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HERA crown jewels:
inclusive cross sections
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HERA accelerator
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Deep Inelastic Scattering @ HERA

¢
I(1
Electroweak ( ) * Fix pQCD & PDFs
l > | Test Electroweak

* Fix Electroweak
| Test pQCD & PDFs

* Fix Electroweak & pQCD

| Determine PDFs
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See talk of V. Radescu




Combined inclusive DIS @

» <— Neutral Current (NC)
~ ~a electron v, Z° exchange

<+—— C(Charged Current (CC)
W: exchange

H1 and ZEUS published all HERA
inclusive DIS measurements - 1 fb!
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Now we combine these measurements




Inclusive DIS data samples

* 41 final data sets with HERA inclusive measurements

* NCep and CCep
* 21 HERA I data samples

* 20 HERA IT data samples, including:

8 inclusive HERA II £ = 920 GeV
4 high y data £, = 920 GeV
4 high y data £ = 575 GeV
4 high y data £, = 460 GeV

* Data 1994-2007: over 10 years of data taking!

* 22 papers between 1997-2015: almost 20 years of data analysis!

‘ Total of 2927 data points combined to 1307 |
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&TTMM“ First FZ measurements @ HERA: 1993
~20 nb! -1 fb!

August 25" August 13™
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The I structure function increases rapidly as z decreases.
it is exciting to see F5 rise at small =
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Q*-x5; common grids

Two separate grids
H1 and ZEUS

(o] E T TTTIT T IIIIII| (L IIIIII| T IIIIII| T 1 IIIIII| T TTTI T IIIII::t
> = = . . .
O -1 O inclusive grid, for £= 920 GeV
5 10%E S ’
; e : and £ = 820 GeV data sets
10°: ARfIEHHEE
2| SEERIiiiis i : :
10°¢ ST ] @ flne-xBJ. grid, for E;f 575 GeV
- AN R R R -
10¢ SEETEERECL G = and £ = 460 GeV data sets
1 STEESL T
: R AR L ]
10-15_ mmo:aeoo _g

« 1307 grid points

10-2 | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L
107 10° 10° 10* 10° 10?2 10"

-k =

* 0.045 < Q%< 50000 GeV?

+ 6x10°7 < x, < 0.65
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Swimming procedure
Q2. GeV? Example point: CC e’p E = 920 GeV
A
0 0O _— |:|<> ® combined point
e | ] ZEUS HERA |
o | { ZEUS HERAI
00 40 | O H1HERAI
| | » A H1HERAI
0.013 0015 x,.

herafitter.org
. . . . . HE. .o,
* Swimming done iteratively using our own data & ~._ arxive:1503.05321

* 15" iteration uncombined HERAI+II data, later - combined data
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Fractal fit
—A\ R
0] 3.0 4,

30000.C Q?
DGLAP NLO

* Swimming factors are usually at level of few %
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Averaging procedure

* Combination done using HERAverager: wiki-zeuthen.desy.de/HERAverager

: )
i ids i dids |
, . [m 2] Y, m bj—u
thp,cr’s (I‘n’ )_ 5 . _ Fds
- i.ds i _ Lds i _
! §f_d5_stut H (m Zj 'y! m ‘b;) + ((Sr,c:."s.uncc:-r

2
2 +ij
m) j

162 correlated systematic sources taken into account
Results

* 7 data samples for e*p, NC and CC, 3 CMEs
- Available at https://www.desy.de/hlzeus/inclusive/herapdf20/

 Statistical and uncorrelated systematic uncertainties

162 correlated statistical uncertainties

* 7 procedural uncertainties calculated — see additional material
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Averaging results

H1 and ZEUS

20 NCe'p NCe'p
1

Entries

g
&
8 Q*<3.5 GeV? = 3.5< Q<100 GeV?
RMS = 1.06 = RMS = 1.07

Entries

o K (1= 50 )

NCe'p
100 < Q2 < 50000 GeV?
E RMS = 0.97

g | g
T i . .:2 +
550_— NCep £ CCe'p

[ RMS =0.95 R} RMS=1.04

Good data consistency: x?/dof = 1687/1620
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H1 and ZEUS

e HERA NCe'p 0.5
Vs = 318 GeV

A g Xy; = 0.002 O ZEUS HERA 11

=== Tmpressive amount of data points combined

2927 data points combined
to 1307

Up to 6-8 data points
combined to 1

"

