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Quarterly Report for ONR Grant NOQO14-390-J-1475.
Neutral Atom deBroglie-Wave Interferometry
Year 1, Quarter 3, August - October 18390

Principal Investigator: John F. Clauser

Vacuum System & Thermal Beam Generator:

The oven heater circuit was split into two separate circuits
to reduce its thermal gradients gradient. New power and

temperature monitor circuits were completed, installed and tested.

Vibration Isclation System:

Three generatians of pneumatic support pistons were
fabricated, installed, and tested, with each an improvement of the
previous. Final system test currently awaits the next pump down. A
summary report Matter-Wave Interferometry Vibration Isolation

(requested by ONR) was submitted 3 October.

Laser Systems:

Diode lasers have been successfully temperature tuned using a
single - stage thermoelectric cooler. Ta narrow the laser
line-width, a cavity consisting of the laser itself on one end and
a diffraction reflectiaon grating an the other (design patterned
after that by Wieman and Holberg) has been built and tested. It
appears to perform exactly as advertised with a continuous tuning
range of about Smm and a measured line width of about 100kHz. In
addition, we have been able to modulate the beam up to about 80
MHz. At higher frequency, RF pickup and diminishing photodiocde
frequency response prevented confirmation of the modulation, which
we helleve is still present. We are nearly ready to test this in
combination with two - stage thermoelectric cooling. Initial
tuning checks will be with a potassium hollow cathode lamp via the
optaogalvanic effect. Following these tests, we will mount it on
the vacuum chamber as a probe laser for the beam fluorescence

experiments.

Flucrescence Beam-Velocity Monitor:

Construction is nearly complete of optics and photomultiplier

systems for monitaoring the f luorescence produced by the




interaction of the probe laser with the potassium beam, as well as

the probe laser transpart optics and mountings. Experiments to
measure the thermal velocity distribution from our oven and to

detect the potassium hyperfine structure will commence shortly.

Matter—-uWave Interferaometry:

A report Application of Fourier - Fresnel Imaging to Neutral

- Atom Interferometry (requested by ONR) was submitted 3 Octocber.

Reports:
Three reports requested by ONR have been submitted:
1. Application of Fourier - fresnel Imaging to Neutral,
2. Matter—-Wave Interferometry Vibration Isolation - Atom

Interferometry)

3. Response to summary uestionnaire.




Matter-¥Yave Interferometry Vibration Isolation
John F. Clauser
Physics Dept., Univ. of Calif. - Berkeley
3 Qctoher, 1890

In this note we provide a brief summary of vibration isolation
techniques and their application to our neutral atcm
interferometry experiments at the UC Berkeley Physics Department.
Naturally, the difficulty in achieving acceptable vibration
isolation for any given experiment depends largely upon the noise
background of the laboratory, the noise generated by the
experimental apparatus itself, as well as the tolerable noise
sensitivity of the experiment. Since neutral atom interferometers
may be configured to act as ultra-sensitive inertial sensors,

‘
!

their vibrational noise sensitivity is inherently high.

1. Whart constitutes signal & what constituytes noise?

The initial experiments at UCB are to simply demonstrate
neutral atom interference. For these experiments any deviations
from an inertial reference frame for the apparatus represent a
potential noise source. Even the guasi-cgnstant earth's
gravitational fleld and rotation can be considered as very lcuw
frequency naise components, although subsequent experiments wili

consider these as knowa test signal’'s to be measured.

2. Vikration sensitivity of neutrai atom interfercmetry

experiments:

Our proposed neutral atom interferometer incliudes the
following components: (a) a source of slow, cold atoms, (b) a
sequence cof transmission diffraction gratings, and (c) an atocmic
particle detector. The interferometer’'s parameters were selected
to de-emphasize 1its inertial sensitivity and thereby assure
success of the initial experiments. Nonetheless, it is still quite
sensitive to imnertial forces, such as those caused by
vibrationally induced acceleration. Its sensitive axis is in a
direction perpendicular to the source-detector axis and
perpendicular to the grating slits’ 1long direction. It has
negligible sensitivity to inertial forces acting perpendicular to




its sensitive axis.

