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A hydrogen atom travareing a magnetic field’ B with velocity v
':;eiperien'cea a force that can lead to electron detacbrnem; Ho ~H' +e". The
_'.vmanner in which the breakup probability increases with increasing values of
v x B and with initial atomic excitation has been discusaed by Hi.sl«;ea.1 and
_Higkes _arid Swee,tma:n2 have considered the poesible application of this process
m the creation of h_igh-temberature pleemae. Fast nevutral beams of hydrogeo
atome in excited states can be produced by charge exchange or, with more |
: latitude in particle energy.' by gas-collisional breakup of molecular fons. This
paper describes the measurement of magnetic-field electron detachment from
| hy'drogen'atome produced by ihe latter procees.'

The experimental arrangement is ehown in Fig. 1. HZ ions were
accelerated to 20 MeV in the Berkeley heavy-ion linear accelerator, and were
partially dissociated in a gaa cell. v The parallel 3/16-in. -diameter fast neutral
beem produced was passed through a sweeping magnet to remove the charged
b_ “parti.clee (H+. and undissociated H; ). These 'cherged ,:particles were deflected

= onto a beam-monitoring probe. No further collimation of the neutral beam

electron detachment and particle analysie were carried out in a dc magnet -

K with a 4ein. gap and a maximum magnetic field of 12 kilogause. ‘The gap in

the £irst 1.5 in. o£ the magnat could be reduced to’ l in. thereby producing
amaximum field of 19 kG. i RERRRRT, R S 1Y ,

- was neceseary. and as a result breakup at slit edges i?vae Hot a problem. The L
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Analyeie was performed by activating 0.010-in. -thick Cu foils

placed in the analyzing magnet perpendicular to the direction of the incident

_.t.'be_am. The spatial distribution and the relative intensitiee of the Ho

: '-ﬁ"i‘ currents were determined by counting the Z.n63

and H
activity ('1‘l /2 s 38 min)
produced in the foils. . This technique has been described previoueiy by us. 3
. Two or more experimentai bombardments were made at each magnetic field,

' {
e -and in:all cases the results were statistically c_oneietent.

| | : . The results are shown in Fig. 2. ’i'wo gaee‘e were used in the gas

«"f.:-j:;i,stripping cell:. Ar and H,. _‘Unfortunately. the preeau're in the external Hilac.

‘L "_:vacuum.sy,stem',ieseo high that even with auxiliary pumping the molecular

diesociation in the 30-ft-long vacuum pipe accounted for more than one-third

R of the maicixnum ne\,it'rai_ beem that wae obtained by optimizing the gas pressure

| in the . ZO-cm-long stripping cell. The nature of the background gas is unknown.

. The £ractiona1 detachment of neutra.le produced by stripping in argon, hydrogen, -

- ,and ba.ckground gas is etatieticaliy the seme, and only the argon data points are
. . shown in the figure. A bacltground fractional detachment of 0.35 .02, due to

breakupof tlie neutrals on the reeiduai'gae. has been eubtracted from the raw

'data,_ This background was obtained bv raising ..the magnetic field in the sweeping

*_rmagnet to a value coneiderably"greater than the field in the detachment and

f "analyzing magnet.. Under these conditione aii observed breakup was aesumed
:".'vto be due to the residual gas. . r;_, ' 7.' l g ’; :{_‘ .‘;f o
. The a.beciaea in Fig. 2 is given in two eete of units: the magnetic o

: 'v';ﬁ field in the datachment magnet and the equivalent electric field,. E = v XBE,

‘-.;\.-.n-,-\.in the particle reetlframe. We have indicated on the ﬁgure the magnetic field
in the eweeping»ma‘gnet. Statee that detach below this field value are in- .
e ;i;éviaccessible to our analyeie. since they are detached by the sweeping magnet.

g The fields at which atoms with a principa.l quantum number n should be -
apprecxably dieeociated in a time appropriate to our experiment (approx

5% 107! -10

aec) are shown et the top"of Fig. 2. The indicated epread in £ie1d
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. : ::f-'for each princ’ipel'quantum aumber is die to the diﬁ'erent detachment threehelde
“for the range of quantum:nunibe'r’e belonging to a principal quantum number n,

" Also shou‘rn a8 a smooth curve are the adjusted electric-field-detachment data .

Vof Sweetman. 2  obtained with 200-keV neutrals produced by charge exchange.
| 'I‘he data below 12 kilogauee were obtained with the 4-in. magnet

‘gap. thoae above with the 1l-in. . gap. . Although there is a.ema,u'region of field
overlap £or the two geometries. it ie poseible.that the break in the detachment

"‘curve at 12 kG (n=6 ?) may be affected by the change in field shape. '

.1t s interesting that the fractionai detachment in this experiment
l“‘_xs (a) large and (b) eimilar to the charge-excha.nge results of Sweetman. The .
'-‘:Iatter fact is not entirely unexpected. because Hiskes has recently calculated ‘
jv_tha.t the excitation distribution of neutrals from gas collieional, brea_kup at |
f‘;energies'_ above a few hundred keV should be similar to the excitation from K
clie.rge_,'e:::change. 4 'He has also _euggeeted that in both experiments the final ‘-
excitation dietribution of the HC, may be determined 'chieﬂy by secondary
excitation collisions of the neutral atome in the charge-exchange or stripping '
L celle. rather than by the production process. |

' The v XB 'ionization of 30-keV H produced by the gas breakup of
H?.; 'ions has been observed by Sweetman. At such low energiee. however. it :
' ;Zis hkely tha.t a conaiderable fraction of the. emergent neutra.ls is in fact the
':;v-result of charge exchange of protons produced by H3 collisione in the gae ceu°
>::‘Atthe high energiee of our experiment this poeeibility does not ‘exist. |

We wish to express our appreciation to Dr. C. ‘M. Van Atta for the

" support and encouragement of thie research, and one oi :xe (S. K. ) would i

e hke to thank Professor Burton J. Moyer for the’ intereet and support that

ena.bled him to participa.te in this work. 'The many diecueeions with

| Dr. John R. Hiakee were invaluable, Klaue Berkner. Henry F. Rugge. and
| . Warren Stea.rne helped with the experiment. T
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Figure Captions

The experimental arrangemeni (not to scale).
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