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A CONSUMERIS GUIDE TO PARTrCL~ Dl~ECTORS 

ltl'l'ROIJUCTION 

~lat is a ConsUmer? 

For al~ type of detector there are three kinds of people in the world; 

the majority, vho have never heard of it; the consumers. who care more 

about the results than about the technique; and the user vho knows all 

of its 5ubtleties,vices and strengths. To become a user of any technique 

requires Dlonths~and years of experience. No lectures or notes can make 

a lliier. But boll theoris'ts, lind most experimenters, have to understand and 

to avpra.ise the results obtained by many techniques. They must also try 

to pick out the technique which should be used in the next experiment on 

a particular topic. 

This ~uide attempts to give the consumer a brief comparison of major 

current techniques. For the theorist, or the experimenter away from his 

speciality, it expluills some of the vocabulary und the basic purwneters 

W'hich tend to be assumed in a seminar or a conference talk. At the very 

lowest level, it may also provide material for all-purpose seminar 

questions of the type:­

"Couldn't this experiment have been done better vith (drif't­

chwnbers/a rapid cycling bubble chamber/string and sealing-wax) *1" 

or 

"Yes t but have you allowed for the dead-time of your 

ph':-~o-diodes 111 

Organisation of Guide 

'rbere are two sections to the guide. In Part I general problems are dealt 

W'ith, such as position-d~tection. neutrino detection etc. Part II i~ a 

brief ~los5(u'Y of detector types and their basic principles of operation • 

•delete as appropriate. 

1 

i 1 "' 

Bll.Sic Sourct!s 

For many of the techniques used at the CERN SPS I Ll. u::;..:t'ul 5 urvt:y i ti tlHl.t 

made by the ECFA vorking groups in CEHN/BCFAI72/4 Vol Wfll;:! I 1972. r.h..lrt: 

up-to-date studies vith a bias to"ards ./e- physicl:l are contained in th~ 
tvo PEP summer-~tudies, 1974 and 1975 (published by till..' LuW're:flce 

Berkeley Lbob. and SLAC) bond in the proceedings of the Fru.::icuti lU\.!eting c 

the p.E."rRA experiments (published by DESY. Hamburg 1976). 

For any specific technique, a quick scarl through the irldcx of' Nucl~ur 

Instr\lll1ents and Methods (N.I.M.) will usually locute £J. " li :.iCr-levt::l" 

£j,ccount of the devict! in action. Some ::iuch specific l't:!'<.:1"t;:HCt;':J Ul't! 

included in the tectwiquc-Ly-tcchnique glossary of Pur'!. l~.. A bl'i d' 

general revieW' of' detectors. including lower energy tedwiqut.::;, 1m:.; !JC\;!(j 

publisht::d by J .B.A. England (J. Phys. E (Scientific !1l:JtrUJIICIIt..:..;) .:2.. ;: 

(1976). 'llhe Intf;:!l'r1utional Conferences on Particle }'hyalc::,; In:Jtnlll!lmt­

u1..ion huve pruduced uBel'Ul proceedings; the late:;'\. frun:: r'ru;;;cutii.fI 1')7 

1n ull tcc1lniques mentioned, except buLbIt:: charnber!.i. t!jt: uLlthur O!' tlle:.;c 

not!.:s counts f.l.S a consumer himself. lie at;k::; the plLl"doli 01' us!.!!':.; \oI!Ju:.>e 

specialitie~> he m£J.Y have misrepresented. 

:.? 

http:r'ru;;;cutii.fI


, -~---.~-...".-----.. -------­ ..-''''-------.:-----:~-----.--

;';J,:' - hl1I1 CJf DJ.:.'r!::CTOR 1''011 WHICH JOB? 

I.A. Continuous-Track Detectors 

'I't • ..::;t:: usually provide a target t precision-measurement and some particle­

iJt:fl'titicllotiotl f I:I.ll in tho same device. The bubb10 ahr.u:nbel" is t.he moot 

in..ftvrt.ant, but cloud-chambers. streamer-chambers and emulsion fall into 

tilt: swne catee:ory. See Ta.ble A for a comparison 01' a. number 01' important 

types. They all offer 4w steradians acceptance for charged tracks. 

Cloud chambers are now little-used because of the long dead-time uetwcen 

':"I'tLU:iion~i in tHl eXI>an:lion chtunher. or t.he shnl1o\l L>1:nsitivt:! rL:tJ;ion in u 

.\ I I , ,,,I I IIIi • '11111111"",. lilill --III II 11111 1.,,11 1.11 "V"II 1'111' 1111.1"\11111, i I' Lh,' 

,1'lIll,Jq'I' ill I." 1.0 11111'.1 1111 /I Ltll'tt,pl. /l;, lipi' lui II dt:Ll!(~I.'lf·. 

r:ll;uL>ion (see Part II) is the only dl:!tector whose resolution goes down to 

frb.ctions of a micron. For this reason it has been used for many years. 

in the study of hyperfragments. It hilS become more important again 

l'c;'ccntly in searching for charmed particles J vhose lifetimes may be too 

>::ihwrt,. for bubble chwTibers to resolve. Because stacks are relatively 

) it;l;ht. und compact, they can also be flown in balloons or on aircraft to 

sludy co~mic r~diation. Although a stack is contin~ously sensitive. from 

,iJQUrinb to development, events are well resolved and quite large 
6~tatistics (- 10 tracks!sq.cm) can be accumulated. The target can never 

l.,e pure or D2 • Momentum resolution is poor on all but stopping tracks. 

;,.;t..t,nir,g. using a powerful microscope, is relatively slolf. Lambda 

flypt:ron and KO decays are hard to find, and gamma-ray dt!tection is poor. 

'rtll: ti t..rcw.ner chwnber (see Part II) offer~ the 111T detection and good 

rt!:3olutiun of ~ bubble chamber. but it can be triggert:d. Unrortunl:.i.tely~ 

in all but ~pcC'iull:..;cd experiments, it needloi an externul liquid t~rget 

.... :.icb c:~nnQt t.c mtHk Bensitivc; tbL4t is, tracks cunnot be followed right 

luck tv the intcl'l:I.ction point, ut> they cnn in n bul.Jble chWTlber or in 

~.mul!J Ivo. 

3 

r.B. Pouition D~tectors 

'rab1e B lists six of the major types of position dl:tector. 'l'ht.:y b.r~ u:!.l 

essentiully detecting ~. mostly plunar though sometiml.:'s eyl: I;Jricul. 

In most cases information muat be extracted separately to gt.:t hll x. 1.111\1 U 

Y diInt:nsion within the detecting surface. This is often dOIlt:: wi t.11 t.wo 

orthogonal dt::tector:; close together, or with orthogona.l reL4uout.:.; Oil Ollt~ 

detector. If more than one tra~k is expected per trigger, then ~hree 

readouts are needed to renolve wnbigui tics, ideally ut 600 to orle hnotlll::'l". 

(Only tvo stereo views ure needed on an optical spark-chamber.) 

