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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 soll strangelet search
Strangelets beyond the GZK-cutoff ?
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E/A (MeV)

B = (145MeV)* vs. (165MeV)*
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Strangelets have low Z/A

a Helselberg PRD 48 (1993) 1418 [Ordinary strangelets]
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" H Periodic Table of Strangelets
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Detecting strangelets at
1-1000 GV

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

AMS-02



AMS: A TeV Magnetic Spectrometer in Space
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Alpha Magnetic Spectrometer
AMS-02

T
\\ :,’

TOF \Y TRD

“Veto ]

HeVesse'

International Space Station
2008 - 2011 (or longer)

PURPOSE

eCosmic rays
sAntimatter (anti-He)
eDark matter
«Strangelets
eSuperconducting
magnet technology



The AMS superconducting magnet coils are fully
assembled: , Age

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



Alpha Magnetic Spectrometer

First flight, STS-91, 2 June 1998 (10 days)
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AMS-01 Anomalous Cosmic Rays

Evenis

Kirre Comasces | Entries 204365
Maan 0.66ER
Sigma 0,10z
Choutko (MIT)
-0.2 0 0.2 0.4 0.6 0.8 1
Z/A

One Candidate with Z=2, Z/A=0.114
Color Locked Strangelet (Z=2, Z/A=0.116)
(see J. Madsen PRL 87, 172003 (2001) Found

or
2016
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Strangelets from strange star
binary collisions

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

 Release of 10° solar masses per collision

e 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 ICFLI
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Detecting strangelets at
100 MeV

Find low Z/A "nuclel” in lunar dust with
high precision accelerator mass
spectrometer

=>

Lunar Soll Strangelet Search



The Moon as a strangelet detector
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First run March 2005
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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 2)

2. Avoids the GZK cut-off from interaction

with 2.7K cosmic microwave background
(HIGH A)



Eliminating the GZK-cutoff

a) Photo-pion production cut-off at 7, *m,/E,;
Ephoto-pion ~ 7/7z Amp ~ 1020 eVA

b) Photo-disintegration at 7as *10MeV/E,
Ephoto-dis ~ 7/dis Amp ~ 1019 eVA

c) Photo-pair-production above ., =2m/E,
Ephoto-pair ~Y pairAmp ~ 1018 eVA

—dE/dt oc Z°A ' small for low Z / A



Conclusions

Strangelets have low Z/A
CFL and non-CFL strangelets differ wrt. Z

Experimental verification/falsification of

— Strangelet existence
e Realistic from AMS-02 [2008-7?]
* Possible from lunar soil search [2005]

— (A,2)-relation (CFL or ordinary)

o Optimistic, but not impossible from AMS-02 or
lunar soil search

Possible explanation of UHECR’s
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