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Integrated Luminosity at HERA | ... and HERA II

HERA 1 (1992-2000)

+ > 100 pb™" of e+p available
(more thaw half of that taken tn
2000)

+ > 15pb™ of e'p available
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« slow start - maiwLH due to vac-
uum conditlons

Goal is 1 fo*
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HERA - the ideal QCD Laboratory

Proton - an elementa Y RLCD
bouwnd uud-state ratses ques-

tlons &

.« size ‘ "

. mee Use HERA to ) o
explore: . ‘

* quark momenta S <1

. spin * valence . §P

gquarks %’
to be probed by + Sea quarks
Photon L.e. scattering Rin. range

quarks Lwolweottg
r. >b > o0.001%r

* not perturbing the strong LA P P

0.1<R*<10%GeVv>
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Strong Interaction - Perturbation Theory

« Interaction between the
constituents of the
protow

* Parton Dlewsitg distri-

buttons g (x) are @
dependent:

e ZEUS+H1 1996/97

e NMC, BCDMS, E665
—— NLO QCD Fit
Q=15Gev N Regge Fit (zeus)

Q*=650 GeV?

dg;(z, Q%) %/ dy

Scatterung Centers

Bremsstrahlung

PaLr creatlon

Gluon seLf
interaction

—(qi(y, @) P,

dlnQ?  2n Y

q; (x, &) represent
the dewsita
distributions of
the scaled parton
momenta.
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Scaling Violations
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Parton Distribution and og

e.g9. H1 — i
<t
0. =0.1150 Zos | =——— H1 PDF 2000 . ,
= Q=10 GeV
*+ 0.001F# (e)q:) 0.8 EESS= ZEUS-S PDF
+0.000j o

- 0.0007# (model)
+ 0.0050 (scale)

0.6
05 F

« NNLO caleulations start 03
to be avatlable :

« theoretical restdual :
uwcertaiwtgj ~1% “r

xS(x0.05)

02 |

Large x e)qserimewta LLy! 10° 10 10° 10° X
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CTER at ®* = 10 GeVv™

* w best constraint

* gluon unknowwn at Large x

Precision required for LHC:

« 10% < x <1 and

* d less well knowwn both at small . 1pp < @2 < 1% Gev>
and large x
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Accessing high x

. 2jet production at
large B s sensitive

to the large x-compo-

nent L the proton

. iwdepewdewt hawndlle
ow, e.9. the gluon LA
the large x-reglon

avoids the high x -
high &2 correlation

10 E

tgpica Ly

20 < B < 0 GeV

a

X, < 0.8

10 &

X, > 0.8
e H1 data
- NLO
= NLO (1+9, ,4,)
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Limits of Validity of Perturbative QCD Calculations

6)(‘]301 y\,sf,ov\, Ly\, Q‘Q VQa YLD!’CLDV\; D‘f F.:Z

x 0.7
* Perturbation theory valid o 4bx\eev2
doww to small x =06 . 10Gev: coss H1 96—-97
S ks Ger == QCD fit (H1)
* Rise at small x is £ ,5 =5

“unchanged”

. ong at smaller &2 is the rise 04
mooerated

N3+

* Perturbation theor
safely applicable {5
RZ>1 Gev> Fo

s I-R CoIIaboration

RLSC has to stop somewh?

New gquantum system? 10 o3

><8
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Behaviour at small x
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Transition to high energies

) S
Lo
WQZQ_(l—x)%QQ/g; <
X N~

|

* for x<o0.01 the variation of the <

structure functions seem to be
independent of x

Fractal structures L the proton?

e c(@2) is roughtg constant
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— QCD fit (H1)
---- QCD fit extrap.
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x-dependence

=~ B5
Sl . |
e F,=cx, x<0.01 2> = QCV;Z
0.4 | * ZEUS slope fit 2001 prel. 117
= 1 ;2 ’, ’,
- A H1 svtx00 prel. + ZEUS BPT 4| A~ Ln@= ...Linear rise
® H1 svtx00 prel. + NMC Wil
- ® H196/97 + H1 svtx00 prel. 2 < 2
0.3 " o H196/97 £ &Y
* A= a,-1=0.02 ... const.
0-2 __ Id I 4 ’ ’
% it ndicative of transition to
I I*',ﬁ" ,
Z & s\ hadronic degrees of freedom
at [ Thaen L —A=a InQ* /A1 | %
e s atascale of 0.3 fm.
----- extrapolation §
| X
0 = 1 0 ol (A o | i O O O e o | 1 1 |||||||02 |
LU 1 1 1 Avre here clues to
Q* /GeV? ,
understanding confinement?
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Extraction of F_
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The lLong ttudinal structure

function F_ is Little
constraint from the
existing data.
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New Determination of F_

@*=0.75 GeV* L Q’=1.35GCeV? L QP=2.2GeV?

