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{ Neutrinos from the Cosmos {

0. Introduction

Most important progress IWIN physics

| I.e. neutrinos massive and mix |
from naturally borne neutrinos:

{ solar
{ atmospheric

Neutrinos from the cosmos,

{ big bang relic 's (C B),

{ supernova''s,

{ 'sfrom active galactic nucleiAGN)

{ 's from topological defects or unst:
super-massive particles,
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Further content:

. C B and structure in universe

Cosmic 's as a diagnostic of astrophysical processes
Cosmic 's and physics beyond the Standard Model
Cosmic absorption on the C B

Baryogenesis via leptogenesis

Conclusions

o0k wWhE
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1. C B and structure in universe Historvof the Universe

Big Bang cosmology:

) Cosmic microwave backgroundCMB )
) Cosmic neutrino background (C B)

[CERN]
Andreas Ringwald (DESY) WIN 05, Delphi, Greece
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1. C B and structure In universe

Big Bang cosmology:

N’

. . Neuitrino Asironom
) Cosmic microwave background€MB) | '
) Cosmic neutrino background (C B) .
Firm predictions:
3 N"" - upernova burst
Nijo=Nio=>5No= 56 cm :
C B CMB Seskaroumd from
Big bang relic neutrinos as abundanta ..
relic photons [ratic2 3 (3=22)=9=11 - "X
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1. C B and structure In universe

Big Bang cosmology:

) Cosmic microwave background€ B )
) Cosmic neutrino background (C B)

Firm predictions:

n.o=nN.0= 5> n o =56 cm 3
CB CMB

) Big bang relic neutrinos as abundant as

relic photons [ratio)2 3 (3=22) =9=1]]

= p =3 1,25 10 ‘ev
P i 0 — P i0— E 0 — €

C B CMB
) At least two neutrino mass eigenstates

nonrelativisticgn ;. 5 10 *(1+2) eV)

Andreas Ringwald (DESY)
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C B and large scale structure:

3 At very early time, neutrino free-
streaming tends to suppress structure
formation on small scales fs

1=2
' 4:2h “Mpc d+2) ev
m m

At fs, present matter power

spectrum suppressed by k(=2 = )

3

4 P (k)
P (k) o

8f

where  fractional neutrino density
h?=1:08 10 ° =eV)

(m

{1+ 1) /e uk]

Pik] [{hidpei®]

Unpolarized CMB ]

T=0.10

Multipsle 1

]
Matier power

1M

1P |

-“..[

, [4,=0.000
1 o=1.0

| [W=r1.000
| [@=0l00

1 [#=0.000

bt GCEELLE

: | [=0ic00
of 1 [a,=0.60
0| ] [@,=0.12
i ] [2,—0.023

: s 1= 0-000

X—polarized CMB : n,=0.96
o 1 n,=0.000
bt R0 77

h=0.68

0.01

k [1/h* Mpe]

Andreas Ringwald (DESY)

[http://space.mit.edu/home/tegmark/]
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C B and large scale structure:

: . : Unpolarized CMB | "Um
3 At very early time, neutrino free- | =f | B0 |
streaming tends to suppress structure gwf | [,=0.89 |
formation on small scales fs s | Be=0.12 |
| . 1+ z) 7 ev ) [2,=0.023 |
fs 4:2 h MpC - — 0 b E
m m 3 o X-polarized CMB 7 F=oies |
3 At fs, present matter power | i 0,000 |
spectrum suppressed by  K(=2 = ) | 2 e 0.7

: i — [8,-0.000
4 P (k) ' L g f I T T _1 Maiier power II
P (K) . ol |0 | oo

. . . P 2. {[@=oweo
where  fractional neutrino density 5 — :1:

5 5 - L ] h=0.88
h“=1:08 10 (m . =eV) : I ~ {[x*=0.000 |
i 0.01

0.1
k [1/h* Mpe]

[http://space.mit.edu/home/tegmark/]
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C B and large scale structure:

