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16 forms of composite dark matter, their

cﬁsmologmal evolution and effects in

nucleosynthesis

* Experimental search for composite dark matter
and its charged constituents



SIcAEEaS; 0f cosmoparticle physics |
NEeWwPhysics, underying ModermrCosmology.

FHYBICENEYONd the Standard model canroe studiedin combination ofiindirect
phyEicalastiophysical and cosmological effects

NEwssymmetnies imply new conserved charges. Strictly conserved charge implies
Sty oirthelightest particle, possessing it.

NEWistablemparticles should be present in the Universe. Breaking of new symmetries
igpliesicesmological phase transitions. Cosmological and astrophysical constraints
zlfesile plementary to direct experimental search and probe the fundamental structure
ielipariicle theory

= Combination of physical, cosmological and astrophysical effects provide an over-

'-‘—E..: @_@e‘r’_mihed system of equations for parameters of particle theory

e —

— COSMOlogy PARTICLE PHYSICS

<

Physical scale

A

: New physics

Extremes of physical knowledge converge in the
mystical Uhrohboros wrong circle of problems,
which can be resolved by methods of Cosmoparticle physics




- - -
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Gedanken Experiment, in which cosmophenomenology of new
physics is considered as the source, while its effects on later stages
of expansion are considered as detector, fixing the signatures for
these effects in the astrophysical data, provides astyrophysical test
for new physics and cosmological scenarios, based on it.
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ofiunstable particles, antimatter domain

e . PBHH evaporation... are the source of

=v |th energy E>>T or of such particles, which are
a1 equilibrium at this temperature T (e.g.

| _ru otons iIn baryon asymmetrical Universe aiter the first
=T .osecond of expansion).

1--—

%”j“‘* L, ate sources of non- equilibrium particles directly
~ contribute in fluxes of cosmic rays.

=

- * |fthe source of particles acts sufficiently early, interaction
of non-equilibrium particles with plasma and radiation can
lead to observable effect
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CompositioniS;createc
of other elements:

hemica
/J He-4 with a smalllfractic

XD =
DESTIUCLION ' i y non-equlllbrlum particles of even small fracion (<1%) of
ormur,ir :éHe-4 can lead to excessive abundance of light elements (D
8- ) ‘Antinucleons in the Universe after BBN (from sources of

zlglel gl
m Eon-antlnucleon pairs or survived in antimatter domains) are a
fisund example of non-equilibrium particles:
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Experimental nuclear

i

jhereaasianincompletelinkiin the.cosmoancheol-OGICAL chain betweer —
LJHJJOIJ—‘IJJHJ—‘IJJJJ_U DI EW PRYSICSTaUreSErvVEdNIght thaur . [
INPRIRENCiessiwasinot knowniin reactions
- This information was obtained in
& special experiment PS179 at Low
Energy Antiproton Ring (LEAR)
in CERN. The measured yield
of He-3 (20%) provided a set of severe
constraints on the sources of
r2nequilibrium particles after BBN.

f L| and Be formation by nonequilibrium nuclear fragments (D, He-3, T)
_ strengthened these

___'___4 ;' == — constraints by 2 orders of
— e magnitude. The progress
— e was achieved in the result of

- Astro-nuclear experiment
= ASTROBELIX




Y

m

0,1eV 1 MeV

10°eV 107°eV




oieg@{) arkd\vﬂa@“'

osmological Dark Matter explains:

* virial paradox in galaxy clusters,

* rotation curves of galaxies

* dark halos of galaxies

* effects of macro-lensing

But first of all it provides formation of

baryons galaxies from small density
fluctuations, corresponding to the

t observed fluctuations of CMB

— To fulfil these duties Dark Matter should interact sufficiently
- weakly with baryonic matter and radiation and it should be
sufficiently stable on cosmological timescale



Dark Matter Candidates

\VIBSSIVEEULHNGS rr e\ VIS4G GEN) prokhably existibut they. can
Q.—\ Qf]]y_:\LCGC ANt PV component

ESSP) mostly neutrallno theugh even stop is possible (SUSY —
soluiieon J'O divergence of Higgs mass)

Jnvpul” axion (Solution for strong CP violation in QCD)

Mlireir s atter (Solution for equivalence of L and R coordinate
ByStEms)— strictly symmetric to ordinary particles, and Shadow
| _U" er infmore general asymmetric case

:qpeloglcal defects, Q-balls, PBHSs, .
_-' n; Jney follow from different extentlons of Standard Model
~_ and, in general, from physical viewpoint should co-exist.

