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Deep Inelastic Scattering (DIS)

Neutral Current (NC): ep — e X

€

q. =
e K Virtual v, Charged Current (CC): e'p — vX
W, Z O,
k A il U
] p
2=_q? = -(k-k’)? virtuality of y*, Z% W ‘ ]
x = Q?%2(Pq) Bjorken x ‘
y = (Pq)/(Pk) inelasticity

Q?=sxy s=(k+P)?
Factorisation: O 1 O X pdf (x)

A
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from HERA to LHC

HERA: span 5 orders of magnitude in x and Q?

“'> UL L L L Ll L L LA LLL L L LY IR L
§l° ’ E ::i: :Z Z: capidity pletems HERA: large number of individual data
O 3F = b0 centealimed. sets sets from H1 and ZEUS, covering
O L wr/o0 comment oo different parts of the phase space,
sf — e obtained in different periods,
10 o using different detector components,
10° different beam energies, ...
. HERA I (1994-2000) inclusive
10 — NC & CC analyses are completed and
3 published both by H1 and ZEUS,
10 :
/ and combined.
2 iR "l:
N L HERA I (2003-2007)
|HHERA | i - ZEUS ep NC/CC, ep CC: published
lown HHHH’”H | § E - low Ep data at low Q% published
g il - H1 high y & low Q2 published
™ recent:
0 ! I target - ZEUS e*p NC: preliminary
RPIPTY - APRPPT EERRPPITN RTINS EEPRRPOITN RERens. o P > H1 NC & CC at high Q?: published
w? 10 1w® 1wt w? 10?7 ! 1
> HERA covers x range of the LHC
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Inclusive NC & CC at HERA

H1 Collaboration
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10 A HlepNC = NC = 2 =
E A % Hle'pNC E dXdQ 2'7ra ’ Yz.s-
E m SM ¢ p NC (HIPDF 2012) 5 N N N
- e:tp wwss SM e*p NC (HIPDF 2012) F2 - P F/ F L )CF«)
107 3 Y. Y.
- * - _ _
[ Neutral - F(x0")=x> 4(q,+8) *F(x0")=xY B(4,-7)
F, =F,-2xF, =0 (QPM) Y, =1x(1-y)’
oL . Current - por
= 4 Hiepce : - all three SF are measured at HERA
E-  *x Hle'pCC A =
E * % 3
= SM e p CC (HIPDF 2012) N ]
10_5'5_ ———— = SM e*p CC (H1PDF 2012) Charged % EM 2
- Current 13 2 . 2 2
L y<os 2 G 2nx | M, +Q° | dO,
- P.=0 e 2 2 2
10—7__| Ll 1 Ll | | raE UEJ GF Mu’ dXdQ
10° 10* -t -, = 2
Q* [GeV?] Gee~ (xu+xc)+(1-y) (xd + xs)
~ Fee ~ (xu+xc)+(1-y)* (xd + x5
One R Occ at Q22 M2, M2 Gec~( )+(1-p)( )
= remaining differences are due to u/d - CC data allow flavor separation in QCD fits
flavor asymmetry and helicity factors
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NC and CC Cross Sections Gy ¢ (X,Q?)

H1 Collaboration H1 HERA IT NC&CC: DESY 12-107 (June 2012)
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= . L] cp,r = = . .
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& =0. ,i= .
o 10k :::'w"“y.w"" x=00005,i=16 O Fixed Target — uncertainty of 2.3% DESY 12-062
. = x=0.0008,i=15 - 3 .
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— 2 times better precision of high Q2 H1 NC data from HERA IT compared to HERA I & prel. HERA IT
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Polarisation eftects in CC and NC

Polarisation dependence of the total Polarisation asymmetry in NC:
)é) CC cross section " 2 o= (PF) — o*(PE)
e, - = . - + T " + + ES
e Occ =(1=F)occ (F, =0) Py =Py o=(Pp) +0*(Py)
w | H1 Collaboration
3 120 T T T T T T T T T T T Il_Il |C()|11a]301|‘at1|0n Ai : :
= N : 05 i e A" (e'p) i
53 — S — —
HD(_) i ep —-vX | - HI1PDF 2012 ]
100 — O H1 HERA — i i
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80— e'p = VX ] - %a ---------- -
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B 10’ 10*
[ ==HIPDF 2012 1 Q* [GeV?Y]
40|~ ## Linear Fit - — a direct measure of parity violation in NC
- i < [T T T T
B 1= 1[_ _:
0 Q> 400 GeV> H . 55 J ]
: y<09 : é I " i { }f{__i_ ] 1
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 m : uii}i%*?_{%iﬂf B :
Yoo 50 0 50 100 O reasastRAHE S 24 o
/ P =(Ng-Np )/(Ng+tNp) P, [%] o5 ZEUS NC (prel.) ]
=/~ — absence of right-handed weak current "I e*p(135.5pb™) :
W ep (e'p): My > 214 (194) GeV at 95% CL - _ SM (HERAPDF1.5) ]
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The First Measurement of Parity Violating SF F,"%(x,Q?)

