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Bound on the flux of magnetic monopoles from catalysis of nucleon decay in white dwarfs
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Catalysis of nucleon decay in white dwarfs is used to constrain the abundance of magnetic monopoles
arising from grand unified theories. Recent discoveries of the dimmest white dwarf ever observed, WD
1136-286 withL=10"*%4_, place limits on the monopole flux that are two orders of magnitude stronger
than previous bounds from white dwarfs. An abundance of monopoles greater than the new bound would heat
this star to a luminosity higher than what is observed. The new boun@/sT(?s *sr?) (ov/1028cn?)
<1.3x10 (v, /10 3c)?, where vy, is the monopole velocity in the Galaxy. The limit is improved by
including the monopoles captured by the main-sequence progenitor of the white diuamia ¢s srl)
(ou/10-28cn?) <3.5(26)x 10~ 2 for 10'7 (10'®) GeV monopoles. We also note that the dependence on mono-
pole mass of flux bounds due to catalysis in neutron stars with main sequence accretion has previously been
calculated incorrectlypreviously the bound has been statedFds1/10 2 cn?)<10 2cm 2s tsrl]. We
show that the correct bounds are somewhat weaker for monopole mass other thaBe\L.0
[S0556-282(199)05404-1

PACS numbds): 97.20.Rp, 13.30.Ce, 14.80.Hv

[. INTRODUCTION The energy produced by the nucleon decay heats up the ob-
ject and results in a flux of photons from the surface of the
The question of whether or not magnetic monopoles exisebject. One can then compare this predicted luminosity with
has intrigued theorists and experimentalists for a long timavhat is actually observed. One must ensure that the mono-
[1]. In 1974, 't Hooft[2] and Polyakoy[3] independently —poles would not make the object brighter than what is seen.
showed that magnetic monopoles always appear as stablée coolest stafor other objedt seen provides the tightest
topological entities in any grand unified theoi@UT) that  limit on the monopole flux. If there were more monopoles
breaks down to electromagnetism. Hence, if grand unifiedhan allowed by the bound, then the dimmest star observed
theories are shown to be correct, monopoles of mass in theould not exist.
range 18°-~10°GeV should exist. Rubakop4] and Callan Several authors have carried out this kind of analysis in
[5] calculated that these monopoles catalyze nucleon decdjeutron starg10], nearby pulsar and white dwarfs. The
with a cross section characteristic of strong interactiens, ~strongest bound was obtained from consideration of the ca-
~10 28cn?. (Throughout, we také =kg=c=1.) talysis process in PSR 19290, an old pulsaf11]. From
The abundance of these monopoles is an open questioflis pulsar, the bound on the product of monopole flux times
The Kibble mechanism predicts roughly one monopole pefross section for catalysis isF(cm ?sr *sec ) (ov/
horizon volume at the time of the grand unified phase trand0 ?2cm?)<7x10 % If one includes the monopoles cap-
sition. However, this estimate provides a severe overaburiured by the main sequence progenitor of the white dwarf,
dance of the number of monopoles: monopoles overclose tHéiis bound becomes even tighter2], (F/cm 2sr 'sec™)
Universe by many orders of magnitude. Instead an inflationX(ov/10 2cm?)<7x10 %8 In Sec. IV we will indicate
ary epoch 6] may reduce their density in the Universe. Thencorrections to this work. We will show that the correct
the present abundance is difficult to estimate. A clue fobounds are somewhat weaker for monopole mass other than
experimentalists about what monopole flux to expect can ba0'’ GeV. The consideration of monopole dynamics inside
provided by astrophysics. superconducting neutron-star cores leads to a bound 5
The Parker bouni7] on the flux of monopoles was ob- X 10 ?*r;2cm 2sr *s1[13], wherery, is the age(in 10%°
tained by requiring survival oftG magnetic fields observed years of the pulsar’s present magnetic field.
in our Galaxy and gavé& <10 ®cm 2sr 'sec’. Subse- As neutron stars are the densest astrophysical objects ob-
guent improvements on this work include consideration ofserved, they give rise to the tightest catalysis bounds. How-
the monopole velocitief8] due to acceleration by the galac- ever, there is a certain amount of uncertainty due to the fact
tic magnetic field. Another improvement is the extendedthat the interiors of neutron stars are not well understood. For
Parker bound, which required survival of a smaller seecexample, neutron stars can have very large magnetic fields
magnetic field in the early period of the Galap@]: F<1.2  ~10“G of unknown topology, and the motion of magnetic
X 10" ¥(m/10'" GeV) cmi?s tsrt, monopoles inside the neutron star would undoubtedly be af-
Another class of methods for determination of the mono-fected by these magnetic fields. In addition neutron star in-
pole flux is based on the hypothesis that GUT monopolegeriors may contain pion condensates, again with uncertain
give rise to the catalysis of nucleon decay. The basic idea isffects on the monopoles. Because of the uncertainties with
that monopoles traveling through the Galaxy lose enougmeutron star interiors, we turn to the next densest astrophysi-
energy to be captured in an objéetg. white dwarfs, neutron cal objects in the Universe, white dwarfs. These stellar rem-
stars, etg.where they subsequently catalyze nucleon decaynants are far better understood. The flux limits obtained from
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consideration of the catalysis process in white dwarfs arés captured. Electronic interactions are considered to be the
therefore important. Previously Freedd4] considered primary source of energy loss for the monopoles, with
monopole catalyzed nucleon decay in white dwarfs. By com{17,1§
paring with the lowest luminosity white dwarf that had been
seen at that time, she obtained a limit dE 2mng(eg)’B 1 1
—= In — =|~100pB GeV/cm,
2o lgp1 —28 —18 dx Ke Zin 2
(Flem2s7tsrh(ovw107 28 cnmd)<2x10° 8 (1) )

