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M easur ement of Quenching Factor for Nuclear Recoi lls

YIJE QianleO U Jin1 111J Yan1 U Hao--BiE12¤3 WONG H .

A bgÜ sct Deteem n d dark Em mer using Cd ( × ) , cin6na ing cry stal Ä the detector has Á thered m m

and more interests . h this paper , the quenching factor d nuclear ree£iIs induced by incident neuï n

beam was measured based on puh e Shape Discdmination ( PSD ) method to identify events of nuclear

recoils h m backgª und - I t i s shown that É e quend ing ¤ etor increases wiÉ the decreased recoil energy
in the range of 7 keV Ø 132 14eV . 'IEis resul t shows the F eat advantage of CsI ( Ê ) cry -taI detector m de-

tecting of dE k matter -

K ey wozÊ S CsI ( ´ ) c® , ± , zm zm n elasti c scattering , dark matteh pulse shape dimm m m on

1 I n t r o d u c U o n

Ò 1eEYE am more and mom i nterests f or ph ysi c i sts to stu dy t he m M m d dad t mat t er [ 13 ] . One d

cand i d ates of dark matt er , week l y i nt eract i ng massi ve par ti c l e ( W I M P ) , h as att rac ted many p hysi -

c i sts to foc u8 on i t s det ect ion . M any exp er i men ts have ob tai ned exc i t i ng m SUI ts f or th e detect i on of

d ark mat ter [3¤4] . I n so me m ped menu m coi l ed nuc l ei i ndu ced by i n c id en t neut ro n b eam i n a su i tab l e

d et eet or wem used to si mul ate th e nuc l ei m oi l of detec tor 8c at t ed ng OE by W I M P p ar t ic l es m d

Pu lse Shape D i sc d mi nati on ( PSD ) method has been used to d i sc r i mi nate si gn als i ndu ced by nuc l ear

mc oi l s an d gamm as or electm nsb A] . h t h i s paper , we use th e PSD meth od to an alyse pu l ses of

rec oi l ed n uc l ei i nduced by 8 M eV neu tm n beam to der i ve th e q uench i ng f actor of nuc l ear m coi l s in

the en ergy range f ro m 7 k eV to 132 lm V . 111e qEl ench i n g mechan i sm m d ue to the l ess li gh t yi el d of

heavi er nuc l eu s compm Ê g to t hat of el ec tm n w i t h same en eç Y ¤ H em th e q u en ch i ng f ac tor i s den ned

Ø fol l ows :

Q F = ÷ ( 1 )
" R

wh ere E : i s the el ec tm n - equ i val ent m oi l en eE¬ y of m c oi l ed nuc l eus and E R i s th eom d eal m coi l m ¤

Ö y cd cu l ated fm m the eneEW of in c i d en t neutm n and sc at ted n g ang le d neu t ron .

2 Exper imental Setup

Ú 1e I¬acti on D ( d , n ) 3He was used to obtai n 8 MeV pul sed neutmn beam .

å Sµ p£" ed by Scienoe Foumda en d Ò, o s de- d sm i t ( 19975£ " ¤ ¤d gë N- FAm - 14 ¤2 . m »21124 .Ø 1¤́ 6 ,96 2 112§M4 B 1¤

Ø7}
1) B n× l z yueq@m il . ihep -ac .cn

in CsI ( TI ) Crystal ¯

T .2 WONAG M. Z .3

I ( Inm utt d Hi gh Eneq w phy, i¸ , Cð , Beij ing 10Þ 39 )

2 ( Insti tute d ph ysics - AcadeÉÀa sm ica , Ta pei 11529 )

3 ( Department d phya c, , Tai wan Uni vem ty , Taipei 106Þ )

ì Ee pul sed deIItemn

855- 860



856

beam M É m energy of 5 . 6 MeV was suppli ed by HL 13 Tandem aced emtor at China Insti tute of
Atomic Eneç y ( CIA E ) , intemEä d M th the deuterium gas taª et . A smal l CsI ( 'I1) crystaI detector

( 3cm i n diameter , 3ern long ) was hit by the col l i mated neutmn beam . 111e bl ock di ag üm of experi -

mental mu p is shown Ã Fig . 1 . The aZTangement of the Csk T1) cw etal , neutmn deteetor- and the

neutron col l i mator has been dem bed m the Ref . [ 7 ] .

~

Fig . 1 . Block diae am of the experi mental setup .

