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1. HERA (Hoch Energie Ring Anlage - high energy ep STOrage RIng 92)
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ep-collider expts H1, ZEUS @3196eV [and polarised target expt HERMES @7GeV ]



HERA and its Pre-Accelerator Chain

Protons Electrons

20 keV  Source Source
750 keV RFQ Linac ||
50 MeV  Linac lll Pia
8 GeV DESY Il DESY Il
40 GeV PETRA PETRA
920 GeV| HERA-p HERA-e HERA

_ _ < Polarized Electrons
E = 15..30GeV,Ep =400..1000GeV . ‘. — Protons

polarisation : P(e) = -0.5...0...+ 0.5
L= 0.4..2:10"cm™s"'mA™

@\ |1, =20..50mA4,1, = 60...100mA \; s -
% ~r 25336 m lon

U1 FUTAMM AR 017 70

M Klein Physics at HERA - STORIO5, Bonn 23. 05. 2005



HERA was built to find physics beyond the standard model (as were LEP, Tevatron)
and to study the unification of electromagnetic and weak interactions at high Q?

Neutral current e'p—e'X HERA
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Physics at HERA (the expected and the unexpected)

-classic DIS | - Inclusive ep measurements (NC, CC-inverse neutrino i.a.) > pdf’s, gluon,
-QCD » Low x physics: small coupling and high density of partons > “CGC, BFKL..”

* Heavy flavour physics (c and b: production and fragmentation dynamics)

- Final state physics (parton emission,,jets, multiparticles, dijet correlations )
- Diffraction [all related: e.g. “the structure of charm jets in diffraction”]

* Parton amplitudes (DVCS)

*Searches
« Searches for exotic states (pentaquarks) and less? exotic ones (instantons)
« Searches: substructure, leptoquarks, SUSY, isolated lepton events (17/5)
for HERA physics see also:
-elweak - Electroweak physics (spacelike region) | - Talks af DISO5, April 2005, Madison

* Ringberg Workshop (2003) Proceedings

ed by 6.Grindhammer, B.Kniehl, G.Kramen
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Luminosity development at HERA (I: 92-00, IT: 03-07)
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Have reached HERA delivering 1pb! /day and HV on

‘HERATI: H1 and ZEUS took

about 130pb-! with HV on (1992-2000)

2001 “luminosity upgrade”

+2002/03 background problems

+2004: positrons (50 pb1)

+2005: electrons: so far 40 (H1) 60 (ZEUS)

-2007: scheduled end of HERA: PETRA III
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First Measurements of the helicity dependence of the CC cross section
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2. The Collider Detectors:

Forward
Proton and
Neutron
Spectro-
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HERA collider experiments are precision experiments because

‘Measure E’, 6,.E, .0, > Reconstruct x,Q?: Kinematics is overconstrained
‘Highly efficient, 411 Detectors (Calorimeters, Chambers in solenoidal field)

Energy calibration: double angle method and kinematic peak constraint
[high resolution calorimeters: 10%...35%//E’ , and 30-50%//E,]

‘Energy momentum conservation (E-p,): reduces radiative (QED) corrections

‘Polar angle measurement using redundant trackers. Run vertex accurate
[drift chambers: 200pum and Si trackers: 20pum resolution]

‘Luminosity from Bethe-Heitler scattering [ep > epy] to 1%.

‘Precision, stori and QCD: all require time, patience, luck, ingenuity and dedication
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huge extension of kinematic range: DIS and searches at energy frontier
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3. Low x Physics

the first discovery of HERA and its development
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1992 data ~30nb-1 1997 data ~30pb-1
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consequences, regarding the pointwise evolution of structure functions, were derived. The

most dramatic of these, that protons viewed at ever higher resolution would appear more

and more as field energy (soft glue), was only clearly verified at HERA twenty years later,
F. Wilczek
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Rise of F, fowards low x and with Q?

