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The results of the work performed under the partial bponsorship ofSthe grants are described in he 29- pu blications tab:ilated in the appended

list. Also a brief survey of this work prepareA by the principal investi-

gator, if-Spectrosco,%Y. 3f Stured Ions" reprinted froni AtomcPyi

Plenun. Press 1969, is attacned. Further, a detailed-review-article

__ -'Radiofre-quency-Spectr-oscc! y of Stored Irons", Advances in Atomic Physics 3

53(10671 and 5,109 '1969) i available, of which the table of contents is

appinded.

It is a pleasure-to note the group of younger men who-have participated

in the- work of the contrazc; ti: se include -postdoctoral men -brought in from.

-~other institutions. ma who had been zwarded the PhAD degree eat the

University of Washington and remained to follow promising -1ines of researcb

and to capitalize on an investmeit- ir. equipment and on their imwdiate

facility with the body of ideas with which tfie work of the grants is concerned,

and those having earned doctordtes.

The ii!:t of publications recrrds the support by the subject grants OT:

work of the following nostdoctoral men who had earned the PhD_ degree at

institutions OtIer than the Univei'si-ty of Washington:

E. N. Fortson (Ph.D. Harvard, 1962)
now Asiaciate Professor of Physics, University af Washington

Hl.R. Fel dmai (Ph.D. Coltnbia, 1963)
i7 ithAppl ied Physics Laboratory, University of Washington-

C. B. Richardsen (Ph.D. U. of Pittsburgh.. 10962)
now Assistant-Professor of Physics, Uniuersity of Ar kansas

H. A. Schuessler (Ph.D. Heidelberg, 1964)
now Associate Professo o Physics, lexas A&Mi University

G. H. MC~al (Ph.D. Peinceton, 19671)
noWiW_%A. E. C.

Talbert Stein (Ph.D. Brandeis,, l%7r)
nowc- Afssistant Professor, Wayne Stata University -



D. Wineland (Ph.D. Harvard, 1970)
now Postdoctoral Associate, University of Washington

R. Van Dyck (Ph.D. Berkeley, 1970)
no. Postductoral Associate, University of Washington

The following-have earned doctoral degrees and when starred have

continued for varying periods as postdoctoral associates at the University

of Washington:
V ___ E.S. Ensber,-thesis (1962): Experimental Upper Limit for the Permanent

Electric Dipole Moment of Rb85 by Optical-Piing Techniques[ now with Physics Section, Bell Telephone Laboratoties

F.G.MajOr, thesis (1962): The Orientation of Electrodynamically Confined
-c He* Ions

now with NASA

_- K.B. Jefferts*, thesis (1952): A!ignMnt of Trapped 4 Molecular ions By
Selective Pho'odissociation

now withPhysics Section, Bell Talephone Laboratories

D.A. Church, thesis (1969): Storage and Radiative Cooling of Light Ion
Gases in Radiofrequency Ouadrupole Traps

now Postdoctoral Associate, Berkeley

P.A. Ekst;.*, thesis (1971): Search for a Differential Stark Shift of
- lthe Cs- and Rb- Matgnetic Resonance Frquencies Eploying Atomic Light

Modulation Osc'Illators
F now Postdoctoral Associate, University of Washington

S.C. Mnasian*, thesis (1973): 1-; Resoiution Study of the (FF2 )=(3/2 112)

W1l2f3/2) hfs Transitior, in Stored i4 olo.iar Ions
now Postdoctoral Associate, Universitv o-F Wshinoton

F.L Walsthei (170): Determination of -the Ancmaloss agtnetic Momt
of the Free Electron from tReasureuents on an Electron Gas at 80K Using
a Bolo.etric Technique

_- row -Postdoctoral Associate, JiLA
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=Rep.rti Numbers PUBLICATIONS

Spin Resonance of Free Electrons Polarized by Exchange
Collisions, H. G. Dehmelt, Phys. Rev. 109, 381 (1958); Bulletin
APS 3, 369 (1957) JTT(ivit;ed paper)

2 Preservation of Spin State in Free Atom-Inert Surface
Collisions, ROBI'SON ENSBERG, anc[DEHRMELT, Bulletin APS 3, 9

F (1958) (A)

3 Optical Transmission Monitoriag of Fiee Atom Resonance,
H. G. Dehmelt, Proceedings Duke Radio and Microwave Spectroscopy
.Onference, November 4-6, 1957.

