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| ntroduction N

@ Deep Inelastic Scattering (DIS) is one of the best tools for

@ Testing QCD dynamics: validity of DGLAP evolution equations at low
Q? and low x

@ Measurement of the substructure of the proton: quark and gluon
content (PDFs)

@ Kinematics described by Lorentz - L
invari ities: e(k) e(k’)
Invariant quantities: e s
Q QQ — _q2 — —(k o ]{/)2

virtuality/resolving power

Q 1= % Bjorken scaling variable, 'Y*/Zo(q)

momentum fraction of the scattered

parton xP
Q@ y= I inelasticity D 2

@ Related by Q* = zys

A
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|nclusive DI'S Cross Section N

@ Two structure functions Fi(z, Q%), Fr(z, Q%) parametrise the inclusive NC
cross section for ep — e’ X:

d20' 27T()42Y+ 2 y2
dxdjg;: Q4 F2(337Q)_Y—+FL($Q) , Yi=1+(1-y)?
@ Bulk Low Q* Domain % HERABxperiments
(10GeV” < Q* < 150GeV?): gy = Mimeomo ;
DGLAP evolution, PDFs, highest " Fixed Target Experiments
recision , NMC > ]
@ Lowest Q° Domain - eess il /,:
(Q2 S 10G€V2): 1027 — SLAC ll W,/ 7
Transition to non-perturbative ; I |
regime 10 Highy . ;

@ High y Domain (y > 0.6): . :

Senstviyto fi.
@ Low E, running and direct I, 10t v LOWQ i
Measurement: Efr e D i
10°  10° 10‘4 10° 10° 100 1
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| nclusive DI S Cross Section

@ Two structure functions F;(z, Q?), F

cross section for ep — e’ X:
d’c¥,  2ma’Y;
dzdQ? Q4

Bulk Low Q° Domain

(10GeV? < @Q? < 150GeV?):

DGLAP evolution, PDFs, highest

precision

Lowest Q% Domain

(Q? < 10GeV?):

Transition to non-perturbative
regime

High y Domain (y > 0.6):
Sensitivity to FT,

Low £, running and direct Fr,
Measurement:

(F2(337Q2)

| Ge¥/!

N

. (z, Q%) parametrise the inclusive NC

2

—y—FL(xQ)), Yi=1+(1-y)?
Yy
- HERA Experiments
| == H11994-2000 ]
E mm ZEUS 1994-2000 E
"N Target Experiments: §
. NG N ]
- o s Al ]
102, — SLAC Il // |
10 ¢ Highy s 4
1+ E
|
10 & yLowQ E
o5 w05 15—410—310—210—1;1
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| nclusive DI S Cross Section

@ Two structure functions F;(z, Q?), F
cross section for ep — e’ X:

d’c¥,  2ma’Y;

dzdQ? Q4
Bulk Low Q° Domain
(10GeV? < @Q? < 150GeV?):
DGLAP evolution, PDFs, highest
precision

Lowest Q% Domain

(Q? < 10GeV?):

Transition to non-perturbative
regime

High y Domain (y > 0.6):
Sensitivity to FT,

Low £, running and direct Fr,
Measurement:

(F2(337Q2)

>
(D)
O
©

Y

. (z, Q%) parametrise the inclusive NC

2

Y+
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| nclusive DI S Cross Section

@ Two structure functions Fi(z, Q%), Fr(z, Q%) parametrise the inclusive NC

cross section for ep — e’ X:

d?cF 2ma’Yy oe Y 2

dxdjg;; — $Q4 FQ(ZC,Q )_Y—+FL(x7Q ) ' Y+:1+(1_y)2
@ Bulk Low Q* Domain ‘%  HERA Experiments
(10GeV® < Q° < 150GeVE): 5y = i, :
DGLAP evolution, PDFs, highest " Fixed Target Experiments
recision , NMC > ]
@ Lowest Q° Domain - E6es fl §

(Q? < 10GeV?): 102, S UK W
Transition to non-perturbative i AMMM“““‘ | || { E
regime 10 - Highy 4 -
@ High y Domain (y > 0.6): : / ,
el i
@ Low E, running and direct I, A&y LowQ {/99/ |
Measurement: Al il
10° 10° 10° 10° 100 1
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The HERA Collider N

@ HERA accelerator: 920 GeV p + 27.6 GeV et = /s = 320 GeV

@ H1 and ZEUS: general purpose detectors, Measurement of the Proton
Structure in full kinematic range one of the prime objectives

hadronic

! | | I s s |

Calorimeter

O "\«\\ A T

- [T 1

i R
Vertex detector (S,

L 1:. PETRA
i Drift chamber '
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L ow )° Bulk Results

Fa(x,Q?)

