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ADSTRACT. The a.uthor's n<?utrillo (l<~r.(t.y tla~()l'Y leads io (1. dcfillit(~ 'Value of 10-lJ)J.H lor the 

tI'ansitiOll magnetic lHOlllent h('hv('(~n r and It ncmtrillOS. It "Iso limits the ]>n~gel:t llUmtw: 
density of rigllt.-ha.ndcd T llcmtI'ino.s to 10 pc-r <:(~llt of the kft-handed Olll~$, if these are Dirac 
particles. The !-jpin flavour pfccc.sskm of 10ft-lHUl(h~d r 11(~11 trinos in (l. priInordial H!agne:ic 
field i~ tl~en used 1.0 constra.ill this field. 01lt' obtajm·; ;:\.11 upper li1l't1t for the present value of 
this field of 10-13 Gill V:iCllO (Iud ahout 3 x. 10-12 G v .. ltr..'u allowallce if.; Ina.de for t1t(~ preSCllGC 

of matter. The:-!(~ linlits are m.uc.h stl'OHger thaH that: del'ivud fr01n ohservationl5 of Faraday 
H"ltatioH ("" 10-8 . 10-9 G) hut would still penni t (l, dYl1a.mo origin for gala.ctic ma.ga~tic ti(~ld5. 
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3.. Introduction 

It. give~ ll)C great pk:ARtU'C t.o ptl.l'ticipat.e in thi~ Inceting ill hononr of Illy (ild friend Leon 
:\1este1. Over the ycars his w(.)rk 011 cosrnie uH"l.gnctic fidd~ has etoIle l'nnch to illurninatt' 
Ft. difTicult area· of nstrophysic.s. l110pe J nut.y be forgiv(;:n if I pl'c::;ent a. 11101'e speculative 
discussion of -this topic. tha.n L(;~()ll hin1sdf US\t;l.l1y lik(~s to do. My excuse is tha.t I alll 

trying to relate appa.rently dispal·(\.t.c PllTt.:; of phy:;ics, (t~.,t.ronollly a.nd COSlllOlogy, OIl t.he 
grounds that. Nature docs not n·cngnise (>1.11' COll1po.rC1l1cntalisi·d.ioll of her. In this talk I 
wa.nt. t.o point. out tha.t if th<:.~ lleutrino d(~c(\.y th(,~ory fnr the ioniRation of the interstellar 
Inedhlnl (Sci~nln 19f1O) is c.ol're(:t~ ;\.11(1 if llf~Utrill()S a.rc Dirac pa.rticle:5, t.hcn one can 
add two things to mdRting discttRsiou:s of cOllst.raint.~ 011 the pl'i1110rdial 111agnetic field 
which a.risc frOID the induced Spill Pl'cccssion of C()SllloJngica.1 ll~tltrinos. Firstly, 011e 
call lrnpose a l).CW constl'nillt 011 t.he ntUIlhcr clCllsjty lif l'ighl8ha.ndcd cosrnologka.l l' 

neutrinos a,t the pr()~ol1t tilIle. Secondly! t.h~ Hen t.l'ino dec?I.y t.heory leo.d~ to a specific 
vah\(~ for the tra.nsitiOll n)().gn~tic 1l10lnellt beLwr:c.ll T alld It neutrinoR (t.hh; qua.ntity will 
be explained below). Using this infol'lna.tion on<:.~ arrives at a. conAtraiut on the present 
va.lnc of the pl'iIuordial Inaglletic field ((l.RStUlli])g finx-fn~e~,ing) which is scvera.l orden; 
of Ina.gnitude st.ronger thnll call be derived fl'OIrl <.:on~iderat.i()n of t.he Fa,ra.day rotation 
of the poltuiscd radio Cll1issiOll f1'0111 dista.n t. SO\l1'<"t:!!-i. 

2. The PreSClli Density of Thernlally Excited ltight-Handed Neutrinos 

It is well known that, if netltl'ill()~ <"\,re Dirac pn.rtid(;.~s) tll(:~ir right.-hrt.llded states would 
h0. thcnnn.lly excited in t.he v~'l'y ca.r1y ul1ivt'l'~e, Tltj~ wcmlcl lea.d to the efFective lL1.U'U

bel' of ueutl'illO f1a.vo11],::O; JVI.I hcing equal to G a.t. that tirnc, llow(~vcr. W(;~ kuow f1'orn 
considera.tiolls of prin)()J'dia.I n\ld~()s.Yl1t.ll<.'Hi~ thc:l.t. <l.t T I'V 1 1\1~V ' 

lVI.I :::; 3.3 

(\Valker r,t (J,l 1901), csseuti(t.l1y COl'l'cl)ponding to the know!) sta.t,es IIC!L, Vltl, ,uld II,.J,. 

