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1. Introduction 

The trnnsfonnation of the CERN SPS into a. pp st.or.'.'.)!,C ring will 

open n. D("W field of re.scai:c.h at very high ene1~;:_:;y and it is gcncrolly 

&i:r,reed that a very large solid angle detector sl1ou1.d he installwl in 

one. interaction resion hoth for the observo.tior~ of expcctcc.l phcncn1c11~ 

such as the production of W's, lnrgc p'f. .i ets etc. and fm~ the study 

or unc:xpccte:d f;urprises. 

An csr;ent:ial r ~1 1:t of this npparatus will l'e the chc\rgcd -parlic:·L(~ 

cletc'c:tor \-lhir.h could h<wc three functions: 

- Pattern rcco~nition 

delcc:tnr. In p;·1rtic:uL:n: we study in clc'.tetil t.ltc concept of j~~-~~j_::~~-t~j- -~'~t­

cl~arnl:c;:_1:_:<:_, wl1)ch £s cpd.Le :ipro1lin1~ f01~ our appLi.cc1Uon 1 rrnd tr:y to 

point out t:ic irnportallt clcvelpp;r:enu.' !H~::essaJ·y before nJ(lpLing U'd s 

:nctl1od. 

\-.'(: con:-;j_llr-r bot.11 tlw cr.tse:s of a dipole f i.eld arnl of rt soleno'i.dnl 

fieJ.d (~~cf. 1). Iu order to be 1noj_·\:~ !~pccific., \·:e considc.r a t!t.3er1e tic 

nf the CJrder of 1.5 Te~~lu., l~!e do noL consider t.hQ 'lever nrl!~ ' chantb~~r.s 



2 

which could be outside this volume. 

Let us just outline the physics requirements: 

Ll. Pattern recoonition ________ t;;!.. __ _ 

The density of information should be as high as possible. There 

are many reasons for this: 

MultipHciti.cs are in general high (> 20 charged). 

Particles may be highly correlated for instance in jets. 

Low momentum tracks can spiral in the detector. 

Tracks can have a small angle with respect to the beam pipe and 

therefore be fairly short (on one projection). 

We would like to sec newsemi-stable particles signed by v0 and 

charged V's. 

Finally the background may be high and confusing (see section 1.4). 

More generally, since our detector will be an exploratory device, 

it should give, as a bubble chamber, the maximum amount of information. 

Two details of construction may be impor.tant f.or the easiness of 

reconstruction: 

The density of the charged particle detector should be kept as small 

as possible in order to limit the number of y ray conversions. 

If possible clwmbers should give directly space points in order to 

limit pairing ambiguities. 

1. 2. Homentum mcasut·ement 

The spatial accuracy should be as good as possible, in order to 

allow to shrink the detector: this decreases the cost of the magnet 

and of the surround j.ng equipment, 1 imi ts the 1r-p and K-p decays and 

reduces sensitivity to background. A r .m.s. e:n:or on the sag:i tta of 

100 )J seems a reasonable target in agreement: with the rncchanical 

to1crnnces which could be achieved on l.'.lrgc dimension;;, 

Two·--p:ntj.cle resolution also should be m:1ximjsc~c!. In a two-jet 

clC>cay of a W (l~cf, 2), there will lie about 10 p2rticles per jet with 

n me.:.in opening angle of 80 mrad, For more qu.:mtitati.ve statement, one 

could look at figure:.s la) and lb) (taken from l~ef. 3b). Tl1ey consider two-jets ot 

lmwr energy (2 x 15 GcV) for which the mean opening ant_;le is HlO mrad. 

'J\10 po.rt:i.cle resolution of 0, 5 cm or so is very much de[:irable especially 
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Fig. 1. Frnction of trncks with nnoth~r track within: 

a) rt (Direction pcrpcndiculAr to beam 

b) z (Direction parnllcl to beam). 

in the projection where the momentum is measured. 

J.. 3. Me>E_s~r~n~n! £_f_c1!~/ix 

He have seen in point 1.1 t:b2t it is necessary, in order to 

reconst:ruc.t complex events, to have a large density of points. This 

large number of samples could be advnntageously used for ionj sat ion 

loss mcaE;urcmcnt. This ,.;j 11 allow us to identify quarks or very lw.Jvy 

particles, help in e identification at low energy and allow some TI to 

K separation through the use of relativistic rise. 

The dependence of the resolutiont on the number of cclJ s <Jnd 

thiclrness have been s t:ud iecl by many groups (Ref. 4 and Jb). Fig, 2 

shows the expected behaviour for Argon according to Aderholz ct al, 



pp Note 16 

4 

r 
IS'(. N 

Fig. 2. bchnvl'our of~resolution .10 a function of the Expected dx 

number of samples N, the thickness T of each sample nnd the 

total length L. 

In our case, we will have typically 1 m of track, and could 

expect in Argon, resolution of the order of 13% FWIIH, with a number 

cf ce11 s between 50 (2 cm samples) and 1.20 (1 cm sample). Since the 

relativistic rise is about 1.54 (Ref. 4b), this will allow separation 

of. a proton of 60 GcV and a K of 30 GeV from a relativistic 'If (l HJH1"f 

1.e. poor separation). 

Tt woulcl he interesting, as suggef;tecl by Sauli cluri.ng the workshop 

to use Xenon for two reasons: 

- The re1<1tivistic rise is significantly higher (1.73 compared to 1.511 

sec Fir;. 3), 

lt has a much higher number of non-·electron p.:i1_rs produced per unit length 

(n factor 3.3). Naively, at least, this should be equivalent to .::in 

iucrcase of pressure by the same fCJctor and allow a signific;:int gain 

in resolutior1. JOO samples of 1 cm would give, with this simplifying 

hypothesis, 8% FW!IM. 
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Fig. 3. Relativistic rise according to Cobb ~t al. 

