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Section 5.1
EXTREME ULTRAVIOLET AND SOFT X-RAY LASERS

I ntroduction to the Table

In Table 5.1.1 soft x-ray and extreme ultraviolet lasers are listing in order of increasing
wavelength. The highly ionized lasing medium is specified by its oxidation state. The
electron configurations of these highly ionized states are similar to those of neutral
atoms with the same number of electrons. Thus AI10*, for example, which has only
three electrons is described as "Li-like" and Se24* (with ten electrons) is described as
"Ne-like". The lasing transition and references to the experiments are given in the two
final columns of Table 5.1.1.
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Table5.1.1
Extreme Ultraviolet and Soft X-Ray Lasers
Arranged in Order of Increasing Wavelength

Wavelength (nm) lon Transition Reference
3.560 Ni-like AuS1* 4d—4p 1,2
4318 Ni-like W6+ 4d—4p 13
4483 Ni-like Ta*>* 4d—4p 13
4553 H-like Mgll+ 352 4
4.607 Co-like Ta6+ 4d—4p 5
5.023 Ni-like Yb42* 4d—4p 1,6
5.007 Ni-like Ta™" 4d—>4p 16
5.176 Co-like Yb*3t 4d—4p 5
5.419 H-like Nal0+* 352 4
5.611 Ni-like Yb42* 4d—4p 1,6
5.77 Li-like Cal’* 4f—3d 7
5.88 Ni-like Dy38* 4d—4p 8
6.11 Ni-like Th37+ 4d—4p 8
6.37 Ni-like Dy38* 4d—4p 8
6.39 Ni-like Gd36* 4d—4p 8
6.583 Ni-like Eu35* 4d—4p 9
6.67 Ni-like Tb37* 4d—4p 8
6.832 Ni-like Sm34+ 4d—4p 10
6.92 Ni-like Gd36* 4d—4p 8
7.100 Ni-like Eu35* 4d—4p 9
7.24 Ni-like W46+ 4d—4p 13
7.331 Ni-like Sm34+ 4d—>4p 8,10,53
7.442 Ni-like Ta™" 4d—4p 13
7.535 Ni-like W6+ 4d—4p 13
7.747 Ni-like Ta™" 4d—4p 13
7.906 Ni-like Nd32* 4d—4p 8,11,51
8.091 H-like F8* 352 12
8.107 Ni-like Yb%42+ 4d—4p 1
8.156 Ne-like Ag37* 3p—>3s 13
8.2 Ni-like Pr31+ 4d—4p 51
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Table 5.1.1—continued
Extreme Ultraviolet and Soft X-Ray Lasers
Arranged in Order of Increasing Wavelength

Wavelength (nm) lon Transition Reference
8.440 Ni-like Eu35* 4d—4p 9
8.441 Ni-like Yb#2+ 4d—4p 1,6
8.6 Ni-like Ce30+ 4d—4p 51
8.73 Li-like Si11+ 5d—3p 14
8.89 Li-like Si11* 5f—3d 14
8.9 Ni-like La29* 4d—4p 14
9.936 Ne-like Ag37* 3p—3s 13
10.0 Ni-like Xe26* 4d—4p 15
10.038 Ne-like Ag37* 3p—>3s 13
10.039 Ni-like Eu35* 4d—4p 9
10.243 H-like O7* 352 16
10.456 Ni-like Eu35* 4d—4p 9
10.508 Ne-like Ag37+ 3p—3s 13
10.57 Li-like Al10+ 5f—3d 12,17,18
10.64 Ne-like Mo32* 3p—3s 19
1.1 Ni-like Te24+ 4d—4p 51
11.25 Ne-like Nb31*+ 3p—>3s 20
11.473 Ni-like Sn22* 4d—4p 21
1.7 Ne-like Ru34+ 3p—3s 22
118 Ne-like Ru34* 3p—>3s 22
11.89 Ne-like zr30+ 3p—3s 20
11.910 Ni-like Sn22+ 4d—4p 21
12.300 Ne-like Ag37* 3p—>3s 13
12.989 Li-like Si11* 4f—3d 17,23
12.35 Belike AI9* 5d—3p 18
131 Ne-like Mo32* 3p—3s 19
13.27 Ne-like Mo32* 3p—>3s 19
13.86 Ne-like Nb31*+ 3p—>3s 20
13.94 Ne-like Mo32* 3p—3s 19
14.04 Ne-like Nb31*+ 3p—>3s 20
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Table 5.1.1—continued
Extreme Ultraviolet and Soft X-Ray Lasers
Arranged in Order of Increasing Wavelength

