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FFs:
   (collinear) PDFs describe the state of a parton inside a hadron before the interaction.

   FFs encode the information on the probability that a certain parton ends up 
afterwards in a certain hadron measured by the detector. 

f p,n,A,π,...
i (x, Q2)

Dh=π±,0,K±,p,p̄,...
i (z, Q2)

   Just like PDFs, FFs are determined through global fits. In this case to SIA (e.g.: 
), SIDIS (e.g.: ) and single-inclusive 

hadroproduction (e.g.: )  
e+ + e− → K+ + K− + X l + p → π+ + X

p + p → η + X

   Except for SIA, the extraction of FFs requires a set of PDFs to describe the initial 
state.  
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xFitter: xfitter.org

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 
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xFitter:
   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

xfitter.org

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 
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xFitter: xfitter.org

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).
https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 
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xFitter: xfitter.org

   Now in: inclusive DIS, Drell-Yan, jet and  processes. nPDFs also available. tt̄
https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).
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xFitter: xfitter.org

   Choice of QCD evolution package, heavy flavour scheme, error estimation, DIS  
       electroweak corrections, re-weighting tool, dipole models, TDM (uPDFs), diffractive    
       PDFs, total and differential  production cross sections, heavy quark production.tt̄

https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).

   Now in: inclusive DIS, Drell-Yan, jet and  processes. nPDFs also available. tt̄
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xFitter: xfitter.org

   In May the collaboration presented their FFs analysis (only SIA). Phys. Rev. D 104, 056019

https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).

   Now in: inclusive DIS, Drell-Yan, jet and  processes. nPDFs also available. tt̄

   Choice of QCD evolution package, heavy flavour scheme, error estimation, DIS  
       electroweak corrections, re-weighting tool, dipole models, TDM (uPDFs), diffractive    
       PDFs, total and differential  production cross sections, heavy quark production.tt̄
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xFitter: xfitter.org

  Slowly moving fully to C++. 

https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).

   Now in: inclusive DIS, Drell-Yan, jet and  processes. nPDFs also available. tt̄

   Choice of QCD evolution package, heavy flavour scheme, error estimation, DIS  
       electroweak corrections, re-weighting tool, dipole models, TDM (uPDFs), diffractive    
       PDFs, total and differential  production cross sections, heavy quark production.tt̄
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xFitter: xfitter.org

https://lhapdf.hepforge.orgEur.Phys.J.C 75 (2015) 12, 580

  For now, it is a bit like this 

   Common initiative by the H1 and ZEUS collaborations (+LHC collaborations). 

   Open source QCD fit framework to extract PDFs and assess the impact of new data. 

   Used for the determination of HERAPDFs and other sets (available in LHAPDF).

   Now in: inclusive DIS, Drell-Yan, jet and  processes. nPDFs also available. tt̄

   Choice of QCD evolution package, heavy flavour scheme, error estimation, DIS  
       electroweak corrections, re-weighting tool, dipole models, TDM (uPDFs), diffractive    
       PDFs, total and differential  production cross sections, heavy quark production.tt̄

  Slowly moving fully to C++. 
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Why include FFs in xFitter?
 Collinear PDFs are best known, but FFs are far behind.
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Why include FFs in xFitter?

 The JAM collaboration showed promising results in using SIDIS data to  

      improve flavour separation of PDFs. The aim is eventually to do a joint  

      study of initial and final state distributions.

 Collinear PDFs are best known, but FFs are far behind.

JAM Collaboration, PRD 101 (2020) 7, 074020.

 Not a novel idea. We  

     already do this to constrain  

     the gluon nPDF (with single  

     inclusive hadron production).
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Why include FFs in xFitter?

Aschenauer et al., PRD99 
(2019) no.9, 094004

 The JAM collaboration showed promising results in using SIDIS data to  

      improve flavour separation of PDFs. The aim is eventually to do a joint  

      study of initial and final state distributions.

 Collinear PDFs are best known, but FFs are far behind.
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Why include FFs in xFitter?

 Also, I was requested to do a phenomenological study of final-state effects  

     in e+A SIDIS for the EIC Yellow Report. arXiv:2103.05419

 The JAM collaboration showed promising results in using SIDIS data to  

      improve flavour separation of PDFs. The aim is eventually to do a joint  

      study of initial and final state distributions.

