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The Nobel Prize in Physics 2004 E] [E]

Inside the proton

The three quarks within
the proton are held
together by the powerful
force mediated by the
gluons, depicted here as
coiled springs. As the
distance between the
quarks increases, so does
the force between them.

& high-energy
electran an
collision course with ..

.. a quark, confined
inthe protan,

Energy iz releaszed and
patticles are crea%

If a quark iz knocked aut of \%

the proton in a high-energy

collizian, it appears to behave
as afree particle for an inztant, ﬁt}



The Nobel Prize in Physics 2004

Fieture: the DESY-laboratory
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The theory shows its true colours

The aftermath of a high-energy collision between a proton
and an electron, as seen by the H1 experiment at the
DESY laboratory in Hamburg. The experiment is shown in
cross-section, perpendicular to colliding beams of protons
and electrons. The electron has struck one of the quarks
in a proton. An impressive shower of particles - providing
information about the struck quark - is spontaneously
produced from the energy strored in the gluon force-field.
The charged particles in the shower bend in the
experiment's strong magnetic field.
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Many tried but failed, to find a theory in which the

strength of the strong force decreases as the energy
increases. This year's Nobel Laureates produced a theory
with the required minus sign.
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No doubt, it runs !
But what precisely is the coupling ?
And what about the gluon field ?



From measurements of F>

H1:

as(Mz) = 0.1160 =+ 0.0016 (exp)
+ 00046 (thy)

ZEUS:

as(Mz) = 0.1209 =+ 0.0015 (exp)
+ 020010 (thy)

1015 1016
Q [GeV]

as(Myz) = 0.118 & 0.003

hep-ph/0407067 B.Allanach ... P.Zerwas
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@ F. Wilczek: ... further experimental 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.



e 2004 was a promising start of HERA e™ running
® the luminosity improved as planned (spec. L ~ 75% design)
® |ongitudinal (LH/RH) polarization routinely delivered

® backgrounds in general acceptable (coasting beam, vacuum
leaks, proton rf, ...)

® operational efficiency and availability of HERA not yet
satisfactory (BU-coils, vacuum leaks at flanges, beam-pipe
overheating, ...)

® many improvements in fall shutdown

just now started with e” beam and continuing in 2005



HERA Beam Currents in 2004

Since February 2004: No beam current limitations due to experimental
backgrounds: Beam currents raised as planned to Y 2000 level reaching
~60% of original HERA Design

Ipmax =106mA, [ m™>*=48 mA n, =180

1
Pro'duct of ir'1itia| Bea'm currer'1ts for aII|24O
0o Luminosity runs in 2004
J'p ] o 0.6 —
(fr_1_) B B
3 Ed&sfgn B
02 —
5 | | | | |
0 40 20 120 160 200 240

day F.Willeke: HERA, 58th PRC
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2004 Luminosity Accumulation

Integrated e+ p Luminosity 2004
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2004 as successful as the best HERA T year and with e™ polarized

® HVon

: ® HI runs 2003/2004
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99 pb™*  [HERA delivered
93 pb™ [H1+DAQ
0.946 |average DAQ eff.
86 pbt  |H1 + pipeline active
0.08 |average deadtime
58 pb™*  [H1 + tracker HV on
0.67 |average HV eff.

98 M EVENTS ON TAPE

Two helicities

Low HV eff. due to bad background:

vacuum leaks

“coasting” p-beam




® Tt worked successfully. It provides the main trigger for NC
and CC events at high Q2.

e It worked, but required a significant effort in manpower
and time, mainly because of aging of the electronics and
unpredictable external noise sources:

problems with capacitors and fans of different PSs,
about 1000 capacitors have been replaced so far

read-out problems, in part related to bad contacts

keep trigger rates acceptable by identifying and
disabling pads which pick-up external noise, for some
period of time (50 pads out of 4000 in 2004)

and more ...



TE | L1ST | Physics
*00 | 78 Charged Current old
01 | 68 Phi K+K-
02 52,54 | J/Psiece
03 | 83 DiJet
04|54 @|J/Ps1juu
05132 D* untagged
06 |40 @ | Spacal back2back
07|78 Charged Current
08|33 @|J/Psiee TC (1999)
09 |41 DVCS
10 | 83 D* tagged
11|33 J/Ps1 ee TC (2004)
12|15 J/Ps1 jpt 1nelastic

L2NN working
well & stable

new physics
channels & nets

old nets
retrained

predicted rate
reductions &
efficiencies
found to be
correct



LO:
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® (CC-candidates are
selected:

pr.n > 12 GeV

® %> 400GeV? y < 0.9
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® transverse polarization of positron beam due to sync. radiation
® |ongitudinal polarization with spin rotators on both sides of IR

® measurement of polarization with 2 independent polarimeters
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HERA II

H1 (prel.)
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ZEUS (prel.)
ZEUS

SM (MRST)
Linear fit
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H1/ZEUS preliminary for ICHEP 2004