The combino.tion of both effects may allow to have TI to K 

cepnration up to 120 GeV/c (1 FWllH) and may justify the complicntion of 

a recirculatine gas sy;,tem. As a warning to this optimism, we should 

however mention the theoretical result of Cobb et al. which for their 

condition (Sc1, 1. 5 cm sarnpJ.e) do not predict .:rny jncreasc :i.n resolution. 

l • /1 • H.ci t es 

In order to estim::ite expected rates in the detector, we should 

take into account: both the interaction rate. and the brickgrou11cl, 
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Assuming crTOT = 100 mb as the total cross-section·and 

L 10 30 cm- 2 s-1 as luminosity, we will have 10 5 interactions per sec. 

A cylinder of 1 m radius and 6 m length, covering therefore 4 units 

of rapidity, will receive about 8 charged particles per interaction. 

Therefore) on the periphery of the detector, the rate will be: 

8 x 10 5 

~ 2 10~ part./shn2 

21f r fl 

At 10 cm however the rapidity range is about 8 and the rate: 

16 x 10 5 

~ 4 10 5 part,/s/m2 

21r r £. 

For the background evaluation, let us assume a beam lifetime of 

24 hours (we expect a luminositl lifetime of this order). With 

2 x 1. 5 1012 p + p this lead to a loss of 107 part/s over the whole 

c i rcrnnf er enc e of the SPS or if the loss 1. s constant ll"rOUnd the machine, 

to 10 5 part/s 111 the ± 35 metres surrounding the interaction region. It 

can be safely assumed that the 1~emaining of the straight section can be 

sld.cldcd properly. Therefore, if we can prevent the lost particles to 

begin to shower, the rate induced by the background will be smaller than 

the one due to interaction. lf ~ on the other hand, we cissume that 

pardcles produced Dt more than J.Om indeed shower and produce 

individuo.lly 300 pnrtic1 cs in a cone of 0 .:~ raclbn (approximate 

condition at slwwcr nrnximum, therefore a gross upper limit), t:he density 

of p;:irticlcs will he at the detector: 

70 x 2 

300 . -- r; ---- 1 'v 2 10
15 pn1~t/s/rn 2 

21r L]. ·-cos ( . 3 ~J 

In conclusion, for safe operation, the charged particle detector 

should be alile to accomodDte rates of tlw on1cr of 1.0r' part:/~,;/m 2 • 
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1. 5. Bunched beams 

For so;ne details of implementation, it is important to note that 

the zero time is known with accuracy. T11is means also that the 

background has the same timing as the interactions. 

The re\!~lution period in the SPS is 23 µs, and it 1s likely that 

we will have a maximum of 6 bunches. There 1s therefore a minor 

advantage to have devices with memory time smaller than 3.8 µs. 

1. 6, Why .E_ropor!_ion~l __ c.!!:_amb~r_s_? 

The rates we have just given are not very high and would in 

principle, be taken by relatively slow devices such as spark chambers 

and streamer chambers. However, we will not consi.de_r these types of 

detector in this notes because of their drawbacks with respect to 

proportional chambers: 

- They have to be triggered with external devices. 

- The triggering has to be fairly elaborated because the repetition 

ra.te is limited to few times a second (10-20) while with 

proportional counters, we could have a multi-level trigger allowing 

the selection of very specific configurations. 

- Their performances depend quite sensiti~ely on the angle of the 

particle (double sparking, flares). 

- The accuracy of spnrk chambers may not be as good as some drift 

chamber. or bid irnensional chmnbers. 

- F:i.n.'.111.y spark chambers nwy have problems with J.c:irge number of close-by 

particles. 

However, for a first stage at low lun1:i.nosity~ a streamer chamber 

could be very well adapted to a first look at a typical event. 

The 'traditional 1 way of equippint.; a charged particle detector is 

to fill the mar~nctic f:i eld volume with disci:ctc proportional or drift 

clwmhei:s with a total gap typically of 2 cm. llowcver) with fr<"•t:1ef;, 

supports, connl'ctors, electronics, cables) it is diffieult to pack more 

thnn 20 to 30 ck1rn1Jl:rs per rao.trc. This implies that for most tracks we 

will have only 1+0 s<lrnplcs of 2 crn and according to Fig. 2> tld s r;ivcs 
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A possible arrangement of chambers in a solenoidal or a dipole 

field is sketched in Fig. 4a) and b) respectively. Among the many 

possibilities, we have looked more specifically into two methods: 

~ 
40 lnyN• ot 

flat chambers 

"'6m 

t A 

\..---______ _____. 
40 layors ol 
fltit t.hnnlbUR 

. -· -JI 
'-.f!----_./ 

40 layorc; 

J' ! • 
----

HAl f'.l\AMOfltS 

l' 

CU? A A 

Fig. /4. n) Pottsiblc nrrangctn(~nt of discrc:tc cht..::brr.!; in a solt•noid. 

h) Ponsihlf" nrrnngement of discretC' ch.~:::!:,cr:. in ,q dipole. 

C.tll t111 

n) ~s~;. .~_f __ 1:2:~n_::'._i.£_i_~11~~l_d~if t_c_l2..:i~bcr::_ without ficJtl shaping and with 

measurement of the longitudinal c:oorclin~te through cathocl strip 

read-·out. The pairin3 can be done by ti1~e. mea~;u1_·cnient on tile strips. 

With 2 cm wire spacing~ 1 cm cathode strips, 30 layers iii the 

central re.Bion and 40 in the forward dire.ctiont we compute 12 500 

sen:;e WJ.rcs and about 25 000 strips for. a solc:noid, For a dipole 

we obtain a very Gim:i.lar number of channel (/10 000). 
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The advantage of such technique is that it uses by now standard 

electronics and has been demonstrated to achieve 100 11 r.m.s. 

resolution even on large dimensions (Ref. 5). 

b) Use ~_'._bidj.~n~n~i~nal_pE_O.E_O.E_tio~.::i2:_ ch~n2_e~i:-._s_'._ proposed by Charpak., 

Sauli and coworkers (Ref. 6). Very high accuracy (50p r.rn.s.) can 

in principle be achieved by analysing the signal on the cathode 

strips (Fig. 5). 