ThiR probk~ln wa.s solved hy Shapiro et (1,1 (J 980) a.nd hy Dolgov aud Zeldovich 
(1981), who pointed out that, while left-IHI.ndcd n(:utl'i1108 d(~<:.otlple frorn the COAlll0log

ical hea.t ba.t.h at T ,....., 1 MeV, right.-ha.nded neutl'iuo::; would be cxpr~f,t,ed to decouple at 
T > 200 l\·1eV. III the vicini toy of thh: In.Uer t.('nlr)('ra.t.tll·~ quarks bccollie lta.drolls, a.nd 
piol1~ (Iud nlUOl1R annihila.te Pt'l·Ul(\.uel11.Jy. This lead~ to a. boost ill t.h0. ntUllbcr dcnsity 
of the relllo.ining conpled spcc.ics - 'I ~ c: cutd '/J,~ 'while t.ht.' Tin would be: 11Jl ho()st.cd. 

The rn~ttlt.illg SUppl'(;~SSiOll of H'/It J·dnt.ive to 1'I.JIJ_ ha~'il been ('a.kllla.t~d by Olive et 
a.l (1981). They fiud a. Sttpprcfoisiol1 fact.or lyiug beLwcell J0 and 20, dcpending on the 
dcc:oupling telnpera.ture of lIlt._ This is uicdy con~iRtcnt with the cOllstra.iut lV,.. ~ 3,3. 
If this COllstra,jn t. ca.n he reliably l'(:'(htcp.d in t.h~ fnture, Olle Inight bo N.hle either to 
detect the righ t.-hand~d ncntrill()~ or to [{how that llcutriUO$ an..~ Nfajoran« pa.rtich.~s 
a.nd so do not PORSCSS a.dditiolla.ll"ight.-lul.l1ded degree:s of frecdol'n. 

3. Neutrino Magnet.ic MOlnents 

If neut.rinos hn.ve a Ina.gne(.ic 1110lnent. Jt their ~pin n.xi£'{ would pl'ece:ss in a lUCt.gnctk 
field B n.t. a. ra.te 
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/1. n.L/h~ 

where It il:! PlaJld('s COllstaut., <i.nd left-hfi.ndcd IH:~nirillos would bccolne l'ight-hAJldcd 
when the prcc.essioll augle -- 11"/2. This prO(X~!;l:i conid he inlportant ill both t,he SUll 
and in supernovae for pla,uf;ihlc vn.lnes of the-·il' 111Hgnctic fiddl:i if 

where ~1'D is a Bohr rnagncton. 
In thc stn.ndru.·d elc!<.:trowea.k l111)dcl onc has 

but it can be lunch grea.ter in other 1l10dds. 
Various astrophysica.l COllstl'(t.int.~ ]~tld to 

whcre<:t.:s. typica,l1y~ lCl.hora.t.ory Inc.nS\U't:llH!llts lctt.fl only to 

." l(}-lOIl/I :::: JI·H. 

\Vc now consider transit.ion llHI.gnc.tic. 1110nl'~llt!;. T]H:'~C involve t,wo neutrino fia.vours , 
say 1 and 2. Th~l1 in tht~ pre::;(:,llce f.)f a. rrl(l.gll~tic field 11'12 lea,ds to l:lpin on.VOlll' prcccs::;ioll. 
For cxarnpIe 1/ 11.. would rotCl,t~ into IJ,),U. Th(.~ ra.t.e of this pl'c:c.e::;~ioll is governed by the 
qualltity 

FrOIIl a fOrIna.! point of view /ll'1 is t.he.' llOll~di(\.gon(!.l con1porWllt. of the luagnetic 1'l'lOn1f':l1t 
lUa.triX, ctnd the fi~,vour c()llv<.~r~ioll i~ dOlSe]y ;..nalog()Hs to the pheUOJllenOl) or ncutrino 
oscilla.tiolJ.s. 

