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. INTRODUCTION 

-"'· 
For the last half century there has been a deep and' practical interest in 

using accelerators for .the'production of secondaryneutrons. These neutrons 
·can induce all kinds of activation processes. Nearly two decades ago, extended 

· studies were carried:out iri.North America to use high-energy proton beams: 
(E '-1 Ge V) for what is called . «Electrical or Accelerator Breeding>> [ 1]. 
Afterwards, Vassilkov et · al. · [2) ·published 'a · very interesting paper. 
Fu~thermore, Bakhmutkin et al. (3] reported ori experimental ~esults obtained 
with an extended iron-target irradiated with high:-energy protons. Recently, 
these studies have been reactivated (4] arid Tolstov obtained interesting results 
[5,6 ]. Moreover, Bowman et al. published a very extended theoretical study on: 
<<Nuclear Energy Generation and Waste Transmutation Using an Accelerator':" 
Driven Intense Thermal .Neutron Source» [7 ]. In principle, the American 
authors base their study on the use of an accelerator for roughly 1 Ge V protons ... 

The same scientific aims are pursued at the LabOratory of Hign Energies 
(LH.E), JINR (Dubna) using the relativistic heavy ion accelerator complex 

·sYNCHROPHASQTRON-NUCLOTRON. Some theoretical concepts have 
. been presented at first by Vassilkov et al. (2 ), later on by Tolstov (5 ]. Initial 

, experimental work using a Ph-target irradiated with proton (8 GeV). and d, 
12He, 12C beams having an energy of 3.6 Ge VI n has been published· [ 6 ). 

EXPERIMENTAL 

It is the intention of this short communication to report on somewhat similar 
work, this time using an extended Cu-target ·in contact ~ith a paraffin 

moderator ·and irradiated with one sort of heavy ions, i.e. 12C-ions at two 
different rel~tivistic energies~ In the paraffin moderator we activated small . 
samples of La and U. In this paper we report on some La-invesiigations, other 
results will be published in a consecutive note. · 

The choice of Cu as a target was motivated by radiochemical experiments 
using various Cu-target configurations exposed to many different relativistic 
beams (8-12 ]. It is not the intention to discuss these publications now and 
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their connectio'n to the experiment·. reported here. This may be. the,subjed of . 
subsequent papers: ·.. ' • / . . . 

:our experimental set-up is shown in Fig. I. It.was ·irradhited axially with 
· well~focussed · ~xternal· beams -~t the SYNCHROPHASOTRON; LHE, JINR 

<Dubn~) for so~e extended periods of·time. Weuseda44 GeV 12C-beamfor. 

'14.7. hours yieldln~ hi total 1.03.·1012 iO"~s. This was followed by irradiati~n 
~ • • c ~ - ' ; • •• ' ,- ·: •• •• c •• 

. 
' 

•. ,... lLa Cl
3

·7J.I20J . 
o_-; (U03 ·J.I20J 

'-mass~t7e l}~-rod. _ 
~length =~ '21. '? miir 
. ¢·:=:'80m'rif · .· · · 

~. ··, ~ -' - I -...' ' .,\ 

. Fig; 1. Drawing .of the 'experimentat'apparatus: a copper rod (0 = 8 em, l = 21,7 em) is covered on 
its top with paraffin (6.0 em). This paraffin bl~k conillins tiny holes filled with <LaClj ~ 7H20) and 
<U0

3 
• Hp) samples · -1 ,. · · · ' , .. / .·· · · · · · · · 

. ) ; . ~ ',"' : " 

\Vith a 22 GeV 12C~b~m for I l.3 lio~.:S yi;l~iilg in:tot~l 5.90.·1011 ions.· The 
,·beam interisity;was rathe~ stable during the irradiations. ' ' > ., 

