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WY DO WE CARE ABOUT HIGH-ENERGY NEUTRINOS?
Neutrinos Point back to their cosmic sources

(not attected 139 magnetic fields)
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Neutrinos are little aHected 139 ambient matter
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WY DO WE CARE ABOUT HIGH-ENERGY NEUTRINOS?
Neutrinos Point back to their cosmic sources

(not attected 139 magnetic fields)

Neutrinos are little a

c—:ctecl by amblent matter

Neutrinos travel over cosmic clxstances th]’]out

{

absorption, which allows to studg

their s‘cabili‘cyJ mass patterns, etc.
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WY DO WE CARE ABOUT HIGH-ENERGY NEUTRINOS?
Neutrinos Point back to their cosmic sources

(not attected bg magnetic fields)

Neutrinos are little aHected 139 ambient matter

Neutrinos travel over cosmic distances without

{

absorption) which allows to stuclg

their stabilitg, mass patterns, etc.

=

Extreme energies allow studies of neutrino cross

sections begoncl the reach oF terrestral accelerators
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WY DO WE CARE ABOUT HIGH-ENERGY NEUTRINOS?
Neutrinos Point back to their cosmic sources

(not attected 139 magnetic fields)

Neutrinos are little aHected by ambient matter

Neutrinos travel over cosmic cllstances w:thout

{

absorptiom which allows to stuclg

their stability, mass patterns, etc.

r——f

Extreme eﬂergies allow studies of neutrino cross

sections begoncl the reacl*: oF terrestral accelerators

Neutrinos carry a quantum number that

. COsmicC rays and Photons do not have: flavor
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WY DO WE CARE ABOUT FLAVOR?
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WY DO WE CARE ABOUT FLAVOR?

It carries information about the mechanism

of Procluction...
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WY DO WE CARE ABOUT FLAVOR?

It carries information about the mechanism

of Procluction...

.but also about the way neutrinos

Propagate From the sources to tlﬁe detector

=

Exotic Phﬁ sics could Procluce deviations

from the standard cxl:)ectations

§ & bt
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STANRARD COSMIC PROPAGATION

DR ' Credit: DESY
tflavor ratios at source: |- R " "
- : et - R 4
Aos - Cyg O . LAY, 80 y
: 1".:’. "' ' \. ) ik -
‘ ' K s ek N e : 3
B .| flavor ratios at Earth:
Xomam e aNetring

Lok = .. phototl (ae’@ . a‘u,@ : ar,@)
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FLAVOR RATIOS AT SOURCE AND EARTH
T > U Ve

!

e kv, (v, ) HEE g

Pion sources (Ve W :V‘”)S =(1:2:())=>(Ve W :Vr)@ =(1:1:1)
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FLAVOR RATIOS AT SOURCE AND EARTH
T > U Ve Mg b+ Vo (Vo)

! ’

e+ v, (v,)+ (V) " G V)

Pion sources (ve W :VT)S =(1:2:O)=(ve W :vr)@ =(1:1:1)

Muon damped (

sources

Ve:VM:VT)S=(0:1:O)=>(VG:VM:VT)@=(4:7:7)
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FLAVOR RATIOS AT SOURCE AND EARTH
T > U Ve Mg b+ Vo (Vo) i LN
) : )

e kv, (v, ) R CewiCHyr VW) e oty (v EwW (V)
Pion sources (ve W :VT)S =(1:2:O):(ve W :vr)@ =(1:1:1)

Muon damped (

sources

Muon sources (v, : v, :v, ) =(1:1:0)= (v, tv,:v,) =(14:11:11)

oty v) -(0:1:0) = ( vM:vT)@:(4:7:7)
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FLAVOR RATIOS AT SOURCE AND EARTH
T > U Ve Mg b + v (V) i LN
) : )

e kv, (v, ) R CewiCHyr VW) e oty (v EwW (V)

Pion sources (ve W :VT)S =(1:2:O)=(ve W :vr)@ =(1:1:1)

