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A3STP.ACT 

A fast plastic scintillator telescope has been set up in order "":0 

noni tor a pion bea'1l in connection ',.lith experiments of negative rnon 

cap~ure at rest in nuclei where the ki!1er.1.atical que.ntities of the e:::"--:.ted 

particles a:::-e !T;easured using the time of flight technique . The bea'TI -:'~2e

scope '..;as a-ole to furnisn , bY::leans of its gocd timir;g proper~ie3 ar:.:2 .:":!.s --:. 

particle-disc:-iminaT.ion capabilities , the number and the intrinsic ~:~.-= 

dispersion of the pion stopped in the target without muon and elec~;~n 

contamination . A pure electron fast g9.te signal, very useful to cali:'ra·ce 

neutron and charged particle detecT.ors , '-ras also available . 

By study;ing the effects of the e!1ergy degrader materi::.l on bo~i t.!.e 

time distribution and the intensity of the particles of the inconir!g ~e:J..r:1 

we have verifi ed that a 10\0/ energy and a good momen1:,t:m definition aY'o:' -:.'.to 

necess~'y cr.aracteristics of a pion bea~ for carrying out expe~i~er.~5 in 

which negative piuns e.re absorbed at rest in lI thinll targets. 
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1 . - INTRODUCTIOH 

In expe~i.'nen"cs ',there net;ati-re plons eI'e captured at rest in nuclei 

and the kiue::!atical characterist:"cs of the e!i1itt.ed particles (neutrons, 

protons, deuterons , etc . ) are measured enploying the time of flight; (TOn 

technic..~ .. H'~ , the IJa:n requirements fo!' the inc8Ding pion cea.'11 are : 

1) plcns of' 10 .... [ energy (~30 r·le'n . This is necess~ry for t'''[Q reasons : 

a) to minimize the thickness of "the degrade r naterial that. the pIons 

must go through before their stop in the tar get ; 

b) to be far from the maxl:nli..ll of the pion-nucleus total cross section 

of the slow"'ing doun mater i al ; 

2) good pion r:lOm.en:'Ut1 definition and high i nt.ensi ty , 1n order to ' maximize 

the nu.~Der of stopped pIons ; 

3) 10.·[ romon and electron conta'TI i nat i cn, 7..0 reduce the e:er:eral back.q;rour.d 

in the experi~ent . 

Hhile require~ent· 2} IS well sat i s fied by the modern meson factories , 

botil requirements 1) ani 2) are . simultaneously avail::tble only at the Tr::u::f 

meson facil i ty . In any case the presence o~ muons and electrons in the pion 

berun is unavoidaole because tr-!ese particles are produced by the decay In 

flight of the pions themselves . Generally , the per centage of the electrcns 

present in the be2lJls extracted fr om C"Jrclotrons , is comparable vi th that of 

the pions (x) . The electron contrunination is a source of troubles 1n 

experi:nents in \.,ri1ich the negat.ive pions are absorbed at r est.. because the:.~ 

easily simUlate pions stopped in the tarrreL and because they contribute to 

the background of the experi~e~tal are a . 

On the other hand the knovledge of the absolute number of the pi ons 

stopped in the target and thejr time (or e ne r gy) distribuLion is an essent.ial 

information in these experi!'lents in order to be able to nornalize the spec:.~D. 

of the emitted particles , to obtain the branchinG ratios of the reactions 

i nvolved and to calculate the true jitter of the start si~nal . 

(x) see for instance "Triumf Annual Report 1975", "SIN Newsletter l108(19ry1) " 
and. the results reported in this r eport . 



- 4 -

In order to reduce as r.lUch as possible the electron contalYli~3.ticm 

and to know the nwnber and the time distribution of the st0P!Jed pio!'1s 

we have set up a beam telescope ha-v-ing tte chal'acte:-istics and. the 

performances described in this report . 

