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Introduction to ultracompact minihalos

What is an ultracompact minihalo?

@ Small-scale, large amplitude density perturbations in the
early Universe create ultracompact minihalos (UCMHSs)
Ricotti & Gould (2009), Berezinsky et al. (multiple earlier papers)

@ ‘Failed primordial black holes’
@ Very dense dark matter minihalos

@ Enhanced perturbations produced by e.g. inflaton potential
or phase transitions

@ Non-baryonic, diffuse MACHOs

@ Also excellent indirect detection targets
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Introduction to ultracompact minihalos

UCMH formation

@ Formed (or at least ‘seeded’) well before matter-radiation
equality

@ Full gravitational collapse before z = 1000

@ Requires § > O(1073)
(compare with normal inflationary perturbations § ~ 10~9)

@ — much more likely than PBH formation (6 = 0.3)
@ UCMH mass is set by horizon scale at time of transition
@ — specific UCMH mass = specific cosmological scale

@ — limit on abundance of specific mass halo = limit on
power on specific scale k -
(Recent limits from Josan & Green (2010), improved analysis here) vy
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Observational predictions & constraints

Gamma-ray fluxes from UCMHs
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Observational predictions & constraints

Limits on present-day UCMH abundance with Fermi

@ 1-year, 50 upper limits Mycmn (Mo)
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@ Based on public Fermi .
point source sensitivity

@ Proper statistical treatment
of observable limit
@ Rather conservative
assumptions:
- 100% bb
- <0’V> =3. 10_26 Cm3 S_1 1076
- m,=5TeV
- no DM minihalo
detected
R

@ Limits essentially identical T3
fore.g. pp~ with B=100 -
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Primordial power spectrum limits at small scales

Scale-free (power law) spectrum
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Primordial power spectrum limits at small scales

Spectrum with a step
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Primordial power spectrum limits at small scales

General spectrum and curvature perturbation limits
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Primordial power spectrum limits at small scales

Summary

@ Ultracompact minihalos are promising indirect detection
targets

@ Could be visible by Fermi/VERITAS/HESS/CTA

@ Assuming DM annihilates, non-observation places limits on
primordial perturbations at small scales

@ Derived limits are much tighter than existing ones from
primordial black holes

@ ... Dbut weakened slightly by careful treatment of mass
variance, radial profile and minimum density contrast
required for formation
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Backup Slides

UCMH density profiles

@ Initially single UCMH per horizon, minimal initial angular
momentum

@ —> UCMHSs form via radial infall
@ — Very steep radial density profile
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@ Truncated at self-annihilation radius rsa, and radius ram
where gas angular momentum violates radial infall approx.
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Backup Slides

UCMH relic density calculation

@ For some distribution of perturbations pdf(¢)
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@ For Gaussian perturbations,
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@ Improved af(’H using top hat window function
@ Explicit calculation of s TR
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Backup Slides

Best scale for limits on step spectrum
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