) (4.7:7)
sources

Muon damped ( 4
Muon sources (v, : v, :v,) =(1:1:0)= (v, ¥, v) 11 11)

vvv) -(0:1:0) = ( LV,

Neutron sources (ve e :VT)S = (l 0 O) =>(Ve v, :VT)@ = (5 S 2)

n—=>p+e +v,
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NEUTRINO DECAY

J..Fibeacom, NS E’)e”) D. Hooper) S. Pakvasaand T. J. Weiler, Phgs, Rev. Lett. 90:181501, 200%

V.2V .t X
nvisible dawghters

{5} = YL Ua das) e mbn - Leinm. ST U " T}

k,i k(stable), i

Daughters with full energy

{0‘1@}:;‘%’«‘2‘(]%

2,
Brlek {ai,S}

2 _Lm,JET L>Et,/m, 2 2 2
{0, hergaee minine sl T | o TR | U,

k(stable), i k(stable), l,i

Unstable Daughters Branchings ¢, :¢, ¢,
—_— e o 7

Vi, V3 anything irrelevant 6:1:1
sterile irrelevant 2:1:1
full energy By ., =1 1.4:1:1
degraded (a = 2) 1.6:1:1
full energy By ., =1 2.8:1:1
degraded (a = 2) 2.4:1:1

anything By, = 0.5 2:1:1
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PSEURO-RIRAC NEUTRINOS

R. M. Crocker, F Melia and R. R. Volkas, Astrophgs. o Suppl. 150: %9, 2000; and 141:147, 2002
J. F. Beacom, N. I Be“, D. Hooper, U & Leamecl, S. Pakvasa and T. J. Weiler) Phgs, Rev. Lett. 92:0110152004

( m, m, b Dirac neutrino: m, = m, =0
e m m Pseudo-Dirac neutrinos: m, ,m, = m
\ 2 o, LR D
: Sm’L)
‘{ijﬁ)}>:: Jk '{(X}A;} 1'_'SII12 ZLé%

2/3:1 | . 2/3:1

14/13: 1 | . 14/9:1
2/3:1 | > 10/11:1
4/3:1 | 10/11:1

14/13: 1 . 2/3:1

Il: IC J. I Beacomphiein E’)e”, D. Hooper, S il €% Learned, S. Pakvasa and T. J. Weiler, Phgsj Revatlkettna2ge oL, 2004
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THE ICECUBE TELESCOPE

IceCube Lab

IceTop

81 Stations
324 optical sensor

At the South Pole

86 strings with 60 DOM/string

125 m apart on triangular grid IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

17 m vertical spacing between

P MTS 1450 m

DeepCore

8 strings-spacing optimized for lower energies
480 optical senSor

8 DeepCore strings 76 m apart

2450 m
2820 m

81 IceTop stations: two tanks/
station, two DOMs/tank

completed 1in 2010

Scconclarg Particles detected via Cherencov radiation

= Sergio Palomares-Ruiz On the flavor composition of the lceCube nevtrinos, April 27 2015



EFFECTIVE MASSES

High Energy Starting Events

~400 Mton effective target mass
Rejection of

10°

atmospheric muons

veto region ] 90 meters

fiducial volume v, CC
v, CC
v, CC
All Flavors NC

Effective Target Mass [Mton]

laometm

fiducial volume

« 10 meters .- 103
Side Neutrino Energy [TeV]

M. G. Aartsen et al. [lceCube Collaboration], Science 342: 1242856, 2013

High dust concentration

IF IC Sergio Palomares-Ruiz On the flavor composition of the lceCube nevtrinos, April 27 2015

TUT DE FISICA
JSCULAR



TYPE OF EVENTS

Muon tracks Showers

CCv,+18% CCv, NC+CCv, +382% CC v_

Good angular resolution Poor angular resolution

e sh,CC sh,NC tr sh,NC Ir sh,CC sh,NC
N,= o, o (D S NS aﬂ,@(NVM + N )+ 0, o[ N7 + NHCC 4 N2

tr rr
tr au,GBNvM 2 O{r,@]\lvT

P, ({a - }) = fraction of astrophysical signal tracks =

: , N
IFI C Sergio Palomares-Ruiz On the flavor composition of the lceCube nevtrinos, April 27 2015

