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‘A major jmpediment to scalinglup current laser-fusion hardware to
the commerical power reactor level is the‘inefficiency of the e]ectriea]]y
pumped 1aser4$ystem and the large recirculating energies that‘this entai]s.]
A possib]e solution to “the proBlem is the use of neutron feedback nuclear

pumped (NFNP) 1eser5'which do not require the recifcu]ation of energy.2

'we have studied the features'pf a.NFNP léser-fusion reactof experiment

“-with the intention of establishing the feasibility of the concept. SucH

an'eXperiment could represent the next étep, after the achievement of
breakeven, towards the deveTopment of commercial laser-fusion reactors.

-In Figure 1 the NFNP 1aser-fusion concept is compared schematically
to electrically pumped.1aser—fdsion.‘ It ean be eeen that nuclear pumping
avoids seVera] of the inefficient energy convefsion steps required for‘
e]ectrica] pumping. The fact that. the pump energy comes}unjfbrm1y from'
within the laser medium rather “than being beamed in from the outside
provides nuclear pumped lasers with another eubstantialladyantage,
especially for large apertures.

Referring again to Figure 1, several requirements must be met for

the NFNP 1aser-fus1on scheme to succeed. First, the laser must produce

a pulse powerfu] enough to compress the pe]]et to 1gn1t1on Next, the

pellet burn must produce (a) substantially more energy than 1s‘deposited
by the 1aser pulse and (b) enough neutrons to cause suff1c1ent fission

react1ons in the laser medium- after propagating through the moderator
- DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED



(neutronic self-sufficiency). - Finally, as shown in Figure 2, the sum of
Afhe neutron propagation delay in the mbderatbr’and the energy stofage
time in the laser sysfem must equal the ﬁime between pellet implosions.

The NFNP 1aser-fusion-concept, as deecribediabove, represents a
hybrid fusion-fiésion system in which the_gaseous medium of the nuclear -
pemped 1aser,takesAthe‘piace bf’fhe usual solid fissioh blanket. 'Using
the standard-definitione of pe]iet gain,.Qp; b]anket mu]tipiicatipn,

3

MB; and totalxlaSer efficiency, ns the required efficiency of the

nuclear pumped laser is

e e
-For example, for a system witp a pellet gain of 50 and equal energy .
reTeaeed fkom fission and‘fusion,'MB =2, the required 1e§er efficieﬁcy
would be-2%. v |

A NFNP 1aeer-fu$ion reactor‘uti]izing theAXeF* excimer laser, pumped

235

by fissioning U contained in the‘laser medium as UF6,4'has the potential

. of meeting the requirements'described ebove. The XeF* laser is. currently
the subject of nuclear pumping experiments.at the University of I1linois
and pfe]iminary results indicate the existence ofgain.5 Efficiencies
for COnversion'of electron enefgy to 1aser-eﬁergy of 3% have been obtained

‘with electrical pumping‘of XeF*G-and nuclear pumping efficiencies should

-,-Be‘simiiar. |

‘ Neutronic-se]f—sufficieney requires that the 1argest.po$sibie

. fraction of the fusion neutrons reach the nuclear pumped 1asef. Our
calculations show that self-sufficiency can be acﬁieved by using a helium
cooled graphite moderator,lby positioning the tritium breeding blanket

outside the'nue]ear pumped laser, and by using D-D-T peHets7 which

maximize neutron production and minimize tritium breeding requirements.



"pellets with gains of 50-100.

The most critical requirement is for a delay time to allow neutron .

. feedback. Since the propagation’ de]ay in the moderator will be only

8

about 3 ms,” and the maJor1ty of laser- fus1on schemes env1s1on 10-1000 ms

between 1mplos1ons most of the delay must be prov1ded by energy storage'

in the 1aser system Two approaches to the energy storage problem are .

currently be1ng cons1dered The first wou]d store energy in long-1ived

'xstates in the nuclear pumped laser. Energy storage times of up to 5 ms

have been demonstrated by the recently discovered nuclear pumped 1.45 ¢
) g

atomic carbon laser in_He~C02. ‘The second would uti]izé the nuclear

~ pumped ‘laser as a photolytic driver for a‘Group'VI laser. Group VI

lasers, though‘not experimentally demonstrated, could be effective
storage devices since the upper laser 1eve1s are metastable states with
lifetimes of .1-15 sec.'C. | |

In conclusion, our‘study has shown that, once a method of .energy

'storage has been demonstrated, a se]f—sustaining stion fission hybrid

'_ reactor with a. "b]anket mu1t1p]1cat1on” of two would be feasible using

nuc]ear pumped XeF* excimer lasers having eff1c1enc1es of 1- 2% and D-D-T
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Figure 1. Comparison of nuclear and electrically pumped
laser fusion concepts. Additional steps required
for electrical pumping are shown below  the :

. dashed line. v :
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Figure 2. Timﬁng of fusion laser pu1§é and pellet burn.
" For neutron feedback nuclear pumping

tpropégétﬁon f'tstorage = teycter





