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A n Si O 2 aerogel wi th absorb ed deuteriu m is suggested as a target for
the fusion reaction d + d ! H e3

+ n by a super-intense ultrashort laser pulse.
T he multiple inner ioni zatio n of oxygen and silicon atoms in the Ùbers of

this fractal aerogel ta kes place in super- intense laser Ùeld. T he Coulomb
explosio n of the deuterated aerogel skeleton prop els deuterons up to ki-
netic energies of ten keV and higher. T he neutron yield is estimated up
to 1 05 neutrons per laser pulse during ¤ 500 ps if the peak intensity is

10
1 8 W /cm 2 and pulse duration is 35 fs.

PACS numb ers: 52.57.Bc , 52.57.K k, 28.52.C x

1. I n t rod uct io n

A new laser techni que wi th the generati on of femto second super-intense
pul ses is a basis of new m etho ds for the generati on of neutro ns. In thi s way some
schemes have been suggested [1{ 5] wi th usage of ta ble-to p lasers. The appro ach
of D i tm i re et al . [1{ 4] used the fusion reacti on between two deuteri um nucl ei
(deutero ns) whi ch proceeds accordi ng to the classical scheme d + d ! He3 + n. In
thi s m etho d largecl usters of deuteri um m olecules are i rra diated by a super-intense
ul tra short laser pul se, and expl osion of the produced positi vel y charged clusters
consisting onl y of deutero ns leads to the f orm ati on of a plasma who se electrons
and deutero ns have the energy of several keV each. The fusion reacti on between
deutero ns pro ceeds after the expl osion of charged clusters, but before the pl asma
to ta l decay out of the laser focal volum e. Schwoerer et al . [5] demonstra ted a
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two -step scheme of neutro n generati on. On the Ùrst stage X- ray pho tons are emi t-
ted by a ta rget i rradi ated by a super-intense laser pul se, and, on the second stage,
X- ray photo ns create neutro ns as a result of intera cti on wi th the nucl eus Be9 .

The neutro n yi eld had been observed up to n n ¤ 104 neutro ns per laser
pul se in exp eriments [3, 4] at the peak laser intensi ty of I ¤ 1 0 1 7 W / cm 2 and
the pul se wi dth of 35 fs. In the laser f ocusing region wi th the focal spot of 2 r =

2 0 0 ñ m and the length of l = 2 mm [4] the laser focal volume is V = ¤ r 2
¤

6 3 È 1 0 cm ; the exp erimenta l num ber density of deutero ns has been found
to be equal to d ¤ ( 2 Ë 3) È 101 9 cm 3. Hence, the to ta l numb er of deutero ns
in thi s plasma Ùlam ent is of order of d = d ¤ 1 0 . Thus, onl y one of the

d n = 1011 deutero ns ta kes part in the nucl ear fusion reacti on! Thi s extrem ely
low e£ ciency is expl ained by a smal l tunnel ing rate of the fusi on reacti on and by a
smal l l i feti m e of the form ing plasma inv olvi ng deutero n Ùlam ent (¤ 2 0 0 Ë 5 0 0 ps).

The neutro n yi eld can be increased by an increase in a ki neti c energy of
deutero ns whi ch is smal l compared to the cl assical threshold energy 180 keV of
the fusion reacti on inv olvi ng two deutero ns. In turn, the cluster expa nsion leads
to form atio n of f ast deutero ns under the acti on of the positi ve electri c potenti al of
the deutero n cluster ion. There is an opti m al cluster size at given param eters of
the laser pul se. Indeed, a smal l cluster size leads to a smal l electri c potenti al and,
respect ively, to a smal l energy of deutero ns in a plasma, whereas the laser signal
cannot ionize ful ly a large deuteri um cluster. In parti cul ar, under condi ti ons of
the experim ents [3, 4] the typi cal cluster radius is approxi matel y ¤ 2 5 ¡A tha t
corresponds to the cluster charge ¤ +3 0 0 0 after Ùeld rem oval of al l electrons,
and pro vi des a typi cal ki neti c energy of deutero ns of several keV [6] (tho ugh the
fusi on reacti ons are pro duced mainl y from smal l amount of clusters wi th the radi i
of 50{ 80 ¡A).

