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Abstract 

M.ain fcat:l.lreS of gas-ionization sa;r;::ilir.g c.:'1ori­
c:eters are ~ed and ca.pared with acrtlic scintil­
l..:ltor wave-1 ~ s!U. fter calori.rreters . C:l.lori.":'Ct.....""".f 
t:J'f t=a::::< co..ri.t'.:..Wg \.!Sing C:Ciger and limited strea-rer 
nx:des is d j SO'S secJ. 

Introciuctio..'1 

G.:!S icn:i.za':.icn sarpling calori.rreters have t..-~ 
fQ? 1 la .. in tr.e la.st: fe.J years - ~'!AC detec""...or jt SIAC,l 
am at Cornell .. '°' aJ'l.d the neutrino ~irrent at CE:=C'l 
hOlVe built Cetec""..=rs using pro:t:QrtioruU. tcl:es for sa.--rr­
pling e..."".J!r:;'f p:-Xi.x:ed 1:J.j elee-....raragnetic and hadronic 
cascaC<>s. At Fez::-.i..lab, a sho..rer detector using prop:ir­
tional \·rire d:lz..'7te.-..-s ""C..S built a."ld tested to,.;ard Ce­
\.<eloping a la....-t;e S'.fS"""'-511 for the pP experir:ent at 2 TeV 
center of rre.ss e."".erg'f • 

"1ty Gas SanpJ.inq Calorimetrv 

'Ite P'.irp:::ise of t.."rlls pa_per is to s:..mt"l:3:ize t.~ re­
~ data to find an a."lS"...-er to this question. The 
usage of tf~rtic:nal counters in calori.>retry is an 
Old i&a • Pro;x:l:-"'~"lal chanbers or arrays of pro?=Jr­
t:icnal tubes are sa.ru:..r.ic..J.ied toget.her generally with 
lead plates = iro:l plates to sarr.>le a small fraction 
o£ the total energ'/ th."'Ough electromagnetic cascaeas 
for electrons. p:>sitrons and gaimas., and hadronic and 
electra:"agnetic cascades for the had....-ons. 

Sam of the reasa\S that r:-a~s ?.:Ot:ertional drift 
tli:es or dk....-bers at=ctive for calorirretry are sum­
l!Brize:l in the folla.d.ng: 

a. 'I1iey are relati-vely inser.sitive to magnetic 
field as ca:-pa_~ to p.;ota:'"'...!ltiplier tubes in 
eet:ecting O>e..-er.kov or scin';illation light. 

b. There is no Clerenkov lig..'l..,t pr......blan as occurs 
with -wa•-..-length shifter ba.""S collecting light 
fra:> scintillators. 

c. It is easier to bring signals ot..t using wires 
and cables than guiding light 17>' light guides. 

d. Projected detector gecr.etry (projecting to 
tar<:Jet) =n be c:onvenie.~tly proviCed by using 
cathode paes detecting induced signals. This 
is lil<e a to."er structure foll<';:ing the energy 
flew out of t.>ie tilrget. 

e~ Trunsve:se p::lSiticn of t.~e el~'"'O'i\agn;:tic 
cascades {sho-.~rs) ca.., :::e dete....--::-i.r.e:l to a Orms 

of 1 nr.1 easily4.. "'\ cr~s = 7 l.:'Tl was rreasured 
for ~-::ins of 28 O>V \?.<>f. 7) • 

f. A nat:J.....-al ~'lee of using wires, cathcde 
st:rlr:s,. a.id pads. is8~elle.'1t una:rbigoous mul­
ti~r resolution of 2-5 en obtained de­
pending on separaticn e.fficiency. 

g. Gas iDn.iz.a.tia'I Sarr'pling calorllretcrs pravide 
reascnably goc::d. energy resolution. Sare ex­
r.eri .. c::en:tal. nmbers frm elcct..rc;rn.;1gnetic cal­
orL--cters and the refere.ria?s are gi vcn in 
Table I. In the table the g<JS s"'"f1i'ling and 
the acrylic scintillator '1nd w~ve-lcngth 
shi£t.er devia?s are ~d. Other types 

are h:>yond the scope of this paper. l t is 
also a fact that acrylic scintill.:itor is the 
rroot \<.'idcly used I:'..::tterial for calor.L-retry 
these days. The table shows that the er.i:';!rg'/ 
resolution gets scr::cwhat worse as the scin­
tillator size is larger. This may be dU? to 
noouniform light collection or loW' photO?lec­
tron statistics if the unifotmity is achieved 
at the c:q;.ense of p.11otons by usir¥J sore 
shorter wave-length filtering techniqces. 

