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Neutron capture gamma-ray spectra of calcium and chromium have been 

measured, using the 3UH-HC Pelletron accelerator and an anti-Compton 

Nal(Tl) gamma-ray detector of the Research Laboratory for Nuclear Re

actors in the Tokyo Institute of Technology. Incident neutron energy 

regions were 17~26keV, 31~59keV, 60~132keV, and 543±33keV for calcium, 

and 22~40keV, 41~72keV, 73~144keV, and 545±32keV for chromium. Measured 

capture gamma-ray pulse-height spectra were unfolded to obtain capture 

gamma-ray spectra, using a response matrix of the detector. Experimental 

results were compared with calculated ones based on a statistical model 

of the nuclei. The calculations reproduced well the observed spectra for 

both elements. 

Keywords: Neutron Capture Gamma-ray Spectrum, keV Neutron, Calcium, 

Chromium, Nal(Tl) Detector 
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l . tt U ib fc 

fc Jb »c, *f y ^*g co®S& tf * ^ ? h "<D Ptm ft frlftS ri&ftg K ft 6 o 

I I & t n £ c o 7
T - * { i P O P O P 4 ( * S ) ^ E N D F / B - I V ( * l l ) ^ < 0 # w$g£i&&l£7 r-

5 " 7 ' f / 7 ' J * > ? . f f i b n t l ' 5 ^ , ^ < CO^gtC^L-T, l K £ f t £ f t T ^ 3 x - ? £fti£cD$iJ£ 

{ i i c D P ^ t t ^ a ^ ' J I b t t T ^ S o t t : ? , to^llftfc^Tii, 1 0 _ 5 e V ^ b 20MeV^^cD43 

JENDL-3 (Japanese Evaluated Nuclear Data Library-3) JClR^"T 5 £#>, BSfP54^(C 

-> ̂  -̂  sfl î*i «c # y -*- m ^ ^ r - 9 mm 7 -+*y • ?> - y^-iss L, i^ii^-^^i^^JC 

fcH»TBI^j;245G3!t£3c^ffiftlg£?T-3T#;fco *WS(£cO*f^5cSil"C!*5* ^->!7 A (Ca) t 

ft b CO^ T - 9 itM^ft k> <D t #/L itl ho 

-r s *tt?KiiffitSKJS. s cm? 171" y vmco^«r&m *• 5 KJE (#y *_(*, (n> n ' r) RJS 
3 0 T-*So Af t f^ t t^x^yiz+ ' -^HS-c-^f iES-a-Si , S ^ c D H C ^ J C f c ^ T J i , En<lMeV 

T t i ± ( t * t t ? $ M ^ R J f c ( c £ o T # > ^ | f ^ £ U En>lMeVT;-(2i(C (n, n' r ) &tf 

(n, 2 n r ) RjEfCio T 7 J " ' y - 7 | | * ^ ^ - r S o 

| I £ c O # y ^ | ! g £ $ ( t | ^ £ $ j £ x - ? £ J I 3 £ , En>lMeVcDfIig-e(i, g ^ A ^ f i ^ * ^ 

cD20$M£Shĉ <r> rav/i 'offflttco^^r-9 frftfeLl), cnifrtiZcDmmitmvMMr-
9 tft-oX^&o —15, En<lMeVcDfI^-cJ-(i, a&Epte?<!HS£Bfc0-tf. g f i l r - 9 tO&iQ'&Z, 

j f f l t t c D i ^ ^ i l J S r - ^ ( i * ^ f l ® ( C £ i o r ^ 5 2 - 4 )
0 cmt. & • cfnfi^nt&i^Tti, £COx 

*^**-«UScofiS!SBf®ie*S/jN$<, ffliJS*^g^«^C<!:fCj;50 ( £ £ T \ fi&ffiBrEStf'h 

zimR&fDn^kevffim^&TWimfty^'t&T-9V&&o ciomft^u^a^-z. xm^-ei*. 

irZ>tt*i.ft&mtLtz0 

•&mtt*w\LT-mmii;t>ntz0 mt>, 
(a) E n < 1 5 0 k e V O A I ^ * t t ? x ^ ^ 4 : ' - ^ ^ ( C ^ U - 5 M i J ^ o 

(b) En = 550keV <DAM<P&?^ i- ̂ J?- icj&tf ZMfeo 

n i i ' ^ ^ o ySDii§5 f̂fl̂ T<f̂ n/c0 Pm (a)^iii!*tt?^ffl^/ciij^, (b)̂ mfe^ 
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2. %*kmw.Rvt%mijW; 

2.1 m^(Dmw 

ig|£(3£T*^ii7fa¥ffl^Fjr(ti£g£n^ 
^f±?Tmti y ̂ mmm(Dm(»mmmmm&Fig. i «c^-r0 sugs^KfSiisn-c^a^i' H 
D vf iT-JP i igB ( ^ H - a y i | t ) (Ccfc o T j P J i ^ n / c ^ V u x ^ ^ t ' - A (^Vi/^ipi^j 1.5 

ns, m<0&Lmfa&2MHz) Ji. I S i l ^ n t t ' - A g S f * ^ f f L, + + ^ > x ^ 7' • t" 

v ? * 7 (capacitive pick off) £ i l i i L ( ^ u ^ P I 1 ? f - A ^ a i H * 5 £ § (£^gUi-§-£fi§£ 

L, £cDiI^#'^*gi®fcGDlI#figg2p£te5) , @ S U * J S J C ® « 9 o ( c ) - b n T P S ' J ^ ^ A - ^ 

- y * v h ( L i - target) \tAM* £0 * L t , 'J f- 7 A - 9 -Y •> h faT', C O^Vi/^ Rî f f -

A(CctS7Li (p, n) 7 BeSJE(Cj ;or , A " * x j ^ f t f ; * t t ? i l 4 t 5 o * t t ^ ( i , ' J f ) i 

-9-fv h O T i (H^t - -ACD«tn j i :* fLT) ^15cm(tM^n/czIlJ5£fflf5m(tA#f L, IS 

I 4 * © ^ f i t (n, n) RJS<F> (n, r) R C ^ « r J e c i - 0 (n, r ) B U S ^ ^ f c L f c # > ? l 

(i, A l ^ ^ t t ^ f C ^ L T ^ S 0 ^ ^ , ISf4#> bftl 80cm (C g#>n/c 7.6 cm <A x l5.2cmcONaI (TI) 

EttHSSIAmfliJ^nSo £®f£tH2ste, J i 0 £ 3 > 7 > y^Sf f lASBt t tNa l (TD^tbts(B)T-

I h n t f c O , anti-Compton spectrometer i L T f f i f f l $ n 5 0 X. d OffctbHUi, t « 5 i A 

<0'-*y7<v. A F ^ A , S'p\ Sa ' 6 LiHT' l i l3K$nT^^f i i i f i# : i* l (CiSl$nTfcf9 , fglit 

W$<D$i&:?-'Bi.Zf1fv •?&<£>'•< V 9 ' i?"yy H * > b J i i R $ n T ^ 5 o ft. En = 550keVcomfe<£ 

( C ^ L T - 4 5 ° ^ | q l ( C l ^ r L / c 6 L i - # 7 * • V >? \s- ~> a V&ltigg, SCn^fSlTr ' J ^ 7 A 

- ? - y . j , h* ib 4.82m cOfi[g(Cg^n/c6Li - tfy * • - > y f - u - - > 3 y ^ f U o t , ^ 

* , * - ^ - $ n 5 o i I^cpt t^f f lWci l i j^ lTW:, - 4 5 ° ^ | S ] c D * t t : F « l t b 3 i O * f f l ( , ^ n 5 o 

i T ' i ^ Z c <£?(£, 4@cDfli£l?(i, fit®** yvJgcoSiJSfi 125°^fS]T-?f -art:**, t n t e J i l T 

sWy^iSI^SOft^^UJiLegendre^SiCOPo £ P2 fc" tt " e g i g T ' # 5 (E l £ M 1 j&i^fcLftn 

i § £ ) o CC-C, Po (iSiJ-C'feO, X, P2(i55°£125°-c:-fe"a£^(9, jg(C S K*S£ fc "* ° T 

fc5„ l ^ t , ccot't-'n^cofts-r'ffla/fy^iiSco^B^^KrBfi! (# v^ Six* ̂  **-<»::$£ 
ft^Koi'T) ^fliJS-rnjdT, ffi^fitlt 4 TT £ $ # £ £ £ (C=k^, fitfg^ < x * , i /**- . * ^7 
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n#mx'Wi%L£nxmj&L, mm^ftiimtp&Tv r&j tnz0 ^•i^mmmmmnkevmrn 
cfcOfeSftSl^cO^^ffTjli.WC^i^CD-e, Fig. 1 ( C ^ L / C c t o ^ f i j i K ^ ^ f f l ^ T ^ P M f C ^ £ < 

£ t t t \ , X, *"wi|g«iaiSgfcA*t-r5^y ? • ?7 y K + ft^fc^fctel&i-e^tt^ ( ^ 
? • ^ " y v F ^ t t f ^ N a l ( T l ) 8&tH2g*£AI«t-r 5 £, ±JC, 127I (n, r )128lRJfo(C J; 5 tf'y 

-? %&%.&£.&£ fitzva I (.¥-UM25ft) a ^ i f c t t i S t t S ^ - ^ S H c t S ' * * ? • ? 7 y K ^ D 

S) o L*>L, I W 4 f l c J ; 5 A 7 ^ . ^ 7 y h ' f t « , m^?3fo-£!<i.y yy'^iz&£Z>£3* 

TL^n&iDH', k e V + t t ^ S - ^ V ^ t t K ^ S - f r n t f , i i Lraf4rtT-keV>tif4^fflSRJE^ 

£OS[S^^«-ML?iy-fir, t ^ K c f c S k e V + t e ^ f f i & t f ^ S & i S t f M J * - * ! * t i ^ t ' # 5 „ X , 

d i * i - e # So fip-5, *tt^^-ScDS§^^^Tt-SB$rHma'*coffi ifBtrB
[155-^co^^ijS^n 

7RKfB#|§J& ( t ime-of - f l igh t method) drP?i< (±fecD'*v ? • V v v KO&StDlgfCfc, ^ 

2. 2 /t;U*(fcf£?2g 

/N°;i/xH-^f-ACOjDJltCfi, ^ S n e c t t (national electrostatic coporation) M<£> 3UH-

H C ^ U h a yfiniS2§£ffl^/c0 ^ U h a yf iVan de Graaff M i l l s ' ? , ^cDJUf t j e , 3* 

A • -01/ h-coft^O (£, x x v l / x ^ c D - ? ^ V %:i- 4 o y TJ-O & yY: x ^ - y £ffl(/>T(,* 5„ 

flnilftex? ymnmt-by 5 y ? x ( r^*x$!0 cojjfejg^A^ggoTJJO, ^co^^tcfi^-
Ht)^"ffl^bnT^/i:p0 $ o T T 7 h • tfx&'J>t£iiWF, WM^fafcWiMQ-h^^ngji, 
Mi* yoDtuMh^^icno c i / 0 ^ ^ 5 o X, ;$:flDi$2S©«EE#IiJK:{i, 7'j -^-ffitficoft 
fcQK, ^ l O O J i o O n o T • # 4 y h i&mWlPimz 3*cD^Jl$yt t^SiS(C^i9oy- /c fcco) 

(i, necfetS^tOr* ^-^ • 7*7X-7 h • y (duoplasmatron) £ 3 £ * 7T$g L/c t > 0 £ f f l ^ T ^ 5 o 

-f 3}- yMtlEM^(Dfalfcte, Fig. 2 fC^i-^ftC, T^" y y ^ ^ • u y X (einzel lens), ^ ; u x 

