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Abstract: 

The experiences of IHEP - Beijing about mass production of muon 
detectors for domestic experiments and international collaborations, as well 
as, some research on gas chambers are presented. In addition, preliminary 
investigation into some gas detector characteristics relating to GEM muon 
sub-detector candidates are discussed. 



j f X perience 8a.ck9rDt1nd 01r; 'Nu.on 

I IJeff.ttors 411d (j1,£ eAam6ert in 

! IHFP of Beijin9 ·· :. 
' - . 

I 

Y,·94n9 X,·e " r~a116c Cite ti, ~nan quo 
(Instif"e f)f lfiJ~ E11eJ1jJ pAy.rie.s . 8e;1;·y. Clr,.~a.) 

ff,,.. fa,st 1~ yea,.s /n I/'IEP of Bei/'"J, a 
fUJ1"1he1-o •f. trULDn Jefee1o~5 ~"''f's ~J:5 
)J4ve 6ee1t bu.i (t J tti"'1ell to 
, -"°"1estic e~pe riMents . a-r1d 

1'n.tet"11at;o114{ ~lo. IJoratll)l'l s . 
' . 

( ~o/"e tha11 ~o e~~ritJltCed fAJs1C,1'sf$ 
AA1/ en.1;nee ,.s w,.tlc mo"'f: tlra,,, lt:J Je4r 
e~f er;eheeJ ) , 

I muDn ])ete tors . . 

; 

I. BES (8ei1i·111 e?·co/lidel-$ Sfe&tf'fJmetel') 
.t. l/lEpH ·· a:t tEp 
3. c 636/E ~l/...S. E;82 a:t /:NAL 

• 
-· .· ... 



II. otlte,. ~as diam /Jers i 

l '/r; CA1 sfte4111er cltam/Jett. 
2. J'E r ctia n1H.,,. l i1114 9 e ti>-if t tJa111/Je.~) 

' "' k 0.2 m x 0.2 m • 
). TE' fflcd«le l t,"111e e?pa.1ts1"oh elt411'16e1-1 
.f.. BES tl.t1ft ch«111jff" rf/>2.s-1111~3,,, >. 
!. BES sltowe" co""11ien Wltl.. streame,. 

fltode 'fo,. EM Co/oh·~e 1e r. 
'· MWfC fot pos;tto11 C4"1e tet. 
~. na,.row g_a.p HWfG mass ft'De/M.etlo,,, 

f•,. L3 fo.J,.,n C~lohillrefer. 

a· ~~~ihary Invest,~at-1'01z 1/tto .S•me 
. {f&$ .Detetton re/a tinJ Z) fftf muon 
])etectotS 

l. R pc p,.ot;;typQ 
.2. Spatio,l resolution 1/nprcve 1'1'1e1t"ts 

Wi""'J.. . . • , ""' 
'1

4 Shtllf Al" 10 

. drift clla/"Qc.fer,·st;ej L.$ r> r 
• ce~troi4 ort ca~e sttif s.:... csc 

"1L$ l1tJ Z4. t-oec ,.. tubes. 



.L (nu.on J)t:.Ltl.LUr 

1. SES 
'. '. 

r1 """' .t..nc:. t' LDC •J • .. J .1 

BES (Beijina Spectrometer) 

1 --.____, 

, ____ ee..81 ctill dlll'N>8r 

J--....::;- Blllm pipe 

Ouadrupol8 

~t:;t-:_..:::~ L1.111inosily monitor 
Endcap shoWer c:cuilers 

Endcop TOF coiners 

.. 
; . 



. -- . -- - - ~ 

((\ ) 

~}_2}~di:,<D~~;J 2;. :, ;;z53i~l!~G;Q. 
stru~ture of .. muon counter profile of BES 

• t u b e am o u n t 
mod.e 
gas 
dimension 

•length 
acceptance 
efficiency 
oz 
oxv • 
minimum energy 
hu i 1 t 
status 

1512 (189X8) 
proportional mode 
Ar/Cbf4: 90/10 ttice gas t;~h.t 
6X5 cm2 rectangular (eviotftu.d 
4. 21/4. 64 m 
6 7% ftrrr 
>98% (5in.9le. tube) 
5cm (charge division) o,S% 
3 cm ( +ofa,f len7Tf... 
0. 5Ge V ..i ir '9- m 