'J'besl'; detector:; ure uf't;(:Cl utit.:d ill groups, with dl'ift.-:;;pa'ce::; or mugnt.!tti 

j II 1,(:I..Wl:L:Il. 1..0 mL:U:.lUrL: ullgl(,;ti utili IIlUll,CrliL4. 

4 
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TA.BLE A - CONTIl/DOUS TRACK DETECTORS 
----'1 

Hydrogen or Deuterium Heavy Liquid Bu'bble 112 or D2 + Neen , Rapid Cycling H2 or Str~wn.er ChwuLt.:r 
Bubble Chamber Chamber Mixture Outside I D2 Dubble Chamber 

{H BC} 
 (HLBC) (TST ~ track sensitive! 	 (RCBe or RCVD : Rapid 

target) " 	 cycling vertex 
detector} 

2

Rate '" 2 expansions per '\0 2 expansions per '" 2 expansions per <: 20 expansions/ <: 5 MHz beam 
pulse pulse pulse ~ulse ': 1 KJlz, stage I 

'{rigger. < 20 11;(. 
. '" P.lcturl:s. 

Target H2 or D2t sensitive C. Net F etc. H2 or D2 sensitive H2 or D2 sensitive External_t~rgc;:t. 
Not ~em>l tl vc 

:: ;% in target at ;% at 1 GeVIc ;% at 1 GeV Ie 
(from curvature) 

:: ~% at 1 GeV Ie 	 ::: 5% at 1 GeV Ieflp/p 
1 GeV/c 

I f:J.6 
! 
I 

r 
Point 
Precision 

Analysis 

Complexity 
& Cost 

I 

I 
: y­
, .I dett!ctJ.on 
i 
I
! Particle 
! Identi ­

t'i ct.tion 

! 

'" 10-2 radians'" 10- 2 radians 	 '" 2 x 10-2 radians 
at 1 GeV/c 

I 150 - 300 " 1150 - 500 " 150 - 300 " 

Scan + Automatic Careful scan + Manual or Semi Automatic 
!-!easuring measuring 

Large laboratory facilities. User plays little part in setting 
up. Cost '\0 100 M:JF. pluu film and poW'er. + '" 5 MS£<' for 'l'ST 

and Nt! 

<: 15% per y 	 '" (50-90)% per y '" (50 to 90)% per y"" 

Ionisation -+ oubble- Ionisntion and track Virtues of HBC and 
density below'" 1.2 shape belo.... '" 1.5 I HLBC combined. 
G~VIe. Constrained GeV Ic. Curling up of 
fl ts electrons + brcms- II 

strahlung. 
Relati vistic rise( 7) 

'" 10-2 radians 	 "" 10-2 ruJ.il:l.!1s 

70 - 200 " 	 ~ 150 " in x-y 
'" 500 ~ in z (along 
streamer) 

Scan + automatic measuring. ~~y acnicve 
automatic scanning, or on-line 'I'V sew,. 

MediUllI lJized facilitit!~. U::i..:rs may cil8.1'f,e 

layout and external detector:.;. CU:itti:" ~,i·;;;F 

Poor unless external 	 I'ool', unlc:..ls t.:xtl!rIIU.l 

Ionisa.tion below 1.2 Strewuer dentii ty 
GeV/c. May use tiJU~ belo.... '" 1.2 GcV/c 
of nigh;:',. ce:enko~ I Time 01' flight or 
or re1a.tl Vlstl.C rl:>e I ct.:rt:!nkov cxtcrna·.l..!.Y 
externally. Belu ti viuvi. c ri~l: tn 

i chwubcr\ 'f 
I 

! 

(continued ov~rlt.:u.f} 
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TAbU: A COWl'D. 

Hydrogen or Deuterium 
Bubble Chamber 

H~avy Li~uid Bubble 
ChwlIber 

U
2 

or D2 + Neon 

Mixture Outside 

Rapid Cycling H2 or 

D2 Bubble Chamber 

Stre/;l.mer C11I.._tnb~r 

tH2
BC ) (HLI3C) 

('l'ST ... track seniiitive (HCI.;C or HCVD • Hapid 
target) cycling v~rtex 

d~tector) 
---- ­ t-. -f-­

Advantages H2 or Dr) targct. 
~ . . 

Good preclslon on 

Dense target (for v H2 or D2 target 
and nuclear inter-. . 
actions). Good W1 th y an~ ': detectlOn 

Can trigger fla;;;h 
~ ~ 90% rejection.
Externa.l detectors 

Flexible fast 
triggt:r. l1igh beam 
rtlte. 

charged trackti. electron and y-ray Good preclslon on adapted to each 
Can flee prongs > lnun . . charged tracks. Some . . 
in len-ttl!. ~ detectlon; also some neutrons detected. expe:l~ent. Hlgher 

~ neutrons. 	 preCl910n on ener­
getic tracks exter­
nally. 

Snags La'\{ rate. Don't Poor precision. Slow scanning. External detectors Target outsidt: 
see n~utral::l. No Nuclear background No triggt::r. only cover .t 31T chbJUber. 
trigger. Precision I to Ii2 or D2 events. Lower event rate ster. Good trigger Flares on stt:t!P 
drops at high ISlow scanning. No than H

2
BC because rt!j::ction hurd to tl'uck:;; . 

energy. 
" trigger. Best for of complexity in NI.:. I1cillcve. 

low statistics 
channels 

r 

6 
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!Multiwire Optical Spark 	 Prul'lJl't i'.ll;l~ I '!'t,l,.,,;IDrift Chamber 	

1 

Proportiontl.l Chwuber IWire Spal'k -Chwnbc l' Cha.mber 	 Flu!;I. '!'\,:.Jl';j
MWPC ! 

i 

-_·t -----II 
.t 0.1 rom 	 > 30 rum (better at I> 0.3 rom I > 0.1 nUll I ~ 5 IIJI. 

l'i'igh pressure) I'" 
I 
! 

I 	

I :p to ~ 4 m squ=1-~-1-o-n:-1Vl.t:up to 'II 5 m square up to 'II 2 m square It up to 'II 4 In square 

! 	 I 
, 	 I 

> 10-2 gr/cm2 (lumpy) ~ 5 x 10-2 gr/cm2 i > 5 x 10-2 ~r/cml II 
,\.> 1eX-!":'!l.':.t 10- 3 gr/cm2 

'II 1 'II 
I 

Flat or cylindrical 	 :ntl.t or cylinill'lcul :..ill'K1l!1t.. 

N£.rrow or wi,1<: e:up. 
Flat or cylindrical Flat or cylindrical 

up to '" 10 HHz I up to 5 KHz 	 up to 'II 1 Kll;;: ('I'\' Ull tu t,) !.~I!;.: 
reudout) ,<';.:>U ll:!. (I,n.p,ll"!. j '-i,t.l ) 

(film rt::u~uut) 'I.. t KH..: (['; 1."It) 

.t 100 lJ SCC 	 ~ 1 m ~eC ( 'l'V) i ... !Ou II :it.:"':~ 50 n sec~ 1\.1 sec ...
i(, 0.1 :H~C (fi.lm. 
uutomt:u:J url!d) IU'I 
fl..:ed sctl,fuliflj). 

i- _..._- ---... 
, 	 . ,!.

