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* Presented in IPA talks in May
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‘# No observed GRB coincidences

‘Science
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* Astrophysical Multimessenger A M O N
Observatory Network: IRy

Multimessenger subthreshold
coincidence searches

+ Evoke: Discovery of transient
multimessenger sources
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counterparts

+ Explore: Archival analyses 1n

Expected no. muon neutrinos [IC86]

search of multimessenger activity §
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= For cosmic neutrinos: Efficiency §
improvement from follow-up of

- _ N _

smaller gamma-ray localizations Smith+2013
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-+ Discovery report (2013)

from archival data

* No real-time follow-up

+ AMON Initiative: First
real-time likely-cosmic
neutrino alerts

* Track-type events only

-+ Installed software to
identity, localize, & relay

events to GCN

G. Tesic

A. Kelvani




AMON_ICECUBE_HESE

AMON ICECUBE_HESE EVENTS

EVENT OBSERVATION

EventNum_RunNum |Date ’Time UT |NoticeType [False_Pos |Pvalue Charge |SignalTr N_Events |Stream (Comments

67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 (0.92 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 105:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 (0.92 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
75573514 127765 16/04/03 ’16:30:54.00 HESE 0.0000e+00 |4.9992e+00(1510.00 [0.01 1 1 AMON_ICECUBE_HESE.

B —

“



AMON_ICECUBE_HESE

AMON ICECUBE_HESE EVENTS

EVENT OBSERVATION

EventNum_RunNum |Date ’Time UT |NoticeType [False_Pos |Pvalue Charge |SignalTr N_Events |Stream (Comments

67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 (0.92 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 (0.92 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 ’05:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
75573514 127765 16/04/03 ’16:30:54.00 HESE 0.0000e+00 |4.9992e+00(1510.00 [0.01 1 1 AMON_ICECUBE_HESE.

WL

“

# First alert on 3 April 2016 (test phase) — erroneous



AMON_ICECUBE_HESE

AMON ICECUBE_HESE EVENTS

EVENT OBSERVATION

EventNum_RunNum |Date Time UT |NoticeType |False_Pos |Pvalue Charge |SignalTr N_Events |Stream (Comments

67093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 (0.92 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27|05:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 (0.92 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27|05:52:32.00 HESE 0.0000e+00 |0.0000e+00 |18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27|05:52:32.00 HESE 0.0000e+00 |0.0000e+00 (18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
75573514 127765 16/04/03{16:30:54.00 HESE 0.0000e+00 |4.9992e+00(1510.00 [0.01 1 1 AMON_ICECUBE_HESE.

W—

—

# First alert on 3 April 2016 (test phase) — erroneous

* First real alert on 27 April 2016: peosmic = 50% (no Swift)



AMON ICECUBE_HESE EVENTS

EVENT OBSERVATION

EventNum_RunNum [Date Time UT |NoticeType |[False_Pos [Pvalue Charge |SignalTr [N_Events |Stream |Comments
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; 67093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 [0.0000e+00 |18883.62(0.92 1 1 AMON_ICECUBE_HESE.

67093193 127853 16/04/27 (05:52:32.00 |HESE 0.0000e+00 [0.0000e+00 {18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.

67093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 [0.0000e+00 |18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.
| (75573514 127765 16/04/03|16:30:54.00 HESE 0.0000e+00 (4.9992e+00(1510.00 (0.01 1 1 AMON_ICECUBE_HESE.

e —————————

# First alert on 3 April 2016 (test phase) — erroneous

* First real alert on 27 April 2016: peosmic = 50% (no Swift)

A
N\

GCNs from MASTER, HAWC, Fermi 1LAT, Fermi GBM,

Pan-STARRS, 1PTE FACT, VERITAS
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. |[IEVENT OBSERVATION

. [EventNum_RunNum |Date Time UT |NoticeType |[False_Pos [Pvalue Charge |SignalTr [N_Events |Stream |Comments

| 1167093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 [0.0000e+00 |18883.62(0.92 1 1 AMON_ICECUBE_HESE.

