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This paper is dedicated to the memory of Professor Guido Altarelli who sadly passed away
as it went to press. The results which it presents are founded on the principles and the formalism
which he developed in his pioneering theoretical work on Quantum Chromodynamics in deep-
inelastic lepton-nucleon scattering nearly four decades ago.
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HERA ep collider (1992-2007) @ DESY

»  HI1 and ZEUS experiments at HERA collected ~1/fb of data
*  Ep=460/575/820/920 GeV and Ee=27.5 GeV

“ 4 types of processes accessed at HERA: Neutral Current and Charged Current e+p, e-p
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HERA ep collider (1992-2007) @ DESY

Data Set xg; Grid 0%[GeV*] Grid L \s
from to from to | pb’! GeV

HERATIE, = 820GeV and E, = 920 GeV data sets
H1 svx-mb [2] 95-00 | 0.000005 0.02 0.2 12 2.1 e'p 301,319
H1 low Q% [2] 96-00 | 0.0002 0.1 12 150 22 e'p 301,319
H1 NC 94-97 | 0.0032 0.65 150 30000 | 35.6 e'p 301
H1 CC 94-97 | 0.013 0.40 300 15000 | 35.6 e'p 301
H1 NC 98-99 | 0.0032 0.65 150 30000 16.4 ep 319
H1 CC 98-99 | 0.013 0.40 300 15000 16.4 e p 319
HI NCHY 98-99 | 0.0013 0.01 100 800 16.4 e p 319
HI NC 99-00 | 0.0013 0.65 100 30000 | 65.2 e'p 319
H1 CC 99-00 | 0.013 0.40 300 15000 | 65.2 e'p 319
ZEUS BPC 95 | 0.000002 0.00006 0.11 0.65 1.65 e'p 300
ZEUS BPT 97 | 0.0000006 0.001 0.045 0.65 39 e'p 300
ZEUS SVX 95 | 0.000012 0.0019 0.6 17 0.2 e'p 300
ZEUS NC[2] high/low Q* 96-97 | 0.00006 0.65 2.7 30000 | 30.0 e'p 300
ZEUS CC 94-97 | 0.015 0.42 280 17000 | 47.7 e'p 300
ZEUS NC 98-99 | 0.005 0.65 200 30000 15.9 ep 318
ZEUS CC 98-99 | 0.015 0.42 280 30000 16.4 e p 318
ZEUS NC 99-00 | 0.005 0.65 200 30000 | 63.2 e'p 318
ZEUS CC 99-00 | 0.008 0.42 280 17000 | 60.9 e'p 318
HERAII E, = 920 GeV data sets
H1 NC 1-°p 03-07 | 0.0008 0.65 60 30000 182 e'p 319
H1 CC !'»r 03-07 | 0.008 0.40 300 15000 182 e'p 319
H1 NC 15p 03-07 | 0.0008 0.65 60 50000 | 151.7 e p 319
H1 CC '»r 03-07 | 0.008 0.40 300 30000 | 151.7 ep 319
H1 NC med Q* *¥° 03-07 | 0.0000986  0.005 8.5 9 | 976 | e'p 319
H1 NC low Q* *¥2 03-07 | 0.000029 0.00032 2.5 12 59 e'p 319
ZEUS NC 06-07 | 0.005 0.65 200 30000 | 135.5 e'p 318
ZEUS CC '»r 06-07 | 0.0078 0.42 280 30000 132 e'p 318
ZEUSNC 17 05-06 | 0.005 0.65 200 30000 | 169.9 ep 318
ZEUSCC '3 04-06 | 0.015 0.65 280 30000 175 e p 318
ZEUS NC nominal *¥ 06-07 | 0.000092 0.008343 7 110 | 445 e'p 318
ZEUS NC satellite *¥ 06-07 | 0.000071 0.008343 5 110 | 445 e'p 318
HERA II E, = 575 GeV data sets
H1 NC high 0° 07 | 0.00065 0.65 35 800 54 e'p 252
H1 NC low Q? 07 | 0.0000279 0.0148 1.5 %0 59 e'p 252
ZEUS NC nominal 07 | 0.000147 0.013349 7 110 7.1 e'p 251
ZEUS NC satellite 07 | 0.000125 0.013349 5 110 7.1 e'p 251
HERAII E, = 460 GeV data sets
H1 NC high Q° 07 | 0.00081 0.65 35 800 11.8 e'p 225
H1 NC low Q? 07 | 0.0000348 0.0148 1.5 %0 12.2 e'p 225
ZEUS NC nominal 07 | 0.000184 0.016686 7 110 13.9 e'p 225
ZEUS NC satellite 07 | 0.000143 0.016686 5 110 13.9 e'p 225