. · The target;relevantforthe experiment reported here, consisted of a copp~r 
rodwith a.diameter of8 criiand a length of 21.7 em·. The frontplate of 2 em 
thickness tilken off the ta~g~t after the 4~ GeV irradiation was replaced by a J!ew 
one .for.the 22 GeV run. The beam diameter .was smaller for 44 GeV 
12C . than fri; i2 GeV 12c> In this~ firSt n~te we ~se th~ measureme~t of a 

.. beamspot asd~terminedby~a 'polafoid-filmw:ithoneburst (appr. 1.-3·108 ions) .. 
' ~ ~0 r>· • >'''' ·~::-·'" . ,;~. ·---j _;,. > '' ·::...-... •' ·. ' 
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Wemeasu;ed be~m.:.sp()t sizes of roughlr,_21 _ mm for 44 GeV 12C and 2~ mm for 
__ 22 GeV 12C~ - . · - - - -

A more precise beam profile was measurea with a nuclear emulsion plate, 
· its result ~ill-be inco~porated ii1 the next publication.' The copper· rod :was . 
. covered on-top .with p~raffin (~CH2....:::.) 11 .intended to moderate the emitted 

secondary neutrons. The thickness ofthe paraffin amounted to 6 em the width. 
of the block being 15 em~ Tw-elve holes, as indicate.d in Fig:l, were bored into the 

. top layer o( the moderator:· These. sm~ll holes were filled with~ samples of 
. approximately lg La (as uiC13 · 7H20) .or lg U. (as U03' H20>. Secondary 

neutrons induced in these samples the following' reactions: . 
. - I .· • {J-

1) 139La(n,y) 140La ~ 
. . 40.2h 

. . . ~. ··fJ.:. - . {J.,.· 
2> a) 23_8U(n,yy?J~u......,..... 239Np~ 
. . .. ::. • ._ 561:t 

·b) .235.U(n,}) ~-·tw~ fussionfragments+ ~eut~ons +energy.· . ' . ~ __. . ; . ,· . . . . 
,... 

.. 

After the irradiations; the samples.(front Cu 'icm in thickn~ss,6~anipl~s-of La, 
. . 6 samples of U ...:...:. obtained at ·each energy) were transported to the Kernchemie~ 

University Marburg (Germa_ny): and CO!lnied there.' The counting started appr .. 

•. 

60 hours after the end ~f the 44 GeV 12C experiment and appr.47h~urs after. · 

the end <ithe 22 GeV .12C experiment. The details ofth~gamm~~~ounting pro..: . -·· 
cedure and data handling can be found in Refs.(8.;_J 0 ), the used technique is·: 

. state-of-the:..arfradiochemistry (lO ).. · · · - - · · ·· 

·RESULTS AND'DISCUSSIONS 
-' 4c 

I~ this first note we·present the experimental results forthe activation of the -
I La-:targets. Since the gammi-counting of.fission 'fragments in the u..:target is'' 
~still going. on,~~ will_presenttheirfesults later.· · . : . " 

) . • Measurement oLthe .Heav~ ion Flux .. ·· 
·, ,, \ 

. . The heavy ion .·flux ·has _been mea~ured: by th~ operators of the 
SYN CHR 0 PHASOTR 0 N in ihe conven ti_(mal w~y. The uncer.tainJyJJ1 the ratio 
of the totai fluxes at 44 and22 .GeV energies is estimated by. the operators of the 
accelerators to be approximately 7%.-Then we measured the 24Na:::.activity 
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radiochemiCally in 'the 1 em thick front Cu-plates and obtained the following 

_ - 'activity ratios nor~alized ·to -the same heavy .ion flux· (the. statistieal uncertainty 
. in_this ratio inCludes only the uncertainty of the radiochemical activity measure~ 

inents): · • · 

. . . "' . . 12 . . ' ' 24 . .. .· . . >,\ . 

.. Re4Na) .. =A· (44 GeV C+ Cu .... · Na +X) ,;, 1.21 ± o:o3, 
· ·· meas. A"'(22 GeV 12C +Cti ~,24Na"f- X) 

' \ . I . 

