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A SEARCH FOR EXCITED STATES OF Be’ USING THE LiS TECHNIQUE
o George R, Keepin,.Jf. | ‘

September 10, 1950
ABSTRACT

;A@_leg§£ onejeggéted~s%axg in;Be7‘ismwell egtablishéd-at 429 & 15 Kev, The
iisAtechnique o?ineuﬁfon*energy-meaéurement'has'been~;sed”ﬁo.méaSuré Li7(p,n)ﬁé7
spectra in an extended seach for additional levels of Be’, Spéctra'were 6btain¢a:
atvéngles'ioy 30, and 90 degrees to the proton beam for each of three bombafdiﬁg
proton energies, ﬁb = stoo, 3,60 and 4,35 Mev, Althéugh some of the data suggeéﬁ
an additional level in 337 intermediate between the known ievel'énd the ground |
nstate, no single group was considered sufficiently resolved or sufficiently
intense to be so identified with certainty, From nine measured spectrs com=-

prising epproximetely 10,000 disintegrations, a'mean velue of 433 % 26 Kev for

the level excitation energy in Be7'ig obteined,
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A SEARCH FOR EXCITED STATES OF Be’ USING THE Li® TEGNIQUE
' ' éeofgé'go_;ﬁeépin, Jr, ' '

September 10, 1950

| I  INTRODUGCTIGN

The mirror nuclei, Li_.?'a.nd“Be?‘, are with the singular exception of He%,

ﬂq@ .lig;h{;est stable nuclei in which bound excited stabes are known to exist;
thus through the exeited level structure of these nuclei one Ima.y study the
general problems of nuclear structure in their simpie"s’t»fom,

In addition to the well ‘established 480 Kev level in 117 "thqral has been
reasont to expect other excited states in I.i7 'tho‘ugh none has been found,
Resently Inglis'? cereful work has shown that for excitation energies up to
2,5 Mev no further sta‘tés a!bbvé ‘the 480 Kev level appear with es much as §
percent of the ground state intensity, Inv'BeV the mirrored counterpart.of
this single level in Li” is mow ﬁéll established at 429 * 15 Kev by two inde=-
pendent me"i;hcsg'is_(,3 However, Grosskreutz and l‘lI‘a.‘i:herg,‘1 using a cyclotron beam
of aﬁaiyzeci 5,1 Mev: protons and exemining the neutron spectrum from Li('p,vn)_Bev-,
reported two é.dd_i‘{:iqnal levels in Be” at 205 % 70 Kev and 745 % 70 Kev, Sub-
sééuéntly‘, Otherss using-“_sj‘.milér féehniques have not found evideneé for such

- levels, The ifnproved neutron energy resolution (perticularly for E,<2 Mev)

! 5, Hanne and D, Inglis, Phys, Rev, 75, 1767 (1949)

2y, Inglis, Phys, Rev, 78, 104 (1950) ' -

-3 Brown, Chmo, Fowler and Lauritsen, Phys, Rev, 78, 88 (1950), and
Lauritsen and Thomas, ibid,
4

J, Grosskreutz and K, Mather, Phys, Rev, 77, 580 (1950)
59, Jolinson, M, Laubenstein and H, Richards, Phys, Rev, 77, 413 (1950);
G, Freier, L, Rosen and T, Stratton, Phys, Rev, 79, 721 (1950);

B, Hemmermesh and V, Hummel, Phys, Rev, 78, 73 (1950)
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afforded by the Lis'ﬁechniques has been used to measure Li7(p3n)Bé7 neutron
spectra in'gn e#%endedrseareh'fqr{aﬁyradditional leve;s:iniée7,m‘The suggestion4 _
that there mey be an effective.high energy'thrGShold”fbf-exéitatiéh of these
additiongl levels led us to extend the range of bombarding proton enérgies to
nearly 0,6 Mev above the maximum Ven de Graaff beem energy emplojed.by'previous

workers,

II EXPERIMENTAL METHOD AND RESULTS

The proton beémvfrom'fhé.Berkeley-eleqtrosﬁatié generator was»deflected
through a stationary 90°‘ana1yzing megnet just forward of the lipeaf acceler=-
ator entrancé valve, The beem was required to traverse a double slit systemv
giving energy definition of the protons to better than % 20 Kev at the three
bombarding energies used, i.e., Eé = 3,00, 3,60 and 4,35 Mev, The target was
made by svaporation of”puré metallic lithium onto a 3/32 inch thick copper
backing disc end transferred to the target chember while in an atmosphere of
argon, The'chmﬁber€wasﬂﬁhen conneéted to the Van de Grgaff vacuum system and
éVaéuateéy Target thickness (< 30 Kev) was determined by difference w;ighings
in a“smailvairtight glass container, Sestisfactory target cooling without rota-
tion was accomplished by aifec%ing en sir stream on copper fins éroﬁfudihg
from the copper target backing, A liquid air trap was located just ahead of
the target to condense out any oil-vepors present in the va¢uum line, A ruled
quartz dise immediately in front of the target‘éll&wédL;céuréte<Beam focuSsiﬁg‘
on the target, 148 1oaded plates in light-tight cadmium containers-were mounted
tangentislly to the neutron direction at éngles 7) = 0°, 30° and 90° to the

