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Bright & Dark Sides of the Universe

Todays Universe: flat Ωtot ≈ 1 (inflation) ... and multi-component:

ΩB ' 0.05 observable matter: electron, proton, neutron !

ΩD ' 0.25 dark matter: WIMP? axion? sterile ν? ...

ΩΛ ' 0.70 dark energy: Λ-term? Quintessence? ....

ΩR < 10−3 relativistic fraction: relic photons and neutrinos

Matter – dark energy coincidence: ΩM/ΩΛ ' 0.45, (ΩM = ΩD + ΩB)

ρΛ ∼ Const., ρM ∼ a−3; why ρM/ρΛ ∼ 1 – just Today?

Antrophic explanation: if not Today, then Yesterday or Tomorrow.

Baryon and dark matter Fine Tuning: ΩB/ΩD ' 0.2
ρB ∼ a−3, ρD ∼ a−3: why ρB/ρD ∼ 1 - Yesterday Today & Tomorrow?

Baryogenesis requires BSM Physics:

(GUT-B, Lepto-B, Affleck-Dine, EW B ...)

Dark matter requires BSM Physics:

(Wimp, Wimpzilla, sterile ν, axion, ...)

Different physics for B-genesis and DM?

Not very appealing: looks as Fine Tuning
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How these Fine Tunings look ...

B-genesis + WIMP B-genesis + axion B-cogenesis
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mXnX ∼ mBnB mana ∼ mBnB mB′nB′ ∼ mBnB
mX ∼ 103mB ma ∼ 10−13mB mB′ ∼ mB

nX ∼ 10−3nB na ∼ 1013nB nB′ ∼ nB
Fine Tuning? Fine Tuning? Natural ?

Two different New Physics for B-genesis and DM ?
Or co-genesis by the same Physics explaining why ΩDM ∼ ΩB ?
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SU(3)× SU(2)× U(1) & SU(3)′ × SU(2)′ × U(1)′

G × G ′

  

Regular world Mirror world 

• Two identical gauge factors, e.g. SM × SM′ or SU(5)× SU(5)′,
with identical field contents and Lagrangians: Ltot = L+ L′ + Lmix

• Exact parity G → G ′: no new parameters in dark Lagrangian L′

• M sector is dark (for us) and the gravity is a common force (with us)

• M matter looks as non-standard for dark matter but it is truly standard
in direct sense, just as our matter (self-interacting/dissipative/asymmetric)

• New interactions are possible between O & M particles Lmix

• Natural in string/brane theory: O & M matters localized on two parallel
branes and gravity propagating in bulk: e.g. E8 × E ′8
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SU(3)× SU(2)× U(1) vs. SU(3)′ × SU(2)′ × U(1)′

Two parities

Fermions and anti-fermions :

qL =

(
uL
dL

)
, lL =

(
νL
eL

)
; uR , dR , eR

B=1/3 L=1 B=1/3 L=1

q̄R =

(
ūR
d̄R

)
, l̄R =

(
ν̄R
ēR

)
; ūL, d̄L, ēL

B=-1/3 L=-1 B=-1/3 L=-1

Twin Fermions and anti-fermions :

q′L =

(
u′L
d ′L

)
, l ′L =

(
ν′L
e′L

)
; u′R , d ′R , e′R

B′=1/3 L′=1 B′=1/3 L′=1

q̄′R =

(
ū′R
d̄ ′R

)
, l̄ ′R =

(
ν̄′R
ē′R

)
; ū′L, d̄ ′L, ē′L

B′=-1/3 L′=-1 B′=-1/3 L′=-1

(ūLYuqLφ̄+ d̄LYdqLφ+ ēLYe lLφ) + (uRY
∗
u q̄Rφ+ dRY

∗
d q̄R φ̄+ eRY

∗
e l̄R φ̄)

(ū′LY
′
uq
′
Lφ̄
′+ d̄ ′LY

′
dq
′
Lφ
′+ ē′LY

′
e l
′
Lφ
′) + (u′RY

′∗
u q̄′Rφ

′+d ′RY
′∗
d q̄′R φ̄

′+e′RY
′∗
e l̄ ′R φ̄

′)

Doubling symmetry (L,R → L,R parity): Y ′ = Y B −B ′ → −(B −B ′)

Mirror symmetry (L,R → R, L parity): Y ′ = Y ∗ B − B ′ → B − B ′
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All you need is ... M world colder than ours !