3 At very early time, neutrino free-
streaming tends to suppress structure
formation on small scales fs

1=2
' 4:2h “Mpc d+2) ev
m m

At fs, present matter power

spectrum suppressed by k(=2 = )

3

4 P(k),
P (k)

8f

m

fractional neutrino density
10 ° =eV)

where
h?=1:08 (m

{1+ 1) /e uk]
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C B and large scale structure:

3 At very early time,

neutrino free- Ref.

streaming tends to suppress structurelSpergelet al]

formation on small scales s,
1+ z) ¥ ev
' 4:2h *Mpc Cht) —
m m

3 At fs, present matter power
spectrum suppressed by k(=2 = )

1PI) L g ey
P (K) .

where  fractional neutrino density

h?=1:08 10 ° =eV)

(m

) Constraints fromLSS and CMB

Andreas Ringwald (DESY)

m bound Data used
0.69 eV 2dF,WMAP,CMB,
g:Ho
[Hannestad] 1.01 eV 2dF,WMAP,CMB,
Ho
[Allen et al] 0:56"9:32 eV 2dF,WMAP,CMB,
g:Ho
[Tegmarket al] 1.8 eV SDSS,WMAP
[Bargeret al ] 0.75 eV 2dF,SDSS,WMAP,
CMB,H o
[Crotty et al] 1.0 eV 2dF,SDSS,WMAP,
CMB,H g
[Seljaket al] 0.42 eV SDSS,WMAP,
g,CMB,H ¢,Ly-
[Fogli et al] 0.50 eV 2dF,SDSS,WMAP,
g,CMB,H g,Ly-
[Hannestad] 1.48 eV SDSS,WMAP,
Ho,SN-la

WIN"05, Delphi, Greece
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C B and large scale structure:
3 At very early time, neutrino free-
streaming tends to suppress structure B
formation on small scales fs) 1E WMAP+SDSS | en 18 fiMitee-ormoee oo
1=2 : 2
1+ z) eV : A
' 4:2h *Mpc — —— sm, -
: i " m U ‘/{/;7’%/ 60/_-
------------------ 5" ,7 €e=4(%, c=60%
3 At fs, present matter power MaseV) [ s 2l
spectrum suppressed by k(=2 = ) porf PO SIS sT T esTon ]
4 P (K [ .
APk . g g o P _
P (k) m z my g
where fractional neutrino density I
2 2 1E-4 1E-3 0.01 0.1 1
h“=1:08 10 (m =eV) m, (eV)

) Constrafgts fromLSS and CMB
) Future: m = (0:03 0:2)eV

Andreas Ringwald (DESY)

[Wang et al. "05]
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C B gravitational clustering:

3 At late time, non-relativistic neutrinos
cluster gravitationally on cold dark
matter (CDM) and baryonic structures

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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C B gravitational clustering: ARRNRRRG:

-2 NFW —
3 At late time, non-relativistic neutrinos 2 -sf E
cluster gravitationally on cold dark~ - E
matter (CDM) and baryonic structures = E
3 Study neutrino clustering CDM halos = N
S —6 N
—— ‘E
i NFW
0.2 r— —

\;f 0 B |

3 1

7111‘1111‘1111‘1111‘1117111‘1111‘1111‘1111‘111

(@)

1 2 1 2 3
log r (kpc) log r (kpc)

W
(@)

[Navarroet al. "04]

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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13
C B gravitational clustering: 0.6 eV 0.3 eV  0.15 eV
3 At late time, non-relativistic neutrinos (0.7/h)x10% M,

cluster gravitationally on cold dark
matter (CDM ) and baryonic structures
Study neutrino clustering DM halos (0.7/h)>x10% Mo

Improved clustering for bi aloMyi: . 1 M
P J y = %m..

