HERA EXxperience

Physics Aspects

m DIS in collider mode:
Accelerator and Experiments

m HERA success story:
Precision cross sections, structure
functions and parton densities

= HERA outlook:
What’s still in the queue?

m Open Issues




Deep Inelastic Scattering

et L 1 et Kinematic Variables
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Mapping the Kinematic Plane
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HERA - the world's largest electron microscope
(Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany)

Shutdown on June 30, 2007, 23:00
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Collider Experiments at HERA

ZEUS
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for
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A final salute to
our experiments
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Hera Luminosity
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History of H1 F, Measurements

DIS 2009, Jan Kretzschmar, University of Liverpool —p.10 @)
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m Accuracies starting from 20 - 30%, reaching 4 — 6%, last
publication using 1996/97 data 2 — 3%, and finally 1.3 - 2%
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Structure Function F,
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« H1 & ZEUS extended fixed
target kinematic regime in x
and Q2 by 2 Orders

*Described by DGLAP

*Scaling violations

rise at
low X




HERA Averaged NC cross sections

+ + 2 Y H
CpoX _ | Yy FF=xF, m Precise measurements

from two experiments
m For Q2<100 GeV?
Otats1%,0,<3%

sys™
® HERA I (prel.) for Q2=1000 GeV?2
O ZEUS Ostat > 8sys

O HI
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+ +
HERA 1 e*p Neutral Current Scattering - H1 and ZEUS

m Combine datasets from
both experiments:

Key assumption

H1 and ZEUS measure
the same cross section
at the same x,Q2,y
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Input to HERA PDF Fits

2
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PDF general form: XPDF = Ax®(1-x)" - (1+ Dx+...)

MPI Munich

Parameterize: g, u, d,, U(=0+C), D(=d+3S)
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Charged Current Cross Section

0,(X, Q)

H1 and ZEUS Combined PDF Fit

=300 GeV? |

500 GeV?

1000 GeV?

o F

3000 GeV?
= 1 ':di
!

%

e,

o
) Ll T

15000 GeV?

30000 GeV?

10

1
107!

0.6 F [ ] HERAIPDF (prel.)

HERAICC e'p (prel)
HERA I CC ep (prel.)

April 2008

HERA Structure Functions Working Group

CC Cross section provide
flavor sensible constrains
at high x
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Improved precision of 6
By combining H1 and ZEUS
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PDF Fits on HERA | Data
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Impressive reduction of uncertainties of combined PDFs
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Model uncertainty: variation of charm and bottom mass, starting scale Q,?,
Q2. of included data, strange and charm fraction at starting scale
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Comparison to Global Fits

H1 and ZEUS Combined PDF Fit

H1 and ZEUS Combined PDF Fit
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Comparison to Global Fits
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Impact of HERA data

Pre-HERA uncert. in gluon/sea PDFs
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MPI Munich

Future HERA PDF Fits

m So far only part (all) of the inclusive HERA |
were used > HERAPDFO0.1 (0.2)

=>»Incorporate all NC and CC from HERA I&ll

=>»Include jet cross sections
—>constrain high x gluon

=>»Include charm and beauty
-> flavor decomposition of the sea

=>»Charged & Neutral current cross sections
with polarized e* beams
—> constrain valence quark region

16



Charm & Beauty Structure

Charm and Beauty production in DIS
is driven by gluons in the proton

Charm tag: reconstruct D mesons

Beauty tag: displaced vertex, soft u
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Polarization dependence of CC
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Input to PDF fits: Double differential CC e*p cross sections
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OPEN ISSUES




Open Issues (I): high x
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Inclusive cross sections ol S— e YE
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x=023
=4 Webegilg, ., T e =
. .. * .8
Reach in x limited by detector E . R
ﬂr-ﬁg?f!‘ x=04 | 1a x=04_ '6
. . =1 ety [ ST 4
| acceptance, hadronic final state -« : e =
" goes down the proton beam line e e T TE J
u: melX - 065 10 - 2 3 ' 4 10_: 2 3 4 =
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Open Issues(l): High x continued

Events at high x
at acceptance limit

Poor resolution for x

—>cannot measure
differential c at
X,Q2 point

Measure integrated ¢
for x> Ximit

o larger than expected

PDFs at high x

foc(l-x)=f—2250

Constraint by shape
- underestimated
uncertainty?

d’c/dxdQ? (pb/GeV?)