Triggering 	 Own trigger own trlgger Ineeds trlgger need::; tL'l eel:!l' . 	 1'1'.11,,·'1'1., ,.[".! J: ~<l Lt; 

u,,'I~ t r' ~ ~!,'.t·I·" 
needs trigger 

~. i 

l.t.:l·4!~i l I· ~ :'~f:t.~'~. 

i-------i-----------l----------+----------/----------t-------------..----.-f----..--...-- -- - ... - .. 

l.bgnetic Photomultiplier Can work, if E Don't mind Don't mind (depends ! Don't milid (-:XCl!pt Utili' t. u. ~ :,,\ 

Jo'iclds 
 very sensitive field corrected. 	 on readout) TV tubt!~) 

1------ ...- ....­
Special 	 Time of flight High preclslon. Good precision and Cheaper than MWPC IJreciliion ,.'l,,:up. e 
Prop~rties 	 resolution to Low,y-conversion or time resolution, with ('" 3000SF'/plane, Cheaper thlLU !>!'n'PC 'l':.i.;:li. ....u; 1...; ..... r 


fraction of a nan~- interaction. self-triggering. magnetostrictive) pl!~tlc'::I t:: ~ ve: 

second. Liquid Cheaper than MWPC. Works in a magnet. ('" 20 SF/channel. T-\.!\.)1.VC r~.} 1 ... d1 


Utieful for awkvard May be very big Cathode readout cores or cupaci­

shapes. Pulse (with reduced (inductive) can tative) • 

height may give precision). resolve ambiguities 


: dE/dx. 	 (may also red\.l.cc' 
II Cheap plastics 	 cost). 

for large areas. 
I 	 1 

(cOCltiJlUt:,J ulicrlt..:u.1i 
1 

http:red\.l.cc


TABU; B - CONTD. 

r-----­ ~ I
t-lultiwirc

Scintillator Wire S ark.-Cha.mLl:!r Optical Spark l.JrU[iu!·ti(JrwL 'l'uLc:.:>;Drift Chamber I Proportional Cha.m1:u.:r p Cljwhb~r f'lul.lh tuU.:sHodoticope (rt1\fPC} 
C 

~;I.ll..!!;S Attenuation in 
lor•.!!; strips. 
Expensive for fine 
rc:solution 
h 500 SF/photo­
tube) • 

~lay be ambl gUl t;~ Poor 1'8.tl.: 
position. Cylindri- per wire). GeUCl'tl.te electronic Geometry for stereo 
cal chambers net!d !·l~ch8.nical and elec- noise. viewing. Robbing 
thicker cathode trostutic problems of current iu multi 
material. GIlS mllY limit tiize of trucl{ (:v<.:nts. 

be toxi c or <:!Hllnb~r:.i • Gas may El~ctrohic noise 
explosive. be t~xic or explos­

ive. 

8 
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I.C. GUJIlmtl.-Ray Detectors, Electron Detection 

'fu.Lle C COIll,lJureti the major devices. None of th~m offers the pre~ i5ion 

..:.n I:!u,u:n.u-ruy conver!:iion points ",hieh eM be obtained in a heuvy liquid 

~ ... tblt: chwnLer or in a TST chamber (see Table A), though the energy 

re~olution on g~-rays in heavy liquids is oluy -(lO to 25)%. It iu 

}J03si tle to improve the spatial resolution of UaI or Pb glas::; detectors 

1,;Y ruttillc?: thin layers of lea.d ",ith spark- or wire- chl:Ul1bers in i'ront 

uf tid;~ "wu1l ot' brick::;", but this leads to poorer cllergy rt.::.;olutions 

(N.l.M. J;''O, 237 (19"{4». See the 1974 PIP SWllfficr Study (SLAC-LBL) a.nd 

tl.1.! r.()te:.. from the Frasco.ti discussion meeting on PE'rRA (DESY, Hamburg 

b7u) for fuller discussion5 or ~w1Uno.-detectiou tcdllLiques. 

'!'hc:.;~ gwnm.8. detectors .... ork 1.>Y ~ullt.u,i !ling a complete pair-product ion 

t~I.J. lirCIL$struh.luIlg sho.... er, giving a signal. proportionb.l to the total 

t.ruck-lc!l~th in the :.;ho"'er. 'l'lley must therefore be many radiation 

l<.!I.:.::;th::; thick, and r.:odu.les o.re uSLlu.lly a few radiation length13 wide. 

=:: i I,ec they contain a lot of high-z material they tend to be extrerr.ely 

r,cuvy, and mJJ.y need substantif.l.l supporting structures. 

Electron energies can be mea::;ured in u very similar way to y-ray 

t::1.ere;lI;'!S, s inee either primJJ.ry lJarticle can start u :::hower. Because 

01' end t::ffects, the culitrution may be slightly different for electrons 

a.Jld for y-re::!~. 

~'tJu"'t.:r detect.crs can also be used to discriminate between electrons and 

-=t1ure;t!d hl~drons. il'he particle momentum is first determined in a 

mt.~rH.;tic ~pectrometer and the energy is then measured again with a 

!:.tIOW..:r det.ector. Electrons should give the same energy in both 

measurements, within errors. Only about 1 in 100 hudrcns ",ill convert 

en0Uc;Ji enerl!:Y into an electroma.gnetic shower. via '!f°S, to "fake" ti.n 

electron. 

. 9 

I.D. Particle Identification 

'l'tdJle D listl:l the major tl!chniqucs. They cover Jin'cr<.!rtt CII<.:l'U 

range::.; in the following wo:y for 'if/kIp t.H:llurution:­

Stopping particles 

J.1orneritum from curvuture + runge ill ~.bti"rber 


d!~ . ".
and d~ dx lO ::';clntllluturl:i.I 
f'or K+ or lJ deco:y, cun U3e deluyeJ. pUl::;e in I:lcintillntlH' 

or c~renk(Jv. 

Lo.... moment&, up to ..1.2 G~v/c 

and momentum from curvatUl·t.: 

time of flight and momentum from curvatur;.:. (St!~ Ptirt. 'l). 

-1 to -4 Gev/c 

time of flight und !L'JUlentum from curvature 


threshold C't.:r~ll.kuV!:i (Gee Purt 11) ur,..! li;vn.entwn from Cw·vutu.!",:. 


..4 to "'50 Gev/c 

thresholJ ct:rt.:flkovs 


disc ct!renkov (see Pbrt II) tind momentum from curvuLu.t't;: 


relutivititic rise (see Part II) 


~50 to -)00 Gev/c 

disc cereukov and momentum from curvuture 

300 Gev/c upw!lrds 

tranoition ru.dlation (see Part II) and momentulol frou;. t:urvu.turc • 

.. \, 

" 
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'ri,!'f,S C - QAH1·tA-RAY Dl'~rrECTOHS 

r-'-- ---, 

Sodium IodideLead Glass Cerer~ov 
ScintillAtor 

t- I 
'I" 	 2% (E)a'" 10% / IE, E in CoVt.l::/E Fh'HH 

Cvl:it '\. 	 2000S1i' for 10l!m2 xlOX '\. 6000SF for 10cm2xlOX 
brick and photomul t • 0 brick and photomult 0 

1___ I 
; 	 r:J.ere;y ;. 20 MeV ;. 10 ?<leV 

HhIl.ge . 

