


’ INTRODUCTION T
ST . :

For the last half century there has been a deep and practlcal 1nterest in
usnng accelerators for the’ production of - secondary neutrons. .These neutrons
can induce all kinds of activation processes. Nearly two decades ago, extended
~ studies were ‘carried:out in.North America to use high-energy proton beams

(E ~1 GeV) for what is called «Electrical or Accelerator Breedlng» [}
Afterwards, Vassilkov: et-al.: [2] published 'a " very interesting 'paper.
* Furthermore, Bakhmutkln et al. [3] reported on experimental results obtained *

with an extended iron- target irradiated with’ hlgh-energy protons. Recently,

these studies have been reacttvated [4 ] and Tolstov obtained interesting results
15,61 Moreover, Bowman et al. publlshed avery extended theoretical study on:

«Nuclear Energy Generatlon and Waste Transmutatlon Using an Accelerator— I

Driven Intense Thermal Neutron Source» [7]. In -principle, the Amencan
authors base their study on the use of an accelerator for roughly 1 GeV protons.

‘The same scientific aims are pursued at the [aboratory of High Energtes
(LHE), JINR ' (Dubna) using the relativistic heavy ion accelerator complex -

'SYNCHROPHASOTRON NUCLOTRON. Some theoretical - concepts have -
- been presented at ﬁrst by Vassilkov et al. 2], later on by Tolstov 5k Imttal
experimental work usmg a Pb -target. 1rrad1ated with proton (8 GeV) and d

,' lee, l2C beams hav1ng an energy of 3.6 GeV/ n has been publlshed [6 ]

EXPERIMENTAL

Itis the 1ntent|on of th|s short communtcatlon to report on somewhat snmtlar

work, this time using an extended - Cu- -target’ |n contact with a paraffln e
moderator and irradiated with one sort of heavy |ons, ‘i.e. l2C -ions at two.

different relativistic energies. In the paraﬂ’m ‘moderator we activated small

samples of La and U. In this paper we report on some [a-mvesttgattons, other s

results will be published in a consecutive note. ~

The choicé of Cu as a target was motivated by radlochemtcal expenments
using various Cu-target configurations exposed to many different relativistic
beams 18—12] It is not the |ntent|on to dtscuss these publtcattons now and
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. ‘k«;thelr connectton to the expertment reported here Thns may be the sub]ect of'

Ry subsequent papers. . P S ‘
P SOur experlmental set- up is- shown in Fig.1. It was. 1rrad1ated axlally w1th'
»}'jwell focussed external beams “at the SYNCHROPHASOTRON LHE, JINR

o ;»S;(Dubna) for some extended penods of- tlme We used a 44 GeV l2C beam fori
‘,;;}14 7 hours yteldmg Iﬂ total l 03 10l2 lons ThlS was followed by 1rrad1atlon'

= purau fm moderaz‘or\u' s
S with 120 hofes
*'::!_depth- 10 mm

(UO H

20) samples e IR

ﬂ?wnth a 22 GeV 12C beam for ll 3 hours yleldlng in: total 5 90 10ll 1ons Thej
“'beam mtensnty was rather stable dunng the irradiations. B ”j ERR » |
, The target relevant for the expenment reported here, cons1sted of a copper~
rod ‘with a.diameter of 8 cm and a length of 21.7 cm, The front plate of 2 cm'j
- thtckness taken off the target at"ter the 44 GeV lrradtatlon was replaced byanew
“.one for the 22 GeV run.. The beam dlameter was smaller for 44 GeV

l2C than for 22 GeV l2C In thlS ﬁrst note we use the measurement of a;

o : beamspot as determlned by a polarold -film with oneburst (appr l 3 108 1ons) '




