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Time development of H1ZEUS
Inclusive data combination



H1ZEUS combination (2009)

Data Set x Grid 0% /GeV* Grid L et e Vs x.0" from | Ref
from to from to | pb! GeV equations

HERATE, = 820GeV and E, = 920 GeV data sets
H1 svx-mb 95-00 | 0.000005 0.02 0.2 12 21 ep 301, 319 11,1516 2]
H1 low 0? 96-00 | 0.0002 0.1 12 150 22 ep 301, 319 11,15,16 [3]
HINC 94-97 | 0.0032 0.65 150 30000 35.6 ep 301 17 [4]
Hl CC 94-97 | 0.013 0.40 300 15000 35.6 ep 301 12 [4]
HINC 98-99 | 0.0032 0.65 150 30000 16.4 ep 319 17 [51
Hl CC 98-99 | 0.013 0.40 300 15000 16.4 ep 319 12 [51
HINCHY 98-99 | 0.0013 0.01 100 800 16.4 ep 319 11 [6]
HINC 99-00 | 0.0013 0.65 100 30000 65.2 ep 319 17 [6]
H1 CC 99-00 | 0.013 0.40 300 15000 65.2 ep 319 12 [6]
ZEUS BPC 95 | 0.000002 0.00006 0.11 0.65 1.65 ep 300 11 [10]
ZEUS BPT 97 | 0.0000006  0.001 0.045 0.65 39 ep 300 11,17 [11]
ZEUS SVX 95 | 0.000012 0.0019 0.6 17 0.2 ep 300 11 [12]
ZEUS NC 96-97 | 0.00006 0.65 2.7 30000 30.0 ep 300 19 [13]
ZEUS CC 94-97 | 0.015 0.42 280 17000 47.7 ep 300 12 [14]
ZEUS NC 98-99 | 0.005 0.65 200 30000 15.9 ep 318 18 [15]
ZEUS CC 98-99 | 0.015 0.42 280 30000 16.4 ep 318 12 [16]
ZEUSNC 99-00 | 0.005 0.65 200 30000 63.2 ep 318 18 [17]
ZEUS CC 99-00 | 0.008 0.42 280 17000 60.9 ep 318 12 [18]

HERA |
HERAPDF1.0

JHEP 1 (2010) 1



H1ZEUS combination (2010)

Data Set x Grid 0?/GeV* Grid L etje Vs x.0” from | Ref.
from to from to | pb! GeV equations

HERA L E,, = 820 GeV and E,, = 920 GeV data sets
HI sva-mb 95-00 | 0.000005  0.02 0.2 12 | 21 e p | 301319 | 11,1516 | [2]
Hi low 0° 96-00 | 0.0002 0.1 12 150 | 22 etp | 301319 [ 11,1516 | [3]
H1NC 94-07 | 0.0032 0.65 150 30000 | 356 | ep 301 17 [4]
H1CC 94-07 | 0.013 0.40 300 15000 | 356 | ep 301 12 [4]
H1NC 08-09 | 0.0032 0.65 150 30000 | 164 | ep 319 17 [5]
H1CC 08-99 | 0.013 0.40 300 15000 | 164 | ep 319 12 [5]
H1 NC HY 98-09 | 0.0013 0.01 100 800 | 164 | ep 319 11 [6]
H1NC 99-00 | 0.0013 0.65 100 30000 | 652 | ep 319 17 [6]
H1CC 99-00 | 0.013 0.40 300 15000 | 652 | ep 319 12 [6]
ZEUS BPC 05 | 0.000002 _ 0.00006 0.11 065 | 1.65 | ep 300 11 [10]
ZEUS BPT 97 | 0.0000006 0.001 0045 065 | 39 | ep 300 11,17 | [11]
ZEUS SVX 95 | 0.000012  0.0019 0.6 17| 02 | ep 300 11 [12]
ZEUS NC 96-97 | 0.00006  0.65 2.7 30000 | 300 | ep 300 19 [13]
ZEUS CC 94-97 | 0.015 0.42 280 17000 | 47.7 | e'p 300 12 [14]
ZEUS NC 98-99 | 0.005 0.65 200 30000 | 159 | ep 318 18 [15]
ZEUS CC 98-09 | 0.015 0.42 280 30000 | 164 | ep 318 12 [16]
ZEUS NC 99-00 | 0.005 0.65 200 30000 | 632 | ep 318 18 [17]
ZEUS CC 99-00 | 0.008 0.42 280 17000 | 60.9 | ep 318 12 [18]
HERA 11 E, = 920 GeV data scts
H1NC 03-07 | 0.0008 0.65 60 30000 | 182 | e p 310 11,17 | 7] |
H1CC 03-0 .00, 0. 1300 000 ep 19 [
H1NC P I 813-0[ E.oo I o.gh (e Eo 0000 1&7 C. S 19 I t 11§7 [
H1CC 03-07 | 0.008 0.40 300 30000 | 151.7 | e p 319 12 [71t
ZEUS CC 06-07 | 0.0078 0.42 280 30000 | 132 | e'p 318 12 [22]
ZEUS NC 05-06 | 0.005 0.65 200 30000 | 1699 | e p 318 18 [19]
ZEUS CC 04-06 | 0.015 0.65 280 30000 | 175 | ep 318 12 [20]