Wavelength (nm) lon Transition Reference

14.16 Ne-like Mo32* 3p—>3s 19
14.3 Ni-like Agl9* 4d—4p 51
14.590 Ne-like Nb31*+ 3p—>3s 20
14.66 Ne-like zr30+ 3p—>3s 20
14.76 Ne-like Nb31+ 3p—3s 20
14.86 Ne-like zr30+ 3p—>3s 20
15.040 Ne-like zr30+ 3p—3s 20
15.466 Li-like AI10+ 4f—3d 12,17,18,23
15.4985 Ne-like Y29+ 3p—>3s 24-27
15.63 Ne-like zr30+ 3p—3s 21
15.71 Ne-like Y29+ 3p—>3s 24,25
15.98 Ne-like Sr28+ 3p—3s 28
16.41 Ne-like Sr28+ 3p—>3s 28
16.490 Ne-like Y29+ 3p—>3s 25
16.65 Ne-like Sr28+ 3p—3s 28
16.867 Ne-like Se24* 3p—>3s 29
17.35 Ne-like Rb27+ 3p—3s 30
17.455 Ne-like Sr28+ 3p—>3s 28
17.61 Ne-like Rb27* 3p—>3s 30
17.63 Ne-like Br25+ 3p—3s 20
17.78 Be-like AI9* 4f—3d 18
18.210 H-like Co* 352 31-33
18.243 Ne-like Se24+ 3p—>3s 24,25,29,34
1852 Ne-like Rb27* 3p—>3s 30
19.47 Ne-like Br25+ 3p—3s 20
19.606 Ne-like Ge22* 3p—>3s 35
19.78 Ne-like Br25+ 3p—3s 20
20.25 Ne-like Nb31*+ 3p—>3s 20
20.42 Ni-like Nb13+ 4d—4p 36
20.465 Ne-like Fel6+ 3p—3s 37
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Table 5.1.1—continued
Extreme Ultraviolet and Soft X-Ray Lasers
Arranged in Order of Increasing Wavelength

Wavelength (nm) lon Transition Reference

20.638 Ne-like Se24* 3p—>3s 24,2538
20.65 Li-like S13+ 5g—>4f 39
20.79 Ne-like Br25+ 3p—>3s 20
20.96 Ne-like zr30+ 3p—>3s 20
20.978 Ne-like Se24+ 3p—3s 24,25
21.217 Ne-like Zn20* 3p—>3s 39-41
21.884 Ne-like As23* 3p—3s 40
22.028 Ne-like Se24+ 3p—>3s 24,29
22.111 Ne-like Cul9* 3p—>3s 35,42
22.256 Ne-like As23* 3p—3s 40
22.49 Ne-like Sr28+ 3p—>3s 28
2311 Ne-like Ni18+ 3p—3s 42,43
23.224 Ne-like Ge22* 3p—>3s 35
23.35 Ne-like Rb27* 3p—>3s 30
23.626 Ne-like Ge22+ 3p—3s 35,44
24.02 Ne-like Crl4+ 3p—>3s 37
24.24 Ne-like Col7* 3p—3s 43
24.670 Ne-like Ga2l* 3p—>3s 40
24.732 Ne-like Ge22* 3p—>3s 35
25.111 Ne-like Ga2lt 3p—3s 40
25.24 Ne-like Br25+ 3p—>3s 20
25.487 Ne-like Fel6+ 3p—3s 37
26.1 Ne-like V13+ 3p—>3s 45
26.232 Ne-like Zn20* 3p—>3s 40,41
26.294 Ne-like Se24+ 3p—3s 24,29
26.723 Ne-like Zn20* 3p—>3s 40,41
27.931 Ne-like Cul9t 3p—>3s 35,42,43
28.467 Ne-like Cul9t 3p—3s 35,42,43
28,538 Ne-like Crl4+ 3p—>3s 37
28.646 Ne-like Ge22+ 3p—3s 35
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Table 5.1.1—continued
Extreme Ultraviolet and Soft X-Ray Lasers
Arranged in Order of Increasing Wavelength