The present work is motivated by new observational datavheren, is the electron density, the Fermi momentum of the
of cool white dwarfd15]. In particular, Bergeron, Ruiz, and electronske~0.1 MeV, Zi,=2keA/h, \ is the mean free
Leggett found a white dwarf 1136-28&SO 439-26 with  path of the electronp is the density of the white dwaifn
luminosity 10°*%L ; this is the dimmest white dwarf ob- gcm3), and 8 is the velocity of the monopole as it passes
served to date. We use the measured luminosities of olghrough the white dwarf. At the surface of the st (v
white dwarfs to constrain the radiation due to monopole-1 2G M/R)Y2~ (2GM/R)Y2~3x 1072,
catalyzed nucleon decay and thus to obtain an upper limitto As was shown iff14], a white dwarf accumulates almost
the average flux of monopoles in the Galaxy. Since a whitgy| the monopoles witm=10?°GeV incident upon it. The

dwarf with luminosity 1044 is observed today, we number of monopoles captured by a white dwarf exposed to
know that the monopole-induced contribution to the whitea monopole flusE (cm™2stsr ) for a time 7= 7,,10yr is

dwarf luminosity cannot exceed this value. These new datgiven by
improve the limit on the monopole abundance due to cataly-
sis in white dwarfg14] by roughly two orders of magnitude. Ny~FAr(msr)~2.0x 103, F ©)

A monopole flux saturating this bound would keep the
white dwarfs at luminosities at least this great and WOUId\NhereA=47-rR2[1+(2G M/vaﬂ)] is the capture areayy
lead to the prediction that no cooler white dwarfs will be =v 310 3¢ is the velocity of the monopole far from the
found. As we will discuss, if it were indeed true that mono- . ..o dwarf,a; = 74RoM o g 2.

poles are keeping dwarfs hot, one would expect a different Once captured, the monopoles sink to the center of the

dependgnce of white dwarf luminosity on mass than EXwhite dwarf. In calculating the luminosity from catalyzed
pected in the standard model.

nucleon decay, we use the central density of the white dwarf.