Unfortunately, Ffor any experiment in a terrestrial
laboratgory, gravity cannot be eliminated. Thus, it is worthuhile
to orient the apparatus so that gravity is perpendicular toc the
sensitive axis. In our case, this 1is done by having the beam
prapagate vertiqallg. An advantage of this orientatian is that the
axial alignment remains independent of atomic velocity.

The purpose of our initial experiments is simply to detect
interference fringes. Hence, one desires that the peak—-to-peak
worst-case vibration noise be limited to provide less than ane
Fringe shift in whatever observation pericd is necessary for
positive identification and measurement aof the atomic fringe
structure. [n simplest terms, this requirement transiates to the
requirement that the worst-case peak-to-peak vibration amplitude
(relative to an inertial frame) of anmy grating be much less than
one slit width of that grating. If phase sensitive detection |is
employed, this limiting amplitudé constrains the apparatus allouwed
vibration only over the bandwidth of the fringe detector, which,
in turn, can Dpe made Qquite narrow, and furthermore, can he
centered at a vibratiaonally quiet portion of the spectrum. With
pnase sensitive detection the apove constraint may be relaxed at
freguencies outside this bandwidth.

Why does the slit width represent a limiting amplitude for
vibrations? Indeed. for periodic vibrations of constant amplitude
the amplitude of the resulting acceleration scaies with the sguare
of the vibration freguency. Thus, o©one might expect that the
interfercmeter fringe shift (proportional to linear acceleration)
will scale similarly. Fgrtunately, this 1s not the case for
periodic acceieratigons with frequencies higher than the inverse
transit time of atoms through the interferometer. For such
frequencies the accelerational sensitivity decreases inversely
with frequency squared, soc that the limiting spatial amplitude for
vibrations is still just the slit width.

To visualize this dependence, consider in an inertial frame
waves passing through a set of vibrating gratings. The diffraction
pattern at the final grating (and the Moiré pattern formed by this
pattern and the final grating) 1is given by the Kicchoff
diffraction integral over possible paths (in the inertial frame)




from the source, through all open slits to thae final grating. Thm
possitble paths traversed by any given wavefront constitute those
open at the time of its passage. Thus, even though a grating may
rapidly vibrate during the passage of a wavefront through a slit,
so long as the majority of paths offered by open slits remain aopen
for the passage of subsequent wavefronts, then the Kirchoff
diffraction integral will be neglegibly altered. That is, as long
as a only negligible fraction of each slits’ open cross-section is
affected by the vibration, the diffraction pattern will be
maintained. This will be true as long as the worst-case wiggling
of the edges of these paths remains small with respect to a slit
width.

Qur initial experiments anticipate the use of about 1/2 to 1
micron slits, a path length of 0.82m, and a lowest veiocity (with
cocrrespondingly highest acceleratignal sensitivity, of S - 10
m/sec. The worst case vihrational noise cccurs at a frequency of
l/7(transit), or &£ - 1C Hz. Since externally produced highb
frequency (>> 1Hz, vibrations are comgparatively easy to isolate
from the apparatus but the support structure must pass 2zero
frequency, it is the lowest freguency ccmponents (0.7 - S Hz. that
are potentially the most troublesome.

Angther potential sgurce of noise is that due tCo structurai
Flexure within the apparatus. Such flexure can allow one grating
to vibrate relative to anmother one and thereby couple additional
noise intc the system. Unless sufficient damping 1is provided,
apparatus generated nolse may be trapped within the isoclated
apparatus. Structural flexure resgnances can then cause
ampiification of these vibraticns and significant relative motion
of the gratings will produce additionmal noise. Fortunateiy,
relative motion of the gratings is detectable with tn-sttu optical
interferometry and, If Ffaound present, can be remedied by

eliminating resonances and/or introduction of additional damping.

