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That is a matter composed from Charged Particles!

However, there is another possibility:

If charged particles are heavy, stable and bound within neutral « atomic » 
states they can play the role of composite Dark matter *.

Such particles are the obvious objects to search at LHC.   
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By definition Dark Matter is non-luminous, while charged particles are
the source of electromagnetic radiation. Therefore, neutral weakly
interacting elementary particles are usually considered as Dark Matter
candidates.

I. What is the composite dark matter?
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II. Candidates for search of the composite dark matter 

constituents.

Stable doubly charged “leptons” with mass >100 GeV (~1 
TeV range):

•AC « leptons » from almost commutative  geometry                          
D. Fargion, M.Khlopov, C.Stephan, Class. Quantum Grav. 23 (206) 7305

• Technibaryons and technileptons from Walking Technicolor  (WTC)
M. Y. Khlopov and C. Kouvaris, Phys. Rev. D 77 (2008) 065002; M. Y. Khlopov and C. Kouvaris, Phys. Rev. D 78 (2008) 065040

Hadron-like bound states of:

•Stable U-quark of 4-th family in Heterotic string phenomenology
M.Yu. Khlopov, JETP Lett. 83 (2006) 1

•Stable U-quarks of 5th family in the approach, unifying spins and charges
N.S. Mankoc Borstnik, Mod. Phys. Lett. A 10 (1995) 587

M.Yu.Khlopov, A.G.Mayorov, E.Yu.Soldatov  (2010), arXiv:1003.1144
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Production of Double Charge Leptons

qq X X

A production cross section depends on the chosen model.

The QQ-balls with M=500GeV  and  Q=2 have been used as an example of 

doubly charged particles. 200 evens were produced using Rel.15.6.9.8
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Main background considered to be muons which start producing TR. 

3000 events with single muon with Pt=300 GeV were produced 

using Rel.15.6.9.8.



Signature is very clear: pp A++C—

Heavy and rather slow particles a largest fraction of which belongs to a minimum ionization region.
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Double charge gives  a specific signatures in all 

the detectors: 

Pixels, TRT, Calorimeters, Muon systems.
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Discrimination of the double charged particles

using Muon System

The information about charge in the first 8 ns of the signal in MDT drift 

tube is available in ADC variable.

~20 hits on track will give a quite good  estimation of the dE/dX

6

What can we use as the parameters for the separation?

•TOF measurements with RPC

•beta from the minimization of the χ2 of the MDT segment fit

These variables have been already applied for AC-leptons analysis.

There is one more variable which can be used for 

discrimination of doubly charged particles.



The double charge  leads 

to increase of density of  

ionization clusters on the 

track.

The MDT cluster Density for 

doubly charged Particles has 

been increased up to 34 

clust/mm at the step of 

digitization  

QQ-balls 

M=500 GeV 

Q=2

Mu Pt=300 GeV
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Mean number of ADC counts on the track

Generally separation is good. 

What can we do for improving of separation?  



Number of ADC counts vs Rdrift

Mu Pt=300 GeV QQ-balls M=500 GeV Q=2

ProfileX for ADC < 130

Mean of the   dADC=ADC-FIT on the track is used for the particle separation.

For the data analysis fit parameters can be taken from  muon data.
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dADC vs RMS

Mu Pt=300 GeV

QQ-balls

dADC increases with RMS growth
Excluding of the hits with max dADC

on the track  can improve discrimination

of muons and doubly charged particles
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Truncated dADC vs RMS

Mu Pt=300 GeV

QQ-balls

Excluding of the hits with max dADC on the track decreases RMS and

improves discrimination of muons and doubly charged particles
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Conclusions :

1. Doubly charged particles are very interesting objects for the search at LHC.The 

ATLAS has significant power to identify and measure the mass of doubly 

charged particles.

2. It is shown that dADC is effective discriminator for separation of single and 

doubly charged particles.

3. Excluding of the hits with max dADC on the track improves discrimination of the 

muons and  doubly charged particles

4. Adding the Moun systems to the identification process will provide powerful 

instrument for a search of the doubly charged heavy particles.

Plan:
• Introduce Phi correction

• Carry out analysis of joined tracks 

• Start working with the data

• Include Pixels into analysis

• Construct the combined discriminator for doubly charged particle 

separation.
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AC model – a minimal physics beyond the Standard Model
It follows from the unification of the General Relativity and the gauge symmetries on the 

basis of almost commutative (AC) geometry*.

It predicts two new particles, A and C with the following properties: 
C.Stephan, J.Phys. A39 (2006) 9657:

• Opposite electric double charges

• Sterile to W± and strong interactions

• Sterile to the Higgs boson (masses have their origin in the internal geometry and not
in the Higgs mechanism)

• May possess a new gauge U(1) charge (similar to ordinary electromagnetic source 
of new “invisible photons” and Coulomb-like long range interaction)

• Strict mathematical axioms which lead to formulation of Standard model and to a 
prediction of Higgs boson mass  MH =170 ± 10 GeV *

• Physics beyond the Standard model is strongly restricted. No SUSY or GUT 
extensions are possible.

References
* A. Connes Noncommutative Geometry (Academic Press, London 
and San Diego, 1994]

** T. Schucker. arXiv:0708.3344 13



WTC-model
The ideas of Technicolor (TC) are revived with the use of SU(2) group for

“walking”  TC gauge constant *. 

1. U and D techniquarks bound by Technicolor give mass to W and the Z bosons. 

2. UU, UD, DD and their corresponding antiparticles are technibaryons and corresponding 

anti-technibaryons. 

3. The electric charges of UU, UD, and DD are in general y and y-1 respectively, where y is 

an arbitrary real number.

4. In order to cancel the Witten global anomaly the model requires in addition an existence of 

a fourth family of leptons.

5. Their electric charges are in terms of y respectively (1 + 3y)/2 and (-1 - 3y)/2.

If y=1 (cosmologically natural) , both stable doubly charged technibaryons and 

technileptons are possible**.

All these stable AC and techniparticles will look like stable doubly charged leptons at 
LHC
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Composite dark matter cannot be based on  

single charge components!

• Let’s suppose that composite dark matter particles are « atoms », 
binding positive P and negative E charges of new elementary particles.

• Then at early stage of a development of the Universe as soon as helium 
is created all the free primordial negative charges E should be bound 
with He.

• If E =-1 it  would form an ion of  “anomalous  hydrogen”  [E He]+

• This process depletes content of free E particles and prevents effective 
binding of positively charged particles (P with E). These positively 
charged particles (P), bound with electrons, become atoms of 
anomalous isotopes.

This is an unrecoverable trouble of model of teraparticles *. 
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4He is formed at T ~100 keV (t~100 s)
This  means that it  would immediately create a neutral atom

The size of O-helium « atom » is

Nuclear-interacting composite dark matter:

O-helium « atoms »

X--+4He => (X He) + 

If we have a stable double charged particle X -- in excess over its partner   X++

it may create Helium like neutral atom (O-helium) at temperature T < Io

Where:
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