N g | can be used to discern between
| | | different theoretical models

: PartiouLarLg whewn

e e approaahiwg the Low @* YC@LOV\/.

® H1 svtx00 (prel.)

FL(X :Q‘)

H1 Collaboration

® H1 mb99 (prel.)
s H196/97

| — NLO a, fit (H1)
—— NLO fit (ZEUS)

—— NLO MRST 2001 F, extraction from H1 data (for fixed W=276 GeV)

— NLO (Alekhin)  —. [
| L 3 L | | -+~ NNLO (Alekhin) € 10 L )
107° 107* 107° 107* % I W oreiminary Etg % ?: Emi extrapol.
’ P preliminary a, fi
For a fuLL I/LVdeVStaVdeng oOWne 1 FomHIet e GBW model (dipole)
og L © H1 e” BKS model (GRV off—shell)
has to measure o
0.6
- R ... spatial extent ol
* X ... time of Lnteraction 02 | LA
Lwde]sewolew‘cl,g. Ruwns at lLow EP!
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Gluon Radiation in Colored Matter

RLCD Bremsstrahlung
* exchange of a hard gluon

« accelerated charge radiates gluons h\
(analogous to RED) | 1

* rate ~ o

|

* recombination with other strongly
Lnteracting quanta to form colorless system

Color singlet formation - statistical process?

- examine rates and topologies of final states
(Jets, vector mesons, charm, ete.)

* contrast with other production processes:
can we obtaiwn a common pleture with pp-scattering where the survi-
val of the colorless state Ls affected by the presence of other strongly
Lnteracting constituents
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Understanding Color Singlet Exchange in QCD

e U
B "
XIP
p p 9F
i/

* Color-singlet exchange
involving >1 partown,
correlated parton density

Generalized Parton Density

2
¢ -ﬁ,/‘P ()(1/)<;2/Q )

* DVECS

* Vector meson-Production

Factorization

* 0~ flux * elem. X-section
proven in havd diffraction
(for fixed x,t)

— RCD Lwterpretatiow of
diffraction

Oberwbdlz,
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Diffractive Structure Functions

o, PB) / fo(Xp)

0.1
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H1 preliminary

* X,;p=0.0003 * x,=0.001 * x,,=0.003 ° x,,=0.01

" p=0.013 =0.020 =0.032 $=0.043 =0.050

4 ¢ o . oy Pe8®
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- » o

L o® ', s° «® ) i. Q‘”‘ ** !o"
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- (X sty d

I i”“ﬁ} ot -"“ ¢-§‘”’§ ¥ oot i""; i

| p=0.667 3=0.800

- 3 » { .  H1 97 (prel.) y<0.6

ST L LAD I R e o H1 97 (prel.) y<0.6; M, <2 GeV

B | H1 2002 6,0 NLO QCD Fit (F,P=0)
10 102 10 10°

Q* [GeV?]

NLO RCD FLt

Precision of data leads
to non-trivial results

« factorization pio’cure
holds

* strong scaling viola-
tlons -
Gluown dominates

* seek understanding

at more funodamental
Level
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Diffraction for Charm und Jets

H1 fit 2002, 12=p2, 13=40 GeV> Diffm ctive
Q' - e H1Dat >5(4) GeV :
e 600 - — DDISENT N(- *(1+ah:d_) tests tn
0 S DDISENT NLO .
I - -~ DDISENTLO exclusive
g 400 } * Gl’laVbeeLS
e B
I A U
200 || g z-/'
T e
s D &
0 T'\'T:\\\\\\\\\\\\\\.\\.\q
0O 02 04 06 0.8 q
(jets)
ZIP 9 Q/(Z)
Parton Interpretation
* ok ln NLO P (1-z)
* RCD picture is P P
’ ) 4
applicable t

H1 Diffractive Dijets (prel.)

H1 Diffractive D (prel.)
H1 fit 2002, 1*>=Q*+4m?

—1200 |
B ® H1 Data
o1000 — = DHVQDIS NLO
- DHVQDIS LO
~ 800
I ]
600
400 | . charm
200 ‘
O:\\\‘\\\‘\\\‘\\\‘\\\i
0 0.2 04 0.6 0.8 1
Zp
Future

* more differential
cross sections

. t—alepewaleme
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“Strong Tasks” for HERA I
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E= DO Inclusive jets n<3

Fixed Target Experiments
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Electroweak Processes at HERA

Neutral Current (NC) characterized as
e e e e ,
.« 1/R% dominates
Y + Z . Z-contribution with
q q q q 1/(1+ (M /®)?) and
2Q* da(eip) VL F ey o 1/(1+ (MZ/Q)Q);Z
ora? dxdQ2 ~ T 2H 1T OlaVWPCVde
with YVi=14+(1-y)? * X¥Fs, yz,—mterferewoe,
charge sensitive and par-
Charged Current (CC) , 9¢ 8!/’\, ,e i P
tially parity violating
€ v
purely * W-Propagator

2\ 2
W electroweak 1/(1+(M,/R)7)
9 9 Lnteraction
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XF3(X,Q2)

nterference
Lo ~+
ks = oy (Onc — One)
xFs = —a KQ—QxF’yZ + Kk2AZ?
Q*+ Mz "

¢ XF3 ~ q(x) - g (x)

* valence quark distribu-
tion

* need wmore ep data.