&
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B Improved precision
H1 and ZEUS o H1 and ZEUS
LZi e HERANC ¢p 04 b~ IZ,: 12 | e HERANC ep 0.4 b
o8 12 f Vs = 318 GeV .
O ZEUS HERA I Vs =318 GeV
| ‘ }% } ¢ ZEUS HERA I al J&Jﬁ s x,=0008 8 HERAI
1 | xg; = 0.008 o
R e i
08 | Xg; = 0.032
08 | ‘i | E + + i
| T L Xy =0032 %Jbi 5 3
S ﬁ‘*%Lﬁ{“ SRR A L A
TR : Ltk
I ﬁ'jﬁ‘wﬁxb?i?‘ ﬁ wul  £ee hT”-‘ h
04 i b ﬁ Xy =025 h + xgy = 025
. t Lo .
AR SR AR TR
i
) ) Q¥GeV? ° s Q¥GeV?

* Largest and most accurate data sample is for the NC e’p process
* The combined data accuracy reaches ~ 1%

* Largest improvement for NC ep - 10 times more luminosity

* Consistent with HERA-I + improved uncertainties
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Improving previous results

H1 Charged Current

2001 =>» 2015 H1 and ZEUS
9 9 f i i
5 Q=300 GeV* Q=500 GeV* Q*=1000 GeV* | © Q'=500GeV? | Q'=1000GeV’ [ Q7=1500 GeV
2 + T T Sg, : : g
| 1 i >, 3" i r\\ [
U. 0 1 I_IIIII | IIIIIIII 1 111 II_IIII 1 L 1 111l
i Q°=2000 GeV* Q°=3000 GeV"~ Q’=5000 GeV* [ Q*=5000GeV? |
1_ + —. 1 , + 1 + 9 T . - -
| ‘ .= i [
0.5 | + + . . 15 - - - _
| . Y l i ; : i
U + = 2 1 \\- 0 TII III|II Ll Ll II_II| IIIII| Ll Ll II_III Ll IIIII| Ll Ll II_II L Ll L1l
0.8 Q’=8000GeV" | Q’=15000GeV’ _ 10~ 10 1 08 - Q* = 15000 GeV* — Q% = 30000 GeV* 10° 107
065 o = Hlep 06 [ - P
04 \ XU 04 [ - Vs =318 GeV
02 . . oz b - y\ == HERAPDF2.0 NLO
U .. ... Tl.l 11 I.IIIII| 1 :Ill 1 III| 1111 A
02 107 1107 107 1 W W
X X XBj

* increases statistical significance

* reduces systematic uncertainties via cross

calibration techniques

Great gain in precision
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* Kinematic range extended for
existing data samples

H1 and ZEUS
3
S Q= 300 GeV? Q% =500 GeV? Q% = 1000 GeV? Q* = 1500 GeV?
B
2
1 &
15 1T T ST
| & ﬂ: [ k%m ‘]F.]
0 L 1 L L 1 L
Q% = 2000 GeV? Q =3000 GeV Q= 5000 GeV? Q’ = 8000 GeV?

1r+ % |
LY { l L
T TN "

| &
r g .
0 ! ' ' ' : ' A B : o
Q? = 15000 GeV* Q? =30000 GeV* 107 10" 107 107 X
06t I ® HERA CCep 0.4 b’ Bj
04 | g Vs =318 GeV
0O ZEUS HERA II
oz | JP _ é { ZEUS HERAI
| O H1HERA II
o Lo L w N A H1HERAI
1072 107 102 107
Xp;

New kinematic ranges explored

* Low energies added: CME = 225
GeV and 251 GeV

H1 and ZEUS
&)
+§ il Q'=12Gev: | Q% =15 GeV*?
e 1§
f . T .
if +£¢$ ¢ L 7 f}.ﬁé %

0.5

Sl | Q'=25GeV: | H, Q? =35 GeV?
4y %ﬁi
%
0.5 a ; 2
- | Q= 60 GeV* g ’inj
e HERANCe'p26pb™
& Vs =225 GeV
i ' ? y é O ZEUS