A"' are r~diochemical <<equilibnum>> decay rates to be defined later;As the cross 
/sections for bOth monitor reaciions are known: . • . ... 

' 
·a (44 GEV 12C +Cu - 24Na +X),;;, (12.3 ± L8) mb (10 1; .. / 

-~ (18.5.GeV .12t'+Cu ... 24Na +x) ~·c9.'7 ±l.O)mb (131; 

one could calc~late the sa rite ra;io nor~alized again to the sa~e he~y ion flux 
. (the uncerta.inty in this r.atio includes here the unc'ertainty in the monitor 

.· .. ·reaction cross sectiohs): ~·. . . . 

Re4Na). ~ .·· =' A~(44GeV~I2C+ cu·2.24Naj ,;, 12.3±1.8- • 
· . momtor ... ·A"'(l 8 5 G. y·l2_c· . 24 . . 9 7+ 1 0 - 1.27±0.23. . . . . e . . . + Cu ... Na) · · - · 

~ ~ .• ·-... "" -· ...... ~. 
} Both values, Re4N~) ··, ·. andRe4Na) · .• 'agree n:im~rkabl~ ~ell with 

. · . . · , · meas. 1 , __ • • mom or · . •. ·. , 

each other: Withirithe uncertainties of the 'Cxperiment it is reasonable to assume 
- .·that the monitor cross section does not vary appreciably between 18.5 GeV arid 

~--.22 G~V for 12C~ions. We~lso measured 22Nainthe t~ol.cm thickCu-disk~and 
.. · . ' . . / . . . . . ' . . •· .. . 

obtained the same activity ratioR as for 22Na. This is the evidence that the 
. · .· · ,· .1., . .· . meas. . . ,. ·. · 1 . . . · 

radiochemical.' monitor cross .sections give results for heavy ion flux ·ratios 
consistent witlt the ' measun!ments .of . the operators -~ o( :.the 

.· SYNCHROPHASOTRON. ·As the monitor· cross. sections have rather ;large 
uncertainties·, we decided to use'in'subsequentcalculations only the' 12C:-fltix 
measurt!ments and their uncertainties. as given by· the' above-menti~ned 
operators.-

.2. Measurement of 140La-Acitivities 

' As can bt! seen in. Fig:l, w~ have plac~d 6 small vials, each containin'g 
approxini~tely lg La (in the form ~f LaCI3 }H2Q>, in the paraffin moderator; 

The vials were numbered andaligned along the 21.7 em beam axis. After two 
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Fig.2. Production rates B < as observed in La:samples shown in Fig:!. ~ 
exp · ·. .. - . . 

Detector numbers 1 s ·; s 6 have been obtained at 44 GeV; 7 s is .12 at · ~-
. ·"22 GeV. . . . ·. . . . .. . . . •. · .. . 
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.·irradiations~ tw~ sets of 6 vials were counted for thei~ gamma-acti~ity on the top ' .. 

'of ·a .calib~<tted' HPGe det~ctor. for sever~I .. days -un!il, the 40.27 ho~rs: 140r.a.· 
activity· had decayed., The spectrum analysis was. quite straightforward as 

practicaliy onl~ the dec~~ of 14°L3\vas observed~ ·F~r ~ur analysiswe used • 
. gamma lines having~ relative decay probalibity largerthan2%. We determined 

in each. sample at first the decay rate at.the end of oombardmentA b" Then. . . .. . _ .. . .. , . . . eo ... · 
taking· the toialirradiation time, one could calCulate theso-called <<equilibrium» 
decay rate of 1

1
40La theoretically obtained after a[} ~.infinite' i~adiation time of ·. 

sample i' · . ·.·· . · · .. ·. . - . .. . . . . 

