
Fixed target DIS data, target mass corrections and higher twist in xfitter

Fixed target ep (µp )DIS data sets which provide PDF constraints at high x :
▶ NMC
▶ SLAC
▶ (BCDMS) [available in xFitter, however not used in “default” fits]

Theoretical predictions for these data sets require power corrections:
▶ target mass corrections (TMC)
▶ higher twist (HT)

Implemented according to the ABMP16 prescription [Phys.Rev. D96 (2017) no.1, 014011]

S. Zenaiev (with help from S. Alekhin) TMC and HT in xfitter 7 Feb 2024 1 / 27



New data sets

MR: https://gitlab.cern.ch/fitters/xfitter-datafiles/-/merge_requests/18

NMC and SLAC data sets come with normalisation factors
which can be fitted (via parameters.yaml)

Data file snapshot:

Snapshot of parameters.yaml:
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New data sets: Q2 vs x

101 102 103 104

Q2 [GeV]

10 4

10 3

10 2

10 1

100
x

SLAC
BCDMS
NMC
HERA

S. Zenaiev (with help from S. Alekhin) TMC and HT in xfitter 7 Feb 2024 3 / 27



New feature request (or maybe it is already possible?)

Need to implement such normalisation factor also for BCDMS data

However, do not want to touch existing data files since it could be analysis specific and will break existing
tests

A more general way could be to override certain fields for some data sets from parameters.yaml, e.g.:
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TMC

Description from Phys.Rev.D 86 (2012) 054009 (ABM11):

[57] H. Georgi and H. Politzer, Phys.Rev. D14, 1829 (1976)

[58] O. Nachtmann, Nucl.Phys. B63, 237 (1973).

“TMC is most important for SLAC, less important for BCDMS, almost unimportant for NMC, and
negligible for HERA” [Phys.Rev. D63 (2001) 094022]

▶ 70% for some SLAC data points
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TMC technical details

Need to compute the integral for each data point (but at LO): time consuming
▶ Monte Carlo integration using GSL library: ∼ 100 calls of the integration function

→ more than factor 10 slower
▶ checked Simpson’s 3/8 rule (4 calls): not sufficient accuracy for some data points, however works

very well for the vast majority of the data
▶ might need further optimisation (currently the code is not cleaned up)

Currently it is implemented in FFABM reaction only
▶ not so easy to implement in BaseDISNC due to variable substitution
▶ might need further studies: either it needs to be implemented in each scheme (RT, FONLL,

ZMVFNS) separately, or BaseDISNC needs to be substantially modified
Controlled by new parameter tmc (0 or 1)

S. Zenaiev (with help from S. Alekhin) TMC and HT in xfitter 7 Feb 2024 6 / 27



TMC
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HT

Description from Phys.Rev. D96 (2017) no.1, 014011 (ABMP16):
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HT technical details

Implemented in BaseDISNC such that it works in any scheme:

Controlled by new parameter ht (0 or 1)
Currently the spline knots, their values and α powers are hardcoded (however it is easy to make them fit
parameters)
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HT
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Validation of theoretical predictions vs
ABMP16
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xfitter vs ABMP16: SLAC
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xfitter vs ABMP16: NMC
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xfitter vs ABMP16: BCDMS
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Without F3 term in xfitter,
the differences reduce to
< 1%
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xfitter vs ABMP16: HERA NC e+p
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xfitter vs ABMP16: HERA NC e−p
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xfitter vs ABMP16: HERA CC e+p
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xfitter vs ABMP16: HERA CC e−p
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Theory (ABMP16 reproduced with xfitter)
vs data

Dataset # of points χ2 (ABMP16) χ2 (xFitter)
BCDMS 352 411 411
NMC 245 343 343
SLAC-49a 59 38 39
SLAC-49b 154 171 172
SLAC-87 109 103 102
SLAC-89b 90 79 83
HERA I+II 1168 1510 1513
HERA I+II c 52 66 67
H1 b 12 5 5
ZEUS b 17 16 15
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xfitter[ABMP16] vs data: SLAC
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xfitter[ABMP16] vs data: NMC
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xfitter[ABMP16] vs data: BCDMS
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xfitter[ABMP16] vs data: HERA NC e+p
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xfitter[ABMP16] vs data: HERA CC e−p
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xfitter[ABMP16] vs data: HERA CC e+p
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xfitter[ABMP16] vs data: HERA CC e−p
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Summary

New code for TMC and HT corrrections:
▶ MR: https://gitlab.cern.ch/fitters/xfitter/-/merge_requests/347
▶ TMC does not have any tunable parameters, but available for FFABM scheme only
▶ HT available for any scheme, but be aware that its parametristion is taken from ABMP16 nf = 3 fit

and might need to be adjusted for other HF schemes
▶ new test (example) ABMP16-DIS
▶ possible further improvements:

⋆ optimize TMC calculation
⋆ TMC in other HF schemes
⋆ possibility to override data file entries from parameters.yaml

New NMC and SLAC data
▶ MR: https://gitlab.cern.ch/fitters/xfitter-datafiles/-/merge_requests/18
▶ breaks ALLDATA test due to the extra BCDMS data point (BCDMS_F2p.280gev-thexp.dat

contains NDATA = 75 but 76 data entries) - should we update ALLDATA reference output?

DIS (ep,µp) part of ABMP16 PDF fit is now available in xfitter (PDF parametrisation, theory predictions,
data) and fully validated

▶ this setup (or its variants) can be used as a baseline fit in future studies
▶ if you use this TMC or HT implementetaion, please cite ABMP16 paper [Phys.Rev. D96 (2017)

no.1, 014011] and original TMC papers [Phys.Rev. D14, 1829 (1976), Nucl.Phys. B63, 237 (1973)]
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