% o Hi
* 1-‘.; = 1;_; =

Xp;
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Low Q? combined data

H1 and ZEUS

+ri:: 02 _ Q* = 0.045 GeV* _ Q= 0.065 GeV® [ Q= 0.085 GeV* _ Q% =0.11 GeV*
o3 L i i i ﬁ
C - . . i ) ) .
o1 1 - - -  Combined inclusive cross
0 fd vt bt v b e b o Sections for low Q2
Q' =015GeV [ Q=02GeV: [ Q'=025GeV’ [ QF=035GeV’ .
04 - - - - . * Available for two CMEs
P T T 300 GeV
0 El vl El T '| T | T ° 318 Gev
075 E Q*=04Gev’ [ Q°=05GeV’ [ Q°=065GeV’ |- Q'=085GeV’
05 | 3 : o E 51 [ * | » Interesting for
025 | YL 3 - * dipole/saturation models
“ fllllll L1 i ||I| 1 ||f|||||| 1 ||II|||| 1 ||:||||| -ﬁl ||II|I|| 5I i :|I I|| ﬁI ||||III| _I [ o . . .
LE goaew [gmse | 0000 W o studying higher twists
os [ E‘i_ e HERANCe'p
r - Vs =300 GeV
0 | | Ll |
10° 10° 10° 10°
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High Q% combined data:
insight into proton structure

* Inclusive measurements from
HERA are core of every parton wjz |
density extraction

— HERA inclusive data - exclusively! -
used as input to global QCD fit |
HERAPDF2.0

» Dedicated talk of V. Radescu 0} evolution HERA

10° F

—

=

8

— 102;-
o 3
5

'
! |
|
I Ll am gl Ll e Ll Illld AL LLll

-6 -5

107 10 10 10 10° 107 10" 10
sea X valence
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Jmnﬁrmlﬁﬁeu‘rral Current ~ Lohc _ 2mo’ V.o F Y_xFs — y°F
Z9NC _ _XFs — ]
dxd@@ ~ x@t LT3 3TV
H1 and ZEUS Proton structure functions
% C QP =150GeV' [ Q'=200GeV' | Q°=250GeV’ [ Q'=300GeV’
B s i i
i 5 5 L 2 —
L e e R=x Y 00+ 3)
: ! ! Q* =800 GeV’
tr y \ * Sensitive to quarks
0 bl el d ol o 1 S RTITT ||_|||||||| ERTTIT B v B
b Q=1000GeV | QP=1200GeV’ | QP=1500GeV? | Q7=2000GeV? XF3 — Xzzeqaq[q(x) _ q(x)]

- Pa300G [ OPm5000GeV | 0P=8000Gev [ 0= 12000Gev* * Sensitive to valence distributions

\ R N F,~agxg

[ Q?=20000GeV? | QF= 30000 GeV? W W W X,
02 [ . ® HERANCepPOSMH! * Sensitive to gluon
i i Vs =318 GeV
o C i e Ikl- e v lM == HERAPDF2.0 NNLO
Xpj * Gluon also from scaling violation and

charm+jet data
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. Charge Current: flavor decomposition

d (s)

ooe ~ X[u+ €]+ x(1 — y)?[d + 8] ot ~ X[+ 8]+ x(1 — y)?[d + §]

H1 and ZEUS H1 and ZEUS

i Q [ i r i
Q*=500GeV? [ Q'=1000GeV’ [ Q*=1500 GeV’ W sy [ GieseEey | mieees | 0=IaGy
| | = o] C E
I I i I 1 - =
0 —IIIII 11 IIIIII| 1 111 I-IIII| 1 1 IIIIII| 1 111 I-IIIII 11 IIIIII| 1111 II_IIII| 1 1 IIIIII| 1111wl 0 :IIIII | AT 1 11 | BRI :I[IIII 1 IIII]IIl 111 II:II | I
L Q*=2000GeV’ [ Q*=3000GeV’ | Q*=5000GeV’ | Q”=8000GeV’ 06 - L Q'=5000Gev' [ Q=8000GeV’
1 B | B | i i
04 - -
05 |- i i
02 - ‘\ -
0 hII| 0 L II_|II|II L1l IIIII| 111! II_IIIII| L1 Illlllmﬂl
B B - - -2 -1 -2 -1
08 = Q%=15000 GeV? | 0.08 - o2=15000 Gev? [~ Q®=230000 Gev® | 0 H 2 " Xps
__ | _ 0.06 [
gl : * HERA CCep04fb i : e HERA CC ¢'p 05 fb™
04 - - Vs =318 GeV 004 |- = Vs =318 GeV
0z | - K == HERAPDF2.0 NLO s b 3 == HERAPDF2.0 NLO
0 Tll 1 |[||||[| 1 lII| 11 |]||||| L1 1 0 —IIIII| 1 I:IIIIIII I R I:III'II. 1 I!IIIIJl 1 I&M
10°? 107 10° 107 10? 10! 107 10"