N

GA (0.7/h)x10'3 M,

w W

1 ol 3l el
10-3 10-® 10t 1 10® 10-® 10! 1

r [h-! Mpc]

[AR,Wong "04]
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C B gravitational clustering:

3 At late time, non-relativistic neutrinos

cluster gravitationally on cold dar
matter (CDM ) and baryonic structures
Study neutrino clustering DM halos
Improved clustering for bign a/oM; :
Superclusters (10®wm ):

n =n 102 3

w w

Andreas Ringwald (DESY)

14

[www.extrasolar.org]
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C B gravitational clustering: 0.6 eV 0.3 eV  0.15 eV
3 At late time, non-relativistic neutrinos (0.7/h)x10% M,

cluster gravitationally on cold dark
matter (CDM ) and baryonic structures

3 Study neutrino clustering ICDM halos (0.7/h)>x10% Mo
3 Improved clustering for bign a/oM; ;. M
Superclusters (05w ): 'ﬁ %mﬁ

Y

n =n 102 3 s
Galaxies (102w »:
n =n 1 20

(0.7/h)x 1018 M,

1 ol 3l el
10-3 10-® 10t 1 10® 10-® 10! 1

r [h-! Mpc]
[AR,Wong "04]
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C B gravitational clustering:

3 At late time, non-relativistic neutrino:

cluster gravitationally on cold dar

matter (CDM ) and baryonic structures

w

Study neutrino clustering ICDM halos
Improved clustering for bign a/oM; :
Superclusters (10®wm ):

n =n 102 3
Galaxies (102m »:
n =n 1 20

w

Andreas Ringwald (DESY)

16

10 000 |y
—_—

[www.extrasolar.org]

WIN"05, Delphi, Greece



{ Neutrinos from the Cosmos {

C B gravitational clustering:

3 At late time, non-relativistic neutrinos
cluster gravitationally on cold dark
matter (CDM ) and baryonic structures
Study neutrino clustering ICDM halos
Improved clustering for bign a/oM; :
Superclusters (10®wm ):

n =n 102 3
Galaxies (102w »:
n =n 1 20

) Search for clustered relic's:
Non-linear matter power spectrum

w W

Andreas Ringwald (DESY)

10_35 LA | T LR | T T
1074 L

107° L

2e+1)C,/2m

107¢ L

0.04

0.02 F i
(-)N
~N 0 =
(_)N \
“«©
-0.02 | i
_0‘04 B 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII ]
10 100 1000 10% 10°

2

[Abazajianet al. "04]
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C B gravitational clustering:

18

3 At late time, non-relativistic neutrinos . -
cluster gravitationally on cold dar . it
matter (CDM ) and baryonic structures
Study neutrino clustering ICDM halos
Improved clustering for bign a/oM; :
Superclusters (10®wm ):

n =n 102 3
Galaxies (102m »:
n =n 1 20

) Search for clustered relic's:

Non-linear matter power spectrum [wwaw.extrasolar.org]
Z -bursts from Virgo cluster!( later)

w W

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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2. Cosmic 's as a diagnostic of astrophysical processes

Neutrinos € < 10°! eV) propagate
essentially without interaction bet- Atmosphere
ween source and Earth —

Powerful probe of high energy astro-
physics ) Neutrino telescopes!

y 3

~ Accelerator

[antares.in2p3.fr]
Andreas Ringwald (DESY) WIN05, Delphi, Greece
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2. Cosmic 's as a diagnostic of astrophysical processes

Neutrinos € < 10°! eV) propagate
essentially without interaction bet-

Hubble Space Telescope
ween source and Earth Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

Core of Galaxy NGC 426l

) Powerful probe of high energy astro-
physics ) Neutrino telescopes!

Paradigm for extragalactic source of
CR'sand C's

T R TR |
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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2. Cosmic 's as a diagnostic of astrophysical processes

Neutrinos € < 10°! eV) propagate
essentially without interaction bet-
ween source and Earth

Powerful probe of high energy astro-
physics ) Neutrino telescopes!

