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1 I n t r o d u c U o n

× Ee p m d o m i n a n t m a c t i o n b y w h i c h 7 B e i s d e s t zw e d m t h e p p c h a i n , u n d e r c o n d i u o n s e x i s t i n g

n e a r t h e c o m o f t h e S u n , i s t h e e l e c t EO n - c a p t u m m a c t i o n 7 B e ( e - , ñ ) 7 Ì . T Tze 7 B e d i sa p p e a n

a b o u t a t h o u s a n d t i m e s m m r a p i d l y b y t h e 7 B e ( e ¤ , È ) 7 I A r e a c t i o n t h a n b y t h e 7 B e ( p , y ) B B

m a c t i o n [ I ] . T h e e q u i l i b r i u m a b u n d a n c e d 7 B e i s t h u s e s s e n t i a l l y o b t am e d b y e q u a t i n g t h e 7 B e ( e - ,

h ) 7 U m t e w i É t h e 3 H e ( 4 H e , Ã ) 7 B e . 1 E j B e ( p , Ã ) ' B m t e a zzd , c o n s e q u e n t l y , t h e BB ( r h )

S B e ¤ m t e a Ó t h e n p m p o r t i o n a l t o t h i s e q u i l i b d u m a b u n d a n c e . J . N . B a h e a l I c o m p u t e d t h e 7 B e

e l e c t r o n - c a p t u m o n l y c o n s i d e r i n g t h e c a p t u m d c o n t i n u u m e l e c t m n s a n d n e g l e c t i n g t h e p l a s m a

s e m e n i n g b y t h e i o n i z e d g a s d t h e s t a zL Z] - W h i l e I . ² e n t h m d Et t h a t t h e m i s a a n i t e p m b a b i l i t y

t h a t 7 B e e x i s t s æ æ a t o m ÷ × m e o r t w o b o u n d K - s h e l l e l e e » m s [ 1] , t h e y c o m p u t e d t h e e a p t u m

r a t e o f b o u n d e l e c t m n s i n T B d + a n d 7 B d + u s i n g D e b y e - H t i c k e l a p p m k i m a t i o n Ø e s t i m a t e t h e

m m e n i n g d e c t o f t h e i o n i ze d P l a s m a o n t h e r a t e d b o u n d - e l e c t m n ü " u m a n d f o u n d t h a t t h e

b o u n d - e l e c t m n c a p t u m i n c m m t h e t o t a l c a p t u m m t e i n t h e so l a r i n t e r i o r b y 1 7 - 2 5 p e m n t a n d

t h a t p l a s m a s e m e n i n g s t EW EEd y a g e e t s t h e r a t e o f b o u n d - e l e c t m n c a p M m o n t h e so l a r m a c t i o n o f

7 B e ( i , ñ ) 7 u . A n d t h e b o u n d - e l e c t m zz c a p t u m h m m o p p o s i ù e E e c t o n t h e eo l a x- s B n e u t r i n o

n u x , w h i c h i s o f t h e s a m e Em e zi t u d e a s t h e 7 B e n e u t r i n o f 1123E[ l ] .

J . N . B d 1mc ad lHlt [ü3½] t h e n Em@÷ En2æe¢ ¢wÕ±e d t­ o c a l c u l a t e t h e 7 B e e lhe cd t rm£ EnÎ1· . c a põ t 1u»IÓªü- r a t e c o n s i d e r i n g tÉ}h1e e E e ed t

d p l a s m a a n d b oÁ uiu½1umEn2×d . ed l e cd t m En 1 säc Em' e m× i n g i n td}h1m e Em@a° c tÊi o EnE 7 B e ( e

a c t i o n r a t e A u s¤1 ( c o n s i d e m d t h e e g e c t o r p l Ø m , b ´ BEd d e d m EI Se m e n i n g a n d t h e f Eü £ -e l e c t m n c a -

p t u Ó b y 7 B e ) , f o r 7 B e ( e - , Í e y u i s 1 . 2 t i m e s t h a n ù , w h i c h i s t h e m a c t i o n Õ e o n l y c o n s i d e r -

i n g t h e 7 B e Ø p t u m b m t h e e o n t i m BEEn z e l e c t m n s .
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Beeau-e tbe pma cted solar neutzt no fhu from 7Be electmn Ø ptï e and th calculated abundance d
the 7Be nucleus di rectly aged the 7Be ( p J ) SB reac60n rate and , the SB ( r h ) BBe ¤ decay m h m it

is d intereat to examine quantitaHvely the id uem e d the fE÷ -eleeuwn capture and d k ¤ü " um b7 7Be

nucleus .