proton beam giving neutron collimation to better than £ 8%, 1In grder to obtain

s G, Keepin, dr, and J, H, Roberts, Phys, Rev, 76, 154 (1949) and Rev, Seci,
Inst, 21, 163 (1950); G, Keepin, Jr,, AECU-563 (LAMS-924) (1949);
A, J, ¥, Siegert and G, Keepin, Jr,, LAMS-937 (1950) :
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optimum exposure (order of one‘disintegratién per field of view) the proton
beam was‘monitore& by proton colleétion-on”%heﬂihsulat?d ﬁaféet ﬁifh:a con~
ventionel current iﬁtegratof to measure the,chafgé;' Calibration of integrator
counting rate vs, proton current was lineer over thé range of‘beam‘current vari=-
ation so the total count gave integrated exposure to better than 10 percent
which‘was sufficient for our purpose, The entire experimental setup with res-
pect to the Van de Graaff end linear accelerator is shown in Fig, 1, Fig, 2
shows the target essembly and collimating arm in greater detail,

Exposed plates were given natural fading for about two weeks, processed,”
and then examined using 90X oil-immersion objectives and 8X oculars fitted
with AQ #1407_?éticules. The sum of alphe and triton renges (Ry + B = 2R)
‘was measured tc'thé nearest reticule unit (0,7 w) whicﬁ ¢orreéponds to nearly
25 Kev in neutron energy, An eyepiece giﬁiometer gave the laboratory engle f,
was required to have O , the depth difference betwsen beginning and end of an

event, less than 10 y in the shrunk emulsion an&'tO'have'aZOO «f € 20°, Fur-

‘ther details of selecﬁion'criteria and data anaiysis’using the 118

technique
for collimated and/or'iéétrdpic neutrons are given iﬁ-féfgrence;?6 §né 7o

Two seperate runs were made at each proton enefgy; good agreeméﬁé.between
runs was obtained at the same anglé:anduénergy, Figs, 3 through 11 show the
composite data at each proton energy end angle CffobServﬁtion,‘ Irrevelant
statisticéi fluctuations Were‘reduced by plotting the number of disintegrations
éerltwo'RU* intefvals at each RU, An arrow indicates fheoré%i¢al ground state

energies as éalculated from EP,'U , and the L£7<p9n)Be7 Q-value = - 1,63 MNev,

7 G, Keepin, Jr,, UCRL=790 (1950) ﬁ

* One LRU = 0,60 u3 one SRU = 0,70 p .
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From the aata'fhe‘(wéighted) mean energy for each resolved neutron group

is obtained and the corresponding Q values end excitation levéls of Be' then

calculated, The results as tabulated in Table I give 133 % 26 Kev as an over-

. all mean velue for the excited state in Be

7

8 level intermediate between the known level and the ground state, no single

group corresponding to such & level was considered sufficiently resolved to be

so identified with certainty,

. Though some of the date do suggest

ITI DISCUSSION

The spectra of Figs, 3'ﬂuwughll,have béen corrected for energy dependence

of the geometrical selection criteria® but not for 1

6

capture cross section

since little is known of the latter at these relatively high energies; in the

1i8 calibration work! +there was some evidence for & broad resonence centered

near 2 Mev and probable 1/E flatness elsewhere, Applying this tentative cross

: N : : . . 7
section correction, no neutren group corresponding to a level in Be  other

Eb Mean Neutron Energy (Mev) | ~ (-) Q Value (Mev) | Meen Be'
L , Excita~
(Mev) tion
_ (Kev)
0° 30° 90° 0° 30° 90° o
| 1.29%,04 |1,27%,09 | 0,69%,07 |1,66%,04 (1,60%,09 |1,78%,07
3,00 | . , - “ : 438247
0,83%,06 [ 0,78%,06 2,08%, 06 | 2,06%,06 :
, 1,91%,10 |1,74%,09 | 0,99%,09 |1.65%,10(1,72%,09 {1,67%, 09 { -
3,60 | o ) | | 433%46
1,43%,06 {1,31%,00 | 0,60%,10 | 2,10%,06 | 2,13%,09 [2,11%,10
| 2,57%,07 | 2,46%,07 { 1,75%,05 |1,75%,07 | 1,72%,07 |1,73%,05 \
4,35 R _ - | 430%34
2,14%,06 | 2,11%,06 | 1,34%,09 | 2,16%,06 | 2,14%,06 | 2,19%,00
TABLE I
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than the_kgown,leﬁel‘has been observed with more then 15 percent the intensity
of the ground stafe group, Though one gnficipaﬁes 8 fairly smooth variation
of o with energy, iniliﬁite& regions where the cross section is changing rapidly
‘(e,gog-near 2 Mev), clearly there hes been slight shifti;g and appreciaBlé”
épreading of the ﬁeaks which in turn é§n%ribu£e appreciably to the error in
excitation level determinéﬁion, The remote possibility of either Li® cross
se?fion varietion or inelasticaliy scattered neutrons being responsible for
separate neutron groups may be ruled out by their consistency in energy (at
various bombarding energies end angles of cbservation) with a definite level
assignment in Be7; More accurete comperison of relative peak intensities end
‘widths must await a precision measurement of the'LiG(h;a)Hs cross section in
the present ené?gy'rangeg such a measurement, using both. counter and plate de-
ltectiona\is rnow in progress,