Ajvuntaoes Fast ('I" 20 ns r~~olu­ Quite fatit ('I" 200 ns 

tion). Good accuracy resolution) • 


I ut high energies. Very accurate. 


I 
~:,b.eS Spatial resolution Hygroscopic; needs 

'\. brick size 	 protection. Spatial 
resolution'" brick 
size.

I I 

_______.1.-____________________________ _____________-'--__ 

-1 	 -------------, 

Lead-~cint:illator 
Sandwlch 

'I" 	 20% / IE (depending 
on thickness ofPb). 

'I" ~ coot of' Pb glass for 
same area and thickness, 
depending on construc­
tion of modules. 

;. 150 MeV 
'" 

Fast ('" 20 ns resolu­
tion). Can trade-off 
cost for precision in 
energy (thickness of Pb) 
and spatial precision 
(may add layer of prop. 
tubes ). 

Spatial resolution 
'I" scintillator width ­
often 'I" 5 cm. Need 
crossed-hodoscopes even 
to use this. 

j'I'ime sl.hwility of photomultiplit!rs must be monitored. Donlt like mugnetic l'ields. 

'-- I 	 ­

Stackt;:d l-'r()poI'L iOnt~1 
Tub I:: S 

Lead + Liquid Argon 

I 
---I 

'I" 2% / IE (pure Argon) > 20% / IE dl.!pc:nJillg I 
to 'I" 10/; / IE (depending 2>n wall thicknt.:t):j. ! 
on Pb thickness). I I' 

-) 

'I" 	 ~ Pb gh.so for sam!; I 1 em tub~s - (,!omplirablc ! 
o.rt::a and. thickness . 	 to PL glb.::;r, ;t'()l' !.i!;.ml: 

I;U'I::U and thiclU!\;:~;", 
, em tubt..:~ arl: Illuch 

dll:upt!r 

;. 	 50 MeV ') 150 MI..!V 
'I" 	 'I" 

---- ---'--j 

Cheaper for large Cheap or gaud ~patiu] 
volume uetector~, re~; 01 utTon . 
O.K. in a magnet. 	 U.K. in LI. ll'U~rllC:t, 

Spatial resolution Poor energy r~l;)U.~ uL ion. 

'I" 5 cm. Slow ('I" 1 ~s Clumsy :;hhpe. 

resolution). Cryogenic 

cor.tainer needed. 


------------0---------.-----.--. 
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'(1 	 Il, "I' 1. () ·iJ'rrlC IrIOlDcntum-limi ts (lUOt.cd hl.!re are v~ry rouKh t ~nd ure ccrtuiuly u L'i ! (J (,II	 '£ l": 0~~ , ::' ':~ :~:' ,~l' ;,:'i; 	 4l) 11) .,1'" C' 0, I ,: wrong for some indivlduul ~xperimcnt5 vhcre care has been tuken to ilJ ~ II ~~ 
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J • t. Hb.dr... f. Go.1orimt.:tt:rs 

'l'lll:Sl! ul--t'ruLc Ly measuring the total energy deposited by a ha.dronic 

~lwwl.!r, in 8. almilar way to shower detectors for y-re;ys nnd t:lectrons. 

'1'111.::/ tIoru uucd most frequently for neutrOllt1 or KOL , ..,hich can only be 

Ilct.c~ted lJy mAking them interact. Because stl'long-interc..ction collision­
. .., 2 .cngths tIore proportlonQ...l. to A, not to Z , hadron ca.lorlme.ter:; huve to be 

(';vcn thicker than Y-ray detectoro. They also tend to convert a smo.ller 

frl.1.': t.i on of the incoming energy into a measurable sienal - soft neutrons 

Ir.~y be lost and nuclear sto.r:; may deposit energy in the insenui tive 

f,ur-ttl of the equipment such as COlav(;rter plate:.;. 

'rLt.: culorimett:r can huve many layers of iron plates, illterspcrst!d ..,ith 

: i'luiJ scintilllJ.tor, plastic sclfltillutor, liquid urgon (see Part II), 

\..II' :.lome other sampling material. Such composi te eb..lol"im~te!'s i.ave:: 

• 50% (I:; in Gt!v). More refined versions hc.ve no converter plates,-,­

j.J:.;t rrI;IY wt:t.res of the sensitive fllt:diu.m, a.nd muy achieve 61!; .. 25%- -,­
E r.:~ 

fl'hick-plute sptirk chumbcrs are u.1:.iO :iOInctimes u::;ed. 'l'hcy have poor 

using th~ sum of the Spurk~i seen to measure energy. Hut they may 

,.-.:t.it;!ve Ii better resolution 011 the j nteruction point of the incoming 

flcutrlil thWl is pos:.;ible in ascintillution- or argon-calorimeter. 

II 

;, ~c.oJ rcvie.., is given by Busser in the Frascati Petra meeting proceedings. 

... ,t;:t' t:t a1) Nucltar Instruments and Methods 413 (1973), for 

I.i. ::::.:,r...::ise a.ccount of tht! properties of the ha.dron calorimeter which they 

V5t:!": u::l a neutrino detector. Also see HU-1 112; 313 (1974) for a. 

relatively compact ha.dron calorimeter, used at ~erpukhov, which also 

~-;I.!rvl!.i as tin t!,t'fecti ve y-ray detE!ctor. 

Ha.dron calorimeters tend to be both mere bu.lky and more mas.sive even 

tha.n y-ruy dctectoro. 

I.F' Muon Idellt.il'ication 

For high-energy muous thl.! important property' is ptmetrat i011 tlll'uugb 

dense matter. 'fhey do not make large angle sCIJ.ttering:> liuc to thc= 

strong intera.ction, and they are not absorlJvd. The rung(,: 01' a 

600 Mev/c muon in lead is about 37 CluS, Le. aLout two n\..lcl~'ur 

aLsorption-lengths for hadrons. Above 1 Cev/c it is very im[d"JbulJ 1 \,; 

that a hadron will penetrate Q. wall of ste(:l, lead or concr~t\! mHny 

absorption-lenf~hs thick, but muons will pf.1SS through with only 

10ssI:!s and lJIu1tjplt.! sCl.1.ttl:!ring. A crude muon detector merely 

detects the clH~rg~d lw.rticle in a pO:3it.iuli d\!t..:ct\)J;' bt:forl.! til.: t,(Lt.ll HId 

detects it aguin cornin~ out of t.he back. There cun be llUdron 

"punchthrough" in such u set-up, since the hu.dron nholft:r wiJ.!. pt:llt.:t.rutt.: 

qui te a ret,( ubsorption-lengths beyond the ied t.iu1 iuteructi Oil llu tnt.. 