o 41 data sets: 2927 data points are
combined to1307 averaged
measurements with 169 sources of
correlated systematic uncertainties.

HERAPDF1.0
JHEPO01 (2010) 109

HERAPDF1.5
(prelim)

HERAPDEF2.0
[arxiv:1506.06042]

Voica Radescu |@|PDF4LHC 2018



HERAPDVF approach

HERAPDF uses only HERA data from the combined H1 and ZEUS measurements:
use of a pure proton target means no need for heavy target/nuclear corrections.
all data are at high W (> 15 GeV) —> higher twist effects are negligible.
model independent data combination provides a check of data consistencies and
hence it allows the usage of conventional x? tolerance Ax? =1 when setting 68%CL
experimental errors

Extraction of PDFs relies on the factorisation: O = O & PDF

HERAPDEF sets were extracted using HERAFitter open source platform [herafitter.org,
arxive:1503.05221 ], cross checked against Mandy’s fitter.
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http://herafitter.org

(QCD Settings for HERAPDE2.0

The QCD settings are optimised for HERA measurements of proton structure functions:

PDFs are parametrised at the starting scale Q,?=1.9 GeV?as follows:

xg(x) = Ang 9(1 — x)% — A;XB ;’(1 - x)C;, NC structure functions

. = Au xB“” l -— Cup 1 -+ Eux2 9 4 = 1 B
xu,(x) 0 ( X) ( v ) F2=—($U+$U)+—($D+:BD)
xd,(x) = AgxPe(1-x)%, 9 9
xU(x) = ApgxPe(1 - x° (1 + Dgyx), Tl3 ~ TUy + Tdy
xD(x) = Apx"2(1 — x)°>. CC structure functions

- EaY _+_ . Tr
fixed or constrained by sum-rules Wy =2(U + D), Wy =2(U+ D)

S EaY + . T
parameters set equal but free Wy =z(U - D), Wy = (D —U)

Due to increased precision of data, more flexibility in functional form is allowed —> 14 free parameters

» PDFs are evolved via evolution equations (DGLAP) to NLO and NNLO (as(Mz)=0.118)
* Thorne-Roberts GM-VENS for heavy quark coefficient functions — as used in MMHT

X2 definition used in the minimisation [MINUIT] accounts for correlated uncertainties:

m - th prediction

5,'25 imi + (51 uncor’ni)2
— . +Zs§ +Zln saif il - data
. 52 pm+ 52 (m')? : - (6% +6% _ Y(ui)? s - sys shift

i,stat i,uncor
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HERAPDF uncertainties

Different types of PDF uncertainties are considered:

0:0
. H1 and ZEUS
T T T T T TT17T T T T T T T 1T ‘ T T T T 17T

Hessian method used: =

: u2=10 GeV?
14 eigenvector pairs, evaluated with Ax? =1 | I, 7
5 * uncertainties:
Cross check evaluated from the MC replicas : - coerimena
| [ parameterisation XUy
“.,  mmmnm HERAPDF2.0AG NNLO \ ;
=+ Model: 06 7\
variations of all assumed input parameters in the fit ]
Variation Standard Value | Lower Limit | Upper Limit ]
Q2. [GeV?] 3.5 2.5 5.0
Q;’mn [GeV?] HiQ2 10.0 7.5 12.5 ]
M.(NLO) [GeV] 1.47 1.41 1.53
M. (NNLO) [GeV] 1.43 1.37 1.49 \
M, [GeV] 4.5 4.25 4.75 ‘ . __ .
f. 0.4 0.3 0.5 o e - o )
(M, 0.118 - - ,
e - S R [arxiv:1506.06042] X
Jo . . .

