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Abstract

Foil swipping of H- directly 1o H* is being considered
1 proton injection in the next generation of high-current
proton storage rings,  This technique can result in
significant losses because excited states of 119, which are
also produced in the foil, are field stripped in the
downstream bending magnets,  Without due care in the
injection system design, many of the resulting protons will
be outside the acceptance of the storage ring and will b
quickly lost,  We measured the production of such HY
excited states at the LAMDPE [High Resolution Atomic
Beam acility.  An R0-MeV I beam was passed through
carbon foils of thicknesses 70, 100, 200, and 300 pp/em?,
and the excited stales were analyzed by o special magnel
downstream o the foil. The magnet had a lincar fichd
griulient so that the trajectories of the outpoing protons
could be used 1o reconstruet the ficld values it which the
vatious 1Y aripped. We found that about 1% of the 1Y
cierpe in excited sties which can be stiipped o protons by
ring hending magnets.

1. INTRODUCTION

We have measured the praduction of excited neutral
hycdrogen atoms in a foil by studying their subsequent field
ionization in a maznet.  The foil thicknesses were
comparable to thore being used for injection into existing
storage rings and to those being considered for Storage rings
at the next generation of spallation neutron sources, The
lincar field gradient magnet had a field shape similar to e
fringe ficld in a ring-bending magnet. This ¢.petiment
cambined the efforts of the Proton Storage Ring (PSR)
development group and a basic research group that has been
doing accelerator-based atomic physics research ot Los
Alamos using laser ion colliding beams for the past iwenty
years (]

The experiment ok place at the thigh Resolution
Atomic Beam Facility at LAMPE where a “laser quality”
external H - beam is available. The beam Kinetic enerpy can
be varicd from 10 MeV 1o BOO Mev with typical beam
parameters of 2 nun spot size, 10O pend diverpence, aml
0.05% dp/p. With special toning, these parameters can e
improved fo - 05 mm spot vize, - 10 prnd diverpence and
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When a beam of H" ions strikes a foil, some ions are
stripped of both clectrons 1o become protons (HY), some are
stripped of one electron to become hydrogen atoms (HO),
and some pass through the foil unscathed. At the foil
thickness of interest for injection, most will be HY. Some
of the HY will be produced with the bound electron in an
excited state. The distribimtion of these excited stales was
the quantity 1o be determined by this experiment.

When the H? enter o magnetic field. they are subjected
10 i motional eleetric field in their rest frame. This field is
given by

F = x10My3 < B, (n
where Fois in V/im and B is in tesla, The symbols y and
are the usual relativistic parameters of the beam. For an
ROO-MeV atom, J=0.842 and y=1.85. Thus a magnete
ficld of 1T transtorms o an electrice field of 4.7 MV/m in
the rest Irame ol the atom.

This intense clectrice lickl causes the atom 1o become
unstable since the electron can iunnel out through the
potential barrier. Tonizition will proceed ripidly ata eritical
licld piven, 1o first order, by

K, [Vin] = s.l-lzv:ImH

9n
where nis the principal quantum number of the spherical
slitles.

In the presence ol a field, the states with definite
lifetime are parabolic states represented by the quantum
numbers (nd, 02, ) |3, These are relited o the spherical
states (v L, m) throngh the Clebseh Gordon coelficients,

The principal quantum number is related to the parabolic
quantum numbers by

n=np+na+m+l. K)]

I1. TECHNIQUE

We stidied the excited states using o gradient magnet
with a ficld that increases linearly with distance along the
beam line. When a given HY state reaches the critical field.
given by equation (2), it is stripped and the resulting B s
bent in the downstream magnetic ficld.  The magnet is
followed by a drift region and then a detector system.
Knowing the field map ol the magnet, we can then
reconstruct the field at which a particular 1Y jonized  This
technique and this same magnet have been used previously
to study the ionization probability ol the T ground state as
a function of ficld [4].

The apparatus consisted of the foil box, the pradiem
magnet, @ 5.27-m flight path and a detector system. The
floor layout is shown in Fig. 1. The detector system
consisted ol a scintillater telescope, a multi-wire
proportional chamber (MWIPC), and a seanning scintllato,
The scintillator telescope covers the entire beam so that the
cyperiment can be properly normalized.  Standard beam
diagnostics and phise smace ailoring apparatus are not
shown,

The pridient mapnet is a hall quadrupole turned
sidewitys 1o the beam. The beaza enters through a hole in
the return yoke and then encounters i vertical magndetic fiekd
whose strenpth mersases linearly with Jdistaace. The
maximum ficld available is 19T and the length ol the
pradient repion is 0.0,

in?®
Hy
o 10 ' HO (n 1,2 H{n 4, )
C
o N
D 2
Py Hoin )
b )
o H B
) 4.
2 v
n
10 B T e T Rt sEE T SE PP e R
10 0 10 S0 o
x (cm)

Frpane 0 Tepueal data taken soth the soanmmy soimtiaon and novmalized to mewdent wms

Fhie dhatar shovwn ane fonapeak el ol 18 Peslamd a ol thicknessc ol SO0 e /ome

s sk neie V2 S e ebies el o be spunoas amd wall e vestipated funther daomg the

199V 1un



The data are analyzed using the Damburg-Kolosov
(DK) formalism [5]. DK represent the unstable states as
Breit-Wigner resonances and give a formula for the widths
in terms of the field. the Sturk-shifted energy of the state,

and the parabolic quantum numbers. The Stark cnergy of

the state are calculated from fifth-order perturbition theory,

We have tested the DK formalism by comparing (o
exact numerical calculitions. These numerical calculations
were verilied in i previous experiment where we used a laser
1o excite the Stark states 6], We Tound that the DK
energies are accurade 10 0,05 and the DK widihs are
accurite (o better than 2(¥4 in the region of inlerest,

Our analysis code starls with a given distribution of
excited states, linds out where they ionize using the DK
formalism. amd then traces the H trajectories through the
mignet and into the detector. The input parameters are then
virricd using a non: linear optimization code until a best it
is obtained.  Many of the soltware subroutines were
developed in a previous series ot foil experiments |7].

1. RESULTS

The analysis program is still being tuned up, so precise
numbers Tor the distribution of slates are not yet available,
We can see that the excited states that can be stripped in the
downstreim magnet are about 1'¢ of the incident beam.
This is enouph 1o cause serious iest rn fosses i high
Current Slorpe rings,

A Lvpical data set is shown m Fig, 2. AU this time,
we believe that the sharp peak near <= V2.S ¢ is spurions
and not an excited HY state. After subtracting this peak, the
excited states are consistent with a stitistical disttibotion in
which sub states are populated equally.

V. FUTURE WORK

We ae planning an improved experiment for the tall ol
1998 The oe v expeniment will have a MWPC detectorn
with Larper aperture and capable of hipher tates Ao
upstrcant Laser beam will be used o produce B inawell
detimed state so that wee can ttack them thaouph the mapenet.
Fhes will allow us ta venty the analysis conde and ook (oy
syateniite elleety
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