Z.B., Comelli, Villante, 2000

It is enough to accept a simple paradigm: at the Big Bang the M world
was born with smaller temperature than O world; then over the universe
expansion their temperature ratio T ′/T remains constant.

T ′/T < 0.5 is enough to concord with the BBN limits and do not affect
standard primordial mass fractions: 75% H + 25% 4He.
Cosmological limits are more severe, requiring T ′/T < 0.2 os so.
In turn, for M world this implies helium domination: 25% H′ + 75% 4He′.

Because of T ′ < T , the situation Ω′B > ΩB becomes plausible in
baryogenesis. So, M matter can be dark matter (as we show below)

Because of T ′ < T , in mirror photons decouple much earlier than ordinary
photons, and after that M matter behaves for the structure formation and
CMB anisotropies essentially as CDM. This concords M matter with
WMAP/Planck, BAO, Ly-α etc. if T ′/T < 0.25 or so.

Halo problem – if Ω′B ' ΩB , M matter makes ∼ 20 % of DM, forming dark
disk, while ∼ 80 % may come from other type of CDM (WIMP?)
But perhaps 100 % ? if Ω′B ' 5ΩB : – M world is helium dominated, and
the star formation and evolution can be much faster. Halos could be
viewed as mirror elliptical galaxies, with our matter inside forming disks.
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Baryogenesis requires new physics: B–L violation
B & L can be violated only in higher order terms – but which ?

• 1
M (l φ̄)(l φ̄) (∆L = 2) – neutrino (seesaw) masses mν ∼ v2/M

%L=2

l l

K K
G%L=2

K

N N

K
MM

l l

• 1
M5 (udd)(udd) (∆B = 2) – neutron-antineutron oscillation n→ n̄

%B=2
u

d

d d

d
u

G'B=2

d

d

u

S

N N

S

u

d

d

MM

can originate from new physics related to scale M � vEW via seesaw
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L-violation in O and M sectors: Active-sterile
neutrino mixing

• 1
M (l φ̄)(l φ̄) (∆L = 2) – neutrino (seesaw) masses mν ∼ v2/M

M is the (seesaw) scale of new physics beyond EW scale.

%L=2

l l

K K
G%L=2

K

N N

K
MM

l l

• Neutrino -mirror neutrino mixing – (active - sterile mixing)
L and L′ violation: 1

M (l φ̄)(l φ̄), 1
M (l ′φ̄′)(l ′φ̄′) and 1

M (l φ̄)(l ′φ̄′)

%L=1,�%La=1

l l a

K Ka
G%L=1

Mirror neutrinos are natural candidates for sterile neutrinos
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Co-baryogenesis: B-L violating interactions between O and M worlds

L and L′ violating operators 1
M (l φ̄)(l φ̄) and 1

M (l φ̄)(l ′φ̄′) lead to

processes lφ→ l̄ φ̄ (∆L = 2) and lφ→ l̄ ′φ̄′ (∆L = 1, ∆L′ = 1)

%L=2

l l

K K
G%L=2

%L=1,�%La=1

l l a

K Ka
G%L=1

After inflation, our world is heated and mirror world is empty:
but ordinary particle scatterings transform them into mirror particles,

heating also mirror world.