—
- o

-
Q

—

—h —y
(=] o
f:ﬂ -y

Here HERA | e*p, ep see backup
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_‘“\.\ _"“-\.._ L =
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i . \ ~ e
& R F & | k}\

- o 2°=9059 GeV?

e

L Q*=15072 GeV?

~&

N

Y

* ZEUS NC e'pVs=318 GeV L=66 pb’
o ZEUS NC e'p (int.Ns5=318 GeV L=66 pb’
J 88% CL limit

SM NLO CTEQsM

05 1
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Open Issues lI:
Light flavor decomposition of the qq sea

PDF fits conventionally assume | 4.4 n1) | AU (H1+BCDMS) "

Py 1 F
= x>0 : e »
F ST % k r i
Y P | 0 fo s i R
L B - experimental errors
L B = model uncertaintie

experimental erors

~oere cTEGS ] r e TG

NMC found d # u at medium x

Here is what happens when
the xd — xu constraintatlow x £
is relaxed b o

H1 only (HERA 1) H1 +BCDMS

xP(x)

A deuteron run at HERA
Could have disentangled
the light flavor sea

=p =p

1 1

H1PDF 2000: Q° =4 GaV? ©

axperimental errors
mods] uncertainties

uy|  —— parten distribution

1§ Q GeV
2 - ep e .‘-i]]lll].[?\IR.‘\'”] c I“:I::I.‘I I”“1"C .:I I””;;-I I ‘.““!I;: - :jd n.: :j-: X
; ". Poorly constrained Fit stabilized by

B e

MPI Munich i Ssiimali | fixed target data
028 T ettt AttempttofitUandD  (sum rules help)
o Only one input: F, ep
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Low x, Large Parton Densities and Saturation

N
L

N
\/

\ 7

dpdyzit

MPI Munich

Rise of pdf should flatten
with decreasing x

at fixed resolution
scale (Q?) go to
very large hadronic
center of mass
energy

Q2
Q2 + W2

lowx ==

ultimately expect
partons to overlap
(.saturation")

A
“| S 1n=
T T

No saturation observed at HERA

3.5GeV: [

107 1 107

—— ZEUS NLO QCD fit
—— HI1 PDF 2000 fit

+ H1 96/97
= ZEUS 96/97

BCDMS
E665
NMC



The Birth of Experimental Low x Physics

= [
QE‘Nl.ﬁ_— ‘

1.4

1.2

1

0.8

0.6
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dpdyzit

MPI Munich

Q’=15 GeV?

ZEUS 96/97

H196/97

NMC, BCDMS, E665

CTEQSD

MRST99

©OF,/ alnQ%),

o

10

W _3. L 5

o o
et ~J

=
n

0.1}

0.3}

0.2}

o 4(\5\ CeV?
L 10.Gev?,

. 5'GeVt,

3 Gev2.

eoss H1 9697
==QCD fit (H1)

H1 Collaboration

- Biggest HERA discovery: strong increase of quark density

(F,) and gluon density (d F, / d In Q?) with decreasing x in

newly explored regime.
* Low X, "large’ Q? is high density, low coupling limit of QCD ...
* No saturation observed yet - probe at even smaller x
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Issues at low x? Low x = High y !