 Collinear PDFs are best known, but FFs are far behind.
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Why include FFs in xFitter?

 I promised DFG.

 Also, I was requested to do a phenomenological study of final-state effects  

     in e+A SIDIS for the EIC Yellow Report. arXiv:2103.05419

 The JAM collaboration showed promising results in using SIDIS data to  

      improve flavour separation of PDFs. The aim is eventually to do a joint  

      study of initial and final state distributions.

 Collinear PDFs are best known, but FFs are far behind.
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Incorporating FFs in xFitter

Read input

Initialisation of theory modules

Initial PDF parametrisation 

Evolution

Minimisation routine

Store output
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Most of the changes made are based on the structure 
incorporated by Helenius et al. for nuclear PDFs. 

Read input

Initialisation of theory modules

Initial PDF parametrisation 

Evolution

Minimisation routine

Store output

PRD100 (2019) no.9, 096015

Incorporating FFs in xFitter

 6/31



Read input

Steering file

Experimental data files

Initial parameters

The only thing that the user has to modify. Pick 
running mode, perturbative order, heavy flavour 
scheme, data to fit, etc.

Running modes: ‘Fit’, ‘LHAPDF Analysis’.
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Read input

Steering file

Experimental data files

Initial parameters

 2 new flags: fragfunc and joint. 

 4 running modes for ‘Fit’:

fragfunc joint fits tested?

F F PDFs (standard) yes

T F FFs (PDFs fixed) yes

F T PDFs including SIDIS data 
(FFs fixed) no

T T PDFs and FFs no

 flag to (de)activate nuclear effects in deuterium. 

 choice of nuclear/vacuum FFs.  

 pion (kaon, proton, hadrons planned). 

 style of parametrization: AKK, DSS. 

 values of A to run PDFs/FFs grids. 

 grid for output. 

 kinematic cuts for SIA and SIDIS.
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Read input

Steering file

Experimental data files

Initial parameters

 add files for SIA and SIDIS, with all their 
     particularities (at least 8 different 
     normalisations for SIA). 
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Read input

Steering file

Experimental data files

Initial parameters  extend internal number of parameters in  
     MINUIT to accommodate for different  
     species and vacuum/nuclear cases. 

 parameters for FFs as in DSS (tested) 
     and other sets (tested).
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Initial PDF parametrisation  Create parametrisation for fragmentation  
     functions with A dependence. 

 The parametrisation depends on the FF  
     style selected.

+ FF 
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Evolution  QCDNUM with intrinsic heavy flavour  
     to replicate baseline FFs. 

 APFEL (to be tested) for AKK-style FFs.

Initial PDF parametrisation 

+ FF 

 Create parametrisation for fragmentation  
     functions with A dependence. 

 The parametrisation depends on the FF  
     style selected.

The difference is on the treatment of heavy 
flavour distributions, particularly the 
thresholds considered.
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vacuum FFs for pions : QCDNUM+DEHSS2014 parametrisation Phys.Rev.D 91 (2015) 1, 014035

DEHSS2014: charm and bottom fixed to zero for Q2 < m2
c,b
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😱
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😱

11/31



LIKE = DEHSS 
implementation in 
xFitter

DEHSS grid

parametrisation

LIKE grid

   Charm and bottom at respective thresholds (from grid) are not as in the DEHSS paper. 

   This effect comes from the interpolation over a grid where mc and mb are not support  

         points. 

   Even when using mc and mb as support points the interpolator makes funny things close  

        to the thresholds. 

   Possibly solvable modifying the interpolation routine to use three grids. 
12/31



Minimisation routine

 (massless) SIA and SIDIS routines written 
from scratch up to NLO accuracy in z-space. 

 For SIDIS the output is the ratio of SIDIS/
DIS as required for comparison with data. 

 Heavy flavour FFs set to zero below mass 
thresholds to match DSS style. 

 When fitting only one type of parton 
distribution, a grid containing the convolution 
of all other quantities is created in the first call 
(x20 gain in speed for FF fitting). 

