!

0r;T0 4 1990

Los

Alamos

Nahonal

Laboratory

4S operated

by

the

Umvermty

of California

for

the

United

States

Department

oi

Energy

under

contracl

W-7405-ENG.36

LA'UR--90-3344
I

TITLE ANTIMATTER

AUTHOR(S): R.onald
Jordan
Timothy

G[LAVITY

E.

Brown,

EXPERIMENT

000177

DEgl

P-3

B. Camp,
P-3
W. Dar?ing,

SUBMITTED TO: Proceedings
of the
on the Application

P-3

Eleventh
International
Conference
of Accelerators
in Research
and Industry

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to 'anyspecific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or anY agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

By
the
The

acceptance
pubhshed
Los

of th,s art,tie,
form

of

A_amos'Nat,onal

ims

the

publisher

contr_buhon,
Laboratory

recogmzes
or

,equests

to

aflow
that

that

the

others
the

US
to

pubhsher

Government
do

so,

for

identily

retains
U.S

this

a nonexclusJve,

Government
artfcle

as work

royalty-free

hcense

to publish

or reproduce

purposes
performed

under

the

ausplces

of the

U S

Department

of Energy

LosAlamos NationalLaboratory
LosAlamos,New
Mexico 87545
_o_ No836R,

LINLI_V_', '

ST NO 2629 5/81

DISTRIBUTION

OF

THIS
I

IS

DocUMENT
J

Antimatter

Gravity, Experiment

RONALD

E. BROWN,

J.B. CAMP, and T.W. DARLING

Los Alam osNational

Laboratory,

An experiment
is being
proton in the gravitational
the LEAR facility
about

at CERN will be slowed,

of gravity

method.
normal

matter.
This

involves

a study

of a drift

a number

is described,

tube

J

that

will produce

using

a region

ions is of major

of minimizing

the electric

fields

surfaces.

Progress

on conducting

with stress

tube where

at Los Alamos

force on moving

work functions

of

by a time-of-flight

is proceeding

Of methods

varying

cooled to a temperature

will be determined

is the dominant:

duced by spatially
of areas

captured,

of the experiment

gravity

USA

a few at a time into a drift

motion

The fabrication

space in which
culty.

launched

on their

Development

New Mexico 87545,

developed to measure
the acceleration
of the antifield of the earth.
Antiprotons
of a few MeV f_om _

10 K, and subsequently

the effect

Los Alamos,

on the drift-tube

of

diit_proin

development.

L Introduction
We are developing
proton

in the gravitational

made
that

attempt

to unify

dependences
such effects
distance

and

in the matter-matter

scales

[2,3],

thereby
term

implying

a proton

the gravitational

interaction
placing

that

does [1].

generate

yielding
square

law

change

[1].

fall faster

of such ideas,

of the antiproton

obeys the weak equivalence

however,

and

fbr

ranges

of
of

interest

of a matter-matter
toward

the earth

a measurement

will be a direct
principle.

Searches

is of special

sign from that
might

composition

over a variety

on the strengths

measurement

graviscala0r

possible

have been made

limits

an antiproton

Independent

acceleration

or not the antiproton

would

gravity

inverse

has ever been

Supersymmetrictheories

thereby

the

of the anti-

No measurement
a_

An antimatter-matter

the gravivector

experiment,

mechanics
from

the acceleration

of antimatter.

of the graviton,

deviations

such interactions.
because

interactions
quantum

partners

to measure

field of the earth.

of the gravitational

and gravivector

than

an experiment

test of whether

of

2 ¸

2. Gravity expel__ment
Antiprotons

,,

of a few MeV from the LEAR facilityat

tens of keV by an energy
(the catching
transferred
cooled
time

trap),

and cooled

to a much

into a vertical,

This

method

trap

of' about
shielding,

on their

involves

foil, caught

to tens

smaller

to a temperature

effect of gravity

degrading

in a large

of eV. These

trap),

drift

tube

the distribution

trap

they

launched

of length

be

will be

a fbw at a

L--1 m, where

by a time-of-flight
of flight

to

will then

where

10 K and subsequently
Will be determined

measuring

electromagnetic

antiprotons

(the launching

metallic

motion

CERN will be slowed

times

the

method.

through

the

1/2
drift tube, thereby determining
a cutoff time t c =(2_/g)
"
' (about 0.4 sec) from
which g can be extracted.
Measurement_
using antiprotons
will be compared
with

measurements

using

errors.

