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ACCELERATION OF FISSION FRAGMENTS
E. Cheifetz, R, C., Gatti, R. C. Jared and S. G. Thompson
o Lawrence Radiation Laboratory
University of California
Berkeley, California 94720
' and

A, Wittkower

High Voltage Engineering Corporation
Burlington, Massachusetts 01803

November’l969
Fission fragments produced'by the isotope 252Cf were. accel-
erated to energies. of ~ 200 MeV using an MP Van ae_Graaff accel-
efator. The frégment_energy Specﬁra were measured as aufﬁnction
of accelératof.voltage. ‘Some information was dbtained on thé
average“éﬁérgeé of the'fragménts.4 Estimates are giVén of the

| enefgieé'ﬁﬁich cduid Bé'at£ained by frégmeﬁts if mdéh:higher

acceleraﬁion voltages are used,

The.purposé.af this letter is to present the results of experiments in
théh fission fragm¢nts;wefe accelera#ed from an average eﬁergyvof ~‘80 MeV
up_to an average energy of ~ 200 MeV. |

These exbéfiﬁents were_uhdertakén to investigate a poséible means‘of

circumventing the present difficuliies aSsociated with the acceleration of

“heavy ions, The difficulty is that presént accelerators are not able to -

accelerate ions of mass much greater than argon to energies sufficient to
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penétraté the égulomb bérrier of uranium (ﬁhe Value,gf Bc for the réactign
238U,+ lhOXe is.aboﬁt 725 Mgv). |

If such energetic‘heavy ibns were available} an exciting new region of
nuclear‘reactions Qould becéme accessible, It shéﬁld then Be poséible fof
example to find oﬁt whethef_compound nucleusvproducts are formed, to:aéter_ _
ﬁihé the conditions for such reactiohs,.and'inieétiéaté reaction dynamics;
‘One might éven'teéf.certaiﬁ'pfedictions of the‘liquid dfép'theofieé as  
épplied to heavyeién,reactions.> If should be'ﬂoﬁéd‘thét.large:negatiye Q
' valuéé in the néﬁ‘regionvwhich:is made accessibie by he&?ier’pfojéctiles may
make it péssible to study new kinds of reaction pfoducts which could be
forméd aﬁ réiéﬁivély low excitation energies,

The availébility.of energetic iops much heaVier than»argon,would'alsé
pfesent‘new poésibilities in the search for superheavy elementé. Somé of
| 1,2,3,4 "

these possibilities are discussed by several authors in connection

with their éalqulétionsjconcerning special stability associated with 2 % 114
cand N = 18h; These calcu}atioﬁs indicate that a major_difficulty'in prbduc-
ing observable sﬁpefheavy nuclei by nuclear reacﬁiohs involviné presently
availablé projectiies is that thé products tend to be extrémely neutron
deficient. ‘Tﬁe half lives are expected-fo increase by factors of 102 to lO3
as the result of the additibn of.each neutfon; |

The use of fission fragments as projectiles may haQé certain advantages
over conventional ions in attempting to solve some ‘of the problems mentioned
aone, The fragments have high initial charges (E ~.20) and energies of the

order of 80 MeV to begin with and they have a greater neutron richness thén

is aVailable from any other projectile. Further, since the probablé feac—
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tions leadiﬁg to & stable sﬁperheaQy element7nuclehs‘h§véIhot.been~specifi-
cally isolated,iﬁhé extensive rénge‘of projéétiie ﬁaésés and ehérgies arriv-
ing at the targéfvmight:eveﬁvbe én ad#antége,v

