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correct order of magnitude. Large x resummation is applied in the coefficie
reactions, and also in the evolution of the fragmentation functions, which i
significant reduction of the minimized x?. To further exploit the data, all
errors are incorporated via a correlation matrix.

I. INTRODUCTION

|1 Feb 2010

A scaling law analysis of the world data on inclusive large-p, hadron production in hadronic colli-
sions is carried out. A significant deviation from leading-twist perturbative QCD predictions at next-
to-leading order is reported. The observed discrepancy is largest at high values of z, = 2p, /4/s.
In contrast, the production of prompt photons and jets exhibits the scaling behavior which is close to
the conformal limit, in agreement with the leading-twist expectation. These results bring evidence
for a non-negligible contribution of higher-twist processes in large-p, hadron production in hadronic
collisions, where the hadron is produced directly in the hard subprocess rather than by gluon or
quark jet fragmentation. Predictions for scaling exponents at RHIC and LHC are given, and it is
suggested to trigger the isolated large-p, hadron production to enhance higher-twist processes.

PACS numbers: 11.15.Bt, 12.38.-t, 12.38.Qk, 13.85.Ni
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@ unusually long lifetime for a baryon produced in a hard interaction

ChatGPT lightest baryon after the nucleons, the lightest carrying strangeness

¥ Claude

in the quark model u and d couple in a spin and isospin singlet (most probably wrong!!)

polarization puzzle, baryon anomaly ...

the truth: lambda production in proton-proton collisions does not look at all like pQCD

not like for 7 or K FFs: CERN ISR in mid “70s and “‘80s

but similarly to p or p

to have a closer look at lambda production beyond NLO and at EIC
start with LHC proton-proton collisions data
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1997 DSV set of NLO A" FFs

arXiv:hep-ph/9711387v1 19 Nov 1997

CERN-TH/97-286
DTP/97/106
November 1997

QCD Analysis of Unpolarized and Polarized
A - Baryon Production in

Leading and Next-to-Leading Order

D. de Florian®, M. Stratmann®, W. Vogelsang®

®Theoretical Physics Division, CERN, CH-1211 Geneva 23, Switzerland

b Department of Physics, University of Durham, Durham DH1 SLE, England

Abstract

We analyze experimental data for the production of A baryons in e*e~ annihilation in
terms of scale dependent, QCD evolved, A fragmentation functions. Apart from the vast
majority of the data for which the polarization of an observed A was not determined,
we also consider the recent LEP measurements of the longitudinal polarization of A’s
produced on the Z-resonance. Such data correspond to spin-dependent fragmentation
functions for the A. We point out that the present data are insufficient to satisfactorily
fix these. We therefore suggest several different sets of fragmentation functions, all com-
patible with present data, and study the prospects for conceivable future semi-inclusive
deep-inelastic scattering experiments to discriminate between them. We provide the com-
plete next-to-leading order QCD framework for all the processes we consider.
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Leading and Next-to-Leading Order

Fragmentation Functions for K3 and A with Complete Quark

Flavour Separation

S. Albino
Institut fur Theoretische Physik und Astrophysik,

Unwersitat Wiirzburg, 9707} Wiirzburg, Germany

B. A. Kniehl and G. Kramer
II. Institut fir Theoretische Physik, Universitat Hamburyg,

Luruper Chaussee 149, 22761 Hamburg, Germany
(Dated: November 13, 2018)

Abstract
We present new sets of next-to-leading order fragmentation functions for the production of K2
and A particles from the gluon and from each of the quarks, obtained by fitting to all relevant
data sets from e*e~ annihilation. The individual light quark flavour fragmentation functions are
constrained phenomenologically for the first time by including in the data the light quark tagging

probabilities measured by the OPAL Collaboration.

arXiv:hep-ph/0510173v1 13 Oct 2005
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We perform a number of improvements to the previous AKK extraction of fragmentation functions
L 1 I | I I I | | I I | L L | | I | | for #*, K=, p/p, K% and A/A particles at next-to-leading order. Inclusive hadron production
measurements from pp(p) reactions at BRAHMS, CDF, PHENIX and STAR are added to the data
sample. We use the charge-sign asymmetry of the produced hadrons in pp reactions to constrain
the valence quark fragmentations. Data from e'e™ reactions in regions of smaller = and lower /s
pT are added. Hadron mass effects are treated for all observables and, for each particle, the hadron

mass used for the description of the e*e™ reaction is fitted. The baryons’ fitted masses are found to
be only around 1% above their true masses, while the values of the mesons’ fitted masses have the
correct order of magnitude. Large z resummation is applied in the coefficient functions of the e*e™
reactions, and also in the evolution of the fragmentation functions, which in most cases results in a
significant reduction of the minimized x?. To further exploit the data, all published normalization
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Global analysis of fragmentation functions to light neutral hadrons
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Fragmentation functions (FFs) are crucial non-perturbative components in quantum chromody-
namics (QCD), playing a vital role in predictions and understanding of the hadronization process.
In this paper, we present the FFs for K2, 1, 7° mesons, and A baryons in the context of global
QCD analysis. The data included in the fit are from single inclusive e™e~ annihilation (SIA),
semi-inclusive deep-inelastic scattering (SIDIS) and proton-proton collisions, with kinematic cuts
carefully applied to ensure validity of collinear factorization and perturbative QCD expansion. For
the first time, data from SIDIS and hadron-in-jet production in SIA have been incorporated into
the extraction of FFs for light-flavor neutral hadrons. Our analysis reveals that these data play
a critical role in constraining the gluon distribution, and in distinguishing between different quark
flavors. Pulls from different datasets are also studied by performing alternative fits with systemat-
ically subtracting groups of data from the nominal fit. For the quality of the fit, good x? values
are achieved for most of the datasets, and FF's are generally well constrained within the momentum
fraction region (0.1,0.5). The extracted K2 fragmentation functions, together with the K% FFs
constructed from K* FFs via isospin symmetry, are used to test isospin symmetry in kaon fragmen-
tation. Although a definitive conclusion cannot be reached yet, these studies have identified several
potential measurements that can be performed at existing facilities, which may ultimately help us
to arrive at a conclusive answer. With the comprehensive species of FFs extracted within the NPC
framework, we are able to perform a test on the momentum sum rule with the light-flavor charged
and neutral hadrons. These neutral hadrons are found to carry a relatively smaller fraction of the
fragmenting parton’s momentum compared to the charged ones. The central and Hessian error sets
of the fitted FFs, denoted as NPC23, are publicly available in the form of LHAPDF6 grids.

