|7
/4” unvﬁr/ €+,€ annh(
) LLW ﬁu m 75 o

o

.

$X

[0
(0!

o g
Ko “alien C?Mt/ S‘%a

Am s %:&M B

_____ ‘F//,s o ZCfC

l/a ) %’4 ?)afﬂ'w }Ouf\af 2 “



We cﬁbws‘:m Mmbna.ﬁm of ‘#?p.r ca _

lume 1oAS mectial £y clocoupl: 8
-;Qﬂu‘ﬁms 74&«/ a,d‘:‘/:q- xﬁ;‘af mz

Gél%—u.‘é andlract W(‘t[gﬂ?u&b Smee () l?aﬁh

el m&-;z#m o Miomesn Scellon ﬁ

/D‘ 7&’ Al gmj,ﬁ z:maz, HO |
(LW ﬁc?-m M—M 2 Lo CMB /3:»9791-54,&

h w7

¥ - Widdl o [&of‘ﬂaﬁéﬂlti C:_
_ /Ilm't&.S a //?4’&

var:aﬁm belp wﬂai a,n
,0%&4 Phitno ertutna 767\4. cﬂW

7T ( wi [l 0 moar wfen?«&/z,
Wittgfdﬁmw azw, w gfens,s% Aamo-—

3}%)‘65) e'tlc .

abon ., B

l"OJ‘(a,Mm‘C/ énum o UeLs
S ' *l—auﬂ— £
(Na&‘x ::—"ﬁ“ '.5("" N ¢ wet) ; we Can frac \ﬂac}émé

l 4 q'&o-n © > e a0 o cédn |
Tkt e forddonst

Solle Egu
) U lan

——

An

Jted |
Sinee  —x= -{‘)CHP)/n IS nacc\(—/ué ﬁ(c'lgoh
A
X o (vmieFnT) _ ‘ﬂn-j
I—x 5 QK]’[ AT

17

Hmf\ Jons NA =N (42)3 =N, (T/’Z.’m; ):J()(o)
u)ﬁw, conect Niov= UNOE —f’a}é?xco Flb%?)%_3
N




| 12

[
T

X = 2230073 3 [1s% J ]

’“X Gﬁbﬁl \rr”'/z _
Y __.._’}/:rf/ Pp = ISQ 580 Solute, frx
S//Lobum if\., “—sz 'Ga,a.a.cz _

A __\_-_’o[aam.(_ 6{4.?0 wM'aeag 2l
Lt moue fownd fn hme untd " Z2 1390
urbuce s(“:-d S . Mo To 2150k .

Ok finst s W,w_m WLZ_ g :éecaw__
IM’J()M[!W Dofen{va{;of_;% 4 Tt

o So o 1 “Cﬂé@-ﬂ#ls

gAY coth e

“7"‘“ ‘I,,"’i: b gyt il




L Uie Hewe KL (2—03/2 m %"QWZ 72/2"" Ca . 357 c:xP 3%:
ol ReT> Wil |

() (5%

%ﬂ\ /. ﬁ 722 %09 plua
ma:'z” TS % row?;e_qﬁ____._

C(2) | Nen- Eguclibriun Rl ook N
o HSaMViDuzc‘{\aﬂ le&:mﬁw

cﬁ;w)‘ﬁﬁ, St ral H® cfono . Bub<Qs meﬁa
— Wl ‘%')7>%+ i O Lireea | wndil!

nter et alom bl Vg me'
Tﬂm SV . Co Lavah wmﬁﬁm




G

J__‘P
L—%it But Lega 15 Fraped et
mwexqw?—?b _,ch«cQ _

/uzmpﬁ:é‘ iInmy reoninathen. mﬁf\f::
29

_Ha
onlyy Anagy ouk asfp o
il wlig T

=20 . 25 -31% .__‘—fv._——.—..‘-’-’z,s

/w RIS Sy
. ]M‘)ﬁw em:ssfj: w2 _H_ -
S 1y 5@«:4% Mn L g Mm‘n Pﬂa% oA

o™

“’foj? Z- B e Al[ [pro®uss  Sug Haded,
YE‘ 67{)&—4_'0'£C - c:ﬂ[@m E ,e-nﬁ"s(owa/\,ﬁcam[o; B
z‘m | B

oCLundo .