- high density QCD (RHIC, Alice) S
|
. . 1
- neutrino astrophysics N
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Precision has reached 2-3%, aim is 1%
- predictions for the LHC, precision test of QCD
is DGLAP evolution valid at low x? measurement of F,
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Low x parton radiation: forward particle production (in p direction).

Xp,; small

evolution
from large
to small x

"forward” jet

E.
x ==Lt =large
Jet Eproton

Xiet = Ejet/Eproton >>Xp; €nhances BFKL effect

EZTIJ(,,T ~Q? suppress DGLAP evolution

How are partons (gluons) emitted?

kt ordered

‘DGLAP(Dokshitzer-Gribov-Lipatov-Altarelli-Parisi)
DISENT/NLOJET

angular ordered

*CCEM(Ciafaloni-Catani-Fiorani-Marchesini)
CASCADE

X ordered

BFKL(Balitsky-Fadin-Kuraev-Lipatov)
ARTADNE (colour dipole. random in kt)
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Forward jet production in deep inelastic scattering
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- Standard NLO pQCD prescription poor at lowest x for jets in forward direction
where scale uncertainty is largest (higher orders? different radiation mechanism?
best described by Ariadne - CDM - “BFKL like™)

[interesting azimuthal (de)correlations. Also: kt dependent (“unintegrated”) pdf’ s] € no time
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4. Strong Coupling and xg

oF,
dln O’

xa (0" )xg(x,0%)

resolve correlation
of coupling and gluon
by accessing wide
range of x and Q?

assume DGLAP evolution

though that neglects In(1/x)

oF,
dln O’

xa,(0%)q(x,0%)
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ZEUS inclusive NC+CC & jets
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xg is NOT an observable. Charm treatment important (ZEUS: VFNS RT, H1: FFNS)
In the region of low x and Q? ~ 1 GeV? the gluon distribution becomes very small
- transition from hadronic to partonic behaviour at about 0.3 fm

H1 Collaboration
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HERA may determine strong coupling best
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5. Quark momentum distributions

HERA Neutral Current at high X
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Z exchange enhances
electron proton cross
section and reduces
positron proton cross
section at large Q2




Reduced charged current scattering cross section
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HERA can disentangle parton distributions
at large Q? and large x > 0.01 within single
experiments, independently of nuclear
corrections and free of higher twists
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Parton distributions unfolded with H1 data and with ZEUS data only, compared with global fits.
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- H1 and ZEUS parton distributions are in agreement QCD fits parameterise initial PDFs
- HERA experiment’s fits agree with global fits

- Treatment of systematic, model and H1 U UD.D xg <V, A,xg-a
) Y Y Y ) Y
theoretical errors subject to conventions '

ZEUS uv,dv,;ig,xg—as
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6. Heavy flavour physics at HERA ¢(p)®a(yg — bb)®q(y)® D"

Boson-Gluon fusion

- evolved test of QCD at NLO [+jets, diffraction]
e (k) e (k) yp: FMNR (Frixione, Mangano, Nason, Ridolfi)
h DIS: HVQDIS (Harris, Smith)
Y @ D.(»

corb
o G g » Fraction of ¢ b to inclusive F, 2> F,¢, F,P

corb

g(xg) * Treatment of c,b in QCD evolution :

proton (P) . e :
> extrinsic or intrinsic, heavy or light?

» Parton radiation (DGLAP vs CCFM)

Heavy flavours in photoproduction

* Fragmentation functions - universal?

