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Cosmological Dark Matter explains:
e virial paradox in galaxy clusters,
e rotation curves of galaxies

e dark halos of galaxies

e effects of macro-lensing

But first of all it provides formation
of galaxies from small density
fluctuations, corresponding to the
observed fluctuations of CMB

suf |C|ently stable on cosmological timescale



Dark Matter from Charged
Particles?

r jS non-luminous, while charged particles are the source
n. Therefore, neutral weakly interacting elementary
d as Dark Matter candidates. If such neutral particles

SS M are stéle -
eneities with the minimal «

neutral « atomic » states they can play the role of composite
Dark matter.

@ Physical models, underlying such scenarios, their problems and
nontrivial solutions as well as the possibilities for their test are
the subject of the present talk.




SoIMponentsiof composite dark matter:

T@rj:-fsrmj ONS Eane off S.L.Glashow's

IStablel -quark of 4-tt family

);\calg,)gj from models, based on almost
commutativergeometry

sTEChnineg iticles of Walking Technicolor Models

eStable U-quark from 5th family



Sinister model solving Sea saw and
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Dark Matter Problems

A Sinister Extension of the Standard Model
to SU(3) x SU(2) x SU(2) x U(1)

Sheldon L. Glashow

Physics Department
Boston University

Boston, MA 02215

This paper deseribes work done in collaboration with Andy Cohen. In our model,
ordinary fermions are accompanied by an equal number ‘terafermions.” These particles
are linked to ordinary quarks and leptons by an unconventional CP° operation, whose soft
breaking in the Higgs mass sector results in their acquiring large masses. The model leads
to no detectable strong C'P violating effects, produces small Dirac masses for neutrinos,
and offers a novel alternative for dark martter as electromagnetically bound systems made
of terafermions.
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Abstract

m  The role of Sinister Heavy Fermmions in recent Glashow's
SUGHSU2)*SU2) *U(1) model is to offer in a unique frame refic
Helium-like products (an ingenious candidate to the dark matter
puzzle}, a solution to the See-Saw mechanisin for light neutrino masses
as well as to strong CP violation problem in QCD. Theifr mass are
million gdmes larger than conunon ones

m  The Sinister model requires a three additional families of leptons and
quarks, but only the lightest of them Heavy U-quark and E-"electron’

are stable.
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‘s tera-fermions

SUE)XSU@)xSU)xU(L)

Tereiarmions (A2 U,D) <> W, Z, H, yand g

+ oronld) of CRYigkitar) ir) €)CP problem of neutrine mass
SN @M as [I((UOU)EE] tera-helium (NO!)

N Ve heavyiand unstable

= N m~500)GeV, stable

U M eV, (meta)stable

MmSHEV, D> U +...



Why Tera-helium is a good Dark
Matter gas?

= Teraparticles do not have normal W and Z interactions
and do not contribute into SM parameters, so they can
not be excluded by precision measurements of SM

parameters

B CP' symmetry of Glashow’s model helps to solve
strong CP violation problem in QCD.

B Tera-neutrino is unstable, because it gives Dirac see-
saw mass to normal neutrino.

B UUU as the new form of hadron - bound by
ChromoCoulomb forces. It's size is about
1/alpha_QCD m_U about 107-16 cm and it weakly

mteracts with hadrons.
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Q(UUUEE) = Q. =0.224

Cosmological tera-fermion
asymmetry

= To saturate the observed

dark matter of the
Universe Glashow
assumed tera-U-quark
and tera-electron excess
generated in the early
Universe.

The model assumes tera-
fermion asymmetry of
the Universe, which
should be generated
together with the
observed baryon (and
lepton) asymmetry

However, this asymmetry can not suppress primordial antiparticles, as
it is the case for antibaryons due to baryon asymmetry



3.2. Freezing out of [U-quarks

In the early Univerze at temperatures highly above thelr masses tera-fermions were in
thermodynamical equilibrium with relativistic plasma. It means that at T = m the exceszive
E and U were accompanied by EEt and UU pairs.

When in the course of expansion the temperature T falls down * below the mass of
U-quark, m, the concentration of quarks and antiquarls is given by equilibrium. At the
freezing out temperature 75 the rate of expansion exceeds the rate of annihilation to gluons
UU — gg or to pairs of light ¢ quarks and § antiquarks UU — 7g. Then quarks U and
antiquarks U7 are frozen out.