Welshall explicity md\;\(;ate '}Ihe dependenCﬁ of our re.sultsbNe are justified in doing this since the time for the monopole

the white cwarf i torms of typical valuos from obsevatione:, 2l (ffom rest ino the center is=~1008, s has been

for the mass,M=Mg 0 6|\/Iyp for the radius R—R.9 ‘calculated 14] by treating the motion of the monopoles as a
) 0.8V-Mo, 9 harmonic oscillator with @ E/dx damping term. We find the

x 108 cm and for the average densityp=4 o .
’ _ . luminosity from catalyzed nucleon decay per monopole:
X 10° gcm Mg Ry % The central density is about an order y y yP P

of magnitude higherp,=3x10°gcm M, Ry 3. Rubakov

[4] estimated the product of cross section for catalysis and
;?zla?]tafu\/:el(gsiﬁ%ggzr(]rev_r:z)n(?r?gI?:(?rn?thtlﬁleercr):a}Om?gecoonn Then the total luminosity of a \{vhite dwarf due to a
velocities expected inside carbon and oxygen white dwarfsmonopole—catalyzed nucleon decay is
the relative velocity isv=~10"3c, suppression effects may
reduce the cross section by a factor of 1§_, [16], and so
we include this factor. In white dwarfs made of helium the PP 5
suppression effects would be less effectige {=10), and wherea,=710Ro "Mo g(0'0) - 26520 3. -

all the monopole flux bounds would be an order of magni- From the Stefan-Boltzmann law,non=0gp4 7R Tef+,
tude stronger. Note the three different velocities used in th&vhereogg is the Stefan-Boltzmann constant, we can find the
calculations:v is the relative velocity of the monopole and Plackbody temperature corresponding to this luminosity,
nucleon inside the white dwarfy,, is the velocity of the

monopole far from the white dwarf, an@lis the velocity of Ter=1.3x10° K(Fa,Ry?)™. (6)

the monopole as it passes through the white dwarf.

L1=pcov=8.1X10" ergsY(ov)_,5_,ModRs>. (4)

Lmon=NuL1=1.6x10%a,F ergs?, (5)

White dwarfs cool as they age. The cooling time is a
function of the white dwarf mass and composition. For white
dwarf 1136-286, we use the mass and composition provided

As we noted in the Introduction, monopole-catalyzedby the observergl5]. The observed energy distributions are
nucleon decay caused by the monopoles captured in whitebtained from a combination of both optical BVRI and in-
dwarfs can provide an additional internal heat source for thérared JHK photometric data and used to derive both the
star. Our evaluation of the monopole flux is based on thesffective temperature and the atmospheric composition of the
observed luminosity of the white dwarfs and estimation ofstar. This white dwarf is seen to have a helium atmosphere.
the number of monopoles trapped inside the stars. As &tellar masses were also obtained with trigonometric paral-
monopole passes through a white dwarf, it loses energy andx. Bergeron, Ruiz, and Leggétt5| deriveM =1.2M, for

Il. ESTIMATION OF THE MONOPOLE FLUX
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WD 1136-286. Then from measurements of the luminosity B B T T T ,
and Tq¢;, EQ. (6) implies that the radius isR~3.9 | |
X 108 cm. I Vg,

n

We also use two different cooling models. First we use
the white dwarf cooling theory from the calculations of Se-
gretainet al. [19], as communicated by Chabrier. The Seg-
retainet al. [19] model accounts for gravitational energy re-
lease due to carbon-oxygen differentiation at crystallization.
This treatment of crystallization yields significantly longer
white dwarf cooling times, which in turn imply an older age
for any particular white dwarf. These white dwarf models
correspond to a mass sequence of initially unstratified white
dwarfs composed of equal parts carbon and oxygen, with
helium atmospheres. With these models, the age of white I
dwarf 1136-286 is 9.63 Gyr. For comparison we also use the L
cooling curves of Wood20] which do not include chemical - .
fractionation. Chemical fractionation provides an additional - ]
source of energy to be radiated away; thus models that lack it =305~ "1y 14 15
cool faster. With the Wood cooling models, the ages of white log(Monopole mass/GeV)
dwarfs are somewhat younger. Hence these models give i
younger white dwarfs that accumulate somewhat fewer FIG. 1. Bounds on the monopole f_qu as afunctlon_ of monopole
monopoles and provide somewhat less restrictive bound%.'.‘assf' The Parker bourd] due to survival of the galactic magnetic
With the Wood cooling curve, the age of white dwarf 1136- leld is plottedf asis the ex_tended _Parker bol@ifkiue to survival
286 is 6.47 Gyr. To illustrate the uncertainty we provide ﬂuXof the magnetic field early in the history of the Galaxy. Mass den-

