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Strange Quark Matter

E. Witten, Phys. Rev. D30 (1984} 272A. De Rujula, S. L. Glashow, Nature 312 (1984} 734

* Aggregates of u, d, s quarks + electrons , n;=2/3 n,-1/3n,-1/3 n,
*Ground state of QCD; stable for ~300 < A < 1057 (neutron star)

Py~ 3.5 x 104 g cm®

o= Phuclei™ 10149 cm>
‘ A qualitative picture...
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Candidates for cold Dark Matter Searched for in CR reaching the Earth



Important feature: Z /A « 1

0.3A273

10

10 =

5
10 10 10 10

A

M. Kasuva et al. Phys.Rev.D47(1993)2153
H.Heiselberg, Phys. Rev.D48(1993)1418
J. Madsen Phys. Rev.Lett.87(2001)172003

Nuclearites, i.e. SQM “meteorites”: ~neutral, f~10-3
Main energy loss mechanism by atomic collisions

dE/dx= - 6 ppogun Vo [0~ 7 1016 cm® Ry < 14
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Strangelets : small lumps of SQM

- ~300 < A < 10¢ Produced in collisions of strange stars
R. Klingenberg J. Phys. G27 (2001) 475
-charged Accelerated as ordinary nuclei
L]
= ¢
s o

Strangelets as ultra-high
energy cosmic rays?

Madsen & Larsen, PRL 90 (2003}
121102

Expected flux (m-2y-lsr-t)

18 - ia
Baryon number
G. Wilk et al. hep-ph/ 0009164 (2000)
J. Madsen et al. Phys.Rev.D71 (2005) 014026 5

Did we already detect them?

Several “exotic" ( = unexplained) events from different CR experiments

[1] HECRO-81 (Japan): CR composition on balloon (9 gr/cm?2)
C + Scintillator counter +Proportional tubes
2 events with: Z~14 A~ 350and A ~ 450

[2] "Exotic Track” event : Balloon born emulsion chamber
Z~20and A ~ 460, 0,,..,,= 87.4° > 200 gr/cm?

[3] Price's “Monopole” re-analysis Z ~ 46 and A > 109 - 104

[1] T. Saito et al. Phys. Rev.Lett 65 (1990) 2094
[2] M. Ichimura et al., Nuovo Cim. A106 (1993) 843
[3] P. B. Price et al. Phys. Rev. D18 (1978) 1382



The " Price Event™: 5
Balloon flight - 10 m2 of passive detectors + emulsions and € films.
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Nuclear Track Detectors: CR39 and Makrofol

Fast Miclear Slow

b Frogusent The track-etch technique
CR39
e collinear etch-pits
Aluminium
Makrofol

200 A GeV stéor
B~ 102

Detector Calibration: ion beams @ CERN, BNL
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The search technique

Strong etching (large tracks,
easy to detect)

General scan of the surface

If a signal is found
in the first sheet.,

Soft etching

Scan in the predicted position
measurement of REL and
direction of incident particle.

Up to now, no double coincidences found
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Calibrations of NTDs

Reduced etch rate vs REL
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Preliminary results

Analysis of 170 m? <1>,,=3.5y

No candidate found:

Doqm < 3.9 x 10-%cm2 sr-1 st (90% CL)
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Underground Ohya: 100 hg/ecm?  MACRO : 3700 hg/cm?
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Strangelets

If Abundance in CR: ® o M7

Predicted Flux @ Chacaltaya :
7x 10 m2 htsrt for my> 3 x 10°

SLIM: tens of eventsin4y

Model already ruled out...

1-Mass and size decrease
A, at the top of the atmosphere
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Spectator-participant picture: only quarks in the geometrical intersection of

colliding nuclei

® mass reduced (at most) to A, A, until A= A_; (~300) = neutron evaporation -

decay into normal matter

¢  Maximum depth reached
before evaporation:
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Conclusions

*SLIM: still discovery potential for SQM

or

* Upper flux limits for unexplored masses

*Re jection/confirmation of strangelets propagation models and abundances

Analysis completed by mid 2006
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