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Abstract:    

We utilize how Weber in 1961 initiated the process of quantization of early 

universe fields to the problem of what may be emitted at the mouth of a 

wormhole. While the wormhole models are well made and developed, there 

is as of yet no consensus as to how, say GW or other signals from a worm-

hole mouth could be quantized, or made to be in form showing adherence 

to a procedure Weber cribbed from Feynman, in 1961. In addition, we uti-

lize an approximation for the Hubble parameter parameterized from Tem-

perature using Sarkar’s H ~ Temperature relations, as given in the text. Fi-

nally after doing this we go to the Energy as E also ~ Temperature, and 

from there use E (energy) as ~ signal frequency. This gives us an idea of 

how to estimate frequency generated at the mouth of a wormhole. 

*** NOTE THAT AN ENTIRE SECTION, W.R.T a bound to 

the Cosmological Constant, has been cut, SECTION 6 *** 
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1. Introduction 

We bring up this study first a result given by We-

ber, in 1961 [1] as to getting an initial wavefunction 

given in [2], which may be able to model behavior of 

what happens in the mouth of a wormhole if we as-

sume the ideas given in [3] that H (Hubbles parameter) 

is proportional to Temperature, and then go to Energy 

~ Temperature. The last part will be enough to isolate, 

up to first principles a net frequency value. 

The behavior of frequency, versus certain conditions 

at the mouth of a wormhole may give us clues to be 

investigated later as to polarization states relevant to 

the wormhole [4] as well as examining what may be 

relevant to measurement of signals from a wormhole 

[5] 

In doing all of this, the idea is that we are evolving 

from the Einstein-Rosen bridge to a more complete 

picture of GR which may entail a new representation of 

the Visser “Chronology protection” paper as in [6] 

2. Looking at the Weber book as to reformu-

late Quantization imposed in GR 
Using [1] a statement as to quantization for a would 

be GR term comes straight from 
 

   

( )( ) ( )
0/ , 0 0HiI t t

Later Earlier

H

e t dt =    (1) 

The approximation we are making is to pick one 

index, so as to have’ 
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( )( ) ( ) ( )( ) ( )
0 0/ , / ,0 0 0 0

1

H HFIXED
iI t t iI t t

Later Earlier EarlierH
H

e t dt e t dt
→

 =  ⎯⎯⎯→   (2) 

This corresponds to say being primarily concerned 

as to GW generation, which is what we will be exam-

ining in our ideas, via using. 

( )( )
( )

0 4
/ , 3exp 2

16

HFIXED
iI t t i c

e dt d r g
G



 
=    −  −  

 


 (3) 

We will use the following, namely, if   is a con-

stant, do the following for the Ricci scalar [8][9] 
 

2

2

r
 =

                                                      (4) 

If so then we can write the following, namely: Eq.(3) 

becomes, if we have an invariant Cosmological con-

stant, so we write 0all time−
⎯⎯⎯→  everywhere, 

then  
 

( )( ) ( )
0 4 0

/ , 3

0exp
16

HFIXED
iI t t i c t

e r r
G

  
=   −  

    (5) 

Then, we have that Eq. (1) is re written to be  
 

( )( ) ( )

( ) ( )

0/ , 0 0

4 0
3 0 0

0exp
16

HiI t t

Later Earlier

H

Earlierat wormhole

e t dt

i c t
r r t dt

G


−

 = 

  
⎯⎯⎯⎯⎯→   −   

 




(6) 

3. Examining the behavior of the Earlier 

wavefunction in Eq. (6) 
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[2] states a Hartle-Hawking wavefunction which we 

will adapt for the earlier wavefunction as stated in Eq. 

(6) so as to read as follows 
 

( ) ( )( )
3/20

2
exp 1 sinh

2
Earlier HHt Ht

GH

− 
     − 

   (7) 

 

Here, making use of Sarkar [3], we set, if say g
 is 

the degree of freedom allowed [9] 

21.66 temp PlanckH g T M=
     (8) 

We assume initially a relatively uniformly given 

temperature, that H is constant.  

So then we will be attempting to write out an ex-

pansion as to what the Eq.(6) gives us while we use Eq. 

