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Figure 6: Antiproton-to-proton ratio (top) and proton flux (bottom) of the fit without (left) and with dark matter

(right) within setup 2. The solid red and blue curves denote the best-fit spectra at the top of the atmosphere

with and without correlations in the AMS-02 errors, respectively. The dashed curves denote the corresponding

interstellar fluxes. We display the cosmic-ray measurements of AMS-02 (proton and antiproton-to-proton ratio)

and Voyager (proton). The cosmic-ray fit of the AMS-02 data is restricted to rigidities between the dotted black

lines. Residuals are shown only for the AMS-02 data points. Error bars denote the statistical and systematic

uncertainties (according to the diagonal entries of the total experimental covariance matrix).

occurs. This could possibly stem from a mild underestimation of systematic errors in the proton
and helium data of AMS-02. We wish to point out that the uno�cial AMS-02 helium analysis
performed in the Ph.D. thesis [94] indeed derived larger uncertainties compared to the published
data. Alternatively, it could indicate that we slightly overestimated the correlation length in the
proton and helium systematic errors. Even if this is the case, it would not a↵ect our conclusions
on the dark-matter excess as we have explicitly verified.15

15
Technically, we checked that the significance of the dark-matter excess is only marginally a↵ected when we

set the correlation length of the e↵ective acceptance error to a smaller value of `e↵. acc. ⇠ 0.1. Note that we

chose to alter the correlations of the e↵ective acceptance error as other systematic error sources do not support

correlations on short rigidity scales.
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Dark matter or correlated errors: 
Systematics of the AMS-02 antiproton excess

Jan Heisig
based on 2005.04237 in collaboration with M. Korsmeier, M.Winkler

We revisit the AMS-02 antiproton excess considering systematic errors that 
could 'fake' the signal. Unaccounted error correlations have a large effect on the 
significance of the signal.
    The dominant correlated errors come from cross sections for cosmic-ray 
absorption in the detector. We compute them in a global fit of nuclear scattering 
data, untilizing the Glauber-Gribov theory. Their inclusion questions the robustness 
of the excess but reveals a strong sensitivity to the diffusion model at low rigidities. 6
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FIG. 1. Absorption cross section for p̄C (left panel) and pC (right panel) as a function of the projectile momentum plab.
The solid dark green curve and green shaded band denote our best-fit cross section and its 1� uncertainty. The data points
(containing 1� error bars) of di↵erent experiments are denoted by individual symbols except for the star which represents a
collection of 15 experiments each of which, however, only provides one data point. Note that the 10% normalization error of
each experiment is not included in the error bars. For comparison we also show the cross sections used in the AMS-02 analyses
stemming from an implementation in Geant 4.

we first split the systematic errors into individual con-
tributions (as described below). Then, in Sec. III B, we
derive the correlations for each sub-error and build up
the full AMS-02 covariance matrices. Our cosmic-ray fits
will also require the AMS-02 covariance matrices for the
proton and helium fluxes as well as the B/C ratio as an
input. Their calculation (which proceeds analogous to
the antiproton case) is described in Appendix B.

A. Systematic errors

In the following, we will denote relative systematic er-
rors in the antiproton flux by �p̄ and in the p̄/p ratio by
�p̄/p.

Unfolding error: Detector resolution e↵ects cause the
migration of events into neighboring rigidity bins. This
must be corrected for through the unfolding procedure.
The choice of the migration matrices (characterizing the
migration probabilities) is associated with a systematic
error. This unfolding error is �p̄

unf = 1% at R < 200 GV
and 1.5% at R = 450GV for the antiproton flux. The er-
ror partially cancels in the p̄/p ratio for which it becomes

�p̄/p
unf = 1% at R = 1 GV and 0.5% at R > 2 GV [5].

Between the stated rigidity intervals we interpolate log-
arithmically.

Cross-section error: The (rigidity-dependent) AMS-
02 acceptance is sensitive to the fraction of cosmic rays
which are absorbed in the detector. The survival prob-
ability PN of the incoming particle N (N = p̄, p) with

momentum p is estimated as

PN = exp

 
�
X

A

nA(p)�
NA
abs (p)

!
, (22)

where nA(p) accounts for the amount of detector mate-
rial with mass number A which has to be traversed by the
incoming cosmic ray, while �NA

abs is the corresponding ab-
sorption cross section. We note that the material thick-
ness acquires an e↵ective momentum-dependence due to
cuts on track length performed in the AMS-02 analy-
sis. For simplicity, we will neglect subdominant material
admixtures and assume that the AMS-02 detector is en-
tirely comprised of carbon, as the corresponding cross
section error correlations are expected to be very similar.

We can extract the cross-section error �p̄/p
xs in the p̄/p

data by (quadratically) subtracting the unfolding error
(as derived above) from the acceptance error as given

in [77]. Notice that �p̄/p
xs is the quadratic sum of the

proton and antiproton contribution to the cross-section
uncertainties, i.e.

�p̄/p
xs =

q
(�p

xs)2 + (�p̄
xs)2 . (23)

From Eq. (22), it, furthermore, follows that

�p̄
xs

�p
xs

=
��p̄C

abs

��pC
abs

, (24)

at linear order. Here, ��p̄C
abs and ��pC

abs denote the (abso-
lute) uncertainties in the antiproton and proton absorp-
tion cross sections on carbon, respectively, which we ex-
tract from [75]. By combining Eqs. (23) and (24), we then
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