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Universality of FFs

Collinear unpolarised FFs are the most extensively studied FFs

Their determination has improved significantly in recent years, driven by the availability of new
experimental measurements and by increasingly accurate calculation of partonic cross sections

Inclusive hadron production
in pp collisions
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Theoretical framework

Single-inclusive annihilation
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Theoretical framework
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Coefficient functions and cross section computation handled by APFEL++ library [V. Bertone, arXiv: 1708.00911]
NNPDF31_nnlo_pch_as_0118 PDF set for SIDIS cross section
Heavy-quark mass effects treated within ZM-VFNS
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Experimental data
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Experiment Vs [GeV] N é\;{]\
SIA
ARGUS 10.0 16
Belle 10.52 15
TASSO14 14.0 3 10% 1
TASSO22 22.0 4
TASS0O33.3 33.3 5
TASSO34 34.0 7
TASSO34.8 34.8 10
TASSO42.1 42.1 4 ';‘
CELLO 35.0 7 @
MARK II 29.0 13 '9'
HRS 29.0 12 &
SLD 91.2 15 10!
91.2 8 1
91.2 8 '
91.2 8
ALEPH 91.2 25
DELPHII1 91.2 10
OPAL 91.2 15
Experiment Vs [GeV] NL. + N2,
Neutral-Current SIDIS
CHIO 20.6 3414
EMC 23.5 443
E665 30.3 343
H1 1996 300 2 SIA
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 64+ 0
NOMAD 9.3 64+ 7
ABCMO 23.5 440
Total 241
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Datasets delivered as the sum of A and A

SIDIS Measurements for neutral- and charged-current

Data provided separately for A and A
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Constraints and kinematics

Measurements differential in other variables handled by
computing differential cross sections multiplied by a
Jacobian factor that includes hadron mass corrections
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Constraints and kinematics

Measurements differential in other variables handled by o
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Integration of numerator and denominator for multiplicities separately over the accepted phase space
(y ranges and W__. given by the single experiments) taking into account our selection criteria
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Constraints and kinematics
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computing differential cross sections multiplied by a
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Measurements differential in other variables handled by
computing differential cross sections multiplied by a
Jacobian factor that includes hadron mass corrections
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Integration of numerator and denominator for multiplicities separately over the accepted phase space
(y ranges and W_. given by the single experiments) taking into account our selection criteria

max max max Pl“OCGSS Q range < range
1 do Jm dzj - dQJ d ddedz
- M 0.075 < 2 < 0.9
GDIS dZ A Qmax d max d d? GDIS SIA \/g < Z — S

prdo]” xdQ VieMm, © VS 02< <00

A,gg 0.3<2<0.9

. . SIDIS do
dzp 0.1 <2<0.9

QCD Evolution 2026



Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N... = 100 replicas. architecture [1,10,7]
rep
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Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas.

FFs parametrised in terms of a one-layered feed-forward
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Alessia Bongallino

architecture [1,10,7]
97 parameters

A
() D 1,u
A
. Dl,d
D D
{ 0}"\
KRIVIRRN A _ NnA _ NA
Z KROD DY, = D = Di;
ey ! ’
RASRNOR
\"“'li \\é/'é‘ X DA
l,c*
A
() D
1,bt
input node:
momentum fraction
O Dy,

QCD Evolution 2026



Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas.

FFs parametrised in terms of a one-layered feed-forward
neural network ///; (z,0) at the initial scale of yy = 5 GeV

z DMz g = 5GeV) = N (2,0) — N, (1,0)

Alessia Bongallino

architecture [1,10,7]
97 parameters

W\
2N DA _DA _DA
s ) D) = D) ;= D5
NN ’ ’ ’

input node:
momentum fraction

QCD Evolution 2026



Fit Methodology
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The adopted statistical framework relies on Monte Carlo sampling method, which
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The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas.

FFs parametrised in terms of a one-layered feed-forward
neural network ///; (z,0) at the initial scale of yy = 5 GeV

z DMz g = 5GeV) = N (2,0) — N, (1,0)

Alessia Bongallino

architecture [1,10,7]
97 parameters

WA L,s
SRORES] ’
AVIAY® RN

OXSEIRLAIRAN .
ey ve@ DA = DM = DA
IR L 1.d 1.5
ORI YARKSS ’

» DX

input node:
momentum fraction

output nodes:
hidden layers independent flavours
with sigmoid activation function Gt =q+3q

px) =

l4+ex
QCD Evolution 2026



Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas. architecture [1,10,7]

