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OutlineOutline

• Inclusive γ spectrum from P- Pbar annihilation
– Redshifted (z<20) annihilation spectrum is within GLAST

energy range
• What spatial distributions of anti-matter might exist?

– Experimentally
• No anti-planets in solar system (no solar wind glow, landers survived)
• Low fraction of  anti-stars in our galaxy (cosmics rays mostly matter)
• Other galaxies in our cluster are the same as us (intergalactic medium

doesn’t glow)
• Any other clusters are either all matter or all anti-matter (intergalactic

medium doesn’t glow)
– Maybe

• Equal numbers of matter galactic clusters and anti-matter gal clusters
• GLAST might see the intercluster medium glowing or set a limit there

on the (anti-matter density  x  matter density)
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Antiplanets?

Plus, don’t forget that we’ve sent matter probes to
several planets – didn’t immediately vaporize …
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Note: 
EGRET detected NO nearby galaxies (Eγ>100MeV),
except LMC.  Both LMC and our galaxy flux consistent
with cosmic secondary production.

Anti-stars? 
Could still be around today if annihilation Eddington-limited.
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Direct Detection of AntimatterDirect Detection of Antimatter

       – Anti- cosmic rays! Sufficiently energetic cosmic rays probably
      come to us from  large region of galaxy => large volume sample.

       When you look,  you actually see lots of antimatter: positrons
       and antiprotons. More or less consistent with being secondaries
       from cosmic ray-ISM interactions. “Subtracting out” secondaries
       very messy business…

       Can we get a cleaner signal? Look for Z<-1 cosmic rays!
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Direct Detection II.
Why? Interaction between energetic C.R. and ISM nucleus like
RHIC – make quark “soup/fireball.” Rough estimate for relative
branching ratio between production of antiprotons and nuclei with
mass M from Hagedorn (1973) theory:

Small, even for Z=-2!  Estimates agree reasonably with actual
measurements in this case.

If you see anti-nucleus, it’s not a cosmic ray secondary!
Case Z<-2 particularly exciting. Helium (and presumably anti-helium)
can be made in Big Bang, but only way to get heavier elements
is via nucleosynthesis in stars.  So Z<-2 => anti-stars! 

Cosmic rays leak out of galaxies (with highly unknown fraction) and
intermediate energy ones can make it to us, so sufficiently sensitive
detector (AMS?) could actually probe quite large volume of space.



Dark Matter and Exotic Workshop 7/12/2005

Patches of galaxy with equal amounts of  matter and
antimatter at typical Galactic densities?
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Faraday RotationFaraday Rotation

• View polarized light (eg: non-thermal synchrotron sources)

• Line of sight passes through a galaxy or cluster

• Rotation of polarization

• Rotation is seen along lines of sight that pass through
galaxies and clusters.

• Therefore:
– Amount of Matter   .NE.   Amount of Anti-matter

(along these lines of sight)
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Where Could Anti-Matter Still Be?Where Could Anti-Matter Still Be?

• A cluster of galaxies could be entirely matter or entirely anti-
matter.

• Some gas from each cluster would extend into the voids
between clusters.

• GLAST can look for annihilation of gas in the voids that has
leaked from different sex clusters.

• GLAST can see …. or set a limit on the

(matter density)*(antimatter density)  in the voids



Dark Matter and Exotic Workshop 7/12/2005

P-P-PbarPbar Atoms Branching Ratios Atoms Branching Ratios
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Inclusive Inclusive γγ Spectrum from P- Spectrum from P-PbarPbar Atoms Atoms
Phys Phys LettLett B,  B, 18182, 405-408 (1986)  2, 405-408 (1986)  BackenstossBackenstoss, , etaletal..

CERN LEAR stopping CERN LEAR stopping PbarPbar beam in liquid hydrogen. BGO  beam in liquid hydrogen. BGO γγ detector detector

_  M!0
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Searching for Exp Decaying Searching for Exp Decaying γγ Spectrum on a Spectrum on a
Power Law BackgroundPower Law Background

Relative heights of Relative heights of BkgndBkgnd and Annihilation Spectrum are random - not yet calculated. and Annihilation Spectrum are random - not yet calculated.
RedRed=Digitized annihilation measurements      =Digitized annihilation measurements      BlueBlue=const*exp(-E/120)      Black=const*E^-2=const*exp(-E/120)      Black=const*E^-2

DonDon’’t forget to move the red curve to the left by the factor Z+1t forget to move the red curve to the left by the factor Z+1
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[cm3/sec]
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Annihilation Flux Seen at EarthAnnihilation Flux Seen at Earth
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Can you Separate Baryons from Anti Can you Separate Baryons from Anti ––BaryonsBaryons
 in standard large scale structure formation scenarios? in standard large scale structure formation scenarios?

 Cohen, de  Cohen, de RujulaRujula, & , & GlashowGlashow

  NO!NO!
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Theory StuffTheory Stuff

• Can baryons and anti-baryons be separated into massive
different sex regions (eg: future clusters) at the time of
baryogenisis?
– NO.  Such a statistical fluctuation very unlikely

• Any small (<15 Mpc) (l > 1400 in CMBR plot) density
fluctuations get wiped out by Silk damping before
recombination (at z=1000).

• So… must hypothesize a new force that pushes baryons and
anti-baryons apart into volumes of space that are now >15 Mpc.
The matter (or antimatter) in each of these large volumes then
collapses to form a single sex galactic cluster.
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Put in by hand an equal number of matter and
antimatter domains.

Cohen, de Rujula, & Glashow 1998

The points are extragalactic diffuse gamma-ray background measurements.  The
curves are a calculation of the annihilation between matter and antimatter in the
redshift interval 20<z<1000.  The upper cureve is for a domain size d=20 Mpc
and the lower curve is for a domain size d=1 Gpc.
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SummarySummary

• Theorist conclusion (Paolo):
–  Antimatter gone before nucleosynthesis epoch => null searches

(but you never know…)

• Experimenter conclusion (Gary):
– Look for annihilation photons coming from the voids
– See it… or set a density2 limit
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Silk Damping

No structure (with Void_Size_today < 15 Mpc) at
recombination
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 Diffuse Gamma-Rays = Upper Limit for Annihilation

Ormes 2002, GLAST presentation