HERA |

HERAPDF1.5

Hlprelim-10-141(2)
ZEUS-prel-10-017(8)
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HERA |l



H1ZEUS combination (2014)

Data Set x Grid 0?/GeV* Grid L etje Vs x.0” from | Ref.
from to from to | pb! GeV equations

HERATE, = 820GeV and E, = 920 GeV data sets
H1 svi-mb 95-00 | 0.000005 0.02 0.2 12 2.1 ep 301, 319 11,15,16 2]
H1 low 02 96-00 | 0.0002 0.1 12 150 22 ep 301, 319 11,15,16 [3]
H1NC 04-97 | 0.0032 0.65 150 30000 35.6 ep 301 17 [4]
H1lCC 04-97 | 0.013 0.40 300 15000 35.6 e p 301 12 [4]
H1NC 08-99 | 0.0032 0.65 150 30000 16.4 ep 319 17 [5]
Hi1lcCC 08-99 | 0.013 0.40 300 15000 16.4 ep 319 12 [5]
H1INCHY 08-99 | 0.0013 0.01 100 800 16.4 ep 319 11 [6]
H1NC 99-00 | 0.0013 0.65 100 30000 65.2 ep 319 17 [6]
H1CC 99-00 | 0.013 0.40 300 15000 65.2 e p 319 12 [6]
ZEUS BPC 95 | 0.000002 0.00006 0.11 0.65 1.65 ep 300 11 [10]
ZEUS BPT 97 | 0.0000006 0.001 0.045 0.65 3.9 ep 300 11,17 [11]
ZEUS SVX 95 | 0.000012 0.0019 0.6 17 0.2 ep 300 11 [12]
ZEUS NC 96-97 | 0.00006 0.65 2.7 30000 30.0 ep 300 19 [13]
ZEUS CC 9497 | 0.015 0.42 280 17000 47.7 ep 300 12 [14]
ZEUSNC 08-99 | 0.005 0.65 200 30000 15.9 ep 318 18 [15]
ZEUS CC 08-99 | 0.015 0.42 280 30000 16.4 ep 318 12 [16]
ZEUS NC 99-00 | 0.005 0.65 200 30000 63.2 ep 318 18 [17]
ZEUS CC 99-00 | 0.008 0.42 280 17000 60.9 e p 318 12 [18]
HERATI E, = 920 GeV data sets
H1NC 03-07 | 0.0008 0.65 60 30000 182 ep 319 11,17 [71!
H1cCC 03-07 | 0.008 0.40 300 15000 182 e p 319 12 [
H1NC 03-07 | 0.0008 0.65 60 50000 | 151.7 ep 319 11,17 [',"]1
HicCC 03-07 | 0.008 0.40 300 30000 | 151.7 ep 319 12 [
HINCmed Q® 5  03-07 | 0.0000986 0.005 8.5 90 | 976 | ep 319 11 [9]
HINC low 02 *¥3 03-07 | 0.000029  0.00032 25 12| 59 | ep 319 11 [0]
ZEUS NC 06-07 | 0.005 0.65 200 30000 | 135.5 e p 318 11,1218 [21]
ZEUS CC 06-07 | 0.0078 0.42 280 30000 132 ep 318 12 [22]
ZEUS NC 05-06 | 0.005 0.65 200 30000 | 169.9 e€p 318 18 [19]
ZEUS CC 04-06 | 0.015 0.65 280 30000 175 ep 318 12 [20]
ZEUS NC nominal *¥  06-07 | 0.000092 0.008343 7 110 44.5 ep 318 11 [23]
ZEUS NC satellite *¥ 06-07 | 0.000071 0.008343 5 110 44.5 ep 318 11 [23]
HERA I E, = 575 GeV data sets
HI NC high 07 07 | 0.00065  0.65 35 800 | 54 | ep 252 1L 17 8]
HI1 NC low 0? 07 | 0.0000279 0.0148 1.5 90 5.9 ep 252 11 9]
ZEUS NC nominal 07 | 0.000147 0.013349 7 110 7.1 ep 251 11 [23]
ZEUS NC satellite 07 | 0.000125 0.013349 5 110 7.1 e p 251 11 [23]
HERATI E, = 460 GeV data sets
HI NC high O° 07 | 0.00081 __ 0.65 35 800 ] 118 | ep 225 1L17 | 8
H1 NC low 07 07 | 0.0000348  0.0148 1.5 90 12.2 ep 225 11 [9]
ZEUS NC nominal 07 | 0.000184 0.016686 7 110 13.9 ep 225 11 [23]
ZEUS NC satellite 07 | 0.000143 0.016686 5 110 13.9 e p 225 11 [23]