97 parameters

FFs parametrised in terms of a one-layered feed-forward

\ A
. =D D
neural network /. (z, 0) at the initial scale of y; = 5 GeV \\\ Lu
v & A
WA D) D
< Df\i(z’ﬂo =5GeV) = N,(z,0) — N (1,0) \\\\‘\ KA hd
9 V‘ A
\::t\ . DI,S
. . . X KA %
Analytic computation by NNAD library [2005.07039] ; }ﬁg‘%&i:‘ﬁ& DA =DM =D
L . . . /RN it 1.d 5
Cross-validation with training fraction of 50% 6’0‘%’2@}‘\@;‘:’3‘/
i itti LAV A
to avoid overfitting WK Dy’
A
| O Dy
input node:
momentum fraction
O Dy,

output nodes:
hidden layers independent flavours

with sigmoid activation function Gt =q+3q

px) =

l+ex
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Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas. architecture [1,10,7]
P 97 parameters

FFs parametrised in terms of a one-layered feed-forward

\ A
. N—= D
neural network /', (z,0) at the initial scale of y, = 5 GeV \\\ Lu
\ Q A
WA ) D
< Df\i(z’ﬂo =5GeV) = N,(z,0) — N (1,0) \\\\‘\ w7 hd
D DA
A XY ¥ l,S
. . . v
Analytic computation by NNAD library [2005.07039] 7 }g%%‘s‘f:gz‘:}é\\. Df\_ — DA — Df\_
. . . . /L RGNS 7 1.d S
Cross-validation with training fraction of 50% .6@%){3?\@:\‘3&/
. e \‘l'/v‘,’AAO > A
to avoid overfitting DLC+
A
: . D D,
Levenberg-Marquardt algorithm for minimisation input node: ’
implemented in Ceres Solver momentum fraction e D1A
.8

720 = (T(oW) - x(k))TC—l (TO®) — x®)

output nodes:
hidden layers independent flavours

with sigmoid activation function Gt =q+3q

px) =

l+ex
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Fit Methodology

The adopted statistical framework relies on Monte Carlo sampling method, which
propagates experimental uncertainties in the parameters of the FFs.

The FF set consists of N, = 100 replicas. architecture [1,10,7]
P 97 parameters

FFs parametrised in terms of a one-layered feed-forward

neural network /1. (z, 6) at the initial scale of y, = 5 GeV \\\ ) Diy,
DX
WY X I/:. DA
< Df}i(Z, Ho = 5 GGV) = ‘/Vi (Z, 8) — ‘/Vi (1,8) \\\\\\‘ N ,:// 1.d
D D

A ‘I/"l P
\VQ‘/\ 0 ”./

. . . —AX XA KINKA
Analytic computation by NNAD library [2005.07039] . }g%%{f:{:%\. Df\_ _pA_ Df\_
N , . : KRR i 1.d 3
Cross-validation with training fraction of 50% .\,ﬁ,'f%‘;@g;‘\e‘:»‘kv/
: . I YNRX
to avoid overfitting DIAC+
° ° ° ° ° . Dll\b+
Levenberg-Marquardt algorithm for minimisation input node: ’
implemented in Ceres Solver momentum fraction N DA
l,g

720 = (T(oW) - x(k))TC—l (TO®) — x®)

Alternative parameterisation: positivity requirement output nodes:
A _ _ . 2 hidden layers independent flavours
2 Dy 2, g = 5GeV) = (H;(z,0) — N;(1,0)) with sigmoid activation function R

px) =

l+ex
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The MAPFF1.0_A fit



Fit quality

2 2

Experiment Nyat XN/IJJV Sat XNl/\INLCgt
CHIO A 3 0.56 0.55
CHIO A 4 1.11 1.03
EMC A 4 1.19 0.83
EMC A 3 0.12 0.47
E665 A 3 0.50 0.48
E665 A 3 1.00 1.27
H1 AA 2 1.18 1.01

ZEUS AA 10-40 1 < 0.01 < 0.01
ZEUS AA 40-160 2 0.61 0.75
ZEUS AA 160-640 4 1.07 0.81
ZEUS AA 640-2560 3 0.46 0.37
ZEUS AA 2560-10240 1 0.03 0.03
WAB9 A 6 0.34 0.33
NOMAD A 6 1.36 1.85
NOMAD A 7 0.14 0.18
ABCMO A 4 4.05 3.05
ARGUS 16 1.49 1.55
Belle 15 1.13 1.26
TASSO 14 3 0.23 0.23
TASSO 22 4 0.48 0.49
TASSO 33 5 0.78 0.78
TASSO 34 7 0.57 0.56
TASSO 34.8 10 2.79 2.75
TASSO 42.1 4 1.13 1.12
HRS 12 0.82 0.82
MARK II 13 1.47 1.47
CELLO 7 0.52 0.51
ALEPH 25 0.48 0.44
DELPHI 91.2 10 2.62 2.58
OPAL 15 1.04 1.04
SLD 15 0.24 0.25
SLD UDS 8 2.30 2.02
SLD C 8 2.31 2.19
SLD B 8 0.50 0.80
Total 241 1.10 1.09
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¥>=1.10atNLO, 2= 1.09 at NNLO