*Electronic address:

jung49@sjtu.edu.cn

liucy1999@sjtu.edu.cn
limengyang@m.scnu.edu.cn
xiaominshen@impcas.ac.cn
hxing@m.scnu.edu.cn
yxzhao@impcas.ac.cn
yiyu.zhou@unito.it



Modern times:

cornucopia of data:

pp CDF 2012 /s = 1.96TeV
CMS 2011-2015 /s =0.9& 7 TeV

(20)
(32)

ALICE 2013-2021 /s = 7& 13 TeV (44) e
-)
N
SIDIS H12009 /s =300GeV (3) 2
ZEUS 2011 \/s = 319GeV (16) :
E665 1994 /s = 30.3 GeV (6)
EMC 1985 +/s =22.9 GeV (7)
CHIO 1980 +/s = 20.6 GeV (10)
SIA  SLD 1999 /s =29GeV (18)
BELLE 2018 /s = 10.6 GeV 9)
pp (118) SIDIS (42) SIA (115) TOTAL (275) S
S
2025 NPC23: SIA, SIDIS & pp ratios (A’/K°,13TeV /7 TeV) “
=
2026 MAPFF1.0 Lambda: SIA & SIDIS @NNLO iy
<
B

Global analysis of fragmentation functions to light neutral hadrons

Jun Gao!, ChongYang Liu!, Mengyang Li?, XiaoMin Shen®!, Hongxi Xing?®%?°, Yuxiang Zhao®?%7, Yiyu Zhou®?91°
! State Key Laboratory of Dark Matter Physics, Shanghai Key Laboratory for Particle Physics and Cosmology,
Key Laboratory for Particle Astrophysics and Cosmology (MOE),

School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
2State Key Laboratory of Nuclear Physics and Technology, Institute of Quantum Matter,

South China Normal University, Guangzhou 510006, China
3 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, Gansu 730000, China
* Guangdong Basic Research Center of Excellence for Structure and Fundamental Interactions of Matter,
Guangdong Provincial Key Laboratory of Nuclear Science, Guangzhou 510006, China
®Southern Center for Nuclear-Science Theory (SCNT),

Institute of Modern Physics, Chinese Academy of Sciences, Huizhou 516000, China
6 University of Chinese Academy of Sciences, Beijing 100049, China
"Key Laboratory of Quark and Lepton Physics (MOE) and Institute of Particle Physics,

Central China Normal University, Wuhan 430079, China
8Key Laboratory of Atomic and Subatomic Structure and Quantum Control (MOE),
Guangdong-Hong Kong Joint Laboratory of Quantum Matter, Guangzhou 510006, China
? Department of Physics, University of Turin, via Pietro Giuria 1, 1-10125 Torino, Italy
INFN, Section of Turin, via Pietro Giuria 1, I-10125 Torino, Italy *

Fragmentation functions (FFs) are crucial non-perturbative components in quantum chromody-
namics (QCD), playing a vital role in predictions and understanding of the hadronization process.
In this paper, we present the FFs for K2, 1, 7° mesons, and A baryons in the context of global
QCD analysis. The data included in the fit are from single inclusive e™e~ annihilation (SIA),
semi-inclusive deep-inelastic scattering (SIDIS) and proton-proton collisions, with kinematic cuts
carefully applied to ensure validity of collinear factorization and perturbative QCD expansion. For
the first time, data from SIDIS and hadron-in-iet production in SIA have been incorporated into

PREPARED FOR SUBMISSION TO JHEP

First next-to-next-to-leading-order extraction of
fragmentation functions for A hyperons

Valerio Bertone,” Alessia Bongallino,” Amedeo Chiefa,© Miguel G. Echevarria,® Gunar
Schnell®?

@ Université Paris-Saclay, CEA, IRFU, 91191 Gif-sur-Ywvette, France

b Department of Physics & EHU Quantum Center, University of the Basque Country EHU, P.O. Boz
644, 48080 Bilbao, Spain

“The Higgs Centre for Theoretical Physics, University of Edinburgh, JCMB, KB, Mayfield Rd,
Edinburgh EH9 3JZ, Scotland

{IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain
E-mail: valerio.bertone@cea.fr, alessia.bongallino@ehu.eus,
amedeo.chiefa@ed.ac.uk, miguel.garciae@ehu.eus, gunar.schnell@desy.de

ABSTRACT: We present MAPFF1.0 _Lambda, the first global analysis at next-to-next-to-

]nnfl;v\ﬂ r\vtll\r L hnr+111~1’\n+;vrn f\f‘n r\'c 4—]01\ nr\]]; nnnnnnnnn ]nv;nnr] "‘rnmnn+n+;hv\ FI\Y\I\“;I\Y\(" I\“-‘






pp — A\ + X revisited



pp — A\ + X revisited

107 b IdSIU 2
1011 ‘\\\ P
1010 ,,‘Qify.,. ¢ ALICE pp |y| < 0.5

; ........ | \ * CMS e |y| < 2

A 1.96 TeV
(x10—%)
...... NLO u = kp AN
-3 T
10 _____ NLO A_mass 09 TeV
(x10_6)
10~4
10_5 L L L L L L L '
109 10t

pT [GeV] PT [\FEV |



pp — A\ + X revisited

12 [ A
o E d3‘§ [pb/GeV?] all sets undershoot at lower pT (r*/data ~ 20)
1011 N dp
1010 ..“'\'{-o ¢ ALICE pp |y| < 0.5
# CMS pp |y| < 2
107
108 .. O

107

A 1.06 TeV

NPC23 RS (x10~4)
MAP NG
NLO u = kpr
NLO A-mass 0.9 Te\g
(X107 ®)
1 1 1 1 1 1 1 1 I
101

pr |GeV] PT [\FEV |



pp — A + X revisited

A 1.96 TeV

NPC23 L (x10~ %)
MAP W
NLO u = kpy N
NLO A-mass -y 0.9 Te\g3
(X107 ®)
1 ] ] ] ] ] " |
101

PT |\J€V |

all sets undershoot at lower pT (r*/data ~ 20)
sets with none pp data are worse



pp — N\ + X revisited

A 1.06 TeV

NPC23 L (x10~ %)
MAP W
NLO u = kpy N
NLO A-mass -y 0.9 Te\g3
(X107 ®)
1 ] ] ] ] ] " |
101

PT [\TCV |

all sets undershoot at lower pT (r*/data ~ 20)

sets with none pp data are worse
~tension with SIA and SIDIS



pp — A + X revisited

1012 k | | - Id3l

\\.\.\\..

sets with none pp data are worse
~tension with SIA and SIDIS
difference grows with increasing \/E

¢ ALICE pp |y| < 0.5

A 1.96 TeV
(x10~ %)
...... NLO u = kp
—3 T

1077 F ___ NLO A-mass -~y 0.9 Te\g
(X107 ®)

10~4

10_5 1 | ] 1 ] ] " |

100 101

PT [GGV] PT |\TeV |



pp — A\ + X revisited

T T ' — ] :
E LY 15h/Gev?] ) TR ratio to RLOHE. - all sets undershoot at lower pT (z*/data ~ 20)
dp° - ®e0 . ]
NN\ *e, : sets with none pp data are worse
+ ALICE pp |y| < 0.5 T S i L S

