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We analyze the results from an experiment being conducted at the Physik-Institut, UntivZusita to
measure the gravitational constant, and obtain a tight constraint on the Majorana gravitational shielding factor.
The limit we obtain is two orders of magnitude lower than the positive results obtained by Majorana in the
1920s and a factor of about 5 better than the constraint obtained by Braginsky in a more modern laboratory
experiment. The Ziich experiment is expected in the future to provide a better constraint which is another
factor of 10 lower than our present estimate.

PACS numbd(s): 04.80.Cc

The possibility of shielding gravity is at present outside accessible for such experiments, is in the range 0f°1i0
the scope of the standard theory of gravitation. This isl0 % and the corresponding values foare in the range of
mainly due to the fundamental feature of gravity that there isL0~*2—10"** cn?/g.
only one type(sign) of gravitational charggl]. On the other Majorana conducted a series of experiments between
hand, the question of whether gravity could be shielded od920 and 1930 to see whether there was absorption of gravi-
absorbed by an intervening medium has been important frorftional interaction by intervening matter. In a carefully con-
an empirical point of view. The issue has been addresseducted experiment, he compared the weights of two lead
experimentally during the last century in several laboratonP2lls, one used as a tare mass and another as the test mass
experiments and astronomical tests, and theoretically by sey¢hich could be “shielded” by about 100 kg of mercury
eral physicistg2]. from the Earth’s gravitational fieldB]. He observed l%n effect

The experimental activity was brought to focus by Majo- amolur;'tlng t? tﬁ we|gg.tf_cgrrect'|ohr! of gbIOUK8?] ' Trée
rana who conducted several high precision experiments witfélebsoO ltJ EI;nl(?* 10 .ﬁ ;ng.n' II(Z mvéglsg rlgr%enetl Zggecloieutsgi%was
a weighing balance. He was motivated by theoretical consid; u : Ing u .
erations which he himself developed that questioned if stanf-rom repeated obser\{atlons. In anot'her experiment condgcted

: . . . several years later with the same kind of balance and differ-

dard Newtonian gravity was unaffected by intervening mat

) ) . . ‘ent arrangements with much larger mass$tee shieldin
ter. Majorana’s formulation of the problef8] introduced an matter wags] about 10000 kg of |E)a€?8|ightly smaller shielg-

absorption coefficienth which modified the gravitational ac- ing factor was measuref#f]. The absorption coefficiertt
celerationg of a testbody when it is geometrically screenedyequced from these experiments wasx610 12 cn/g and

by an intervening body of densify(r) as 2.8x107 12 cnP/g, respectively, consistent with Majorana’s
phenomenological estimates.
Braginsky investigated gravitational screening in a reso-
g'=gex —hf p(r)dr/. nance experiments] and later in a torsion balance experi-

ment[6]. The sensitivity of the first experiment was similar
to that of Majorana and it was concluded that the probability
Jp(r) dr represents the gravitational opacity by some in-of seeing an effect of magnitude comparable to that seen by
tervening matter. Majorana’s estimate farfrom phenom-  Majorana was smaller than about 4%. The torsion balance
enological considerations, was between ¥0and 10'®  experiment was an order of magnitude more sensitive, and
cn?/g. Clearly, experimental determination of such a smallgave a limit of 2.8< 10~ 3 cn?/g for h. An overview of other
shielding factor would be very difficult, requiring very so- contemporary shielding experiments is available elsewhere
phisticated measurements capable of resolving fractiondly].
changes in force of the order of 18. In experiments, nor- Constraints orh obtained from planetary orbital data and
mally a medium of uniform density and spatial exteritis  gravimetric observations during eclipses are in general more
interposed between an attracting mésisch as Earthand a  stringent than those from direct laboratory experiments.
test mass. Then the exponential factor is well approximate@ased on an early observation by Rug$jlthat Majorana
as (1-hpl), wherel is the effective screening length pro- shielding could affect the universality of free fall, the most
vided by the medium. The typical value for the quantipl,  stringent limit ofh<1.0x 10" ?* cm?/g has been obtained by
Eckhardt from an analysis of the laser ranging data on the
Moon’s orbit[9]. Reviews of these constraints are available
*Email address: unni@tifr.res.in in [2,7]. In this paper, though, we focus only on the results
TEmail address: gtg@virginia.edu from laboratory experiments.
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We have observed that a new beam balance experiment at
the Physik-Institut, UniversitaZurich, aimed at measuring
the gravitational constant at 10 ppm level, can also give very Position 1
useful information on Majorana gravitational screening. In L
this paper we describe an analysis of their results, which v
provided the value o6 at the 200 ppm level, in terms of the
gravitational screening hypothesis. We estimate that any
gravitational screening in the experiment is smaller than a
value corresponding th=5x10"%* cm?/g. Moreover, as
the precision improves in th& measurement, the same ex-
periment will be able to probe gravitational screening at the
level of h<1x10 '* cn?/g. This enormous sensitivity
comes about due to the fact that unlike torsion balances em-
ployed for the measurement @&, the beam balance mea-
sures the weight changes in the Earth’s large attractive field
and any small shielding of this field will resultin a change i £,5 1. schematic diagram showing the two positions in which