Fig. 5, Principle: of bidimensionsl proportional che.rnbcrs from Rt:f. 6, 

However at least with the chamber par.J.rnctcrs chosen by Charpak 

et al., this method leads to a very lar::;<: number of channels 

(rv 200 000 with 2 imn wire spac:i.ng and 4 n:m strips). Some reduction 

to about 100 000 could be achieved at the pric:c of some Joss of 

resolution in the direction a.cross the wires. It should therefore 

be rcaliBed that this device relies on t:l1e availabiJ j ty of low 

cost /1DC (with no rnultihit capaldU ty). Taking the pre.sC>nt pr:i.cc 

of 150 SF per channeJ. 7
) 100 000 channels lead to J.5 MSf which is 

out of question. 

Finally the method does not seem to be \·:ell adapted for 

cylindrical c.lwmber:J in the cent:r;il region of a solenoid since 

the resolution in the azimuth is detern~ir:c<l by the wir0 spacint; 

and is not: so good. 
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From a mechanical point of view the use of discrete chambers is 

cumbersome. In particular two problems are difficult to solve 

economically: 

a) The construction of cylinclr ical chambers: Self supporting styrofoam 

chambers (CCDR, or Ref. 5) :ire quite expensive and introduce a 

significant amount of mat tcr (with a maximum of precaution, 0. 6% 

of a radiation length for 2 saps ,Ref. 6). 

Threading wires across two end plates as done at SJ,AC for 'Mark II', 

is elegant but does net practically allow cathode read-out. It is also 

somewhat worrying to have to build and debug the complete detector 

in one go and a broken wire could make the entire set-up 

unoperational. 

The solution proposed by U. Castaldi at the workshop (and used at 

Brookhaven) to sketch a mylar foil into a cylinder does not 

have these problems but is more complicated mechanically (especially 

if stand offs in the way of p~wticles are not wanted) . 

b) A second difficult problem L; to achieve a high density of chambers 

(flat or cylindrical) • 

3. Proicction chambers 
_ .... ..A ... 

F~r a large detector ,it is therefore quite useful to find ways 

of simplifying the mechanical construction of the chambers, 

transferring onto the electronics the hurde.n of dividing the space into 

a larBe number of cells. 

D. Nygren rna<le an important step into this direction witl1 bis 

proposal of 'time projection c.h~1:.~bcn;• (Ref. 3). And we would like here 

to generalise his appr:oach. The ;;;,,in idea is to 'project' the trucks 

bubble chnmbcTs picture is projc,'tcd onto a film. However in the case 

of an electronic: detC'ctor, the 1'l·njcction could be made through the 

drift :i.n an electric field of tb.' electrons generated along the t:rnck 

and the reception could be a pro;'<Wtional clwmber with one of tlte 

usunl bidimensional reading tri1.·ks (induction on cat:l10de pnds or str1.ps~ 

current di.vis ion, ti tereo, delay lines) .The 'depth 1 of each point is 
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measured by the drift time of electrons. It has been shown by Charpak­

Sauli and coworkers (Ref. 8) that a sense wire can see successive 

avalanches if they are separated by about 50 ns tho.t is 2.5 nun in space. 

One could therefore consider with this principle a subdivision of the 

space into more or less cubic cell of a few millimetre size. 

Note that one can project from left and right onto the same plane, 

The resulting left right ambiguity is not a serious problem since it 

can be solved at specific points by couples of wires or by staggering 

of sense wires. 

Once this principle ot 'projection' is accepted, a subsidiary 

question is to decide whether one should drift along the magnetic field 

or perpendicularly. For a more detailed study, we have to distinguish 

between the two types. 

3 .1. J_,02::'._git~dinal_pE._o.i e~t ioE_ ch~mbe.E_s..t.. where the electric field is 

parallel to the magnetic field: in other words the original time 

projection chamber (Fig. 6). 

TIME 

/ /( 
Y'tJ;-r;;'J'ivu High 

Vcil!J•JO Electrode 

f'ig. 6. The time projection chnm!Jer of r1 t;ygren. 
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The main advantage is cl.E'·ar. In absence of space charge, the 

electrons are not deflected by the magnetic field. There is also some 

reduction of transverse diffusion by a factor 

(Ref .. 3 and 9) 

where w is the cyrrlotron frequency , T is the mean time bE:tween 

collision, w is the electron drift velocity,B and E are the magnetic 

and electric field. However for a normal gas with saturated drift 

velocity, w ~ 510~ mis for E = 1.5 10 5 V/m , B = l.ST, the factor is 

only O. 73 which is practically negl ir_;ible. >Ioreover the reading method 

chosen w:i.th p<Jds gives an accuracy which is practically independent 

of the diffucion and therefore this point is not very relevant. 

The main drawback, as we will see in section 5, is the necessity 

to measure the curvature of the trajectory in projection. 

3. 2. TranE_verE_al .ET£..i~cti£_n_chamb~r.§_ 

Another possibility is to drift transversally to the magnetic field. 

The main advantage of such a solution is that the sagitta is given 

directly by time. measurement. which is relatively eaf.y to implement. The 

two particle resolution for momentum measurement is excellent (2.5 mm). 

The ultimate resolution which could be achieved is lhd.te<l hy the 

diffusion. Taking the results of Tsiganov et a·l. (Ref .10') wldch g:i.ve roughly 

l15 lltn r.m.s. after 10 rnm of drift) a·drHt of 20 cm will give G= 200 p. 

This relatively large value ist however, comp0nsatcd by the fact tlrnt 

in a projectjon chamber, there arc many nwaslffc111ent.s along the trnc:k. 

Calling this number N, and assuming tlw t these rrwasure1nents are 

('(}U i.<l is tant J we can deduce the erro1· 0 on the sagi tta: 
s 

a 
3.35cr (_:. ~ \/ ';; __ ~ ,) 

p N 3 BL' 
3. 2.1. 