4 Relization and Measurement of Long Free Atom Spin State
Life Times, H. G. 'Demelt, Proceeding USPSEL Frequency Control
Symposium, May 6-8, 1958.

5 Spih Resonance of Free Electrons, H. C. Deh1ilt,
-Proceedings C-S Symposiu, Paris, July 8-9, 1958; Joumal de

Phylique -et- -le Radium 19, 866 (1958).

6 Spin mExchange Resonance of Free Electrons, H. G, Debmelt,
abstract of an invited paper given at the Ann A-bor Conference on
-Optical Pwwing, June 15, 1959.

_ 7 Polarization of Atomic Hydrogen at Low Pressares3 F£G.
__ Major, unpublished

8 Ali". nmt of the H :olecular ion ty Selective Photo-

dissociation i, H. G. 9ehwIt and K. B. Jefferts, Phys. Rev. 125i

1318

4 +9 Orientation of (He) Ions by Exchange Collisions with
Cesiur Ator., H. G. Dehmelt and F. G. Major, Phys. Pev Letters 8,
213 (1962)

10 Experimental Dawnstration of Alignment of R; Molecular
ions by Selective Photodissoci.3tion, X. B. Jefferts ud . 0.
Dehelt, Bulletin AlPS 7, 432 (1962)

3 +I I1 The Orientation of Electro&ynaically Contained (He3j
Ions, F. a. Major and H. G. Dehnelt, Bulletin A.P.S. 7, 432 (962)

12 iS of (He3)+ Ground State by an Ion-Storage Exchange-
Collision Tecnnique, E. N. Frtson, F. G. Major, and H. G. Delrnlt,B. SIe - 626 -(1i964)-- ..SBulletin A... 9, 65f94

13 Ultrahigh Resolution (He3 )+ HS Spectra :y -n ion-Storage
Collision fec!ioue, E. N. Fortson, F. G. Major, and H. G. De,lt,
Phys. Rev. Letters 16 22-1 (1966)

._A-



-4- _U

14 Experimental Upper Limit for the Penmianent Electric
_ Dipole Moment of R9" by Optical-Pmping Techniques, E.S. Ensbeg tj

Phys. Rev. 153, 36 (1967)

15 Radiofrequency Spectroscopy -of Stored Ions I: Storage,
H. G. Dehelt, Academic Press mic, New York, 1967, Adv. inAt-omic and Recular Physics, Vol. 3

16 Alignment of the H Molecular Ion by Selective Photo-
dissociation, II. Experihnts on the Radio-Frequency Spectr ,
C. B. Richardson, 1K. B. Jefferts, -and H. G. Dehnelt, Phys. Rev..
16S, 30 (1968)

17 Magnetic Resonance Soectrwm of the He Ion by -an Ultra-
high-esolution Ion-Trapping Exchange-Collision Technique.*,
Hans A. Schuessler, Stenhen C. Menasian, and- orvl Fortson,
-Bulletin A.P.S. 13, 67 -(1968)

18 Exchange-Col i sion Technque fo,- the rf Speetroscpy -of
Stored Ions*t, F. Major -and HLG. Dehmelt, Phys. Rev. 170
Strre G.(1968);_G. W

1?I~ rf4Spectroscopy of Stotd-Ions, H. S. DebmIt, (inded
papeor), International Conference on Atomic Physics, Victor W.
Cohen, Gisbert zu Putlitz, New York Universi ty, June 3-7- 1968

20 Collisional Orientation of the olecular .. on and
Observation of Transitions Between the Zeenan -Levels of the
Rotational Ground State*, H. A. Schuessler and1H. G. -Dehm.l ,
International Conference on Atii Physics, Gisbert zu Putlitz,
Vitor W. Cohen, N-ew York University, June 3-7, 1968

21 "Bolometric" Technique for the rf Sectroscopy of Stored
Ions t , H. G. Dehmelt and F. L. Walls, Phys. Rev. 21, 127 (1968)

22 Physics of the One-and-Two-Electron Atomi, HFS SpectiMM
of %_i by the Ion Storage Collision Technique, H. G. De h t,
(invited paper) Somerfeld Centennial Memorial Peeting, Munich,