,,,,,, TN ; ~tension with SIA and SIDIS
______________________________________________________________________________________________ difference grows with increasing \/E

A 1.96 TeV
(x10—%)

109 | | - ﬁol 100 | — 101
T [GeV] pr |GeV]



pp = A + X revisited

| . .
ratio to NLO it all sets undershoot at lower pT (/*/data ~ 20)
. _ sets with none pp data are worse
__________________________ e
o, MO - ~tension with SIA and SIDIS
T T e A EICE 13 TeV | . - - .
£ Y - difference grows with increasing \/E
- factorization scale trick is not enough
..... tv ‘__‘___;_____’
= :
i__ . _'_T;T = '_:'_'.
- 1.1'6'5')""; .................................................................... - , ..... , qMS 7 Te\/:
— :
._'A.'_‘.A'_';_'.'_'.'_'.'__'.'_'.'_'
. \ ."A . e A A * 7]
oo \\ ! 2X9160r£4\/; -(/1 :()834): ........................................................... I: ...... :C[éﬁ:'iﬂ 196 Tev ]
MAP EAN I |
...\\\ 2 | + —
NLO 4 = kpy X l 3 +++ +++ :
-mass -3 0.9 TeV + 1
NLO A (¥ 10—6) \\\’”’j ________________ -++_"* _________________ T
1 e 4 i}
el b _
o ( :"0783),| ............... II ........ I | Iql\/][s 09 Tev-
10t 10Y 10t

pr [GeV] pr |GeV]



pp — A\ + X revisited

1012 !

1011

1010 f

$ ALICE pp |y| < 0.5 1

. |
* CMS pp |y| < 2 =

10° 4 CDF pp |y| <1
3
3
10—1 ! \ N Te4\/ -
: ) (x1074)  °
102 ]
P S NLO y = kpy :
10 E ——— NLO A-mass -~ 0.9 TeV E
; (x10~6) =
10_4 F 3

10_5 1 1 1 I : o o |
100 101

PT [GGV]

" 1 1 1 1 1 1 1 1 I
‘\\ ¢ ratio to NLO fit

O e
: i 1 1 1 1 1

ALICE 13 TeV
I I I l _

R — e e

— _
f(m e R e e — .A.AC*I;’E 1.96 TeV -
5 [ h
TLAY
\” ........ ki S
i S . +
R ' _
PuS R —— - OMS 0.9 ToV -

DT [GGV]

101

all sets undershoot at lower pT (r*/data ~ 20)

sets with none pp data are worse
~tension with SIA and SIDIS
difference grows with increasing \/E

factorization scale trick is not enough

M.Czakon et al. 2503.11489

LO  wemm NLO = NNLO $® ALICE

100 200

pr(n®) [GeV]
NNLO corrections not as large



pp — A\ + X revisited

12 | | IraI i(l) Io 1
10 E Lo b /Gev? to to RLO At - all sets undershoot at lower pT (y*/data ~ 20)
11 |, dp 7 ]
0 NN ' _ sets with none pp data are worse
¢ ALICE pp |y| < 0.5 i N o I —— i ith SIA SIDIS
# CMSpplyl <2 =y S tOE 13 Ty ~tension wit and
A CDFpplyl<1 - L A it — difference grows with increasing \/E
- factorization scale trick is not enough
s = ' M.Czakon et al. 2503.11489
L NLO * ¢ ] - .
-(H', ‘:::A mass""{ ................. S i A i I IAI:[J:[CE 7 Tev_
] TP iy -
3 : A\ // " . ........... - : 03 1 e L(l)'o = jo AUCEzoo
-(K, — 1-16.5.)““5 ..................... : ............... : ........... : ......... : ...... : | :qIMS 7 Tev: pT(nO) [GeV]
NNLO corrections not as large
S o hadron mass effects make it worse
(x10=4)
E|
1073 F 777 N W00 Tev
) : (x1076) 3
10~ F 3
105 - T e
10" 10t 10V 10t

pr [GeV] pr |GeV]



pp — N\ + X revisited



pp — A\ + X revisited

T T T T T T T T
108 d’o 21~ d’o 21=
? L dp3 [pb/GeV ] E d—p3 [pb/GeV ]
107 | STAR pp = A+ X 11 STAR pp — A + X |
V5 =0.2TeV3E Vs = 0.2 TeV 3
N ly| <0.5]L ly| < 0.5
1 6 3 N = E —
0 - not 1 E not
- fitted - fitted
105 = 4k -
4 L - -
10 F —— NLO
[ ——— NLO A-mass
103 ] ] ] ] ] ] ] ]
i T T — NLOfli 1C T T T | —
3 - + + + + + + + + ratio to t 1F + + :
oF ¢ + | R RRREE ¢ :
I Y N R— 1 - N + l
i [
e
1 NN\ —— _ N
e | N ]
................................... 'l ; I ll |
1 2 3 4 5 1 2 3 4 5

similar or worst for STAR at \/E =02TeV



pp — A\ + X revisited

| | | | | | | |
3 ) 3
10° e E LT [ph/GeV?? A\ E 99 [ph/GeV?]?

similar or worst for STAR at \/E =02TeV

STAR pp — A+ X[ STAR pp — A + X |

107 g V5 =0.2TeVE Vs = 0.2 TeV 3
s = 0. €V 31E 5= eV 3 I
<051k Yl < 0.5 cannot be absorbed into FFs

106 B * - -
0 é not 3 E not

- fitted - fitted
105 & dL e

4 L 4L -

0%F o

[ ——— NLO A-mass
103 | | | | | | | |

z: ’+++++++ + +r;rti toNLOflit,_;;_ +++++ + }l _

N [ 1F @ + ___________________ -
- /, - 1 » ’,.,*'
-.' [
1 R e S e T e - _| :. ____________________________________________________ _I
et [ T | S s |
1 2 3 4 5 1 2 3 4 5)



pp — N\ + X revisited

| | | | | | | |
8 d3 91 m d3 91 m
7RG B G [pb/GeV’] B [pb/GeV’]
107' STAR pp — A+ X[ STAR pp — A + X ]
V5 =0.2TeV3E Vs = 0.2 TeV 3