Bj Xpi
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HERA LLEGACY



Electroweak unification

do/dQ?* (pb/GeV?)

[—y
-

10!

107

10°

107

H1 and ZEUS
E l T T 1T | l l l T T T | l l
kN O HERANC ep 0.4 fb
o [0 HERANC ¢'p 0.5 fb™!
[® \E s HERAPDF2.0 NC ¢p
@\@\ memmm HERAPDF2.0 NC e'p

\'s =318 GeV

® HERACCep 041’
B HERACCe'p0.5fh’
wesss HERAPDF2.0 CC ep

T ESETIT AEET| SNSRI AT AR

wesss HERAPDF2.0 CC e'p

o5

Fantastic precision

of HERA final data
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QCD scaling and scaling violation
H1 and ZEUS

@ low x TE ® HERANCep 0.4 b
07 B HERANC ¢'p 0.5fb7"
J = \k’ - Xy; = 0.00005, i=21 Vs =318 GeV

Cx2

=6 m X 0.00008, i=20 .
b 10 t‘:—.‘-‘ e 0.00013, i=1? L Fixed Target
= Xg; = 000020, i=18 === HERAPDF2.0 € p NNLO

s B _:"’—___,_.. Xy; = 0.00032, i=17 +
05 . .".___'_,_.... xy; = 0.0005, i=16 mmm HERAPDF2.0 e 'p NNLO
SR '.'-".__,...-—- Xp; = 0.0008, i=15
I Xp; = 0.0013, i=14
104 . '._.‘."“‘______.._.. xy; = 0.0020, i=13
E xg; = 0.0032, i=12
C - W xp; = 0.005, i=11
103 . xy; = 0.008, i=10

@ moderate x | T e M OT
. 2 T g sermemetas %20
QCD scaling = - guero—sermumrareeeseer gm0
. C —goTgea— reteeetaee xBj—x.:,l- _
2015 Wolf prize fony [ ~ewe—e— et 00 <

Xp = 0.13,i=4
Xp; = 0.18,i=3

J. Bjorken!

1 = Xg; = 0.25,i=2 .
: @ high x
ar Xp: = 0.40, i=1
2 .
10 ] Xp; = 0.65, i=0
3 | | | | |
10 1 1 [ 11111l 1 [ 11 1Ill 1 | | 1 [ 11111l 1 [ 11111l 1 | |
1 10 102 10° 10° 10°

Q% GeV’

Text book plots of fundamental properties of particle interactions \
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First - Final

H1 and ZEUS

‘: + ® HERANCep 0.4 b~
10° o 0F B HERA NCe'p 0.5
ZEUS data Z C
’:2 MRS D’ L | ww =008 k21 Vs =318 GeV
L ! = - . = 0.00008, i=20 .
_ —"i’ ....... MRS D, @ = e XB;{BJ.=0.0‘I'1;! 1o O Fixed Target
[ — o c = 0.00020, i=18 -
10 4l E s x=0.00042 (){ 1 O“-:' L XBJX _=0.0003; i=17 wm== HERAPDF2.0 ¢ p NNLO
05 Xy =0.0005,i=16] ~ ===m HERAPDF2.0 ¢'p NNLO
= - xBj=0.0008, i35
B o Xp; = 00013, i=14
____‘____i__————_’ " _— 3 10 4 - = XBj=D. 020, i=13
10368 I x=0.00085 {X 10 ) E . r"'"_"__r._..._. Xy 3 0.0032, i=12
IR y,; = 0.005, =11
103 = _.H@:—w xp; = 0.008, i=10
I x=0.0017 (x 10%) - -—F""WBEIMBJ:G'
102;-___3—————’!Tf__:_i_.f:&-_- 102 | '-‘:_.:._- [ hd Xy; = 0.02,1=8
S It = L } srre=t X, =0.032,i=7
- - s seeserna=tT  x, =0.05i=6
i cene s  x=0.08,i=5
x=0.0049 (x 10) 0 | ffooem—= s L
; ~pon SoomrodEnne 1] - ] xBj= 13, 1=
‘ID E_ = L. TECLLEE F_'%_— : XBj=0.18, i=3
e ‘%P 1 /4 ooy —— gl rntua-a—p "Bj=0'25= i=2
©=0.037 -1: M———% Xp; = 040, i=1
T F I 10 £ 1
i PTGy vrvEmm g
] { : f
107 H xy; = 0.65, i=0
10 ' ! E
"O ']O 103 10-3_|| Lol Lol Lol Lol Lol Lo
Q* (GeV?) 1 10 10° 10° 10* 10°