Development

normal

matter.

meter
ity.

of the

be taken

experiment

to control

vertical

forces

electron

was believed

that

though

is still controversy

ally attained.
periment

stray

The antiproton

in that

considerably

higher

the dominant

a Kelvin

by spatially

effect):
(section

Drift-tube
6).

probe (section

2. Trapping

Initial

varying
prototypes
screening

grav-

and Fairbank
to about

[6], it

10 "11V/m,

al-

allows

over the electron
a measurement

This involves
functions

with a variety
of the coatings

a study

with
gravity

of surface

as

surfaces

coatings

carried

will

out with

5).

studies

The earlier

work [4] on the trapping

of beam particles

a

of the electric

on conducting
is being

ex-

ion H" exists.

will allow ions Lo experience
work

A vertical

the earth's

field, and a calibration

difficulty.

plan.

or not s'lch low fields were actu-

mass

tube that

force is of major

produced

be tested

of a drift

givenby

has advantages

electric

ions.

using

AB/B ofl0 -4 over one

of Witteborn

over whether
antiproton

background

on the drifting

fields could be lowered
experiment

the larger

The fabrication

(the patch

electric

systematic

of the experimental

equal to that

experiment

some

at Los Alamos

inhomogeneity

will give a force on the antiproton

there

to eliminate

is proceeding

field of 10 -7 V/m or a magnetic

In the pioneering

fields

in order

See refs. [4,5] for more discussion

Care must
electric

H" ions

in electromagnetic

_R
,,

,,,

dP

3
b

traps

has continued

protons

to tens

emerging

antiproton

trapped

energy.
beam

verified

field.

has been degraded

The trapping

are attempting
convert

to raise

This should

voltage

cyclotron

cooling

voltage

at LEAR.

of thousands

of antiprotons
of problems

4. Drift-tube

that

regions
function

situated

in a 6-T

end we will
below

can develop

as the

into this
toward

to trap

but we

the pressure

to know that

used foil degrading

trap

to study

using

electron

G. Gabrielse

and

and cool some tens

in a 3-kV trap at LEAR.

associated

with

a sufficient

launching

traps

and resistive

at Texas A&M [9] and Los Alamos.
number

of slow particles

(patches)
variation

it consists
that

of many

cooling
The goal

can be launched

carl have

differing

gives a spatially

field exterior

to thesurface

into

is larger

to coat that surface

cantly.

_!

scribed

in section

_,uch materials

the most difficult

work

than

studied

material

of the teclmical

challenges

of the rms deviation

the axis of a cylinder

of radius

effect to the
in potential

a is given as

patch

equivalent.

to reduce

in developing

This

that

random

with the Kelvin

of this patch

different
work

produces

The rms field along

the gravitational

5. Elimination

In ref. [6] an estimate

[10,11].

potential

by a typical

with a suitable

_re being

functions
surface

electrostatic

chemically

of the conductor.

tion on its inner
we plan

faces and/or

nonuniform

drift tube produced

surface

is not at a constant

crystal

the axis of our uncoated

traversing

the energy

To this

that

a view

of even the best of conductors

because

an electric

trap

to load electrons
with

of

surface

The surface
potential

Facility,

to reduce

It is reassuring

are being investigated

is to guarantee
the drift tube.

as a function

foils to tens of keV and

glow discharges

characteristics

[7,8] have already

techniques

temperatures

alleviate

collaborators
Studies

by metallic

5-MEV anti-

has been in the 5- to 15-kV range,

We also plan

cooling

of antiprotons

Ion beam

this into the 30- to 50-kV range.
help

is raised.