+(pt +(px )2 4 ()2
(PL)_U (PR)_ KQ) Y_ ~Z Y— KQ 2 YAVIR oY/
T T = 9 5 | T Qe + Ve IF Y. O2 ‘Q(Ue +ae)IF3
taking the difference for e'p and ep, the terms with xF;7Z and xFZ cancel and - _4M» (1_M ,
F,7Z can be directly extracted from measured polarised cross sections M\ M
H1 Collaboration
FZ b @=200Gev? | Q2=250GeV? 1 QP=300GeV? L Q2=400 GeV?
2 2 i transform the F,Y2(x,Q?) measurements
............................. to Q? = 1500 GeV? and average them
iy to get F,7%(x) at Q2 = 1500 GeV?
f < 500 Gev? 3 Q2=65:0 GeV? 3 Q2=80:0 GeV? H1 Collaboration
B . T
+ + 2T Transformed to Q? = 1500 GeV>
17 —
4444444 | . I . ]
15 L. Q= 1500 GeV? - | @2=2000 Gev? L Q=3000 GeV? - — HIPDF 2012 .
a ~! i
444444444444444444444444444444 i L |
T | 0.5 —
L Q2=80'00 GeV? I Q2=20'000 GeVv? ] ~ N
I eHI {‘ ] B 7
— HIPDF 2012 = L 73
44444444444444444444444 \+\._ % - + 7%
I 1 \ 1 \ 1 I-1 : 0 I I I ] I m
107 X 1 107 107 X 1 10 X 1 101 1
> F,7 = xZ[2e,v,(q+gbar)]
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xF,

Structure Function xF;(x,Q?)

Oy C) - charge asymmetry of unpolarised etp NC cross sections

1 T T T T T T T
YZ I
XF3

=2 mostly due to yZ interference
xF* = —xF;-(Q*+M7) /(2 ,k Q")

transform the xF;¥Z(x,Q?) measurements
to Q? = 1500 GeV? and average them
to get xF;¥4(x) at Q2% = 1500 GeV?

H1 Collaboration

Transformed to Q 2 = 1500 GeV?
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- sensitive to valence quark: F;¥¢ = (2u,+d,)/3

0.725
/ dz F%(z,* = 1500 GeV?) = 1.22 4 0.09(stat) + 0.07(syst)
0.016

(H1PDF2012: 1.16+0.02-0.03)
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The longitudinal structure function F; (x,Q?)

: - : a, dz |16 X
- F_ is a pure QCD effect sensitive to gluon density F,(x,0%) = - xzﬂ?[?Fz +8;e§(1—;)'xg

- F, is measured at HERA using cross sections at the same x, Q2 and different y (different

proton beam energies Ep = 460, 575, 920 GeV)
Onc(X,Q2Y) = Fyp(x,Q%) —f(y) FL(x,Q?), fy)=y?/(1+(1-y)?)

1 H1 Collaboration EPJ C71(2011)1579 H1 Collaboration
- Q*=2GeV? | Q*=2.5GeV* | Q°=3.5 GeV? F. =8 $ 83 8 & 8 & 28 § 8 g ¢

TRTITT R

vl Ll
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55GeVEE | Q¢

0.2F

[ ] HERAPDF1.0NLO [ MSTWO08 NNLO
r [l CT10NLO ] JR09 NNLO
af-- 5 O ZEUS Il NNPDF2.1 NLO [ ABKMO09 NNLO
E 0.2 ] —
L 11|15u] |||1%1| 1[12|1||-|1|1u1[ TRt |||112|1|| Ll 11|21|1|| 2 10 50
Q°=35GeV” | Q=45 GeV 2 2
a NmC | e H1 Q" / GeV
ZEUS — ACOT
g P H - \§\ ____ R ’\Qﬁ - HERA F| data are consistent with constant
Lol .d.'......l Lo .2.......| ool Lo .4......| ¢ vl .2.......| ol .4......1 ool .2.......| vl value of R:FL/(FZ'FL):O.2610.05
10 10 10 10 10 10 1
X
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HERAPDEF: QCD Fits using HERA data only