More sophict.icut.l.ld lIluon detectors huve U ::lundwich :.;tructurt:: ill OW!l i el, 

a single continuous truck is requirt:d to puss throutl,ll a nwnL.:r uf luyers 

of absorber, each a few collision-lenbrths thick, with po:.;it1ur,-Jc;ttJ..:L,lr:.; 

in between the luyers. 

Steel is lIlo:.;t popular absorber, having the Lc:.;t comL.inuL.ilJIl lIt' 

price, d(!n:.:lity and multiple-scatterir.g. It muy al~o bc ClIH!~[jI.:t :Jl:d Ly 

relut.i vely smull currents, giving a curvature to tile muou t !'llI:!" lC:l 

can be used for Ulomcntwu measurement. 

The type of position d(;:tector used varieD uccording to the urt.:u. to Lr..: 

covered and the money available. DownstreaJll of a bubble cLwu];cr, l.lir.: 

E.M. r. (External Muon Identifier) for neutrino experiments llt:..:U:;; to t.H! 

a fey metres in area, but it should have good sputial resolution. I·!ulti­

wire proport.iona.l chambers (see Part II) huve been used for thi::.; !Jld·P<..ItJC, 

with the chwnber coil and wided metal ~ un ul)sorber (sec CJ~W: Courier 

16, 136 (April 1976)). At DORIS the solenoiu detector PLUTO t'tl:..i Lr.:l.!tl 

stJ.rroundt.!d on all Sjdc6 by nbsol'ber, giving a very large muoll-d~tecLi01i 

area. This il:l covered with proportional tubes (see Part II) which g:vt.:: 

rea.sonable position resolution at relatively low cost. Drift-cluwnlJr.:ni 

amI scintilll~tion hotio!)coPCS (\re uleo extensively u::led if! llJ\lurt ,h·Lc.:l.)rn. 
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Vt!ry low t:f!l.:rgy muons. can be det.ected by a quite (lifferent technique. 

Thq u..rc ullowed to stop in a piece of m&terial or in a scintillator 

~nd a delayed pulse is detected from the subsequent decay to an electron 

plus neutrinos. 

I.G High Energy Neutrino Detectors 

The first requirement is mass but, since the cross section is 

proportional to energy, at the SPS the interaction rate beCOloes 

reasonable even in a fe~ hundred kg of material. Nevertheless, most 

neutrino detectors present some tonnes of target to the beam. After a 

thick steel or earth shield, the beam at CERN or at FNAL is concentrated 

in a cone ot about 1m diameter, but vith a considerable tail at larger 

distances. It is accomp~ied by a shower ot muons, y-rays and neutrons 

prv,iuced by the interaction of the neutrinos themselves in the back of 

the muon shield. 

A detector must consist of i) a veto layer, to eliminate non-neutrino 

interactions; ii) a target, and iii) a detector for secondary 

particles. The "first-generation" neutrino experiments used relatively 

simple set-ups. The heavy-liquid bubble chamber Gargamelle is long 

enou6h that it can combine all of these fUnctions within one device. 

Incoming charged particles can be seen clearly. Incoming neutrons or 

Y-rays can be eliminated by looking at the distribution ot events as a 

tun~tion of the number of radiation lengths or nuclear absorption­

It:n~ hs from the front of the chamber. The target in Gargwnelle is 

normally u heavy nucleus, though with propane it is possible to isolate 

l;O[lJt: hydrogen events. The heavy liquid detects most of the secondary 

pl:l.rticles and idtmtifies m&ny of them. Charged hadrons usually 

interact before leaving. Low energy charged particles may stop -with 

characteristic track-shapes. t-!uons pass undeviated through a number 

of collision-lengths before leaving.' Electrons and gamma-ra;ys produce 

st.owers which can be recognised und measured. Neutrons and tt>L may 

o.l:.;o be rccor.:ni:;r:d oy their iuterucLil:.tuu. !Il l't4rL. t.lll: l'I.!w,l,,'j' I:. .\'1,.,,: 

enough thut the incolOj nl:: neutrino t.mt:rgy CUll be very rou~ltl.Y I~,;!., I ';.11\, ' ..1 

just by adding together the:: energies of all the:: d(!tectec1 P!l.l"t, i d c;'. 

Electronic experiments have generally used more ma6sive dct.l.:t:tur~ t.lmn 

Gargamelle; looking something like a. hadron cll.lorimet.er t'olluwt.!J t,y 

a muon identifier (see sections 1. E and I.F above). 'l'hcy IHj,Vt: the 

disadvantage thut the close dcta~ls of the neutrino interuc1.iCH' tU'C 

not visible, since the int(:!raction is in::>idc U steel plute ur u lLu'r:u 

bath of scintillator. Their udvantage is high I:ltutiutics and in Vt.:L"Y 

clean muon detection. 

'I'he next round of experiments -will impruve on the previous tt.'clmi queu 

in a number of wtJ:Ys. Large hydrogen and deut.eri um bubble chwnber:.l 

are being used, with external muon identif'ier:l. '['here ure ul.:;u p! lULU 

to use lurge-volwne (2 m3 ) track-sensitive-turgc:ts (:.lee 'l'uble 1\.) 1lloJide 

hydrogen-neon chWl.bers to combine the part icle-ddection of llt:lJ.vy 

liquid with a clean target. More elaborate electronic expt.'riult..'llts 

involve large voh.l.rue~ of liquid scintillator or of a.rgon spli t iutu 

small cells to give reasonable position resolution. Pa:asive ::i(luil.!­

hydrogen targets are also planned. 

Erllulsion stacks, followed, by muon-detectors are being used t.o :"1~!l.l·.;Ii :'ul" 

very short-lived states which might be produced by neuLrillO:.l. Ali 

interesting event is recognised by observing the muon in !.l.rl L'X1. ..~rli!d. 

electronic system, and a. ~p~rk. ctu'\Jllber is used to id..:.ntil'y tbl.: 

accompanying hadron tracks. These are 1'o110wt.'o buck. i ilL!.) LIlt: t.:1Il1l! U lull 

where the interaction can be studied with u spatiu.1 re:.lulut; Oil ul' 

'" 1 }.I. 
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PAJ(l' 11 CONSUMERtS GLOSSARY OI<' DF!.~EC'l'ION TECHNIQUES 

{U;rQc::el 

j, very low-density solid JlI.aterie.l which can be used us a radiator in 

thrl.'shold cerenkov counters (Q.V.), bridging the 'gap in refrf1ctive index 

t.ct.Wt.:t:!fi high pressure gases and normal solids. It is formed in blocks 

or in granules but it cannot be used in large thicknesses because it 

d.i.l'rude~ light. Refractive indices available are around 1.025 t.o 1.06. 

rd. e.g. 	llucletlX Instr. & Meth. n8, In (1974) 

_....;::.~...:..:.;...:....::..=-...;.;..::;....:::.;.:..;;;;;:..;;.;.;;;;....;..;.;;...;;. of bubble chamber pictures. 