10° E el -
- not 1 EF not
- fitted - fitted
105 L 4k =
1L I 9 F .
10 E —— NLO y
————— NLO A-mass
103 ] ] ] ] ] ] ] ]
i I + I It' to NLO f!it 1L I l l l i
3F + + + ratio to JdL b
: R t 1L gy ! :
2 -_ ¢ - -_ + + + =
F —————— T 1 T e
= - /."
v-. = >
------------- -— -8 o e e e o« vt o & S S & S & S & o & e S 4 S S
]. _—— ...... e S | '__ __________________________________________ —I

o ly] < 0.5]F

ly| < 0.5 ]

T T T 1 T T T T
_ do;sa+x/doqf dgz—>/'\+x/d0
10V g HE- g =
107" El3 ;
102 3 Z E
d
10_3 E_ S _E
10—4 - ] ] ] ] ] 1 1 1
1 2 3 4 5} 1 2 3 4 5}

similar or worst for STAR at \/E =02TeV

cannot be absorbed into FFs



pp — A\ + X revisited

T T 1 T T T L T
108 E d°’o 21 d3c 2 m
" STAR pp — A+ X[ STAR pp — A + X |
107 E = =
5 Vs =0.2 TeV3E Vs = 0.2 TeV 3
Je 1yl < 0.51F ly| < 0.5]
108 \ El: E
- not 31 E not
- fitted - fitted
105 | 4k =
4 L T =3 F -
10 E —— NLO y 1E
————— NLO A-mass
103 1 I 1 I 1 ] I 1
i ' + + ' atio to NLO fit J[ ! ' ' s
3F + + + ratio to JdL b
; ¢ ¢ + 1f ]
¢ 1F

- —
e
- —

1 1 | | JL | | | |
_ do;sa+x/doqf d0p+ﬁ+x/d0
10V 9 HE~ g
1071 F El3 3
107% ¢ i
d
10_3 E_ S _E
10—4 - | | | | | ] ] ]
1 2 3 4 5 1 2 3 4 5}

similar or worst for STAR at \/E =02TeV

cannot be absorbed into FFs
dominated by DgA



pp — A\ + X revisited

T T T I T T T T
8 3 | 3
10% by B LG pb/Gev] B GG ob/GeV?):
107 \ STAR pp—>A+X_' STAR pp—>]\+X_‘
- : Vs = 0.2 TeV 3 Vs = 0.2 TeV 3
\ . ly| < 0.5 ] ly| < 0.5 ]
106 3 ° = -
= not not
fitted fitted
105 b o - .
4 . - -
10%F ___ No ~
————— NLO A-mass
103 ] 1 ] ] ] ] ] ]
- ' 4 + ' atio to NLO fit ' ' ' T
3 ratl O - =
R t 't t ¢ ¢ 'y :
2 F 1L ¢ ¢ ¢ ]
NS S (S | —— S — 4 ]
- b - /."
) Ste
-------------------------------- AN S z
1 RN R T S ] W= -I
.................................... ||l I N 'I. :
I T T | p— T T T T
do; sa+x/doqf do;, ,xyx/do
].OO g 94 E"— g -5
10-1 L - 0.8

1072k
1073k

10— 4

similar or worst for STAR at \/E =02TeV

cannot be absorbed into FFs
dominated by DgA

at a similar 7




pp — A\ + X revisited

1 1 1 1 | 1 1 1
108 3 E d30' b/G 21 d30' 21
EN -3 eV E &9 [pb/GeV
E dp3 [p / ] : dp3 [p / ] -
107-" STAR pp — A+ X7 STAR pp — A + X
E Vs =0.2 TeV: Vs = 0.2 TeV :
0 ly| < 0.5] ly| < 0.5
6 L - - .
10 Enot not
fitted fitted
105 e DSV97 - ?
2 AKKO08 3 :
- NPC23
4 L MAP _ _
0ME o
————— NLO A-mass
103 ] ] ] ] ] ] 1 ]
) ' ¢ + ' atio to NLO fit 1L ' ' ' -
3 - r 1 - -
: R t + t 1t $ ¢ $ 4 :
oL ¢ 1L ¢ ¢ t k
I i 1 [ S — 4
.." |-/’
- 4 .......................
1F N\ e ] N _I
e [ s | N oo o |
| 1 | | i | | | |
do; sa+x/doqf do;, ,xyx/do
10° F s FF- E
10~1 3
102 3
1073 F

similar or worst for STAR at \/E =02TeV

cannot be absorbed into FFs
dominated by DgA

at a similar 7
at safe x

109
10—1
X
1 5 1&9-4 1073 1072 10~! 10°]
v A0 PR

10k

10_3 E_ 10*1;_

1072F

10— 4







non-perturvative effects?



non-perturvative effects?
~higher twists/power corrections?



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?



ALICE EJP C 81 256 2021

non-perturvative effects? o (s=13 TeV -
. . - N L. 00B00g,, . 410"
~higher twists/power corrections® ot filed symbols :
missing logarithmic resummation? S b - {10
S . .

: : < 1072 = "o 3107
noticed since CERN ISR > e ) 5
Ql— 10_3 3 -..Q .i )

‘3’ .0,®® “-. _§ 10—4
NZ . .Q'o".@' o :
T 10 SR i

X o 3@ a -5

1 -+ R e E 10

20k T ot By
3_ + N v ." -
12Ky (x0.062) EB;.O o+ A+A (x0.125) S

-7 I - 10—7
0 o0 v ] L L]

0.1 03 1 3 10 0.3 1 3 10
p_ (GeV/c) p_ (GeV/c)



ALICE EJP C 81 256 2021

_ [ ? [ -
no.n pertur.vatlve effects” | 10F semmoes, (s =13 TeV 1o
~higher twists/power corrections? I filed symbols
missing logarithmic resummation? S b - 110°
S . I
: : < 1072 = "o 3107
noticed since CERN ISR > e ) 5
o s ,© . y
s 10 ALY 4107
N: 107 %, 00, . :
X o o 39 e -5
1 + : RN ) 310
w 10-5 O e+ | y o Q.'G?.‘ .i
3 % D\"-_ S0 D ety ]
= o8 o ¢ KO (x 0.250) %BE:Q Oe p+p_ <> @.’— 10
1= Kg (x0.062) “wodf o ¢ A+A (x0.125) " e
-7 I - 10—7
LI S BT R R | S L]
0.1 03 1 3 10 0.3 1 3

10
p_ (GeV/c) p_ (GeV/c)



ALICE EJP C 81 256 2021

_ [ ? [ -
no.n pertur.vatlve effects” | 10F semmoes, (s =13 TeV 1o
~higher twists/power corrections? I filed symbols
missing logarithmic resummation? S b - 110°
S . I
: : < 1072 = "o 3107
noticed since CERN ISR > e ) 5
o s ,© . y
s 10 ALY 4107
N: 107 %, 00, . :
X o o 39 e -5
1 + : RN ) 310
w 10-5 O e+ L ‘ o Q.'G?.‘ .i
3 % D\"-_ S0 D ety ]
= o8 o ¢ KO (x 0.250) %BE:Q Oe p+p_ <> @.’— 10
1= Kg (x0.062) “wodf o ¢ A+A (x0.125) " e
-7 I - 10—7
LI S BT R R | S L]
0.1 03 1 3 10 0.3 1 3

10
p_ (GeV/c) p_ (GeV/c)



non-perturvative effects?