o e e e e S

‘Potential external sources of vibration include various forms
of cultural noise (e.g. hallway traffic), building plant noise
(typically rotating machinery), seismic activity, etc. Its
magnitude depends on the laboratory construction, location within




the building and the time of day. On the third floor of LeConte
Hall, all of these scurces have heen measured at various times,
with frequency spectra in the range of a few Hz to a few 10's of
Hz. Vibrations of the same order of magnitude are measurable 1in
vertical and horizontal directions, as well as in rolling motions
of the floor. Typical vibration amplitudes in Room 318 are of
order{-4 micraons. Although the floor's rolling motion is large,
suspending the entire apparatus on a two—axis knife-edge bearing
prevents coupling this motion inta the rotational modes of the
apparatus. With significant apparatus height above the floor, the
rolling motion produces an amplified horizontal motion of the
apparatus. The rolling motion thus requires significant haorizontal
isglation of the apparatus center of gravity, provided by a
flexible leg suppart structure and damped pneumatic pistons.
Isglation ratios of 10 to 10C from floor vibrations will suffice,
even for experiments not using phase sensitive detection. Phase
sensitive detecticn can further reduce vibrational noise toc totai

insignificance.

4, Technigques:

There are two basic popular methods for isciaticn of
scientific apparatus: active and passive. Passive (conventional)
isgliation systems are based cn the low-pass filter action of a
spring-mass-dashpot linear system. Higher isolation using the same
principles is available by cascading such filters (as is commoniy
done in gravitatignal wave detection experiments). The basic
physics of such isolation is given in the attached excerpt from a
Newport Research Caorporation catalog. Passive isciation systems
and components are commercially available for supporting large
apparatus. Unfortunateiy, such commercial components are awkuward
to use with an apparatus with significant vertical height (such as
curs).

Active isolation systems sense vibrational acceleration of
the apparatus with an accelerometer and apply a corrective force
via an electronic feedback system. Such systems are complex and
costly. Commercial active systems are presently availabhle anly for
small apparatus.

The present system at UCB 1is passive and successfully




isolates building noise to the required degree not to require
phase sensitive detection. Apparatus self-noise at present
dominates. It is evidently due to vibrations caused by boiling
liquids in the diffusion pumps and 1liquid nitrogen traps.
Significant noise is found to exist in the isoclator normal modes
only wner the pumps are on and the traps are Ffull. Experiments
currently underway will determine whether this noise can be
brought to an acceptable level by damping improvements. If not,
these pumps and traps may be replaced with sarption roughing pumps

and ien high-vacuum pumps.




Fundamentals of Vibration
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Application of Fourier-Fresnel Imaging
to Neutral - Atom Interferometry
John F. Clauser
Physics Deot., Univ. of Calif. - Berkeley

3 COctober, 1880
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1. Possible Layouts for a Neutral-Atom Interferometer.

Figure .. depicts two ccmmonly discussed conrigurations for a
neutrali particle :nterfercgmeter. In these, a8 source of neutral
particles, is ccllimated into a narrcw beam by a sequence of tuwo
slits, a distance Ac apart, each with a slit width w_. The
particles are preferably cold, slow, and possessing long deBroglie
wavelength, A. Following collimation, they pass through a ssquence
of three gratings (spaced respectively A1 and Az apart), and
thence to a detector. Since it is genersally counter-productive to
place significant spacing between the second collimating slit and
the first grating, these elements are shown as combined into a




single finite extent grating.

The results of analyses of these configuratiaons have

frequently concluded that althoujh the collimator may aperate in

~

the fresnel regime {(w >> Y Ack ), there 1is no interferenrce
visitble at the third grating unless the seccnd grating is divided
into two distinct garts, with each par=t accepting only ane fuily
separated diffracticn crcer from the first zrating while blocking
ai. otrers; anc in acditicgn. the third grating accepts ocniy one
Fu.ly separated diffracticn arder frcm each of the parts of the
seccna grating. Typicai tranmsmissicn of such a configuraction Lis
ancuz 1077, Moreaver, wldening the cgllimatcr acceptance angle
w /A o increase the throughout flux translates into a
ccrrespenrnding tSrcaadening cof the ciffracted beams, now causing the

