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Neutrinos	interact	less	inside	
the	source- allows	us	to	probe	
the	core

Neutrinos	escape	
before	photons	– can	
provide	early	warning!

Neutrinos	do	not	interact	
between	source	and	
detector	– clean	signature	

Why	do	astronomy	with	neutrinos?
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Astrophysical	systems	also	give	us	
extreme	environments	to	test	particle	
physics	in	a	way	we	can’t	do	on	Earth

Supernova	neutrinos	
(might)	test:
- mass	hierarchy
- collective	neutrino	

oscillations
- neutrino	oscillations	

under	turbulent	
conditions

High	energy	neutrinos	
probe	the	presence	of	
hadronic	interactions	in	
astrophysical	phenomena
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Atmospheric	neutrinos:	
span	orders	of	
magnitude	in	energy	
and	have	many	
pathlengths – good	for	
measurement	of		
oscillation	parameters	



IceCube research	in	Sweden
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IceCube collaboration
300	physicists	from	47	

institutes
Sweden	is	4th	largest	

group
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MeV	scale:	Supernova	neutrinos

IceCube will	be	the	best	measurement	of	the	early	timing	
structure	of	a	nearby	supernova	neutrino	burst

Background	Noise

MeV GeV TeV PeV EeV
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MeV GeV TeV PeV EeV

Atmospheric	neutrinos:	Many	
pathlengths and	energies	allow	for	
precision	measurements	of	
oscillation	parameters

arXiv:1707.07081

GeV	scale:	Atmospheric	neutrinos	
and	dark	matter	
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Galactic	halo	search	from	Samual Flis
(recent	Stockholm	PhD	graduate)

Dark	matter:	Search	for	dark	
matter	annihilating	to	products	
that	create	neutrinos.	Look	for	
signal	from	the	Sun,	galactic	
center,	Earth	center,	etc
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TeV and	beyond:	High	energy	
astrophysics

MeV GeV TeV PeV EeV

Excess	of	events	over	expectation	from	atmospheric	background.	
Energy	shape	is	also	different	than	background! 8

Atmospheric	Background
Astrophysical	signal

Atmospheric	+	Astro



Public	real-time	alerts	sent	via	GCN

Alerts	also	sent,	for	example	to	supernova	early	warning	system	
(SNEWS),	and	multiplet alerts	sent	privately	to	partners	for	optical	

and	gamma	follow-up

170922A

GCN	webpage:	https://gcn.gsfc.nasa.gov 9

Highest	energy	events
Expect	~10	alerts/year	(half	from	background)

Typical	latency	of	<	1	minute

𝛍



IceCube highlights:	IC170922

Time:	September	22,	
20:54:30.43	UTC	

Direction:	
RA=77.43o,Dec=5.72o
Error:	~1o

Neutrino	energy:	Greater	than	
100	TeV

 

IceCube alert	sent	out	43	seconds	after	event.

Event	details
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IceCube highlights:	IC170922
Follow-up	observations	made	by	space	
and	ground-based	telescopes	Swift,	
VERITAS,	HAWC,	Integral,	ASAS-SN,	
HESS,	others

Fermi	finds	blazar	TXS	0506+056,	0.08o
from	best	fit	neutrino	direction	(Atel
10791)	that	was	in	a	recent,	flaring	
state.

Magic	detects	gamma	rays	with	energies	
above	100	GeV	from	TXS	0506+056.	

 Interpretation	of	this	information	is	ongoing	– stay	tuned!11

Fermi	telescope

Blazar:	supermassive	black	hole	
with	an	accretion	disk	that	has	a	
jet	along	our	line-of-sight



IceCube highlights:	GW	coincidence	
search

arXiv: 1710.05839

No	neutrinos	directionally	coincident	with	the	merger	
detected	by	LIGO…this	time

6	IceCube neutrinos	detected	
±500s	from	LIGO	detection

LIGO	merger

12



What	does	the	future	hold	for	
IceCube?
• Characterizing	the	properties	of	the	astrophysical	
signal.
• Searching	for	the	source	of	our	astrophysical	neutrinos.	

• Evidence	for	neutrino	emission	from	blazars?
• Looking	for	other	sources	– see	Lisa’s	Fermi	bubble	talk	this	
afternoon

• Making	more	real-time	alert	channels	available.
• Testing	exotic	physics	models– see	Alexander’s	
magnetic	monopole	talk	this	afternoon
• Working	on	next	generation	ideas	– see	Chad’s	talk	on	
the	IceCube upgrade	and	Allan’s	ARIANNA	talk
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The	IceCube detector
IceTop surface	array	(acts	as	veto	- 1	km2)
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Most	strings	
optimized	for	
high	energy	
neutrinos

86	strings

DeepCore:	8	infill	
strings	that	are	
more	densely	
instrumented	to	
lower	the	energy	
threshold	to	~10	
GeV
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Neutrino	interactions	in	IceCube

Track Cascade
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Charged-current	𝝼𝛍
Charged-current	𝝼e	
or	neutral	current

Two	event	topologies	in	IceCube



The	IceCube collaboration
Founding	institutes	
of	Amanda	
(predecessor	of	
IceCube)
• Stockholm
• Uppsala
• UW	Madison
• UC	Berkeley
• UC	Irvine

Now,	300	scientists	
from	47	institutes
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IceCube activities	in	Sweden

People	by	the	numbers

2	institutions:	Stockholm	
University	and	Uppsala	

University	

7 faculty	members
1	postdoc

4	PhD	students

Main	Activities
• Fermi	Bubbles	(Lisa	Unger)
• Magnetic	monopoles	(Alexander	

Bergman)
• ARIANNA	(Allan	Hallgren)
• IceCube Upgrade	(at	Stockholm	and	

Uppsala	– talk	by	Chad	Finley)
• Conveners	for	the	point	source	and	

diffuse	source	working	groups
See	this	afternoon’s	talks	for	details!
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Historical	real	time	alerts
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Astrophysical	neutrinos	span	
orders	of	magnitude	in	energy

(from	cosmic	rays)

But… neutrinos	are	really	hard	to	detect!	For	high	energy	
astrophysical	neutrinos,	we	need	a	large	detector 20



IceCube	highlights:	GW	coincidence	
search

Set	limits	on	neutrino	fluence
emitted	by	merger.	Our	
measurement	can	constrain	
optimistic,	on-axis	emission	
models

Also	can	set	limits	on	long-term	
neutrino	fluence emitted	by	
merger	(14	days).	
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Size	of	IceCube’s “Big	Bird”	high	
energy	event
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Public	real-time	alerts	sent	via	GCN
EHE	alerts: high	energy,	
through-going	muons	induced	
by	neutrinos.	Tracks	only.	
Expect	~4-5	alerts/year	(~2	of	
which	are	background)

HESE	alerts:	high	energy	
events	that	start	in	the	
detector.	Currently	only	tracks.	
Expect		~3-4	alerts/year	(~2-3	
of	which	are	background)

Also,	multiplet alerts	sent	privately	to	partners	for	optical	and	gamma	
follow-up

170922A- EHE

GCN	webpage:	https://gcn.gsfc.nasa.gov 23