Ò 1e i nc id ent neu tm ns were sc att em d Og by cesi u m , i od i ne nuc lei of th e detec tor and pm ton ,

caú £n nuc l ei wh ich came h m the b l ac k p l ast i c u pe and T en on of t he w rapp i n g l ayer of CsI ( Ê )

CEÃstd . 1E e sc at tered neu tm n was detect ed by li q u id sc i n t i l l ator ( C0 ¤26 1 , ST -4 5 1 ) detectom ,

10 5 mm i n d i ameter and 50 mm i n l engt h , equ ipped w i th Ph oto - mu l t i p l i er T ube ( PM T , Ph i l i ps X P-

204 1 ) m ad ou t and gave a t ri gge r siP Eal to the homemad e M ai n A m pl i n er ( M A M P ) . A t the same
ti m e, th e n uom sc enee of m c oi l ed nuc l ei i n Cd ( 'I 1 ) CI7 8tal was col l ec ted b y PM T ( CR 110 ,

H am am atsu Ph oton i es , Ch ina ) and th e ou tpu t cu r E· EEt si Á Eal wæ passed t o M A M P . Ò 1e siP Eal com -

i ng f m m the neu tron detecto r was al so u sed Ø th e sta rt si Á al of a T i me- Of J l i d 1t ( 10 F ) syMem -

131e stop siÁ al of 1W F sy stem cam e h m the d el ayed pul sed d eutem n b eam . ì 1i s Ó¶ F si gn al was

al so passed to M A M P m d m cod ed for f uEt h er neu tm n taa Hns . AI l d these si Á Eal s passed to M A M P

weÓ d i g t i zed by home- mad e Fl ash A n alog- t 0¤D i gi tal Conven or ( FA D e ) and E- c od ed by a d ¢ ac -

quM Uon sé ù m . T h e detai l s of the electm n i m cm be fou n d in th e Ref . [ 8 ] .
'IE e en eEÃi es d m coil ed nuc lei cm be d ec ided by the sca t ed EEg angl es O , wh ic h wem changed

h m 20 0 to 95 0 , an d th e recoi l energy ch anged f m m 7 lm V to 132 k eV . 'IE e pu l se shape m cod ed

by F A D e system h as a p Ó ¤t ri gger an d post - t r i gger per iod of 5 Ì s an d 25 1AS, re spect ivel y . For mom

detai ls , one cm m the Refs . [ 7 . 8 ] .

3 Data Process and Resul ts
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heavter nuclei such " £eg um - iodi ne m d caú £n , reµ eeti vel y . Becam e d the large scat ter ing an -

gie and rel ati ve Hå t mass , pmton- i nduced events wen much less than É a d heavi er nuclei . For

each siÁ al d CsI ( Tl ) eE7a al , sevezÀ pamazetem wem used to di ecri be the pul se shape . TIEe a mt
was Abirz , which is dea ned Ø the time bin where the ampl itude d si Á al reached i ts maximum val -

ue . 111e other Wo wem R and ´ t µ which wem deaned u
½

2 ( At h )
´ tµ = ¨ '

2 4

and

wheEÉe A t i s the FA De ampli tude at a ti me bi n k ¤

played i n Fip . 2 ( b ) , ( c ) and ( d ) . o ne cm see the di Eemnt pazt s for mcoi l siÁ al and baeltgm und

i n these thEee plots , Iü Specti vely .

Fig .2 . TEe disu tbu" ozz d 70 F , ´ t µ , R and Abin fOr recoil - azzd backe wtmds a 9?

u e sc at t e± p l ots for ´ t µ vem128 TOF ó wel l Ø ´ t µ vemu s R f or th e da ta set M 9 50 m

shown i n F i p . 3 ( a ) an d ( b ) , m spect i vel y . Th ere am c lear separat i on8 between th e Cs or I nuc l ear

recoi l ev ent s , m p m õ n ted by th e box reg on , and t he acc id en tal bac k p m nd even ts caused by th e

m coi l s of the wm p p i ng m ated al s ( p Õ on s ó wel l ­ Other heavy nuc l ei such Ã carb on ) and h m
envi m ameEEts . In F i g . 3 ( a ) , al I th e event s m l at i v e ± sc att er in g angi e 9 50 am shown . W e Emt u se

the par am eter TO F to m ak e the event sel ect ion an d m qu i Eü i t i s p Ôater th an 3 8 5 m and l ess th an

fol l ows .
.

' -24
- ö - -

2 4
All d these parametem a 950 have also been die-

(4)
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42 ns . AIl the event d er this cd terion of selection am shown in Fig . 3 ( b ) . We used the cut box
di splayed m the R g . 3 ( b ) ­ a selection cd ted on to get the events d meoi l d er cutt i ng for parame-

W A bi n ë i ch i s p Ä than 5Þ m and less than 15Þ m ( m Fig . 2 ( d ) ) .

Fig .3 . Sea temd plots for tbe ´ t µ parameter vemu- the 7ÇF value- and R PE ² metem foT É e nuclear reeoil
events a 95¤ . m e boì me on mpfe, enu É e Cd ntBelee reed events - mdAea m eleE -epe m ons h m the

accidentd b¤eke m mds .