Q% GeV*
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As expected: low-x rise of F,

o5

H1 and ZEUS
ol
(e i Q=120 GeV?

16 |- Q=12 GeV* ® HERANCe'p0.5fb™
[ { s = 318 GeV

14l , == HERAPDF2.0 NLO
L Q" =6.5 GeV

1.2 _— E

1

I . Q%= 1200 GeV’

0.8 _—

0.6 _—
i )\

04 — :

0.2 _—
_I IIIIII| 1 IIIIII| 1 IIIIII| 1 IIIIII|

107 107 10 2 10"
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- 4 $0° 90 95 e a0c 19
X X
3 3
. , g ,
F Q=120 Q= 240
2.5 75
2F 2 B
1.5 1557
i -
0.5F 0.5 F
B L II|II|II L Il||l||| L L L L I|IIIlI| 1 IIIII|I| Llaliiu
16* 167 162 16" 16t 167 162 10!
X X

1993 — 2015

ZEUS data
MRS Dy
MRS D.
CTEQ1TMS
GRV HO

a
(&

1.6

14

1.2

0.8

0.6

0.4

0.2

H1 and ZEUS

Q% =120 GeV?
Q' =12 GeV?

Vs = 318 GeV
== HERAPDF2.0 NLO

Q=65 GeV?

. Q7 = 1200 GeV’

10 107 107 107

® HERANCe'p 05"

o5
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Cp. nc X 2
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Electroweak effects

H1 and ZEUS

- ® HERANCep04fb™
= B HERA NCe'p 0.5m7!
C ew Xy =0.00005,i=21 Vs =318 GeV
B . Xp; = 0.00008, =20 ]
S "X = 0.00013, =19 L Fixed Target
e T ‘1-"3]“0‘3333;2” === HERAPDF2.0 ¢ p NNLO
» Bj == . 2 1=
— ,‘:____":.-,..., "xp;=0.0005,i=16 ~ wmmm HERAPDF2.0 e'p NNLO
- e N 0.0008, i=15
T e X, = 0.0013, i=14
- "._-__,"",“.“‘-..a-r".:."""" Xp; = 0.0020,i=13
=, —.‘rﬂ.‘"'___.....- Xy = 0.0032, =12
- W xy; = 0.005, i=11
E - r/"-_._.___"-rn—“ x; = 0.008, i=10
- nasvessten X, =0.013,i=9
L e ce-weoreats X =0.02,i=8
= e ceevrenemetera=t  x,=0.032i=7
= peooee— seywa-ssantetetet=i_ X, =0.05i=6
- . . ceataet—T Xy =008,i=5
L ~mowE—e—* =
g - BoarReRe — Xy = 0.13, i=4
- Xg; = 0.18, =3
= Xp; = 0.25,i=2
- Xp; = 040, i=1
B i Xy = 065, 1=0
_|| | \|||||| | | ||||||| | | ||||||| | | ||\l | |||||||| | I 1 1111
1 10 10° 10° 10 10°
2 2
e T e~ ¢ Q7GeV
+ @ high Q? z:
P W P W
q q q q

electron-proton
positron-proton
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o xF 3YZ from combined data

xF 92 from subtracting the NC e*p from the NC e~p cross sections
Weak Q? dependence — translated to Q? = 1000 6eV? and averaged

N 1

hm T T ! | T T T T T T
= N Q?=1000 GeV” ® HERA 1 fb" N

Good agreements
with predictions .

