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Big-Bang Nucleosynthesis
· Review (and future plan)
· BBA

->general picture
-> "He abundance(equilibrium)
->D abundance (limite reactions rate)



Review I

CMB:

Saha's equation
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eteannihilation heats up Neutrinos

+1,0
=2k (Tro =2.6k)

cosmological bound an mi

Future Plans:

- Baryogenesis and Park Matter

- theory of perturbations (5lectures)
->CMB Rubahou, Godenor

- Large scale structure
- Inflation
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BBA

· BBN is the process of formation
of ligh nuclei (H. He, D, Li ...) from
p and n in the primordial plasma.
It occures at5- 1 -0.1 MeV.

Atas formmuch later (during recombination)
and all heavier elements even later in

stars.

· As a result of BBN we get
75% of M, 25% of the and

- 2.10-5 or D. These abundances are
measured andsince they depend
significant by on various parameters
Napp, IB et.c., these parameters

trained.get cans



Neutron-proton ratio, freeze-out"
of neutrons

Remember thatMp-Mn-1 GeV,
whole ma-Mp = 1.3 MeV.

Let us check when the reaction

p +e c> n +Pe
calso possible cross-channels)

will
go
aut of equilibrium

It is a weak interaction, so
It will be close to that o
neutrinos

-(a) a new

&A more precise calculation gives

-2- 0.8 MeV]
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Both are comparate to M.-Mp
[Itis an important coincidence?]

Let us compute the abundances,

assuming thermal equilibrium (O's
just loze out, but they are still

in the thermal
eq. (

We have around up, et,
dis

an =exp(-)

up
=exp(-*Mp]

Mu+M=Mp+ Me
1.3 Meh

gives -

= exp( - +)
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Me ne-- net - 10

I
E - =DB - 10
ne that

this because Re-Ret-Up = 0

Ineutrality)
and re-no, electrons are
relativistic.

We also assume MO to be small

Iwe could treat it as a parameter
that is later lixed)

- Mu-Mp

* =eF =I
Note that timescale lage of the
universe) is to-Is,
which is much shorter than

loletime of neutron (15minutes (

7
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Nuclear Reactions

Next step is to wait until
the nuclear reactions become important:

p +ncD +y
D+D => 3H+p;D +D -Meth
3H+D => "Me+H

3Heth <> "H +p

Binding energy I low a given
nucleus is given by
I =2mp +(-z) mm - M

What is important, is the ratio

E:H(D) - 1.1 Mew "He - 1 MeV

3H-2.3 Met 129 -7.7Met

TFe is the largest



I

The reactions active during BBN
never produce RC, but they
produce the in which most a
the neutrons end up being
First, however, deterium has to

be produced
Let's estimate when reaction

p +hcb +y

gets shifted to the right
For that, let us compute temperature
atwhich abundance of neutrons and

deterium are equal.
Yes, the computation we did

los CMBS

=()*-
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Ap-DB.ny-0.245yB

gives ↑ - 70 keVNS

· We assumed that neutrons are

in the termal equilibrium, however,
Hey Froze out already and

some of them decayed.
In last I NE ~ 4 min

-

I
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-

· e
- E =

↳
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"He abundance (equilibrium)

Let's deline abundances of nuclei

x1 =A [xA =1

Since binding energy per nucleon
land per neuti n)

is locallythe largest for. "He
and there are lewer neutrons their

protons production o "He will continue

cantil all nations are in it.

Nate I Mu

24
=Y hire
-

uptrn
=2=25%

Let's check it more carefully.
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chemical equilibrium reads

M1
=Mp.z +Mn(A- z), then

n
=4p*n*

-z.(+)*-
1) 51

eF

n = Dit =Up

ZurX=xi Di*()- *e
--

x=
=(ns(w)*)*

= -*1- 1
EA - June tz)
2 -

~ eit-tre
Here whatmatters is binding energy per n!
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ElweputID
into this lovethe
- 120

-

In reality the primordial traction
of Defterium is not as small,
because the reaction rates are finite
and they breeze out bylore all
Reiterium, and other elements burn.

Abundance er Deiterium

p +hcb +y (production)

D +D c> He +n
I distruction

D +D &T +P -burning (

d +3H =
-owner

-17cm
at TC TNSSer = 3.10 -



As usual:
I

H =
+2

Up - yb
+3-

Mo

r =H condition reads

+2
- =EvDy =7

Mo

-=M.Tas
*e

- 5

(More precise computations in Rubalious'

book]

· 105e
-
120

A
⑧

· 10-51

·- i -> sensitive to it!