One can increase a typi cal deutero n ki neti c energy by an increase in the laser
intensi ty . We now suggest an alterna ti ve appro ach when an wi th absorb ed
deuteri um is used as a ta rget for laser i rradi ati on, instead of the deuteri um cluster
beam . The character of pro cesseswi th f orm ati on of fast deutero ns is simi lar in
both cases, but, in our opi nion, the aerogel m etho d can pro vi de a hi gher deutero n
ki neti c energy. We analyze in thi s paper the processesresul ti ng from irradi ati on
of a typi cal SiO aerogel wi th absorb ed deuteri um by an ul tra short super-intense
laser pul se.

An aerogel can be described wi thi n the fram es of a sim ple model when the
aerogel m atter consists of bound sol id cyl indri cal Ùbers of an identi cal radi us
whi ch have comm on kno ts. These Ùbers form a stable ri gid skeleton due to ri gid
conta cts between the neighboring Ùbers. At smal l distances from a Ùber an aerogel
has a fracta l structure wi th the fracta l dim ensional it y . An aerogel m atter is a
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hom ogeneous structure starti ng from a di stance R c whi ch is cal led the cor rela-
t ion radi us [7]. An aerogel presents a fracta l m atter at distances r < R c. These
quanti ti es are the basic aerogel param eters.

The radi us a of the indi vi dual Ùber is connected wi th the speciÙc interna l
aerogel surface S (whi ch is m easured usual ly in m 2 / g) by the kno wn relati on [7]:

S =
2

a £ 0

; (2 .1)

where £ 0 i s the (sol id) mass density of the aerogel Ùbers. Ano ther relati on between
aerogel parameters whi ch fol lows from i ts f racta l structure , is of the form [7]:

£

£
=

c
(2 .2)

where is the avera ge aerogel (gas) mass density . For deÙniteness, we use below
the typi cal SiO aerogel param eters: = 4 5 0 m / g, = 0 0 0 5 g/ cm = 2 3 .
Since the sol id density of the SiO -aerogel m ateri al is = 2 2 g/ cm , we obta in
from Eq. (1) tha t = 2 0 ¡A, and from Eq. (2) tha t c = 12 0 m = 1 0 0 m.

The SiO m olecule mass is = 1 0 1 0 g. The numb er density of SiO
m olecules in the Ùber is = = 2 2 1 0 cm . The m ass of the aerogel
in the laser f ocal vo lume is = = 3 1 1 0 g.

Let us note tha t the m axi mum amount of absorbed deuteri um m atter cor-
responds, obvi ously, to i ts sol id m ass density d = 0 17 g cm 3 inside the aerogel,
since pores possessa m ain part of the aerogel volume. Hence, the m axi mum amount
of absorb ed deuteri um is d = 3 4 gd ga (gram of deuteri um m atter per aerogel
gram ). Ho wever, the opti mal amount of absorb ed deuteri um shoul d be, of course,
m uch less. We suppose tha t an interna l aerogel surface can be covered by
deuteri um lay ers. Thi s assumpti on is in agreem ent wi th laws of surface physi cal
chemistry [8]. D eutero ns are attra cted to the f ree ends of the oxygen radi cals.
Since the average distance between deuteri um m olecules in sol id deuteri um m at-
ter is 3.5 ¡A, then the thi ckness of deuteri um matter on the surface of the aerogel
is appro xi m atel y equal to d = 10 5 ¡A. Then the am ount of absorb ed deuteri um is
onl y d d = 0 0 8 0 gd ga. Thus, the laser radiati on is m ainly absorb ed by SiO
aerogel instead of deuteri um .