The differe."lceS in energy resolution of scin­
tillator and gas sarnpling d~vices may beo:::tre 
unin'p::>rtant at high energies. The future use 
of these devices is going to be in this direc­
tion. Fig. 1 shaNs the energy resolution nu.J.-

tiplied by (E/t) 112 against the S<lr.l?ling thick­
ness fran several studies. 

For gas sampling hadronic calor.imatry t there 
is very little data at this tine.. R. L. 
Anderson ct al. rep:rrtedl an energy resolu­
tion of arms = • 75/ ·(E for pions of l-15 c-ov 
using 2. 7 an thick iron plates as oonverters. 

.h. Pulse height and gain calibration has been one 
of the difficulties of scintillation calori­
neters. Pulse height calibration was co.,....,_ 
niently achieved to l-2% by the Fermilab ex­
perirrent4 using the 22 KeV lire of a f<M ruJ.09 
sources p:>.si tioned on certain dianbers. Those 
feN wires m:oitored the gain variations di.:e 
to changes in atrrospheric pressure, environ­
rrents temperature, and the gas cxnq:xJSitio:"l.s. 
'lhis worked out vecy well since these quanti­
ties change very sla.,-ly in tin'e. The qain 
unifontdty of ±2% across the chambers ii.nd !4'i 
between the chmbers was found to be quite 
possible. 

i ~ Cost of gas SrutTpling calor;ilret:er syst..ews is 
reasonable since the extru:led aluminum or 
plastic drift-tube detectors are ine.xpensiV2ly 
constructed, a."\d wires are con.."\ect.ed t..oge.tho._r 
in depth resulting in a wanageable nun!:= of 
readout dlannels. 

Unconventional Methcds 

Gas Sait?ling caloriiretry in the Geiger 1«Xk!l4 and 
limited stre~r m:x1e ITB.Y becare tv.u new technie;"\Cs 
that look prani..sing in improving energy resolution and 
further easing the pulse height calibration. W. 
carithers et al. ,14 LBL, has recently stud.ied the 
ceiger m:x:l.e of,_gp:ration and found an energy resolution 
of a ~ 0 .12/ "\i E for c lectron energies up to 5 cev. 
.Above this energy,. tt.e detector sha,..·ed saturation ef­
fects which may be dc;e to the fact that in the Geiger 
d1anber there "Were nylon wires o:tho:;onal to the signal 
wires wi_th a spacing of l an, thus limit.inq the Geiger 
spread to 1 an along the wire. Within this limit, the 
pulse height would be tl-c sane for multiple tracks as 
for a single track. 

Recently investigating pulses fran a drift tube, 
the author noticed that lanic puhcs of uniform geight 
nay occur wh!-.n the avalanche size cxcoeds 8 x: 10 clec­
tron-ioo p.J..irs in a g.:is mixture of 49.5\ A - 49.5't c2Hc; I 
li 0!30!2011. The pulses ""Y be e<>llcd limited strc.l!ter 
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Fig. 1. Energy resolution results fran several 
studies. Acrylic scintillator results are indicated 
by small circles (O) and gas sampling results are in­
dicated by large dots (•). The studies are referenced 
by the nunbers shown. 

pilses2 • The cross section of the drift tube was 1.2 x 
1.2 an , and the anode wire was 100 iirn thick. Fig. 2 
sllcMs the pulses directly obtained frc:m the wire into 
50 '1 (oscilloscope picture of Tektrcnik 485 with no am­
plifier) . The p.llse hei~S distribution of the p.llses 
fran 5. 9 keV x-rays of Fe and the cosmic ray pulses 
are stom in Figs 3a and Jb, respectively. In this 
case, pulses are not proportional to She energy unlike 
..ttat is seen by G. D. Alexeev et al. l The Landau dis­
tribution expected fran cosnic rays bec:x:nes Gaussian­
like. Double strearers may be occurring for tlx>se =­
rnic rays which go through the tube at sare angle. 