| 67093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 [0.0000e+00 |18883.62(0.92 1 1 AMON_ICECUBE_HESE.
67093193 127853 16/04/27 (05:52:32.00 |HESE 0.0000e+00 [0.0000e+00 {18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.

| /67093193 127853 16/04/2705:52:32.00 HESE 0.0000e+00 [0.0000e+00 |18883.62 |-1.00 1 1 AMON_ICECUBE_HESE.

| 1[75573514 127765 16/04/03|16:30:54.00 HESE 0.0000e+00 (4.9992e+00(1510.00 (0.01 1 1 AMON_ICECUBE_HESE.

# First alert on 3 April 2016 (test phase) — erroneous
* First real alert on 27 April 2016: peosmic = 50% (no Swift)

s GCNs from MASTER, HAWC, Fermi LLAT, Fermi GBM,
Pan-STARRS, iPTE FACT, VERITAS

* Second alert on 31 July 2016: pcosmic = 80% — Swift
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EventNum_RunNum [Date Time UT |NoticeType |[False_Pos [Pvalue Charge (SignalTr N_Events [Stream |Comments
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# First alert on 3 April 2016 (test phase) — erroneous
* First real alert on 27 April 2016: peosmic = 50% (no Swift)

s GCNs from MASTER, HAWC, Fermi LLAT, Fermi GBM,
Pan-STARRS, iPTE FACT, VERITAS

* Second alert on 31 July 2016: pcosmic = 80% — Swift

¢ GCNs from Swift, HAWC, FACT, MASTER, Ferm:
GBM, IPN, iPTE Konus-WIND, ANTARES
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TWO SWIFT CAMPAIGNS

10—11 .
o IceCube-161103A
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10 :l | é ' é | 1'0 2'0 Table 3. Characteristic Probabilities for Neutrino
Time after Neutrino (ks) Follow-Up Campaigns
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Event Ps Po,X DPAtX Dtotal
IceCube-160731A 91% 64% 65% 38%
IceCube-161103A 30% 68% 30% 6%
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# J[ceCube EHE event of 2017
Sep. 22

'+ &, 2 300 TeV muon neutrino
With pcosmic ~ 500/0

-+ Swift follow-up revealed nine
X-ray sources

-+ Source X2 (central pointing)

1s TXS 0506+056, aka QSO
J0509+05641

'+ Fermt LAT team reports
source 1s in GeV high state

-+ MAGIC reports first-ever
detection at &, > 100 GeV
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A TXS O506+056 NEUTRINO?

* [ceCube-led Science paper:

Focused on Fermi+ MAGIC — WoTE +
: Ep.
coincidence, ~30 10-10] o TAR B 1
XRT + NuSTAR: Ep. 2 )
* Confirmation pursued via = W T e
[ceCube archival analysis CT; \T
= 1071
> AMON team paper on | &
blazar SED, variability, and | %

likely neutrino luminosity

Keivani+2018



A TXS O506+056 NEUTRINO?

* [ceCube-led Science paper:
Focused on Fermi+ MAGIC — UVOT:Ep 1 +

UVOT: Ep. 2
X-SHOOTER

COlnCldence; ~30 10104 XRT + NuSTAR: Ep. 1

XRT + NuSTAR: Ep. 2 )
* Confirmation pursued via D LAT. By, W

[ceCube archival analysis

* AMON team paper on |
blazar SED, variability, and

likely neutrino luminosity

eF, [erg cm ™2 s ]

* Strongest limits via deep
“dip” in the source SED at
X-ray energies (Swift + — , —
NuSTAR) Keivani+2018
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-+ Identification of a high-energy neutrino flare from the direction

of TXS 0506+056
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PeV hadrons
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+ NASA “Ultra Long Duration

Balloon” experiment

-+ Seeking radio signature of

UHE Earth-skimming neutrino
interactions in 1ce (Askaryan)

* Months-long flights “orbiting”

Antarctica

+ 4 flights to-date, 3 flights
published

* One candidate Askaryan event

(p=0.7, conservatively)
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excluded on at least two grounds:

1. UHE Diffuse Neutrino Flux
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-+ Awaits confirmation! However...
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3. THE PIECES OF THE PUZZLE
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‘“HIDDEN TAU” EVENTS

Multi-PeV Signals from a New Astrophysical Neutrino Flux Beyond the Glashow Resonance

Matthew D. Kistler'*| and Ranjan Laha!f|

'Kavli Institute for Particle Astrophysics and Cosmology, Department of Physics, Stanford University,
Stanford, California 94035 and SLAC National Accelerator Laboratory, Menlo Park, California 94025
?PRISMA Cluster of Excellence and Mainz Institute for Theoretical Physics,

Johannes Gutenberg-Universitdt Mainz, 55099 Mainz, Germany
(Dated: June 27, 2018)

The IceCube neutrino discovery was punctuated by three showers with £, ~1—2 PeV. Interest is intense in
possible fluxes at higher energies, though a deficit of £/, ~6 PeV Glashow resonance events implies a spectrum
that is soft and/or cutoff below ~ few PeV. However, IceCube recently reported a through-going track depositing
2.6+£0.3 PeV. A muon depositing so much energy can imply E,, 2, 10 PeV. Alternatively, we find a tau can
deposit this much energy, requiring F,,_~ 10X higher. We show that extending soft spectral fits from TeV-PeV
data is unlikely to yield such an event, while an ~E, ? flux predicts excessive Glashow events. These instead
hint at a new flux, with the hierarchy of v, and v, energies implying astrophysical neutrinos at £, ~ 100 PeV
if a tau. We address implications for ultrahigh-energy cosmic-ray (UHECR) and neutrino origins.

PACS numbers: 98.70.-f, 98.70.Rz, 98.70.Sa, 95.85.Ry
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ICECUBE ANOMALOUS
EVENT CANDIDATES

TABLE II. Properties of IceCube Anomalous Track Events

Property IceCube-140611 IceCube-140109 IceCube-121205
EHE Northern Track ID #27 #24 #20
Date & Time (UTC or MJD) 2014-06-11 04:54:24 56666.5 56266.6
Equatorial coordinates (J2000) R.A. 110234 4+ 0°22, R.A. 293°29, R.A. 169761,
Dec. +11742 + 0208 Dec. +32°82 Dec. +28°04
Zenith angle 2 101742 122782 118°04
Earth chord length /£ 2535 km 6910 km 5990 km
As muon: €, obs (Eproxy) 4.45PeV 0.85PeV 0.75PeV
ev (median) 8.7 PeV 1.65PeV 1.45PeV
Mean interaction length for €, 1960 km 3280 km 3690 km
D(€ > €obs) 4.0 x 1073 6.9 x 1072 8.6 x 1072
p(2 > Zobs | €) 1.5 x 1071 5.0 x 1072 8.8 x 1072
Djoint 4.9 x107° 2.3 x 1072 4.5 x 1072
As tau: erobs (median) 70 PeV 13 PeV 12 PeV
Mean interaction length for £, = 1 EeV 340 km 270 km 285 km
psM(er > €r,0bs) for €, = 1 EeV 2.2 x 107* 3.8 x107° 1.0 x 107°
psm(z > Zobs) for €, = 1EeV, €7 > €7 0bs 5.0 x 1073 4.5 % 1075 1.8 x 1074

Fox+2018
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Upgoing UHECRSs from Stau = Tau decays
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— Use the Moment Map, not Noether’s Theorem Quick Links — Search

SUSY Bets About

Posted on September 3. 2014 by woit Peter Woit's Home Page

Quantum Theory, Groups and

The LHC long shutdown (LS1) seems to be progressing on schedule, with physics collisions )
Representations

at 13 TeV planned for early April 2015. I'd guess the earliest 13 TeV results might appear at
the summer 2015 conferences. The long term plan is to accumulate up to about 50 fb* of

data per year for about 3 years of data-taking, ending in mid-2018. There will then be a
year and a half shutdown (LS2), followed by data-taking at 14 TeV from 2020-2022. The
plan is to end up with about 300 fb* before a long shutdown (LS3) starting in 2023.
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-+ Peter Woit “SUSY Bets” page at Not Even Wrong (3 Sep 2014)



