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Deep-Inelastic Scattering (DIS)

Neutral Current (NC): e’p — e'X

adro,)s (] —_—
€t) 9y, i
Uk 920,820,575,
: 460 GeV 4 P
e K Virtual v, Charged Current (CC): e'p — v X
27.5 GeV Wa Z [ ‘ ZEU 1
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x =Q%2(Pq) Bjorken x
y = (Pq)/(PK) inelasticity

21— _ 2
Q"= sxy =) H1+ZEUS in total 1 fb-
- about equally shared between
ICHEP 2014 e*and e, positive and negative P,
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1. NC cross section measurements at h
and low Ep=460, 575 (and 920) Ge

g

Data Set x Gnd 07/GeV? Gnd L etje NG
from to from to | pb! GeV
HERA LI £, = 5/5GeV data sets
H1 NC high 0~ 07 | 0.00065 0.65 35 800 | 5.4 e p 252
H1 NC low 0° 07 | 0.0000279 0.0148 1.5 % | 5.9 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
HERA Il £, = 460 GeV data sets
HI NC high 0° 07 [ 0.00081 0.65 35 800 | 118 | ep 225
H1 NC low Q2 07 | 0.0000348 0.0148 1.5 9 | 122 | ep 225
[~ ZEUS NC nominal 07 | 0.000184  0.016686 7 110 | 139 | ep 225
ZEUS NC satellite 07 | 0.000143  0.016686 5 110 | 139 | €'p 225
ZI0ET L T
H1: NC high Q2: Eur. Phys. J. C 74 (2014) 2814 G V=225 Gev:

(previously published NC low Q2: Eur.Phys.J.C71 (2011) 1579) 103?
1021
ZEUS: NC “nominal” and “satellite”: DESY-14-053 g
measurements at E = 460, 575, 920 GeV
—> supersede results of Phys. Lett. B 682 (2009) 8

10

— - Proton Satellite]

= Total Fit

/1 nomyinal;

L=139pb™ ]
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Events

Events

NC at high y for E =460, 575 (and 920) GeV

Experimental challenge: large yp background at high y (low scattered electron energy)

800 , }+17 1 data, Ep= 460 GeV
600F
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e HI data, Ep: 460 GeV
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H1:
E, down to 3 GeV

Events

> “soft electron
identification”:
optimal use of
information on shower
shape in LAr calorimeter, °© &

momentum matching
with the track, dE/dx

30
E’, (GeV)

10 15 25

TT [T T T T[T T T T [T T T T [T TT T [TTTT

i ZEUS:
- E, down to 6 GeV

1 > “backward
1 tracking”: use hits
in the tracking detectors

35

—> accept only electron J

candlqates Wl'[h“the right Electr

electric charge” and use .
candid

the “wrong charge” events
for estimation of remaining Vertex
background.

-> remaining bkg is

hn subtracted using MC

ate Predictions verified from
6m-tagger and yp
enriched sample
(agreement within 10%)
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A model independent measurement of F,
using data at E =460, 575 and 920 (820) GeV

> F_and F, can be determined in a model independent way at each x and Q?

Onc(X,Q%Y) = Fo(x,Q%) —f(y) FL(x,Q%), f(y)=y*/(1+(1-y)?)
an example: Q2=60 GeV? and 6 values of x

- H1 Collaboration
Z E U S One E ;
I

T L7 E Q=60 GeV?, x=0.00111 £ Q’=60 GeV?, x=0.00124 F Q’= 60 GeV?, x=0.00139

Q? = 80 GeV?