With a= 300 µ (including the electronics), we gel: 
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a ~ J.00 ]Jm 
s 

Note that for the electronics, an equivalent frequency of 75 Mhz 
0.66 

(giving an r.m.s. of 7
12 

· = 190 11m, since we know the time zero) 

will be well adapted to the accuracy needed. Verweij described at the 

workshop (Ref. 7) a low cost solution u[;ing fast NCM 1011+5 memories 

which can provide speed of this order of magnitude (typical access 

time 10 ns) • 

The major drawback of transversal projection chamber is that the 

electrons are drifting at an angle a with respect to the electric 

field (Fig. 7a). A rough e·~·timate (Ref. 9) is 

w B 
tg a = 

E E 

where by definition w is the 'magnetic' drift velocity which is 
M 

roughly equal to the normal drift velocity w. With w = 510 11 m/s 

(fixgon-Isobutane) 1 I3 = 1.5 T, E == 1,5 kV/cm 

tg ex "" O. 5 (J, - 26° 

Tl1is is not very important, howevcr,for projection chaniliers since it 

only changes the direction of projection. In a solenoidal configuration 

(J;,Br~E 
."" drift 

dlroctton 

Fig. 7. 1.1) ln n tr;?n!;vc·rsaJ projectin11 ch:i:~!H·r C"lc·ctron:i drift at 1n1 

nnglc vitl1 rcn11c·ct to rlrctric field E. 

j 
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this results into a negligible loss of measuring length (Fig. 7b). 

This angle can be decreased with the use of Xenon mixtures such as the 

one proposed by C. Fabjan and collaborators (w == 310 4 rn/s). 

@B 

b) Dead region for a transversal projection chamber in 

cylindrical geometry (r n l ro, max drift 20 cm, C\ " 20°). 

We bave sketched in Fir,. 8 a possible design of a transversal 

proportional chamber for n cylindrical geometry in a solenoid. It 

looks like a 'blcycle wheel' , the spokes of which (broken lines) arc 

made with sense wires running para1lcl to the axis. They delimit a 

small ·number of projections cells (2 x 16 in the case shown). The sense 

wire planes are cquipotentials while the field wires around the cylinder 

and at the separation region between 2 cells (dotted lines on Fig. 8, 

see also Fig. 9) are at potential such that the electric field is 

uni form and r(~rpcndicular to the sense wire planes i11 each proj cction 

cell. With a maximum drift length of 1\1 20 cm, a 1~adius of lm, there 

will be 16 sen~>e v1ire spokes of 128 w1_rcs cnch. Therefore with 201+8 

sense wires we could equip a region of l m radius and 2 to 3 metre 

length. 

For sj;npJicity on Fig. 8 and 9, we have not shown cathode wires 

which have to surround the sense wire plane in ord Cl.' to deer.ease the 

leakage of positive io11s in the drift region (sec next section). We 

have shown :d so the projection clw.mbcr surrounded by a conventional 

drift chmnhcr.s w1dch may be useful in order to get a fast trigger 
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Fig. 8. 1~e 'bicycle wl1ecl' tran$vcrse projection ch•~ber in a solenoid. 

i.nfonnJtion, to reduce the eff cct of the dead space· sketched in Fig. 7b 

n11d to monitor the behaviour of the projection chamber (see section 3.3.). 

The longitudinal coordinate can be measured either by grouping 

the cat.hode wires mentioned a.bove into cathode strips or by curr.ent 

division (sec section 6). 

3 .3. 

A projection chamber is func1n:i12ntally on analog device and wjll be 

vxpoHcd to distorsions. 

A large effort should be :invcst·cd 1.n the stAhilitv of van_ous --------!:....-
components. The dd_ft velocity sliould be as stcblc at; possib1c 

(r;uturndon region), the electron c.ttachn:e:nt: coefficient: of the gQs 

kept ns low as possiLil<:, the or.ient;ition bet\·.'cen the cJcctric fic:lcl and 

t:llC! magnetic ficlll well known, and the electronic gai11 slioulcl be 
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constant. 

However in spite of these efforts, and because of some effects which 

are fundamentally dependent on operating conditions such as space charge 

build up (see section 4),it will be necessary to have 'fiducial marks' 

in the measuring space. They could be of three natures: 
55 Fe sources painted at suitable places will give information on the 

gain of the entire. system and on the direction of drift of electrons at 

various places. This calibration requires to be able to gate out p~ 

interactions • 

- Artificial induced signals for time measurement, current divis{on, 

amp 1i tud e analysis ca 1 ib~-i tion. 

- Some i11formati.on can be extracte.d from normal (simple) events or 

cosmic ray through the use of 1 for instance,maxirnum drift time, 

correlation between several cells of the projection chamber or between 

the projection chamber and some other more finely fragmented device. 

4 . Space charge effects in proiection chambers -· -----"'---·-·-------
An important problem with large gap chambers is the space charge 

hui.ld up by the positive ions created in the avalanche~;. They at the 

same. time, reduce the electric field (affecting therefore the drift 

velocity) and modify its orientation, producing then a distorsion of 

the tra.j ectory. 

In order to compute the positive ion chaq;e clcnsity p, let us 

consider n particles per S('Cond and m2
, entering normally u detector of 

section 9, x g and thickness t. Let us assume fin;t that the ions 

drifting nlong th{~ direction g (Fig. JOa) and let us ca1J. q e the 

primary charge clcposi Led per unit length (rv 1.6 ,10- 19 x 10 11 -J) 
rn ' A the 

mnpl:i.fic;:1t:ion (''' 10 5
) nnd w+ :::: 11+ E the drift velocity of positive urns 

(11+ r" l.(i 10-
1
' n/)s/v in Argon, E "v 1.510 5 \'/m). H f is the fraction 

of positive ions escaping into the g.:ip ('\.· io- 1 if tl1c sense wire:s arc 

surrounrJ1:d by cathodes w.i.res), we can equate the jnput and output of 

charge per unit of time and area in thC'. drift region: 

f q e A t: n lg + 
:.-= p w 
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or 
f q e A g n. 

rv 0. 710-.1 2 g n (MKSA) (4.1) 

If the ions .:i.re drifting in the same direction as the particles (Fig. lOb), 

one has still th~ same formula where g is also the drift length of the 

ions. 

