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A more missive R has more nuclear feel .
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Nucleosynth
A nucleus is always found to se less
massive than the combined mass of

protons

and neutrons
.

The difference is the binding
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Knelling hes to be taken into  account .
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Since the velocities are rkxwekin
,

we oub
need to know the reaction cross - section

rkl to calculate the reaction rates .

The kinetic energy is much less then the
Coulomb barrier

.
It thus has to depend on

the pobability ef Knelling through the
barrier
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Thus n
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. Increases sharplywithtemperature

• Hecnir nuclei ⇒ less likely then cwith
lighter nuclei
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Deuterium binding energy
: 2.22 MEV

Helium
binding energy : 6.6 Mer

stay force potential : 30 MEV
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Proton
 musttune
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Reaction chains . Must be pair . wise
.
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 Electric charge
Baryon number
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Substitute r=r
,

6520 and r , pro DI

Panitz'at⇒"¥H÷
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Proton - proton chain

it +
' It →2H tettv

.

iltt ' H  → sheets

3 He +3 He →
" He + ' HHH

Find rate
.

tstreection is mediated by weak
force .

slow reaction ,
determines rate . Add

all energies .

divide by time rate of slowest
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* surplus of Be , that
an fuse with He

.

Triple Alpha
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" He +

"
He =

' × ( ? )
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Nuclide table : No stable nucleus of
mass 5 or 8

.

sal peter suggested triple alpha :

" He +
'' He +

''
He →

' 2C + y

3 articles ! Much less likely 10 occur than
z patrtidesonly .

Also the repulsion  is much stoner .

Highly improbable in the early universe
,

so

Big Dang nvcleosynthesys should not here gone
beyond helium .

In stars
, can happen when the temperature goes *

beyond 18 K
. ( Helium must fuse taster than Be decays )

Even then
,

still very unlikely .
Too slow if the

cross - section was non . resonant .

.
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Hoyle / 19541 conjectured that there nest be
a resonance to make the reaction rate

appreciable . theretoimmediately found in laboratoryetpenin
The triple alpha is unlikely . Zt takes

a long time to occur . Consequence i didn't
occur in the Big Bang because within
minutes the temperature fell below the
critical point for nuclear fusion .

Resonance ; 8Be almost exactly same

energy as 2 alpha particles :

"
He + " He →

' Be 1100 uev )
*• Bet 4 He →

' 4 Excited state of carbon
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→ "
c +y 17.367 MEV )

Gamov : all nudeosynthesis in Big Bay
Hoyle : stellar nudeo synthesis . slvfffonmef

four hydrogen ,
the "Are'

'

primordial
substance .
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found state -

8 Bet ' He can use the

inker
.

energy ofthecollision to fuse into the exiled stale
,

which
then transitions to the ground state .

Also : kct 4 He →
^ 60 has ho resonance . If

this existed
,

All carbon would become oxijeu ,and C would be as rare as beryllium .

-.
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56N
; + He →6£n Energy is consumed and

the *

collapses

.
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Iron Peek

"
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transition  in the nucleus .Effectivelya
" nuclear spectral line "

.

It
is

a
" resonance " between the energy of the

incoming collision , and differences in the

energy levels of the

repotting
nucleus .
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