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Further Studi~s of the Monopole Candidate 

* * P.B. Price and E~K. Shirk 

Physics Department, Univ. of Calif., Berkele~, CA 94720 

and 

** R, Hagstrbm 

Lawrence Berkeley Laboratory, Univ. of Calif., Berkeleyi CA 94720 

and 

t W.Z. Osborne 

Physics Depart~ent, Univ. of Houston, Houston, TX 77004 

Abstract 

We have measured tracks of the monopole candidate and of 106 

cosmic rays with 40 S Z S 92 in Lexan and in nuclear emulsions. The 

candidate produced effects inconsistent with those expected bf any 

positively charged nucleus. Several hypothetical particles are 

consistent with all the data. 



Unfortunately, we published our monopole paper
1 

before calibrating 

our detectors and without the airtight evidence to sup~ort ~ur claim. 

C .. 2- 5 h d h 'f h 1 • . . db r1t1cs ave argue tat 1 t eve oc1ty constra1nt Impose your 

emulsion could not be suppojted, the event might be ascribed to a 

fragmenting nucleus. Herein we report a calibration of the Lexan 

detectors and measurements on 106 cosmic rays with 40 5 Z !> 92 in Lexan 

and emulsion, showing that the monopole candidate behaved like a nucleus 

with S > 0.7 in Lexan but like a nucleus with 0.35 S S < 0.58 in ernul-

sion. The inconsistency strongly suggests that the event was not 

caused by a nucleus. 

We exposed stacks of nuclear emulsion, Cerenkov film, and Lexan 

sheets on a balloon flight6 in 1970 and on two flights
1 

in 1973. . we 

etched the Lexan so as to record tracks of particles with Z/8 ~ 60 

and studied 4Q such particles from the 1970 flight and 66 from the 1973 

flights. Figure 1 shows the smoothed response curves for the monopole 

candidate and for cosmic rays wi~h Z ~ 40 from the 1973 fl1ghts. Very 

fast nuclei penetrated the entire stack with small, nearly constant 

ionization rates; slower nuclei had ionization rates that rose steeply 

to high values with depth in the stack. Because its ionization curve 

was both high and constant, the monopole candidate appeared to be the 

most highly charged particle ever seen. 

. 1 
For this event, Fig. 2 shows the original data plus eight points 

from sheets etched later. Our calibration of the Lexan, utilizing the 

abundant Fe nuclei (Z = 26) that passed through the stack within -10 em 

of the event; showed that the response was the same, to within .±3%, 

for the 20-hour data and the 40 points from the 30-hour data, and is 
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governed by the expression for track etch rate 

vT = (0.90 ± 0.05 ~m/h) (Z*/90. 18 8) 5 • 07 ± 0 ~ 15 ( 1 ) 

where Z* is/the effective charge. (The Lexan on the 1970 flight6 had 

a different response, vT = (0.6 ~m/h) (Z*/90.18 B) 4
•

1
.) The uncertainty 

in the exponent was reduc~d by requiring the eq. 1 fit the data for 

the 14 nuclei with 40 $ Z $ 83 that came to rest in the stack, reaching 

values of vT as high as 250 ~m/h. The error in Z and B decreases with 

the number of sheets in which vT is measured; it is typi~ally 1 2%. 

The Fe data, together with data for the ~6 cosmic rays from the 

1973 flights, showed that the two sheets at ~0 g/cm2 and the two at 

~0.4 g/cm had sensitivities slightly different than given by eq. I. 

The etch rates for these sheets have been appropriately normalized in 

Fig. 2; the large error bars for these points include the .uncertainty 

in normalization. 

The average etch rate is (2.9 ± 0.1) ~m/h corresponding to Z/B = 114. 

The weighted least square; line in Fig. 2 has a slope of (0.048 1 0.046) 

~m/h per g/cm 2
, corresponding to Z = 108, at B = 0.95. Decreasing the 

slope by a would give a constant etch rate consistent with Z = 114, 

B = 1. To fit the Lexan data with the long-lived nuclide 247 Cm at 

B = 0.856 would require increasing the slope by 4.8 a. 

Table 1 shows that the 1 ikelihood of a nucleus accounting for the 

Lexan data depends very strongly on velocity, dropping to a level 

~2 x .lo-a for B as lew as 0. 1. As a measure of 1 ikel i"hood of a hypo-

thesis we took the product of column 4, the total probability (see ref. 

4) of observing a given number of fragmentations with loss of charge 
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6Z = 1 or 2 in any space exposure with similar Lexan detectors, and 

column 5, the F-test confidence level that the hypothesis gives as small 

a reduced X2 as does the least squares straight line. The F-test 

obviates the need to know o•s if they are the same for nearly all points. 

Figure 3 shows two quantities, core radius and halo radius, that 

we measured microscopically in emulsion. The abscissa, Z/8, was deter

mined from measurements in the Lexan stack. The core is the central 

region of almost completely developed silver grains. Due to the 

shrinkage of the emulsion after fixation, the core expands by a frac

tional amount that is greater for a steep than a shallow track. The 

core radii in Fig. 3(a) have been corrected for this purely geometric 

distortion. In any model of track structure the radius of the core is 

a nearly linear function of Z/8, independent of 8. The data show that 

our measurements of core radii provide a measure of Z/8 to within 1 6 

units. From the core radius of 6 ~m and a least squares line through 

the data in Fig. 3(a), ~e infer Z/8 = 109 ± 6 for the monopole candidate. 