o averlan. As a resuit, the thrcugnput of the ccllimacar
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mUST 3ailsc be limiteo with the zcotal system thrcoughrut cuite lcw.
An adfiticnal disaagvantage of such a system s that 1t is
iffizult To atign. Sratings aporogriats for matter-wave defZrcglle
wavelengths are unsultaoie fcocr electromagnetic radliaticn, unle
~re radiation 18 in the spfit x-ray reg:icn with a wavelength
cocmoaraple To the matter-uwave cezfrcglie waveld

e
The ourccse cf The Jresent NcIe 1S o lndicateg that. contrary
Yy

]
ct

tC cevicus analyses. it 1s not necessary to  separat e
iffracticn craers LY the open tocolicgy is not neecec fcr a

Fiz apcilicarticn, such as ore reguiring exgloitation of the
suantum =gpclcgicsl srase. A zrice Ccne must Day for acceptance ot
&i. Qiffracc.zor groere (s that The Lnput 3datcmlc beam must be mere
nearly monochramatic. In actuality, this price was alreaay being
zald with the separatesa agarder cconfiguraticns, since use cf  a
significantly non-monccrromatic team with them will increase each
diffracted beams anguiar width, and again lead to order overlap
with the corresponding necessity of further reduction orf w_ and

cansequent throughput.

2. Historical Background of Fourier~-Fresnel Imaging.
In 1836 Talbot1 reported the results of an experiment that
were quite surprising. The explanation of these results was

14, Talbot, Phil. Mag. 9, 401 (1836).




provided by Lord Ragleigha in 1881. The reciprocal effect (with

interchanged source and detector) was observed experimentally by
van _au in 1848,

A diagram of the Talbot and von Lau experimental
configuraticns is shown in Figure . in the Talbotr configuratiaon,
monochromatic light from a point source is focusea parai.el by a

.ens ara passes through two Lransmlission gratings (Rorcnol cuiingssy

S 3an extenceag detectcr, Cleariy, when Th gratings rave zerg
spac.ng ‘i.e. their gianes are 1ln ccntact. and are gr.entea sc
That their slits are parailel., they will form a Moire gatterrt. As

S Swn g.ane N a

(44

Jne .s Translated zaraliel T Cthe atner °n i

2dicecticn percencicuiar t2 the slilits. the ctransmitt=a  lignht
inTensiy will vary Ln a periodic trapezc:ical fasnion  LLriargolar
xnen the sllt wigth o spac.ng ratid s ./c2. «whern <The grat.ngs
ars separatsc ana  the translaticn 1s  agaln  zerccorhec ~he
trapezcidal zattern teEnas to wash cut. Talikoi'’s surcrisirg  Tesult
sa@8% Thac at gratlng sSecaraticns that 3re Lntegrae tu.ticiss I a
cnaracTaristic o.erngon g Jiven Zy
L oan 2 3% = 'TR; with n = C, .. = is an .nteger
ara 2 Zelng Trh2 gratirgs cZerizc. trhe Mgicé zatternt Teacsears uith
=13n Cczrtrast. Tor=zcver., Juhen The Lnteger 1 LS gz, he Zatiars ols
T-Erezc.zcai cecengerc=2 s sniftec o /2 gZerilcc

A similar effect gocurs LN von Lau s configuraticnh wper an
exTteanced sQurce s W3ec allorg wsilth o a colrt Zetecstcos a3t The Icous
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cnfiguraticn, The 1mage sS.ene i LNE (ens bMenwrwws CisSplisys  an
irmtensity Jfatoern that (s (cdentizai T3 the grating  tTansmission

funcoicn,

Since the funcamentali Talbot-Rayleigh length LTR is a
function of the waveliength A, the Talkot arna von Lau effects
clearly are examples of wave interference. Maoreover, since the

second grating accepts light in many diffractian orders
simultaneously, a full analysis aof these experiments must employ
Fresnel, not Fraunhofer diffraction. Moreover, the scaling of Lrn
is intriguing for neutral atom interferometry, since it has
convenient values when calculated in terms of available atomic

aLor‘d Rayleigh, Phil. Mag. 11, 186 (1881).




deBroglie wavelengths and microc-fabricated gratings. However,
neither the Talbot nor wvon Lau conflgurations are directly
suitable for matter - wave interferometry because of the required
presence of a lens.