* Neutral current DIS cross section expressed by structure functions:

dZO_e—p—>e—X - 272'(12

dxdQ®  xQ' (“(1‘”2)‘(5(&@2)—5—25(X,QZ)]

o J/

'

+ =
Y, =1+(1-y)’ o . Reduced cross section

Rosenbluth plot

fixed x, Q2

o,

Measure o, at fixed x, Q2 but varying y

Apdgzit

MP! Munteh y — Q2 / SX \/_ =€ep center-of-mass energy
Varying y >varying s -> dedicated low E, runs at end of HERA
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Cross Sections for direct FL extraction

Direct FL measurement requires measurement of the

reduced cross sections at same x and @? but different y:

Z

Y. __ g 2 L L
op(x, Q7 y) = Fale,Q7) — =— - Fr(x,Q7)
8
QZ
=13 different y — different s — different beam
@) H1 Preliminary
= .5 @'=25Gev’ [ @?=350GeV* Q° =5.0 Gev* Q=65 GeV?
l“‘GI : \ \\
Z Y, ;
«  1F 3 - i - i
B [
il @=856ev? [ @fr12eev? [ of=15GeV? [ QF=20GeV?
i %'\ i i [ |
(sl QP=25GeV? 10¢ 100 10* 107 10*  10°
H1 Data 1:;H1PDF 2009
r
B E, =920 GeV — E, =920 GeV
1L * E,=575GeV --= E,=575GeV
® E, =460 GeV - E, =460 GeV
FH1PDFIUDE
L 2
10* 107

- Turnover due to F, small but visible

ZEUS

¢ 20

Q? = 32 GeV? -

! ovs=318Gev

- 4 \s = 251 GeV

1 =g =225GeV

e

10?
X

most precise o, from ZEUS
arXiv:0904.1092v 1



F, Extraction: Rosenbluth plots

Z

9 , : i ) ,
or(@, Q% y) = Fa(w, Q%) — o= - Fr (=, Q%)
_|_

Straight line fit of 5, vs y?/Y,
F_slope, F, intercept

D

Q% =5.0 GeV? H1 Preliminary

> x= 0.00009 x = 0.00012

N [

g 12 - -

Z by A

o 1 - * . *
']'B_||I|||I|||I|}|I|||_|||I|||I|||I|||I||_|||I|||I|||I||$|I||

x= 0.00013 x = 0.00015 x = 0.00020

12k i H1 data

B E, =920 GeV
* E, =575 GeV
® E; =460 GeV
— Linear fit
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y21y,

MPI Munich

.5 E Q? = 24 GeV?, x=6.6710-'% @? = 32 GeV?, x=8.89"10"]
12— -
. QF = 45 GeV?, x=1.25107"% G = 60 GeV?, x=1.67"10°
145 :
1+3;§'\]ﬂ\_§w
1.2F - 5
1.1E = E
1 + E
B+ .:....:....:....:....:...51:::::::=i=:=:i::::i::::i::::;
1.8E Q° = 80 GeV?, x=2.22"107'3 Q% = 110 GeV?, x=3.06"10"";
"I : . ZEUS '
1.45 ] — Fit Fg_ FL* Y2N+
1.3F ]

ZEUS g

04

....I.....I....I....I...E-.n. ...I....I....I....I....E
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yaIy, Iy,
Full information of correlated
systematics taken into account28



Extracted F, and F, — ZEUS

ZEUS
= Gaee L N i = Most precise

measurement from ZEUS
In kinematic region studied

m First ., measurement without
assumptions on

m Data support a non-zero

m Predictions for -, and
are consistent with data

dpdyzit

MPI Munich | & Hﬁ{_\ﬂ
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Extracted F, — medium & high Q2

D,

H1 Preliminary FL medium & high G°
1.5F 0f = 12 G=V® 3 0Ff = 16 GeV® 3 Of - 20 GeV® 3 0f = 05 G=V®
1_ - - -
D.SH- HJ*"““—-——-—-__‘\LI‘\—\
i 1, |
1.5F e 3 OF - 45 GeV® 13 OF - 60 GV 3 O - 80 GV '
‘I_ - -
u.sw\\_\_\#‘\ -
ur - =
1.5F q‘ 1TG=1F 3 Q"'-1EDG=I"J" 13 u::F Enn:;e".r“ 3 Q;-.EEI:]G;'H'E '
‘I - L
u — 1 =
1.5F q‘ :amseu‘ q‘“-mnsel'l.r“ 13 u::F Enn:;e".r“ 13 q’ EE!]G;'IF .
1 = - L
u . \‘h\_—u- \\_1‘"
1.5= p] i i sl anall i i i sl
| Q- 500 Gev* 10° 10 10" 10° 10° 10" 10° 10° 10"
"': i \\_l‘-“ ® H1(Prelim.)
. . . E,. = 460, 575, 920 GeV
10

