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ABSTRACT
The, energy spectra of photoprotons from tit “ ,p1 ''r Si 

reaction have been measured at seven angles simu!tanaously, in 
the energy interval between 17 and 25 MeV* By fjttiig - sum of 
Legendre Polynomials to the differential cross sections, the to­
rn - 3(s ground state cross section is obtained in which many
resone nr.e s are ob s e rve d *
ÖZET

d (y ngj ,4QSi reaksiyonu protonlarının enerji i pektrumlari , 
yedi açı d , )"" s- 25 Me? enet ] ı aralığında ölçülmüştür. Biteran-
o  'il tesir kesitlerine I..egendre Polinomları uygulanarak bir çok 
rezonansların gözlendiği toplam taban ener j *' düzeyi tesir kesiti 
lC■ f , pc ) ht . unuruştur,
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which is an odd Z-nucleus. Furthermore it is diifieuit 
to apply the particle-hole model to non-closed shell 
nuclei, few theoretical calculations have been perfor­
med for nuclei such as 3iP /19/. Therefore it is temp­
ting to investigate the 3 *P(y 9p)3 °Si reaction in order 
to obtain more clear information about the (y,p) reac­
tion mechanism and about the structure of 31P in the 
giant dipole resonance region.
EXPERIMENTAL

A natural 3iP foil with a thickness of 4.6 mg/cm2 
was irradiated with a beam of bremsstrahlung photons 
produced at the 70 MeV linear electron accelerator of 
the Ghent State University„ The general experimental 
arrangement is shown in Fig„1. The 31P was centered in 
a vacuum reaction chamber in which seven uncooled 3 mm 
thick Si(Li) detectors, were placed circumferentially 
at different angles between 37 0 and 14 3c , A schematic 
sketch of the reaction chamber is shown in Fig,2,

Fig. 1. General layout of the experimental arrangement * Linac:
Linear accelerator, BM: bremsstrahlung target, CM* clea­
ning magnet, T: photoproton target, 1C: ionization cham­
ber.
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Fig. 2. Schematic drawing of the photoproton detection chamber. 
T: target, D: detector, M: magnet.
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Suppressing the electron y-backgroand .permanent
magna Its were placed over the detector channels * The 
Y-radiation was monitored by a MBS-P2/T type ionization
chamber. The electronics used for the accumulation and 
processing n- t he proton signals from a l 2 Je cecioim 5
consist of the following a cheer go cen_ ı 11 te pvaam- 
p 11 fie r an d a ma j n arp 1 i f ı er 1) a v i ı ig inf e gr a t a t<. a n c 
dif fear en tint i on time cons fan is of 0,1 s ; they wer e 
placed those to ire detectors. The outputs from the 
seven amplifiers go to or; 8-Input mu It ipJ exer-rout er 
unit wl ] eh works 5 n comb inat Ion v/itlı a u frig Is 1 i 2- efem- 
neJ analog - \x~o i gi fol cons emer ( ADC ) » The pulse height 
data are transferer] to the computers for' analysis, r 
diagram of th~ electronics is shown in F±g« 3.,
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RESULTS
It is known that there is 2.23 MeV energy differ

sidual nucleus 30Si5 so.when aYP is excited via the 
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4
(E,0) - A0(E) | 1 + 2* a fD P,(cos0) |

1 = 1
where a ̂ (Ey-=A, (h)/A0(E) are the normalized coeffi­
cient s. A, pleasant feature cf the Legendre expansion 
is that the total (y ,p0) ground state cross section 
can be obtained by integrating the above expression 
over the total solid angle:

O', ,(y »Po) “ J-:- li A0{L ) — — ? (h,0) dft'• an

The total integrated-over-angles cross section 
a(Y ?p0)^ LHAq is given m  Fig. 1, * Inis exhibits a gi 
ant resonance structure with a maximum of C.I3 fm2 at 
20.8 MeV, The statistical uncertain!ies are depicted 
and amount to 8 l. The energy integrated cross sect! 
on for the ground state channel between 14.8 Mel and 
2 4.8 Mel energies amounts to 1.29 ±0 0 J MeV .fin2 . This 
is about t. 5 'a of the TRh dipole sum rule MMr :h 
given by 6MZ/A and is 46.5 MeV. fm2 tor 3ib)„ This rue 
ans that most of the decay of giant diocle mares g)£ 
tiirough non-ground states of the residual nucleus 3 aSi

Fig. 4. Total 0 () ?p0) ground state section as function of, the 
excitetion energy ,

In Table-1 T h e  e n e r g i e s  o f  the obsei ved matures 
in t lı e a (y > Po ̂ Î  ̂ c ° mpare d w ith t ho s e of Is n but a 1 s 
' 19/ and Cameron’s /4/ cjg.fferential ground state cross



14 4» Aksoy

section both at 90°. The results of Cameron are conver­
ted to the C y >p0) cress section by the principle of 
detailed balance 111. The correspondence is striking 
between both results of Tsubota and Cameron, and the 
present datas within the-energy resolution. In the sa­
me tab In 5 trie energies of the structure observed in 
the " Ys--)j s 1P(yJn0) reactions of various authors 
are also shown, For most or tlie resonances the corres­
pondence between our results and the photoneutron data 
i s fa ir *

This similarity of the structure in the ,11 F(y 5p^)
^0 Si reaction suggests the similar reaction mechanism 
concerning to the valence nucleons. The structure be­
low 20 MeV in the ground state cross section could 
then be possioly explained by the s ̂ p ~ py/ ,)
and (2 sy/2)~(2 p3/2) single particle excitations- 
/16 17*19/. The fact that the decay mechanism of the 
31P nucleus for the (y 9p0), (y,n0) and ( y , sO channels 5 
as seen from Table-1 does not seen essentially diffe­
rent, confirms this argument /5,10,11/. Moreover the 
strength of the ground state is well reproduced by 
the shell model calculations of Tilîenthal et al. /21, 
22/ .
CONCLUSION

The photeproton cross sections vere measured m  the 
energy interval re tween 14 and 25 MeV Lining a trains 3- 
1rahlnng photon beam producod by 7 0 Mev electrons from
tne linear accelerator,

It was poosrbjc to ue1ermine the absolute cross 
r eetiens Tie 31 P( y .u) s S.. reaction ns j function
ox the excitat:or energy* Data on the latter are scar- 
ee Ir the j 1 tors tune,

F e s e M F C S3 o b r e r r e jQ j. IS sh 0™ t o t a l O u n o F c a l e e r OS

3 o e t  h: . ■ w e r 1e  i n g o o c a a eric . s t w i  t n t i l s s ’ o t : n  - l i t n

1 a s a 1 1 s t a l c e r  1 r c m  t b e 1 2 1; e r a t u r e  >, ise y COiSr ■esp o r . a ,s a

t 1 O r  a e r o o i l x, t o t h e  ( Y t P G ) I ' e s n l i . o f r s a b a - a  /’"1 9 /
a s

We l . : .c t o t h e  d a t  a  f dBI t h e ir v o x ; e ( p 5V o } r e  c G 1 : o »S
o f Ca me r o s g!  a  l * A / •

rp
h e 1 n t e  r r a  i eu p-tjp O tl 0 d - s t a t e

c r o C 3 3 e e l s O') X ri 1.11 5 A i o n H % 8 4 - 2 }l « 0 h e l j. j s 1 o U 1

, G d e v c f  m 2 * T i n 3 - 3 P :sX S0 il ? o r, I VC G 1 % r\f x h 3

i. f t : d i g G ., ? s urn :: n l e  v b J\> /
/f H a\j Fa 2 ) 5 V: e ls i r d i c a 1; c- s

e  ' ta i r .  norm gro u n d s t a X X'1:0 t o p r o t o n t r  x i" s A I o n s / I
> ' * v i a t  SC C C P  - t  rue i o n X -p a n a r x i f ic1 a ’ '"Ho • iO e n c rg es­
t J-C p r o t O i l s e a ' :u ie  r a n o b f a i n 4- c c V o; e t c o r  r S 3 S‘ s e

0; 1C r s  t o : r  a , h or o f nc 1- g ,,o n rxs r  t a r p> p e s c t i  o r C.1 l a -

e l 3 / 3 / .