Therefore from physical viewpoint Dark Matter is
most probably multi-component
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harged particles are the source
radiatic refore, neutral weakly interacting elementary
IIy conS|dered as Dark Matter candidates. If such neutral particles
stable, they freeze out in early Universe and form structure of
s with the minimal characterstic scale

—
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=

€= H‘_ wever, If echarged particels are heavy, stable and bound within neutral
=& atomlc » 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.
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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.

2005- Unification OC218



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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+ orooler gf € H—\/JOIE - m QCD - problem of neutrino mass
Z;F'_-' < (7) DM as [(UUU)EE] tera-helium (NOY)
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= m~5TeV,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.

L Fargion-Sinister Universe-SlUSY-
2005- Unification QC218- 19-July-2005
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[0 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
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[INEREXD m,r g Universe no binding or annihilation is complete.
Significant fr c’non ofi products, of incomplete burning remains. In

SINISIEN mor 1 they are: (UUU), (UUu), (Uud), [(UUU)E], [(UUU)E],
(Uurl)rL siwell as tera-positrons and tera-antibaryons

Glashoy WS hope was that at T<25keV all free E bind with protons
and (Ep) «:atom » plays the role of catalyzer, eliminating all these

,_l__h.-

=-;p=r" pémes in reactions like

—
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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}

L Fargion-Sinister Universe-SlUSY-
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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-
2005- Unification QC218- 19-July-2005 8



- IHE-Cag€e for negatively Charg.s. —
SOIPONENLS offcemposite d o —
Jertheorem, for=1- charge Compenents

Rl Ta
R e

[f e omr)oJJr—r ark matter particles are « atoms », binding positive P
ziricl neg,mv' 'E charges, all the free primordial negative charges E bind
VYiin) r]d "_ soon as helium is created in SBBN.

"_.

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

J:)
= :_:,_‘._-
-

= 1s‘4en is a form of anomalous hydrogen.

i'

W

_,.—

-:_ = ItSCoqumb barrier prevents effective binding of positively charged
: partlcles P with E. These positively charged particles, bound with
electrons, become atoms of anomalous istotopes

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



4-th family —

I

L. m~50 GeV, (quasi)stable

_-q-h.-

100 Gev <=1 eV, £ -=Nv,... unstable

&
~ilL

-' '220 GeV <m=<~1 TeV, U -> N + light fermions Long-living
= W|hout mixing with light generations

=
—
‘-

—

— L 220 GeV <m<~1TeV, D -> U lv,... unstable

A -f-,_xm_lll-
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on mex surements of SM parameters admit existence of 4th family, if 4th neutrino
ss s around 50 GeV and masses of E, U and D are near their experimental
-'bounds,‘_-- ~

%
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=

If-U'-ﬁuark has lifetime, exceeding the age of the Universe, and in the early Universe
-excess of anti-U quarks 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

4th neutrino with mass 50 GeV can not be dominant form of dark matter. But even its sparse
dark matter component can help to resolve the puzzles of direct and indirect WIMP searches.
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= e :-'_t-_fi't'goes only after He is formed at T ~100 keV

— The size of O-helium is

_ It catalyzes exponential suppression of all the remaining U-baryons with
positive charge and causes new types of nuclear transformations
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O-nigliteg o) IJ"—' an alpharparticle’ with shielded electric charge. It caniclosely approach
UEIETEUE to rrT '.bsence ofia Coulomb barrier. For this reason, in the presence of O-
IENURIIE cru vG"Ie,r ofi SBBN processes can change drastically.

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.
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Pfie catalysis of heavy element
production:in SBBN"
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duceditree 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
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SoIplicated set.of probl

SUICCESSIVE WorksI by Pespelov: (2006) and Konri,
iakayamal(2006) revealed the uncertainties even in
theroots of this tree.

e « Bohr orbit » value is

= claimedas good approximation by Kohri, Takayama,
= Wwhile Pospelov offers reduced value for this binding
~ energy. Then the tree, starting from D is possible.

