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[57] ABSTRACT 

Electron beam pumping of gaseous or liquid lasing 
media is carried out by means of electron pulses gen-
erated by an electron accelerator. Between the accel-
erator and the laser cavity, the electron pulse is sub-
jected to a magnetic field to turn the electron pulse 
approximately through a quarter orbit, so that in es-
sence the direction of pulse travel is changed from 
axial to lateral. This procedure then enables pumping 
of the laser cavity uniformly and simultaneously, or in 
any desired traveling wave mode, over the entire 
length of the laser cavity with relatively short, and 
highly intense, electron pulses. 

10 Claims, 1 Drawing Figure 
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APPARATUS FOR UNIFORM PUMPING O F 
LASING MEDIA 

The invention described herein was made in the 
course of, or under Cont rac t No. W - 7 4 0 5 - E N G - 4 8 
with the United States Atomic Energy Commiss ion. 

R E L A T E D A P P L I C A T I O N 

This application is a cont inuat ion- in-par t of applica-
tion Ser. No. 315,261 filed Dec. 14, 1972, and now 
abandoned . 

B A C K G R O U N D O F T H E INVENTION 

This invention relates to lasers, particularly to elec-
tron beam pumping of gaseous or liquid lasing media , 
and more particularly to electron beam pumping of 
gaseous or liquid lasing media by electron pulses gener-
ated by an electron accelera tor . 

It is known that e lect ron beams can excite or " p u m p " 
lasing media , as exemplif ied by U.S. Pat. No. 3 ,641,454 
issued Feb. 8, 1972 to B. Krawetz and an art icle by O. 
V. Bogdankevich et al., published in Internat ional 
Aerospace Abstracts , Abst rac t No. A7 1 - 2 8 8 5 8 , July 1, 
1971. Also, it is known that e lectron beams can aid in 
control of electrical discharges in lasing media, as ex-
emplified by the above-ci ted Krawetz patent and U.S. 
Pat. No. 3 ,702,973, issued Nov. 14, 1972 to J. D. 
Daugherty et al. 

In general , the useful gain for fo rming the ou tput 
beam from a lasing medium depends on the concent ra-
tion of excited species present in the med ium and avail-
able for stimulating photon emission the re f rom. This 
concent ra t ion is built up by absorpt ion of energy f rom 
a pumping source, such as flash lamps, e lectron beams, 
etc. The useful power density available f rom conven-
tional p u m p sources such as flash lamps is usually small 
(in pulsed lasers) compared to the laser beam o u t p u t 
power; consequent ly , the length of t ime required for 
pumping is considerably longer than the durat ion of the 
laser flash. (This does not apply to cont inuous wave 
( C W ) lasers which are normally very low power de-
vices). This energy t ransfer is somewhat analogous to 
the slow charging and sudden discharging of capaci-
tors. 

At this point , it is impor tant to realize that the t ime 
interval available for pumping is limited because of 
losses associated with spon taneous emission, which de-
pletes the concent ra t ion of excited species. One known 
approach to this problem is to p u m p the laser medium 
at the speed of light (or approximately so) , as exempli-
fied by U.S. Pat. No. 3 ,729,689 issued Apr. 24, 1973 
to B. Godard et al., just ahead of the stimulating pulse, 
or in the presence of the stimulating radiat ion, which 
effectively rcduccs the e f fec t of losses due to spontane-
ous emission, i.e., by allowing little or no time for spon-
taneous emissions to occur . This has been achieved 
previously with electric discharge pumping of lasers, 
but not with electron beam pumping. In some c i rcum-
stances, fast-decaying laser systems such as Xenon gas 
are of interest; however , because little or no t ime is 
available to p u m p such systems, the ability to accumu-
late high concent ra t ions of excited species by pumping 
with prior art sources is severely limited. T h e limiting 
considerat ion in this case is thus the pump source ' s 
power density. While obvious in the case of flash lamps, 
these same considerat ions also apply to electron beam-
pumped devices. 
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S U M M A R Y O F T H E INVENTION 

The present invention is directed to an appara tus for 
uni form pumping of lasing media with short and intense 