Cross-section

13/31



How does it look if we compare the code predictions with data?
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How does it look if we compare the code predictions with data?
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How does it look if we compare the code predictions with data?
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 HERMES data as this is not integrated over bins. 

 the final COMPASS data (not in the original fit). 

 one SIA data set (and I would love to know where 

people got the data from).

Some tension with:

quite nice :)
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Application to in-medium 
fragmentation



5 Results 

The d is t r ibu t ions  in z and  p  9 and  the az imutha l  asym- 
met ry  o f  the charged  had rons  in the fo rward  hemisphere  
have been inves t iga ted  to search for  nuc lear  effects in the 
h a d r o n  jets.  The  ra t io  o f  the numbers  o f  posi t ively  and  
negat ively  charged  had rons  f rom nuclear  targets  have 
been c o m p a r e d  to those f rom deu te r ium and  these a l low 
limits to be set on any excess con t r ibu t ion  o f  sea quarks  
in the nucleus. 

5.1 z h distributions of charged hadrons 

The z d i s t r ibu t ion  o f  charged  had rons  normal i sed  to the 
n u m b e r  o f  sca t tered  muons  and  in tegra ted  over  the m u o n  
var iables  within the cuts given in Table  2, is shown in 
Fig.  3 separa te ly  for  copper  and  deuter ium.  F igure  4 
shows the ra t io  o f  the different ia l  mul t ip l ic i ty  d is t r ibu-  
t ions rcu (zh) as a funct ion o f z  h for copper  and  deuter ium,  
where 

, dN ] / ( ,  , 
rc~(Zh)=(Nu dzh l c u l \ N u  dZh / D 2  

ID 
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Fig. 3. Differential hadron multiplicity: 1 IN#. dN h/dZh as a func- 
tion of z h for Cu and D 2. The statistical errors are of a similar size 
to the symbols; the systematic errors are not shown 
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Fig. 4a, b. Ratio of z distributions of nuclear targets relative to D 2. 
The results on Cu/D 2 shown in b are obtained from the high sta- 
tistics run with the extended target. The errors for multiplicity ratios 
shown in the following figures always include the error due to the 
uncertainty in the correction for electron contamination (see text) 

together  wi th  the  ra t ios  measured  using the ca rbon  and  
the tin targets .  

F o r  the large nuclei  (Cu, Sn) one observes a small  bu t  
d is t inct  reduc t ion  o f  the fast h a d r o n  p roduc t i on  com- 
pa red  to that  on deuter ium,  whereas  for  c a rbon  the ra t io  
at  h igher  z h is compa t ib l e  with uni ty  within the larger  
s tat is t ical  uncertaint ies .  The  high statist ics exper iment  
with Cu  and  D 2 reveals  tha t  there  is no signif icant  vari-  
a t ion  o f  the ra t io  for  z h > 0.2. F o r  smal ler  z h the ra t io  
tends to rise to a value  greater  than  unity.  A s imilar  t rend  
can also be seen for  Sn. The  averaged  mul t ip l ic i ty  ra t ios  
for  z h > 0.2 def ined as: 

R A dz /dNh~  d N h \  = d z  h - - |  (5.2) 
dzh / A dzh /D2 

are given in Table  5. The  observed  deple t ion  o f  had rons  
is s ignif icant ly more  p r o n o u n c e d  for  heavy nuclei  than  
for l ighter  ones. 

The  higher  stat ist ics o f  the Cu and O 2 d a t a  a l low fur- 
ther studies o f  the dependence  o f  Rcu on  the m u o n  
var iables .  In  Fig.  5 the  ra t io  Rcu is p lo t t ed  versus v in 
the range  f rom 10 to 230 GeV. The  ra t ios  show a g radua l  
decrease wit]~ decreas ing v be low v =< 60 GeV,  whereas  
they slowly a p p r o a c h  uni ty  for  h igher  v. I t  should  be 
noted,  tha t  the dep le t ion  o f  the fast  h a d r o n  mul t ip l ic i ty  
in copper ,  even in the lowest  v-bin,  is only  ~ 10%. 

Our  da ta ,  t aken  at  two beam energies, a l low the de- 
pendence o f  Rcu on  the m u o n  var iables  to be invest igated.  

