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SEARCHES FOR FRACTIONAL ELECTRIC CHARGE IN TERRESTRIAL MATERIALS 

P F  Smith 

( Rutherford Appleton L8boratory' UK) 

A brief review ls 01ven of the results Of seerches for free fr1Et1ona1 ch8rge tn terrestrial 

materials durlno the past 20 yeers, 8l1d the latest results from the RAL/IC/Oxford progr11111me 

of levitation searches are summarised. Techniques for relEhino very low cosmic rfl{ produced 

concentr11tlons llf'tl discussed. 
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I n  his original paper proposing the quark mcxlel Gell-Menn [ 1 )  recognlised that quarks could 

either be physicel particles bound within the proton or more probably simply mathematicel 

entitles or quasi-particles. He thus act-located experimental searches fer fractlonal ly-chaf'ged 

particles ·to reassure us of the non-existence of real quarks". Subsequently, quarks were ·seen· 

as fractionally-charged point-l ike particles within the nucleon by electron and neutrino 

S(;llttering experiments, but never produced singly in collisions. Nevertheless two possibil ities 

are st 111 open: 

( 1 )  fractional charge is a quasi-particle effect, with no independent el<istence in the free state 

( ana1C9'.JUS to soliton discontinuities in a molecular chain ,  which can also have local 

fractional charges while the total charge on the molecule remains 1integral [ 2-4) ). 

( 2) the charge unit for elementary particles really Is e/3, Bild even If quarks are fully confined 

other types of particle may exist with fractional charge at higher mass levels. 

Fig 1 summarises the results of secrches for free fractionol charge in terrestriel materiels 

over the period 1 965-86 ( th1s dllW,J'Bm Is from a review article In preparation and the full 11st 

of references to these results will not be given here). There are two cl1isses of experiment : (a) 

those based on detection of llllOlllalous particles in ion beams, and which are limited typically to 
llllOlllolous particle masses < 1 0

2 
- 1 0

5
GeV, end ( b) those based on levitation , which are 

mass- Independent. 

I n  assessing possible experiments it is important to note that the 'natural' upper limit in 

common materials such es water end rock from cosmic ray prOOuc:tion ( bosed on typical 

observed flux 11m1ts .. 1 0·11cm �s-1) would be In the region 1 - 1  o-+ quairk g"1 , whereas 

essentially all the mass- independent experiments have been limited to rather higher 

concentration levels > 1 0  quark g-1 , which would correspond to a posslt1le primordial or 

geochemically enriched concentration. By the eerly 1 980's, the results of these experiments 

posed two Important experimental questions: 

( 1 )  Could techniques be IEveloped to probe the possible 'natural' concentration levels oown to 

fn'/ 1 0-4 quark g-1 or below ? 

( 2) Was the positive fractional charge effect reported several times by the Stanford Group for 

levitated niobium samples [ 5) a genuine effect or the result of a systematic error ? 

A programme ( ML/IC/Oxford collaboration)has been in progress sioo:1 1 982 to investigate the 

second of these questions, Bild is also now contributing to the first. I t  is bosed on a levitation 

apparatus designed to reduce all systematic errors to < O. le and to achieve a high sample testing 

rate. Ferromcgnetic levitation Is used for all samples, non-magnetic materials beino first 

coated with a thin layer of Iron. Details of the apparatus end charge measurement procedure have 

been 11lre00y published, together with several sets of results [ 6-8] .  The important points ore 
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fig 1. summery of concentration levels achieved In free fractional charge searches 
In various materials. Searches bosed on ton beams are for a specific charge sign 
end ere restricted in mess range ( Indicated by the bar lengths) and In some cases 
involve en extr11:tion or enrichment procedure of uncertain efficientY. 1 he 
mess- inrependent searches labelled "enr " also utilise pre-enrichment, but with 
a high conftOO!lce level. 
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(a) thllt the zero shift arising from the 'patch effect' on the Held platE!S Is reduced ( by choice of a 
I� plate sepntion) to a slow cr1ft of < 0. 1 e over periods of m1111Y months, so thllt it C81loot 
simulate a fractiOl181 chllrge ch8nge, lll1d ( b) thllt systematic errors arising from physlcel or 
magnetic irregularities In the samples ( usually 0.3mm diameter sp�eres) ere eliminated by 
using a configuration with magnetic, electrlc, 8llcf ba11 spin 8Xes pera11el. A further con� 
of the latter is that oon-spherlcel (and even irrllfJUlllr) S81llples cen be tested, Including short 
plated lengths of wire lll1d diced meteorite S8111ples. Each test runs overnight under computer 
control, lll1d 1111 11Verage of 1 5  tests/month h8s been maintained over a period of 2 years. The 
fo11owlng numbers lll1d types Of S8111ple hllVe been tested (a11 consistent with zero residual 
ch8rge): 
I. P lated niobium be11s. 84 tests on 65 samples. 