---t--· -~ 
n 

Ylg, 10. Computation of the spnc~ charge effect. 

n) lons drift nonnally to the direction of particles, 

b) lons drift along thC' direction of pnrticlcH. 

--E 

g 

Let us study first the reduction of elastic field 1n the gap. We 

l1avc 

div E = 
£0 

This reduces t11e elastic field alonr.; the g direction over the whole 

gap by 

p 
g rv 0.075 l.',

2 n v/m (/1. 2) 
Co 

with ~ -· l rn, n ··· 106 parth;/rn2 

LIE"" 0.74 10 5 V/rn 
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that is half ~ original field_. 

This effect is however much smaller than the distorsion of the 

trajectory due to the presence of additional Ex B terms. In order to 

be specific, let us consider a solenoidal field of value B (with a 

dipole the effect will be twice as big). Let us also neglect the effect 

of electrodes which will in fact reduce effects when the distance 

considered nre comparable to their spacing. The positive ion density 

p creates a radial electric field 

rp 
E r 0 .035 g r n v/m (4. 3) 

2E:o 

r ~ g 

We consider first a t~me projection chamber (Fig, ll.a). Instead of 

drifting along magnetic field lines, the electrons will drift at an 

angle 

d¢ 
w E B 

r 
~ -----

where w is the electron drift velocity, supposed to be saturated at 

the normal electric field E (E 'c· l.5 10~ v/rn, w == 510 11 m/s) and the 
0 0 

shift of azimuthal position of electrons af:tcr a drift length g is 

(B == 1.5 T) 

d s ::: 8 d¢ 1\1 io-7 g?. r n (MKSA) 

If we want: this shift to be smnllcr t:l1an the mc<iSuring accuracy (rv 10-'t m) 

for g 'V r 'V l in, n s11ould he as small as n "" 10 3 part/rn2 /s. For 

g-« r (L1 .Ii) should be rep] aced by: 

ds f\, 10-7 g 3 n (/1 < 5) 

(roughly! \fo h;:ive not done any eornpletc c<l'lcu1nt:i.on). By dccre;1si11g g 

to 20 cm, n ean be incre<tscd to 1. 2 10~; part/11: 2 I~; nnd ~ .... I. t.ll 10 cm to lOc. 
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Let us now study the same effect in a transversal projection 

chamber (Fig. llh). The effect is to change the direction of the electric 

field by 

do: 
E 

r 

E 
0 

This corresponds to a maximum error on the measured distance of the 

track 
ds ~ g tg a da 

"'.. I~ 
rv 0.3 g-E.. rv io-7 i r n 

E 
0 

which is the same of (4.4). For g ~ r, L1.S is applicable. Note that for 

~ 
Er K:: Eo 

: Er ®B 
I 
I 
I 

,--...... 

Fig. ll. Dir.tr,rtion of the trnjcctory by space chnq;e ~ffccts, 

rt) Jn n tiir.e proj('ction ch.JT!l~ler 

l1) Jn trnnsvt•rsal projection charnbcr4 
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a 'bicycle wheel' transversal projection chamber, the gap width is 

small in the region of high particle flux. 

I~nclusion, the main space charge effect goes as the cube of 

the gap width and, in order to absorb the relatively high rate 

expected in a pp detector, projection chambers should have a projection 

length limited to 20 cm (may be 10 cm close to the beam pipe)· 

Note that there are other tools to limit space charge effects: 

It is ~f primordial importance to reduce the number of ions escaping 

into the drift region. 

One may attempt to decrease the electron drift velocity (Xe gas) if 

possible without decreal;:\_ing the positive ion dri~t velocity. 

- In formula (4.4) and (4.5) a E3 factor is buried in the denominator 
0 

therefore the electric field 1n the drift region has to be high. 

- One may attempt to decrease slightly the amplification, Our value 

A"' 10 5 corresponds, in Argon, to a mean pulse height of 5 mV on 

1 Jill or 10 11A at low impednnc.e. 

- Finally, along a line suggested by C. Rubbia, suitable field wire 

arrangement limiting the width of the drift region will decrease 

space charge effect (quadratically) (Fig. 12a). This is better than 

decreasing the effective length of the drift region (Fig. 1.2b) since 

each grid plane will absorb electrons cs~wli, private communication). 

This niet:ho<l is not significantly simpler than dcc.reasing the 

projection length whic.h have as an additional advantage the decrease 

of memory t:inw. 20 cm is quite weJl adapted to the rcpetitlon rate of 

the rn.ichine (with 6 lrnnches). 

: E: 
. I . . + . 

. . 
... : ... ·., .: .. ,: .. ! .. : .. : ... !'.0ns.C' wirf•s 

........ !r~ ........ . 

• . , .•.......•.......... , ~P11s.c v.:irc>s 

Fig. 12. SystF.il~ of fi(:]d wire to 1 i~it sp11ct' chnq_'.C-. 
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5. Measurement of sagi.tt? in time _rrojcction chambers (longitudinal 

p1:oj cc ti.on chamber) 

5 .1. Pads 

The simplest method conceptually, is to use the induced signals 

on cathode pads as proposed by D. Nygren (Ref. 3). Tlte measurement of 

the amplitudes allows to extrapolate between pads (Ref. 6). However in 

a high rate detector, the number of projection chambers has to be large 

(see last section) and the necessary number of pads becomes extremely 

large. For instance in the solenoid example of Fig. 13a, we need 3000 

pads per chamber (8 rows of 8 x 8 pads). With 32 chambers (2 x 16) this 
"-. 

is about 1.00 000 pads. For a dipole, similar numbers are reached, This 

Jeopardizes one of the main advantage of projection chambers which is 

supposed to he its mechanical simplicity and the relatively small number 

of channels. The electronics price wi1l be very big (see section 2). 

Moreover the only practic0l way to m.::ike pads is to print them on 

aluminium (or copper) mylar ~andwich. This requires twice as many 

chambers and pads since a wire plane cannot be used for two adjacent 

projection regions. 