Table 5. Ratio of partial integrals R A of 
differential energy distributions of charged 
hadrons integrated over Q2, v and x within 
the cuts given in Table 1 C/D2 

Cu/D2 
(Tgt. set up I) 
Cu/D2 
(Tgt. set up II) 
Sn/D2 

<v> <x> <Q2> RA 
[GeV] [GeV2/c 21 

Error 
stat. syst. 

52 0.14 10.2 
62 0.13 12.3 

62 0.14 10.6 

62 ,0.13 11.8 

1.018 4- 0.034 4- 0.005 
0.952 +0.015 +0.010 

0.946 + 0.008 + 0.005 

0.917 _+0.026 4-0.01 

EMC Collaboration, Z. Phys. C 52 (1991), 1

Some old stuff
Rh

A(ν, z, Q2, p2
t ) =

( Nh(ν, z, Q2, p2
t )

Ne(ν, Q2) )A

( Nh(ν, z, Q2, p2
t )

Ne(ν, Q2) )D

nuclear effects observed in e+A SIDIS
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correction in particular � ��S
Q zQ ,,2  bins. In Appendix II one can find the plots for other kinematical 

bins. The acceptance correction factor for the hadronic multiplicity ratio measurements is only a 

few percent.   

a. b. 

c. d 

Figure 4-12. At the plots red corresponds to carbon, blue to iron and black to lead targets. The 

hollow points correspond to measurements without the acceptance correction applied; the solid 

points correspond to measurements with the acceptance correction applied. The plotted errors are 

statistical errors for the data. a) Hadronic multiplicity ratio dependence on  when �S
z 7.32.3 ��Q  

,  . b) Hadronic multiplicity ratio dependence on  when GeV 3.11 2 �� Q 2GeV 2Q 2.32.2 ��Q  

, . c) The hadronic multiplicity ratio dependence on GeV 5.04.0 �� �S
z Q  when 1  

, . d) The hadronic multiplicity ratio dependence on  when 

8.13. 2 �� Q

3.47.32GeV 6.05.0 �� �S
z 2

Tp ��Q  

,  . GeV 8.13.1 2 �� Q 2GeV

 102

CLAS preliminary data.    Ebeam ≈ 5 GeV

Preliminary, only statistical uncertainties provided.
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HERMES Collaboration, Nucl. Phys. B 780 (2007), 1  The effect can’t be 
described with nPDFs.

 Several models in 
terms of multiple 
particle interaction, 
energy loss, etc.

Riv.Nuovo Cim. 32 (2010) 439
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HERMES Collaboration, Nucl. Phys. B 780 (2007), 1  The effect can’t be 
described with nPDFs.

 Several models in 
terms of multiple 
particle interaction, 
energy loss, etc.

 We wanted a 
phenomenological way 
of describing the 
observable.

 Introduced medium 
modified FFs (nFFs).

Riv.Nuovo Cim. 32 (2010) 439
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vacuum baseline from DSS07: Phys.Rev.D 75 (2007) 114010
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FIG. 2: Rπ
A in SIDIS for different nuclei in bins of z (upper panel), x (middle panel), and Q2 (bottom panel) as measured by

HERMES [6]. The solid lines correspond to the results of our optimum fit for nFFs using the nDS medium modified parton
densities [11]. The corresponding fit based on the simple nFF* ansatz in Eq. (8) is shown as dotted lines. The dashed lines are
estimates assuming the nDS medium modified PDFs but standard DSS vacuum FFs [1].

Figs. 3-5 as solid and dotted lines, corresponding to our
optimum and simplified ansatz for the weight function
Wπ

q,g introduced in Sec. III A, respectively. Here, the
naive three parameter ansatz for Wπ

q,g fails to reproduce
the pT dependence of the dAu data, and the greater flex-
ibility of Eqs. (10) and (11) is clearly needed and leads
to a significant improvement of the fit. The simultaneous
description of SIDIS and dAu data requires to have the
correct balance between quark and gluon contributions
in the fragmentation process, which is strongly pT and,
hence, z dependent.

