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THE §PIN OF NEGN-21%
_ J. C. Hubbs! and G. M. Grosof
Department of Physics, Columbia University, New York, New York
’ June 4, 1956

The spin of neon-21 has been shom to be. 3/’ by the atomié beam

K .
magnetw rescnance wethod utilising ‘the metastable ?p - ‘45 "PZ state of ngon.
The aesignment is made from a comparison of Zeeman £rﬂquenmes in neon-20

and neon-21 at the same magnetic field.

INTRCDUCTION
The gpin and guadrupole moment of neon~21 are of particular interest
beéause of the "anomalous'’ behavior of ssdium-23 in a reglon where protons
and neutrong are filling the d 8/2 level and should therefore, according to zero-
order shell theory, result #n spin 5/2. An ezplanation for the observed spin
has been 2 (d 5/2}3 configuration, but recent nmasxzrementsl' Z have shown a
relatively large and pogitive quadrupole moment entiraly out of line with such

a guadrupole-free assigiment, & series of experiments derigned to obtain the

spin, magnetic moment, and quadrupeis moment of neon-21 has therefore been -

undertaken, .
The investigation by members of the Columbia wiolecular and atomic
beams laboratory of the metastable states of the rare gases--egpecially the
work of Hughes and W’eimrtaic:h3 on helium-3--has provided a basis for the re-
search. The principal problem, then, has been the extension of existing tech-
nigues two orders of magnitude farther in signal-to-noise ratio so that obser-
vations ?X?iéh? be made on a gingle transition in necn-21, K. Ciausius had

Kindly furnished vz a iJ-cc sample of neon eutiched to.9. 8% in neen~21.

“This researc‘s supported in part by the f")ffu:e of mavai Reseav.h,
I Present addrese: University of California Radutxcn Laberatery, Be iey‘.
Califormia.
lPerl Rabi, and Senitaky, Phys Rev. 38, 611 (1985},
bagalyn, Fhys. Rev. 24, B85 (1954). _ ‘
. w. Hughes and G. Wei ireich, Phys. Rev. 95, 1451 {1954).
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HE{/ Y OF THE ZXEPERIMENT

&

The 3?, metaatable ‘state of neon is the lowest member of the config-

“wration ?.pit - 3§, which defines the first excited ataies of neon. The lifetime

of the state hae been estimated to be more than 1'second in a field-free region.

N¢ known electric or ma.gimtic fields utilized in thie experiment could result

in an enhanrement by more than a factor of ten of the decay rate.: Delection

of the state is accom gnisnec} by observation of the electrons that are esjected

from a metal murﬁace by impinging metastables, The probability of this process

is approximately 1/ |
An interpretation-iree determination of the spin of neon-21 r“c ; Be

made from a comparison of the Zeeman {requencies in necn-2(¢ snd neon-21

at a magnetic ;mid which is sufficiently low so that the magnetic energy of the

‘atorn ie negligible in com pariseon with hypérﬁne structare intervals in neon-21.

The Lf"ectwe g-value (gf) for the interacting syster of nucleus and electro

is then the product of the Landé gy factor and the relative prejection of the

electronic angular momenturr: on the direction of total angular momenturn F.

The ratio of Zeeman frcqueﬂciea in neon-21 to that in nepn-25, g},/ﬁj. iz then

just tha relative \:srojactwn factor,

F) BFE S D+ II4 1) - HIt Y
s

gr/g.f = ZFIF )

. A g.:" '—i:’ﬁa..g\u.&‘\ TU 5

The apparatus, a modification of the .aysterr: used by Hughes and
Tucker, ~ is iliustrated in Fig. 1. Tae gas systern consists of several reser-
voirs for storing the 10-cc sample of enriched neon, a titeanium netsl cleaner
operating at 150%-1000°C to remiove hydroger, cxygen, and nitrogen from the
‘gas, the discharge tube, % and a mercury diffusion pump which backs the oil
purmns 53 the can and returns the nesn (¢ the diecharge tube at operating pressure.
Approximately 1 co of circalating gas is required to bring the diacharge tube
px’essuxe to 073 mm by, A Toep pzer pump w used m return the gas to the

reservoirs aiter coaclumou of a run.

4Grosof and Hubbs, Rev. Sci. Imstr. To he published.
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Metastable atomns igsue from a £.083-by-~-0. T-cie alit in the wall of
the discharge tube. The direct bearn at the dstecter contains &paruximately
3x 397 clectrons per second "iiberazed by high-energy photons issuing {rom
tihe source and Z x 1&6 electrons per second from metastable neon-20 atoms.
Thus approximately IG‘% clectrons per second are to be expected from a tran-
sition between two magnetic substates in neon-21, ‘ '

The principal n‘o&iﬁcat;on tc the apparatus was the, int raﬁue&wn of
an ac detection scheme usiag an’ egect.r.rm multiplier, a a tuned a.rpplnier at 30
c/s, zud a lock-in detector having an oufput time constant from 10 seconds
to 1 minute., The beam ig chopped at a 30 f:/s raﬁz, by pulsing the v Ladit)«fz*e?
gquency wagnetic fieid, All combined sources a:)f__ hoise in the electronic system
are smaller thau the signal obtainzd fror. a transition in neqﬁ-;!i by a factor
ef 10 oy more. 3’:?&@5 signal-to-noige ratio obtsined for Zeeman transitions in
neon- 20 by use of the flop~out s?ster», which permits the dizrect beam to hit
the detector, provm‘. to be 7/1 a& compared to the ex ected 1000/1 for statis-

ticai processes.