: We measured beam-spot srzes of roughly 21 mm for 44 GeV 12C and 29 mm for -

“22GeV 12, T . oo

~ A more precise. beam prof11e was measured wrth a nuclear emulsxon plate,

lts result. will -be lncorporated in the next. publlcatron The copper rod ‘was-:
covered on- top with paraffln (= CH2 ), 1ntended to moderate the emltted

secondary neutrons ‘The thickness of the paraffln amounted to 6 cm the width

‘of the blockbemg 15 cm. Twelve holes as 1nd1cated in Fig:1,; were boredmto the
__toplayer of the moderator These small holes were filled w1th samples of

approxnmately lg La (as. LaCl 7H 0) or lg U (as UO H 0) Secondary

neutrons mduced in these samples the followmg reactrons LR

t . [

b 13913(”,),) '4°La—> i
i 402h

2) a) 238U(n,y) 239U ‘~

s b) 235U(n,f) —_— two fusslon fragments + neutrons + energy

T e
- N4 /

After the 1rrad1atlons the samples (front Cu 2 cm in thlckness 6 samples of La

-6 samples of U — obtained at each energy) were transported to the Kernchemre, .‘ o

Umversrty Marburg (Germany) and counted there The countrng started appr
60 hours after the end of the 44 GeV C expenment and appr 47 hours after

B the end of the 22 GeV l2C experlment The details of the gamma countmg pro- §5

-cedure and data handlrng can be’ found 1n Refs [8—10 ], the used techmque 1s
state-of the art radlochemtstry [lO] .

i t‘RESULTS AND DlSCUSSIONS i
In th1s f1rst note we- present the expenmental results for the actrvatlon of the
; La targets Slnce the - gamma- countmg of fission’ fragments in the U target lS

_l _still gomg on, we w1ll present the1r results later

l Measurement of the Heavy Ion Flux

N 3 N

The heavy ion - flux has been measured by the operators of the
SYNCHROPHASOTRON in the conventLonal way. The uncertamty in the ratio
~of the total fluxes at 44 and 22GeV energies is ‘estimated by.the operators of the
o accelerators to be approxrmately 7% Then we measured the 24 Na—actrvnty

radlochemlcally m the l cm thlck front Cu plates and obtamed the. followmg
R »activity ratios. normalized 10 the same heavy ion flux (the ‘statistical uncertamty

in this ratlo mcludes only the uncertamty of the radlochemlcal act1v1ty measure-
ments) . : . s ‘.

121 +003

,.\

R(24N a) ' - A (44 Gev ‘2c T Cus 2“Na + X)
» "‘"jas A (22 Gev 12c +Ci~ 2“Na +X)

A are radlochemlcal «equlllbnum» decay rates 10 be defmed later As the cross
sectlons for both momtor reactlons are known -IT»"

- a(44GEV '2C + Cu—>24Na +X) = (123 + 1 8) mb [101,
a(lSSGeV '2C+Cu—>,24Na+X)—(97+10) mb[13],

: k:'v‘one could calculate the same ratlo normallzed agam to the same heavy ion flux
(the uncertamty in thls ratlo mcludes here the. uncertamty in. the momtor
{freactlon cross sectxons) K e - o

f’A°°‘(4‘4 Gev 2C+ Cu=Na)
a” (1ssoev l2c+ Cu -.24Na) T07=10

CRCE N iior
T

l 27+0 23

24Na’)kmeasy and R(24Na)mo“"m’_,’ agree remarkably well wnth

‘!keach other. Wlthm the uncertamtles of the experlment itis reasonable to assume
that the momtor cross sectton does not vary apprecxably between 18. 5 GeV and

i \22 GeV for l2C 1ons We also measured 22Na in the two l cm thlck Cu dlSkS and
'fi‘;'obtamed the same actlvrty ratlo R as for Na ThlS is the evrdence that the

e Both values jR(

: radrochemlcal momtor cross sectlons give: results for heavy lon flux ratros
S 'conslstent wrth “the." measurements ~ of: operators of the

S SYNCHROPHASOTRON As the -monitor. cross, sectlons have rather large
: ‘;”uncertamtres, we decided to use’ in subsequent calculatlons only the C flux