__9-14 September 1968

23 Zeeman Spitting of Stored Molecular 4{ and Atomic He*
__ Ions*, Hans A. Schuessier, Bulletin A.P.S. 13, 1674 (1968)3

24 Radiofrequency Spectroscopy of Stored Ions II: Spectroscopy,
H. G. Dehmelt, Academic Press Inc., New York., 1969, Adv. in Atomic

__ and Molecular Physics, Vol. 5 1
__ 25 Storage Ring Ion Trap Derived from the Linear Quadruicle

Radio-Frequency Mass Filter, D. A. Church, J. Appl. Phys. 4D,
31Z7- (1969) -

26 Rdiative Cooling of -an Electrodynamically Contained
Proton Gas, D. A. Church and H. S. IDemelt, J. Avpl. Physicss 40,
3421 (196 1)
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S 27 Hyperfine Structure of the Ground State of 3He- by

-the Jon-Storage Exchanne-Co~lision Technique- H. A. Schutessler,
E. U. Fortson, and H. G. Deh-nit, Phys. -Rv,. 187, No. I (1969)

28 Differential Linear Stark Shift in Pbes and Cs"',
P. A. Ekstrom, Bulletin A.P.S. 16 849 (1971)

29 High Resolutiol! Study of the (1, 21/2, 1/2) - (1, 12, 3/2)
hfs Transition in -, S C. M4enasian and H. G. Dehuelt, Bulletin
A.P.S. 18, 408

Extension of our techniques by F. G. Major, formerly associated with

the grants, and a German arworker, has resulted in the hiqhest resolution

for any atomic line ever achieved, namely 10 Hz out of 4 x i010 Hz fbr the

-33Hg hfs; [F. G. Major and G. Werth, Phys. Rev. Letters 30, 1155 (1973)].

Simultaneously, a resolution of 6 x 10' Hz out of iO0"-Hz has been reported

for the '2CHu molecule by laser saturated absorptive spectroscopy [ S. L.

Hall and C. Bordt, Phys. Rev. Letters 301, 110 (1973)].
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__Repr-id front: ATOMIIC PHYSICS
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Universiz-v of Wsigo

Seattle, Wishinttog

Experizweatal attempts toa approach the ideal of isolated 7
aStomic Sstems floatinz at rest in free space for unltI ted pe-d

K and -free from any nesired outside perturbationhs ampear to b
worrbiahile f'or a variewy of reasons. At the sam time such expeei-

ments are of l4-f:ed value unless one also devises tan #r firstr - preparing the atmcsystems in certain selected states -o zr
laeroberin te evlopment of these states int t4- due =1fn

ternal or controlled external interactions, as Li his or m=gnetic

resonance esnergimet. The first experimental goal therefore is to
deveh.'p technifss to Isolate, contain in a1 trap, thernalize, an
wossib'y re--ert-ahe atomic syst- muder study. Since these

ernesappear t- o e st easily solved f r -ared- rccls ve
-reatrict ourse-emi the followr-ing to ions. Rest, otso re-

actionrs -it Ibe state-selected vrotectiles mayv servet

create orienree, 1.gnmed, or soctehoii state-selected t-ons ir_ atms
or cause i4o0s a-reacv present in the trav to underno transitons to-
selected states. Ascond reac'4 an, not necessrily of the z

type, mY be u ea nr r"'-.s4s or interrotaton oftesordis
A whole arsena o - s tazble nroizctiles kecames availale oc o

conra~nrn t sufiient duration, of the orer o ao~
aeraized-. mvrIn z =- dowin the necessary projectile flx densitie

General 'o tj. sJect have new i'en b
- au'r 'o a~- --- asl suges.t i-pcrroscopy of store ions.

Fig.2 me l.An experimen (hmel:n

Table 1119 MXi 62; Major "md Debelt, I%) CeUto
He" i--tas i~u t -tut o f ob s erv iug their agetic rcsona.nv a

serv9e as 2 P- -e My&n e;He ins contained u ----r

i. i h.1441h vacuu X--v s in an electr ic quadrupoer ta Pale a'.
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TABLE I
DvmEjsto~ss, OPER&Tisc. PA&AMETLE.S, O1PSERVED AND

DERiVED lox DATA FoR ILLUSTRATivE TfL-r

Axil dimension: zo2.5 cm

Radial dimension: ro3.5 cin

Effective htap volume: V, 128 cm3
dc bias: Uo7 voft
ac drive amplitude: Va 175 voltsEZIZFricoauncy: 127r X I MI-z
Vacuum: p = 3 )< 10- TorrJ
Backgrcund: mostly 1,al
Electron currenat: i, I mA