The frozen out concentration (in units of entropy density) of U quarks, vz, and anti-
quarks, rg, 1o given (see Appendix 1) by

= 86102 f:(Se)
rg = 74107 f3(Sp) (5)

at T~ Tsrr 2= g /30 =2 100GV, Here fir(1) = fz(1) = 1 and their functional form is given
in Appendrx 1. This functional form 15 simplified for large Sg =1

ro /810728 (1 —1n(5)/30) +6 - 1074/5g
ri 728107125, . (1 — In(5,)/30) — 6 - 10-14/5,

and for cmallest pozmable 0.2 = 55 < 04

ry Ky = 121071015
rg 1.1 107 exp (—0.16/5%)

It means that the concentration of frozen out U-quark pairs & for 5 = 1 by 6 times
larger than the concentration of excessive U'-hadrons Eq.(3) and thi®edact erows with

as oc 5 at large Ss. Some suppression of U-quark abundance takes place only for smallest

D Fargi




3.3. Freezing out of E-leptons

The same problem of sntiparticle survival appesrs (enhanced) for E-leptons. Equi-
librium concentration of EE™Y psirs starts to decresse st T < mp = 500GeV' Ss. At the
freezing out tempersture Ty the rate of expansion exceeds the rate of annihilation to pho-
tons EE* — ~~ or to pairs of light fermions f (quarks and cherged leptons) EEY — ff
(We neglect effects of SU(2) medisted bosons). Then E leptons and their antiparticles E*
are frozen out.

The frozen out concentration (in units of entropy density) of E, rg, and ET, rg+, is
given (see Appendix 1) by

re=10""8s (1 —1n(Se)/25) +0.4-1071%/5,
re+ = 107186 - (1 — In (S6)/25) — 0.4- 107*%/ S, (8)

st T ~ Tjp = mg/25 = 20GeV'Ss. One finds from Eq.(8) that at Sg = 1 the frozen out

concentration of EE™T pairs is by 2 orders of moagnitude larger than the concentration Eq.(4)
of excessive ¥This effect incresses oc S; for large arger Sq. Even st smallest

possible S{EE™ pair sbundance is 5 times larger than L' excesg

Antiparticles ; 1lated 1n the successive processes of
quark and E recombinations. However, as it is shown in Appendices 3-5 primordial anti-
quark ters-hadrons can be effectively suppressed, while as we'll see similsr mechanism of
snnihilstion is not effective for tera-positrons.




Real Trap

The Sinister overproduction of Anomalous Hydrogen clones

The main problem of the considered cosmological scenario is the over-production of
primordial tera-lepton pairs and their conservation in the Universe in various forms up to

present time.

&HeE™)*, EY,

(UuuFE) bghind systems

bstantial (no less
than 6 orders of magnitude) excess of electron number density over the number density o

primordial tera-fermions makes virtually all of them to form atoms (see Appendix €).

L Fargion-Sinister Universe-SLUSY-
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Ep) catalyzer

g Universe no binding or annihilation is
t fraction of products of incomplete
Inister model they are: (UUU),

J)E], [(UUU)E], [(Uud)E], as well as
positrons and tera ibaryons

W’sS hope was that at T<25keV all free E bind with
> and (Ep) « atom » plays the role of catalyzer,
Ing all these free species, In reactions like

[(UUU )E1+(Ep)— [(UUU )EE]+ p

4 ’

E*+(Ep)—> (E'E)+ p

But this hope can not be realized, since much earlier all the free E are trapped by He



Tera Leptons in Glashow’s Sinister
Universe

m  Moreover, in opposition to almost effective pair Tera-Quark U annihulations {like
commen proton-anfi-proten), there 1s no such an early or late Tera-[epton pairs

suppressions, because:

m g electromagnetic interactions are "weaker" than nuclear ones because their coupling
15 smaller and mainly because the cross sections 1s proportional to inverse square Tera-

Lepton Mass

®m b helium ion 4He++ 15 able Tere (seconds)

to attract and capture, -

E-, fizang it into a hybnd
tera helium "1on" trap.