NOW

HERA |

HERAPDF2.0 (prel.)

Hlprelim-14-041(2)
ZEUS-prel-14-005(7)

Complete HERA I
Including
Ep=460,575 GeV data




Data combination method

= Use HERAaverager program

(wiki-zeuthen.desy.de/HERAverager) _
Shift of syst.

Relative parameter
- L systematic
X~ contribution from _ .
Combined uncertainty measured

specific data set
X value \ \ / value
i m—z ymb —,u i
X exp.as (M, B) = Z + Z = Z — + Z b

/ ids b i r'i‘mr s (m -2 m b) (r’iﬂuncm nf) ]
Sum over Sum over
data points correlated systematics sources

= Statistical uncertainties assumed to scale ~V[expected #events] = Pearsony?
= All correlated systematic sources treated as multiplicative



_Neutral Current: exemplary combination results J
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H1 and ZEUS preliminary

 x=0.0002 }
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-> consistent data
=> large error reductions
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Neutral Current: perturbative region Q°>2 GeV?

H1 and ZEUS preliminary

VI e HERA NC e*p (prel.) 0.5 fb™
— Vs = 318 GeV

q . : oo X = 0_00{:}0{5}6 57)%1 20 ] FlXCd Target

10" = o0 x=0 > 1=

~ g . x = 0.00013, i=19 == HERAPDF2.0 (prel.) . .

> o :‘:":3::4 x=00020, 118 NLO, Q2 = 3.5 GeV? -> Showing all combined
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105 x = 0.0005, i=16
© - . M pO | ntS
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1 = e a2 S e *

0O e - e x=025,022

o 4 ; W <= 0.40, i1
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|
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Neutral Current: e
. —> See clear yz
compare e*p with ep AN interference effects
| q
HERAPDF1.0 = HERA | —— HERAPDF2.0 = ALL IN
p
o~ —_ 10"
o < (prel.) HERAPDF2.0 (prel.) NLO, Q>. =3.5 GeV*
< ® HERA INCe'p === HERAPDF1.0 e'p < \;HERA Vs = mn
“Eé 1-E O HERAINCep === HERAPDF1.0 ¢p 3% . §};8§;‘(,,5 fb! S_SISN%:*'I,
A Z10°L ® NCep04fb’ == NCep
o) oo o0 00-FeF- x=002 (x300.0) o —aa-f= x=0.02 (x475)
103 _H_.-Q—O—O—QQH x=0.032 (x170.0) —I—H—.—.—.-.'.-'=f=:‘ x =0.032 (x400)
0.05 (x90.0) —-a—a -k x=0.05 (x270)
oo ool Boa—g R~ x=005 (90 2|
10 a8 ..==‘:: x=0.08 (x170)
w_g_ﬂ_ﬂ_ﬂ:& x=0.08 (x50.0)
x=0.13 (x80)
0 ~n—o—¢—r.—i-—0—3=ﬂ—.-_/£ x=013 (x20.0) :
10 x=0. X
~e-—'—0-g—-i-|—b—a=_._j":q x=0.18 (x8.0) _'_'_._H_._'-._'_'-:g"::i v
)
1 = : -Tl—rt—r-—h-————|=_—< x=0.25 (x6)
x=025 (x2.4) 1 u
A ‘l""'*-h—-v—-*——q:\):; x=040 (x2)
10 ¢ ; s x=040 (x0.7) 0 {
e- { -
2 W "=“‘65p we=n.65p
10 = —2_ i 3
e_|_p 10
10 10° 10 10° 10> 10° 10° 10°
Q% GeV? Q% GeV?