The to ta l length of the Ùbers in the plasma Ùlam ent wi th the volume is
found f rom the obvi ous relati on = Thus, we obta in = 1 4 7 km . Let us
estim ate now the tota l length c of the al l Ùbers inside the correlation sphere wi th
the radi us c . Ob vi ously, i t can be found from the relati on c = (4 c 3 )

Substi tuti ng the above obta ined values of , and c , we Ùnd c = 16 9 m.
No w let us estimate the avera ge distance between the neighb oring

Ùbers in the correl ati on sphere. The avera ge length of the one Ùber in thi s sphere
is the size of the sphere, i .e. c . The quanti t y c i s the volum e referri ng to
the one Ùber in thi s sphere. The quanti ty f

3
c c i s the num ber of Ùbers

in thi s sphere. Hence, c c f . Thus, we Ùnd c c c 0 0 1 m
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3. An aer ogel i n a l aser Ùeld

As a result of i rradi ati on of an aerogel by a super- intense ul tra short laser
pul se the fol lowi ng processes proceed. Thro ugh some ti me electrons are l iberated
from the aerogel skeleto n by the laser Ùeld and occupy aerogel pores. Then the
aerogel skeleton consists of m ulti charged atom ic ions of sil icon and oxyg en; deu-
teri um nucl ei (deutero ns) are located on the interna l skeleton surface. On the next
evoluti on stage al l the ato m ic ions Ûy into a surro undi ng space form ing a uni form
pl asma whi ch Ùlls all the aerogel space; deutero ns Ûy the Ùrst because they are the
l ight parti cles. D eutero ns have the m aximum ki neti c energy since they are located
on the skeleton surface.

A general character of pro cessesof intera cti on of a power laser pul se wi th the
aerogel system is sim i lar to tha t in the case of deuteri um clusters. Hence, below
we use the estim ati ons whi ch were done by us for expl osion of deuteri um clusters
under the acti on of a super- intense ul tra short laser pul se [6].

W e assume tha t the laser peak intensi ty is I ma x = 1 0 1 8 W / cm 2 , laser wave-
length is Ñ = 8 0 0 nm and the pul se wi dth is § = 3 5 fs (deÙned as f ul l wi dth at a
hal f m axi mum , see [9]). Then the laser Ùeld strength F ( t ) i s deÙned as

F ( t ) = F ma x exp[ À ( 3 0 ) ] ( in f s)

and the peak laser Ùeld streng th is ma x = 5 2 5 a.u. (the linear polarizati on of the
laser Ùeld is considered).

No w let us consi der in deta i l the pro cesseswhi ch ta ke place duri ng intera cti on
of laser l ight wi th an aerogel. Fi rst the mul ti ple i nner ionizat ion of sil icon, oxygen
and deuteri um ato m s occurs in thi s laser Ùeld (of course, the m olecular bonds are
destro yed very qui ckly). Taki ng into account the kno wn values of the ionizati on
potenti als of mul ticharg ed ato mic ions of Si and O ( is the charge mul ti pli cit y
of the corresp ondi ng ato m ic ion) we Ùnd tha t the above-bar r ier inner m ulti pl e Ùeld
ioni zati on occurs in the laser Ùeld when the Bethe condi ti on is sati sÙed [10] (here
and thro ughout we use the system of ato m ic uni ts = e = ñ = 1 ):

( )
4

(3 .1)

Using the kno wn values of the ionizati on potenti als of ato m ic ions [11] we Ùnd
from Eq. (3.1) tha t at the leadi ng edge of the laser pulse the charge mul ti pli cit y
is O = 6 for oxyg en atom ic ions. Thus, each oxyg en ato m ic ion conserves onl y
two electro ns of -shell since -shell ionizati on potenti als are very hi gh: 739 eV
and 871 eV, respectivel y. Further, = 9 for silicon ato mic ions, i .e. each Si ato m ic
ion conserves onl y two electrons of -shell and three electrons of -shell . The
ioni zati on potenti al of the Si ato mic ion wi th Si = 9 is equal to 401 eV, and
thi s quanti ty does not al ready sati sfy the condi ti on (3.1) even at ( ) = ma x .
W e neglect the quantum -mechanical tunnel ing atom ic ionizati on in the beginni ng
of the laser pul se since i ts pro babi li ty is to o smal l com pared to the probabi l i ty of
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the cl assical above-barri er ioni zati on [12]. Thus, we Ùnd tha t Z = 2 È 6 + 9 =

