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Ener gy Calibr at ion of Csl[( T I ) Cr ystal for Quenching
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A M × - d I t is E pod m t se me- -am ² e queaching fae®, d ree04led m d ei d de-- d ® for dimet deØe-
tion of W IMP - Energy cal ibration of CsI ( 'n ) CEy szd detector for mea-® ing quem hing factoe d meoiled

nuclei indued by incident m uu£" beam has bem dom M th low-enezw X- ray -ouree- mch " m c d and

m Ba and the lm m w d enerw m p om e d a perimeó ai ® ,u m m ou aimed . ö ,e e× »i valent eneÊ de-

POM ed in CsI ( 11) em tal d a m d e pbotoeleem n d PMT has been æ ætz ed . ö ,e Ume d intee ð £" d

curm nt sig mls is opm im d foz diEeret°t X- ray ú ® ce m ew s .

K ey m ² dd md n , c d ( 11) ä " ¤ ¤iÞ e phe--eh em -1, eneTU Calibf athom

Introduc60n1

U eEü are mom and EEEOÓ ev idences fo r th e pm enee d large quan ti t i es d dazt m t te r sum und -
i ng no rmal W M ü , b ut th e natu re of i t i s st i l l un k nown [1] . So detec t i on of dazt mat t er hm been m

i mpoô n t chal l enge i n th e develop ment d mod em aæ £p hysic s - ££. mol ogy and pazt i c k phm e¤ .

A mong eeveraI cm d i dates d dar t ma ter , the m0¤t pm mi nen t on e i s weak l y - in te rac ti ng ma- - i ve par -

t i ck ( W I M P ) . u e d i m et detect i on of WI M P- m dep end en t on th e measurement d th e ener g of
m co i l ed nuc lei scatt ert ng OR by W B EPe , and usual l y th i s ene rgy i s up t o tem of keV [1) . Sc inUHati ng

cÉ Öal d etec tor has been pai d much mom att en t i on for exp ert mea ts eeazd Ei ng for d azt ma ter . ÓE e

T EX O N O col l ab orat i on sponso m d j oi n t l y by I n st i tu te of h i gh energy physi cs d Ch i nese A cademy of
Sc i ence and A cad em a Sin i ca i n T ai wan wi ll use up ­ sew m i hm d m d of k i l oe am d CsI ( 'n )

eEYSEal to measu Ó and m sea eh mact or neu td no , a th e sam e Mme a feasi bl e a ud y d Cs I ( 11 ) cÉ , .

t d f or W I M P searc h has b een pm posed [2] . Du e to th e p rese nce of qu ench i ng mec hani sm d reco i led

nuc lei m the CEn tal - the measu red m ergy f or recoil ed nuc le i i s l ower than energ ¤ Á mm m y d

th e same k inet i c energ y ( th e q uea chi n g h ctor E the rat i o d th o- e two val ues d energy ) . ð m exp er -

i nzen t i s to measu m th e qu ench i ng f ac tor of energy d rec oi l ed nuc lei sc att ed ng OE el ast i c al l y by i nc i -
den t neu t m z beam u l . E nerg y Cal i bm t i on has been done for th is neu t ron beam exp er i men t , and l i n -

ead ty d energ y re¤pom e , the eq u i val en t ene rgy d SUEd e p hot oeleeu wn have beà obtai ned .
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2 Energy Calibration of CsI ( Ä ) CE7 std Detector

ö ,e eneru cal ibrati on fmm O to 1Þ keV has been dom for me­ ud ng the quenchi ng fad of d
meoi l ing nuclei induced by incident neutmn beam . We use som e m Cd ( 22 . 1keV ) m d soume

133 Ba ( 30 .91EeV m d 8 1 .o keV ) to cal ibra e the m a m m at sya em .

2 . 1 Exped m en tal SeUBP

FIg . 1( a ) shows the block dme anz d the experi mental mtup . W e use a é cm Á 3cm cyl indri -
cal CsI ( 'I1) crystal ( pmduct of Beij ing Sensor Company ) ì th all sUEf ace wrapped m th Tenon and

M foi l m eept for one m d . U is umn apped ead is pd sbed and coupled to PMT ( Beij ing Hamamtm

CR 110 ) wiÉ si l i con p , am di metl y and the cathode wtndow of PMT covem al l m a of th is m78tal

sUEface .

