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Limits on Composition-Dependent Interactions Using a Laboratory Source:
Is There a "Fifth Force" Coupled to Isospin?
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Previous "fifth-force" experiments searched for diA'erential acceleration of test bodies placed near ter-
restrial sources. Because these sources have N =Z the results had little sensitivity to forces coupled to
B —2L =N —Z. We searched for such forces by placing a l-ton Pb source close to a Be/Al torsion bal-
ance. Our null results rule out (at 2cr) the possibility that all previous composition-dependence results
could be due to a force coupling predominantly to B —2L with a range k (1000 m, We also set im-

proved constraints on new interactions with 0.3 ~ X ~ 10 m.

PACS numbers: 04.90.+e, 14.80.Pb

There are now both experimental ' and theoreti-
cal' ' reasons to search for new fundamental interac-
tions that produce macroscopic, composition-dependent
forces. Such interactions would produce a potential en-

ergy between a point "detector" and a point "source"
which can be written as

q5 q5 ~det~ source —«//gV=@5 6 e
, det, ~, source r

where 6 is the Newtonian constant, X and aq are the
range and dimensionless strength of the interaction, re-
spectively, p denotes the test-body mass in atomic mass
units, and q5 is the test-body "charge. " For simplicity,
we assume that q5 =BcosO5+L sinO5 where 8 and L are
the baryon and lepton numbers and O5 is an arbitrary
mixing angle.

Differential "detectors" operated near terrestrial
"sources, " such as cliA's or hillsides, have produced re-
sults that appear to be inconsistent. In particular,
Thieberger reported a diAerential acceleration of
Cu/HqO =80 times larger than our upper limit for
Cu/Be. Could this apparent inconsistency be resolved by
an appropriate choice of O5? We established" that our
null results could be consistent with Thieberger's obser-
vation (for 10~ X ~ 1000 m) only if Os = —63'. In this

case' q5~8 —2L =N —Z and the "charge" content of
terrestrial (predominantly N =Z) sources is very small.
Subsequently Boynton et ah. reported a positive eff'ect
from their "Mt. Index" experiment, and noted that an
interaction with O5= —63 was marginally allowed by
the previous work. This "allowed" interaction (here-
after referred to as "Boynton's proposed interaction")
has a strength a5 which decreases with assumed interac-
tion range X; for X =100 m eq would be about 0.035.
They attributed the wide variation in the reported eff'ects
to small differences in the N/Z ratios of the terrestrial
sources.

In this Letter we report results from a composition-
dependence experiment that uses a well-characterized
laboratory object (a 1.3X10 -g Pb mass with N Zper-
unit volume = 120 times that of the Index rock) instead
of a natural topographic feature as the source. We ob-
tain a null result that rules out (at 2a) Boynton et al. 's

proposed interaction for X (1000 m. (For k beyond a
few km, interpretation of hillside data is hampered by
insu%cient knowledge of subsurface geological struc-
tures. ) Data from a preliminary version of this experi-
ment were presented elsewhere. '

The basic principles of our experiment have been dis-
cussed previously. ' A composition dipole is freely
suspended from a fine wire inside an electromagnetically
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a 1.3-ton Pb source has ruled out a proposed interaction
coupling predominantly to 8 —2L with X & 100 m that
could otherwise have explained the experimental results
obtained with terrestrial sources. Our limit is roughly
100 times more precise than that recently obtained from
a beam-balance experiment at the International Bureau
of Weights and Measures.

We thank Professor P. G. Bizzeti and Professor Y.
Fujii for their comments on pendulum design, Salvador
Gil for help with the apparatus, and Valdis Zeps for in-

sightful discussions. This work was supported in part by
the National Science Foundation (Grants No. PHY-
8719139 and No. PHY-8451277) and by the U.S.
Department of Energy.

85 (degrees)

FIG. 4. Constraints on aq(gs) from this and previous work.
The iv/Z ratios of terrestrial sources are taken to have the
values and uncertainties given in Refs. 6 and 7. Constraints in-

dicated by single arrows are upper limits. The triangular shad-
ed area denotes Boynton's proposed interaction.

l —m, a q2~ Q2~ torque could arise from small imperfec-
tions in the detector and source geometry. The residual

q~ i moment of the pendulum was measured by use of the
machined Pb blocks to set up a known Q2~ gradient. We
found that q2~ =(6.7+ 0.7)X10 g cm . (This corre-
sponds to one of the test bodies being vertically
misaligned by 31 pm. ) The residual Qq~ moment of the
source was measured by a pendulum of known qzI in
which the normal test bodies were replaced by special
gradiometer bodies. These had the same outside dimen-
sions as the normal test bodies, but their c.m. 's were dis-
placed 4.0 mm above or below their geometrical centers.
We found that Q2~ =(9.5 ~0.9) &&10 g cm . These
values correspond to Adlb" =O.OOS grad which is a negli-
gible correction to our results. A small (=0.4 mG)
magnetic field change was associated with the source re-
versal in part of our data. This was traced to three steel
screws whose eAect on our results was assessed by suc-
cessively replacing the screws with permanent magnets
having = 120 or = 38 times greater magnetic moments.
By scaling the results of these tests to the observed
hB =0.4 mG, we determined that the spurious eA'ect was
negligible: Apb' =0.02 prad. No evidence for thermal
efrects was seen; a~" and a~'" were not significantly
correlated either with the lm signal from rotating tem-
perature sensors (typically =0.002 K) or with the aver-
age temperature during a run.

In conclusion, our torsion-balance measurement using
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