2 1 electro ns leave each SiO 2 m olecule duri ng the inner ionizati on. Af ter inner
ioni zati on the (atom ic) uni t of the Ùber length conta ins Z f = Z N 0 ¤ a 2

¤ 3 1 0 free
electrons.

Simul ta neously the outer above-barri er ioni zati on pro ceeds duri ng the laser
pul se, i .e. the electrons leave the aerogel Ùber, and we can calcul ate the numb er of
electrons Q rem oved from the Ùber (p er ato mic uni t of i ts length) by the laser Ùeld.
Accordi ng to the Gauss electrostati c theo rem the electri c Ùeld strength F C ( r ) on
the distance of r f rom the Ùber axi s is found from the relati on 2 C ( ) = 4 .
The electri c potenti al is ( ) = 2 ln ( ). The Ùeld streng th on the surface
of the Ùber is equal to = 2 . El ectrons conti nue to leave the Ùber under the
condi ti on ( ) 2 . Hence,

= ma x 2 ¤ 1 0 0 (3 .2)

The therm al m echani sm of outer ioni zati on for femto second range of ti m e

and for moderate dim ensions of indivi dual aerogel Ùbers gives an addi ti onal , but
smal l contri buti on (see estim ates in the revi ew paper [13] and di scussion below).
Thus, one thi rd of the al l free electro ns is removed from the Ùber by the laser
Ùeld so tha t after laser pul se the charge of ato m ic uni t of the Ùber is equal to

¤ 1 0 0 . Further, after Co ulomb expl osion of the Ùbers al l t = f = 7 4 È 1 0

free electrons wi l l present in the vo lume of pl asma Ùlament.
Free electrons are heated duri ng a laser pulse. An electron cannot acqui re

the avera ge oscil lati on energy 4 from the laser Ùeld since the am pl i tude of
i ts oscil lati ons is much greater tha n the Ùber size . The ki neti c energy of an
electron is of order of i ts ionizati on potenti al (tens of eV). Thus, free electro ns are
rem aining qui te cold im mediatel y after the inner ionizati on. But then free electrons
can increase thei r ki neti c energy signiÙcantl y in the process of the Ùber expl osion.
Co ulomb potenti al energy of electrons inside the Ùber is tra nsform ed into thei r
ki neti c energy [6]. As a result, the electro n tem perature increases up to the Ùnal
value of e ¤ 1 keV. Besides of thi s, the induced inverse brem sstra hlung [14, 15]
in the plasma Ùlam ent can contri bute into the increase in the electron ki neti c
energy when electrons are scattered by the charged Ùbers before the laser pul se
depl etes. The am ount of thi s contri buti on is uncl ear due to quick expl osion of these
Ùbers.

Let us note tha t the Co ulomb expansi on of an indi vi dual Ùber pro ceeds
slowl y in com pari son wi th the laser pul se dura ti on. Indeed, the ti m e for doubl ing
of the Ùber radius can be estim ated from the sim ple energy balance for the sil icon
ato m ic ion (or oxyg en ato mic ion) at the Ùber surface (see analogous estimates in
R ef. [15] for the case of spheri cal cl usters)

2 ln 2 =
1

2
=

1

2

2

Here is the m ass of the sing le sil icon atom ic ion, and is i ts vel ocity for the
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ti m e m oment t . It f ol lows from thi s relati on tha t the Ùber radi us a i s doubl ed
duri ng the ti me

t = a

s
M 0

Q ln 2
¤ 20 fs: (3 .3)

Hence, we can neglect the expansion of the indi vi dual Ùber before the to ta l ejection
of al l Q = 1 0 0 electro ns from the ato mic uni t of the Ùber length duri ng the laser
pul se. Esti m ates for the oxyg en ato mic ion result in the analogous concl usion.