Fig . 2 . Schezm ue diaF am of eleeWORics sy¤tem

T he vol tage su pp l ied to PMT i s l Ø o v . 11,e p hE¬£" ' i n CsI ( Ê ) CEW ta l i ndu ced b y i nd den t X -

m y am d etect ed an d eon v´ ed i nto sie zal s d CERE- n t b y PM T . Ä e PM T si Á al s pm th m 126 2 th e

mai n am p l i fh r mod u le ( M A M P ) for am p l iM n g an d shap i ng . u eEE th e si Á d s m cont i n uou sl y di e -
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t¬s d by FA DC module and mcorded in buEem of FA De befom being transfermd into DA Q system .
Ä e block di ag üm of the electmElies system[4] is shovm in Fig . 2 . Digem-zt energy d X -ray

( 22 . 1imV , 30 . 9 lmV and 8 1 . OK V ) have been used to cal ibrate the CsI ( 'n ) detector system .

2 .2 Exper imental p m m d ur e and D- u A ma ya s

We meastIm the digemnt eneE¬y spectm of m Cd and 133 Ba soumes and Ócord the experimental

data for ofn ine analysis .
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(b)
Fig.3 . ( a) The current pulse sh pe reeorded h FADe ®stem

( b) m e relation d diEemnt h 3e of intee - 6on and cormspondh e cbz ge

Fig .3 ( a ) shows the current sig zal mcoEd ed by FA De sy8tem . 111e total charge of output of

PMT cm be obtai ned by i nteg Ùti ng the cunm t sie ml m th t i me . H the tm e of intq rati on is sh£" '

a pazt of chaEF wi H be lost and i f it is long , too much noise wil l be included . h OMer to mduce the

inn uenee d noi 8e and Ø obtai n good siÁ aI noise ratio , we need to oPHIZEim the i nteg ati on ti mes for

CLEm nt si p 1als of di gemnt energ . So we meÄ um the total chaE18e of the photoelectm n peak of dif -

femnt eneEÅy for dig erent inteõ tion t ime and the mSUIts m shown in Fi g .3 ( b ) . It shows that the

charge increases foll owing the incmase of ti me of intee at ion . 111e chaz¬e increases veÇ fast ± mgi on

of smal l i nteg Ä on dme and i t becomes slower whi le ti me of integ SHOEE i s longer . W e cm fI nd that

the charge i ncÓases a about constant speed wi th inteÁ ation t i me when it i s long enough , and this is

evidence of including d noi se . AeCOMi ng to this anal ysis , the ti me of i nteÁ aSion tha we adopted to
analym the CUE-EÉEnt siÁ Eals of 22 . 1lEeV , 30 . 9keV and 81 . okeV of eneEÅ7 of X - ray i s 8000,18,

9Á m ns and 12000ns mspecHvel y .

× 1e spectm d chazEe of digemzzt enmw am shmm m Fip .4 ( a ) , ( b ) and ( c ) . We em a nd a
peak d 22 . 1keV h m the spectm m d mc d clez iy . 'ITEmü am 2 elm - peaks of 30 . 9iEeV , 8 1 . okev

and mul ti -peaks of about 350 keV in the spectm m d usBa . We only use a mt two peak s for the cal i -
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bmt ion . 11Ee enerÅy and cormspondi ng peak of chaª e are shown in Table 1 , and the FW HMs of dif -

femnt photoelectmn peak s am also e ven in th is table .

T- Me 1. Th chaÊ e d pbotoesect on peak and rego-muon d corr egpoa-a ng peak d cM rge

Eam®fkeV 2 .1 30.9

Q(eh) 3104ó5.9¡

o
ch

Hg -4 . Ä e specï d ehaEge of diEemnt ezza gy d m cd and m Ba souEt es

'ITm results aÓ fl tted m d we get the equati on of energy mspom e between i ncident eneIW and

charge of output of PMT and i t i s dmm z m Fig . 5 . Ê ze equ± ion i s

whem Z is the poei ti on d photoelectron peak in FA De channel and y is the enmÓy corm sponding to

the channel i n keV .

It wi l l provide the parametem of energy

31 Exped mental Setup

A PMT cm k tmated Ø m instRIment consisti ng of two independent parts :

731
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Re -5 . TTze linearity d mmg mµ 0¤¤e d c.E( Ø }

detector syBtem

y ( keV) = 0 .´ YY1z(ch) + 0 .0559,

cal ib rati on fo r q uenc h i ng fac tor ex per i men t .