Siuce we sha.!] l'cquirc that 11: vrU < -- 0.1 n,~/.I" I note lwre the expression for the 
probabilit.y PL-J-l tha.t starting with the st.tl.tc Ill, oue fillC.l::; ilHl,(' it has becolnc lilt in a 
titne ~t: 

This exprC:f.lSiOll holds ill the tolJi:;dnl1-fl'c.e ca.se. n.eSOlJal1(:(~ phc:nolllcna ca.n also oc<.:ur 
in t,hc prcsence of a, llwdhln1~ as in t.he IvlSW uff{·d,. Tn fact.. resonantly ellha,nced spin 
na.vour precessioll lnigh t. ~olve t.1l(' solar ll<:~l.ll.rino pl'()bl<":lU (AhkIIlCdov d. a.l 1993). 

lVIost of the a$tl'ophysical COllHt.ra.iut.s on 1" apply til~() t.o Il12- Oue therefore c:xpec.ts 
th~t 

There iR no a.ccepted pa.rticle phYAk,f; n10dcl1<.~itding t.o the vcdue of 1l.12- However, t.h~l'C 
iR a Inodel-iIldep(~lldcnt.l·~Ifi.t.ion bctwCt'1l/L12 a.nd 7"1'2, thelifetiInefor the radia.tive decay 
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For nt,,,:: < < rn"'l (which would hold hot.h fOl' the ~'IS\V cxplnn<l.tioll of t,])(·! soIaI' neutrino 
prohlcln, and for the:. ~ee~~C\.W Inodd of llcut,l'ino llla:::::;c.~!:i (Rahc.rtll 1989)) one has 

A geIleral l'clittion of this kiud (\.l'i:;es bCGa\l~c both Il J2 a.ud 1'1'l a,)'c dctcr1l1incd in 
pcrturlJation theory by the seune Feyuln~,ll clin.grcul1s. 

Accordillg to the n~\1t,l'hlt;) deca.y theory (Sdi-l.111n. 1990) the illter~tel1ar 1l1cdin1l1 if! 
ionised by decay photons frolll dark U)(l.t.l.ct' ncutrinos ill the Ga.laxy. Thi~ rcquires th".t 
tn,.,,,, 30 cl/ and TTJ' I'V 1023 sec::;. Hr~nc~ n.r.c.ordl11g to t.hi::; thcoryI'V 

l() -HII' rll ....... jl.H· 


This satisfies the a.stl'OphYf;icnl ('.ou::;tr<1.iut. tha.t ".] '/. :s; 10-') ~ jt}l. 
It lJHt.y he interesting for the:' f1.1 t.ur(~ '1.0 note t.hat Itcl' IHiglli. h(~ appreciably larger 

than ttTsn and could eVt~ll corne dose to th~ upper liInit of 10-12 /1'8' Thif; lllight lea.d to 
obscrvl;\,ble effect.s, fl)1' cxaIllplt., ill t.1lC~ Sun a.nd ill fiuperllOVa,f'.~. This question depends 
on presently uncr:rtn.in aspect.1S of tlH! particle physics lllOd(~ls. 

4. A C;onstraiui on 
r

" Prolll The Neutrino ])ecay Theorynl.l 

In the neu tl'ino decay. th(:~ory t.lte nHISS ?nVr is det.enlli lwd in ter1l1f; of t.he energy E-y 
of t.he deca.y phot.on11 (rnv.,. I'V 2~\). This energy is it:sdf d('t(~nnillCd hy pC'll'tlmctel's 
dcdved f1'o111 at.o111ic. (t.nd uloletulal' phYSic:R nlld frolll tIle inf(~rr(':d intc:rgnlactk flux of 
ioni:$iug phOt.Ol1R (Scia.lna 1903). ThuS1n. LJ1 i8 il1dep(!lId(~l1t (.~f nVrU " It follows thAt if 

increaseR the c.l(:·ll~iiy of the universe C\.1::;0 illtl'(';t . .:.:es.n llrll 
This increase cau b(:~ cOlls~rnined if W(;.~ n,dopL ottr prefel'l'c.'d valuet-i of n :: 1 Fll1d .A = 0 

(ts well as our derived vnIne of Hl· v • "" 30 (:1/~. Then we 1111<.1 t.h<lt jf n"'rll = 0, 11 ~ 56 kln 
scc.- l Nlpc- l nnd the age of t.he univerfie ~ 12 x 10~1 yr:-:, wbirh is low but a.ec:.epiab)(!. 

