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An e-p Collision as viewed by RSAS
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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.
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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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The Nobel Winners and HERA Jets 
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No doubt, it runs !
But what precisely is the coupling ?
And what about the gluon field ?
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The strong force

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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Unification Scale  

αs(MZ) = 0.118 ± 0.003
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αs(MZ) = 0.1160 ± 0.0016 (exp)
± 0.0058

0.0046 (thy)

αs(MZ) = 0.1209 ± 0.0015 (exp)
± 0.0048

0.0049 (thy)

From measurements of F₂
H1:

ZEUS:

What is αs ?



Low x at HERA

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. 

1992 data  ~30 nb-1 1997 data  ~30 pb-1



HERA Performance

• 2004 was a promising start of HERA e⁺ running
• the luminosity improved as planned (spec. L ~ 75% design)

• longitudinal (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
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Longitudinal Polarization
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H1: Luminosity 2003/2004
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99 pb⁻¹ HERA delivered
93 pb⁻¹ H1 + DAQ

0.946 average DAQ eff.
86 pb⁻¹ H1 + pipeline active

0.08 average deadtime
58 pb⁻¹ H1 + tracker HV on

0.67 average HV eff.
98 M EVENTS ON TAPE
Two helicities

2004 as successful as the best HERA I year and with e⁺ polarized

Low HV eff. due to bad background:
vacuum leaks

“coasting” p-beam



LAr Level 1 Trigger System

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

• 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  ...



Level 2 Neural Net (L2NN) Trigger

• L2NN working 
well & stable

• new physics 
channels & nets

• old nets 
retrained

• predicted rate 
reductions & 
efficiencies 
found to be 
correct

Jens Zimmermann, Forschungszentrum Jülich, DPG-Tagung Mainz 03/04 4

Triggering Deeply Virtual Compton Scattering - Problem

Theory Signal Background

L1 Subtrigger 41 triggers DVCS by requiring

• Significant energy deposition in SpaCal

• Within Time Window

L2 Neural Network additional information

• Liquid Argon energies

• SpaCal center energies

Triggering with

10 Hz

Must be reduced to

1 Hz
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Charged Current Cross Section and 
Polarization (MPI: H1/ZEUS)

linear dependence on Pe
SM: 
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LO:

σ
+
cc

(Pe = −1) = 0

Φ+
cc

= x[(ū + c̄) + (1 − y2)(d + s)]

Pe =
NR − NL

NR + NL

d2σ+
cc

dxdQ2
= (1 + Pe)

G2
F

2πx
(

M2
W

M2
W

+ Q2
)2Φ+

cc



Selection of CC-Events

• CC-candidates are 
selected:

•
• Q2 > 400GeV

2 y < 0.9
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CC-Data and MC-Simulations



Polarization and Luminosity
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Figure 1: Distribution of luminosity versus polarisation Pe

5

• transverse polarization of positron beam due to sync. radiation

• longitudinal polarization with spin rotators on both sides of IR

• measurement of polarization with 2 independent polarimeters

< Pe >= 33.0 ± 2.0%

L = 15.3 ± 0.4 pb−1L = 21.7 ± 0.6 pb−1

< Pe >= −40.2 ± 1.5 %



Dependence of σcc(e⁺p) on Polarization

data consistent with SM

Linear fit to H1 and ZEUS 
data yields

σCC(Pe = −1) = 0.2 ± 1.8 (stat)
±1.2 (sys) [pb]

No indication for 
RH currentsH1/ZEUS preliminary for ICHEP 2004
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ZEUS: STT in CC Analysis

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

• In 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.

• STT performs better than CTD for γhad < 23°
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D* and D*+Dijet Production in DIS
Thesis of Sebastian Schmidt

• DIS phase space: 

2 < Q² < 100 GeV²,  0.05 < y < 0.7

• tag D* using “golden” channel:

• D* phase space:

pT(D*) > 1.5 GeV,  |η(D*)| < 1.5

• 2 kt-jets in Breit-frame:

ET > 4 and > 3 GeV,  -1 < ηlab < 2.5

S. Schmidt, MPI MS. Schmidt, MPI Müünchennchen

Mot iv at ion !Mot iv at ion !
• Nachweis von Charm:  D* ±- Meson en

(Hadroniserung!)
• Verständnis für 

Produkt ionsmechanismus bei BGF, 
wenn b eid e harten Partonen 
nachgewiesen werden