2 . - BEAt·\ TELESCOPE 

T~e bean telescope 15 sho'..m in Fib ' 1 . The disl:.ances betileen the 

aet.ec"tors , tteir ntunber and dimensions have been chosen in such .'1 ;:J.ar:.ne:l' 

to satisfy sirnul taneously the follO'.-iing conditions : 

a) to stop the mD..XlmUn n1.L'":1ber of particles ln the target: ; 

b) to de-cect only stopped pions; 

c) ;;0 have the r.llnlr:mn "p lon t.lme dispersion be:.· .. ·een CT2 and the 

tar gee . 

The TOF measurements of the bea~ p2rticles (*) is perfor~ed by the 

CTl (NE104 , 20xlOxl cm 3 ) and CT2 (HE104, 20x20xl cm 3 ) detectors . Their 

r elative d i stance must be chosen in such a '"Jay to obtain a clear se!'ara::. ion 

bet-,.,reen the three components ; i t depends on the t i ming resoluti on c :' 

experimental apparatus and on the energies of the incoming be8ffi part.~cles . 

In particular CT2 must be placed before the degr ader in orde~ to test "he 

time ccmposi tion of the inco:ning beam any-cime it i s necessar~r . 

In Fi g . 2(a) the TOF spectrum of the inco~ing beam particles (~x) 

'vti thout alw:1i nium absorber is shm·m . 

The follm ... ing infor:nation can be derived : 

- relative percentage of three car.rDonents H : N : il 
IT ~ e 

= 65;3 : 23:; : 12% ; 

- pion ener~J at the C~2 posi tion 67 . 7 [,!eV ; 

- energy and mOr.1entum dispersion 5% and 3% respecti "rely . 

The aluminium_ de~rader is placed after CT2 . Its presence causes a 

serie of negatitle effects on the beam intensity and structure which can be 

( .,) The measurements was carryed OUe at the LEPC channel of the CERN 
600 t1eV Synchro- cyclotron (SC) . 

(xx) The incoming beam narticles is the bea~ monitored by the coi~cide~ce 
CTlxCT2xCAlxG!2xCA2 . 



evaluated from the follo'."ing data . 

1) The structure and the inten::i t:,r 0:-' the be::n i':I,::':"u;i!L=- '.lpor. -:he ta:-;e-s';E 

when t,he aluniniu."7l t,[-,ickness (6 . 1 cr.) corresponas to ::-:e r.:8.xi.!:1wn of :'i-.e 

pion stopping ra:.e in tr.~ tarGet is sho'..In in :-ig . 2(1:; ~ . As fo!' rig . ? ( p \ 
~ '-"". , 

the data that, can be deduced are : 

reli:itive percentc.ge of the t~ree cc:nponents 

- pien enerGY at the CT2 position 68 . 3 :·~e''''; 

:1 : 11 , .' = L~.~ : 41~ : 15·.3; 
:T l.J '= 

Fro::1. a co::rparlson of the "t ''';O results it is clea.r "t:-.2.:' the!'e is a 

drastic l'educt,ion o:f tile nll.'"1ber of pions incident u~on the "tarGet 

after tne alumini'J.m insertion . In our case the 1055 is of' 78,3 ; at' 

this 1035 a fraction of 13;'; is due "to tile Jec?.y i!.'! :":;,.:.;rrt, '..f!1i:!..e a 

fr:J.ction ·.) f 65~ is due t,o tile scat,tering of pions b:; the absol'::>er 

nuclei C;lOreo'ler l~ must be attributed to t~-:.e air "t:1ic~ness :?resen":, 

bet'Jcen CT2 and the tc.rcet and t,o t.he t.hic:::1ess of t.he C·:2) . 

A fuyther snaIl reduction due to the ~ion fast disc~ir:1inQ.tio~1 (~ .. :t:) 

must.. be considered : it dec~' eases the intensity of "the pion oe'JI1 

cO::-,ponent of 2~ . ~rnen t.his is ad.:ied to :.he reductic:"', d~~e to the 

ulu.."TI.iniu:"1 absorber, tr1e total 2.oss of the nU!:J.cer o:~ !:non3 

upon the target 2.1!lounts to 80% . 