16 time> projection chambers 
<--·--------Gm __________ 1 

..---- -
I I I 

I I I 

I I ! __ I 

-~ ·-·,- I ,-
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I I I 
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I I ' ' I 
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I I 

T 
I 
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i 1- -.- ·I 
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L ...!.. ....!... I 

I 
I 
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I I 
I 

, _ _, 
l,Ocrn 

l 
I 
I 
I Fig.13a) 
·,-
I T.PC. in a solc.·noid 
I 

I 

Fig 13 bl 

Projection chornbc~rs in CI dipole 

Fig. 13. Skctcht:s of proj0ction ch3:!!L(·rn i~1 2 ::-1.1gnetic field 

configurutions. 

a) Tiii1f! projection c:homhcr in n solenoid (Fo'( trnnsvcrti:al 

projection clw:nber sec Fig. 8 nr.d 'J,) 

bl Projrction chamber (of nny type) on a dipole, 
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5.2. Q_<\!:_h.S?_d~ ~tE_iE_S 

One could th2n attempt: to simplify the 'iliea and use cathode strips 

instead of cathode pads. They could be made by grouping electrically 

the cathode wires which are necessary in order to re.duce positive ions 
~ 

escape into the projection region and a single chamber could then be 

used for left and right projection. In the exemplified geometry t:he 

number of strips could he about 500/chamber (8 n® strips on both sides) 

that is for 16 chambers 8 000 strips, which is quite. a reasonable 

number. 

However, the situation is much more complex than in a discrete 

chamber, where a limited a~ount of wires and strips are hitted and 

where combination of stereo and comparison of pulse height allow an 

easy pairing of strips and wires (Ref. 6). In a projection chamber each 

track induces signal on a large number of wires and strips and the 

relevant pair of coordinates will he more difficult to extract: 

- Contrary to a pad, each strip 'sees' many sense wires and, in general~ 

two neigl1bouring strips will see signals such as shown on Fig. 14a. 

The time difference ot between the successive peak um be estimated: 

d tg /-
o t "' '\.i 200 ns tg~ for sirn~ close to 1 

w s inij; 

where (Fig. Jl1b) d is the distance between 2 sense wires 

('v l em), ), the dip nngle of the track with respect to the projection 

61 
'---t 

(\ r.lt IP 1 ./'.._; \..r--- } son•o 
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plane, 11 the prjected angle between the track and the sense wire 

and w the drift velocity (5 cm/ps). For small l/J the pulse width will 

increase rapidly and the gain on ot will be useless. 

lntc1~pola ti.on will have to rely on fast analog sampling devices 

(CCD) 8.l)cl will be practically impossible if tg A <-
1
- that is if the 

4 
particle is too paro.J.lel to the cone plane. 

In pr~1ciple,pairing can be done with time but here again if the 

track is too parallel to the wire plane, all strip signals occur at 

the same time,and pairing has to rely on pulse height, This is 

complicated by the fact that each avalanche will induce signals on 

severrtl strips. 

Finally it is important to minimise the occupation time of each 

strip amplifies s:i.nce any dead time projects a 'shadow' in the whole 

depth of the chambers (100 ns would give 5 mm) • 

Therefore, <'!part from this shadow, the information 

for sagitta s:cconst:ruc:tion throur;h pairing is available with cathode 

sti~ips. And given an accurate model for cathode induction, it would 

be possible to predict from a set of tracks, the pattern they should 

produce j 11 a chamber and therefore fit the parameters of the trac:ks to a 

measured pattern. The main problem may be to rec:ognise a given pattern 

and to firid a. close enough approximation to the event for the fit to 

converge. The rccorn;truct:i.on efficiency and the computer ti.me cost of 

such a procedure will have to hn tested in detail with Monte Carlo, 

before deciding to usf~ strips ir1 time projection chambers. For 

financial reasons (tile cost of ADC) t11is m,1y be a crucial clement. 

(> • !?}.:.E....!.:'.~' '.~. ~E!~.'~'.!Y:.J.:2-.~E.:"2_~1 sv_<::E.:~:.._"!:_J? .. r oj_£_c_:J: i ~::_cl 1~~~:22 

Hlw I: we kivo said for sag:i.tto mon<.;urcmcnt in t-ime (longitudinal) 

project.ion chamhcrs is valid for transversal pi:ojections with an 

irnpor L1nt mod if ica t ion. The measurement of the traj cct:ory clip has not 

to be vet~y prcc:i.~:e and the pattern to recognise in projcc.tion is much 

sLnpler since it is made of straiBht tracks. These obsorvations open 

many more: possibilitjC's. 
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6.1. Pads are not presumably worth while since it is absurd to spend 

much more money for dip measurement thnn for momentum measurement. 

6. 2. ~t!:_iJ=:_s can be used, However interpolation between strips may not 

be nccc~;sary, saving the connection of most of the strips to nnalog 

memory. The time of individual hits on the strips will have to be 

measured for pairing purposes. The diff ic:ulties mentioned in the 

preceding section with track parallel to the wire plane can be solved 

in two ways: 

- Without additional hardware, the dip of a track parallel to projection 

plane is known roughly by the point .at 1.;hich it enters and exits 

from the proj cct ion rcgi,on. 

It would be possible, if the analog information is acquired for the 

sense wires, to add on~ few strips pulse height measurement which 

would help in the pairing. 

6.3. Current division • Since t11e coordinate along the wire does not 

need to be measured to better than a cm or so current division can be 

rilso used. The necessary multi.hit capability of this method be 

dcmonst1:cited, it would 1)e nearly ideal since it gives directly points 

in spncc and is a natural extension of dE/dx nwasurcment. 

6 .L1. Qt~e.::_ ~c.!:_h_?_cl_~ • Wires could he til tcd for stereoscopic proj cctions. 

Tl1c necessity of not distorting the electric field appreciably requires 

that the wire displacement remains a small fraction of the drift length, 

The stereo angle w:ill be quite small ('\.. 20 mrd for 2 cm on 1 m) giving 

typical re>solution of 50 cm along each wire This m:iy be not good 

enough and may 1.cad to mnny ambiguities. 