4. P enet rat io n of t he st r ong l aser Ùel d i n p l asm a

An electro magneti c Ùeld insi de pl asma is screened by m eans of di splacement
of plasma electrons; a typi cal distance for thi s screening is the Debye radi us

r =
4

(4 .1)

In parti cul ar, for param eters of the cluster plasma under considerati on, where the
electron num ber density = ¤ 2 0 È 1 0 a.u. and ¤ 1 keV, we obta in

¤ 70 ¡A. A electrom agneti c wa ve cannot propagate into a density pl asma
when the frequency of Langmui r oscil lati ons =

p

4 f or thi s plasma exceeds
the electrom agneti c wa ve frequency . In the case under consi derati on we have

= 4 26 eV; thi s quanti ty is greater tha n the laser frequency = 1 5 5 eV.
The cri teri on of a weakness of the electri c Ùeld is of the form

§ (4 .2)

In parti cul ar, in the considered case we Ùnd § = = 0 26 a.u., whi le the
peak intensi ty of the electro magneti c wa ve = 1 0 W / cm ( = 5 2 5 a.u.)
corresponds to the opp osite inequal i ty .

D isplacements of the pl asma electrons create an addi ti onal electri c Ùeld
whi ch shi elds the incident electro magneti c Ùeld. The screening of the externa l
Ùeld occurs in a plasma region near i ts bounda ry, and the wi dth of thi s region is
of the order of the Debye radius . Thi s region conta ins a restri cted num ber of
pl asma electro ns; theref ore i t cannot shield stro ng laser Ùelds.

Fi rst we analyze the penetra ti on of a constant longi tudi nal electri c Ùeld
into an equi l ibri um cl assical plasma. Let us consi der the one-di mensional Poisson
equati on for the electri c potenti al ( ) :

d ( )

d
= 4 exp

( )
À 1 (4 .3)

where is the avera ge numb er density of electro ns or ions, and the pl asma
bounda ry is chosen at = 0 . A pl asma is located in a hal f-space Ñ 0 .

In the case of a weak electri c Ùeld we can l ineari ze Eq. (4.3), and i ts well
kno wn soluti on is of the form (f or Ñ 0 ):
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' ( x ) = ' 0 exp( À x =r D ) ; F ( x ) = F ma x exp( À x =r D ) ; F ma x = ' D

Here the D ebye radius D = e 4 e determ ines the shielding of a weak electri c
Ùeld in a plasma. The quanti ty ma x i s the Ùeld strength at = 0 . The bounda ry
condi ti ons are (0 ) = , and ( 1 ) = 0 . Thi s soluti on is val id under the condi ti on
(4.2) of a weak electri c Ùeld j j = ma x D § e tha t allows us to l ineari ze
Eq. (4.3).

Let us consider now the opposite l imiti ng case of a strong electri c Ùeld
j j ƒ e. Here = (0 ) . If 0 (and ma x 0 ) we can neglect the Ùrst
term exp[ ( ) e] in the right side of Eq. (4.3). Then the soluti on of the simpl e
di ˜erenti al equati on

d ( )

d
= À 4 e

can be wri tten in the form

( ) = + j ma x j À 2 e 0 ( ) = Àj ma x j + 4 e 0 (4 .4)

0 = j ma x j 4 e = Àj ma x j 2

Thus, the quanti t y

=
j ma x j

4 e
ƒ D (4 .5)

is the screening radi us for the case of a stro ng electri c Ùeld. Thi s soluti on cor-
responds to the repul sion of electro ns from the bounda ry of pl asma ( = 0 ) .
Num erical soluti on of Eq. (4.3) conÙrm s these analyti cal resul ts. The estim ate of

for ma x = 5 2 5 a.u. and for the above ci ted value of e = 2 0 È 10 3 a.u. is
¤ 1 1 5 ¡A.