* Gluon in the proton

| _ - » Heavy quark and gluon content of the photon
hadron-like: gg — bb  b-excitation: bg — gb
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Charm fragmentation in ep scattering

D*,D°,D',D™ A,
—ZEUS prel. yp +—¢—+
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05 1 1.5
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s quarks are suppressed by a factor of 4

0T e 6304
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Naive spin counting does not work for charm EH1 DIS L.
“H1 94 ——m—H
. . EALEPH O
Fragmentation fractions f(c>D), f(c>A,) - OPAL —O—

also determined. Agree/compete with e+e- =DELPH

o
__ > universal behaviour of charm fragmentation 0.2 0.4 0.6 0.8
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Inclusive charm production in deep inelastic scattering
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Measurements of heavy quark distributions testing QCD
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~Lifetime: small extrapolations for c and b, high luminosity [b per mille fraction!], extend to fwd/bwd regions
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New fracking de’rec‘ror's of Hl and ZEUS for HF hysucs in HERAII ‘

ih Uh AU

Fast Track fﬂbgéf >0Online D*

charm and beauty Huge
evt vtx (lo and hiy) :::)V::ifg;‘e:;ii
1
eID (DVCS, J/VY, z:jszebJsH
- searches) & fwd chambers
L

" “ForwARD : REAR e
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7. Hard Diffractive ep Scattering

~10% of NC DIS events have gap between p and
central tracks. Measure gap or detect p with
LPS/VFPS

P

P p

NC
do g . 1

FD(4)-X 9t9 ” ?
o ddpd0’ - O (Xpp,1, B,07)

Cross section factorises into coefficient
functions and diffractive parton distributions

(Trentadue, Veneziano, Berera, Soper, Collins, ...)

ZEUS: diffractive CC event

1....r".,.

e -B?M_H €p

IR View

First observation by ZEUS and H1 of diffraction
in charged current scattering at high Q2. 2-3%

* Why does the p sometimes remain intact?

* Understand nature of diffractive exchange

- Does diffraction affect p PDF’ s [Martin et al]
- Is diffractive exchange universal, ep - pp?

- 2 g exchange > high gluon density - unitarity?
- Study an old phenomenon at hard scales!

HERA allows detailed, quantitative studies.
Many new results presented to ICHEPO4+DIS05
(inclusive, resolved y, CC, charm, jets..)

M Klein Physics at HERA - STORIO5, Bonn 23. 05. 2005



HERA Diffractive DIS Cross Section
e H1 (LRG, prel.)

= H1 (FPS,prel. — H12002 NLO fit (prel., 's=319 GeV . i i
v ZElgS (ng ) " (prel, s V@ New diffractive DIS data

B001 004 P01 | P02 =04 Pe0sS iog [Gev’]  tagged with: N |

0.0: w7 | ”‘}‘%‘ﬂ& * .;-Sr?v%aesdp; ogggcisr'ic:lr?\e’rer'
00: o L ey "‘h"‘iiﬂ 3 EZc?df:lgl )P Spectrometer
00: b *&k hﬁ&i'ﬁr/%i«géﬁ& 82 -GooszgsrgrE\Lejr?‘r) between all data
SR I kxk/&ﬁi o [My vs rapidity gap selection??]
’ D(3) DB3) _ £\ DO)
005 / | e | 12 Xp0, = Xp[F = f() ]
03&&%%§%m —

0.05— i ) ¢ 15 = V.

: “ M u 0 = 6.5Gel”
w8 E ey
PN
i’o%-%o-%o-ao-%o-%o%-%o-%0-10%-%0-40-%0-40-40-%0%-40-%;-2 O_ | vnml vl

IP

0.001 Xip o 01



z ¥(z,Q%)

Diffractive parton distributions

Singlet

702 04 06 08 1
z

H1 2002 o, NLO QCD Fit

1 (exp. error)
] (exp.+theor. erron)

H1 2002 o,2 LO QCD Fit

z g(z,Q?%)

H1 preliminary

Gluon Q’

15

""02 04 06 08 1

"\ 90

Z

2=
in QPM

uses Regge flux (‘resolved Pomeron model’)

[GeV’]

A
F\ 6.5

1.2
Gluon Momentum Fraction

[28(z,0%)dz || ferootaa

z[g + ) ]dz N
[Ag+2Mz o __i
0.6 [
- @ ZEUS QCD fit
04 - H12002 ,> NLO QCD Fit
0o L E (exp. error)
“t [ (exp.+theor. error)
of
10 102
Q? [GeV?|

‘Extract diffractive PDFs from NLO fit to
inclusive diffractive structure functions

*Momentum distribution of quarks and
gluons in the ‘Pomeron’:

*QCD evolution (DGLAP) fits recent F,P data up
to Q2=2000 GeV?2.