Wavelength (nm) lon Transition Reference

29.62 Ne-like Cul9* 3p—>3s 35,42,43
29.77 Ne-like Ni18+ 3p—3s 42,43
30.36 Ne-like Ni18+ 3p—>3s 42,43
304 Ne-like V13+ 3p—>3s 45

312 Ne-like Scll+ 3p—>3s 46

31.48 Ne-like Nj18+ 3p—>3s 42,43
31.80 Ne-like Col7* 3p—3s 43

3245 Ne-like Col7* 3p—>3s 43

32.63 Ne-like Til2+ 3p—>3s 37,43,47
33.15 Ne-like Cul9t 3p—>3s 35,42,43
34.75 Ne-like Nj18+ 3p—>3s 42,43
34.796 Ne-like Fel6+ 3p—3s 37

352 Ne-like Scll* 3p—>3s 46

36.73 Ne-like Col7* 3p—>3s 43

383 Ne-like CalO* 3p—3s 46
38.93 Ne-like Fel6* 3p—>3s 37
40.235 Ne-like Crl4+ 3p—>3s 37

41.8 Pd-like Xe8+ 5d—5p 52

421 Ne-like K9* 3p—>3s 46
44,077 Ne-like Crl4+ 3p—>3s 37

451 Ne-like Ar8* 3d—3p 48

46.9 Ne-like Ar8* 3p—>3s 15,48,49
47.22 Ne-like Til2+ 3p—>3s 43
50.76 Ne-like Til2+ 3p—>3s 43

52.9 Ne-like CI7* 3p—3s 46

60.1 Ne-like S8* 3d—3p 50

60.8 Ne-like S6+ 3p—3s 50

87.4 Ne-like Si4* 3p—>3s 50
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Section 5.2
FREE ELECTRON LASERS

Introduction to the Table

Free electron lasers are arranged in order of increasing wavelength in Table 5.2.1. When
a range of wavelengths was reported, lasers are listed in order of the lowest lasing
wavelength. For each laser the operating configuration (oscillator, amplifier, single
pass, amplified spontaneous emission) and the accelerator (rf linac, induction linac,
storage ring, electro-static, pulse line, microtron, modulator, ignition coil) used are
given, together with the primary reference or references to laser action. The operating
and performance characteristics of these lasers are summarized in recent reviews by
Colson and by Freund and Granatstein (see Further Reading below).

Further Reading
Brau, C. A., Free-Electron Lasers, Academic Press, Boston (1990).

Colson, W. B., Short wavelength free electron lasers in 1996, Nucl. Instr. and Meth. A
393, 6 (1997).

Colson, W. B., Pellegrini, C. and Remeri, A., Eds., Free Electron Lasers, in Laser
Handbook, Vol. 6, North Holland, Amsterdam (1990).

Colson, W. B. and Prosnitz, D., Free Electron Lasers, in Handbook of Laser Science and
Technology, Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 515.

Couprie, M. E., Storage rings FELs, Nucl. Instr. and Meth. A 393, 13 (1997).

Freund, H. P. and Autonsen, T. M., Jr., Principles of Free Electron Lasers, 2nd edition,
Chapman and Hall, London (1996).

Freund, H. P. and Granatstein, V. L., Long wavelength free electron lasers in 1996,
Nucl. Instr. and Meth. A 393, 9 (1997).

Freund, H. P. and Parker, R. K., Free-Electron Lasers, in Encyclopedia of Physical
Science and Technology, Academic Press, San Diego (1991), p. 49.

Granatstein, V. L., Parker, R. K. and Spangle, P. A., Millimeter and Submillimeter
Lasers, in Handbook of Laser Science and Technology, Vol. I: Lasers and Masers,
CRC Press, Boca Raton, FL (1981), p. 441.

Luchini, P. and Motz, H., Undulators and Free-Electron Lasers, Oxford University Press,
Oxford (1990).
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Marshall, T. C., Free Electron Lasers, Macmillan, New Y ork (1985).