A»preliminary-eXperiment_was perfofmed at the MP ac¢elerétorbat'High
Voltége Engineériﬁg Corpbrapioﬂ’in Bdrlington, MassachuSetts;- A'source of
. 6 pg of 252Cf_ﬁgé—placed at the high voltaée terminal. A séhematic drawiné
.of'the;setup is shbwn in Fig. 1. The fraguents were emiﬁted from & source
of ~ 3 mﬁ &iaméter‘preﬁared'b; R;‘Latimer of thevLawrencevRédiaﬁ;on’Labora—"
tbry iﬁ Be;keley.: In order to prevent contaminétién.of.théiaCCélérafor the
source was covered by several protéétive layers; first by a coétiﬁg_of
200 ug/cmz.oflalﬁﬂihum, then a 100 ug/cmz'nickel foil and finaily ~ 3 cm
dbwnstream théfé Qas a 10 pg/cmz carbon foil.k Both thin foils were held oﬁ a
92% transparehtveléctromesb‘and laétéd without breaking thfougﬂout repeated
vcéreful evacuétibnsfof the system. The-mean ehergy‘lpés.in the protegtive
covers was:abquﬁ 13 MeV, o

The,fragmégts passed.thfough al in; diameter tubé plé¢ed'inéide a 15
in. long Quadrﬁpolé magnef (a doublet made of?pérmanent magnets) which was
de;igned.to focdé a soﬁrce placed ~ 2 in,‘from‘the end of the magnet into a
parallel béam;' Another electromesh was placed before the'entranqe,to the
first accelerating tube to prevent any sparks from entering the source
‘holder.‘ At the‘midsectionvof the acceleration>colﬁmn‘there:waé a removable
’ thinICarbon foil to strip the fragments of additional eléctronsvafﬁér par-
'tialvacceleratiOn; Another Quaarupole-léné, this one an electromagnet, wéé
used at the hiéh energy'end of the accelerator to focus.the fragments Qnto‘a

o2 L '
h.Svcm surface barrier detector, The distance from the source to the de-
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'tector.was ~ 17 meters,'

When the high voltage in the accelerator wasvfifstbturned on there was
some "&ark currenf" composed probably of Hydrocarbons»and other outgassing
products'which impinged on the éolid—staté detector. Héwevef, this was re-

duced significanﬁiy as the écéelerator was "conditioned}" Fprther signifi-
cant reduction in the darkvcufrent was observed when the thin carbon foils'
were puﬂ'into the beam.

The frégménts wefe acceleratéd as_wgs:expected; the energy spéctré as a
function of terminal VOltage are showﬁ in Fig. 2 in whiéh thé qhannel'numg'
befs correSpoﬁd'rathér closely'fo units of MeV, The maximum voltage on the
terminal in our experiments was 6 MV.

Because 6f.théir larger initial chafges, the energies of the_hea&y
fragments increase more raéidiy'than the enérgies 6f the light fragments.

At & voltagevof 2 MV there is still a differernce as indicated by the shoul-
der on the'speétrum. At 4 MV the two groups are'indistinguishable. At & MV
the average energy of the'fragmeﬁts was about.ZOO MeV and the width of the
energy distribﬁtion (FWHM) was ~ 45 MeV, As the acceleration voltage in-
creased the widtﬁs ofbthe two energy distributionsvof californium fragments
increased as would be expected on the basis of a distribution in the chargé.
states of thelfragments.

An accurate determination of the energy spectra depends on &n accurate
calibration ofacbannel nﬁmber.versus energy. Therefore some knowledge of
the pulsefheight fesponse of solid-state detectors to heavy ions is neces-
sary.. As a basis for this calibration we used the well known energy spec-vj