Fy

e e a1y

x = 0.00222

' HER O3k 670
E o\ | LER(460)
Q’= 60 GeV’, x=0.00182

[ ] 3

- l - 09 T S S | S R MR T
- . L7 E Q’=60 GeV’, x=0.00158

[ 7 ] 16 £ E, =920 GeV

M 1 15 E ¢ H1, SpaCal

P P

Q%= 60 GeV?, x=0.00242

F ZEUS97 ] 4 BN S
g | | | g 1.1 — —
0 0. : b b NE L
y2/(1 +(1_y)2) 0 0.5 0 05 0 0.52 21
y7(A+(1-y)")
Measurements at E.=820 GeV H1: hlgh Q2 460/575 together with
p

(ZEUS97) are included in fits 460/575 data at low Q° (Spacal)
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F, and F, measurements as a function of Q* and x

using a y2 minimisation technique accounting for ZEUS
correlations across all measurements
H1 Collaboration P : e — — —
FZ’FLISP | @=35GeV? i | QP=45GeV? i ' Q=60 GeV> i | Q2=90 GeV? ; :N' E o 1 ) : ) X
.1 _%9\ @ i . i \%3@\ 1 b M oo T Q?=12GeV? T Q@=17GeV?
o5l I I ]
1 E— i . ™ | w i % |
s Q@P=120GeV? | Q@=150GeV: 1 Q=200GeV2 | Q=250 GeV? o5k 1 i ]
SE g IS 1 1 1 s : T
w Q@=24Gev® | Q?=32GeV® | Q?=45GeV? ]
| | i | : f ;o
b @=300Gev? } 1 Q@=500Gev? | ] 0_ +++ __ ¢++ _ “ _
1f "‘%b\ + o . + . 1 o5l I T ]
05 w5 I ] H T I —]
]
1) USSR A * .............. o £ AAA 1 MA 1 MA ]
ey Q2 =60 GeV? Q? =80 GeV? @2 =110 GeV?
sk Q*=800GeV* | 05| T + T 4 ZzEUSF, ]
: +++ ] ++ ® ZEUSF, ++
oF,Hl ¢F,ZEUS -- F, HIPDF 2012 or T T HERAPDF1 5 + ]
eF Hl +F ZEUS — F HIPDF 2012 L ]
05 ¢ 1 | Lol L1l _—|||1| Lol 2ol ]
) ) 10* 107 10?2 10* 10° 10?2 10* 10° 10?2
10” 10? X X X X
F, measurements are )
extended to Q2 = 800 Ge\/2 average F,(x,&Q?) measurements at given QF >
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Longitudinal structure function F;

F, 1s a pure QCD effect sensitive to gluon density F, (x,0%) = :; x° Ji ?

16 s, X
?F‘Z +8;€q(1—;) Xg
H1 and ZEUS

F approximate relation between F

® Hi and gluon (order of a,, with a=1)
A ZEUS I

04

02 zg(z,Q*) ~ 1.772a—(QQ)FL(a:L‘,Q2)
: S
Z. Phys. C39 (1988) 281, Nucl. Phys. B 383 (1992) 525
Eur. Phys. J. C72 (2012) 2221, arXiv:1401.7804
O e A e Hl Collaboration
I HERAPDF1.5 NNLO ABMI2 NNLO Xg
- 1 B crionNLo I NNPDF2.3 NNLO 20
02— MSTW08 NNLO JR09 NNLO
L] L] L
1 10 102 100 o
Q* [GeV?]

Consistency of the HI and ZEUS FL data was checked

accounting for corr. ervors: y’/ndf=11/8 (p-value=20%). or r . i
R=0 /o;=F /(F,-F ) = 0.23+0.04 (H1, 1.55Q2<800 GeV?) i " o
R=0.105+0.055-0.037 (ZEUS, 9=Q?<110 GeV?) Q* [GeV?]
ICHEP 2014 V. Chekelian 7
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2. Integrated e*p NC cross section at high x> 1

NC events at high O have about 100% acceptance and efficiency
for the scattered electron but at highest x the hadronic final state

disappears in the beam pipe and there are no means to measure x

" «
elefctron
pl remnant /
ebeam o ° p P bea(rg
S — % >,
37~ CTD
FCAL BCAL| RCAL
ICHEP 2014
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ZEUS measured the integrated
e*p NC cross sections at x->1
using events without jets at x

above X, g,

/1 Lo, Q)
dd()?

