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I, TRTRODUCTION

It seens to be now cotabllished that when a high energy -

cleon collides with a heavy nucleus, and the collision lends to .

fission, the egvento toke place in the Leliowing way:

sl

The inconing nucleon developos incide the heavy nucleus
nucleonic cascade.

The nuelconic caseade can be aobsorbed in the nucleus or
can cone out fron ite From the work of Belovitglii ot 31,1, it
1¢ change Trony onc casce o the other takes place
around incident nucleon energy of 150 Iev.

The nueleus ig Ileft with o large creitation cnergy Torms

ing a caupound nucleus which decoye by ficolon and by the enlo-
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sion of nony ncutronc.

We con ascune, as Blatt and Woiss:opf2 do in a sinilor co-
ce, that all the reactions of the decay of the cixeited nucleus
takre ploce through clenentary rcactions in which only two pro-
ducts are formede. Thic will be truc 1L the time between rcoc

t
tione ic longer thon the troncit tine of nucleons over the nu-
cleus.

The deeay of tho cxeited nucleus coan now toke place accor-
ding to threc difforcnt schoences.

Py .

In gchone I, the Tirst cvent is the fission of the heavy

nucleus, with the crilosion of the neutiens taldng place fron
the excitcd fission fragnents. The reactions will be as folliows:

. o= .o ( = G. 4+ n
& i o n Jl 2
cte. elca
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Here H neans heovy nucloeus, ¥ and G are flcsion frognents. This

)

gehere has boen mugsested already” .
In schend IT there arce neutrons emltted before Tloplon,
a - [ o~ . ln

and neutrong crxitted fron the fiogion frognents. The reaetions

will be oo followas



IO = ¢ 4+ n GO = “1 + n
?1 = F? + Gl = G2 T
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A o Thipd scheoe Droposo

: L,
by Gocelreraann ond Perinon ', in
which all the noutrons wore eaittoed belore fl“rlon, seens to
- . B r- . +

rulcd out by the cxperinent of Hording and bnrlcy . They irpadi-
ated U with 147 Mev peotons and neasurcd the ratio

(_,“)/m O(_,n) of the intencity of neutrens cnitted at an
angle of 0¥ with the Tiscion fragaents, ond at on angle of

o V 1 > ! N Ba) [ '
90° with the Tission frogments, and found  1.27 * 0.11.
Althougn uhﬁj interpreted thelr recult as meaning thot, of the
1p-neutrons criitted in the process, 2.5 were cenitted after fis-

- _
o) A,

. . [ I . . . : ) .
gion, it hag been chovm™ that thelr result 1? cgipatible with

he caicgion of 21l the neutrons after Tioolon, according to

II. .JGULAR CORRELATIONS

WolkoT noe nensured the anmulor corrclotiom of one of the

s . _ N -1 s R

soion products o o lreadioted with 450 Mev protong,

-

and he found L

1 oL : ]
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wo Cclatedbue

LA
Iglo,t) = 1w 0,1%c0o5“@ between

bl
“in et 1Y hoave neasured in

the proton ond tho loainents. Lol

plotes the anjulor disvridbuticn of the Tiogion of U with

660 liev protons ~nd found the cerrelation Ee(p,i} = l+0.29sin49
between the proton bendl and the Dragaento.

O
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Fron the dnta of Steiner and Jungernan”, we extrapolate
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1w Tinsion croco seetion for Bl ovAth 450 ilev protons is
about 0.2% barn and Tor U with 660 Mev protons about

f“’T }\u— S ey e SOAR 7 5 - el e

l for protons of 450 lev is  1.17 nb ond Tor protons of
560 Licv it is  0.7% ube. This memns that, to add up to the cxpe-
rinental cross scetions, we have to take the poartiol waves to

7

1% ond f

<
1

1

41 respectively. Even 1if therc is gome ongular
nonentun leaving with tne puCWQonlc caschuh, the conpound nu-
cleus will hawve a large oplile

On cchen I, the existence of the ongulor corrclation con e

understood rendily. Thle ongulor cormelntlon neons quantin necha

nically thet the fission fragnents ore cnitted with orbital an-
gulor moucatu: of 0O and 1 in the coce of B and 0,1 and
2 in the caoe ol U

Sinee the averose dirceetion of thoe nucleonié'cnscade 10
the caime on the direction of_thc inconing proton, 1t doos not
nattoe® Jor Up_lﬁl oo dirécﬁjon whethoer the cacgeade cénes out
or ig absorboed in the nuelcun. IF the first cvent to happen to

o will have a direct ang-

he exeited nuclous do the flosion, W
vlar correlation with the Jircceticn of the inconing nroton.
[xab] . PR T, - - - 3 . . ]
There orc otill coveral gdestions o be answerced, such oo
" 7
why the coofTicicnts have the valuces thoat they have, cnd wh
o ’ )
. - . - )
the ongulor correlation of U isg peaked at - O below proton
cnergy ol 60 Hev wnd ot 907 obeve proton cnergy of 60 iloev
On thic cchenc 1t ern alzo be caleulnted the engulor dlo-
tribution Ng(p,ﬂ) o nouvtrons with reopeet te the incident

’ o)
proton besm, and 1t uu“ls out L + 0.,004ccs™ Tor Bi, cnd

o : . . . :
1 - 0.002¢coc0  Tove U, ioocan be coen, they arce practically
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symmctric, S Torvrord cone due te the nceutrons fron the nucleonic
cooscado will be cuperinpescd on this distribution.