~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

1 L 1 T T rni

10”7 \

10° \

dp’

#« ALICE 7°
¢ PHENIX 7’

4
10
-6
10
2.76 TeV
3 (x 10%)
10
—— NLO
—— NNLO
[ 0.51 TeV
-~ —— NNLORHIC >5 Gev (S 10)

BDSSV in preparation B

3
gdo mb/GeV’] -

1 pT 10

ALICE EJP C 81 256 2021

-
.

(s=13TeV :

1107
210
1107

{10

"""" “oc . -
% filled symbols :
S 10
O
g .
: co .‘. _
> . Ros ]
-Ol— l;i @.@‘...
% @) '0_. @ O‘
— & ¢ @ . I
NZ 9. 'Q_ ;‘. Q.
ge ) o ¢ - -
) X 6 2@ @ )
I + " RN |
22 o oo 0’? .'Oo
~ * L € —_— 0 @
— O ¢ K (x 0.250) \'..o % O e p+p <>"'®"- q,. X
0 .‘;0'- L — - Y
0= Kg (x0.062) Lo 0t A+A x0.125) -
| - ll 1 1 Ll L il lI 1 1 | — - | llI 37' 1 1 L L L1l 1.l l 1 1 1 1 Ll L.l I ‘ l_EII
0.1 0.3 1 3 10 0.3 1 3 10
p_(GeV/c) p_(GeVic)

10”

3

-5

107

1077



ALICE EJP C 81 256 2021

- ' 2, e
no.n pertur.vatlve effects” | 10F ssemeee, (s=13TeV ], .
~higher twists/power corrections? I filled symbols
missing logarithmic resummation? S b - 110°
S . 5

: ; = 1072 - Ve 410>
noticed since CERN ISR > S ) e :
o 3 o i

107 — T — . Tz 10 "'cr_@@.‘. 4107

06 § BDSSV in ,oreparation__ N: 104 '@.Q “ @..

3 _- o . . QG QO '...' 1108

4 E dap—65 [mb / GeVz] ) 22 1075 O eI D'\.- o:f o..

\ + ALICE 7° _‘ - o8 O ¢ K— (x 0.250) %‘ELE;: 900: Oe p+p °®m~‘ ; 10°®
¢ PHENIX 7° 0 w | —_ AT

102 \\\ _ oo KS (x 0.062) @3@.9 o+ A+A (x0.125) e

\ _ 107 b 0 e el 9B L n4107
\ ] 0.1 0.3 1 3 10 0.3 1 3 10
1 E p_(GeV/c) p_(GeV/c)

B

A\

7'#/

_ ratios to NLO

4 —notﬁtted | 1 . LI l' 1 1 rm 1T 1111 1 1.4
0 - s B ot fitted 1 12
- eV- \ ~ .
<109 | BN - 1
N ~ \ i 3 o0s
-6 - .
10 .—_ —- X 1 1 1 1 111 I 1 1 1 Al]'_lll?lElll3 TeVT 0‘6
— 2.76 TeV — 2
i 2 11 10
(x 107)
0" F ’ 109 | %)
- —_— NLO -
. —— NNLO —
o[ — NNLORHIC>S Gev 01 "1(“5\1/0) i
10 - [ 1 1 L1 1 111 I 0.210 TelV 1 L1 1 11 I I_I
2

1 pT 10



ALICE EJP C 81 256 2021

non-perturvative effects?

é10‘2
é1o‘1
J1o

‘e 310

10 . sessesse seossomm, \s=13TeV -
~higher twists/power corrections? b filled symbols
- . - . - [ . O U R | PP 40
missing logarithmic resummation? S b e BN ~— BT *ooey 5
3 10
= 402 =
noticed since CERN ISR = 10 e
- g
: < 10° 9
10 \l 1 1 LI lll BDISSIVI LI III . 1 | ; Q
106 In ,Oreparatlon_- N_o 10- 4 - ' 5
Ea—5d30 [mb/ GeV?] - g of oem R
to” P E Y K* (x0.250) U.‘"-f §
0 — x 0. LW® e
02 } 0= KS (x 0.062) %
) 107’ |
_ llllll 1 1 lllllll 1 1 lllllll AT] 1
7 0.1 0.3 1 3 10
: E p_ (GeV/c)
) )
10 —
_ ratios to NLO
4 - N 1 . 1 T 1T 111 I 1 1 1 1 11 - 1.4
10 i B ot fitted | HH” ‘ i 12
x 10°) | i\\\ v - 1
_ 7 = 0.8
10 6 —- N 1 1 L1 1 11 I 1 1 1 IAII_JII?IEIII3 TeVT 0'6
2.76 TeV — 2
10" e & 10— 1 P T 10
B NLOO 7
| —— NNL —
o[ — NNLORHIC>S Gev 01 "1(“5\1/0) i
10- . 1 1 1 | | llll OZIOTeIVI 11 lllI I_
10>

1 pT

10”

3

-5

5

~ 4107



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

2 -1
1/Niye x d°N/(dp._dy) [(GeV/c)”]

ALICE EJP C 81 256 2021

Al

(s=13TeV

filled symbols :

O e J'[i
o+ K* (x 0.250)
0 K(S) (x 0.062)

1107

»
llllll 1 1 lllllll 1 1 lllllll L!I] 1

0.1 03 1 3 10
p_ (GeV/c)

10”

~ 4107



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

ALICE EJP C 81 256 2021

(s=13TeV

filled symbols :

O e J'[i
o+ K* (x 0.250)

2 -1
1/Nyyg x d*N/(dp_dy) [(GeV/c) ']

0 Kg (x 0.062)

1107

1
llllll 1 1 lllllll 1 1 lllllll AT] 1

0.1 0.3 1 3 10
p_ (GeV/c)
“xT Scaling” Eﬁ _ F(XT, 19)
d’p  pf
2pr

10”

~ 4107



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

ALICE EJP C 81 256 2021

(s=13TeV :

filled symbols :

O e+

2 -1
1/Nyyg x d*N/(dp_dy) [(GeV/c) ']

1107

N 7 W 5o
o + K¥ (x0.250) _
0 Kg (x 0.062) %@.o
1l Lol Lol B
01 03 1 3 10
p_ (GeV/c)
: F(xp, 8
“Xr scaling” 4o _ ber, 9)
d’p  pp
Xy = 2Pr -, number of

) elementary fields

10”

~ 4107



ALICE EJP C 81 256 2021

non-perturvative effects? :
rper e . \s=13TeV ], .

