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jRec01l propertles of C an F produced 'in the 1nteractlon

of l—-to ll 5 Gev protons w1th 27A1‘

_ ' This work’ is a contlnuatlon of the rec01l study of radloactlveg
3products from the proton bombardment of alumlnum.l In the

Iprev1ous study the rec011 propertles of 22Na and 4Na were
_measured with - proton energles from.3 Gev to 300 Gev Similar,
-measurements are reported here for the products llC ana 18 at
1,3, 6, and 11. 5 Gev. - S ’

' 'j EXPERIMENTAL PROCEDURE

It was necessary to modlfy the .usual recoil technlques,

-because no. satlsfactory catcher foil was avallable for llC and

118

. Berylllum f01ls were found to’ contaln heavy-element
.contamlnatlon Organlc f01ls could not be used for llC because
-this nuclide is produced dlrectly in the catcher f011. Organlc
:f01ls also gave erratic results for 18, .l_ This was probably :
.due to the escape of gaseous compounds of fluorlne from this

'type of foil. . , '
’ “ In order to c1rcumvent these dlfflcultles, no catcher f01ls
were used, other than the target f01ls themselves. A stack of.

5 aluminum foils was exposed to. the c1rculat1ng beam of the

Zero Gradient Synchroton at the Argonne Natlonal Laboratory,

see Fig. 1. F01ls 1 and 5 were -a 51ngle f011 wrapped around
.the three inner foils. Lo l

" After 1rrad1at10n,‘a l cm x 2 cm’ area was cut from the
exposed portion of the target as shown in- "Fig. 1.  The varlous}
foils were- then separated and mounted for countlng. The totalif
/3 act1v1ty of each foll was measured by means of two gas- flow
proportlonal counters.; In addltlon, the p051tron annihilation’.
.radiation was measured by two c01n01dence systems, each con51st1ng
of two 7.6 x 7.6 cm NaI detectors.( The latter method suppressed
‘the 24Na activity by a factor of lO, thereby 1mprov1ng the resolu-
tion of the positren ‘components ; U
The 5 foils were repeatedly rotated amony the 4 detectors.;

After several days to a week the counting data were analyzed :

by the method of least squares into 20.4m 11C, llpm F, an :
15h Na?! components. ———mme——mrn MﬂSTER
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. Foils 2, 3, and 4 contalned the full rad10act1v1ty (AZ'
Aj, and A ) of the varlous components, because nuclel lost by
recorl out of each~f01l were replacedlby recoiling.nuclei from
neighboring foils. However, foil l’suffered a netaloss of
forward rec0111ng nuclel, and f01l 5 suffered a net loss of
backward -recoiling nuclei. ,

As a result, the total act1v1ty that was formed in foil 1

(or f01l 5) is glven by ' ' .

where W is.theé thickness Of foil 1’ (or foil 5), and W,,
W3, and w4' are the thlcknesses of the otheéer f01ls
' The activity recoxllng out of f01l 5 in the backward

direction is
The activity recoiiing'from foil 1 in the forward direction is

_AF ='A:-._Al. f" o o ' - 3

The actlvity remalnlng in f01l 1 (or foi1‘5),'if the'nuclei}f

lost by re0011 had not been replaced, is then
T Ap = Ay f: A;s A @
'The fraction of thefactivityirecoiling"into the backward
direction is ™ =~ I o S '

g = oBY o : : '
R S AR '- @

F=x ' R - ®

The fraction of act1v1ty remalnlng in an 1solated target
f01l is - c, : . S ' -
COT : . L : L

T = 5= = ‘ : : ‘ (7)

In order for this "difference method" to succeed, it is
necessary that the target assembly be located in a”fairly large
evacuated region during the proton 1rrad1at10n Otherw1se, the
outer foils can be contamlnated by extraneous act1v1ty. For thls

reason it was not poss1ble to do thlS experlment at 300 Cev
L4

where the prev1ous measurements were also made 1
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jdecay of some postulated lntermedlate exc1ted nucleus A moref3
complete dlscu551on of the 51gn1f1cance of these recoil parameters

The earlier more accurate values for Na w1ll ‘be’ ‘compared w1th

RESULTS

The values of’ B,:.T; and ‘'F are given in Table I for

24

.llC{ in Table II for . 18 F, andnTable I11 for a; The values':z

'given in these tables are the average of all of the results

jat each proton. energy.