@ _ only HERAPDF includes this as an additional uncertainty

Variation of Q% = 1.9 + 0.3 GeV? and addition of 15th parameters
The value of ag(My) is not treated as an uncertainty:

PDFs are supplied for ag(Mz) values from 0,110 to 0.130 in steps of 0.00%sca radescu i@t poratric 2015



HERAPDF sets:

https.//www.desy.de/h1zeus/herapdf20/

HERAPDF2.0 (NNLO and NLO, RT-OPT scheme) Nominal fit

NNLO fit - experimental uncertainties

HERAPDF20 NNLO EIG

NNLO fit - model and parametrisation uncertainties

HERAPDF20 NNLO VAR

NNLO fit - alphas variations

HERAPDF20 NNLO ALPHAS

NLO fit - experimental uncertaintics

HERAPDF20 NLO EIG

NLO fit - model and parametrisation uncertaintics

HERAPDF20 NLO VAR

NLO fit - alphas variations

HERAPDF20 NLO ALPHAS

HERAPDF2.0HiQ2 (RT-OPT scheme, Q%10 GeV?)

NNLO fit - experimental uncertainties

HERAPDF20 HiQ2 NNLO EIG

NLO fit - experimental uncertaintics

HERAPDF20 HiQ2 NLO EIG

NNLO fit - model and parametrisation uncertainties

HERAPDF20 HiQ2 NNLO VAR

NLO fit - model and parametrisation uncertaintics

HERAPDF20 HiQ2 NLO VAR

HERAPDF2.0AG (LO,NLO and NNLO, RT-OPT scheme, non-negative gluon)

LO fit - experimental uncertainties

HERAPDF20 LO EIG

NLO fit - experimental uncertaintics

HERAPDF20 AG NLO EIG

NNLO fit - experimental uncertaintics

HERAPDF20 AG NNLO EIG

HERAPDE2.0Jets (RT-opt scheme, also including HERA jet and HERA charm data)||

NLO fit - experimental uncertaintics

HERAPDF20 Jets NLO EIG

o HERAPDFZ 0FF3A (ﬁx flavour-number schme, varlant A) ([

NLO ﬁt modcl and paramctrlsanon unccrtamucs HERAPDF:ZO Jcts NLO VAR

NLO fit - experimental uncertaintics

HERAPDF20 NLO FF3A EIG

NLO fit - model and parametrisation uncertaintics

HERAPDF20 NLO FF3A VAR

HERAPDF2.0FF3B (fixed-flavour-number scheme, variant B)

NLO fit - experimental uncertainties)

HERAPDF20 NLO FF3B EIG

NLO fit - model and parametrisation uncertaintics

HERAPDF20 NLO FF3B VAR

—>fits with Q2>3.5

—>fits with Q2>10

—>fits with positive definite gluon

—>fits with free alphas,
adding jet and charm data

—>fits using FFNS
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(Q* cut dependence on PDFs

+ HERA data provides a unique access to the low x, low Q? region to investigate:
« the validity of the DGLAP mechanism

led.o.f :

H1 and ZEUS NLO is 1 H1 and ZEUS
e T [T AR RARRRRRRE ™) o T L B L I R A
] ° W0 N L

13 ¥ RTOPTLO 1 /xgmflcantly better 7 2= 10 GeV?

- A RTOPT NLO T i

- 7 RIOPTNNLO g than LO’ ot 08 = HERAPDF2.0 NLO )
12 - NNLO 1s not — HERAPDF2.0HiQ2 NLO

i 2 obviously better

i — |
11 i ) than NLO ———

A RTOPT NLO HERA I low Q? data ery

091 ] important to
ST e, . e, .| constrain low x

Q2. /GeV? PDFs! | | | | :

« LHAPDEF sets for HERAPDF are presented for both variants:
» Q2> 3.5 HERAPDF2.0 (LO, NLO, NNLO) - nominal
+ Q2>10 HERAPDF2.0HiQ2 (NLO, NNLO)
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()? cut dependence

