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AMWu t We dmeloped a new kh d d mateda1. which m u-ed " £" - U ECt ¤ e peototw e d a 1¤ ¤e m a m imve plate chambm

( RPCL h ô PÁ r , the ,m euze d RPC, dze etm es d d ciency . oountine rate- dd E Ctmm ð , multiple hit md siF al anp h de

m m hid , VoltaF BEe- m ed mù " -m e ray m pee-ented . It sbow- M h RPC ea3deney hs elaM ô " % . eouö ne ra e and

dd E cum nt m Ô1spedü " C1Am atiy opee-m g detectoÄ Wï idwide. Iu pd om mm well Mttdv the mqukemm M of Md t energy
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rem-6ve plate cba ba ( ´ C) . eé ciency. eount ing rase- da»t cm m tEä wor²

1 Int r oducti on

ResisUve m ate ChazÉ er ( RPC ) is a type of paraJlel

plate gas det ector . RPC has superior ti me and spatial

propeFt im , which am excel lent to measure the track and

ti me of charged pazt id es , an d it cm be buil t easi ly to

large m a wi th low cost . × Ee rØ i a i ve plate chamber i s a

new typ e d detector fl mt developed by R . Santon ico ( Ro-

ma) i n the ead y 80 ¤. [1) - h hu been used M -eveml

l az° e scale detectors , such as the BELLE detector ±

KE K. B , the BaBar at SLA C , the I3 at CERN . tbe CMS

and ATLA S at LHC eurmntly being bui l t a CERN and the

YBJ-A RGO M Yaz× aj ing Intem m oad Com ic Ray Ob¤

ò " ± oÇ in Tibet of China , etc . And SO a lot d expert .

m m have been accumulated . BFJS ó detector is a lazF

det ector to be operated ± the upe aded BeUing Electmn

poeHEWn Col li der ( BEPC E ) . We plan to adopt RPC M

BB E Ì detector - Before ma-- producti on is SUIt ed , we

developed a new resisti ve plate mated al , and used i t to

c£" ' tm et a large arm RPC pm a w e . u e measured m-

SUIts show that its pezf ormanees well satisfy the requim -

menu d the expemnenu .
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Resistive Plate Chamber

2 General picture of RPC

RPC is compo- ed d two paral lel hiå resisti ve pl ase

electrodes wi th a Á p in between for the work ing gas to

pass throue E¤ When a parud e passes thm zgh this Á S

room , m aval anche or a stEm mer siPEal is produced . 111e

su ip- am placed outside the Á s volume SEnf ace , and m -

duced sig zals on the st ripe am mad out . 111e mul ti - l ayer

w c e d low sm altaneous m dout . TEe ¢ É,eture d RPC is

shomz in Fig . 1 .

~

'

Fig. 1. m e -ketch map d RPC -maetEm .

Since the material has veÇ high resistance rate
( 1010» 10130 ¤cm ) and the RPCs am independent fmm
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e- eh other , the siÁ als fmm mul ti - l ayer hits increase the td a er sig Eal . 112e area d alI the 3 sc inti l lator detectom

track detection eEEd ency . In cam the counting mte Ê × ü 150 mm x 900 mm . 111e two scinti l l ator detectom be-

hid z, on ly the aval anche m de Ê uaed becam e the sup low the RPC m sepamted by lead brick , which mm m

m er si gnal is laE¬er than the aval anche Mgnal , and eo the the soh cosmic my . ì m coemie my that cmeset- the 3

voltage dm p is not meovered on Hme , leading to a lower sc inti l lator detect ors at the same ti me must al so cmØee

efnd eney . 111e advantage of the stmamer mode j ust l ies in the RPC . Ò 1e am a or PRC is 6OOzyun x 1́ MOran1. 131e Á S

iu large siF al , which d£" not need to be aznpli ned , " mixi ng is comp leted by MKS mÊ s now eontrol sya em ,

i t em much mduce the em t OE the elect mnics . × × the thm e gases fIowing into MKS 1259 B mass now

contmHers by the appmpd a e rati oe . Ò 2e RPC wozt s in

3 C OEÄ t m ct i on d l a r g e a n a R P C stEÄ mer mode . Ä e hid E VOEMSe is pmvi ded by the CA EN

SY 127 tud z vol tage sy¢ ¢ ¤ Ò 2e posi t ive vol tage is ap ¤

Ç m cru cial part d RPC is i u gas mom , which pti ed ¶ the m odes and the m sau ve vol tage on the caIh -