~higher twists/power corrections? filled symbols :
missing logarithmic resummation? g 110°

S ;
. . — ; 10-3

noticed since CERN ISR > 5
S. Brodsky, R. Farrar PRL 31 1153 1973 ) ' o I

S. Brodsky, A. Sickles PLB 668 111 2008 3 XX
F. Arleo et al. PRL 105 062002 2010 o " 1

m O e J'ci .. ( ? 10

ZZ + lil'%}.- P -
= o+ K* (x 0.250) ﬂ.ﬁ@%‘q‘o ", 4107

0 '.!,... CF | y ‘:
0 KS (x 0.062) T o]

Lol Lol ool B It

0.1 0.3 1 3 10
p_ (GeV/c)
: I
“'XT Scallng” Eﬁ _ (XT, 19)
d°p Pt
o = 2Pr -, number of
T — .
NE elementary fields

2 — 2 n=4



ALICE EJP C 81 256 2021

non-perturvative effects? :
rper e . (s=13TeV |, _
~higher twists/power corrections? filled symbols :
missing logarithmic resummation? s 41072
8 :
i i = - 107
noticed since CERN ISR > :
|_
S. Brodsky, R. Farrar PRL 31 1153 1973 = ' 10~
S. Brodsky, A. Sickles PLB 668 111 2008 S
F. Arleo et al. PRL 105 062002 2010 o 1
g Qe J'[: ? 10
3 . '
= o + K* (x 0.250) e 1107
0. Kg (x 0.062) $ 7
| - | ll 1 1 | I | lI L 1 1 L L1 ll 371 1 K g 10
01 0.3 1 3 10
p_ (GeV/c)
" S do  F(x;,9) & O Vslssamiscevers
xrscaling”  E——=— =
d’p  pf ® |2 Ve Tanean e aae
" ® Vs=1800/630 GeV CDF 2
| m s=1800/630 GeV CDF y
8 * Vs=1800/630 GeV DO y
- A Vs=1800/630 GeV CDF jets
2 [ 4 Vs=1800/630 GeV DO jets
=Ty~  number of 7 |
0y elementary fields 6 |
5 |
2 — 2 n=4
4
11‘(; 2 10"



ALICE EJP C 81 256 2021

non-perturvative effects? <=13 TeV
: . _ — 1.
~higher twists/power corrections? - filed symbols 1
missing logarithmic resummation? s 41072
;8/ o
i i = - 107
noticed since CERN ISR >
'_
S. Brodsky, R. Farrar PRL 31 1153 1973 = xe! 107
S. Brodsky, A. Sickles PLB 668 111 2008 > AR :
F. Arleo et al. PRL 105 062002 2010 b T 00 .
LR 110
g Oe J'[: Py
Z ot T .0‘“
- o+ K* (x0.250) %gg_%o 2 11078
00 %3 :
applied to single inclusive jets in PDFs =l Kg (x 0.062) 0 s
. . 3107
R. Ba”etal EJPC86281 2016 Lol 1 Lol ] L1 s aaa] B B
0.1 0.3 1 3 10
p_ (GeV/c)
” ling” do  F(x;,9) e O lsssamscevens
Ar scaling L = - S LT Veoauead Gev PHENIX
¢p P =
" ® Vs=1800/630 GeV CDF 2
| = V/s=1800/630 GeV CDF y
8 (® Vs=1800/630 GeV DO y
- A Vs=1800/630 GeV CDF jets
2 [ 4 Vs=1800/630 GeV DO jets
=L 4~  number of 7l
0y elementary fields 6 |
5 |
2 —2 n=4
4
107 | I1-(; 1



ALICE EJP C 81 256 2021

non-perturvative effects? (s=13 TeV -

. . . - 40!
~higher twists/power corrections? - fled symbols ]'°
missing logarithmic resummation? s 41072

;8/ o
i i = - 107
noticed since CERN ISR >
'._
S. Brodsky, R. Farrar PRL 31 1153 1973 = , O 10
S. Brodsky, A. Sickles PLB 668 111 2008 > S ARX E
F. Arleo et al. PRL 105 062002 2010 '3 1c X 5
W {10
g O oni P
>3 N T .0-"
= o+ K* (x0.250) %gg_%o 2 {107
00 W :
applied to single inclusive jets in PDFs 0= Kg (x 0.062) L0 -
- ~ 4107
R. Ba”etal EJPC86281 2016 llllll 1 1 1 11111' 1 1 1 11111' *—' 1 -
01 0.3 1 3 10
multiple parton/color interactions p_(GeV/c)
" ing” do  F(x;,9) & O Vslssamiscevers
Ar scaling E——= » S LT Veoauead Gev PHENIX
d°p Pt 0 L e e e
" ® Vs=1800/630 GeV CDF 2
| m s=1800/630 GeV CDF y
8 * Vs=1800/630 GeV DO y
- A Vs=1800/630 GeV CDF jets
2 [ 4 Vs=1800/630 GeV DO jets
=Ty~  number of 7 |
0y elementary fields 6 |
5 |
2 — 2 n=4
4
107 | I1-(; 1



ALICE EJP C 81 256 2021

non-perturvative effects? :
rper e . \s=13TeV ], .
~higher twists/power corrections? filled symbols :
missing logarithmic resummation? s 41072
;8/ o
. . — | 10-3
noticed since CERN ISR > '
'._
S. Brodsky, R. Farrar PRL 31 1153 1973 <) e 1404
S. Brodsky, A. Sickles PLB 668 111 2008 S 0% :
F. Arleo et al. PRL 105 062002 2010 O X% P
g 0 » gy Y 310
Z + T .0'“
- o ¢+ K= (x 0.250) % i) 1107°
WO W :
applied to single inclusive jets in PDFs 0= Kg (x 0.062) @J;o wil
. ~ 3107
R. Ba”etal EJPC86281 2016 |111|| 1 1 1 11111' 1 1 1 11111' *—' 1 -
0.1 0.3 1 3 10
multiple parton/color interactions p_(GeV/c)
non-perturbative effects
y -y do F(.XT, J) X 10: * Vs=38.8/31.6GeVE706
xrscaling”  E——=— Rl
d°p Pt 0 L e e e
" ® Vs=1800/630 GeV CDF 2
g | = Va-i800/630 GeV DO
, L Ve=1800/830 GeV DO jete
=Ty~  number of 7 |
Ky elementary fields 6 |
5 |
2 — 2 n=4
4
107 I1(; 1



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

applied to single inclusive jets in PDFs
R. Ball et al. EJP C 86 281 2016

multiple parton/color interactions
non-perturbative effects

d’c d’c hy h,
E— —E—|1+—+=+-
dp dp pr pr

ALICE EJP C 81 256 2021

-
.