the Smt one is a



' " ' Û' : ß ­ ë ¤ ¤ í (EE a Nm fL¤ £ ýl Úª '

photon detector ú " em com ed photons i nto elect mns m d É e seeond pazt is m ampl iaer that m -
pl È es the ini t ial charge emitted by photocathode d PMTis] . so the photoelectmn emi tt ing is inde-

pendent on the vol tage suppl i ed Ø tbe PMT , and i t Ê j ust a pmpmty d photocathode d PMT . 112e

exped mental setup i s shom z Ø Fig . 1( b ) .
Ú " li d zt-emitti ng di ode ( LED ) used in th is expertEnent is a ki nd d hi 6 2¤frequency and low-

intensity IZ D . Several Tenon wmpping layem have been set to mduce the number, of photon am v-

ing Ø photocathode d PB® fmm I Z D . t Tze sig zals generated by the pul se sig Ed generator ( Gen . ,

10Þ Hz ) am Ø nt to the diode dri ver ( D . D . ) after shaping bRy a di scrimi nator ( Di sc . ) . U e siF al s

comi ng out h m the diode dd ver am di vided into two chm nels : ¶ e is m nt to LED for l i d Eti ng and
the other is m nt M the mai n aInputler Ø a td gger . × Ee fl ash A DC system ( FA DC ) geu t rigger sig-

M l from MA MP and die tim s É e sie zd iai Hal l y com ms h m PMT by 2OMHz FADe clock rate -

U en data acquisiti on ( DAO system mc£rds tho- e experimental data º r d ine pmeem ng .

3 . 2 Exped m enu » × @õ dtan and h u A m Ey- -

Ò 1e voltage supplied to PMT is 1080 V that is choeen by quenching factor m ped m nt and the

ti me of integ ati on for the eum nt si Á al d PMT i8 40 bin ( it Ê obtai ned by the method menti oned at

PM two m d al so l bin = 50 ns ) . Spectra of output siÁ al d PMT have been mcorded for diHerent

dztvi ng vol tage d IZ D . Ò 2e spe½ , in di Eemnt dd ve Vol ta, , d IZ D aze shmm Ã Fig . 6 . 111e vol t -
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aee of LED is changed fmm 920 mV to 14Þ mV . m e spectm show É a them are large quanti t i es d
noi¤e- and j ust a small pazt of siP Eals ë en tbe vol tù " am 920 mV . 960 mV m d m m mV m pee-

ti vely . Ò1is is because l i ghts emi tt ed by LED seldom a Ê ve at the sUEfaee d photocathode of PMT to
induee el ectron-em tt ing - Fol i om ng É e inerea e d voltage , number d photons hitt ing to photoCath -

ode of PMT i ncmasm and the poesi bi l i ty d electron-emi tting f rom the photocathode of PMT i ncreases

too , " a peak a about 37th channel has been obeen ed , , dual l y . TTze fact that the poeitions d the

conm ponding peaks do not change in wide range of vol tage d IZ D shows those peaks am mlated to

emitÀng d one photoelectm z from PMT . u e second peak cm be seen ¶ tho-e spectra from

11Þ mV on and thi s is due to the emi tt ing of two photoelectmns fmm photocathode of PMT . u e

seÞ nd pea lt is about a 75É channel . At last , the l i O Hng d LED am sÊong enoud I to make PMT

em t EZZulu -photoel ectmn and it cannot di -crimi nate the diEemnt peak s m show in the specU2 of

1260 mV ¢13Þ mV and 14Þ mV . So we a t the epeetn am which vol tage is l Ã £mV ( m shown i n Fig -

6 ) and get the poeiHon d photoelect ron peak M 37 .O ó l Och . 131is is the poeiHon d photoelectmn
corÓ spond ng to si ngle photoelect ron emi tti ng d PMTMJ .

AceoEd ing to the li neari ty d energy rm poam of the expertmental sysaem stm m i n Fig . 5 , we

cm obtai n the equivalent energy of single photoelectm z emi tt i ng d PMT is 0 . 32keV .

4 SUREREarv

'IE e ti me d i nù , at i on d c un m t si g zal fm m PMT i n tho- e exp ed nBenu has been stud i ed m d

the ti me d i nteF at ion i s opt i m in d for d iE em nt eneEg e¤ . W e al so ob tai n th e l i nead ty of energy m ¤
¤pom e d exp ed mental sé tem m easur i ng qu enchi ng fact or - 'IE e equ i val en t energy depoei ted i n CsI

( 11 ) CEy sta l d a si ngle p hot oelec tm E of PM T i s ú £u t 0 . 32 k eV . × Ee par am et em d eneEZ y cd i bm -

t i on have b een ac h ieved h r e½ ed men ta l sy a em of meaSUEt ng q uenc h i ng fac tor d mcoi l ed nuc l ei .
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PWT ä ö ç ÷ ¶ Å Ä ý Ö ± ä í È ë ý Ö ç Î Ä Ø µ , Ã ½ î Ñ Ä pwr ä ö ç

É Õ ¯ ÷ þ .
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