2. Plated niobium be11s with portion of niobium surface exposed to liquid helium. 2 1  tested. 
3. Steel b811s. 1 00 tested, 20 exposed to 11quld He, 60 exposed Inside SPS UA2 v..:uum ch8mber. 
4. Plated tungsten carbide balls. 1 4  tested. 
5. T ungsten-coeted steel ba11s. 1 3  tested. 
6. P l11ted cylinders of tungsten wire. 8 tested. 
7. Diced Iron meteorite S81llples. Hoba, 20 tested. Forsythe, 20 testool. 
8. P lated diced Murchison (stony) meteorite samples. I O  tested. 

Since St81lford reported 1 4  fractiOlltll charges in 40 tests on 1 3  samples, the results of set I 
8boVe ere clearly In statlstlcel disagreement with their results. Test sets 2 and 4-6 were 
desl!Jled to investigate the possibility that this difference resulted from 8 different S8111ple 
history, for ex81llple exposure to low temperature or contact with tungsten during he8t 
trel!tmenl S8mp Jes hllVe also been sent to Stanford for comparative tE1Sts and, after a long period 
In which their low temperature lljlperatus h8S been out of commission , we understlllld thllt they 
may be in 8 position to restart tests In the near future [9]. We beliENe that our results SUfJJe8l 
thllt the possibility of the original St1111ford observations being confirmed must now be regarded 
DS unlikely, lllld, with the number of different materials now tested all the I 0- 1 02 quark g-1 
level, the ch8nces of 8l1Y free fractional charge being found at this concentration also lljlpellr 
remote. If interest in free fractional charge can be maintained, therefore, it remains to 
investigate the possibility of much lower concentration levels in natural materials. Since 
levitation techniques are only capable of 11 testing rate of order 1 0-4 g di:ri1 sever11l alternative 
approoches have been studied: 
( 1 )  The development of a 'rotor electrometer' [ 1 OJ in which about 1 O mg material is contained 

in 8 suspended Faraday cup cepacitatively coupled to a rotating array of pick-up electrodes, 
giving 11n ac sigool proportionol to the chorge. Noise levels have been reduced to the e/3 
chllrge level , but the problem Of Jorge systematic charge fluctuations makes It unlikely that 
this techniQUe will be pursued further. 
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( 2) The use of 8 high speed stre81Tl of uniform 1 1quld droplets reflected by an electric field, 

81lowino in principle several grllllls of material to be tested per d6y I 1 1  l. Two experiments 

bllS8d on this iOOll have been under development. One of these [ 1 2) was found to be limited by 

systematic errors end WllS unllble to improve on the sensitivity of levitation experiments. 

The other [ 1 3) Is stm under development. 

( 3) The use of enrichment by evaporation in conjunction with levitation. For example if seo 
water is repeatedly allowed to evaporate on the surfllC8 of a steel bal l ,  any fractionally 

charged ions would remoin in the resulting salt COBting, lll1d we hove found that such 

salt-COBted balls can be tested without difficulty ( tilspite their Irregular non-conducting 

surfllC8). Because seo water contains 3Z Impurities, the direct gain by this procedure Is 

limited to a factor 30 and we have al� achieved this [ 1 4] . However if a large 

proportion ( >99Z) of the integer charge impurities is first removed by ion exchange [ 1 5] 

then many orders of m11gnltuoo gain In concentr8tlon could be 8chleved In this Wfli, with 

hloh confidence of retainlno any fr8Citonal charge, so th8t very low concentrations in seo 
water could be Investigated for the first time. 

h:knowleOOm!ents 

The work reported 1n th1s Jl8Pef h8s been carried out in collaboration with 6 J Homer, J D 

Lewin, H E  W8lford (RAL), W 6Jones ( Imperial College LonOOll) ,  and L Lyons ( Oxford). 
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