.....
ee”
.
. "
.
.

(s=13TeV :

filled symbols

1107

S
>
)
S
py Sl
>, R A
©
'._
.\8: 0
=2 0
© n n
X .
< 5
= o+ K* (x0.250) %‘j 2,
0 ¥
O = " o)
Kg x0.062) %
llllll 1 1 lllllll 1 1 lllllll .AT] 1
0.1 0.3 1 3 10
p_ (GeV/c)
y ing” do  F(x;,9) 3 [ Vsmamscevere
Ar Scaling E 73, = » 17 Ve200/624 GeV PHENIX
P Pr 9 IS Vem1800/630 GeV COF
" ® /s=1800/630 GeV CDF 2
| = Vs=1800/630 GeV CDF vy
8 | Vs=1800/630 GeV DOy
- A Vs=1800/630 GeV CDF jets
2 [ 4 Vs=1800/630 GeV DO jets
=L 4~  number of 7|
s elementary fields N
5 |
2 — 2 n=4

10”

~ 4107




non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

applied to single inclusive jets in PDFs
R. Ball et al. EJPC 86 281 2016

multiple parton/color interactions
non-perturbative effects




non-perturvative effects?

i i - *ldata ~ 20 — 2.3
~higher twists/power corrections? (x"/data — 2.3)

[pb/GeV?]

missing logarithmic resummation? pdio
dp*

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

# CMS pp |y| <2
4 CDF pp |y| < 1

¢ ALICE pp |y| < 0.5

. N
o
. . 13 TeV
3 ()(]_()2)
applied to single inclusive jets in PDFs
R. Ball et al. EJPC 86 281 2016
Q 7 TeV
. i (x109)
multiple parton/color interactions
non-perturbative effects g TN
N (><10_2)
N
A\\
A 1.96 Tev
Bo Bo b h A G
E— — E— I+ —=+—=+-
dp P Pr Pr 3 - NLO u = kpy

1072 F _._._ NLO A-mass 0.9 TeV

—6
10~ MO (1) e

........ NLO x<1+%+%>
10—? - '
10Y 101

pr |GeV]|

T
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
a
.

. \ —— —

'."f.

1 1 I
ratio to NLO fit

(k= 1491).. ............... S . ......... , ........ | ALIIQE 13 Tev:
. 1 1 I i

pr |GeV]

101



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

applied to single inclusive jets in PDFs
R. Ball et al. EJPC 86 281 2016

multiple parton/color interactions
non-perturbative effects

d’c d’c hy h,
E— —E—(1+—+—=+-
dp p pr pr

| | | | | |
d3 214 E d3 21=
Ed—p‘g 'pb/GeV ] - Ed—zﬁ [pb/GeV ]
STAR pp — A + X7 STAR pp — A + X ]
Vs =02 TeV i V5 =0.2 TeV
ly| < 0.5]F ly| < 0.5
«d E E
'\.\\ S,
Y i SN _
. —.—-— NLO A-mass \'\\.\.j\'\'\q\.: 1E T N E
103 | | LT I I I L I
3 L ' + + ' ratio to NLO fit 1L ' ' ' ' N
o 4,___1_'___+ t + + 1 | ¢ ¢ ' + :
2 | T ® 1L ) § + ........... + ! _
DR NN IR | Y0 A SO
R m S \x\\& S —
AN 1F e
B i R | e — : |
1 2 3 4 5 1 2 3 4 5
T [GGV] T [GGV]



non-perturvative effects?
~higher twists/power corrections?
missing logarithmic resummation?

noticed since CERN ISR

S. Brodsky, R. Farrar PRL 31 1153 1973
S. Brodsky, A. Sickles PLB 668 111 2008

F. Arleo et al. PRL 105 062002 2010

applied to single inclusive jets in PDFs
R. Ball et al. EJPC 86 281 2016

multiple parton/color interactions
non-perturbative effects

d’c d’c hy h,
E— —E—(1+—+—=+-
dp p pr pr

| | | | | |
d3 214 E d3 21 =
Ed—p‘g 'pb/GeV ] - Ed—zﬁ [pb/GeV ]
STAR pp — A + X7 STAR pp — A + X ]
Vs =02 TeV i V5 =0.2 TeV
ly| < 0.5]F ly| < 0.5
«d E E
N \\ R
Y i SN _
F —.—-— NLO A-mass \'\\\\ iE Tl DN E
C — NLO ><<1+—1T> ~N  iF
........ L0 1+ 72)
103 | | | | | | | |
3 L ' + + ' ratio to NLO fit 1L ' ' ' ' N
o s 41 t + + 1 | +++ + :
2 F e * 1L ) § + .......... + 1 _
DR W TR | N W A SO
e m S \x\\& S —
NN e P T 1F e
B i B | |
1 2 3 4 5} 1 2 3 4 5}
T [GGV] T [GGV]






A" FFs

NLO u = kpr
NLO A-mass

NLO ><<1+—1
Pr

h>-

NLO x(1+ﬂ+”_§)-
Pr Pt




/\ O FF e NLO u = kpr -
S ————— NLO A-mass
B NLO ><<1+ﬁ> B}
Pr
-:'\‘ e NLO x(1+ﬂ+h_§)-
. Pr Pt

DMz pg) = Niz%(1 = 2P[1 +7(1 =21 g = 1GeV




A" FFs

DMz, pg) = N;2%(1 = 2P[1 + (1 — 2)°)

D

A
u+u

(Z, ,U()) = Dér:_J(Za ,M()) D.S{}l—f

(z ) DNz, 1)

NLO u = kpr .
NLO A-mass

NLO x<1+ﬁ> 7
Pr

NLO x(1+ﬂ+h—§)- '
Pr Pt




A" FFs

DMz pg) = Niz%(1 = 2P[1 +7(1 =21 g = 1GeV

Dz,/t\-Hj(Za /4()) = Dé::_a?(za /40) DS/:&

(z ) DNz, 1)

1
Dii (@ po) = D3z uo) = | o+ Y, | Diaz o)

NLO u = kpr
NLO A-mass

NLO x <1 +ﬁ>
Pr

h
NLO x 1+—1+—§
Pr Pr

h)_'




A" FFs

DMz, pg) = N;2%(1 = 2P[1 + (1 — 2)°)

Dbjt\m(Z, Ho) = Dér:_aT(Za Ho) Dsl}rg(Za Ho) D(é\ (2, o)

D2z, uy) = D2(z, ) = l+Y D
i \$s Mo g % Ko 5 l

1
DNzpp) = 5+, ) D

A

S+S

I/t-l-l/_t(Z’ IMO)

(Za /’tO)

