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Abstract

The HERAPDF2.0 ensemble of parton distribution functions (PDFs) was introduced in
2015. The final stage is presented, a next-to-next-to-leading-order (NNLO) analysis of the
HERA data on inclusive deep inelastic ep scattering together with jet data as published by
the H1 and ZEUS collaborations. A perturbative QCD fit, simultaneously of « S(M%) and
and the PDFs, was performed with the result a;y(M2) = 0.1156£0.0011 (exp) *3:090! (model
+parameterisation) + 0.0029 (scale). The PDF sets of HERAPDF2.0Jets NNLO were de-
termined with separate fits using two fixed values of a/S(M%), aS(M%) = 0.1155 and 0.118,
since the latter value was already chosen for the published HERAPDF2.0 NNLO analysis
based on HERA inclusive DIS data only. The different sets of PDFs are presented, evalu-
ated and compared. The consistency of the PDFs determined with and without the jet data
demonstrates the consistency of HERA inclusive and jet-production cross-section data.
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1 Comparison of results on a/s(M; ) determined at NLO and
NNLO:

A more detailed comparison between the NLO and NNLO results must account for the following
differences:

o the choice of scale was different;

e the NLO result did not include the recently published H1 low-Q? inclusive and dijet data [?
I;

e the NLO result did not include the newly published low pr points from the H1 high-Q?
inclusive data;

o the NNLO result does not include trijet data;
e the NNLO result does not include the low pr points from the ZEUS dijet data;
e the NNLO analysis imposes a stronger kinematic cut u > 10.0 GeV;,

o the treatment of hadronisation uncertainty differs.

All these changes with respect to the NLO analysis had to be made to create a consistent envi-
ronment for a fit at NNLO. At the same time, an NLO fit cannot be done under exactly the same
conditions as the NNLO fit, since the H1 low Q? data cannot be well fitted at NLO. However, an
NLO and an NNLO fit can be done under the common conditions:

e choice of scale, y? = u? = Q* + p;

e exclusion of the H1 low-Q? inclusive and dijet data;

e exclusion of the low-pr points from the H1 high-Q? inclusive jet data;
e exclusion of trijet data;

e exclusion of low-pr points from the ZEUS dijet data;

e exclusion of data with u < 10.0 GeV;

e hadronisation uncertainties treated as correlated systematic uncertainties as done in the
NNLO analysis.

In this case, the values obtained were a/S(Mé) = 0.1186 + 0.0014(exp) at NLO and a/S(Mé) =
0.1144 + 0.0013(exp) at NNLO. The new NLO value of a/S(M%) agrees with the published [? ]
value of 0.1183. The change of the NNLO result from the preferred value of 0.1156 is mostly
due to the exclusion of the H1 low Q? data and the low-pr points at high Q.



» 2 Gluon uncertainties

so Detailed information concerning the source of uncertainty on the gluon PDF is presented. HERA-

PDF2.0Jets NNLO uses a new way of calculating this uncertainty, eliminating some double
s counting. The question was whether the reduction of the uncertainty on the gluon PDF was
ss entirely due to the new way of calculating it. Figures 1 and 2 also present the uncertainties for

s« HERAPDF2.0Jets NNLO for the old way of calculating the uncertainty. They show that the new

ss  way of calculating the uncertainty is only important at low x.

51

experimental+param.

uncertainties

107

102

3 hi
- ) ~ © o
- =] ] -
- o
Bx/BxQ
IDOOOOK oo OO0 T
RIEHRNK XX Sotetetetetelil
|$6%% X SRR
| Satetetetets SORRRRRKS
R 2%
B == 1
] X 2 0 -
=} & v - o
£ XXX e 3T
< XK s> |
£ XXX e 9
g XK st ]
< 408 |a
= =] m_ 3 _| ,0
T L gz3 -
- =y ]
c Q Z220 1
2 o Sedebeds 2358
£ (=} 2o |
— N N
S s65 %
g £88 4¢
5 ow 332
3 www A
. " IIT
_ A 3030 & ¥iE 1 -
L XA | | )
0 - 0 =
=] @ -
- =3
Bx/6xQ
. -
s
ER=]
ER
a9
==
R
?
=)
-
- b
= =)
= ] - 2 2

b)

PRRRRRSEEN
»(»4»«»%""

107

102

10°

uncertainties

107

|

102

P

10°

|

uncertainties

1

107

102

e)

Comparison of the normalised uncertainties on the gluon PDFs of HERAPDF2.0Jets

Figure 1

tainties for a) total, b) experimental (fit), c) experimental plus parameterisation, d) experimental

NNLO, HERAPDF2.0 NNLO and HERAPDEF2.0Jets NNLO with the old procedure on uncer-

plus model, e) experimental plus model due to heavy-flavour uncertainties, f) experimental plus

10 GeV2. The uncertainties on the

three gluon distributions are shown as differently hatched bands. The green bands represent

HERAPDF2.0Jets NNLO a(

counting.

