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Abstract

The NA34 (HELLOS) calorimeter has measured e/_ _- 1.1 in a uranium / liquid argon calorimeter
with a shaping time of 135 nsec. Lead may be a viable alternative, but e/_ must first be measure(|

at fast shaping times in lead. We are preparh_g to me_ure e/x at momenta ranging from 0.5 to 20

OeV/c and with shaping times of 50, lD() and tS0 nsec.

calorimeter has been to study the issue of compensat, io,;
Introduction in lead. Where we could improve on the HEI,IOS design

'!he use of uranium as an absorber in an SSC we have, when we could stu'y other issues that milzht

detector may prove to costly. It would be useful to be applicable to a general SS_q detector we have, but tile

make an accurate measurement of the performance of a major empllasls has been to study the e/x ratio. Tha.t

liquid argon calorimeter with lead as an absorber. Some has driven the cost and the time li,e.
EGS studies have suggested that e/x is more nearly

equal to one if thick lead plates are used. Described
is a lead liquid argon calorimeter that closely follows
the HELLOS design.III Our motivation for building this

*This research has been supported in part by the U.S. Dept. of Energy under
Contract DE-AC02-7 6CH00016.
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Lead Stack ' '
Breakdown

Some EGS studies by our collaborators from the Voltage
University of Washington [2] have suggested that c/lr will r

more nearly equal one if 12 mm lead plate h used instead • • • • • s • • • • •• • • 0

of 6mm plate. We have designed a stack approximately J_ * *", ** , , , s
Operating Voltage

100 cm X lOOcm with a depth of 169 cm (7.5 A ). lt is K (lOKV//cm)
segmented into three longitudinal sections, each weighing V y,,./
fivetons. Lead that is 12 mm thick,with 0.06% cal- / ,0

cium and 1.3% tin added forhardness,willbe used as c

an absorber.The signal boards are three layer printed cir- m

cultboards with the signalstripon the innerlayerand

high voltagestripson the outside.Figure I. The strips

axe produced by machining copper cladG-10 printedcir- _-+-+-_-I:;;iI;;',',Ii;:;I;; :;I;_ ;:I_>5 I 0 15 Z0 25 3 0

cuit material and laminating them together. An offset _B GAP § -c>

._._., ,/-- INI_/T TRANSFO_ER8

i _;_.... _.--,,E,,_m_ Fig. 2: Breakdown voltage for individual gaps

--, _" voltage for the first 30 gaps in kV/cm. A large safety

,_.L_oAsSO_SE.\\\ margin existsbetween operatingvoltageand breakdown

voltage.

External Electronics

The externalelectronicsconsistsof an intermediate

.vst,,,-_ amplifierstagea shaping and a summing amplifier.The

,v ,_mToas--.\\ __ wall of the calorimeterscryogenicscontainment vessel,
, very closeto the signalfeedthroughs. A good electri-
\ cal and mechanical connection between the vessel and

_i ,,vco_,c,,o.--_.... _ /f"'__LIQUID ARGON-_. _ _ / TEST CALORIMETER the intermediate amplifier housing defines a faraday cagecontaining the stack, preamplifiers and intermediate am-
plifiers. See Figure 3. Besides driving the signal cables,

Fig. 1: A conceptual drawing of a liquid the intermediate amplifier provides two fixed gai.s. This
argon calorimeteJ not to scale) minimises the dynaJnic range required for succeeding

electronicsand allowsthe same electroaicschaia to be

provided at the edge of each board to make electrical used for testsat both the AGS and Fermilab e.ergies.

c_...ectionsto the innersignalelectrodes.The outeror Signalcablesare transformer-coupledat the output of

high voltageelectrodesare connected to a high voltage the intermediateamplifer to provideelectricalisolation

bus using epoxy carbon silkscreen resistors.Charge and to break ground loops.

depositedon the outerelectrodesiscap_itivelycoupled Following the intermediateamplifieris a Fastbus

to thesignalstrips.A low inductanc_ground connection - sised prhitedcircuitboard which contains 48 chan-

t• the lead absorber ismade with _ speciallydesigned nelsofvariablegainamplifiers,summing electronicsand

copper-berylium spring. The inp _t transformersand shaping amplifiers.The variablegain amplifierstages

preamplifiersare located in the liquidargon in close are controlledby an onb'oardmicroprocessor.This mi-

proximityto the signalboards. The connectionscheme croprocessoracceptsgain informationforthe individual

followscloselythe HELIOS method of achievinglow channels via a RS 232 port. Gain isadjustableover a

inductioncharge transferto the preamplifiers[3I. Each ±25% range. Individualchannels arc normalized to a

longitudinalsectioncontains32 cellsjeach cellc.onsists fractionofa percentby injectinga known chargevia pre-

of a lead absorber,a 2 mm arzoa gap, a 1.6 mm G-10 cisionresistorson the preamplifierboards locatedon the

printedcircuitsignalboard and another2mm argon gap. stack. One can alsoturn offindividualchannelsin the

The signalboards each have forty2.5 cm strips.These variablegainamplifier.This aidsinnormalizingthe gain

stripsalternateinX and Y in depth. The interleaving per channelor insuppressingnoisychannels.The signal

of the X and Y stripsprovide informationabout the from the variablegainamplifierisrouted to two circuits.

transverseprofileof the shower and a measurement of One circuitis a shaping amplifierwith a fixedshaping

tl_esampling fluctuations.Figure 2. shows breakdown time of I00 nsec. The output from thesecixcuitsisread
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Fig. 3: Electronics Chain b

out via a CAMAC bued ADO system. The second cir-

cult is an onboard summing amplifier. The 48 signal _"....... l ' ''" _ _{

channels are summed at this point, lt isimportant to ;./_e.,.m,:'_ _.

note that the fast shape of the output signal from the i -.',_ _
stack preamplifiers is preserved throughout this chain. " '
The output sums of the 48 channels are then summed .' _

again in X and Y, The X,Y and total sums go to indi- ;_ :,_
vidual shaping amplifiers with changeable shaping tinles .]_,_,

between 50 and 200 nsec. Figure 4, is a photograph of the .i! i,:

various moduled which constitute tile external electron- '

its chain. We plan to test this calorimeter in the spring j

of 1991 in the AGS beam at Brookhaven. The beam will ::;:
have two Cerenkov counters to identify electrons. We ,,,_
will vary the momentum between 0.5 GeV and 20 GeV.

/ ssc. This will allow the study of pileup effects directly.
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