


i Introductlon :

The’ bpeetrometer PIBETA is’ l)emg developed now a.t PSI (Sw1tzerla,nd) for\
~,,exponmental mvoshgatlons of rare pion and; muon decays A goal of this exper- .
ment at’ the first stage is.to improve the accuracy of 1 measurmg the probablllty Vi
»f the pion beta’ decay from 4% to 0.5%. . o it
| Precise medx,urement of the” pxon ﬂ dera.y probabxlxty at thls level makes 1t7, I ‘
possxble to ngorouslv venfy the universality of the cha,rged quark-lepton current L
and the umta.nty of the Ca.bblbo Koba.ya,ehx Ma.skawa. rmxmg matrix [1,2).. .
o 1tis ‘planed to perform the expenment a.t the PSI meson fa.ctory in a: 1r+ e
béam of momontum ~ 100 MeV/c wrth stoppmg mtensrty up- to 5 -;106_7r+/sec
Zf,,The cxpenmenta.l setup is bhOWIl schema.tlca.lly m Flg 1. : A v
L PIOHS which have traveled through the bea.m counters a.rc stopped a.nd de-x’.f T
Vca.y in the a.ctlve target The target is: surrounded by two cylmdnca.l mult1w1re T
proportxona.l cha.mbers (CMPC) to detect charged pa.rtlcles A cyhndnca.l ho—";". P
d%t‘ope is. pl(wed outsxde the rhambers It consists of - hlgh tlme resolutxoni
’srmtllla.tlon counterh All thls is. surrounded by ‘the shower caloruneter madeg‘ ,
“'of pure CsI cryxsta.ls dctectmg gamma quanta from 1r°-meson decay The tota.l‘
" solid a.ngle for. detection of the setup is ~ 0.77: 47 stera.dla.n e Ll
< The cyhndru al- proportlona.l cha.rpbers are 1ntended for measurement of the Se
('harged pa.rtlrle coordma.tes with ian® a,ccuracy <05 mm a,nd ensure a high .
. degree ‘of suppresmon of the false- comc1dences of pomtrons from:muon’ deca.y”'iv
The total amount of matter m the radxa.l cross e.ectlon of the cha.mbers should} e
be made- as m’nall as: poqmble Thxs is 1mportant for successful detectlon of . \ 3
: 'pomtrons w1th low’ cnergies, and a.lso for decrea.smg the proba,blhty of ga.mma. o :
"ronverslon mto electron—posxtron pa.lrs 1n the matter of the chamber R o

2 ”De51gn and parametersh of .CMPC

A geuera.l debcnptlon of the de51gn a.nd operatlon of CMPC can be found m [3]

The chambers are mdependent self- supportmg two-coordma.te on 5. The a.z-" :
rlmutha.l coordinate i is determmed by the numbers of the tnggered wxres located g
a.long the cylmder axis. The event coordinate 'a.long the cylmder a.xxs 1s dete
A'mmed from ana.lysls of the mdu('cd srgna.ls on. ‘a cathode spllt up into. sepa.rate
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Table 1: Basxc parameters of the CMPC

| Chamber '.'

- Aé¢tive chamber length (mm) ST 380 B0 syt
.'| Total chamber length (mm) "~ -0 075803 0 [T 730 1 e Ty“f'_i; o
~| Diameter of anode (mm). -l 1120 0] 2400 0T

‘Number of anode wires ml T 192 7t 3840 g
. | ‘Anode wire distance (mm)- .0 o F196 0 01,96
‘Anodescathode gap (mm) " o=t s P25 e 2.5',‘ -

o | Resistance of anode wires (2) " ‘(

Y :Number of strips at:the inner surface /'

: ‘Slope-angle of strips:at the inner surface (°).

Number of strips at the outer surface ™, "

_|"Slope angle of strips at the outer surface (°)

Width of the cathode strips (mm)

L together

. erosion.’ -

: ~Dlsta.nce between stnps (mm)

