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Astrophysics

. €
® Pion:

1:2:0 = (0.35, 0.33, 0.32)

® Muon-dumped:
0:1:0 = (0.26, 0.36, 0.38)

® Neutron:
1:0:0 = (0.55, 0.26, 0.19)

® Charm:
1:1:0 = (0.40, 0.31, 0.29)

IREDODARA ST 1w b
IREh)/ S X5 —%={EH

[Gonzalez-Garcia, Maltoni, Schwetz, 2014]

IceCube, arXiv:1502.03376
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Particle physics

® Neutrino decay [Beacom,Bell,Hooper,Pakvasa,Weiler, 2003] e.g,voVvo
_ source 2 12,—L 'r?l:ab
Do =215 P Uai?|Ugi|[*e~ %/

— Zi(stable)ﬁ (I)%mlrce |U‘5\f73|2|(]/3?;|2
L > T;

Normal ordering: PP, P, =|Uct|?: |Uua|? 2 |Una)?
~4:1:1

Inverted ordering: Do : D, D = |Ues|? : |Ups|? : |Urs]?
~0:1:1

1:1:1 5B E<<INd



1:1:1Hh6509n

Particle physics

® pseudo Dirac

- Pseudo Dirac (mp > Mg)
0 mp +
Y —m*T ~mp+ Mg/2
mp R m_zmp—_MR/Q
. . Beacom,Bell,Hooper,Learned,Pakvasa, Weiler, 2003]
= Ve:v,7#1:1 [ P

® Lorentz/CPT violation E.g., [Hooper,Morgan,Winstanley,2005]

= VU <Yy

® Dark matter decay E.g., Feldstein,Kusenko,Matsumoto,Yanagida,2013;

Esmaili,Serpico,2013;
Ema,Jinno,Moroi,2014;
Dudas,Mmbrini,Olive,2014---

= JLA/\=LtbE. Za— U/ -DMOBEELRICHKD



IFD IceCube DFEER



20124F6H
2013454
2013%11H
20145F4H
20144E5H
2014512H

201552H

201552H

20155E7H

CNFTTOREE

24N ~~1 PeV)DEkE @Neutrino2012
281> hDIRES @IC Particle Astrophy. Symposium
28142 b, 1311.5238 (science 342 (2013) 1242856)

Mena, Palomares-Ruiz, Vincent, 1404.0017
[ DL —)\—LbDf##T

36/ R bDswX. 1405.5303 [3FD7—4. 5.70]
AW, 1412.8264 [ARDT NS LETL—)\—DfF]

Mena, Palomares-Ruiz, Vincent, 1502.02649
[ TR)LF—510 etc. ZEXD ANT=F#AT]

JL—/)\—tbof#Etr. 1502.03376

up-going muon Mf##fr. 1507.04005 [3.70]
Combined 72 fit, 1507.03991 [T S A etc. ]
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Mena, Palomares-Ruiz, Vincent, arXiv:1404.0017/1411.2998
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AW, arXiv:1412.8264
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IceCube Collaboration, arXiv:1502.03376

X l 100

Confidence Level Exclusion (%)

974 days data
129 showers, 8 tracks
(starting events)

1:1:1DEE Dy, (32.6

Best fit ratio (3.
0:0.2:0.8

1:1:1 exclusion < 68%

AONRIZF> MMIIEDOTWVD



Up-going muon

IceCube Collaboration, arXiv:1507.04005
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Combined analysis

IceCube Collaboration, arXiv:1507.03991

Up-going muon, Starting event i EDF—45D"20O—/VULT 1w K

2f

2 2122 23 24 25 26 2.7 2.80
Y
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3 4

Model Parameters
single power law b,
differential D1 — P9
north-south bs, VS, ON, VN
2-flavor Pes Putr, Y
3-flavor e, Pu, Ory Y

® Non-flavored, single power low

~ = 2.50 + 0.09

® 2.0 (X. 3.80 T disfavored

® Hvy bhATEANTE. still disfavored
(2.10 w.r.t freey)
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LY, at source