2
f

all model but heavy-flavour uncertainties, at the scale u

)=0.1155 as obtained for the old procedure, i.e. with double

2
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Figure 2: Comparison of the normalised uncertainties on the gluon PDFs of HERAPDF2.0Jets
NNLO, HERAPDF2.0 NNLO and HERAPDEF2.0Jets NNLO with the old procedure on uncer-
tainties for a) total, b) experimental (fit), c) experimental plus parameterisation, d) experimental
plus model, e) experimental plus model due to heavy-flavour uncertainties, f) experimental plus
all model but heavy-flavour uncertainties, at the scale u? = M,. The uncertainties on the three
gluon distributions are shown as differently hatched bands. The green bands represent HERA-
PDF2.0Jets NNLO «,(M2)=0.1155 as obtained for the old procedure, i.e. with double counting.
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3 Parameters and their correlations

Parameters as determied by the

fits and their correlations

PARAMETERS WITH UNCERTAINTIES:
2  'Bg’ -0.084608 0.
3 'Cg’ 6.145485 0.
7 'Aprig 0.148366 0.
8 ’Bprig’  -0.408486 0.
9 ’Cprig 25.000000 0.

12 ’Buv’ 0.782478 0.
13 *Cuv’ 4.878155 0.
15 ’Euv’ 10.390885 1.
22 ’Bdv’ 0.983110 0.
23 ’Cdv’ 4.795152 0.
33 ’CUbar’ 7.123114 1.
34 ’DUbar’ 1.995344 2.
41 ’ ADbar’ 0.262598 0.
42 ’BDbar’ -0.128810 0.
43 'CDbar’ 9.094971 1.

101 ’alphas’ 0.115638 0.
2 'Bg’ -0.085574 0.
3 'Cg’ 6.171545 0.
7  Aprig’ 0.147903 0.
8 ’Bprig -0.409380 0.
9 ’Cprig 25.000000 0.

12 ’Buv’ 0.781078 0.
13 ’Cuv’ 4.880050 0.
15 ’Euv’ 10.401539 1.
22 ’Bdv’ 0.983055 0.
23 'Cdv’ 4.804735 0.
33 'CUbar’ 7.125150 1.
34 'DUbar’ 2.031948 2.
41 ' ADbar’ 0.262191 0.
42 ’BDbar’ -0.128934 0.
43 ’CDbar’ 9.161993 1.
2 'Bg’ -0.070319 0.
3 'Cg’ 5.670899 0.
7 ’Aprig’ 0.161572 0.
8 ’Bprig -0.391610 0.
9 ’Cprig 25.000000 0.
12 ’Buv’ 0.806334 0.
13 ’Cuv’ 4.844608 0.
15 ’Euv’ 10.242348 1.
22 'Bdv’ 0.981522 0.
23 'Cdv’ 4.622768 0.
33 'CUbar’ 7.137838 1.
34 'DUbar’ 1.458837 1.
41  'ADbar’ 0.269978 0.
42 ’BDbar’ -0.126504 0.
43 ’'CDbar’ 8.036277 1.
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000000
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004899
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496131
040820
028287
000000
025867
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289019
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010036
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482567
043068
027755
000000
028281
081284
441602
092135
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347568
614989
010673
004831
509073

PARAMETER CORRELATION COEFFICIENTS

NO. GLOBAL
2 0.99909
3 0.99544
7 0.99942
8 0.99710

12 0.99580

13 0.98055

15 0.99428

22 0.99034

23 0.98232

33 0.99829

34 0.99812

41 0.97212

42 0.97595

43 0.98859
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.000-0.
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.734 0.
.285-0.
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.340-0.
.171-0.
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.052-0.
.146-0.
.190-0.
.308-0.
.000-0.
.176 1.
.777 0.
.302-0.
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.429-0.
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002-0.
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000 0.
713 1.
154-0.
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418 0.
433 0.
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092-0.
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002-0.
004-0.
095-0.
142-0.
176-0.
000 0.
712 1.
219-0.
278-0.
360 0.
389 0.
112-0.
079-0.
150-0.

713-0.
000-0.
203 1.
171 0.
161 0.
344 0
373 0.
296 0.
148 0.
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203-0.
000 6.
910 1.
404 0.
331 0.
265 0.
220 0.
625 0.
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.005-0.
.148-0.
.071 0.
.115 0.
.302 0.
.219-0.
.258-0.
.000 0.
.920 1.
.351 0.
.291 0.
.287 0.
.238 0.
.666 0.

.433-0.
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.331 0.
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.940-0.
.000-0.
.017-0.
.033-0.
.192 0.

223 1.
229 0.
228 0.

34

.045-0.
.233-0.
.015-0.
.008-0.
.166 0.
.389-0.
.264-0.
.291 0.
.107 0.
.948 0.
.000-0.
.010-0.
.006-0.
.135 0.

178 1.
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373-0.
265 0.
233 0.
017-0.
223-0.
000 0.
953 1.
287 0.
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000 0.
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.027-0.
.340 0.
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000 0.
264 1.

42

238-0.
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131-0.
321 0.
079-0.
270-0.
238 0.
208 0.
006 0.
186 0.
953 0.
000 0.
312 1.
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372

035
171
132
148
625
530
192
228
287
264
000
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453
030
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216
150
188
666
556
135
157
337
312
000
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