
Positronium can
be modeled as effectively the

(C) same system as an electron in the

hydrogen atom
,
but with a different

effective (reduced) mass

p=memP- a fine = Em(metmp)
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Therefore
,
we may use the same results as

for the hydrogen atom
,
but with the substitution

m →p in all formulae .

The ground state energy of positronium, for
example , is

Ei -- - L¥¥⇒7=Ef¥⇐÷iY
= Am E, = IE ,

= If-13.6er ) = - 6.8N
where E
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= - B. GeV is the usual hydrogen atom

ground state energy .

The binding energy of positronium is therefore
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,
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- 6.8eV.
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(b) For spontaneous emission
,
the decay rate from

a state has to state lb) is given by
3
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w
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The lifetime is related to this by
re -- 11A .

To see how I changes if we
change the electron mass m to the reduced
mass µ , we need to determine which of
the parameters in Eg .

( t ) depend on mass.

 (b) 



Clearly , Eg . 12) depends on mass since

Ea
,
Eb are the hydrogen/positronium

energies ,
which are proportional to µ .

A little less obvious is that Eg .

depends on mass . For hydrogen ,

tpt Lao = Bohr radius
and the Bohr radius itself is mass

dependent :

no
= time .

For a reduced mass µ¥m system, the
effective Bohr radius is -

ao
'
= pike -- Mp Eder -- Yao .

Therefore
,
we can see that the ratio

of the spontaneous emission lifetimes for

positronium and hydrogen are

÷ :¥=iiiiE÷⇐÷⇐
⇐Plant -- ma - 2 .

Since e- 1.6ns
,
e' = 3.2ns .


