Lawrence Berkeley National Laboratory
LBL Publications

Title
SEARCH FOR SUPERMASSIVE CAHN-GLASHOW PARTICLES IN LEAD

Permalink
https://escholarship.org/uc/item/7ss0w4sd

Authors

Norman, E.B.
Chadwick, R.B.
Lesko, K.T.

Publication Date
1988-11-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7ss0w4sq
https://escholarship.org
http://www.cdlib.org/

LBL-22884 o 2

Preprint

E Lawrence Berkeley Laboratory
UNIVERSITY OF CALIFORNIA

RECE!VE}

r

Submitted to Physical Review D

Search for Supermassive Cahn-Glashow
Particles in Lead

E.B. Norman, R.B. Chadwick, K.T. Lesko,
R.-M. Larimer, and D.C. Hoffman

November 1988

[N TIOre

BERK

RHELEY LABORATOR'
MAR 20 1989

IZRARY AND
DOCUMENTS SECTICN

Prepared for the U.S. Department of Energy under Contract Number DE-AC03-76SF00098.

—
b ee -~ 1A



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



(>

Search for Supermassive Cahn-Glashow Particles in Lead

Eric B. Norman, Robert B. Chadwick, K. T. Lesko, Ruth-Mary Larimer,
and Darleane C. Hoffman
Nuclear Science Division, Lawrence Berkeley Laboratory,
1 Cyclotron Road
Berkeley, California 94720 -

Abstract

A radiochemical search has been made for negatively charged
massive elementary particles (X ~ ) bound to lead nuclei by
utilizing the fact that such systems would have the nuclear
properties . of lead but the chemical properties of thallium. We
looked for evidence of PbX ™ by searching for gamma rays emitted
following the beta decay of 208BiX ~ produced by PbX -(p,xn)
reactions. No evidence of such decays was observed and a limit
has been established on the possible concentration of X ™ particles
in lead of < 1.5 x 10713 per nucleon.

PACS numbers: 14.80.Pb, 23.20.-g, 27.80.+w



l. INTRODUCTION

It has been suggested that massive, long-lived, electrically charged

elementary particles (X %) may have been produced in the Big Bang and

_have survived to the present day in concentrations small-enough to have

1

escaped detection.’ If, as has been suggested, such particles have only

- electromagnetic interactions with ordinary matter, then an X * particle would

- eventually capture an electron and then behave as an anomalously heavy

isotope of hydrogen. ‘An X~ particle would eventually become bopnd to an
atomic nucleus and thereby reduce the effective nuclear charge by one unit.
Thus, the chemical properties of an atom of (Z,N)X' would be those of an
ordinary atom of (Z-1,N), while itsv nuclear properties would be nearly the
same as those of the nucleus (Z,N) (see Glashow and co-workers 1’2).
Estimates of the numbers of such massive elementary particles th‘a,t were
produced in the Big Bahg depend sensitively on their assumed properties. If
these objects are hadrons, then their abundances have been estimatéd to
be in the range of 1012 1 10710 per nucleon.3:4 I they are leptons,
however, their concentration may be as high as 1070 per nucleon.4

Several previous searches have looked for anomalouély heavy isotopes
of hydrogen, which could correspond either to X ¥ particles or to HeX -
bound states. 287  These experiments have established that for masses
< 1 TeV, the concentration of such objects in terrestrial waféf i.s less than
| 10729 per nucleon.” While this limit appears to rule out the exisféhce of X+
“particles in anywhere near their predicted abundance, it does not

necessarily preclude a much larger abundance of X~ 's. Such an

asymmetry might have been produced by the same type of process that led

v
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to the observed excess of baryons over antibaryons in the uni)verse. "
Searches in beryllium, boron, carbon, nitrogen, fluorine, magnesium, and
curium have established upper limits on the possible con'centrationsAof X"
particles in these elements that range from 1078 10 10720 per nucleon.8-12