• Ger in g e St at ist i k für „double tag“
m it  D* ±-Mesonen

• Jet s :  exper imentelle Signatur der 
Partonen

• → Betrachte Ereignisse m it  D* ±-
Meson  u n d  2  Jet s

• → App r ox im ier e Partonen durch 
Jets

D*
± D

∗±
→ D

0
π
±
s
→ K

∓
π
±

π
±
s



D* and D*+Dijets: Data vs. NLO/Cascade4.5. DIFFERENTIELLE WIRKUNGSQUERSCHNITTE 105
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Abbildung 4.9: Differentieller Wirkungsquerschnitt für die Produktion von
D∗±-Mesonen aufgetragen gegen Q2, x, den Transversalimpuls pt und die
Pseudorapidität η des D∗±-Mesons sowie gegen W und die Inelastizität des
D∗±-Mesons z. Das helle Band gibt die Erwartung der CASCADE-Monte-
Carlo-Simulation wieder, das dunkle die der HVQDIS NLO-Rechnung. Inner-
halb der Bänder wird die Masse des Charmquarks von mc = 1,3 bis mc = 1,5,
der Fragmentationsparameter von ε = 0,035 bis ε = 0,100 variiert.
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Abbildung 6.9: Differentieller Wirkungsquerschnitt für die Produktion von
mit D∗±-Mesonen assoziierten Zweijetereignissen, aufgetragen gegen die kine-
matischen Größen Q2, x und die Jetgrößen Emax

t und ∆η. Das helle Band gibt
die Erwartung der CASCADE-Monte-Carlo-Simulation wieder, das dunkle
die der HVQDIS NLO-Rechnung. Innerhalb der Bänder wird die Masse des
Charmquarks von mc = 1,3 bis mc = 1,5, der Peterson-Fragmentationspara-
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Abbildung 4.9: Differentieller Wirkungsquerschnitt für die Produktion von
D∗±-Mesonen aufgetragen gegen Q2, x, den Transversalimpuls pt und die
Pseudorapidität η des D∗±-Mesons sowie gegen W und die Inelastizität des
D∗±-Mesons z. Das helle Band gibt die Erwartung der CASCADE-Monte-
Carlo-Simulation wieder, das dunkle die der HVQDIS NLO-Rechnung. Inner-
halb der Bänder wird die Masse des Charmquarks von mc = 1,3 bis mc = 1,5,
der Fragmentationsparameter von ε = 0,035 bis ε = 0,100 variiert.
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Abbildung 7.5: Korrelation zwischen xobs
γ auf der Hadron- und Detektorebene

für die auf den Transversalimpulsen Et und den Pseudorapiditäten η der Jets
basierende Rekonstruktionsmethode gemäß Gleichung 7.4 (oben) und für die
auf den (E− pz)-Werten der Jets basierenden Methode gemäß Gleichung 7.5
(unten). Die Monte-Carlo-Simulation mit RAPGAP berücksichtigt direkte
und aufgelöste Prozessen für die Produktion von Charmquarks und direkten
Prozessen für die Produktion von Beautyquarks.

Als Intervallgrenzen für den differentiellen Wirkungsquerschnitt für die
Produktion von Zweijetereignissen mit assoziiertem D∗±-Meson bezüglich
xobs

γ wurden die Werte (0,20; 0,55; 0,80; 1,00) gewählt. Abbildung 7.6 zeigt
den Reinheitsgrad und die Stabilität der Intervalle, die Rekonstruktionsef-
fizienzen, die gemessenen differentiellen Wirkungsquerschnitte und die Vor-
hersagen der Modelle. Stabilität und Reinheitsgrad liegen in allen Intervallen
über 40 Prozent.

Erwartungsgemäß führen direkte Prozesse im Wesentlichen zu hohem xobs
γ
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Abbildung 7.6: Reinheitsgrad und Stabilität der xobs
γ -Intervalle (links oben),

Rekonstruktionseffizienzen (rechts oben), differentieller Wirkungsquerschnitt
in Intervallen von xobs

γ , verglichen mit unterschiedlichen Monte-Carlo-Model-
len (links unten) und theoretischen Rechnungen (rechts unten). Die Parame-
ter der Rechnungen werden bei Abbildung 6.9 erläutert.

nahe bei 1, während aufgelöste Prozesse Beiträge zu allen Intervallen leisten.
Der Anteil der aufgelösten Prozesse an der gesamten, aus aufgelösten und
direkten Prozessen bestehenden Vorhersage von RAPGAP für den Zweijet-
wirkungsquerschnitt ist mit etwa 10 Prozent relativ gering.

