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S u m m a r y .  - -  We present a new design of plastic streamer tubes, op- 
timized to match the experimental requiremems of large-area under- 
ground detectors, where muon identitication is needed with good angular 
resolution. 

PACS. 90.40 - Cosmic rays. 

1 .  - I n t r o d u c t i o n .  

Underground muou t racking detectors of the next  generation must  cover 
large areas, need ~ large number  of sensitive elements, and must  be operated 

for several years of effective rmming  time. 
Plastic streamer tubes are well suited for this application, in p~rticular 

for their  high reliability and low cost. 
In  the framework of the design s tudy for the MACRO exper iment  at the 

Grau Sasso (t), we have developed a new version of plastic s t reamer tubes, ,n 
order to cov(,r the needs of a large-area appara tus  (~>1000 m~), where muon 

t racking with good angular resolution is an essential detection feature, for 
instance in view of the search for high-energy poinl, sources of cosmic rays. 

So far, plastic streamer tubes have been most ly  used in digital t racking 

(1) MACRO proposal Frascati (1984), unpublished. 
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calorimeters ( N U S E X  (~), L E P  hadron calorimeters (3), etc.) where events 
with a high densi ty of t racks are produced. For  this reason a granular i ty  of 

~-- 1 cm 2 (Ax, Ay ~ 3 ram) is used. 
I n  the case of muon t racking it is convenient  to use a larger active cell 

( ~  (3 • 3)era)2; the resulting two- t rack  separation is good also for mul t imuon 

events.  
Wi th  digital strip read-out,  the achievable space accuracy is ~--1 em in 

the two views, which allows an angular  resolution of a few tenths  of a degree, 
provided tha t  the apparatus  has a lever a rm exceeding 2 m. Such a resolution 
is in general be t ter  t h a n  the  physical  limit due to the  muon deflection caused 

by  geomagnetic field and multiple scattering in the  rock (4). 
A space accuracy of the order of Ax, Ay ~-- 1 m m  can be obta ined  by drift  

t ime readout  in one view, as in conventional  drif t  tubes, and the charge 

eentroid method on the other  co-ordinate (5). Often a single drif t  t ime readout  
channel  can be used for a few wires in O1~, due to the low t r ack  density.  

Plastic s treamer tubes can be assembled in modules longer t h a n  10 m, so 
tha t  appara ta  with several layers with surface areas over 1000 m ~ can be easily 

designed. 
Streamer tubes have other  noticeable features, such as a low ionization 

threshold,  at the level of a single ion pair, and are able to ident i fy  specific 

ionization losses A E / A X  >> AE/AX~,~on.  

2.  - T h e  s t r e a m e r  t u b e  m o d u l e .  

The mechanical  s tructure of the  new plastic s t reamer tubes  is basically 
the  same as t ha t  used in the Mont Blanc detector (6). As shown schematical ly 
in fig. 1, the tube  system has a modular  s t ructure  consisting of units con- 

raining 8 individual tubes (8-tube units). They are equipped with pick-up 

(2) G. BATTISTONI, E. BELLOTTI, C. BLOIS:E, G. BOLOGNA, P. CAMPANA, C. CASTAG~OLI, 
V. r D. C. CUNDY, :B. D'ETToRRE PIAZZOLI, E. FIORINI, E. IAI~OCCI, G. ~/[A:N- 
NOCCHI, G.P. ~URTAS, P. NEGRI, G. NICOLETTI, P. PICCItI, ~I. PlClCE, A. PULLIA, 
S. RAGAZZI, l~I. ROLLI:E~, F. RO~GA, 0. SAAV~DnA and L. ZA~OTT~: The NUSEX 
experiment, to be submitted to .tYuel. Instrum. Methods. 
(8) See, for instance, ALEPH int. tech. rep. 1 (Geneva, 1983). 
(4) G. ]~OLOG[NI'A, C. CASTAGNOLI, A. CASTELLINA, A. CIOCIO, B. D ' E T T o ~  PIAZZOLI, 
P. GAL:EOTTI, G. ~ANNOCCHI, P. PICCHI, O. SAAV'EDRA, S. V:E~;N;ETTO, E. B]~LLOTTI, 
E. FIOlCINI, C. LIGVORI, P. N:EGRI, A. PULLIA, S. t~AGAZZI, ~V~. t~OLLI]]Ir L. ZANOTTI, 
G. BATTISTONI, C. BLOIS:E, P. CAMPANA, V. CI:[IAI~;ELLA, E. IA:ROCCI, G.P. ~/~I%TAS, 
G. NICOL~TTI, L. SAT~A, D. C. CVNDX and M. P~IC:E: Nuovo Cimento C, 8, 76 (1985). 
(s) A. B~TTI~I, G. BVS]~TTO, R. CONT]~, ~V[. D]~ GIORGI, D. PASCOLI and P. L. ZO~TO: 
UA1-PD83/I, Padova (1984). 
(s) G. BAT~IS~ONI, U. D~N~I, E. hRoccI ,  G. 1VIAZZ:E~GA, G. NICOL~TI and L. TRA- 
SATTI: Nucl. Instrum. Methods, 176, 297 (1980). 
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Fig. 1. - Schematic sketch for a plastic streamer tube layer for large-area detectors. 
iVIany 8-tube units can be combined together. Two-dimensional localization i s  per- 
formed by two sets of pick-up strips. They can be placed at any angle according to 
the experimental requirements. 

strips for two-dimensional  localization. Such strips can be p u t  at  any  angle 
with respect to  the  wires, according to the  exper imenta l  requirements .  