Todge

Phys. Rev. D 89 (2014) 072007
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d’*c/dxdQ? (pb/GeV?)

NC e™p cross section at highest x

ZEUS

e’p NC.

ZEUS  epNC

10— . . 5 SUREE anans o aras
E E E - P a2 T ]
. \. o*72s | \' Q%875 Q%1025 ] I~ I i Q%725 I % Q =375{ i ; ‘qQ -1025{
' ] o T A _}éfi‘r-ﬁiﬂ:&/—:}: -------------- » S48
10°F — k% ﬁ L 1 | }
\ \ .2 , . . . E 1'2 021200' } ' £ TR + : ,'
1F \‘ a=1200 & 2 i :
10-1:_ _:_ \
102 r —A—" : T %%&n’n‘\r;ﬁlmmmm"
oF £
10 r - Q
e : AR 3 15 C Q21050
1k Q°=1950 + i é }
Ak i L :
107 \ £ \u' 1--#—* CTr s ek s s e
20 [ N ] B g
10°F * K ) :
of ——&—F [ {
10°E 3 ) I )
e 2l o*3000
1| Q’-3000 : : 1
10" \‘ * I ¢ . I I
A ¥ e, gt bt anshad
10°F + L 'f"‘s 1 1 il L
E — T H : H
4L --— Ly 1 I : 1 1 i ulf} 1 I :n I 1L 1 1 I:
we o pr e e 602 04 06 08
10 + + SRR 3 t t L Q°=5250 T Q°=7000 - PR b.¢
102E \... Q°=5250 © oF I . Q'in GeV
10‘32' %o 1r L r s 0 baasdoys? @ ZEUSep,185pb”
104k - —d a L] iL-- 1.’.‘.—--% e RS
10°F —5—,; 13 ;’ } } éﬁ - T A ZEUSep,185pb” (Integrated)
10°F + pr— ' e A A Eananas B
£, ' £ L L L & L L L L s [ 2 A 2 1} 77 HERAPDF 1.5
102F 30 02 04 08 08 10 02 04 06 08 T aF Q°=9500 1 Q°=15500 ! [
3 QZ=15500 5 5 x L i .- ="~ ABMIVHERAPDF 15
0E 1 Q' in GeV’, 1 68% CI ot ] i A .
10* r ] 47 © 7777 CTIOHERAPD!
s ®  ZEUSe'p,142pb?! - Yoeqquib b ] PN L
10 0709 0% " 08 1002040508 1 ' 1
w0k 8 A ZEUS e*p, 142 pb™ (Integrated) . <
P P g
0 02 04 06 08 TR E T e NNPDF 23/HERAPDF 15

—— HERAPDF 1.5

- there is sensitivity to PDFs at high x>1. These integrated measurements are not
used so far in the QCD fits (and in the combination below)
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3. Combination of all inclusive NC and CC
e™p data from H1 an ZEUS

41 data sets from H1 and ZEUS (1 fb-"): 0.045 < Q2 < 50000 GeV?, 6 107 <x <0.65
21 data sets from HERA I (E,=920 and 820 GeV) and
20 data sets from HERA Il (12/4/4 sets for E,= 920/575/460 GeV)

Combination of the H1 & ZEUS incl. unpolarized

H1 and ZEUS preliminary NC and CC data include expert knowledge in the treat-

= T T2 ment of the correlations between individual data sets.
I HERAT data 2i%1 > precise, complete and easy in use
10 ? HERA II nominal E, data o ot & :é - reduction Of stat. and SYST. uncertainties
1w ¢ HERAlredueedBedan o gRiiiiiii = 1. HERA Idata: JHEP 1001:109,2010 HERAPDF 1.0
- gbesiiiiss ¢ | 2. HERATand preliminary HERA IT data HERAPDF 1.5
102= Ffided —
- et 7 HERAverager (wiki-zeuthen.desy.de/HERAverager)
o ey 1 is used for the cross section averaging,
- g = 162 corr. syst. sources are treated as multiplicative,
- Sws 7 the following x? definition is used:
1= — . . 2
: D s mb)= Z +Z _ Z — |nf Zj)./j’I‘I bj—pu | _ +Zb§
107 | ids  jb i O M (m’ -2 y’jmlb j) - ((Simcor m’) J
- 5 Three additional procedural errors :
10_2_||m| T T T T T - muITipIicaTive vs. additive
10°  10*  10° 107 10" 1 - correlation over all data sets of photoproduction bkg
X and hadronic energy scale uncertainties
ICHEP 2014 V. Chekelian 10
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Averaging of all NC and CC HERA I+II data

