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VAN At.LJCN BELT PROTONS ftOM COSMIC-RAY NEUTRON LEAKAGE 

·wilmot N. He•• 
lAWI'eace Ra4iation Laboratory 

UDlvel'aity of Califoi'Dia 
Berkeley. Califoi'Dia 

May aa, 1959 

Oae of the 10\ll'cea of particle• lor the Van Allen radiation belt ia the 

4•4:ay of coamtc-ray ae•trou leak.ia& out ol the atmolpllere of the earth. 

R.•cently U.. coemic-ray uuti'OA eneray apectrum haa 'beea meaeured., 1 and from 

W•, 'by Jill• of a mubiaroup a•utJtoD•dlflt.Jaion caleulatioa, a the neutron leakage 

ha8 1Mu calculated (J'ig. 1 ). S.me of the neutroaa leakiag out of the 

atmoapllel'e clecay la the e&l'th • e magnetic fie14 and are trapped. .From thie 

leakaae we ca;. calcalate the •qv.ilibrium proton enei'JY epectrum in the ilmer 

Vu Allea1Mlt. 

Tbe calculated ae•na ieakaa• ie pven by +(E) a: 0.8 E .. ,a 

neutrcm,/cm1Mev eec 1a tbe i'epoa &om 10 :Mev to 1 Bev. The decay c:leDJJity of 

aeutro.-. ..!!!._. • ,. aivea appl'oxirnately by 
ciV 

where 

~ (E, B.) • [-
1
----- e~tj. ~ j l 

c:lV . vyL \ •• tj.J 

L c neutron mean Ufe, 

a • racllue of e&l'th. . ' 

v a: uutron velocity. 

t.-:·Y 
+(E) \-7 

.. ..., 

neatl'oa. clec:ayl/cm'M.ev -= 

a = cliatance trom earth. • a ceDtel'. and. y is the time-dilation factor. 

Protou reaultinJ trom Jt.eutron ctec:ay• have very nearly the eaeray of the parent 

neuti'OD. Thia pvea ua, fo1' the proton aourc:e, 
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\Vhe":t•u tile lola mec~m lo~ elect:rou in the Van Allea belt i• multiple 

amall••&l• Couto~ acatterl•J• the loaa meclu.niam for protona is alowizla clown 

by coUiaiona wttllllcnu:ul electrou. J 

Ia oi'Ur to oalcnalate the equilibrium pl'otoR eaerJy apectrum we muat 
i 3 

COAI14ezo t1w coatlatalty equat1oa to~ the llowtaa-clowa proceaa. J'oUowiu.a Sinaer 