Events arc ;;cann~d by an operator who records guide-p:lints on tracks 

aI"j otr,er illteres ti n~ features, using a low precision device. A 

r.:O:.L!-,ut..cr-controlled Inllchine then autoIlU;l.tically finds the frame, locates 

Ui(~ cvt.:nt and digitiat:s o.ll i'eutures of interest, to an accuracy of 

uLout 4 ~ on film. Common types are:­

I!:PD or FSD, .....hlCh sweeps a spot across the film mechu.nically 

in a fixed raster. A large on-line computer is needed. 

PEPH, POLLY and ERAS~ .....hich use a cathode ray tube to give 

a programmable spot. Needs a lbrge on-line computer. 

2WE~)NIK which uses digitally controlled mirrors to follow 

track:; ..... ith 8. rotating line segment. Needs only a "mini" 

com~uter on-line. 

ref. e.g. 	Proceedings of HPD Collaboration Meeting 1974 

Rutherford Report RL-75-o23. 

Bubble density 

The number of buubles p~r centimetre on a. bubble-chamber track is 

directly related to the rate of energy 106s of the particle 

and hence to the velocity B. If the loomentum of the particlt: 1:..; kno.....ll, 

then it may be pol.lsible to differentiute between particles of difr(~rin~ 

mass, especially 7T, K anlj p, by measuring the bubble density. 

Automatic ruetl.suring machines (Q.V.) give v.ery l)recise bubbl~-dc:nl.lity 

measureroent on clcu..r track;]. The 'IT /K/p sepurution .....orks well ulJ to 

about 1.2 Gev/c in hydrogen and deuteriUJll. It muy also be pOU!.i i lJle 

in the 5 to 30 Gev/c range in hydrogen-neon mixtureu, usinet; the 

relativistic rise (Q.V.) in dE/dx. 

ref. (l"isher I::t ul, Nucl. 1nstr. Meth. I'B, 29 (19'(6). 

Dead-time 

'I'he time after u sigllal during which u det(~ctor ..:tLlHlOt detect H!,,,'..tn:r" 

signa.l. {<'or a phuLollJultiplit'r with pla::;tic ~;eilltillaLor tlw ,:c,,,:-LiUle 

muy be ~ 100 ns. ll'or a :..;pt.trk-crmmbcr it. CUB be up to &. milll~jl(" JrlJ 

before the ions left frOll! a spark have clt:lJ.rcJ uwuy ulld th~ Jf .'H. j:J 

ready to pulse. 

Disc Cerenkov or focusing cerenkov (see Table D). 

This is a high-precision device for use in bea.rus or in spectl'Ol!l~ter 

arms, where the particle!:> to be identified have a very restricted runge 

of angles and momen:ta. 

The cone of cercnkov photons makes an ungle to the pa.rti cle 'WtLi.c.:h dqH:W.t:.; 

only on velocity and the refractive index of the mediu.m.. }'or U 

"wu.~ted" particle the light i:3 focused to a. ring on an tl.nulLLr 1f,tJ.:Jk 

vith photomultipliers (Q.V.) behind it. Uu .....untt.:d l)urticles /'~iv~ the 

'Wl"ong Ilizc of rinp, and ure not detected. At. very hi~tl cm:rg. t::.i e·.. .L 
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tor all purticl~s, so low pressure gases have to be used with refractive 

i,,~ex n < lIB. Very few photons ure then produced per unit length, 

~IJ the counter must be some tens of metres long to give a clear signal. 

refs. ECFA working groups on SPS CERN/ECFA/72/4 Vol I 

Nucl. Instr. and Mcth. 111, 397 (1973) 

Meunier, 1973 Instrumentation Conference, Frascati. 

N.B. 	 Strictly, there are two types of focusing cerenkov counter; 

a) DISC "Differential isochronous cerenkov", with optics 

corrected for chrolUtl.tic dispersion. 

b) 	 DIFC:: "pifferential. focusing cerenkovll uses uncorrected 

optics and is less efficient. 

l1ri ft 	Chamber 

V~ry flexible and important position detectors (see Table B). A 

cht:.rged particle liberates ions in a thin layer of gas ( .. 1 to 4 cm 

tllick) • The electrons drift in a bunch over a few centimetres in 

a field of about 1 h~/cm. Their velocity (about 200 ns per cm) is 

staLilised against small variations in voltage or temperature because 

the gas contains polyatomlc molecules such as isobutane which can 

absorb a lot of energy at each electron-molecule collision. When the 

bunch of electrons arrives at the very fine sense-wire it is 

amplified by gas-multiplication (Q. V.) and a pulse is transmitted through 

the wire. The time-delay of this pulse, after the original passage of 

the particle as measured by a scintillation counter (say), is due to 

the drift time of the electron bunch. Precise m~asurement of the time 

delay can give a resolution down to ..100 ~m. 

Special techniques have been evolved to operate the chambers in magnetic 

fields which def1~ct the direction of drift. 

refs. 	 Frascati Pl~RA meeting proceedings; talks by Walenta 
u.nd 'l'urla,yj also 
Nuc. Inst.r. & r,ic:th, 124, 189, 1975, and reference back 
frou, that. -- , 
Prac. of 1973 Instrumentation Conference, Frascati. 
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Ellluldon (SCI';: Part loA) 

Photographic emulsion, consistipe; of silver halidt:l:l in gcJ.l.I.tin. '[Ihi:.> 

may be poured in pel1icles a few millimctres thick and s to.clt.t:d t.o g.i vc 

a dense detector vith very high resolution.· It m£l.y uluo be;: L!outt:d unt.o 

plastic or other materials ",hieh are stucked to form un "t:lllul:.;j.un 

Chamber". It is scanned under a microscope at high magnificut.ion. 

ref. Barkus "Nuclear Research Brnulsions ll 
, Academic PrCI;Hi (19'/3) 

Flash 	tube (see B) 

A glass tube filled with gas. Arrays of these tul.ies art: p1 uccd 

between electrodes which ure triggered and pulsed at high vl'ltlJ.~c. 

'l'his causes breakdown in those tubes which contain ionisution froU! 

the passage of charged particles. The breakdown of the ga:; riLl::> the:! 

tube with a luminous plasma.. A large inductivt: signal all U /!it:tu2- pruLJe 

placed near the end of each tube may be used for rc:udout (Q.V.), or 

the ends of the tubes ma,y be photographed. 

ref. 	 e.g. Nuclear Instr. & Meth. 189 (1975) 
II 	 II IIand 101 (1975) 

also l~73 Instrumentation Conference, Frascutl. 

Gas 	 Multlplicution 

The process of amp.Lification used in drift chambers (Q. V.) anJ 

mu1tiwire proportional chambers (Q. V. ). 'l'he electron clou~t f'rOl!l t~1 

ionising particle drifts towards a very fine wire (20 ~ ditund.l:l', 

gold-plated tungsten for example). It sees a very high elc:ctric 

field vithin .. 50 ~ of the wire and the electrons are accelerat.ed 

,sufficiently to ionise the gas around the vireo This relt!uLit::i mon: 

electrons and a cascade builds up. The resultant pulse on the win: 

may be o.mplified to .. 106 times the charge in the oric:inul I;]cctrofl 

cloud due to secondary electrons from the ca.scade. A U!H:C il~~ i!,t~:J I!lll;, I.. 
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\."': uscJ, wi tr. molecule:; itl it (cueh uo isobutane) which bore opuqul;l to 

ul t ru-violet light. Othc::rwise iht.: plasmA spreads and spark. brcalr..down 

~~·cur!.1. 