0:1:0
1:2:0

Combined analysis

C DERMTD
best fit

LABIODERTD best fit

Model Parameters
single power law b,
differential P1 — P9
north-south s, VS, PN, IN
2-flavor Pe, Putr, Y
3-flavor Pe, Gu, Or, Y

® 3-flavor /)L

® y(&. single ERAU

0:1:0 (muon dump) 55%
1:2:0 (pion) 27%
1:0:0 (neutron) 0.014% (3.60)



Combined analysis

Model Parameters Py Northern Sky v = _(20tgi)
single power law b, '
differential P1 — b9 —_
[north-south DS, V9. DN. IN |/> . SOUthern Sky f}/ - _2'56 :|: 0’12
[ 2-Havor Dee Outz. ]
SHlavor ber Opr P17, 7 ULHU significance (&£ 1.1 0
/1 68% C.L. Vo'V, : v, at source
ER 90% CL g0 1:20 1:0:0 _
/ / \ ® 3-flavor E 122 X572 MC

Muon dump > pion > neutron

0 01

0.2

03 04 05 06

v, fraction at Earth
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IE=ME, long-lived particles

® Line = two body decay [1] LegpL, LH Y, -

T T T T T T T T T T T
—— — DM = v,v, (15%), bb (85%)

® Line + soft component [2] T ool
T: F—— DM — vov, (12%), ce (88%)
rI\IE | emmmmmemae DM - e e* (40%), qgq (60%)
® Long-lived particle X [4] z
— -11
3 107
3
53]
- 10 I1I(|)3 1(|)3
E, (TeV)

An incomplete list;

[1]Feldstein, Kusenko, Matsumoto, Yanagida, 2013;

[2]Esmaili, Serpico, 2013; Higaki, Kitano, Sato, 2014;

[ 3]Bhattacharya, Gandhi, Gupta, 2014;[4] Ema, Jinno, Moroi, 2014;
[5]Fong, Minakata, Panes, Funchal, 2014; [6]Dudas, Mambrini, Olive, 2014;
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Neutrino mass Dark matter

= Right-handed neutrinos * Particle dark matter
- Triplet Higgs ....etc. (stable, neutral, non-baryonic)

Gauge-singlet fields

SEREIDT — DXWIMEN IR TTIFIRWNET
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® UL —iF(E. BF(CEFHYTILULIRLY
@ LT ERED, KEVW-TEEZHHATES
® EDIAHTJREIRL ANV TREZEND

® LW —EnEE(d. BIHUT THEANLEK

Bell, Volkas,2000;

Joshipura, Mohanty, 2004;
Bandyopadhyay, Dighe, Joshipura, 2007;
Samanda, 2011;

Heeck, Rodejohann,2011



U(l) Ly — LT ﬁ"—yiq*ﬂ"l‘i

Ma, Roy, Roy,2002;

=7—A*> qg- 4 g :
SE1—A> g-2 DAL ZHATED Baek, Deshpande, He, Ko, 2001;
1 s
0.1k c kq
E v —
< 0.01} E
1073 = 5
: N >
0.01 01 1I 0 102 10
my (GeV) Neutrino trident production

Altmannshofer, Gori, Pospelov, Yavin, 2014



U(l) Ly — LT b"‘—yi‘jﬂvﬁ

IceCubeDBLEFRUD D Araki, Kaneko, Konishi, Ota, Sato, Shimomura, 2014

vv = 7' > vr
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10 Fromrmrrmmr gty [ Bkg. Atmospheric Neutrinos {#/K)
: Background Uncertainties

= Atmospheric Neutrinos (90% CL Charm Limit)
—— Bkg.+Signal Best-Fit Astrophysical (best-fit slope £ *%)

V\)\TDZ@I;?\) bqi—(i\ BA:% % 1 — - Bkg.+Signal Best-Fit Astrophysical (fixed slope £ ?)
a 10" LB L P see Data |
) = AN
I m%,  (10%eV) g 100 2B Recn = Bl R TR Y
v — ~ 2 LT 1
me 10_2 eV E 1
14 _ 10" N -
~ 10" eV = 100 TeV \
10? 10° 10*

Deposited EM-Equivalent Energy in Detector (TeV)

arXiv:1405.5303
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® Tau flavor @ (double bang)
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