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First results from an experiment

searching for magnetically charged particles bound

to elements from the CDF and DO detectors
will be reported. The experiment will be de-
scribed, and limits on magnetic monopole pair
production cross sections for magnetic charges
1, 2, 3, and 6 times the Dirac pole strength
will be presented. These limits are hundreds of
times smaller than those found in previous Fer-
milab searches. Using simple model assump-
tions for the photonic production of monopoles,
we can convert these cross section limits into
mass limits in the hundreds of GeV range.
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factor. [M=induced magnetization, the additional interaction employed for
the relativistic spin-1 calculation, We use n = 1 except for the deuteron,

where n = 2 is required for binding.
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Remarks on Binding

¢ Dyons always bind to charges of the appropriate sign.
e Monopoles bind to magnetic moments if certain conditions
on the magnetic moments are satisfied.
* Binding in the lowest angular momentum state re-
quires for the anomalous magnetic moment of the nu-
cleus ("signifies nuclear units)

% 1
2nZ’

Example: 27Al (spin 5/2) binds.

* Binding can occur for negative x in higher angular
momentum states if certain inequalities are satisfied.
For example, for spin 1/2, binding will occur if

2 nz
J 4 J -~ (2)

Example: $Be (spin 3/2) does not bind. (However,
nuclear rearrangement may occur. )
¢ The binding energies are highly model dependent, depend-
ing, in general, on additional interactions since the 1/r°
potential is so singular. Typical values range from 10-
1000 keV. (One estimate for Al is 2.6 MeV.)
¢ [ am working on refining these estimates and models, par-
ticularly relativistically.
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This is a simple tunneling situation. The decay rate is estimated by the

WEKB formula
[~ lﬂ-n;:,f:mv-s}’ (1)
a
where the potential is
Va-tl_ o8 (2)
=5~ Br,

M is the nuclear mass < monopole mass, and the inner and outer turning
points, a and b are the zeroes of £ ~ V. Provided the following equality
holds,

(=E)* > g*uB?, (3)

which should be very well satisfied, since the right hand side equals 10°*'n"
MeV?, we can write the decay rate as

: S 3 ;
[~ n~"/210%¢~ exp [-—-——:ﬁ? (r—nf-:) :-%.A”’ (E_ﬁ)m] v (4)

where the critical field, defined by ¢B, = ml, is 4 x 10° T. If we put in
B = 14T, and A = 27, =E = 2.6MeV, u.ppruprimtwﬁhl we have for
the exponent -2 x 10", corresponding to a rather long time! To get a 10 yr
lifetime, the binding energy would have to be only around leV. Monapoles
hound with kilovolt or more energies will stay around forever.

The question then arises of whether the entire Al atom can be extracted
with the 1.5 T magnetic field present in CDF. The answer seems to be un-
equivecally NO. The point is that the atoms are rigidly bound in a lattice,
with no nearby site into which they can jump. A major disruption of the
lattice would be required to dislodge the atoms, which would probably re-
quite kilovolts of energy [J. Furneaux, private communication]. Some such
distuption was made by the monopole when it came to rest and was bound
in the material, but that disruption would be very unlikely to be in the di-
rection of the accelerating magnetic field. Again, a simple Boltzmann argu-
mmtslmmthﬂmﬂﬂ!ﬂﬁwbinﬁlﬂ;aﬂlﬂlrf than 1 eV will result in
monopole trapping “forever.” This argument equally well to binding
ofmnepolumfuwmh If monopoles bind strongly to nuclei there,
they will mb,tmtedbyﬁ‘l‘m contrary to the arguments of E.
Goto, H. Kolm, and K. Ford [Phys. Rev. 132, 387 (1963)]. The mm
:qﬁﬂummbﬁmwmhmhcuﬁm Je, B
P. Strauss, and G. Giacomelli, Phys, Rev, D 17, 1754 (1978)] are suspect,
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Figure 1: Diagram of monopole detector

4. Obtain the following formula for the magnetic flux subtended by the
loop:

® = jﬂ-a-w[ﬂz-z*;
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FIG. 1. “Pseudopole” curves. a) Comparison of theoretical
monopole response to an experimental calibration and of a
simple point dipole of one sample with that calculated from
the theoretical response curve. b) The observed “step” for
a pseudopole current, corresponding to 2.2 minimum Dirac

poles,

embedded in an Al sample,



Monaple_data vd vi
10/15/98 3144 PM

0080

L

1 0E- 1

OB

LT R
A HE Se
BOIE-Te
Ll




14

\
Wg 6 = « SBe5P ' 2a
o 4 —— Step fit |
7]
& =™ {
o i
a ot f I v ——
“rl
T -2 ! % ' '
S -4+ '
& .6 | |
- I T{ | S
0 20 40 60 80
Position (cm)
g
E 44 2b
o L]
< I J ,J|' y
§- 0 -‘!-m-'"mmniu -'l-* i il -l:":, Te Ty Ceprpeatlar
L .
v 7 '{ Il” . S133A
& -4 ' l = Step fit
% : o
j | : | 1
0 20 40 60 80
. Position (cm)

FIG. 2. Sample Spectra. a) Beryllium sample “SBe5P,”
and b) aluminum sample “S133A1.” The observed steps are
=08 mV in a) and 4+0.4 mV in b). The dipole signals are
off scale in the middle regions of the plot in this vertically
expanded view,
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FIG. 3. Histogram of steps. Vertical lines (dashed) define
the expected positions of signals for n = =1, 0 and 1. The
Gaussian curve (dashed) corresponds to 228 measurements
having an average value of 0.16 mV and an rms sigma of
0.73 mV. The eight samples in the tails were remeasured and
fell within £1.4F mV of n = 0.
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Magnetic Charge n=1 n=2 n=3 n==6
Sample Al Al Be Be
dQ /4 0.12 0.12 0.95 0.95
Mass Acceptance 0.23 0.28 0.0065 0.13
Number of Poles <3574 <24 <24 <24
Upper limit on cross section 0.79 pb .57 @_,&ﬁ_u B LY 23 24 pb 0.1¢ pb
Monopole Mass Limit > 960 GeV 295 > 355 GeV > 395 QeV > 420 Ge\
TABLE 1. Acceptances, upper cross section limits, and lower mass limits, as determined in this work. Total luminoesity a
D@ is 160+ 8 pb—".
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