-ffcSE, J§K#S'J3g, 2 m n U * 7 ^ - f + - S 0 ! ' F l J 7 h f (drift tube) ^ ^ | § y - ^ n r ^ 5 0 

^Vi/^-fbggfi , ^ 7-f - 7 ° (sweep), D C ^ M T X (DC bias), # ^ 7° (pop), &£>*^ V 

x * - (buncher) cOg^- — •> h ^ b l S D . ? 7 -< * h a y • A'y f- y -y (klystron bunching) 

&JCJ; D ^ - ^ ^ ' f t ^ ' f T ^ n r ^ S o ^ ' y f -f- • * •* 70£-iIu§L;fcH+ f - A f i , 1/yXfpfflO 

Jj&t'tt^ F y 7 hMic«t-3T!^70keV*-csJnii*nfc^, Snil t f tAf^So H + t ' -A;6^'y 
x + - • ti -j y^MMLTt^e-M.UMi'ScDl^^cm'O-oiditi-c^^ 'J x 7 A-9-YV h 
IcmH-tZtTI-VyV&fScDftngWb' i) 7 h 1 r t T - / I 9 $ n S c D - e , 2 m m 0 T ^ o - x - f - - e ? x 3 y 

- 3 -
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7°^titztr-A(D^y^y^ (bunching) cQj&iffi K ') 7 UrtTf t tof tSi is , g&WJC'J f-

^ A - ? - y . y h ±T ' ( iH + tr-A{ii^l.5ns (FWHM) K A y f y ^ n ^ o 

SQii l^- thT^b ' J x 7 A - ? - y - j , h tT '0 | t l20mcO^(i t ' -A@gl-C ;o^:^ 0TfciO, 

t * - A @ g l r t J i , E.-£(DmmftT#y7°tiL£;(DT9 y ¥??- • . f y y i a o t , iS&£ 

K S f c n t i ^ o X, cicoF ,̂ u y X i LT-^con igEa i lg l l i iS , t*-ACD$/utfl£IEffl£L 

TEg^cO^x T 'J vtf (steering) MM^E, t " - AcOx* Ji>#-ftVx<Dt:lb<DMmTi&8>VZ> ft 

f ^ o f t f - A g i | o i i j : | U i , t*-ACO}giK*ffliJS1-Sf-A • 7°a7 -f ;i/• * - * -

(beam profile monitor), t*- AllSit^ril'ISi"3 'J A-^7";u - 7 r y f— ' t> v 7° ( 

removable Faraday cup), f- AC0g^$iJPS#5 * 'J •* h (slit) ^ &g£-o;H£frtbftTi,* £0 

^ ' f t i ^ - T ^ U l i ' J f ' J A - ^ - y , Yt9-Y-j I- ' *->v?- (target holder) A> 

A ^ l I W f ^ l ' T ^ S o X, J 6 I 7 7 V y'©±iMlJiC(2 5mm0©? v?^S!!7^"--f + -*s'lR 

iQoy-bnr, v*vu-9-tfv HcAl^-rsn^t'-AcDiijsj^wtGil^^jPSsnTi^o 

9-¥v V • * - ;u?"- CD£IJg|S#(i 1mm H O ^ x ^ U * * * ^ - ^Tl^fE L fc„ X, fliaM 

c O ^ ^ O M ^ ^ b - r / c f e i , 'J x 7 l*-9 -f-j Y1ph9 V 9 ^Wl* 'J •* h 1&£!, 5 3£ffcft£/h 

$ < -TS/cfefC ( x U 7 h o y . -9-7° u - ->3 y l f f ^ ^ f t / j ; < t f e ^ 7 7 7 7 - ' * ^"TT 

'J f- 7 A - * - y ••, h (i, ^ H 'J x 7 A £ 0.4mmJ?©ffl;R'«-* * V tfKW!£MM Lfc &£>"£& 

So # S l ) x 7 A c o M ^ ^ # ( i H i ^ S o i S » ^ i S ^ * ( c * 5 ^ S ^ # g S ^ f f l P T ? f ^ , H # & 

l i ^ f f l t i - e T ^ ^ L , € © $ , £&£&#*-eg&#gg©S££®«! ) , & & £ £ # * £SB 

f i © £ £ l i ^ < ') 3-7^-9-Y-y UStf. € U , ^ - y » h • *-yu^-JCg#Ltt*i is> 

^ ( ^ - y ^ i ^ I S ^ K o ccDi&ic-ta <t, ' J x 7 A - ^ - y ^ hcoH^^AI^I l?© 

x*^+*-ffl5fe (keV) -c?§t^/ci§£ ( t f f l x* ;i/*-ffl£#fg£+tt^0x*;i/4-*-|§»C:te«fc 

*J±0|-*-5) . |H|i;J?$cO^-y.7 h-CJttS! L T, ftfe*fi®Mia/c,9cO'Jx7 A | f ^ ^ © [ ^ ^ 

'J f- 7 A (iK-ffc 'J x 7 A £> 5 ^liTKK-ft 'J x 7 A (C-T <-^{b L, * -tf y h ©JPS (i&fSKii L 

Acoffl^iW^JiiS^cO-e (-^E-ei l !^[ i l79 0C, $i&tel3170C) , * y * y i / " < - ; , * y * ' £ 

ffl^£i#£, * - y * hcD^*P«:7K?P^«Cj;^T+^JC?T-3^SAS&5»**^*^A:o 9M, ^ 

t ' - o y / i / . , - t r - ^ b c o ^ ^ j c j ; 5 ? - y ^ h cQ^iPT-te, ? y^^lUcO 'J -f 7 A - ? - y 

v blC^l ft A © H ^ t ' - A (i*;i/**-{i#j2MeV) ^ t f : i ^ 5 , 'J f- 7 A ^ f g L T t 

<- ft+'HH^fME L tt < /i -a /Co 

- 4 -
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$ 5 * 4 , k e V ^ | ^ ( 0 * t t ^ ( i 7 K ( C j ; o T - t < - ( c a i i $ r L 5 i P - 3 ^ ^ ^ * . S o H^JC, 7RcQ/lcO 

7Li (p, n)7BeRiEcOL§^x*yi/+--{i l .881Me.VC !**3, X, SS@&7Be #^—B&jgifcBl 

(478keV) (Cg/jjH^S 7Li (p, n)7Be * RjfocO L £(,*x * ;!•**- \t 2.378MeV T'& 5 0 C C f , 

gif#cDRJE3&>S>§5i£-3-5+tt:f£no, & # c D ^ a » £ i O f c © £ m (fcPfc&'tiK:-*-50 A M i ^ x 

* ; i /**- ** 1.881MeV CD <fc # , 1$$ t£MWl¥fr h#*»5 # , x * ^+* - 30keV<D n0 **fi|-? t" -

Aic#LT0o;£|S]cD&»i:&£-rso Alifll?x*^+*-«-±yr^< i , n0 (i CWS-^frMi 
i L f c ^ - y (cone) rtft^£-rs«fc-5 fctt »9, H1? x * yi/+*-OltSni*JC=i - ycoHft(Sj£ 

^ t * < o ' J ^ ^ A - ^ - y . y h #*$£ IS ( t S P £§£(;*, ^c03-yrtcDffi^cDftS^[S](i9)(C(S 

~@cox*yi /+*- ( * * £ E 0 i i E02, f IL Eoi>Eo2 i - T S ) l O n o t f M t S o L i - ^ - y * 

•̂  ha*J¥̂ j#&te, * - y y hrtTB^x^yu+'-^a^WJcs/h^acDr, (?.̂ riS]ic(ix̂ ;i/ 
^ ' - ^ ^ ^ E 0 1 ~ E o 2 T i I i c W ^ n o ^ ^ ^ ^ - 5 o ( * f g ^ » c o i g ^ t t ? £ f f l W c $ J S ( t > t f j E i J -

5o ) R i ^ x ^ y i x + ' - A i l ^ l M e V f C ^ S i , no l i ^ f t K J E & ^ S . f c - j Kfc «9, x * ; u * ' - { ;* 

ftgfCt-aT^TfcfccOJEttSo SG-sT, H ^ x ^ y i z + ' - A i 1.921 ~2.378MeV CO iSffllTfi, 

^^^^s-arsc i^r tSo (̂ ^BSffco f̂e t̂t̂ f̂fl̂ f̂lijSicjsfiE-rso ) £©££© 
c f J t £ x # ^ * * - f i ( i , ^Jlm, U ^ ? A - ^ - y v h CO)I$[C J; o T ^ f £ 0 t CDfil^x* ^ ^ r -

IBfflfi. C^ lS l cOi f t t ^x^y i /+* -T( i 120~650keVcD|Qgl(C^jS-r5o l i C ^ i ^ ^ ^ - ^ 

± ( f T ^ < i , ±!Hc07Be* (478keV) &&%&£* SRj^cO^ * #;i/ (channel) a*H£, n, 

^ M t S c t O i C / i S o m c O ^ ^ S ^ x * y i / + * - ^ ^ | ] f c , n0 (Co^T±-c?Kp^/c(Z)c!:(pl^i^!|7t 

S ^ / : i " S „ S E i t , WLtf, AtifR§ :?x*;i/**-#2.5MeVC ! 'J f-9 u-9-f«j btm^t 

£, 0°^[S](C(i786keVcO n0 t 260keVcDm a*&£-f 5,, 

2. 3 #>7«&ai£©iftgtt: 

Suit^/ci^fE, i ^^ t e^H-cNi . 7J'"y-7|Sltai^o^-.y^ ' ^ ^ F f ^ f i f i ^ 
5/cto, || |igrt(c^iLT^S^gL*tt?^*ftTM^bftg*-'y-7$S^tii^fcA*ti-5 4itt 

6Li (n, «) TSJSJCfcoT, 9 ? -? A j g ^ t e i ^ f ^ ^ i K ^ £ ^ - ? & § 0 L f r U 'J ^ 
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#£!£** 7.5 « £ / J N S < , X, i i*tt i^£*tlJ-56Li (n t h , a) T Rjfo§rffl«^940b5) d: /JN $ 

- # , ^ t t ^ K i R K J E i LTlHWfCj; ( f f l i ' b t lS l0B (n t h , «) 7 LiRjS£#* .T^ . £ 

i , WrEgfteft 3800b5 >-e6Li (n. «) T KJE»rEl«£Dijft 4 j£A£ < , X, 10B o Q ^ # £ J ± f c 

2096t6U®ft&kk£Om3l%X£^0 ^ t , l i l l i ^^ t t^KiRS&S^^S^toKJi , igiKW 

+ <o^^8fe?BS"C!ltSLT, * ' • y (i 'J f- 9 Aco^j l / i o cD*£igjRfa»cJn;intf.fc<.>t £«:£: 

* n :/££/,AfigKfl-cDPi—cD^li, l0B (n, «) 7 LiRj£^b 0.48MeV#>^§^fg£ir 6 

- C f f l t ^ n ^ ^ T ^ a S T f e S o LfrL, £7kf&&iKW£ffl^5PB0, ' H ( n , r ) D S J t * ^ 

£-T5 2.2MeVxf y^i6S#j®ffit;f43K1£K:#£U c co# y•?&*§&nf<DteWft-eMWL-t5#H 

fr&ho £n^Z.mM(£ti'y^'i&(£>$8liZ£?>MM&^?L&<t, lOcmffcoififC^oT, 0.48MeV 

*"y-7|§(S10"6 cô l- — y ' - ! C S l t 5 ^ , 2.2MeV Ti'y-7 Bit W~2(D*-?-IClfoffiMLte 

t-\> t o t , fe LlOcmJfflScol&jiKW^fflPbflS/Abti", 0.48MeV#y^JgK:J; 5'<•;/? 