mqui m hid E level d technolloe cd pEOü " - h demands odea - U i s approach mini mize- the potential Ø the F und

hiå de' " d uni formi ties on the mÔÉ ve pla e , inelud- £" com eeter- - eaMe¤ - m d SEEd - ees and it , ew es ó a

ing the Ó sistance , thickness , gap and p ±phite layer pmcaution against extem al discharges thmud l and Em md

sprayed , especial ly i t demm ds veÉ hid z deg Ê d insul ator, . A m mputer eonØ£ls the sé tem - therefore the

smoothness of the sUEf ace on msisti ve plate . Our technical tests am completel y automatic . Electronic system is par-

proem - has been tegted repeatedl y before sui table resi sti ve tiall y NIM plug- i n uni t . °í i le CA MAC and pemond Ø m-

plate material i s made . Ò 2e msistive plate wi th th ickness puter control system am used for the data COIl ed ion and

d 2mm is pm¤- ed m É dense m im RIm on the SEnf ace to the hid E Vol taee contmt . U e pemonal Þ mputer opemtm

Á × m tee i t8 smoothness . MeaSEEmd by the i nstm ment of on U ZEtax operati ng system and the control i nteEface and

smooth ness , i ts sUEf ace wel l ma ches the level d smood1¤ F aphi c di splay are ba-d on Root software development

ness d gl¿ 8 . TEe bul k resist i vi ty d the Bakel i te i8 4 x pladomE an d C + + la ze zage envimnERent . 11¢e system
1o t20 ¤cm ± mom tempemtum . 11,e plates are separated m t-up is shown in Fig .2 .

by the c im Elar i nsulation spacem wi É thi ckness 2 . Onm , EE- - ®

1Om in di ameter and spanning m mm fmm each odmr , ¸ ú m TBW.,, . û - 1 Ô!I t » d l
M Ð " a their SEEmÐ Þ ù the mp insulation U f1 . ¬ 'c l

, : ,º, l 1 , E E E E E E E E

::272:t t ;¤ :: 1:22 ?Ò [ / |4Ã ¬
ô × theÁp in betmnh tm resistive plate- from t ¹ ú "Ð l Ð £- t
ø, ´ »t  w installedØÉe om ite ends d the h k j§ h h| | | | | ¨
chambm El ectd cal ly i nsulated Mylar Ø pm tm the W L - J ¨ W I ê ° | | | | ¨
VoltaF dectzode and pick upmp¤. 13̈ ´ rsuEfm d hCHI þ ý E | 1  J -
h Bakel i te is Ð ed m th p phiü , which has the m i s- I F a ¹ ú f M h e l | . -

t l É » - eAS - - .  ¤lt i v i ä £ f 5 O W Ú - h ¤ U Ef a e e æ æ Ee e i s a d o p t e d s u c h d ¹ - 1  ¤ ¤a |

that i t m l l not shield the sip al produced when a charged

pan icle cmsses the RPC , and at the same ti me the regis- Fig.2 . RPC tmt ®stem -

tanee i8 8mal ler eompared Ø tbe msi m ve plate , wh ich en-

abb the hid 1 vol tage di stdbuted on the enti m m isti ve S T Ø t r Ø u l t

plate surf ace .

5 . 1 Detecu on efn d eney
4 T Ê t sy Ê em

In the testing , the threshold value d discd mi nator is

For testi ng . we use 3 scinti l lator detectoÄ " w c , et ó 50 , 1Þ , 150 , ª " , 250 mV . Fig . 3 shows the eff1¤

' í ë Ë ï í (HEP & NP) Ú ¶ 'ë .
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d eney plateau cuw e Ven us the hid E vol tage m É digemnt

threshd d values . Ç Eis d TEd eney does not include the

ded band d detect or edge , but includes the lo- - of d E-

d em y due to dead band d spaceEö ' whi ch takes

1 . 25 % . Fmm Fig . 3 . we a nd that the RPC E- aches the

d Ed eney plateau Ä the hi d z vol tage m ches 6 . 8KV , m d

the em ciency is cloee Ø 98 % ibr the high vol tage at

7 . 2it l U e length of the eé d eney plateau comes up to

1 .O KV . H two Á pe of RPCs are used , the d FEd eney is

vi nual l y 1Þ % , which compla d y sati d es the mqui m -

ment of BES E . u mehold val ues below 2Þ mV do M

make vi si ble diEeE· nees at d Ed eney plateau . As thresh-

old value goes above 250mV , the d Ed eney pla eau obvi ¤

£" ' ly moves b¤ch mzd .