• These processes should be out-of-equilibrium
• Violate baryon numbers in both worlds, B − L and B ′ − L′

• Violate also CP, given complex couplings

Green light to celebrated conditions of Sakharov
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Co-leptogenesis: Z.B. and Bento, PRL 87, 231304 (2001)

Operators 1
M (l φ̄)(l φ̄) and 1

M (l φ̄)(l ′φ̄′) via seesaw mechanism –
heavy RH neutrinos Nj with
Majorana masses 1

2MgjkNjNk + h.c.

Complex Yukawa couplings Yij liNj φ̄+ Y ′ij l
′
iNj φ̄

′ + h.c.

Xerox symmetry → Y ′ = Y , Mirror symmetry → Y ′ = Y ∗



Co-baryogenesis
of Dark and

Visible matter:
mixing of

ordinary and
mirror particles

Zurab Berezhiani

Summary

Puzzles

B-L violating
processes and
cogenesis of
observable and
dark matter

Neutron–mirror
(anti)neutron
oscillation

Co-leptogenesis: Mirror Matter as hidden
Anti-Matter Z.B., arXiv:1602.08599

Hot O World −→ Cold M World

dnBL

dt + (3H + Γ)nBL = ∆σ n2
eq

dn′BL

dt + (3H + Γ′)n′BL = −∆σ′ n2
eq

σ(lφ→ l̄ φ̄)− σ(l̄ φ̄→ lφ) = ∆σ

σ(lφ→ l̄ ′φ̄′)− σ(l̄ φ̄→ l ′φ′) = −(∆σ + ∆σ′)/2 → 0 (∆σ = 0)

σ(lφ→ l ′φ′)− σ(l̄ φ̄→ l̄ ′φ̄′) = −(∆σ −∆σ′)/2 → ∆σ (0)

∆σ = ImTr[g−1(Y †Y )∗g−1(Y ′†Y ′)g−2(Y †Y )]× T 2/M4

∆σ′ = ∆σ(Y → Y ′)

Mirror (LR): Y ′ = Y ∗ → ∆σ′ = −∆σ → B,B ′ > 0
Xerox (LL): Y ′ = Y → ∆σ′ = ∆σ = 0 → B,B ′ = 0

If k =
(

Γ
H

)
T=TR

� 1, neglecting Γ in eqs → nBL = n′BL

Ω′B = ΩB ' 103 JMPlT
3
R

M4 ' 103J
(

TR

1011 GeV

)3
(

1013 GeV
M

)4
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Cogenesis: Ω′B ' 5ΩB Z.B. 2003

If k =
(

Γ2

H

)
T=TR

∼ 1, Boltzmann Eqs.

dnBL

dt + (3H + Γ)nBL = ∆σ n2
eq

dn′BL

dt + (3H + Γ′)n′BL = ∆σ n2
eq

should be solved with Γ:

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

DHkL

xHkL

D(k) = ΩB/Ω′B , x(k) = T ′/T for different g∗(TR) and Γ1/Γ2.

So we obtain Ω′B = 5ΩB when m′B = mB but n′B = 5nB
– the reason: mirror world is colder
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Experimental and observational manifestations of
mirror matter

A. Cosmological implications. T ′/T < 0.2 or so, Ω′B/ΩB = 1÷ 5.
Mass fraction: H’ – 25%, He’ – 75%, and few % of heavier C’, N’, O’ etc.
• Mirror baryons as asymmetric/collisional/dissipative/atomic dark matter:
M hydrogen recombination and M baryon acoustic oscillations?
• Easier formation and faster evolution of stars: Dark matter disk? Galaxy
halo as mirror elliptical galaxy? Microlensing ? Neutron stars? Black
Holes? Binary Black Holes? Central Black Holes?

B. Direct detection. M matter can interact with ordinary matter e.g. via
kinetic mixing εFµνF ′µν , etc. Mirror helium as most abundant mirror
matter particles (the region of DM masses below 5 GeV is practically
unexplored). Possible signals from heavier nuclei C,N,O etc.