• ?"? y K • U^^(i2.2MeV7j" W i n J e t 5 fcooj;!? h\& < fiSCi^gitlSo 

^ b • *9Bt (H3BO3) A O ^ ' 7 7 ^ y (CH2) ^ I t f , -&7ccD*t t^ -#y^ i i lS&iMi i 

j i K ^ M i A ^ " - ^ - * (goniometer) toSiS^|S]^$<0±«c:ISM$nr*i!9, CcO&H 

(iM»C3'-d-y-^coftS^F|a]^$co±jcMAinT^50 ^ K ^ f t ^ l K i , ffi5£fflS*4»&l£ 

IA<tLT (Fig. lgflS) . IS^(CAI^-t-5ct:l'STtO^-fa](C)C;tLT-450~ 160° C0$g|lll?i)^-rc 

£**-?£, X, i iS^l^^ | i ( i f tS^ra^mco±^i l l lWtc^4rr]CD$GH^Hu^$-i±SCi^ 'e 

7j"y-7|S^ttl§sco^-.y ? • ^ ^ v Kcof-tewiHo-ofi, MSffllS^fc«fc o Tf&SL*ft-attb 

^ i l iRW^SA-f 5i^H***So L^L , -jRjc, ^tt^igBEfatttf ^ ^18 fc S K * S tOT', => 

(,'fecO«:gii-i^S^*5o H»C Cco^li^(iq3tti i^KiKL/;|^(Cx/"y-7^^^<h-'K[±l Lttt^ 

fecO-C-^y-ntf'ib^i.^ CcO^isSRWi LT( i 6 LiH^fe5 0 #Jt8c#IC 4>. £c06LiH jg 

K ^ f f l l ^ t l T P S o 6 L i H ( i * S ^ - - ^ i) -j S? WISJ5T3&» & fit A L £*>©-?, 6Li tmXicm 

* S * n r ^ 5 0 $j400gt£6LiH£, F*3ffliJ«-7-y*--C!^t>nT^5T^$-'>ASS!gggfC?BiflL 

ZcfCliTUffl L T i ' 5 . (LiHfi^^tc^LT^SfcW^T-feSo ) 
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2.4 #>-7«fcai«<t*©ftf i : 

2.4.1 1fv^m&tii%coMi8.£ MftJMm 

^mMncm^tiify^m^tii^ii.^ vfv yfflitMNal ( T D f£tb£§T-&0, ^CDS§H]^ 

Fig. 4iC7K-to Eia»£#a>5$K:. #8SfcbiUi£8t±f§(AL A^Stt^Mtti^B), &t/7°7^f£tH 

^(C)cDH^cONal (T 1) f£fctj2§#>b«5££nTfc «9, &cD-£cD8StfJ:g§#:J y 7° h y|&£fflf£th 

±«tHSifi, 7.6cm^x 15.2cmCDP3ffi?|5i|@al«-3'f ^-f ftS^ifteUciigsg^ LrtM Vx 

JH 9iOS|5#fcl: 0.5mmI¥cDT^-7 A*^1T# T*J«3, lgB
e

B^biin/c 3 y / h vffcSLi&g<F>0.511 

MeV/i 'Stf '^IS ( t n & c D # w 8 | £ a y7°h y&£$*£& gS-ZTEStfJ*-5 21 £»c/,£5) **tt5 

A ^ S t t ^ t B S ^ B l t e , ^ S 25.4cm, F*3g 9.5cm, S £ 28.6cm©RfUM£ L Tfc *), *'l> 

SSJiiW^fii^iRWL^^cfcolclftH-^nT^So t©*^t&f£tiJ3§©ffl!l®KW:iI& 9.0cm© 

7°7^ttti§§ti7.6cm^ x 7.6cm©R8fl2*SH£3 >f v * XMFf-Vife^ K&& Lfc &©-??& ha 

^©nenrw:, A§y^fc^tusco^/v^i^<°/cfeicffiPbn/co fiP*>, ̂ @«, ^ i i t t s 
tB^d:7°7^t tb l5T?3y7 0 ^ y|&4fflf£tiJ£§£fl5£LT^.E,0 

S < f f l & n T i ' 5 i K , 7j"v-7|Sit)M0fflS^ffli§IIi L i l t ft^H, ^yyhyffcSL, 

B ^ ' B i ^ M (L#Px*^+*-{ i l .02MeV)co=iB^* i *5o Bif£E©±8Saj3§©Nal (Tl) 

^B
BB^T'k£cDHgil0ffl£ftffl^it3c:i9, ^©fSH, i ^ t b ^ c o t b ^ / t ^ ^ ^ f i F i g . 5(a)fe5 

(WiFig. 5(b)0H*|-e^L;fc$tt&*lttfccDJC;r<E5o Fig. 5(a)(;£AI}#>-7§tx 7-^+*-ft 1 

MeVOitcDtH7J&ii53-^©ffl§ID"c:fe^, ft^3&S»C,fc5£x#;i/**-• f - ? (full energy 

peak) i ^ y y h y i a c i o t S W c ^ ^ b t t o t P S , , Fig. bibUhMfty-?U*- *;i/+* 

-#j4MeV©<fci©&ii#fli©l&g|-£i£!9, iJC^^f *f£ljRK:«t 5 £ x # ;i/**- • fc?-?, 0.511 

MeV'/HM f̂y-v-fg^— o i i f L T ^ b/c '•> y ^ ' ^ • x x >r- 7° • t° - ? (single escape peak), 

0 . 5 1 1 M e V / 8 M # > ^ i l ^ — o i i n T ^ l ^ y ^ u - xx>r -7°« t " - ? ( double escape 

peak). S.O'=> ^7° h y S B ^ ^ i ^ o T ^ S0 

i t 5 f , £ X * A / * * - • f - ^ ^ - ^ g g L ^ d ^ S f t i . ^ >" 7° h y^gLHS. 51,^4 0.511 

MeV/ilM*'>^ll*^f-'i^(ijScOlSB
B

B^b^ffilJ(Cj$ntHT< 5C J I - .T3K, t n & © # > ' - 7 

IS^ii <9 co3 y 7° h y|^£fflf£HiS^£ti£ n/ci§£, ±8itfj3§©aj:fr{i-sfW:£x*;i/**-. t° 

?&&&,+ Z>H^<D &&&*), ft-n^mmufcmifii'situ&o oDm^^^^u^ntzTi-y-rm 
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^lOOfc-CtettUcD-e ( i t^f tfc^feT) , £x* ; i / ** -« f -?cD&KUi t tb t tH# , Fig. 

Fig. 5(b)lT?"7"^- x ^ > r - 7 ° - h*-? j&igii&Kffll^bft-C^SiDte, 0.511MeV M # V ̂ HS 

gtt , n y ^ h y^iffl^ttj^sfi, ?ffiiJS^<v ^ • ^ 7 y K^{SS$-B-5flJ#|>-rSo Fig. 6 

«4, ^ffliSUcaSLT, i^thficO^B^iifgtcDEPSpltS^StcfcOTtf'T, ,ftj50MeV * T" 

cO&ii^ffi^iSfl'JLfcfecO-CfcSo C(£>t$, x#;i,**-t&IEfflcD#yv8|£fg£$-£5;fc«>, 1 

Cico Am-Be*v4T-Z®£^°7 7 -f y <t * K 5 7 AT'So /; fcco^^fiifi^b^lOmgtn/cpJrlc: 

S f̂co'*t& r̂c:©]ji-a-5=?ffi8|cD£< (i, GeVSHg{COA«+p̂ TT-*So ft^&T-e&s p^Pa^F 

flTiix^/^'-li, A"^ra^CD^i4lii3gg&gi^6cmiLTlt^1-5c!:, «5j30MeVTfe5o 

Fig. 6C03 y7°h >V&£;!£:'rft>t£^i%&(DfoWiftH3 (J£U8) "^JCti, CcDJI£x#;i/**-»c*tf£; 

Lfcĵ icA'ifcPffR ĉ.fca f-^*siaaij$nT^50 = y7> yfflutMftthSgi LxftWjz-tt&t. 

y7°h >&£B8&aj8§K: k8*msft, ±&HJ3§©Ai+P^fcft^Lfc{i^te£Tbft3 t £Ktt 

5o gNfP f̂c&A- (30 — 100 â fg) ffiS#'y-7§|u^? h^SiJSJcis^Tfi, c o ? i 8 ^ » ? 

• if 7 y F cofi«{i^^JcWJI"C!fe 50 

2. 4. 2 Jfc^T?iJ 

—«!<c, ifviffl8U&%&\z.&%ifv^1fo ( i ? ^ - E r ) **AlitL;fcB5K:f§&ft5ttl7j&i§ 

# ^ R ( E r , j)(jte&ii-e, & i i ^ J T ^ » ^ + ^ ^ i # ^ T ^ p ) £, *©«iiigg<oiE^ig 

«fciP?^'o J # i c D ® # # R ( E r , J) "Fife 5 ^ ? h ^ R E r ^ I l t S i , JE£M&W:tcD 

^ ? h ̂ •C s^^$ft5Cli«C/j:50 tfy7ii*;i/+'-Er £*tfMt;LT 1 i t ^ f e ^ i , ^ 

7 h M i R , £ t t ! 3 . € ( 0 ^ ( i R ( I , J ) ^ i S „ ^ K , Iff J?iJ#@®5£#fr'R (I. J) T-* 

JESKH&Ji, H8l*5^(ifMElz:j:-3T*J6 5i^S*s*5o *W^-e(i , Sfeo*>co/f y v | g x # 

g|oA»cDAIit*'y7llSx*^i/+*-^ircDlE^6IS[*||||W«c*46 5A:«>, Table l&CJfTable 

2 (C^L/c#yvHS ; £f f i^T&g^* ; &IiJ^L/c 0 Table l*c0137Cs, 54Mn, 22Na, 60Co, 
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Table2(tl7KL/-c^y-7|§^^ffl*". |RiiE(i, ^ K ^ L £=§?-**•; / l - ^ ^ l / M yfinMgafci 

• NVI/J* HSI-C f i f t^ CO T, 9 A \y V'{%^% \%ft. ZtltZo 

ffliJS L tz fomftlb it, g ^ ^ - ^ J y F ^ l ^ i o f c g , l - L T 30keV/ch. JC x % JU 

¥-niELtZo M&mtlT, 1 9 F ( P , ar)1 6ORjES£2 7Al (p, r ) 2 8 S i R j E S ( t J ; o T # b n * : 

tf^SS&i^fifcFig. 7 & c 7 ' F i g . 8 t c * * 7 j ^ 0 Fig. 7<c«, 19F (p, « r ) l 6 0 5 C > A % M 

^"5 6.13MeV&Of, 7.11MeV#y v l i , 0.511MeV^zg*"y vijgtO f - ? #tlflij$ n t l ' 5 0 

tiffliĵ nr̂ s o.5iiMevmmtfŷ mt, £K, ^y^^^ffi^-^ K^itft^Kf* 

77"y-v-|i^ttjl5^;(cElWAfe0T-abi)^4, co^jg^fyviSiJcfcs 0.511 MeV e - ^ i j S g M 

W i f c © " e ( i ^ ^ © T - , COfg ig t fwggJc fcS 0.511MeV t ° - ? t e J S ^ i & £ J f M ^ < 5 fcOT 

-e, * t t ^ M # y ̂ ltffl;£3Il£©^, A l ^ t t ^ x *y^-HTofi i*^+*-*"y-v, | |©^ 

( i ^ m ± , -/BM^y-7|^fcJ;S 0.511 MeV f-^3|5$>{iiB^ :B9iS[^b^Tffi«5l^< C i i c L / C o 