(7) and Eq. (8), with H approximately constant. If so 

then 

4. Methods used in Calculating Eq. (6), with 

interpretation of the results 
We will be considering how, to express Eq. (6)  

And in doing this we will be looking at having a con-

stant value for Eq. (8). If so then  

( ) ( )( )
4 0

3/23 0

0 2
exp exp 1 sinh

16 2

Later

i c t
r r Ht dt

G GH

 



   − 
=   −   −  

  
  (9) 

Then using numerical integration, [10],[11],[12] on 

page 751 of this [12] citation 
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G GH

 



 

 
 

+

  −  −

→

  −  − 

 ⎯⎯⎯→

  −

 
=  −  = 
 



 (10) 

Notice the terms for the H factor, and from here we 

will be making our prediction 

If the energy, E, has the following breakdown 

21.66

1.66

temp Planck

B Temp signal

B Planck

signal

H g T M

E k T

k M H

g









=

   


 


      (11)                

The upshot is that we have, in this, a way to obtain a 

signal frequency by looking at the real part of Eq. (11) 

above, if we have a small t, initially (small time step) 
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5. How to compare with a Kieffer solution 

and thereby isolate the Cosmological constant 

contribution 
Eq. (11) would imply an initial frequency depend-

ence,. What we are doing next is to strategize as to un-

derstand the contribution of the cosmological constant 

in this sort of problem. I.e. the way to do it would be to 

analyze a Kieffer “dust solution” as a signal from the 

Wormhole. i.e. look at [13], where we assume that t, 

would be in this case the same as in Eq. (10) above. I.e. 

in this case we will write having 

1signal t  
                        (12) 

If so then we can assume, that the time would 

be small enough so that  

1.66

B Planck

g
t

k M H


 

                                                 (13) 

If Eq. (13) is of a value somewhat close to t, in terms 

of general initial time, we can write 
 

( )
( )

( ) ( ) ( )

1/2

, 1 1

! 21 1 1
,

2 2 !

n

n n n

n
t r

i t i r i t i rn





  

+

+ +

 
   − 

+  +  +  −   
   (14) 

Here the time t would be proportional to Planck time, 

and r would be proportional to Planck length, whereas 

we set 
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12 2 2

8 8 8
Planck BG k

volume

G

V t t t

  


= = = =
 ⎯⎯⎯⎯⎯⎯→ 

   (15) 

Then a preliminary emergent space-time wavefunction 

would take the form of 

( )

( )( )
( )

( )( )

( )( )

,

11/2 11

1
1

,

1

8! 2 81

12 2 !

8

n

nn

n

t r

t i t i rn t

n

t i t i r









++ −−

+
−



 
 

  +  +      
    

 −
 

  +  −   

 (16) 

Just at the surface of the bubble of space-time, with 

Planckt t , and Planckr   

This is from a section, page 239 of the 3rd edition of 

Kieffer’s book, as to a quantum theory of collapsing 

dust shells, . And so, then we have the following pro-

cedure as to isolate out the contribution of the Cosmo-

logical constant. Namely, take the REAL part of Eq. 

(16) and compare it with the Real part of Eq. (10) 

Another way to visualize this situation and this is a 

different way to interpret Eq, (15). To do so we exam-

ine looking at page 239 of Kieffer, namely [13] where 

one has an expectation value to energy we can write as 
 

( )
( )( )1/,

1/ 2
1/ 2

n

n
E n

  


 

 =

= +
= ⎯⎯⎯→  = +

  (17) 

What we can do, is to ascertain the last step would 

be to make the Eq. (16) in a sense partly related to the 
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simple harmonic oscillator,. But we should take into 

consideration the normalization using that if 

1P P BG t k= = = = =     is done via Plank unit 

normalization[14][15]. If so, then we have that fre-

quency is proportional to 1/t, where t is time. I.e. hence 

if there is a value of n=0 and making use of the fre-

quency, we then would be able to write Eq. (16) as  

( ) ( )1, 0

1 1
n

i t r i t r




  
= =

 
   − 

+  + +  −       (18) 

Or,  
 

( ) ( )
2, 0

1 8 1 1

8 8
n

t
i t r i t r

t t





  
= =

 
 

   − 
 

+  + +  −  

   (19) 

With, say. 