T —— H1 PDF 2000
X

Medium Q2 published in Phys. Lett. B665, p. 139
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Extracted F, — Low Q2 D

H1 Preliminary F_

o = 3.5 GaV" o = 5.0 Gay®

o = 6.5 GaV"

— H1PDF 2009
¢ H1 Data
E, = 460, 575,920 GeV =~ ~ F_ (R=0.25, F, H1PDF 2009)

dpdyzit

-~ F_(R=0.50, F. H1PDF 2009)
2

10! 107
MPI Munich

X
F, measured down to Q2 = 2.5 GeV?!

Data are consistent with R~0.25 (F  =0.2 - F,)
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Average F — H1
@ H1 Preliminary FL

<
0‘ B — HI1PDF 2009
- - ® HI1 (Prelim.) B experimental uncertainty,
b3 .
= + model uncertainty
"‘"'"_"'I - E, = 460, 575, 920 GeV :
™ 0.5 [ + parameterisation unc.
+ ®
B o I~
w (=] M = O N~ O T
- o =] — v N NWw o W M~~~ =M O g WO M
S © OO0 OO0 00 O N N®M DO N ® W
X = = o D o N = oo oo o o O o OO0 OO0 T &N NM
&S 8 888 8588 888 888 888 5953
- © 6 o600 o0 00 OO0 0 O OO0 000 OO0 OO0
0 5 | | | 111 || | | | 111 || | | | | |
| 10 10° 10°
dpdyzit 2 2
Q“°/GeV

MPI Munich

H1 measurements cover 2.5 < Q2 < 800 GeV2 and 0.00005 < x <0.05
For Q2 2 10 GeV?, agree well with H1PDF 2009 prediction.
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Average F, <100 GeV?

a 1
o
%
-l
LL
0.5
0
— 1
o
X
-
LL

0.5

Apdgzit

MPI Munich

o HI (Prelim.)
E, = 460, 575, 920 GeV

0.000059
0.000087

0.00021

0.00029

0.00040

— HI1PDF 2009
- = CTEQ 6.6M [ |
--= Alekhin NNLO
MSTW NLO
I MSTW NNLO

0.00052
0.00067
0.00020
0.0011
0.0015
0.0023

H1 Preliminary F,
]

o HI (Prelim.)
E. = 460, 575, 920 GeV

0.000059
0.000087
0.00013
0.00017

1 0.00021

1 1 1 1 1 1 1 1 |
— F, (R=0.25, F HIPDF 2009)
-.. F; (R=0.50, 1"1 HIPDF 2009)
== Dipole Model (IIM) |
------ Dipole Model (GBW)
=== WT NLO + NLLi{L/x)
(=] Q o = [=] J
(%) = %) o [*1] - 1] L]
o o (= =] [= T - o u_
[=] L=} [ =~ L=} L= L=} L=
(=) [=] o o (=] (=] (=] (=]
6 6 86 o© &8 o S E\
- - e " m
c
0o N
-
o
F
e
2
10

Q?/ GeVv?

MSTW and H1PDF 2009
predictions use the same
heavy flavour scheme to
calculate F,.

Data agree better with
calculation of CTEQ

(and Alekhin)

Data is consistent with

constant (H1)
(ZEUS).