2927 cross sections are combined to 1307 points with 165 correlated systematic errors

H1 and ZEUS preliminary

NC e*p Ep=920 GeV

x=0.002

e HERA NC e*p (prel.) 0.5 fb™

Vs = 318 GeV

O ZEUS HERA II
» ZEUS HERA I
O H1HERA II

A H1HERA I

08

0.6

04

RGN | H1, ZEUS,
L&/ . # .”“%%%%%%g§ x=0.032
'L S eeh ik bRk & #

PHEEpab AR L #

x=0.08

rgxm

1aal Ll
10° 10° 104

Q /GeV

2
O nc%QY)

05

1.5

-

coml|

05

1.5

05

H1 and ZEUS prellmlnary
. \ NC e*p Ep=460 GeV
Q" =12 GeV Q 15 GeV
iy i@%ﬁ
fﬁ? ¢ 5 ﬁ'% .
JF L ¥
| Q*=25GeV T Q?=35GeV?
ﬁgﬁﬁ %{ﬁ’; J
tbine& Py "

L L
107 1072

Q*=60 GeV? X
e HERA NC e'p (prel.) 26 pb™
?‘ ¢ Vs =225 GeV
é O ZEUS
‘é o Hi1
107 107
X

- up to 6 measurements are combined into one averaged point
- good consistency of the input data sets (y?/ndf = 1685/1620)
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KEntries

Pulls for different samples »*
H1 and ZEUS preliminary

18} NC e*p g 90;_ NC e'p é 90F NC e'p
16F Q<35 GeV? ; = 80F  35GeVi<Q? <100 GeV? E 8ok 100 GeV? < Q? < 50000 GeV?
[ RMS =1.05 70r RMS =1.07 o RMS=097
60f 0f
S0 50F
aof "0 - everywhere
30 30k consistent with
20f 20 expected one sigma
10f 10f gaussian
4 3 2 -1 0 1 2 3 4 % 3 240 1 2 3 4
pull pull
r 6 g
501 NCep % :0 CCe'p é CCep
[ RMS =095 = T rMs=1.04 = I RMS=097
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07 ncxQ7)

02 -

Comparison of combinations
HERA I+II vs. HERA 1

H1 and ZEUS preliminary

" -

04 -

e HERA NC ep (prel.) 0.4 fb!

Vs =318 GeV NC ep
= HERAI

+§

+ x=0.032
¢

¢

+$?P%£ +F +

P +. b & x=0.08 E
re
ﬁt?k . g |

x=0.25

b g s

P P
10° 10°

Q%GeV?

05 |

04 |

02 |

H1 and ZEUS preliminary

f |Q2 =300 GeV>

|

L Q*=500 GeV*

$+'£+E +

F Q%=1000 GeV*

Q% =1500 GeV*>

. CCep

-

| T | - L
FQ*=2000 GeV2

r Q =3000 GeV”

Al T | TR A
- Q*=5000 GeV*

i IR | L
Q% =8000 GeV*

.

\\\QH’\HH‘ Lol P

% Vs =318 GeV
®E HERAI

LA

102 10!

102 107!