Input: combined H1 & ZEUS incl. ep NC and CC data
which include expert knowledge in the treatment

of the correlations between many individual data sefts.
- precise, complete and easy in use

- significant reduction of systematic uncertainties

1. HERA T data: JHEP 1001:109,2010 HERAPDF 1.0
2. HERA T and preliminary HERA IT data HERAPDF 1.5

H1 and ZEUS HERA I+II Combined PDF Fit

“:\( (x,Q

Le

L4

H1 and ZEUS

x=0,0002

s 3

_,{{ g!-;' ZEUS

3" ‘?ﬂ x=0.008 ’;':. o) ;
= i: % / W
e YL
o : T

=000z | e HERAINCe'p

HI

-
-

T e ok
. h )

2 ”'Miif. =08
M“"s g x=0.25

‘E‘ 1 = 3 &
I Q’=10 GeV? Z j
- HERAPDFL.5 : S
) 8; — HERAPDFLS5 (prel.) - Q' /GeV
L - exp. uncert. HERAPDF
|| model uncert. - no nuclear corrections
parametrization uncert. 5y - no hea target correction
2 Vy Targ
0.6 & - Dy? = 1 criterion for exp. errors
E" - parametrise xg(x),xu,,xd,.xUbar,Dbar at starting scale Q 2
; - apply quark number and momentum sum rules
04 2 - NLO/NNLO DGLAP evolution
=] .
g - different schemes for heavy flavor treatment
£ - uncertainty bands:
o2 g - experimental
g - model (variations of Q?_.., f., m_, m
£ min s c b
2 - parameterisation (variation of param. assumptions)
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HERAPDF Sets

. H1 and ZEUS (prel.) " Z cross section at LHC
= L HERAPDF 1.0 + F{*(prel.) g ey §
. T — RT optimised & 31F ie(\FZAPDFto)w:E(prel.) e |
Nov 2009 HERAPDF 1.0 JHEP 1001:109,2010 . , sob - <
NC,CC HERA I 1000 -
July 2010 HERAPDF 1.5 HERA I+ prel HERAII| - - *r F
NC,CC - recommended 800 - 28 N
Aug 2010 HERAPDF 1.0 optimum m, - y o7t T ot |
Charm (+F2C) 600; L I:*‘ .‘ L “k L 26: T S I S R | \ZN:VFN\S 1 %
Mar 2011 HERAPDF 1.6 fit strong couplinga, . 12 14 16 18 e h 1'6mgm. ,(;;f,
NC,CC,jets \ e II-| GeV . |
Jun 2011 HERAPDF 1.7 2 1 and ZEUS (prel.)
NC,CC,F2c,jets, N E --- HERAPDF1.5f 3
low Ep data v, 1T —HERAPDF1.6 /| §
10 £ With jets
: i ! . 0 ‘E\ No jets
aim: HERAPDF 2.0  using published and combined T S R T
complete incl. NC/CC data os(M,)
from HERA I and HERA II
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HERAPDF for LHC (few examples)

