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Introducticn

Recently, satisfactory new results were cbtained at SLAC from gas sampling
calorimeters mmning in the saturated avalanche model within the energy range
of 1.5 tc 17.5 Gev. o study the higher energy behavior of this mode, more
tests were carried out in the M4 beamline at Fermilab. This paper contains
results cbtained fram the MAC prototype electromagnetic and hadronic calori-
meters running in the proporticnal, saturated avalanche, and the streamer?
regions for energies between 12 and 150 GeV.

Gas sampling calcrimeters have gained in popularity during the last
few vears because of needs for fine granularity especiallyv in colliding beam
experiments at superhigh energies in order to provide a detector with good
pattern recognition capability and e, v, 7, andé u identification within denmse
tracks. This can be achieved by providing sufficiently small cathode pads,
strips which are grouped lcongitudinally in two or three sections.

The main goal of this work has been to study energy resolution and linearity
as a fumction of chamber gain and particle energy. As we will see from the data

presented In this paper, that there is a substantial improvement in the energy
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resclution as the chamber gain approaches the satwrated avalanche region.
The resolution is still good in the streamer ragion with the hadren caleri-
meter for energies, aithough only arcund 28 GeV and below.

Sufficientlv larce sicnals obtainable in the saturated avalanche mode

eliminate needs fcr preamplifier, sinplifies electronics construction and

calibration, anc reduces cost.

Descripticn of the Calorimeters

The calorimeters studied were the two MAC protcntypes,3 a hadron, and an
electromagnetic calcrimeter. We will not describe the electromagnetic calori-
meter here since it is fully described in Reference 1 and 3.

Fig. 1 shows the arrangement of the hadron calorimeter. It is composed
of 35 chamber planes and 35 iron plates of 2.7 am thick, a total of 5.7
absorption lengths. The details of the wire plane are given in the figure.
The whole assembly, including the distributed stcrage capacitors, was placed
in an aluminum container that could be evacuated for fast flushing with 49.3
percent argon, 4%.2 percent ethane, and 1.4 percent ethyl alcohol mixture
which was the detector gas during the entire tests. As shown in the figure,
the anode wires of each plane were connected to a common strip, and odd and
even planes were crouped together for studying 2.7 an and 5.4 cm thick iron
sampling. 60 meter long RG58/T ccaxial cables carried the total charge ob-
tained fram these groups to two channels of LeCroy 2249W ADC's which were
gated with 2.5 ysec wide pulses. The wide gate width was due to very large
grouping of wires whose capacitance exceeded 12 nF that caused long decay

times. There was no need for amplifiers between the wires and the ADC.



Indeed, it was necessary tc attenuste the large sicnalg Irom the large growp
of wires with attenuatzors valued between 2 db and 38 do (I the streamer mode)
depending on the high voltace. The gas pressure was Kept around atmospheric
cressures at all times. The detectcr cas was replenished every wwo or three

WeeKs,

M4 Beamline

Fig. 2 shows the essentizl part of the layout. The M4 beamline was made
to provide charged secondaries up tc 200 GeV/c with emdhasis cn high momenta
nmarticles. A4 sweeper dipole and a 3 mm thick lead converter were added up-
stream to produce a clean electron beam by sweeping out the charged particles
and converting v's from the r° decay. Indeed, this was very successful as it
will be shown later. Electreon contamination of the hadron besam energies
above 35 GeV was 2-3 percent., This contamination was eliminated by using a
10 an thick lead brick upstream.

The particles in the heam were mamentum analyzed o z spectrometer con-
sisting ci four EPB dipole magnets and three (x,Vy) sets of multiwire propor-
tional chambers with 1 mm spacing which provided momenturn determinaticn accu-
racy of ro/p g, 0.5 percent at high beam momentum. 24t lower romentum, the mai-
tiple scattering, due to scintillators, chambers, and severzl meters of air
gap, causes & significant detericration in rmomentum determinaticn. This wag
monitored by the chambers measuring beam broadening in the nonbend vertical

olane which was determined to be ap/p o 32 percent/n» (GeV).



