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* Cosmic neutrino background (CvB) (leV=1.16 x 10%K)
* Present Universe
lays a central role
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Energy spectrum:  N(E) = NOE—OC PDG
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* Cosmic-ray neutrinos and lceCube
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* Cosmic-ray neutrinos and lceCube r
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* |ceCube result
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* |ceCube result
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* |ceCube result
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2. Neutrino absorption at sub-PeV scale

* Neutrino absorption scenario; essence

relevant process:

VW5 — VV

NEw resonance:

Wz —> 8= VV

Where is the new resonance
if 1PeV neutrino is absorbed?

E=.2mE, ~\10"°10°GeV

=10MeV
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* Neutrino absorption scenario; demonstration
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* Neutrino absorption scenario; demonstration
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* Neutrino absorption scenario; demonstration
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* Neutrino absorption scenario; demonstration
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* Neutrino absorption scenario; demonstration

Where did the cosmic neutrinos come from?

current knowledge; high energy neutrino source is unknown

SNRs,IGRBs AGNis, star forming galaxies, ... let us consider two candidates.
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* Neutrino absorption scenario; demonstration

How far can neutrinos go through in space?
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* Neutrino absorption scenario; demonstration

How far can neutrinos go through in space? 4 o S )
Fermi-Dirac distribution:
mean free path: - -1
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* Neutrino absorption scenario; demonstration

How far can neutrinos go through in space? (F  Dirac distribut )
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* Neutrino absorption scenario; demonstration

How far can neutrinos go through in space?

mean free path:
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* Neutrino absorption scenario; demonstration
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* Neutrino absorption scenario; demonstration

How far can neutrinos go through in space? 4 o S )
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* Neutrino absorption scenario; neutrino mass dependence

simple kinematics

head-on collision vV Veus
> <
2 2 2 — —
(Ev ’\/Ev o mv ) (\/mv +|pCvB ’_|pCvB|)
How large Ey can contribute to the resonance region!?
On pole condition: M| s2 =9 (back-to-back case)

=7 m& +Ev\/m\% +‘13CVB‘2 _\/E\% _m\% ‘ﬁCVB‘

— constraint on (Ey, pcys) to realize this condition for each my

Fermi-Dirac distribution: va B ( pCVB) — [Exp (‘ 1_5 CVB‘ / TCvB )+ 1:|_1

— gives the information; how large probability the relevant pcyg has.
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2. Neutrino absorption at sub-PeV scale

* Neutrino absorption scenario; massless vs. massive

Ms=1.0 MeV, m,=0 eV Ms=2.5 MeV, m,=3.2x 10 °eV
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Absorption line also has a sensitivity to neutrino masses!

wd Next, let us consider more realistic models.
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*We need MeV scale scalar particle interacting with neutrinos.

* New interaction should involve left-handed neutrino.

Bce




3. Viable models

Attempt |I. Inverse seesaw model with a neutrinophilic scalar doublet
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Attempt |I. Inverse seesaw model with a neutrinophilic scalar doublet
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0 | :40 m,, ~‘UN+(12—A3)V ,LL]%, <V’
) hy +iA N
’ hy ~ 2+ AV

A0 Iy

~0(100)GeV

m o iy

experimental limits?



3. Viable models

Attempt |.

| Ny Nr h hy

L
Z2

+1 41 -1 0 =2
+ + - + -

experimental limits

* LEP

H™H™ — vty

LEP 183-209 GeV | E

\ \
50 60 70 80 90 ,
Charged Higgs mass (GeV/c”)

m_>100GeV

1301.6065

Inverse seesaw model with a neutrinophilic scalar doublet

L DgthNN—I—ythR—I—MNRNN—|—mNNNN

s TO000 b
b
______ H*
t
OO0 f

hn does not couple to quarks!