R=F/(F,-F))

Good agreement with 1IM
and GBW dipole models,
NLL(1/x) prediction.
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Measuring FL with ZEUS

Calorimeter -
/ Ihas -
Event Selection:
Central Tracking Detector
e— e Electron in backward Calo
e beam ‘ I/B/’T p beam E’. >6 GeV (Cluster & Trigger)
— —— = “— Hits in CTD & MVD (reject neutrals)
Micro-Vertex Detector ] Event vertex
il 42 <E-p, <65 GeV
/
Q2 range between Tracking reﬂk %
24 and 110 GeV? .
Central Tracking s

@ <« Electron

Detector (CTD) - candidate
Micro-Vertex /
MPI Munich Detector (MVD) ﬁf —
«-l—

Event vertex

dpdyzit
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Background Subtraction - ZEUS

=
&)
Calorimeter B s
— ([ :
£
co| X/ | :
EY fake e dipole
e beam m) _p beam
i 1111 true e ) true e
MVD 6m tagger
P~ ¥
g
g
Photoproduction BG removed using PYTHIA MC with E
subprocesses (direct, resolved, diffractive,...) weights

Adjusted to yp cross section measurement.
Control using 6m electron tagger. Complimentary studies
with yp enriched data sample.

dpdyzit

MPI Munich

BDDD?
snuu:-
4uuu:
2uuui -
0 5 10 15 20 25 30 35
E’, (GeV)
ZEUS
40000
E‘Qs:EESGeV
30000 L='|3.9|:'.'I'..’I'1
1u|:m-

130 140 150 160 170 180
6, (deg)
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MPI Munich

Measuring F, with H1

DIS event of Q2 near 30 GeV?2

- i

dpdyzit

Three Q2 ranges

3to 12 GeV? SpaCal+BST
prelim. 04/09
12to 90 GeV? SpaCal+CT:
published 08
35 to 800 GeV? LAr+CT:
prelim. 03/08

LA~r

er

|

|Central Trg,ck

] SpaCal

== BS

*\.I_\_' -ie;

Upgrades for FL
SpaCal (94)
BST (95+03)

Triggers (03-07)
- Inner Chamber (CIP)
- SpaCal
- Fast Tracking (CJC)
- Jet Trigger (LAr)

Event selection Criteria

El. in SpaCal or LAr (Calo & Trig) E', >3 GeV
Track in CT or BST (veto neutrals, e/p)
Interaction vertex

E-Pz = £ E,(1-cos6,) >35 GeV

Reduces largely radiative corrections
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Background Subtraction — H1

At small energies severe
contamination by yp events.

Those are charge symmetric, apart
from small effects due to anti-proton
vs protons, which is measured

using e+p and e-p data, and
corrected for

14

10° events

10

2

dpdyzit
0

MPI Munich

i ESpaCaI/pCT

charge -

H1

e'p

charge +

5 -4-3-2-101 2 3 4 5

E/p

H1 has tracking coverage for
the electron candidates for
all full Q2 ranges (CT & BST)

Scattered electron distributions (SpaCal + CT)

wn

= * H1 Data
S 4. || —Mc+BG
o H— BG (data)
(2]

(=]

- .

165 170
0, / deg

W

£ 1 b
@ 1 + PR 4 1 i 1.5 + ¥

E { T+ ++++++; '++ ¥ +_+.hh+i

% 0.75 ; ; ;

os - H1 Data J** !
— MC g A
0.5 |
0.25 h A
0 0 e "
4 6 8 10 150 155 160 165 170

E,/ GeV 6, / deg

H1 background subtraction based on data.
Trade off between background rejection and

stat. unc. of background sample (wrong chrg.)
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Apdgzit

MPI Munich

Summary

Precision measurements from HERA

m inclusive NC & CC cross sections ~ Many more not shown:

m struct functi QCD-Jets, Diffraction,
SIULCIUre TUnLHONS Exclusive vector mesons,

m parton densities DVCS, searches BSM limits ...