7 slope angles of stnps to the base of the cylmder are hsted m Table 1 e i

<+ The inner cathode- cyhnder is. combxned with: a supportmg cyhnder, and:i;
L ,--«.the outer protectwe cathode cylmder is. used as'a cover to keep the ‘gas inside.
il The requxred accuracy - and stability of the cathodes and supportmg cylmder
. 'is ensured by assembhng them of several specxally cut lavsan ﬁlm layers glued

b

The anode i is made of gold-plated W(Re) wires (3% Re) of dlameter 20 p.m :
- The tensron of the wires. measured after the initial deformatlon of the sup--
}_'_portlng cylmder is 44- -48 gtfor CMPC—I and 44—51 g for CMPC—2 ThlS tension
- is sufficient to, ensure stable operatxon desplte deformatlon caused by agemgj :
r,fand posslble vanatxons of temperature and humxdlty The supportxng cylmder
were. tested " under double stress. _‘
,'In the CMPC—I the stnps malke 1 more than one full turn around th d cathode
: _cyhnder, therefore each stnp 1s spllt in. two ha.lves to avoxd an ambxgmty in de-
. '/ termining the a.xxal coordmate and to'i increase a rate capabrhty of the chamber o
L The signals’ are fed to amphfiers from the both ends of the chamber. /. s
- -The stnps of the PIBETA. chamber are made of a.lumlnum foil (thlckness;_ o
: '< 6 p.m) and are connected to connectors by welded wires. This new technol— 2
" ogy provides much more reliable’ work of cathodes (especrally.v it hxgh mtensltyf:
Jbeams) because they are less subjected to. electrochemlcal and gas dlscharge;.,,n

CHPC 1 cupcz]

f ‘wires: are combmed into; groups of 32 wires. "All the wires in_ each group: are

"reslsfor of 20 MQ to the first and the last wires in each group. ‘Such arrangement
“of the wire groups allows mdepeudent settmg (or changing) the high voltageﬂf L
- for dxﬂ'erent zones of a chamber ‘The sxgnals from the anode wires are read out~ o
. via the hxgh -voltage blockmg capacltors of 500 pF All the cathode stnps are. .
fcoxmected to the 'grou’n»dv through resistors of 0.8 MQ, so the cathode surfaces
'ha.ve a zero Potentlal L T B SR e L s D s

3 L Chamber test

,“The test set-up is shown schematu’:ally in Flg 3. A colhmated electron beam;' :
B from a 99Sr source crosses both chambers and hits a scintillation counter Each' R
group of the a.node wxres crossed by the’beam\gave out a fast OR slgnal The}.'tf

et e A
e T . . . <

L

The main geometncal parameters of the chambers are 1mplemented Wlth anA i .

e accura(y of £0.1'mm.

‘A detailed dcscrlptlon of the chamber desxgn (for CMPC—I as an example) S0

i :19 given in [5] The matermls thh low atomic numbers are mamly used for the:
*chambers. ‘This allows to make’ “tra,nsparent” chambers with- the total amount .
- of matter in a Workmg region of the order of 10~3 radxatxon lengths ST
T The data. on the matter in the chambers are glven in Table 2 ST

S Table 2 Data on the ma.tter m the chambers

e

' ,Radlus Matenal ;Dlmenm‘o‘ns‘ Amountﬁi"'»‘of :
BIEE |- matter . Joul e
TPl e S I el mme T e b omg X rad.deny
: f«,_'/, Tt b ’ o ) N B Lon */';""','z R ’ cmfﬁf ,fxlO'si _: SR
1.C 'Support cvlmder ;57 .25 |’ Lavean 7. *_thlekness 0.26 '].36.14.1-7- 0.906 sl
1M |"Inner cathode | K7.5, : |-Aluminum’| 3 x 0. 006(step’ 3, 4) 41,4317 0,060
1P Anade R PR I i L X 0 Tungsten:: | ¢ 0.02 (step 20) 40300 0.045
1€ | Outer cathode | 625 /fAlummum“ 3% 0.006 (step 3,4) | 143 | 0.060 |
: ~/ l’rotert cylmder 6250 fLa.vsa.n i thlckness 0.105: <. +} 14.60 | 5 0.366 |
1o TTetar T T e b | 6380 144z .
C gupport cyhnder, 117.2 I Laysan - ~th|ekness 0.31:: 01.43.09:} . .1.080 |
M |"Inner cathode £} '117.5" ,Alummum- - 2.4'x 0, 006(step 2. 7) 21,44 /770,060 -
P /Anode : ~120. 0 j'I\mgsten 174 0.02 (step 2.0)7 0|+ 0.30°] 00,045
C:|"Outer catho +1°122.5" | Aluminum | 2,4 x 0.006(step 2. 7) =144 |-00060 |
14| Protect, cyhnder 122,57 -Lavs.m\'f (thlckne550205 A 107147
~2 | Total: T e P S v P 1,959 ¢

'Posxtlve.hxgh voltage is’ supphed to the CMPC a.nodewn'es The chamber

connected to each other by resistors of 0.5 MQ "The high voltage is fed through a‘«f'fg‘




tngger sxgna.l for the chamber rea.dout system was formed by comcrdences of the :
* fast OR signals from CMPC-2 (or CMPC—l) and signals from: thc scmtrlla.tlon i

