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- EXCITATION FUNCTION'FOR e ¢t (u ; % n)C REACTION
' Paul L. Reeaer and Bamiel 8. Markowitz

: Lawrence Radiation Laboratory and Department of Chemistry,
Uhiversity of Californla, Berkeley, Califo nia

The etcitation function tor the re&ction cl (v’, n) C 1 pas been
:;»‘measured for pion laborato*y energies from 50 to 1610 MeV. The cross sections
: 1'5;{.f:'were found to peak at 200~M@V incident pion energy corresponding to the free _
?{g particle = n (= p) resonance at 200 MeV.

' ' Bccause of the short mean free path for pilons in nuclear matter, .
'"; simple nuclear reactions of the type ZA (%, % n) ZA end’ Z&‘(T , D) P

1W;?:'_;i ‘are presumed to oceur by eingle collisions on the surface of the nucleus.

o ff; out tfansférring energy to other nucleons in the nucleus. If energy transfer
gé-;f? ;'j did occur; other ﬁﬁcleqns would be emitted,:an& the>simple.reaction product

ﬁonuld not be dbserved This mechanism can be tested by comparing en experi~

-:; mental excitation function for a ZA (n a o n) Z A=l veaction with the ex~

' citation function for free~particle scattering of negative pions on neutrons;
vaf»the J= T = /2 resonance at 200 MeV in x n scattering appears as a
f?f peak at the sane ene“gy in the. Z (n » 7 1) ZA eyéita*ién function, then |
'57ﬁ the reaction should prcceed by a direct pion~neu£”on collision, in contrasﬁ

'zvuo the incident pion's interscting with the nucleus es & whole. . The only

‘fif'Q V;effect of the other nucleons is to provide the potential well in which the :

*struck newtron mcves.

;?Tf~Both collision partners and eny created particles escape from the nucleus with-
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we choae C . a8 tha target nucleus becauae of the short half 11fe of

and because a convenient electronic meﬁhod of detecting the decay of C
;waa available.i Carbon-la 1n the form of yolystyrene~terphenyl sointillator
"?uaa bombarded with n mesona at the 18h~in. cyclotron and at the Bevatron.ﬁl“

ii?The plaSuic scintillator Was then mountcd on 8 photomultiplier tube and the

LA S

fgf?ositrons from Cll decay were. counted. Qfagag g.«ﬂ ,¢j,§f¢‘;a-;g;ﬁ;3:[j,;;
| _ The pion beam Was. monitored by two plastic scintillator counters '
gf L ;whose pulses were led to 8 fast-coinci&once circuit and kO-&c ‘scaling sys“”
?éfﬁl ;tem.~ The second counter defineo the beam accepﬁed by the monltor system.,o:;gé?;
1,?The plaatio targets were tapea to the rear aide of the second counter and 21;;; ’
°LT’Q;'F;; Were. the same aiameter 80 that any: pions paaaing through the second counxer bhad
< . to pass through the target also. Coincidence losses in this eywtem were .'
7imeasure& at’ tbe same beam level bexore and after target runs._ Corrections due
{to coincidence'loss typically were less than 107 e Pion beams of about 106 pions.pf

"‘,fﬂper min..ovar a 31.7 cm2 area were commonly used. The bions Ware produced when

;; 5£ho 73o-mev internal proton beam of the 18h-1n. cyclotron bombarded a Be target.-rfff
§§5 _ Muon contamination in the pion beam did not conxribute to Cll production;.ffii
%;r oot.muons Were detected by the counter telescope. The ‘corrections for muons ol S
; produced before the bending magnet were determined by range measuroments in

' Cﬁ;ond'CH ‘and the corrections for mons produced after. the bending magnet

ll.

i

’activity prcﬁuced by

;were determined by calculation. To-correct for €
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| S:?.ncé the targets were l*immthick, the cross wciions w’efé méaaufeﬁd
28 & f‘z.mm.ion of luca.te thickness phccd ‘before the ta.rget, in order to | -
deu@mim the effect Qf aecondary m.rbiales pro&uced m the target itgelfs - o
,t By extmpola.tion to zero target th..clmess, the correction for mmrnally

s

. ‘. e produced secondaries was found to ‘be about 4% at 304 MeV. ' The dependence

el gt |

cf thia correction -on emrgy 18 zmt known, g0 ’ohat it ves assumed to ;be cc%x& ;
ol 1'; sta.n‘t for o given amount of bean through the target. I
| ‘ The decay curve obtained 'by yositron counting shmwd but one component
z? -z 20 !('-min. »activity due to 'Cll This decay curve. waa exﬁr&pol&te& t0. the - |