. ~~(140La)~mpl~l·. ·. :· . -> 

:;;... >. ' .. ~ 6 

~l, · .. Theresult.was used.to calculate an '.'experimental production rate" B which is 
defi(led ina self-evi.dent wayas follows: · - · .· 

~ . 
j« 

) 

B .. = (nuoib~rof 140L<i. atoms form.ed). 
exp (lg ~ target)· (smgle heavy 10n) 

This ~alue, B · :, is an experimental nu~ber and has·been also used by Voronko 
·. .. . exp · . . · . · · .- . · 
et al. [ 6]: It is specified in each exp;riment for: · · . .·. · 
a) a given'nuclearreaction induced by seco~dary neutrons; . -
b). a well~defim!d experimentalset'-up as shown in Fig.1 ;. 
c) for a given partiCle and its energy, such as 44 Ge V ·(or 22 Ge V) 

12
C. 

.. ·. Tne results of our experiment are given in Fig.2: The actual numbers observed . 
are simila~ to those observed in Ref. [6 ); . . .. · . . . 

1·. 
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· 3. Comparison of Expefimental Results with Theon!tical Esti~ations ·- · 

, ·.In this sectio~ w~ want to. investigate two questions: 
3.1. How does the-experimental production rateB ·increase with the energy of . · 

. . . exp , . 1 

h t2c. ? -t e .. -10n. . . . . . . • . __ . . 
We sum up the values of A""(La)forsamples 1 sis 6,'Le. alfthe.activities 

obser-Vedat'44 GeV. Then.we dothe same for'saniples 7 s f"s 12~ i.e; all the. 
·activities o'bserved ~t 22 GeV. Taking the ratios, one obtains (normlaized to the 
same heavy ion flux,.HJ.F.): · . ·~-

140 .·- ~>.- '· ~:L; (i:=l~:::,6) A""(l40La)/H.I.F. . . .· -.. ,~, . . '·· 
R( La)exp = . . . . _ 

00 140 . = 1.97±~.15 (uncorrected). 
. > ' . - L {l=7, ... ,12) A ( La)/H.I.F.' 

The uncertainty is due ·to- the ratio in the uncertainties of the. heavy ion 

fluxes<± 7%). a~d th~uncertaintie~inthe.140ta deterlninati~ns <±2%).Jt can 
be seen that th~ most important influence on this.uncertainty,of our result is due 

. to the flux measurements. As mentioned ·previously, it turned out that the 44 
.Ge v t2c~beam was ·focussed better than the22 Ge V 12C~b~~in; Only once ~he 
exact beam.geometry is known arid after proper corrections ~pplied, we'lt"be in 

a position to state what the «correct~ ~(140La) value really is.· . -
3.2. How is the increase in B · compared with theoretieal estimations?· 

. . ·, , exp · . . . .. .. ,. .. .. 

·· For 'this we carri~do~t s~me calculatioris for relative values of B due to 
12

C 
·ions at .44 qev and 22. Gey. The ratio between the tw_o values of.B gives us a 
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·Fig.3: Preliminary results, as described in the text. The. experimental and calCulated_ 
. . .• 140 . . . . . . .. . . 

res~lts a~e normaHzed_to ·R(.. La)= l for,22 \GeV 1 carbon .ions. !The values 
· R(1 

:
0
4)exp -::-; (unco!"'"ect~d) andR(140

_La)theor. :::· (ex~imation) h~ve _been.described 
1 in the text_ ... 

~ /"'" 

/ 

I 

calculated.val~e of R. The ~lculations are based inprincipleon the well-knowri 
Dubna Cascade M~del, ho~ever its details have been· slightly modified (as pub:-

. lished'_recently by ·Polanski et at. [1,4])·. In the calculation forthe~.problem . 
presented here, only· preliininaiy results wili be shown. We considered only< 
neutrons with.'energies above lO.SMeVescaping the y;ell-:defined Cu-target 
(Fig.1), integrating overenergyand the target surface and assuming a Gaussian 
beam distribution With.CT = 0.43 CID. . . • . . . ·.. ·, ·. . . .. 