. . . sity limits ((Xh?< 1) are plotted for a uniform density of monopoles
bounds using both possible ages, but note that the dlscreﬂ{ the universe. Note thah is the Hubble constant in units of
ancy is not very great.

: . 100km s*Mpc™t. The bounds due to catalysis in white dwarf
The cooling models discussed above do not yet have afjn1136-286 as discussed in this paper are plotted; the plots as-

additional heat source due to monopoles. If white dwarfsme the cooling curves of Wo§#0], and are very similar to those
have indeed been accumulating monopoles, then the mongptained using cooling curves of Segretainal. In addition, the
pole contribution to the luminosity increases linearly in time, younds from this white dwarf with main sequence accretiib/
and monopole catalyzed nucleon decay will eventually bems) are plotted forg=g,, (solid line) and forg=2g,, (dotted ling.
come the dominant source of luminosity. Since white dwarfrhe bounds due to calaysis in neutron star PSR 19®are plot-
WD 1136-286 with luminosity 10*°4_, has been observed ted, as are bounds due to this neutron star with main sequence
to exist, we know that the monopole-induced contribution toaccretion. Again the solid line is far=gp and the dotted line is for
the white dwarf luminosity cannot exceed this value, i.e.,g=2gp. Note that the neutron star bounds with main sequence
Lmon<<10" %94, . Using the mass and radius discussed preaccretion have dependence on the monopole mass.
viously for this white dwarf, we then find from Eq&)—(5)
that This bound using the Wood cooling curves is less restric-
tive than the one obtained using the Segretdial. cooling
Np<2.2x 10" 0v) 357 3. (7)  curves. Hence, to be conservative, in Fig. 1 we plot the flux
bound of Eq.(9). Note that the monopole velocities far from
With the cooling curves of Segretadt al, which include  the white dwarf have been determined as a function of
the effects of chemical fractionation, the age for this particumonopole mass by the following equationyy~3
lar white dwarf WD 1136-286 is given to be 9.63 Gyr as x 10~ 3c(10'®GeV/m)2 for monopole massn< 10" GeV
mentioned above. We find a flux bound andwvy,~ 10" 3c for monopoles with mass greater or equal to
10'"GeV [8]. Thus the flux bound is flat for monopole
F<1.3x10 ®ov) 3 3v°; cm ?s 'sr.  (8)  masses greater than YGeV and drops as ft for smaller
masses. This behavior can be seen in Fig. 1.
The factor of 160 improvement over previous white dwarf  If the monopole flux saturates the bound in E.and
bounds comes from the following: a factor of ten comes(9), the heat release due to monopole-catalyzed nucleon de-
from the fact that the white dwarf is an order of magnitudecay would explain the dearth of white dwarfs with luminos-
dimmer, a factor of four comes from the bigger white dwarfity <107°L,. That is, monopoles may be keeping white
mass, and a factor of four from the smaller radius than thejwarfs hot. Note that the white dwarf luminosity due to
white dwarfs used ifi14]. monopole catalyzed nucleon decay scales kgq,
With the Wood[20] cooling curves, the age of the white o 2. If the luminosity of the coolest objects we see
dwarf is 6.47 Gyr as mentioned above. Then E).corre-  today is in fact due primarily to the contribution from mono-
sponds to a flux bound poles, then one would in principle be able to see this depen-
20 1 1 ISP dence on white dwarf magghis idea arose in conversations
F<1.9X10""(ov) 35 2073 cm “s =sr = (9)  with Nahm). However, one would need to be able to inde-