1982-1988. Oct 
smooth physics run 
1989-

I m port~n t role i"' 
"t mass ttnett.su.rme 1tt 



2. ALE PH <t983- ) 
x 8 ~ 3{rooo cha11ne/5 

Beijing group is responsible for: 
1. building 4500 (2-7 meter long) ~ 
p I as t i c s t r e am e r t u be s a t Be i j i n g. 
(including· 7 machines and 3 test 
facilities for mass prod~ction). 
2. assembling and testing 63 muon 
chamber s ( 2 x 4 - 5 x 7 M 2) us in g these 
4 5 0 0 t u be s a t CE RN. 

chambers 

inner layer 
1J,1 nH 

outer !aver •. 

barrel middle angle 
rj 1 j'i1'J ff J 

18 

end-capj 
.l.LlJ =E_ '1 · . ;_'ifti Jl!L 

I 
I 
I 

I 'ii, J~i I i 1 I 2 o I s f 

I - - - - - - - - - - - - - ·\ - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - I 
I t o t a I Ji; i ! · I 6 3 c ham be r s I 
I (c:.over 1800 square meter / 
I i 27km tub~ length)~Lfp I 
I __ / \ e_;rcJe. \ 

\IS toti p(~sTlv tube 
c.omb pr"fdE 

ma.d t i 11 Ch1'11 a, 



1f f ( i d.r,(, ( e. 
;. so {,11/ •i 

• ,,-·-·-·~·1-·~~1· 

/ ~' 
,. I ~°", 

\ I I "'\, \ \' 
\ I I ' ' 

I \ I I 
I I 

7 . ' 

'-.:. -·'-·-·--

IND CA .. A I 
MIDDLI AMGLI /£ CHAMll•I IAltltlL./I" CMAMlllll 

c) 

IEfltC. CA'° A 
INO CA .. ,. CMAMllllll 

Fig. 6 Cross-sectivn view of the muon shambPrs l!Tld their (hardware) 
identification number: e) b~ :al, b) m;r•~- r' frnd-cap. 

. b) 



5tt-"LtCtu,re o.f psr ( pia.stic.. Strea.nter Tu-be) 
.. l -•· . t l I t· / 13 ox ;,, Ulillt • 900~ extrii s' ott o e t'a.nce_. of p a.s ic. -......eomb pr"fd.Q.. 

,. ............................................................ ~~ .... ~.• 
tnnerCelJ wa.lf Bm ftn,1k: streti~ILt 

' . • q±o.,2 . I :to. 
I 

£,\'I 1 

I -

t 1 I 
j4-ltmm-->i 

I 1-t- t •tlflt -tot I 

T;:-11~( ummb e ig,. I 

..... ''l 
1.5 mm 

1° 111 
/"" Be-Cttwires 

Wire Holder -

pfa.Sfic { 
Comb Prorlte -
b O)(, Sheath----~ 

jhkf hife Coail'n/ 
Ca 1/t(}c/e 

• Satisf1'ed r-e~u.,·,rement": ~cod a,s, Imlia~. 
H;'h p~~tioti t'1Ltes ~ >t/3 .% 
low da.rk cLLrrent. : <'.:"·fl~/~· 
Lon~ p {itda.u. · : >60" y 

l~t-~e. . f /o,,,V 
) $f'lhA ·. 

fo.s:k a .rns·..:. 



11 roduction p.·occdure of PST 

.. 
9llS: 

1 --------:---------...,.-, 1. A..-:fsobc.ttatre... 
1 

clcann1ng workshop . l · .., 
I - I 2 S- ! 1-S° 
I i 

: stretching closi~ ! 2. Ar:Co1:11-fen1arN 
I • . t... I 
: wire m. ')na.c,1 ~ 1 ne : ~/1-:.50 : l,) 

1984 -19 88 : - l · , (, {11 Work5kop J 
-- - - - - - - - - ------ - - - --- - - - -- - -- J_ -·--- ~---·-- -- ------- ~ _ L --1· -------- -----, 

raphite 
rush 
I , ,1up 1 ng m. 

'---....___ 

comb 
gr a p h i t e t- ---j p r o f i I c 
painting m.1 I cutting m. 

-~. 
......_____ ___ ...... ~ '··., 

.......................... ,. ·- '"·,, 

--------

' . air pressing m. 

comb 

terminal 
shaping m. 

tube box 
cuttin~ m. 