* sum rules for
XF, tntegrals will be

tested

0.8 7
0.6

0.4

Oberwdlz, Sep 2003

Q2 = 1500 GeV?

= H194-00
o ZEUS 96-99
" — SM(CTEQS6D)

0.1 0.2 03 04 05 0.6

0.7

X
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Electroweak Unification

10

do/dQ? (pb/GeV?)

10
10
10
10
10
10

10

HERA

y<0.9

H1 e*p CC 94-00
» HHepCC
= ZEUS e*p CC 99-00
e ZEUS e p CC 98-99
- SMe*p CC (CTEQ6D)
— SMep CC (CTEQ6D)

* H1 e'p NC 94-00

A HlepNC

o ZEUS (prel.) e'p NC 99-00
o ZEUS e'p NC 98-99

\_ - SMe*p NC (CTEQS6D)
“&_ — SMe'p NC (CTEQ6D)

10 10

For
@2 ~ MZQ’ MW:Z

neutral and charged
current are roughly of
equal strength.

Details are depending on
electroweale couplings to
individual gquark flavours.

HERA Ls sensitive to
flavour decomposition.
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Expectation for Parity Violation with Polarized Beams

NleLtVaL C'/erel/\zt = “ — no polarization — "
NC ; - e
* axial and vector couplings only 5 oas | — Lpomition - &
from pPureé Z-term: = - Rpolarization .7
, , * 0.2 B
© kinematical suppressed, relevant s *
only for @ > 10000 Gev™> 2 |

0.1

0.05

Gl b b b
5000 10000 15000 20000 25000 30000

e
Charged Current
* PO L = * (1 + :P)

stnce O’(CL+‘P) =0

CC

GuwpoL

* “textbook experiment”
feasible with a few 10 pb™

I'd ' d »
Polarization
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HERA Il - the High Luminosity Phase

Goal Consequences

o 1 -(-b'i tLLL CV\ad 2006 ° Sg Vb;l’lYDtYlfV\a’ Vﬂdl’«ati«?w LS 96’1/\/—
, , erateo Ln the tnteractLon realon
* Polarnzation (~55%) 9

 Runs with reduced €p (e.9. 200, =
365, 400 Gev) to measure F ° space restrictions

* no compensating magnets

* spec. Lumiwositg has been
achieved (design 1.8%...)

~1.5%10%%ecm 2T (mA) =

* strong focussing of the beams
at the Interaction Polnt

ustng . anol
* superconducting quadrupoles best HERA Il Luminostt Of
Ly\, the 8)('P5Vi«mell\/t 2000 has bﬂel/\/ SULY‘PQSSC with

¥, @ quarter of the 2000 value
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H1 Detector Upgrade

Forward Muon Instrumented Iron Detector

Spectrometer

s.c. Solenoid 1.16 T

Spaghetti
Calorimeters

Y

GGt

Backward
MWPC

—5% G0

ToF Forward Silicon Central Central
Scintillators Tracker Tracker Tracker MWPCs
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Polarization on track...
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Longitudinal Polarization

. 'Pair of spiw

larization
Yotators aYOuwd ggF'-:ular*izati-:un{all [%] Fo iz 0
each tnterac- =0
tlow point Tt e fordt
* main sole- : '
WOLdSWDtODM— EE::::::::::::::::::::::::::::::::i::::::::::::II:::::::
'PCWSQtCD[ 07130 09: 30 11:30 13: 30 15:30T e

50% polarization achieved on March 2, 2002
wtth all solenolds on Lin Lumiwosi‘cg opt'ws
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Outlook for HERA I

Oberwdlz, Sep 2003

Goals
1fb-1 Strong Interaction:
. Search at small scales - Parton structure (F,, F(, -..),
- Electroweak effects charm, bottom, jets
« Solution to the remaining - Diffraction
puzzles tnclusive and final states:
charm, (bottom), ¥
- dynamic model of RCP
“Tevatron aspect” of HERA “LEP aspect” of HERA

Bagerly watching HERA (L turn on after shutdoww in summer 2003.
Positive indications from first beams. However, Learnt to be patient
with vacuum conditioning.