An important difference between SIDIS and dAu data
is that in the latter case the cross sections sample con-
tributions from a wide range in z. Consequently, the
deconvolution of the medium induced effects is less trans-
parent. In order to provide a better insight into the sen-
sitivity of the RHIC measurements to the fragmentation
process, we show in Fig. 6 (a) the mean value of the
hadron’s fractional momentum z probed in pp and dAu
collisions as a function of pT . There are several ways to
estimate an average 〈z〉. We define it in the standard
way by evaluating the convolutions in the factorized ex-

 There is no 
need for flavour 
separation for 
quarks. 

 Many 
parameters are tied 
together. 

 The largest 
tension comes from 
the high-x bins of 
HERMES data.
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SIDIS can’t constrain the gluon. We used single hadroproduction from RHIC in d+Au collisions: 10

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1
10
10 2
10 3

d3σπ

dp3E [mb / GeV2]
0

dAu

nFF (nDS)
nFF* (nDS)
FF (nDS)
FF (EPS)

PHENIX

RπRσ

0

pT [GeV]

0.8

1

1.2

1.4
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FIG. 3: Upper panel: comparison of the PHENIX data for
neutral pion production in dAu collisions at mid-rapidity [14]
with NLO estimates obtained with various combinations of
nPDFs, FFs, and nFFs. The solid and dotted line correspond
to the results of our optimum and simple three parameter fit
for nFFs, respectively, using the nDS nPDFs [11]. Results
based on standard DSS FFs [1] are shown as dashed and dot-
dashed lines for nDS [11] and EPS [13] nPDFs, respectively.
Lower panel: same as above but now for the ratio Rπ

σ defined
in Eq. (7).

pression for the pT dependent cross section [24] with an
extra factor of z in the integrand, divided by the cross
section itself [28], i.e., schematically we use

〈z〉 ≡

∫

dz z dσH

dzdpT
∫

dz dσH

dzdpT

. (13)

Here, dσH/dzdpT contains the appropriate convolutions
of the parton densities and fragmentation functions with
the partonic hard scattering cross sections.
Panel (b) of Fig. 6 shows the individual 〈z〉 for quark

and gluon fragmentation processes, simply referring to
the contributions in the dAu cross section proportional to
either Dπ

q/Au or Dπ
g/Au. Beyond the LO, this separation

involves some arbitrariness and depends on the choice of
the factorization scheme. In addition, primary partons
created in the hard scattering may radiate off secondary
partons of a different species which in turn fragment into
the observed hadron. Figure 6 (c) shows histograms of
the z distribution for three representative values of pT . In
panel (d), we present the relative contributions of quark
and gluon fragmentation processes to the π0 production
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FIG. 4: The same as in Fig. 3 but now for neutral pion data
obtained by STAR [16].

cross section in pp and dAu collisions.

As can be seen in Fig. 6, RHIC pp and dAu data
are mainly sensitive to fairly large values of the momen-
tum fraction taken by the hadron H , with 〈z〉 slightly
increasing with pT . However, as panel (c) shows, the
cross section samples contributions over a broad range in
z, starting at about z $ 0.2. Notice that below about
pT = 1.5GeV, the tail in the z distribution becomes sen-
sitive to values z ! 0.1, where the concept of fragmen-
tation functions breaks down due to finite hadron mass
effects and the singular behavior of the timelike evolution
kernels. It is also worthwhile mentioning that the values
of z to which the cross sections are most sensitive to, i.e.,
〈z〉, depend, of course, on the actual shape of the FFs
and nFFs assumed in the analysis of pp and dAu collision
data, respectively. Since we anticipate sizable differences
between them, the ratios RH

σ defined in Eq. (7) actually
sample the nuclear and the vacuum fragmentation func-
tions at slightly different values of z, cf. Fig. 6 (a). This
can have quite some effect on the ratios RH

σ in regions
where the fragmentation functions vary rapidly with z.

