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SUMMAHY OF WEEKLY RESEARCH PROGRESS MEETING OF MAY 22, 1952
vdbnyengeyﬂSnewchuck“ ;

I, An Excitation Furction for the Resction p + p——sm* '+ d. A, Schulz,

N The experiment dlscussed 1n this talk has been summarlaed'ln an abstract
report UCRL~1703, entitled “The Excitatlon Function for ﬂ' Mesons Produced in
p =P Colllsions" by A. G° Schulz, Do Hamlin, M, Jo Jakobson and Je MerrJ tto It
is reproduced as follOWS° | b

"The relative cross sections at one angle for the reaction pv+ p__97f +d heve
been measured u31ng the external proton bean of the Berkeley synchro~-cyclotrono

Theqr mesons produced at 0° + 5 to the beam dlrectﬂon are magnetlcally separzted
from the proton beam and detected by sclntlllatlon coanters u31ng a delayed coin=
cidence between the 7 and its u deoay° A pOLyeth*leneucarbon dlfference is
used to obtain the hydrogen contrlbutlono In order to obtain prOuons of various
energies below 340 Mev, lead absorbers are placed in the proton beam immedlately
ahead of the polyethylene and carbon target504 ThevT cont ibution from the
lead .absorbers is automatically subtracted with the carbon contribution,

At each proton energy the ﬂ’ energy spectrum is seanned 1n the reglon of the
characterlstic peak attribvted to the reactlon given above and the relatlve
. day&iJL is obtained by 1ntegrat1ng over meson energy° The data obtalned thus far
agrees with an EB/ curve, where E is the meson klnetzc energy 1n tbe center mass
system. The data 501ns smoothly Wlth ohe data for higher probon energiss as ob-
tained from the 1nverse experlment and detalled balanclngo“ |
' II, irst Exclted States )ﬁ EzenéEven Nncleio Ja Rasmussena

Exten31ve work w1th < decaV'schemes in recent years has determined many
energles‘and a few spln and parluy a551gnmente for lonlylng nuclear levrls. The
, nuclear shell model has been quite su.ccessf’u1 in the corr elation of 8p1nzand par-

: 1ty a531gnm9nts of ground and excited states of nuclel with odd mess number, but
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’it has seldom been applied to. interpreting spectra of the even-even nuclei.
'In;Figure 1, there”are plotted;the"energies of first excited states of even-
even nuclei against the mass numbero' One notes the maxima in energy at the closed
shell "maglc number“ nucleio The smooth trend with A, especially in the region
) of large A is quite strikingo The energy tends to level of f at AO)Kev for
: high mass numbers, as recently 1nd1cated by Asaro and Perlman.l Another rega-
ularity in these excited states in the emplrical rule of Sunyar and Goldhaber
| that the first eXC1ted state usually has sp1n 2 and even parltY9
| A s1mple oalculation of rotational energy levels of a spherical drop of
“”ndclear mass and dimensions yields energles in the neighborhood of a few kev
| jfor the heaviest nucleio‘ Teller ard Wheeler3 have discussed at 1ength the opu
eratlon of exchange effects in elevating rotational levels, The lower dashed
-lline in Figure 1, represents the simple rlgid rotator J '2 level.t It is de-:

'slgnated by E nin, 7= 2 and COmputed by the equation°
CR. s T 4 L .’?5/3
.EJ (1 12 o 54 475/3 Vev.
-

The upper dashed line is the estimated limiting energy below which rotational
1evels will be absent, given by Rosenfeld4 as El

" '1er3 estlmate the limit somewhat lower than Rosenfeldo

Tog ot

~ AO/A Mev. Teller and Wheem

| None of the experimental points lie below the dashed line correspondlng to
the‘slnple J = 2 rotational level° Too, the experimental curve generally 11es
above the Eli value except in the reglons near A = 170 and the heaviest nucleio
Since the estimates of the Elim are only approx1mate, 1t is 1ndeed tempting to .
identify the 1= 2 flrst exclted states w1th‘the J= 2 rotational levele Theu,
the observed sharp energy max1ma at closed shel s and the broad mlnlma in bet~