'l'hi:s W1ipl ificution is used to match a signal from only a few dectrons 

into reliable and economical fast electronics. 

A sta.ck of cOlJ:11ters side by side. E.g. a "fence" of scintillu.tors. 

(see Ta.ble D) 

r\ l,urticle identifier using the relutivistic rise (Q.V.). A kind of drift 

chwnlJ~r (Q. V.) with many sense-wires inside a volume -2m x 2m x 4m. 

It. [I.ukes many samplings ('\, 100) of the ionisation deposited by fast 

.:Lurgcd particles in Wl Argon-bused gus mixture. If the momentmn of 

u purtiele is known, from a bubule chamber or other device. then it 

cun be iJ~ntificd us w, K or p, OVer the range from - 5 to -70 Gev/c. 

ref. 	 Nuclear Instr. & Meth.lli, 499 (1974) 


also (dmilar device) 123, 237 (1975) 


(see Table C) 

Optical glass containing lead; cast in blocks; optical attenuation 

11.!1ll.!';th ~~ tl and radiation-length 2.5 cms. Electrons in an electro­

mugnetic shower emit cerenkov radiation which is picked up by 

u photomultiplier (Q.V.). Blocks of - 10 cm x 10 cm x 50 cm will 

corltl:1in a high-energy shower (though shower penetration is enera­

jepenJt:nt) . 

rl:!f. 	 e.g. Nuclear Instr. & Mcth. 120~ 237 (1974) 


and 1973 Instrumentation Conference, Frascati. 


{,j qu itl Argon (til;:O 'l'al.llc C) 

Being 	ulied increasingly for y d.etcct ion, in hadron culo.riJll\.:t.1.: n:; hllll 

for high resolution position detectors. Does not give gas lHu;'tip.licu­

tion. just collects ionisation so must use high gain el..:ctror.ie:;;. 

This is not such a problem for the mu.ltip1ate charge-collectors in Il. 

large calorimeter. Its great udvantage over liquid-scintil-!.:.d... ur i.~; 

that the output i:3 proportional to the enen~ deposited, ir-J"<.::..illt:l.:U Vt..: 

of tht: ioui3ution d.ensit,Y on the truck.s (seintilll:1tors suturuLt.: UII 

heavily-ionising tracks). 

ref. Nuclt.:ur Imltr. & Moth. ?21 (19711) 

" ~, 319 (l9'(li) 

(m.w.p.c, ) 

Very important und varied fomily of position Jt.:tectors (see r!'I..i.Llt~ J!) • 

Contain a large nWllber of fine sense-wir,::; in a ILIlt:, wit!: :;l'w.:i!lI'~ 

- 1 mm to -5 uU'o. 'l'hese form the unode or a guu I.!t:ll about. 1 ell! t...llief.. 

The two cathodes may be simple conducting foilti, or muy hUVL! Il. :;;1011.1.1­

collecting puttern etched. onto them. A churg0G. purticle product:c lL 

bunch of electrons which migrates to tile nearest one or two sen~(!-wirl:u 

where gas-multiplication takes place (Q. V. ). 'rhe eOIWUOnCtlt 1'ul'm of 

reudout is to amplif'y the pulse on each sense-wire. 'l'his i:; exp£.:fl:3ivl: 

because of the large number of wires, euch wi ttl a sepurute ~ 1<.:I!t.r'onlc's­

channel. Recent developments use inductive reudout in Ollt.! 0 r' uut!l 

of the cathode planes (see e.g. Nucl. In::;tr. and Yleth. lJ!-, :'2,) (:t;'f))). 

and may include a delay-line system which acts as 1:1 position-to-timl: 

converter and needs only one channel of electronics per cuthod~ 

(see e.g. Nuclear Inst. and Meth. 120,17 (197 11). For u. lu.r~l! 

detection system bl:1sed entirely on m.w.p.e. set: Nucl. In:.;tr. ulld 

Meth. 125, 19 (1975) and 235 (1974) (the CBHN ISH Sp1it-Fie]d-

Magnet System). 
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!:.~opertiona.1 Tube (see 'rable ll) 

Curo,\ud,ing tube wi th I;j. fille Sl,n:.lc-.....ire strd,ched down the centre at 

. ... 1 kv. Any ionisation in the tube gives a bunch of electrons 

.....hich is amplified by gas-multiplication (Q.V.). Can be used in 

hodoscopes and especially, with thick metal .....alls, a.s y-ray detectors. 

ref. 	 Nuel. lnstr. &Meth. 115, 461 (1974) 


1973 Instrumentation Conference, Fruscati. 


Photomultipliers 

Vacuum tubes consisting of two essential parts: ­

1) 	 A photocuthode; half coated with an alkali-metal film. 

Photo-electrons ure accelerated from this to a chain of 

2) Dynodes. 'fhcst: electrodes, each at ~200 v potential to 

its neighbour, emit secondary electrons 'When struck 

by electrons from the previous stage. T!le few tens or 

hundred of photo-electrons from the photocathode may be 

amplified by up to x 105 to x 108 in passing down a chain 

of -6 to 14 dynodes. 

'fhe output pulse has a sharp rise which can allow coincidence timing 

to a fraction of a nanosecond. 

ref. 	 Manufacturers catalogues (EMI, RCA etc.) 

also Pietri in 1973 Instrumentation ,Conference, Frascati. 

RI~l!1t i vistic-Rise of dE/dx as e .... 1. 

This effect, long predicted but only recently used, is limited by the 

"d~nsity t:ffect" - a 1ong-runge rc:;;ponse of the electron plu:Jrun in 

conJeused materiaJ.. In noble t!.U:lcS dE/dx rises from minimum by ubout 

,. 
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50% ut S.'l'.P., l,e it cun bl! u::.ed to Ull:UI.iUI'C the v.!loeit.y ur t'n~lL 

pUl'ticl~s in such devices as IBIS (Q. V.). In liquid Ill!ulI Lht:n: i:J Id)out; 

l;t. 30% rise uut in liquid hydrogen the rise i~ negl.ieil)ll: (..jL'l: ",\,.!,t! Lc: 

densityU above) • 

Hapid Cycline Bubble Chwnber ("ReBC" or IInc Vertex Dt.!t<::ctol''') 
(see Table A). 

A small bubble chamber 'Which can be dd ven ut 10 to 50 Hz. 'PIll: upLicl.l 

and expunsion Bystem are normully desic:ne~t to give good IUl-l'ulI"d 

access for external electronic detection devices. 

ref. CgRH/l!:CFA/72/4 l Vol.I, p.1l9. 


or C.M. Fisher in Proceedings of 1973 T!i:.lt.rUlllel.lut.i.oll 


Conference, F'rascati. 