F5 has been measured with up to

2 — 3% precision in the “HERA Bulk
Region” 10 < Q*/GeV? < 150 by
both H1 and ZEUS

A new H1 measurement with
reduced systematic errors expected

Further Improvements may be possi-
ble by combining ZEUS and H1 data
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L owest (¢ Region

e P

Transition to non-perturbative region Q? — 0 is of theoretical interest

The lowest Q% < 10GeV? region is accessed using specialised techniques
to detect scattered leptons at very small angles:

@ Data taken with shifted event vertex (H1)

@ Events with tagged (ZEUS) or untagged (H1) Initial State Radiation

@ Special low angle calorimeter + tracker (BPT, ZEUS)

@ Minimum Bias Trigger data + Backward Silicon Tracker (H1)

BST atlew @ =27 GeV’ x=0.0008

New preliminary results of H1 N
for DIS 2007: HERA results BENS |
complete for this region! - /Z/E
L |
L] ‘
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L owest )° Analysis

@ Main features of the preliminary new H1 analysis:

@ Control of the Lepton Energy Scale to 0.2 — 1.0%
@ Kinematic reconstruction mainly independent of the hadronic final state

using the BST

@ Further improvements due to

combination of 3 H1 data sets
taking into account systematic
errors

o

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

events / 1000

-data L
-MC

22 24 26 28 30
E. / GeV

Jan Kretzschmar, 24.5.2007 — p.6/14



L owest )2 Results

@ Reduced cross section o,- and effective v*p cross section:
@ Typical precision: ZEUS BPT data < 4%, combined H1 data: 1.5 — 10%
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TheHigh y Region A

@ Analysis in the high y > 0.6 region especially challenging — difficult to
identify the scattered lepton with low EZ and high ~p background

@ Results interesting because of sensitivity to F',

@ Experimental problems similar to direct F', measurement, both H1 and
ZEUS have released preliminary improved y cross section measurements
@ ZEUS: Measurement uses vyp MC for BG subtraction, can be studied
using tagged events; Analysis downto E. =5 GeV and up to y = 0.8

@ H1: Background determined directly from data using the track charge;
Analysis downto £, = 3.3 GeVanduptoy = 0.9

evgnts

dipole = |-
fake e S

HV
Signal +
> ) 000 Backgreund Background
H et true e

6m tagger

==

CT Eo /1p ] *éhérgé

calo "track
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H1 High y Analysis

@ Large HERA Il data set with £ = 96pb ', Subtraction of large backgrounds
at low scattered lepton energy works very well

@ Lepton identification cuts tuned for high efficiency, not background rejection;
good sample for systematic cross checks

103 events

102 events

2}

- Data HERA-Il | §

30 — MC+BG C|>.)
= BG (data) ma

10+

H1 Preliminary
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©, /deg

20 40 60 80
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[e)]

102 events

H1 Preliminary

107
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7.5
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2.5
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101 |

20 40 00
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Total E-p, /GeV

-20 0
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ZEUS High y Analysis A

@ Good MC description of DIS signal and ~p background

@ Assigned systematic uncertainty on vp MC normalisation is 10%
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High 1y Results A

@ H1 uncertainties improved by a factor 2 over former publication, total errors
2 — 3%: to be extended to lower and higher Q% (BST and LAr calorimeter)

@ First measurement at high y by ZEUS, covers the whole kinematic range, at
higher Q* statistics limited
ZEUS

H1 Preliminary

o157 ¢ HERA-I prelim % L5 Q= 27 GeV? QZ_ 35 GeV2 Q2= 45 GeV? Q*= 60 GeV?
A H197-00 prelim + o
B H197 (y<0.6) E 1-%.—3-*— ----- -W.JLJ.J ...... -.’H”M..v;.i------wun.tfr!---_
S
11 1205
& 15 Q*= 70 GeV? Q= 90 GeV? Q= 120 GeV* Q= 150 GeV>
5]
g G080 . b
- i 1f S Liel BEEEES L jedead----1 et sd--]
(BJESQYC»BOf-Ig.Bl) 10 ifty R duiAane Rl WNI 4 Py ¥ 4
051 @%=8.5GeV? Q%=12.0GeV? Q%=15.0GeV?
0.5}
Q= 200 GeV? Q= 250 GeV? Q= 350 GeV? Q= 450 GeV?
g SRR TR N ) PR | ET S | R
Iregbbg ™4y s§+ ”ﬂ‘ b2y "ﬁfﬁ *}iii ‘ﬁi**{’i -Li
1,
0.5} ,
1.5F R SRR
U ; { { * ZEUS 96/07
1r &i ied ¥ g &1 [ } . +i e ZEUS (prel.)
051  @%=20.0GeV? Q%=25.0GeV? Q%=35.0GeV? ﬁ ¥ T ﬁ} + *ﬁ* h P
-4 -3 -4 -3 -4 -3 0.5 Q=650Gev: 1 =3800Gev2 1! 0-1200Gev? 06e+p (29pb™)
. log, ox 0 0204060810 02040608 100204 0:608 1

Jan Kretzschmar, 24.5.2007 — p.11/14



Direct F; Measurement

Integrated Luminosity / pb™

HERA structure function measurement program is not complete without
measuring Fr, = Needs cross section measurements at different /s

Since end of March 2007 HERA is running at reduced proton beam energy

E, =460 GeV and H1 and ZEUS are taking data efficiently

Thanks to the good HERA performance: collect £ = 13pb~ " at lowest

E, = 460 GeV and additional £ ~ 9pb~! at an intermediate energy of
E, =575 GeV

Q? =10 GeV?, x = 0.00025

HERA low E Status: 21-May-2007
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Outlook A

@ DGLAP QCD fits to inclusive cross section measurements determine the
parton densities of the proton and test the theory

@ Precise knowledge of proton structure essential for other experiments, e.g.
W=, Z° production by gluon fusion at the LHC
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Conclusions A

e The HERA experiments still have potential at low Q?

@ Recently new and improved results presented at DIS 2007
for lowest () and in the high y domain

@ Currently HERA is running successfully at lowered £, F},
will be measured directly using this data

o Not to forget: Low and High Q? bulk results will be updated
soon

@ Improved experimental input and combined HERA
combined will eventually lead to a reduction of the PDF
uncertainties, valuable input for the LHC, and test QCD
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