=
e
=

R

—

— ;3' The self-consistent treatment assumes the framework,
- much more complicated, than in SBBN.



¢ Energy and momentum transfer

from baryons to O-heliumiis 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
more close to warm dark matter
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alactic cosmic rays destroy
O-helium. This can lead to
appearance of a free anutium
component in cosmic rays.

———

Jﬁuxﬁcan be accessible to PAMELA and AMS-02 experiments



B
He I TU-He m=750 GeV

I Fb I U-He m=300 GeV

Rigidity of anutiium component of cosmic rays

Difference in rigidity provides discrimination of anutium and ordinary
nuclear components



formed in the excited [He, M(A, Z)] state, which can rapidly
_ ence ( “‘aecay, giving rise to (OHe) regeneration and to effective quasi-
- € CE T (OHe)-nucleus scattering.

== ua"s“ elastic channel dominates the in- -falling flux sinks down the center of Earth
-—*and%hé”re should be no more than

of anomalous isotopes around us, being below the experimental upper limits for
elements with Z = 2.
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NipUErgrounadldetectors, (Olde)“atoms™ are slowed
deYVigNethenmal energies far below the threshold for direct
cleifs¢ rrme rdetection. However, (OHe) destruction can
estltintobservable effects.

O felium) gives rise to less than 0.1 of expected

J2l¢ rground events in XQC experiment, thus avoiding
ssevere constraints on Strongly Interacting Massive

’fPartches (SIMPs), obtained from the results of this
experlment

| L-u"r hﬁ:!“l

S

It-implies development of specific strategy for direct experimental
search for O-helium.
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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
and exclude heavy
O-helium, leaving an allowed
range of U-quark masses,
accessible to search in cosmic
rays and at LHC and Tevatron
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IMENRIGPOeSEdiscenarioris the minimal for composite dark
ma't’ter.‘fi assumes only' the existence of a heavy stable U-
guenand of an anti-U excess generated in the early
Jrnv""'* e o saturate the modern dark matter density. Most
I :Slgnatures are determined by the nontrivial
_.#,;e plication; of known physics. It might be too simple and
G —pronounced to be real. With respect to nuclear
==* vtransformatlons O-helium looks like the “philosopher’'s
stone,” the alchemlst s dream. That might be the main
reason why it cannot exist.

* However, its exciting properties put us in mind of Voltaire:
“Se O-helium n’existai pas, il faudrai lI'inventer.”

-
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.
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EEnEnIoistandand model by two oubly charged « leptons » K it R iaas
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Trigy zre Ieptorié they possess only yand Z (and new, y-) interactions

F follovys et _-_ﬁ_‘_ibation of General Relativity and gauge symmetries on
IENIESISIOT alm ost commutative (AC) geometry (Alain Connes)

— - -
—— =

J\/J (AC ) “atoms

_ -='|6ptons has « geometric origin ». Experimental constraint
—— We take m=100GeV

I.Ii“ %’_Illl,.

| |.

W i

o - i
—

Their charge Is not fixed and is chosen +-2 from the above cosmological arguments.

~Their absolute stability can be protected by a strictly conserved new U(1) charge, which
they possess.

In the early Universe formation of AC-atoms is inevitably accompanied by a fraction of
charged leptons, remaining free.
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| Yol :_'tF\ey weakly interact with matter.

A

NOWEVEr, there inevitably remains a fraction of the order of
- i

o T
- Aa=g
of =

s

ﬁ_e_-_(-Z bharge) leptons A, bound in the first three minutes with He in

= neutral ¢}

i
-t

. —-:'f"-_. O '___y
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~ & Cathion-type (+2 charge) leptons C in a form of , which

e
- -

~ should be suppressed in Earth down to

_—

=

Mechanisms of suppression of anomalous helium imply OLe helium catalysis of
(AC) binding in dense matter objects. This catalysis is effective, if AC-leptons
possess a U(1) gauge charge.
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BERSEMAC-matter bodies inside stars andiplanetsz

Inside a dense matter body (('He) catalyzes O aggregation into (ﬂﬂ'j—atnlﬂ in the reacticn
(eeC* ) 4 (A™"He) — (AC) + He 4 2¢.

