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ABSTRACT

Following the suggestion that _-Hs-might be stable against nucleon emissibn,

a search was made for delayed neutrons resulting from the 1:-.7ea.ci:ion,L:i.7 {v, 2p} Hs.f' '

The targets were bombarded with a 340~-Mev bremsstrahlung beam and the de~
layed neutrons detec;ed in a shielded paraffin-moderated .":\.rra.y of BF3 counters.
Counts Were scaled in 14 delay channels of variable width and variable initial
déla’y. Separated isotopes of Li7 and I..i6 were used as targets. As Hs cannot
be produced from the bombardmexxt of L16. counts observed during the bombard-

ment of L16 were used to measure the ba.ckground After background subtrac-

tzon, the data fall uniformly about zero and show no apparent lifetime. Assumxngi

a 10-msec half-life, an upper limit for the activation cross section is oA%<

0-32 cmz.' A comparison of this with the yield éxpected from the extra-

3X1
: e v g . 11 .9 19; 17

polation of the measured yiclds of the reactions B “(y, 2p)Li‘ and F~ “{y, 2p}N

indicates that the upper limit for the actzvatzon cross section is of the order

of 1% of the expeCtedl yzeld Hance 1t_ appears unhkely that H5 is stable agamst

partlcle emls sion.

T =ide v

v



T UCRL-10060
" SEARCH FOR H°
| RoberﬁsJ; Cence . -

. v La.wrence Ra,dzatmn Laboratcry, Umversity of Califorma. '

Berkeley, Ca.hfornia
".-and

© Charles N. waddent?

Lawrence Radiation Laboratory, and
The University of Southern California

los Angeles,’ Califorxii_a

INTRODUCTION

In this paper we present the results of an experiment previously reported,l v
and confirm the results of an indep'ehd,ent experiment reported by G. W, Tautfest.z- '

Following the suggestion by G. H. Blanchard and R, G. ‘Winter that HS

might
be °tab1e against nucleon ermssion3,' we attempted to produce it b;nmeans of

the reaction

y + Li'~H" + 2p,Qi~r = 30 Mev.. - (1)
I H° does exist, it will decay to H_e-s by 8 emission {(~19 Mev) with a .
2 3

minimum half-life of about 10‘ msec.:. Since a.ll states of He are unstable

5
agamst neutron exmsszon, H wauld be a delayed-neutron emitter.

-i=
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APPARATUS AND EXPERIMENTAL PROCEDURE
e "Neutr'ons were detected in a“‘pera.ffin-moderva.ted arzray of enriched

3 proport1ona.l counters. The eff:.cxency of the detector was determmcd

“to be 0. 83% by cahbrauon with a mock fxsszon sourcea The moderator was
enelosed ina cadmium contamexf :o'reduce the the‘rmal neutron backgr‘ouixd,

e and the detector W;s enclosed in'a 4-foot-thick shield of blocks containing a

e :mlxture of borzc ac;d powder a.nd pa.ra.ffm. ’

The targets were bombarded by Y ra.ys from the Berkeley 340-Mev
synchrotr'ong The bremsstrahlung beam was colllmated by a lead colhmator
and t.he‘n‘cl.eared of charged particles by passage thr_ough a magnetic field.
Add.itior;a;l shielding was added to reduce the neutron ba,ckgfound produced in
the sjrnehrotron and in the lead collimator. To minimize the number of neutrons
produced by the photon beam, a thin-walled mm"atmn chamber was used to |
monitor the number of photons passing through the targets. This chamber was
calibraﬁ:edi against a standard "Cornell—-type" thick-walled ionization chamber, |

The synchrotron was adgusted to produce a short beam pulse and the
repetition rate was 6 pulses/ second for most of the experiment. The parallel

outputs of the BF proportxonal counters were amplified and scaled in 14 delay

3
channels which were variable in wzdth and m1t1a1 dela.y The operation of the

apparatus was checked by observing the dela.yed neutrons produced in the bome'

bardment of a thick B ,C ta.rget. The’ resulting decay curve is shown in Fig. 1,

4
where the straight line represents the 0 17-sec half-life of the delayed-neutron

94,5

emitter, Lxg, produced in the reactzons B (y, Zp)Lz and C, (y, 3piLi‘. No

attempt was made to measure an absolute cross section,

‘ : 6 .7
In this experiment, separated isotopes of Li~ and Li' were used as

-

targets Photon bomba.rdment -ofs I_,Lé Cannotbproduce Hu:,, 4ndisoitheicounts oba

LI ,«.'.,.‘ )4 [Ny

served dunng the bombardmentof L161were used as a measure of the background.

vy ey
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023 nuc:lei/cm2 and was sealed

