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Study of Di f fer ent Gas M ixt ures for RPC Detector

A M t - d Plenty d eµ erima ztal studies on the eEects d ped 0¤Ä an ee- of RPC op erated wiÉ diEerent p s mixtuzes have been cÎ Tied

m t . 'IEe curve- of sip al m pliô de , m M -com h g , e× ciezzcy , sinede eom 6ng M e an d dd Ø cmm zt vemu- the hid z voltage wem

nzeas® Ð ö mg eo--me rays , based m the gas mixMm d Argon , I ² butm e m d F134A ì ú digerent æactions . m e measï ed resd ts

show the platem leng² eoul d h prolonged , the deteetion eSK im ey im m ad m d h dmt cm Ê t decreased m ² e plaù ç n e on d

RPC , ¤ the Argon rd o wu reduced and the rd oe d I² butane and F134A inczw ed com pondin³ , at the eoet d incm sing d1e

wodt iù hid I voltage .

Key wonts RPC , gm mizUEe ratio , plateau la 38ú , detection em d eney , dazk ctETent

E Int roduct ion

During the last few yeam Resi stive Plate Chambem

( RPC ) have been wi dely used in hio m ere experm -

ents . Several l aç e scale detectom , such as the BELLE

detector ± KEK - B , the Babar a SLAC , the L 3 at

CERN , the CMS and A TL AS at LHC CUE-Eüntly bei ng bui l t

at CERN , the Y BJ- A RGO at Yan® aj ing Internati onal

Cosmic Ray Obm n atoIÃ m Tabi t of Chi na , have used

plenty of Resi sti ve Pl ate Chambers . At pmsent moet of the

RPC in these system m wort ing i n stm mer mode ÷ × a

Á 8 mixture of A rgon , h o- butane and CBrF3 , F134 A or

SF6 " a substitute of CBrF3 , azzd wi th the diEemnt gm

mi xtum ratios for diEemnt m ped menu . × Ee use of Iso-

butane and CBrF3 i s to pmvent a secondaI7 8tmamer and

the streamer sim fmm spmadi ng t rè Ä ven d y , mspectivel y

( lm - butane cm absorb photons and CBrm cm absoÉ

eiec· £ns) . × Eeee gas mi xtures have the unpleasant fea-

tures being hi d 1l y namEnable and containi ng the CBrF3 , a

Á s foE43idden to use for i ts mm e degtmyi ng pmpen y .

Ä Eemfom cï d ul mseamh of diEemnt gas mixt un s for

RPC detector should be made to meet m th the requ iEYE-

ments of the BES ó Ì detector , whi ch is veÉ impmt ant
for the detector , s long ti me ml i abil ity and stabil i ty .
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2 Resist ive plate chamber and test equipment

Ò 1e RPC used in the expertment i s composed of Wo

paral lel sheet8 of 2 .Omm du elE Bakel i te[2] .

àAEen the hiå volt age is put on the Bakel i te , there

is m electr ic fk ld i m ide the gap , and when a charged

pan i cle pasm thm d E the detector , a stEm mer di scharge

is pmduced , the outside madout 8td p picks up the sig-

nd . For the gas mixtum , because the Bakel i te has Mgh

mgist ivi ty and the di scharge is l imi ted at smal l mg on , a

secondary stÓamer cm k pmvented .

For testi ng , we use the test system th± we estab-

l i shed to measure the RPc d zj .

3 1ù" ts performed on RPCS

FiEÊ , we fl x the rat io of A rgon at 20 % , 30 % ,

40 % , then change the rati o of ISEûbutane t0 4 % , 8 % ,

12 % and change the mt io of F 134 A eonÉESpotzdingly ,

themfore we get 9 diEemnt gas mixtures for test . With

each gas mi xtum we tested the siF Eal ampl itude , the End -

tiple counting , the singi e counti ng rate , the eEl d eney and

the dark cum nt cun e vemus the high vol tage . In the

testing , the thmshold vd ue of di serinÀnator ie set at 150 mV .
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the A ND-d siÁ d s am OR-d and ah em azd s A ND-d

