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Using a long range force

◮ The total (Gravitational) Mass

M⊕ =
4π

3

∫ R⊕

0

drr2ρ(r) = 5.972 × 1024kg

I⊕ =
8π

3

∫ R⊕

0

drr4ρ(r) = 0.3307144M⊕R2

⊕

Icnt
⊕ = 0.4M⊕R2

⊕
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The state of the art “sound” waves

◮ Seismic wave propagation S

and P waves.

◮ Adams-Williamson equation.

Φ = v2

p −
4

3
v2

s

dρ

dr
= −

ρ(r)g(r)

Φ(r)
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Ebru Bozdağ, University of Nice Sophia Antipolis, and

David Pugmire, Oak Ridge National Laboratory. from

phys.org
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What if we use Neutrinos
◮ Proposed long time ago!

A.Piacci and E. Zavalni, submited in Oct 1973 to Nuovo Cimento;
never published

◮ Talk:
L. V. Volkova and G. T. Zatsepin, Izv. Akad. Nauk. Ser. Fiz. 38N5
(1974)
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What if we use Neutrinos

◮ A lot of neutrinos cross the Earth comming from atmospheric
cosmic ray showers.

◮ The propagation is affected by the amount of matter along
the path.

Atmospheric ν are the best!
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Where the matter enters?

dFν(E)

dx
= −i[Ho + Vm, Fν(E)] −

∑
α

1

2λα(E)
{Πα, Fν(E)}

Matter interactions appear in ν propagation

◮ Coheren matter interaction.

◮ Attenuation due to scattering interactions
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IceCube data set
Analysis for one year of up-going IceCube-86 high energy νµ data
(Energy Range : 400 GeV to 30 TeV) data and MC from IC sterile
search Phys.Rev.Lett. 117 (2016) no.7, 071801.

◮ Number of events ∼ 20000.

◮ Spans a zenith range from -1 to 0.2 in cos θz.

◮ 99% νµ purity.
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[ E µ,
p
ro
x
y/ Ge

V
]

149 63 35 41 45 93 112 110 71 0

461 372 365 306 388 489 665 838 482 0

394 485 486 573 618 801 1013 1432 805 0

213 285 326 373 446 504 716 938 670 0

79 108 161 193 213 280 352 525 385 0

17 50 61 77 80 118 145 206 182 4

13 12 21 31 32 46 72 104 102 3

7 7 10 11 12 26 27 39 36 4

1 3 4 5 14 4 12 20 23 1

0 2 4 0 8 4 6 9 10 1

Data (events per bin)
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Parametrization of the Earth
◮ We let the density free

in 5 layers, 1-inner core,
2-outer core and
2-mantle.

◮ We propagate neutrinos
with nuSQuIDS for
every ρi

◮ We map the Ereal, θreal

to Erec, θrec using the
official IceCube MC.
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Posterior Probabilities for relevant parameters
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Conclusions

◮ We used one year of IceCube-86 data to do a tomography of
the planet Earth.

◮ For the first time neutrinos give sensitive result measuring the
earth and the density slope.

◮ As a tool to study the earth interior is complementary to
seismology, allowing to explore the inner parts.

◮ The result is dominated by statistical errors and IceCube
already collect more years of data.

◮ Other experiments such Antares, KM3 may give an interesting
complementary result from another point in the earth.
Spherical core?, inner core?
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Thanks!
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BKP:
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