15 JLdt=37 po’ W,Z cross sections
: \I§=7 Tev '-é‘ l I T T T T I T T T T I T T T ]
= -  anti-k, jets, R=06 ; i ATLAS ]
'— - = -
[$) g - 1 1_ ]
>~ 1 ot snor Tt i
$05 . 3 ]
o B )
=15 — Systematic o L i
d? . uncertainties o 1o _|
1 - NLOJET++ (u=p}*) x F ot J‘ Ldt=3336pb" ]
] Non-pert. corr. i ]
0.5 = R 9 @ Data2010§5=7Tev) total uncertainty ~ —|
C 28s1i<38 ] :::% cT10 O MmsTwoe -o-sta®sys@acc |
1_5i e XX — = | O HERAPDF15 uncertainty ]
o 2 ] —— JASTW 2008 L A ABKMO9 68.3% CL ellipse area |
C S ] i 8 o JRoo —
1 ; ' -‘E: _:l T I 1 1 1 1 l 1 1 1 1 I 1 1 1 i
0 5: 1  -=- NNPDF21 0.8 0.9 1
E sssyicas ] c%'-BR(Z/y'> I'T) [nb]
i i A A A A a2l e i A A A A L L J  msmsm HERAPDF 1-5
20 30 10?7 2x10° 10° 7 .
p, [GeV] gg > H cross section
NLO gg—H at the LHC (s = 7 TeV) for M = 120 GeV
Lepton charge _ S A
p ge asymmetry = Mg | . , . =
> R e L S 135 E
2 0.3\s=7TeV ATLAS+CMS+LHCb- ~ E e
E . Preliminary ] o 13; e _§
= a . E Y 90% C.L. POF E N
g 0 1:_ pIT > 20 GeV _: 156 MSTWO8 = é
.E) L . E CTEQ6.6 E é
c oF - 1"Es A cro E .
S r ] E () NNPDF2.1 E H
% Foe ATLAS (extrapolated data, W — Iv) 35 pb™ ] 10.5 E [] HERAPDF1.0 E L
-  -0.1— & CMS(W-pv)36pb’ — 105 A /\ HERAPDF15 | 3
F w  LHCb (W= puv)36pb" . osE- lanar: POF oty ABKMOS E
0.2k MSTWO08 prediction (MC@NLO, 90% C.L.) I YE  Outer: PDF4ag ST 3
- [ CTEQSs prediction (MC@NLO, 90% C.L) 3 90418 odte oA1s oAz 0422 0424
oo 8 ropeemmcono ey (1 (M)
0 0.5 1 1.5 2 25 3 35 4 . .
| — all modern PDF fits include HERA data
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HERAFitter: Open source QCD Fit Framework

HERAFitter is a set of PDF fitting tools initially developed by the HI and ZEUS collaborations for
determination of the parton density functions. The HERAFitter codes were used to obtain the HERAPDF sets.

The beta release can be accessed through the HEPFORGE site: http://projects.hepforge.org/herafitter

Used for
PDF evolution | “a

ZMSTF

QCDNUM

HQSTF

RT

ACOT

Interfaces:

QCDNUM

calculation

I FastNLO

Various cross sections

H1Fitter

<> Applgrid

Hathor

\\//

o«

Used for
structure function
calculation

QCD 2012
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External PDF

LHAPDF

comparisons

HERA Fitter Meeting - 12/02/12 - Krzysztof Nowak

V. Chekelian, Proton Str. Function
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modular structure
flexible, expandable

- evolution by QCDNUM
package (M. Botje)

- different HV schemes,
error treatments, ...

DIS ep
- inclusive
- jets

pp and ppbar
- W, Z cross sections
- rapidity
- charge asymmetries
- jets
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HERAFitter tor LHC

HERAFitter is a ready QCD platform
to analyse new data in context of PDFs

Common QCD
Fit Framework Development by - H1 and ZEUS
- ATLAS and CMS
- Theory groups
The First LHC publication using HERAFitter arXiv:1203.4051
inat | P-1scevixo0es . oPWZfleeS ATLAS
Determination of the strange quark density :
: : : A4 ABKMO9 —a
of the proton using differential W, Z cross = NNPDE2.1 -
section data of ATLAS fitted together with | e MsTWo8 -
the ep cross sections from HERA v CTIO(NLO) r
total uncertainty
experimental uncertainty

02 0 02 04 06 08

1 12 14
rs = 0.5(s + 5)/d
QCD 2012 V. Chekelian, Proton Str. Function 15

Montpellier 2.07.2012 measurements from HERA to LHC



Summary

- Completion of the HERA inclusive NC and CC cross section measurements
- Hl: HERA II data are published (DESY 12-107)
2 times better precision compared to HERA | and prelim. HERA I
- ZEUS: preliminary NC e‘p 2006-2007, publication to come soon

- Combination of the H1 and ZEUS inclusive NC and CC e*p data

- HERA I: all inclusive results are published and combined
using a model independent approach leading to significant
reduction of systematic uncertainties

- HERA I+II: extension of the combination to include prelim. HERA II

- to come: Combination of the complete final HERA I+I1 HI&ZEUS data

- HERA, H1 and ZEUS NLO/NNLO QCD analyses are performed

- HERAPDF parton densities are extensively used at LHC
- HERAPDF 1.5 is recommended
- to come: HERAPDF 2.0 using final combined data from HERA

- HERAFitter is a ready & open QCD platform to analyse new (LHC) data
in context of PDFs
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