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xFitter study

The idea is to study the impact of resummation scale variations in a PDF fit using inclusive
HERA data with xFitter

Resummation scale is implemented in APFELxx evolution and interfaced in xFitter, branch
apfelxx_muresum. It uses branch DoubleOperator of APFEL++.

I parametrised with ξ = µRes/Q (0.5 < ξ < 2)

DIS structure functions are computed using APFEL (FORTRAN) FONLL-C scheme
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Impact of resummation scale variations on structure functions
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Impact of resummation scale variations on structure functions
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PDF fit setup

PDF parametrisation and fit settings follow BG paper
M. Bonvini, F. Giuli, Eur.Phys.J.Plus 134 (2019) 10, 531 [arXiv:1902.11125]

inclusive HERA data, Q2 > 3.5 GeV2

NNLO, FONLL-C, αS(MZ ) = 0.118, mc = 1.46 GeV, mb = 4.5 GeV

starting scale Q0 = 1.6 GeV with threshold kmc = 1.12
I alternative Q0 = 2 GeV, kmc = 1.37 (consistent with arXiv:2407.20842)

BG PDF parametrisation:
xg(x) = AgxBg (1− x)Cg (1 + Fg log(x) + Gg log2(x))
xuv (x) = Auv xBuv (1− x)Cuv (1 + Euv x2) + Fuv log(x) + Guv log2(x)
xdv (x) = Adv xBdv (1− x)Cdv

xU(x) = AUxBU (1− x)CU

xD(x) = ADxBD (1− x)CD (1 + DDx + FD log(x)

→ provides best description of HERA data at NNLO (χ2/dof = 1312/1127 from BG paper
is reproduced, c.f. χ2/dof = 1388/1131 using HERAPDF parametrisation)
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PDF fit results (Q2 = 10 GeV2) [Q0 = 1.6 GeV]
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PDF fit results (Q2 = 10000 GeV2) [Q0 = 1.6 GeV]
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PDF fit results χ2 table [Q0 = 1.6 GeV]

Dataset fit.unc. xi=0.5 xi=2.0

HERA1+2 NCep 820 74 / 70 82 / 70 70 / 70
HERA1+2 NCep 460 224 / 204 233 / 204 225 / 204
HERA1+2 CCep 37 / 39 37 / 39 38 / 39
HERA1+2 NCem 216 / 159 216 / 159 219 / 159
HERA1+2 CCem 50 / 42 50 / 42 50 / 42
HERA1+2 NCep 575 222 / 254 236 / 254 221 / 254
HERA1+2 NCep 920 406 / 377 431 / 377 400 / 377
Correlated χ2 79 93 74
Log penalty χ2 +3.1 +14 -4.67

Total χ2 / dof 1312 / 1127 1391 / 1127 1291 / 1127

χ2 p-value 0.00 0.00 0.00

V. Bertone, G. Bozzi, F. Hautmann, S. Zenaiev PDF fits with resummation scale variations in DIS 13 / 17



PDF fit results (Q2 = 10 GeV2) [Q0 = 2 GeV]
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PDF fit results (Q2 = 10000 GeV2) [Q0 = 2 GeV]
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PDF fit results χ2 table [Q0 = 2 GeV]

Dataset fit.unc. xi=0.5 xi=2.0

HERA1+2 NCep 820 74 / 70 79 / 70 71 / 70
HERA1+2 NCep 460 225 / 204 228 / 204 225 / 204
HERA1+2 CCep 37 / 39 37 / 39 38 / 39
HERA1+2 NCem 216 / 159 215 / 159 218 / 159
HERA1+2 CCem 50 / 42 50 / 42 50 / 42
HERA1+2 NCep 575 221 / 254 224 / 254 221 / 254
HERA1+2 NCep 920 402 / 377 423 / 377 399 / 377
Correlated χ2 78 89 75
Log penalty χ2 +3.6 +9.8 -3.37

Total χ2 / dof 1308 / 1127 1355 / 1127 1293 / 1127

χ2 p-value 0.00 0.00 0.00
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Summary and next steps

Implemented µRes variations in xFitter interface to APFEL++

PDF fit to inclusive DIS HERA data with varied µRes demonstrated significant impact of
these parameter variations on the fitted PDFs

I largest impact on g and sea quark distributions which exceed fit uncertainties
I this was never explored in PDF fits

The impact of µRes variations is reduced if larger starting scale Q0 = 2 GeV is used

Next steps:
I explore model (fs , mc,b?) variations
I explore PDF parametrisation variations (including further variation of Q0?)
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