CORPUSCULAR




THE FIRST PEV NEUTRINOS

M. G. Aartsen et al. [lceCube Co”aboration], Phgs. Rev. Lett. 111:02110%, 2015
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January 3, 2012: 1.14 PeV August 9, 2011: 1.04 PeV
Ernie Bert

(or Epi, Egas, Ernesto, Enio, Ernest, Enrique, (or Blas, Becas, Berto, Beto, Bart, Bernt,
Erling, Yenik, Edi, Emil, Arik, Shadi, Anis...) Vlas, Biidii, Hubert, Bentz, Hadi, Badr...)
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+26 EVENTS ABOVE 30 TEV

M. G. Aartsen et al. [lceCube Collaboration], Science 342: 1242856, 2013

From May 2010 to May 2012:

7 tracks + 21 showers
IFI C between 30 TeV and 2 PeV (deposited energy)
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+26 EVENTS ABOVE 30 TEV

M. G. Aartsen et al. [lceCube Collaboration], Science 342: 1242856, 2013

Byt ’ S 4k el Ivg__ 0
f'-‘* hitoh-ener %
| M ‘

BREAKTHROUGH
OF THE YEAR

From May 2010 to May 2012:

7 tracks + 21 showers
between 30 TeV and 2 PeV (deposited energy)
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ATMQSPHERIG BACKGROUND

p+X—=a" /K +Y

el A
Conventional flux ¢ +v,v,)

»> .
E‘.-" E

et TR (V)
At high energies pions/
kaons do not decay: only

charm mesons with short
lifetimes (prompt flux)

2 3
log,, (E, (GeV])

M. G. Aartsen et al. [IceCube Collaboration],
Phys. Rev. Lett. 110:151105, 2013

Neutrinos: ~50%-70% tracks

Muons: ~90%-100% tracks
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7 tracks : 21 showers

atmospheric neutrinos (<100 TeV)?

prompt neutrinos (<100 TeV)?

astrol:)hgsical neutrinos (> 100 TeV)?

cosmogenic neutrinos (>1 EeV)”?

10° 10° 107 10% 10' 10"
keV MeV GeV TeV PeV EeV
Neutrino energ

U. F Katzand C. Spiering, Prog, Part. Nucl. Phgs. 67:651, 2012
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7 tracks : 21 showers

atmospheric neutrinos (<100 TeV)?

prompt neutrinos (<100 TeV)?

astroplﬁgsical neutrinos (> 100 TeV)?

cosmogenic neutrinos (>1 EeV)”?

10° 10° 107 10% 10' 10"
keV MeV GeV TeV PeV EeV
Neutrino energ

U. F Katzand C. Spiering, Prog, Part. Nucl. Phgs. 67:651, 2012
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7 tracks : 21 showers

atmospheric neutrinos (<100 TeV)?

Prompt neutrinos (<100 TeV)?

astrophgsical neutrinos (> 100 TeV)?

cosmogenic neutrinos (>1 EeV)?

What is the coml:)atibilit9 of that event ratio

with ditferent neutrino flavor ratios

(assuming isotropg of the sources)?

= Sergio Palomares-Ruiz On the flavor composition of the leeCube nevtrinos, April 27, 2015
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PRL 113:091103, 2014 (arXiv:1404.0017)
Proceedings ICHEP14, arXiv:1411.2998
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SHOWERS IN ICECUBE

Neutral Current events : all flavors

deposited energy = hadronic shower energy

time of observation:
662 days

attenuation/regeneration :
factor in the Earth y=1-€¢,/E,
€ y =shower energy

effective
detector mass

ymin o Emin / Ev

ymax 8 min{l’Emax / Ev}
neutrino flux

!

