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If you don't know what a hand is....

What can you tell me about a hand just by looking at it
(you can't touch it, dissect it, make any contact with it)

Optical image



If you don't know what a hand is....

Optical image

Infrared image



The Crab Nebula

Star with gas cloud around it

Crab Nebula - '@ Iz-‘l:alin."F‘.as;au:::l'y:::uff."E‘-:a,ltéc::h :

Radio image
Ultraviolet image

Optical image
X-ray image



Seeing the
universe In
Neutrinos!




\What are neutrinos?

 Elementary particle
* “Invisible” or “ghost” particle
* No Electromagnetic Charge
« Rarely Interact
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img credit: http://neutrino.aquaphoenix.com

Once in a while, interacts with stuff to create charged particles (like electrons, muons).

These charged particles make light.



Why use neutrinos instead of light”?




Have you ever been buried in snow?




What if you're buried 1 mile deep?

Should you see Ilght’?



Only when small particles go through
very fast (Cherenkov Radiation)




Ice

2.5km deep!

1450 m

v 2450 m

2820 m

IceTop

Tmis = = = = _— 81 Stations

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

DeepCore

8s s-spacing optimized for lower energies
480 optica

Eiffel Tower
324 m

Light Sensor







“Event View” video



Journey to the South Pole

New Zealand (Christchurch)

Gateway to Antarctical
Gear issue

UNITED STATES ANTARCTIC PROGRAM
PASSENGER TERMINAL
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Arriving at McMurdo
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McMurdo Station




130 to South Pole Station




South Pole Station

Geographic South Pole
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“Around the World” video
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The screen to live by
at South Pole Station
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DATE EVENTS SBATELLITE
Fri 120062013 2:02 PM - 2:52 PM
3:41 PM - 4:52 PM
5:17 PM - 6:06 PM
11:356 PM - 4:06 AM

Sat 120772013 4:19 AM - 10:18 AM

1:16 PM - 2:04 PM
2:50 PM - 3:41 PM
4:32 PM - 5:34 PM
5:36 PM - 5:56 PM
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You can apply to winter over too!
http://icecube.wisc.edu/jobs/show/winter_over pos

€ & icecubewisc.edu/jobs/show/winter_over_pos [ "R Q, Search t} E &+

University of Wisconsin-Madison

ICECUBE

SOUTH POLE NEUTRINDO OBSERVATORY

Winter Over Experiments Operator

. Employment

Degree and area of specialization: Staff Directory
M.S_ in Computer Science, Physics, Electrical Engineering or related field is required. B.S. in
Computer Science, Electrical Engineering, or related field and substantial (equivalent to a masters

Contact Us

degree) experience will be considered. e

Minimum number of years and type of relevant work experience: -

A minimum of three years of work experience in the following areas: n - w
REQUIRED:

* Administering UNIX (preferably Linux) operating systems. Configuring UNIX core services
and network management.

* Writing systems shell scripts (Bash, Python, Perl).
= Ability to take initiative (must be a self-starter).

e Excellent communication and organization skills.
PREFERRED:

« Computer systems security methodology and experience with host based security tools.
+ Skills in maintaining and debugging of high-performance computing hardware.
« Data storage products such as magnetic tape backups and RAID disk arrays.

* Use of standard laboratory equipment such as oscilloscopes, function generators, spectrum
analyzers, and OTDRs.

* Understanding of TCP/IP networking.
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The lIceCube Collaboration
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DREXE

Site Home « Contact Make a Gift Student Resources Faculty & Staff Resources

L UNIVERSITY

College of
Arts and Sciences

ACADEMICS ADMISSIONS (0-OP & EXPERIENCE FACULTY & RESEARCH NEWS & EVENTS

Home [ Faculty & Research

FACULTY & RESEARCH

Overview

Research News

Faculty Directory

Kurahashi Meilson Naocko

Undergraduate Research

Research Fellowships

Seminars & Colloquia

Faculty & Staff Resources

/ Faculty Directory [ Kurahashi Neilson Naoko

NAOKO KURAHASHI NEILSON, PHD

Associate Professor
Department of Physics
Office: Disque Hall 914
naoko.neilson@drexel edu
Phone: 215.895.2725

Additional Sites: Personal Website, Particle Physics Group

Education: ™
BA physics University of California, Berkeley 2002 I I OW d I d I

PhD Physics/Applied Physics Stanford University 2010

Bio:

Naoko Kurahashi Neilson's background is in very high energy neutrino astro-particle physics. She completed
graduate work listening to extremely high energy neutrinos acoustically in the Bahamian ocean. Kurahashi
Neilson is a member of the IceCube collaboration, a high-energy neutrino telescope operating at the geographic
South Pole. She studies neutrinos as high-energy messengers from the universe. She is interested in outreach
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Doing astronomy using neutrinos
was just a dream until 2013....
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This was the first time neutrinos from
outside our Galaxy was seen.
This created buzz in scientific papers.

PHYSICAL
REVIEW
LLETTERS.
? Articles published week encting. 12 JULY 2013 {
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Published by

American Physical Society. %g.sa Volume 111, Number 2 M‘ AAAS




But where do these super-high-
energy neutrinos come from?