Quality of the fit stable when going at NNLO
Slight improvement for the majority of the datasets
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Valence quarks

0307 MAPFF1.0_A
Q = 5GeV
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Valence quarks

MAPFF1.0_A
Q = 5GeV
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range: consistency with the

quark composition of the A
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Valence quarks

0307 MAPFF1.0_A
0.25 1 Q) =5GeV ® Dominance of the strange
uark over the entire z
....... ZD{\,,U q | .
A range: consistency with the
2Dy .
’ quark composition of the A
zD{\,S

® Fragmentation of u or d into

-~ A is less pronounced

compared to s-quark

fragmentation, the

10 . o
= I distributions show a similar
Q\_ 5] shape
<~
Q 0 —-r__—.-.,-.-.-.-..-..-.-.-.-..-..---.-.-.--.-uu-.-_--_--_--_---_-u R i R R R R R R R R R R R R R

0.2 0.4 0.6 0.8 1.0
Z
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Baseline:

Positivity imposed:

Positivity

2 DMz pg) = N (z,0) — N :(1,0)
ZD{},‘(Z,#()) — (/Vl (z,0) — /V,(l,e))z

QCD Evolution 2026

7> =1.09
v =1.16
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Positivity

2D pg) = N (2,0) = N (1,0) x> =1.09
(Ni(z.0)— N (1,0)* x> =116

Positivity imposed: Z Df\i(z, Ho)

0.016] “ ol oors] @ v ? MAPFF1.0 A
Q =5GeV
00084 0.154 0.050 1 0.030
<& M T T — \.
Ny .\'\»,;_ N\, ‘\ N\,
0000 T E—— 0104 N 0.025 "~ 0.015{
<= \‘\ \\ A\
N S e —— \\.
—0.008 1 0.05 1 '\,\. 0.000,,,,,,,,,,,,,,,,,,,,,,;t',t-,—_-_q,_.__ 0.000 - == — - e e e
\,\.\
—0.016 1 L T Lo.095 —0.015 1
u S c b o e
0.010- 0.010 1 0.08 1 0.045 1 positivity imposed
without positivity
S
[0S — XIS Re— 0.06 T~ 0.0304 ™
— L. \.\. L. \,\. ~. \.
Oi \.\'\ \.\'\ \'\ \.\
N - = R .
= 0.000 PAmmmm e 0.000 Ff ~———mmmm e S —— 0.04 1 N\ 0.015 R
== AN Y
Q‘_‘ \. AN
N \’\ A T~
~0.005- ~0.005 1 0.02 1 N\, 0.000 - ——————— - - ST  E———
N\
N,
\.\
~0.010- —0.010- 0.00 eSS | —0.0151
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
y4 z V4 z
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Positivity

2D pg) = N (2,0) = N (1,0) x> =1.09
Positivity imposed: Z Dﬁi(z, Ho) = (N, (2,0) — N, (1.0 =116

1 u s d g
0.016 0.0 0.075 - 0.045 1 MAPFF1.0 A
Q =5GeV
~ 0.008] 0.15 ] 0.050 0.030 -
& '\\ ----------- = \\
N S . \ N
— 0.000EEESET e 0.10] % 0.0251 "« 0.0151 .
— \‘ '\'\ X
Q \'\ '''''''' - N,
Q N R — N
—0.008 1 0.05 1 S 0.000 H-m—mmm e T e —— I ()00 e e
\,\.\
—0.016 1 000 - - —0.025 —0.015 A
u S c b o e
0.010 1 0.010 1 0.08 1 0.045 1 positivity imposed
without positivity
<
[0S — 0.0051 _.—-—- . 0.06 7~ 0.0304 ™
— L. \.\. L. \,\. \' \'
@) \.\.\ \.\.\ \.\ \\
N - = 3 k&
= 0.000 L T e | (000 e e — 0.04 1 W 0.015 - N
< ‘\ \.\
N\ N
N ~\ \\_
—0.005 —0.005 0.02 N 0.000 === S ———eee
\
N,
\.\.
~0.010 ~0.010 1 000 TS S| —0.015-
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
y4 z V4 z

® Main effect of positivity requirement: reduction of uncertainties’ size over the entire range in 2

More pronounced for large z and, for light quarks, also for z < 0.1, region constrained only from SIA
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Positivity

2D pg) = N (2,0) = N (1,0) x> =1.09
Positivity imposed: Z Dﬁi(z, Ho) = (N, (2,0) — N, (1.0 =116

