
What astronomers cannot tell:What astronomers cannot tell:
exotic DM, neutrinos or Modifiedexotic DM, neutrinos or Modified

gravity?gravity?

Clowe et al. (2006) NASA press release Angus, Zhao et al (0609125) ApJ Letter



Added value to modify GR?Added value to modify GR?
Effective DM+DEEffective DM+DE

LagrangianLagrangian DensityDensity
== LLknownknown mattermatter + L+ LVV

++LLcurvaturecurvature

Zlosnik’s vector field
~ Jacobson’s aether
~ Bekenstein’s TeVeS
~ Effective DM+DE bending space-time

~ LDM + LDE



Historical performance of DM:Historical performance of DM:
““stock chartstock chart”” 19331933--20072007

citation =236 for Zwicky 1933 hypothesis



MOND explains Bullet Cluster &MOND explains Bullet Cluster &
Dark EnergyDark Energy

�� MOND+neutrinoMOND+neutrino perverseperverse
CDM +CDM +EinsteinblunderEinsteinblunder??
�� Lambda ~ 10Lambda ~ 10--6060 HiggsHiggs

scale?scale?

�� What if LHC ProvesWhat if LHC Proves
Omega_SUSYOmega_SUSY ~~
Omega_neutrinoOmega_neutrino ~ 0.03?~ 0.03?

�� MOND explains DEMOND explains DE
(Zhao, ApJ submitted)

Angus, Shan,Angus, Shan, FamaeyFamaey, Zhao 0609125, Zhao 0609125



Proof of XXProof of XX ��ee--ee+ from moving+ from moving subhalosubhalo

� Older cooler condensation Younger hotter �

Bi & Zhao, astro-ph/0708.

HongShengHongSheng ZhaoZhao
(St. Andrews, UK)(St. Andrews, UK)

subhalo
@NOW



Spread NFW for charged eSpread NFW for charged e



AssumptionsAssumptions
�� SubhalosSubhalos are not stationary!are not stationary!

�� Clusters MergeClusters Merge
�� Magnetic field nonMagnetic field non--zero!zero!

�� Diffusion length ~ 10kpc (ConfineDiffusion length ~ 10kpc (Confine ee--ee++ locally)locally)

Condensation ofCondensation of ee--ee+ along trails of+ along trails of subhalosubhalo
�� SubhalosSubhalos annihilation far away from baryonsannihilation far away from baryons
�� ee--ee+ Spectrum position+ Spectrum position--dependent!dependent!



Confined PropagationConfined Propagation

Bi & Zhao astro-ph/0708.

Mapping DARK Trajectory of Bullet Cluster



Cooling (observable) by IC & SyncCooling (observable) by IC & Sync

�� Inverse Compton scattering of CMB photonsInverse Compton scattering of CMB photons
�� [[SZ effect]SZ effect]



Electron density solvedElectron density solved



Source FunctionSource Function



IncludingIncluding subhalossubhalos
in each smooth clusterin each smooth cluster



Feasibility of nonFeasibility of non--thermal SZ effectthermal SZ effect
((ColafrancescoColafrancesco et al.)et al.)



ee--ee++ in Colliding halos (+in Colliding halos (+ subhalossubhalos))



ee--Spectrum is positionSpectrum is position--dependent!dependent!



Easier to detect DM AnnihilationEasier to detect DM Annihilation
in a moving dark substructurein a moving dark substructure

�� injects a plasma of charged relativistic particlesinjects a plasma of charged relativistic particles
((ColafrancescoColafrancesco et al)et al)
�� which lag (due to Bwhich lag (due to B--field) behind neutral particles.field) behind neutral particles.

�� Synchrotron spectrum change along the cooling (=aging)Synchrotron spectrum change along the cooling (=aging)
tails.tails.

�� No confusion by astronomical sourcesNo confusion by astronomical sources
�� Less demanding for spatial resolutionLess demanding for spatial resolution



Targets for FutureTargets for Future
�� Synchrotron from MergingSynchrotron from Merging

Coma ClusterComa Cluster
�� nearer the betternearer the better
�� Tails easier to resolveTails easier to resolve

�� Nearby merging galaxiesNearby merging galaxies
�� ++SubhalosSubhalos in Milky Wayin Milky Way

�� SZ effects of highSZ effects of high--z clustersz clusters
�� DistanceDistance--insensitiveinsensitive
�� Very PromisingVery Promising



ObsObs. Status on Bullet Cluster. Status on Bullet Cluster



Relaxed angle resolution/sensitivityRelaxed angle resolution/sensitivity