SUSY BETS

Not Even Wrong

There’s a new one this week. After Gordon Kane complained that he couldn’t find anyone

willing to bet against SUSY, Marcelo Gleiser decided to take him up on it, with stakes a

bottle of 15 year old Macallan (which goes for about $100). Marcelo seems to think he has
a bet that will get him his Macallan if no SUSY is found in the run ending in 2018, but I
fear he has been had. Kane specifies:

To have a meaningful bet the LHC has to work at an appropriate energy
and luminosity. It is expected to take integrated luminosity of order 300 fb*
at a total energy near 13 TeV in the next run, in less than two years after
turning on in early 2015. Assuming those results, signals for gluinos and/or
light neutralinos and/or charginos are expected, and that’s the appropriate
bet.

data per year for about 3 years of data-taking, ending in mid-2018. There will then be a et
year and a half shutdown (LS2), followed by data-taking at 14 TeV from 2020-2022. The
plan is to end up with about 300 fb before a long shutdown (LS3) starting in 2023.

T R —

-+ Peter Woit “SUSY Bets” page at Not Even Wrong (3 Sep 2014)
+ “300 tb-! of data at Vs = 13 TeV” appropriate per Gordon Kane



SUSY BETS

Not Even Wrong

There’s a new one this week. After Gordon Kane complained that he couldn’t find anyone

willing to bet against SUSY, Marcelo Gleiser decided to take him up on it, with stakes a

m Garrett Lisi announced on Twitter back in 2009 that:
Frank Wilczek just bet me $1000 that superparticles will be detected by
July 8, 2015. Max Tegmark will arbitrate.

At this point it seems that Wilczek is likely out $1000, since this date will only be 3
months into the run with results available for only a small amount of data if any.

g ngnrrrenrrannos ana; or cnarginos are expecrea, ana-tnars-tneTappropriare '
bet.
data per year for about 3 years of data-taking, ending in mid-2018. There will then be a 5,?:”.5’;;:._:;._ ot

year and a half shutdown (LS2), followed by data-taking at 14 TeV from 2020-2022. The
plan is to end up with about 300 fb before a long shutdown (LS3) starting in 2023.

- mparann

-+ Peter Woit “SUSY Bets” page at Not Even Wrong (3 Sep 2014)
+ “300 tb-! of data at Vs = 13 TeV" appropriate per Gordon Kane
+ Wilczek $1000 bet with Lisi — conceded July 2016 (timestamped!)
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* ANITA has observed two anomalous events in flight over Antarctica

-+ Interpreted as Sub-EeV Earth-emergent Cosmic Rays (SEECRs),
these require the existence of a long-lived BSM particle

+ Independent support for SEECR hypothesis from IceCube

* Theoretical precedents point to SUSY NLSP “stau”

Relatively long litetime, 10 ns for 5600 GeV (¢T = 3 m)
Decays to tau lepton + LLSP

“Goldilocks” nuclear cross section allows both production via
UHE neutrinos with reasonable branching ratios and deep

penetration through Earth (ABPROS)
Direct support from CMS 510 + 160 GeV event (p = 0.5%)

+ Confirmation may be possible using existing archival data of the
IceCube and Pierre Auger Observatories

-+ LHC Run 2 data now under analysis may be highly relevant



2 Could the ANITA events be take?

A

s 3 years since first publication
¢ Recent ANITA team papers confirm SM exclusion

Al

¢ Not instrumental — definitely at least atmospheric

\V/
7N

Al
Z\\

RFI seems wildly unlikely

\/

* Hypothetical “double bounce” / reimaged events never seen from

Al
\

pulser

* How can we confirm SEECR interpretation?

A

s¢ IceCube particle mass diagnostics
s¢ Pierre Auger fluorescence detector data

KA

s¢ UHE neutrino sources
¢ LHC Run 2 or Run 3
s Other?