_,,/'_,_.,,,,, 

S/11"f 10 CERN ,,,.,. 
1'188 

' 
' 

I 
; I 
I I 

l_J.rest J i 

condition 

I 
I 
I 
I 
I 
I 
l 

. ----- - -- - - . -- ----. ----- -------- -------------- . _____________ J .. c 
1 ma.cllin4j + J resr s,,.,.,,,, 3. {,(n flcrmw1Ci~/e_ 9a,s 

: . _ Y.:: A r : Cc> 2 ,· f.Jo bat' a.-~..___ .. -'-
5evr-f 'f __ ,.._ 2 .,,. °71') ~ . .-.-. - ... , D" II 

. ""'" . ... ~.. '"'th ...... 



>-
~ ALEPH Dl\LI B3 Pch~89.2 Efl=99.0 Ewi=2.53 
~ __ :_ ___ :=_ ___ Nc~=2 __ .§.Vl=.99.lJ EV?::_,_Q_38_EV3=.007 

J 

" • 

5 
0 
0 

"' 

>< 

0 

,: F. 
:ng 
...,o 
o"' 
•I 

w 

"' .... 

.·) 

.. 
c 
~ 
C» 

~ 
•• 
~ 

·····1 .. 

"········ 

~ 
~ 
~ 
'-' I 

+~ 
~' 

r 1t-
.... ~ 

Eha=l2.0 
.'.fhT=.994 

P0010638 91-05-03 6:00 Run=l0638 Evt=2764 

>-----< 9 • OGev HC 
1-< 1 . 3Gev EC 

... ·•··• II I 

81 

F. 
u 

0 
0 

"' 

<' I Ill I II II 

~-u. 0 -

1. 
l·' .~ 

El Iii , .. -
u 

'\ 

' 

.. 

Detb= EBFF 
6. lChlr -~ 

.v I::! 

I I II I Ill I 

::.r--" LJ -

\ I -· . ·- -

~i~L{__· _J-Jlll 
., 1-S<!Ocm· 

r~ I I 
I Sob~ml l 0 z 

0:: #T>4 

~~ / ~ 
\ I 

:jf 6 
' \ 

~1 ~ I / I 
b''l"TTTT-.•f••x•••r•••··········•"''''''''fTS06~~;···1 1-sdcm I I I I I I I I I I 

0 x SOcml 
EC Ll-LJ endcap A+B 

c: 1-SOOcm 
;:; IT>4 .. 

c;,-
~ 
~ 

s:: 

~ 
c: 

,f.., ... 
~ 

43 
Ii 
~ 

" ;t 

~ 
~ 
~ ·---
~ 

-t 
.t 
~ 
\.l 
..... 

~ 

" q... 
~ 

..... 



3. elJ&/£14$ # El6:i 
' . ~ 

Be,,)'/hj. 9rott-f fal'ft'tif1rt~cl /11 f-k>m 

/,$3 - I Cf 90 

.... 

v 

CRISIS Particle ldei.tifler 

DC Drift Chamber 
I 

~ut/t ·•fl pre. ( ])r;f;t tu6es) 210 moM 
PTC Proportional Tube Counter - - .. :l/oxts __,,_ 31..so chah1Je, 
PWC Proportional Wire Chamber 

118 4- t1-a1t.s11"me1 ro t=NAL. 

col/1116-11 rA t-1cl IAllfJ. I. p!ess ~I H.Zr 

Freon Bubble Chamber 

------

4 Muon Detector a,rrt(. JS 
~ ~ 

l'WC 9iarrel Hodotie0p1 

'\ 
J I 

Lm accepcaac• 

I - ;; \ 1 
~ ·. I 

--- \; -· r··-:- ." ---·-- t i ~ 1·1 ---
I ~ \ I -

\ I 

BC actlft ?Olum• 

l'WC DC 

lm , ... 

\ I 
-'" 

w 

CIY5Y 

Im 

DC ITC ITC l'TC l'TC l... •. Im •• lwu •• Im 

I \ .::. 

, 

,f iJ! '] Ljl ~~t·:.- ; .~ .. ; " :/1 
'·. :· . '" ; .) I 
..... .J " _';; 