ì ú the td m er signal before sendi ng i t ô the scaler to

usi ng the count . Ä e mul tiple eount ing is the mtio of thi s count i ng

× 1e siPEal e of three sci nt i l lators am to the tri gger signal counting . Fig . 2 shows the mul t iple
coi ncided and expanded Ä the A DC ' s trigger sig zal . 11m count i ng CUR es vemus the high vol tage m th dig-emnt Á S

si Á al from std ps i s delayed and then m nt to ADC input . mM ures . From it we cm seh when the I 80¤butane and

Ê m ampl i tude di str ibution chan is meastzmd fmm 5 . O to F134 A ' s rSHoe go l ower , the mul ti pl e counting rate goes

10 .OKV , wi th a step of 1Þ v . Fig . 1 shows the averaged hi d Ieu but the mul ti ple counti ng rate ¶ th diEemnt gas

val ue of the si gnal ampl itude versus the hi d 1 vol tage ì ú mixtures does not change veÉ much in stIºearner mode .

diEemnt gas mi xtureg . Fmm i t , we cm see that when the

voltage is lower - the siÁ al ampl i tude is a l inear functi on

to the hid l vol tage , and i t i s in the streamer mode range .

àAzen the volt age goes hid E, the siÁ al ampl i tude i ncmas-

m rapidl y , thi8 m m s the transi ti on mgi on fmm stmm er

mode to spaEt mode . When the hi6 1 Vol taee goes much

hi d zer , the sip zal ampl i tude no l onger changes , thi8

means i t i s in spaEt mode . FUEt herm£" , ¤ the quenching
g¡ ' s rat io goes lower , the stEÄ mer mnge goes shon er

and the sig zal ampli tude goes biõ ® , vice vema , if the
quenching ga8' 8 mtio goes hid mr , the stmamer range

goes longer and the signal ampl i tude goes smal ler .

3.1 Signal amplitude

Ò1e siÁ al amplitude is measumd by

CAEN C420 ADC.

÷Ð f : . Ð ::; Ã { "­ -¹̈ .̈ " þ­J?J. øÉ . :£:· »» " Jif¿­

:ff¹

Ò̧f "{ i

m EH' iëë÷ .t&
½ rÃrõ ?âä ç¹ :LLýõþþJ¹ É;;ð =þðð ;þþ:2¥É'"~̈ '~Ä -J̈ .̈ J . F4 À1?ë .Ì́J .~ .: . Jf £ Ó þþ

!+ : ¢ ' " : ý ò : 72 ¤ . . J j £ i d J '¹ 1 1

5 Þ . t þ þ ? » - T - 1 Ü - t m f - f i

Ø L ; » » i Ò , J O + f J Il ! ¤ ! Ã ý £ 4 ¤ J! l
m t f - i ® É i J ' ? ¡ f f r i t 1 1

m L L­ » - t ¢ ? ? + . . - - J J J þ Ð

} µ , f z z : 1 4 2 Ñ £ l i l g t . - ' | 1

1 Þ - ­ = t MM ¤- A h a - ­ l p d ó Ä Ñ ø ' 1 ú » Å " ­ ¤., ~ - i

o } ¤ Ü i . i § ? ø . i i |

6 7 s , ® 1 ¤ .

~

HighWItsgeJV (Á 103}

Fig . 1. U e siÁ al amplimde vmms hiO vol tage-

3 .2 M utu Ì e Ø m u ng

Ò 1e multiple counting i s def ined as the mt io of the

numbem d the events wi th simultaneous siÁ al s fm m two

adj acent pick st ri pe to the total event number . h depends

mainly on the val ue of the Md I vol tage , the hÉBEEt-end

electmni c thmshold and the gas mixtUE· mti0 .

To measuÓ the mul t iple counting , the siPEal fmm

pick st ri pe i s di scri minated throue z the di scriminator and
is A ND-d wiö the si p al f rom adj acent stzt p . 'ITEm all
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Fig.2 . Ø Ee mul ti p le com t ven tss h id z vol tage -

i s the same Ä F ig . 1 .