NLO u = kpr
NLO A-mass

NLO x <1 +ﬁ> )
Pr

NLO x(1+ﬂ+@)- '

Pr P%

w| ]




A" FFs

NLO u = kpr
NLO A-mass

NLO ><<1+—1
Pr

h>-

NLO x(1+ﬂ+h_§)-
Pr Pt




NLO A-mass
NLO x <1 +ﬁ> )
Pr

NLO x(1+ﬂ+h—§)
br Pt




[ \ FFS psvo7 1 - NLO u = kpr A
AKKO8s = ——— NLO A-mass
NPC23 | NLO X<1+ﬁ> N
MAP || AN | 8
= EEEEEEER NLO x(1+_1+_§) -
Pr Pt




A" FFs

NLO A-mass
NLO x <1 +ﬂ> )
Pr

NLO x(1+ﬂ+h_§)- ‘
Pr Pt




/\ O NLO u = kp
F FS NLO A-massT
wo (12)

aaamnnn - NLO x(1+ﬂ+h_§)

Pr Pr




cem-=s NLO y = kpy ]

A" FFs

————— NLO A-mass
— NLO x<1+ﬁ> B}
Pr

aaamnnn - NLO x(1+ﬂ+h_§)-
Pr  Pr

’——-—§§
-

——.*-————’
.
~N

—~
-

large uncertainty




Di . NLO 4 =« d .
AO FFS L < (Z) ............... R | U= Kp;

Hn = 10 GeV AKKos Il = —-—- NLO A-mass

NPc23 [ NLO x<1+ﬁ> 7
vap || RN
NLO - -\,\'\ aaamnnn - NLO x(1+;+p_%)-

.
\ -
——.*-————’

.

\.

—~
~——

large uncertainty
sets based on SIDIS (or with PC) favor large D;\




A" FFs

NLO A-mass
NLO x <1 +ﬁ>
Pr

h
NLO x 1+—1+—§
Pr Pr

h)_‘

large uncertainty

sets based on SIDIS (or with PC) favor large D;\




Di o NLO u =« d--
AO FFS L < (Z) ............... R | U= Kp;

U = 10 GeV AKKos Il = —-—- NLO A-mass
.l NPC23 ][ NLO x<1+ﬁ> ]
MAP \, }I:IT " ‘
—— NLO . -\_\‘\ ........ NLO x(1+;+p_%)- _
Nno pp
or PC .

;
;
:

-
Val

4 < W <20 GeV Q2 > 2 GeV?

0.07<y<09  =z5>0.02
e
large uncertainty 2
sets based on SIDIS (or with PC) favor large D" N
| 10~1



NLO u = kpr
NLO A-mass

NLO ><<L+EJ
Pr

h
NLO x 1+—1+—§
Pr Pr

h)_j

T | ' | !
—F == Hl e"p—> A+ A
"_'T_ ................. _+ ............... \/E = 300 GeV
.................... DSV97
AKKO08
NPC23
MAP
_ NLO
E ....... NLO u = kpr
) 5 T NLO A-mass
10 < Q° < 70 GeV NLO X<1+%>
0.05 < Yy < 0.6 .. NLO x[1+/y
pr Pt
1074 < rg < 10~2
.............. l I . : . l
0.2

——=7
=

m o —an
~

0 zDi(2) .
N" FFs i =10 GeV ol
0.1F NPC23 ||
MAP
—— NLO
Nno pp
or PC N
' | ' I ' 1 .
EMC upTp — A/A
— Vs = 22.9 GeV
11 R T
? I 4 ____ A
(xlOO)
N = )
.
(x10_3)
4 < W <20 GeV Q2 > 2 GeV?
0.07 < y < 0.9 zg > 0.02
1 | 1 | 1 | 1
0.0 0.2 0.4 0.6 0.8
large uncertainty <
sets based on SIDIS (or with PC) favor large DSA
0.0 bt
10—1




SLTIII LTI N TRy




SIDIS

SLTIII LTI N TRy




SIDIS

naive SU(3) (a la DSV) strongly disfavored

=10 GeV

0.1

.........

.,
‘e,
..
.
.
.
-
‘e
.

0.1

NLO u = kpr
NLO A-mass

NLO x<1+ﬂ> )

Pr

NLO x(1+ﬂ+h—§)
Pr Pr




SIDIS

0.1

NLO u = kpr .
NLO A-mass

NLO x<1+ﬂ> )
Pr

NLO x

h h
I+—+— ) 1
Pr Pt

naive SU(3) (a la DSV) strongly disfavored

SU(2) ?




SIDIS

naive SU(3) (a la DSV) strongly disfavored

SU(2) ?

0.1

NLO u = kpr .
NLO A-mass

NLO x<1+ﬂ> )
Pr

NLO x(1+ﬂ+h_§)-
Pr Pr

*
«*
.

.
.
.
.

.*







to be continued...



to be continued...

uncertainties: Montecarlo Error Sampling



to be continued...

uncertainties: Montecarlo Error Sampling

NNLO: exact NNLO evolution, SIA and SIDIS, pp k-factors



to be continued...

uncertainties: Montecarlo Error Sampling

NNLO: exact NNLO evolution, SIA and SIDIS, pp k-factors

EIC impact study



to be continued...

uncertainties: Montecarlo Error Sampling

NNLO: exact NNLO evolution, SIA and SIDIS, pp k-factors
EIC impact study

polarization






Conclusions:



Conclusions:

the extraction of A’ FFs has iImproved significantly in the last 30 years



Conclusions:

the extraction of A’ FFs has iImproved significantly in the last 30 years

all the ingredients for a global NNLO are now available



Conclusions:

the extraction of A’ FFs has iImproved significantly in the last 30 years
all the ingredients for a global NNLO are now available

LT description of pp — A’ + X is not satisfactory



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?

the required PC may suggest we missed something in previous FFs analyses



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?
the required PC may suggest we missed something in previous FFs analyses

would be great to have precise SIDIS data form EIC:



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?
the required PC may suggest we missed something in previous FFs analyses

would be great to have precise SIDIS data form EIC:

confront very precise pp data



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?
the required PC may suggest we missed something in previous FFs analyses

would be great to have precise SIDIS data form EIC:

confront very precise pp data, extract PC?



Conclusions:

the extraction of A’ FFs has improved significantly in the last 30 years

all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?
the required PC may suggest we missed something in previous FFs analyses

would be great to have precise SIDIS data form EIC:

confront very precise pp data, extract PC?

achieve flavor separation



Conclusions:
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all the ingredients for a global NNLO are now available

LT description of pp — A’ 4+ X is not satisfactory

what is the origin of the PC?
the required PC may suggest we missed something in previous FFs analyses

would be great to have precise SIDIS data form EIC:

confront very precise pp data, extract PC?

achieve flavor separation
work in progress...






