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Abstract 

It is possible to produce coherent deuterons by the incidence of coherent photons on solid 

deuterium. The coherent deuterons, once produced, will fuse to release nuclear energy. 

Recently the production of coherent pions in high energy scattering processes has been well 

studied[l), and there exist some experimental evidences(2) for such coherent pions. Coherent 

pions, however, are only produced microscopically in small numbers, and hence are of no 

practical use. In analogy with laser, it was argued(3) that stable charged nuclei such as (l'

particles and deuterons can be made to become coherent by induced scattering. However 

charged nuclei, quite unlike photons, are not neutral and interact strongly. Whereas photons 

can propagate unimpede'8. in. media like glass and air and so can be made coherently in a 

gradual way by adding one photon at a time, charged nuclei will interact strongly with any 

media. Therefore, more complication is expected if we want to create coherent charged nuclei 

in a gradual way like coherent photons created in a laser tube. It wquld be best if a process is 

found whereby charged nuclei can be created coherently in an instantaneous fashion so that 

there is no need for them to travel in any media. Such an instantaneous process is in fact 
possible. 

Let us consider the elementary process 01 lOnizing a deuterium atom D by one energetic 

photon to become a deuteron d and an electron e: 

(1) 

where k, p, q and p' are the momenta of the particles "I, D, e, and d respectively. The effective 

interaction Hamiltonian for the ionization process (1) is given by 

Hi = g J d3x(AtPotP:ifJ~ + h.c.) , (2) 

where tPo, tPe: ifJd and A are the quantum fields of deuterium, electron, deuteron and photons 

respectively. All spins are neglected. The effective coupling g can be evaluated from the 

ionization cross section: 

1 2 (V-yVo)1/4[ ( p2 )1)./2 
(Ti = 27rw g J.L VeVd 2J.L W + 2m - £0 J ' (3) 

where J.L, m are the masses of electron and deuteron, W is the energy of the photon, and 

£0 is the ionization energy of the deuterium atom. The normalization volumes V-y,o,e,d for 

the four different particles "I, D, e and d are given by conditions in the experiment. When 

the deuterium atom is embedded in a solid block of deuterium, there is a distribution in 
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momentum P due to the finite temperature. The transition rate for process (I) to happen has 

to be averaged over the initial momentum distribution of the deuterium atoms, 

WI = L211'8(AE)I(p'q'IHdpkWN(p). (4) 
TN 

The distribution is assumed to be Maxwellian: 

(211')3 2 
N(p) = --(211'mkBT)3/2e-p 12mkBT , 

Vo 
(5) 

where kB is the Boltzmann constant, and T is the temperature. Then the averaged rate is 

WI = q2flmkBT[N(po) - N(Pl)] [411'wlpl - klvV..,. Vd r l 
, (6) 

where Po and PI are the limits of the rate of momenta that the initial deuterium D(p) can 

have from conservation of energy-momentum so as to produce the same final momentum of 

deuteron p', 
_ pl2 1/21 

Po=ll p'-kl-[2fl(W- 2m -£0)] , 
(7) 

We are interested in producing all deuterons in the same quantum state, out of all the possible 

final states, which is given by IfTJ: 

I 211' (p2 pl2 q'2 ) 
- = - LN(p)L+k ~/+~8 W + -2 - £0 - -2 --2 TJ T ~ ~ P ,p q m m fl 

p,q 

_ I ~e fl (211') 1/2( -p2/2mk T -p2/2mk T) _- _ -- e 0 B -e 1 B, 

T Vo Ip' - kl mkBT . 