(taken as a power-law) DIS NC

LLLLLLLLL

differential cross section

Sergio Palomares-Ruiz On the flavor composition of the lceCube nevtrinos, April 27 2015



SHOWERS IN ICECUBE

Charged Current events : v,

deposited energy = hadronic shower energy +
electromagnetic shower energy =
neutrino energy

N — e _[; dE,MC (E,)Am, (Ev)d¢lgEV)

vV

cC
E
rdy o, ( v’y)
0 dy

X 0(E

max

FE,)

oo Sergio Palomares-Ruiz On the flavor composition of the leeCube nevtrinos, April 27, 2015
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SHOWERS IN ICECUBE

Charged Current events : v_

deposited energy = hadronic shower energy + hadronic
shower (from tau decay) energy
do(E do;" (E,,
¢( V)Jldy vT( vy)x
E 0 dy

vV

NS NAJ’; dEMC (E,)At, (E,)

Jldn(T — had)

O(E, (y+(1-y)1- 2)— E,.. )0 (ESEEE, (y + (1 y)(1 - 2)))
spectrum of the daughter neutrino in hadronic tau decays
deposited energy = hadronic shower energy +

electromagnetic shower (from tau decay) energy

s —em . d¢ Ev ¥ do-\ic (EV ’y)
NS J'EmdevaTC(Ev)Attvr(Ev) é ) jody FERRL:

ldn(7 —
i n(d 2 O(E,(y+(1-y)2)~Ey, )0(Epp — E, (v +(1-¥)2))
4 spectrum of the electron in tau decays
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CONTAINED TRACKS IN ICECUBE

Contained Charged Current events : v,

deposited energy® = hadronic shower energy

d9(E,) e do,’ (E,.y)
E Ymin y dy

| %

NI, j: dE,M (E,)An, (E,)

Contained Charged Current events : v_

deposited energy* = hadronic shower energy

do“ (E
[P~ gy 05 (Eu)
Ymin dy

= j; dE,M " (E,)An, (E,) d¢]§Ev)

Vv

X Br(t — u)

* the deposited energy by the muon in the detector is neglected

[FIC
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ATTENUATION/REGENERATION FACTORS

<
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o)
Q
s
<
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Q
en
<
S
D)
>
<

10° 10°
Neutrino Energy [TeV]

SPR, A. C. Vincent and O. Mena, arXiv:1502.02649

attenuation, redistribution due to NC
and regeneration due to taw deca E

V. A. Naumov and L. Ferrone, Astropart. Phgs. 10:239, 1999
S lger) M. H. Reno and |. Sarcevies Phgs. Rev. D61:055003%, 2000

IF IC S. Rakshit and E. Reya, Phgs. Rev. D74:10%006, 2006
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7 tracks : 21 showers

What is the compatibilitg of that event ratio with ditferent

neutrino flavor ratios (assuming isotrop9 of the sources)?

B Background Atmospheric Muon Flux

[ Bkg. Atmospheric Neutrinos (=/K)

Background Stat. and Syst. Uncertainties

- Atmospheric Neutrinos (Benchmark Charm Flux)
~  Atmospheric Neutrinos (90% CL Charm Limit)
——  Signal+Bkg. Best-Fit Astrophysical £ * Spectrum

-
o
—

'y
>
©

()

N

0

o
.-
L
Q
7
.-
c
v
>

w

Rtejeat a purely
atwospheric origin at 4.10

M. G. Aartsen et al. [lceCube Co”aboratxon] Science 342: 1242856, 2013
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7 tracks : 21 showers

What is the compatibilitg of that event ratio with ditferent

neutrino flavor ratios (assuming isotrop9 of the sources)?