Der Vergleich der differentiellen Wirkungsquerschnitte mit den Vorhersa-
gen von RAPGAP für direkte und aufgelöste Prozesse zeigt, dass eine Summe
dieser beiden Beiträge die Form der gemessenen Verteilung nicht vollständig
beschreiben kann. Eine Anpassung an xobs

γ mit dem Anteil der aufgelösten
Prozesse am gesamten Wirkungsquerschnitt als Parameter ergibt einen Wert
etwa 20 Prozent.
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Abbildung 7.9: Korrelation zwischen xobs
g auf der Hadron- und Detektorebene

für die auf den Transversalimpulsen Et und den Pseudorapiditäten η der Jets
basierenden Rekonstruktionsmethode gemäß Gleichung 7.6 (oben) und für
die auf der Rekonstruktion von ŝ basierenden Methode gemäß Gleichung 7.9
(unten). Die Monte-Carlo-Simulation mit RAPGAP berücksichtigt direkte
und aufgelöste Prozessen für die Produktion von Charmquarks und direkten
Prozessen für die Produktion von Beautyquarks.

D∗±-Meson in Abhängigkeit von log10 xobs
g werden auf (-3,3; -2,4; -2,1; -1,8;

-0,9) festgelegt. In Abbildung 7.10 sind Reinheitsgrad und Stabilität der ge-
wählten Intervalle dargestellt. Für alle Intervalle liegen sie über 40 Prozent.
Ebenfalls gezeigt wird die Rekonstruktionseffizienz in Abhängigkeit von xobs

g .
Sie ist hoch für kleine Werte von xobs

g und fällt für größere Werte ab.
Die gemessenen differentiellen Wirkungsquerschnitte werden den Erwar-

tungen der unterschiedlichen Modelle gegenübergestellt. HVQDIS und CAS-
CADE zeigen bis auf die Normierung im Wesentlichen das gleiche Verhalten.
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Abbildung 7.10: Reinheitsgrad und Stabilität der Intervalle von xobs
g (links

oben), Rekonstruktionseffizienzen (rechts oben), differentieller Wirkungs-
querschnitt in Intervallen von xobs

g , im Vergleich mit Monte-Carlo-Simula-
tionen (links unten) und theoretischen Rechnungen (rechts unten). Die Pa-
rameter der Rechnungen werden bei Abbildung 6.9 erläutert.

Für niedrige xobs
g unterschätzen sie den Wirkungsquerschnitt leicht, während

sie ihn für hohe xobs
g überschätzen. Bei der Betrachtung der doppelt-differenti-

ellen Wirkungsquerschnitte für niedrige und hohe Werte von Q2 in Abbildung
7.11 und für niedrige und hohe Werte von x in Abbildung 7.12 fällt auf, dass
sich dieses Verhalten für alle Q2 und x fortsetzt. Die Unterschiede zwischen
HVQDIS und CASCADE nehmen für große Q2 oder x und große xobs

g jedoch
zu. Besonders in diesem Bereich beschreibt HVQDIS die Daten besser.

Aus dem gemessenen differentiellen Wirkungsquerschnitt in Intervallen
von xobs

g können durch eine Entfaltung mithilfe einer Rechnung in nächstfüh-
render Ordnung Rückschlüsse auf die Gluondichte im Proton gezogen werden.

• xᵧ  fractional momentum 
of the parton from the 
photon entering the hard 
process (direct/resolved)

• xg fractional momentum 
of the gluon from the 
proton entering the hard 
process (gluon density)

xobs
γ =

∑
ET,jet exp(−ηjet)

2yE
′

e

xobs
g

=

∑
ET,jet exp(ηjet)

2Ep

MC

MC

Work on H1 paper on-going



The “Charming” Pentaquark at H1

• θ⁺(1540) → K⁺n  ( udud   )

• look for udud    in 

• clean D* in golden channel (Q² > 1 
GeV²,  0.05 < y < 0.7)