(8) 

where T is the characteristic time of interaction during the scattering process. The probability 

of process (I) to occur is 

(9) 

Let us now consider the simultaneous ionization of n deuterium atoms by n coherent 

photons: 

with the production of n coherent deuterons with the same momentum p'. The electrons are 

produced with a distribution of different momenta ~, ~, "', il.. Its transition rate can be 

calculated through an n-th order perturbation theory[11: 

wn= (~!f LN(Pl)' .. ·N(Pn)211'8(AE) 1 (npl,q'l"·il.IHi(AIEHi)"-llpl "'Pn,nk) 1
2

, (11) 
Pl···Pn 
ql···qn 

where the bar over wn indicates an average over initial momentum distribution of deuteriums 

due to finite temperature. Then it can be evaluated to yield 

- (1)3( )n-l - Q Wn = n. PI WI n' (12) 

'this expression has obvious physical meaning. For each species of coherent bosons, we have 
an n! factor due to 

(13) 
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where ak is an annihilation operator of boson with momentum k. There are two species of 

n coherent bosons: photons and deuterons in process (10). An additional n! comes from the 

bosonic character of the commutator of the Hamiltonian. There are n elementary processes, 

rD- d+e going on, so that the probability is proportional to Pi' or transition rate is pro

portional to p~-1 WI. The Qn comes from the fermionic character of the electron in the final 

state. The expression for Qn can be greatly simplified to yield 

Q _ e=1l(n-l)Ij' /4 
n- , 

if the following condition is satisfied: 

with 
1 

TJ' 

nrl < 1 

~JlmkBT 

27rT1P'- kl 

(14) 

(15) 

(16) 

The physical meaning of Eq. (16) is that the number of states I/TJ' electrons can occupy cannot 

be exceeded by the number of electrons n due to fermi statistics. The average transition rate 

W can be recasted in' the following form: 

(17) 

where Z is approximately given by 
3 

Z = n3 P1e-nlj '/4 , (18) 
e 

where the Stirling formula for n! = (n/ e)n has been used. The exponential damping factor 

comes from the fact that no two fermions can occupy the same final state. The critical 

condition for the instantaneous creation oIn coherent deuterons is dete!mined by the inequality 

Z> 1. (19) 

When Z < 1, the transition rate for n deuteriums to become n coherent deuterons is extremely 

small because n is a large number n (> 1010 ) and zn is very small indeed. On the other hand, 

if Z > I, the transition rate for n deuteriums to become n coherent deuterons will become 

very big, and the production can be regarded as instantaneous. The initial condition Z = 1 

is similar to what occurs in the phase transition in condensed matter. 

Finally, we give some numerical estimates. Let us assume a solid deuterium pellet with 

volume 
Vo = Vd = ~ = 100Jlm x 100Jlm x 100Jlm 

to be incident by n coherent photons which are focused to the area of the deuterium pellet 

whi"ch is 100Jlm x 100Jlm. Its pulse length is 100 cm. Therefore, the normalization value of 

the photon is 
v == 100Jlm x 100Jlm x 100cm. 

The energy of the photon ranges from 

E, = w = 14 to 22 e V . (20) 

The coupli~g'constaht g is calculated using the ionization cross section[5j (Tj = 10-17 cm2
. 

From Z = I, we can calculate the minimum number of photon n that is needed for temperature 

T = 10 to 100 K. It is in the range of n '" 1012 as shown in Fig. 1, which means an energy 
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of a J1.J per pulse, which is not stringent at all. The value of nr-,' is calculated and shown in 

Fig. 2 and is smaller than 1, as required. We conclude the parameters required to produce 

coherent deuterons instantaneously are within the reach of present experimental situations. 

The immediate use of coherent deuterons is that they will fuse to release an enormous amount 

of nuclear energy[6]. 

xE l~ 
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Fig. 1. The minimum numbel of photons re

quired to satisfy critical transition Z = l' for 

temperature T = 2° to 10° K. The five curves 

are evaluated for different energies of photon 

E"1 = 14,16,18,20,22 eV from bottom to top. 
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Fig. 2. The values of n'T/ at temperature be

tween 2° to 10· K for different energies of pho

ton E"1 = 14, 16, 18,20,22 eV from bottom to 

top. 
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