the weight which is a significant fraction of the gravitational the cylindrical source masséshadegiand the test massési1 and
signal from the source masses. In other words, the modificany) are placed in the Zich G experiment.

tion of the Earth’s gravity due to the hypothetical screening

and resulting change in weight is comparable or more thagylindrical masses whereas the lower test mass is completely
the gravitational signal sought for in tl@ experiment. unshielded. In position 2, the lower test mass is completely

The principle and details of the Zioh experiment are  ghjelded(except for the boreby the lower cylindrical mass
described in several publicatiof$0—12. The heart of the and the upper test mass is partially shielded, being farther
experiment is an ultrahigh precision beam balance which hagway, by the same cylindrical mass. Since the test masses are
a precision of 100 ng in a single weighing, for weighing a 13\ways at an extremum of the gravitational field, the total

kg mass. Statistically averaged measurements can reachn@asured weight of each of the test masses can be written as
precision of 10 ng. Two test masses are suspepded on se%-: mg+ |30+ Ifd when not shielded andw,=mg(1

rate wires such that they hang on the same axis at different - s . ..
vertical positions, and the balance can be used for comparing 'Pm!) +Fot+Fa when shielded. The subscriptdenotes
the masses by alternatively connecting the test masses to tfest mass 1 or 2, anf, is the force due to the nearer mass
balance, keeping the load on the balance arm constant tn the test mass at the extremum positiBg.has the same
about 1 gm. The weight difference is modulated by two cy-magnitude for both test masses to a great accufteydif-

lindrical masses with a central bore. The positions of the tesference between the two test masses is only of the order of a
masses with respect to the attracting cylindrical masses afgy milligrams at most F is the force due to the farther
chosen such that they are at an extremum of the field, angracting mass at an effective distant&om the test mass.
this way there is no need to determine the positions of Vari'l'ypically the values fod are 175 cm and 105 cm from the
ous masses to very high precision to obtain a high precisiogenter of mass of the farther test mass in the two positions.
value of the gravitational constant. The cylindrical masses The basic sensitivity of the experiment to address the
are tanks in which a liquid such as water or mercury can bguestion of shielding is decided by the approximate expres-
filed. _ o . _ sion Aw=mghl(pyg— pwa). AW is the minimum weight
_Referring to Fig. 1, the gravitational signéhe weight  change that can be measured 4islthe effective screening
difference between the two test masses for a fixed position Qkngth from one cylindrical mass. Sindav is determined to
the attracting cylindrical masseshanges when the cylindri-  ahout 10 ng, the sensitivity of the experiment for measuring
cal masses are moved from position 1 to position 2. T, |imjted by statistical errors, can be estimated to be 10 ng/
series of experiments have been performed so far, one WI%I(pHg_pwat)- With 1=50 cm, prg— pwar=12.6 g/,

water filled in the tanks and a second series with Mercunindm,= 1000 gm, the smallestthat can be probed is about
filled in the tanks. The main result is that the gravitationalqg-14 cn?/g. In the experiment, the systematic errors are an

constantG is determined with a systematic uncertainty of oqer of magnitude larger and the actual constraint we arrive
about 200 ppnithe statistical errors are comparatively neg- 4t is therefore larger.

