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Integrated luminosity [pb™]

Luminosity collection
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Days of running

* 2005 was HERA's best year so far!

* 2006 started good, but the last 2 weeks had problems:
Hermes target cell damaged, e-ring beam pipe leak.

e Switch to et at the end of June '06.
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ZEUS Straw Tube Tracker

STT cooling upgrade

® During the shutdown Nov.0S to Jan.06, STT was
once removed to upgrade its cooling system, and then
was reinstalled

-- Insufficient STT cooling interfered
solenoid operation

-- Thus, STT was off for 04-05 e- runs

® Whole procedure was completed
successfully.

—> No interference problem to
solenoid operation observed.

— STT is on for 06 e- runs. and is
taking data.
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H1 silicon tracker

g * 11 double-sided wheels
—— of silicon strip detectors
| repaired 1n 2005.

* Complete silicon
tracking for 2006/07.
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Hermes recoil detector

Iron Shielding
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Hermes recoil silicon detector

Cooling e [nstalled in Jan '06.

Readout Hybrid

* Target cell damaged with beam
in Mar '06.

* Radiation damage: 80-100 krad
in 3 days in May.

* Repair underway.

e Reinstall end of June '06.

Target

EE

10%10 cm2
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Tief-inelastische ep Streuung
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Geladener Strom: W= Austausch
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Wirkungsquerschnitte
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Geladener Strom mit polarisierten e+

Standard Model: o(P) = (1-P)o,

Charged Current e"p Scattering
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Neutraler Strom mit polarisierten e~

Neutral Current
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Clear observation of electro-weak effects in neutral current interactions.
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7.0 couplings to u and d quarks
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ZEUS: with polarized HERA II data

* HI: unpolarized HERA I data.
e Ultimately: combine HI and ZEUS!

* Electroweak precision physics from HERA.
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Tief-inelastische Streuung
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DIS cross section and
Structure Functions:
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Q? = —¢> virtuality of v*, Z°, W=
x = Q?/2(pq) Bjorken scaling variable
y = (Pq)/(pk) inelasticity
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F2 and QCD analysis
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Average of HERA data

xf
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Charm and beauty in the proton
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58774 il 4

— (R0 - 7(0)F (0% = -0,

d o 2 moY

dxdQ’ 0'x

with f(,r):-';’—__ and }’.:U+(l—ﬁf')3J

+

Q? =sxy, s =4E.E, = vary E, to get f(y) at fixed x, Q2.

F, = ﬁl“;_ absorption of longitudal virtual photons.

Helicity conservation for on-shell quarks: o7 = 0.

o,

L, Q¢ 5 pdz .
QCD: F = —x" {—{—f +82cq{l——} }

' 4 il \
Altarelli, Martinelli 1978 >/

q—4qg g — qq dominates
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FL simulation
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ZEUS: larger systematics at low Q2: photo-

production background.

HERA: ' =1.5-1031/cm?2s at 460 GeV

Need 3 months for 10 pb-l.
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Diffraction

normal DIS:

QZ
LAr . N
B g S oy ] I
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Q  probe quarks
in the Pomeron
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QCD analysis of Diffractive DIS
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Proton spin density

QCD analysis of the g; polarized structure function:
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New Hermes result from
K= production in DIS:
As ~ ()

What about angular momentum?
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Towards parton angular momentum

Generalised Parton Distributions (GPDs) HERMES: interference between
DVCS and Bethe-Heitler
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Deeply-virtual
Compton scattering
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DVCS recoil spectrum
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Recoil detector gives 'exclusivity'.
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HERA determinations of the strong coupling

Theoretical uncertalnty .- o
dominates: +=4%. .
Need to use higher order —J
(NNLO) QCD calculations. s N
Goal for HERA: [
g to 170 W
i
iy
8

)
World average 2004: =2.3% &

Event shapes in DIS
Hi1 (DESY 05-225 - hep-erc!ﬂs 12014)

Inclusive jet cross sections in NC DIS
ZEUS prel. (contributed paper to EPS0S)
Inclusive jet cross sections in NC DIS

H1 prel. ( contributed paper to EPS05)
Multi-jets in NC DIS

H1 me{mntuhutecl paper to EPS03)

