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n —n' Osclillations as
a Portal to Mirror World

Glossary:

MM — Mirror Matter
DM — Dark Matter
OM - Ordinary Matter
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How the concept of Mirror Matter
can add to observability of Dark Matter?

via transformation of neutral components:

e n — n' transformations might lead to observable neutron
disappearance and neutron regeneration effects that can be

influenced by laboratory magnetic field B.

e Neutron lifetime measurements and reflection of UCN
from the walls might be sensitive to n < n' transformations.

* Finding the resonance vs magnitude and direction of B
might be an observation of the presence of mirror magnetic
field B' - mirror photon, another actor of Mirror World.



via direct detection of MM:

e |f MM is exact copy of OM in a sense that SM’=SM, and it is
more abundant than OM and “colder” than OM, its cosmological
evolution might be different.

 From the side that SM=SM’ the microscopic properties of MM
are well known, but phenomenology of co-existence of MM
near OM can be multi-faceted and for obvious reason difficult
for exploration and comprehension.

e To be considered: abundance (mirror He > mirror H); most
of the MM in the universe is in form of H and He’ gas; initial
separation of MM and OM components; MM stellar evolution;
mixing one component with another; accumulation one
component inside another; mirror magnetic fields; abundance
of MM in Milky Way galaxy, current population of MM in the
vicinity of Solar system...
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DIRECT DETECTION

Da‘rk matter elastically
 scatters off nuclel

“Nuclear recoils detected -
by phonons scmtlllatlon
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5 August 2013 Snowmass Cosmic Frontier Jonathan Feng




Not explored

Dark Matter Di

irect Detection: Current and Future

SuperCOMS Soudan Low Threshold
XENON 10 S2 (2018)

-39 COMS-I Ge Low Threshold (2011) -3
10 — A — ——10
i 2 @ - \‘ cocl New since Snowmass: )
- O‘ ~ N . 110~
10 % "0; \\\ CDMSlite, LUX {10
— - ‘ \\\ 2o 012) .
& 1074 c,»n\ A A SIMPLE @ 2—107 =

E \ W . UPP 0\2 o,
=2 10~43t \s ‘\\ """"" EP\_\N—\“ 2 o 110~ :‘
= / Lo ., e 0 o
= ‘39%@, VoA \ SR & 12) g
9 1079] "'-?@éy L o CDELWEISS (2011 Moo & 110~ 8
2 ' ~2SNOL4 g NE O\ — o S @

_______ N TR0 2% )

2 107441 R e\ OMS SoueSe==—1 Bride®® | 1078 &
) 7 C X ' \\ N3 SUP s " .- Da\'\‘- ,OF_3,\ e
NNy N N S e

_45 no B - 3 = T T ”;._.:”' ‘‘‘‘‘ ] —9 =

8 10 Neutrinos @~ . 00 CD ’,3,5.‘-*-;:_:_ -’:'—19-(;0“\%2 B 10 8
3 y "‘_\\.\ N N pphP® SUp == A" %}%a ot I
S 10746} NI Z.-"110710 3
= \\ e ST ettt P =
= My 00000000 -

. T i |
e 10-47 - (Green ovals) Asymmetric DM ‘ \\ ___,"" ’ ‘ 10-11 %
2 (Violet oval) Magnetic DM LT =
% 1078 Raga s | oottt l1012

. A MSSM: Pure Higgsino "ﬁ\c g\dDS i
10757 | # MSSM: A funnel \ ’ 1n0° 110~
@ MSSM: Bino-stop coannihilation A
10-50 W MSSM: Bino-squark coannihilation o o _J10-14
1 10 100 1000 10

WIMP Mass [GeV/c?]

J. Feng and S. Ritz, “Snowmass Cosmic Frontier,” (2 Nov. 2013), 7
<http://hep.ps.uci.edu/~jlf/research/presentations/1311P5.pdf>




Why low masses are difficult to detect?
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Why low masses are difficult to detect?

« Energy transfer to the nucleus might not result into ionization or
excitations of the target atom. After collision with DM the whole atom
can be moving as a neutral object. However, in some cases neutral
atom can ionize and excite other atoms. In most cases energy going
Into heat (quenching) is difficult to calculate or determine experimentally.

« Calibration is difficult. E.g. slow neutrons scattering signal << 1 keV
that can be used for recoil calibration might not be entirely equivalent
to DM recoil due to Schwinger scattering of neutron magnetic
moment on the bound electrons of the inner shells.
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Interactions of MM with OM nuclel.