The experiment~} and theon!ticarraies Rare normalized 'to• unity at 
22 G~V. The~ one obtairis for 44~GeV 12c: .· ' . . .. ' I • • 

R(140
La)exp ~ 1 .. ~710.1~ (unc~~~ec~~d),·~~1 1°~)the~r=:1.6~±0 .. 04 (estimation). 

., 
as shown in f'ig.3~: Stati~tically, th_e diff~rence· ~etween R( 140La)e~p and 

· R{I 4?La)tt1e~r amol!J.ltS to two standard d~viations:·F~rth~rwork ~n systematic. 

effects mus(be carried out in this field bef~re linambig~ous conclusjons c~~ he · 

8. 

·. ., 

"'":..·· . . ,· / 

-· 

· drawn. How~ver, it is interesting to n~te that similar_ dis~repancies between : ..... · .. .·· . . . . . . : . . . . . . . . 12 . 
ex-perimental and theoretical values of R have been observed for-44 GeV .. Con 
Pb-targets.(and not for 3.66eV/n,d, 4He-beams on the same P~-target) [6); 

. ' 
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. JiHCnJIHHrxixM> li. H J:IP· I . . 
reHepaU.HSI HeHTpoHOB B npoTSI)KeHHOH Me):IHOH MHWeHH, 
OOJiy'laeMOH ny'IKaMH Sl):lep yrnepoi\a C 3Heprnei1 22 13Q H 44 I 

flpoTSI)KeHHaSI Me):IHaSI U.HJIHH):IpH'teCKaSI MHWeHb 6&1Jla o( 

J:IBYX :meprHSIX (22 r38 H 44 r3B) Ha CHHXpocpa30TpoHe Jl83 
Mewmn~.ne BTopwm&IX HeihpoHoo noMew.am-tc& aKTHBa!lHOHt 
.5I):IepHO-CneKTpOCKOOH'IeCKHM MeTO):IOM H3Y'IaJJaCb peaKU.H~ 

'lac). XapaKTep aaoHCHMOCTH Bblxo):loo SIJ:~ep .naHTaHa -140 Ka'lel 
):lpyrnx 3KCnepHMeHTOB C MaCCHBHbiMH MHWeHSIMH, BblnOJIHeH 
.nlt'leHHeM 3Hepnm ny'IKa B ):188 paaa npoHCXOJ:IHT YJ:IBOelme 
.naHTaHa-140. flpH COOOCTaBJieHHH BeJIH'IHH BbiXOJ:IO'! npH 3Hf 
·MeHTaJJbHOM peayJibTaTe He HCKJIJO'IaeTCSI npeBbiWeHHe Ha (20: 
CKH paCC'IHTaHHbiM 3Ha'leHH«iM. 0):1HaKO OKOH'IaTeJibHOO 3aKJI 
BBe):leHHSI nonpaBKHHa pa3Mepbl (~pO<j>HJib) Sl):lepHOI'O ny'IKa. 

Pa6om BbmOJIHeua o Jla6opaTOpHH Bblcon1x 3Heprni1 OJ 

llpenpHHT Qfh,e):IHHeHHOI'O HHCTHcyTa Sl):lepHbiX HC 

Bisp\inghoff B. et at. 
Neutron Generation' in an Extended Cu-Target Irradiated 
with 22 and 44 GeV Carbon Ions 

An extended Cu-target was irradiated with 22 and 44GeV 
The upper side of the target was in con tad with a paraffin bl• 
neutrons. Small holes in 'the moderator were filled wi1 

139La(n, y) 140La* was studied .via the decay of 
140

La(401l 

yields for the formation of 140La agree essentially with other ext 

out at LHE, JINR (Oubna). To a fil'llt approximation, the bre1 
carbon ion energy is increased from 22 to 44 GeV)f, howeve 
those at 22 Ge V, there cannot be excluded an excess of (20± 
140La production over theoretical estimates. A definite c~ncl 
experiment and theory to account for beam geometry. · 

The investigation has been performed at the Laboratory o 
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