B Background Atmospheric Muon Flux

[ Bkg. Atmospheric Neutrinos (=/K)

Background Stat. and Syst. Uncertainties

- Atmospheric Neutrinos (Benchmark Charm Flux)
~  Atmospheric Neutrinos (90% CL Charm Limit)
——  Signal+Bkg. Best-Fit Astrophysical £ * Spectrum

Events per 662 Days

Deposited EM-Equivalent Energy in Detector (TeV)
M. G. Aartsen et al. [lceCube Collaboration], Science 342: 1242856, 2013

For(1:1:1)and E™ : ~ 20% tracks and ~ 80% showers
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STATISTICAL ANALYSIS

N nY%
tr tr tr tr sh sh sh sh
—(pZNaJrPZbﬁP@rbv) (pa Na T P.o, T D, bv) % e—(thNa+p;hbu+p§hbv) (pa Na 3t Pu b/,[ A i bv)

L1, s NERN . NS

({ l@} al h) N, ! N, !

bu = atmospheric muon background = 6 (pz =0.90) M. G. Aartsen et al. [lceCube Collaboration],
b, = atmospheric neutrino background = 4.6 (p, =0.69) Phgs‘ ReviEC Ph 1S

number of observed tracks = 7

tr

N
N, = number of observed showers = 21

We maximize £ with respect to N and define the test statistic:

(g (fea )N, M)
. :_21 , i@ otV sh
{al’@ }) A \ £P ({ai,@) }max Ntr ,NSh)

sh

Exact definition of p-value:

J

no need to approximatc Lt

p({ai’@}): 2 P(Nt,,,Nsh {O‘i,@})Eﬁp({o‘i,@}‘Nrr’Nsh)

{oe}] i P(N,.N,
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NO BACKGROUND?
E, =[30 TeV, 3 PeV]

ep

Pure V

OK for (1:1:1) -

Flavor rattos with
averaged oscillations

%CL exclusion

PUI"e V ¢

e
Y P

IFIC
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BUT THERE IS BACKGROUND...

observed = 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
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BUT THERE IS BACKGROUND...

observed => 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
astrophysical =
observed - background

astrophysical tracks=7-8.6=0
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BUT THERE IS BACKGROUND...

observed => 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
astrophysical =

observed - background

astrophysical tracks=7-8.6=0
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2-YEAR RESULTS
E, =[30 TeV, 3 PeV]

ep

Pure V

u
(1:1:1) disfavored at 1% CL

Bes’c-ﬁt; (1:0:0)

For E~°

Flavor rattos with
averaged oscillations

%CL exclusion

1 0 0.1 0.2 0.3

PUI"e V ¢

e
1/2' Ada Pted from: ?\)V

IFIC O. Mena, SPR and A. C. Vincent, Phgs RevislEcti s :a91105, 2014
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3-YEAR DPATA

M. G. Aartsen et al. [IceCube Collaboration], Ph s. Rev. Lett. 115:101101, 2014

2-year data: May 2010 - May 2012
Observed: 7 tracks + 21 showers

+3.7

Estimated background : 4.6”], atm.v + 6x+3.4atm. U

Showers —e—i

m
8
&
-
[ =
S
B
E
g
(]

I F I C Deposited EM-Equivalent Energy in Detector (TeV)
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3-YEAR DPATA

M. G. Aartsen et al. [IceCube Collaboration], Ph s. Rev. Lett. 115:101101, 2014

2-year data: May 2010 - May 2012
Observed: 7 tracks + 21 showers

Estimated background : 4.6, atm.V + 6=x3.4atm. [

3-year data: May 2010 - May 2013
Observed: 9 tracks + 28 showers

Estimated background : 6.6"; atm.v + 8.4x4.2 atm. U

Showers —e—
Tracks =4+

®
(+]
o
g
kel
c
ke,
©
=
8
(]
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3-YEAR DPATA

M. G. Aartsen et al. [IceCube Collaboration], Ph s. Rev. Lett. 115:101101, 2014

2-year data: May 2010 - May 2012
Observed: 7 tracks + 21 showers
Estimated background : 4.6, atm.V + 6=x3.4atm. [