However, as discussed by Turkevich, Wielgoz, and Economou,9

nucleosynthesis arguments suggest that these elements may not have been

the most favorable places in which to look for X ~ particles.
~ Calculations by several authors? 13:14.15 have shown that‘during
charged-particle-induced nucleosynthesis, X " 's will be preferentially

concentrated in the heaviest element produced. Since iron is the element

with the highest nuclear charge produced throUgh such fusion reactions, an

enhanced abundance of X "~ 's in iron was suggeéted by some of these
investigators. A recent search by Normah, Gazes, and Bennett13, however,
found no evidence for X ~ particles in iron and established a limit of < 1.2 x
10712 per nucleon. |

Nucleosynthesis of the elements more massive than iron occurs via the
s-(slow) and r-(rapid) processes in which successive neutron céptures are
interspersed with beta decays. Neutron-capture crovss sections should not
be éffected by the presence of an X ) in a nucleus. However, as a result of
the variat‘ion in the Coulomb binding enérgy with nuclear charge, the
presence of X~ particles in nuclei alters the relative masses of all members
of a given isobar. This changes the energies available in beta decay and,
hence, the beta decay half lives. The beta-minus decay rates of nuclei on

the neutron-rich side of the stability line will be increased by this effect.

- Since lead is a major product of such neutron-capture nucleosynthesis, an

enhanced concentration of X~ particles in lead has been sugges’ted.1



We have performed a radiochemical search for PbX ™ systems, whose
chemical properties would be those of thallium. As in all previous searches
of this type, the critical assumption we made is that X~ particles have only
electromagnetic interactions with nuclei. We calculated the Coulomb
binding energy of an X~ patrticle to a nucleus using the expression derived

- by Cahn and Glashow!

for spherical nuclei with uniform charge
distributions. This calculation shows that an X~ particlev is bound by 302
keV more energy to a bismuth nucleus than to a lead nucleus. Thus, the
- energy available for the nuclear beta decay of 24068ix " is 302 keV less than
that for the decay of 208g;. The two principal decay modes of 206B; 10 the
levels at 3.403- and 3.279-MeV excitation energy in 206py, “have log ft
values of of 6.5 and 6.9, respectively.16 We assume that the Ibg ft values

for the beta decays of 206 x - are the same. as those for 206_Bi, because

nuclear matrix elements should not be affected by the presencé of an X".

An X~ bound to a nucleus could also shift the energies of the excited states
of that nucleus. As a result of the collective nature of the excited states of
: 206Pb, such shifts in the positions of these levels are expected to be quite

16 major decay

smalll? and are neglected in our analysis. The known
modes of 208g; and the results of our ca!culations for the 206Bjx - decay
écheme are shown in Fig. 1. We find that the beta decay half-life of 206y -
-is approximately 64 days. The primary ganima ray from 206p;x - decay will

be essentially the same as that from 206p; decay.
1. EXPERIMENTAL PROCEDURE

We looked for evidence of PbX ™ by searching for characteristic gamma

rays emitted following the beta decay of 206g;x - we attempted to produce
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208B;x - via the.PbX “(p,xn) reaction. A thick disk containing approximately
23 grams of 99.9999% pure thallium metal (which could contain PbX -
bound systems) was bombarded for 4.5 hours with a 3 microAmpere beam
of 25-MeV protons from Lawrence Berkeley Laboratory's 88-Inch Cyclotron.
The bombarding energy was chosen to be just below the threshold for
scattering an X ~ particle out of a lead nucleus. After the sample was
allowed to cool for approximately one month, the lead fraction, which would

contain any 206p; - present, was separated from the target. To do so, the
target was first dissolved in 12 M HoSO4 . In order to determine the lead

recovery efficiency, a small amount of 212py, tracer was added to the

solution. The lead fraction was precipitated as PbSO4 and subsequently
dissolved in a mixture of 6 M NH4COOCH3 and 6 M CH3COOH. N32C|'O4
was then added to precipitate PbCrOy4. This precipitate was dissolved in a
mixture of 6 M HCl and 3% H20O2 and sorbed ona 5 mm x 100 mm column
of AG1-X10 anion- exchange resin. The lead fraction was eluted with 6 M’
HCI and then evaporated to dryness 6 M NHJCOOCHg3 and 6 M
CH3COOH were added and the solutnon was brought to the boiling point.