C. Oscillation phenomena between ordinary and mirror particles.
The most interesting interaction terms in Lmix are the ones which violate
B and L of both sectors. Neutral particles, elementary (as e.g. neutrino) or
composite (as the neutron or hydrogen atom) can mix with their mass
degenerate (sterile) twins: matter disappearance (or appearance)
phenomena can be observable in laboratories.
In the Early Universe, these B and/or L violating interactions can give
primordial baryogenesis and dark matter genesis, with Ω′B/ΩB = 1÷ 5.
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Neutron– antineutron oscillation

The Mass Mixing ε(nTCn + n̄TCn̄) (Majorana mass of neutron)
violating B by two units comes from six-fermions effective
operator 1

M5 (udd)(u′d ′d ′), M is the scale of new physics

%B=2
u

d

d d

d
u

G'B=2

ε = 〈n|(udd)(udd)|n̄〉 ∼ Λ6
QCD

M5 ∼
(

100 TeV
M

)5 × 10−25 eV

free n − n̄ oscillation time τ = ε−1

Key observation: n − n̄ oscillation destabilizes nuclei:
(A,Z )→ (A− 1, n̄,Z )→ (A− 2,Z/Z − 1) + π’s

Present bounds on ε from nuclear stability
ε < 1.2× 10−24 eV → τ > 1.3× 108 s Fe, Soudan 2002
ε < 2.5× 10−24 eV → τ > 2.7× 108 s O, SK 2015
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Neutron– antineutron oscillation and magnetic field

H =

(
mn + µnBσ ε

ε mn − µnBσ

)

Oscillation probability Pnn̄(t) = ε2

ε2+ω2
B

sin2
(
t
√
ε2 + ω2

B

)
where

ωB = µnB

If ΩBt < 1, then Pnn̄(t) = (t/τ)2 = (εt)2

If ΩBt � 1, then Pnn̄(t) = (ε/ωB)2

”Quasi-free” regime: for a given free flight time t, magnetic field
should be properly suppressed to achieve ωBt < 1.
More suppression makes no sense !

Exp. Baldo-Ceolin et al, 1994 (ILL, Grenoble) : t ' 0.1 s, B < 100 nT

τ > 0.9× 108 → ε < 7.7× 10−24 eV

but at ESS 2 orders of magnitude better sensitivity can be achieved,
down to ε ∼ 10−25 eV
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Neutron – mirror neutron mixing

The Mass Mixing ε(nCn′ + h.c.) comes from six-fermions effective
operator 1

M5 (udd)(u′d ′d ′), M is the scale of new physics

violating B and B ′ – but conserving B − B ′

%B=1,�%Ba=�1

d a
u a

d a

u

d

d

G'B=1

%B=2
u

d

d d

d
u

G'B=2

ε = 〈n|(udd)(u′d ′d ′)|n′〉 ∼ Λ6
QCD

M5 ∼
(

10 TeV
M

)5 × 10−15 eV

Key observation: n − n′ oscillation cannot destabilise nuclei:
(A,Z )→ (A− 1,Z ) + n′(p′e′ν̄′) forbidden by energy conservation

Surprisingly, n − n̄′ oscillation can be as fast as ε−1 = τnn′ ∼ 1 s,
without contradicting any experimental and astrophysical limits.
(c.f. τnn̄ > 2.5× 108 s for neutron – antineutron oscillation)

Disappearance n→ n̄′ (regeneration n→ n̄′ → n) can be searched at

small scale ‘Table Top’ experiments
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Neutron – mirror neutron oscillation probability

H =

(
mn + µnBσ ε

ε mn + µnB′σ

)
The probability of n-n’ transition depends on the relative orientation
of magnetic and mirror-magnetic fields. The latter can exist if mirror
matter is captured by the Earth

(Z. Berezhiani, 2009)

2 2

2 2 2 2

2 2

2 2 2

( ) ( ) ( ) cos

sin ( ) sin ( )
( )

2 ( ) 2 ( )

sin ( ) sin ( )
( )

2 ( ) 2 (

B B B

B

P t p t d t

t t
p t

t t
d t
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X X X X

U X X U X X
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UHECR and GZK cutoff
● Interests
●SM
●See-Saw
●Present Cosmology
● Visible vs. Dark matter:

ΩD/ΩB ≃ 5 ?