+ HERA data provides a unique access to the low x, low Q? region to investigate:
« the validity of the DGLAP mechanism
« the various scheme dependence (fixed vs variable flavours)

H1 and ZEUS
o RRRRE REREREEE RERREERES BERERREEEE EEREEEmS M ACOT ->asused by CT
e 125 ¢ ER RT > as used by MMHT
NE : ‘ FONLL ->as used by NNPDF
= 127 FF3A  ->as used by ABM
115 |

1.1 [ © ACOTNLO,F, O(c) -
A FONLL-BNLO,F, O(c) A RTOPT NLO,F, O(c?
1.05 @ FF3BNLO,F,; O(o) © FF3ANLO,F, O(c®)

Treating FL to O(aS) yields
better x2 than treating

i 1 FL to O(aS2) quasi
) g . o o o G r independent of heavy
5 10 15 20 25 flavour scheme
|arxiv:1506.06042] szn in/GeV2

Low Q? remains an interesting region
to investigate (low x phenomenology)
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()? cut dependence

+ HERA data provides a unique access to the low x, low Q? region to investigate:
« the validity of the DGLAP mechanism
« the various scheme dependence (fixed vs variable flavours)

H1 and ZEUS

®»  I'MTTTaTa l YYYYYYYYY I YYYYYYYYY I YYYYYYYYY T YYYYYYYYY ]Y

2 125 o h
NE F
X 12

1.15 | :

1.1 | .

- A FONLL-BNLO,F, O(a) A RTOPTNLO,F, O(c?) -

1.05 [-© FONLL-CNNLO,F, O(c?) @ RTOPT NNLO, F, O(c)

b) 1 L Ly a2 Lassaaaaa, Lassssasay Lassssasay L]

5 10 15 20 25

- 2 2

[arxiv:1506.06042] Qnin/GeV

Low Q? remains an interesting region
to investigate (low x phenomenology)

10

Treating FL to O(aS) yields
better x2 than treating
FL to O(aS2) quasi
independent of heavy
flavour scheme

Voica Radescu | (I) |PDF4LHC 2015



HERAPDF?2.0 Fixed Flavour Number

HERAPDF2.0 also provides 2 variants of FFNS scheme: FF3A and FF3B [available in lhapdf format]

scheme
3 flavour running of ag [, FE3A
Variable-flavour
running of ag il FF3B
H1 and ZEUS
T e | ]
. :
xgox005)
0.4 :— 1 0.4 I
XS(x 0.05) I
9.4 02|

Difference in FF3A and FF3B gluon is
due to treatment of O(as) in FL and
due to the VFN running of as in FF3B

as(M3) m, [GeV] my, [GeV]

mP = 1.44
mqm.) =1.26

o gl ‘_0106375
=0.118

O( a/f)
O(ay)

le
m’;‘” =4.5

my(mp) = 4.07

H1 and ZEUS

1w =19 GeV*

[ ¥ HERAPDF2.0 NLO

L == HERAPDF2.0 FF3A NLO
[~ 354 HERAPDF2.0 FF3B NLO

e
uz= 10 Gev2
HERAPDF2.0FF3B NLO

B experimental

H1 and ZEUS

HERAF itter

TR IR TTT! SRR S SN T TT1 S S AW TTT] S

10 10° 10 10" 1

X
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HERAPDEF2.0Jets

HERAPDF2.0]Jets is based on inclusive + charm + jet data:

» data from the HERA charm combination has its main effect to

determine the optimal charm mass parameter and determine its
variation for the standard HERAPDF2.0.

# This variation is much reduced compared to HERAPDF1.0

* Seven data sets on inclusive jet, dijet, trijet production at low and
high Q? from ZEUS and H1 have been added to the HERAPDEF2.0 fit
PLB547(2001)164, EPJC70(2010)965, EPJC67(2010)1, PLB653(2007)134 and EPJC75(2015)2

« Inclusive data alone cannot determine as(M,) reliably either at

NLO or at NNLO When jet data are added one can make a
simultaneous fit for PDF parameters and ag(M,) at NLO

+0.0037

as(Mz) = 0.1183 & 0.0009 4 + 0.0005 1 gerparam £ 0-001200) — 0030 (SCale)

the fitted value is in agreement with the chosen fixed
value —> PDFs are similar for fixed vs fitted