2 C al cu l at i on of r ea ct i on m u

The frpe-electmn 4¤aptum rate! l J m- y h wÉ " n ¤

| © ( O} | 2
´ 1 }A e z 2 | ð £ ( O ) | z h d ,EJ

wh Ð Ô 0) 12ish hee-deem ð iw at ô 7h nuclm in´ ô , 2| ô (O) |2u the¤ tron

l ddem iw at the 7Be nucleus in a neutral . uzzscrem ed a om in the p und State - and Al-b = Á¢ ¾² ys - 1 2 1.

m x 10 ¤7 ½ - 1 . Insm Ô tk esti mþ d | ð £ ( O) | 2 e ven by i N . Babd l [2] aM h ¡ mÅ d

| ò ( O) l z e ven by I - h n et al . i l j , om M

A. ¤ 2.31x 104 (1+ X)pTEì [ 1+O¢ ( ¸ - 16)]-d I
where T6 is the tempemtum in uni ts d 106 K , X is the m ss abundance of hydmge,, , and p is tbe matter

density ( gf cm3) .
Atter considertng the eEect d plasma and bound-elecÇ£n scmemng in the d ectEOn-captuÓ Óaction

7Be ( e ¤ , Í . ) 7U , the mte a which 7Be captun s m eleetron in the solar intedor can be wd tten appmb -

mateIy in tbe follom ng convenient fom [3¤41

ËEM-1¤ 2.SEX IO-' ´ Bµ( 1 + XM Yzk l + 0.Ø 4( ¸ - 16) ] -ec-1
wfEem ´ B µ m presents the enhm cement d the cond nuum captm m te by bound-el ec Õ n Ø ptum [31 . bei ng

equal to 1 . 2 .

h Eq . ( 3 ) , the numer ical appma mation Ó PEe- ented by tbe last bm c lEeted expm ¤- ion i s in accumcy
to 1 % for 10 4 T6 SE 16 [3j .

COë M ETe Eq . ( 2 ) ì ú Eq . ( 3 ) . we can oMai n

Ë tM¤1 = 1 . 2 A e ¤ ( 4 )
But under EYOTIdi 60m near the m nter d th Sun the tempemtum U 15 . 67 x 106 K , tbe eqØ l i br ium

enmw is about 2 lEeV . Wh i l e the 7Be atom comp letely ioni zed em rgy m about 0 . 45 keV ( tbe fbtut h ioniza -

tion potent i al of the 7Be atom m 2 16 .6 eV , the thi rd ioni zat ion potenHal d the 7Be atom is 153 . 1eV , the

EM ionim À£n potenti al pl us the seeond ioni m À£n potent ial d t he 7Be atom is about 30 eV ) . IE e equi l i bd -

um eneç y is more 4 ti mes than 7Be atom compl etely iORin d enerEY- U EB, , w en ¤ tbem is a f l ni te pm b¤¤

bi i i ty that tbe 7Be exi sts m m atom M É oae or two bou nd k - sb elI elec tzun- in the center of t he Sun be-

cause of t k Maxwell - Bol ï zam distd buti on - the ex isUng F ob- b il i ty sb£ui d h m i l .

A ccozd i ng to the standazd solar model ( SSM ) , tbe abundance of 7Be atom and tbe solar tempemtum

are gradual l y deczeasing nEIder th e solar center - Fm m O to 0 . 12 17 R Ø ( hem R @ m tbe SOIE rad i tm) , t he

average ab undance of 7Be atom is about 94 .02 % 7Be atom abundance of the whole m iah and the average

temperatu re is abou t 13 . 87 x 1CF K M] .

Because compound and i£ø z¡ £n d atom in tbe Sm is i n beat eê Òi l ibd um sü " ' the d ig erenti al
compound croes seet ion of 7Be iom cm k m pEØ eed d 6]

327E 2 3 ¤2 i Z 2 I K i g R( n ) }
ÒR( n ) = £ Z È { Ó ) { ¡ ¸ , ( 5 )

hem n is the mai n quantum number d el ec tron a a e in - tog - , z i - th a m ie EEUÔÉ er , Áf i s the Sne
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me ES me mmmennun og IEECEOem eaecuonsJ , E ES Ene Eonus o eneqw , n ES n ç 'UË UWEE- EEE, v z' " ' c ue-

quem y of mdiaHOlz photons - g R( FB) is G² mzt h eso--, g R( n ) - 1 .