; ';k-f}measurtaments and thelr uncertamtles as’ glven by the above mentloned
N operators S e e e T

: 2k Measurement‘of' ',4015;Acitivities GRS

S As can be seen in th l we have placed 6 small v1als each contamxng
£ approxlmately lg La (in the form of LaCl :TH 0) in the paraffm modcrator

The v1als were numbered and allgned alor'g the 21 7 cm beam axls After two
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Flg 2. Productlon rates B : as observed m La samples shown m Frg l
L Detector numbersl <i 5 6 have been obtamed at 44 GeV 7 5 i < 12 at
o t.?'ZZGeV B P : . : : :

X 1rrad1at|ons two sets of 6 v1als were counted for thelr gamma actwnty on the top R

“of a. callbrated HPGe detector for several days untll the 40.27. hours '4011:1,{_;7_‘? T
—actrvrty had decayed The spectrum analysns was qulte stralghtforward as. - ’

’practlcally only the decay of. 14013 was observed For our analysis we- used

" gamma, lines havmg arelative decay probalibity larger than 2%. We determmed" e
Then,.v

takmg ‘the total 1rrad1atlon tlme, one could calculate the so-called «equlllbnum»'"' - -
" decay rate of '4011:1 theoretlcally obtamed after an mfmlte |rrad|atlon tlme of

in each sample at first. the decay rate at. the end of bombardment A

sample i R

sample i

A
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: 'Thls value,

etal. [6] Iti lS specrﬁed in each expenment for: - A : IRt

- a) a given nuclear reaction induced by secondary neutrons, »,; EEES

,-",,b) a well- defmed expenmental set- -up as shown'in Fig.1; i f\ .
¢ fora glven partlcle and its energy, such as 44 GeV (or 22 GeV) l2C

: ,The results of our expenment are given m Flg 2 The actual numbers observed r
..are. snmllar to. those observed in Ref [6 ] Sl :

"3 l How does the experrmental productlon rateB

-

defmed ina self—evndent way as follows o

Z S

(number of MOL‘! atoms fot‘meQ

e

In thls sectlon we want to mvestlgate two questnons : o
exp ! mcrease w1th the energy of

12C lon‘7 S PRt
' We sum up the values ofA (L':t) for samples l <is 6 ne all the acttvmes

e :observed at'44 GeV. Then we do the same for samples 7sis12,ie allthe.

6)A ("“’u)/HIF
" 12)A ("‘°la)/HrF

l 97+0 15 (uncorrected)

The uncertamty lS due to the ratlo m the uncertamtles of the heavy lon

. ‘fluxes (+ 7% and the uncertalntles in the Mola determnnatlons (+2%) It can
- beseen that the most lmportant nnfluence on this uncertamty of our resultis due -
0 the flux measurements As mentnoned prev1ously, it turned out that the 44
R GeV l2C beam was focussed better than the 22 GeV. l2C beam Only once the’

exact beam geometry is known and after. proper correctnons applled we ll be m
coa posmon to state what the «correct» R(MOL':\) value really isc o o
S k3 2 How is the mcrease inB_

compared wnth theoretlcal estnmatnons‘7

“ For thls we carned out some calculatlons for relatlve values of B due to C

i 1ons at 44 GeV and 22 GeV The ratno between the two values of B glves usa.

The result was used to calculate an. “experlmental productton rate” B whtch is ; ,'

p, is an experlmental number and has been also used by Voronko -

]

s ‘jfactlvntles observed at 22 GeV. Taklng the ratlos one obtams (normlalzed to the ,
’ i"same heavy ion flux,HIF) . e R SNPRT '



drawn However, lt is lnterestlng fo note that s1mllar d1screpanc1es between :

: i expertmental and theoretlcal values of R have been observed for 44 GeV. 12C on
Pb targets (and not for 3 6 GeV/n d He beams on the same Pb target) [6]

TN R [T
. Experisent VR e e .
R (uncarracladl o et B R
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