ATLAS-CONF-2013-090

1303.4097

%7000, T
tSOOO-
< 5000F

4000[

3000r

20001

1000k
900
800

700
600

500
400 Mg

300

A >1000GeV

> M >100GeV

including loop factor
(and coupling)



3. Viable models

Attempt |I. Inverse seesaw model with a neutrinophilic scalar doublet

| Ny Nr h hy

L|+1 41 -1 0 =2 £DgthNN+ythR‘|—MNRNN+mNNNN
Zo | + + - 4+ =
experimental limits Phys.Rev. D75 (2007) 094001 mass basis
¢ SR e O 4 R0 s

* Meson decay ( 7/K — lwh, ) i ;

K Ny, o
M, X 0°L _

flavor basis: g5 i\ Zavs (a,b = e, 11, T) " ) -
N S o ’

l ————— Limit for g,

mass basis: Jij = (UEMNS)iaggg(UPMNS)bj (2,7 =1,2,3)

L0 0 13 0 sige” ™ ciz sz 0 e—1/2 0 0
Upmns = 0 co3  s23 0 1 0 —s12 c12 0 0 eta2/2
0 —s23 co3 —s13¢° 0 c13 0 0 1 0 0 1

d=a; =ay =0, s, =0.31, s3; = 0.51 and s?; = 0.023

10

for desirable absorption line-

m,(eV)

We take g/1=103 in mass basis for conservative case.



3. Viable models

suppose E from GRBs

* absorption line in a sample parameter set

S Swift LGRBs :
g=10"° with traveling distance 1Gpc and Ms=3MeV | |
35 |  mmE=m==s Best Fit - 3@ L |
------ m,=0.01eV ] = (7 ]
] =z | ,
30 C —  m,=5.6x10"° eV) i R ]
5 it my=32x1073 eV ! ? } |
@ ] ‘ :
N ] S ~ 7
& 2.5- - - ,
§ : T N f AR :
® I _ T ] B e
S 201 , Z
S N T : O(l) Gpc 1405.5487
= m, ~|Am,,
S i — NG
N
u 10° }\N e i (Am,, =7.6x107eV?)
- (I \\\l—ﬁ—i
- Py (’\ .
- 1 Y T | Degenerated spectrum for Vi and v,
0.5¢ . : \ j is rather favored.
: : : ) I T (normal hierarchy is assumed)
ooL—+ . ] ) O TV P B i S \ /
5.0 5.5 6.0 6.5

70 75 80
log,,E,/GeV]



3. Viable models

Attempt 2. Large neutrino magnetic moment scenario

If neutrino has the large magnetic moment, chirality flip of cosmic-ray neutrino takes place.

Larmor precession SNR

B=10"G (=1uG)

galactic magnetic field

/

Larmor frequency: () = ‘UVB
/

neutrino magnetic moment

Chirality flip takes place at W =T d=p [ ; = 7T/,u,/B



3. Viable models

Attempt 2. Large neutrino magnetic moment scenario

If neutrino has the large magnetic moment, chirality flip of cosmic-ray neutrino takes place.

Larmor precession

b4
W"“
v 1= v

_3eGym,

= 8722

0.1eV uG

L =m/p,B ~10 — | Gpc

m, B

~ 3><1019(

m, )
R Hp

U, =579%x10"MeV /T  (PDG)

(1G = 10T)

If new physics can enhance Wy, it is possible to flip the chirality during the flight.

* example: MSSM + vector-like lepton

Neutrino Mass Eigenvalues m,, = 5.2 x 10~ 11
1312.2505 (GeV) .

My, = 9.2 x 10712
my, =9.7x 1071

o . (i) myz =256 GeV U 1.2 x 10710
T T4 ~ mz = 162 GeV I 2.5 x 10713
Pt PRty \({((r ' v lifetime 3.9 x 10 yrs
w7 Y W v/ \ (] (i) my= = 267 GeV 12 4.6 x 10710
—— ,;;:\ — — mz = 202 GeV 11 1.3 x 10712
v3 lifetime 2.5 x 10M yrs
— v . (ili) my= =268 GeV 2 2.2 x 10710
X )E’: mz = 158 GeV I 1.1x 10713
vy lifetime 1.8 x 101 yrs
(iv) myx =272 GeV o —7.6 x 10710
mz = 195 GeV 1 —1.3x10713

v3 lifetime 8.8 x 1013 yrs

* experimental bound 1, < 5.4 x 107 pp

(Borexino, Phys.Rev.Lett.101:091302)

wp L, ~O0(kpc



3. Viable models

Attempt 2.

Large neutrino magnetic moment scenario

If neutrino has the large magnetic moment, chirality flip of cosmic-ray neutrino takes place.