Elfrnacceleration 1
voltge:U. =400volts

Electron puke duration: 0.1 Sc 4

Ionic species: V~'
Axial oscillation frtque'cy: t . 2-,. X 110 kfl
Maximum veloc ty

in trap center. 16 1.73 x lt0cm~sec

Axial depth: D 6.2 volts
Radial depwa: D'=8.2 voltsI
Maximum instantanteous

-ry:W,, e12A4eV _Maximurn cerimental
Stojiil &4hge: q: lfl'

Ma, carge: q.. ~3 x10'e

Ion'.- time" T= 8 Sec
(rrwirnuin4  ined): T=~ 50 sec

selrccollision paramewer: %'* 1.5 sec
He -He charg.- exchange; T,, 0.3 sec

did sc've as an ndi,.qtor for the magne.-ic resonance disori.entatio.-
of the electrons. Ir the He+ experhimerlts tlte orientation mnnitor:.nS

phae fcused~.pn he e~targers and not the W~ projectiles.
By employing the nearly rpsonant L asrve-exi hange reaction leading

Fig.4 to excited He states,

+ fast *-
Cs? + Hie I - p C" + 'He (singlet),

Cs? .-r ie+t Slow S + He (triplvt),

Fig.5 it ur pc'~sible to t.-anslate tin magnetic resonance disorientation AI
of t e :nit'ally orienL td He+1 ions to HeA'l into a reduction of the!-,I&
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_" m == ---=- COMMi *oWAT 
-NLIMI

C-IEi a j W l . YV
ICU S + ---

+ / / t+
/fm

Fa .
4 .v Frnv , 4 v for ,,ov+-°, ,, A V+

-- / ,/ ]/ / ,.. , V
0_.-...-.--L.. .d I

m Fig. 4. Theoretical curves of Rasp rid Francis (l96) for charge-.+
exchange cross section Q or c as a function of the velocity in near-
resonant collisions involving Cs, with tie energy dciecz A, as .e
single essential per-meter, ard energy le,,els iportant in the Cs +
Re+ reaction.

FLCi ._ "m' _=i. j;-

_ __m -- ~ +  jh i VT",..i

--o i= j .,5(LM -
li -+ t * I, +'- ' ._ _ !I'

IS MIR 0 
ML,

Fig. 5. Block diagram of appara us for observation of orien-
tation and magnetic resoniance of -105 stored He+ ions. Large Helm-i
holtz coils provided the constant magoetic field Ho , hnriiontal "
and in the plane of the drawing.
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0 5 .

- Ir

(b)

- I- 41 -I44

fig. 6. (a) low-fteld region of Breit-kabi diagram for the his
e evels of (He3)- as a function of magnetic field H. (b)Digital-

analyzer display off the rf satuarated -AF=O spectrum n': (He3)+ obtained
-with :he Cs optically pumed into the ms 

= -1/2 state resulting in

a depolarization signal S' greater for the lover frequency (1, -1)- -
(1,0) transition than the (I0-I+)transition. The relatively"

- N- ~narrow line in the middle is the double quantum transition(I--
!-- (I , e m-anetic field had he value =7.23 G for whih the

- s.ecrum ws centered about 0 M z and the Paschen-Back-Coudsmt JAi,

Sshi ft aunted to 6 = 11,5 kHz. T1he freeuency increases from left to
-- right, vnd the quantity plotted is simply n(0.8 ec), the number of A-
i stored Ions remainins after the interzaction interi.Al. averagcd cver

80 t0aversals of the spectrum with theIzero strongly IA

- A;6=_________ ______
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Fig.6 .lumber, which in turn could be conven"Lently measured. Teane ti
resnaceof the rotational groundstate of i,4* has aiso been observed

with the same apparatus in an analogous experiment ($=;fuessler and
" P[ehmelt, 1968). The appe-arance of a new reaction product, namely,

Cs+, might have provided an e-,en more effective indicator of the Pe+Fig.7 resonance. In_ fact, in a third experinent ot 112+ ions (Deh.melt andJefferts, 1962; Jeffer-s, 196?; Richardson et a!., 1963), using