5 electron pulses which includes the following aspects: 
1. It provides the use of existing and convent ional 

e lectron accelera tors as a p u m p source for lasers, by 
means of compressing their pulses in t ime, which repre-
sents a significant step in increasing the intensity of 

10 laser pumping; and 
2. It provides a method for pumping the laser cavity 

essentially, instantaneously or in any desired traveling 
wave mode in a previously unrecognized way. 
Therefore, it is an object of this invention to provide 

15 a laser media pumping apparatus. 
A fu r the r object of the invention is to provide an ap-

para tus which utilizes an electron accelera tor for 
pumping a laser. 

Another object of the invention is to provide means 
20 for pumping a laser cavity instantaneously. 

Ano the r object of the invention is to provide an ap-
para tus which enables pumping a laser cavity uniformly 
and simultaneously, or in any desired traveling wave 
mode , over the entire length of the laser cavity with rel-

25 atively short , and highly intense, e lectron pulses. 
Othe r objects of the invention will become readily 

apparen t f rom the following description and accompa-
nying drawing. 

30 BRIEF DESCRIPTION O F T H E D R A W I N G 
The single FIGURE schematically illustrates an em-

bodiment . 

DESCRIPTION O F T H E INVENTION 

Prior to the specific description of the illustrated em-
bodiment of the invention the following general de-
scription of the inventive concept is set forth to provide 
a greater unders tanding of the significant advance in 
the state of the art provided by this invention. 

4 0 Linear accelerators are known in the art and funct ion 
as a source of electron pulses. Basically, any e lect ron 
acce lera tor could be used to p u m p laser media in ac-
cordance with the present invention; however , since 
the paramete r of part icular interest is e lectron cur ren t , 

4 5 high beam current machines are prefer red . As will be 
more apparen t f rom the following discussion of the 
bending magnets , the desired electron pulse length is 
related to the laser cavity dimensions. Spatially, the 
electron pulse occupies a cylindrical volume whose 
length is given by the produc t of the electron velocity 
and the pulse tempera l durat ion. 

The energy of the electrons (and therefore their ve-
locity) is largely de termined by the na ture of the laser 

^^ medium to be pumped . This accelera tor ou tput pa ram-
eter is therefore adjus ted to fit within appropr ia te limits 
to maximize the interaction between electron and las-
ing species in the cavity. Typical electron energies are 
100 keV - 10 MeV, i.e., near or at relativistic veloci-

6 0 t i e S ' 

In view of the relatively high velocities, as well as 
practical difficulties with coincident e lectron beam and 
light beam trajectories , the laser cavity is not p u m p e d 
in the axial direction. Rather , a pulsed deflect ing sys-

6 5 t em is turned on just before the e lect ron pulse enters 
the bending field region. The purpose of the static 
bending field is to turn the electron pulse a round to the 
point where it moves laterally ra ther than axially paral-
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lei to the laser tube axis as seen in the drawing by the 
change in position of the pulse wave. Where the rise 
time of the deflecting field is slow compared to electron 
transit t ime, this is s t raightforward, and the pulse is 
turned around in essentially a quar ter or o ther f rac-
tional turn of the electron t rajectory in the static bend-
ing field. For electron pulses whose transit t imes arc 
comparable or greater than the field risetimes, the geo-
metric dimensional relationship dimensionalrelat ion-
ship require modif icat ion, but are clearly within the 
state of the art. This method is essentially descr ibed, for 
low cur ren t proton or deuteron beams, in a paper by R. 
C. Mobley entitled "Var iable-Path Magnet ic Ion 
Buncher" , published in the Review of Scientific Instru-
ments, 34, 1963, page 256. In the case of the present 
invention, the beams self-magnetic field must also be 
considered. 