=> much higher precision now!
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Final F, results from H1 (&:ciGosiss ) and ZEUS (oesveos )

H1 and ZEUS
HER: Ep=920 GeV %,
MER: Ep=575 GeV ; X S
LER: Ep=460 GeV/ -
02—
LI
i 1 B cTio NNLO. " NNPDF23 NNLO
02— MSTWO08 NNLO JR09 NNLO
1 g
Q* [GeV’]

=> Overall (using all data points) H1/ZEUS consistency within ~1-2 o

> Reduced cross sections Aave already Geen combined (separately for
HER, MER and LER), see appendix

11



Charged Current: exemplary combination results

67, cc(%,Q7)

0.5

0.6 -
04 |

02 -

H1 and ZEUS preliminary

- Q% =300 GeV* Q% =500 GeV* Q% = 1000 GeV* Q= 1500 GeV*

A e-p

- é $ S ¢ Q o B URB
: A 4 'S ) ¥ o
' ¢ﬂ] . Jé’ ) %e e
[ 1}
: Q% = 2000 GeV* Q% = 3000 GeV* Q’ = 5000 GeV> : Q’ = 8000 GeV>
@ (Y H’ ]
C iy " 3
% 8 Te | .
L T | ®
Q*=15000GeV> | Q*=30000Gev: | 107 107 107 107
) ® HERA CC ¢ p (prel.) 0.4 fb"
% Vs = 318 GeV
_ [0 ZEUS HERA II
. i é ZEUS HERA 1
T O HI1HERA II
T I /. H1HERAI
102 10" 0% 10"
X

v c
e /
“«—
W d
u
>
P

- Consistent data
-> Large error
reductions

12




Second part of talk:

QCD analysis = PDF fit
to the new HERA combined data

13



HERAPDF2.0 PDF Fit - settings

PDFs parametrised at starting scale Q,> = 1.9 GeV?:
xg(x) = APl —x) - A:fxng(l — x)%,
xu,(x) = A,,UxB w(] — x)Cu (l + D, x + E”sz)
xd(x) = Agx"%(1 —x)",
x(_f(x) = Asx%7(1 = x)V (1 + Dzx),
xD(x) ApxPp(1 — x)°D.
Constraints: fix ¢ =25, QCD sum rules,
xu — xdasx — 0, xs = fixD —— 15 free parameters

Evolve PDFs in Q2 with DGLAP at (N)NLO QcbNUM program

Heavy quarks (charm and beauty):
use rhorne-Roberts variable flavour number scheme
14



Sources of HERAPDF uncertainties

xf

H1 and ZEUS preliminary

0.8 - B exp. uncert.

| model uncert.
I parametrisation uncert.

0.6~

| % 0.05) N
o4l X8( )

0.2
L XS (x0.05)

e =

10 GeV?

—— HERAPDF2.0 (prel.) NLO Q =3.5GeV?

Xu,

104 1073 102

Parametrisation

107!