Fig. 6 (d) demonstrates that for pp collisions gluon
fragmentation is clearly the dominant production mech-
anism at low values of pT . Quark fragmentation con-
tributions increase with pT , and cross the level of 50%
at pT $ 10GeV. Again, the relative balance between
quark and gluon contributions in dAu collisions will de-
pend on the extracted medium induced modifications.
In our analysis, pion production is dominantly driven by
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As can be seen in Fig. 6, RHIC pp and dAu data
are mainly sensitive to fairly large values of the momen-
tum fraction taken by the hadron H , with 〈z〉 slightly
increasing with pT . However, as panel (c) shows, the
cross section samples contributions over a broad range in
z, starting at about z $ 0.2. Notice that below about
pT = 1.5GeV, the tail in the z distribution becomes sen-
sitive to values z ! 0.1, where the concept of fragmen-
tation functions breaks down due to finite hadron mass
effects and the singular behavior of the timelike evolution
kernels. It is also worthwhile mentioning that the values
of z to which the cross sections are most sensitive to, i.e.,
〈z〉, depend, of course, on the actual shape of the FFs
and nFFs assumed in the analysis of pp and dAu collision
data, respectively. Since we anticipate sizable differences
between them, the ratios RH

σ defined in Eq. (7) actually
sample the nuclear and the vacuum fragmentation func-
tions at slightly different values of z, cf. Fig. 6 (a). This
can have quite some effect on the ratios RH

σ in regions
where the fragmentation functions vary rapidly with z.

Fig. 6 (d) demonstrates that for pp collisions gluon
fragmentation is clearly the dominant production mech-
anism at low values of pT . Quark fragmentation con-
tributions increase with pT , and cross the level of 50%
at pT $ 10GeV. Again, the relative balance between
quark and gluon contributions in dAu collisions will de-
pend on the extracted medium induced modifications.
In our analysis, pion production is dominantly driven by

 These data are also used to 
constrain the gluon nPDF, so we 
are probably double/triple 
counting effects.  

 But it is true that we found a 
~20% decrease of  for RHIC 
data in the DSSZ nPDF fit. 

 For pions we found a 
reasonable  
with 14 parameters. 

 For kaons the situation was 
much much worse.

χ2

χ2/d . o . f . = 1.079
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But that was over a decade ago, things have changed significantly with COMPASS.

DEHSS2014, Phys.Rev.D 91 (2015) 1, 014035 21/31



Given the much improved/very different DEHSS2014 and the need for 
an impact study for the YR, a new nFF set was extracted: LIKEn21 my initials are unsuitable 

for a solo work
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LIKEn21 was determined using xFitter

Dh
i (z, Q0) = Nixαi(1 − x)βi[1 + γi(1 − x)δi]

Ni → Ni[1 + N1,i(1 − AN2,i)]
pi → pi + p1,i(1 − Ap2,i)

i = u + ū, d + d̄, s + s̄, c + c̄, b + b̄, ū, g

Q0 = 1 GeV, mc, mb

Given the much improved/very different DEHSS2014 and the need for 
an impact study for the YR, a new nFF set was extracted: LIKEn21

and extend it:      Dh
i (z, Q0) → Dh

i (z, Q0, A)

i = q, g

my initials are unsuitable 
for a solo work

Take the parametrisation of baseline FFs

p = α, β, γ, δ
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i = u + ū, d + d̄, s + s̄, c + c̄, b + b̄, ū, g

Q0 = 1 GeV, mc, mb

Given the much improved/very different DEHSS2014 and the need for 
an impact study for the YR, a new nFF set was extracted: LIKEn21

i = q, g

my initials are unsuitable 
for a solo work

Take the parametrisation of baseline FFs

no flavour sensitivity found

α1,i = α2,i = 0data has no sensitivity at low z

p = α, β, γ, δ

and extend it:      Dh
i (z, Q0) → Dh

i (z, Q0, A)
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P.Z., arXiv:2101.01088 [hep-ph]

  Proton PDFs from      
      MMHT2014 NLO (using    
      LHAPDF). 

 No nPDFs (effect cancels in 
     the double ratio). 

 We obtain a similar high-z  
     behaviour.
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  Proton PDFs from      
      MMHT2014 NLO (using    
      LHAPDF). 

 No nPDFs (effect cancels in 
     the double ratio). 

 We obtain a similar high-z  
     behaviour.

 Without RHIC data the gluon does crazy things at low z if not forced to “behave”. 

 Very different low-z behaviour due to artificial constraint on the parameters. 

 With the new baseline and different parametrisation, for 7 parameters          

 -110 units of  for the HERMES data compared with the 2010 result.  