It io oloo pocoible in ccheme I thot there 1o an ongulor
correlation Ne(f,n) botween the fiscion frognent and tho onit-
ted noutrons duce to the cnicsion of the First neutron with cnsue
lar nonentus coudl or greoter thon once. Ve gucss that this cor-
reloticn 1o onoll, strongly reducced by the renalnlng neutrons,
end conmot boe sendrated fron the correlation duc to the motion

~ -

of the ficsion Tragmentg.There night. boe 2lco o onall correlio-
tion Ng(n,n) vetireon tny two ncutrons, due to the cidscoion of
tweo consceutive neutrons ivom the siwie fiseion fragnent with

T T . i - —~ .
hon cinc. Wo guess oleoo that

angular noontuy cogual or sroenier &
Cthis coreclztion would be onell ond otrongly reduced by the re-
naining neulronc.

In schene 11, the onsular correlation between the incident
proton or the mucleocsnie cogends nd the Tisclon Trognents has o
be preserved through the mrgﬁlar correlation of thoe internedia-

sy I ) 3

v nceutrons. That means that all the neuirons évaporitoctbofore
fiooion are cmitted with angulor aooentun cqual or greater than
ONC .

The ©irst neoutron coltied would have Lo howe o strong an-
gular cerrelatisn De(p,n) vith the proton becm or the nucleo-
nic cascode. Zoch cidtted nceutron would nove to hoave o gtrong

anguloa correlotion Ne(ni,nﬁ+1) vith thoe following ncutron,

horore Tionion would have te hove

and the laot noutron o
a curong angulor correlavion He(nﬂ,f) vith the fiscion frag-

nento.



founc that,

other NEASUTenents oL nuce

1

of ncutrons enitted boefor
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Q = 1. Thoe three o
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concidering o1l the cniasions

iong in

cr

mentloned

. 2 ..
+ o,.con 8, Ve

the coefficients in of

Loear ongulsr dlotribu Llon“, ¢ nunber

Dok TS
o

¢ aion vould bBo Wo found

LU0 .

thaot, in the best of cases, the nusber of neutrons caltted be-
fore Tliosion in B wmuld be 40 ond in U owoeuld be 2.
o thon mnde oxleulations consldors 211 thoe ondesions
bertore Tisaion with E = 2. The three dotributions would have
’ ? 2 . . . ) . .
the Joml &4+ a~cont8 + a,eon8,. Ve found ngaia that, with va-
& £ ;.
lues of the coofficicents in the renge of other ncasurenents, the

muiber oF neutrons cnlite
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perhono one, and lorg
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fiosion would 4 in
In the cnooe oif aor
corpelatlion M ( 1,110

teon. JJo found thno NM
e the number of nocutiono
PRI B LN s a1 Ay
tion i truld within 400,
Lt forviard of

correlation

caagcade.

hetweon

¢ berfore figolon would be sero, or

N

oot nunboer of noutrons cnditted before

7
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izt
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thoere should beé nloso on cngular

Ly
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roton and ony noeu-

O(p,n)'/l\lgo(p,n) - 0,12 vhere 1

I,

[ )

onitted boelorc and the rela-

There vould be cupcrinpocscd on thic

ST OF noutrono whic nuelecnic

In tho coce o7 schede T, theroe soiwuld be oldoo an anguliasr
correlntic, I\?e(n,;z) DevTcen QEy T noutrons i there vere two
or nore ncutTong ooditlted Doedore Tisoion. 3T thrcee or nore neus
trons were woltted bofore Tisoion, this cagulor corrclation

o e
Loty

,,,,,

should be wwore

than thoe cnsulor correlation between
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the proton beon ond the flgglon fragaenteo, in oplte of the -
oneoring fronr the nocutrons omittod after Ficoion.

In conclusion, there are 4 kinds of rngulor correlotions
in high crergy figeion. They are  Nglp,©), Ng(p,n), Ng(I,n)

and Ne(n,n). There are neqourenents of the Tirot ond third,

(OXR 8]

but there ic not (ny weocurcaent of the other two correlat
A11 the cxperinentol doto ore compatible with cchene I oand indi-
cate centradictiong with sehene IT. 4 Do nore neocurenen

could cottle the problen of the qualitoative neehondion of hig
onergy Ticocion, vhieh do cortoinly o previcus step to any ate

toempt ot o quoantitotive thoeory of Tioeicne
& L o
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