1 u s d g
0.016 0.0 0.075 - 0.045 1 MAPFF1.0 A
Q =5GeV
~ 0.008] 0.15 ] 0.050 0.030 -
& '\\ ------------ \’\
IR e . \ \,
— 0.000EEESET e 0.10] % 0.0251 "« 0.0151 .
— \‘ '\'\ X
Q \‘\ ''''''' - S
Q N R — N
—0.008 1 0.05 S 0.000 H-m—mmm e T e —— I ()00 e e
\,\.\
—0.016 1 000 - - —0.025 —0.015 A
u S c b o e
0.010 1 0.010 1 0.08 1 0.045 1 positivity imposed
without positivity
<
[0S — 0.0051 _.—-—- . 0.06 7~ 0.0304 ™
— L. \.\. L. \,\. \' \'
@) \.\.\ \.\.\ \.\ \\
N = o ) S
= 0.000 L T e | (000 e e — 0.04 1 W 0.015 - N
< ‘\ \.\
N\ N
N ~\ \\_
—0.005 —0.005 0.02 1 N 0.000 === S ———eee
\
N,
\.\.
~0.010 ~0.010 1 000 TS e | —0.015-
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
y4 z V4 z

® Main effect of positivity requirement: reduction of uncertainties’ size over the entire range in 2

More pronounced for large z and, for light quarks, also for z < 0.1, region constrained only from SIA

® Shape overall preserved by the positivity requirement
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Positivity: replicas

Study of positivity effect for the single replicas

MAPFF1.0.A
Q = 5GeV

Alessia Bongallino
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Positivity: replicas

Study of positivity effect for the single replicas

0.016- \ MAPFF1.0. A

Q = 5GeV
0.008 -

/5: i = S

i\% 0‘000_.___;____________________;1\;?:3_‘
s |
N 4
—0.008 -
—0.016-

02 04 06 08

0.20-
0.15-
0.10-
0.05 -

0.00

—— positivity imposed

without positivity

06 08

® Tendency of up quark replicas at low z to become negative for the
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Positivity: replicas

Study of positivity effect for the single replicas

0.016- (o MAPFF1.0 A S —— positivity imposed
_ 0 = 5Cev 0.20 1 without positivity
= c |
@ ——
TR e 0.101
<~ - 1
Q
N | ]
—0.008 - 0.05
| 0.00 1
—0.016 i
02 04 06 08 1.0 02 04 06 08 10
ya ya

® Tendency of up quark replicas at low z to become negative for the

® Wider spread for strange quark replicas for the compatible distributions overall
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Comparison at NLO with other FFs
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Comparison at NLO with other FFs
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Comparison at NLO with other FFs
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Good overall agreement for
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Suppression of the Df\u w.r.t.
the other extractions
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Comparison at NLO with other FFs

0.045{ u Q=5GeV | | d 0.00 W° —— MAPFF1.0 A
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Good overall agreement for
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Comparison at NLO with other FFs
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Good overall agreement for
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Comparison at NLO with other FFs
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Comparison at NLO with other FFs
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Summary

® Global analysis at next-to-next-to-leading order of

perturbative accuracy of the collinear unpolarised FFs for A

hyperons
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Summary

® Global analysis at next-to-next-to-leading order of

perturbative accuracy of the collinear unpolarised FFs for A

hyperons

® The fit is based on experimental data from SIA and both

neutral-current and — for the first time — charged-current

SIDIS.
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Summary

® Global analysis at next-to-next-to-leading order of

perturbative accuracy of the collinear unpolarised FFs for A

hyperons

® The fit is based on experimental data from SIA and both

neutral-current and — for the first time — charged-current

SIDIS.

® 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 flavours.
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Summary

Global analysis at next-to-next-to-leading order of

perturbative accuracy of the collinear unpolarised FFs for A

hyperons

The fit is based on experimental data from SIA and both
neutral-current and — for the first time — charged-current
SIDIS.

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 flavours.

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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Summary

® Global analysis at next-to-next-to-leading order of

perturbative accuracy of the collinear unpolarised FFs for A

hyperons
. L . ERDA
The fit is based on experimental data from SIA and both z 30‘:3”3@. DA, =DM =DM
neutral-current and — for the first time — charged-current X %
SIDIS.
® 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 flavours.
® First determination for the A and A separately, offering new
0307 MAPFF1.0_A
insights into the hadronisation mechanism of strange baryons 025 Q=5GCeV
o o o S P, A
and establishing a baseline for future phenomenological _ Ziku
“1d
investigations. = 2D,
Q

All results are obtained using the code available at
https.//github.com/MapCollaboration/MontBlanc/tree/Lambda

Dy/Diy

0 e e e

The extracted FFs will be made available in the LHAPDF format as 02 04 08 08 10
MAPFF10NLOLambda and MAPFF1ONNLOLambda
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