-

o

In this case, it is not necessary that new interaction has to involve left-handed neutrinos.

L D) QSNRNR,

» Other situations are the same as the previous model.

~

(meson decay, etc.)

/

If new physics can enhance Wy, it is possible to flip the chirality during the flight.

* example: MSSM + vector-like lepton

Neutrino Mass Eigenvalues m,, = 5.2 x 10711
1312.2505 (GeV) .

My, = 9.2 x 10712
my, =9.7x 1071

o . (i) myz =256 GeV U 1.2 x 10710
T T ~ mz = 162 GeV I 2.5 x 10713

At PRt \({((f I v lifetime 3.9 x 10M yrs
v vy v/ A (ii) my+ = 267 GeV L2 4.6 x 10710
— — mz = 202 GeV 11 1.3 x 10712

\ A: v3 lifetime 2.5 x 10M yrs
— g . (ili) my= =268 GeV pi2 2.2 x 10710
X X; ms = 158 GeV 1 1.1x 10713

vy lifetime 1.8 x 10 yrs

(iv) myx =272 GeV o —7.6 x 10710

mz = 195 GeV 1 —1.3x10713

vy lifetime 8.8 x 1013 yrs

* experimental bound 1, < 5.4 x 107 pp

(Borexino, Phys.Rev.Lett.101:091302)

wmp L, ~OWkpc



4. Summary

Summary

* CVB absorption around sub-PeV scale is discussed.

* Such absorption line may indicate MeV scale particle interacting with neutrinos.

* The line shape is also sensitive to neutrino masses.

* As viable models, “neutrinophilic doublet scalar” and “large neutrino magnetic moment
scenario” are discussed.

* Those models are testable in future collider experiments.



2. Neutrino absorption at sub-PeV scale
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3. Viable models

Attempt |I. Inverse seesaw model with a neutrinophilic scalar doublet

| Ny Nr h hy

L|+1 41 -1 0 =2 £DgthNN+ythR‘|—MNRNN+mNNNN
Zo | + + - 4+ =
experimental limits Phys.Rev. D75 (2007) 094001 mass basis
¢ SR e O 4 R0 s

* Meson decay ( 7/K — lwh, ) i ;

K Ny, o
M, X 0°L _

flavor basis: g5 i\ Zavs (a,b = e, 11, T) " ) -
N o *

l ————— Limit for g,

mass basis: Jij = (U}T)MNs)iagcebg(UPMNS)bj (2,7 =1,2,3)

L0 0 13 0 sige” ™ ciz sz 0 e—1/2 0 0
Upmns = 0 co3  s23 0 1 0 —s12 c12 0 0 eta2/2
0 —s23 co3 —s13¢° 0 c13 0 0 1 0 0 1

d=a; =ay =0, s, =0.31, s3; = 0.51 and s?; = 0.023

10

10

10

for desirable absorption line-




3. Viable models

Attempt |I. Inverse seesaw model with a neutrinophilic scalar doublet

[ NN NR h hN
L|+1 +1 -1 0 =2 £DgthNN+ythR‘|—MNRNN+mNNNN
Zy | + + - + =

experimental limits

% Meson decay ( /K — luhly ) Other case (limit for flavor basis couplings)

> P <55%x107% > [P <45x 1077 and Y g < 3.2.

ZIG,ILL,T l:e7lJJaT ZZB,/,L,T

. ff10 off .
flavor basis: g5, hy vl (a,b = e, pu, T) == only g7 =0.5 isassumed
0.0966234 g°** _ -0.202561 g°** _ 0.215073 g°*?
gl o 0.202561 g°**_ 0.424647 g°**_ 0.450878 g°ff_
] 0.215073 g°f*__ -0.450878 g°** _  0.47873 g°f*_
v

mass basis: Jij = (U;MNs)iaggg(UPMNS)bj (2,7 =1,2,3)



3. Viable models

geffTT:0.5, m,,=10meV, Ms=4MeV

4 I L R B B \ !
g 3+ v3—line
2
o
S V1’2—/I.neS
>
G
°|° ZL_'_'
= N\
~ Y
= |
<3 | Tg
(\,:,j 1+ 1kpc .

\\
L L - \\
0 | M | 10kpC I . ) S W
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