. . . 
l::rpl!1F.;l!1f; 

("') In these measure!!lents a liquid helium target '.as employed . The heliun, 
at atmospheric pressure and at 4 K temperature, was filling a cylindric~ 
cell having 2 cm of thickness and 20 cm of diameter . The total thickness 
of the mylar ,.indows surrounding the target was 1.2 lll.'ll thick. The helium 
gas consumption of the target in st~ble work condition was only of 2cOYh . 

(itt) This opera.tion , ' . .,rhich is de~cribed in the next pn.ra!;raph, allow to selec:: 
optiona.lly anyone of the three beam components . 
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2) The l<:.inctic enerGY distribution th:J.t the 1.Hons stopped in the tarGet 

exhibit. at CT2 and just be'fore entering in the ttlre;ev are sho· .. m in 

Fig . 3 ar:e. 4 respecti1Jelj· (;t) . The larBe loss li1 enercy definitio:. 

of the plons st.opped in t.he target. , after the insertion of t~e alu

minium degrader , in::reases the intrinsic pion time dis}?ersion \{hic~ 

.from 170 psec (PI·T:r1..:1) beC8!":".es 560 psec (p.rn:!) at t!"!e target positio:1 . 

itlhen tr.e TO: technique is used to determine the energies of the pa!'t.icles 

produced by t~e pion aoso!"ption in t!1e targe~ , the relative e1':-o:

associated to the energies the detect.ed particles is Given by the 

formula : 

lIT 

T 
2 

lit 
t 

,,'here t 15 ~he ~OF of t.ne particle, r( 3~) 3. function 0:"' 8 2 and 

LJt the start-stop time indetermin2:tion . In our case, "the lar;;:e Tl1uc 

of the intrinsic pion tine dispersion at their target arri -n:!.l , lncreases I 

~he to~al s~art ti~e indetermination up to 610 psec 1n ~pite of the 

fact that the elec~ronic start time indetermination o~ our bemm te-

lescope is 250 psec (~£) . 

.A.nother neg3.tive consequence of the large energy dispersion of the 

pions emer ging from the aluminium degrader is a further 50~ r eduction 

of the num":Jer of pions stopped in the t·arge-c , so that we are able to 

stop only 10% of ti1e plans present 1n the inconing beam . 

(,to) These energy distributions have been deduced from the TOF spectra and 
taking into account the energy losses suffere~ by the pions in air , 
in the scintillator mate~ial and in the aluminium degrader . 

(~) The electronic start - stop time indetermination of our beam telescope 
for electrons is FHHN = 350 psec . If ;re assume that it is the same 
for the start and stop , the electronic start time indeteroination can 
be evaluated to be 250 psec. 
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In order to li:nit as :.:uch as possibl.e the losses discuGsed 2.b~rre and. 

to Get rid of the Muons, ?l~oduced b:r ~:-:e !HOn deca:rs In f~i=:~:. , ::;i:-:u:"a-:-

InJ pions stopped. In the tarGet, tte set of detectors Cs:'2, CAl, C::2 

CA2 must be as ~uc~ close to e~ch other as possibl~ _ In part icu~~~, 

ei-cc.er tile distance bet\{eeo G12 and CA2 (x) and the thickness of C:·!2 

ar:·i 

C;:'1e de~ectors CAl (UEllO, 20x30xO . 5 cn3 , yjlO cn) and C:12 (:EllO, 

10:<10:(0 . 05 cn3 ) are geometrically plo.ced In such a way tha-c C:12 'fOrks 

as Q coir:cidence counter · ... -hile CAl ~ .. ;or~:s as an anticoinc:dence CGun't.p.:::. 