Fig. 8+K{i^8S[cO^-^AS| | f l i j$nT^53&s, £<Of*3, 10.763MeV#y vflgfcfc S f i l M 

^ H i ^ w ^ - • xj'y-^ISffliS^M^wf^BKw/cfefcilSWfcffliMin/co fl&cDtf yvigK: =fc § 

r , SH > t ° - ? £ f fM L T l ' 5 1.779MeV if y vJjgte&igiBlflgcDx * ; i /**-6|#fc A-> T(^ 3 0 

fi£-oT, 1 .779MeV*"y-7H(C^-r§^t i l^^ ; £- l6^f i ' fk- rS^i (CcfcoT, i x ^ ; i / + ' - i a 

JSgfffllfcjfcJ&Sfci&JcW:, 5fe-T, ±!B©IiJSL/c^^53' ;flJ^'igW©x^^4 : '-©^^M^ 

So L#>L, Fig. 7 *S(.»«Fig.8RCJfTablel, 2 * ^ ^ * > 5 f i U c , ffliJ^-C^^nr^ 5 & i ^ # 

* 5 L , X, MSic^oT*tobn5JS^|IS^(iPS^$n/-cx^^4 : '-^(co^T©^-c?afeSo 
$ o T , ag^^^&oiE^M»0fflttl^lE¥@CaoF'3tf«-iilS!J<c?f-5fcfeJcJi, Fig. 9 (c^f-
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=gB#rc#tt-c, *^CD®^ months Rmm(Drty^'t$x-x^¥-$.ffl$i%:%^tziTm 

5fe£fi3<£T\ PflfJtfi^a&fcfrofco ) SIT, SSB^oPtf r fco^THi f txE^T^o 

2.4.2 ^ x ^ u ^ ' - • b°-7 

-mii.ffVxffi&tft'%iz&<-%LirZo L*»U fix^^+'-IBOTfi, Nal (Tl) ->y^ u -

L T . 9cf, £ x * ; i / * * - ' fc°-?cDKx*;u**-ffllJA:tt-e#''?*KI8fe£7 -r ^ l - L / : „ 

£ F = - ^ — ( 2 - 1 ) 
I r t 

T'7-f •> h L T^# £> tltz if O *m%k CO, ffix;fwu*'-iJfc^£fgS'e£>6o f lL , Fig. 8C027A1 

(p, r ) 2 8 S i S f E « S ^ ^ ^ J 4 3 ( c t g f f l $ n 2 , 4.65MeV, 6.08MeV, &CX7.93MeV © £ x # A / + * 

- • t ° -? i c o ^ t i i , £ * , H o ^ c D 7 j " y v | | ^ ^ t oT to-^^ff*5S;L-c^5c0T, # ' 7 * 

*"y7iss&ai^e*^*^-cp5 i37cs, 22Na, 60co, RifYU-m^mmr-m^ntz±.m(D^ 
otfmfri, ffv-?mjLXJi'*'- iMMewKXT(Dmmcis^^'mmmi]mm$^^atzo x, 
27Al (p, r ) 2 8 S i R f E c D / t ^ ^ ^ ^ b , tfx^SIx*^**- 1.78MeVEJ±cDffl*sM8tii3!jsPffliSl£ 

>J<to/c0 ^ L T , ffi#£1.78~1.84MeVcOM&L;fc^®^Jt$Si^£e:d:»C«fc»9, 1.78MeVJ*l±tO 

fIi$co*g2Maî  Wf«£lfe*MIlt L, &5£-e#;Lbris£try 7»i*,i/**-gg$co£x* » 

eF ( E r ) =exp (2 .62x l0 _ 3 Er 2 -0 .181Er-9 .20) - exp ( -4 .0Er -9 .8 ) 

( 2 - 2) 

CCT?, Er (iMeV*fiTrab5o 

M(C, ^ x ^ w u f - . fc."-*#fJ¥t&£, 7 0 I- Lfc*f9*mtfccD#Mi*i (FWHM: full 

width at half maximum) t S | L / : „ £ cD5^?#£cO$iJ5£fI£Fig.lOK:^o iC .57? , £ x 

* ; L / * * - • t ° - 7 ^ 1 ( 3 , £» t , N a l ( T l ) S H & ^ T t m ^ i l f S ' i T - O T f e ^ ^ i ^ ^ ^ O g c l t W 

^ b f i c i ^ r S U o L f c ^ t , 5^?i£(i^co3!£i&(t#K#c#U i£$<W(c (Er)1/2 

(Cjrb^iJ-tSo * f e , £ x # ;••**-. t ° -^^ l ? t^ f f lHd : L T a ( E r ) b c O ^ C D M ^ ^ { S S L , 

c n^ij^fitftg/jMLit 7^.yh-rs^c!:(ccfcf9, 
FWHM = 65.4Er0522 (keV) ( 2 - 3 ) 
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- • t ° -7 tffii£<D7 4 -j V ltztfvxM%k£(£>tt;&i&M (^ + * A 0 SJci t ) , t c o i f c ^ x 
?*+'-• e-^o^l^^^L/Co fu^ /̂ciNc, t°-^o^x^^'-pm?/?.* 

^*^±IBcDj :b^ Er i •i&m^mm^mm L T|*)ff £?f o £„ 

2. 4. 2. 2 •> y ^ " ^ • x 7. *r - 7° • k ° - ? 

-SVV'JV • i x ^ r - / - t ° - ? £ , ^ c D x ^ ^ ^ ' - f t ^ y - S ^ x * ^ ' - • t ° - 7 £|I ] U1BO 

#'7X£g$[-ej£f£(L/Co VvVw x x ^ r - 7 ° ' fc"-?(i£x*A/**- . t ° - ? » C i t ^ T 3 £ g # 

e s ( E r ) =0.205 £P ( E r ) exp f-. — - ? ^ L _ ) Er>1.4MeV ( 2 - 4 ) 
s \ Er - 0.43 / 

£*§£«> " t , E r l i M e V $ f i t * 5 o 

2.4.2.3 ^ y / h yg|5# 

t S f i i i a T t i b n f c o c©^ , **7^w^coi|i|{i, ^GQX;JWI/4-'-GE(ICD£X;?WI/**-• 

t°-7c0ipsd:|5]i:tt L/c0 X7"y-7 |g^*fe-e^^ 19F (p, a r )16ORj£®i§£{;J, 6.13MeV# y 

^81 <£ 7.llMeVtf^ggO&Kco]£-??=» y 7 > vffift&£Wl U 6.13MeV#y ^$|fc*jN-5 n y 

7°h y ^ c O f f ^ ^ / C o X, 27A1 (p, r ) 2 8 SiRi£c010 .76MeV^ 'y7 | iO3y7°h ygfl#cD8 

MeV KXftDfflfi li, 6.13.MeVX7"y-7|§©^ y 7 > yg |S#£ 10.76MeV (£31 # { $ # Lfc fcoDcO 8 

5fc-f, =>y7°h y g P ^ c D g ^ i ^ x ^ w u ^ - • t ° -7CD[g ; i iCDj : [ :0x -?£7^ •> h t S ^ i 

£c ( E r ) = £F (E r ) exp {1.33* 10~2Er2 + 0.653Er - 10.5 

- (0.79Er2 - 3.05Er + 3.24) 1 / 2 } ( 2 - 5 ) 

£f#/Co ( S U Er ( iMeV^fiT-^So 

&{£, n yy " h yg|5^cOjgOrtfflS»Co^TlJ&BJ3t'5o 5fc#\ rtffx^^^'-^O^^x^,^ 

^ ' - 0 | l i ^ T r f # b r i / c 3 y 7 ° h y g | 5 ^ * ^ + * ^ ^ I p ] f c E * S L T F « 9 f f l j : * - ' i ' * * - ( 0 = i V7"h yJiis 

3l£#Hi' L T F W x;jwi/**-<£> 3 V7" h yi%jtC&t)-&Z>o &f£, ttlt><£)=i y? h y^ftCbfisW. 

^ - r t l f x ^ ^ + ' - T C O ^ y 7 > y ^ t H a ^ £ c ( C ^ ^ L ^ S c t L T , f - f ^ w i / S l c ^ y ^ g i 

*vi/+*--C!iSi|iSrtffl-rSC:c!:JC«fc«9> F*3ff x *^+*-^*C^fc | - S n y 7° h yg^Off i^^fe / 'Co 

Ji(±o^(c L T ^ J b ^ n s ^ x ^ ^ * ' - • t°-7, ' >y^ i / - i x^ r -7* . f - ? , R&=> y 
7°b yMfiZ&f&ir 6ttlC£-?T, grtf?x*,i ,4:-^©JE;ggC|£fe£S§5 ££#"??£ 5o CO 
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i K L t , if *•?&** iv¥- 12.8MeVf T\ 50keVfc£ K, 25641 CDJSgKK&^flFliRL, CO 

l ~ 2 « j ^ # < t i o t t ^ o ^knfcJE£^JcD&g£1&rj - rSfc i£> , Fig. 8t0 2 7Al(p, r ) 
28SHxJSCD&iS5#*JKttLT, m^n/c jES^f? iJ£f f l^T, I t ^ - 3 - K FERDOR7) 1 : 7 7 7 ^ 

- ^ f - f ^ ^ f f o f c o ( r y 7 ^ - ^ f V y ^ c o i ' i l i , S|-c7j{B^btt5o ) Fig.l2(c -̂cD 
££H£7K-<|-0 m ^ b , 27Al (p, r)28Si&je^bCD#'y-7§§u^7 hvi/jiJS^BUJcfltj^/fy^il 

^fJl-CfeSo I n T , Fig.l2cDf±J|(2#3tt£^T:-&<9, 7 y 7 t - « f ^ ^ f f l l ^ | f f 

yiJJiSlltoeitbSltoiB^ftyijjc^^jcifi^fecDtrfeSi^^So ft, Fig. 124"©# t°-?©*@>tf 

2. 5 Sij^lslgS^ 

2.5. i #v^u^ihmmmmm^,^ 

2. 5. 1. 1 &ig»JSlHlK 

Fig.l4l£, &^MiJ£ff lO@g§g(5^cD^^Fig. l3^b&#LT^:^0 i « l t b 3 i . A M ^ f c ^ l i l s , 

^ b O f f l i Z ^ I C ^ y - b f t T , ^ ^ , D - T • 7 ^ 7 ' (Linear Amplifier) £ $M i V ?" • 7 

4 ; ! • ? - • T 7 7° (Timing Filter Amplifier) K A t J ^ f l 5 0 5M 5 V7"« 7 4 Ji/f - • TV 

I l C Z o t C ^ t j - i f t t , x ^ LM • 7 ^ 7 * (Delay Amplifier) i M ^ ^ ' - - > y y ' ^ ' f t 

i-)v • T±74*F— (Timing Single Channel Analyzer) ft A 3o 94 5 v if * ~s v >f >\s ' f-

+ #-«'• T^-7 ' f ^ f ' -OHi7^I tSf f •^• ( ixa- . 3>f y $ / f v * (Slow Coincidence) (fi)S§(<: 

i i ' i n S o X, x-f UM • T v n ^ ' f 5 7 / (Timing) 33 g $ tltzl&Mitmt 'J - 7 • y -

h ' 7 > F ' ^ H / ! / f + -. (Linear Gate and Stretcher) ( t i l b f t S o 
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-15, A^lItK&^V77l£ft^cD£§t£ocotrj7m ^ I f + ^ ^ f f l D C T y ^ C D C 
Amplifier) iC J; o T S i§ #8u x. btlt:&it. D C ; + t - ( DC Mixer) T ^ ^ f t S o ^ L 

T, >; - r • r y 7°T?ti1ii • :(&MWfc £ titz'&ic, 9 4 1 y ? • ->v ifiv • 51 + ^ ̂  • T-f 7 4 
v-icm^n, cc-^^y^vym^m\t^m^m{tmcm.^^n^0 t^m^oi?4 iy?t 
/NVu^if lcoiSS^y- h • r V i"f ^ £ f i (Gate and Delay Generator) -£Tf</\ fiJ££coxn 

- • 34 yv/fv^isiKKA^-rSo *a- • ? 4 yi/ryx&ii&T?tt, ?y?°\- ym&mt^ 
£ ^ ' h 7 (Veto) f f ^ i L T , i ^ t H ^ ^ b O f t a f f - ^ i n y 7 > y l ^ i f f l f f - ^ i c D ^ l H l B ^ t l i ^ 

{ff-f-a*ft &tt, tcoai^j{i^jiHiI«E<o 'J - r • y - h • r y v • * h \s»j =t * - c o y - h A7Jft 

') - r • Y- V ' T y K • x h u .j, ^ + - coy- t- ff-^-fc J; o Tilgy $ nfcftHft-^tt . 

