
EillWP.i~AN ORGANIZATION FOR NUCLEALi. RllSEARCH 

NOT TO BE CIRCULATED 
""""'"'''-''"'-'~~·~.,.,.,.~ ..... ~-""·~-'--·-··· ... ,.,, ___ ,~ 

SEARCH FOR FRACTIONI!J,LY CHARGED PAJl'.riCLES 
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(Proposal) 

by G, Charpak and C. Rubbia 

An experiment recently performed at the CERN PS has given 

negative evidence for particles of charge ~3 e and % e (quarks). A 

lower limit for their mass of about 2.5 GeV has been established and it 

is likely that more elaborate experiments along the same lines, will not 

improve this value to any appreciable extent. 

Since the hypothesis which has given rise to this search has 

very many attractive features, and since, up until now, nothing appears 

to prevent "quarks" from having masses much larger than the available 

energy of the CERN PS, it seems interesting to investigate the feasibility 

of alternative ways of looking for quark production by particles of much 

higher energy. Cosmic rays offer the only available source of particles 

in the 1,000 GeV region. 

The production of quarks by cosmic radiation has already given 

rise to some discussion at CERN and in particular two sources of informa­

tion have already been considered: 

a) The Millikan experiment givfls a limit to the maximum number 

of quarks accumulated during the lifetime of' the earth. 

experiment of' Millikan was performed on 
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,~) 
charge was observed , the quark's density in the oil 

90% confidence level, less than 2 x 10 8 quarks/cm3
• 

earth's crust, bombarded for 109 years, as the source 

should be, at a 

A'Jsuming· 1 km of 

of quarks that 

could have contaminated the oil, the experiment indicates a quark's pro-

d t · t f '·h b _,_ 5 1 o-· 3 1 - 2 _, uc lOU ra e o · less G an a ouv 1. x quarcs em sec ~ This 

figure does not exclude appreciable production rates of massive quarks 

by the high-energy tail of the cosmic radiation. The primary cosmic-ray 

flux of energies greater than, say, 300 ·.GeV is about 3 x 10-4 cm- 2 sec- 1 

too small to give a detectable result in the Millikan experiment, unless 

quarks were pro<luced in high-energy interactions with extraordinarily 

large mul tipli.c:Lties. Furthermore, it may be stressed that there is a 

considerable amount of uncertainty in evaluating the thickness of the 

earth's crust over which the quarks' mixing has o~cur:red over a period of 

billions of ,years, and the possibility of non-uniform concentration through-
':o;') 

out this volume ·~ This. estimate has to be considered as giving only 

·the order of magnitude of the expected effect. 

b) Anomalous specific ionization of oosmic-ray particles. As is 

well known, a relativistic particle of ch0rge Y3 e or 2f~ e should ionize, 

respectively, /'. and 'Y9 of' a relativistic parttcle of unitary charge. A 

large abundance of such particles should not have escaped detection. 

'') It may be amusing to report the following statement, found in the 
Physics Textbook of G-rimsehl (p. 47, Vol. 3) : "~ihrenhaft thought 
he had found small particles (sub CJlectrons) carrying charges smaller 
than the elementary charge. Thone results however appear to be 
incorrect, and to be explainable by the difficulty of determining 

.·the radius and speci:f'ic gravity of these small particles satisfactorily. 11 

'''~) The combination of quarks of oppoaito signs seems quito unlikely. 
In fact the negative ones would probably bind. to a nucleus, in a 
sort of. mesic a torn; the positivo ones could not approach the negative 

·ones at thermal velocities, due to tho repulsive force of the Coulomb 
· field of the nucleus .. 
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It appoc.crs that an accurate, search for non-ionizing particles 

amongst the secondarie.s of the very high-energy cosmic-ray jets (mainly 

in emulsions) could provide a sensitive test of' the validity of' the quark 

idea. We d.o not know tho conditions of' study of these ,jets to appreciate 

the limits so obtained, and it :is clearly worth while to re-examine the ,, ) 
existing data from a new viewpoint • 

We suggf:~st a simple experiment intended to 13earch for non-

ionizing cosmic-ray pccrticles. After testing at seLC level (CERN) we 

could bring the apparatus to high altitudes for the final data taking run. 

Scintillator counters are used to detect particles of fractional 

charge by their reduced ionizing power. A helium discharge chamber is 

used to give the necessary redundant .:1ignature~ The countine of the 

number of discharge columns will give thG confirmation that the detected 

particle is less ionizint; than the minimum. 

The work done with these chambers has shmm: 

That in hc:lium the number of disoh£crge colwnns is of the order 

of 2.5/cm and iD distributed according to a Gaussian law. A ~-0 em chamber 

will allow a clertr distinction between minimwn ionizing particles ( 100 

columns) and less ionizing particles~ ~Phe primary ionizn,tion in helium 

at atmospheric pressure ia 6/cm, as shown by clouc.l ch[-~mber experiments. 