This takes place dunng the first

few muinutes of the Universe

£
k-
s
3
i

3u10*
Tampsiaraburd (K}
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Why Grave Shadows over the

Sinister universer

The helium 1on 4He++ capture of E- leads to a pile up of relic
(4HeE )+ traces, a lethal compound for any Simuster Universe.

This capture leaves no Tera-Lepton frozen m Ep relic (otherwise
an 1deal catalyzer to achieve effective late E+E- annihilations
possibly saving the model).

The (4HeE )+ Coulomb screening 1s also avoiding the synthesis
of the desired UUUEE hidden dark matter gas. The e(4HeE )+

behave chemically like an anomalous hydrogen 1sotope.

Also tera-positronium (el +) relics are over-abundant and they
behave like an anomalous hydrogen atom:

L Fargion-Sinister Universe-SlUSY-
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NESCageNor negatively charged components
PIRcOMPOsite dark matter — No go theorem
o5 -1 charge components

5 [ COMPA _akk Matter Panticles are « atoms », binding positive P
anoineEdgative E charges, all thefiee: primordial negative charges E bind
With S Ee=47"as soon as helium is created in SBBN.

PALICIESTENWIth electric charge -1 form +1 ion [E He].

sHINISNoNNS alformi oft anomalous hydrogen.

o [tSiCotlombrbartier prevents effective binding of positively charged
L particlestPAwith E. Tihese positively charged particles, bound with
€lEectrons; become atoms of anomalous istotopes

o Positively charged ion is not formed, if negatively charged particles E
have electric charge -2.



4-th family

N rnw-"jr_ GeV, (guasi)stable

= ONGEVAm<~1 TeV, £ ->N/v,... unstable

U 2201 GeVEsm=RANEY, U -> N + /ight fermions Long-living
 wWihouEmixingwithlight generations
D A 220 GeV <m<~d e, P> U y,... unstable
ents of SM parameters admit existence of 4th family, if 4th neutrino
0 GeV and masses of E, U and D are near their experimental bounds.

: | e, exceeding the age of the Universe, and in the early Universe
s of anti-U qt is generated, primordial U-matter in the form of ANti-U-Tripple-

lons of Unknown Matter (anutium).

can become a -2 charge constituent of composite dark matter



-

T i

NOHEN UM formation
Io = ZI?IeZAZCZZmHe =1.6MeV

(UUU)% ‘He = [(U__) He] +y

formed at T ~100 keV

The size of O-helium is

- But it goes only after He

R, =1/(ZZ,.,am,,)=2-10"cm

It catalyzes exponential suppression of all the remaining U-baryons with
positive charge and causes new types of nuclear transformations



J=Helium: alpha particle
With zero charge

alpha particle with shielded electric charge. It can
e to the absence of a Coulomb barrier. For this
D-helium, the character of SBBN processes can

(A,Z)+[(U__) He] — (A+4,Z +2)+(U__)

| sformation can take place if
M(AZ)+m, —1,>M(A+4,Z +2)

This condition is not valid for stable nuclids, participating in SBBN processes, but
unstable tritium gives rise to a chain of O-helium catalyzed nuclear reactions towards
heavy nuclides.

~®m This



JHe catalysis of heavy element

production in SBEN
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OHe induced tree of
transitions

After K-39 the chain of transformations starts to create unstable isotopes and gives
rise to an extensive tree of transitions along the table of nuclides



Energy and momentum
transfer from baryons to O-
helium is not effective and
O-helium gas decouples
from plasma and radiation

O-helium dark matter starts
to dominate

On scales, smaller than this
scale composite nature of
O-helium results in
suppression of density
fluctuations, making O-
helium gas Warmer Than
Cold (WTC) dark matter



Anutium component of
cOsSmic rays

m Galactic cosmic rays
destroy O-helium. This
can lead to appearance of
a free anutium
component in cosmic
rays.

ch flux can be accessible to PAMELA and AMS-02 experiments



Rigidity of U-helium component

fference In rigidity provides discrimination of U-helium
and nuclear component

-

o
o

Ragichty, GV/¢

0.7 08 09 1

I U-He m=750 GeV

Lw T vHem=500 Gev



-helium in Earth

- (AZ) |(UUU)He | > (A+4,Z +2)+(000)

s is formed in the excited [H '. M(A, Z2)] state, which can rapidly
3 decay, giving rise to (OHe) regeneration and to effective quasi-
f (OHe)-nucleus scattering.

channel dominates the in-falling flux sinks down the center of Earth
be no more than

of anomalous isotopes around us, being below the experimental upper limits for
elements with Z > 2.



