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Possibility of Particle-Beam-Pumped Ar-Xe Laser
as an Inertial Confinement Fusion Driver
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Abstract

Fission-product-beam pumped Ar-Xe laser as a candidate of the driver for a hybrid fission-fusion reac-
tor is studied. Such hybrid reactor can reduce the power requirements for the laser driver. These Ar-
Xe lasers have been realized as reactor pumped lasers (RPL) with pulsed reactors. However, high power
RPL experiments often face the problem of premature termination of laser output power with respect
to the pumping power. Several reasons, including temperature effects, outgassing of impurities from
walls have been discussed. Two experiments, elucidating the influence of water vapor impurities in the
lasing gas mixture and laser threshold, and the effects of temperature rise in the laser gas on laser out-
put have been performed at the Munich Tandem accelerator, using 100 MeV 3289 heams, thus simulat-
ing RPL experiments at a pumping power density of ~ 100 W/cm®. Using these experimental and
theoretical results, these RPL- oscillations can be stabilized with high instinctive efficiency. Laser-gas-
purification systems and breakeven conditions and related requirements on the hybrid reactor using
RPL driver schematically discussed.

Keywords:
Reactor Pumped Laser (RPL), atomic gas laser, high-power cw-laser, Inertial Confinement Fusion (ICF),
hybrid reactor, reactor driver
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Fig. 1 Energy level of atomic xenon laser. The exciting

and ionizing energy level of different sort of rare
gas atoms and dimers are shown. in the diagram of
manifold of Xe | (5d, 6p) different laser transitions
include 1.73 pm line are shown.
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Fig. 2 Diagram of gas kinetics: The gas kinetics of ion-
beam-pumped Ar-Xe laser is illustrated. Not that the
recombination processes of this laser are critical for
this laser oscillation.
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Fig. 3 Schematic drawing of the experimental setup: The gas cell (G}, beam line, laser optical axis (A), excited region (E),
laser optics (L: alignment laser; M1, M2: mirror (rcc =1.5, 10 m); W: Brewster window), valve (V), pressure gauges (P),
germanium photodiode detector (D), platinum resistance thermometer (T), titanium entrance foil (F), hygrometer, and
gas heater cell are shown. The angle that measured between ion beam and laser axes was 1.2°.
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Fig. 4 Schematic level diagram: The excited xenon atoms (Xe™ [7p,7s]), which are precursors of the upper laser levels,
molecular ion (ArXe®, Xe’*) levels and the laser upper 5d[3/2];, and lower 6p[5/2], levels are shown. Also, the
dominant kinetic processes of the laser scheme considered here such as collsional quenching (constants: Ka %7,
Kiho, KS,, K,  the total quenching rates of upper and lower laser level:R%pper, RSower), desociative recombinations
(R4, Rz), electron attachment to water vapor (KHF;O), and optical transitions are shown. The rate Rpump is the pumping
rate from the excited atomic xenon 7p- and 7s- level to the laser upper level.
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Fig. 7 Schematic arranging of RPL setup: The cavity mirrors (A), optical axes, metal uranium-235 coating (B), moderator (C),
neutron source (D), rare gas purifier operating with hot titanium (E), cooling system (F), metal bellows compressor (G),
turning mirrors (H), laser gas cell with Brewster window (1), neutron reflector (J) and Brewster window (K) are shown.
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Po#ERTDH. ZOERIIT AT OFIEE I
LDT, WEOFEHBICHHT L. Lizhio THARE
MEEROD 2 IEREIC 2 - TH TORUSHEIZRIRED
FRO 2R, LA oT, SOMRICELE
RO MR IIKE L EFILER V. RN,
MWOFFIZED 720 F 2 FRHEICH RBROERDI YT
2F 5. KERUMIL —F—RIRICHEZ 2 BEMKE
WHDIZ, TVI VLRI IV F U Thdhb. 7T
IR T = HAE LTV —F BT RIZETIND
bOLDTARMA A TIE RV, FMBICERIZE I
hL—H— R OHFGEHOLERICL S,

KIZ, KERDBLRAICLD2FEEAEEICOVTH
WA, COMBEEMTL-DIIKERICETNS
KZFGAIIIODWTIELWEZZ LTIk 5%,
BFRELZI TRAIVHLBEREVE X RIS
O, ZORNIITEROKERERKT LK TR %
BARY PVHLETHBH(33-43]. K7 T A5 AN
7 MVICHT B LVEIERBRERRTT VT v &A%
SPEREINIRETALZOVWTEROONRTWVS
[44-45]. LA L, REBOIHIIIAMTRALELTES
NBEKERBEENTLVI L OZFhO 10 BEDE X2
X, YOLIGART Mo TWAEPANTH B,
EREEOKT FAIEARY MVABEONEI ETID
MROWEIIHELTHS .

5. BRAHAOEFFHEL—Y—-DRELS
HOBRE

INLO—EOMEAE L BRENEELS, L—H—
BIROBHNFAL L REND T DIZ L —F —BEH ZADE
WL GHALETHLZENERL L. AMETIIET
KR L — - ORIRORZEALE L ORROERFEE K
Beb7-010, ERMHICL—F—RIRICEEL5 2 5K
ARBEE T AMBEEZHS ML, HARRE LA
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SRR TV —F — B H A DOKEZIEE & H AR
BEEEMHTHI LT, L—F—DREREL HET
LEMDHRETE S, B2, L—F—EH ADiE{Lss
BETHL., FETFHE ArXe L—F—DHH»—>
2 DBEA ADVMFHREEORER AT A ZMEHT %
ZEDBBHITFONE. TOL—F—BEH ADOERLITH
LIOOK ICBL72F 7 7y ¥y —%BHLC, 8%, BE,
KEREBRELTT) ZLDPTESL, FAGHIZELT
I Fig 6 25 bbh 5 X 912400 ~ 300 K B o> & HiAs
RV = —FIROZEMITH L TE®REHD. 22T,
KRBT RARE R R0, R THHLTH
AERBRIENIE W, L2 T, Fig 710879
Wary7ryd (G #HWTL—F—=HzZ2+L (1)
PO/ RFEEHE (B) %), ZORBELEN,Y
ARGH (F) LTHRIELHEIITAHZ L THEFE
L —F— % YWETLIENTESL, UL RN
AR AT LR THZ LT, TOETHR#RL —
Y—OEREL L BB ERITETH 5.
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B () S oohEFHIC X 28580 58 % %2
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W=, LTHETAZ L ICE W FLEROBENSEE S
T HZENTESL. Fig 7ohHFE (D) 123V R
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25m O DT KIEOBEEN % 1Hz, K74 13—-% 10
Hz THEET HEFIC L. ZO0BOMAY 2/
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U Ma—F4 v 758N TwE. 2E2mOL—H—
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L —HF—iR4& Ar-Xe # X134+ 500 mbar, Xe RA
05%DbDEHHT 5. HEEKILTHE LR HEFD
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B L 0 AL P HEF25Rdig, SEart Y
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HEEBILET R BRI L 2 2 WSS 2. 72,
IOV —F—EENERATHE I L E BT AN F— %
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EFEHCRE L T LIS RE T A T R R 5 2 C
(MDD,

E 53
AFFEITEED AV ERIRBSOREETI 2 A
Y TRRFIZ BV TI9964E ~ 19984 12T THrb v iz —
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vermoser IZEEM LM RO FHN T2 LTwiZn
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