●B vs. D
●Unification
●Parallel sector
●Carrol’s Alice...
●Mirror World
●Twin Particles
●Alice
● Interactions
● Interactions
●B & L violation
●Sterile
●See-Saw
●B & L violation
●See-Saw
●See-Saw
● Leptogenesis: diagrams
●Boltzmann eqs.
● Leptogenesis: formulas
●Neutron mixing
●Oscillation
●Neutron mixing
●Neutron mixing
●Oscillation
●Experiment
●Vertical B
●Vertical B
●Vertical B
●Vertical B
●Vertical B
Neutron mixing

SW6 - p. 37/45

Cosmic rays and GZK cutoff
K. Greisen, End to the cosmic ray spectrum?, Phys. Rev. Lett. 16, 748 (1966).
G. Zatsepin, V. Kuzmin, Upper limit on the spectrum of cosmic rays, JETP Lett. 4, 78
(1966).

GZK cutoff:
Photo-pion production on the CMB if E > EGZK ≈ mπmp

εCMB
≈ 6 × 1019 eV :

p + γ → p + π0 (or n + π+), lmfp ∼ 5 Mpc for E > 1020 eV = 100 EeV
Neutron decay: n → p + e + ν̄e, ldec =

`

E
100 EeV

´

Mpc
Neutron on CMB scattering: n + γ → n + π0 (or p + π−)

Presence of n − n′ oscillation with τosc ≪ τdec drastically changes
situation
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Experimental limits on n − n′ oscillation time
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UHECR and GZK cutoff

Two giant detectors see UHECR spectra different at E > EGZK

Pierre Auger Observatory (PAO) – South hemisphere
Telescope Array (TA) – North hemisphere

At E < EGZK two spectra are perfectly coincident
by relative energy shift ≈ 8 %

+ older detectors: AGASA, HiRes, etc. (all in north hemisphere)

Events with E > 100 EeV were observed
Cosmic Zevatrons exist in the Universe – but where is GZK cutoff?



Co-baryogenesis
of Dark and

Visible matter:
mixing of

ordinary and
mirror particles

Zurab Berezhiani

Summary

Puzzles

B-L violating
processes and
cogenesis of
observable and
dark matter

Neutron–mirror
(anti)neutron
oscillation

But also other discrepancies are mounting ...

• Who are carriers of UHECR ?
PAO and TA see different chemical content: TA is compatible with protons

at all energies, PAO insists UHECR become heavier nuclei above E > 10

EeV or so – perhaps new physics ?

• Different anistropies from North and South ?
TA excludes isotropic distribution at E > 57 EeV, observes hot spot for

events E > EGZK (which spot is cold for E < EGZK) . PAO anisotropies

not so prominent: mild hot spot around Cen A, but observe dipole for

E > 10 EeV – are two skies realy different ?

• From where come highest energy events?
E > 100 EeV are expected from local supercluster (Virgo, UM, PP etc.)

and closeby structures. But they do not come from these directions. TA

observes small angle correlation for E > 100 EeV events (2 doublets),

which may indicate towards strong source – from where they come?

• Excess of cosmogenic photons ?
Standard GZK mechanism of UHECR produces too much cascades –

contradicts to Fermi-LAT photon spectrum at E ∼ 1 TeV – local Fog ?
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From where highest energy CR are expected ?

trapolate the catalog data in a straightforward manner when computing average source

densities just outside the excluded region: for every galaxy with coordinates l and b, where

|b| < 30◦, we add a mirror galaxy with coordinates l′ = l and b′ = ±30◦ − b in the galactic

strip. Here the plus (minus) sign corresponds to b > 0 (b < 0).