: counter when CMPC—l (or CMPC-Z) was respcctrvely studied:” ,
' For the anode rea.dout we jused’ thc electromcs which | had been developed

at JINR for thc expenmcnt to sea.rch for muomum-a.ntlmuonlum transrtlon a.t’

PRI

.PSI.’,-W‘ N T R S
' The ca.thode srgna.ls from the stnps were a.mpllﬁed by the current a.mpllﬁer
. CSA-32 (current gain 5002%, noisc 3300 e") and fed to. the ana.logue to’dxgrta.l
" converters (ADC) via 200'ns dela.y coa.xra.l cables. -

' We used the' sta.nda.rd LeCroy 1882F ADC Amphﬁers CSA 32 were. spe-

c1a.lly developed for the PIBETA expenment The method of measurement was

descnbedm [B) iy
f,j The desrgn of the P[BETA setup does not a.llow the anode a.nd ca.thode

a.mphﬁers to. be pla.ced lmmedlately on the cha.mbers. Thereforc the srgna.ls

; “from the’ cha.mbers are tra.nsmrtted ,vra. thepcoa.xxa.l cables (a. wa.ve resrsta.nce o
: the cable is 50 £, length is 1. 5 m). L S
: 'é.%"Dunng the tests the cha.mbers opera.te usmg a mlxture of gases 49 9%

icontmuous ﬁushlng : ,
‘ In Fig. 4 are’ s‘hown f.hc efﬁcrency of thc a.node w1resgk(for the dlscnmlnd.tor

(m the admittance limits :l;O 1 mm) PR

The main contnbutron to the lea.ka.ge currcnts is’ not connected w1th thc ,y

P electnca.l proccsses in ga.s and does not affect the workmg cha.rartenstlcs of the
o cha.mbers A component of the current lmcarly rising ‘with the, rise in’ ‘the hlgh
volta.ge 1s ca.used by the va.luc consta.nt a.t the volumeand surface resistance of .
the ca.mber ﬂa.nges ‘ ' : e \ '

\
= Typlca.l dlstnbutlons of the ca.thode slgna.l mduced on the t'a.thode strlps for
S events whcn only one wrre is hrt a.re shown in. Frg 5 The a.vera.ge number of :

tnggcred stnps is 4 in CMPC—I a.nd 51 m CMPC— . SR
The cathode surfa.ce is ta.ken 1nto account 1f 1t conta.ms‘ stnps w1th a.n a.m~
plltude grea.ter tha.n the nome level plus 3 oam,.,,., I

| l\' ‘wire efﬁcrencles for the dlscnmma.tor thresholds of 1,15 a.nd 2 p.A as’ functlons
“ of high voltage a.pphed to the cha.mber (CMPC—Z) are’ shown in Fig.:6.. “For -

the drscnmrnator threshold of 2 pA the curvcs for‘ tlle (a.thodes a.nd a.nodcs

‘ @’:,,‘ {} B ~an a.mblgulty in detcrmlnmg the (.oor(lmates of multr—tra.ck events.-

‘threshold 2 [I.A) and the. lea.ka.ge currents in thc cha.mbers as a functmn of. hrgh B ‘_
voltage a.pphed to- the cha.mber The efh(.rency (.urve for CMPC—I is shlfted in - " £
' comparison with; CMPC-2 to & 50 V because of anode~ca.thode ga.p va,rla.trons o

2 35 kV for CMPC—2 2. 45 kV a.nd the drscnmma.tor threshold of the a.node_'_"‘
('lectrom('s 2 0 pA: 7 0T BT , ; L
Flg 7 show< the (llstnbutlon of the- tota.l charges mduced oti the mner-jj o
(Q,,,) ‘and’ outer (Qo.,t) (athodes of CMPC-2, and. Fig..8 ‘shows the charge ..
Tatio Q,,,/Q,.,,f “The fact tha.t these va.lues are correla.ted (by large ﬂuctua—y"

trons) allows one to use the 1nf0rmatlon about’ stnp slgna.l a.mplltudc to avord“f i

" Let us (omuder a questron of coordlnate precrsron in more deta.xl A (‘ha.rgedi”; p
partrcle passing through a multrw:re proportlona.l cha.mber near an anode wire: "
(or a group of wrres) produ( es an electron -ion a.va.l:—mchc ‘The center of gra.vrty &
;, fof the' charge induced on’ the cathode stnp‘; comcrdes with: the coordlna.tes ¢
f and Z of the ava.lnnche Ina gencra.l case, when’ the track crosses an; anode ‘wire ‘::;
plane at an. arbltrary a.nglc the coordinates ¢ and Z of the crossmg pomt are
not the’ samie as: the coordinates of the point. where ‘the ﬁrbt a.va.lanchc sta.rted o

