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Table 2 - Cosmic ray searches for single guarks {from L.W.Jjones, ref. 4}

Quark flux 1imits {90% C.L.}

¢ X 10'10{cmzsr Set:)-l

Data Collection
time {hr)

Admittance

Elevation abave
sea level (m)

Detectors

Reference

Group

sr)

(ol

+4/3e

/3e

+

2

1/3e

2000
160

720
237

0.0011
0.033

7 scint.

Sunyar, 1964

Arizona Bowen, 1964

BNL
CERM

2750

5 tiquid scint.

5C0
180

0.0054
0.024
0.065

Massam, 1965

2750 1100 87
2500

6 liquid scint.

Arizona Delise, 1965
Yale-BNL Kasha, 1986

26

3 plastic scint.

21

900
850

3 liquid scint.

14

0.11 15

6 plastic scint.

Buhler-Broh-
1lin, 1956

Lamb, 1966

CERN

2 spk. chamber

16

4.5

1750

0.40

4 Viguid scint.

2 gas counters
2 plastic scint.

Argonne

3.4

1.7

3300

0.15

5

& plastic scint.
2 spk.chamber

Cal.Tech Gomez, 1987

1.7

4.5

2605

0.11

S

6 plastic scint.
2 spk.chamber

Buhler-Broh-
1in, 1967a

Yale-BNL Kasha, 1967

CERN

1
uy

2e

2000

0.060
1.0

7 scint.

1.2

1100

)

8 layer hodoscope

each of 6 scint.

Yale-BNL Kasha, 1968a

1.3

1000

1.0

Yale-BNL Kasha, 1968b

3.1

800

0.52

5 plastic scint,

Hanayama , 1968

Osaka

16 spk. chamber

12 scint.

.5

7

0.5

3500

0.20

Fukushima,1969

Tokyo

1 streamer chamber

1.6

750 0.95 1160 0.98

6 scint.

Krider,1970

Arizona

4 spk.chambers

1 shower detector
1 range chamber

1.9

1580

0.428

& gas counter

Faissner, 1970

Aachen

layers
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- continued

Table 2

2080
5500

0.38

6 scint,

Chin,1971

Osaka

2770

16 spk.chamber
& Tiguid scint,

Cox, 1972

Arizona

0.96

0.83

1500

0.63

Z wide gap spk.cham. 2750

6 liquid scint.

Beauchamp, 1972

Arizona

4.1

1500

0.63

2 wide gap spk.cham. 2750

5 Tiquid scint.

2.2

1159

0.51

Crouch,1972

Case

2 flash tube trays
6 Tayer hodoscope

3.0

556

0.65

Kifune,1974

Tokyo

w

each of 4 scint,

1.4
1.4

1840
1600

1.0
0.51

220 000

1 scint.

Barton, 1966

London

6 liguid scint. 6 000

Barton, 1967

London
CERN

1600

12

0.11

6 plastic scint. 750

Buhier-Broh-
1in, 1967 b

2 spk. chamber

0.89 ¢

0.66 ©

0.52

Garmire,1968 2 plastic scint.  ~300 ©

.T.

M.1

1 Tiquid scint.
2 prop. counters

1.8
110 &)

1.8

0.010 4170

6300

Briatore, 1968 & scint.

Torino-
CERN

770

Details of the experimental references

a) Net 90% C.L.,uncertain by + 180,

4
Experiments done at surface level are indicated by §

can be found in Ref.

b} One meter concrete

c) 95% Confidence level.



Table 4 -

Time delay experiments (from L.W.Jones, ref. 4)

Group Reference Detector Location Showers Candidates upper Timit? quark flux ¢
studied X 10_10(cm2 sr sec)”
Copenhagen Bjorneboe, 1.6 ton liquid Sea level Background of l—3d
1968 scintillator  plus o -2 accidential
3.6x10%g cm
Echo Lake Jones,1967  Ionization 715 g a?  3xic” 0.23
calorimeter 0.90°
Calgary White,1970 Scintiilator  Sea level plus 4
counters 274 g cn € Ph
Tata Tonwar,1972  Tonization 200 g e 1.ax10® 10-20 ©
calorimeter
Tata Tonwar,1976  Cloud 800 g cm2 1 P
chamber
Torino Dardo, 1972 Scintillator Sea ]evel pius 300 b
counters 7x10° g cm
Torino Briatore,1975 Counters and Sea jevel plus d
719 12.5
spark 7x10° g on?
chambers
a) 90% confidence level
b) positive result reported (see text)
c) one event observed, not claimed as evidence for quark
d) delayed events detected compatible with background
Table 3 : Quark searches in air showers (from L.W.Jones, ref. 4},
Group References Detector and area Absorber  Shower Shower Number Number Upper 1imita -10
energy density triggers of tracks guagk flux Qx10
(particles studied (em“sr sec)”
-2 1/3a  2/3e  other
Sydney Cairns,1969; 3 cloud chagbers, 15 cm Pb ~axi0%ev  100-5x10% 5500 55000 5.5°
gach 120 cm c
McCusker,196% 1 cloud chamber unshielded 212000 2.4
120 ané
Onic Chu,1970 1 m diam.bubble 1200¢em™2 1000c° 1000°
chamber Fe and Cu
Edinburgh  Evans, 1971 High pressure, >IO5GeV 1200 12000 40b
cloud Ehamber
140 cm
Michigan Hazen, 1971 Cloud Ehamber 10 cm concrete
0.15m 1.25 cm Al piate
in chamber  >10%GeV 3200 ~100000 1
2 . '
Aachen 8ohm, 1972 1 m~ proportional 5_
counters 15 ¢m Pb 107-10"GeV <600 523724 107500 1 1
Durham Ashton,1973a  Neon flash tube- 15 cm Pb >250 1217 0.43
Ashton,1973b  hododcope array > 80 4515 0.55
Ashton,1975 > 20 12057 0.80
Livermere Clark, 1974 11 cloud chambers, half under ZlOGGeV < 86 20000 1000000 0.8 0.2 7(1/4e)
each 44 cm diam. 10 cn Fb <5000 (200000 1000(1/6e)
p chamber 100(4/9e)
photo-
graphs)
2 -2
Leeds Hazer. 1975 Cloud chanber 3”209 cn "5x10%eV <500 5000 0.12
250 g cm 2250

a) 90% confidence level;

b) 95% confidence level upper Timit;
4% 10000 bubble chamber photoaraphs studied with no a oricri reau

¢) Quark candidates reporte

d (see text) ) .
irement of coincident cosmic rav.
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