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Abstract

Kostritskii A.V. et al. Scintillating paddle/fiber hadron calorimeter: THEP Preprint 93-63. -
Protvino, 1993. - p. 12, figs. 12, refs.: 1.

A hadron calorimeter in which the scintillator paddies are placed parallel to particle trajec-
tories and light is collected by optical fibers with WLS is described. The active element of the
calorimeter is studied and the performance of the calorimeter in typical collider environment is
simulated. A design of the calorimeter module is presented.
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Kocrpuukuit A.B. ¥ np. Anponnpii KaJoOpUMETp ¢ epenany YalomuMy BollokHaMu: IIpenpruT
HOBD 93-63. — IIporemuo, 1993. - 12 ¢, 12 puc., 6ubnmorp.: 1.

OnicHBaeTCd NPOEKT AAPOHHOIO KallOPHMETPa, B KOTOPOM CUMHTHIIATOPE! PAcIONOXEHE
HapaJuleJIbHO IyYKY YacThil, a cBeTocGop €O CHMHTH/NIRTOPOB OCYMIECTBISETCS ONTHYECKHMH
BOJIOKHAMHM C Tleper3nyyaTeneM. [IpopeneHnl ncciienoBaHni ak THBHOIO 3JIeMEHTa KajlopPUMETpa
H MOnenHpoBaHye paboTH KAJIOPEMETPA B YCNOBHAX, THIHYHLIX AJMS KOINaRNepHEIX yCTAHOBOK.
TIpMBOOHMTCS KOHCTPYKUKS MOAYNS KallopHMeTpa.
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1. Iintroduction

In [1] a hadron calorimeter has been proposed which is siraple to construct,
easy to assemble and has no dead space. In this article we consider several
types of the active element (scintillator/WLS fiber) and simulate the calorime-
ter performance in typical collider environment. A design of the module is
proposed.

2. The active element

The gist of the proposed coustruction (see fig. 1) consists in placing scintilla-
tors interspersed with absorbers almost parallel to the beam particles. Optical
fibers with WLS are applied to the narrow edges of the scintillator paddles.
The fibers are bundled together and coupled to a photodetector.

Fig. 2 presents the active element structure of the hadron calorimeter.
The scintillator is divided into two parts to measure the longitudinal shower
development. Obviously, the scintillator can be divided into more parts viewed
by a single fiber which can be useful in case of production of the scintillators by
molding. The scintillators have trapezoid shape for projecting geometry. Two
methods of light collection were studied . Fig. 2a illustrates the first one. A
fiber with WLS is embedded in a grove 1.3 mm wide and 1.3 mm deep machined
in the first scintillator and 2.6 mm deep in the second one. In the other method,
shown in fig. 2b, the fibers are put to the edges of the scintillators and only
at the end of the second scintillator the fibers are inserted into a grove to bend
them close to the back side of the tower. The section of the fibers from the
first part of the scintillator is painted black to isolate them from the secend
scintillator. Without the light isolation the first fiber will collect the total light
from a caloiimeter (to be used for a trigger) and the other fiber - from the



second part. Un the back side of the calorimeter the fibers are laid cut in a
pattern shown iu fig. 3 and coupled to photodetictors o to clear fibers to guide
the light outside of the magnetic fleld. It is easy to couple both ends to a single
photodetector but tie use of two photodetectors can be preferable to eliminate
the cases of shower dabris passing through the photodetector. To measure
the efficiency of the light collectica there was made a 4 wn: thick scintillating
elernent with dimensions presented in fig. 2. The 1.2 mm diameter fiber was
doped with K-27. The polystyrese core and cladding material of the fiber had
refractive indices of ny = 1.59 and ny = 1.39, respectively. Both fibers were air
coupled to a photomultiplier FEU-85. Oxn the opposite fibre ends (for the case
in fig. 2a) a reflective aluminum lsver was deposited under vacuum providing
50% reflectivity. The scintillators were wrapped inte alumixized mylar. The
number of phictoelectrons (p.e.; was measured with two scintillator counters to
trigger on passage of electron from Rul%. For both methods {2a and 2b) it was
equal to N, . = 3.0.

Quantum sensitivity of a silicon photodicde is about an order of magnitude
higher than that of FEU-85. One can estimate the level of amphtude signal
from muon passage throngh the calorimeter with a silicon photodiode as a
photodetector. Tor 4 mmi tkick scintillator and sbserber/scintillator thickuess
ratio 4:1 the suon patl in scintillator (95 cm long calorimeter) is 19 cm. Then
the zumber of detected electrons will be about 14235,

3. Simulation of the calorimeter performance

The proposed calorimeter is vulnerable to “channeling” {similar to spaghetti
type calorimeters) -vhen a particle hits the scintillator and goes a long way
without interaction. The cure for the cffect is weli known - the calorimeter
must be tilted relative to the particle beam. But the presence of maguetic field
makes this angle dependent ou the particle momensuin and charge sign. On
the other hand, an electromagnetic calorimeter about one interaction length is
placed in front of the badron calorimeter, «s 2 rule. To study the performance
of the ralorimeter for different setups a simuiatien was done with GEANT, In
all calculations the absorber plates had a wedge form (see fig. 10).

