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! * GZK suppression

! i

; - Beam: protons

i

: - Target: CMB

: - Resonance: A _=

t K. Greisen, Phys. Rev. Lett. 16:748, 1966 :

‘; G. T. Zatsepin and V. A. Kuzmin, JETP Lett. 4:78, 1966 )

1 F. W. Stecker, Phys. Rev. Lett. 21:1016, 1968 I.

| + Photo-dissociation of nuclei :
Photo-dissociation of nuclel g

'1! - Beam: Nuclei t

| - Target: Photon Background ’

§

: - Resonance: Giant Dipole Resonance

= } F. W. Stecker, Phys. Rev. 180:1264, 1969

: W. Tkaczyk, J. Wdowczyk and A. Wolfendale, J. Phys. A8:1518, 1975

j J. L. Puget, F. W. Stecker and J. H. Bredekamp, Astrophys. J. 205:638, 1976

i F. W. Stecker, Phys. Rev. Lett. 80:1816, 1998 :

¥ L. N. Epele and E. Roulet, Phys. Rev. Lett. 81:3295, 1998 and JHEP 9810:009, 1998 ;

g F. W. Stecker and M. H. Salamon, Astrophys. J. 512:521, 1999
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What else about neutrinos as beam?

. * Neutrinos point back to their cosmic sources

* Above GZK energy (75 x 10!9 eV), they may be the
only propagating primaries

. * At high energies, neutrinos are little affected by

~ the ambient matter: carry information about the
central engine

. Neutrinos carry a quantum number that cosmic rays
and photons do not have: flavor

- Travel over cosmic distances allows studies of their
fundamental properties: stability, pseudo-Dirac mass
patterns

) . Extreme energies allow studies of neutrino cross
sections beyond the reach of terrestrial accelerators

A. Kusenko and T. Weiler, Phys.Rev.Lett.88:161101,2002
SPR, A. Irimia and T. Weiler, Phys.Rev.D73:083003,2006
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‘Resonances in the Cosmic v Spec’crum (zIRs)

B Absorption features: Dips
Three sources of background:

muon-induced spallation
products, reactor and

atmospheric v

. Emission .

Emaission features: Bursts

(E—bursts)| " _
oy |

One source of background:

COSMIC rays
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S. Ando, K. Sato and T. Totani, Astropart. Phys. 18:307, 2003

Backgrouncls for neutrino clips

Bartol + Naumov RGP — AANDRA v, T3BT
s AMANDA| camcandess Ge) 1001 d Prelim, = = = = Ragzeua GRE Progenitor 2008
— KD Amosphercy, - = = Wgamen Bahcal| Prompt GRE

A 1C0 Atmo. v, Uil ding

— Waxmen Bahcal | 1986 x 32
RICE (ey17) (008) 854
e HIES Vg X 32, (20089 PAO, 23,2 w ICRC 2000

I. Kravchenko et al., arXiv:1106.1164
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. For simplicity, we will consider the windows:
10 MeV < E < 50 MeV¥ and € > 100 TeV
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Formalism
* Partial widths
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—ViVi=vivi(s2)
—vivi=1l(s2)
—VMiVi=q7(2)

— Vivi=vi¥j(t2)
—vivi =15 ({EW)

— WiVj = vivj (elastic -2)
— vivi=vivi(elastic u-Z)
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vector (p) Meson-dips

* Annihilation through p meson — &; is a factor M;/m, ~
120 lower than for Z-dips '

v n ot
w< gz\/igZ gp Mp2
Z

Y T

- from data on the coupling of the process T v. @ p and
CVC relations g, = 2 x 1002 > g = 8 x 107 — from our

fOM, this would imply m, < 0.1(F(wW)/F(2))!/2 MeV

NO DIP
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’
U-a LPS
I Annjhilation through a light and weakly coupled odlesder e
U-boson which could help explaining the 511 keV Astron. Astrophys. 441:513, 2005 ¢
‘- line from the galactic bulge: LDM particles
annihilate via U-boson exchange to produce e*-e- pairs

i C. Boehm, D. Hooper, J. Silk, M. Casse and J. Paul, Phys. Rev. Lett. 92:101301, 2004
i C. Boehm, P. Fayet and J. Silk, Phys. Rev. D69:101302, 2004

* SPI 2004 public data

* Mass and coupling of U are strongly constrained from ° . Tt
measurements in accelerator experiments i

o
v

10 photons/s/cm?/keV
7]

) - Assuming universality, from g, -2, the coupling to ®.. t i

: leptons is found to be g, < 1.5 x 1073 for m; < m, et

. P. Fayet, Phys. Rev. D74:054034, 2006 :
5 / . A P. Jean et al.,

'1 - from V-e Scafferlng experlmenfSZ ge SV < Gf mU Astron_Astrophys_ 445:579, 2006