Experimental

¥ use Ay?=1 criterion

Model:
Variation Standard Value | Lower Limit | Upper Limit
/s 0.4 0.3 0.5
MP'(NLO) [GeV] 1.47 1.41 1.53
M (NNLO) [GeV] 1.44 1.38 1.50
M, [GeV] 4.75 4.5 5.0
0 [GeV?] 10.0 7.5 12.5
Qﬁm [GeV?] 3.5 2.5 5.0
0z [GeV?] 1.9 1.6 2.2

+ Form envelope from variants:

+ Try out extra D or E parameters (1 + Dx + Ex* )
+» Q,? variation - dominant effect

15



HERAPDF1.0 and 2.0 at NLO with Q?

Hin=3.5 GeV?

xf

H1 and ZEUS

0.8 -

0.6

0.2

10*

L XS (x 0.05)

HERAPDF1.0

—— HERAPDF1.0

- exp. uncert.

I:l model uncert.

O\Xg (X 0.05)

- parametrization uncert.

Q’>=10 GeV?

i
"

H1 and ZEUS prellmlnary

1

HERAPDFZ 0 W=10GeV

—— HERAPDF2.0 (prel.) NLO Q2 = 3.5 GeV?
I exp. uncert.

meodel uncert.
[ parametrisation uncert. xu

0.8 -

v

0.6

0| X8 0<0.05) N

0-2 ~ i.f..‘f.,‘ ~ -
- xS (x0.05)

10

-> HERAPDF2.0: softer sea &
overall reduced uncertainties

>NNLO vergion in appendix
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Comparison to

other (global)

PDFs

xuv(x,Q?

xsea(x,Q?)

-

:

[X]
|

Q% =10 GeV?
- Z2= HERAPDF2.0_nlo_exp
1'_ s CT10_nlo-67CL
- 4 NNPDF2.3_nlo
| = HERAPDF1.5_nlo_exp
0.8 = MSTW2008CPdeut_nlo
0.6/
0.4/
0.2
1 lJIJJJll L L JJ 1 L1l lll 1 Ll L Llll
10" 10° 102 10" o
6 Q?=10 GeV?
| %2~ HERAPDF2.0_nlo_exp
[ . CT10_nlo-67CL
5[ wuu NNPDF2.3_nlo
- =— HERAPDF1.5_nlo_exp
4l - MSTW2008CPdeut_nlo

L 1 IlJJIIl 1

JIJlJJl{ IlIIlIJl

10° 102 107 1

xg(x,Q?)

0.3

0.2

0.1

-1III|IIII|I

Q%=10 GeV?
#~= HERAPDF2.0_nlo_exp
s CT10_nlo-67CL
NNPDF2.3_nlo
=— HERAPDF1.5_nlo_exp
~— MSTW2008CPdeut_nlo

IR L Ll el

10° 102 10" 1

Q% =10 GeV?
##= HERAPDF2.0_nlo_exp
&3 CT10_nlo-67CL
NNPDF2.3_nlo
=—— HERAPDF1.5_nlo_exp
“+~ MSTW2008CPdeut_nlo

10“‘|

NOTE: HERAPDF sets are shown only with Exp uncert only!
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HERAPDF2.0: ¥? goodness of fit to HERA data

x*/dof

124 |
122
12 |
118 |
1.16 |

1.14 -

H1 and ZEUS preliminary

A
HERAPDEF2.0 (prel.)

v x’/dof = 1386/1130 v NLO
A NNLO

vs Q2. cut

=> Similar fit-quality
for NNLO and NLO
-> also provide
PDF sets with
Q?.,,=10 GeV?

X
v X’/dof = 1156/1001
A . x X
A
s 10 15 20 25 30
Q’ cut/ GeV’
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Summary

+ HERA data combination:

+ of all final inclusive deep inelastic cross section
measurements by H1 and ZEUS

+ obtained results, based on 1 fb-1 luminosity, have high
precision (smallest uncertainties of ~1% at 20<Q?<100 GeV?)

s HERAPDF2.0 (prel) PDF fit: = | w-moer
+ High precision PDFs Y mmmaed e
at NLO or NNLO
+ Two versions:
fitting data with

Q%.,>3.5 or >10 GeV?