> 0, H 111tlst incl'ea.:s(' i:i.Hfl t.he age of th(:~ 'l1))lv(:rRc 11ltlf;t decrease. If we a.llowIf nUrIl 

at rnost. fl. 5 per ceut decro(t..<';o in t.he n.gc.~ we Dud t.hfl.t 

It i~ illterest.ing that this is the sa,nl~ COllRtl'aillt a,t" fol1ow!=i fr(inl Nv 3.3, if t.his cxcess 
over 3 is equally divided between t.h(~ different. ncut.riuo fla.vours. 
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5. A Constraint On The Pl"itllordial Magnetic Field t''roln Spin Flavour 
Precession 

A COllRtntint. 011 the pl'inlOroitl.l nlagrl<~tic fidd fl.'0111 the ol'diu(l.l'Y spin Pl'CCC!\!\iOll of 
neutrinos was derived SOlne yCtu'~ a.go (Shapit'o and \,rVa.s!':ioruu\.l) 1981 t LYllll1981). They 
used the sta.nda.rd rnodd vn.Iuc for the llH\.gnetic 1l1oIncllt, attd assurnecl t.ha.t. IV~ ~ 4. 
It is stra.ight.forward to up<.ht.te tlwir discttRRion by u:;iug ::;pin fia.vour preccssion with 
JtrJ.I ,...., 10-14 JLJ1 and by requiriug t.hat. n VrJt ~ 0.1 n'''J.Jr' Following t.he t.~a.rli~~l' discl.l:;;slons 
we note tha.t the Rpil1 tiip rate - PJI'r n/h ,...., T'J. if flux fl'ee~illg is CI.!=!R11111Cd for the 
InagIl<:!tic. field. The cxpct.Ilsioll ra.t.eH rt.1so ,...., T'l. HtlWt:'VCl' the collision rate of lIL 

with the heat bath"",, 1'5 a.nd eq'HI.1~ t.h~ r:xpa.usioll r(l.L(;' fit the decoupling telnpera.tttre 
'Tn ~ lNleV. 

SjIlc~ collisions would di~t.ltrh t.he spin £la.vour prcc:oRHioll we. apply the (:(.)lls\.ta.int. 

P;,-R $ 0.1 

at the epoch of dc-coupling In. (Any In.t.cr L - R. ('()llv(:~n,;i()n would not. change the total 
lltl111hcr density of ueu{.rinos).· ¥/e then find tha.l t.1w prcscnt valuc Bo of the prinl0rdial 
llul.gnctic field n)tt$t. Hllti~fy 

."... le]-13 C·B (} .... :r, 

if t}-J(: fidd is aligned over a. di.f\t.il.ncc do a.t tD ((.:oJTC'~ponding to a sca.lc '" 30 pc to-day). 
Howevcr, rna.tter effect,s arc jll1port.n.nt aud h(\.V(~ been considered by Fukugita. ct a[ 

(1988) a.urI Ellqvist et a.l (1902), with flolncwhat. rllodd dcpendent rcsult::;. Using our 
estirna.t.c8 for II,,}, a.utI n'~rn We' find, t.ypically, tho.t 

Be; <rv 3 X 10- 12 G. 

If ot.hcr 11101W:'1l tiS I'"v 10-12 Jt H We'; would hi-l.ve 

TheHC litnits, which a.rc of conrse spec:ula.tivc, would be lIlll(;h sLrongcr than the 
Faraday rotation lilnlt of 10-8 - 10-0 G. TIH)Y would ])l'obably siill pertuit the galac.tic 
lna.gnct.ic field t.o be gellol'tl.tc.d froln au iutergalact.ic field by dyna.nlo a.ction, but other 
possible consequellC~S of a. pl'i1nol'diaI l11(i.gn~t.ic. field lIlight he (':onstralncd. 

I cl111 gra.t<.~ft\l to E.K. AklullCdov, A. La.n~n. and A. lliot.t.o for hdpfnl discussiow:L 
This work h<ts becll supported by t.he Jt,~l.li::l.n r"Iiui:-:;t.l'Y for Univf!r::;ities and for Scientific 
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