Paradigm for extragalactic source of

CR's and C's: Fermi engine

{ p's, conned by magnetic elds, TN
accelerated through repeated scat- LN\
tering by plasma shock fronts =

{ production of 's andn's through
collisions of the trapped's with
ambient plasma produces's, 's

[Ahlers PhD in prep.] )
Andreas Ringwald (DESY) WIN05, Delphi, Greece
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2. Cosmic 's as a diagnostic of astrophysical processes

Neutrinos € < 10°! eV) propagate
essentially without interaction bet-
ween source and Earth

Powerful probe of high energy astro-
physics ) Neutrino telescopes!

Paradigm for extragalactic source of

CR's and C's: Fermi engine

{ p's, conned by magnetic elds, TN
accelerated through repeated scat- N
tering by plasma shock fronts =

{ production of 's andn's through
collisions of the trapped’'s with
ambient plasma produces's, 's

and CR's(n di usion from source) [Ahlers PhD in prep]
Andreas Ringwald (DESY) WIN05, Delphi, Greece
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Optically thin sources (n leakage
model): CR%s, %

Quantitative analysis:

[Waxman,Bahcall '99]

[Ahlerset al. '05]

{ Assume that CR's il 08611 GeVv
range originate from isotropically
distributed optically thin sources,
with simple power-lawn injection
SPECtra [Berezinsky,.02-05; Abbasi,..[HiRes] '04;...]

) n emissivity at the sources
) emissivity at the sources

Andreas Ringwald (DESY)

E3 J(E) [GeV2 em~2 s! sr-!]

103

102

e
o
(N

et
o

N

23

Akeno+AGASA

7=2.54 n=3.40 ¥

109

1010 1011
E [GeV]

[Ahlerset al. "05]
WIN"05, Delphi, Greece
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Optically thin sources (n leakage
mOdel): CROS, OS [Waxman,Bahcall '99]

10-8
Quantitative analysis:  [anlerset al. 03]
: & T 106t
{ Assume that CR's in0®&l Gevy & = |
range originate from isotropically = oo |
distributed optically thin sources, & = T T
. . .. . 3) e T T
with simple power-lawn injection - . T T
-8 | .
SpeCtra [Berezinsky,..'02-'05; Abbasi,..[HiRes] '04;...] 2 10 g ',-”/ e
) N emissivity at the sources g8 P WB flux (y=2 n=3)
)  emissivity at the sources m 100F T AGASA (7=2.54 n=3.65)
) ux at Earth: E e HiRes (y=2.54 n=3.45)
1 1 10-10 " R A R Lol Lo
sfromp ! n+ 'scloseto 107 108 109 1010
be measured E [GeV]
dominates cosmogenic  ux [Ahlerset al. “05]
(from pcws ! N 's) below
10° GeV

Andreas Ringwald (DESY) WIN'05, Delphi, Greece
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3. Cosmic 's and physics beyond the Standard Model

C 's with E_>10'" eV probe N
scattering atp SN -~ 14TeV (LHC)

Andreas Ringwald (DESY)

E2 F [eV m™2 s-! sr-!]

109 IIIIm|| IIII|T||| IIIIm|| LR
108 =
J/ .
107 / /‘/ iE|
/<—+=—--2008 3
106 s\\astroph. CR sourcfs//////é _____ 2013 E:
\ ~ . // "‘,/ E
100 e 2% E
4 ‘f‘, \§ -
-~ k\ =

104 -~ - \
\ \cosmogenic
voound vl IIIILIH'JLNJIILLLUIIILLLUJIIILLLLIIIIILLLLIIIIILLLUJIIE

1017101810191020102110221023102410251026
E [eV]

WIN"05, Delphi, Greece
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3. Cosmic 's and physics beyond the Standard Model

C 's with E_>10'" eV probe N
scattering atp SN -~ 14TeV (LHC)

Perturbative Standard Model M)
under control ( HERA)

[Gandhiet al. '98; Kwiecinskiet al. '98; ...]

Andreas Ringwald (DESY)

o [nb]

102

10!