ScintilJutoru (see T&ble B) 

Ma.terials .....hich convert the energy dlJl)("si tt:d tJy u ~lluri:ed i'llr", i ,,] t.~ 

into pbotons. M.uny different types. '1'11<,: mo;.;1.. fli.Jl.ut.l.l·Cur t. i /!.!I "";<:1"(::1 

physics are certain plastics, liquid:;; W1J :.>uJi Ulli i,)o iet.: k. V. ). 

A photomultiplier (Q. V.) 'With a gain of up to 10'( i:;; lWI:d t • .} e,Cill'f'nLe 

an electronic pulse l proportional to tit!:' I1wdJt:r of rJ~lO\..or,;.; ,~o ~ !.• :C Lt.',!, 

The scintillator is often connected to ttl..: plioLol.mll L: rd i.~ r by tI. 

"light pipe ll of transparent plastic. 

ref. 	 see manuf&cturers catalogues - ..::.g. Nucl t'll.r I':rltl~qi!'! ;.;e:l. 

also Zichichi, in Proceeding:;; of l'n3 II\:;t.rlull<:ntt~'. ttl!1 

Conference, Frascat i • 

Solid-state Detector 

,Of limited application ut high t..:nt:rgi~::;. Clii pi of ::lend (;Ulhlw:t,or UlII.j' 

be constructed to uct u.s small hodo;.;cope::;. u:.; dl~/dx COIllI1.('l':, ",1' h,: L"Lu; 
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hbcrl'tion counters for slow particles. They a.re usually only a. feW' 

ct:l.tilt.~t.re:3 /J..::ros( and give rather slow pulses. compared with 

~,r..: .lntillut.ors. 

ref. 	 e.g. N.I.M. 111. 567 (1973) 

r;n~hnd. J.Phys.E (Sci-lnstr.) 2.2 (1916) 

;:l.t.r'l<.. 	 Cha.n.bers (see Table B) 

ULCe the major position detectors~ noW' being supcrsed,cc by multiwire­

td'l...portivnal a.nd drift-chwnbers. Basically a gas-filled parallel-plate 

'~vr.J.ell:.lcr .... bieh can be pulsed at ~10 kv. Ionisation cauucs 0. spark­

!'t,;uk.tuW'n betW'een the pll:Ltes, which ..,ill follow a traek quite clo:.;ely. 

::.-:Jl'll.(;U;,i ra.nge of reudout techniques, for example:­

~onic detects sound waves from spark at four microphones 

on ~dges of chamber. 

G}!t.ical - use::; a transparent edgl:) or wire electrodes, to 

photogruph the spark in stereo views. 

Cores - Wire-plane electrodes have ferrite-cores threaded 

around the lead-in wires. These are flipped in 

magnetisution by the spark current, and later 

interrogated by computer-type circuitry. 

l~u.bnetostrictive - A metal "wand" is placed close to the lead-in 

wires. When a. spark pulse passes a mechanical pulse 

is generated in the wand. Its del~ in reaching a 

transducer at the end of the wand gives the position 

of the wire which fired. 

CU.lJu.citbtive - a number of wires may be ganged together to form 

a hodoacope. The spark pulse induces a charge on a 

capacitor which can be interrogated by computer-type 

electr()nics. 

WiJe-Gap - a form of optical chamber in which the plates are· 4 

to 10 cm apart. The spark follows a track very faithfully 

,t and a precision of • 100 ~ can be achieved. 

ref. Proceedin15s of 1973 Instrumentation Conference, Frascati. 
~;l!ut.t 1011u.L..tlc &.Ild Spark Chwnberl.l". Academic Press. 
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Stre!:Uner Chamber (sce ~'o.ble A) 

A very wide-gap spark-chamber without sparks. US(:l.l short (-20 [I:';), 

very high volt/;;\.ge (> 15 kvfern) puloO's, to produce short (- 1 en.:) I': h:JlhU 

litrewners on the ionisation le:t't by a charged particle. These C;,.1.Il UC 

photographed on 5000 ASA film. 

refs. 	 Talk by Ladage in Frascati, PETRA meeting proceedirlt::~; :"97G. 

also E:CFA studies on SPS, CER.'i/ECFAI12/4, Vol. I, p.l32. 

SodiUIn 	Iodide (see 'l'able C) 

Large (expensive) crystals form very efficient y-ray detector':..;. 


The materj al is hygro:..;copic. Scintillation-li,~ht output i:> eX~l:'ll ent • 


so there is a very ::;ulall statistical fluctuation on the energy h"~I.I.~)Ut·(;J. 


'I'he energy resolut.ion is quite good even down to a feW' t-lev. Hadjl.tiur, ­


l,",Ut·~tb 2.G cm. 


ref. Hofstlldter in 1973 Instrumentation Conference, }'rasc£d.;. 

Tra.nsition-Ra.diation (set; Table D) 

Analagous to cerenkov rLl.diation, but produced when an extremely 


relutivistic particle passes from one refracting medium to anol..lI.:r. 


'I'be intendty of X-r~s produced depends on y rather than on e. 

The X rays are produced in a multi foil or a foam ra.diator and dd<;!cted 


in a xenon-filled multiwire-proportional-charuber (Q.V.). 


ref. Nucl. Instr. 8; Meth. 130, 365 (1975) 


or Nucl. Instr. & t!eth. 123, 231 (1975) 


Track-Sens it i ve T!1rget (TS'r) (6 ee Table A) 

A transparent box filled ",i th If2 or D2 , inside a bubble-chwlIber 

filled with a neon-hydrogen mixture. At .. 29 to 31oK, vi th Hf·prupriutc 

mixturen, the liquids in the turget and outsidt:: it can both be Illalle 
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ftensitive. The chamber expansion is transmitted to the liquid in t.he 

tb.rget by a slight flexing ot the walls of the box, which remain flat 

enough to give negligible optical disturbance. The radiation-length in 

the external mixture is -30 cm to .80 cm, compared with -10 m in liquid 

"2' so y and electron detection is much improved. 

-, ret. e.g. CERN/ECFA/72/~t Vol.I, p.l3. 
" 

Time ot Flight (see Table D) 

A particle-identification technique normally employed with scintillation 

counters (Q.V.). A particle's momentum is known, from curvature in a 

magnet, and its velocity is measured by timing its p~ssage between 

scintillatora a few metres apart. Its mass can then be determined. 

This technique is only useful at momenta below -2 Gevlc where e is 

significantly different from 1. 

Threshold Cerenkov Counter (see Table D). 

A counter in wbich a liquid, solid. gas or aerogel (Q.V.) is selected 

so that one type of particle, in a given moruent~range, will be above 

the velocity ot light in the medium, but a heavier particle of the same 

momentum will be below the velocity of light. Cerenkov light from the 

lighter particle is collected into a photomultiplier. Heavy particles 

may give occasional "punchthroughlt by knocking-on an atomic electron 

(6-ray ) wbicb will give a spurious cerenkov signal.~ 
ref. e.g. 

c 
PEP summer study 1974. 

~ or Meunier in 1973 Instrumentation Conference, Frascati. 
" 
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