:ween might be explained qualitatively as follows° The closed shell nuclear

configurations
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have a:ligh degree ©of rotational sjmméfﬁy; whiéh7eie€d£€s*ﬁhégréﬁéﬁibﬁél‘épgrgy‘
. levels to verj‘highfvalueéai'As eﬁefprdceedé"awai'ffbm”théﬁcibééd shell ‘nuclei,
the.symmetriés:tend“rapidlyfté‘bé”"ﬁééhéd“but"be'the'éxtfé3ﬁﬁeié3ﬁ§f5r Holes ‘and
the rotational levels tend to descend toward the values that would be obtained in
“the totally random liquid-drops - The . effect isﬂparticularly“Strikiné'aboﬁp‘the
‘doubIY-elosed-shell‘nucleuS'szoso | ' ' R |

One significant’ feature of the liquid drop'model that woild ‘diminish rotat-
ional simmetry, and consequently lower the rotational energy”lévélé;"§§%fﬂéﬁéern
point_vibrationoz*The*lOWEStIpossibIe”mode*of'vfbra%ibﬁ‘ié;df'éeéghdfggaer (n=2).
 Since two-fold rotational symietry is unaffected by the ifportant =3 mods of
vibration the exchange effects of Téller and Wheelerd would be axpeéted to af-
fect, the'nuelear;rotational*leﬁelszby*raising'thé'ddd’iéveiS'fér‘ébdﬁéffhéﬁéQEn.
~ One thus. may.account for.the empirical rule thdt-the5fiiét;éiéitéa“étéieéfbfv
even-even hﬁelei are usually spin two, even parity. k

If the liquid drop interpretation of ‘the low-lying ievels in even<even
nuclei is validfandfif'thé principal ‘factor diminishing the rotational ‘symmetry
| is the zero pointﬁVibrétioné then there follow consequences affecting the
thebriés of-'fission and alpha decay.  Since gero point vibration would be at
a minimum for.nuéléi at or near closed shell configurations, such nuclei
.evidently show thebgreatest resistance to deformation from the spherical shape,
?ggé;Pb??Se This is :easonable in thet for particles in a spherical box (in-
fiﬁitg pgﬁential walls) the total energy of a system of particles in closed
shells will increase with with any distortion ét cpnsﬁgnt.voluma from the
spherical-spépeo The var?ation in resistance to spheroidal distortion might
be represented in fhe liquia drop model as a varying surface tension reaching

- maxima at closed shell configurations. Fission predictioné based on liquid
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,dgpp;mhoweVer,.have varied_frqm @xperimen@; but the theory modification dees not
_téeem too‘serious_in the‘heavy nuclei_regioho Future .data on the energies of the
firgt excited'gtapes ofdgyengeven}nuc;eitfor"A:>238vmay_help decide whether the

_explapation:of the_fiqsion_threshol@hbehavior;byuan increasing surface tension

| _ ig-reggpnable. .Alpha_decay rates s hould likewise -be affected by the variation |
in émpliﬁﬁde'of the zero point vibration. That'is,«alpha decay rates should be

._lowef néar4closed shell configurations, since the effective nuclear radius will
ﬁ be smaller there,

Possible conséquences of .the two-model theory. of nuclear levels may be
eonsidered. -The single particle wave function theory has been quite successful
:;n ipterprep;ng nuclear levels of odd nucleon nuclei. Yet there seems to be
_goodfevidenée“fpr.interpreting many low=lying levels of-even-even nuclei in
térmg'oflrotgtioﬁalllevels»qfva 1iquid drop, perturbed by the:Teller-Wheeler
e#éhénge'effectse-

: _ia_vFo Asaro and I. Perlman, to be published in Phys. Rev.
. 2e¢ M. Goldhaber and A. Wo'Sunyar, Phys . Rev, 83, 906 (1951).
3; ;E. Teller and Jo A. Wheeler, FPhys. Reve 53, 778 (1928).
L. vL; Rosenfeld, Nuclgar,Forcesg Interscience Fublishers, New York:4-~

1949. P 279.
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