1 IIIIII‘\I

10°

1010 1011 1012

E, [GeV]

WIN"05, Delphi, Greece
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3. Cosmic 's and physics beyond the Standard Model

C 's with E_>10'" eV probe N
scattering atp SN -~ 14TeV (LHC)

e

Perturbative Standard Model §M) £
under control ( HERA) -
[Gandhiet al. '98; Kwiecinskiet al. '98; ...] b“

Search for enhancements In p
beyond (perturbative) SM:

Electroweak sphaleron production
(B + L violating processes in SM)

Andreas Ringwald (DESY)

103
100
10

L= B L
-

1018 1019

E [eV]

v
[Fodor,Katz,AR,Tu "03; Han,Hooper 03]

WIN"05, Delphi, Greece
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3. Cosmic 's and physics beyond the Standard Model

C 's with E_>10'" eV probe N

IIIIIIII I IIIIIIII LULLBLLLLL LLLALALILLL I IIIIIIII
scattering at” s> 14 TeV (LHC) 100 516 :
. M, = 1 TeV h
Perturbative Standard Model§M) _ 10° & ME".E“ _ 5 TeV E
under control ( HERA) = - :

1000
[Gandhiet al. '98; Kwiecinskiet al. '98; ...]

r4
. )
Search for enhancements in,y, ® 100g -~ -7

beyond (perturbative) SM: obE T )
Electroweak sphaleron production "~ F /.-
(B + L violating processes in SM) il vl vl il vl
Kaluza-Klein, black hole p-brane 10* 10 10 10"  10%
or string ball production in TeV E, [GeV]
scale gravity models ARTU 0L Tu 04

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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\Model-independent" upper bounds on N

Z
dd—III/ dE F (E ) N (E)

']

S

Non-observation of deeply-penetra- 109
ting particles, together with lower 10°

bound onF (e.g. cosmogenic's) wn 107
6
) upper bound on o 105
[Berezinsky,Smirnov "74; Morris,AR "94; Tyler,Olintag5i01;..] E .
104
=
ﬁ. 103
E: 102 _
1
o D 10 I| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII|
] 1016 1017 1018 1018 10320 1021
E, [eV)

[Anchordoqui,Fodor,Katz,AR,Tu "04]

Andreas Ringwald (DESY) WIN05, Delphi, Greece



{ Neutrinos from the Cosmos { 30

\Model-independent" upper bounds on N

dN z
— de F (E ) N (E)
dt F T T T N
Non-observation of deeply-penetra- 0.1 3 E
ting particles, together with lower __ i .
bound onF (e.g. cosmogenic's) ~§
) upper bound on y = 10_3:_ -
[Berezinsky,Smirnov "74; Morris,AR "94; Tyler,Olint@Bi01;..] 3b§ ; %
Recent quantitative analysis: 107 .
[Anchordoqui,Fodor,Katz, AR, Tu "04] E -------------------------------------------- E
Best current limits from exploi-  10-5¢ o 3
tation of RICE search results 1010 1011
. [Kravchenkoet al. [RI-CE].‘02,03] E [GeV]
Auger will improve these limits by Y
one Order Of magnitude [Anchordoqui,Fodor,Katz,AR,Tu "04]

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee-
ply-penetrating particles applicable
aslongas y < (055 1) mb

For even higher cross sections, e.g.
via sphaleron or brane production:

Strongly interacting neutrino sce-
nario for the post-GZK events

[Berezinsky,Zatsepin "69]

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee-

ply-penetrating particles applicable LI N 3 e 1)
aslongas y < (05 1) mb . Akeno+AGASA

103
For even higher cross sections, e.g. ?_-ﬁlﬂll}

via sphaleron or brane production:

E3 J(E) [GeV2 em™2 s-! sr-t]

Strongly interacting neutrino sce- 102 b
nario for the post-GZK events -
[Berezinsky,Zatsepin "69] .
Quantitative analySiS: 10 RTINS R ETIT B RN R R
[Fodor,Katz,AR,Tu "03; Ahlers,AR,Tu in prep.] 109 1010 101!
{ Very gOOd t to CR data [Ahlers,AR,Tu in prep.] E [GeV]

