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Figure 1. Upper limits (at 95 per cent CL) on the amplitude of primor-
dial curvature for a generalized power spectrum, calculated from limits on
UCMH abundance by both Fermi-LAT and pulsar timing data, for a range
of detection thresholds, S, and redshift of latest UCMH collapse, zc. Fermi
limits assume a dark matter particle of mχ = 1 TeV, annihilating into bb̄

pairs with a cross-section of 〈σv〉 = 3 × 10−26 cm3 s−1.

The paper ‘Investigating dark matter substructure with pulsar tim-
ing – II. Improved limits on small-scale cosmology’ was published
in MNRAS, 456, 1402 (Paper II, Clark, Lewis & Scott 2016b). Due
to an error in the interpretation of the timing noise in Paper I (Clark,
Lewis & Scott 2016a), the limits on UCMH abundance used in
Paper II were incorrect.

We have recomputed the derived constraints on primordial power,
non-Gaussianity, and cosmic string tension calculated in Clark et al.
(2016b), assuming projected limits on the UCMH number density
from single pulsar observations. While the individual-halo limits
do not cover as wide a range of scales as the previous statistical
limits, they are nearly as strong at large wavenumbers, and so are
able to provide comparable limits on generalized primordial spectra
(Fig. 1, log10 PR � −6.5), scale-free primordial spectra (Fig. 2,
ns ≤ 1.28), stepped primordial spectra (Fig. 3, pmax ≤ 19.4), and
non-Gaussianity (Fig. 4). This is the case even adopting pessimistic
values for the redshift of latest UCMH collapse (zc = 1000) and the
detection threshold (S = 10 ns). The limits on cosmic string tension
(Fig. 5) are however reduced by more than an order of magnitude,
with an overall constraint of Gμ ≤ 5.14 × 10−5(4.07 × 10−4) for
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Figure 2. Upper limits on the spectral index, ns, for a scale-free primordial
power spectrum, considering only constraints on σ 2

χ,H at wavenumbers
smaller than k. These constraints are derived from 95 per cent CL upper
limits on UCMH number density from both pulsar timing and gamma-ray
searches, for two redshifts of latest collapse, zc. Gamma-ray search limits
assume the same dark matter model as those in Fig. 1.

Figure 3. Upper limits on the step size for a stepped primordial spectrum of
primordial fluctuations, as a function of step position. Limits correspond to
an assumed spectral index of ns = 0.968, as well as 1σ deviations allowed
by observations from Planck (Planck Collaboration XX 2016). We show
limits from both pulsar timing and gamma-ray searches, for redshifts of
latest collapse zc = 1000 and zc = 200.
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Figure 4. Bounds on non-Gaussianity expressed as dimensionless skewness, M3, as a function of relative Gaussian power, PR(k)/PR(k)∗, given at scales
at the extrema of the limits on Gaussian power from pulsar timing in Fig. 1. Dark shaded regions refer to those excluded at 95 per cent CL by either gamma-ray
searches (grey) or pulsar timing (blue). Light shaded regions correspond to those that would be ruled out had the error due to the truncation of the series in
equations 14 and 15 of Clark et al. (2016b, see also Shandera et al. 2013) not been accounted for. Reference power P∗

R for a range of detection thresholds, S,
and redshifts of latest allowable UCMH collapse, zc, may be found in Table 1.

Figure 5. Upper limits on cosmic string tension Gμ as a function of loop
radius, for a range of different velocity suppression factors K. We display
limits derived from those on UCMH number density from both pulsar timing
and gamma-ray searches. Limits from gamma-ray searches again assume
dark matter mass mχ = 1 TeV, and 100 per cent annihilation into bb̄ pairs
with cross-section 〈σv〉 = 3 × 10−26 cm3 s−1.

Table 1. The reference power, log10 P∗
R, used for each limit on non-

Gaussianity from pulsar timing and gamma-ray searches (Fig. 4), for a
range of detection thresholds, S, and redshifts of latest collapse, zc.

k (Mpc−1) zc S (ns) log10 P∗
R log10 P∗

R
Pulsar timing Gamma rays

3.06 × 105 200 1 −8.37 −8.42
3.06 × 105 1000 1 −6.66 −6.77
1.08 × 105 200 10 −8.13 −8.37
1.08 × 105 1000 10 −6.43 −6.71

K < 1000(100), S = 10 ns, and Gμ ≤ 1.69 × 10−5(1.78 × 10−4)
for K = 1000(100), S = 1 ns.
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