U M otud ch ar ge ( Q ) spec t m d CsI ( 'IU cw stal bef ore and d er event s se lect i on m shom i n

Fi p - 4 ( a ) and ( b ) . O ne em m th a m a d the acc i den taI b ac k p m m d has been rej ect ed . Ú Ee

sanBe method d even t , e lect i on i n ´ s µ vÆï , R sp- ee u dea ned i n F ig . 3 ( b ) at ker FO F m d A bin

CUM am subsequ entl y ap p l i ed to the oth er data æ æ l ower m co i l m erg es t o sel ec t nuc l ear Iü Coi l

evm ts . 111e m SUI ts of mean l i d Et y i e ld i n F A De uni t ± d i û rent m ades have been sunm m ed i n

Tab le 1 . U e enmz y rÊ p onse d th e experi mental setu p has been measum d by using y Ø u rees suc h

T Mú E. © - E Ê n - h d É ­ n m d " " Ç ñ A m - - h - a E( Ø ) ú " ¢ ' ¤
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æ 10'c d and 133Ba[9] . Ò 2e electmn-equival ent enezg es of recoi led nuclei wem al so shown in thi s

tab le . ö,e mmEmd quenching×dm m ú £m M RS.5.

µ
Á

à
ê

¥

Rg .5 . The quenching factom meaSUEd in this wortE Fig .6 . m e pulse shapes d nuclear recoils at diEerent

(solid circle) . Open squares m h m Rd . [ 10] , and
ORn utaÀ es m h m Rd . [11] .

111e unceEtainti es of l i 6 1t yield and quenching factor ± diEemnt m gi Ê have al so been shomz in

Tabl e 1 . U i s unceEt ainty mainl y cam s fmm thme pazu . × Ee 6 13t i s fmm statist ical ermr and i s
usuall y less than 3 % . ITIe second paxt is fmm the eorE@CHon of li d Et yi eld . rn m integrat ion t ime for

cum nt siÁ al to get the tou l charge wØ chosen Ø 5O FA DC time bins for al l the scatted ng angle of

neutmn . One cm see from Fig .6 É ± 5O FA De time bi ns of i nteg z t ion make pan ly loss of til e total
charge of the recoi l event . We change the inteF ati on time for events d m d e 950 fmm 50 to 12D

FA De ti me bins and get a com etion factor 1 . 15 for the total charge . 1Ee eno r of thi s com eti on

factor is about 5 % for al l az181es . A nother uneeIt ai nty comee fmm the selection of the border d cut

box as shown in Fig . 3 . Ä i s is the main contd M Uon of the mw r and i ncreases M th the mcoi l m er -

g deemasing . Ò 2e eEWr ban have al so been plotted in the Fi g . 5 . U em i s a cl ear incmam of

qElenching factor when the mcoi l energy deczªEases . Ò 1i s UÃEZd has al so been found by several
experi mentsL10,l lJ .

SevemI pul ses for diEeEünt aXId es and 22 . 1 keV Ã-ray have been depicted in Fig . 6 . A H the

pul ses have been nom aI im d by thei r total chaE¬õ ¤ u e pul se dig erence between mcoil nuclei and
Ã- my has been shom E and them aE· al moet same pulse shapes for the recoi led nuclei i n diEemnt en-

erg ´ . I t cm be seen that pulses d heavter nuclei have I· lati vely smal ler decay ti me than that d

y s .

4 SUEEEHEar y

h thi s paper , a meast»Ee ment of the quenchi ng factor of cesi um and iodine nucl ei in a CsI ( Ê )

CEn tal i s pmsented . 131is measurement i s based on Pul se shape Died mi nation ( PSD ) method . U e

cut condi tions in thi s experi ment m eg ed i ve m oue E­ ¬ ect baeltgmund fmm events d mcoil when

À ¾ È :" I(× ) § å Ð ´ å csÍ I ¦ Quemtung Factor Ä â ¿ 859

anele- and Ã-my at 22 . 1 keV . AH the pulse- have been

norm al i zed by th eir total c harge- -
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energy is Á at thm1 4 keV and beeoroe less d ed ve when energy is low . A tmnd d iE,en asing

quenching factor ÷ × decreasing mcoil energy h­ bem obtained in the eneEW range fmm 7 keV to

132 lEeV .

m e azaahorz shank h qi z ho-- z zq bag and Tang HOFBm ine j br the hetM al db a u dmu and sech-

mical aq F F om CIAE f or supptyb¦ ¾ ch a good nezasmn beam . We aiso dsank the pmducer qf Cd

( Ð ) crysta l , Bez· ð Unique CF7aai Company . m anJu an ah o g iü ,z Ø m m sechnical permm qf

Imsit use qf High Energy Phya cs ( IHEP ) j br the traa× onation qr she a ped meFEtal sÉ Á ¤
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