The electron pulse emerges f rom the bending field 
region with the broad-aspect profile similar to the area 
of pumping discharge desired in the electron discharge 
pumped laser systems, and then enters the laser cavity. 
The positioning of the laser cavity with respect to the 
emerging pulse f ron t determines the p u m p mode , i.e., 
instantaneous (over the entire cavity length) when the 
cavity axis is parallel to the pulse f ron t , or traveling 
wave mode when the cavity is at an angle with respect 
to the pulse f ront , where the traveling p u m p wave ve-
locity is v/sin a , where v is the forward velocity of the 
pulse, and a is the angle between the cavity axis and the 
plane perpendicular to the direction of the electron 
beam motion. It should be noted that the static bending 
field can be supplemented with or replaced by a final 
focussing system. 

For typical present-day linear accelera tor , the spatial 
pulse length of a 50 ns machine will be about 50 feet . 
This is inconvenient for most laser systems. It is the par-
ticular intent of this invention to c i rcumvent this by 
adding a third, s tronger, componen t to the magnet ic 
field, called herein the " g u i d e " field, whose purpose is 
to wrap the electrons t ra jectory up into tight spirals, 
making the forward velocity much slower (v = v0 sin 6, 
where v„ = electrons total velocity). The " g u i d e " field 
exists, at varying strengths, between the accelera tor 
and the laser cavity. The electrons perform tight spiral 
orbits a round the guide field lines, these orbits being 
grossly directed and deflected by the bending and de-
flection fields. The term " f o r w a r d " velocity here im-
plies toward the lasing medium, along the guide field. 
Forward velocity equals the velocity vector averaged 
over one or many orbits of the fast c ircular motion. Uti-
lization of a "gu ide" field is new in the buncher field 
and provides a novel improvement over the above-
referenced buncher by R. C. Mobley. 

The laser cavity has to be sealed with respect to the 
electron beam condui t or beam pipe, which is done by 
means of a window, such as 1 - 1 0 mil thick metal foil 
or plastic. Also, for convert ing the e lec t rons into x-rays 
or gamma rays for irradiating the laser cavity media , 
high Z matcrial-backed windows may be used. 

Referr ing now to the drawing, the illustrated embodi-
ment of the invention comprises a high-current acceler-
ator such as linear electron acce lera tor 10 having an 
axis 11 and connected at one end thereof to a beam 
pipe 12 having an axis 13, accelera tor 10 being con-
nected to beam pipe 12 such that the respective axes 
form an angle 0, (illustrated as being abou t 30°, for ex-
ample, but can be f rom about 5° to about 85° depend-
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ing on the value of sin 6 desired, as above descr ibed) , 
which funct ions, if desired, to initiate the spiral t ra jec-
tory of the electrons in the above-described " g u i d e " 
field which is created by a guide coil 14, wrapped 

5 around beam pipe 12 and the deflection and bending 
magnets described hereinaf ter , guide coil 14 being con-
nected to a power supply, not shown. Beam pipe 12 is 
connec ted at the opposite end f rom accelera tor 10 to 
a pulsed deflection system such as a pulsed deflection 

10 magnet 15, or other suitable means, electrically con-
nected via leads 16 and 17 to a magnet power supply 
and switching circuitry assembly generally indicated at 
18, Deflect ion magnet 15 funct ions as known in the art. 
A bending magnet 19, producing a B field in a direction 

15 out of the paper , is connected to a power supply, not 
shown, and connected between deflection magnet 15 
and a beam conduit 20, condui t 20 being connected at 
the opposite end to a laser cavity or vessel 21 contain-
ing a gaseous or liquid lasing medium. A window 22, of 

20 metal foil or plastic, such as Mylar, is posit ioned in 
laser cavity surface adjoining condui t 20. Laser cavity 
21 is illustrated in solid lines as having an axis 23 , and 
in phan tom lines at 21 ' having an axis 2 3 ' which forms 
an angle a with respect to axis 23 for reasons men-

25 t ioned above and fur ther described hereinaf ter , angle 
a being up to about 20°, for example. As indicated at 
24, the electron beam path through beam pipe 12, mag-
nets 15 and 19, and conduit 20 is under vacuum or suit-
able inert gas at a low pressure. Positioned in spaced 

30 relation at opposite ends of laser cavity or vessel 21 are 
ref lector members 25 and 26 (shown in phantom at 2 5 ' 
and 26 ' with respect to laser cavity 2 1 ' ) which funct ion 
in conjunct ion with vessel 21 as an optical resonant 
cavity as known in the art. However , reflective ment-

i s ' bers 25 and 26 may be omitted if the system is utilized 
as an amplifier for an incoming signal rather than as an 
oscillator. 

