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THEORETICAL CONCEPT OF MIRROR MATTER

Lee and Yang 1956, Landau 1957, Salam 1957,
Kobzarev, Pomeranchuk and Okun 1966

assumption:
PARTICLE (HILBERT) SPACE IS A REPRESENTATION
OF EXTENDED LORENTZ GROUP.
Extended Lorentz group includes reflection: X — —X.
In particle space it corresponds to inversion operation I.
Reflection £ — —Z and time shift t — t 4+ At commute as
coordinate transformations.
In the particle space the corresponding operators must
commute, too:
[H, Iy] = 0.

i.e. eigenvalues of operator I, must be conserved.
I, = P (parity operator) is not conserved.
definition: Py(z,) = youv(zo, —%);

Pé(xu) = t¢(zo, —E).

e Lee and Yang: I, = P - R, where R transfers particle
to the new state (mirror particle).

e Landau: I, = CP where C transfers particle to
antiparticle. This hypothesis has been dismissed by
discovery of CP violation.



MIRROR PARTICLE SPACE is generated by R-
transformation with the same particle content and

interactiions (symmetries). WV, — WV, WVp —
V%, SU(L) x U(1l) — SUL(R) x U'(1), with a
new photon (v'), new gauge bosons and with vev =
vev, aoi=4dal, i=1, 2, 3.

i
Kobzarev, Pomeranchuk, Okun suggested that ordinary
and mirror sectors communicate only gravitationally. The
mirror matter in the universe may exist as the mirror stars
and mirror galaxies.

COMMUNICATION TERMS can be written as

Lcomm = M—H('f’mﬁ') (Yre") (1)

where ¢, = (I, 71) and ¢ = (¢p, — ¢%).
After SSB, Eq.(1) results in mixing of ordinary and mirror
(sterile) neutrinos.

v -
—EﬂuLufq, (2}

with p = vg\,/Mp = 2.5-1075 eV.
Eq.(2) implies oscillations between » and /.



MIRROR NEUTRINOS AS STERILE NEUTRINOS

UNBROKEN MIRROR SYMMETRY
Foot, Volkas 1985
Communication of ordinary and mirror sectors - through

neutrino mixing

BROKEN MIRROR SYMMETRY
Berezhiani, Mohapatra 1985 :

COMMUNICATION TERM:
A Yrd) (Wrd')

with A = Mp, for some fields, and A < Mp, for others.
MIRROR SYMMETRY IS BROKEN SPONTANEOUSLY

vev # vey’

MASSES m and m'/ BECOME DIFFERENT
How to do it?
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COSMOLOGICAL RESTRICTIONS: BING-BANG
NUCLEOSYNTHESIS

f

PROBLEM: additional light particles v/, v/, v,, vz
T' MUST BE SUPPRESSED
ONE-INFLATON MODEL (BDM)

Mo—mirr < [ ¢—ord

TJR — \ rIMP| < TR — -|||"|._Mp|

TWO-INFLATON MODEL (V.B., Vilenkin 2000)

U

MIRROR DENSITY IS INFLATED BY ¢ : T <T
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MIRROR NEUTRINOS IN SOLAR-NEUTRINO
OBSERVATIONS
V.B., Narayan, Vissani 2003

Unbroken  mirror symmetry with  gravitational
communication:

M' = M due to mirror symmetry. It makes mirror model
most natural one for sterile neutrinos.

m = 0: M = diag(M;, M, M3) are generated by
usual see-saw mechanism.
Diagonalization in case m # O results in 6 mass
eigenstates v~ and v;”
+ 1 ;
o T ﬁ(”ﬁ + ;)
with mass eigenstates M ; = M; + my;

m = UtmU, where U diagonalizes M.



ILLUSTRATIVE CASE OF TWO NEUTRINOS
/ M; p v
() (5 ) ()
DIAGONALIZATION RESULTS IN MAXIMAL MIXING
sin20 =1, my o= M; xpu AND Am? = 4M;p.
f uf

v,V Mi+M

V..