Simple de] ;1y lines suffer from the s.:i::1e defect because of the 1.argc. 

wlclth of the signal at t:lie encl of the line (se\'C'r.'.ll hundred ns) and any 

comp('W~;-ition whic:h could de.crease tltc sign;:il \-::iclth will introduce too 

much rn:;t.t:er in tl12 w:iy of particle~~. 

7. ~~<::.~J.:.0 n~:_'.:'_?L J~'o_j3_::: d ~-:_~_.'.:J~'.::rn1b_~r s 

One of the m~1in motiviltion of projection cha.mbc:rs is to sin1plify 

the 1aC'clianical corn;truction of the de lee: tor. \·.'e hnvc therefore to 

show tk1t is indeed s:i.rnplc~ to build pi-ojcct:i.on c:hambc1:s. 
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7 .1. .!!_i.P._o.!_a.E_ fi~li_. This is most readily seen in the dipole field 

configuration in which projection chambers are simply made of flat 

chambers parallel to the beam and either perpendicular or parallel to 

the magnetic field (Fig. 15 b). 

A particularly simple configuration is obtained if cathode 

strips or current division read-out is used since one plane can be used 

both for left and right projection. 

The use of a long dipole requires very large frames (typically 6 m 

x 2 m). In order to limit the size of frame edges, it is necessary to 

include intermediate girders (Fig. 15a). However they can be quite light 

as we will show in the forthcoming calculation. 

,____, 
Im 

dir!.'ction cathode 

/\. 
wire-

direction of sense wire~ 

! 

[] 
.... 

!cm 

! 1 rnrn 

sense 

wir{e )fi·:!d wire 
0 0 0 0 0 
x . J( . 1. . '¥. • 

o o o o o" 
cathode wire 
(at an angle) 

DIPOLE PROJECTION CHAMBER 

~---c 

lm 

l'ig. l'.>. Frnme for projection chaml,crs. 

11) !Ji pole field (.1ny ty;><'). 

b) 'nicyclc wheel' trannvcrfitil projection chllr:iber inn colcnoid. 
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A beam which cannot rotate at its extremities will. support a 

maximum force (Ref. 13) 

Lf 7T2 

l" =- EI 
9,,2 

where E is the elasticity modulus, I is the moment of inertia and 9, 

is the length of the beam. With a square aluminium profile of thickness 

l nnu and section 1 cm 

E = 6700 Kg/mm "" 6.7 109 Kg/m 
"' t 'V 1 m 

F !::: 

max 
175 Kg 

A safety factor of 4 gives a maxrnmm load of 40 Kg that is l100 cathode 

wires of tension lOOg or with a 5 nun spacing 1 m of cathode (on both 

sides). Of course in a realistic design> the two extremities can rotate 

somewhat and the nbove numbers may be divided by a factor 2 (Ref. 13). 

Such a profile represents only 1.1 g/cm~ that is ~.5% of a 

radi.1tion length, so particle could go through it without too much 

damage. In addition the girders could be arranged so they arc not too 

close to the interaction region and cover a small amount of solid angle. 

Uncloubtledly more so phi stic.ated techni.ques (l1oney comb, styrofoam) 

use of hetter materials) can be used to decrease still the amount of 

matter in each beam. He can therefore safely conclude Lhat the frame 

can be subdivided as shown in Fig. lSa) into subcclls about 1 m x 1 m 

with very light beorns. 

7.2. Solenoidal Field. In that case we k1ve to cJjstint;tdsh between 

time projection e:b<'lmbers and transvcn:cd projection clwn1bcrs <tnd 

'd l t·.·11e cc~·,1t1·.al. detector (!15° < 0 < l/15°) and tile cons1 er separate y 

forward detectors. 

a) Time projoction ch.::nnhers: They wilJ 11e es:.ent:inlly disks positioned 

every lf0 cm (Fig. 13a). In the fon·.'<:ird d ircc.l ion, the wire 

orientation have to ch;rngc for cac.lt Gucci:sshrc };!.yer so p;n-t:i.cles 
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are never parallel in projections to all the wires. In the central 

region where the particles do not cross a large number of T.P.C., 

each wire plane l1as to be arranged in a way similar to the one 

proposed for end caps in the PEP time projection proposal Fig. 16 

(Ref. 3b). The main drawback is that each side of the 

represents a dead region of the order of 2 cm which for fast tracks, 
6 x 2 

2 x 20 rir 
::: 10% of the azimuth 'and totally obscuring partially 

2%. We ha•1e therefore to conclude that T.l).C. with small gaps are 

not very well suited to solenoidal field . 

....... 
ENDCAP WlflE l\RFIAY 

- - -- - ___ :-::.1:~:.__7 
---·· . ··-·· ··- ··--·-----· -, __ ·- ---------~---·----'-

Wires l'lilh · ,. - · - :.--.: --:: •• ::. : ... : ~-::_::_/-•_-_--__· 
Scc;nu.•rited Cathode~\ . . . ,· ... ·! • •. :~· 

(12/WedQ•) '----\- • _.. . ..... ,. --dE/dx Wires 
·· ..... --c (192 I WodQe) 

xnt 761?-llJlB 

rig. 16. End cep9 in th~ l'EP time projection propooRl. 

b) Transversal project:ion ch;iml>ei:: In the central region, the mosl: 

convenient arrangeinC:'.nt is the 'bicycle ,.;Jieel' proposed ln 

section 3.2. 

Two methods of construction could be consjdered. Either. as we 

have proposed at the first pp study week (Fig. 9) we could u~;c the 

SLAG technique of Lhrcadin~ directly the wires in a prebuilt 

cylinder with end plates (which could be conical for rigidity). 
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The main problems are maintenance, safety of operational and 

longitudinal read-out which is then limited to current division 

and stereo. Or we could make each spoke as a frame with the amount 

of matter in any beam close to the interaction region reduced to 

its minimum (typically the 1 x 1 x 0.1 cm 3 Aluminium profile 

discussed above at 30 cm from the beam ), This solution has 

several advantaees: 

- All the spokes are easily disrnountable and interchangeable. You have 16 

··identical chambers and can afford to have only a few spare. 