Kinetic photon mixing
“Holdom particle”

B. Holdom, Phys. Lett 166B, 196 (1986) Or short-range interaction
similar to N-N
e €
do
— ~const
Y dT
€ < 10_9 /

/ ) The strength of these
p D Interactions is a priori
do 1 unknown

dT T2 .
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OM Cloud Types ~ MM Cloud Types

Table 1. Components of the interstellar medium!”!
Scale
Fractional ] Temperature Density State of
Component Height
Volume (hC) (K) (atomsicm®) hydrogen
Molecular clouds < 1% 30 T0—20 10°—10° molecular
Cold Meutral
CATEEl Ty sen | 100—300 | 50—100 | 20—50 | metral atormic

Medium (CHM)

Warm MNeutral
Medium (W)

10—20% | 300—400 |6000—10000 0.2—05 | neutral atomic

Vifarm lonized

20—50% 1000 3000 0.2—05 ionized
Medium (WIN) ° oniee
H Il regions < 1% 70 8000 10°—10" ionized
Coronal gas lonized
Hot lonized | 30—70% 1000—3000 | 10%—10’ | 107*—1072 | (metals also
Medium (HIk) highly ionized)

Primary observational
techniques

Fadio and infrared molecular
emission and absorption lines

H 121 cm line absorption

HIl 21 cmline emission

Ha emission and pulsar
dispersion

Ha emission and pulsar
dispersion

A-ray emission; absorption lines

of highly ionized metals,
primarily in the ultraviolet

Wikipedia, “Interstellar Medium”

K. Ferriere



To accumulation of H in Solar system
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Galactic MM by its origin in the gravitational formation (not predicted in details)
might be moving inside the galaxy relative to Solar system. Can it be partially
co-moving with the local Solar system domain?

Annual modulations observed by DAMA/LIBRA tell us that relative motion

of MM in respect to the Solar motion in galaxy should exists, but relative
magnitude should be considered as a parameter.

Masses of MM patrticles are fixed. In the direct detection of MM we should
consider Hydrogen (~25% by mass), Helium (~ 75%) and “metals” (~ few %
by mass). Density of DM in the local vicinity of Solar system can be possibly
enhanced by MM accumulation in Solar system.

In collision of A” (MM) with detector’s A (OM) cross section (if relative
velocities are not very high) should be coherent:

A/2 . A2

If distribution of A” masses is given by the MM model, then unknown 9 5y and
unknown local density of MM can be combine into one unknown parameter

(ON’N ' ’OMM)

Opn = O
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Fixed by MM Model

Masses of MM patrticles: H, He, % metals
Abundances of MM patrticles in clouds are fixed by models and OM similarity

Coherent MM-OM interaction cross section ~ A2 and A’?
Inside MM clouds components are thermalized.

Parameters

Galactic MM clouds have temperature T (in its CM system)
MM cloud is moving parallel to the direction of Sun motion in galaxy Y
(responsible for annual modulation of DAMA/LIBRA observations)

Component of relative velocity L to direction of solar motion in galaxy
(increase above threshold detectability of DM) v,

Nucleon - mirror nucleon cross section o, , xlocal DM density
Type of MM-OM interaction: photon kinetic mixing; contact (like n-A);
pion-0 kinetic mixing?
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Research ldeas

0 Using MM Model (and in term of Parameters) determine for all existing direct
DM search experiments consistent common region of parameters in multi-
dimensional parameter space. Consistent description of all existing
experiments might be possible.

O Similar effort of R. Foot “Direct detection experiments explained with mirror
dark matter”, Physics Letters B 728 (2014) 45-50, is not following exactly
the same MM paradigm for detection.

L Develop proposals for direct detection of mirror H, D, He within parameter
space determined above. Detectors that can be explored are e.g. gaseous
(high pressure) proportional detectors with H,, D,, CH, following experience
of some authors in CERN experiment NA-6:

A. Arefiev et al, Nuclear Physics B232 (1984) 365-397

O Quenching calculations for hydrogen H, can be explicitly performed with
atomic theory (e.g. S. Ovchinnikov, at UTK)
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MEASUREMENT OF np ELASTIC SCATTERING AT HIGH
ENERGIES AND VERY SMALL MOMENTUM TRANSFERS
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V. PLYASKIN!, V. POJIDAEV', K. RUNGE?, Q. SCHAILE?, V. SHEVCHENKO'.
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Possible DM detector

« Potential wire

o Signal wire configuration
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Light Dark Matter Detector

A. H, gas at 20°C and 1 atm gas p=0.0838 g/| (compare with liquid is 0.0708 g/cm3)

Assume detector fiducial volume of length 1 m and diameter 0.8 m
Volume V= 10142 liters = 500 |

Assume working pressure 50 atm, then density p=4.2 g/I

Then, our fiducial mass is 2 kg.

B. Compare with Dama/Libra; they have 250 kg of Nal where Na is 15.3%.
So, the light nuclei (Na) mass in Dama/Libra is 38.3 kg

C. Number of electronics channels is:
With cell radius 2 cm — 400 channels
With cell radius 1.5 cm — 710 channels
With cell radius 1.0 cm — 1600 channels



