [1,10,7], !
97 parameters

The statistical framework relies on Monte Carlo sampling method,

the FFs sets consist of N,,,, = 100 Monte Carlo replicas input ”Otde:!f :
momentum Tracton

Parameterisation

One-layered feed-forward Neural Network /. (z, 0)

DA

1,u’

A A
D'y D

1,s?

A _ A _ pA A A A
Di; =D ;=D Dy Dy Dy

1,s°

\ hidden layers !
ff=f+f with sigmoid

activation function!

output nodes:!
Independent [3avours
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Fit Methodology

Architecture [1,10,7], !
97 parameters

Parameterisation

One-layered feed-forward Neural Network /. (z, 0)

zD{}i(z,/JtO =5GeV) =N ,(z,0) — N (1,0)
Minimisation
720 = (T(OW) - x(k))TC—l (T(OD) — x®)

Levenberg-Marquardt algorithm for minimisation implemented in Ceres Solver
NN parameterisations and gradients provided by the NNAD library

Cross-validation to avoid overfitting, with a training fraction of 50%

Heavy-quark mass effects treated within the ZM-VFNS scheme, m. = 1.51 GeV, m;, = 4.92 GeV
The NNPDF31_nnlo_pch_as 0118 PDF set is matched to the FF one

Alessia Bongallino MAP Collaboration meeting
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The MAPFF1.0_A fit



Ratio

Ratio

§ ZzEus 160 64019
1011 s ' MAPFF1.0.!
$
102, f
E §
1.5
I Sa—— Fo
0.5 . . .
0.2 0.4 0.6 0.8
y4
| 13 § CELLO!®
10 $ [ MAPFF1.0!
] t I
10 i |
151
R
0.5 . .
0.2 0.4 0.6
y4
1%y §I OPAL! P
100 '-._ [ MAPFF1.0!

0.8

. | 2 per point | 2 per point
Results
Neutral-Current SIDIS
CHIO | 3 0.56 0.55 , ,
CHIO © 4 1.11 1.03 - _ 9
o : - 1o y°-=1.10atNLO, y»“=1.09atNNLO
E665 9 3 1.00 1.27
EMC ! 4 1.19 0.83
EMC @ 3 0.12 0.47 | F NowAD
H1! @ 2 1.18 1.01 1074 MAPEEL IO
ZEUS | ¥ 10-40 1 < 0.01 < 0.01 ] -
- . .
ZEUS | P 40-160 2 0.61 0.75 28101 -
ZEUS | ¥ 160-640 4 1.07 0.81 “lz i
ZEUS ! ¥ 640-2560 3 0.46 0.37 10 *; §
ZEUS | ¥ 2560-10240 1 0.03 0.03 . 1.51f
Charged-Current SIDIS '% 1_{___!___.___________.___!___!___{___ "
ABCMO ! 4 4.05 3.05 X o5 | | | | |
NOMAD | 5 136 185 0.2 0.4 0.6 0.8 1.0
NOMAD ¥® 7 0.14 0.18 z
WA59 ! 6 0.34 0.33 18] e i Bele! P
SIA ? ea, I MAPFF1.0!
ALEPH 25 0.48 0.44 T 10 e .
ARGUS 16 1.49 1.55 = .
Belle 15 1.13 1.26 i 107 .
CELLO 7 0.52 0.51 19 31 ’
DELPHI 91.2 10 2.62 2.58 - o]
HRS 12 0.82 0.82 % 1____i.i_i_;_i_fi_i_i_i_i_i_z_i_%_* _____
MARK | 13 1.47 1.47 X o8- . . .
OPAL 15 1.04 1.04 02 04 36 08 10
SLD B 8 0.50 0.80
SLD C 8 2.31 2.19 I, § ALEPH! ®
SLD UDS 8 2.30 2.02 10)'; “%0e, . I MAPFF1.0!
SLD 15 0.24 0.25 10t e
TASSO 14 3 0.23 0.23 o= 5 o
TASSO 22 4 0.48 0.49 10 *; .
TASSO 33 5 0.78 0.78 10 3] *
TASSO 34 7 0.57 0.56 o 121
TASSO 34.8 10 2.79 2.75 E 1-&---.-4-!-{——;————;————{ ————— {»
TASSO 42.1 4 1.13 1.12 0.8 02 0a 06 08
Total 241 1.10 1.09 4
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Results
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NLOvs NNLO

MAPFF1.0 I_
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1,q(z , Q)

zD:
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NLOvs NNLO
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Positivity

U MAPFF1.0 !_
Q=5GeV
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Positivity
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Positivity

Replicas comparison

0.016{ Y MAPFF1.0 !_ 020_1 N —— positivity imposed
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Comparison at NLO with other FFs

0.045{ U _ I I
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\-6 J \\\ \'\ 0.02_ 0.10_
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Summary

e Global analysis at next-to-next-to-leading order of perturbative accuracy of the collinear

unpolarised FFs for A hyperons.

e The fit is based on experimental data from SIA and both neutral-current and — for the first

time — charged-current SIDIS.

o Statistical framework based on the Monte Carlo sampling method and FFs parameterisation

in terms of a neural network that comprises a total of seven independent parton flavours.

o First determination for the A and A separately, offering new insights into the hadronisation

mechanism of strange baryons and establishing a baseline for future phenomenological

Investigations.
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