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Effect of a Constant Magnetic Field on
the Neutron Beta Decay Rate and its
Astrophysical Implications

Feeenr advances in the production of large magnetio
lelids i the laboratory®? have generatod interest in the
effors of intonse mognetic felds on varions phenomena® !,
The lonrgest field that can be produced in the laboratory !
at present is obout 10% O, which is considerably Levwrir
than the quantum evitieal Aeld value® of H.=mi%d el =
4-dse 1000 Gy buat the  feosic laboratory’ omay be oa
soures of Tuch stronger felds and it hes been suggrested?
that magnetic fields e large as 10V=10M G moy exist in
peviron stars. Hoyle™ has eited the pogsibility of o lorge
prirsordial magnetic feld. snd Brownell and Calloway®
sporulate that nentron stors and the dense early universse
may be forromagnetic, e of us (K. F. O.) his exaomined®
various afforts of & large magnetio feld and hos mdicated
an effect of magnetio fields which has been often ignoved
in astrophysicnl investigations, namely, that the rates of
all elementary particle processes will bo affected.  Pur-
auiryg thig iden, we examine heeo the edfoet of 0 magnetic
fiold on the f deeay tate of o neatron,  This is-a lunda-
mienkol process in many astrophysieal phenomens, and in
particuler it is very boportani! oo problem of caerent
inderost, that ig, the produetion of He in the “hig-bang™
eacpangion of the universell  Tn addition, our ealoulations
should be applicable Lo octher elementory porticle pro-
ppesne. We prosent here only Lo main ideas; ohe ealeilo-
tinm details will be published elsewhore!®

Wi sart wich pha VoA Homiloonian denaity'® bat now
mse the exnet wave funetions for an electron in g conatand
magnetie Held' (H =, gay),  Thede wive Tanebions are
charsetarized™ by diserete gquantum numbers  and # and
by the continnous variable & which denoves the 2 component
of the linear momentum of [he electrons. Wo treat tha
nucleons non-relativistically. as = usnal,  Integrating over
the neutring variables pnd guonming cver the guondam
nurher 2 ol the sleelrans, as well as the electeon and proton
apint slabes, we obtain the lronsidon probability /s Lo an
alectron . Landau level w and mementom interval &



e Epdd, Tor an unpolarized sonres of neutrons, Integro.
bion over & [cousistent with & (5= 4 v HER = ’1;?‘L|
and surming over all allowed Loudao levels 1o find the
tofal remtron 3o deeny rote l=e=m,= 1] gives
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where!® h=g /g, =118, W,=263 = Lha tolal  decay
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eroery, == o Pi=W2—1, and where simox) s the
2. H.,
largest  intoger occourving o PEy Using the  Fuler
smmrmnation formnla
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where w0 ia the eere Gebd deewy eata'®, 1L s cloor Lhat
thio eorreetion o w) is negligble for che laegest ficlkds
attainable af present o the laborafory (B 10-7 0,
The aitistion, however, is goile different for felds of the
arder of those speealated to exian in the corly universe and
inomeutbron stars. When H 225 Wy the only term in the
s that contributes i3 w=10 (thiz corregponds oo the
“onecdimensionsl gas” bohaviour dissusezed by Manley ')
il
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Fow s magnetio feld of avbitenry sleengeh, moumericol
evvaluntion of eouation (1) leads to the resulis: presented
i iz, 1. An anportant Feature st wefH) 15 alwoys
greater Ghan e}, ond meresses lnearly awith B for
e A i =

Whit are the possible effects of cuar zesulis on the produoe.
tion of He inoao sxpanding universe ¥ He e prodoced nn
o tempersiars of TOA- 100 “10 about 10 & alter the stars ol
phie hig-bang 0 The valne of the primerdial magnedic
Feld® and ils dependencs on bime is o mastaer of apoeulation.
but if & steang megnetie Geld doees existoal this time then,
ag 18 eleme from Wige |, wdlT) mmay ba gubstantially Iargor
than w0 and o larger deeay rate for-the neutron would
peduce the nnount of He prodoced!™, shich agrees with
eaperiment™ . Buai cther Tactors must be considered,
Firat, the resguetic feld affoots Che chermodyaamie energy
diatribrion of the eleciron gas of the exponding nniverss,
To addition, the maonetic feld alee offects the He produe-
iy rake becanse the geaal Piiedinan homogeneos meoded
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1 1 The dependincs ol wtHy, the nowtron §dimns cale b amagnotls
field; on kb mageetin fald 61,

for an expanding universe most be replaced by an anieo-
roprio toded ™ fwhich in general roduees (e Fle productien
raga ',

What is the possibility of maintaoining o maenetic el
gropter chon He 7 Beeonse of the fast that H o= Heimplies
that Z i = et (where e = efif2ine is the Bobr magneton],
i is sometimes stoted That sponsaneons paie prodiiesian
wrillgsec i in masgnetic Helds greater than B with the resnli
phat the mapgnecie Geld i Geatroyed, Lol this s dneoreecl
besuse it eongiders only the Pauli spin energy of {he
clootron arnd :||_|,1;__!"|_&|:‘.I'_-:=‘ vhie orbital GELEEY (breoause of tha
quantization of orbits the loller can never he serol., Une
of ug (I, 100 re-examined this question®, including nod
only theae contributions to the encrgy bud also the energy
arising from the interaction: of the anomalous magnetic
rcrnent of the electron wich the mogmetie field, It was
eonclnded than spontoncoud pair production will oo
apenr For valoes of H = By Bat will enly ocenr for values
of H preater than dmwe-1H (= B 1OV G For fields groater
than this valoe eleotron—positron pairs con be created
Lhe expensga of the thermol energy of thoe eystem and these
pairs gy Lhen act oo destroy the magnetic field which
halpad to piva Ll birch.

Tinally, the affect of & magoetic feld oo lerneniory
partiole pates will also have application to the cooling
rite of neutron ataes i laege magnetic fislds exisk there®.
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