Fig. 4 gives the calorimeter easrgy ~esolution as a function of the angle
9, between the calorimeter axis and a pariicle trajectory under the following
assnmptions:

L. No watier in fiest of tie hadron calorimeter, magpetic ficid is zero. One
can see a sharp angular dependence of the energy resolution impaired by the

longitudinal leakage



2. An electromagnetic calorimneter of 1.6 interaction lengths made of C'Fj
is placed in front of the hadron calorimeter, magrnetic field is zero. The energy
rejeased in the electromagunetic and hadron calorimeters is summed up. The
angular dependence becomes significantly weaker and the energy resolution is
improved due to fuller containment of the shower.

3. An electromagnetic calorimeter of 1.6 interaction lengths is placed in
frout of the hadron calorimeter, magnetic field is 4 Tesla. In a wide angular
range the energy resolution is constant.

The calorimeter cousists of 35 cn long copper plates 3 mm thick in front and
5 ram thick at back interspersed with scintillator plates 2.5 mun thick (constant
thickness). The incident particles {protons) momentum is 10 GeV/c to minimize
the longitudinal leakage. A calculation has been carried out with scintillator
thickness of which varied from 2 mm to 3.5 mm, i.e. the absorber/scintillator
ratio was constant along the depth. The energy resolution improved from 60%
to 55%. It is more practical to realize this condition not by scintillator in the
form of a wedge but variation of light collection efficiency from the scintillator
in depth  proportional to the absorber thickness variation (for example,
putting a black paper in the form of a wedge on the scintillator).

Fig. 5 shows the energy resolution dependence on the copper plate thickness
(at the calorimeter entrance). The scintillator thickness was 2.5 mm, there was
an electromagnetic calorimeter of 1.6 absorption lengths in front of the hadron
one, the particle trajectory angle was 5° and no magnetic field.

Fig. 6 presents the energy resolution dependence on particle energy (with 1.6
interaction lengths electromagnetic calorimeter in front of the hadron calorime-
ter, magnetic field is 4 Tesla). The 95 cm long copper plates were 10 mm
thick at the entrance and the scintillator plates were 2.9 min thick. The resolu-
tion degradation with the particle energy is due to the energy leakage through
the backside. For a 40 interaction length calorimeter with the same absorber
thickness at the entrance the energy resolution is well described by expression
o/E = 54%/VE ® 7.8% in the energy range 10-100 GeV. In this case the
variation of the light collection efficiency from the scintillator in depth ~ was
proportional  to the absorber thickness variation. If in such calorimeter
the energy released in the absorber and in the scintillator (without variation of
the light collection efficiency) is summed up ("ideal” calorimeter) the energy
resolution is described by expression o/E = 38%/VE ® 5.5%.

For the next generation collider thie typical radiation length of an electro-
magnetic calorimeter placed in front of a hadron one is about 25 X5, With the
growth of particle eresgy (electron or photon) the longitudinal Jeakage will lead
to a detrimental effect on the electromagnetic calorimeter resolution. Measure-
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ment by hadron calormeter of the escaping part of the electromagnetic shower
ameliorates the resolution. Fig. 7 illustrates the epergy dependence of the elec-
tromaguetic calorimeter resolution {25 Xy) on electron energy without summing
the amplitudes from the hadron calorimeter and with summing. The energy
resolution of the electromagnetic calorimeter was taken as o/E = 2%/VE for
fuil containment of electromagnetic shower. The copper was 10 mm thick, the
scintiilator was 2.5 mm thick and the calorimeter was tilted by 5°. The hadren
calorimeter was supposed to have no energy threshold. Fig. 8 shows the com-
hined energy resolution versus the energy threshold of the hadron calorimeter.

4. Design of the calorimeter module

The main advantage of the proposed calorimeter is possibility to use the
absorbers as the support structure for the barrel calorimeter. Fig. 9 shows
the cut-out view of the module. The wedge absorbers with the same cross
section for all central calorimeters (see fig. 13) have small projections to fasten
adjacent plates. The layout of the module is presented in fig. 11. The absorber
plates are fastened through spacers, whose thickness is equal to the scintillator
thickness, Fig. 12 shows the scintillator paddles with WLS fibers put on the
front and back surfaces of the calorimeter (for longitudinal division into two
parts). The number of photoclectrons for this configuration (perpendicular
passage of particle through the scintillator) was also 3.

phe
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Figure 1.  Schematic view of the calorimeter.
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Figure 2. Scintillating paddle/fiber assembly.
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Figure 3. Arrangement of fibers outside of the calorimeter to minimize the gap between the
calorimeter and a magnetic coil.
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Figure 4, The energy dependence on angle for different conditions: 2) without electromagnetic
calorimeter and without magnetic field ; b) with electromagnetic calorimeter of 1.6
absorption lengths and without maguetic field; ¢} with electromagnetic calorimeter
and magnetic field 4 T.
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Figure 7. The energy resolution of a 25 X electromagnetic calorimeter versus electron energy
without sumimning energy from hadron calorimeter and with summing.
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Figure 12. The layer of the scintillator paddles with WLS fibers.

5. Conclusion

In conclusion we summarize the results:

-a construction of active element is proposed which ecasiiy allows to make
longitudinal division, requires small space for photodetectors, easy to produce
and assemble;

-because all scintillators end at the flanges of the calorimeter it is simply to
realize a control of active element performance with & radicactive source;

-calculations show that for typical collider conditions {the electromagnetic
calorimeter in front of the hadron calorimeter, magnetic field) the channeling
is not a serious problem even for a single particle, the effect will be further
suppressed for jets;

-the absorber thickness is 1.4 cm for the energy resolution 6/E = 70%/V'E;

~the proposed design of the module for a barrel calorimeter does not need
additional support structure that excludes dead zones.
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