12

O inclusive + charm + jet data, Q.= 10 GeV’

H1 and ZEUS
.E T T T T T T T
~ 3
> 25k e NLO
Nx N
1.5
l -
05F
0.—
14 142 144 146 148 15 152
= """"""""""""""""
N E 3
LI = NNLO
S 25
NX 2k
15
1
05
0._
14 142 144 146 148 15 152
Mc /GeV
H1 and ZEUS
£ NLO I ' |

® inclusive + charm + jet data, Q= 3.5 GeV’

A inclusive + charm + jet data, Q. = 20 GeV’

N

. T
[ NLO

A 1 n
0.105

EEs % ;T.;;E 3

1 1 1 1]
0.105 0.11 0.115 0.12 0.125 0.13

T N T

® inclusive data only, Q= 3.5 GeV’
O inclusive data only, Q°. = 10 GeV’
A inclusive data only, Q. = 20 GeV’

011 0115 012 0125
T T - T o T M T T
NNLO
® inclusive data only, Q,_ = 3.5 GeV’
O inclusive data only, Q> = 10 GeV’
A inclusive data only, Q= 20 GeV*

|
0.125 0.13

o (M2)

0.105 0.11 0.115 0.12
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HE [2.0)ets
Nx 2k
HERAPDEF2.0]Jets is based on inclusive + charm + jet data: ! '
05F
« data from the HERA charm combination has its main effect to of
determine the optimal charm mass parameter and determine its g AR e 18 1S A%
. . o B 3F
variation for the standard HERAPDEF2.0. X" st " NNLO .
o
X I
# This variation is much reduced compared to HERAPDF1.0 '
. . . oo oo . 0.5
* Seven data sets on inclusive jet, dijet, trijet production at low and of
high Q? from ZEUS and H1 have been added to the HERAPDEF2.0 fit e e e NIIS/GISZV
€
PLB547(2001)164, EPJC70(2010)965, EPJC67(2010)1, PLB653(2007)134 and EPJC75(2015)2 ¢
: ; ; . H1 and ZEUS
« Inclusive data alone cannot determine ag(M,) reliably either at . f [ o ' ' ' '
x L @ inclusive + charm + jet data, Q> = 3.5 GeV’
1 v 40+ + + T"= seV? _
NLO or at NNLO When jet data are added one can make a s b e v
simultaneous fit for PDF parameters and ag(M,) at NLO 2 \/
o 1 — H anId ZEUS S 1 —r—rrrrr— H1 anld ZEUS . 2) ot 0105 o1 015 0.2 0.125 o013
o I pi =10 GeV? ‘E I u? =10 GeV? - E I Nﬂo
J L o inclusive data only,Q>. = 3SGeV:
sl —_ .’.’3:::2:” NLO, fixed a,(M,)=0.118 i osh — :imn:zjm NLO, free a,(M,) | N;< 4 — 'i‘ :‘;m::::z:gm: ;g g::"z o]
B experimental B experimental 20|
| modd Xu, ] model xu,
"] hadronisation . .
06 by 0E —t =1 1
0.105 0.11 0.115 0.12 0.125 0.13
~ E NNILO [ l ] | ]
x L e inclusive data only, Q> = 35 GeV’ l
04 ' W o inclusive data only, Q7 = 10 GeV* ]
L x [ 4 inclusive data only, Q= 20 GeV’
af -
02 0 _ WE ]
c) 0.105 0.11 0.115 0.112 0.i25 A 0.113
o (M2)
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HERAPDF2.0 vs HERAPDF1.5 (NNLO

* HERAPDF1.5 used only a part of HERA Run 2 data
« Differences in the QCD fit procedure:

Table 16: Settings for HERAPDF2.0 and HERAPDF1 5.

*: Setting was chosen exactly as for HERAPDF1.0.
**: Parameter number 14 was D, and not Dg,.

*/: For ui = 1.5GeV?, also A} and B, were introduced (as for HERAPDF1.0 NLO).
*e: u2 = 1.8GeV? to assure > < M? (as for HERAPDF1.0 NLO).