Parker

|
—
o

|

|
n
o

log(Monopole Flux/cm=—=2 sr! s1)
2
o
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TABLE I. Bounds on the flusF of magnetic monopoles in ciis tsr 1. Monopoles captured by white
dwarfs(WD) or neutron staréNS) and their main sequend®S) progenitors are included. The white dwarf
cooling time is taken to be=9.63 Gyr. M, is the monopole mass in Ge\g is the monopole velocity,
b..i:/R is the ratio of the critical impact parameter for a monopole in units of the radius of the main sequence
star, and the monopole chargegis 69e(g/gp) in units of the Dirac charggp . The number of monopoles
captured by the MS progenitor and by the white dwarf ldggs and Ny, p respectively. The second to last
column is the flux bound due to catalysis in WD 1136-2Z&&h MS monopoles included The last column
is the (corrected flux bound due to catalysis in neutron star PSR 1920 (with MS monopoles included

Derig WD with MS NS with MS
M, (GeV) B R d9p Nug/10%F  Nyp/10%F F(ov)_2s F(ov)_2s
0.4 1 2.5 8.2x10° % 6.2x 10" %7
5 —2
10 10 0.56 2 4.9 0.17 4.%10° % 3.2x10°%7
0.48 1 7.4 2.4x10°% 2.1x10°%7
6 X —3 .
10 3x10 0.62 2 12.3 18 1.610°%° 1.3x10°%
0.54 1 52 3.2x10°% 3.0x10°%8
7 —3
10 10 0.68 2 82 7 2.x10° % 1.9x 1028
- 1 - - -
8 —3
10' 10 0.24 2 10 7 8.x10 % 1.6x10 %

pendently measure the white dwarf luminosity, mass, andt loses energy. If it loses all its initial kinetic energye. its
age in order to test this hypothesis. energy infinitely far from the starit is captured by the star.

In an earlier paper Free$&4] checked that the presence Since the energy loss increases with decreasing impact pa-
of monopoles did not drastically affect the properties of therameter, the number of monopoles captured by a MS star
white dwarf in any way. A usual white dwarf is an isother- exposed to a monopole flux F for a time= 7,5 is just the
mal, electron degenerate object surrounded by a very thinumber incident upon the star with surface impact parameter
radiative envelope. The primary mechanism of heat transfeess than some critical valubg;; :
through the body of the star is conduction. In the presence of
monopoles the white dwarf remains essentially isothermal, 5
with a radiative envelope, conductive main body, and con- Ny = (4mbg,;,)(msr)
vective core so that one may conclude that monopoles have a
negligible effect on the overall structure of white dwalftsr  \yhere v, is the monopole velocity far from the star and
more details sefl4]). o , . ves—=(2GM/R)¥? is the escape velocity from the star. Fri-

Monopole/antlmonopol_e annlhllatlonAs_ dl_scussed iN" eman, Freese, and Turrd?2] previously calculated numeri-
Frees€ 14], monopole-antimonopole annihilation has no ef- 4y the critical impact parameter for capture. We use those
fect on the flux bound obtained in Eq8) and(9). There it reqits heré. Given the value oby,;, we can substitute it
was shown that, if the above flux bounds are satisfied, thgiq the previous equatiofil0) to obtain the number of
number of monopoles accumulating inside the white dwarfmonopoles captured by the main sequence progenitor. The
never reaches a sufficient abundance for annihilation to bes;,y, of monopoles captured by the progenitor plus those cap-
come significant. tured by the white dwarf cannot exceed the maximum num-

ber allowed in Eq(7), so that we obtain a new flux bound.