-If factorisation holds, these PDFs
are universal and NLO QCD should describe
diffractive final states and Tevatron data
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Final states in diffractive deep inelastic scattering

+

e

H1 Diffractive DIS Dijets

e H1 Preliminary H1 2002 fit (prel.)
correl. uncert. DISENT NLO*(1+9,,,)

-------- DISENT NLO - DISENT LO

L —. 200
& 180

10

Q% (GeV?)
M Klein Physics at HERA - STORIO5, Bonn 23. 05. 2005

do/dp; . [pb/GeV]
=

—
o

3 035 04 045 05 055 06 065

y

® H1 99-00 (prel.)
4 ~~ NLOQCD
i A ZEUS (rescaled)

-

Diffractive D*

3 4 5 6 7 8 9
Prp [GeV]

= factorisation holds
in DIS - jets, D*




Final states in diffractive photoproduction

ZEUS
H1 Diffractive yp Dijets * ZEUS (prel.) 99-00
® H1 Preliminary H1 2002 fit (prel.) . E"erf-‘/ BEAs ““cf”"‘“‘y
correl. uncert. FR NLO*(1+9, .4) 2, 1000F :
- RAPGAP év\ \ -
1000 2% 800[ -~ NLO (R=1) [ 77777775
S | ——— NLO (R=1) -
S T 600F ® had. -
600 : H1 2002 fit ¢
' 400+ (prel.) N
[ 4 |
2005 e T -
e | o | |
9.7 02 03 04 05 06 07 08 o.9jet93 91 0z 03 04 05 06 07 08 o'gjets' 0.25 0.5 0.75 1
Zip Xy obs
X
e (k) !
(a) :
Y ; Remnant In photoproduction need factor of ~2
/ &) suppression of NLO theory to describe the data,
Y . . . . . .
resolved y je: both in the resolved region, which is similar
-5 ¢ to pp where a factor of ~10 is needed, and
( : : : :
. in the direct region which resembles DIS
Remnant
Xp
P o O Kaidalov et al.: predicted suppression of only the resolved part
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2

xg(x,Q7) or xS(x.Q")

2

*Martin, Ryskin, Watt: absorptive corrections to F,. analysis of F, and F,° > >
note that without absorptive correction xg differs from H1/ZEUS gluons!

How diffraction has to be treated is not really clarified yet
Ignored (inclusive scattering)? As an absorptive correction?
- gluon distribution depends on theory, is not observed directly

T T T T T TTT] T T TTT] T T T T T 1T
~— ~ . i
- / 7 S — 10 abSOI'ptl\"e corrections -
/ ~_ == with absorptive corrections
5
0
-7 2 2
- XegatQ =1 Gel -
7
raornd Ll Lol L1l Ll
3 3 3 3 1 1
10 10 10 107 x 10

more
accurate
diffractive
data from
HERA II.

extra info
on gluon,
charm, F,

)
)
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Higgs production reactions at the LHC

o(pp —H+X)

10° 107
Vs =14 TeV
M —
ol m, = 175 GeV 106
e, CTEQ4M h
— man el Q.
S 1F A, T 10° 4
Q. .°‘-::'.: \\ ~ < T o
\6 B "'\ S Qqq=Hqq Trtreeaelll T <~
-1 T NSl m e T 4 =
1 O ~.':..",.. ~ \\.,, ~_qgq— HW 1 O \-09
2 e 3 2
_ e Ce o, 10 C
e ©
........... q>)
1 0'3 M.Spiraetal.  ggaG—sHbb e, T tmen el Z';";--_---... 102
NO Qe e T
1 0-4 ' T T T I I T T T T T T T T T T T T T T T T O O O Y .:h;"l'tu L1l
0 200 400 600 800 1000
M, (GeV)