yield

50-cm long, cylindrical

the trap to run at cryogenic

10 "10 torr,

the expected

At the Los Alamos

in a room-temperature,

magnetic

their

At LEAR, we have used foils to degrade

of keV and have

of a 5-MEV proton

trap

[5].

distribuHowever,

this field signifi-

probe

apparatus

appropriate

de

level is

a drift tube.
_)rms seen by an ion

_rms

= 0.6 ACk/a,

where

(1)

AC is the rms change

teristic

patch

(1), having
relations

dimension.

in work function

Other

only minor

derivations

differences

of refs. [12-14]

on the surface,
[12-14]

in the numerical

are basically

and L is a charac-

yield results
constant.

similar

to eq.

Eq. (1) and the

given by the statisticalquantity

A¢/_]Ne,

where N e is the effective
number
of patches
viewed by the ion, i.e. N e =
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through
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is the material

uniformity
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With the probe positioned
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diameter,
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vacuum enclosure,
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amplitude

not allow gravity
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experiments

but only their

The probe protrudes

surfaces

probe)
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gold-plated,
reed,

system

would

on work-function
the drift
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work functions,
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morph.

2). However,

would

experiments

be used

A hollowl

which

ion, such as Xe, which

electrometer
absolute

or antiprotons,

(section

to obtai_

might

6 _V. This value

=

is induced
capacitance.

of

with an
in the
This

5
current is sent through a vacuum feedthrough to a high-gain amplifier and
then into a lock-in amplifier referenced to the probe frequency.
The lock-in
output is integrated and fed back to the probe as a bias voltage. The system
then adjusts itself until the probe potential is equal to the local potential at the
sample surface. Theprobe
bias voltage V s necessary to accomplish this is a
measure of the local work function of the sample.
Vs is then rneasured at
different positions on the sample to determine the spatial uniformity of its
work function.
The spatial resolution of the Kelvin probe is 1.5 mm, and its
sensitivity is 1 mY.
We have investigated
surfaces of varying degree of conductivity, crystal:
linity, and reactivity(Table
1). The measurement
procedure begins with a
1-day bake of the apparatus followed by a 5-hr cooldown. The resultant pressure was less than 7 × 10"1° torr for all measurements
except that of polyanflene, where a lower bakeout temperature limited the final vacuum to 6 x 10"
9 torr. The surface was then scanned. Next, the surface was heated with the
heat lamp for 12 hr, after which the surface was rescanned.
A nickel coating
was used as a diffusion barrier tbr A1 and Au. Table 1 lists the rms variations
in surface potential following the vacuum bake (o 1) and surface heating (_2).
T is the equilibrium surface temperature
reached during baking or heatingl
Gold arid graphite displayed no surface potential
structure
at the limit of
sensitivity of the Kelvin probe. It appears, therefore, that it is necessary to use
nonreactive surfaces for the drii_ tube to keep adsorption effects to a minimum.
Converting the measurements
a to Orms for an ion moving on the axis of a
drift tube of radius a requires multiplying _ by the ratio of the square root of the
surface area viewed by the probe to that viewed by the ion. Thus we have Orm s
a_l(_r2/2_a 2) -- a/20, where r is the effective probe radius of 0.75 mm and a is
1 cre. Taking a < 1 mV for graphite or gold, we obtain Orm s < 50 _tV. The
actual Orins may be considerably smaller _han this upper limit, with a lower
limit perhaps established
by the size of the gold grains or graphite flakes.
Finding the actual c for materials that are at the sensitivity limit of I mV will
require use of the test apparatus described in section 6. A further descriptioni
of the Kelvin-probe work is given in ref. [15].
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Table 1
Measured

rms variations

The sensitivity
Surface

Bronze

_in

surface-3otentialsl

limit for _ is 1 m V,
T (bake)
(°C)

a)

110

NiP b)

gl
(mY)
13

T (heat)
(°C)

_2
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Polyaniline
A1

Graphite
a) Grade

c)

d)

A, used for drift-tube

body.

b) Amorphous.
c) Conductive
d) Aerosol

polymer.
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