- The. values of F/B and QW(F + B) arée also given. ' The

fratio F/B . isg a measure of the average momentum that is transferred
~to the hucleus 1n the forward dlrectlon A large value 1ndlcates

‘a relatlvely large momentum transfer._ The value' 2W(F + B).ls,x
'related to the rec01l range of the flnal nucleus from the |

is given ln Refs 2- 4. @ : ; } A : - ;- .

5The errors glven for~ F/B and ZW(F + B) are the’ average - !

‘deviations from the mean 3 Most of thlS error was due to the fact - g

'that A and -A_ were obtalned by difference.- This source of‘

B - F
‘error was largest for .24Na, where B = 04 and smallest for

llC where B = ll The total error from other sources was less

‘than 1 percent

The values of - F/B and' 2W(F + B). for 24Naffrom earlier’f

work are given in" the’ last two columns of Table III These

values agree with” those reported here w1th1n experlmental error.
24

11, 18

the values for F7 and 22Na in the follow1ng discussion.

? DISCUSSION L : BEEO é

The prevlously measured values of 2W(F + B) for 22Na'and'24Na were
to be essentlally constant over the enerqy rance from 3 to 300 S
.Gev.l Similar results were obtalned here for llC ‘and l8F in the
region from 3 to 11,5 Gev, see. Tablés I and II. The values at
l Gev, measured for l} ; 18 F, and ?éNa,s may be - sllghtly larger
than at the hicher energles However, the experlmental uncertalnty i

and the effect are almost equal.
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‘from 3 to 11.5 Gev A 51m11ar trend for 7°C and.

. nuclide.

‘ 4.
} : or 224a and 2%a ¢ ,
The values of = F/B for Na and Na drop slightly ..

11 18 F could nota

- be observed here, because of the larger experlmental errors.

A comparlson of" the values of F/B and 2w(F + B) for

::the four nuclldes in- this energy reglon is glven in Table IV
':and Fig. 2. The" values of F/B are seen. to be the same w1th1n
- the- uncertalntles of. the measurements - On the other hand, the '

“values of 2W(F + B), vary with' mass number A of the product_ :

These results p01nt to several conc1u51ons.. ;
1. At proton energles above 3 Gev, the 2W(F + B) ranges

of the four nuclldes -studied are essentlally constant. Thus, .

. there appears to be ho. 51gn1f1cant change in reactlon mechanlsm

. as a "function. of energy

. 2. The - 2W(F. +- B) ranges 1n thlS energy reglon 1ncrease'

'llnearly w1th ‘the dlfference 1n mass number between the target

: and product nuclldes.

3. There is a small trend downward 1n the values of F/B?i

,‘for”zzNa and 24Na in thlS energy reglon The larger errors for:
11 . 18 v

C and F mask thlS trend, if: present _
A 51mllar study of the product nucleus 7Be 'is now under way

.These results, when obtalned W1ll be compared with those reported

here in order to determlne the mechanlsm of the interaction of .
27 B

'hlgh energy protons w1th a typlcal llght nucleus, Al. -

This work was performed w1th the a581stance of E. P Steinberg.

and D. Henderson.
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Fige. 1, Arrangament of Al foilu 1n target assembly.
. .The dotted linesindicates how the foils were

r.uc for mount‘.lng arter the proton J.;.';'aq,j.atipn, - *
” : " .
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Figure 2. -The’ values of the "2W(E + B)
' ‘ bombardment of 27Al by 1- to ll  5-Gev protons f;TQ::ftii,m.
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