Cowley anc Hocdie3 provided a theoretical and excerimental
analysis in 1857 aof the images of a point source formea by a
transmissicon gratirg. They founa that when a condition on the
geometry is satistiea (similar to the Talbot-Rayieigh conaition
given abgves, the image piane of the grating dispiays an intensity
pattern that is a magnrified exact replica of the imaging grating.
when the point source s repliaced by a gratirg in their anaiysis,
they groduce an  intermegiate conrfiguration which contains the
Taibkgt and von Lau cornfiguraticns as limiting cases (source and/cr
detectaor moved to infinity). Note that these caonfigurations dc not
involve the use cr a .ens. and as such are eminently suitaplie fcr
use in matter-wave .nterfercmetry ‘an apnlicatizcn of their result
~hat they ngtec!.

-

Winthroo ard Worthingten® reanaiyzea the Cowiey and Moodie
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3. Application of Fourier - Fresnel 1imaging to neutral - atom
Interterometry

We now summarize and aovply the above results to a
configuration suitable for matter-wave interferomectry. Consider a
sequence of three broad transmission gratings, whose planes are
spaced a distance R apart. The middle grating has equally spaced
cpen (vacuum) slits of width s with periodic spacing d, while the

3J.H.Cow1eg and A.F.Moodie, Proc. Phys. Soc. (London) 70,

486,497,505 (13857).

%J.T.uinthrop and C.R.Worthington, JOSA, 55, 373 (1S65).
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first an third gratings have open slilits of width €s with pericdic
spacing 2d. A convenient ratio of s/d = 0.1 will suffice for our
purposes, but this choice is not <critical. The sequence is
diffuseiy illuminated by nearly monochreomatic but weakly
collimated reutrai-atom deBroglie waves. In this ccnfiguration,
unlike the configurations discussed earlier Ffgr neutral atom
interfercmeters. the middle grating is not split into two parcts.
Let wus derirme a character:istic waveiength fcr this
caonfiguration ATR = d%/ R. The first grating forms a ser.es af
small equally spaced inccnerent spgurces., each gne i1lluminatirg the
secsna grating. All pgssible Fresneli diffracticn orcers agr the
secaond grating then reach the third grating. Following the above
m

resuits., when the atomic debrcglie wavelength A = — er‘ then
n

each sources 3g1nt an the first ting will form an image on the
third grating consisting of a series Of n stripes per 24, eacn cf

deh s. (When n = . holids, the images are f{four:er images. uhen
n » 1 hglids the images are fresnel 1mages. oy winthroo anc
gorthington's cefinition.’ [f every n’'th stripe is positiconea on
an apen slit gof the third grating, then transmission wiil occur.
IF the thirza grating is slcwly transiated acrcss its cwn pattern,
then the transmissicn wlll vary cericdically with spat.ai perica
cf Z4/n. When X\ / \TR is not a ratiog of twc smail integers.
per.cdic transmissicn does nagt occur. The pericdic transmissicn
signal can then easily be measurea using standard phase sensitive
detection L lock-iny technicues.

Since eacn source point of the first grating arcvicdes exactly
the same cattern, the periodic set aof sources prcvidea by the
first grating will increase the intensity transmitted by the third
grating in propcartion to the number of sources. Corresoondingiy,
since the sizes of the second and third gratings may be increased
without limit, =ssd a very high detector flux will thus be
cbtained.