3-year data: May 2010 - May 2013
Observed: 9 tracks + 28 showers

Estimated background : 6.6"; atm.v + 8.4x4.2 atm. U

Showers —e—
Tracks F=-4-—+

Declination (degrees)

\ ) ¥ awnother record breaker

o or -Rui On the flavor composition of the lceCube nevtrinos, April 27 2015



THE 2 PEV NEUTRINO

% t- £ i December 4, 2012: 2.004 PeV
1t 1l 1% 55 g :
1188 B R | ‘ 3
Bivid  tE BE
Hieli o F § ¢ Big Bird
.'. % §' g g f 5 (or Paco Pico, Caponata, Poupas Amarelo,
REHER 5 < ! § i E Montoya, Bibo, Garibaldo, Neef Jan,

Minik Kus, Da Niao, Velika Ptica, Store
Pip, Wielki Ptak, Kippi ben Kippod...)

g3 Kopper, talk at Moriond 2014

i |EER Background Atmospheric Muon Flux

"I 1EE Bkg. Atmospheric Neutrines (1K)
Background Uncenainties
— Atmaospheric Neutrinos (90% CL Prompt Limit)

still good fit for an €= spectrum

i | = Signal+Bkg. Best-Fit Astrophysical E! Spectrum

] :
N =

Reject a purely
atmospheric origin at 5.70

Events per 988 Days

M. G. Aartsen et al. [lceCube Co”aboration],
Phys. Rev. Lett. 113:101101, 2014
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2-YEAR RESULTS
E, =[30 TeV, 3 PeV]

ep

Pure V u
(1:1:1) disfavored at 1% CL
Best—ﬁt: (1:0:0)

On 1

Flavor rattos with
averaged oscillations

%CL exclusion

1 0 0.1 0.2 0.3

PUI"e V ¢

e
1/2' Ada Pted from: ?\)V

IFIC O. Mena, SPR and A. C. Vincent, Phgs RevislEcti s :a91105, 2014
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3-YEAR RESULTS
E, =[30 TeV, 3 PeV]

ep

Pure vV,
(1:1:1) disfavored at j:e_{ cL
Best-fit: (1:0:0)

Flavor rattos with
averaged oscillations

%CL exclusion

o7 01 02 03
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3-YEAR RESULTS WITH ERRORS
E, =[30 TeV, 3 PeV]
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o No flavor combination at sources assuming averaged
oscillations provides the best-fit:

the 3-year data follow the same trend of the 2-year data

o Although not statistically significant yet, the best-fit Lies
outsioe the “standard” triangle

—>  Now-standard ph 3s£os (neutrino deca Y, psewdo-Dirac
neutrinos, CPT Violation, shortecuts Ln extradimensions, nown-
standard cross sectlons)?

—> Has the atmospheric background been overestimated?

=> Have some tracks been misidentified as showers?
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IMPROVEDR CALCULATION

Full energy spectral information using
EM-equivalent deposited energies

Events per 988 days

(and energy resolution)
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(in contrast to the neutrino energy)
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detector’s geometry
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Fitting the spectral index, the normalizations of backgrounds and signal,
and the flavor ratios: unbinned extended maximum likelihood analysis
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4 different (deposited) energy intervals:
22 TeV-2 PeV; 28 TeVv-10 PeV; 60 TeV-2 PeV; and 60 Tev-10 PeV
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4 different (deposited) energy intervals:
22 TeV-2 PeV; 28 TeVv-10 PeV; 60 TeV-2 PeV; and 60 Tev-10 PeV
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4 different (deposited) energy intervals:
22 TeV-2 PeV; 28 TeVv-10 PeV; 60 TeV-2 PeV; and 60 Tev-10 PeV
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ONLY TOPOLOGY
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INCLUDING SPECTRAL INFO
E, =[30 TeV, 3 PeV]

While the number of tracks

might be not consistent with
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FIXED SPECTRUM AND BAQKGRQUN”
= [28 TeV, 3 PeV]
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FREE SPECTRUM AND BACKGROUND