In operat ion, a pulse or beam of electrons, uniform 
in time, or having a current which depends in any de-

^ sired way on time, is discharged f rom accelera tor 10 
within an electron t ra jectory envelope indicated by the 
spaced pair of dash lines 27 which extends through 
beam pipe 12, deflect ion and bending magnets 15 and 
19, and beam conduit 20, envelope 27 increasing in 

^ cross-section as it passes through bending magnet 19. 
The field lines for magnet 19 are indicated by the small 
circles 32 . The electron pulse or beam from accelerator 
10 travels through beam pipe 12 in a direction indi-
cated by arrows 28 and has a pulse shape or width 29. 
Within beam pipe 12 the pulse or beam is wrapped into 
tight spirals by a " g u i d e " field produced by guide coil 
14 and directed through deflection magnet 15 and 
bending magnet 19 which funct ions to turn the electron 
pulse, as indicated by arrow 28 ' , around to the point 
where it moves laterally, as indicated by the wave shape 
or width 29 ' , ra ther than axially parallel to the laser 
vessel or cavity 21, the pulse being turned essentially 
90° as described above. The " g u i d e " field produced by 

6q guide coil 14 is indicated by magnetic guide field lines 
30, it being understood that the electron pulse remains 
wrapped in spirals until it passes through bending mag-
net 19. T h e electron pulse 2 9 ' emerges f rom the bend-
ing field region of magnet 19 and enters beam condui t 
20, as indicated by arrow 2 8 " , with the broad aspect 
profile similar to the area of discharge desired in the 
electron discharged pumped laser systems. The pulse 
enter laser vessel or cavity 21 through window 22 
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pumping the lasing media within vessel 21. The laser 
vessel or cavity 21 may contain xenon at approximately 
1 to 15 atmosphere pressure, for example, or any other 
gaseous or liquid lasing medium capablc of direct exci-
tation by electrons. Alternately it may contain auxiliary 5 
discharge electrodes, as in the abovc-citcd Daugherty 
et al. patent, in which case the electrons serve merely 
to control the discharge. When gaseous or liquid lasing 
medium is contained in vessel 21, excitation of the me-
dium by the electron pulse 26 ' , after passing through 10 
window 22, creates a population inversion in the lasing 
medium which in conjunction with reflector members 
25 and 26 produce a beam of coherent radiation, or 
which function, without the reflector members, to am-
plify a beam of radiation being directed through the 15 
vessel 21, as known in the art. It being understood that 
the end walls of vessels 21 are transparent to the energy 
passing therethrough as known in the art. 

The positioning of the laser cavity or vessel 21 with 
respect to the emerging pulse 26 ' front determines the 20 
pumping mode, i.e., instananeous instantaneous the en-
tire cavity length) when the cavity axis 23 is parallel to 
the pulse front due to the pulse front stricking the las-
ing medium simultaneously over the entire length of 
the pulse front, or traveling wave mode when the cavity 25 
axis 23 ' is at an angle with rcspect to the pulse front 
where the traveling pump wave velocity is v/sin a , as 
described above due to non-simultaneous stricking of 
the lasing medium by the entire length of the pulse 
front. Uniformity of the pulses are produced when the 3 0 

current and voltage of said accelerator 10 are uniform 
in time throughout the pulse. 

If desired, a final focussing and guiding system, indi-
cated generally at 31 may be utilized, and which may, 
for example, be comprised of an appropriate magnetic 
field generating apparatus, which contains magnetic 
field coils which ensure that the guide field lines 30 arc 
made to pass through the window 22 into cavity or ves-
sel 21, care being taken not to reflect the clcctrons 
(which are performing spiral orbits around the guide 
lines) by the mirror effect. 