The accuracy, of. determmatron of the (oordlna.te ¢ of the crossmg pomt is -
llmlted by a (lrsta.n(e betwcen anode w1rcs S a.nd equa.ls o= S/\/_

Furthcr we wrll consrder the case when pa,rtlcles pass norma.lly to: the a.node
Vel wrre plane ‘In thrs (‘asc the Z coordmate of the point ‘where the tra.ck crosses the " _
.. anode wire pla.ne practrcally com(‘rdes wrth the coordinate of the point ‘where. the‘“" S
‘{Qﬁrst avnlan(‘he started. A prm(‘lpa.l llmltatlon to the coordlna.te determmatron :
.'u(uracy along anode wires is- connected wrth the path lcngth of the pnmary o
; elutron(s a.nd thmr dlffuslon when movmg to the place where a.n a.va.lanche is

1 whcrc an a.va.lanche 1s
ode Wrre a.nd thercfore

.\ The (enter of thc rnduce(l ('athode slgnal is deﬁned a.s a.‘ center of 1ntens1ty
f correcte(l to compensa.to the systematrc errors ca.used by thc drscrete_structure

The (hstnbutron wulth (a =2 0 2 mm) can’ bc consrdt red as a.n accur:u‘y of
wrre posltron (let(-rmmatron The arcura.('y of the ava.la.nche posrtxon a.long thc
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Tl’lls 1s true for the case of an a.va.la.nche on'a smglc wire.. The two wrres S

o hlttmg probablhty at the working high voltage i 1& ~ 25%, therefore this case. has .

,‘,f,_ftha.n 1% R l g

N
+ . Fig. 10 d(.monstra.tes the drstnbutron of . the coordma.te ¢ of thc mtersectlon 5 v
S of ccnters of gra.vxty of SIgna.ls mduced on two nelghbounng wires. The dlstn- T

! bution. w1dth (o" = 0.5 mm) is greater in. comparison to Fig. 9 mamly be(,a,use
ool dlfferent valites of ca.thode signals (Fig. 7) mduced from dlfferent w1res Tt
" causes addltlona.l marcuracy of Z coordma.te determmatlon AR S

i we have' to a.dd errors of: mecha.mca.l tolera.ncres of: a.nodes a,nd ca,thodes a.nd
'.,"“”'“ 3 ';,errors ca.used by the non- Z€10. crossmg a,ngle.‘ As’a result the reconbtructlon
e faccuracy can be lowered not more than by~ 0.2 mm.’ s e

o Tlle tlme reﬂolutmn of :the’ cha.mbers can be cﬁtlma.tcd from the left slope
L length (40—00 nsec) ofa dela,yed comcrdcnce curve between the a.node slgna.l a,nd

the strobe pulse (Frg 11) ‘The! tlme resolutlon of the chambers i is ~ 25 nsec.:
7 This work s supported by the Russra.n Founda.tlon for Basrc Rosearch a,nd
*:{j‘by the INTAS fund : o L
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7'-,',"to be ca,refully consldered A probablhty of 3 ( or more ) wu'e clusters is less g

. -The’ spa,tla.l resolutlon errors result from sta.trstrca.l na.ture of 1omza.t10n pro— “_ B ¢
. '1‘kcesses, electromc norse, ‘data a.na.lysrs method In’ a ‘real expenmenta.l situation = -
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Cylindrical Multiwire Proportlonal Chambers LI O e B N

U "for the. PlBETA Detector of Rare Plon Decays o

ST

Desrgn and characterlstrcs of two coordinate cylmdrrcal multrwrre proportronal

chambers manufactured in JlNR (Dubna) for. experlmental rnvestlgatron of the

Al - n0e+v decay are descrlbed The chambers have d1ameters of 120 and 24 mm,

' 'lengths of 350 and 580 mm. The chambers are made : as self-supportmg constructrons’
| containing. small amount of matter in radial cross section. lnformatlon about: the
coordinates i is obtalned after processmg of the signals from anode wires and strips. | .-
The strrps are placed on inner and outer cylmders at ‘an angle to the wrres The

results of the chamber test are glven L e R -

The lnvestlgatlon has been performed at the Laboratory of Nuclear Problems

v ‘Prcprirnvt of thc Joint l}n_stilute for Nkuclcar liesemeh.'Dubua; '19,9-5 IR
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