C A M A C - > ^ f A ^ - . 3 y t " a - ^ (HP*±C0MX21) (C «fc o T$IJiP£ftT(,> S T^- a y 

. y-y'?;i/f£j|tgg (Analogue to Digital Converter) f t i i b t l , 512 f- + * ^(Di&Mf- 9 (t 

2.5.1.2 Ki^-TOF-^Tcf l i JS lHlK 

Fig.l5(C, &i^ -TOF~» :7c f l i JS |51Ka5^«-F ig . l 3*^a [^LT^- ro TOF*-«? h ;Ki , 

t ' - A ^ i i i i L f c B t J C t b T H i ^ t f & ^ - r 5 ) £0^f^M* l^ fPBl -S[ i^^«I IS (Time to Amplitude 

Coverter) £ f f l ^ T & i ^ J C ^ f t * 5 t £»C£0 T f # & n 5 0 - B U & f f l * 4 5 : / £ * • 7 4 '^9 - ' T 

v 7°c0tB^7^r3 y x ? y h • 7 7 ^ > 3 y - f ^ ^ J (Constant Fraction Discrinimator) 

( t A ^ L T , ±8&ai31cDB#Rafi-*t£*#5o f L T , t f t t ^ ^HS iS i J®^ (CC(C^<CO|P1E§^ 

£ g ^ T ^ 5 ) ffltDrnMUmtDUnt:? -f A • V-j 7 • *7 - =1 y h n - JU (Time Pick off 

Control) T i ^ t i > b , i « t i 1 t s t O f l $ p B ^ f - § - ^ ^ r B T - ^ ^ ^ ^ ^ c O x ^ - H c A ^ I ^ S o - ^ , 

* + / N - i/y- 4 -f • V-J 9 • *7 co f f i ^ f i 7 7 - ^ F * 7 y 7 " ( Fast Amplifier) "e±§tl$ n / c g , 

i j - f ^ y ^ ' . i . r ; . f ^ ^ ' J (Leading Edge Discriminator) T ' B ^ f f M t t t ^ ^ f t 3 0 

t t O f t ^ t e , i ^ t H g s ^ b C D B $ p B ^ f - ^ i ^ - f * y ^ ^ f c - t J - S f c j & c D f * LM (Delay) £ H / c 

», B$pBl-^,f^^f§cox h .^7°(cA77$n50 ceil?, ^ ° ^ x H ^ t ' - A j f - ^ ^ ^ h .^7°(cA 

7jL/cco(2, * * - H C 2 M H z c O f - A ^ - ^ ^ A ^ - ^ 5 d : I ^ P ^ | - & i i ^ « l i i ! 6 * i a f i l - r S * ^ - C ! * 

So CiDtzib, T O F * ^ ? hA/±cDB#^| f tco;£ f t j i ^ + # ; i / cO* f t£ iS i |S ] i i t t i T k ' 5 , B#P«fl 

n • Tv-fKhlrtZo T^i^i - ryy°(DHitili, SiU{i-^£OJg^<tl^fiUc, y - r • y -

h 7 y F ^ H / 7 f + - ^ g T 7 t n * * • f-'-y? J^&gstC Mi t l 5 0 

$ i ^ £ TOF CD HftjcfliJStttO-C5, — o CD $j;£¥g> i t « j g g «t TOF CO i ^ ^ cD'lf fg^Jfu -a T ^ 

a 4 y * f ' y : x T * n & < D | H | l $ § t $ f c " t t £ a t f , ^ c O t l i ^ ^ l S ^ f f - t f f l & ^ T O F f f - ^ f f l c D i t l ^ 

CO 'J - T • y - h ' 7 y F ' ^ H " ; f t - c o y - h A7j { t -^ fC L fc0 

fty^Bi&mfifttTOFx^? t> wli, ffi%&, 512 f- + # ^TM'&^tltZo &iStt#J25 

keV/ch, TOF( i^0 .35ns /chTl | i JSL/c o ^ > F - l / 3 - f < y ^ (Event Recording) 
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c O $ | f t £ r - ? £ ® ^ x - 7 ° l | ( £ i : # t H # G i ' , 512x512 (DZ.fcjtfflmb'llJC t f c t f f i 5 # , 

#M%k~?li, T - 7K0iA&ffl7°a 7" 7 Aft J; -3 T TOFx - 7 ft H o CD x ^ ' 7 ^ • 9 -f v F 9 

(Digital Window) ^ i g t f T , x - 7 £ 512 x 4 cD:Z^;7c(tfS^ L T i - • 3 y t°,x - 7 CD* 

2. 5. 2 +tt^^tUSffl»JS@g§^ 
filtcas^/cafc, c (3 t t^-e^^- i L-cz.£cD6Li-#'7X • ->.y f- u - •> 3 y8££ti3§£ffln_ 

/Co ->J te , | ^ ^ 1 t ' - A ( C ^ L T - 4 5 ° S ' f S ] I C l ^ n T f c l O , W ^ M I ^ ^ - ^ - L T l ^ o 

^ C O | ^ i ± J ^ ( C f f l ^ b n T ^ 5 6 L i - * " 7 X • •>y^U-9ll$lmmm~C&<0, 3kM%L(D&tH&T? 

&5o EA&, ^cO|^Hi t5^T- 6 Li^th^chB¥i<o ffc&(i, 7 ° ^ [ S ] i r - 4 > t t ^ S ^ b ^ 4 . 8 m to 

B>TlcMA>nTiJt), W f i ^ ^ + ' - . x ^ ^ h ^ ^ t - ^ - L t l ^ o CCD«ttlSg*i 10.2cm 

0x0.64 cm CD6 Li -ffyZ • -> y x f - 7 £ffl<^ Tfc 0, 8S[i i2§£#(i* O i A O ^ ' ? 7 4 y ^ 

F i g . l 3 * ^ ^ * > 5 ^ J C , 0-6Lif££B3s£ T- 'Li f i imScDlf i lK^Jig^WJCJi lHlD-eiSo 

Tt'S^tifS^co^"^ y - Fttj77(i, y - r • r y7*-c-iiti$n, 7-1 5 y#• wo°>v• x +• * 
^ • 7 t 7 ^ f f - I C g b f t 5 „ ^Cc?, & i f t»C<fc5.4 1 t t ^d :#V^$0#8l ja*?f fc>n, ^ t t ^ l C 

g&agotb^ni-sficfcN-sy- Mf^-i L-cfflt^nSo - # , r / - Fttj^teDcr yy-e-ti 

IS $ ft, n y ^ y y h 7 7 7 •> 3 y ^ -f $ :/ ^ • f 4 x ? (J l e g £ ftTB^^ff ^ - ( C ^ ^ $ ft 

fiifsffl@K§T- fem ̂  tz + * •* •> ^ x -r 7" • t° .j, ? • * 7 fr & coff-§•£, i f &TMft£fm fttz tf& 

-f- (Multi-channel Analyzer) T? TOF* ^ 7 F ^ ( t ^ $ s £ f t S 0 T - 6Li &tij§s »*§£(;£, 

T O F * ^ n ^4 : ItOct : 1tt?t '>-7gB55-i^'^ 7 • 7"7 y F ^ c O ^ i ^ ^ - > y ^ " * + * 

^ - 7 t H -<f-7?lX0ttiL, Y- hM^ti'y-rmf&ft&Vk^tzm, ? =.7 )\>* ^ 7 - - 7 T i t 

^L/Co |q|, !Hgco /c&T- 6 Li?£ t t | 2 soDTOFx^7 F ^^fiijS-T S^fJi, 0 - 6Li^HjtsCO 

^mkt^®kUza 

v ;L/X ' f + ^ J i / ' T t ^ I f - i f a 7 ; f X ^ r - 7 l i ; - • => y t° .s. - 7 "e/©JiS $ ft, #" 

y -7§§?£tH25^©Z.&tQ T 7- D 7" • x - ^ 7 v i / ^g |S iIRI^T«C|j|f^t- 5 l K ftotl vSo 

2.6 MEfflsm 

ffiS^'y^^iliJSffla^i L T l i , 7C,^cD|ifiS99«Pi±t0#iS77^->7A&0;^JS7D A£fl3 

^/Co fl5tfcli*fCiI&6()mm<OF,3ffi-e!, J¥$ {i Ca cDJ#£;&* 20mm, Cr ©.<#£# 5mm 7? & S 0 

cn&0i&&cOft7G J£Table3ft5irfo ClcO^^&^AiS^ jc , C a ^ b f g £ i r 5 f f l ! @ # ' y ^ f § 

( i i (C 4 0 Ca (n, r ) 4 1 C a R l E ^ b 6 0 f e O T & i 3 , Cr #> <i ©fi&gtfy ^iSKiiJC 52Cr (n, r) 
53CrSJEE^b©^©T-abSo a ^ o i i S t t , filKEWTj-'yvliiMtll^fflfijiKI*©^'^-7cort 
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cO*#cO-fk¥Rj£;£fii7jffl]*.Sfc«>, Ca fS^cQ^St tv - • -> y £ ^ , MK*4Sffi-tf-7 y ? •* 

2.7 flij S 

CacOigi^Trte® 17~26keV, ©31~59keV, ®60~132.'keV, R y ' ® 540±30keVT, Cr to 

Hi^T-(i®22~40keV, ©41~72keV, (3) 73~144keV, &CJf® 550±30keVT?& £„ Ca i 

Cr ft jc ® ~ ® CDffliĴ Ji, C n & (0 x # , u * ' - 6 1 $ £ £ T rt ' * - - ( ! ^ 5 J ; 5 tt J U f S + t t ^ f S ^ 

3. f - ^ i 

3.1 flr**f>-7«isw»* 

Fig.l6A>&Fig.l9»C, Ca&a'Cr O g c f t t ^ x * ^ ^ - M ^ f c f c ^ TSfJS^f to rt:IKK:?§& 

ft/cxf y -e | , f f£ t i i35©TOFx^? F ^ « - ^ ' t 0 Fig. 16i Fig.l8^'En<150keV c o $ J £ ® i § £ 

•C, Fig.l7d:Fig.l9*SEn = 550keV£OffliJ^coJi^-??ab5o 4{@cDr -y9 >^ • 9 * y F <? (DW 

1 ~ 4 ) (i^-n€'niE)^tO=t-5(CiS:^$n/Co Fig.l6d:Fig.l8cDDWl~DW3 (2 2 . 7 T ^ f c 

t t iSWlSHCttoT^So S4>cD A (!&<!: ^ ' B ^ j c f t ^ L f c t ^ v ? . j - j y F g ^ T ' & D , B 