X

G
.F " b | s i £,
¢ | ’ .
b . o
T U Y AU R B Hmu’um\ el "H Lol el @
- Q'=15000GeV’ - Q*=30000Gev’ | 107 107 102 10!
'F e HERA CC ¢ p (prel.) 0.4 b

- significant improvements in precision at high Q? (especially for e'p NC&CC) and at high y:

ICHEP 2014
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about 1% precision in the best measured regions
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Combined NC and CC data set from HERA
(HERAPDEF2.0)

e"p NC&CC (E,=920 GeV), e'p NC (E, = 820, 575, 460 GeV), corresponding to 1 fb-!
—> 165 correlated syst. err.; 0.045 < Q?<50000 GeV?, 6 107 <x<0.65

H1 and ZEUS preliminary H1 and ZEUS preliminary
i F - 1] &0 L 2_ 2 o2 2 a2 2 o2 2
w NC et ® HERA NC ep (prel.) 0.4 fb O s [ Q0G| QP=S0GeV: | QP=1000GeV [ QF=1500GeV
o« 0= ep ® HERANCe'p (prel) 056" 50 7 [ I I I
g . C x=0.00005, i=21 Vs =318 GeV \.8 C C C C CC e+p
R R e O Fixed Target to L F a - -
L b T e XS00000,18 === HERAPDF2.0 (prel.) ep - - - -
" 105 . e X0 f‘I,‘fﬁﬁ;,;j}Zm === HERAPDF2.0 (prel.) e'p 05 ) - - -
Foa. % x = 0.0008,i=15 NLO, anin= 3.5 GeV? 5 B B B
: .-’./-,..r.-r-m—.._‘ X=0.0013’i=14 7\\\\\‘ | \HHH‘ L1l 7\\\\\‘ 1 \HHH‘ L1 7\\\\\‘ 1 \HHH‘ L1 7\\\\\‘ 1 \HHH‘ Ll
104 . x = 0.0020,i=13 0 r B B B
g ' ""';,,..:-—-*4""”.—:" x=0.0032,i=12 06 — Q=2000Gev’ | Q’=3000GeV’ [ Q*=5000GeV: | Q=8000GeV’
i - W x = 0.005, i=11 r r r r
103 . x =0.008,i=10 r B B B
F % x = 0.013,i=9 04 | L L ,
- - W x=0.02,i=8 - - L L
10? E . =8 x=0.032,i=7 L L i i
F il == x=0.05,i=6 02 — = = =
r e ety _X=008,i=5 B i i i
0 = oooB . . x=0.13,i=4 - - - -
C :}r . 0 \HH‘ 1 \HHH‘ L1l \HH‘ 1 \HHH‘ I \HH‘ 1 \HHH‘ L1 \HH‘ 1 \HHH‘ L1
C oo - . . :::}/" x =0.18,i=3 r r 10-2 10-1 10-2 10-1
e s L } x=025,i=2 015 [ Q*=15000 GeV? [ Q*=30000 GeV? X
1 i o Y N ﬁ_h.\ X =040, izt B - ® HERA CC e*p (prel.) 0.5 b
0 = } } 01 - o Vs =318 GeV
_25 . B - == HERAPDF2.0 (prel.)
0" t x=065,i=0 005 .}\v NLO, Q. =35 GeV’
_3:‘ ‘ ‘ ‘ ‘ ‘ 0 iV—HH‘ 1 \HHH‘ I iV—HH‘ 1 \HHH‘ 1 Himrr
10 L Lol Lol L Lol L I L Lol L Lol B 1 B 1
1 10 102 103 104 10° 10 10 10 10 X
Q% GeV?
> for QCD analysis of the combined data (HERAPDF2.0) see talk of Katarzyna Wichmann
ICHEP 2014 V. Chekelian 14
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Conclusions

H1 and ZEUS completed inclusive DIS cross section measurements at HERA

- e*p NC cross sections measurements at low E,=460 and 575 GeV
and a model independent determination of F,.
- ZEUS e*p NC measurements at high x>1

All inclusive e*p NC and CC cross sections at Ep=920, 820, 575 and 460 GeV
are combined in one coherent HERA data set which is used as a sole input
to the HERAPDF 2.0 QCD fits
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