NasCrOg4 was again added to reprecnpltate PbCrO4 which was filtered and

then mounted on a p|anchet for countlng From measuring the 212py,

activity before and after the chemlcal separation, we determined that the

r
i

lead recovery efficiency was 96%. .
Approximately .two months after the proton bombardment, the lead

fraction was counted for a period of 24 hours at a distance of 1 cm from the

3

front face of a 100-cm* intrinsic germanium detector. The detector was

~shielded on all sides with 10 cm ot low activity lead. The detector efficiency

was measured in the same geometry using standard calibrated gamma

sources. The photopeak effrcnency at 803 keV was found to be 2.46 x 10 2



. RESULTS AND DISCUSSION

The gamma-ray spectrum below 1 MeV observed in counting this lead
fraction is shown in Fig. 2. The major peaks seen in this spectrum are due
to the decay of 293Pb, which is produced by the 203Ti(p,n) reaction and

was obviously recovered in the lead chemistry, and the decay of 202Tl,
'which is produced by the 203Tl(p,pn) reaction and was not completely
removed by the chemistry. All of the observed peaks could be éssigned to
the decays of known nuclei. From the measured widths of known gamma-
ray peaks and from the measured backgrouhd counting rate near the
d 206g;

expecte X~ photopeak position, a 16 upper limit of 17 counts was

established for the 206Bix - decay gamma ray. It should be noted that
| because there are no unidentified peaks between 525 and 1000 keV, this
limit is not very sensitive to the exact position chosen for the 206;x - decay
gamma ray. From this limit and the measured efficiencies, we placed a limit
on the number of 206gjx - nuclei present in the irradiated sample of
<1.3x10°.

In order to convert this limit on the number of 206BiX ~ nuclei into a limit
on the number of PbX ™ nuclei initially present in the thallium target, we
needed to detefmine the thick-target yield for the Pb(p,xn)zoeBi reaction.
To’ do so, we bombarded a thick disk of 99.95% pure lead metal of natural
isotopic abundance with a 115 nanoAmpere beam of 25-MeV protons. After

bombardment, the sample was counted with a 100-cm3 germanium
detector. From the measured yield of 206p; gamma rays, we detemﬁi;ned

that the 206g; yield per incident 25-MeV proton on a thick target of natural

isotopic composition lead is (1.0 + 0.2)x10-3 . The presence of a X - particle



in a lead nucleus should increase this yield as a result of the Iowermg of
both the Coulomb barrier and the reaction threshold energy. However |n .
order to establish a conservative limit, we have assumed that th:s'yleld is
unaffected by the presence of a X .

We then established an upper limit on the concentration of F’bX" nuclei
in thallium. Using the fact that the solar-system abundance of tead is 13.7

times that of thallium18,

we find that the concentration of X ™ particles in lead
is <1.5x 10713 per nucleon. This ||m|t is well below the level expected if
X 's were distributed uniformly in all matter This is in spite of the enhanced
concentration of X~ 's in lead suggested by nucleosynthesis arguments. As
in all previous searches of this type, the present search was carried out on a
terrestrial sample of unknown geochemieal history. While the possibility of
significant mass fractionation cannot be completely ruled out, the stud‘ies of

19 20 indicate that such effects should not have

Jdrgensen'” and Bigeleisen
greatly depleted the abundance of PbX " in terrestrial thallium. On the basis
of the possnble mass fractionation durlng our laboratory chemical
processing of the sample, the present limit should be apphcable for X~

masses up to about 100 Tev.®
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FIGURE CAPTIONS

1. a) Known principal decay modes of 206B;.
b) Calculated decay modes of 206 x Nofe that the spins shown for
o the levels in 206BiX" and 296ppx - neglect the possible spin of
 the X~ particle. ‘ '

2. Gamma-ray spectrum below 1 MeV observed in .24 hours of Counting the
lead fraction extracted from the proton-irradiated thallium sample. The
expected position on the 206B;x ~gamma ray (which is essentially the same
as that for 206_Bi) is indicated by an arrow. Unlabeled peaks are due to

background activities. All gamma-ray energies are given in keV.
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