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

e e en e n ee () n  ne 
neenen (B) en  ee  n eBnnen (B) en 
een, n n αe ne. n e ne e n nn  αe,
ene3.21MeVγenee9Be(α,nγ)12Ceneeee.B
nene3.21MeVγeneeneeeenee,enenn9Be
neee.enenenennnn
9Be(α,nγ)12Cγeneneene.


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



  e nn  n ee ()

nn  [16] ee n ene
n nn  ne e en ()
[7,]  ne αe. e nn  
eneenen(B)en[4,5]
nnnneeen(C)en[9].
e e  nn  n en n
nneeeenBene[4,5].
n   enee , e αe ene
e  enee e n  n 
 e nen n enee αe (3.5
MeV) nee. n Bnnen (B)
e n nen ne e n 
een, n n αe n nn, e
eeeeαeene[10]. 

 e ee ,e
en nee  e ne e. n n
e,   ee  neneeen
n  e e e en n
nn,nen
ne n en  n 
ne en [11].  e e e  
n  [1214] n  e ee 
ene,n
e nenn n nn   een
ee.ne e n nen
e ee nenn  e n e ,
e  n n e e

eeeneeeeee[15]. 
     ne,3.21MeVγen9Be(α,nγ)12C
en  nee   n   e
 nenn n   ne 
nen   nenee ee e. e
3.21MeV γ  ee  e nn 
eneee(7.65MeV)eee(4.44
MeV)12C. 


MeV)3.21(γ[4.44]C[7.65]C

n,]65.7[CBeα
*12*

*129

=+→

+→+

γE 


e  en   e  n n . 1
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



. 1  e  en  9Be(α,nγ)12C en

3.21MeVγen[1214]. 
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

1214. Snce he cross secon o hs recon r
ncreses n he ener rne oe 3.8 e, he
esson re o 3.21e r ro 9Be(α,nγ)12
reconwo sense reson o heocono
he αrce esson secr whch s roene
owrhhenerreonNBIhen. 

e ccre ee he enerec (3.8 e)
coonen o heαrce eoc sron ncon
consern he ocon o αrce esson
secron he ss oBoe.sn he one
αrce sron ncon, he 3.21e r
esson re  9Be(α,nγ)12 recon s ee. B
cornheone3.21eressonrewh
heoneeerenesre,heconcenrono9Be
ons co e ese.  scenro o nose he
concenron o 9Be sn 9Be(α,nγ)12 r en
reconsresene. 





he eoc sron ncon or on seces a

(a ,  n αrce) re ee  son he
oownBeon.
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    (1)


where fa(υ) s he eoc sron ncon o he
seces a. or scons, s s sse o e
s nor. he rs er n he ehn se o
.(1)reresensheeecoheoocosons.he
sonsenoercronseces,.e.j,
, αrce n eecron. he coson er s hence
nonner, renn cosons eween ons o he se
seces.heseconercconsorheNSosecesa
cronons.econserNSeweenαrce
n,neweenαn,.e.,(a,i)(,α),(,α),(α,)
n(α,).heNScrossseconsreenrohewor
oernsnen8.

he hr er n he ehn se o .(1)
reresens he son n eoc sce e o her
concon. o ncorore he nnown ossechns
o enerec ons no he nss, we se he
eoceenence o he eneross e o her
conconnherceosse(seee.46). 

hesorceSa(υ)nossLa(υ)erseeren
or or eer on seces. or eeron, he sorce n
ossersreescresohheen,enecon,
rnsor oss n he oss e o (d,n)4e recon re
ncnechoher.heNBIreernoeSNBIs
eressesnheeenerENBInneconower
PNBI,.e.,SNBIPNBI/(ENBIV).ereVreresenshes

oe n V  800 3 s sse. or ron he NBI
necon er hs no een nce, n he sorce n
ossersreescresohenre,rnsoross,
nheosseo(d,n)4ereconrencn.

or αrce, he sorce er e o (d,n)4e
reconswrens 
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wheredσ/ds heerencross secono(d,n)4e
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where mα(n) s he αrce (neron) ss, Vc s he
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hecross secono(d,n)4e recon s en ro he
wororos16nBosch1.
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9Be(α,n)12reconcneee
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
where υr s ree eoc eween 9Be n αrce.
heeocsronnconoerssse
o e wen  he eerre se s  on
eerre. Becse hess o 9Be s rer hn e
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

ion,diorionoeloidiriionnion,e..deo
NE,oldeneliile. 






In i. 2, e o (a) e αparile emiion

perm and (b) e αparile diriion nion
en20,40,60and100NBIeain iapplied. In
i allaion, eleron emperare Te 10 keV, ion
deniie nD  nT  31019 m3, ener and parile
oninemenimeτE(1/2)τp3eandeamineion
ener ENBI  1 eV are amed. I i ond a e
αparile ener perm i roadened o i ener
reion NBI eain and a enerei omponen (
3.8eV) are ormed in αparile diriion nion.
e old line repreen e diriion nion in e
ae io NBI eain. I i ond a e enerei
(3.8eV)omponenareormedoinoeNEo
ionproded αparile [1] een i e eam i no
ineed.eroadneo eemiionperm(aell

a e relaie onenraiono e enerei (3.8eV)
αparile omponen) eome larer i inreain
eam ineion poer. In i. 3, e 3.21eV γra
emiion rae rom 9Be(α,n)12 reaion i on a a
nionoeamineionpoerPNBIoreeraleleron
emperare. e allaion parameer eep
emperareandeamineionpoerareameaoein
i. 2. e onenraion o erllim i amed o e

317100.3)(005.09
−×=+×= mnnn TDBe .eemiionraeo

3.21eV γra eome larer i inreain PNBI and
Te.

e ne o (a) e αparile emiion perm
and (b) e αparile diriion nion or eeral
deerim(riim)deniie ini.4. In iallaion,
eleron emperare Te 10 keV, ener and parile
oninemen ime τE  (1/2)τp  3 e, eamineion
poer PNBI  40 and eamineion ener ENBI 
1eVare amed. I i ond a eαparile ener
perm i roadened o i ener reion and e
enerei omponen o αparile diriion nion
eome larer i dereain deeron deni. i i
eae e loindon o a eamion i eakened
orloakronddeni[4]enonaellianailin
deeron diriion nion reaed  NBI eain
eome lare and e αparile emiion perm i
rerroadenedoardienerreion.    

Ini.5,eoe3.21eVγraemiionrae
a a nion o el ion deni or eeral eleron
emperare. e allaion parameer eep
emperareanddeerimdeniareameaoeini.
4. e onenraion o erllim i amed o e

317100.39
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eneraion o αparile rom  reaion dereae and
e γra emiion rae rom 9Be(α,nγ)12 end o e
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i. 3  Emiion rae o 3.21eV γra rom
9Be(α,nγ)12reaionanionoPNBIor
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

mall.aonini.4(b)oeereenerei
(3.8 eV) omonen in e arile diriion
nion inreae i dereain deni. e ra
emiion rae i oneenl ke nearl onan
eeiall in loemerare rane een i deeron
denidereae.    

In i. 6 e enanemen o e 3.21eV ra
emiion rae de o e arile emiion erm
modiiaion i.e. GaussYY )21.3()21.3( / γγ  rom e ale en
aianermiamed( GaussY )21.3(γ )ireenedaa
nion o eleron emerare or eeral deeron
deniie. e allaion arameer ee emerare
anddeerimdeniareameaoeini.5.Inlo
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e3.21e emss e sees
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ee ENBI  1e s ssme.e ENBI eees 1
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