Issues:

m valence quarks constrained by NC & CC at high Q?
d, will remain less precise than u,
m sea quarks obtained from F, at low x .
possibility of an asymmetric light flavor sea d-u#0
m gluons from scaling violations, F, jets, vector mesons, cc bb
ultimately precision to be seen, final uncertainty at high x?
m high x: extrapolating towards x—->1
How to assess uncertainties?
m |low x: When does the strong rise saturate?
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Backup Slides
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Polarisation Effects in NC

| V]

Fo= F] — (vex Peac)xzF3? + ((v2+ a?) + Pe2vea))x3FE
By — — (ae £ Pove)xzFy? + ((2vcae £ Pe(v? + a2))x%FZ

o

Nb.: xF; is written as F; for simplicity

® Polarization modifies yZ and Z terms:
-- Axial in F,, vector in F,

-- dependent on size of P, Unpol:
o(e*)-o(e) 2 F2
¢, ~0 Pol
. F2 s Order, ] iPeC‘!EXZF;Z G(Pe 9) - G(Pe 6) > FZTZ

2 2 ~Z
-- F, : 20 order only, ~ + Pa, x, F;

dpdyzit

® Polarization effects expected only at EW scale, i.e large Q7

MPI Munich
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NC Cross Section Asymmetries

0.8 _ H1+ZEUS Combined (prel.) _:

0.6 |

e A* t

m A |
— H1 2000 PDF
— ZEUS-JETS PDF

10° 10

Q? (GeV)
ox(PRr) — cz(PL)

0.6 |
0.8 |
Apdgz it =1 :
MPI Munich
2
A:=
Pr-PL

5+(PR) + G:(PL)

Parity Violation

due to vZ
interference

At high x,
assuming
SM couplings

Lhr"'dv

A: ~
4uv + dv

constrain d/u
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160pb-1 NEW NC e-p data: first combine the polarisations to look at

unpolarised cross-sections DESY-08-202
ZEUS A. Cooper—Sarkar_ ZEUS ..

& ;s - TR T T
[ T rln;r‘ ™T IrYlIr[ T Trrm T [II“I'l T Yﬂll'l TT I"__ |T|'[ IYY"IIi T fll'"__ flilm[ TT f”“l'l T lYl"_
10 LR Q=200 GeV* Q=250 GeV* 1 \_Q=350GeV? 1 Q’=450 GeV” | 'ﬁ I T T ]
- - : . 0.2 T s
0.5F
L $
N T 1 i N R .
(b Q=650GeVi  QP=800GeV' T  QU=1200GeV'  Q'=1500GeV L @=30006ev? |~ | Qr=so00cev? L G=g000Gev? ]
Eoo ] ] e
r < o T ey T oy o ] L 1 . oZEUS NC, |
0.5 : T giE 5 F T - etp (233.1pb 1
b w1 ' 1 i 0.2 T -+ -SM (ZEUS-JETS) -
i Q’=2000 GeV  Q’=3000GeV']  Q’=5000GeV’]  Q’=8000 GeV” | H T - ‘L
r e T T 1] ST . | SRS .~ E R
osk Q*=12000GeV? - Q2=20001I]|Ge\-’2 i Q2=3nnnq(;ev2 A
1 1 Il 1 L L i1l 1 1 11 iiul 1 L L i 118} 1 L1 1 118)
] 10! 1 107! 1 107! 1
| IIJlIJl .l.J.LllJJIJ._!_I.l x
(L Q12000 eVl QP=20000 GeV:l  Q=30000 GeV?: * :'p‘:ﬁ:‘m 1 J ZEUS
[ ] 1 op=0 N 0.8 T ——— ]
st 1 1 3 :’;’;“f:‘;‘;f‘"“’" Measurements = ®  ZEUS NG, e'p (233.1ph ™), Q*=5000 GeV?
5t 1 ERUSNG [ = 3 2 SR T
: o 1 e from 1500 to 30000 [l H(,I)M&.g N, 40<Q’<180 GeV
- ; I | O\ I I ] Re=0 0 SM (ZEUS-JETS)
L L Ll Ll

— SM (ZEUS-JETS) / Ge\,ﬂ ha'u"e t}Een

SM (CTEQ®6.6)
— — SM (MRST2004)

10° 10" 107 10" 0% 10!