Each target had the same thickness of 2.34 X 1
in a thin-walled aluminum container. The thickness of aluminum was the same
for both targets. The setting of the initial delay to 150 psec and the channel
widths to 50 psec pérmitted measurement of the d_ecay curvé fesulting from the
thermalization of the prompt neutrons. During this initial period (= 1 msec)
the neutron yield from Li7 wag observed to be 1.26 times as great as the yield
from Lib. _ |

Following the initial decay associated with the thermalization of the
prompt neutrons, a residual counting rate was obéefved for both targets.
Target-out ﬁackground runs indicated that these counts were being produced by
- the targets. As the bombardment of Li6 cannot producje a delayed neutron
emitter, an Al target was bombarded to detérmine whether the background
counts were due to the thin aluminum target containers. The increased counting
- rate observed with the Al té.rget indi'ca.ted that about one-third of the residuallv .
counting rate from the Li targiets could be attributed to their Al containers.
Further investigation with the Al target showed that the lifetime associated with
this activity was 4 seconds, and therefore these delayed neutrons resulted from
the production of Nl? in the reaction

A% (viza, 20N, Q = 44,6 MoV,

The remaining two-thirds of the residual counting rate we assume was
due to the production of delayed neutron emitters in the detector assembly by
the falstvné'utrons prociuce.d in the. Li‘té.x_'geta.- - We also assume the activation
cross sections to be proportional to the number of neutrons in the Li nuclei.

This implies a Li.7:1..i.6 ratio of 4/3. CIf we average neutron production and N”

production from the aluminum containers, we obtain, for the final Li7; Li.6 target
background ratio, _ ' : L .
/3% 1+ 2/3%x4/3 = L2z,
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This compares with the 1.26 observed in the first msec after the beam
pulse as noted above. The factor 1.22 was the one actually used t§ normalize
thé Li’ background to the Li6 backgrouhd for the subtraction shown in Fig. 2.
7 ~

Thié Li -Li6 subtraction te'd*}liﬁique' constitutes an important improvement

over the expenment of Tautfest. Inthat experiment the ba’ckground was

- measured by replacmg the Li target of natural isotopic abundance with a

| copper absorber of the same thickness in radxation lengths. 2
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RESULTS AND DISCUSSION
6

Figure 2 shows the results of the Li.7 -« Li~ subtraction for a 4-msec
“"initial delay and a 10-msec channel width. The number of effective quanta
- used to produce these évents was

Q, =2.18% 1012

where

ko .
. Q.= Skt ‘P(ks»ko)dk..
in which k, is the 30-Mev threshold for feactipn (1), ko 1s the peak energy
of 340 Mev, and ¢k, 'ko)vi.s the ph'otc;n distribution function. ‘the that the data
show no apparent lifetime and that, in fact, they fall uniformly about zero. I
one assumes a 10-msec half-life, and that the ﬁpper limit for H5 production
is given by four standard deﬁé.tions above the first point, then one obtains the‘

solid curve shown in Fig. 2 from the amount of Hs that should be observed.

This curve gives an upper limit for the activation cross section for reaction

{1) of 3

@,< 3 >“<;<10"32 c‘mz,

A

where

e |

1 0 ;
O = o {k) plk, k, )dk.
A ﬁegkt P e

'~ This activation cross section is only 1/500 of that of the reaction

1

y+Bl 1’ s2p, Q=313 Mev, . . @3)

and 1/3500 of that of the reaction

19 17

Yy+F

4

k2p Q=-235Mev @
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as measured by Tautfest at 320 MeV. 5 It is difficult to determine how to

extrapolate the activation cross sections of reactions (3) and (4) to reaction (1).

According to Levinger and Bethe the total activation cross section should be

5/ 3. 6 If we quite arbitré.rily assume that the activation

proportional to A
cross sectidns of reactions (3) and (4) are related by a power law in A, then
. Tautfest' s measurements 'inc‘licate that they must be proportional to A7/ Z.
If we extrapoiate this result to reaction (1), it should have an activation
cross section about 1/5 that of reaction (3). Thus, by this estimate, the
upper limit 6f the activation cross section for reaction (1) is about two orders
of magnitude less than expected.

Even though ox.;r method of estimating the activation cross secfion of
reaction (1) is crude, our experimental result is so small that we ne_vertheless

5

conclude, in agreement with Tautfest, that H” is not stable against particle

" emission.
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Figure Captions
Fig. 1. Delayed neutrons produced in the bombardment of a B4C target
. with 340-MeV brerﬁsstrahlung. The line represents the 0.170-sec
half-life of Li’ produced in the reactions B l(y, 2p)Li? and
- My
Fig. 2. Residual delayed neutrons produced in the bombardment of the
Li? target following the sﬁbtraction of the L16 background. The
~ number of effective quaﬁta used to produce these events was
VQ o = 2,18 X 1012. The curve shows the assigned upper limit for

Hs product'ion aa'suming a 10-msec half life.
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