Poole, M. W., FEL Sources. Present and future prospects, Rev. <i. Instrum. 63, 1528
(1992).

Prosnitz, D., Free Electron Lasers, in Handbook of Laser Science and Technology, Val. I:
Lasers and Masers, CRC Press, Boca Raton, FL (1981), p. 425.

See, also, Proceedings of the International Free Electron Laser Conferences in Nucl.
Instr. and Meth. A 272 (1988), A 285 (1989), A 296 (1990), A 304 (1991), A 318
(1992), A 331 (1993), A 341 (1994), A 358 (1995), A 375 (1996), A 393 (1997).

Table5.2.1
Free Electron Lasers Arranged in Order of Wavelength

Wavelength (um) Configuration Accelerator Reference
0.244-0.69 oscillator storage ring 1
0.25 oscillator rf linac 2
0.3 oscillator storage ring 3
0.35 oscillator storage ring 4
0.35 oscillator storage ring 5
0.37 oscillator rf linac 6
0.46-0.68 oscillator storage ring 7
05 oscillator rf linac 2
0.5145 amplifier storage ring 8
0.525 oscillator rf linac 9
0.598 oscillator storage ring 10
0.63 oscillator rf linac 11
0.662 oscillator rf linac 12
157 oscillator rf linac 13
1.88 oscillator rf linac 14
19381 oscillator rf linac 15
2-100 oscillator rf linac 33
2296 oscillator rf linac 16
3 amplifier rf linac 17
3 oscillator rf linac 18
3-10 oscillator rf linac 19
353 oscillator rf linac 73
304 oscillator rf linac 20
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Table 5.2.1—continued
Free Electron Lasers Arranged in Order of Wavelength

Wavelength (um) Configuration Accelerator Reference
46 oscillator rf linac 21
4-40 oscillator rf linac 22
42 oscillator rf linac 23
5 oscillator rf linac 24
535 oscillator rf linac 25
55 oscillator rf linac 14
8 oscillator rf linac 26
10 oscillator rf linac 27
10.6 amplifier induction linac 28
12-21 oscillator rf linac 29
15 oscillator rf linac 30
16-110 oscillator rf linac 25
19-65 oscillator rf linac 32
20 oscillator rf linac 31
40 oscillator rf linac 34
40 oscillator rf linac 35
43 oscillator rf linac 36
47 oscillator rf linac 74
60 oscillator electrostatic 37
65 oscillator rf linac 75
80-200 oscillator rf linac 38
120-800 oscillator electrostatic 39
340 oscillator electrostatic 37
400 single pass electrostatic 40
400 oscillator electrostatic 41
640 - electrostatic 42
1000 oscillator electrostatic 43
1500 ASE electrostatic 44, 45
2000 amplifier pulse line 46
2000 oscillator microtron 47
2000 amplifier induction linac 48
21002600 oscillator mircotron 49
<2500 oscillator electrostatic 50
2700 oscillator rf linac 51
3000 ASE pulse line 52
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Table 5.2.1—continued
Free Electron Lasers Arranged in Order of Wavelength

Wavelength (um) Configuration Accelerator Reference
3000 oscillator pulse line 53
3200 ASE electrostatic 54
3500 amplifier pulse line 55
4000 oscillator pulse line 56
6000 amplifier induction linac 57
6700 oscillator pulse line 58
8000 amplifier pulse line 59
8000 ASE pulse line 60
8000 amplifier induction linac 61
8000 oscillator induction linac 62
8000 amplifier pulse line 63
8700 amplifier induction linac 64, 65
26,000 oscillator pulse line 66
30,000 ASE pulse line 67
30,000 oscillator modulator 68
32,000 ASE induction linac 69
35,000 oscillator modulator 70
68,000 ASE electrostatic 71
300,000 oscillator ignition coil 72

(S)ASE — (self) amplified spontaneous emission
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Section 5.3
NUCLEAR PUMPED LASERS