Backup slides
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The HERA ep collider (1992-2007)

Status: 1-July-2007
400 :
—— electrons

—— positrons
— low E

H1 Integrated Luminosity / pb'l

L

0 500 1000 1500

Days of running

~0.5 fb-! per experiment

D (920 GeV) &7(27.6 GeV)

21



Deep Inelastic scattering at HERA NC event in H1 detector:

v-Resolution

2 = 2
Q - q Quark
momentum
v-Energy ‘x P

y = Ey/ Eelp-cms

920 GeV \/ﬁ

Relation: Q2 — SXY

22



Probing p Structure In Deep Inelastic scattering at HERA

‘

( ) G108
=

Boson virtuality fY Z( W) 10}
Q2 — 'CI2 ’ 10

Boson energy 4

y — E'Y/Ellp-cms ’

TE

Quark momentum

Xp 10
—)— t
p 10"

Constraint: ()2 = SXY 10"




Data combination - example

Q°=300GeV’ | @ HERA CC ¢ p (prel.) 0.4 fb
- Vs=318 GeV

[ ZEUS HERA II

() ZEUS HERA I

: é . O HI1HERAII

A ! ﬂj\ /A H1 HERA 1

0 e o oo 7 For ‘LONELY SINGLE’ data points

10~ 10" apply only final systematic shifts
X

_ 2\ |
O, cc(X,Q)
b

-> Combine nearby data at common Q2,x points (grids of points)
= requires sometimes some swimming (details in appendix)

24



Common QZ2,x grids
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Swim data to common grid points

Q2, GeV? CCep E =920 GeV
'A
Example
530 |:|<> ® combined point
| [ ZEUS HERA I
" | () ZEUS HERA|
500 |- — neC Ly
A ATAA | O H1 HERAII
A o WV o
| |, A H1HERAI
0.013 0.015

Use QCD fit to all the inclusive HERA data for swimming correction
for Q2>3 GeV?: QCD fit with DGLAP; for Q2<4.9 GeV? fit fraCtal
model, interpolate between the two corrections for 3<Q2<4.9 GeV?2
Iterative procedure (Fit first to uncombined data and later to

combined data) -



Systematic uncertainties

Note: the proper classification of systematic uncertainties into
uncorrelated or correlated (between bins, samples or
the two experiments) is a most important combination issue

There are in total 162 sources of correlated uncertainties
spread over the various H1 and ZEUS data sets (examples:
hadronic & electromagnetic energy scales)

Add extra procedural uncertainties:

Treat errors in y“as additive (instead of multiplicative)
Consider possible correlations beteen data sets/experiments:
= Hadronic energy scale
= Photoproduction background
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First look at combination results - consistency

= 2927 data points combined to 1307 total x*/ndf = 1685/1620
= Shifts for 162 correlated systematics usually small (max. ~2.4 o)

# 90F
.= 18 + 9
E NCe'p T
6 Q*< 3.5 GeV? 5 80
[ RMS = 1.05 70

4 -3 2 1 0 1 2 3 4
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NCep

RMS =0.95

4 3 -2 4140 1 2 3 4
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0

4 -3 2 1 0 1 2 3 4

NC e'p
3.5 GeVi< Q*< 100 GeV?

L RMS =1.07

Entrie:

ntries
N
o

5 18f

CCe'p

4 -3 2 -1 0 1

2 3 4

H1 and ZEUS preliminary

70

60

50

40

30

20

9
80
RMS = 0.97

4 3 2 -1 0 1 2 3 4
pull

NC e'p
100 GeV?* < Q* £ 50000 GeV?

[ RMS = 0.97

4 3 2 -1 0 1 2 3 4
pull

CCep

Pulls for data points:

o e (1= 8y Bae)

2 2
\/Af,k o Ai .ave

‘ -> consistent data ‘
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Results for Neutral currents ! .

q

>
p

= Combined are the reduced cross sections:

- d*o 2 O . Y L oyt
rE NC_ . - —XF; — FL

: 'j— —
!

"rNC dde 2ratY. Y., = Y.
with V. = 1+ (1 — y)°
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Neutral Current: new combination vs HERA |

2
Of ne(%:Q0)
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H1 and ZEUS preliminary
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' o e -+ p
" »
.
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» it . .
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ST et
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x.ooos x:?“s ne® g0y 0 e her » L
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P95 00 suien
» [ ] ' ‘ #
’ ; x=0.25
10 10° 10° 10 10
Q Y1GeV?