(an) GeV 

.24/ .'E 30 x 30 o. 3 - 15 

.30/·. E 162 x 366 0.5 - 3.2 

.29/';E 30 x 30 10 - 46 

.31/'i E 18 x 18 0.5 - 12 
-

.29/ IE 21 x 50 2 - 10 

.15/'JE 10 x 10 0.5 - 2 

.22/'/E 20 x 50 5 - 10 

.165/ 1 E 20 x 20 
"' 80 

Sea:nd strearrers occurring saretirre later than the first 
do not give rise twice the pulse height for the reason 
indicated in Fig. 4. The double streaners did result 
in twice the pulse height as the single strearrer in 
charge sensing rrode, as will be slnm further in the 
text. High voltage dependence of the pulse height in 
the proportiaial and the limited streairer regions is 
shown in Fig. S. It increases very slc:Mly in the lim­
ited sb:earrer regicn as the high wltage is increased. 
There is a sharp transition fran the proportiaial re­
gion to limi~ strearrer region above the avalanche 
size of 8 x 10 electJ:Ons. 

Cosmic rays were used to investigate the minimum 
space i:equirelrent for producing double strearrers along 
a wire. A pair of small scintillator telescopes were 
used for lirni ting the cosmic ray angles which provided 
a trigger for a Le CT"':f r;yr. Fig. 6 shcMs that three 
or rrore strearrers may occur within the projected length 
of 6 rrm along the anode wire within a 300 nsec tirre in­
terval. To obtain this, high voltage was kept high, 
3300 V. The result indicates that o.:. strearrers can 
occur within 2 mn along the wire, and sare of the elec­
tron clusters are large enough to reach the critical. 
avalanche size. The pulse height resolution for mul­
tiple strearcers is expected to get better if multiple 
tracks are detected simultaneously. 

Fig. 2. The limited strearrer pulses observed on an 
osciloscq>e screen directly across 50 n. Horizontal 
scale is SO nsec/div and vertical scale is 10 nlJ/div. 



Fig. 3a. The pulse height distribution of the 5.9 keV 
x-rays fran an Fe.55 source. 

Fig. 3b. The pulse height distributions of the oosmic 
rays. The pulse height analyzer (Le Croy QJT 3001) was 
used in peak sensing m:rle for the pictures. 
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Fig. 4. A sarrple display of a single and double 
strearrer pulse across a 50 !J impedance. 
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Fig. 5. High voltage dependence of the rrean pulse 
height of the 5. 9 keV line in the prcportional and the 
limited stre.amer regions. 

Fig. 6. A picture of multiple strearrers within 6 rrrn 
along the ano:le wire. Single, double, and triple 
streamers are resolved. 
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Fig. 7. Pate versus the high voltage using a 1 mn 
collimation slit and a 5.9 keV x--ray source. It indi­
cates t.hat rate limitation is not reached with this 
source strength. 

M attmpt was made for stulying rate capability 
of the drift tube in the lL'llited strearrer mode. ~ l nm 
wide collirrated source of 5. 9 keV x-rays fran Fe5 

was used for the test. Fig. 7 sl"'ows the rates against 
the aF?lied high voltage. "It4shoNs that th~ rate cap­
ability is better than 2 x 10 /sec an :;er wire. Due 
to the lack of a high energy bear., and higher intensity 
soura?, the upper limit is not kna..m at this tirre. It 
is clear tliat this is a different pht?.narena th:[g the 
phe.n~na rep:Jrted earlier by s. Brehin et al. ....nere 
the rate capability was °''° orders of magnitude le:Mer 
t."lan this case. 

Conclusions 

a. Track counting in the limi.te:.d strearrer rrcde 
is expected to ~rove energy resolution in 
gas calori.Iretry CMing to the fact tli.at the 
I.a.ndau tail is eliminatro.... A The i..r:iprove.i reso­
lutio:i in the Geiger m:;3~I·l tends to supfOrt 
this belief. 

b. Drift tube size of 3-4 rrrn -..;ould be better for 
calori.rrctry by providing even higher rate ca­
pability with rrore stre~r tracks p:rr unit 
area. 

c. At this ti.Ire the author do:=s not knew at what 
energy of electrons or pions a s<;l.turiltion ef­
fect on the energy resolution m.i.y bccxne a 
limiting factor for the limited strearrer sam­
pling calorin"Etry. This will re stl.rlicd. 

d. 

very useful discussions and M. fu:ycyk for constructing 
the device. 