+ C&SiWiBi+Ci ( i= 1, 2, 3) #aw<fc-3-S (n, r) £&*»& <0{f-5§-£^t?g|$# ( 7 * T • 

* * 7 y F ) TT*So -r^fc-6, A(D%^iCl^m^ntzDWI,i^-y 9 ' 9"y y ¥ •muffin-, B + C 

c 0 S B # » C t £ £ 3 n r t : D W # 7 * T ' 7*7 v HfliJSfflT*50 &1£ LT Cr C D ^ ' f t ^ x * ^ ' - 7 3 -

144keV ffii$,(DiHj&<D7 *T • if y v F £ ^ . j , 7 • 7* 7 y V %F\g.2QK7fr-fr0 DWcDf- + * ^ifi 

• c ? I M U 7 * y • 7"7 y F 0 0 ^ x ^ 7 F A ^ b ^ ' u / 7 • 7*7 y F c o ^ n £ 3 l # ± 5 i , E 

Sjcco (n, r ) R j E ^ b C O ^ ' y - 7 H ^ i l 7 . ^ 7 h ^ ^ i S C i ^ T i S o Fig. 17SO*Fig. 19<£«D 

©gfS^te, l)f-0^-S-Yy F 0 7 L i ( p , r)8BeRj&S;6>b^£ L / c # y ^ i l f t J; 5 k©tf<fc30 

i i i a ^ t H , 7 *T • ?y y V(D^^ic7u (p, r)8BeRfl>*^co^y^Hco/iniA^*^ 
Ufcco-e, %n£Wffi-$-&tzt6i£i$>id-z>titzo £(D£otcLzn^ntzKu%(Dffimfty-?Bi&m 
x ^ 7 F ^ £ , C a ( C ^ L T ( i F i g . 2 1 ^ b Fig.24(C, Cr(t>tf L T l i Fig. 25 #> b Fig. 28 ICZtlZ' 
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3. 2 7 > 7 t -i\>=r< ^y&UX^t bJMD&fflb 

3. 2. 1 T V7 t-'^T ^ y^" 

i ^ M ^ ^ ^ h d ) (I : f + *;i/) , tfy^fJtx^i/^'-x^? h ̂ £i>(E) (E : x;jwi/4-'-), 

iS^miK^R (I, E ) i t 5 i , SEiS^^hdXi, 

h(I)= JR (I, E) WE)dE ( 3 - 1) 

i ^ t c i A S f t S . x * yu +*- E {iSJScS'Cfil • j t i #*T £ tt ^ COT, 

h(I)~£R (I, Ej) v (Ej) AEj ( 3 - 2) 

'iififfit-fSo £ 0 ( 3 - 2 ) 5=!>bi/(Ej) &j£lt>iz^iDtzt>*. Ml&fcl*C<D>'(E))b.mtii%} 

i^*-?? h W (Ej)TTjefa$n57 )
0 C(Du (E j )^ IS i J$n /c iS^^ ; f t Jh ( I )^bg /h -SS 

• e # » 5 „ *W^-C'(i, f u f C ^ / c ^ H g i ^ f f l ^ T , IW-^- F FERDOR7) (C «fc o T 7 y 7 

3.2.2 J t a t f y v j gx - *? h;i/®£t&'(b 

t ^ t t ^ x * * / * * - (En)£fln;L;fc#^ttx#A/**-fi<jJCj5&jtE3nT^5o l o t , fi&StKSifr 

&tb$nfc^/fy-7'|ScOx*^4r-tOft|{ifflatt!!|coj5J|jgx*yi/4r- (Bn + En) E^Ll> 0 * 

c e , ffliJ^EKft**—&ffl*»'s>5S5J#&, fit»#'y^$i*^? YJW ( E r ) ^ r rays/MeV/ 

capture ^li"C'#^. 5 £, 

j E r y (Er) dEr =Bn+En ( 3 - 3 ) 

*nnTaijs$n5jsai*'^vii^-«^ ĥ Ki, m&izi*. ftK^jc&w-saggar w 

S>. ffilCj&^tzmit (El £M1 CD^F^^/ iPi LT) , IiJS$n/cl25°cofii#fig#'y-7ig;x 

tzmmtfy^B*^? i»\$, Z(Dmmi±.m<DmttL'?&z>tmf, (3-3) s « / : i t ^ 
5o ^ t , #(C, l i j ^ ^ b l # b n / c f f l ^ l i ® # y - 7 | g x ^ ^ h ^ £ ( 3 - 3 ) : f t ( t J ;oT#H& 

^f l^f f l^^o ft, ( 3 - 3 ) S-eStte'fbSnfcx-?* h^jcffi8|»rS8 (mb) « - S « - 5 £ . 

7.^-0 h^( imb/MeV0&(C/ iS o 
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3. 3 fiMff^Vtt*"^ bJMD&M 

x> y^©||Htfg£-r5^M£^#>fco 7 ^ 7 * - ^ y^'ffl^- F FERDOR t i * * l ? £ f t 

(3 - 3) SC^fflt^^fe-fboiSlc^Lls^Mfi^to^A^^o £©§^(2, ( 3 - 3 ) i t * 
cO*ftiEfflas'0~Bn+En•?& 5 CDfCftU S'JSfilfUix ^ * ? 'J $ * - -> a > • U^^JCct 5 

TRBED # # £ • * - 5 t £ K : « k o T £ L ; 5 o L f r U ^ H K l C ^ S f i i J ^ i g ^ - e t i , E„(i^0.5MeV 

£{&(WlT-&50 X, ( 3 - 3 ) S^OMfl^HS^tiEr i x ^ ^ h^cDMi^oT^^o ft-? 

o h ^(Dnm^zummz^^-b, m.ft{M.fc^z>mmi$>\^<uz>0 mm, *-?? K̂ CD 
©x^^+'-gB^'sco^ffl^^^.^nsigffl-egiJiO^fi1^. £©î ^<t°cDfsgcDkcD;6>£§¥ 
ffiL/^H, Slf&lbt£ o T ^ s t e g t i g ^ 5 ^IMgT-& 3 £ £ ^ 7 ^ 0 / t o n3, c o l l a t e 

4. i JUJSM 

Cat C r c D ^ t t T f i S * - ' y - 7 | g x ^ ^ h ;KDfiiJ£*g££ Fig. 29-36 |C^^-0 . Fig.29~32**C'a 

CD^m^T, Fig.33~36^Cr cDlSHT-feD, ( 3 - 3 ) S ^ x ^ ? I w&Ml&ri-a T ^ 5G 

X, —4 ]ti :FffiiSRfE^«3li:iJctB$n5*'y-7i^S[. fiPt^^yji/f-f (multiplicity), £ 

Table 5 icirsto ^ + » f i ( i , ( 3 - 3 ) i^TrSf&'fl: £ n / c x - ? ? h JU, B$?>Bn?iJ<LtiX'*9 

• C ^ a B ^ ^ ^ t o S t O J i , CacDi§£ 4 0 CaT&0CrcDt l£ 5 2 CrT-£>5 o C f t b O ^ O ( n , r ) 

RJE*>&41Ca&c;S3Cr rt*£$£n50
 41CaK;£/53Cr CD u ^ u • * * - A 8 > £ Fig. 37 ft TK "to 

ffiS*~"v-7|7|x^^ h juitify^KH^^jvdfr- 0.6MeVPi±cD$gg|-C"1#iin/Co I b n f : x - ? 7 

h ^(DmmiZ, # K X ^ 7 h;i /&ffic05iPg|5#£&^T. 1 0 - 3 0 ^ * 1 ^ f e So JilT»C, Ca £ 

b]l||(CI^HJ-r50 ft*,*, P>(T:£#K&'Nj£nT^5&qif tm-$-5 7 ' - * H : , Mughabghab et 

al. oO|?fffi9)^b?lffl L T P S o 2fc, ffi«!!l£c. s. (capture state) £B&L, S J f i t t m 

fl 1 fi&i&KBi, m2W]B^m^itl€tlgnd. 1st. 2nd.cDj;o(CfiJS^-0 
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4.1.1 CacDfliJSJgm 

4.1.1.1 17~26keVfiIis!c 

C<Dffi&iCtt, 4 0 C a © * t t i ^ , | £ LT, 20.43keV © s }&&m 1 St: V&fti itlX^ So IE) 

ho # ^ - 7 $ x * ^ * * - 6 . 5 M e V t t i f i : i O l f - ? | 2 , c. s. fr'i 41Ca© 1st. ( 1.943MeV 3 / 2 ~ ) £ 

/c(3 2nd. (2.010MeV 3/2 + ) ^.(Dm^lCftlfct § # y v j g j c j ; o T f f M $ n , 5.8MeV#fiO 

t ° - ? ( 2 , c. s.*»£3rd. (2.462MeV 3 / 2 ~ ) , 4th. (2.575MeV 5 / 2 " ) , 5th. (2.605MeV 

5 / 2 + ) £ fc i i6 th . (2.670MeV l / 2 + ) ^ © 8 & ft J; § # 'y -T-fcUt J; -o T f f M $ n t P £ 0 

2MeVtt3fficO&pf-?li , 41Ca© 1st. t fete 2nd. ^ & gnd.^cO^x^r - F • / fy v^JCfco 

T f F M £ f t T ^ S 0 c. s. *»b g n d . ^ © & & K J ; 5#y-viHte®a!jSt tTt i t t ( , \> 8.3MeV#i£ 

cD^ l tK iS^ f - ? W : 4 3 C a (Dtp&:?M%Ltf>Trl&£%Z-bn&0 c. s. *>>i4 1Ca©gnd.^©jS 

^ ^ ' f f l / I $ n T ^ ^ P C D ( i , c. s .©x f W S l /2#±£cOJC*tLT ( s &&i» t#—4I©*#£*-

5*>£) gnd.cox t ° y ^ ' 7 / 2 £ X £ ^ © T T , E 1 £ & & 5 P ( i Ml &&ijig±£tl 6 finish So 

£ © c . s. t gnd. cox h°ycoM>6s'^:^^e: t*s", Table 5 c£©Ca©-7 vu^7°'J - ^ x ^ £;*;£ < 

4.1.1.2 31~59keVg|« 

^co^l^(C(i40CaCDiti!|c!: LT, 42.12keV sfe, 34.53keVBLXJ52.57keV p&, f U 

46.25keV d &sDft 4 < l < D & q | # * n £ t t T ^ 5 0 * ^ ? ? h ;nDj£{i, 17~26keV^i|?i*^i:«9 «fc 

<{HT(,'5o 

4.1.1.3 60~132keVfl+^ 

CcD^ig(C(i40Ca c o * q | i LT , s S * 1 | 2 # ( £ ©1*1 1 f i ( i * l » J A ^ * « l : T n = 3 . 3 

keV). p 8 * i 4 f t dl^i tu |8ff i ( l £ ! i ^ T l ' ^ i > ^ ) , &tf$JiiiftiiliiS#£;fc*#a» 

o T ^ tt (, ^it«i^' 1 fi©lt 1 5 f i O i t " | ^ 0 b n r P So if© 2 £g:& iS<£ o l d &&".§;&*£ < # 

S L t f c 0, 8.5MeV#ia»c c. s. frb g n d . ^ © i I ^ ( £ J ; S # ' y ^§0© t ° - ? £ ^ / j : ^ < | | i l £ 

fttP50 c n f i d S ^ l l t t S I A i b gnd. ^ O E l f i ^ ^ R l t l l c / j ; 5 ^ 0 6 - ^ * 5 9o £*: . 5.9MeV 

#jficO t ° - ? tfs'if < ft o T £ T P So 

4.1.1.4 543+33keV®i^ 

C©fl±^(C(i4 CCa©#«|c!: LT, fll©l£^ ( r n = 1 0 k e V ) s R * ! | l l , p /£*".§ 1 ®, 

SC^ 'Dl i i f tS i jM^l P i ± © i t » | ^ 4 f i © l t 6 i l © i t « | / { ) ^ 0 b n T ^ S o x^y Y/v<Dfe\$, m 

(DdffimvBtkt^T, gnd.&tf ls t . (£fc(2 2nd.) ^ ©gttfctfy ^iSS&c; lst.(£fcJi 2nd.) 