252

trum obtained from a Cf standard source located in ftont'éf‘our detector,
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The energiés obtained on.the'basié of the félldwing;two assumptions were:
then compared:‘ 1) A iineaf“feéponée of.the aefector waé assumed and the
aﬁefagé énérgieé of the light ahdvheavy beaks were taken to be'thoss giveh 
by Fraser et g};s: 2) Thé»"Sch@itt calibration pfocedﬁréf which pfeséfibes a
mass depénden£ éﬁlse—height response was -assumed, ; |

| Tﬁg mean val@es of the enéfgy sbéctfalare shown in Fig;.3;.'Some émbif
guity'aue to the uncertéintybin exact pgsitions of the light and'heavy peaks
décurs iﬁ theiéchmiﬁt.calibration and is indicatédvby the small bars, It
 can be seéﬂ théﬁ’there is é'disérepancy of over 10 Mev'ﬁetween;the two caiiA
brafjén methods'at.ah energy of ~ 200 MeV.  Therefore we have obtained two
,differenﬁ valﬁéé.for the'overall avefage chérge éﬁate'of‘the fragmeﬁts:
| q = 19.25is oﬁtéined by the Fi‘asér5 calitration éndIZl.O is obtained uéing--
the Schmitt6 calibration. Information about the'méan charge of the light
and,héavy frégﬁents'éeparately was obtained from‘ﬁhevdata‘taken at a voltage
of 2 MV Where‘the two peéks could still be resolved; ihese reéﬁlts élso
dépend on the;éhoiée of a éalibfation procedure and are 17;5 to 18,8_£or the
light:fragm‘en‘ts aha 20.8 fq 23.0 for the heavy ones. |

The mean charges of the heavy fragments are in agreement with the val-

ues obtained from the data of experiments performed at High Voltage Engi-
neering Corporation by Grodzins gE_gl.7 and Moak et g;.s Comparisons‘of the
mean charge state Were made at the same.ion'velocities (appropriate correc-

127

tions were made.fOr the 13 amu difference between stable I and fission

140
fragment 1). For the_light fragments the above reference would predict a
~ mean charge of 21,0; whereas, our experimental value is 18 # 1. This dif-

ference may be due to the effect of selection by the focussing magnet at the
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source,

The intensity of the beam of fragﬁents at the énd of the 17-meter éce
celerafion pafh'is shown as a function of terminal voltage in the upper part
of Fig. 3. ’Thé §bserved inbrease invintensify as avfunction of voitége eg-
ceeds the eXpeéted increase due té electrostaticvfocuséing of a.perfectly
gligned éyétem. Increased elecfrdstatic focussing tends’to‘reducevthe
“effect of erfors in alignment. These results show that the system was not
well aligned to begin with and indicate that additional intensity could have
béeﬁ obtained; Thé'édﬁrée emitted 5 X 168 fragments/min into i solid ahgle
and at 6 MV we'obtained 2;25 X l03 fragments /min. The transmission factor,
théreforé, was‘h.5'x 10-6 as compared with a geometrical transmiésioh of -
1.3x 1077, |

The insertion of a carbon foil reduced the intensityvfrom 2.25 X lO%&un
‘to about 1,5 X 103/min: We .are unable to determine whethef this is duevonly 
to the scatteripg_by the‘foil or whether it is‘due to an effeét_on the ac-
ceptance angle. 

The source used in this experiment also emits lOlO a/min ana 2 xv109
fast n/min. It was mounted and taken out of position withoﬁtbany difficul-
ties and no contamination.at the entrance of the acceleration tubes could be
.detected'after its removal from the high—Voltage terminal.  (The upper limit
of contamination was less than 10 alpha disintegrations per minuteiper
Squaré foot of surface.)

The methéd.of acceleration discussed here could be incorporated with
“the Hilab project9 which combines‘a TU and an MP accelerator. The source

could be placed at the high-voltage terminal of the TU. On the basis of our
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results on theﬂmean charge;state and results offother_groups, we can calcu-
late the.final energy.< Assuming the addition of a carbon strippjng foil at

any avallable locatlon where it helps to increase the energy we would ohtaln

'880 MeV for the llght fragments and 900 MeV for the heavy ones with.an ener-

gy Spread of ~ 160 MeV (FWHM) . These Values are calculated on the ba51s of
the conservatlve termlnal voltages of 16 MV on the TU and 10 MV on the MP,
At the end of the TU alone with termlnal voltage of l6 MV the energles would

be 526 and 516 MeV for the light fragments and-heavy fragments respectlvely,

 With a voltage of 20 MV on the TU the energles would be 620 and 6&0 MeV for

l1ght and heavy. fragments respectlvely Thus at the end of the TU only the
light fragments. could be used to Jnduce nuclear reactlons in uranium,

