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Abstract. First, we show through a numerical simulation that the massive Schwinger model 

used to formulate solutions to CDW transport is insufficient for transport of solitons (anti-

solitons) through a pinning gap model of CDW transport.  We show that a model Hamiltonian 

with Peierls condensation energy used to couple adjacent chains (or transverse wave vectors) 

permits formation of solitons (anti- solitons) which could be used to transport CDW through a 

potential barrier. We argue that there are analogies between this construction and the false 

vacuum hypothesis used for showing a necessary and sufficient condition for formation of 

CDW soliton – anti - soliton  (S-S’) pairs in wave functionals presented in a prior publication. 

1.Introduction 

We have prior to this paper formed an argument using the integral Bogomol'nyi inequality to present 

how a soliton-anti soliton (S-S’) pair could form [1], [2] In addition, we also have shown how the 

formation of wave functionals is congruent with Lin’s nucleation [3] of an electron – positron pair as a 

sufficiency argument as to forming Gaussian wavefunctionals. Here, we argue our wavefunctional 

result is equivalent to putting in a multi chain interaction term in our simulated Hamiltonian system.  

We found that a single chain simulation of the S-S’ transport problem suffers from two defects. First, 

it does not answer what are necessary and sufficient conditions for formation of a soliton(anti soliton).. 

Our numerical simulation of the single chain problem for CDW involving solitons (anti solitons) gave 

a resonance condition in transport behavior over time, with no barrier tunneling.  The argument here 

we will present is that the false vacuum hypothesis [1],[2] [3] [4]
 
[5]  is a necessary condition for the 

formation of soliton – anti soliton (S-S’) pairs and that the multi chain term we add to a massive 

Schwinger equation for CDW transport is a sufficiency condition for the explicit formation of a soliton 

(anti soliton) in our charge density wave transport problem. 
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2. Review of the numerical behavior of a single chain for CDW dynamics  

We are modifying a one chain model of Charge Density wave (CDW) transport initially pioneered by 

Dr. John Miller [4] which furthered Dr. John Bardeens work on a pinning gap presentation of CDW 

transport [5]. We start by using an extended    Schwinger model [6]with the Hamiltonian set as [1],[2] 
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We should note in writing this that that a washboard potential with small driving term   added to the 

main potential term of the washboard potential, is used to model transport phenomenology. We also 

argue that this potential permits domain wall modeling of S-S’ pairs [4].  will have the value of 

(pinning energy) times  and work with a quantum mechanically based energy 
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and momentum 
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Here, tD was used, so then we found that the Dunford-Frankel and ‘fully implicit’ [7], 
 
allows 

us to expand the time step even further.  Then, the ‘massive Schwinger model’ is 
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h  .The advantage of this model is that it is second order accurate, explicit, 

and unconditionally stable, so as to avoid numerical blow up behavior. One then gets resonance results 

in a runaway oscillation [7] 
 

3. Addition of an additional term in the Massive Schwinger equation to permit 

formation of a S-S’ pair 
Initially we will present how addition of an interaction term between adjacent CDW chains will allow 

a soliton (anti – soliton) to form where either one used the Bogomil’nyi inequality
15

 as a necessary 

condition to the formation of S-S’ terms and that we use a multi chain simulation Hamiltonian with 

Peierls condensation energy used to couple adjacent chains (or transverse wave vectors) as represented 

by [7] 
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with ‘momentum ‘we define as  
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Here, we set 21

' EE    , so then which then permits us to 

write    
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where we assume the chain of pendulums, each of length l , leads to a kinetic energy using a 

momentum space representation of soliton- anti soliton pair(S-S’), i.e. via a Fourier transform in 

momentum space of a phase we call in position space 
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4. Conclusion we need to improve this following current expression. Given below 

Our work lead to the modulus of the tunneling Hamiltonian being proportional to[1], [2], [7] 

current 
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This expression due to the round off procedures is very imprecise even if it did lead to the following 

diagram given below. Equation (7) done above gave qualitative fits to eventually obtaining Eq. (10) 

above, and although there is a close fit with the experimental graphs made by Miller, and others in [5] 

and in [8]
 

 

Figure 1, main result of A.W.  Beckwith Dissertation.[7] Left hand axis is current. 
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Urgent task is to move way beyond the crude round off procedures and to get an exact solution for the 

current and nearest neighbor calculations for the chains. The hope is for refinement of this documents 

results along the lines brought up by Zee [9] and further non linear analysis. I.e. the work is important 

but still very crude. Future work should emphasize a precise derivation of Eq. (10) formed by round 

off procedures from Eq (7). The results are crude but suggestive and need a lot more work.Note that 

the results in Figure 1 and also Eq. (10) are an improvement over the purely form fitting result given 

as[5] 
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         0                             otherwise 

They do, though need to be more rigorously explained. [7],[10] Using at a minimum the theoretical 

tools in [10] as well as understanding better why the following worked in order to obtain Eq. (10) is a 

start. In Particular, the Bardeen expression was used, Eq. (12), for a tunneling Hamiltonian, and we 

should find better methods in future work with wave functionals. 
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