ﬁi? data consistent with SM

ﬁi? Linear fit to H1 and ZEUS
data yields

UCC(Pe = —1) = 0.2+1.8 (Stat)
+1.2 (sys) [pb]

No indicat
RH curr




® Straw-Tube-Tracker (STT) designed to improve track reconstr. in fwd. region

® Tn CC high x events, where the hadronic system is very fwd., STT can be used
to find event vertex. Without SST the time difference between FCAL and
RCAL signals can be used to find z-vtx.

e STT performs better than CTD for Yhad ¢ 23°
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12[ Thesis of Sebastian Schmidt
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DIS phase space:

2<Q%<100 GeV?, 0.05<y<«0.7

tag D* using "golden” channel:

D** — DOW;t — chwiwsi

D* phase space:

p-(D*) > 15 GeV, [n(D*)| <15

2 k.-jets in Breit-frame:

ET>4and>3GeV, -1«

Njab ¢ 2.

5



Cascade
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Cascade
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Cascade
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Work on H1 paper on-going
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0.16 0.17
AM,. [ GeV ]

dE/dx [ MIP ]
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p[GeV]

Phys. Lett. B 588 (2004) |7

DY [ 5. (K) > 500 MeV

pe(m) > 250 MeV

po(K) & py(m) > 2 eV
im(Km) —m(D%)| < 60 MeV

D* | p.(ms) > 120 MeV

pp(D*) > 1.5 GeV
—1.5<n(D*) <1
z(D*) > 0.2

|AMp+ —m(D*) +m(D°)| < 2.5 MeV

p | po(p) > 120 MeV
L, > 0.3 for p(p) < 2 GeV
L, > 0.1 for p(p) > 2 GeV

0*(1540) = K*n (udud 5)

look for udud ¢ in D* " p (D*"p)

clean D* in golden channel (Q2 > 1

GeV?, 0.05<y<0.7)

identified proton (dE/dx)



40 ——————

i

20 |
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Entries per 200 MeV

p(p) [ GeV ]

peak at 3099+3+5 MeV
width 12 MeV (exp. resol.)

no signal

® in background

® when selecting side bands of
D* or D° candidates + p

reflections were studies, e.g.

excited D; and D, mesons

D*p signal yields more D*s than
D*p side bands

proton momentum spectrum (no
dE/dx) from signal region harder
than from side bands

observation of D*p signal depends
on IR (i.e. not seen by ZEUS)
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Improving mass resolution
for CC using the BST
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e for J/P need to fit a soft and a hard Pomeron
® good fit in HERA energy range

® How seriously should one take the low energy data ?
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® (Great sensitivity, but can we trust the theory ?
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fit data, assuming
only one effective
Pomeron
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® and more in
LJ's thesis
(eff. Pomeron
trajectory)

H1 paper in
progress



® Some BH-photons convert in exit window of beam-pipe; e*e™ pairs are bent into
2 calorimeters. In addition large backgrounds due to sync. radiation.

® +to calculate acceptance need to know the profile of the BH-photons and the
geometrical acceptance of the beam-line.
® reweight the profiles from GEANT to the data - for every 16 s period of

data - get an acceptance for every 16 s = expect most precise luminosity!
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Phi index

0 2 4 6 8 10 ...

ACS digitize analog TT-signals and sum

BFU search for local maxima, sum energies
of immediate neighbors

PSU/SSU sort jets by transverse energy
(list of up to 16 ordered jets)

TEG build trigger elements fulfilling cuts

ACS production (48 boards B) finished,
installed, and mostly tested

BFU/PSU 2 MBs installed, tested & working
SSU/TEG 2 boards installed

JetT timing tested, signal within 8 BCs

BTS

- srU |- psu =] ssu |- Tec |-}~

CTL




LAr J eTTrigger Installation
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® Hardware
® |LArLl: A.Babaev, J.Bracinik, C.Kiesling, A.Nikiforov, Z.Rurikova,
B.Vujicic
® JetT: A.Dubak, C.Kiesling, A.Nikiforov, B.Vujicic, Engineers
e | 2NN: L.Janauschek, C.Kiesling, R.Placakyte, J.Zimmermann
® Analyses
® TInclusive NC, CC: V.Chekelian, C.Kiesling, A.Nikiforov, R.Placakyte,
B.Vujicic
® Charm: J.Bracinik, 6.6rindhammer, Z.Rurikova, (K.Tzamariudaki)
® Elastic J/y: L.Janauschek, C.Kiesling
® Jets: 6.6rindhammer
® Misc.
® Physics Coord.: V.Chekelian
® CB-Member: C.Kiesling



® LArL1and L2NN are running well, but require a lot of effort

e JetT is being installed and tested, still much work ahead

® HERA is expected to provide lumi close to design with first
e” beam (later e™) and polarization

® We are involved in exciting mainly QCD topics
® understanding proton structure at low and large x
® what is the gluon density ?
® understanding heavy quark production
® precision measurement of the strong coupling
® New students to mine the rich data are veeery welcome |