An additional interesting effect can be observed when one
varies A, Transmission resaonances can be chserved when A = AT‘m/n
halds. IfF one monitors the aforementionad periodic transmission at
the n-th harmonic, there will occur a resonance uwhenever m 1is
approximately integral. The width and shape of these resonances

lt\
@0"\"‘ ;Lu 0id PWpemem A opfosie Dlaon )
S




depends an (s/d), m and n. When the atomic beam has a dominantly
narticle-like character (as oppaosed to wave-like) the n = 1
resonance reappears. 1hus, in the high veiogcity limit (i.e. beam
cooler/decelerator turned off), the three gratings Fform anly
gegmetric shaaqows, anad a simole Mcire pattern resuits. This
wave-particle transitian occurs when the deBrcglie waveliength is
surficiently shcrz that any npoint aon the third grating |is
iiluminated by at mgst cone slit.

The abaove configuration will also work as a sensitive
inertlial senscr, in the same sense as the earlier considered
interfergmeters. The gath from any sgurce polnNt T0 any image point
forms a set of nested diamona shape interferometers, each with its
own lnertial sensing capapbility. However, each such interfercmeter
has a different area. Thus 1if signifizant gravitatignal ar
Ccrioiis force is anplied To the atoms, the varigus

terfercmeters within the nest will get cut af phase and the
rference will disappear. Thus Zhe magnetic-field servo system
discussed earlier hy the author can be usea to keep the atcms
sensing essentiaily the equivaient cof an inertial frame, anc the
inertial signals obtalneé from the servo system errcr signail.

Firaily, let us discuss a further advantage of the system
thus described. That is its ease of alignment. [t was noted abave
that in trhe high wvelccity limit (i.e. beam cooiers/deceleratcr
turned cff), the gratings form oniy geametric shadows, and a
s1mple Molire pa=itcrn resuilits. dsing the same phase sensitive
detecticn technigue, cne then can align the gratings to this Moire
pattern by maximizing the n = 1 harmonic signal. In addition,
since the grating period 4 canm be much larger than that reaquired
for the separated beam cgnfigurations, these gratings can now be
incaorporated as elements of an tn-sttu apticai interferometer, and

the coarse alignment performed with light.
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Response to Summary Questionnaire

To: Hersch Pilloff
Physics Divn. (Code 1112L0)
Office of Naval Research
BO0O North Quincy Street
Arlington, VA 22217 - SCOQ

Re: R&T <12v123

From: John F. Clauser ~ P.I.
OJect. of Fhysics
University af California
Berkeley, CA S472C

Project: Neutral-Atom Matter-wave I[nterferometry

Granmt #: NOOC14-S0-J-1475

4

1 .Research Jescriptign:

The research program s to study the spatial wave-iike
character af freely propagating neutral-atom matter-waves
(deBraglie waves). To do so, we are constructing and using a
neutrali-atom matter-wave interferometer. An atomic beam will be
decelegrated and cooled by conventional laser spontaneous coaling.
It will be extracted from the laser cooling apparatus and fed
through a series of micro-fabricated transmissiocon gratings, which

will serve as an interferometer, and thence to a detector.

c.Scigntific Prchlem:

Matter-wave 1interferometry has here~-to-fore been been
performed with photons, electrons, neutrons, and Cooper electron
pairs. Can this list be extended to include neutral atoms? What
are the fundamental issues and constraints in doing so? Although
the framework of quantum mechanics appears eminently successful in
describing the micro domain of nature’s building blocks, it is
troubled by conceptual problems and counter-intuitive (or at the
very least, surprising) predictions when it is applied to the
macroscopic domain. Thus, its applicability within the macroscopic
domain s frequently questioned and/or poorly understood. The
experiments being performed will attempt to answer the above tuo
questlions, as well as to track the evolutlion of quantum systems in




the macro domain, in a parameter range that spans their classical

particle-like behavior through their quantum wave-like behavior.

The research is also wuseful 1in providing a new faorm aof
scientific instrumentatian. If indeed a neutral-atom
interfercometer can be built, then a wide variety of Ffundamental
problems become experimentally accessible. In atomic physics aone
will be able to measure complex atomic scattering amplitudes and
measure spin-independent energy level shifts. In geodesy and
gecphysics and navigation, ultra sensitive measurements of
gravity, gravity gradients, ragotaticn and acceleration will become
available. A whole host of effects predicted by relativistic
gravitaticnal theory may become measurable. Finally, many
predicted quantum topolaogical effects and other counter-intuitive
quantum mechanical effects 1in the macroscopic domain beccme
measurable.