1elitm experimental
search?

] detectors, (OHe * are slowed
n T ?esf r be?ow e thre hold for

C A V
Uction can re |n o servab?e ef’fects

-helium gdves rise 38 than 0.1 of expected
rougevg}/ee réts s'?tr | tsex erll[gre]nf | USractln
Particles zSIM Btaln 1%3/ e resu

s experimen

It implies development of specific strategy for direct experimental
search for O-helium.



S erﬂwd He-3 search for O-

[=]

helium

Superfluid He-3 detectors
are sensitive to energy
release above 1 keV. If not
slowed down in
atmosphere O-helium from
halo, falling down the
Earth, causes energy
release of 6 keV.

Even a few g existing
device in CRTBT-Grenoble
can be sensitive and
exclude heavy O-helium,
leaving an allowed range
of U-quark masses,
accessible to search in
cosmic rays and at LHC
and Tevatron



-helium Universe?

scenario is the minimal for

matter. It assumes only the

| avy stable U-quark and of an
nti-U excess generated in the early Universe to

turate the modern dark matter density. Most

Its signatures are determined by the

trivial application of known physics. It might

too simple and too pronounced to be real.

h respect to nuclear transformations, O-

Jm looks like the “philosopher’s stone,” the

alchemist’s dream. That might be the main

reason why it cannot exist.

=@ However, its exciting propertles put us in mind
of Voltaire: “Se O-helium n’existai pas, il faudrai
I'inventer.”



O-helium solution for
A/CDMS controversy?

equilibrium concentration of O-helium is reached at
fore it should possess annual modulations due to

(A, Z)+ (He¢) — [(A, Z){" 7|+ He

he charge of the nucleus (A,Z) from Z to (Z-2) with the
nding change of electronic 1S levels. It results in ionization energy

e Iy |

AE = Z%*m, (1 - (Z - 2)%a®m, 2] & ZoPm,

2 keV | 4 keV TI.

This inelastic process does not lead to phonon effect in CDMS and thus can be
masked as background in direct searches for WIMPs



OHe solution for positron
annihilation in bulge

ol

In the galactic bulge

density of O-helium can ceack the value ny, == 3. 107 /S5 em ™, cne can estimate the collision
R — - - - - - i oo - o 1 _E -
rate of O-helium in this central region: dN/dt = niomdrrl/3 = 3. 125~ -1 At the
. . e , ¥ . ! L . = . .
velocity of wg o~ 3 - 10"cm/ 8 energy transfer in such collisions 18 AE -~ 1MeV&;. Thess

collimions can lead to excitation of O-helium. If 25 lewvel 18 exated, par production dominates
over two-photon channel in the de-execitation by E0 transition and pesitron production with

T S R T T
the rate 3. 10%5:° 87" 1s not accompanted by strong gamma signal.

It can explain the observed positron annihilation rate.

A series of gamma lines from excitations with nonzero orbital momentum is predicted



of heavy hadrons <o

Mesons -
GeV

fuuu, }iil{ug.}fq--.. |
feat

{Uud i v A

+0.67T = n

(AY)




Muon
detector

This signagure is subs
that of F

S. Helman, R. Milstead, M. Ra




the context of composite dark matter search for new
(meta)stable quarks and leptons acquires the meaning of
crucial test for its basic constituents
The level of abscissa axis corresponds to the minimal level
of LHC sensitivity during lyear of operation



Conclusions

SeOIIPESILE dark matier and its basic constituents
aremoeRexcilidedieither by experimental, or by,
coSmologicalfargiments and' are the challenge for
COSMICTay andiaceelerator search

s Smallfraction or eVentdominant part of composite
darkematter can be initheform of O-helium,
GatalyZing NEW TerM of NUCclear transformation

lBcanresoelve DAMA/CDMS controversy: (which
takeniseriously EXCLUDES WIMP-like solutions) and
the puzzie of positron annihilation in bulge

e [Ihe program of test for composite dark matter in
cosmoparticle physics analysis of its signatures is
avallable
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