Introduction to the Table

Table 5.3.1 lists nuclear pumped lasers in order of increasing wavelength for both
reactor-pumped lasers and nuclear-device-pumped lasers. The lasing medium (gas or
gas mixtures) is given in the second column and the nuclear reaction giving rise to
excitation of the lasing medium is given in the third column. Primary references are
included in the final column. This table was adapted from a table provided by G. H.
Miley and E. G. Batyrbekov (private communication and to be published).
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Table5.3.1

Nuclear Pumped Lasers Arranged in Order of Wavelength

Wavelength Active Pumping
(um) medium reactions Reference
Reactor Pumped Lasers
0.4416 He—Cd u235(n,f)F 1
0.4416 3He-Cd SHe(n,p)T 2,3
0.5337 He—Cd u235(n,f)F 1
0.5337 3He-Cd SHe(n,p)T 2,3
0.5378 He—Cd u235(n,f)F 1
0.5378 3He-Cd SHe(n,p)T 2,3
0.5461 He-Xe-Hg-H, u235(n,f)F 4
0.5852 He-Ne-Ar 3He(n,p)T 5
0.5852 He-Ne-Hj B1O(n,a)Li” 8
0.5853 He-Ne-Ar u235(n,f)F 1,6,7
0.615 He—Hg B1O0(n,a)Li” 9,10
0.7032 Ne—Kr(Ar) u235(n,f)F 57
0.7245 (He)—Ne—Kr u235(n,f)F 1
0.7245 Ne—Kr(Ar) u233(n,f)F 5,7
0.7479 He-Zn 3He(n,p) T 11
0.7479 He-Zn u233(n,f)F 1
0.8066 He—Cd u235(n,f)F 1
0.8531 He—Cd u235(n,f)F 1
0.8629 Ne-N; B1O(n,a)Li” 12-14
0.9393 Ne-Np B1O0(n,a)Li” 12-14
1.149 He-Ar u233(n,f)F 15
1.190 He-Ar u235(n,f)F 15
1.27 SHe-Ar 3He(n,p)T 16,17,37
1.4300 He-Cd u233(n,f)F 1
1.45 He-CO,He-CO,,Ar-CO, Blo(n,a)Li7 18-20
1.4550 Ne-CO, Ne-CO, B1O(n,a)Li” 18,21
1.587 3He-Cd SHe(n,p)T 17
1.6500 He—Cd u235(n,f)F 1
1.69 SHe-Ar SHe(n,p)T 37
1.69 3He-Ne SHe(n,p)T 37
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Table 5.3.1—continued
Nuclear Pumped Lasers Arranged in Order of Wavelength

Wavelength Active Pumping
(um) medium reactions Reference
173 Ar-Xe B1O(n,a)Li” 22
173 Ar—Xe u235(n f)F 23
1.732 Ar-Xe u235(n,f)F 24
1.732 He-Ar—Xe u235(n,f)F 1,25
1.78 HeKr u235(n,f)F 15,26
1.79 3He-Ar 3He(n,p)T 16,17,27,37
1.79 3He-Ne SHe(n,p)T 37
2.026 3He-Xe SHe(n,p)T 17,28-30
2.026 Ar-Xe u235(n,f)F 15
2.03 He-Ar—Xe u235(n,f)F 23
2.19 3He-Ar 3He(n,p)T 17,30
2.19 SHeKr SHe(n,p)T 17
2.397 He-Ar u235(n,f)F 15
248 He-Ar—Xe u235(n,f)F 36
2482 Ar-Xe u235(n,f)F 25
25 3HeKr 3He(n,p)T 30
252 SHe-Ar SHe(n,p)T 17,30
252 HeKr u235(n,f)F 15,26
2.60 He-Ar—Xe u235(n,f)F 1,25
2.627 Ar-Xe u235(n,f)F 1
2.627 He-Xe u235(n,f)F 15,31
3.07 HeKr u235(n,f)F 15,26
3.508 3He-Xe SHe(n,p)T 17,28
3.5080 He-Xe u235(n,f)F 32
3.652 3He-Xe SHe(n,p)T 17,28
51-5.6 co u235(n,f)F 33,34
Nuclear Device Pumped Lasers
0.17 Xez gamma rays 35
27 HF gamma rays 35

f and F denote light and heavy fission fragments emitted in the reaction of neutrons (n)
with 235y,
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Section 5.4
NATURAL LASERS

Introduction to the Table

Natural lasers are listed by increasing wavelength (in micrometers) in Table 5.4.1. The
transition and active gas molecule, the object from which the radiation was observed,
and the original reference(s) are given in the subsequent columns.