χ2/d . o . f . = 0.776

χ2

P.Z., arXiv:2101.01088 [hep-ph]
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But surely now there are new data 
for hadroproduction from LHC!
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But using them requires paying a 
bias-including price that I am 
reluctant to pay.

JHEP 11 (2018) 013

Of course.

1
σinel

E
d3σ
dp3

=
1

Nev2πpT

d2N
dydpT

But surely now there are new data 
for hadroproduction from LHC!
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Can’t one try with RHIC? Of course :)

25/31



Of course :)

0 2 4 6 8

0

0.5

1

1.5

2

 
σ+ π

 R

 = 200 GeVSTAR Data #Sqrt{S}

 uncorrelatedδ

 totalδ

Theory + shifts ../../../test_all

0 2 4 6 8
 [GeV] 

T
 p

0.8

1

1.2

T
h

e
o

ry
/D

a
ta 0 2 4 6 8

0

0.5

1

1.5

2

 
σ- π

 R

 = 200 GeVSTAR Data #Sqrt{S}

 uncorrelatedδ

 totalδ

Theory + shifts ../../../test_all

0 2 4 6 8
 [GeV] 

T
 p

0.8

1

1.2

T
h

e
o

ry
/D

a
ta

0 5 10 15
1.5−

1−

0.5−

0

0.5

1

1.5

2

2.5

3 
σ0 π

 R

 = 200 GeVSTAR Data #Sqrt{S}

 uncorrelatedδ

 totalδ

Theory + shifts ../../../test_all

0 5 10 15
 [GeV] 

T
 p

0

1

2

T
h

e
o

ry
/D

a
ta 5 10 15 20

0.85

0.9

0.95

1

1.05 
H

e+ π
 R

 = 27.6 GeVbeamHERMES Data E

 uncorrelatedδ

 totalδ

Theory + shifts ../../../test_all

5 10 15 20
 ν 

0.96
0.98

1
1.02
1.04

T
h

e
o

ry
/D

a
ta

χ2 Nº points Experiment

4.65 13 STAR d+Au π0

7.51 15 STAR d+Au π-

11.29 15 STAR d+Au π+

  Fitted the data using proton PDFs and  
       releasing some nFF parameters. 

 The fit is quite adequate, but  similar to those  
       obtained for the same/similar data in nPDFs fits.  

 We can’t conclude at this point that this is a      
       purely initial or purely final state effect.  

 It is not convenient to fit with the code I have. 

χ2

Can’t one try with RHIC?
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P.Z., arXiv:2101.01088 [hep-ph]
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P.Z., arXiv:2101.01088 [hep-ph]

 Preliminary CLAS data roughly described (not in the fit!). 

 Prediction for Fe data always too high, but the extrapolation to Pb seems to do fine.
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P.Z., arXiv:2101.01088 [hep-ph]

 The final CLAS data came out this week. 

 There is a stronger difference with the C than I would have expected. 

 But the comparison with Pb is still reasonable. 

 Their plan is to measure this with .Ebeam = 11 GeV

arXiv:2109.09951
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Summary
  xFitter has been extended to fit fragmentation functions using SIA and SIDIS.  

  The vacuum FFs are parametrised in the standard form, the nFFs are just an extension. 

  The evolution and computation of cross-sections was set to match the style of the  

         DEHSS vacuum FFs, but can be extended to any other form. 

  Comparison with data shows reasonable results within the limitation of this  

         implementation. 

  The extension was tested by successfully determining a set of nFFs: LIKEn21. 
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Ongoing work  /  future work
 Simultaneous run of many FFs. 

 Compare MC errors with Hessian. 

 Add OPAL tagged data 

 Separate SIDIS routine to use different 
mass-schemes for DIS. 

 Test the DIS fit with SIDIS data and the 
joint fit run modes. 

 Test fit in parallel. 

 Figure out smart way to include single 
hadron production.  

 Extend nPDFs for other parametrisations.

 Implement the x/z bin 
integration needed by SIDIS data 
(vacuum). 

 Include other hadronic 
species. 

 Modify plotting to add FFs. 

 Include NLO CC SIDIS and 
NNLO SIA.
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