• identified proton (dE/dx)
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Figure 1: (a) ∆MD∗ distribution for K∓π±π±
s combinations as described in the text. For com-

parison, the distribution from “wrong charge D” combinations, where theK and π yielding the
D0 mass have the same charge, is also shown. (b) Specific ionisation energy loss relative to

that of a minimally ionising particle, plotted against momentum, for the sample described in

the text. The curves indicate parameterisations of the most probable responses of the CJCs for

pions, kaons and protons.
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Figure 1: (a) ∆MD∗ distribution for K∓π±π±
s combinations as described in the text. For com-

parison, the distribution from “wrong charge D” combinations, where theK and π yielding the
D0 mass have the same charge, is also shown. (b) Specific ionisation energy loss relative to

that of a minimally ionising particle, plotted against momentum, for the sample described in

the text. The curves indicate parameterisations of the most probable responses of the CJCs for

pions, kaons and protons.

7

D0 p
T
(K) > 500 MeV

p
T
(π) > 250 MeV

p
T
(K) + p

T
(π) > 2 GeV

|m(Kπ) − m(D0)| < 60 MeV
D∗ p

T
(πs) > 120 MeV

|∆MD∗ − m(D∗) + m(D0)| < 2.5 MeV
p

T
(D∗) > 1.5 GeV

−1.5 < η(D∗) < 1
z(D∗) > 0.2

p p
T
(p) > 120 MeV

Lp > 0.3 for p(p) < 2 GeV
Lp > 0.1 for p(p) > 2 GeV

Table 1: Summary of the kinematic and proton energy loss selection criteria applied to define

theD∗ and proton candidates.

and narrow peak is observed for the opposite-charge combinations at M(D∗p) " 3100 MeV.
Approximately half of the events in this signal arise from each of the D∗−p and D∗+p̄ com-
binations (see section 4). The distribution for the same-charge combinations shows a small

enhancement in theM(D∗p) region in which the opposite-charge signal is observed.

The background distributions for the D∗p combinations are modelled by the sum of two

contributions, which are shown in figure 2. Background from random combinations not involv-

ing charm is modelled using the “wrong charge D” combinations, as described in section 2.3,
combined with proton candidates as for the correct-charge D0 sample. Combinatorial back-

ground from D∗ mesons with real or misidentified protons is modelled using simulated events

from the RAPGAP [14] Monte Carlo model applied to D∗ production in DIS, including string

fragmentation and decays from JETSET [15, 16]. The RAPGAP model gives a good descrip-

tion of the shapes of the inclusiveD∗ distributions. This contribution (“D∗ MC” in figure 2) is

normalised according to the D∗ yield in the data (figure 1a).

No significant structures are observed in either component of this background model. The

model gives a reasonable description of the shape and normalisation of theM(D∗p) distribution
away from the signal region for the opposite-charge combinations. The M(D∗p) distribution
from the same-charge combinations is also well described in shape, though the model prediction

lies approximately 15% above the data.

Alternative models have been studied for the background distribution for the opposite-

charge D∗p combinations. Similar distributions to those shown in figure 2 are obtained when
a DJANGO [17] simulation of inclusive DIS is used to replace both model components. The

same is true when the RAPGAP model of theD∗-related background is replaced by simulations

with modified parton shower dynamics (CASCADE [18]) or fragmentation (HERWIG [19]).

In all cases, no resonant structures are observed in the simulated M(D∗p) distributions. Pos-
sible contributions from beauty decays have been considered using a further RAPGAP Monte

Carlo simulation. After normalising to the luminosity of the data, the resulting contribution is

negligible.

8

s̄

c̄ D∗−p (D∗+p̄)

Phys. Lett. B 588 (2004) 17



D*p Signal & Background

• peak at 3099±3±5 MeV

• width 12 MeV (exp. resol.)

• no signal
• in background
• when selecting side bands of 

D* or Dº candidates + p
• reflections were studies, e.g. 

excited D₁ and D₂ 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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Figure 2: Distributions inM(D∗p) for (a) opposite-charge and (b) same-charge D∗p combina-
tions. The data are compared with a two-component background model in which “wrong charge

D”K±π± combinations are used to describe non-charm related background and the “D∗ MC”

simulation describes background involving real D∗ mesons.
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Figure 5: (a) Momentum distributions for all charged particles yieldingM(D∗p) values falling
in the signal and side band regions of M(D∗p), as defined in section 3.2, when combined
with D∗ candidates of opposite charge. (b) M(D∗p) distribution for p(p) > 2 GeV, with
no proton dE/dx requirements. The data are compared with a two-component background
model in which “wrong chargeD”K±π± combinations are used to describe non-charm related

background and the “D∗ MC” simulation describes background involving real D∗ mesons.
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Elastic J/ψ Photoproduction at large W

L. Janauschek --- 2004-11-12
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Thesis of Ludger Janauschek

Wγp

L2NN !



