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How neutrino self-interaction affect
High E neutrino event spectrum?
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How neutrino self-interaction affect
High E neutrino event spectrum?

E-®,

Determine
the Event Rate

Without neutrino diffusion E
during the propagation, 0
the observed spectrum is almost same
to the spectrum at emission zone.

Determine
most probable E



New self-interaction of neutrinos
and neutrino cascade during propagation

- v self-interaction with light mediator
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New self-interaction of neutrinos
and neutrino cascade during propagation

- v self-interaction with light mediator
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New self-interaction of neutrinos
and neutrino cascade during propagation

- Obtaining the modified flux with simple neutrino cascades
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How neutrino self-interaction affect
High E neutrino event spectrum?
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1% 1%
Eq
O Determine
most probable E
VCvB 1 _
E, /2 Leg D —g¢V7C_V7-¢ + h.c.



How neutrino self-interaction affect
High E neutrino event spectrum?

E-®,

E5®



How neutrino self-interaction affect
High E neutrino event spectrum?

E2 @ Eres. =~ \/meEy =~ My mMass Of
1) XU : mediator

E5®

After N, successive Eq E;es. Fy
scattering processes
during the propagation,

Eq ~ EO/QNC
by ~ QNC O



How neutrino self-interaction affect
High E neutrino event spectrum?
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How neutrino self-interaction affect
High E neutrino event spectrum?
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How neutrino self-interaction affect
High E neutrino event spectrum?

E2 @ Eres. =~ \/meEy = My mMass Of
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One can probe neutrino interaction parameters (
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Multi-messenger observation
from Blazar TXS 0506+056

 Blazar : Active Galactic Nuclei (AGN) with relativistic jets
(mostly energetic p+, e~ above PeV energies)

synchrotron or bkg
photon
O(10) keV

% energetic jets
~ (nucleli, electrons)
O(10) PeV

CM frame scale of e \/QEjetE'y ~O(1 2 10). CeV

~v and v production




Multi-messenger observation
from Blazar TXS 0506+056

Blazar : AGN w/ relativistic jets
(mostly energetic p™, e~ above
PeV energies)

By the scatterings with bkg 7Y
and synchrotron radiations,

* Photo-Pion prod. [)"Ypkg — p’]TO, nm

7TO — @ T — ,u+ '

e Inverse Compton €/kag —

e Usually both energetic neutrino around O(100) TeV - O(100) PeV and
multi-wavelength (from optical to gamma-rays) photon fluxes are expected.



Multi-messenger observation
from Blazar TXS 0506+056
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Multi-messenger observation
from Blazar TXS 0506+056
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Astrophysical models for Blazar

e |eptonic vs. Hadronic model

Leptonic model

Hadronic model

Low energy photon

(< O(1) GeV) electron synchrotron

proton synchrotron

High energy photon
(1 GeV ~ 100 TeV)

Inverse compton
+ EM cascade

photopion production
+ neutral pion decay
+ EM cascade

no neutrino
in pure leptonic
model

high energy neutrino
(100 TeV ~ 10 PeV)

photopion production
+ charged pion decay

+ muon, neutron decay
(no cascade during propag.)




Astrophysical models for Blazar

e |eptonic vs. Hadronic model

Leptonic model

Low energy photon
(< O(1) GeV)

electron synchrotron

Hadronic model

proton synchrotron

High energy photon
(1 GeV ~ 100 TeV)

Inverse compton
+ EM cascade

photopion production
+ neutral pion decay
+ EM cascade

no neutrino . |
. : in pure |eptonic ph0t0p|0n prOdUCt|On
high energy neutrino model + charged pion decay

(100 TeV ~ 10 PeV)

/-

+ muon, neutron decay
(no cascade during propag.)

Additional small
amount of protons

. Lépto-hadronic mod
mssrmssesmanasswerEqyored (but not enough) to explain

TXS 0506+056 photon/neutrino spectrum



Astrophysical models for Blazar

T T T T I T T T T [ T T T |
i L(max)
10_10 —_ - . 2><p L(maX)
C p
L 107"
IU) E
IE B
o L
i L
Q,
Ty 10712 =
g C
10713

10°
e [eV]

A. Keivani et al. [1807.04537]

10°

10"

10¥

—

o
>
o

S
0.33 [erg s7']

—_

o
IS
=

10%

el atz

v Fv (erg cm? s™)

—
Q
©

—
Q
]

10—11

10712

10"

1 0—14

Energy (eV)
10 10" 10° 10° 10° 10" 10" 10"7 10°90%'
ET T T T T T T T T T T T T T T T T T T T T T T T T T Y i
— — wn
| o
~ = 10"g
3 >
= _ 1
— | >
— — 1046
== y "‘ §
- d ' ‘ — 10%°
— — 1 044
E— [ ’,‘““ ;
Z! Ry 1| —= 10°
E_. , : "-.\ ".‘ l‘ ':‘I )' | | E
—TI ||,| ol ||}’J/j L’L(JI |"| i L l.‘l ool ol ||‘l _|J_’|| i 1 L ||—
10'° 10" 10" 10" 10%° 102 10* 10*° 10*® 10* 10* 1V0~“2‘1Hozf’)5