Thus, we can concl ude tha t i f the electri c Ùeld is vari able, then duri ng a hal f
of a period thi s Ùeld penetra tes well in a plasma. D uri ng the second part of the laser
period the penetrati on di minishes stro ngly. Further, tho ugh the laser radi ati on is
a tra nsverse electro magneti c wav e, we can consi der the arbi tra ry di recti on of the
wa ve propagati on thro ugh the aerogel matter and appl y again Eq. (4.4).

The laser energy is absorb ed by free electrons in the pl asma Ùlam ent. Ac-
cordi ng to above consi derati on each electron acqui res the energy e ¤ 10À 100 eV
from the laser Ùeld (other part of the electro n energy ¤ 1 keV is acqui red f rom
the Coulom b potenti al energy of the electro ns in the Ùber). If the laser energy in
the pul se is, for exam ple, = 1 J = 6 2 È 1018 eV, then we Ùnd tha t l = e ¤

1017 electrons absorb the who le energy of the laser pul se. But we have found
above tha t the to ta l numb er of free electrons in the plasma Ùlam ent is

t = f = 7 4 È 1 0 tha t is nearly to l . Thus, we conclude tha t the high- intensi ty
laser pul se can be to ta l ly absorb ed by free electro ns of the aerogel.

Thi s analysis leads to the fol lowing concl usions. Fi rst, a standard concept
tha t the electrom agneti c wa ve wi th the frequency p cannot propagate in
a plasma (see, for exam ple, [16]) is not val id at high intensi ty of the electrom ag-
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neti c Ùeld when the cri teri on (4.2) is vi ola ted. Second, the propagati on of a stro ng
electrom agneti c wave causes the redistri buti on of pl asma charges, and intera cti on
of the electrom agneti c wa ve wi th a form ing non-uni f orm plasma m ay be of im -
porta nce for plasma heati ng. No te tha t above we neglected thi s intera cti on, and
form ati on of the plasma under the acti on of the electrom agneti c wa ve results onl y
in separati on of electrons and ions of the aerogel skeleton by the wa ve. A par-
ti al absorpti on of an electrom agneti c wa ve by a form ing plasma as a result of
col lecti ve exci ta ti ons in thi s plasma m ay contri bute an addi ti onal heati ng of the
pl asma. Deep penetra ti on of ul tra high- intensi ty laser pul se into a dense pl asma is
conÙrmed also by theo reti cal resul ts obta ined in Ref. [17].

5. F usion react ions

Fi nal ly, let us estim ate the num ber of fusion neutro ns whi ch are pro duced
in the pl asma after the end of the laser pul se. D uri ng the prel im inary di ˜usi on of
the deuteri um gas thro ugh the aerogel the deuteri um m olecules penetra te inside
the pores of aerogel; then they sti ck to the surface of the Ùbers. It should be
noted tha t, pro babl y, i t is better to use a heavy wa ter, instead of a deuteri um
gas, because the D 2 O m olecule has a di pole mom ent and atta ches to the skeleton
surf ace better tha n the nonpolar D 2 m olecule. Besides of thi s, the oxyg en atom
adds 6 free electro ns for each D 2 O m olecule at the i rradi ati on by laser pul se.

No w we consi der the Coul omb expl osion of an aerogel in the model of the
cyl indri cal Ùbers. Af ter the inner and outer ionizati on the atom ic uni t of length of
the Ùber conta ins the electri c charge Q = 1 0 0 . The di ˜erence of electri c potenti als
between the surface of the Ùber and the neighbori ng Ùber is Â ' = 2 Q ln ( £=a ) =

2 7 keV. Thi s quanti ty is equal to the maxi mum ki neti c energy of the deuteri um
nucl eus. W e use a half of thi s value as the avera ge deutero n ki neti c energy.