^ b g n d . ^ © * x > r - K • * / 7 | ^ | P T , # ' y v § § U ^ ? (. j\sl$mm~Cfo So c.s .^bgnd. 

^ c o a ^ ! { i ± E O « l i t f t S i & a * * l f i l ± 0 * » l * > & c o f c © i # x . ? > n s * ^ 60~132keV ggjgg«t 

i : b^T$ £»Cg<iBf i i J£nT^5o c.s. *>£lst . ( t / c ( i 2 n d . ) ^ © S ^ « , *>*& < HcD/£^ 

s S * t ^ b 1st. ( 3 / 2 ~ ) ^ © E l ^ i t ^ S f c W T ' & ^ o 
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Kt3, g A f ^ t t ^ x ^ ^ ' - f S ^ f t f t L T , Ca^c. s.fct>m&tZ> ft w-$gcD&ai£ Table 

6(C^:-ro m&ter rays/capture T\ 1 M 3 ^ «# 'V v^coS^ fc 5 0 

4.1.2 Crcoai]5££±J| 

4.1.2.1 22~-40-keV.fi® 

^co^l^(C(i52Cr c o ^ t t ^ & % t LT, 22.94keV, 27.59keV, 31.64keV, 33.91keVS 

tf34.30keV pi fc^ l 5 f@*^n &ftTl. '50 fflSLifv -?lfaz. ^9 h ;i/{2 1 ~ 7MeVcD£gi$ (;££#: 

K l C ^ / f b M i ^ L t t ' l i ^ , 8MeVft.fift c. s, #>b 53Cr© gnd. (3/2~) ^MfetZ t ° - ? 

W, £/c7.5MeVftfi(t 1st. ( 0.564MeV 1/2") ^ S ^ * 5 f - 7 # , ^ n € t l ^ ^ ( C ^ < | | 

i J $ n r t>So ftbcot^tt^x*^;-£1® co ii £ dr^tt (9, e:cocftt^x^^+*-«l®-e(i c.s. 
fr b 1st. ^coil^ i fy?&t)i c. s. ^ £ gnd. ^ c o S ^ ft v -7$<fc «9 & < fflffl $ n/cQ 7MeV ftfi 

cDk"-?{i, c.s..^b2nd. (1.006MeV 5/2")-NCOJ1^77-'y-7|,|fCj;oT^I^$:rLT^5o f 

tz, 5 . 3 M e V M K f - ^ ^ i b f t 5 ^ , t n i i i g x * ;i/**- 2.7MeVftfi K, x t ° y ^ l / 2 

~ 5 / 2 f . | ) 5 $ | i [ ^ l t T t l ^ f ; J 6 4 l i T l . > § 0 $ 0 T, x-< ? F ;n£cO 2.7MeVftfi(£, 

CflbCO^{i^bgnd.^CO*x^--H • J y v i m s t ° - ? ^ f i g c D ^ g - e t g i f J £ ftT(^ 60 

£*S, 8MeV££g;i/cd:C6(t#£iJ-3 f - ^ J i , fftco|5]{£#:Tr&£5°Cr&D?53Cr© (n, r ) 

SJSfc«fc 5 fe(DT& IQ, &K c. s! A» £> gnd.&CM st. ^ © 1 ^ * " v ^IS^t&fl'J£ ftT^ S» 

4.1.2.2 41~72.keV{?|& 

^©M^(C(i52Cr Oitu |d: LT, s &M% 1 fS&^p &*R| 5 fflCOft 6 4@cD&i£j&Sfc] ^ T 

t '5o * ^ ? h ^ O ^ l i , 2 2 ~ 4 0 k e V f l i i i J : < ^ T ^ § o ' f I L , * t t i 1 x ^ ; u 4 : - 2 2 ~ 4 0 k e V 

cDii££Stt«3, c . s . f r£gnd.^0S&##;£ lC&<ia i I i J$ t tT( r '5 o 8MeVPi±tt(3, 22 -

40keVfH# tmWLfc, 50CrRU;53Crlc£Z>fty-?mmm£ntzo 

4.1.2.3 73~144keVfS® 

^cDM®(C(i52Cr®itq|iLT, sifettuS4H, p &*P.§1H1; SOf«iilftJlSifi*il fil±cO 

*« |^2JiO!t l7 j@©it i | |^PbnTi<>S 0 * - ? ? \> jv<D]&l$&f&£ L T ' ^ - FT', as . fr& 

gnd.^cDgg:*"y•7*S*^'^leg < ilftij $ ftt^ 5o •£ fc.c.s. ̂  b 1 st. ^ 0 M & ft v"? IS fe, 

22~40keV«Ug5«t*-C!{d:/j:^*iA^«£t3^<llffliJ$nfco 8MeVPi_k(C(2ffeoQ|HHi#:fC J; Srff v -7 

ISc0t o-^^ff i f f l$nTP5o (R|, 5.8MeVftfi(£5.3MeVftfiO t ° - ? £ |W] C&co^g© t ° -

^A*tli|iJ$n^o 4/=. tcO#x>r- .F • x/y-7Hfe2.2MeVtti£(<:t|£|iJ£ft/Co 

4. 1. 2. 4 545 ± 32keV && 

COfiUSfCfi, 5 2 C r O i t u | £ LT, s &^q| 1 41&tf#Litftai&*;&* 1 fil±0*qg#4 fi® 

l t 5 f i O i t u | ^ D b n T P S o £ l £ W ^ x ^ ? \>j\/<D]&l$. ffic0 3 i a i * * ? ) f f l l l ^ j : < - c. 

s. * » b g n d . ^ ^ ^ ( C ^ < I | t 5 ^ - P f i x ^ n * i f A o t l > 5 0 

ttfc, g A f ^ t t ^ x ^ ^ ' - f i f i g f t ^ L T , CrJCot>Tfec.s.*^ag!-r5*"V^iSgcD?SK 
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(^{4 : r rays/capture) £ Table .7 ft/K^o 

4. 2 Wm&W.(C «fc 3 S t t t t ff<t <Difc& 

HH^CDgcf tSt j&f tg-cK f f 3 ? 3 - KCASTHY 1 0 )^ f f lPTCac! : C r 0 ^ t t ^ f i l @ ^ y - 7 | S ^ 

gu t f i , tfy-7UM%£Lz, E 1 S & , M 1 3 # . &c;E-28f£j&*:t i i£nTPSo #'y-7$i$£ 

SUSitdrLT, M l i l ^ & C J J ' E 2 i i ^ ( t ^ L T ( i , z/'y-^Uix * ;i/*'-flc#cOttn Weisskopf c0« 
12) 

- f i ? S i n ) K J ; 5 f e O S f f l i ( , E i a g ! f c * f L T ( i , g ^ E l i t q | ^ # ^ L / c B r i n k - A x e ® 

£ffltvfc0 IS^F&ip&ffiKBSSi LTI i Gilbert -Cameron co £&ffiK&£C13)£ffiivfc0 I I ^ I S 

*gftffiffi'*7 * - * { * , ^IalfT/c(C^SL/Co Brink- Axel MtfyTrm&mffi&tpCD'-ty * - * 

i L T I i , B e r m a n C O | i ' * L f c g ^ E l i t « | ^ ° 7 P ' - ^ 1 4 )£fflWc0 §t&Ktt, SIS&cDgtffc^l 

{4t>#ii(tAn (ffl^/citw-^- KCASTHY-en, Mfawmfrt>mtz3omt-u-iDm&.:&w.ioA 
tl& Ct&11'£ Z>o ) . ZtlZ'tKDl&W.iZ'D^-C, 7 ¥>£'•?') f< <£>ftfr-?Z^ &*$>&*) (30 

fi£(rt) ^ A ^ / L / c o § t l ? f t f f l W c I I ^ ^ { i i ? g ^ 7 ^ - ? & o i ' g * E l * n | ^ , 7 ^ - ? £ , 

^ n ^ ' n T a b l e 8 S ^ T a b l e 9 ( C ^ - r o I f g t c l ^ L T , C a K S U l i , ^ W ^ ( H ] { 4 ^ : C D A ^ ^ 

£ £ & 5 4 0 C a © M # ' y - 7 $ | G O £ . £ ; f i r L , C r fCo^Tf i , 50Cr, 52Cr, &C/53Cr (D 3 & S 

c o M S ^ ' y ^ l S ^ ^ S L / c 0 C A S T H Y l c f c ^ T l t H t ^ n ^ f t t a i / f y ^ J l ^ - ! ^ Mi/fc, HI^IS 

l|tDi#&<!:lqH$lt, ( 3 - 3 ) j ^ E ^ T * - * ? VJWm&it&'UitZo 

^^nsffla^y^jii^^i'h^oiBijsfiiiJtKLTfe^iawKtijeisicAitt^o asw, t>L^ 
n i 0*»^**66H-WC* 5 tt £ tf, 41 * »itu.|cDg|g:g|5^®C#ttS {i Porter - T h o m a s ^ 15) L, 

¥i%wtmi:-&zmmmiz^&im^t~m.i-zsmitm^fri-z-fcz>0 ttc *ns>6D& 

AfgtittlMfCctsit^-c-, ^tD£p§£^x,/£§iisEtet>-&^cD££, 4>»£D*q|La»£/k-eir' 

^ b f , I t ^ ^ f f ^ ^ o I t ^ lgm ; &^JSISmi i :b^LTF ig .38~45{C / T: t - 0 E l ' t W C ^ n * : ^ 

c07^ fy ( i , 4 1 Ca*S^( i 5 3 CrOSI4-e*>So 

4.2.1 CacOlt^lS^iMiJSISmicDirl :^ 

Itfffi, A f t * ^ * * " * * - 22keV, 45keV, lOOkeV, &^543keV Tnro /c 0 i fco^t t 

t ) M t ) S < I I f i T i > 8 o fcfc" U 41CacOc. s. A>£ g n d . ^ < D « £ & 0 f 2.6MeV fa.fi© f -

^ f E g g L T t e , I t l M i f r ^ i l / j N l f f f i L T P S o ^ i ^ O ^ l M T I i , " C a t e H I ? & & # « * * 

^ & ^ 2 0 c O ^ 7 - ^ . ^ - y , , ? . ± y ^ - c o ^ - e f e O , H f i g f l S f l l i g ^ L T ^ S o l o t , JgiftfC 

% * . 5 £ . " " C a c D k e V ^ t t ^ l f ^ O i i ^ 1 ft^SgSWteteco&^fciStfv vlSS* - *? h * / # 
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( IO& : 50keV, i t £ : 250keV) ft «fc £ 0 

4.2.2 C r C O i t ^ i g S c t S i J S J g S i c o J t K 

I t^ t t i , A f ^ ' f t i ^ * ^ ' - 3 0 k e V , 55keV, 105keV, Rt f 545keV T'?T-^ 0 c. s. frh 
53Cr CD gnd. ^ O i ^ » / i 0 ^ / J^ f f i L T ^ 5 21 i £!&#<£, i ' cOtf t^F* # , i /**- S|i^ft o 

^ZbitW-lZm$fc&&<nmLT^Z>0 ttfc, C.S. frb54CrCDgnd.^cOi§|£(x^? h A / £ # f r 

5. £ h 0 £ 

(1) A t i t ^ t t i ^ x * ^ * * - gg& 150keV fiTF® 3 £ , &#550 keV coIt 4 /Sftfci^T Ca & U 