Further Reading

Clegg, A. W. and Nedoluha, G. E., Eds., Astrophysical Masers, Springer-Verlag, Berlin
(1993).

Deming, D., Espenak, F., Jennings, D., Kostiuk, T., F. Mumma, M. J. and Zipoy, D.,
Modeling of the 10-um natural laser emission from the mesospheres of Mars and
Venus, Icarus 55, 356 (1983).

Elitzur, M., Astronomical Masers, Kluwer, New Y ork (1992).

Moran, J. M., Maser action in nature, in Handbook of Laser Science and Technology,
Suppl. 1: Lasers, CRC Press, Boca Raton, FL (1991), p. 579.

Moran, J. M., Maser action in nature, in Handbook of Laser Science and Technology,
Vol. I: Lasers and Masers, CRC Press, Boca Raton, FL (1982), p. 483.
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Clegg, A. W. and Nedoluha, G. E., Eds., Springer-Verlag, Berlin (1993), p. 455.
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Table54.1

Natural Lasers Arranged in Order of Increasing Wavelength

Wavelength (um) Gas — Object Transition Reference
10.4@ COy — Venus v3—2v2o 1,2
10.4@ CO> — Mars v3—2Vv2 1,2,3
525 H — Cygnus MWC349 H100 4
88.8 H — Cygnus MWC349 H12a 4
169.4 H — Cygnus MWC349 H15a 4
453 H — Cygnus MWC349 H21o 5
456 Ho0 — stars(b) vo=1, 6

110-101
636.6 H20 - (©) 642551 7
682.7 H20 - (© 643-550 7
844.9 H>O -VY CMa 174‘13—167’1 8
0
850 H — Cygnus MWC349 H260. 9
885.4 CH30H — S231 7-46-4 8
885.4 H,0 — S269 73-63 E1 (@) 8
885.5 7-3-6.3 E
885.5 H20 — 5252 73-63 8
885.6 CH30H — 8252 73-63 8
891.6 H20 -VY CMa 52,3-61,6 8
922.0 para-Hp0 — SFR(®) 515-422 10
9334 ortho-H,0 — SFR(€) 1029-936 11
1635 Ho0() 313220 12

(@) Predicted amplifications are very small (< 1.1)
(b) VY CMa, R Leo, R Crt, RT Vir, W Hya, RX Boo, SCrB, U Her, VX Sgr, NML Cyg
(c) Interstellar and circumstellar water
(d) Ambiquity of the line identification
(e) SFR — star forming regions

(f) Various molecular clouds, star forming regions, and evolving stars

© 1999 by CRC PRESS LLC



10.

11

12.

References

Johnson, M. A., Betz, A. L., McLaren, R. A., Sutton, E. C. and Townes, C. H.,
Nonthermal 10 micron CO2 emission lines in the atmospheres of Mars and

Venus, Astrophys. J. 208, L145 (1976).

Deming, D., Espenak, F., Jennings, D., Kostiuk, T. F., Mumma, M. J. and Zipoy,
D., Observations of the 10-um natural emission from the mesospheres of Mars and
Venus, lcarus 55, 347 (1983).

Mumma, M. J.,, Buhl, D., Chin, G., Deming, D., Espenak, F. and Kostiuk, T.,
Discovery of natural gain amplification in the 10-micrometer carbon dioxide laser
bands on Mars: a natural laser, Science 212, 45 (1981).

Strelnitski, V., Haas, M. R., Smith, H. A., Erickson, E. F., Colgan, S. W. J. and
Hollenbach, D. J., Far-infrared hydrogen lasers in the peculiar star MWC 349A,
Science 272, 1459 (1996).

Thum, C., Matthews, H. E., Harris, A. I, Tacconi, L. J., Schuster, K. F. and
Martin-Pintado, Detection of H21a maser emission at 662 GHz in MWC349,
Astron. Astrophys. 288, L25 (1994).