The cross-section of the  8- tube is shown in fig. 2. The single cell is (3 x 3) cm% 
and the  wire d iameter  is 60 ~m. This choice allows a be t t e r  detect ion efficiency 
for ve ry  low ionization (7) (at the  level of a single p r im a ry  ion pair) and thus 
covers a specific need of the  MACRO exper iment .  
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Fig. 2. - Cross-section of an 8-tube unit .  The electric field shaping is given by the 
wire, the graphite cathode and the positive ion charge deposited in the eleetrodeless 
faces by stationary streamer operation. 

(~) G-. BArrzsmoz~i, P. C,~MrA~A, U. D~N~I, ]3. D'ETTORn]~ PIAzzoLI, E. IAI~OCCl, 
]Y[. MmSCIilNI and F. RONGA: 2Vuel .  I n s t m m .  M e t h o d s  A ,  235, 91 (1985). 
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The electric field shaping  is electrodeless (s), viz. two  sides of the  cell are 
conduct ive  ( low-resist ivi ty graphite)  and  two are insulat ing.  Plas t ic  inserts  
suppor t  the  wire eve ry  1 m,  which avoids opera t ion  and  handl ing  problems 
for long modules.  L imi ta t ions  to  the  t o t a l  module  length  come f rom pract ical  
p roblems such as t r anspor t a t ion .  For  t he  MACI~O expe r imen t  this  fixes the  
m a x i m u m  module  length  a t  12 m. 

The wires of each un i t  are  soldered a t  bo th  ends on p r in t ed  circuit  boards,  
where t h e y  are connected to  a com m on  high vol tage.  This connect ion and  the  
ground connect ion to the  graphi te  arc on one of the  two  end caps which close 
the  8- tube unit .  Gas d is t r ibut ion  to  the  tubes  is t h rough  connectors  on bo th  
caps. 

The  large cell gives t he  possibi l i ty  of using ~ wide set of gas mix tu re s ;  in 
par t icu lar ,  ins tead of the  s t andard  Ar ~- i sobutane  gas mix tu re ,  one can use 
H e ~ n - p e n t a n e .  H e l i u m  is of in teres t  for slow monopole  detect ion,  because 
of the  Drel l -Penning effect (~); n -pen tanc  is advan tageous  for sa fe ty  reasons,  
be ing  a l iquid a t  r oom t e m p e r a t u r e .  

3 .  - T u b e  p e r f o r m a n c e .  

All the  opera t ion  t e s t  have  been pe r fo rmed  on a t u b e  module  flowed wi th  
the  H e + @ - p e n t a n e  3 :1  gas mix ture .  The  t u b e  module  is equipped  wi th  two 
sets of p ick-up s t r ips  (3 e m  pitch) ; one set is paral le l  to  the  wires (x-strips) 
and  the  o ther  is a t  ~ 30 ~ wi th  respect  to  the  wires (d-strips), according to the  
scheme of fig. 1. They  arc  made  of 40 ~m th ick  a l u m i n u m  str ips on one side 
of a plas t ic  sheet.  Ano the r  sheet  of a l u m i n u m  is a t t a ched  to  the  o ther  side of 
the  plas t ic  sheet and  serves as the  ground electrode.  

Figure  3 shows the  singles count ing ra t e  as a func t ion  of H V  for isotropic  
~-rays,  toge ther  wi th  the  count ing curve  for single photoelec t rons ,  which are 
comple te ly  equivalent  to  single ionizat ion electrons (?). A full efficiency p la teau  

600 V wide is obta ined,  wi th  no spurious pulse product ion .  S t r eamer  pulses 
a t  the  opera t ion  vol tage  of 4400 V wi th  a ~ source a re  shown in fig. 4 for  b o t h  
the  wires and  the  strips.  The  big pulses allow the  use of cheap readou t  elec- 
t ronic.  No a t t enua t ion  is prac t ica l ly  measurab le  on v e r y  long str ips ( ~  15 m). 

The x-strips r eadou t  is comple te ly  equivalent  to  the  convent iona l  wire 
readout .  The space resolut ion wi th  digi ta l  r eadou t  is ~-~ 1 era, i.e. the  equiv- 
a lent  r .m.s,  of a flat  d i s t r ibut ion  over  3 cm width.  F o r  the  d-strips, b y  t ak ing  