Any jet, Higgs or exotic particle production in pp needs HERA’ s partons and theory understood!
Forward particle production (double diffraction) at the LHC may help to find the Higgs particle.
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8. Remarks to the HERA ITIT Programme

In 2001 it was decided to use PETRA as a 3 generation
synchrotron light source considering the HERA programme

to be exploited by 2006 and TESLA to be the next
accelerator project of the laboratory.

Meanwhile HERA is scheduled to end in 2007.

Physics at HERA (the expected, the unexpected and the unclarified)

4 areas of fundamental physics can not be exploited (further) in the HERA range
‘Low x precision physics - the transition from hadrons to partons - ep, dedicated
*The structure of the neutron (sea quark symmetry, evolution,..) - eD, tagged
*The structure of nuclei, nuclear pdf’s, saturation, black body limit,.. - eA

* Low x and large Q? spin physics [difficult: polarisation and hi lumi]
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Low x Precision Measurement at HERA IIT

Proton rest frame

Jrr
1‘1-~2 Q

~ 50 fm! ( size of dipole)
~1-> .01 fm

At low x<0.01 a color dipole of variable size 2/Q
interacts with the proton at high CM energy
sP =W2 =2 Q¥x = 1000 + 90000 GeV?

Low x = high energy scattering!

Q? steers the transition from hard collisions
( perturbative QCD) to soft hadron physics.

Precision measurements of F , VM
Diffraction, Saturation.?

0.4
0.3
0.2

0.1

hc/Q =

A HERA
OU5 e o
} O HI
[ e ZEUS *
; hadron—hadron %
, o
» Ty
. % ;
6.3 2.0 0.6 0.2 0.060.02 f
10° 102 10" 1 10 10°
Q*(GeV?)

F,o x*at small x
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Electron-Deuteron Scattering at HERA TIT

simulated accuracy (20pb-! eD, 40 ep) Glauber-Gribov shadowing is related
I; i 1 lllllll 1 I lllllll 1 I IIIIIII 1 I llllll_
= 04 _ -
o - i -
N Q? =5 GeV? ] e ",
02 '_ *  epeD simul.(MRSH) ] V?/Z/(’
: . gz arrr =TT T : Cl f/\ p g g
e o o o o it TR S |
S experimental errors l\/"ll >
B model uncertainties
02— - . .
i --—-— MRST2001 i to diffraction
- e - CTEQ6 ]
04— — __— —~—
= | - lllllll.: 1 1 llIIllI.z 1 1 lIlllIl-| 1 L1 11l e %’—M&\S\@ e
10 10 10 10 1
X
Sea asymmetry: important for astrophysics, LHC! d .’\J}_ég N d
ymmetry: imp phy PR
\

QCD evolution (low x) constrained with singlet F,N

Could tag proton accurately and reconstruct en cross section ‘free’ of nuclear corrections
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HERA beyond 2007 would require new injectors

,‘fl"//'_éttl/'/ o /lr// //o/-
R s 23 T

Possible site for a new HERA p-injector

F. Willeke at DIS04
Preliminary ideas:

* Direct injection from DESY Il into HERA-e (alternatively via a damping ring in the DESY tunnel)

* New tunnel for DESY Ill and a new superconducting 40GeV Proton Booster

HERA will be left untouched, but HERA IITI misses human and financial resources

M Klein Physics at HERA - STORIO5, Bonn 23. 05. 2005



Parton interaction discoveries at the energy frontier™

1970 > 2000 > 2015
DIS: Bjorken scaling - QPM, PV high parton densities
neutral currents diffraction ?