Pure V E,, = 128 TeV, 3 PeV|
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CUT E<28 TEV
E, = [28 TeV, 3 PeV]
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CUT E<60 TEV

Pure V E, = |60 TeV, 3 PeV|

20 events
~32 bkg events
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INCLURING HIGHER ENERGIES
[6() TeV, 10 PeV]
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INCLURING HIGHER ENERGIES
=[60 TeV, 10 PeV]
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UNIT BREAK AT 1 PEV
Sy =[60 TeV, 10 PeV]
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Us, March 31, 2014

best-fit is obtained for (1 : 0 : 0)g at Earth, which cannot be achieved from any flavor ratio at

sources with averaged oscillations during propagation. If confirmed, this result would suggest either
a misunderstanding of the expected background events, or a misidentification of tracks as showers,
or even more compellingly, some exotic physics which deviates from the standard scenario.

O. Mena, SPR and A. C. Vincent,
Us, February 9, 2015  E., =[60 TeV, 3 PeV] Phys. Rev. Lett. 113:091103, 2014
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IceCube, February 11, 2015

ese results contrast with an earlier analysis of lce-
Cube’s 3-year data, which found a preference for (1: 0 :
0)g over (1:1:1)g at 92% confidence level [68]. We at-
tribute this discrepancy mainly to two unaccounted for
effects — partial classification of v, CC events as show-
ers and systematic uncertainty on muon background. Re-
peating their analysis but accounting for the ~ 30% of v,
CC events classified as showers and using a profile like-
lihood incorporating the 50% uncertainty in muon back-
ground, a (1: 0 : 0)g best-fit is still obtained but neither
(1 :1:1)g or our best-fit of (0 : 0.2 : 0.8)g are ex-
cluded at > 68% confidence level. Since only shower and
track counts were analyzed, the tighter constraints re-
ported here result from the use of energy and directional
information in addition to the lower energy data.

M. G. Aartsen et al. [Icecube Collaboration]
arXiv:1502.0%376
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20% track misiD and deposited energles up to 10 Pev

IceCube analysis

Confidence Level Exclusion (%)

M. G. Aartsen et al. [Icecubc Co”aboration]) arXiv:1502.0%376
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20% track misiD and deposited energles up to 10 Pev

IceCube analysis £ J

Confidence Level Exclusion (%)
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20% track misiD and deposited energles up to 10 Pev

= [60 TeV, 10 PeV]

IceCube analysis £ J
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Differences between the IceCube analysis and our 2014
result are mainly due to extending the deposited energy
range to cover the Glashow resonance (+ track misiD)
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20% track misiD and deposited energles up to 10 Pev

IceCube analysis New IceCube analysis!
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Differences between the IceCube analysis and our 2014
result are mainly due to extending the deposited energy
range to cover the Glashow resonance (+ track misiD)
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CONCLUSIONS

e qreat ollsaoverg by teeCube: the era of neutrino astronomy
@ Two potential Lssues:

—> Defiett of muon tracks...

2 Deﬁai‘c of electron antineutrinos E>PeV...

o Results depend on the energy range considered (not
statistica LLy conclusive yet)...

@ A Lot to be done... 17 wmore events coming up this year...

& Wwe need more data: KM3NET, gen lceCube

INSTITUT DE FISICA
CORPUSCULAR
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WAITING FOR THE FIRST
PEV TRACK EVENT

...faster thaw Lightning, stronger thaw steel, smarter than a speeding bullet.
oh, Look, dowwn Lin the Lee!
It’s a background event
It’s a stgnal event
s
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WAITING FOR THE FIRST
PEV TRACK EVENT

...faster than Lightning, stronger thaw steel, smarter thaw a speediwg bullet.
oh, Look, dowwn L the Lee!
It’s a background event
It’s a signal event

e =

Grover

(or Coco, Gualter, Archibaldo, Grobi, Arquibaldo, Gunnar,
Acikgoz, Florek, Antar, Kruvi, Kajkoal, Bohous...)
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