[ | 11 | 11 1

X extrapolated to
Compare these NEW e- NC data 5000 GeVito T 09

with HERA-I e+ NC data and use measure xF,"* and

compare to 0.2
these two data sets to extract xF3 BCDMS at high-x

Much improved xF3 compared to e B

previous extraction which used only N

16.4 pb-1 of e- NC data . N
d2g(e£N) =27a"s Y+ [Fy(x,Q?)-y2F (x,Q2) £ Y_xF,(x,Q2)],

dxdy 0* Y+ Y+ .-

I7TT]TITFT

11 | | |




dpdyzit

MPI Munich

Extracted F, — medium & high Q2

D,

H1 Preliminary FL medium & high G°
1.5F 0f = 12 G=V® 3 0Ff = 16 GeV® 3 Of - 20 GeV® 3 0f = 05 G=V®
1_ - - -
D.SH- HJ*"““—-——-—-__‘\LI‘\—\
i 1, |
1.5F e 3 OF - 45 GeV® 13 OF - 60 GV 3 O - 80 GV '
‘I_ - -
u.sw\\_\_\#‘\ -
ur - =
1.5F q‘ 1TG=1F 3 Q"'-1EDG=I"J" 13 u::F Enn:;e".r“ 3 Q;-.EEI:]G;'H'E '
‘I - L
u — 1 =
1.5F q‘ :amseu‘ q‘“-mnsel'l.r“ 13 u::F Enn:;e".r“ 13 q’ EE!]G;'IF .
1 = - L
u . \‘h\_—u- \\_1‘"
1.5= p] i i sl anall i i i sl
| Q- 500 Gev* 10° 10 10" 10° 10° 10" 10° 10° 10"
"': i \\_l‘-“ ® H1(Prelim.)
. . . E,. = 460, 575, 920 GeV
10

T —— H1 PDF 2000
X

Medium Q2 published in Phys. Lett. B665, p. 139

43



Extracted F, — Low Q2 D

H1 Preliminary F_

o = 3.5 GaV" o = 5.0 Gay®

o = 6.5 GaV"

— H1PDF 2009
¢ H1 Data
E, = 460, 575,920 GeV =~ ~ F_ (R=0.25, F, H1PDF 2009)

dpdyzit

-~ F_(R=0.50, F. H1PDF 2009)
2

10! 107
MPI Munich

X
F, measured down to Q2 = 2.5 GeV?!

Data are consistent with R~0.25 (F  =0.2 - F,)
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dpdyzit

MPI Munich

d’c/dxdQ? (pb/GeV?)

10°

108

10

107

L Q%= 648 GeV? Q%= 891 GeV? Q2=1045 GeV*
!
. | S

Q*=1224 GeV*? \fmm GeV® | Q°z1672 GeV® | @Q°=1951 GeV*
g —eF 5 ] .
Rgif\z?s GeV? Q%=2644 GeV® | Q°=3073 GeV* Q%=3568 GeV*
r ] 4
g r s ﬁ'*\\
] s ]
I 3 R 1 1
] f I | I
r 1 r l r
L Q%=4145 GeV® | QF=4806 GeV® | Q°=5561 GeV> Q°=h966 GeV>
:‘H\ﬁ\ “r‘\‘\i L : .
- #Q?=0055 GeV? | Q%=14807 GeV’
i i * ZEUS NC e'py5=300 GeV L=39 pb’
L P © ZEUS NC &'p (int.N5=300 GeV L=39 pb’
i T 88% CL limit
- . L — SM NLO CTEQsM

0.5 0.5 1

45



“Imaging” of the Proton

perturbative
regime
Quantum
Chromo
A Dynamics

quarks & gluons non-perturbative

quark anti-quark regime
pairs
Quark Parton Model: O extended
valence quark o
no visible charged object
substructure

formfactors, electric & ® point-like

magnetic moments structureless

i : >
0.1 1

dpdyzit

momentum fraction of constituents: x

MPI Munich

Low x: probing quarks and gluons at high density

__104

Low Q2 : probing transition perturbative to non-perturbative QCD

AEAt ~h 2> high Q2 “high resolution but time averaged picture”

Resolving Power: Q2
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