scaling violations - QCD

ete-: J/V¥Y three neutrinos .. ILC
gluons - 3jet events electroweak theory
hh: open charm, W,Z bottom quark top quark LHC ..

the standard model emerged as a result of decades of joint research in
e+e-, ep, hh accelerator experiments including quark and neutrino mixing

> 9. Towards deep inelastic scattering at the TeV scale
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DESY 01-123F wol 4

DIS at The TeV SCC(IC DESY-LC-REV-2001.082

December 2001

Physics and Experimentation
at a Linear Electron—-Positron Collider

Volume 4: The THERA Book.
Electron-Proton Scattering at /s ~ 1 TeV

THIRA DETRCTOR

Editors: U, Katz, M. Klein, A. Levy and S. Schlenstedt

ISSN D418.9823

LEP-LHC

A. Verdier LHC Workshop Aachen 90, p.820
E. Keil LHC Project Report 93 (1997)

R. Brinkmann, F. Willeke THERA book
and Proceedings Snowmass 2001

QCD explorer (CLIC-LHC")

D. Schulte, F. Zimmermann CLIC 608

LHEC F. Willeke (a study)

All these ep options are ‘cost effective’
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THERA - 2001
B ; \s up to 2TeV

= : x down to 10-6 in DIS region

T - : e can be highly polarised
= i il A \\ - LQ spectroscopy

] - - B K3 S peak luminosity up to 4 103"
() A g depending on Ee=Ep
' = and IR layout (dynamic focus)
7 ) BT RO Y S e note: I(e) is constant with time
: ! [40.. 200 pb-1 per year, 50%)]

Cavities will be cold:
: 6 -standing wave type: acc. in
, . : both directions to double E(e)
: R LR -time structure of few 100ns fits
D Y @@b}' : to HERA and Tevatron bc time

S S>THERA or ILC-Tevatron
HERA -p remain possible
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CERN-AB-2004-079
CLIC Note 608

QCD EXPLORER BASED ON LHC AND CLIC-1

D. Schulte, F. Zimmermann
CERN, Geneva. Switzerland

-+

Upgraded LHC and CLIC

2 9 = - "
ALICE Wl -y M
(s
CLIC1? 2/ : Zg—
L 14 ”’I”ll/ o \ . LHC-B
“Anstaletion shatt 'ATLAS \ns

- Con e o Injection
550 taivting wederground tulicings

11103 cm=2 st

1 proten superbunch, >

PO 2808 proton bunches, 4 wm long
spaced by 285 ns

IS4 electron bunches
spaced by 0L66 ns

lepElousn

IS electron bunches
spaced by 066 ns -

Figure 1: Bunch filling patterns in LHC and CLIC for the
nominal LHC (left) and with an LHC superbuach (right).

Table 1: Beam Parameters

parameter symbol  electrons protons
beam energy Ey 75 GeV 7 TeV
bunch population Ny 4 % 10° 6.5 x 103
rms bunch length o 35 pm 124 m
(Gaussian)  (uniform)
bunch spacing Leep 0.66 ns N/A
number of bunches b 154 1
effective line A 2.0x 2.1x
density 1019 m~! 10'2 m~!
IP beta function Bay 0.25m 0.25m
spot size at IP O,y 11 pm 11 pm
full interaction length lIr 2m
norm. rms emittances Y€z, y 73 pm 3.75 pm
collision frequency feoll 100 Hz
luminosity L 1.1 x 10°" em™%s~"
beam-beam tune shift &z, N/A 0.004

L perhaps higher with TESLA cavities
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The challenge for ep (HEP) to conquer the TeV scale is the luminosity

12 75 x 7000 GeV?

