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Provious investigations on the excitation of atomic hydrogen by alpha particle
have hoon mado by Bates (1959). Using the impact parameter treatmont he has
shown that the introduction of allowance for distortion leads to mmuch smaller
cross-soctions than thoso obtained by the first Born approximation at low and
modorato energies. The purpose of our present work is to investigate the samo
problem in the second Born approximation and to compare our findings with the
previous results,

We consider a-particle B to be moving with a constant velocity v in a straight
line and the target nucleus to be at rest at 4. The Hamiltonian H corresponding
to the motion of the electron is given by

1 2 . . .
= — — -~ — = (in atomic units
W s ( )

The total clectronic wave function may be represented by the expansion

¥(r, ) = Z a,(O)Y,
n

where ) Y = Pu(r)oxp(—ieyt),
@n(r) and ¢, being the cigenfunctions and eigenenergies of the hydrogen atom.,
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The collsion is then describod by the \;ime-dopemlont Schrodinger equation

Hy(l) =1 (ft ¥(l). Proceedmg m the customary manner 1t can be shown that

ﬁ Uy (8) = i % Frpan(t (1)
where s = vt

'Fﬂm = J '}myd/’n‘l 4
and Vy = —2[rg, 18 the perturbing potential

The cross section for excitation from ground stato to m-th state is
Qm = 2m j" |am|2pdp, p being the impact paramotor.
0

From cquation (1) together with the imitial conditions

ay(—o0) = 1
and t,(—o0) =0, n £1
we havo, W(8) = Omy-|- —:- % _[. Faqds 12)

The Lst Born approximation for ay, is given by
am(s) — Smyt—~- | Fpyds (3)
V -»
From (2) and (3) the second Born approximation is obtained. Noglecting the
offoct of all statos othor than the ground state and the final stato #, wo obtain

%;,‘;c?) = %.-_L F,mds

+ ,l,z v[:{( _L Fud'fl) Fol (_Jio le(kl) F,,;m]ds

The total expression for cross section in the Born approximation is

Q= :f[;])z (_.Z Fynip ds )2— %@ (_E Fmn d“) ’

( _'E {(__J:, Frdsy ) F’"l’+( —J: oz dgl)l"mm}d‘?)] pdp (4)

I equation (4) wo havoe neglected the two torms of the fourth ordoer in interaction
enorgy. Since othor terms of the same order would also come from higher Born
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(a) For 1s-2s excitation at 1412 keV
(b) For 1s-3s excitation at 1412 keV.
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Figure 2. Excitation cross sections for 1s-2s transition by
(a) 1st Born, (b) distortion, and (¢) 2nd Born approximations.
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approximation and such terms are not known, hence for consistency those two
terms are not included.

In figure 1 we havo have plotted the product of the excitation probabilities
and the impacl parameter p against p at the incidont energy 1412 keV.

In figure 2 wo have compared the cross-soctions obtained from first Born
distortion and second Born approximation for 1s-2s transition. It is seen that at
about 1000 keV incident energy, the cross-section due to 1st Born, 2nd Born and
tho distortion approximation are almost the same. As the onergy decreasos, the
discrepancy betwoen the results of tho 1st Born and the distortion increasos,
whero the socond Born results are comparatively close to the distortion results.

Figure 3 shows our results of the cross-section of 1s-2s and 15-3s excitations.

1t is found that 1s-3s excitation cross-section is much lower than that of 1s-2s
excitation.

This work is prolimmary to a series of investigations of Alpha-Hydrogen

Collision whore we propose to take into account the capture stale of Het
as well.

Tho authors are thankful to Dr. N, C. 8il and Prof.D Basu for holpful
discussions.
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In this note first considering Gibbs’ canonical distribution as a simplo statistical
distribution, the fluctuation of temperature has been obtained using tho asymp-
totic propertios of maximum-likelhood estimate. Secondly, Einstein’s formula
for the fluctuation probability has been derived purely from statistical consi--
deration. '

Aftor Gibbs, wo consider a systom in equilibrium as & small part of a large
system oxchanging its energy with its environment (heat bath). In this case tho
9





