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FIG. 3. A comparison of the bin-by-bin flux of astrophysical
neutrinos as derived by the IceCube collaboration in Ref. [5]
when the charm component floats to zero. The data comprises
of both up-going and down-going neutrinos. The prompt
neutrino component (⌫e + ⌫̄e = ⌫µ + ⌫̄µ) due to intrinsic
charm for various di↵erent cosmic ray input models are
shown by the dashed lines. The dot-dashed lines show
the uncertainty in this flux assuming that the ISR data at
high x is completely explained by intrinsic charm [67]. The
prompt neutrino flux as shown in this figure is only applicable
to neutrinos coming from the Northern Hemisphere (up-
going neutrinos). For neutrinos coming from the Southern
Hemisphere (down-going neutrinos), the muon veto decreases
the flux by a factor of ⇠ 2 [3]. The prompt neutrino flux due
to intrinsic charm cannot completely explain the high energy
events detected in IceCube. This shows that the IceCube is
sensitive to the prompt neutrino flux due to intrinsic charm.

The present limit on the prompt neutrino spectrum varies
from 1.52 to 3.69 times the ERS flux but it depends on
the prompt neutrino spectrum shape. More excitingly
we find that the IceCube limits are right on the verge of
the prompt neutrino spectrum predictions. This implies
that IceCube neutrino telescope can give us information
about the intrinsic charm content of the proton.

talk more about importance of detecting

intrinsic charm of the proton and what IceCube

can do

In Fig. 2 (left), we compare the prompt neutrino flux
with the measurement of the atmospheric ⌫e flux by
IceCube [70]. The conventional atmospheric ⌫e flux, as
calculated in Refs. [32, 33] including the modification
due to the presence of the cosmic ray knee, is shown
by the black dashed lines and is taken from Ref. [70].
The total atmospheric ⌫e flux including the ERS w/ G
flux is shown by the black solid line. The calculation

of the prompt ⌫e flux due to intrinsic charm for various
di↵erent input cosmic ray model is shown by the dashed
lines. The uncertainty in this flux for the H3A cosmic
ray input model is shown by the dot-dashed line. The
total atmospheric ⌫e flux including the prompt neutrino
spectrum due to intrinsic charm for the H3A cosmic ray
input model is shown by the blue solid line. Assuming
an astrophysical neutrino flux, the 68% C.L. upper
limit on the prompt neutrino flux is 3 ⇥ ERS w/ G
spectrum. A di↵erent prompt neutrino spectrum due to
intrinsic charm will result in a di↵erent limit. Between
10 TeV and 50 TeV, the conventional atmospheric ⌫e +
prompt neutrino with intrinsic charm is ⇠ 2 times that
of the conventional atmospheric ⌫e spectrum + prompt
neutrino with ERS w/ G. A more precise measurement
of the atmospheric ⌫e spectrum can give us strong
constraints on the intrinsic charm of the proton.
The prompt neutrino flux for ⌫µ + ⌫̄µ is shown in the

right panel of Fig. 2 [5]. Taking into consideration the
enhanced contribution due to intrinsic charm, the total
atmospheric neutrino flux is larger than that considered
by IceCube. The upper limit on the prompt neutrino
spectrum from this search by IceCube is 1.57 times the
ERS spectrum, but again depends on the astrophysical
neutrino flux modeling. As is clear from the figure, the
IceCube has the sensitivity to probe the intrinsic charm
content of the proton.
Fig. 3 compares the prompt neutrino spectrum with

the astrophysical neutrino flux as derived by IceCube [3].
This fit assumes no prompt neutrino spectrum. IceCube
also fits the astrophysical neutrino spectrum assuming
an ERS spectrum at the level of Ref. [68], which we do
not show for clarity. This search is sensitive to neutrino
over both the hemispheres. The prompt neutrino flux
that we show follows the same scheme as in Fig. 2.
This search applies the muon veto which suppresses the
downward going prompt neutrino flux by a factor &
2. The prompt neutrino flux due to intrinsic charm as
shown is only applicable for upgoing events. Neutrinos
above & 100 TeV are absorbed while passage through
the Earth, so most of the events in this energy region are
downward going. It s clear from the figure that IceCube
is presently sensitive to the prompt neutrino spectrum
due to intrinsic charm. A careful consideration of this
spectrum can be used to constrain the intrinsic charm
content of the proton.

IV. CONCLUSION
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