- In addition to current division, you can use cathode. strip read-out, 

which decreases the depemlancy of the project on technics yet to 

be developed. 

The field wire plane can be designed similarly and can be made of 

printed mylar separatins mechanically the chambers into several 

sectors, increasing therefore the safety of operation. 

For the forward part, one could use the same system of frame but 

now with sense wires along the radii in order to be more perpendicular 

to particle trajectories. 

Therefore contrary to what i.s commonly believed, for solenoidal 

geometry, simple solut i.ons indeed exists sespec ial ly with transversal 

projection chambers. 

8 D 11 l . . t • • • 1 t .. . ata -.ecuctJ.on w1t11 t-'.liiTe __ pr<_:?.)CCtJ_on crnmuers 

In order to estimate the nrnount ·of information generated by a 

projection chamber, let us take the example of a system of transversal 

projection chambers with 7000 wires, 2 ps mean maximum drift time, 

75 Mhz shift register. for time measuremr:>.nt nnd 20 Mhz 8 bit resolution 

CCD 1 s h'ith two of: them attac.hcd to eaclt wire for current division, 

If empty c:dls Are not suppressed we arrive to 7000 x (1So+L10x/.x8) 

"· 6 lOG If 1 1 f . 11 . 1 v per event. - zeroes are ta .::c.n out, we are e: t typ1ca _ y w1 t l 

20 x 100 x (2 x B + 8 x 2 x 3) ~ l. 5 10~' bi t.s where we have assumed 

20 tr:icb>, that we sampled the tracks 100 times, that we kept two 8 bit 

drnc information per sample and that the pulse. height has been measured 

3 times per pulse. 
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But a typical Camac speed is 1.5 10 5 j 16 bits/s (although 1.4 µs 

is the specified maximum data way cycle time). So without any further 

data reduction we are limited to 16 events per s. 

We conclude therefore> that some dnta reduction should be done 

at a very early level (even before Camac), for instance identifying 

unambi3uous segments of tracks. A natural extension will lead to 

multilevel triggers. 

9. Conclusions 

What we have attempted to show in this study can be summarised as 

"'' follows: 

O) For a large angle pp device with the expected event complexity, 

there is no other choice than to have a very large density of 

information-, dE/dx measurement is then a natural extension which 

could be very productive. 

l) Discrete chambers lead to a very large number of channels (in the 

example taken 40 000 for drift chambers, 100 000 for rbicliraensiono.l 

read-out 1 clw.mbers) even with a somewhat reduced density of 

information. The cost of mechJ.nics ,cind electronics is worry1ng and 

the amount of matter may be quite large adding to the complexity 

of the events. 

2) r1~:j <:•c.ti~_ch;unbers arc an elegant way of simultaneously increasing 

the density of information and decreasing at the same time the 

mechanics complexity. Tl1e main problem comes from space charge 

effects. It seems possible to reach a particle density of 106 

part/m2 /s vit:h snnll projection lcnDtli of the order of 20 cm. 

!{£ __ J2.'.:_~y_o s i:__!J_l_'._~~--~J_i_c:__r_i2.__~~~t e~-~(:Ll~E-~~'.l~\.!..1~:~_t j~g-~~--e act i v~;:.__s l 1 i s 

~IJ:l_P,!;'_9 .. £1 <C ]~.:_ 

3) Jt is a sepnrnte issue to decide \,•\tether the projection slioul.d be 

done parallel to the I7i<l[\netic: f:i.cld (J.on;:;itudjrrn] or time projection 

chambers) or perpendicuL:irly (trcrnsvcrs.::i.l projection charJhers). 

It :i.n the nuthor's opinjon t1111t momentum 111('.'hsurc:mcnt, after all 

l ... [ 1 l "J lt t .. f . 'l t. ll~ main 1111ss1on o. n c11m:gec pa1:t1.c c cc ec ·or, 1s 2~.- c::_:.;.L~'...1.:__y __ ~.!:.;2_ 

tr_i1.r.:.~.Y.5:2:":.:'.!_~p_~oj~:.!.~~ cha;nlwrs th<in wit:h tine pr.ojcct·ion charnt,c>rs. 

The former type relics on already standard clec:trouics whjlc the latter 
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requires either a large number of pads (100 000) which may be 

unrealistic price wise or a sophisticated analysis of the pattern induced 

on cathode strips. The point has to be investigated by Monte Carlo 

before a decision is taken in that direction. 

For transversal projection chambers the longitudinal coordinate 

can be measured with cathode strips or with current division. The 

latter method seems very attractive but deserves a detailed study since 

nobody ha.s used it in the multihit mode. 

4) Mechanically 32ro.jection chambers are very simple. This is obv:i.ous 

for <lipolar field and time also for solenoid at least for transversal .... 
projection chambers, Detailed designs should check these statements. 

5) The quality of projection chambers depends, in a large part, on 

the sophis r:ication of the electronics. Two areas seem to be worth 

detailed investigation: 

- Low cost, multi.hit time to digital convertors, 50 to 100 Mhz 

with rnultihit capability. A solution seems to .exist base of fast 

MECL memories. 

- Low cost analog memories or fast ADC (20 Mhz 8 bits). The most 

attractive devices seem to he the CCD 1 s a.1 though performances of 

off-the-shelf items are not optimal for our kind of application. 

He think that this study shou"lcl be Given v_e;:-~ high priorit~ 

since many choices rely on the e1vailabilj ty of a 101: cost 

solution. (The projection chamber and multi.hit charge division 

in particular). 

6) We should be fully <iware of the large amount of information 

generated by projection chambers. It is b,:rnically of 2 types: 

- Calibration datn. It would be necessary to have 'fiducial marks' 

011 tile nwasurin8 space. It is essential to incorporate the 

calibration procedure into tltc system dedgn so it is to a large 

degree automatic. 

- Measurement data. Some. fast data reductj on tec:lrniquc at a very 

early level in the chain should be deveJopC!d, with its natural 

spill over: a sophisticated multilevel trigger. 
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