In Fig. 3 we show the expected integral CR flux above 40 EeV in the matter tracer

model, using the KKKST catalog to reconstruct the local matter density in the Universe,

together with the positions of some prominent groups and (super)clusters of galaxies. (We

discuss how this figure is obtained in Sect. 2.4). In this figure, as in all figures in this

paper showing model CR fluxes on the sky, the gray bands are chosen such that they

contain 1/5 of the model flux each, with darker bands indicating larger flux. (We would

like to stress that this division in a discrete number of bands is for presentation only.)

Both far-away superclusters and close-by galaxy groups can be recognized in the figure,

the most prominent overdense region extending between the local (Virgo) and Centaurus

superclusters.

Figure 3: Aitoff projection of the sky (galactic coordinates l and b) showing the relative integral

CR flux above 40 EeV in the matter tracer model (grayscale; matter densities derived from the

KKKST catalog) together with the approximate positions of some prominent galaxy groups and

(super)clusters. C: Centaurus supercluster (60 Mpc); Ca: Canes I group (4 Mpc) and Canes II group

(9 Mpc); Co: Coma cluster (90 Mpc); E: Eridanus cluster (30 Mpc); F: Fornax cluster (20 Mpc);

He: Hercules superclusters (140 Mpc); Hy: Hydra supercluster (50 Mpc); L: Leo supercluster (130

Mpc), Leo I group (10 Mpc), and Leo II group (20 Mpc); M81: M81 group (4 Mpc); M101: M101

group (8 Mpc); P: Pegasus cluster (60 Mpc); PI: Pavo-Indus supercluster (70 Mpc); PC: Pisces-

Cetus supercluster (250 Mpc); PP: Perseus-Pisces supercluster (70 Mpc); S: Shapley supercluster

(200 Mpc); UM: Ursa Major supercluster (240 Mpc), Ursa Major North group (20 Mpc), and Ursa

Major South group (20 Mpc); V: Virgo cluster (20 Mpc); VII: Virgo II group (20 Mpc); VIII:

Virgo III group (20 Mpc). The Pisces-Cetus supercluster extends between the two indicated points.

Distances between parentheses are rough estimates.

2.2 Source density

The CR source density nsrc is unknown, but bounded from below by the scarcity of observed

doublets and triplets, and also by the fact that the sources of the observed UHECRs cannot

– 7 –
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n − n′ oscillation and UHECR propagation
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n − n′ oscillation and propagation of UHECR

Z. Berezhiani, L. Bento, Fast neutron – Mirror neutron oscillation and ultra high
energy cosmic rays, Phys. Lett. B 635, 253 (2006).

A. p + γ → p + π0 or p + γ → n + π+ Ppp,pn ≈ 0.5 lmfp ∼ 5 Mpc
B. n → n′ Pnn′ ≃ 0.5 losc ∼

`

E
100 EeV

´

kpc
C. n′ → p′ + e′ + ν̄′

e ldec ≈
`

E
100 EeV

´

Mpc
D. p′ + γ′ → p′ + π′0 or p′ + γ′ → n′ + π′+ l′mfp ∼ (T/T ′)3 lmfp ≫ 5 Mpc
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n − n′ oscillation in the UHECR propagation

Baryon number is not conserved in propagation of the UHECR

H =

(
mn + µnBσ ε

ε mn + µnB′σ

)

In the intergalactic space magnetic fields are extremely small.