s 1 E T T T T T T 3
S : ]
S 10°La " ]
‘Low and medium x: | * §' -
L - .
10° £ - E|
needs energy and :
acceptance but 107 _ - -
modest luminosity -
10° ¢ - 3
NOTE: can do eA 10‘%— B -a
at THERA and LHEC ; - f
10° & q
(RHIC, ALICE) .
10° 3 . E High x and Q2
i ep>eX * : can only be
10° 3 accessed with a
f e'p 2> e'X ® collider with peak
107 * 3 luminosities of
. N l . l l l l I ~1032 Cm—2 s—l
1005 2 4 6
NC current scattering log(Qz)
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A tentative lattice study - a new electron ring on top of the LHC

Design to be studied further and discussed with CERN

Beam Energies Ep = 7x10° GeV E, = 75GeV
Beam Currents I, = 5666 mh I, = 4977 m&
Emittance Epp = 4Km Eye = 180m
¢ Pgp = 18m Bye = 0055m
ﬁyp =05m [3ye = D055m
p Bunch Length G, = 7cm
Synchrotron Radiation Power , Perf = 60MW
Av,, =169 x 107
beam-Beam Tuneshift =P Avg, = 0019
Av, =321 x107°
yp Ay, = 0037
Crossing Angle B, = —25mr
Hourglass factor Ric | = 0925
Center of Mass Energy E; = 1.49TeV
_ 32, —1 -2
Peak Luminosity Lpeak = 240 X 107“sec ~-cm

F. Willeke 23.4.05

Possible gain factor 2-4 by reducing E, to 60 GeV and reducing bunch distance.
Parasitic operation. Lower E, possible. Focusing magnets (10° clearance). ...
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Lepton nucleon scattering - machines and visions

Mainz -JLOb - 25 GeV

Bates

[
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HERA: quarks are pointlike down fo proton radius/1000

E E
P
o
2 10
2 )
£ Rutherford
o
©
g i
2 Hofstadter  nycleon formfactor
28]
o 16
o1 v artons "
SLAC P
R
FNAL °
0.01 CERN
ZEUS
w2’ | e ZEUS94.00e'p -
A S P s RZ= (0.85-10"°cm)? 3
0.001 zg i o; j“"’““'”’*'*-‘—%:!:i‘_ ~~~~~ RE=-(1.06~10'1°cm)2 ] '__.
S [l ] J HERA
3 10 L
1 i B gl gl gy s ::::::‘_‘:—— —-==-=-— -1;
0.0001 : ¥ } --------- ? 40
[ Quark Radius Limits f ]
P |3 P I‘ L L PR
10 10 ) .
{irﬁf@e‘&uark size
l A A A l A
1900 1250 2000

Year

Inclusive cross
section ep > eX
exhibits no

extra formfactor
- Limits on SUSY,
leptoquarks,

extra dimensions,
quark radius...

..Luminosity upgrade

present limits

ZEUS r<0.85

H1 r<1.0108m
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Remarks

‘HERA has made enormous progress with classic DIS in the new kinematic range
‘HERA has observed and developed many new phenomena (QCD at high densities..)

*The more data are taken the richer appears HERA' s ep programme [and HERMES' |
HERA is expected to lead to still further insight in the nature of strong partonic
interactions and the interplay of partons and hadrons in the coming years of high
accuracy analyses and data. Experiment and theory develop together.

For further use of HERA proposals, ideas and letters of intent and of theorists
exits but no adequate resources [for an up to 10 years research programme].

*The future of HEP requires that after the LHC (pp) new machines will be built for
ee and for ep scattering investigations at the new energy frontier. For ep this
can be a combination of the ILC with p or LHC with e rings to be cost effective.

*A new theory of particle physics may emerge at the TeV scale. Whether
or not is a key adventure of physics but in any case QCD + p structure will

have to be investigated much further and deeper, at all scales.
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The end --- backup slides
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Leptoquark discovery limits
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xF}*(x)

use electroweak thy to access partons

(2uv+dv and possible sea quark
asymmetry at lower x)

Simulation
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—— H1 PDF2000 |
® data

04 :
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Q’=1500 GeV’ X

Simultaneous determination of partons and
light quark weak neutral current couplings
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