we caa write 

dN(Jt) • 8 (It) .. ..!_ [N (E) clE] a 0 
4t dlt clt J 

for the ateady etate, where N(J:) ia the equilibrium pl'oton eneriY apectrum. Thia 

~~~ lo;-: ·~r::' protona alonl an eaeriY ••. 

then, by eubetitutlaa into the conti.Auity equatiOA. we aet 

whel'e we have taka N(E) • ka :s·•. Approximatina {5, f$t. and 

fuactiODI of E, we caa Wl"ite 4 

f) * .0885 EO.S44, 

I'Y o .OJ9J 1:0.545, 

..!!.. 1.16 ~;-0.586 
eta em of NTR ·air 

c:lE 

dx 

Now we can 
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Theae are all accurate to ~o·sd.!H:~.l:esi'~· in the energy region 80 Mev to 700 Mev. 

The cOUiauity equattcm now beeomea 

A , . . 
·~a givea, tor tile 4ealzoed eq\1ili'bl'ium. proton energy apectrum, 

,t .• 

N (E) • kl ,~;·n = kl ~:·1.30 • 

Thia ia showo plottecl 1D Fig. 1 extencletl down to 1 Mev Dy' refittina ~. ~y. 

aa4 ..!!. uul zoe~t.ti.na tho proceaa above. The peak in the apectrurn. ~" at about .. 
1 Mev. Tllere are. two rea80Aa for thi•• first, this is about the position o£ 

the peak in the uutroa jl!~akaa• apectrum t· na. 1 ). aad aecond.ly' below 

thia enerav. charge .. exehanae reactions ou neutral hydro1en remove the particles 

quite rapiclly. 5 One can aee t.bat the equilibrium. spectrum ie flatter than the 

eource apectrum. Tbia aaya that the proton effective lifetime incrreaaee with the 

pl'oton ener&Y• aa mipt 1M eapected from the aature o£ the loaa mechaDiam. We 

can lind the Utetime here 'by \t.lin& the ''leaking 'bucket,. equation aa Vaa Allen 6 

h.aa done: 

The Ufetime ., 

Input c OU.tput = Coatenta 

T 

ill this pl'obl•m i1 pven by _ _ 

Oiateata [T·1· :uJ .,. • • k ---· ...... "' 
Jnpd 6 . T.t.Ss 

k T l.Z4 
• 6 . 

h•den aa4 White in the accompanying l .. el' report meaaurement ol the proton 

apectrum of the bmer Van Allen belt. 1 The shape of our lpeetrum aareea well 

with their• frc;nn 90 Mev to about ZOO Mev. They find coaai4erably fewer protons 

above 100 Mev than are predicted by the present analysta. The.l'e are at leaat 



UCRL-8768 

three poaaiWe cau••• of tbie 4il£erence. (a.) The neut:roa-leakage uplar 

41atl'l'bu.tf.on ia a luadion ol enei'IY· 1 Thia haa 'Deea neaJ.ectecl, and althoup it 

lla•t 4»bvf.ou how it woulcl, thts miJht eh.aqe the apectrum. ('b) A 500-Mev proton 

at a d11taace of one eal'th racUu• hom. the eurlace hal a racUua of ayration of 

600 km. TAla le ao larae that Wa puticle will reach appreciably further f.nto 

'·- Ute ataotphttre of the e&l'th at ita- mirror pobit than lower-eaergy pal'ticlea, 

azul thua it8 W'.Ume wU1 be ahorte. (c) Thia J.uae ra4iu of gyration meana 

that thi• pal'ticle wU1 1M quite aueceptible to noaadia'batic proceseea, whic:h will 

lower ita eaeriY· .For exampl$, time fluctuations in the earth' • magnetic field8 

would act on W• particle (to remove it) mo.re l'ea4ily than on. lower-energy 

panielea. 

It we evaluate the conltant ia the expreseion for the proton lifetime, we 

get 

whel'e M . ia tbe thickneaa of air (m em) that muat be traveled by the particle in 

ita tJ"ajectory to equal 1 em ot air at NT P: 

.M • ~ouufem1 
at NTP = 6x1o19 

(atom.a/cm3 aloaa real path} Y 

Follo\1ring Chriatoliloa• aaalyaia, 9'" get 

N0 jf Y=- -
+ 1'0 

• 



wh•r• 

N0 o mil'ror-poiat deneity, 

+ I' 0 • l•ath of ma~Ua lia.a from mirror point to equator, 

r 0 = mirror-point rac:Uue, 

h = scale height of atmosphere. 
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5 . 3 ,, oo 10 
U we take N

0 
• 10 atoma/cm (tor alDout--UOo-km, accordina to Johft,aon ) and 

+ • Z and. h c 100 lan, ._ a•t Y = S.7X 10
3 

atom.s/cm3. This glve1 

., • 6 .X 108 eec lor a 100-Me'V' proton. Now if we use the neutron decay dc:aaity 

~ (E) • (1/.J.vL) ~HE), we can evaluate the absolute value of the proton flux, F, 
ctv 
to be expected. in tu inner V&n Allen belt by u1in.g the leaking-bucket fol"rnula, 

c 
1 Q - ., • 

We aet F • Cv • hv • cia Tv, 
d.V 

F=_!_tT 
yL 

llltearatiaa + (E) trom 40 Mev up we set I =c 0.019 neutrou/ cmzaec • Thi• givee, 

lor Ut.e proton D.ux, F • 1 X 104 pl"OtOl\a/cmzeec. This asreee well with what 

Van .Allea ftndt fer the peaetradag com.poaent of the inner belt, 11 which, accordina 

to tbe aeutroa-leakqe source JDOclel, will be all last protoaa. Thie calculation ia 

net an exact oae, \mt 1t 4oea allow that the lifetime and flux predtet•d by the 

aeutroa•leakaa• aovce have reuoaabl• valuea. 

Detalled ealculat!ona oa the aeutron-leakaa• eoul"ce ue aow ua4er way and 

will be JNbliahe4 later. 
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LEOENOS 

:Fig. 1. The energy spectrum o! the coamic: .. ray neutrons that leak out of 

the a.tmoapbere of the earth. 

Fig. 2.. The equilibrium. energy spectrum of protons in the Van Allen 

radiation lMlt. 

A. The speetrum calculated in thi1 report. 

B, Tlte measured apeetrum of i're<ien a.nc1 White. 
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