Under those conditionsthe maximum number of colwnns expected from a charge 

jl, particle is 26 (a cains t 1 00) thus giving ,< good margin of safety. 

The chambers are usced. only to give additional evidenco, the quanti tive 

evidence coming from the counters. 

(Fig. 1). 

The experiment is planned. as follows 

Counters of 60 x 4.0 em ami 2. 5 em thick are used to mearJure the 

energy loss of tho particles. With two 5 inch tubes on each side we expect 

*) There are by now several hundred examples of jets of energies well 
above 103 GeV. 
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a full width at he!lf hoight, loss than _?o%, rro trigger our system, 1'1]'8 

acc-ept pn..rt:i.cleB with nn energy loBs bolovJ minimum by two standard deviations, 

i .. e. at 0,7 of the a.vorgt,o energyo We will thus triggc)r :Ln 5% of' tho 

cases fo:.1:- ec.ch couiTLer, ~l:ho coincidence between four o ounters biased 

in the ,;mno con.Clitions v:ill lower the rate to about 10" of the total oo:Jmic­

ray flux: (Lu, 1/hour), 

'l'ho pulses f'rom oach counter go to an oscilliscope and a picture 

is tnken giving the pul.se height in oach counter. Even with ·the resolution 

of' 30% aniJ for a particle of charge '/,, tho probabil:L ty that all four countenJ 

having been traversed. by a minimum ionizing pr.cPticle, giving 

is less than (2 x 

rise to 
4 

pulses 

compatible with 0,45 of tho average height, 1 o- 4
) -~ 10-15 , 

This shows tlv:tt the triggo:,:,:.!.nc of tho couaters, if it exists, will be due 

to t;rue physicu1 effects probably connected with the low~· energy y rays D,nd 

electron/3 p:!.~c~sen-(; in the cosmic-ray fl uxo 

]
102:"' th:i.s re[won a visuo.l system is necessary to give additional 

information about the cause of the tpiggoring, 'rho discharge chambers 

giving quantitative and independent information about thG ionization, 

seem to be suited to the ox:por:Lment. '.rwo extra thin~plate spark chambers 

of' gaps J.argo:c than urJual (3 ern) vvill sorYe the c.~dclitional purpose of' 

giving confirmation on the spc::~,tial position of the cosmic rayo 

0 :: 1 steccad. 

SurfncG "' 60 x !1-0 = 2~-00 cm2 , 

Primary cocmic~·ray flux at E " 103 GclV 1 o-s X om- 2 sterad"" sec- 1 

II 11 II 11 11 E ;;, 1 0~ GeV 2 X 10- 7 cm-··2 sterad- 1 sec- 1 

11 II " 11 II 1I: ;;, -~ o~) GeV (?) 5 X 10- 0 cm-2 sterad- 1 sec - 1 

Total n.oceptnnce X cosmic-rrJ.y flux: equals 

. 

2.4 X 103 
X 1 o- 5 

X 8 X i 04 -- 1.9 X ·) 03 day- 1 (Il ' 103 GeV) '· 
2o~- X 103 

X 2 X 1 o- 7 
X 8 X 104 - 38.5 day- 1 · (Il ?- 104 GeV) 

2. !-1- X 103 
X 5 X 1 o- 9 

X 8 X 104 = 1 day-' (Il ?. 105 GeV) • 
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Tho effect i.s rc.rlucod primarily by two factors' 

1 ) AttonuD.tion of' qu<lrks through the atmosphere. Quarks arc 

gonorally very onorgoi;ic particles (if' producorl in vuccy high-·onorry 

collisions) r1nd. j:C is 1ikoly thoy C<'"tn undorgo :=:h;v,_·;ral 'nuclunr 1 collisions 

bof'oro coming to runt., Ai:HJUming (r)o::>simistica11y!) tho samo attonuation 

moan f'roe path as proton::; in tho atmosphuro, one obtains at,tnnuntions of 

10 of' tho flux at ~.60 g/crn2 atmospheric dopth. 

2) ThCJ quarks aro travelling in th0 core of the jot and tho ioniza-

tion lost in tho scint:Lllators is masked. by tho accompanying ''ordinary" 

particles, This offoct is probably quito small f'or· quarks proclucod in 

tho uppor atrnosphoro. 

such an of'f'oct, 

Wo would like, to assumo a loss factor of' two for 

A run of 20 clays VIOulcl thun dotc,ct a quark's production ratu of 

about 

which is several ordors of magni tudo bot tor than tho test provio.od by tho 

Millikan 8Xporimcmt (- 10-3 soc-1 cm-2
). 
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