But for relativistic neutrons transverse component of B is enhanced
by Lorentz factor: Btr = γB (γ ∼ 1011 for E ∼ 100 EeV)

Average oscillation probability: Pnn′ = 1
1+q(E)

q = 0.45×
( τnn′

1 s

)2 ×
(

Btr−B′
tr

1 fG

)2

×
(

E
100 EeV

)2

If q(E ) < 1, n − n′ oscillation becomes effective
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Earlier (than GZK) cutoff in cosmic rays

Z.B. and Gazizov, Neutron Oscillations to Parallel World: Earlier End to

the Cosmic Ray Spectrum? Eur. Phys. J. C 72, 2111 (2012)

Baryon number is not conserved in propagation of the UHECR
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Ordinary and Mirror sources
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Swiss Cheese Model

Mirror CRs are transformed into ordinaries in nearby Voids. n − n′

oscillation probability depends on the magnetic fields in the Voids.



Co-baryogenesis
of Dark and

Visible matter:
mixing of

ordinary and
mirror particles

Zurab Berezhiani

Summary

Puzzles

B-L violating
processes and
cogenesis of
observable and
dark matter

Neutron–mirror
(anti)neutron
oscillation

Arrival directions of E > 100 EeV events
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All E > 57 EeV events (+ AGASA etc.)
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Is sky different from North and South ?

The Astrophysical Journal Supplement Series, 199:26 (22pp), 2012 April Huchra et al.

Figure 7. Hockey Puck plot—a full cylinder section—of 2MRS in the north celestial cap. The view is looking downward from the NCP, the thickness of the “puck”
is 8000 km s−1, and its radius is 15,000 km s−1.

Two “Hockey Puck” diagrams shown in Figures 7 and 8
highlight the vast improvement in coverage through the galactic
plane afforded by 2MRS as compared to even CfA2, the densest
survey of the nearby universe (Huchra et al. 1995, 1999). Plotted
are top-down views of cylindrical volumes with a radius of
15,000 km s−1 and thickness of 8000 km s−1, yielding an
aspect ratio of about 3.5–1. The pucks show the galaxies in the
northern and southern celestial hemispheres, respectively—i.e.,
all galaxies above and below the celestial equator with redshifts
placing them in the cylinder and with Ks ! 11.75 mag. Many
of our favorite structures and several prominent voids are easily
seen in these plots.

The northern puck is dominated by the LSC at the center,
the Great Wall (now straight in this cylindrical projection) at
10–14.5 hr, and Pisces-Perseus at 0–5 hr. In addition, there are
several new but smaller structures such as the one at 19 hr and
4000 km s−1, probably best associated with the Cygnus Cluster
(Huchra et al. 1977).

The southern celestial hemisphere is more amorphous. There
is the well-known Cetus Wall (Fairall et al. 1998) between 0
and 4 hr, the southern part of the LSC at the center, and the
Hydra-Centaurus region, but also a large and diffuse overdensity
between 19 and 22 hr, a region hitherto not mapped because of
its proximity to the galactic plane. This structure appears to be
both large and rich and should have a large effect on the local
velocity field.

4.2. Onion Skins

Another projection that can highlight the properties of nearby
structures are surface maps of the galaxy distribution as a
function of redshift. Since these are conceptually like peeling
an onion, they are best called “Onion Skins.” Figures 9–11
show three sets of these skins, moving progressively outward
in redshift, while Figure 12 shows the entire 2MRS catalog
with the major structures of the Local Universe labeled. These
figures use Galactic coordinate projections; the corresponding
equatorial coordinate projections are shown in Figures 15–18.

Figure 9 shows the distribution on the sky of all galaxies
in the survey inside 3000 km s−1 color coded by redshift in
1000 km s−1 skins. The plane of the LSC dominates the map, but
there is also a diffuse component between 2000 and 3000 km s−1

and 6–13 hr in the south. The next two figures again show
some familiar structures but with a few surprises. The Great
Wall, Pisces-Perseus, and the Great Attractor dominate the mid
ranges. The overdensity of galaxies in the direction of A3627
is high, and the comparison of Figure 10 with 11 clearly shows
why we are moving with respect to the CMB toward a point
around l = 270◦ and b = 30◦.