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee- 10 g—rrrrmm—rrrrm
ply-penetrating particles applicable

1
aslongas y < (05 1) mb
0.1
For even higher cross sections, e-g. B
via sphaleron or brane production: 'g 10
10-3

Strongly interacting neutrino sce®
nario for the post-GZK events 10-4
[Berezinsky,Zatsepin "69] 10-5

—

Quantitative analysis: 10-6 Lol v vvvnnd vl 3 e
[Fodor,Katz,AR,Tu "03; Ahlers,AR,Tu in prep.] 1 OB 1 09 1 O 10 1 O i 1 O 12
{ Very good tto CR data E [GeV]
{ Need steeply rising cross section,
otherwise clash with nonobservati-

on of deeE)Iy-penetrating particles
Andreas Ringwald (DESY

[Ahlers,AR,Tu in prep.]

WIN"05, Delphi, Greece
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4. Cosmic absorption onthe C B

How to detect theC B?

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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4., Cosmic absorption onthe C B

How to detect theC B?

Unigue: resonant annihilation dEHEC
ms3 | eV

4 10°tev —
2m m

with relic Into Z -bosons [Weiler “82]

res
E =

Andreas Ringwald (DESY)

35

[Fodor,Katz,AR "02]
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4., Cosmic absorption onthe C B

How to detect theC B? 105 |
Unique: resonant annihilation dtHEC 104
2 =
gres= Mz 0y qptey &Y 10?
2m m -
. 2 102 |
with relic into Z -bosons Weiler '82] |
10l
100
10-1

Andreas Ringwald (DESY)

36

U(Vﬂﬂp

o(v

v, ou )

©

R%ZO% hadrons)

L |
101

10°
Eqy (GeV)
[Fargion,Mele,Salis "99]

WIN"05, Delphi, Greece
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4., Cosmic absorption onthe C B

How to detect theC B?

Unique: resonant annihilation ctHEC 5

2 N

m eV
E'eS = > Z 4 10%evy = k=
m m s
. . N
with relic into Z -bosons [Weiler '82] ~_

3 Absorption dips in EHEC spectrum e

[Weiler'82;.. .;Eberle,AR,Song,WeiIer‘04;Barenboilaqutejo,Quigg‘O4]D\16

Andreas Ringwald (DESY)

37

w20

- n—a=2 Voo Ty
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4., Cosmic absorption onthe C B

How to detect theC B?

Uniqgue: resonant annihilation dEHEC =~ &
erees Mz oy goney & b
2m m “"E

with relic into Z -bosons [Weiler *82] &,
(0}

e

3 Absorption dips in EHEC spectrum .

protons and photons with energies above
the predictedGreisen{ZatsepinfKuzmin
(GZK) cuto at Egzx ' 4 10 eV

[Greisen "66; Zatsepin,Kuzmin "66]

Andreas Ringwald (DESY)
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— 101
AbSOrption SpeCtrOSCOpy: [Eberle,AR,Song,Weiler "04] I‘V-)' 1010 GLUE'04 FORTE'04

N 109

Presently planne@EHEC detectors appear =

to be sensitive enough to lead us, within the‘VE 107 by

next decade, into anera of relic neutrino  _ 10e

absorption spectroscopy, provided 2 100 k
F~ 104
Elz':l 1017101810191020102110221023102410251026

E [eV]
- 100 8
L 2005
108 .
n T L e e B A
o 107 £ 2T e / {—+———2008
IE. 108 >~ astroph CB sources // 4
% 105 : hidden top. def.
— Eto;é. defects
4

