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Strangelets in cosmic rays?

• What are strangelets ?
• Ways to detect a cosmic ray strangelet flux 
• A strangelet search with AMS-02 on the 

International Space Station
• A lunar soil strangelet search 
• Strangelets beyond the GZK-cutoff ?



”Ordinary” strangelets
• Witten; Farhi & Jaffe…

• Shell-model vs. liquid
drop model 
– Bulk E~A
– Surface tension E~A2/3

– Curvature E~A1/3

B=(145 MeV)4

mS=50, 100,… 300 MeV

Madsen, PRD 50 (1994) 3328
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B = (145MeV)4 vs. (165MeV)4



B = (145MeV)4 vs. (165MeV)4
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Color-Flavor Locking

Stable

MeV100=∆

STRANGELETSBULK

Madsen, PRL 87 (2001) 172003



Strangelets have low Z/A
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Heiselberg, PRD 48 (1993) 1418 [Ordinary strangelets]
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From: B. Monreal (nucl-ex/0506012)



Detecting strangelets at 
1-1000 GV

Find low Z/A cosmic rays with
high precision equipment in space

=> 

AMS-02
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Alpha Magnetic Spectrometer
AMS-02

PURPOSE

•Cosmic rays
•Antimatter (anti-He)
•Dark matter
•Strangelets
•Superconducting
magnet technology

International Space Station 
2008 - 2011 (or longer)



The AMS superconducting magnet coils are fully 
assembled:

Volume 35 cu. ft., Field 8,600 Gauss, Weight 2 tons







Choutko (MIT)



Strangelets from strange star 
binary collisions

• 1 binary ”neutron star” collision per 10,000 
years in our Galaxy

• Release of 10-6 solar masses per collision
• Basic assumptions: 

– SQM absolutely stable!
– All mass released as strangelets with mass A 

(fluxes for mass A give lower limit of flux if
mass spectrum of masses below A)



Strangelet propagation

• Acceleration in supernova shocks etc
– Source-flux powerlaw in rigidity

• Diffusion in galactic magnetic field
• Energy loss from ionization of interstellar 

medium and pion production
• Spallation from collision with nuclei
• Escape from galaxy
• Reacceleration from passing shocks



Cosmic strangelet flux
Z=8, A=138 [CFL]

Flux (per 
[year GV 
sqm sterad]) Source

Interstellar

Solar System

Madsen (2005) Phys.Rev. D 71, 014026

Rigidity (GV)



Total CFL-strangelet flux
Total flux
(per [year
sqm sterad])

Z

Interstellar

Solar System

No geomagnetic cutoff

Madsen (2005) Phys.Rev. D 71, 014026



Total CFL-strangelet flux
Total flux
(per [year
sqm sterad])

A

Interstellar

Solar System

Madsen (2005) Phys.Rev. D 71, 014026

No geomagnetic cutoff

Mass number



Detecting strangelets at 
100 MeV

Find low Z/A ”nuclei” in lunar dust with
high precision accelerator mass

spectrometer
=> 

Lunar Soil Strangelet Search



The Moon as a strangelet detector
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Yale

LSSS-collaboration:
Sandweiss, Majka, Finch, Ashenfelter,
Beausang, Casten, Chikanian, Han,
Heinz, Parker, Emmet, Baris  (Yale)
Fisher, Monreal (MIT)
Madsen  (Århus)



Background Ions in E-dE



First run March 2005



Cronin, Gaisser & 
Swordy (1997)



Strangelets could also explain
Ultra-High Energy Cosmic Rays

Madsen & Larsen, PRL 90 (2003) 121102

1. Avoids the acceleration problem of 
ordinary UHECR candidates           
(HIGH Z)

2. Avoids the GZK cut-off from interaction 
with 2.7K cosmic microwave background 
(HIGH A)



Eliminating the GZK-cutoff

AZAZdtdE /low for  small / 12 −∝−

a) Photo-pion production cut-off at

b) Photo-disintegration at 

c) Photo-pair-production above  

AAmE p eV1020
pion-photo ≈≈ πγ

KE 7.2dis /MeV10≈γ

KEm 7.2/ππγ ≈

Ke Em 7.2pair /2≈γ

AAmE p eV1019
disdis-photo ≈≈ γ

AAmE p eV1018
pairpair-photo ≈≈ γ



Conclusions

• Strangelets have low Z/A
• CFL and non-CFL strangelets differ wrt. Z
• Experimental verification/falsification of

– Strangelet existence
• Realistic from AMS-02  [2008-?]
• Possible from lunar soil search [2005]

– (A,Z)-relation (CFL or ordinary)
• Optimistic, but not impossible from AMS-02 or

lunar soil search

• Possible explanation of UHECR’s
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