This value should agree with the value 114 inferred from etched tracks 

in Lexan, because both the core in emulsion and tracks in Lexan result 

dominantly from low-energy knock-on electrons produced in collisions at 

large impact parameter governed by Rutherford scattering. This agree

ment provides strong evidence that the sensitivity of that portion of 

emulsion traversed by the monopole candidate was the same as the sensi

tivity of emulsion traversed by the nuclei, because the size of the core 

is very sensitive to emulsion sensitivity and\degree of development. 

As seen in a microscope at 40X, the grayness resulting from 

energetic knock-on electrons falls off with radial distance from the 

-4-



U ' ,.q 6 0 6 

core, becoming indistinguishable from the background at a distantc 

denoted as the halo radius. Models of track structure predict a corre-

lation of distant energy-deposition with Z/8 at high a. Such a corre-

lation is seen in Fig. 3(b) for all the nuclei with 8 ~ 0.58, but not 

for the monopole candidate, whose halo radius is only about half that 

for the nuclei with s.imi lar Z/8. (Halo radii for nuclei with B < 0. 58 

(not plotted) show a large dispersion that brackets the point for the 

monopole candidate.) The photomicrographs in Fig. 4 show that for the 

monopole candidate the region between the core and the halo is also 

deficient in knock-on electrons. In (a), the gray region around the 

track of the monopole candidate (Z/8 = 114, zenith angle 0 = 11°) is 

much smaller in extent than that in (b) for a nucleus with nearly 

identical Z/8 and e but much larger halo radius (Z = 75, B = 0.67, 

Z/8 = 112, e = 14°). The size bf the gray region in (a) is similar to 

that for tracks of nuclei with Z/8 ~ 80, just as is the halo radius 

(Fig. 3b). The difference between (a} and (b) cahnot be expla'ined as 

a fluctuation, because the gray region is the cumulative result of 

energy deposited by >10 3 knock-on electrons. Easily followed a-rays 

establish that some electrons traveled at least 60 )Jm, implying from 

kinematics that the incoming particle had 8 ;:: 0.35. 

The 1973 stacks conta.ined two layers of plastic-backed Kodak 

NTB-3 emulsions each 10 )Jm thick. In the thin emulsion the core radiu~ 

was about the same, but the distant energy-deposition was only about 

half as great, for the monopole candidate as for nuclei with similar 

Z/8 (including the one in Fig. 4b). 

A nucleus (possibly fragmenting) ~ith Z- 90 to 114 and Z/8: 114 
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would be consistent with the Lexan data and the core radius but would 

produce far more high-energy (>50 keV) knock-on electrons than are 

consistent with the halo radius measurement and the photomicrographs. 

Several hypothetical particles appear to be consistent with all -. 

the data thus far analyzed: 

1. A monopole 7 (or dyon ) with g = 137 e, 0.35 :::; B < o. 58. Ahlen 

has shown 
8 

that the ionization rate of a monopole decreases as i t slows 

down and that at low 8, if its mass >10 3 amu, ·it may mimic a fast nucleus 

with Z/8 = 114. A less massive monopole would slow too rapidly to fit the 

Lexan data. 

2. A slow (0.35 ~ 8 < 0.58) particle with electric charge Qe, 

Q/8 = 114, and A/Q >> 2. The experimental upper limit on the increase 

in ionization rate through the Lexan stack requires that the mass exceed 

a value that ranges from -7000 amu for Q = 40, 8 = 0.35, to -1600 amu 

for Q = 66, 8 = 0.58. Such a particle might be elementary (cf. refs. 

9~11) oi might consist of a supermassive, lightly charged particle bound 

to a highly charged nucleus. 

3. A fast (8 ~ 0.58) particle with jQj/8 = 114 and charge 

66 ~ jQj ~ 114, provided it prbduces a ·sufficiently small number of 

high-energy knock-on electrons. As an example, the Mott cross sec~ion 

for high-energy knock-on electrons is much smaller for a highly-charged 

. 12 anti-nucleus than for its charge conjugate. An anti-nucleus with 

IZI ~ 82, possibly fragmenting, wbuld be consistent with the data.
13 

Automated measurements of the radial distribution of silver grain 

density in emulsion and a complete study of the two thin e~~lsiohs and 

of the Cerenkov film, which is still being analyzed, may enable us to 

eliminate some of the above explanations. We cannot claim to have 
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f6und a monopole, but we believe the evidence for a new class of highly 

ionizing particles to be sufficiently strong to stimulate intensified 

searches for more. 

We thank S.P. Ahlen, B.G. Cartw~ight, A.S. Goldhaber, M. Goldhaber, 

... E.M. McMillan, and L.S. Pinsky for valu~ble contributions. 

,~ 
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Table 1. Hypothet i ca 1 Fits to lexan Data 
, . 

• 
z No. of Total prob. Con f. level 

frags. in any from 
flight F-test 

76 .. 704 2 .002 10-5 

82 . 744 2 .002 .005 

90 . 809 . 1 . 1 

96 . 854 . 1 

108 .952 0 7 

pole <.58 0 7 . 5 

Figure of merit col. 4 x col. 5 (see text). 
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Figure Captions 

Figure 1. Smoothed response curves of ultraheavy particles from 1973 

balloon flights. 

Figure 2. Calibrated Lexan data for monopole candidate. Least squares 

line fits Z = 108, B = 0.952. Saw-tooth curve is for 

S = 0.7, Z = 76 to 74 to 71. 

Figure 3. (a) Monopole candidate (X) has same dependence of its core 

radius on Z/S as does population of fast nuclei with 

40 $ Z S 92; but (b) its halo radius is much smaller than 

that of a fast nucleus with same Z/S. 

Figure 4. Evidente for the deficiency of silver grain~ around (a) 

monopole candidate compared with (b) a nucleus with nearly 

the same Z/S. 
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