It has thus been shown that the present invention pro-
vides a means for electron pumping of gaseous or liquid 
laser media which is carried out by means of electron ^ 
pulses generated by an electron accelerator and passed ~ 
through appropriate magnet fields to turn the electron 
pulse approximately through a quarter orbit so that in 
essence the direction of pulse travel is changed from 
axial to lateral. This enables the pumping of the laser 
cavity uniformly and uniformly simultaneously, or in 
any desired traveling wave mode, over the entire length 
of the laser cavity with relatively short, and highly in-
tense, electron pulses. 

While a particular embodiment of the invention has g g 
been described and illustrated, modifications will be-
come apparent to those skilled in the art, and it is in-
tended to cover in the appended claims all such modifi-
cations as come within the spirit and scope of the in-
vention. 

What wc claim is: 
1. An apparatus for uniform pumping of a contained 

lasing media with short and intense electron pulses, 
comprising a linear electron accelerator for producing 
electron pulses, beam pipe means operativcly con- ^ 
nected to receive electron pulses from said linear elec-
tron accelerator, magnetic means operatively con-
nected to said beam pipe means and to a vessel contain-
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ing said lasing media for turning the electron pulse 
around a point where it moves laterally with respect to 
rather than axially parallel to said vessel containing said 
lasing media, guide coil means for wrapping electron 
trajectory of the thus produced pulses into tight spirals 
thereby slowing the forward velocity of the electrons 
traveling toward said lasing media, said guide coil 
means being positioned around said beam pipe means 
and said magnetic means, and window means posi-
tioned between said magnetic means and said vessel for 
admitting the electron pulses into said vessel which 
pump said lasing media contained in said vessel to an 
excited state creating a population inversion in said las-
ing media. 

2. The apparatus defined in claim 1, wherein said 
magnetic means comprises a deflection magnet means 
and a bending magnet means positioned serially inter-
mediate said beam pipe means and said vessel, said de-
flection magnet means being connected to receive elec-
tron pulses from said beam pipe means and direct same 
into said bending magnet means within which said 
pulses are turned essentially 90° emerging from said 
bending magnet means with a broad aspect profile and 
with a pulse front moving laterally with respect to 
rather than axially parallel to said vessel containing said 
lasing media. 

3. The apparatus defined in claim 1, additionally in-
cluding beam conduit means positioned intermediate 
said magnetic means and said vessel and surrounding 
said window means. 

4. The apparatus defined in claim 1, wherein said lin-
ear electron accelerator has a longitudinal axis posi-
tioned at an angle in the range between about 5° and 
about 85° with respect to a longitudinal axis of said 
beam pipe means which causcs the spatial extent of the 
apparatus to be reduced due to the reduced forward ve-
locity of the electrons. 

5. The apparatus defined in claim 1, wherein said ves-
sel containing said lasing media has a longitudinal axis 
positioned substantially parallel with respect to a pulse 
front of said electron pulses such that said pulse front 
stricks said lasing media substantially simultaneously 
across the entire pulse front causing pumping of the las-
ing media uniformly and simultaneously throughout 
said vessel. 

6. The apparatus defined in claim 1, wherein said ves-
sel has a longitudinal axis positioned at an angle of up 
to about 20° with respcct to a pulse front of said elec-
tron pulses such that said pulse front stricks said lasing 
media non-simultaneously across the entire pulse front 
causing pumping of the lasing media in a traveling wave 
mode over the length of said vessel. 

7. The apparatus defined in claim 2, wherein said de-
flection magnetic means comprises a pulsed type de-
flection magnetic and means including switching cir-
cuitry for pulsing same. 

8. The apparatus defined in claim 1, wherein said lin-
ear electron accelerator is positioned at an angle of 5° 
to 85° with respect to a longitudinal axis of at least a 
portion of said guide coil means. 

9. The apparatus defined in claim 1, wherein said 
beam pipe means and said magnetic means have an in-
terior under an atmosphere selected from the group 
consisting of suitable inert gases at low pressure and 
vacuum. 

10. The apparatus defined in claim 1, additionally in-
cluding beam conduit means positioned intermediate 
said magnetic means and said vessel and surrounding 
said window means, and means positioned about said 
beam conduit means for focussing and guiding said 
electron pulses to said window means. 