—_

Z.Scientific and Technical Approach:

The essence of our approach is outlined under Research

Descriptign, above. The apparatus ccnsists of a three meter tail,

vertical arientation, stainless steel, ultra-high vacuum chamber.
It is mounted on a gimbaied vibration isclating framework. The
lowest portion contains an atomic beam oven. Light from a diade
laser is reflected off a 45  mirror with a slit in it, so as to
counter-propagate along the atcmic beam exiting the oven. The
laser is amplitude modulated at an atomic hyperfine resonance and
wavelength-chirped at a kiloHertz sawtooth rate. A decelerated,
cooled reutral potassium beam should the emerge from the mirror's
slit.

The cooled beam then propagates upward through a sequence of
three micro-fabricated gratings. Grating positions can be
manipulated through bellows seals. At each grating the beam
undergoes wave-like diffraction and 1is thereby dispersed. The
gratings are arranged to allow recombination of the dispersed
waves so as to interfere and form a macroscopic standing
matter-wave at the surface of the third grating. Upon transmission
by the third grating, a Moiré pattern is formed. The transmitted




beam flux is monitored by a hot-wire detector. Upon manipulation
of externally imposed fields (gravitational, Corioclis, magnetic,
and/or electriclupon the matter-waves within the interferaometer,
and/or manipulation of the grating positions, the standing wave
pattern may be detected and measured, via the resulting wvariation

of the transmitted atomic flux.

4Ya.Progress:

As af this writing, the ONR Grant has been in force for only
eight months. During this period, two graduate students have been
brought on to the project. The chamber was reassembled and brought
to full high-vacuum gperation. A new beam oven was fabricated and
installed. A thermal pctassium beam was produced and detected.
Initial testing and wvarious improvements to the vibration
isolation mounting have proceeded. Various laser dicdes have been
operated and temperature tuned. Construction of a cogled Littrow
grating Fabry Perot laser cavity has prcceeaoed and nears
ccmpletian and testing. A study of Fourier-Fresnel imaging (also
called Talbotr-fringe detecticn) introduced by the author at an ONR
sponsored Matter-Wave [nterfercmetry Workshop, Jan.1880 in Santa
Fe, has continued. Results of the study indicate that the use of
these techniques provides many advantages. Their wuse will be
incorpoorated into the initial experiments. Possible sources for
matter-wave gratings have been evaluated and it has been concluded
that the most expeditious, cost effective, and convenient source
is to build them gurselves at the Univ. of Calif. - Berkeley Cory
Hall facility. The ccnstruction of a laser fluorescence manitor
for beam wvelocity monitoring 1is approaching completion and

testing.

Yb.Special Significance of Results:
See Fourier-Fresnel imaging (4a, abave).

S. Extenuating Circumstances:
See 8, belouw.

§.Publicatigns:

Naone.




7 .Unspent Funds:

Nane anticipated.

8.0ther Support:
One graduate student, Mathias Rench, is supported on a Dept.

of Educaticn Fellowship.

The project had been underway for several years prior to the
ccmmencement of the CNR grant. During this time it was soiely
supported by the persaonal funds of John F. Clauser, (who, as such,
retains sole title to patents accruing to this earlier work - see
ccpy of letter from John F., Clauser to Univ. of Calif. Regents
discussing such patent applications, a copy of which was included

as an Appendix to the Grant Proposail).

The present ONR Grant provides insufficient funding for the
pertformance aof the project, which, as a result, is funded Jointly
by the persanal funds of John F. Clauser. Since the grant has been
in fForce, other than personnel costs and associated University of
Calif. overhead, all expenses, including those for equipment,
supplies, travel, computers, aoffice work and incidentals have been

paid for personally by John F. Clauser.

S8.Major Eguipment P chases:

None