Multi-jets in NC D
ZEUS (Eur Phys .]uu: C 44 (2005) 183)

izt hﬂH\Ium NCD
EUS ol Phys B?{I] (2004) 3)
Inclusive jet cross sections in yp

" ZEUS (Phys Lett B 560 (2003) 7)

51.1 jet multiplicity in CC DIS

S(Ear }E our C 31(2003) 149)
SHE% tmulil]:ﬂl in NC DIS

S (Phys Lett B 558 (2003) 41)
NLO QCD fit
H1 (Eur Phys J C 21 (2001} 33)

NLO QCD fit

ZEUS (Eur Phys Jour C 42 (2005) 1)
NLO QCD fit

ZEUS (Phys Rev D 67 (2003) 01 2007)
Inclusive jet cross sections in NC DIS
H1 (Eur Phys J C 19 (2001) 289)
Inclusive jet cross sections in NC DIS
ZEUS (Ph}fs Lett B 547 (2002) 164)

Dﬁj cross sections in NC DIS
ZEUS ( Phys Lett B 307 (2001) 70)
HERA avera

mﬁi}

WurH average
(5. Heth]m, hep-ex/0407021)

01 iz
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Running coupling constant in QCD

. measurements from HERA:
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Nobel prize 2004 for Gross, Wilczek, Politzer for predicting this in 1973.
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HERA isolated lepton events

pt-mlss \
Missing momentum
4 Hadronic system X

- — Isolated high p; e or pn
- :

l+P™ss avents at HERA 1994-2004 (e”p, 158 pb ™)

Standard model: 0
: T 10°= @ H1Data (prelim) Np..=28
W production ¢ [ == Alsm Neo =185+ 2.7
but: expect small P_* w [ Sina
10 =

107

0 10 20 30 40 50 60
PX (GeV) e andp channels
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Isolated leptons with large PX

e channel u channel
P% > 25 GeV |
T obs. [ exp. (signal) obs. / exp. (signal)

Hiepdata 158pb" | 9/23£04(m | 6/23204(m | 0/0.40+0.10
Hlepdatal2lpb! | 2/2.4 0.5 (52%) 0/20£03 %) | 3/0.35+0.10

T-channel

PyX > 25 GeV e-channel p-channel T-channel
Z e*p 99-04 106 pb! | 1/1.50+0.13 (78%)

Z et p 94-00 130 pb-! 2/0.2x0.1
Z e p98-05143 pbl | 3/2.86+0.46 (53%)

Z e-p 04-05 126 pb-! 2/1.4x0.2 (836%)

One possible explanation:
R-parity violating Susy:

ot ; b etp: F=0.
N131 S + More e* data
d < to come!

-, V‘[
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Strange Pentaquarks?
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I 20 < Q° < 100 GeV?
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M(Kgp(p)) [GeV]
H1 does not confirm ZEUS

signal, but upper limit is not
yet in conflict.
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Charmed Pentaquark?

H1 Daten 1996-2000 (DIS):

Entries per 10 MeV

40 — i I
B H1

30 [ » D" p+D"p 4
B —  Signal + by. fit ]
i --  Bg. only fit

20

10 |

u i 1 1 1 1 1 1 1 1 1 i

3 3.2 3.4 3.6
M(D*p) | GeV |

H1 beobachtet ein signifikantes Si-
gnal (5.4 0) bei 3099 MeV im Kanal
D*~pund D*7p.

Ein ©. Anticharmbaryon ware exo-
tisch und miisste aus mindestens 5
Quarks bestehen: wuddz.

Etwa 1% aller D* enstammen diesem
Signal.
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Combinations per 10 MeV

ZEUS
45 pr T T T T T T T T g
40 £ (a) e ZEUS 1995-2000, D" — (Kn)n, =
35 F Q? > 1 GeV?, H1 selection criteria =
22 %: H1 szgr;u%é:harge (Kmm, E
20 £ * * =
15 £ 1 3
10 E + ]
g E' i T R I||||||||||||||||+| |+| I I |

20 3 31 32 33 34 35 36
M(D'p) = AM®! + M(D™"),. ¢ (GeV)

Mit Zhnlichen Selektionskriterien fin-
det ZEUS kein Signal in diesem Ka-

nal.

