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IceCube Neutrino Observatory

▶ Consists of many strings of
optical detectors embedded
in the antarctic ice to pick
up cherenkov light from
neutrino interactions.

▶ Events are differentiated
by energy and by topology
“track” and
“cascade/shower”), giving
flavor sensitivity.

▶ Consists of Gen1 (15 years)
and projected Gen2 (∼10x
expansion) data.

Track (left) and Cascade (right)
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Sensitivity at IceCube

▶ IceCube is generally sensitive to neutrino energies above
∼ 104 GeV.

▶ Event topology allows for flavor sensitivity.

Sources: IceCube HESE 7-year Data Release, IceCube-gen2 (arxiv:2008.04323)



Primordial Black Holes at IceCube

▶ Some fraction fPBH of dark matter may consist of
primordial black holes with some distribution dNm

dM .

▶ These black holes lose energy due to hawking radiation,
including neutrinos.

▶ Simple calculation shows black holes access T ∼ 104 GeV
at M ∼ 1

8πGT = 109g.

▶ Such black holes have a remaining lifetime of ∼100 s,
making this a study of black hole evaporation.
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Mass Distribution and Flux at IceCube

▶ We take the PBH population to have a log-normal mass
distribution.
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▶ We focus on constraints from the galactic population.
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Prior Constraints

▶ Prior constraints on PBH populations have been
established, most often for monochromatic distributions.

▶ These constraints are either formulated in terms of fPBH or
β′.

Sources: Liu, Ng (arxiv:2312.06108), Auffinger (arxiv:2206.02672)



Constraints in M vs. fPBH

▶ Constraints can be plotted for different values of σ.

▶ Prior constraints originally established for monochromatic
distributions can be translated to constraints on other
distributions.



β′ In Place of fPBH

▶ Authors may sometimes use the initial abundance β′

instead of fPBH.
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▶ β′ is the appropriate parameter in monochromatic analyses
where M < MEvap.
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Effects on Flavor Composition
▶ Projected flavor constraints from IceCube’s best fit

spectrum can be compared to projections from a PBH
population with a similar overall event rate.

▶ Note the shift in the best-fit point due to differing initial
flavor ratio at the source.

▶ MPBH = 1015g

▶ fPBH = 3× 10−9

▶ σ = 1



Effects of a Majoron
▶ With IceCube’s projected event rate, small deviations in

flavor composition are not distinguishable.

▶ Given a larger event rate from PBHs, constraints on new
physics can be established, e.g. a νe-coupled majoron.

▶ MPBH = 1015g

▶ fPBH = 3× 10−9

▶ σ = 1

▶ MMajoron = 100 TeV



Constraints in Flavor Coupling

▶ Model dependent constraints on the relative flavor
couplings of majorons to neutrinos can be established given
a PBH distribution that generates a large flux.

▶ MPBH = 1015g

▶ fPBH = 1× 10−4

▶ σ = 1



Conclusions

▶ IceCube can provide new constraints on primordial black
hole populations.

▶ These constraints can be extended to general constraints
on flavor composition, as well as model-dependent
constraints on relative flavor couplings between neutrinos
and new particles.



Questions