Hodo1c:ope 

~~~~ ~~~~~~~~~~~~~-..~~~--.,--~~~..--~~~-,-~~~--..--~~~,.--~~~-,...~~~-,~~~---'r-~'~·~•m----,-

0 I I I • t I T I I II II 

Dlnaaco !ro<D IC t (•att•) 

FIG. H'l..AN VIEW OF BEAM-LINE COMPONENTS FOR E636/E7fr ____ .. __ .. ~ ·-
' c 



II 

d/me/IS/OJ1, : d.fl/.X2.S4x /.5" /fl, ( tJ/'"' ~ .s-"') 
fjtts · : Ar: aH(/. == ?ot: 10 % 
/fflfJde : p1-/) florl'11:J1Ja.f 

~ 

i fV/obfe """ IS dtaJ'l;ne/s ---
Aluminum extrusion 

Fine wire: 50J.L dia. gold-plated tunc;iston 

I r2.3c\;i I 

2 ;3om [[][J · · 2 

t . 2 4 6 
t I ---'2 

25~om a!JGJDGJ~ 
I 

T V 

-

particle with particle with 
two hits one hit 

(at cell land 2) (only at cell6) 

Wot""k well To the. entA (,qqD) 
lbw noiJe C a,ss8m/,·,,J clea11) 



JL otttet- go.s GnetmP~r~ comft'te«J ll.. 

JIL Pre·limina.r~ I ?tVes!gation into some qEM .f ~dectcr-. 
1) RP C (Re s i s t i v e P 1 a t e Ch am be r) 

fmrn. 

sketch view of the prototype 
24x24 cm2 

' 

la.r3e. diimt~Si()/11. in prepa.r<A.i'ion 
Cf oox 60 or1\.2 ) 

In,clucecl r-ea.rlol.f 
_,/ 

Strip 

' 

~ ;' :i • r 

9rOU.'t'lef 
f Oil ~'~·s~ap 

res fs·t·i· Ve ·plate r.s1rrm A,... ; 

signal from induced strips 
400 mV, rise time 3ns. 

60 



• 

: ·--------··-
i. 

·-----·- --
' . Vth 

.. 1 _;i!l~. 
•. j 

' ., 
' 

---1.s-+-'-"'l·-"-1··-···· ______ l ... 
! 

. ··---~-·-----------i-----·-· -.· 

·\ .. ;-

I 
I 

i 
. ·-··i ·- ··f···-·· 

i 1 .. I 
H·· 

' .i 

··-k- i .... · l' ... ·_; ~-- .'.,_· __ · ·. ·.' '.· 

--, 

. ·-·- ----·· --
I 

;60 ..... 

efficiency 
glass RPC 
........ , ... 

N/I@s 
. . • ! 

-------l---·-·- ···- -

. . 
·-· ·---------

• -i.. · · ._ : L ~ ~: 1 

···:-~t:-··--·-- ~~-:.-:';;..; 
.:. L ; ..•....... ;;iL.~Li 

. ~ j .. 

versus voltage HV 
E=95% 

: --·~·: ~~·. J . )":-~.: ~T c··~::j·~-n;·'.i!f'I( T 
. ;:·:.: ::: i=~:'.· :· ·:!::::~:: :~··.·:··::;::-·: ···.:··~~~1'.:i~'.!~~i; ~~:~;: 
·"·----. ~~-::. -!:. ·····:r-··-..,-· ··---···-··r· ····- ········-•--·~-- ··-·-

·-- J - .. -·· .... , .. " .. , ... --~r~ - r· h··ffitHJ'.T 

i .•. ~~~:· --·1:;:~;:~Ll:'<di' .. 
. 1 .. : . ; ~ .. :·: :;: :: :: • : : : r .... 

_c__.c_;·"'··- ., .... , ,. i .. ::·. 

~:~ '-±d~-'f ~ ; ::~~~ ):'!~'·:."~~·
1

-~m~ 
••...... , __ , _______ =-i_ -···-·--- . - •. -· • .. . g a 8 .i.Ar:·~ifi 1q;~ftH>%· ···-

Sf-~-~?-·: ·:2~'. ~- --~~i --: ~;1,;. . : v th \·-~~-~ .:::t--1·m~~:1[~;;i 
"f.lhf: ,.H: -~-:'!2'§f-··-~-[~,--;·!fffi·rn ~;;ffi::l j~ 
··•···· ................ -·· .... ,... .. .,. .. . .......... ... ..... ~ 

. 1· :., ; 
-.·--~--·· 

...., . .. • ... . .. , . . " . . . . · . fl.. ,IE 1. 
.. , .•. ··· :-;--··7=1:-:··~- I~---~:-:··-··!···-· -··--··-···• ·-·:··-, ····· .. ··t·····:-:-:-·r"""!i7' 

plateau of glass 
length > 600V 

RPC 



investigated materials of resistive 
plate in China 

------------------------------------------

material E Vkne kV J 
( c a 1 c u 1 a t e d) 
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PVC 10 15 2. 55 9. 3 X. 
epoxy io' 4 3. 6 8. 1 . )( 
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Investigate the drift characteristics 
of plastic streamer tube (PST) 
help to understand LSDT -of GEM 
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