(s) G. BATTISTONI, P.  CAMPANA, V. CHIAI~LLA, X. CIocIo,  U. D~I~:NI, E.  IAROCCI, 
G. ]~ANNOCCHI, ~ .  i~ESCHI~TI, G. NICOL]~TI a n d  P.  PICCHI: 2V~cl. Instrum..Methods, 
217, 429 (1983). 
(9) S.D. DR]~LL, N. S~I. KNOLL, ~ .  T. ~r S. J. PA~XE~ and I~. A. RVDE~AN : 
.Phys. l~ev. LeSt., 50, 644 (1983). 
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Fig. 3. - Singles counting rate for the streamer tubes for isotropic electrons (~Sr) 
and single photoelectrons. Starting from ~ 4.4 kV, single electrons are detected with 
pr,~ctically full efficiency and without spurious pulse detection. (3• 3)cm 2, 60 tzm, 
I I e+n-pen tane ,  3:1. • {3, [] single electron. 

t he  geome t r i ca l  ce~ltr(; of t he  p a t t e r n  of t he  h i t  s t r ips ,  i t  allows us to  get  the  

samc  --~ 1 cm reso lu t ion  as the  x-s t r ips ,  ir~ spi te  of the  f ac to r  of two loss f rom 

the  s tereo angle .  The  good spa t i a l  a ccu racy  comes s i m p l y  f rom t he  fac t  t h a t  

a t r a c k  n e a r  the  cen t r e  of a s t r ip  wil l  fire m o s t l y  one s t r ip ,  while  a t r a c k  n e a r  

t he  j u n c t i o n  of two s t r ips  wil l  fire m o s t l y  two s t r ips .  

Fig. 4. - The horizontal scale is 100 ns/div. In  the last case the reflection from the 
nonterminated end is visible. ~No at tenuation is seen after ~ 30 m propagation, indicating 
no problems with these dimensions: a) wire pulses at 4.4 kV, 50 mV/div; b) induced 
pulses on a 1 m long x-s~rip, 20 mV/div, 100 ~ terminator;  c) induced pulses on a 
15 m long d-strip (30 ~ with respect to the wires), 10 mV/div, 50 Q terminator.  
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We have measured the  drift  t ime dis tr ibut ion for cosmic rays dis t r ibuted 
between 0 ~ and 40 ~ with respect to the vertical .  The result  is shown in fig. 5; 

the  measured t ime resolution is ~ 150 ns. 
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Fig. 5. - Drift time distribution for the streamer tubes as measured with cosmic rays. 
The distribution is that expected given the geometry of the cell. The resulting time 
accuracy is ~ 1 5 0 n s .  (3•  2, 60 izm; He~-n-pentane, 3:1, H V =  4.4kV. 

Figure 6 shows the average streamer charge for minimum-ionizing particles 

as a funct ion of the  angle of incidence with respect to the  wire direction. The 
number  of streamers generated by  a single t rack  is a measure of the  projected 

t rack  length along the  wire. The relevant parameter  is the  s t reamer  dead region 
along the  wire. This region is determined by  the  gas mixture .  

Streamer tubes can also give information concerning the  particle ionization 

loss. Figure 7 shows the pulse height  dis tr ibut ion due to single electrons, 
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Fig. 6. - Streamer pulse height v s .  the angle of the track with respect to the wire, 
as measured with cosmic rays. For a given streamer dead region length (fixed by the 
gas mixture) the pulse height is a measure of the track projection along the wire. 
(3• cm 2, 60 ~zm, ~z, He~-n-pentane, 3:1, 4.4 kV. 
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Fig. 7. - Streamer pulse height distribution with our tube module and gas mixutre 
for a) single electrons, b) isotropic minimum-ionizing particles and c) isotropic heavily 
ionizing ~-particles. This preliminary result shows the capability of streamer tubes 
to detect large ionization losses with respect to the minimum. 

isotropie  minimum-ioniz ing  part icles,  and  heavi ly  ionizing ,t-particles f rom 
an 241Am source (ionization loss --, 200 t imes  higher  t h a n  for a m in imum 
ionizing particle).  S t r eamer  mode  is not  ~ s t r ic t ly  sa tura ted  regim% so t h a t  
s t r eamer  charge is affected by  the  p r i m a r y  ionizat ion loss. An enhanced pro- 
duct ion of mul t ip le  s t reamer  is also possible for high ionizat ion densities. 
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�9 R I A S S U N T O  

Si deser ive un n u o v o  disegno di t ub i  a s t reamer  in plast ica ,  o t t imizza t i  per  le esigenze 
sper imenta l i  eli appa ra t i  so t t e r rane i  di g rande  area,  dove  si r ichiede l ' ident i f icazione 
di muon i  con buona  r isoluzione angolare.  

IIO,~3eMH0e ~eTeKTilp0BaHHe MIOOHOB. 

Pe3ioMe (*). - -  I ' lpe~aaraeTc~ HOB/~r~ rlpoeKT ilylacTil~lecic~Ix CTplIMepHBIX TpySoK, OIIrH- 
MaJlb~O cor~IaCOBaH~bIt~ C 3KCIIepmVleHTaJIBHBIMH Tpe6oBaHHmV~H IIO]I3eMHBIX ~eTeKTOpOB 
Ha 6OY/.blHO~ mlonla]lH, Korea Heo6xoztrtMa H]leHTHqbHKauH~ M~OOHOB C BBICOIC~MI4 yrnoBbtM 
pa3pemermeM. 

(*) Hepeae~)eHo peOamfue?t. 