.Wé now consider possible sources of errcr in some deteil, Beam energy
regulation and target thickness have already been discussed in Part I, As a
target material we chose metallic ii%hium rather than any'lithium compound
to eliminate extraneous neutron groups from p,n reactlons in the negatlve
radlcal A mess spectrographic analysis of thg‘Ll sample 1nd1cated only traces:
(0,01=0,1 percent) of Al end Ce and week presence (Obi%i percent) of Na, Con-
ceivable p,n reactions in*df'neaf:%hévfargét aréé'ﬂ(iijézgfp;ﬁ)Mg23=4,5 Mev
from Na impurity in the target; this is energetically 1mp0581ble for EP £4, 5 Mev,
(2) Cls(p,n)N13=3 Mev from pump 01IS°‘10w ebundance of the mass 13 1sotooe

(1,1 percent), together with %the use of an oil=vapof trap forward of the tar-

65 ond cu®®

get insures negligible p,n contribution from this sources (3) Cu
pan'reactions from the copper backing plate; again negligibie p,n neutrons are

obtained due to the combination of & high Coulomb barrier for protons om
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Cu (5 Mev), the Short range of 4 Mev protons in Cu (<1 mil) and the low
cu (p,n) cross 'seetic:n at ‘these proton energies, Thus theré‘_ 'shou]:d"be_. essen=
tially no extraneous neutron groups from p,n reactions in of near the target,

To consider feasible n,p reactions within the emulsion (constituting e
background from which one must x}ee.d'i'ly distinguish Li8 disin{‘:egrations‘) we
}?a‘ve{ (1) recoil protons, casily distinguished from alpha-triton pairs by
both length and grein &énsity variat:‘i.oﬁ. along the track; (2) Lis(n,p)He6-2.9
Mev, discriminafted from alpha-triton pairls by their shorter length, i,e,,
shorter than & 1i° thermal neutron disintegration; (3) N14(‘h,a')'311+0,28 Mev
and N14('n,p)014+0°63 Mev; both of these rare events are clearly dis;ting‘uished
by track length énd grain density variation; (4) n,p reactions frovagBr pres-
concentration and low cross section due to high Coul émb ‘bai‘r’ié'r seen by the
emerging proton, Thus the dengers of all extraneous n,p reactiqns , very real
in the recoil proton methcd, are almost nil with the 118 teghﬁique,

Li® monitor plates mounted in the vicinity of thé target assembly indi-
cated a background of less than ome percent for neutrons of all énefgies,

I thank Professors L, W, Alverez and E, Segre for their advicé and interest
in ‘l_:his”Wo:k é.nd ¥r, F, &J., Gilbért for his é.ssis%anc:'e in plate eipoSure and
meé‘surement,, I em indebted to the linear accelérator 'c«rew:for' ‘l':he‘ir cooperation,
and o the Ataﬁic”‘ﬁmergy Commission for thé fvelloWéhip“w‘hic'hi has sponsored

this work,

Information Division
scb/9-27 =50
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KEY TO FIGURES 1 AND 2

Figare 1
A - Coliimatingtarm.an& target assembly
B - Linear accelerator entrance valve
C = Qoadanaiyzing megnet
D - Exﬁergalmsfgéfing megnet
E - Van de Graaff'eiiﬁ_vglve

F - Iﬁtegraﬁor“SGaler-cbunfer rack

?iguré’ZuA

& - Plate holder with Cd boxes in place
B - Target cooiing fin

- Liguid air oil-vapor trep

]

--Mhnp&l ¢ontr01"on target quartz-focussingﬁdisc
= Window to terget quartz-focussing-disc

Veacuun vaive isolating target chamber (during time of transfer)

@ M t"‘i:' o
]

- Térggﬁ'pgmpouﬁ_vglve

Sylphon for adjustmeit of terget-slit position

s
]

I - Beam integrating circuit
J - Wipdqw to magnet quertz-focussing-disc -

K ~ Analyzing magnet exit-slit
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