~linearly polarized T'hotons as projectiles in tha dissociation re-
action

the appearance of I& was used to monitor the magnetic resonance of
H + . This again is possibi.; because the photo-dissociat.or rate

~depends on the angle between electric ligbht - :ct-: I and t.he inter-
.'Ilear axi . 'Is illustritei by the three experiments just des-

~~cribed, ur studies seem to indicate that a wide variety of target-
~~projectile combhinations of interest may b- imag.ined. Tea state !

selection of the projectiles necessary may be parie-y by energy eigen-
~tate, as low a s that. found in an unpolari-ed monoene-.Ietie parallel
beam of electrons (alig.aenz by electro.a impact), or as high as that
in - -eam of cir-cular polar.Czed optical resonanct: r~diation (ov-
tical pumping), or in a beam of .volirized ali. z " " ato-,-s (polarization

i by spin exchangr).

lt 
1

__ V

Figoanc of thCotlin clr- gons of the nga s als ;-or n hred

with th aeaprtuonan.lgoseprmn (~iesa n

Peml,198.Te p-rnc fane ecio rd-e aey
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FA

67647 Hz 
71

Fi'. 8. Unresolved magnetic resout'., sigaAl of tiLe KF7)-sates g( 312 5/2), (2 if 312), ( 1/2 5/2), all. havinj&F 2(5, of the IH + ion in a fiel H :- . _115£ . A Point-by-point ii',it&1 analyzer.display obtained by RiCard ion in 11 hours is shair.. -

7Ai--1.

(I0)---(O,) z

I -

8 665 672 887Hz

Fl8. 9. Digital analyze sa-- of ±e (00)-(1,0) his tran-
sition for (9e3)' obtained by Schuessler by means of a scheme em-
ploving sequtntial transitico Fulses at Zeean- and hfs-frequencies. I
Recording time as 8 hours. i

___ _ _- _
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The ioni-storage collision technique outlined has nu.w been ap-
C_~pfled successfully to a rerisc deterainkatica of the his3 £eparat-on

of the hydrogen-like (.ae3 ft ion in the &'CGFz region ('Forison et al.,
Fig.8 1966) and to the first study zE th~e Zeeman e-ffect in Hj~r yielding a

17value frtesfln-oaio..S co- £i constant (Richarisoi et at1.,
0963). The (he rhis sep.::.ation n-is been re-m;sur.. wth !mproved

FigS9 prerision by a -mediiied technique (Schucs ler '1. , :968).

Ver*, rectntly K. B_ Jefferts 01969), now it Bell 1aler'iohe
ELaboratories, ha, observed the frirst a-21 trsnasitior; in H2+

Fig.1O in the 70 Mhz region with high precision. A very sip e2-bcdiment
of the ISO technique not relying v; polarised beams. hai, b-.-en realized

Fig.-I1 in the "bolo-etric" detection scnzme developed by Walls (1,68). ByVthis m-eans he has observed cyclotron resonance in a stored electron
Fic'.12 gas soriple at room temperature by the accompoanying ter-peracure in-

cr:ease. Radiative coolit.- of a gas of store protons and tamper-

ature measurements on it have novw also been de-mnsrrated by Churchnii(196e). Chur-ch (1965, 1*z6) has operated circular za :acc-tra_-kFigA- 3 shajed traps for e- a&c 'He ions. Thiggett and Henasian (1965)
asing such a race-track t-ap have abser-.ed visc-ous damning of the
secu1~r motion of f1g+.. ions by, 10' Torr of He-buffer gas leading
to their thermalization. Fialin prerararion of an. optical
pumping experinment on F4gt Xeoasfan (1968) has observed ontical

ss u

-a%

......... .. . ..i _K- --

Fig. 10. Apparatus employing ion. councin by electron uIltipier
used by Jefferts (1968) 1- experime-ntal obsergationa ofrL -U t_-
sitions in Para-H,4 in the 70 Vfz-resion. I

A
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Fig 11 A .-os scti-na -wev ! t - lecrontra ar a loc

Gi- is4.ete et
-4~ ~ ~ tor- -hfotscino h ls nlp hc

I- 'C.