_ _I \Lﬁo Cago Bng SO / ws a 76/%:2—__ L

-___-(ﬂe a'b) = =N a® 4—[5 ”zsq’f’







)
h Y

Theoast et

W i+

5
:ZL ’QQ*I&‘CME \nuuaﬁw tul‘\LQ\ SCCLQM.J (Cﬂ ba °ﬂ“

Y

t

e 4;.-,49,;;1_.] pe G4z

22 1090, 0’; *‘?0 JZa'rcaB CHJ"F‘-___..‘:E“'.&P_C
Wedwl. d=1lnxcwo *ppe
Vegud d=lreo Mpe

me —!-Mnsmu. M‘M\-scafzﬂﬁ. hee P”Cca(.c:f‘ ____

4\,

- 7&» e

fo precise docougpling,

Csr A AN NN i
R (VAR v v A B

e St /\ P’l r\;av/? T/]/\L




| f.g —O<eu '_'( e

@ e aella ‘;»o_ls{‘_c.a.wﬂ_ @ cﬁom&ﬁ—_ comitriodk
) lnfﬁm o é?,Mm:cs are aﬁ&naﬁu

1_:.‘{7(.9'_1’!.- Oréf ) 'LH@L( ov S'LQJPS

s

0 T7IO[OEC ({:Atmec Cn. P).,w\ 'T% __w;*FQ _
i, W c.'f-La _wu_'*f-@ cach otboc.

b)) T ek . Cn,p) ¢6 b ol cum 15 lovsfen,
| C_Q/P)___m_ho_.__.‘f .Fmaya owf' a/{-— CV‘/PB’-‘—‘O oo

D Tl s, ks st

m Fvo ‘ka-ﬂ'LM,H?' waldecl L.H-UN\S

Clmest complobdl, to o HeT - compl

with N> Io oﬂa.uu.&
Jop) Rebo o epee

ﬂ{..e""-—z’hr)"-?ﬂ,

W eal (nloadons N preH e
W&,Pwi&m V's o precceal,




Define

&?

n

Se .

) Neu*wﬂ ~ég6_1§o-n Xo = —;—::F"
| Jl '? C
44 ) fg-&m XP w+p"' A

\G\, TSP | L pouet £ Ly anl p pocinTE
So ‘t“hat

d)("::_ —_—
Gt ° =

( \ yh') éd r.—-n - X” Zdvsh—'bf

>(ﬂ Léo‘q D P + ZU"J>P.Q.«\] 40.\}3{)-'{)?“




3¢

Xn_=_ ~ 4¢UBP”""

£ crv> nsp.t LTV

_-n&v\ /@,Qa'fwmﬂc mtle.mw 46V>“'*F '-e.K{) [cm"

AG‘V\)F an

C Nbe . Mmasmp)e? :tz_a:st }

D (e il

o “Xn o | ._lﬂm[_o
B - *‘e“‘t’c———F"‘)

D T S lsxd® X ot
(B G T>1 sxw't b rium

QMJ, Xn 'E\‘m'?b’ ok ak 1(1%@ Yﬂcr@dg



ll"a\‘_
D Awodts claldios s Row
Tt =232 0k, whia XYoo= 0.164

/ﬁ*ézv, OU._{ . ‘
aA 1T < Texdt |, all nderechono w:‘{-gx.ﬁa‘ﬁaéans
% t‘\m% ceeze . Bubt A n Jec,u,&, st (I
Q.c e
'Y 0. e exp (- (am.aec-
X
!
./:bnum 1 OMJ‘
JbY —:\ '
l-f:m'° ?f{l_oq Aol it

Put Hes Lgmoea -Fwecs-v\ + 4

oadant & T8 2 (9 3 x 0 kC
‘:fe u‘gv 1p ML‘_ :‘:}
3 ’ 20 ‘ to

Z —_—
t-< 10 /T = T = L8

CTE
[~ ov newlbien /q@f)nu Hn-— ch{%pe:
7 = 10 L otk

- o
T




QA Tr10% L (shiog) 42+ o Yo renchn

2,

T se emuliloniom Roldo o olenanct producty

2 n .:é, .C-z&mn'ﬁa,r )%T%B (ﬁ“r’“‘%)
ZP = 2 _CzrrmP‘QaT_)gh /J\?’ g _

- 3 (arm I exp(Bo/by)

gprn i—

:bb 7.5 MeV

Bp _ 2.4x10° [T
2



(2L

0’9 a ottt | | 3/, % ;

XnXp = ZoZp =4 (2Pl e B

Xp 2D -3 - rr )4(&% 85;!_-

fy Te ohibk fow KXoyl oo

™ v b & me(g = 1 :B(.— crheel

XaXe | |

’-ﬂ% o ! L r‘g :'0,7"1
ik - 1 2

' _ Q=0

(__f'r,

Wtereon Burnm%_ ‘aa,sfm a.7{‘ C’:D e

N 1+ H +&‘ S+I—e—r-—3_

| — ;[‘f 1~.H' s nfened bow,
+~ H = /
decechon




@ T>>1 5_"“’!0 ”/p in e@m 1 brmﬁ“é'fmddcéz
LN Ya=05

“"Pﬁ’t"’ @ -E/u asc A o WE"' ‘l‘—wc«f amq< T"_‘ff?‘_",‘_’__
@ :Fhey_,o e € XnzO.(64
o n- :fe:c:.xa, v Xnw = U[é"*eYGC"E_) e