2
Vesc

1|
v

o0

F7us, (10

lll. TIGHTER BOUNDS OBTAINED IF MONOPOLES Again, Weolt;ave taken fm°”°p°|e Iveloc't'es t001b7@%3
CAPTURED BY THE MAIN SEQUENCE PROGENITOR X 10""¢(107GeV/m)™* for monopole massn<10"Gev
ARE INCLUDED andvy,~ 10" °c for monopoles with mass greater or equal to

During its main sequence period the progenitor of the—————

white dwarf may aiso h'a.ve captured a SIgnlflcant number of IRecent calculations of Ahlen and Taft&l1] indicate that estima-
r_nonopoles. These additional monopoles will lead tp an €vellon of the energy loss of monopoles in main sequence stars used in
tighter bound on the monopole flux. In orde_r to estimate the{lZ] must be increased by a factor of 2. THus, should be some-
number of monopoles captured by the main sequence PrQga; jarger than what was calculated by Frieman, Freese, and
genitor, we must determine its mass. Unfortunately, ther,imer[12]. For example, for the case whefe= 8o=3.3x 10~2
transformation from main sequence mass to white dwarffor a 9 M, stay, rough analytic estimates indicate that the modi-
mass is somewhat uncertain, as discussed by W@0H  fied value of b, is roughly given by Berit /R) 2= 0.058
Here we useMp=A,expB,M), whereA,=0.49 andB,  + (b, /R)%,. As the calculations of12] are numerical and the
=0.095. For white dwarf 1136-286 with mashlp difference is very small, we will continue to use the prior results of
=1.2M¢, we find progenitor mass!=9.4M, . [12]. In fact, if one were to use the newer valuelgf;; , the flux

As a monopole passes through a main sequévi& star,  bounds would be somewhat tighter.
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TABLE Il. Same as Table | for white dwarfs, but for cooling time=6.47 Gyr.

bcrit
M,, (GeV) B R dogp Nud10®F  Nywp/l0¥F  F(ov)_mg/cm 2s tsrt
0.4 1 2.5 8.4x 10720
5 —2
10' 10 0.56 2 4.9 011 4.410° %
0.48 1 7.4 2.6Xx10°2
6 x 103 .
10 3x10 0.62 2 12.3 12 1.&610° %
0.54 1 52 3.5x10°%
7 —3
10' 10 0.68 2 82 11 2.410° %
— 1 — —
1018 —3
10 0.24 2 10 11 1.x10°%°

10'7GeV [8]. The inclusion of monopoles captured by the of different masses determines the shape of the curve of flux
progenitor of the white dwarf results in a bound on mono-bounds as a function of monopole mass. As can be seen in
pole flux that is another order of magnitude lower. We havelable | and Fig. 1, the correct bounds are somewhat weaker
evaluated the new bound for both white dwarf cooling mod-for monopole mass other than'IGeV because of the faster
els. In Table I, we have recorded, as a function of monopol&€locities of monopoles with smaller masses and the lower
mass, the value db;;/R, the number of monopoles cap- critical impact parameter for monopoles with larger masses.
tured by the progenitor and white dwarf, and the resultanin obtaining the numbers, we have assumed a main sequence
flux bound. The flux bound is plotted in Fig. 1. progenitor of 9M . Then the number of monopoles cap-
The flux bound is most restrictive fon~ 10’ GeV. One tured by the main sequence progenitor of the neutron star is
can understand the reason for the weaker flux bounds fdhe same as the number of monopoles captured by the white
masses greater and less than'’@@eV as follows: For dwarf considered in this paper.
masses less than this, it is the increasing monopole velocity

as a function of decreasing monopole mass that drives the V. CONCLUSION
flux bound to become weaker for smaller mass. For masses
m>10%GeV, the factor[1+ (ves/v-)?] in Eq. (10) is Figure 1 shows a plot of several monopole bounds:

dominated by the second termc(./v..)2. As the monopole the Parker bound, the extended Parker bound, neutron
mass decreases below!1GeV, the monopole velocity in- star bounds, and the new white dwarf bound with and
creases, the termy§s./v..)? decreases, so that in Eq0) the  without main sequence capture. In the plots we have used
monopole flux can increase and still maintain the same nunthe Wood cooling curves to be conservative. We have
ber of monopoles in the star and hence the same luminositjound that consideration of newly observed white dwarf
Eventually, when the mass drops o< 10'°GeV, the first 1136-286 with luminosity 10*%L, and with new cal-
term, 1, starts to dominate in the facfdr+ (vesc/v-)?], so  culations of white dwarf cooling curves leads to a bound
that the monopole velocity becomes unimportant and thé@n the monopole flux that is two orders of magnitude
curve becomes more and more flat with decreasing mondower than previous bounds due to catalysis in white
pole mass. This behavior can be seen in Fig. 1. For moncdwarfs. The new bound isF(ov/10 ?8cn?)<1.3(1.9)
pole masses greater than'iGeV, the flux bound also be- x10 ?%v/10 3c)2cm ?s 'sr! for the Segretain[19]
comes weaker, this time as a function of increasing masg§Wood [20]) cooling curves respectively, where is the
The reason for this is as follows. These monopoles all movénonopole velocity. The limit is improved by including the
with the virial velocity of the Galaxy~10 3c. The heavier ~monopoles captured by the main-sequence progenitor of the
the monopole, the harder it is to stop. Herigg, becomes  white dwarf:F (ou/108cn?)<3.5(26)x10 *ecm 2s st
smaller for heavier masses. Thus a larger monopole flux cafer 10*” (10'®) GeV monopoles withg=gp. Flux bounds
be accommodated in E(LO) to still obtain the same number for other monopole masses and parameters are given in
of monopoles in the star. Tables | and Il. If cooler white dwarfs are discovered, a
stricter bound on the monopole flux will result.
IV. NEUTRON STARS WITH MAIN SEQUENCE Here we discuss future .prpspeqts for improved monopole
ACCRETION flux bounds due to catalysis in white dwarfs. If cooler white
dwarfs are discovered, a stricter bound on the monopole flux
We also note that the dependence on monopole mass ufill result. However, the white dwarf discussed in this paper
flux bounds due to catalysis in neutron stars with main seis already very old, close to the age of the universe, so that
guence accretion has previously been calculated incorrectlynuch further improvement on monopole flux bounds is un-
In the past the bound due to catalysis in PSR 1920 with  likely. Technologically it should be possible to find white
main sequence accretion has been stated [4%  dwarfs that are several orders of magnitude fainter, in prin-
F(ou10 28cnm?)<10 2cm2s tsr !, As discussed in the ciple down to 10°L, [J. Allyn Smith (personal communi-
previous paragraph, the velocity dependence of monopolesation]. However, such faint white dwarfs would undoubt-
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edly have to be older than the age of the universe and hena# flux bounds due to catalysis in neutron stars with main

cannot exist. Although cooling models have not been persequence accretion has previously been calculated incor-

fected down to such low luminosities, one can still attempt torectly. Previously the bound due to catalysis in PSR 1929

estimate the coolest white dwarfs that could exist by extrapo+ 10 with main sequence accretion has been statdd Hs

lating the models of Segretaiat al. The heaviest white F(ou/10 28cnm?) <10 2cm2s 1sr L Instead, as can be

dwarfs cool the most rapidly and would provide the bestseen in Table | and Fig. 1, the correct bounds are somewhat

limit. For example, a 1.2 M white dwarf of 10 %L, would  weaker for monopole mass other thart“i®eV.

be 11 Gyr old while a 10’L ., white dwarf would be 13 Gyr

old. Cooler wh_ite.dwan_‘s cannot exist. H.ence the flux bound ACKNOWLEDGMENTS

due to catalysis in white dwarfs could improve by at most

two further orders of magnitude if such cool white dwarfs do  We thank J. Allyn Smith, D. Graff, G. Laughlin, G. Tarle,
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We also showed that the dependence on monopole massipport from the DOE at the University of Michigan.
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