This combination selects IJarticles of the beQffi of well defined trajec-

tories , so that O!1e can neglecT. their flight path differences bet'Jeen 

CT2 and the target . 

On the o1::--,er- hand t~E: electrons of the be2.ffi scattered f1'o:1 the :::.lu:-ai •. i"..L'7l 

and st::·i.king the liC!1t pipes of Ci':2 are de"tec"ted thrOU[;fl Ceren~ov 

r adiation . Tr.ese elec"tl'ons also escape CA2 and then simUlate a pa:-ti:::l~ 

stopped in the targe-c. By n:eans of CAl it is possible partially to 

reject these electrons by choosing suitable dimensions for CAl . In the 

Fig . 5(0.) and 5(b) the -ciroe distribution of the part i cles stopped In 

the target (:f:f) are sho' ... rn . He can see the electron peak near the pion 

peak . The exact kno'.Jledge of t~lis particul3.r electro:! con-ovamination is 

necessary to !1orT:1alize the measurements to the true number of stopped 

pions , since it is 6~~ and 3l% in t·,.;o cases respectively , and therefore 

not negligible . 

The CA2 detector (liEllO , 41x21:<0 . 5 cn 3 , '/J7 cm) selects -che bea-n on the 

tarGet and the anticoincidence CA3 (rrE104 , 30x20xO . 5 cm 3 ) rejecta the 

part i cles that are not scopped in the target . 

(:t) Ct,12 can be put near to CA2 up to the point that tl;1e char[led par-cicles 
produced in the tareet and gOIng out through the hole of CA2 are n01: 
intercep1:ed . 

Cud The inco!l!ing beam used to obtain the Fig , 5(a) is shown in Fig . 2(0.) , 
while that one relative to Fig . 5 (b) is a beam having N : N : Ne = 46% : 
: 6:1, : 48;3 and t = 101. a l'leV . 1T ~ 

1T 

I 
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3 . - ELECTRO:lIC ARRAtlGEJ.!ENT 

In Fig . 6 the clock diagl'QI1. of the elect.ro:1ics is ::ho',ffi . ~he :i::::'ng 

circuit, already desc:::-ibed in ref . 1 , :-01' both CT2.. ana. C~2 , conSlSt.s of 

two 473 consta:1t fraction timing d i scrimina~or s , two shaper cable ti~ed 

ana. one mean-t iner . It is used to Ce't the beam. pa:!'~icles time ciis~ric:;.ti.Gn . 

The fast discriminat i on bet i,·:een the t:n-e e oear:1 components 15 perfor:ned 

by n:eans o f a logic circuit. : b j' usi!1g a long distance bet'Heen CTI a;:d C:·:2 

(521 em) and high resolution discrim.inators (~:;tiJ-l of the output sil:!nal = 2 

ns ee) we have obtained the coinc i dence curve shown in F i g 7. SUC:l Cl!::;"re 

does not resolves the three be2J.J1 co:nponents , but it is clear that chccsi!1g 

different values of the delay used in the coincidence curve -,.,i 'thin tte 

range 24 - 41 nsec) one can discrininate dif;""ere':1t co:.::ponents of -:.~c :::'2c:::.:ng 

be2-r:1 . 1:1 t.he S8...'7le f i gill' e the eva.:!.uated ·::::cntri"su-:ion of tr,e t.hree co~:;:;cr.~:-:ts 

of the bea"!1 entering in the target are !'up:::-esented by the dotted. lines . 

By enabling the ORT~C 457 t i me- to- araplitude converte~· ·...r i th the C=-:xCT~ ~· 

xCr,12xCA2 (!t) output siGnal i.fe h ave obtained the results shown In Fic; . 3 Hl 

-..rhich t he three co:npo!~ents of the "bea.r:1 a r e well discri::'linat.ed fr om eaC::l 

other . Then , wi th a n e3.sy chansement. of a delay value , we CQ':1 realize a 

fast gate signal depending either fro:!! the electrcn component o r t~e :;:;:"on 

cOr:lponent ('"ith a small mt:.on contrunina-cion) of the beam . As it is r eport.ed 

by seVeral authors ) the electron fast; ga:te signal is very useful to calibra-.: 

the neutron and char ged parti cle detectors (left-right pulse heiGht e:;''-'2.licc 

electron equivalent thr eshold setting , etc . ) and to compensate their cu:put 

s i gnal time differences (ref . 2) . 