Th e i l l usUBti on

3 . 3 Detecu on efn d eney and stnd e Ø m ð EEg m te

Fig . 3 is the detection em d eney cuw es versus h io

vol tage wiÉ diEemnt gas mi xtUIm . 111e em d eney does

not include the dead band on the edge of the detector , but

i ncludes the loes of the em d eney due to dead band of the

iEMulati ng spä em , which takes about 1 . 25 % . 111e de-

teeth1g ti me i nterv al is set to 15008 to mduce the stati st ics

em r . Fm m i t we cm End that , when Iso- butane and

F134 A ' s raHOS F l ower , the em d eney plateau i s shod -

er , the detecti on eEEd ency is a l it t le lower - Ò 1is is be-

cause the siPEal i s big , and i t takes l ong t ime for the

el ect ri c i l el d to recover - Compamd wi th the ampl i tude

cu¼es befom , we cm see the em d eney plateau is fal len
into the detection ' s stEm mer mode range . When the vol t -

age goes hid Eer , the detection em Erieney fd l dom mpid¤

Å , i t is because the noise cauØ d by the non- siF Eal di s-

charge goee hi gher , the detect ion goes into the spadt

range .

Fig . 4 shows the Sind e cotmHng mte versus Md l

vol tage wiÉ diEemnt gas mixtures . Ò1e counti ng is the
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Fig .3 . Ò 2e eE d eney a z ve vÑ, n hid E vol tage -

Ä " i lhzst u m-2 is dze sm e ó Fig . 1 .
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Fig .4 . Ê Ee single £ounh g mte vegï , hid E Vol tª e .

× Ee iHUB¿ati011 Ê the sam e ó Fig . 1 .

sum of the 4 read out stripe . h one RPC , the counti ng

rate of d iEemnt str i pe dik em fmm each other , and the dif -

fem zce cm come to 15 % , hem we j ust give the avemge

of the 4 8td ps . Compamd wiÉ ai l the 4 6 gumh we il nd

that the plateau of the single counti ng mte , the pl ateau of

the detection em d eney and the mnge of stn amer mode

am d the smne . For au the gm mixtun s we tested , the

si ngle counti ng rate is bel ow 0 . 1Hzh nf in em d eney PIa-

teau .

3.4 Dark curr ent

Fig . 5 show8 the dark CEm ent vemus hidE Voltaee

÷ × diEemnt Á 8 mixtures . Compared ÷ × the flgums be¤

foEü , we End that when the sig Eals go bigger , the single

counti ng rate goes hid mr , the dark m m nt goes tu e EeE¤.

Fmm i t we cm come to the conclusion tha the dark cur-

Å Ò Ä È z ø å ÈÖÔ RPC Ú ¤ ÷ Ô Ü Ä ° ì Im t

mzzt is eau8ed mai nly by the di scharge d the siÁ al s . So

the size d the dark curmnt i e determi ned by the Mm of

the signal and the counting rate .
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Fig .5 . Th e da t euzn nt veTEus hid E Vol taee .

Ò 2e iHUS» ati on Ê dze same ó Fig . 1 .

Ò1e pl ateau of the detecti on em d eney i s the mnge
tha RPC WOEt s . To ensum RPC ' s stable operaHon , the

work ing voltage should k set in the middl e of the PIa-

teat2. H the vol tage is lower , the eEid eney is al so lower -

M the Vol tage is tÞ hi d z, the detector goes into the spark

mode, and the electric Eeld recovem slowly for the big

siPEal s , which caused the detection em d eney goes domL

For al l the gas mi Xtume we tested , the Sind e count -

ing M e i s bel ow 0 . 1HzJcm2 , and the dart current is

about 1- 21AA / m2 .

For digerent gas mi Mums the hi d 1 voltage ± whi ch

the plateau Stan s is digemnt . W hen Argon ' s raHo goeg

hid Ieh and the mtioe of the Iso--butane and F134A go

l ower con÷ pondi ngly , the sig Ed ampl itude goes hi gher ,

and i t comes to plateau ead ier , but the plateau becomes

shorter , the detm t ion em d eney in the plateau goes a l i tt le

lower , the muIHple counti ng goes higher , the dark cuztÊ 1t

goes up mom quick . ' A zen the mti oe of Iso-butane and

F134 A go hi6 1er , the si g zd ampl i tude goes lower , and i t

Ø mes to pl ateau later , but the pl ateau goes l onger , the

detect ion etEEd eney in the plateau goee hid zer , the multi -

ple eounti ng goee lower , the dark curmnt goes up slowly

when i t i s in the plateau mg on . Fmm the test , the detee-

tion is mom sensi t ive to h o-butane than to F134 A . But
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since h o-butane is fIamEnable , and the pdce is hid mr , " is m impoEtant component to ensum the detector have

iu mtio should k Ä low Ø possible. TIME- f£" , F134A long plateau .
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