MASS SPLITTING

Vo My
Y
"J,!' "'y! % -

AmE = 4 My

; Am?L
-Plcrng(“cr — mlrr:}r) = Z{:lUﬂiF 5i|--|2 (T}_;;-_)



SOLAR-NEUTRINO OSCILLATION

CONSIDER THE CASE OF LMA IN UNPERTURBATIVE
REGIME AND Am? > Am3

HIGH ENERGY REGIME
Pee = sin? w: standard LMA

LOW ENERGY REGIME 5
ee = PEMA _ cos*wsin?4, where 6 = E}“gi
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ANOMALOUS SEASONAL VARIATION ~ 20 — 30% from
geometrical one



SN NEUTRINOS
DISAPPERANCE OF ACTIVE NEUTRINOS

1
Fo = EFS, where a= e, u, T

5}
Eobs ™~ :?-Etheor

ACTIVE NEUTRINOS FROM MIRROR SN
(NOISELESS COLLAPSE)

v — v



UHE NEUTRINOS FROM MIRROR
MATTER



CASCADE UPPER LIMIT
ON HE NETRINO FLUX
(V.B. and A.Smirnov 1975)

E-M CASCADE ON TARGET PHOTONS
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EGRET: w9 ~ (2 - 3) x 10~%eV/cm3

UPPER LIMIT ON HE NEUTRINO FLUX
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where wcas < w9Pbs



UPPER LIMIT ON MIRROR NEUTRINO FLUX

Production of mirror neutrinos is not accompanied b
visible particles.

Visible neutrinos appear due to v/ — v oscillation.

v+ vpm — Z° — hadrons — e-m cascade

Eg = #——IBXIOEE(DEaev) eV
Nz =47 oot Ny, I,(Ep) Eg

weas = 0.5E9g nz to fu/ftot, fn/ftot = 0.7.

I(Ep) < ftot __ weas ’”‘ :

— Jn Ot ny; to mz

The strongest limit is imposed by lightest neutrino, if
corresponding E, = mzf 2m,, is available.

Ratio of upper limits:

I (Ep) _gftot 1
I5*5(Ep) fh otot Ny, to

=1.3.103



UHE NEUTRINOS FROM MIRROR TDs

In two-inflatons scenario with curvature-driven phase
transition there can be:

P’;'natter < Pmatter Pirn 2 PTD
V.B., A.Vilenkin 2000

HE v PRODUCTION IN ORDINARY / MIRROR TDs

e.g. NECKLACES: G — HxU(1) = H x Z5
V.B., A.Vilenkin 1997

M M

=l
4

M M
strings shrink and monopoles inevitably annihilate:
M + M — G, H — hadrons — neutrinos

From all particles produced, only neutrinos (due to v/ — v)
are visible.

E E 7.-10"3 eV
OS¢ ™ AMip 100ev M, P

Probability of oscillation: P,,_,, = 1/2




GUPERGZK NEUTRINOS FROM MIRROR TD
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CONCLUSIONS

Mirror matter has deep theoretical motivation

ve — vs oOscillations can be interesting subdominant
process in atm and solar neutrino physics

To provide v, — vs oscillations, all known models of
sterile neutrinos must have m,,fine tunedto my,.
Mirror neutrinos meet this requirement naturally due to
mirror symmetry

Gravitational communication between visible and
mirror matter provides mixing of mirror and ordinary
neutrinos with parameter

W~ ”EW/Mpl =5x10"%eVv

which results in observable effect in solar-neutrino,
SN-neutrino and HE-neutrino experiments

IN SOLAR NEUTRINOS: suppression of low energy
E, < 1 MeV neutrino fluxes and small anomalous
seasonal variation in MSW solution

IN HIGH ENERGY NEUTRINOS: very large diffuse
neutrino fluxes