Fe 10 - \ \cosmoge ic
N 1
= 1017101810191020102110221023102410251026
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_ =7 100
Absorption Spectroscopy:  (eberie,AR Song weiler 04 b -
Presently planne@EHEC detectors appear @ 1o /2008
L . . Z /<t,~'—__
to be sensitive enough to lead us, within the‘VE . P
next decade, into anera of relic neutrino L8 O
absorption spectroscopy, provided 2
, 104
3 tEHEC tuxbat restc_)nar}tbenercgljles close &, 101710101 0191 0701 0711 0221 0291 024 10761 02
0 current observational bounds
E [eV]
3 neutrlno maSS Su Clently Iarge’ 'T 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII LILLBLLLLL
m = 01eV o m, = (0.2+0.4) eV
2 :
C\II .
25x10- -
= ! |
o hidden top. defect sources !
11 IIIIIII 11 IIIIIII 11 IIIIIII 11 IIIIIII L1 1111l

1013 1019 1020 1021 1022 1023

E [eV]
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Absorption sSpectroscopy:  [eberle AR Song,Weiler *04]

Presently planne@HEC detectors appear
to be sensitive enough to lead us, within the
next decade, into anera of relic neutrino
absorption spectroscopy, provided

3 EHEC ux at resonant energies close
to current observational bounds

3 neutrino  mass suciently large,
m = 0:1eV

Andreas Ringwald (DESY)

10~

10°

108
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108
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1017101310191020102110221023102410251026
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m, = (0.002+0.4) eV

| top. defect sources T
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_ =7 100
Absorption Spectroscopy:  (eberie,AR Song weiler 04 b -
Presently planne@HEC detectors appear = qor e S0l i il st i
» L N . <<+ ——-2008
to be sensitive enough to lead us, within the & 100 fo .
next decade, into anera of relic neutrino Pt
absorption spectroscopy, provided 2
, 104
{ EHEC ux at resonant energies close &, 01710181 0191 0701 0711 071 071 074 1 0751 026
to current observational bounds E [eV]
{ neutrino mass suciently large, - T e T
m > 0:1eV @ I
- 10% | |
o : E
In this case, the associated” -bursts & ; e h
likely to be seen as post-GZK events at% jp= L \L ML
the planned cosmic ray detectors . F A /,// ]
2 I 1 )
1 IIIIII i 11 IIIIII 1 1 Hiil 1 1
1019 1020 1021
E [eV]
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Absorption sSpectroscopy:  [eberle AR Song,Weiler *04]

1025

Presently planne@HEC detectors appear i
to be sensitive enough to lead us, within the ¢
next decade, into an era of relic neutrino ¢ ., £

T ,
- 1021
absorption spectroscopy, provided 7 1o
|
0 1028
{ EHEC ux at resonant energies closg
to current observational bounds 5
{ neutrino mass suciently Iarge,% 10
m > 0:1eV o
=~ 102
& 1024

In this case, the associated -bursts =
likely to be seen as post-GZK events at 122? bzt Laz? A
the planned cosmic ray detectors , with '° '° 1O T 0T AT AR oA A A
signi cant rate enhancement from direction B LeV]

of nearby Virgo cluster [AR,Weiler,Wong "05]
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Absorption sSpectroscopy:  [eberle AR Song,Weiler *04]

Presently planne@HEC detectors appear
to be sensitive enough to lead us, within the
next decade, into anera of relic neutrino
absorption spectroscopy, provided

{ EHEC ux at resonant energies close
to current observational bounds

{ neutrino mass suciently large,
m = 0:1eV

In this case, the associated -bursts
likely to be seen as post-GZK events at
the planned cosmic ray detectors , with
signi cant rate enhancement from direction
of nearby Virgo cluster

[www.extrasolar.org]
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5. Baryogenesis via leptogenesis

[Fukugita,Yanagida "86]
(Minimal, Type |) See-saw mechanism:

[Minkowski "77; Yanagida "79; Gell-Mann,Ramond,Slansk§]
Introduce three right-handed Majorana

neutrinos N; with mass My, )
Majoranam through largeM
1 T

m = mp——m
My D

Andreas Ringwald (DESY)
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1/L - m M, -0 + 1 MoleO x aDF
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[Mohapatraet al. "04]
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5. Baryogenesis via leptogenesis