Referenceg 

1. R. L. Mderscn, w. w. Ash, D. B. Gustafson, 
K. Rid'l, D. M. Ritson, J. R. Jd'!.nsan, R. Free~rt, 
and D. E. Wiser, !EEE NS-25 (1978) 340. 

2. P. Skubic, F. Sannes, 0. Potter, J. J. Mueller, 
R. Imlay, G. K. Olang, and D. Bechis, oontr.i.bute:l 
to this conference .. 

3. C. Bosio, W. Flegel, S .. Friend, A. King, K. H .. 
Mess, J .. Meyer, R .. S. Orr, W. Sdmidt-Pa:rzefall 
F. Schneider, K. Winter, F. W. Busser, D. Gall, 
H. Grote, P. Heine, B. Kro:;er, F. Niebergall, 
J. SChutt, and P. Staehelin, Nucl. Instr. and 
Meth. 157 (1978) 35-46. 

4.. M. Atac, D. Ha'lssen, H. Jensen, A. Tollestrup, 
J. Urish, R. Kennett, R .. Walker, and L. Nodu..l.man, 
constributed to this conference. 

5. Fermilab pp Colliding Detector Proposal (1979). 

6. W. Murzin, Progr. Elerrent. Part. Cosmic Ray Phy­
sics (1967) 245. 

M. E. Nordberg, Jr., Cornell University Refort 
crNS 138 (1971). 

T. Kotsura et al., Nu::l. Instr. and Meth. 105 (1972) 
245. 

7. M. At.ac, R .. Majka, and S. Dhawan, ?-JUcl. Inst.r. and 
Meth. 106 (1973) 389. 

8. E. Gabathuler, A. M. OSborne, R. W. Clifft, and 
M. Sproston, ~ucl. Instr. and Meth. 157 (1978) 47. 

9.. H. 'fyco, P. Stork, W. Slater, C. Buchanan, J, 
1-!i!rrptman, R. !<cda, J. Spahn, andJ. Kubic, OCIA 
Prep!'int. 

10. O. Botner, S. Dagan, C. W. Fabjan, P. Jeffreys, 
G. :\e.Sseler, W. 1-blzen, Y. Oren, L. Rosselet, 
S. D. Snith, J. V. D. Lans, 01. J. Wang, W. J. 
~lillis, w. Witzcling, and C. W:xxiy, CER..o,i-ui/80-126 
(1980). 

11. W. B. A t:wcx:rl , C. Y. Prescott, L. S. Rochester, and 
B. C. Barish, Sll\C-'l'N-76-7 (1976). 

12. E. Locci and M. Spiro, t:Ucl. Inst. and l'.eth. 164 
(1979) 37. 

13. V. Hl.lngerbuehlcr, Ul\2 Experirrent at CEFN. Private 
caurrunication. 

14. W. Carithers et al., LBL report to be published.. 

15. G. D. Alekseev, N. A. K.:tl.injna, V. V. KarpuY-hin, 
D. M. Khazins, .J.nd V. V. Kruglov, Nucl. instr. and 
Meth. 153 (1978) 157. 

16. s. Brchin, A. Di.::im:int Berger, G. furel, G. T.J.rt.e., 
R. '1\lrla.y, G. Oiarp:ik, Md F. Sauli, Nucl. Instr. 
ar1'l Meth. 123 (1975) 225. 

Using this technique, vecy inexpensive multi­
plicity telescopes cu.n be rrnde. J. K. \·:~1lker 1 s 
group at l:'Cl1nilOO is plw.aning to use

1
ghis tech-

nique for their neutrino e::-:i:crirrcnt. 17. Ricn-·Evans, Sp.irk , S trc.:Jl'T'Er; Proportional .:ind 
strerurcrs. 

/\ckno.oJ l<..:dgmc:nts 

Tue author would like to express his nppr.eciation 
to Ors. A. Tollcstrup, JI. B. Jcnsc>n, Md M. Mishin.l. for 

18. J. K. Walker, fCJ:mi.lab. E.'q>Orirrcnt 594. 

4 