M. Cerruti et al. [1807.04335]



Astrophysical models for Blazar

| I B — | I . — | . — T T T 1 T T T 47 -4 -1 5 8 11 14 1I75nergy (§V)21
I I l I 10 o 10 10 10° 10 10 10 10 10 100
- | (max) I S0 ETTTTTTTT T T T T T T T T T T T T T T TTTT T =
— p —— ~ — = 2]
—10 | (max) ' - | 72
107% —ao 2x L LM 5§ [ 5 10"e
- : 1 S 1070 ) =
B \ b 4 g = i Y . >
: ‘ —{10% 1_;_ E _E 10
v — 10_115_ | !‘ , E
— 10" | %) — i |
! - oty 9 — ] 45
(;n -l \___. £.% o | = 10
- | F R 2 -
s | 7 1 il o7 X i
o _ '\ 2 o — , -
= 12 i : \ .“ IEI : //[’/// x = 10%
w — [ — ) 3
w1077 F RV / : < 107 o | 7 :
w - 1 | ' — = ' | " |
B P i S ! w [ ‘ ] 43
r _1044 — @ y E 10
L 1014 E_. ,/ : / e A\ ] /l ‘ =
0L ST ARERERE (400 ¢ ARER N S ERERENEN A (N1 (ENENENER. s
s 10'° 10" 10" 10" 10" 10* 10% 10* 10* 10* 10* 10% 1&??4@)5
i 1105 M. Cerruti et al. [1807.04335]
1 1 1 l 1 1 1 1 I 1 1 1 1 | 1 1 1 l 1 1 1 m
10° 10° 100 10" * Pure hadronic models has been

e [eV]

A. Keivani et al. [1807.04537] ruled out due to the overshoot in X-ray.



10770

e F, [ergcm™s™]

1073

Astrophysu:al models for Blazar

107"

T I T T T I
(max)
Lp

-== 2x M)
p

syn
rad.

CcoO

/

inv,

\

pton

5

LM

10° 10°

e [eV]

A. Keivani et al. [1807.04537]

10‘51

47 Energy (eV)
10 . 10* 10" 107 10° 10° 10" 10'* 10" 10%10*'
7310 30 I T O I L O B O B B
o~ — (%))
\ - =)
g | _g 1047&),
5 10" ) 3 3
: — i _ >
1046 L_I\- — — 1046
— = d BEE
(7)) - ! —

o = ra '
Q, — . ‘ _ ] A 3
o 10—’12 - / e - ’ XX AN . ]
1045m E ” A /, ' \\. l.\ —
C] 10°= o | 3 ' =

= — WA R '+l | 43

1044 — @ {I/l /\ \ \ \"I = 10
10 L0 WA N I 3
:|IIIII;|.'/JIIII\IIIII_.1 N
10" 10" 10" 10" 10" 10* 10% 10* 10*° 10* 1030 1032 10?1{023;

\Y
10% M. Cerruti et al. [1807.04335]

* Pure hadronic models has been
ruled out due to the overshoot in X-ray.

- The leptonic model scenarios are favored

to explain EM multi-wavelength obs.
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* The leptonic model scenarios are favored
to explain EM multi-wavelength obs.

- Most events are expected at O(100) PeV energies and
Event rate at 100 TeV - 1 PeV energy is suppressed as ~107° — 10~ % /yr
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* Pure hadronic models has been

ruled out due to the overshoot in X-ray.

- The leptonic model scenarios are favored

to explain EM multi-wavelength obs.

- Most events are expected at O(100) PeV energies and
Event rate at 100 TeV - 1 PeV energy is suppressed as ~107° — 10~ % /yr

- Obtaining O(1)/yr event rate at IceCube is very tough
within simplest astrophysical models.



Propagation of messengers
In astrophysical events

Fig. from C. Rott’s talk
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In astrophysical events
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New self-interaction of neutrinos
and neutrino cascade during propagation

- Obtaining the modified flux with simple neutrino cascades
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energetic neutrino down-scattered
by resonance secondary neutrinos
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E,/\;E‘N M,
Neutrino cascade occurs during { %

extragalactic propagation E,/2
with MFP ~ O(200-1000) Mpc



Event spectrum at IceCube

- Enhancement of neutrino flux at 100 TeV - 1 PeV =~ O(10 — 100)
without changing any EM component spectrum

- Suppression of neutrino flux at ~ 3-10 PeV by resonance
= The absence (or suppression) of multi-PeV neutrino events
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Event spectrum at IceCube
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Conclusion

* The neutrino flare at TXS 0506+056 is a first complete set of multi-messenger
observation including photons and neutrinos.

 Pure hadronic models are disfavored and
Leptonic models are suffered from the explanation of IceCube neutrino obs.

* Neutrino self-interaction with a light hidden mediator (m ~ 10-50 MeV)
enhances in O(100) TeV neutrinos and suppresses O(1-10) PeV neutrinos
due to the neutrino cascade during propagation that can explain the observed
anomaly.

0% 107 my=15 MoV, g,=0.2 (point 4)
 Future multi-messenger . R s S
observation will increase ! |
the statistics for the test of .« S s
this scenarios, providing I syl
the detailed features of I A—— | w 13;‘533‘XVS' _ AR

m, [MeV] . [eV]
v

low energy neutrino sector.
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