™e trigger was SCl+ SC2+ SCI+ ¥ between SCL, 5C2, and SC3 scintillation
countars, and the whole veto was u3ed for eliminating events containing parti-
cles zvay from the defined part ci the beam. A plle-\p cate was used in the

tricger to reject tracks too closelv Zollowing each other.

Cadrer Czlorimeter Resuits

Coms values of total pulse height distributions were cbtained Zrom
Gaussian fits to the data. Only =hat portion within #1.5c¢ of the mean were
used in the fitting procedure. The resoluticn of the calorimeter o variocus
energies of negatively charged hadrons is shown in Fig. Z. Enercy resolution
o/E is linearly dependent on E"Y2 vith a dependence of 73 percant/-/]E up
to the momenta around 50 GeV/c, and it gets worse beyond that. This may be
clarified as we look at the following results.

The ¢/E dependence cn high voltage (i.e. gas gain) and particle energy
was studied. Fig. 4 shows that the resclution is substantially better as the
gain increases owing to less Zluctuations in the total pulse heights, We
belleve this 15 due to gain suppression for highly ionizing tracks. More
soft particles are produced in hadronic cascades than purely electramagnetic
cascades; therefore, this should be more pronounced in the hadreonic case.,

The irprovement in resoluticn continues well into the self cuenching streamer
regicn for 25 GeV. An earlier work? showed that some Streamer transition
starts around 2.6 KV and reaches i%s full transition sbove 2.8% kV. o/E
appears to get worse around full transition. This can be attributed to the
fact that the cell size of 1.7 am is too wide, and a large fraction of the
tracks may not make streamers cdue to the space charge saturation in dense

tracks. This gets worse at 50 and 75 GeV as seen in the figure.



Ixoeriments were performed to measwure the macnitudes of saturaticn in
the satwrazed azvalanche region. For this studv, the gailn characteristics
of an electrcmacnetic calerimeter tube (9.5 mm x 9.5 mm) was measured as 2
Banction ¢f “he hich voltage for x-rays of 1.5, 3, 2.8, 8, and 22 keV. The
results are shown in Figs. 5 and 6. The gain suppressions are clearly demon-
stratec in Tig, §, the larger the x-ray enercy, the larger the suopression.

Fig. 7 shows the total charge obtained from the calcrimeter at various
nigh voltage settings for 25 GeV hadrons. The gain suppression effect for
highly iconizing soft tracks iIs clearly seen, although the calorirmeter response
is perfectly linear for energies e to 50 GeV and high voltage values up to
2.6 kV as shown in Figs. 8a, b, and c. Around 75 GeV and above, there is
sare departure from linear response, At 100 GeV, 3 percent of the total
charge Is lost due to the energy leakage, and the rest of the deviation may
be dus to the space charge saturation for the dense tracks.

The tctal charge distribution for 50 GeV hadrons seen in Fig, %a is rea-
sonaply cood Gaussian with a slight asvmmetry cn the lower enerocy side. T4

is more clearliv seen with the logarithmic plot, Fig. Sb. igs. 10z and &
show that the asymmetry cets larger at 75 GeV. This lower energy part was
campeared with the datz? obtained from a comparable absorption lencth of a
calorimeter composed of scintillator iren sampling type. Fig. 11 shows the
same type ol asvimetry which 1s due to the energy leakage.

o/E was studied for 5.4 am thick sampling by looking at the response
from the odd or even chamber sum. They were very identical in response.

Fig. 12 shows -/E versus =1/2 for thick sampling. It is interestingly-. 2

times the /£ values cbtained for 2.7 <m sampling.



Tarce and clean muon sicnals were detected tnrougn the czlorimeter.

t1

ic. Lla shows ©wo peaks. The lower cne is the cxposition of the pedestal
and the muon peaks. The higher peak is the cdistxizution Zor the 75 Gev
hadrons. TFig. 13b shows the expanded view of the camposite peak. In this
cicture, the pedes:tzl distribution and the u-peak are clearly seen. -
of the pedestal iz less than cne count, and the _-bDeak Corresponds tc 2.2 GsV
determined from the v~ /. pulse helghts shown in Fig. 4. The ratio is gquite
flat within the errcr.