C. Boehm and P. Fayet, Nucl. Phys. B683:219, 2004

: P10 o 2ol % j<2><105

| g g, | e g,

; = ml2] T, 4miDM MeV
1 - To get the right relic density, then g.210 5

; MeV 1y
! P. Fayet, Phys. Rev. D74:054034, 2006
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“reactor/solar backgx:




PPS 0-target

* Interaction term which explained the LSND result via
; the decay of a (mostly) sterile neutrino

SPR, S. Pascoli and T. Schwetz, JHEP0509:048, 2005 )

) =

r o s

? L., = _2 8uVyiNz0+hec. &

L,h 1% 10°F

.+ V, produced in m and u decay

E4 10-1 :

j 10

]

v,

N, produced in a fraction given by |U,,[?

Subsequently N, decays into light neutrinos

d

i As far as e S U, g, #0,we expect V_ and v, appearance

e e e i [ e A g e R e, e

CFTP;, Sergio Palomares-Ruiz

e —— e | —_ e e

—— e ——

NusI;y, frit;éfe, June 2% 2011






¥ = - =
s e . i g

-- [Me] -

= 10°10%107107 1071
%%

.S
O,&

0 *
- 'reactor/solar -bac:‘.kg{o] nd.
) .-..-.' ';_... ~ A
: ek

I R R R | A 5 S
10° 107 10° 10° 10" 107 107 10 100 10" 10° 10° 107 10




BFHPP (-target
Neutrino mass generation at low scales linked with dark matter

Same lagrangian as PPS, 9dNv, and ¢ the dark matter
fin Neutrinos acquire (Majorana) mass via 1-loop correction

i 4
SR T e e |

If ¢ DM:
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OO5eV<m <leV

O(1) MeV < my, @

. my < 0.1 (MeV/My) Mev — ER > 5 (My /MeV)® MeV

o e
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S =

Axwws awol axuow—ukae PA rtwLes

If the PQ axion couples to neutrinos:

T iy, i, S T =

R |

= av,YV -
' CDM axions as targets 2 2{Vs :

a

g P Gt - i s e il St e el s i & vl i ks ol i :'a.-l-w--uﬂwﬂ-

from accelerator searches, the evolution of red giants and SN1987a — m, < 3 x 1073 eV

¥=F:“Kim, Phys.“Rept=150:1, 1987
M. S. Turner, Phys. Rept. 197:67, 1990
G. Raffelt, Phys. Rept. 198:1, 1990

) for axions not to overclose the Universe — m, > 10¢ eV

L. F. Abbott and P. Sikivie, Phys. Lett. B 120:133, 1983 :
J. Preskill, M.-B. Wise and F. Wilczek, Phys. Lett. B 120:127, 1983 i
M. Dine and W. Fischler, Phys. Lett. B 120:137, 1983 ¢

0.2 (m, /eV)’ keV < Er < 0.5 (m, /eV)* MeV

NO DIP
'But f, m; = 0.5 f, m;, = 6 x 1015 eV?

g, < 5 x 10717 (m, /eV) 10—6<6V>s(ma)51o—12 (ﬂ)g (F(“)>

Ty, F(2) /.4
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KeV neutrino dark matter
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m_ (keV)

| pulsar kicks

i (allowed) \

Lyman- bound for production above 100 GeV

dark matter
produced via DW
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A. Kusenko, Phys. Rev. Lett. 97:241301, 2006

C. R. Watson, J. F. Beacom, H. Yuksel and T. P. Walker,
Phys. Rev. D74:033009, 2006

K. Abazajian, Phys. Rev. D74:023527, 2006
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S. Riemer-Sorensen, S. H. Hansen and K. Pedersen, Astrophys. J644:L33, 2006

A. Boyarsky, A. Neronov, O. Ruchayskiy and M. Shaposhnikov,

Phys. Rev. D74:103506,2006 ; JETP Lett. 83:133, 2006;
Mon. Not. Roy. Astron. Soc. 370:213, 2006

K. Abazajian, G. M. Fuller and W. H. Tucker, Astrophys. J. 562:593, 2001
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Conclusions

* We have considered absorption dips in the cosmic neutrino
spectrum

- We have analyzed a variety of models with possible signals
in two energy regions without atmospheric or reactor

neutrino background: around 10-50 MeV (DSN) and above 100
Tev

- We have defined a figure of merit for observable absorption

and used a convenient graphical representation to study all
cases in a simplified way

* We have shown that dips in the cosmic neutrino spectrum
could be used to test the presence of new physics linked to
neutrinos \
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