0.5 + %

Integrated over x:

H1 and ZEUS

= HERAPDF2.0 NLO

¢ _

0.016 < x,, < 0.725 HERAPDF2.0 :1.165+0.042

-0.053

. +0.078

0cx <1 HERAPDF2.0 :1.588*0978
BJ QPM: 5/3

Data :1.314 + 0.057(stat) + 0.057(syst)
Data :1.790 + 0.078(stat) + 0.078(syst)
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O, cc

H1 and ZEUS
) " HERA HERAPDF2.0 NNLO
1075 Vs=318 GeV Vs =318 GeV w
- ®m CCe'p05fb” === CCe'p
105 ® CCep04fb” === CCep \
104 ._— ‘4% X, =0.008 (x15000)
E =.=-_.:=::' Xp; =0013 (x3000)
10° —
E =|-=l_—_—:l:-_t xg; = 0.032 (x700)
102 L W Xy, =008 (x170)
0 b Ai_:_;_;_L-__\.\—'—-——'—— Xy =013 (x20) °
1 L S am— . xyy =025 (2
1 - L
10
2 : —L - . - - .
10 = L]
af Xp; = 040 (x0.1)
10
aF
10 L1 | 1 1 1 L 111 | 1 | 1 111 Il
10 10° 10! s

CC: helicity effects

Stiftung/ Foundatio

oo ~ X[U+ ]+ x(1 — y)?[d + §]

ooe ~ XU+ ¢l + x(1 — y)?[d + 5]

e'p: d, quarks are suppressed
at high Q2

e’p: helicity factor applies to
sea quarks only
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* Combined HERA data set
provides ultimate sample for
inclusive NC and CC cross section
studies in wide kinematic range

* Low Q? data — additional
checks of QCD calculations

* Plethora of beautiful physics in
inclusive DIS measurements
* Core of every PDF exctraction

HERA legacy of almost 25 years of
activity

Ao o i HERA Su mmary

H1 and ZEUS

r, NC

e HERANC e'p 0.5 ™
Vs =318 GeV

O ZEUS HERA 11

¢ ZEUS HERA I

0 H1 HERA II

A H1 HERA I
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K. Wichmann, PDF4LHC: 27.10.15, HERA crown jewels