THE RESONANCE METHOD

A resonaace rrethod was scught which would combine the diserimination
of the flop-in method against compunents of the beam that do not experience a
change of state with the spectrcoacopic advantages of the flop-out system, par-
tifaxmriv the appliczhﬁity of the laiter systein to atome with integral electrenic
am ulay momenturn, Several paésibilities have been cunsidered: ong for which
the standard flop-out system is used but the central {refocused) beam iz simply
blocked and everything that experiences a chmﬁgé of giate is captured by 2 large
detector to the rear of the stop, the other a scheme which was d.ciepfz.cg asg fol-
lows {Fig. 2). The coliimator is X’Epi&cﬂd by a haif~ plame atop, o nad an extended
detector, also half-plane, is placed in the skwdcw of the collimatoy step. For -
a refocused bezm the points of intersection of any trajeciory with the source, 4
collimator, and detector plane dafines a straight line. Thu 3 & transition ‘vhwn
results in a change of the high-field magneuc moment in one direction produces
deflections toward the detector. The daﬂecnon 8o experienced is gz"en by
amy S Elg,/k?;. where 5 % g6 451 /d= L2 /4;» so that the fraction of aton:s
that experience s defiectien x or greater is given by :
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. =L o fr § 4 \
a{x) '{ E . E exp (.-v.k.«,,*”z..@}d& = {1+ %&rx_:'}.' Bo/x} exp {-& m, S“,/x.} .

AmJS .E/x : ' - ~ ' a >

" The effective detector width is th—gé given by B o

=

e { oo
%= plx) dx = 8 Amy .

» 5
.»'g

Since the dystem throws away. moment changes of one sign, 2 irimeiticm resulite
'/xr an intensity anuivalem to the nnmbar of apprapri&w atoms !.n the direct beam |
";"43 ﬁsm /‘?‘ wide. . |

Application of this sc:hceme to the apparatus led to a reduction of *he
background frow phowaﬁ and neon-20 by a factor of 30 to 40 and an zmpmvs--

. S ent in the eignal- taanoise ratie ?o a cmasistent 1/1 for a singlmiine transumn '

in neon- 21

‘ R;e;ssms

éeamau rescmancea in nemanezl have ‘been obee"veﬂ fm- w agnetic fmlc;s :

betwaen 1,,and 10 gamsm a tynical get of data is gwem m Fig. 3. The ra:fperimemfai

data ahaw valaes for the ratin» of : «eeman frequencies in neon-21 to the resonance

. J-.imcgnency of neon-2¢ of 6. 574 0,005, 0.63 = 0.01, and 0.806'% 0,04, Theoretit,al
, fv:"vvaims of gr/gJ for J = 2, 1= '3/2, are 0.5714, 0,6285, 6.800, and 2,C0 for
. Zeermnan transitions in tha states F = 7/2 through F = '1/2 reapectweiy The

Eeaemc.n resonanc‘*e in the state ¥ = 1/2 has not baen obgerved. ,
. 3 additicm to these data & larg;e nurshar of tranmtzo*w in the mternsmfii@?e

.'ﬁmld ragien have been e‘baarved !nterpmtatwn of ﬁm data is so equwncm,

b&cause of the very low szgnsl ~to-agise ratm and the presence of wan any rrultmie

'quantum transitions, mat determ: mati@n of fre hyperfine structure mtex mis will

have to aweait furmex' improvements in the expex'xma"xtal tech"xzqae. .
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"IGURE CAPTIONS

Fig. 1. “heoroadifinc stomic bean: apparatus.

2 g . - B

tg., . Snnraicr end Jrtsdrer arvangentent for the cegunuace system, Res

fri

i
Fig. 3D, Typical Yeewan transition in necn~20,



BEVA - | 30~ SCALAR

G.R. 805C

RF SOURCE

RF HAIRPIN

5000 VDC | GENERATOR
Py SPEEDOMAX
VETER RECORDER
Pre—— | | C——— —— - —— W S—— — —— - ———— —
B
6 0
(
ELECTRON
MULTIPLIER

- T
- 3
D 9 AT G5 W GEALERGMENE G G TAREAGEEETAER SIS W WA mEe N

|
]

- DISCHARGE

5000 V
30 MA |
300~

TUBE

| q,.,%l
24562-2

A



e

. . At

- »

. v

0t )
«

~ .

- dois
| MZKJLwMA<I,

W f;mZ<J¢Wu4<Im

.

Y

P .
.
4.
. Lot v
P
. . e . N
- 1 . . .

. P P

g R




‘ﬁ%.i i

J,
4
"

s

s .

<.

TS il g

Lo TR P
N Ll

v sl




g
&
)

-,

34

=
k3

o
CERISERAEA j’ia
AR AT 1S UL
PG L S oy,
3 Ty g rron ¥
iy \”:7—1‘,';':4

AT

o
- L g
= 4o 5 3

P A

TR

D
R