Photoproton Cross Sections For The Nucleus 31P 15



16 A „ Aksoy

REFERENCES
/ I f  Ak soy, A . et al., Annual Report, Nuclear Physics 

Lab. Ghent Belgium (1980).
/2/ Akecy , A. f t  a l , ,  S o c i c t e  Be ige  de Phys ique  R en i -  

on 3c " ient ix ique  Genera l  Resumes de s Coimiuirıtc a t  i  o ji
ktel van (19 8 L)

/ 1 •' OOsnq A"Doctoral Thesis", The State University
of Ghent, Be] glum U 3S1) *

/1 / Cameron < C . P . e t a]., Fhysik Rev . it'P 1930' 2‘t
/ 5 / Devos , J. c t n] . , 'A Pi-ycik 2 71 t - t ;  j a  .
/ 6 / Ge 11 i e , R AsA fit .1 , Re. i: , Res s C osjnc Ll û'-:towA 0a

n-ida , As i.toriai1 Coitierer.ee i 11 ' ? j . iy.17 A * 'A
by Barry L s Be man (Lasrnence L i vernicre Lebore^ 
tore) .

r  * Haywa'u,  A , ,  R s t c n u c h a r  r e a c t i o n s ,  ELS Hovn:m-~
* ar e ıı 3 Ct

/;*  _ s i r  b^novy b y „ e L <A ; r ‘ o. b r i o  ' * j l F t l  -3 .
/I / Lsr ikliano v ̂ v t r . -A. A - , B.A > 'rA  e ? 1- 1" Sf

? ( i J i M . l 5 ̂ 1 »/ i G / KawairiUi'a , N. and Teabctam H » , Rear arch be pert of
Loboro tory Nuclear Sc 3, ence , To’ncku l A t•> V .AM o , ? (19 7 2 ) u 2 (J a p a e e s < r) ,

1 A  Misbİra , M, et al., J ,, Pays. Goo . e  e  . I
11 2 .

1' < Hoi i nari, A ,. . Ph "in Report.o, sn i t  t  ,• m  „

t 2 ; Autsaecy, NA o t o 1 : e .. Phys, So. ft. pan 1 V ■ 3 ,•J
16 7 3 .

j U / Sel l  i f f ,  L C , ,  Pi i ys . .  R e v . 83 ( 1 9 5 1 )  25
15/ S h o o  a , RA e t  A . ,  J .  PC v s DÜC . d a pa i l

735 .
i  u 7 e h O (j “i , s - N u c l * F R y e . 7/ ( J A '  7 0 5 .
i  ] / e i i o d e  v r  « e t  a A  . JA P h v s „ 3 o  c . J a p e n

0 5 t .
1 0 / Toms , H E . et a I,, m e P e vm 3 2, i A ri) 709 .
i 9 f Tsubota, H , al: a j T Phiys . Ate / a. n 35 ( 1 9 7 0 •

3 3i)
2 0/ 5 e v t. s iere «, A . et al. , Î] u c-1 . P h v v> ■ / 2 1 O M714) b 9 -7
2 1 / W i. ı U e n 1 li a i., P . H , el al Plr/s . fe v » C r ( 1 1 71)I 1
' /; Ail dentbtsJ , B. ̂u e t a j. toVo. ft̂  - » p 7ev . e / (1 97 3) 71 b