1" I : . .,'!?" "  |
" F t ; É þJ - 1 |i· !!!;;EWF + . + TBmb£~ 10¤ V|

. £ É ¤» ¤¤! - ú J 154h v l
i 2́ h V l¶ 74¤¤J J h MÓ25M |

55 60 65 70 75 "

Fhg.3 . ö ,e ea d eney ew e vö , us high

5.2

Fig . 4 is the count ing rate cu rve Ven us the hid z vol t -

agÊ, under digeE¬ nt thmshold val ueg . Fig - 5 is the dazt

CUETent eum vemue the- high vol tage . TTEe count ing mte is

the m m d read out fmm 4 pi ck Í ipe d 5Omm wi dths .

On a RPC , the count ing mte m d Ed eney plateau be-

tween individual stri pe deviate- up to 15 % . Hem onl y

the average resul ts d 4 81Etpe are e ven .

Fig.4 . me sind e muntiÖ mte vemss high voltª e.

Êze illusuaSion h dze ¤¤me u Fig.3.

Fmm the flgums , we tlnd that the CURe d counting

617Å Ò Ä È :ó

Fig .6 . 'ITze mul tiple count Ven us hid z Volt- F -

1Ee il l ustration h the same as FLg .3 .
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t o t he t d ¿ er si g zal cou n t i ng . Fi g .6 i s t he EI112It i p l e Ø unt -

i ng cu w e versus th e h i d 1 vol tage un d er d iE em nt th reshol d

val ues . Fm m th i s n su re , we End th at ¤ th re shol d val ue i 8

8et t o 150 mV , i n the mi dd le of the em d eney p l ateau , th e

mul t i p l e coun t i n g su ys around 10 % , whi l e if th e th resh -

ol d val u e i s m t t0 50 mV , th e mu l ti p l e cou nt i Ø can be Ã

h i ¢ ¢ 60 % .

5 . 4 Si gna l am p l t t u d e

Ç 1e siPEal ampl i tude is meam Ód using the CAEN

C420 A DC . ì Ee siPEals of thme scinti l latom am coincid-

ed and expanded as the A DCs trigger sip zal . Ò 1e si F d

fmm strt ps is delayed by 5Ons and then sent i nto A DC i n-

put - Ò 1e ampl i tude di std M Uon chan is measured fmm

6 .6 t0 9 .OKV , m th a step d 1Þ V . Fig . 7 shows the av -

eraged val ue of the signal ampl itude versus the hi gh

vol tage . Fmm it , we End tha for the hid 1 voltage lower

Fig.7 . The siÁ Ed m1pliuzde vermEs hid z volup -
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than 8KV , the sig Eal ampl itude is a li near function of the

hid 1 voltage . m i s is the stEm mer mode m ge , and the

siPEal ampl i tude is appmxi Enately 150- 3Þ mV . At 8-

8 . 6iEV , the signal ampl i tude increases mpidl y . " Ii s i s

the tmnsi tion poi nt hw n stÓamer mode to spadE mode . A s

the hi d z vol tage goes above 8 . 6 ltV , the siÁ al ampl itude

no longer changeg . h th is range , it i8 8een fmm the ef 1¤

d eney plateØ that the detect ion eé d eney dmps subetan -

t id y .

6 Conclusion

We have successful ly constm eted a laª e area RPC

using the mated al developed by oumelves . × Ee lengt h d

the em d eney pl ateau exceeds 1 . OKV m d the em d eney is

close t0 98 % . SO i f the high vol tage i s h ed in the cen-

trd em d eney plateau , the em d eney of the detector i s ±

ideal status .

W i th the new technology developed by m to make

the mated a1, its sUEface smoothness is comparable to the

d ass - Th i s reduces the noi se siÁ al . U Ee P C pmduced

ì ú this technology has the good pmpen y of glass RPC ,

wi thout the shon comi ngs such Ù ö e heavy weight of the

glass , frag l i ty and emeiOE1. It i s al so wi thout the shod -

comi ngs of l i nseed oil RPC É ± is unstable . A t the same

t ime , thi s technology md Em it eÃ y to guarantee the qua1¤

i ty and speed i n mass pmduct ion .
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