
cjn 

REPORT DOCUMENTATION PAGE 
Form Apprevtd 
OMB No. 0704-01M 

l hour t p«r rtwonw, including tht tin* lor «viewing innrualom. si»«hm« t«iKlna dm louw   , 
M»I lnlorm«tlon. *«nd »mmenliregarding ihl»burden eit matt or w/isthw • «» * «I»   i 

««liant isr naucMa in» Durcin 10 waininaion HMdflwirltri Strafe«. OirenoMle fsr Inforirutlon Optutteitt and "•?«">>" " >*"*<*" 
p,,l,-HW».^..«.10',*rh^ 

PubllntBonin8burd*nf(>rihiKelltnia<iot(n<orm»!loni$»«ii»i»trt<o«#r»ie 
«a°h«r nr/nd fliiintilnina tht tut netded. Mdtomplwllio ind r«,;«ina in» colltKion ol Inlormino 

".AGENCY US£ ONLY (Luvt blsrtk) 2. «PORT DATE 3. REPORT TYPE ANO OATES COVERED 

FINAL REPORT 01 Mar 93 - 31 Jul  96 

4. TITLE AND SUBTITLE 
OPTICAL METROLOGY OF MAGNETICALLY TRAPPED HYDROGEN 1 

ft. AUTHOR(S) 

Dr Kleppner 

S. FUNDING NUMBERS 

61102F 
2301/DS 

7. PERFORMING ORGANIZATION NAME(S) ANO ADDRESSES] 

MIT, Room 26-237 
Cambridge, MA 02139 

AFOSR-TR- 

oo\o 
C\ 

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESSES) 

AFOSR/NE 
110 Duncan Avenue  Suite B115 
Boiling AFB DC     20332-8080 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

F49620-93-1-0215 

11. SUPPLEMENTARY NOTES 

12J. DISTRIBUTION /AVAILABILITY STATEMENT 

APPROVED  FOR PUBLIC  RELEASE:   DISTRIBUTION UNLIMITED 

Tt2b. DISTRIBUTION CODE 

19. ABSTRACT (Maximum 300 words) 

A new technique for spectroscopy of atomic hydrogen has been developed, opening the way to a thousand-fold increase 
in spectroscopic resolution of hydrogen-or any neutral atomic species, and perhaps making possible a new type of UV 

optical atomic clock. 

Two-photon Doppler-free spectroscopy of atoms confined in a magnetic trap has been carried out to observe the IS to 
2S two-photon (243nm) transition to a metastable state with an extremely long lifetime, 1/8 sec. The trap is highly non- 
perturbative, permitting observation times limited ultimately by the natural lifetime, yielding a natural linewidth of about 
1 Hz Initially a resolution of about three kHZ was achieved, higher than the best then achieved by other techniques and 
apparently limited only by laser jitter. Signal rates as high as 3000 counts per second were observed. The collection 
efficiency in the initial version of the apparatus is less than 10-5, and the actual signal rate is greater than 10 counts per 
second, almost astronomically high compared to previous methods. A direct measurement of the life time of the 
metastable 2S atoms was made and found to be close to the theoretical lifetime of 0.12 sec. This is the first time the 2S 

lifetime has been measured. 

14. SUBJECT TERMS 

17. SECURITY CLASSIFICATION 
OF REPORT 
UNCLASSIFIED 

NSN 7540-01-2 B0-5S00 

1».   SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19.  SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

15. NUMBER OF PAGES 

1«. PRICE CODE 

20. LIMITATION OF ABS TRACT \ 

Standard Form 298 (Rev. 3-89) 
frcktnbid by Mil ttd ««•!! 



FAX COVER SHEET 

To: Dr. Ralph Kelley 

From:    Daniel Kleppner 
M.I.T., room 26-237 
Cambridge, MA. 02139 

Phone:(617)253-6811 
FAX: (617) 253-4876 
internet: DK@kleppner.mit.edu 

Date       Wed Dec 1810:17:52 EST1996 

Pages (including cover):    3 



MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
DEPARTMENT OF PHYSICS 

DANIEL KLEPPNER address: MIT phone: 617/253-6811 
Lester Wolfe Professor of Physics room26-237 fax: 617/253-4876 
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December 18, 1996 

Dr. Ralph Kelley 
Air Force Office of Scientific Research 
Boiling Air Force Base, Building 410 
Washington, DC 20332 
Dear Dr. Kelley, 

The is the Final Report for AFOSR Grant F49620-93-1-021Ö. 

Under this grant we have developed a new technique for spectroscopy of atomic hydro- 
gen which opens the way to a thousand-fold increase in spectroscopic resolution of 
hydrogen—or indeed any neutral atomic species—and may make possible a new type of 

optical atomic clock operating in the UV region. 

We have succeeded in carrying out two-photon Doppler-free spectroscopy of atoms that 
are confined in a magnetic trap. The transition we observe, the IS -> 2S two-photon 
(243nm) transition, is to a metastable state with an extremely long lifetime, 1/8 sec. The 

trap is highly non-perturbative, permitting observation times limited ultimately by the 
natural lifetime, yielding a natural linewidth of about 1 Hz. In our initial experiments we 
achieved a resolution of about three kHZ, higher than the best then achieved by other 
techniques and apparently limited only by laser jitter, which we are now trying to im- 
prove. We have observed signal rates as high as 3000 counts per second. The collection 

efficiency in the initial version of our apparatus is less than 10"3, and so the actual signal 
rate is greater than 108 counts per second, which compared to previous methods, is al- 
most astronomically high. In addition, we have directly measured the life time of the 
metastable 2S atoms, and have observed it to be close to the theoretical lifetime of 0.12 

sec. This is the first time the 2S lifetime has been measured. 

The performance of our system gives promise that a new type of optical clock, based on 
the IS -»2S two-photon transition in hydrogen, may be feasible. We have started an 
analysis of this system with a view to creating such a clock. In addition, the spectroscop- 

ic techniques developed in this work provide a powerful tool for studying Bose-Einstein 
condensation in hydrogen, and the possible creation of a coherent atomic beam of 
hydrogen- a hydrogen atom laser. 
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