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ABSTRACT

Results are presented on the calibration of the liquid argon calorimeter of the H1
Collaboration by particles at 2 test beam and at the complete detector at HERA.
The beam tests Were performed with electrons and pions in the energy range 3.7 to
170 GeV. The data are compared with GEANT/GHEISHA simulation. Calibration
rests at HERA wer¢ performed with cosmic muons and electrons, which allowed to
verify the test beam calibration to 9%, Finally it 1s reported on firsl expetience
with reconstruction of hadrons at HERA.

1. Intro duction

The H1 collaboration has reported previously on various tests' performed
at CERN with prototypes of the H1 hiquid argon calorimeter. In this report data
are presented obtained from the actual stacks built for HERA. Only a very short
description of the H1 liquid argon calorimeter can be given here. The front section
for e and v detection (“EMC” here after) has a depth of up to 29 X, (1.3 A) with lead
absorber plates and liquid argon gaps of 2.4 mm. Copper claded read out boards are
glued on either side of every second lead plate. The hadronic calorimeter (“HAC")
has a depth of up to 7 interaction lengths (1) with steel absorber plates of 16 mm
thickness. A readout structure {2 x1.5mm steel, G10), providing two gaps of liquid
argon of 2.4 mm. is inserted between every 2 absorber plates. The calorimeter 1s
described in much more detail by G. Cozzika’.

Reliable simulation is important for the analysis of HERA events. The results
of this report were obtained by GEANT 3.14/ GHEISHA with cuts at 200 keV for

ysandl MeV {or other particles.

2. Calibration by Electrons

At least one octant of every calorimeter wheel has been exposed to elec-
trons and pions at CERN. The data supplied the basic calibration constants of the
calorimeter. Now this calibration is verified at HBERA by particles (section 4)-

9.1. Definition of the Electromagnetic Scale

For each wheel we determine 2 calibration constants cEMC, cHAC, which trans-
form the measured electric charge per tower into energy deposited by electron show-
ers. Corresponding constants c5C. cHAc, transforming visible energy into deposited
energy are obtained for Monte Carlo (M.C.) by putting electrons {of 30 GeV) di-

rectly into the stacks. These constants are ideal in the sense that they are defined to
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e independent of effects of dead materials in front of the calorimeter, any leakage
and analysis cuts. The numerical value of the corresponding experimental con-
stant cEMC is obtained by comparison (see fig.1) of experimental data with detailed

T

simulation of the test setup and requiring the reconstructed energies to agree:
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Figure 1: E,,. for data and M.C. at various electron energies. (Wheel BBE)

2.2. Results
We obtained as average calibration constant <EMC = 3.55 GeV /pC. But only
the constant ¢EM¢ 1s determined by beam electrons. For the hadronic stacks no

erp

electron data are available yet and cfAC = 7.1 GeV/pC results from scaling the
value of EMC by M.C.
The resolutions o¢/E obtained for various stacks are in the range 10% to
13%/VE with constant terms below 1%. Nonlinearities are as well below 1%.
However the variation of the calibration constants of the various stacks 1s
found to be about 2.5% larger than expected from the known mechanical differences
of different wheels. Thie main error source were impurities in the liquid argon during



the CERN test. This can be checked at HERA (see section 4.2).

3. Test Beam Results for Pions

The data on pions were compared on the electromagnetic scale with simula-
tion in many distributions. The result for the lowest pion energy is shown in fig.2
(wheels FB2 /OF?*)). The predictive power of the simulation is impressive. Much
more coniparisons can be found elsewhere’.
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Figure 2: = at 3.7 GeV. Data (histo} and M.C. {dois)

The response across a severe crack (between wheels CB2 and CB3 ?) was
explored with prons (fiz.3). Data and M.C. show the same hehaviour, and the event



by event corrections of the general H1 reconstruction code, which were deduced from
M.C., work the same way for data as for M.C.
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Figure 3: Response accross CB2/CB3 crack

The energy resolutions obtained are around 50%/vE with constant terms
of 3%. This resolution is achieved for this non compensating calorimeter only by
software weighting techniques by which hadronic and electromagnetic components
of the showers are approximately separated and scaled differently.

4. Energy Scale at HERA

{.1. Cosmic Muons

The H1 detector is operational since April 91. Extensive data taking with
cosmic muons resulted in a verification of the electromagnetic energy scale as deter-
mined at the CERN beam tests (section 2) to 8%. The charge collection efficiency
at 1.5kV was determined by high voltage plateau curves to be .944 + .014. The
muon signal was observed to be stable to 4:2% from November 91 to March 92.

{.2. Cosmic Electrons

The energy scale at HERA could well be checked by electrons generated by
juons passing through the detector. A typical event is shown in fig.4. By compar-
ing the momentum measurement in the tracker with the calorimeter response, the
overall energy scale from the beam tests at CERN could be venfied to 2% (fig.4).
The width and mean of the distribution of E/p agrees with the expectation frowm
simulation.

4.3. Hadrons

The first attempts to verify the hadronic energy scale at HERA are limited
by present statistics. Two methods were used for deep inelastic events:
1) measurement of isolated tracks in tracker and calorimeter (fig.5 a).b)) and
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Figure 4: Energy match of electrons in tracker and calorimeter

2) balance of p of the scattered electron (which is detected in a different calorine-
ter) and that of the cummed vectorial hadronic p as measured with the liquid argon

calorimeter (fig.5 c),d}}-

With both methods the energy scale 1s checked at present on the level of
10%.

5. Conclusions

« The H1 liquid argon calorimeter is well understood.

. Test beam results for clectrons: resolutione JE =12%/ JE with a constant teri
- 1%.

. Test beam results for pions: resolution o/ E =50% /VE with a constant term of
3%.

« The response to coslic 1Mmons was constant to 4, 2% over 4 months.

« The overall energy ccale as determined by electron heam tests was verified at
HERA to 2% by comparisou of momentum (tracker) and energy (calorimeter)

of electrons geuerated by COSMUCS.
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Figure 5: a),b) Energy match of isolated hadron tracks in tracker and calorimeter. b).c) p, balance
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