(x,Q%)

r, NC
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04
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H1 and ZEUS preliminary

e HERA NC € (prel.) 0.4 fb!

Vs = 318 GeV
i F ?ﬁ& JEL x=0.008 ® HERAI e_p
i +§ }E E |
. JHF ?E % + +§ x=0.08
Sep *; 4 JP ’E
* s » lb*u » . # f
" " Q%/GeV?

=> e+p: Sizable error reductions (up to 3x lumi increase)
= e- p: Large error reductions (10x lumi increase)

30



Neutral Current: compare e*p with ep

~ 10?
o HERA (prel.) HERAPDF2.0 (prel.) NNLO, Q2. = 3.5 GeV’
o Vs = 318 GeV Vs = 318 GeV
=, B NCe'p05 fb'll == NCe'p
Z 103 ® NCep04fb m== NCep
‘-T
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R B = = & o o ] x=0.032 (x400)
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2
10 “ = I — .._...__.=.-—:= x=0.08 (x170)
ﬁﬁ'—mﬂ——='<:i x=0.13 (x80)
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| N L]
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H1 and ZEUS preliminary

e+, e-
< /

7 Z

> See clear yz
Interference effects
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Neutral Current: perturbative region Q2>2 GeV?

»

G e(%,Q%)

Other view on e+p data: as function of x for fixed values of Q?

H1 and ZEUS preliminary
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HERA low Ep data and F,

= Bulk of HERA data: Ep=920 GeV (HER)
= Ep=460 GeV (LER) and Ep=575 (MER) data taken in 2007
2
y
orne = F2 =5~ F)
_|_

Straight line fit:
F, = Intercept
F, = Negative slope

= Recently both H1 (:caeoa281 )y and ZEUS ( oesv14-0s3) published

EPJC C71 (2011) 1579

their final results on LER/MER data and on F, extending the Q2

phasespace
= Cross section data were already combined, see next slide
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Neutral current: combination of Ep=460 GeV data

H1 and ZEUS preliminary
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s
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© 1 i’% ® I gﬂiﬁ "
§ * £*
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Results for €Charged currents

= Combined are the reduced cross sections:

42 +
X 2nx [ Mz, + O | d*cC?

_ CC
r,CC GZ M2
. F i

o

dxd(?
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Charged Current: new combination vs HERA |
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H1 and ZEUS preliminary
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=> Large error
reductions
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Charged Current: old and new combination
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=> much improved precision
and new data points
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HERAPDF1.0 and 2.0 af NLO with Q2 . =3.5 GeV?

.

minary

s

H1 and ZEUS prel

Linear X scale

3.5 GeV?

2 =10 GeV?

f

I

V77, HERAPDF2.0 (prel) NLO Q"

2
min

| | HERAPDF1.0 NLO
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softer sea & overall reduced uncertainties

-> HERAPDF2.0




e+p Neutral Current data vs HERAPDF2.0 NLO
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O ne(*,Q9)

H1 and ZEUS preliminary ~—~
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=> In general good description by fit (for all fitted data sets!)
-> At low Q?<10 GeV? description gets (here) a bit worse
=> Very similar picture at NNLO
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Comparison of PDFs with Q2. = 3.5 and 10 GeV?

xf

H1 and ZEUS preliminary

H1 and ZEUS preliminary

1 T T T T h 1 T L I
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_ 2

. —— HERAPDF2.0 (prel) NLO Q2 =35GeV? | i — HERAPDF2.0 (prel.) NLO Q> =10 GeV>

. I exp. uncert. 0.8 B cxp. uncert. i

model uncert. | I model uncert.
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0.6
04 -
0.2 - B

10 1

X X

> Q2

min

=10 GeV? cut: = increases uncertainty of low-x gluon
= leaves high-x region ~unaffected
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HERAPDF2.0 NLO and NNLO variants
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H1 and ZEUS preliminary
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H1 and ZEUS preliminary
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X

v2/ndf for describing the fitted HERA data

=> Similar fit quality at NLO and NNLO
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Charged Current: combined results vs HERAPDF2.0 NNLO

H1 and ZEUS preliminary
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Charged Current: combined results vs HERAPDF2.0 NNLO
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