In the result of this reaction (('He), interacting with matter with a nuclear cross section given by

Tirdb = *-TR'EGH#EE 2 107 (8 e,
ity )

and {eeC**), having a nearly atomic cross section of that interaction

Tira = Tal g /M) 52 10880 om”

bind into weakly nteracting { AC)-atom, which decouples from the surrounding matter.
In this process "products of incomplete AC-matter combustion” {OLe-helium and anomalous helium |, which were
coupled to the ordinary matter by hadronie and atomic imnteractions, convert into (AC') atoms, which immediately
ainks down to the center of the bady.,

Growth and evolution of (AC)-atomic conglomeration inside the matter body may lead to
the formation of a dense self-gravitating (AC)-matter object, which can survive after the
star, inside which it was formed, exploded.
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Echnivaryon UU s the Iihtest It has charge +2,
wrnle ItS stable antiparticle has charge -2.

Ir r Siconsenved, ﬁls main constituent of
_03|te dark matter.
E-;?:':-:.- =

== fiL"is conserved, composite dark matter is
prowded 0)Y technlleptonﬂ with charge -2.

_* Their mixture contributes composite dark matter,
I both: the technilepton number L" and are TB
conserved.

M



equnlbrlum relationship between, TB, B, L and L’

For reasonable choice of parameters observed baryon asymmetry corresponds
to techniparticle excess, saturating observed DM density.



A WTC Unlver-ee?fp_ —_—
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= & If makes possible nearly WDM (techni-O-
hellum) or mixed WDM+CDM scenarios

* [echni-O-helium is necessary (and even
dominant) element of such scenarios
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500 1000

500 oo0

=

—=t_In 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 1year of operation
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Somposite dark matter and|its basic constituents
' 'G 0)] G\

el Ioglcal arguments and are the challenge for
SOSIN| —ray and accelerator search

S] eﬂl fractlon or even dominant part of composite
ark matter can be in the form of O-helium,
atalyzmg new form of nuclear transformation

ZIf2 mgr EXCIUEER Aer sV exp el

= f,’ » The program of test for composite dark matter in

= cosmoparticle physics analysis of its signatures and
- experimental search for stable charged particles in
cosmic rays and at accelerators is available



Es 02 SIbl'e regular interactive ferm  of collaboration ini cross-
-'GT"SZ;ipImaw Siudy offfundamental relationship between micro-
e and macro-worlds



—

Loczl SUSH morlél

grelvitigle; ke va ravitationalintera
RERVIAENVE 1r195 of models gravmno mass is determined by SUSY
orgzldine) Jngl' (=100 GeV)

RSTCII ggrawtmo IS unstable with lifetime

__, f—created in early Universe it should decay at and give rise to
__'-- —= —r!rma —equilibrium particles from decay channels

i

- -
-
-
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PERVEAKS _):‘IIJJ—'JFJ\/JEsJ"JJIJ*JJ interactionigravitine couldinot
ibrium;in early Universe, but it could be produced'in
SV |th SUSY particles.

LJIJ rJ ance of primordial gravitino mass is determined by
aer emperature

=— '_.- - ”L;e Tbnlc cascades from gravitino decay induce Li production
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~ * From observed lithium abundance follows
* Problem of primordial gravitino (baryogenesis?)
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R . 1'=0, T*=150 GeV
'~ E=o.1; 1: 4/3: 2: 3
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* X dnotés_ the
fraction of dark
matter given by the

technibaryon
o ygae ° 1B<0, L>0—two
N ' ! types of -2 charged
- techniparticles.

The case TB>0, L'>0 (TB<0, L'<0 ) gives an interesting possibility of (-2 +2) atom-like
WIMPs, similar to AC model. For TB>L’ (TB<L’) no problem of free +2 charges



faximal prediction

S m—— . .
= Available for search in PAMELA
= 2=

W

Minimal estimation

1 1.3 2 3 D 7 10 15 20

MaSS U4, TGB