By gating the ORTEC 457 t i :ne- to- 3.Ir:plitude conver ter with the CTl:,:::'2x 

xCi-12x CA2x CA3 output signal , we have obtained the time distri 'pution c:'" the 

pions stopped in the target (see Fig . 5(a) and 5(0)) . Hhen the pion 

discrimination is introduced , electronically the muon and electron C0:1:a.'l11n3. 

are almost completely eliminated as it is sho'H'I1 ir. Fig . 5 (c) . 

('I) The symbol -- means "not ", =d Cf.!2 = CAlxC1.!2 . 
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FlGURZ C.L.?~IO;;S 

Fig . 1 - Simpli:'ied VIe" of the bean telescope . 

Fig . 2 - TOF spectr~~ and time ca~ibration of the incomi~g bea~ pa=~:cles : 

a) Hi thout aluninium absorbe2~ ; 

b) wi-:h the alurliniu..il absorber thickness (6 . 1 cn) co:::' respor.:ii.!1G 

to the maximum of the neGative pi on stopping rate in the 

tart;et . 

rig . 3 - r.ine~ic enersy distrib~tion , a~ the posi~ion of the CT2 co~~te~', 

of the pion stoP!1ed in the target . 

6 '(; ( Fl,T,,"\!) /Z (ZVERAGE VAi.UE) = 3;3 . 

Fig . 4 - Kinetic enerz;y distri':::uti:J:1, at the posi-:io:1 of the Cf'..2 coun:'~~' 

of the pion stopped in the ta~~et . j~/~ = 5 0 ~ 

Fig . 5 - TOF spectrllI!1 of the pions stopped i n the target '..rith the alt:.~:-:ini:..:..~ 1 
thickness correspond ins t o the naximum 0:' the negative pIon 

stopping rate in the target . The ORTEC 457 was enabled by the 

CTl:<CT2xCl:i2xCA2xCA3 output signal : 

a) pion fast d i scr:nination not used . The incoming bea~ pa~~i21es 

is that shO T.in in Fir; . 2 . 

b) pion fast d i scri~ination nc~ used . 'The incoming beam pa~-:icles 

had the followi nb characteristics : 

N : N : il = 46% : 6% : 48% , '0 = 101 . 0 !lleV . 
11 \.J. e rr 

c) as a) but -,., i th the pion :'ast discrir.tination In operatio:) . 

Fig . 6 - Block diagram of the electronics . The symool D means delay . 

Fig . 7 CTlxCi·12 co i ncidence curve . The experiment.al points are f i tted by 

hand . 

~ig . 8 - TOF spectrlLll of the inconing beam particles wi~h 6 . 1 c;a of al'J.r:ini'-1:' 

thickness . The ORTEC 457 ·.as enabled by the CTlxCT2xC:!2xCA2 Olitput 

signal and the particles fast discrimination '\olas used : 

a) pion fast di scrimination . It corresponds to a delay value of 

29 nsec in the CTlxCH2 coincidence curve . The percentage of the 

three beam components are N : fJ : N = 91% : 9~ : O% ; 
1T IJ e 
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b) ~uon fast discrimination . The delay value 1S 33 nsec and the 

percentage are if : N : iT = 12;~ : 78~ : 10% ; 
- 1f ~ C 

c) electron fast discrimination . The delay val'-le 15 39 nsee 

and 'the peycentage are N : II : N = O% : 1% : 99~ . 
:T \J e 
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