HERAPDF2.0 HERAPDF1.5
NNLO | NLO NNLO NLO

Data as in Table 1 combination preliminary combination
Uncertainties:
Experimental Hessian Hessian
Procedural 7 3
Parameterisation as in Equations 27 to 31 as in Equations 27 to 31
Number of Parameters 14 14 14** 10°

— Variations 15D, ] 15 [D.] none 11D, ],12[Dg]
12 [GeV?] 19 | 19 19 19

~ Variations 16,22 16,22 15,25 157,25
M, [GeV] 143 1.47 14 14°

— Variations 137,149 | 141,153 | 1.35*,1.65 1.35%,1.65°
M, [GeV] 4.5 45 475 4.75°

— Variations 425,475 | 425,475| 430,500 @ 4.30,5.00°
£, [GeV] 040 | 040 031 031°

— Variations 0.30,0.50 | 030,050 | 0.23,0.38 0.23,0.38°
Q2. [GeV?] of Data 35 35 35 35°

— Variations 25,50 25,50 25,50 25,50
Fixed a; 0.118 | 0.118 0.1176 | 0.1176°

H1 and ZEUS

08 -

T T T

u?=10 GeV?

~— HERAPDF2. NNLO

0.8 [

H1 and ZEUS

| VL LN S B S LA S B B S

xg u? =10 GeV’

F— uERAPDF20NNLO
F—] HERAPDF15NNLO

HERAPDF1.5 gluon was rather hard compared to global
HERAPDEF2.0 gluon has a softer gluon and reduced uncertainties

HERAPDF1.5 also had a harder high-x sea
HERAPDF2.0 has reduced uncertainties at high-x

14
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HERAPDF2.0 vs HERAPDF1.5 (NNLO

* HERAPDF1.5 used only a part of HERA Run 2 data

« Differences in the QCD fit procedure:

HERAPDF2.0 HERAPDF1.5
NNLO | NLO NNLO NLO

Data as in Table 1 combination preliminary combination
Uncertainties:
Experimental Hessian Hessian
Procedural 7 3
Parameterisation as in Equations 27 to 31 as in Equations 27 to 31
Number of Parameters 14 ‘ 14 14 10°

— Variations 15 [D.] 15[D.] none | 11D, ], 12 [Dg]
i [GeV?) 1.9 1.9 19 1.9

~ Variations 16,22 16,22 15,25 154,25
M. [GeV] 143 147 14 14°

— Variations 137,149 141,153 | 1.35*,1.65 1.35%,1.65°
M, [GeV] 45 45 475 475

— Variations 425,475 425,475 | 430,5.00 4.30,5.00°
£, [GeV) 040 0.40 031 | 03r

— Variations 0.30,0.50 | 030,050 | 0.23,0.38 0.23,0.38°
Q2. [GeV?] of Data 35 35 35 35°

— Variations 25,50 25,50 25,50 25,50
Fixed a; 0.118 0.118 0.1176 0.1176°

Table 16: Settings for HERAPDF2.0 and HERAPDF1.5.

*: Setting was chosen exactly as for HERAPDF1 0.
**: Parameter number 14 was D, and not Dy.

*f: For y%ﬂ = 1.5GeV?, also A and B, were introduced (as for HERAPDF1.0 NLO).
*: u} = 1.8GeV? to assure y? < M? (as for HERAPDF1.0 NLO).

The uncertainties on

gg and qqgbar reduced for HERAPDF2.0

Quark-Antiquark, luminosity

L L L B B I

HERAPDFZO_NI\ELO_EIG

LI LR | T T

==~~~ herapdf15nnlovar
herapdf15nnlo :
HERAPDF20_NNLO_VARV3 5
S = 1.30e+04 GeV %
| &
% S
¥ -
e N
Vi g
(55K
~ //z 3 &
Sasasatarerereressssssssoce I
— 2 H
s FEzoies — g
s P X o
7 N 5
09 S
’ 55%%7
0.855
/] | |
0-8 7/ 1 1 T T N B A 1 1 [ R T W B 1 1 1
10?1 1GeV 10°
\ [GeV]
Gluon-Gluon, luminosity
1.3 T T T T LB T T T T T T [ i 2 T A )
------- HERAPDF20_NNLO_EIG
1.25 =+ HERAPDF20_NNLO_VAR -
------- herapdf15nnlovar ¥ 3
1.2 == herapdf15nnlo >
|'S = 8.00e+03 GeV x e
1.15 i
1.1 & 3
o . X :
2 frr
.05 g
1 §
_____________ % S
0.95 §
2
0.9 o
3
0.85 :
0 8 1 1 1 | 1 1 1 RN | 1 1 I /;
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HERAPDFE2.0 vs other PDF sets