Backgrounds and Signal Extraction 

13BST track finding (for cluster-cluster)

σr(BST) = 12 µm σr(SpaCal) = 0.56 cm

requirements for BST track:

• fit probability > 1%

• ≥ 3 hits used for the track

• 2 hits and

– track distance to SpaCal cluster < 1 cm
– |zvtx,track − zvtx,run| < 35 cm
– θtrack < 178◦

→ zvtx position

→ improvement of mass resolution

→ efficiency determined with track-cluster
(CTD track)

for details see H1 plenary talk April 1st, 2004
by L. Janauschek
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Improving mass resolution
for CC using the BST



        : Pomeron Fits

• for J/ψ need to fit a soft and a hard Pomeron

• good fit in HERA energy range 

• How seriously should one take the low energy data ?

σ(Wγp) 5Elastic diffractive vector meson cross sections

photoproduction:

σγp(W ) ∝ W δ

light vector mesons:
δ ≈ 0.22

heavy vector mesons:
δ ! 0.7

⇒ in contradiction to the

universality of the Pomeron

}
}
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QCD Fits Using Different Gluon Densities

• Great sensitivity, but can we trust the theory ?

L. Janauschek --- 2004-11-12

normalization free ! 



 

• and more in 
LJ’s thesis 
(eff. Pomeron 
trajectory)

• H1 paper in 
progress

fit data, assuming 
only one effective 

Pomeron

dσ

dt
(t) ∝ exp(b(< Wγp >)t)



ZEUS: Luminosity Spectrometer

• 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!

~ 100m from IR x [mm}

y



LAr JetTrigger
• 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 

       Phi index
0     2     4     6     8    10   ....

CTLBTS ACS SSU TEGBFU PSU



ACS→BFU

BTS→ACS

BFU/PSU

LAr JetTrigger Installation

PostDoc position 
advertised this month 

for JetT

ACS

SSU/TEG



Group Members: H1/ZEUS 
Boss: Allen Caldwell
Staff:
   Iris Abt (Zeus)
   Christian Kiesling (PL)
   Vladimir Chekelian
   Günter Grindhammer
   Gerd Buschhorn (emeritus)
PostDocs:
   Claudia Büttner (Zeus)
   Juraj Bracinik
   Ana Dubak
Guest:
   Alexej Babaev
   Katerina Tzamariudaki
Secretarial Support:
   Ursula Grenzemann
   Marlene Schaber

PhD Students:
   Ludger Janauschek (finishing)
   Andrei Nikiforov
   Ringaile Placakyte
   Zuzana Rurikova
   Sebastian Schmidt (finished/Desy)
   Juraj Sutiak (Zeus)
   Biljana Vujicic
   (Jens Zimmermann)
Engineers:
   Charles Braquet
   Markus Fras
   Werner Haberer
   Josef Huber
   Miriam Klug
   Andreas Wassatsch
   



Activities
• Hardware

• LAr L1: A.Babaev, J.Bracinik, C.Kiesling, A.Nikiforov, Z.Rurikova, 
B.Vujicic

• JetT: A.Dubak, C.Kiesling, A.Nikiforov, B.Vujicic, Engineers

• L2NN: L.Janauschek, C.Kiesling, R.Placakyte, J.Zimmermann

• Analyses

• Inclusive NC, CC: V.Chekelian, C.Kiesling, A.Nikiforov, R.Placakyte, 
B.Vujicic

• Charm: J.Bracinik, G.Grindhammer, Z.Rurikova, (K.Tzamariudaki)

• Elastic J/ψ: L.Janauschek, C.Kiesling

• Jets: G.Grindhammer

• Misc. 

• Physics Coord.: V.Chekelian

• CB-Member: C.Kiesling



Summary

• LAr L1 and L2NN are running well, but require a lot of effort

• 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 !