5. GALAXY MORPHOLOGIES

Morphological types are listed in Table 3 for all of the 20,860
galaxies in 2MRS11.25. We used the classifications listed in

9
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Is sky different from North and South ?

The Astrophysical Journal Supplement Series, 199:26 (22pp), 2012 April Huchra et al.

Figure 8. Same as Figure 7 but for the south celestial cap.

ZCAT (based on RC3, NED, and other catalogs) when available,
but 5682 of these galaxies had no type information. They were
visually examined and classified by J. Huchra using blue plates
from the Digitized Sky Surveys. These new morphological types
are identified by code “JH” in column 24 of the catalog. We also
list morphological types from the literature for fainter galaxies
in the catalog, when available.

Morphological typing in 2MRS uses the modified Hub-
ble sequence (de Vaucouleurs 1963; de Vaucouleurs et al.
1976). Elliptical galaxies have integer types −7 through −5.
S0 galaxies range from integer type −4 (E/S0) through 0 (S0/
a), in a sequence from least to most pronounced disks. Spirals
are assigned integer types 1 (Sa) through 9 (Sm), without dis-
tinction between barred, unbarred or mixed-type. Irregular and
peculiar galaxies are assigned integer types 10 and above. The
format for the morphological type designations is described in
detail in Table 5.

The distribution of the galaxies in 2MRS11.25 by morpho-
logical type is shown in Figure 13, while Figure 14 shows his-
tograms by redshift for the three broad morphological classes
described above. While the histograms show the same pattern as
Figure 6, spirals dominate the data set at lower redshifts, while
ellipticals flatten near z ≈ 0.03 and extend to higher redshifts,
as expected given their higher luminosity.

6. PREVIOUS RESULTS FROM 2MRS

The 2MRS11.25 sample has been used in several publica-
tions.

1. Erdoǧdu et al. (2006a) calculated the acceleration on the
Local Group (LG). Their estimate of the dipole seems to
converge to the CMB result within 60 h−1 Mpc, suggesting
that the bulk of the motion of the LG comes from structures
within that distance. They also carried out an analysis of
the dipole weighting the sample by its luminosity (rather
than the counts) and found relatively minor changes.

2. Erdoǧdu et al. (2006b) calculated density and velocity
fields. All major LSCs and voids were successfully identi-
fied, and backside infall on to the “Great Attractor” region
(at 50 h−1 Mpc) was detected.

3. Westover (2007) measured the correlation function and
found a steeper relationship between galaxy bias and
luminosity than previously determined for optical samples,
implying that near-infrared luminosities may be better mass
tracers than optical ones. The relative biasing between
early- and late-type galaxies was best fit by a power law with
no improvement when stochasticity was added, leaving
open the possibility that populations of galaxies may evolve
between one another.

4. Crook et al. (2007) produced a catalog of galaxy groups,
which was later used to model the local velocity field in
Crook et al. (2010).

5. Erdoǧdu & Lahav (2009) predicted the acceleration of the
LG generated by 2MRS in the framework of ΛCDM and
the halo model of galaxies. Their analysis suggested that
it is not necessary to invoke additional unknown mass

10
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Summary

But n′ → n̄ produces appearance of our antimatter from dark mirror
matter – with a lot of interesting cosmological implications for
UHECR, AMS 2 and PAMELLA, INTEGRAL positron excess,
Primordial Lithium problem, etc.

Encounter of matter and antimatter
leads to immediate (uncontrollable)
annihilation which can be destructive

Annihilation can take place also bet-
ween our matter and dark matter, but
controllable by tuning of vacuum and
magnetic conditions. Dark neutrons
can be transformed into our antineu-
trons, or dark hydrogen atom into our
anti-hydrogen, etc.

Two civilisations can agree to built scientific reactors and exchange
neutrons ... and turn the energy produced by each reactor in 1000 times
more energy for parallel world .. and all live happy and healthy ...
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