The tran szslon of a system which starts with a 10 mg zf'Cf sourcevand
nas a quadrupole magnet in every bellOVb between the acceleration tubes

could be as large as 10 2 aceordlng to calculations by A. Garren. ' The beam

would then be 8 x 106 fragments/mln Included in this estimate a factor of

30 or so is due to varlatlon in magnetlc rigldlty and scatterlng losses due

to the strippers. The low transmission is due in'part»to the large area-

source that must be used. The source thickuess cannot exceed 1;2 mg/cmz;'

otherwise, the'energies and charges of the fragments would be decreased too

much, With a transmission of lO.5 the beam intensity is small in comparison

with those obtained with more conventional particles, Whether useful expez-

iments’ can be done depends primarily on the reaction cross sectlons whlcn

can range from 10 -2k cm2 down to < 10 -3k cm?.' However, for ‘the purposes of

~orientation let us assume that the cross section for fission in the reaction

238

140 - ' ' ' v
U + Xe'is about 1 barn., The fractional yield for a single interesting
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3

product might be of the order 10 °, Then using a target of thickness

2 mg/cmz and assuming that 10% of the fragments are useful in producing
3

‘something of interest we obtain 4 X 10"~ events per min (~ 60 per day). -
Such numbers éré small but not unheard of in heavy element research.’
In cohclﬁsion we have’demonstfated that the accelefation of,fiséiOﬁf‘
fragments takes:place as expected. The operation was carried 5ut]safely
with a moderatéiy strdng:ZSZCf spontaneous fissiOn'source. On the basis of -
our results it,seéms cieaf that the fragments,éah be acceleratgd to eﬁergies

sufficient to Qvercome the_COulbmb barrier of uranium. The most impdrtant.

- difficulty which might be encountered unless some improved method of focus- .

sing the fragments‘is]found is that the particle fluX'might be'rather small,

We ‘are grateful to Dr. A. Garren for his calculations of the optimum’

conditions for focussing of fission fragments, Thé heip of James Halevaith‘

25

,the : 2Cf source . and with the experimeﬁts was indispensable., We also wish
fo express_ouf gfatitudé to Peter Rose, Jacques Shaw and Wernher'Scheer of
the High Voitégé Ehginee;ing Corporation for help with'planning.and carryiﬂg
’~oﬁt the experiménts. We are indebted to Williem Pope for assistance in the
copstruction and éssembiy of the gquadrupole magnets:and.with the equipment

in which the source was mounted.
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' FIGURE CAPTIONS .

.. Experimental ar;angemenf. Th@‘églifofhium'séuicé;héldef wifhigtétvff
. prq£e§£i§é'f6ils is Shqwﬁ in detail'in thé ;néé?i? |
rSpecﬁfgfdf“tﬁe;frégmehts"far‘éeVéféi £erminél vblﬁégeé; .The’sﬁéhdgv:g
“ard éé@féé sﬁéﬁﬁ in_éhg'upﬁer ﬁarﬁ.is.ﬁééicovefgd fiﬁh}én& pr§:¥.-A
itéctifelféilé: i Cﬁanneiiﬁ 1’M¢V,. ﬁ‘islﬁhelﬁeaﬁfﬁéitgﬂbfvtﬁé .
;disféibﬁtién 1n'¢ﬁénge1,gumse;;; ' L |

- (a) Intensity as a fuﬁdtion o%.tefminal VOltage;fll

(b) The mean energy as a function .of theﬁterminalfﬁolﬁége:for3tﬁof

.'calibration procedufes as explained in the text,
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