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neutrino observed to date. Of the many
candidate sources of neutrinos in the giga-
to tera-electronvolt range, blazars — active
galactic nuclei with relativistic jets — are the
most promising. Although the direction of
the 290-TeV neutrino event reported by the
IceCube Collaboration in 2017 coincided
with a flaring blazar, the neutrino’s origin

is not yet fully understood — motivating
further searches.

Kaito Hagiwara and colleagues have
searched for neutrinos from the direction of
that very same blazar. With data collected
over two decades by the Super-Kamiokande
detector — a water Cerenkov detector
located a thousand metres underground in
Japan — the team looked for an excess of
neutrinos over the atmospheric background.
They found no excess of neutrinos in the
direction of the blazar over the whole period
as well as localized over shorter time spans.
The quest continues. SR

https://doi.org/10.1038/s41567-019-0778-z
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deposn that might corrode the surface it has
landed on. The salty crystals left behind as
a result of evaporation can be damaging to
ships, and strategies for their removal are
needed. Samantha McBride and co-workers
have captured a curious behaviour of
evaporating salty drops that could be
exploited for antifouling applications in a
video shown in the Gallery of Fluid Motion
(https://doi.org/dgvt).

The team placed a saline droplet on a hot

by injecting the wavefront to match the
desired operation. In this way, the team was
able to first certify the indistinguishability

of photons, then demonstrate controlled
coherent absorption. The experiments were
limited to two-output X two-input networks
by the detection architecture but this can, in
principle, be scaled up. NM

https://doi.org/10.1038/s41567-019-0777-0

superhydrophobic surface. As it evaporated,
the droplet left behind a salty round casing,
which in turn started growing salty ‘legs’
that lifted it off the surface. This peculiar —
almost life-like — structure was created
because once the salt globe formed, the
evaporation continued at a few points where

DYNAMICS
In pursuit of Poiseuille

done just that in a graphene device.

https://doi.org/10.1038/s41567-019-0775-2

Hydrodynamic flow of electrons in solids has been observed many times, but an image
of the Poiseuille flow — the spatial structure of the dynamics — has not been seen yet.
Using a scanning single-electron transistor, Joseph Sulpizio and co-workers have now

The team mounted a carbon nanotube on the end of a scanning probe tip and, by
monitoring the flow of electrons through it, they were able to detect the potential
generated by the currents in the graphene sample. As the temperature increased,
the spatial profile of the potential changed from flat to quadratic, indicating that the
Poiseuille regime had been reached. They also calculated the probable phase diagram of
the electron flow regimes and found qualitative agreement with their experiments. DA

ASTRONOMY

Quest for a neutrino source
Astrophys. J. Lett. 887, L6 (2019)

The Sun and the supernova 1987A produce
astrophysical neutrinos, but with much
lower energies than the highest-energy

Nature 576, 9 (2019)

4

NATURE PHYSICS | VOL16 | JANUARY 2020 | 4 | www
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From classical to quantum
Phys. Rev. Lett. (in the press); preprint at
https://arxiv.org/abs/1908.05079

In quantum mechanics textbooks, particles
trapped in a harmonic potential often
serves as a paradigmatic system to study.
They possess eigenstates labelled by sets of
quantum numbers and their corresponding
equally spaced eigenenergies have a non-
zero minimum value — the zero-point
energy. Although this textbook example has
long been realized in the lab, transitioning a
mesoscopic system from the classical realm
to this quantum regime is still challenging.
Now Felix Tebbenjohanns and co-workers
have demonstrated this with a very

simple setup.

The system consisted of a 136-nm-diameter
silica particle trapped in a single-beam
optical dipole trap. A measurement-based
linear-feedback cooling scheme brought the
system — which initially behaved entirely
classically — directly to the quantum regime.
As the particle approached its lowest energy
state, light—particle scattering, which involves
a further reduction of the energy, was
supressed. The particle’s quantum ground-
state motion could then be inferred by
measuring the asymmetry of the spectrum
of the scattered light. YL

https://doi.org/10.1038/s41567-019-0779-y

David Abergel, Elizaveta Dubrovina,
Yun Li, Nina Meinzer and Stefanie Reichert

v.nature.com/naturephysics
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Using Poisson
distribution, I calculated
the number of events of
90% confidence level.
The fluence limit which
Blazar emit the neutrino
can be estimated from
these informations.

TMath::Poisson(20,x)
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18+4.2 15.20 0.18
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The fluence limit was calculated in the same method as Gravitational Wave Analysis
(ApJL., 830, 1(2016)). It was used the same procedure laid out in “Swanson et al.
2006, Apl., 652, 206 and “Thrane et al. 2009, ApJ. 704, 503”.

N, Nt : Number of target nuclei (~1.35%1034)
b — 90 c :Combined cross-section in all interactions [cm?]
FC,PC NT ,[ d Ey o Ey) e( Ey) A Ey_z) e : Detection efficiency [%]

A : Number density of neutrinos []

Acfr : Zenith-dependent effective area [cm?]

o N, 90 P : Probability for a neutrino to create a muon [%]
UPMU — _ S : Shadowing neutrinos due to interactions in the Earth [%]
2

Aeff (2) I dE,P(E,)S(z, E)A(E;?) A : Number density of neutrinos []

10.168 14.623 12.688
5.1 -10 GeV 1.8-10GeV |1.6 GeV - 10 TeV




For each flavor, the upper limit of fluence was calculated. The neutrino number density
assumed an energy spectrum with index of -2. The average values calculated at various

zenith angles are shown as results of UPMU events, and the errors were determined
from the maximum value and the minimum value.

N, 90
Ny [dE,6(E )e(E)E;2/ [E;2dE,

(DFC,PC =

N9O

q)UPMU —

A#(2) |dE,P(E)S(z, E))E; %/ | E;2dE,

2.3107 x 107

4.9x105 2.5%106 3.5109 X 10
2.9x104 - -
5.2x104 - -




Since this analysis cannot distinguish between neutrino events and anti-neutrino
events, the fluence of muon-type neutrino (v, + 7,) and electron-type neutrino

(v, + ,) were calculated.

N, 90
Nr[dE, (6,(E,)e(E,) + 0,(E)ex(E,)) E;2/ [ EF2dE,

(I)FC,PC —

N, 90
A(2) [dE, (PE)S(z, E,) + PAE,)S)(z,E,)) E;2 [E;2dE,

(I)UPMU —




For UPMU, the fluence calculation was performed for each energy bins. The integral
ranges are 1.6GeV to 10GeV, 10GeV to 100GeV, 100GeV to 1TeV, and 1TeV to
10TeV. N90 was used as same value (N90 = 12.688).

N, 90
"“dE, (P(E,)S,(z, E,) + PAE)Syz. E,)) E/ |

min

() =
UPMU A fmax

m

max

E2dE,

6.06x104

6.82x102

9.39

2.66x10-1




The energy-flux was calculated from the fluence. For the flux, the live-time (SK-I to
SK-IV : 5924.35 days ~ 16 years) was used. The flux per MeV was calculated by the
dividing by the integral range (max-min). Finally, the energy flux was calculated by
multiplying the bin center energy by the square. (1MeV = 1.60218e-6 erg)

_ log(max) + log(min)

center —
2

logE

w:1.4x10-4 w:2.7x10-8 W:2.2x10-6

e:1.9x104 e:3.7x10- e:7.4x10? €:6.0x10-7
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6.8x102 1.3x10-6 1.5x10-11 2.4x10-8
9.4 1.8x10-8 2.0x10-14 3.3x10-
5.2x10-10 5.8x10-17 9.3x10-10
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