H the ki neti c em E° y d incident d eem n m much la s th n tbe m ized energy d ttm atomic F und
ZZI

sta te - th e e ne rg d m d i at i o n ph o to m . h Í - - r - A ca m e M eM Eep m m n td o n d Eë ¤ ( 5 ) cm k w r i t t e n

n
, 13 Z 2 S R ( FZ )

Ò R ( n ) = 1 . O l x l O z ( Ì 2 ) . ( 6 )
" õ

By Eq . ( 6 ) , we can calculate the m mpom d mte cod sd eÃ £6 7Be ioô , É ieh repm em iU M e Ø com-

pound and ionize . It can be m cuEasely written

aJ T ) = j : eR( Ð ð ( 7 )

here T is the Mmpemture d É e solar e£" ' e M d-e velocity d incident electrons- k e ) is the M× well

diet rtM Uon funct ion . It cm h wdtten
, þ ¢ z r 2 , ¢
t Fn 1 , , , n e lf ( , ) 2 4' f Å ½ ezÐ - ZET J ( 8 )

Because we only eom ider k ¤¤beU eleeØ£" d 7Be , namely . n a 1, " d g R( 1) ¤ 1 . "

a t ( Th f ä ( 1) É Ó = 1 0 l x 1² x

ª (÷ )¡ (ä Ø )Î (- Ú )de
= 8 . 9 15 x 10 ' 14 ( eï 3 . . ¤ t ) . ( 9 )

I n ot h e r w ord s - f o r 7B e i e ' " , i u D e by e se m M Û l e Ñ h m h m zp u te d b y fo Ho m s exp m ¤- i o n

i So k T l tn

l i , ( l O )D - l k n ¤ - Z Z J I

ô̈ kiÐ tµmµµzn­E
?B² e a±t£¶ am 2. . oü r iô£ Em m n u m b er dü e 'mE"Ä÷'±¡ i"ùt®y , FEBe = 4 . 8 86 Á 1o m / m sM j . W e c an c a l c u l a te 7B e i o m ' D e b y e L I ESt h

b y E q . ( 10 ) , ËD = 3 . 0 7 x 10 - 11m .

W h il e th e ave m se v e l o c i w d i nc i de n t e le et m n ea a h c a l c u la t ed b y t be fo l l ow i ng n Pr e- - i o n

/ 8 k T ,
v z d ¥ = 2 3 2 Á È mj s ) ( 1 1 )

Sh u n d e r t be b ea t eq u i l i b zt u m c£" d iu £" M th d az e £" , f m ct i oa d 7B e m m ÷ × oa e K - sh el l d eeð £ "

18

÷ = ( 1 - Ä E p ( - M T ) N . s ) ) = 1 1 - e x p L Ð T ) N . l ¨ £ 2 )I i E K K

t , £ E É É ¤ ¤ e F F

h er e N . i s th e m em e l e eÕ £ " ' m zú er d e m it y b et we e n R g O Ø R = 0 . 12 17 R e , N o m ² e m ea n 7B e io n

n u m b e r d e n si t y a t t z 0 , N e d . 12 1 x 1² / e mSU ] . Ä "

÷ " £ . ( Ø
" £

I t m ea m th at ' B e a to m am c o m p l e t e l y m a i m d M th e so la r i n t e d o r - A n d t be m te a t w h i c h 7Be ea p -

tu m a n e l ec Õ ,z h th e so la r i n te r i o r ca n h eoë u t ed b 7 s i m p l e fb l l owi E28 fom u l a

A ; " - t = Ë e ¤ ( 14 )

C o mp a d ng E q . ( 14 ) ÷ × E q . ( 4 ) , we a n d

A M - t z 1 . 2 A ; . ¨ ¤ ( 15 )

3 D t s a m i o a a n d COM EM o m

F ro m t h e c al c u l a t i o n ab ov e , w e m y co n c l u d e th a t É e 7B e a tom co m p l et e l y i o n i ze d , a nd fh e m d i e t -
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d M e d 7Be electm captuÓ by tbe Su ndazd d ar m del is 1. 2 6mes Mm er than the newly eoë uted

elecuon captum mte in tbe solar interior . ØBe pred eü d val ue d tlze 7Be solar neutd no nux wi ll deemase
h m 4 . so x 109cm - 2¤s - l [7] Ø about 4 .Þ x 1EPcm- 2 . . - 1, and the predi cted value d the SB ,£lar m u-

M m fIm mll incm¤¤e hom 5 . 15 Á 106cm - 2. . ¤1[?] ­ 6 . 18 x 106cm - 2¤s - t . It wil l fuEt her increase tbe

discmpaney between the ob-ewed m d the predicted neuu tm am es in Super kamiokande neutdm peri -

nzent .
h U a pteamare Ø thank h Û ssor DING IJ v k ai , ZHU Qine o - and PrÛ asor JIN Chab u t4j br hetp¤
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