The self cuenching streamer regime was nvestizated while the calori-
meter was Sully efficient tc the streamer transiiion at 3 kV. Fig. 15 shows
the total charge as a function of the hadron energy. Large space charge sat~
uration is showing its effect, thus the ¢/E stays constant above 25 GeV as

seen in Fig. 16.

Electromagnetic Calorimeter

The electron beam was quite clean in the wav -t was produced as menticoned
eariier. Momentun wmocrrected on-line histoaram Zate for 7 GeV electrons
as snown in Fig. 17 indicate this cleanliness, " s of the pedestal distri-
bution is less than cne count.

Fig. 18 shows that c/E cets apprecizbly better as the gain approaches
the saturated avalanche regime for 17 GeV electrons. Then it cets worse ag
the space charge limitation begins due to dense tracks at higher gains. One
way to improve this is to use smaller size tubes and more heavily quenching

gases.



Multiple scattering corrected enercy resolution, I/E ¢ the calorimeter

+

amersably oot up to

.
- . - i . - : - - - .
zs & fuonewicn of E 1/2 is shown in Fig. 18. It is

100 GeV extrapolating to the corigin.

Lo ]

Totzl pulse height as & Zuncticn cf enercy (Fig. 2Z0) shows that linearity
is cood T to 40 GeV; bevend that 1t deviates from the linear behavior dus

Lo the smage charce saturaticn as menticned earlier,

Conclusions

The ceviaticon from linearity above 30 GeV makes the </ get worse in the
saturated avalanche region and beyond. We believe that this is due to the
space charge saturation per wire for very high track densities. One way to
improve this is to reduce the cell size. 17 mm wide cell of the hadron cal-
crimeter is rather large.

The linearity can be imoroved at the expense of ¢, /E by lowering the
high voltage. An optimum voltage may be found depending cn the energy re-

cime cf interest.
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rigure Captions
Fig. 1 Experimental arrangement.
Fig. 2 Essential part of the M4 beam layout.
Fig. 3 Hadron calorimeter resolution, ¢/E, versus E'l/z_
Fig. 4 c/E dependence on high volitage for the hadron calorimeter.
Fig. S Gain versus hich voltage for various x-ray enercies using
8.5 mm x 9.5 mm tue which is a replica cf the =lectromag-
netic calorimeter. Clear satwrations are seen in the
saturated avalanche regicn.
Tig. ¢ Pulse height wversus x-rav enercy showing larce coviaticns
Zrom the linear behavior in the saturatecd zvalarnche region.
Fig. 7 The total pulse height versus high voltage cbtzined from
the hadren calorimeter for 25 GeV.
Fig, 8z, b, ¢ Pulse height versus enercy for hich wvoltage settings of
2.2, 2.5, and 2.6 XV for the hadron calorimeter.
Fic. %2 and b The total charge distribution for 50 GeV hadrcns. The

low energy tail which is due to enercgy leakage iz rmore
clear with log-plot as shown in Fig, 9b.



I|-J

23}
[y
1Y

=
(XY}

m

£,

[}

On-~line pulse height distributicns cobtained from the
hadron calorimeter at 72 GeV, Fig. l3a shows the hadron
peak and the camosite peak of the pedestal and the muon
distributicns. Fig. 13k is the erpanded view of the com-
posite peak. The L and the pedestal distributions zve
cleanly separated.

w /4T pulse heichts ratic as a2 function cf the high voltage.
I+ is consistent with a constant behavior.

The total pulse helant Sistribution obtained inm the streamer
region as a funmction of hadron enercy showinc larce devia-
tions due tc space charge saturation.

o/E versus E-/2 in the streamer mode.

On-line pulse helght cdistribution for 17 GeV obtained from
the electromagnetic calerimeter. It shows that the elec-
tron beam was very clean. The pecestal distributicn is
&lso shown.

o/E versus high voltage for the electramagnetic calori-
meter at 17 GeV.

-1/2

o/E versus b for the electromacnetic calorimeter.,

Totzl pulse height versus energy showlng some departure
from linearity above 35 GeV for the electromagnetic calori-
meter,
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