The cross-secti on of the fusi on reacti on d + d !
3 He + n for the deutero n

ki neti c energy E d = 14 keV is ¥ = 5 È 1 0 À cm [18] (the reacti on d + d !

t + p has the same cross-secti on, but we are not interested in thi s reacti on channel
here).

If the quanti ty = 4 5 0 m g is the speciÙc area of aerogel, and =

i s the m ass of the aerogel ( = 0 0 0 5 g/ cm is the m ass density of the aerogel
and is the volum e of the pl asma Ùlam ent), then the quanti ty is the to ta l
area of aerogel in the plasma Ùlament. Thi s area is covered by three layers of
deuteri um molecules. The thi ckness of thi s layer d = 10 5 ¡A. Hence, the quanti ty

d i s the vo lume of the deuteri um layer, and the quanti ty d d i s its mass
( d = 0 17 g cm 3 i s the m ass density of the sol id deuteri um matter). The num -
ber of deuteri um molecules in the plasma Ùlam ent is d = d d d ( d =

6 7 È 10 24 g is the massof the one deuteri um molecule). Thus, the num ber density
of deutero ns in the pl asma Ùlam ent is d = d = d d d = 6 È 1019 cm 3.
Thi s value is comparable to the correspondi ng value in the case of deuteri um
cl usters [4].
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The rate for thi s nucl ear reacti on is w = ¥ N d v where v i s the deutero n
vel ocity . The ti me for nucl ear fusion is determ ined by the ti me Ûight T of the
deutero n from the axi s of the laser focal volum eto i ts radi al bounda ry , i.e. T = r =v .
Hence, each deutero n pro duces the num ber w T = ¥ N d r = 3 È 1 0 À neutro ns at
the col l isions wi th other deutero ns. The to ta l yi eld of neutro ns n per laser pul se
can be obta ined mul tipl ying thi s quanti ty by the num ber d of deutero n pai rs in
the laser focal volum e: n = d ¤ 105.

W e can concl ude tha t the yi eld of neutro ns is greater appro xi matel y ten
ti m es compared to the yi eld of neutro ns at the i rra diati on of deuteri um clusters
by super- intense ul tra short laser pul se observed in the experim ents [1{ 4] (see also
recent theo reti cal calculati ons for deutera ted clusters in Ref. [19]). Thus, an aerogel
satura ted by deuteri um can be used for producti on of powerful source of ul tra short
pul ses (about of = 2 0 0 Ë 5 0 0 ps) of m onochro mati c neutro ns (2.45 MeV).

D eveloping the m etho d by Zweiback et al . [3, 4] for pro ducti on of neu-
tro ns under the acti on of a super- intense ul tra short laser pul se, we suggest to
use the aerogel skeleton wi th absorb ed deuteri um instead of deuteri um cluster
in the Zwei back et al . experi ments. Thi s al lows us to increase the neutro n yi eld
per laser pulse by one order of m agni tude because of a higher ki neti c energy of
deutero ns whi ch are l iberated at the Coul omb expl osion of the charged aerogel
skeleton. It shoul d be noted tha t the interesti ng theo reti cal appro ach had been
suggested recentl y in Ref. [20]: to use hetero nucl ear clusters conta ini ng deuteri um ,
for exam ple, cl usters f rom D O m olecules.

It is possible tha t the tung sten aerogel considered in R ef. [21] has an advan-
ta ge com pared to the SiO aerogel consi dered in our paper, due to hi gh charge of
the tung sten nucl eus. No te in conclusi on tha t the Lawson cri teri on is ¤ 1 0 in the
case of deuteri um clusters and ¤ 1 0 À 1 0 in the aerogel case. The suggested
m etho d can be discussed as a versi on for the basis of the laser therm onucl ear
reactor.
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