How do you look for a star/galaxy?




Two Science publications 2018

RESEARCH

RESEARCH ARTICLE

NEUTRINO ASTROPHYSICS

VERITAS, and VLA/17B-403 teams*t

Multimessenger observations of a
flaring blazar coincident with
high-energy neutrino IceCube-170922A

The IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, HLE.S.S, INTEGRAL,
Kanata, Kiso, Kapteyn, Liverpool telescope, Subaru, Swift/NuSTAR,

Previous detections of individual astrophysical sources of neutrinos are limited to the
Sun and the supernova 1987A, whereas the origins of the diffuse flux of high-energy

RESEARCH

RESEARCH ARTICLES

NEUTRINO ASTROPHYSICS

Neutrino emission from the direction
of the blazar TXS 0506+056 prior to
the IceCube-170922A alert

IceCube Collaboration*t

A high-energy neutrino event detected by IceCube on 22 September 2017 was coincident in
direction and time with a gamma-ray flare from the blazar TXS 0506+056. Prompted by
this association, we investigated 9.5 years of IceCube neutrino observations to search for
excess emission at the position of the blazar. We found an excess of high-energy neutrino
events, with respect to atmospheric backgrounds, at that position between September 2014
and March 2015. Allowing for time-variable flux, this constitutes 3.5¢ evidence for neutrino
emission from the direction of TXS 0506+056, independent of and prior to the 2017 flaring
episode. This suggests that blazars are identifiable sources of the high-energy astrophysical

et st o £l i

tion of TXS 0506+056 and coincident with a
state of enhanced gamma-ray activity observed
since April 2017 (23) by the Large Area Telescope
(LAT) on the Fermi Gamma-ray Space Telescope
(24). Follow-up observations of the blazar led to
the detection of gamma rays with energies up to
400 GeV by the Major Atmospheric Gamma
Imaging Cherenkov (MAGIC) Telescopes (25, 26).
IceCube-170922A and the electromagnetic obser-
vations are described in detail in (20). The sig-
nificance of the spatial and temporal coincidence
of the high-energy neutrino and the blazar flare
is estimated to be at the 3¢ level (20). On the
basis of this result, we consider the hypothesis
that the blazar TXS 0506+056 has been a source
of high-energy neutrinos beyond that single event.

Searching for neutrino emission

IceCube monitors the whole sky and has main-
tained essentially continuous observations since
5 April 2008. Searches for neutrino point sources
using two model-independent methods, a time-
integrated and a time-dependent unbinned max-
imum likelihood analysis, have previously been

IR IE L T B T R PRI | PR UIDE T T

evaluated below, associating neutrino and y-ray
production.

The neutrino alert

IceCube is a neutrino observatory with more
than 5000 optical sensors embedded in 1 km? of
the Antarctic ice-sheet close to the Amundsen-
Seott South Pole Station. The detector consists of
86 vertical strings frozen into the ice 125 m apart,
each equipped with 60 digital optical modules
(DOMs) at depths between 1450 and 2450 m.
When a high-energy muon-neutrino interacts
with an atomic nucleus in or close to the detec-

Charsing ihe amasscia
rats, anel b4
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Science:

NEUTRINOS

FROM A BLAZAR



We even had a press conference




On Sept 22, 2017 a high energy neutrino left a spectacular
trail of light










Follow-up Observations of IceCube Alert 1C170922
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First time a possible source was located!

Newsweek _______________________________
HIGH ENERGY NEUTRINO SOURCE DISCOVERED,
RESEARCH HERALDS 'NEW ERA' FOR PARTICLE
PHYSICS

BY KATHERINE HIGNETT ON 7/12/18 AT 11:00 AM

BE a Signin

*)) on Now : BBC News

wro  Science in Action

Science in Action Home  Episodes  Podcast  Join us on Facebook  Follow BBC Science

EEME  setstation  news arts & life usic  programs

A special series examining life’s

ol '~ SpECIAL SERIES
BEE biggest milestones across generations. @’ joe’s big idea

COPIQ generation project “iix-
g EXPLORE

A 4 Billion Light-Year Journey Ends At
Laston The South Pole
aaE Sun 15 Jul 2018 aad July 12, 2018 - T:O1 AM ET
;JE‘RO‘:}EEE 20.32 + QUEUE
LOQ!“JmE DOWNLOAD

BBC WORLD SERVICE EXCEPT
NEWS INTERNET & WEST AND
CENTRAL AFRICA

uuuuuuuuuu

More episodes

PREVIOUS
Bringing Back the
Northern White Rhino

‘)) Listen now :

. NEXT
New Neutrino Source Found Heatwaves and

Droughts

Universe mapping with neutrinos, as new source found in far off Available now
galaxy. Also, early humans arrived in Asia sooner than thought, @ 76 minutas



Where do we stand?

» \We've seen extremely high energy neutrinos from outside our
galaxy

» Astronomy has become truly “multi-messenger”

« What does the “night” sky look like in neutrinos? Stay tuned...
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