Menten, K. M. and Young, K., Discovery of strong vibrationally excited water
masers at 658 GHz toward evolved stars, Astrophys. J. 450, L70 (1995).

Melnick, G. J., Submillimeter water masers, in Astrophysical Masers, Clegg, A.
W. and Nedoluha, G. E., Eds., Springer-Verlag, Berlin (1993), p. 41.

Feldman, P. A., Matthews, H. E., Amano, T., Scappini, F. and Lees, R. M.,
Observations of new submillimeter maser lines of water and methanol, in
Astrophysical Masers, Clegg, A. W. and Nedoluha, G. E., Eds., Springer-Verlag,
Berlin (1993), p. 65.

Thum, C., Matthews, H. E., Martin-Pintado, J., Serabyn, E., Planesas, P. and
Bachiller, R. A., Submillimeter recombination line maser in MWC 349, Astron.
Astrophys. 283, 582 (1994).

Menten, K. M., Melnick, G. J., Phillips, T. G. and Neufeld, D. A., A new
submillimeter water maser transition at 325 GHz, Astrophy. J. 363, L27 (1990).
Menten, K. M., Melnick, G. J. and Phillips, T. G., Submillimeter water masers,
Astrophy. J. 350, L41 (1990).

Cernicharo, J.,, Thum, C., Hein, H., John, D., Garcia, P. and Mattioco, F.,
Detection of 183 GHz water vapor maser emisssion from interstellar and
circumstellar sources, Astron. Astrophys. 231, L15 (1990).

© 1999 by CRC PRESS LLC



Section 5.5
INVERSIONLESS LASERS

Introduction to the Table

Table 5.5.1 presents experiments involving either lasing or amplification in inversionless
systems arranged in order of increasing wavelength. The lasers have been operated
continuous wave; the amplifier experiments have measured transient gain or gain on a
probe laser pulse. The lasing atomic species is given in the second column. The
operative transition and lasing without inversion (LWI) scheme are also given. Primary
references to the experiments are listed in the final column.

Further Reading

Harris, S. E., Lasers without inversion: interference of lifetime-broadened resonances,
Phys. Rev. Lett. 62, 1033 (1989).

Khurgin. J. B. and Rosencher, E., Practical aspects of lasing without inversion in various
media, |IEEE J. Quantum Electron. 32, 1882 (1996) and Practical aspects of
optically coupled inversionless lasers, J. Opt. Soc. Am. B 14, 1249 (1997).
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(1992).

Kocharovskaya, O. and Khanin, Ya. |., Coherent amplication of an ultrashort pulsein a
three-level medium without a population inversion, JETP Lett. 48, 630 (1988).

Kocharovskaya. O. and Mandel, P., Basic models of lasing without inversion: general
form of amplification condition and problem of self-consistency, Quantum Optics 6,
217 (1994).

Scully, M. O. and Fleischhauer, M., Lasers without inversion, Science 263, 337 (1994).

Scully, M. 0., Resolving conundrums in lasing without inversion via exact solutions to
simple models, Quantum Optics 6, 203 (1994).

Scully, M. O., Zhu, S.-Y. and Gavrielides, A., Degenerate quantum-beat laser: lasing
without inversion and inversion without lasing, Phys. Rev. Lett. 62, 2813 (1989).

See, also, Papers on Atomic Coherence and Interference, Crested Butte Workshop
1993, in Quantum Optics 6 (1994).
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Table5.5.1
Inversionless Lasers and Amplifiers

Wavelength (nm) Medium Transition Scheme Reference
Lasers:
X A 1
atomic beam
794 87Rb vapor, D1:5%S1/2 — 5°P1/2 Vv 2

magnetic field

Amplifiers:

479 112¢q vapor, 351 -3P; A 3
magnetic field

571 Sm vapor, A 4,9
magnetic field

589 23Na vapor, 32S1/2 — 32P1)2 A 7
magnetic field D1 (2—2)

589.0 23Na vapor D1:32S1/2 — 32P1/2 \Y 5,6
magnetic field

770 K vapor, He buffer D 1:4S(F=2) — 4P/ * 8
gas

~821 Ba, atomic beam ‘D2 -1P; *x 10

* Four-level Raman driven amplification
** Three-level cascade system.
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