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A. Technical Summary

Under the sponsorship of ONR we have explorod and develoDed new coherent

light techniques and instrumental systems for high resolution laser

spectroscony in the ultraviolet spectral region . This work has benefited

from the interaction with another research program, soonsored by the

4ational Science Foundation. A detailed summary can be found in the

Technical Renorts No. ~, 5, and 6 (l-3)~ , which have been submitted to the

J.S. Office of Naval Research Physics Program °ff ice. The reports and

technical napers published during the contract period and credited to ONR

support are listed in section 8. This section summarizes the most important

technical accoriplishements:

a) A dye laser oscillator—amplifier system has been developed , whi ch

combines high monochromaticity, a good spatial beam quality , and a wide

linear tuning range with high peak power. This laser permits the efficient

generation of narrowband tunable ultraviolet radiation by second harmonic

generation and frequency mixing in nonlinear cx ystals and gases.

h) We have studied the lS-2S transition of atomic hydrogen by Doppler—free

two-photon spectroscony with the frequency-doubled output of the pulsed dye

laser oscillator—anp~ ifier system. The experiments have provided the first

accurate measurement of the Lyman alpha isotope shift for hydrogen and

deuteriuin. ;1e have also compared the 1S-2S interval with the n~2—U

interval, by simultaneously recording a Doppler-free saturation spectrum of
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the v isible I3almer beta l ine w i t h  the fundamental  (lye laser output.  This

compa rison has yielded the f~r~ t prec ise measurement of the l~ ground state

Lamb shift (5).

c) We have developed the tec~hr~iquo of laser polarization snectroscopv , a new

method of ~)opn1er—free spectroscopv which can greatly exceed the sensitivity

of saturated absorption sDectroscopv (c).

d) ‘~e have demonstrated the possibility of unraveling complex molecular

~ii ’sorption snectra by pol3rization labeling. This new method iden t i f ies  all

absorpt ion  l ines w i t h  a common lower level (7).

e) The h i gh  nower , r.on ochrom at ic ity ,  an d w ide tuninC ran ge of our gas

pressure tuned dye laser osc illator ameli f ier  system has permit ted us to

record Doppler—free two-photon sPectra of normal and deuterated henzene with

unprecedented resolution . Computer fit s of the observed rotational contours

have prov~dpd new accurate molecular constants (9).

F)  
~~ have developed a tunable dye laser system w i th improved spectral

br ightness  and output power by combining ~ single fr~ nuency cw dye laser

oscillator with a multistage pulsed dye laser amplifier (12)

g) Nsing this new laser for Doppler-free spectroscony of atomic hydrogen and

deuterium , we have obtained new precision values of the 1S—2S isotope shift

and the lS Lamb shift , and have qualitatively confirmed the existence of the
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theoretically predicted relativistic nuclear recoil shift (12).

h) ~e have demonstrated a novel technique of high resolution laser

spectroscopy , using coherent two—photon excitation with multiple light

pulses. ~)uantun interference effects result in narrow resonances, sim i lar

to Ramsey f r inges .  The method holds promise for ‘)onp ler—free spectroscopv

in the vacuum ultraviolet (~~,l3,1L~).

C) footnote: the references in parentheses refer to the l i s t  of reports and

publications in section ~~.
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H. ~eports an~ Publications

l~ “rltrinarrowb md Tunable Dye Laser for ~ew Approaches to Atomic

Spect roncomv ,” by T . ~~. ~!ansch , ONR Technical Report No. 14 , N .L. Report No.

2511 , Stin~ ord , Dece~ther 1 75.

2 )  “~5it r an arr owband Tunable  Dye Laser for New A pnr oaches to Atomic

:r~ctroscop~ ,” by T. ~. Han sch , ONR Technical report N o . 5 , G.L. ~eport !~o.

~~~~ anTor~ , Dece~.h~r ~~~~

3) “ :~~~mi~-~ Lasers an~ ~ohercn t b~ rbt Techniriu~ s fo r !~~gb Tesollit ion

it r av io ] t ~t ~pectroscopy , ” i v  T. ~ansch , ON t’ Technical Repor t N o . f . ,  G.L.

~eport ‘i- . 27Y~, Dtanford , December 1177.

~) “Powerful Dye Laser Oscillator Ampl ’tf~er Sy~~ter~ for ~-~14~h ~esolutjon

Spectro-~copv ,” ‘~v ~~. Yallonstein and T
• ~ansch , ‘~- t . Communications i’l ,

351 (1~7s)

5) “Ny dro c ’en 15—25 I sotope Shif t  and 15 Lam b Shi f t  Ne-isured b y Laser

Spcctroscopy,” by S. A . Lee, R. Uallenstei~n, and T. ~? • ~
1ansch , Fhys. Rev.

!etter.-~ ~~~~, l7~ 2 ( 1275)

~) “Dopplcr-Frce Laser Polarization Spectroscopy,” by C. ~ileman and 1. W .

~~~~~~~~~~ Phvs . ~ev . Letters 36, 1 170 (F~7F~)
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7) “Si-~p1ification of Spectra by Polarization Labeling ,” by R. Teets, R.

Feinherg , T. W . !iansch , and A. L. Schawlow , Phys. Rev . Letters 37, 683

(]~~76)

0)  “di gh ~esolution Two—Photon Spectroscony in th~ ) ‘3?u St ite of Benzene ,”

by J . Lombard! , P • ~a1lenste in , T. N . Ha r.sch, ~nJ D . N .  Fr !edr icb , J. Chern .

Physics 5 , 2357 ( 127 r )

1) A pplications of H i gh ~esolution Laser Spect roscopy ,” by T. W . !{ansch , in

“Tun ab le Lasers and ‘~pp1ications ,” A.  N ooradian , T. Jaeger , and P. Stoksetb ,

~ds . ,  Snr inger Series ~n ipt ical Sciences , Vol. 3 , pp. 32~ ( 1976)

19) “Lasers, Light and latter,” by A. L. Schawlow , J. Opt. Soc. Am . 67, 140

(1977)

11) “New lethods of Laser Spectroscopy,” by T. W. Hansch, in Proceedings of

Laser 77 / Optoelectronics Conference, ~I. ~!aidelich , 51., IPC Science and

Technolog y Press , 1977 , pp. 108

12) “Precision leasurement of the ground State Lamb S h if t  in Hydrogen and

Deuterium ,” by C. Wieman and T. W. Hansch, in “Laser Spectroscopy III.,” 1.

I. Hall and J. L. Carlsten, Eds., Springer Series in Optical Sciences, Vol.

7, pp. 39 (1977)

13) “Multiple Coherent Interactions,” by T. W. Hansch , in “Laser
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Spectroscopy III.,” J. L. Hall and J. L. Caristen, Eds., Springer Series in

Optical Sciences , Vol. 7 , po. 1149 ( 1977)

114) “Coherent Two—Photon Excitation by Multiple Light Pulses ,” by R. Teets,

J. Eckctein , and T. W. Hansch , Phys. Rev. I~etters 38, 760 (1977)
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