30

ng/ Foundation

nder von Humboldt
tiftu dati

.ﬂs

Additional slides



%

Alexander von Humboldt
Stiftung/ Foundation

Data Set xw) Grid | O'1Gev|Grid | £ | /e . ;2" from
from to from to ph~! GeV equations
HERA | E, = §20 GeV and E, = 920 GeV data sets
HI1 svx-mb 9500 | 0000005 002 0.2 12 [ 21 ep | 301,319 13.17,1%
H1 low 96-00 | 0.0002 0.1 12 150 22 etp | 301,319 13,17,1%
H1 5C 94-97 | 0.0032 0.65 150 30000 | 356 | &p 01 19
Hl CC 94-97 | 0013 0,40 300 15000 | 356 | £p 01 14
H1 5C gE-99 | 0.0032 0.65 150 30000 | 164 | ep 119 19
Hl CC gg-99 | 0013 0,40 300 15000 | 164 | £p 119 14
H1 O HY gE-99 | 00013 0.01 100 BOO | 164 | ep 119 12
H1 5O go-00 | 00013 0.65 100 30000 | 652 | £p 119 19
H1 CC go-00 | 0013 0,40 300 15000 | 652 | £p 119 14
ZEUS BPC 95 | 0000002  0.00006 0.11 065 | 165 | ep 300 12
ZEUS BPT 97 | 0.0000006  0.001 0045 06s | 39 et 0 13,19
ZEUS 5VX 95 | 0000012 0.0019 0.6 17 | 02 etp 0 12
ZEUS NC 96-97 | 0.00006 (.65 27 30000 | 300 e p 0 21
ZEUS CC 94-97 | 0015 0.42 280 17000 | 477 p 00 14
ZEUS NC 9899 | 0.005 0.65 00 30000 | 159 e 118 20
ZEUS CC 9899 | 0015 0.42 280 30000 | 164 | £p 118 14
ZEUS NC 9900 | 0.005 0.65 00 30000 | 632 e'p 118 a0
ZEUS CC 9000 | 0008 0.42 280 17000 | 609 p 318 14
HERA 11 E, = 920GeV data sets
H1 &C 7P 03-07 | 0.0008 0.65 60 30000 | 1K2 ep 319 13, 19
H1 CC Hr 0307 | 0.008 0.40 300 15000 | 182 ep 119 14
H1 8¢ 157 0307 | O.0008 0.65 60 S0000 | 1517 | £p 119 13,19
H1 cC 03-07 | 0.008 0.40 00 30000 | 1517 | £p 119 14
H1 NC med (F "7 0307 | DO0009EE  0.005 ES 90 | 976 | Ep 119 12
H1 NC low (35 0307 | 0000029  0.00032 2.5 12 | 59 e p 119 12
ZEUS NC 0607 | 0.005 0.65 200 30000 | 1355 | £p s 13,1420
ZEUS CC 15p 06-07 | O.007TE 0.42 2R0 30000 | 132 ep 318 14
ZEUS NC 13 05-06 | 0.005 0.65 200 30000 | 1699 | ep 118 20
ZEUS CC 4-06 | 0015 0.65 280 30000 | 175 £p 118 14
ZEUS NC nominal *¥ 0607 | 0000092  0.008343 7 10 | 445 | ep 118 12
ZEUS NC satellite * 0607 | 0000071  0.008343 5 10 | 445 | e'p 118 12
HERA 11 E, = 575 GeV datu sets
H1 NC high ¢F 07 | 000065 0.65 35 a0 [ 54 e p 252 13,19
H1 NC low (F 07 | 00000279  0.0148 1.5 ) | 59 ep 252 12
ZEUS NC nominal 07 | 0000147  0.013349 7 10 | 7.1 e p 251 12
ZEUS NC satellite 07 | 0000125 0013349 5 110 | 7.1 e p 251 12
HERA Il E, = 460 GeV data sets
H1 NC high ¢ 07 | 0.00081 0.65 35 a0 [ 118 ep 225 13,19
H1 NC low (F 07 | 00000348  0.0148 1.5 g | 122 | ep 225 12
ZEUS NC nominal 07 | 0000184  D.016636 | 7 110 | 139 e p 275 13
ZEUS NC satellite 07 | 0000143 D.0168KE 5 110 | 139 e p 225 12
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s https://www.herafitter.org ‘
. . [ H1 and ZEUS HERA I+II PDF Fit \
4 | experimental input ) * wowa
= o I mmmgm experiments: !
L e 2 HERA, Tevatron, E
ity am = LHC, fixed target :
Aespking | 35 e g
: :

ol (oihylido (G TEC 661 p il
a e o o

Processes.

NC, CC DIS, jets, diffraction,
heavy quarks (c,b,t)
Drell-Yan, W production

N
/'

Heavy quark schemes:
Jets, W, Z production:
Top production

QCD Evolution

Alternative tools
Other models
+ Different error treatme

/
theoretical calculations/tools )

\. + Tools for data combination (HERAaverager) /

MSTW, CTEQ, ABM
fastNLO, Applgrid

HERAFitter

NNLO (Hathor)
DGLAP (QCDNUM)
kt factorisation
NNPDF reweighting
Dipole model

nt models

.

PDF or uPDF or DPDF

J/

(as Mz),mc,mp, me fs, .. )

AN M

Theory predictions )

Benchmarking )

Comparison of schemes )

|32



and ol Procedural uncertainties

o5

Combination done using HERAverager: wiki-zeuthen.desy.de/HERAverager

~
i ids__ i ids 2

. |m' = %75 mib; — i , S
X;xp,ds (HI, b) = Z ) > .  J . A2 + Z b; ‘%-
i 6f.d5.stat )u’h ’ (mi - ZJ '}/; m,bf) + (6E,cr's.unc01‘ mr) J \g
-
. : =
162 correlated systematic sources taken into account =
* treated as multiplicative S
~
H1 and ZEUS )

0 RMS =1.34

Procedural errors calculated
* multiplicative vs additive

Entries

* possible correlations between data sets

(H1/ZEUS, HERAI/HERAII) 10
- photoproduction background

- hadronic energy scale

.|’_|._‘.|_|.|l._|..||_.|
2 4 6

systematic pull
|

* connected with large pulls in combinatiot
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