T <. Bxfoqk‘

TE. shit fom &;z&>7l oe-éa.;aﬂnr
D

wio o THEHAIE
40 X0 |



W—

[
Aownen, : |
at T 3xOlC | 5 Hel could e produed

,h‘ ,#L—51”¢Y+b’
PR AR RY a2
AR R W SR g

L A o Mt ¥
n 'HHeB i D 2HeH Y

- o \‘-WM '&M(cé Maén«cg:ncu., aj:”ﬁ;lg_,

H3 Bat- Mmj % mal  otcun Hioc acado
o?éond.: Xp, YH:‘.,)(*‘; Fovs

0 AT, cxo0? chze )
% ~9x607h“ ’ “re %

l On((?q_;f’ T < IXO'R s e X,

. ows B 7£1,1‘~
%ﬂ, Wd{ Lhrecnt aw_
neg

t ma/ ﬁqf in M
He
fl’/eb d—&bd?-( r Z:fn{;u(- Skecies ate -

Ce—uoo(.aﬂ,ct %0& b..):'#ﬁt. Mm—cc(em

Xﬂl\/ Mméw\.ﬁ
(i—=Xn M~ me .
Xo N n o o Het wcle %&Mu}
—= 7 Ynude,

oy PRI




[l

- Maor = My N B

/1/1 (2 M) = W (4 4 m,. )(X n )—-},"710 Yn)\/__

____n'ch,am.p, "alanvuwy >/_ m("'f’éq) _-_zmp/n Yn

e __Gtc_wz&_«u&z e l'@O«qec_ e

Xn = O.0bYy e:»cP(— e )=0.32

Vim ga6 | < pretiy close o

I_,[; £ | /'1 "/?X[O-?(T/[OIORjCJZB‘QL))% PR
C cross -ochons ~ Yo ) y
Yhia 74@3,3 et whson 7= HI4)= //zp 28’(7‘/!0/" 2

So X4 ﬁ&% auf: wlon In—tokw

ﬂﬁ ’).Q,q‘_ ‘(@uummé/‘e

7@u M\QQ



Temperatura [Mav}

0.5 0.2 Q1 005
v T T — r
B P LT F TS TTUTIR
proton iﬁ

- li |

of neutron __.h_a,ltr(‘__._]:
U b 3
W r 1
£
sy 1
g E
-gT s sdeuterium
= 92 F
g =k 1!
2 r it
Qwnm ;!'
EoF ‘y

F L)
7 ‘i
2f "x'
"
wl “
ok 4 3
3 ra

- [ ./

'o 4 . pr AP | " N

-3 10 100 1000

tima (s}

F1G. 1; The evolution of mass fraction of dilferent species during nucleosynthesis

Using ny = 1, ny = np acd 1z, 1y = ny where the subscript ! stands for the leptons, Eq. (23) becomes

_1.d___(”"a3) = pn;" n—pn?'q —n (28)
ad  dt ¢ ny A -

We now wse Eq. {24), write (n]%) = Anp which is the rate for neutron to proton conversion and introduce the
fractional abundance X, = n. /{1, + n,}. Simple manipulation then leads to the equation
dXn
dt

Converting [rom the variable ¢ to the variable s = {Q/T) and using {d/dt) = —HT(d/dT}. the cquations we need Lo
solve reduce to

= Anp ((1 - X )e T A) ‘ (27)

*
i -1
—Hs—df" =dp (1= Xp)e " —Xa): H=(11 sec My 57 AL = 0—-———'2? > [slz +6s+ 12, (28)
ey K

57

It is now straightforward to integrate these equations numerically and determine how the neutron abundance changes
with titue. The neutron fraction falls out of equilibrium when temperatures drop below 1 MeV and it freezes to about
0.15 at temperatures below 0.5 MeV.

As the temperature decreases further, the neutron decay with a half life of 7,, = 886.7 sec {which is nef included in
the above analysis) becomes impertant and starts depleting the neutron number density. The ouly way neutrons can
survive is through the synthesis of light elements. As the temperature falls further to T = The = 0.28MeV, significant
amount of He could have been produced if the nuclear reaction rates were high enough. The possible reactions which
produces *le are [D{D,n) *He(D.p) *He, D(D.p) *H(D.n) *He, D(D,~) *He]. These are all based on 1, 3He and
TH and do not occur rapidly enough because the mass fraction of D, 3He and 3 are still quite small (10712, 1071
and 5 x 10719 respectively) at 7" =~ 0.3MeV. The reactions n +p = d + 5 will lead to an equilibrium abundance ratio
of deuterium given by

372 342
nptt, ol (m,,m,,) C{2rhkpT) / o—BikaT

nan 3 Hy (27r}'1)"1 n

= exp |25.82 — InQgA* T’ - (?)] : (29)
10

The equilibrium deuterivm abundanee passes through unity (for N ph? = 0.02) at the temperature of about 0.07 MeV
whicl is when the nueleosynthesis can really begin.
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