» HERAPDF sets are extracted solely from ep data and require no assumptions or corrections,
hence provide an important cross check of PDF universality (process independence):

H1 and ZEUS

1 w2 =10 GeV’ e 0.6 |- |
I HERAPDF2.0 NNLO oL HERAFjtter

- —— MMHT2014 NNLO 05|
08~ __ CcT10NNLO [
—— NNPDF3.0 NNLO

>
=
»”

04 high x valence different:
: new high- x data and use of
proton target only

0.6 - 5
03

'l Ll l Il lllll]ll L Ll LLlLL 0

0-— e ] L
10 10 1 104

10+ 107

[
[
[

gluon

g
B .
1 LI

At NNLO gluon and sea quarks are
both compatible with other PDFs

Pt

I
|

[y
[
L] L T

xg / xg(HERAPDF2.0)
xS / xS(HERAPDF2.0)
(=)

(=]
-}
[y

=]
-]

08

L1 l Loa sl L | | Ll Ll

0.6
102 10" 1 104 10°

10+ 10° :
Voica Radescu |-m'|PDF4LHC 2018



HERAPDFE2.0 vs other PDF sets

» HERAPDF sets are extracted solely from ep data and require no assumptions or corrections,
hence provide an important cross check of PDF universality (process independence):
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HERAPDF2.0 vs other PDF sets: luminosity plots

+ Gluon-Gluon* Quark-Antiquark

LHC 13 TeV, NNLO, as(Mz)=0.1 18 Quark-Antiquark, luminosity
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HERAPDEF2.0 is by 5% higher than global

Results are compatible with global PDFs PDFs in intermediate mass range

Absence of data at low and high mass range leads to blow-up in uncertainties

“plots taken from PDF4ALHC recommendation arxiv:1510.03865
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HERAPDFEF2.0 vs world data [using HERAFitter]

» HERAPDF sets are extracted solely from ep data and require no assumptions or corrections,
hence provide an important cross check of PDF universality (process independence):
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Summary
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Many Thanks!

HERA has finalised its separate
measurements relevant to PDFs
and has combined them into final
measurements to reach its
ultimate precision:

+ PDFs, mc, mb, alphas
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back-up shides

not necessarily useful ...
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HERAPDF2.0 02>10
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H1 and ZEUS H1 and ZEUS
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HERAPDF2.0HiQ2 NNLO model -
[ parameterisation v
& & | — HERAPDF2.0HiQ2AG NNLO \

At very low-x and moderate Q? --as in LHCb --the NNLO(it for Q?

negative longitudinal cross section, and thus is not fit for purpose.

=10 gives a negative gluon and a

min
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HERAPDF2.0 vs HERAPDF2. Ojets

The fits with and without jet data and charm data are very compatible
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H1 and ZEUS
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F2 charm Structure Function

EPJC 73 (2013) 2311

Rates at HERA in DIS regime o(b) : a(c) = O(1%) : O(20%) of otor
Charm data combination is performed at charm cross sections level:
they are obtained from xsec in visible phase space and extrapolated to full space

2
Ores(x,@%5) = F5'(x,0%) = 2= F/(x,0")

+

QCD Fits

HERA |+charm

Different calculation
schemes prefer
different Mc

x* (M)
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Running beauty mass from F2b

*  The value of the running beauty mass is obtained using HERAFitter (via OPENQCDRAD):
+ chi2 scan method from QCD fits in FFN scheme to the combined HERA I inclusive data +
beauty measurements, beauty-quark mass is defined in the MS scheme.
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average and LEP results.
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