Ix t., i jtCV#Uj'

Fig. 11. a'cossetoa inew or the electrn tra ad atboc
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On work initiated under Grant DA-ARO-D-31-124
buit carried out mostly with funds from other sources

Continuous Electronic Observation
&f Single Elastically Bound Elo-ctron*

(Monoelectron Oscilllator)

D. Wineland, P. Ekstrom, and H. flebmelt
U. of Washington

The electron and Its antipa.-ticle, the positron, are the.

most common, most important and the theoretically bes, understood

of the elementary particles. Experimental studies of their _

properties aiming at improved accuracies consequently do not need

much justification. In the present work we ure concerned with

experimental techniques to cage single electrons and positrons

in ultrahigh vacuum by suitable force fields so that they nay be

subjected to extended observation -weeks have been realized.

Since a single electron may he isolated and stored, perturbing -

in teractions with like particles are eliminated. Collisionis with

the residual gas occur onl02y ab,,ut every 1-3 sec because of the

lrahigh vacuuam.

The electron is contained in a trap, the principle of which

is due to Penning (1936). The trap is xormed, Fig. 1, by twoI

cap e'lectra f-s C and a ring electrode RE mounted in an evacuated Pyre~x

envelope P, held betweeni the pole pieces of an electromagnet -4

genter -Ltng a field of 4-8 XGauss. The trap structure is axially -

smetric about the (horizontal) magnetic field direction a:-d an

electron s'n the axis sees a Par:abolic potential well of deptn11

A



'10/2, '/O the applied electric trapping potential. An electron

placed in this well will carry out a nearly harmonic oscillation

at vz=60 Mz for VO-12 Volts. Some of the fieldlines emanating

from the trapped electron end on charges situated on the cap

electrodes. These charges move from one cap to the other through

the external circuit when the trapped electron is axially dis-

placed. The resultant rf current now passes thrcigh the Lr-vt -

resoiant %Arcuit ofa shunt resistpnce R formed by the itoil L and
and develops a signal US. 1

essentially the right cap/ring capacitance A The LC circuit and0I
R is kept at 8001Z and because of the strong couplinc to it the

electron assumes this temperatu~re in vG0.I sec for UD=O. The

electron orbit E is then only 0.2 mm long, corresponding to

excitation only by the thermal noise voltage associated with R.

When a drive viltage U~ 0 a frequency vj near vz is applied to the

left cap, a driven iuscillation of larger ar-plittde and a signal

Us at vresult which may be detected sy-nchronously.

for the puiiose of preparing a single electron the trap was

first filled with ,'10 electrons by shooting a beam of electrons
from the gun G tbrough a hole in the right cap and knocking offI

slow electrons from the residual gas inside the trap. TherebyV1

an easily 4etected signal US resulted (Fig. 2) which, for an IA
aprpraely adjusted drive U, could be made to decay in discrete i

steps occurring every nS. miii as the drive Uin ru~w.tion. vith

residual gas Collisions bpils the electrons successively out of ]_
the trap into the caps. The last IJS plateau corresponds to a

single electron. For reduced drive amplitudes, the much longer

74
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life times mentioned may be realized.

The uxperimental task of detectinp the small signal Us in

the presence of the many orders of magnitude larger drive UD

was greatly simplified by using one of two alternate schemes:

In (A) V is slighly modulated at a frequency v 1Mz whereby

a more easily observable signal at v v.= z is generated. An

analogous scheme is standard praxis in high resolution hNR

spectroscopy. In (B) the electron oscillation at vf=v z is-para-

metrically excited by applying an U at ?v-"..
EEL Similar preparation and detection methods should be appli-

cable to single atomic ions with appropriate design changes. The

rprevious record appears to be held here by Rettinghaus (1967),

who, usi ng a bridge circuit,reported a sensitivity sufficiently -

t high to detect four atomic ions.

i *Previou-ly reported briefly at the East Lansing AS Meeting 1973

a Bulletin A.P.S. 18, 785 (1973)

Penning, F. M. (1936) Physica 3., 873

Rettinghaus, Go (1967) Z. Angew. Phys. 22,-321

Fig. I. Trapping apparatus for confining, thermalizing and
continuously observing a single particle (electron or
positron). For explanation of symbols, see text.

Fig. 2. Forced oscillation signal U versus time. The signal
at v_-60 Miz for an initiaIy injected bunch of electrons
decreases discontinuously as the electrons are Successive-
ly boiled out the trap by the drive UD . Tb: last plateau
is due to a single electron. Detection scneme (A) was
used.
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