[Fukugita,Yanagida "86] |
(Minimal, Type |) See-saw mechanism: /
[Minkowski "77; Yanagida "79; Gell-Mann,Ramond,Slansk§] N 4@\
Introduce three right-handed Majorana N
neutrinos N; with mass My, ) small )
Majoranam through largeM
1 T
m = mp—mg
M wm
CP and L violating out-of-equilibrium |

decays of heavy Majorana neutrino N

into light leptons| and Higgs bosons N —Q

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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5. Baryogenesis via leptogenesis

[Fukugita,Yanagida "86]
(Minimal, Type |) See-saw mechanism:
[Minkowski "77; Yanagida "79; Gell-Mann,Ramond,Slansk§]
Introduce three right-handed Majorana
neutrinos N; with mass My, ) small
Majoranam through largeM
1 T

m = mp——m
My D

CP and L violating out-of-equilibrium

decays of heavy Majorana neutrino N
Into light leptons| and Higgs bosons

YL 60

Andreas Ringwald (DESY)
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5. Baryogenesis via leptogenesis

[Fukugita,Yanagida "86]
(Minimal, Type |) See-saw mechanism:
[Minkowski "77; Yanagida "79; Gell-Mann,Ramond,Slansk§]
Introduce three right-handed Majorana

48

(massless) QCD

neutrinos N; with mass My ) small ————=2nelew
Majoranam through largeM Violation of B +L
1 T
m = mp—mg B
M wm . a
CP and L violating out-of-equilibrium
decays of heavy Majorana neutrino N - :
into light leptons| and Higgs bosons §+
d m
Y. 6 0 which, by means of electro-weak t _AvOuALY
Instanton/sphaleron processes, -6 |

Baryon asymmetry

Ye =cCcY_ =¢C
Andreas Ringwald (DESY)
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Violation of Chirality Qg

DQ5: 2nf DNCS =8
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Constraints on neutrino parameters from

requirement of successful leptogenesis?

3 Robust mass boundsin models exploi-
ting thermal leptogenesis based on

minimal, i.e. type |, see-saw
hierarchicalN's, M1 < O(2) M 5.3:

[Buchmuller et al.; Giudiceet al]

M; > 4 10°GeV

M4 (G eV)

m . < 0:1eV

{ May be circumvented by relaxing above
assumptions

Andreas Ringwald (DESY) WIN05, Delphi, Greece
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Constraints on neutrino parameters from
requirement of successful leptogenesis?
3 Robust mass boundsin models exploi-
ting thermal leptogenesis based on
minimal, i.e. type |, see-saw
hierarchicalN's, M; < O(2) M .3:

[Buchmuller et al.; Giudiceet al]
M1 > 4 10°GeV
m. < 0leV
{ May be circumvented by relaxing above
assumptions
3 CP violation in neutrino oscillations
and in leptogenesis are unrelated
unless symmetry ligh$ heavy sector

Andreas Ringwald (DESY)
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- < > CP violation
light N, a, b, d,m, Ovbb

GUT

see-saw
heavy Nz< leptogenesis >YB

[Pascoli,Petcov,Rodejohann "03]
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6. Conclusions

Cosmic 's o0 er exciting opportunities in astrophysics, particlehgsics

and cosmology:
{ Structure in universe:

Currently probing quasi-degeneratespectra

Sensitivity to truely hierarchical spectra foreseen
{ Astrophysics:

's from extragalactic sources of UHECR should be detecteanso

{ Beyond the Standard Model:

Already now useful constraints on post-LHC enhancements in

Discovery within next decade needs large deviation from SM
{ C B absorption dips:

Next decade detection needs uX cascade limit andn , > 0:1 eV
{ Leptogenesis:

Economic way to produce the baryon asymmetry of the universe

Works best in the window):001 eV<m . < 0:1 eV

Andreas Ringwald (DESY) WIN05, Delphi, Greece