ligible). The aimed accuracy is about 10 ppm and efforts are |, positions 1 and 2, respectively, the weidfdrce) dif-
underway to achieve this. An important result is that the tWoggrances are of the form
determinations ofG with water filled and mercury filled

Position 2

tanks agree with each other within about 50 ppm. It is this Aw,=(m;—my)g+2m,ghpl —2F ,—2F 15,
observation we will use to make our estimate of the Majo-
rana shielding parametér Aw,=(m;—my)g—m;ghpl +2F,—2F 75+ myg hpl’.

From the relative positions of the masses it is clear that in
position 1, the upper test mass is more or less completely The second equation needs some explanation. The last
shielded geometrically from the Earth’s figleixcept for the  term comes from the shielding of the upper test mass by the
opening of the bore, but this correction is shély thetwo  lower attracting mass. Since the shielding is geometrically
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partial an effective value for the gravitational attraction ofa conservative value for the difference@wvalues to be 100
the Earth needs to be used and the spatial extent of the ippm. This residualAw,.s amounts to about 80 ng in the
tervening matter is different from the value denoted b&n mercury experiment. The absorption length varies from 50 to
estimate of the effective gravity could be made from the70 cm, and it is larger than 50 cm for most of the volume of
geometrical factors, and the volume which is geometricallythe cylindrical masses. We takeconservatively at 50 cm.
shielded is 18% of the total volume of Earth. This has to béWe now estimate the admissible valuehofrom

corrected for the increased density at the central regions to

get an effective value for gravity. But the general conclusion AW,e=3Mhl(prg— pwar)-

is that the last term contributes only about 10% of the total

contribution from shielding when we take the measured . . _ v
gravitational signahw;—Aw,, and therefore we neglect it m'zl'/h|s gives  N<AWred3MI(prig—pwa) =4.3<10
in this estimate. Since;=m,=m, the measured difference cm/g.

. . These estimates represent the best limits on the Majorana
signal is

shielding factor from a laboratory experiment. They not only
Sy=Aw; — Aw,=3mghpl — 4F ,— 2F 155+ 2F 1 75. rule out the Majorana hypothesis of shielding with a sensi-
tivity approaching a factor 100 compared to Majorana’s
The guantity on the left-hand side is measured with gpositive results, but also provide a new constraint which is a
statistical accuracy of 10 ng and a systematic uncertainty dfactor of about 5 better than the best direct laboratory experi-
160 ng (200 ppm of the gravitational signal from mercury ment done so far.
filled tankg. The last three terms on the right-hand side can The Zuich experiment can provide a factor of 5 to 10
be estimated to an accuracy decided by the accuracy withetter limits on the Majorana shielding factor in the future, as
which the gravitational constant is known. Since the experithe systematic error is studied and eliminated and as the
ment was designed to measure the gravitational constant waeasurements are improved. Also, it may be possible to ar-
cannot use the best value Gffor this estimate. Instead we range the positions of the attracting masses to get a direct
rely on the important fact that the values®@fmeasured with  estimate of shielding without making a comparison between
water and mercury as the source masses are identical withimeasurements with water filled and mercury filled tanks.
about 50 ppm. This means that any contribution of the first In summary, we have obtained a tight constraint on the
term in the gravitational signal in the experiment is limited to Majorana gravitational shielding factor from the analysis of
about 50 ppm (It may be argued that such a contribution the results from an experiment that is being conducted at the
could be at the level of the quoted systematic errors. WhiléPhysik-Institut, UniversitaZurich to measure the gravita-
this does not alter the constraint brvery much, we believe tional constant. This new constraint is about a factor of 100
that the agreement is better than the quoted systematic errdmver than the positive results obtained by Majorana in the
since the main contribution to the systematic error arised920s and a factor of about 5 better than the constraint ob-
from a nonlinearity of the balance and the quoted number isained by Braginsky in a more modern laboratory experi-
an upper limit) For estimating an upper limit oh, we take  ment.
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