(2) C a f C - s ^ T J i , ^ A t ^ t t ^ x ^ ^ ' - i S i g c f t f c ^ T , Q f l f l®^ L ^ x ^ ? h ^ ^ ' ? f b 

n/Co + t t ? f f l » t t S I A ^ 4 1 C a c o m - l 5 & e t « t S i * A : f i m - l 5 & i e ! K f i i ^ a 8 ! - r 5 ? i l ( ^ y - 7 

(3) C r l c o i ' T I i , ^ r A l t ^ t t ^ x ^ w u ^ ' - p i ^ l c f e ^ T , i | x ^ w i / + ' - # y - ^ I g c o ^ ^ x 

(4) C a i C r l C o i > t , J^^^tOgEH-^SI^ff l^T, ^ t t ^ f f i l ^ ^ i ^ -?? h ; n O f t £ £ 
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Table 1 Gamma-ray sources used for measurements of the response function of the 

gamma-ray detector. All but Am-Be and 24Na are standard sources, whose 

gamma-ray intensit ies are accurately known. Gamma-rays with weak intensity 

are not shown in the table. 

sources gamma-ray energies (MeV) no. of photon/disintegration 

137Cs 
54Mn 
22Na 

6 0 Co 

8 3 \ 

24 Na 

Am-Be 

0.662 

0.835 

0.511 

1.275 

1.173 

1.333 

0.898 

1.836 

1.369 

2.754 

4.45 

0.851 

1.00 

1.81 

0.9995 

0.9986 

0.9998 

0.932 

0.994 

1.00 

1.00 

Table2 Nuclear reactions used for measurements of the response function of the 

gamma-ray detector. Gamma rays with weak intensity are not shown in the 

table. The gamma rays marked by * consist of several kinds of gamma rays. 

reactions 

9Be(p,y )10B a) 

19F(p,a y )160 b) 

27Al(p,7)28Si °> 

resonance 

energies (keV) 

990 

935 

992 

targets 

Be 

CaF2 

Al 

gamma-ray energies(MeV) 

(relative intensity) 

7.48 (100), 5.33 (4) 

6.13 (76), 7.11 (21) 

1.779 (91.5*1.5) 

2.84 (5.66 ±0.40)* 

4.7 (18.1 ±0.5)* 

7.93 (7.85 ±0.56)* 

10.76 (75.6*1.6) 

a) ref.16) b) ref.17) c) ref.18) 
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Table3 Data related to the samples. 

Ca sample purity : more than 99 % shape : metallic disk(60mm0 x20mm) 

isotopes 

abundances(50 

B„* (MeV) 

*aCa 

96.97 

8.36 

42Ca 

0.64 

7.93 

d3Ca 

0.145 

11.13 

44Ca 

2.06 

7.42 

46Ca 

0.0033 

7.28 

«8Ca 

0.185 

5.14 

Cr sample purity : more than 99 % shape : metallic disk(6Omm0 x5mm) 

isotopes 

abundances(%) 

Bn* (MeV) 

5aCr 

4.35 

9.26 

52Cr 

83.79 

7.94 

6 sCr 

9.50 

9.72 

5 4 C r 

2.36 

6.25 

*neutron binding energies 

Table4 Experimental conditions 

Ca sample 

neutron energies 

measuring times 

average beam currents 

neutron monitors 

17~132keV 

68 hours 

9 juh 

T-Li detector 

543 ±33keV 

41 hours 

5 MH 

0-Li & T-Li detector 

Cr sample 

neutron energies 

measuring times 

average beam currents 

neutron monitors 

22~144keV 

54 hours 

7 //A 

T-Li detector 

545±32keV 

33 hours 

7 nk 

^-Li & T-Li detector 

- 24 -



JAERI-M 89-089 

Table5 Multiplicities of neutron capture gamma rays. 

target nuclei incident neutron energy regions(keV) multiplicit ies 

17~ 26 3.30 

Ca 3 1 ~ 59 3.30 

60-132 3.15 

543 ± 33 3.11 

22~ 40 2.41 

Cr 4 1 ~ 72 2.33 

73-144 1.94 

545. ± 32 2.41 

25 
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Table6 Intensities of gamma rays emitted from a capture state of Ca.(y-rays/capture) 

f 

c.s.-* 

"* 

inal states 

gnd. 

1st. 
2nd. 
3rd. 
4th. 
5th. 
6th. 

J 

17~26 

< 0.01 

0.16 

0.26 

incident neutron 

31~59 

<0.01 

0.17 

0.26 

energy regions 

60~132 

0.05 

0.27 

0.17 

(keV) 

543133 

0.08 

0.20 

0.12 

Table7 Intensities of gamma rays emitted from a capture state of Cr.(y-rays/capture) 

4 
I 

53Cr 

c.s.-*-

-* 

-* 

51Cr 

c. s.-» 
—* 

5 4 C r 

c.s .-* 

-*• 

inal states 

gnd. 

1st. 

2nd. 

gnd. 

1st. 
2nd. 

gnd. 

1st. 

3 

inci 

22~40 

0.14 

0.28 

0.06 

0.003 

0.04 

0.002 

0.04 

dent neutron 

41~72 

0.29 

0.05 

0.09 

0.003 

0.040 

0.004 

0.04 

energy regions 

73~144 

0.48 

0.14 

0.03 

0.002 

0.02 

0.004 

0.04 

(keV) 

545 ±32 

0.25 

0.06 

0.04 

0.006 

0.02 

0.002 

0.02 
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Table8 Nuclear level-density parameters used for the s t a t i s t i ca l model calculation. 

Nuclei 

41Ca 
51Cr 
5 3 C r 

5 4 C r 

a(MeV-') 

5.63 

8.34 

8.36 

8.40 

Ex(MeV) 

8.35 

9.30 

8.45 

9.35 

T(MeV) 

1.477 

1.099 

1.099 

1.099 

ff2(0) 

7.589 

8.429 

7.797 

3.911 

A(MeV) 

1.15 

1.53 

1.88 

2.73 

Table9 Giant electric-dipole resonance parameters used for the s t a t i s t i ca l model 

calculation. 

Nuclei E,(MeV) r,(MeV). ff,(nb) E2(MeV) r2(MeV) <r£(mb) 

Ca 

Cr 

17.86 

17.86 

4.42 

4.42 

58.8 

58.8 

21.22 

21.22 

5.10 

5.10 

28.8 

28.8 

Note: The parameters14' of 51V are substituted for those of above nuclei. 
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Ion Source 

Extractor DC Bias 2mm* Aperture 

k 
Buncher 

Sweep 
2MHz 

£*d 

16MHz 

1 
]C=JC 

I 
POP 

Einzel Lens ' ~" Velocity 
2MHz~ 

62.5kHz Selector 

Drift Tube 

1(==3C 

V 
Terminal 
Potential 

Fig. 2 Diagram of a beam-pulsing system attached to 
the Pelletron accelerator. 

16.0 11.0 

INSULATOR 

SLIT(5.0^) 

Fig. 3 Neutron-target assembly. It is isolated electrically 
by an insulator to make up a Faraday cup. 
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® 76.20X152A NaI(Tl)Detecter 
(B) Large annular Nal(Tl) Detecter 
© 76.20x76.2 Nal(Tl) Detecter 
(D) Photo multiplier 

/ / Nal crystal 

Fig. 4 Anti-Compton Nal(Tl) gamma-ray detector. 
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Full Energy Peak 

0.5 1.0 
Pulse Height Energy (MeV) 

10V 

>> 10s 

o 

.a 

< 
10' 

10c 

0 

^ ) Singl 

Full Energy Peak 

e Escape Peak 

Double Escape Peak 

1 2 3 4 

Pulse Height Energy (MeV) 

Fig. 5 Sketches of putput pulse-height spectra of the main Nal(Tl) 
detector (solid lines). (a) The spectrum of gamma rays 
with energy of about 1 MeV. (b) The spectrum of gamma rays 
with energy of about 4 MeV. The dashed lines show the 
pulse-height spectra of the anti-Compton Nal(Tl) detector. 
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105 

I 
104 

^°K(1.46MeV) 

O 

> 103 

CO 
I— ;z 
8 io2 

V H ( i v r ) (2.2MeV) 

Am-Be(4.4MeV) 
D 

X 
\ ^Cd (n ,T ) 

10' 

Without Anti Compton 

-With AntiCompton 

0 10 20 30 40 
ENERGY (MeV) 

50 

Fig. 6 Background pulse-height spectra obtained with low supply 
voltage of the main Nal(Tl) detector. An Am-Be source(ICi) 
surrounded by paraffin and cadmium was placed at a distance 
of about 10 m from the detector, in order to generate gamma 
rays for energy calibration. The solid line shows the 
spectrum measured in anti-Compton mode, and the dashed line 
shows the spectrum measured out of anti-Compton mode. The 
events above 8 MeV, observed out of anti-Compton mode, are 
due to cosmic rays. 
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7.11 MeV 

200 
CHANNEL 
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Fig. 7 Gamma-ray pulse-height spectrum from the 19F(p,ay) 0 
reaction (Ep=935keV). The abscissa shows the channel 
number with the division of 30 keV. 

10 

>-
h-

in 10 4 

z 
HI 
I -
z 

HI 10 3 

h-
<r 
_ i 
UJ 
* 10 2 

IB 

-I 1 1 1 

1.779 MeV 

v .« 

4 . 6 4 6 MeV 

2 . 8 4 1 MeV 

^ l ! 

- 1 l 

6 . 0 8 2 MeV 

,i i. 

7 . 9 2 8 MeV 

- i 1 r-

1 0 . 7 6 3 MeV 

v * \ -^V L . ^ W ' 

4 e 
E r ( M e U ) 

10 12 

Fig . 8 Gamma-ray pu l s e -he igh t spectrum from the 2 Al (p ,y ) Si 
r e a c t i o n (Ep=992keV). The a b s c i s s a shows gamma-ray 
energy. 
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r e s p o n s e f u n c t i o n 

f u l l - e n e r g y peak 

s i n g l e - e s c a p e peak 

Compton p a r t 

pu l se -he igh t channel 

Fig . 9 Decomposition of a response func t ion . 
Only high-energy pa r t of a response 
funct ion for high-energy gamma rays 
i s shown. 
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10 Full-energy peak resolution (FWHM) of the gamma-ray 
detector. Solid circles show observed values. 
The solid line was obtained by fitting the equation 
(2-3) to the observed values. 
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Fig. 11 A part of the response matrix of the gamma-ray 
detector. For the sake of simplicity, the figure 
shows response functions at the step of. 1 MeV. 
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Fig. 12 Gamma-ray spectrum from the 27Al(p,y)28Si 
reaction (Ep=992keV) obtained by unfolding 
the pulse-height spectrum shown in Fig. 8. 
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Fig. 23 Neutron capture gamma-ray pulse-height spectrum of Ca. 
(En=60~132keV) 
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Fig. 26 Neutron capture gamma-ray pulse-height spectrum of Cr. 
(En=41~72keV) 
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Fig. 27 Neutron capture gamma-ray pulse-height spectrum of Cr. 
(En=73~144keV) 
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Fig. 38 Comparison between the observed and calculated spectra. 
(Ca, En=17~26keV) 
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Fig. 39 Comparison between the observed and calculated spectra. 
(Ca, En=31~59keV) 
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Fig. 40 Comparison between the observed and calculated spectra. 
(Ca, En=60~132keV) 
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Fig. 41 Comparison between the observed and calculated spectra. 
(Ca, En=543keV) 
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