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ABSTRACT
The method of software compensation for the intrinsically non-compensating H 1 calorimeter is described both
for single particles and jets. It is based on the x°-weighting technique. Only the e.m. fraction f,, of the jet
energy has an impact on the weighting function. The incorporation of an estimator for f.,, into the weighting
ansatz yields results on energy normalization and energy resolution for jets similar to those obtained for single

particles.

The H1 calorimeter group has studied the =°-
weighting technique in detail for single particles us-
ing beam calibration data of the H1 calorimeter pro-
totype or standard modules {2,3,4,5]. Typically a
hadronic energy resolution of (45 - 50) % / VE
has been achieved even though the Hl-calorimeter
- a lead/stainless steel liquid argon calorimeter - is
intrinsically non-compensating. One of the crucial
questions is, to which extent these results can be
transfered to ep events at HERA, where the cali-
bration of jets rather than for single particles is the
issue of primary importance.

This question has been studied using final state
particles from the fragmentation of u-quark jets gen-
erated with the LUND code [6]. To simulate the re-
sponse of electromagnetic particles the EGS4 code
[7] has been used, which yields a good description of
the data. On the other hand the hadron simulation
programs used so far did not describe the single pion
data at the level of accuracy required to extract the
weighting constants. Therefore the response of the
hadronic particles in the jet has been taken from the
single particle measurements done at CERN.

The lateral segmentation of the 1987 test set-up
calorimeter has been used, which was not yet the
final one used in the H1 calorimeter, even though
rather similar. To have a reasonable angular cov-
erage for jets, this calorimeter structure has been
extended horizontally and vertically up to a size of
2 X 2 m, with the interaction vertex being 2 m in
front. Thus jets have been simulated in an angu-
lar region corresponding to the forward region (i.e.
proton direction) in the H1 calorimeter.

To obtain the pion response at different energies
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and impact angles, we had to scale between the en-
ergies, where beam data were available, and rotate
the single pion event relative to the normal impact
angle (90°) used in the beam. To do so, a scal-
ing and rotation algorithm [8] has been developed.
which preserves the charge fluctuations in the pads.
This algorithm has been extensively tested with MC
events. From the comparison of directly simulated
MC events and MC events obtained via the identical
interpolation and rotation algorithm as used for the
test data, we get good agreement in longitudinal and
lateral charge distributions for hadronic showers up
to rotation angles of 35° and down to energies of 10

GeV.

The main difference between single particles and
jets 1s the larger fraction of electromagnetic energy
in the jet. This leads to a significant different e/=-
ratio in the e.m. calorimeter as can bee seen in
Fig.1. This larger amount of e.m. energy yields
also a better energy resolution even without any
weighting (Fig.2). Assuming £ JVA?/E + B?
one obtains for jets A = 0.535 + 0.035 GeV'/? and
B = 0.034 + 0.002 and for pions A = 0.604 £+ 0.004
GeV'/? and B = 0.064 + 0.001.

As shown previously [2,3,4,5] the charge deposited
in a single channel offers the possibility to identify
the underlying showering process: E.m. showers de-
posit locally more charge than hadronic showers. A
non-linear dependence E(Q) of the energy on the
charge deposited in an individual channel, which
takes into account both the e/w-ratio and the tag-
ging efficiency for charge deposits from electromag-
netic particles will effectively compensate for the dif-
ferent e and 7 response and thus improve the energy
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Figure 1: e¢/x ratio for pions and jets "
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Figure 2: Energy resolution for pions and jets
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Figure 3: Distribution of a' = -Egg_—)- for’ pions and
jets
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Figure 4: Deviation from the nominal jet energy (a)
and energy resolution for jets (b) using n°-weighting
(see tezt)
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resolution.

The functional form of E(Q) can be extracted di-
rectly from the data. Each individual charge bin Q;
for the e.m. and hadronic calorimeter is multiplied
by a separate calibration constant o' to obtain the
total energy E:

Nuao
Z ayapQ:

=1

Nem

E= 2 GEMQ; +
=1

The parameters al;,, and ak; 4, are determined from
a least square fit by minimizing the energy reso-
lution. They yield the optimal numerical values
E(Qi)/Q; of the calibration function at a given value
Qi. This distribution is shown in Fig.3 for pions
and jets at two different energies for the e.m. and
hadronic calorimeter. With the larger amount of
ein. energy deposited in the e.m. calorimeter,
the difference between jets and pions is mainly pro-
nounced in the electromagnetic calorimeter: Jets re-
quire a substantially softer weighting function than
pions. The strong impact of the e.m. energy frac-
tion fen in a jet on the weighting function has to
be considered in the ansatz. With f, =1 - f.,, and
using an estimator for f,,, [8,?] based on the charge
deposited in the e.m. calorimeter, we arrive finally
at the following ansatz for the weighting function
8,2):

EEl\é(Q) =< CEM > +fh[A ce—(orfhtes)Q 1]
EHAS(Q) =< CICIAD > +fh[B . e—(ﬂl'fﬁ-ﬁz)'Q — 1]

< Cgm >,< Chup > are the calibration con-
stants for electrons for the e.m. and hadronic
calorimeter respectively. The parameters a;, az, £
and f; are almost energy independent. They have
been determined from a fit minimizing the energy
resolution in a similar way as described in ref. [5].

Using this ansatz we have studied the energy nor-
malization and energy resolution for jets. The re-
sulting deviation A = (Eg — E)/E from the nomi-
nal jet energy and the resolution o/vE are shown
in Figs. 4a and 4b. The maximum deviation from
the jet energy is 0.5 %. The energy resolution varies
from 37 %/VE to 46 %/VE in the energy range
studied.

A detailed study of the dependence of the en-
ergy normalization and energy resolution on other
jet variables like particle multiplicity or thrust did
not reveal any significant variation [8,7].

In conclusion, the 7°-weighting technique, used
so far for single particles, has been applied to jets.
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Only the e.m. fraction fn of jet energy has an im-
pact on the weighting function. The incorporation
of an estimator for f.. into the weighting ansat:
yields results on energy normalization and energy
resolution similar to the results obtained for single
particles.
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