Das Massenspektrum kann durch
zufallige Kombinationen beschrieben
werden.

Hochstens 0.35% aller D* konnten
einem . entstammen.
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From HERA F, to the Higgs at LHC

] Higgs—strahlung Vector boson fusion
© ~ q
7 1% q )
e . . Ve Vi
- extract parton densities: R
Q*
q “H q L
x E 1.2 pree—— q
2 _ - |
—( ) down | in associated with QQ
10 F antiup | g g Q
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x L a=6.32E-5 o 4000102 I - strange ¢----- H
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> . .
= calculate Higgs production:
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Structure function F, Up to 10% uncertainty
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Kinematic reach of colliders
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X1, = M s * exp(+y)

QCD evolution
(DGLAP equation).

HERA covers the x-range for

j central production at the LHC.

DESY WA, 23.5.2006



Precise parton densities required

Signature for new physics:
jet cross-section vs p in rapidity bins:

Discovery potential depends
on knowledge of parten densities:
ratios from different theorists:

0.5

T
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035

: — l<y<2 é
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1000 2000 3000 4000

107 g

107" i

1000 2000 3000 4000 50'00 1000 2000 3000 4()‘00
pT [GeV]
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Using jets together with F, (at large Q?)

Iractional uncertainty
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Improvements from HERA 11

quark and gluon uncertainties:

\\HH: 0.6 J\\‘ T T T TTTT T T TTTTI
] - xd,
1 041

1 02F

0
1 -020

= 1000 GeV? 1 04F

HE 06—l cvennl vl 0l

10*

10° 102 0% 107 10 10" 1

T =TT T T aRaa)| [ R A
- xS
03¢

7 0.4 P R R R B S S R B O s
] r X
B 03 g

1 025 [ | HERA-II projection

B ZEUs-JETS fit
1 01-

|0
{01+
{ 02-

{ 03+

Lol 3 _0.4 :m\ Lol Lol vl Lol
100 102 10 1 10* 100 102 10! 1

high statistics from HERA 11 is
important

D. Pitzl: HERA

34

do/dE, (nb/GeV)

Fractional Uncertainty
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LHC needs beauty density in the proton

—
\S]
1

K o0
11 _— \I.f-L g‘ [ 21 ) LE_E '_: __ I:;(N E x=0.0002
io L ] = / =5
9| - R =0.0005
ol 0 e 1 _
€ T T
o 9T — ] 10 b
3 sk without bb—Z ] -
o 4l ] x=0.005
xs] i=2
5 L - Ll
2| : z
: x=0.013
1+ - i=1
i )
6 4 2 0 2 4 6 10 ¢
. * H1 Data
¥y ; v H1 Data (High Q% x=0.032
— MRST04 i=0
- . . . . 10 -’2__ ----- MRST NNLO
* bb is 5% contribution to Z production E CTEQSHQ
- Need to know F,? to 20% accuracy to get '
Z production at 1% level. ol
o 2 3
- Reachable with ZEUS and H1 data at 10 10 2 Gev?
HERA IT.

D. Pitzl: HERA 35 DESY WA, 23.5.2006



Luminosity outlook

H:.n S00 __l T T [ T T T 1 T
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Days of running
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The future of DIS?

* LHeC: ep at CERN

e 7TeV X 70GeV.

e Js=1400 GeV.

e ' =103/cm?/s

* After LHCb.

* ¢ bypass at Atlas, CMS.

* Seminar by F. Willeke
and M. Klein today!

IP6
Ahort

IP4
RF

IP3 LHC IP7

Momentum H Betatron
Cleaning Ring Cleaning

P2
ALICE
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Summary
e HERA II has almost completed a successful e-p run.
We hope for a similarly successful e*p run.
* The collider experiments are in their best shape ever.
The Hermes recoil detector 1s being repaired for the e* run.

* Excellent physics results are being produced 1n all fields,
increasingly using the HERA II data.

* Physics analysis will continue for many years beyond HERA
running.

e HI and ZEUS want to do a low E; run to measure Fy .

The physics case has been positively reviewed by the PRC.

Running HERA is hard — but it's worth it!

Thanks to all groups involved!
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