tim &t the end of borbarduent to cbtain the initlal sctivity, from which the

o ¢ress section was calculated. The detection efficiency for Cu- vwas determined

' 'in 8 separate éxperiment’in vhich the éom‘ce- strength of cu

v.i
BNEY
B
“p
3
UE
)

in plestic

’scintillator Was m&sured by a beta-—ga.ma coineidence techniqpe. The cmmti_ng T :
rate of thia source was then measur@d in our positron—-detection system, and o
:"t,he eﬁ’iciency was founﬁ. to be: 8313‘?’. | |
o Measu;'exi eross sections ave presented in Teble I. | The uncertainty
in enéi‘éy is ‘due to ‘tbﬁ energy spread of ‘the beam and to the energy lost in
the taréet-«' The C (1 g 1t n) Cll exciit&tion function dg plotied in Fige L
élcng.with"the to*t;a.l 'crosa Beetmn for ﬂ"n aca‘btering (eaual to the ﬂ+pv

cross sec*ciam by cha.rge independence.) The resonsnce for *Lha reaction Clz

e, ") c“

is droader e.n:i lower tham the fr@:e*particle _ w n scottering
resoname‘ This may be a‘ttributca to the neutron msmn‘cum distridbution with-

"""vi';'in the . Cl nueleus.

E‘igura 2 shows & compariaon of the ¢F (p, pn) ot owng ot (s': ) & n)
i c’u Cross sections plotted. versus incment”wrticle wonentum. fﬂw (p, PR)
'f'.. z'eac-tion ig, knmm to proceed ’oy a d.irect*collisimn mech,an.sm above ¢50 Mz‘f.
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h:ihBecause both‘thé. Cla‘(p, ﬁn) Cll' and C (ﬂ » X n) Cll reactions shawlthe 'f
same momuntum dependance, the reaction mechanism must be simila; Qhe ';
12 (=", P n) ¢ reaction fallawa 8 similar energy aepenﬁence aa the fraaﬁ él

B particle %0 Crogs section, therefore this mecbanism must involve a direct F*Ef Lo
.:-3_f collision between the incident particle and a neutron of 012- This is true 1ag

”’f@r proton energies as 1ow as 70 Mev and for all pion energies ebove threshold.f

' “[With euitable approximations, calculaxions show that the maximum probability

: 'i for this type of reaction is for 3 coxlis;on to take place on the surface of

S e

'the nucleus in order that all colﬂzsion partners escape vithout further interactioua.

2;3
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Table I. Qroas seétidns for the resction o2 (x , m‘n) Cll

Incid&nt-‘p:x.on energy (Mev) - Cross section (mb)

.3t g :ts‘-~ni{a3vf3‘ﬁi;:f
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&The Pion beom was _' jnpnitored by mesns of & cali%réted. fon chember. -

b’I'hi's cross sect‘ién was x‘ﬁéasured by A. M. Pbskanzér, Js Bs Cumming-,
G rriealander, J. Hudis, and 8. Ksufman [Bull Awm. Phys. SOc. 6,
38 (1961)1

‘I‘he coun‘ter ‘telescope vas not used for thia cross secuon. The pion"
" “lux ve.s ce.lcula ted from d.o.*ca supplied. by Segre g*aup emerimenters

S for the pion beam at the Bavatron.
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FIGURE LEGENDS
= f‘ig"l. Cross section for C (:( 5 R n) C feaction'pioi.;{:é.& veé‘*sus “
j:,,?; % in@iaenﬁ pian @n@rgy. ?na umeoth eurve ia th@ tﬁt&l ercaa sactien
S for d n free-particle scattering, which is eqpal to the total
cross sectn.cn for % o scattering by charge .Lnd.ependence. - |
- B’ig- 2. Crosa section for cl? (zt ’ ﬂ n) Cl re&ction plo'tted vérsus ‘
tne -momﬂntum of the incldent pion. Tha smooth curve is the cross

secilon for‘ (p, pn) c it reaction p}_otted versus ‘incident

Pruw. on, momentum. Data are mken from J. B..Cumminég, G.,I‘riedlander, R
G , and C. E. Swartz,- P‘nys. Rev. lll, 13 (1958) and other references listed .

T .,v‘ ' e thereino -
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this

- report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
‘mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission; or his employment with such contractor.