8

t


 

                                 (20) 

And this in a setting where we have the dimension-

al reset of Planck Units [14][15] 

1P P BG t k= = = = =
      (21) 
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7. The big picture, polarization of signals 

from a wormhole mouth may affect GW 

astronomy investigations 
We will be referencing [16] and [17]. i.e. for [16] 

we have a rate of production from the worm hole 

mouth we can quantify as 
           

  
( )exp signal temperatureT 

(28) 

Whereas we have from [17] a probability for “sca-

lar” particle production from the wormhole given by 

( )exp temperatureE T  −
   (29) 

Whereas if we assume that there is a “negative 

temperature in Eq. (28) and say rewrite Eq. (29) as 

obeying having  
                       

( ) ( )signal temperature temperatureT E T  −
 (30) 

This is specifying a rate of particle production from 

the wormhole. And so then :  

Whereas what we are discussing in Eq. (28) and Eq. 

(29) is having a rate of , from a wormhole mouth, pre-

sumably from graviton production. If as an example, 

we are examining the mouth of a wormhole as being 

equivalent of a linkage between two black holes, or a 

black hole – white hole pair, we are presuming a re-

lease from the mouth of the wormhole commensurate 

with looking at [18] with an eye to “white holes” for a 

black hole model as of probability for “scalar” particle 

production given as, if M is the mass of the 
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black(white) hole, m is the mass of an emitted “parti-

cle”,  is frequency of emitted particles,  

( )2 2exp 8 1 4
4

M m


  
  

  −   +  +  
    (31) 

Whereas we define the parameter 


 via a mod-

ified energy expression, as in [18] given by E  as a 

modified energy expression in [18], [19] 
 

  

( )( )2 21E E p m=  −  +
   (32) 

Our equation (28) and (29) , which are for worm-

holes, should encompass the same information of Eq. 

(31) which would be consistent with a white hole [20] 

[21`]at the mouth of a worm hole, as would be ex-

pected from Eq. (31), whereas reviewing a linkage be-

tween black holes and white holes as may be for form-

ing a wormhole may give more credence to the infor-

mation loss criteria as given in [22] 

Our next step is to ask if this permits speaking of 

say GW polarization in the mouth of a worm hole.  

To do this, first of all, note that in [23] that the simplest 

version of a worm hole is one of two universes con-

nected by a “throat” of the form of a ‘ball’ given by 
2b , whereas the term b, is in a diagram, consigned to 

be the radius, or shape of the initial “ball” joining two 

“universes” 



 11 of 20 
 

 

In the case of extending b to become the “shape” of 

the mouth of a wormhole, we would likely  be using 

[24] for what is called by Visser the “shape” function of 

the wormhole[25], whereas what we are referring to in 

Eq. (33) comes straight from [23] 

( )
( )

0

1 1
1

3 3

0 0 01/

8
( )

r r

G
b r r r r r


 











− −
−

→

 
 = +   − ⎯⎯⎯→
 
  

(33) 

Whereas we need to keep in mind the equation of 

state for pressure and density of[24] 

( )p r = 
    (34) 

The long and short of it is as follows. Following [24] 

we have that[24][25] 

( )
( )2

3/2
exp / 4

4

M
r 


=  −

 (35) 

Whereas the b coefficient in the case of NON com-

mutative[26] geometry 

( )

( )
( )( )

2

2

3/2
2

3/2

0

2 3
,

2 4

42
3 / 2

4 3 / 2 1

s

k

s

k

r r
b r

r

r r
e

k









−

=

 
=   

 

  
  

            + +   
 
 


(36) 
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This is called the incomplete lower gamma function, 

with  being a gamma function [27]. 

From here, using that Eq. (36) is to be included in 

the following metric, as given by the following analysis 
 

The coefficient   2r  =   in terms of dimen-

sional analysis  is chosen so that the dimensions of 

  2r  =    are chosen to contain M as mass in a 

wormhole. i.e. the denominator of Eq. (35) ( )
3/2

4 is 

chosen so that M is within the volume of space so sub-

scribed,. And this is for line element[26]. With Eq. (35) 

fully described in [28] and [26] 

 

( ) ( )( )
2

2 2 2 2 2 2exp( 2 ) sin
1 ( ) /

dr
dS r dt r d d

b r r
  = − −  + +  +

− (37) 

If we refer to black holes , with extra dimension, n, 

of Planck sized mass , we have a lifetime of the value of 

about 

BH

3

1
BH

* *

26

*

1
~

    ,  

        ,

10 sec
PlanckM

n

n

M

M

M M

M is t

c

onds

he low energy scale

whi h could be as low as a few TeV



+

+
−


⎯


⎯



 
→


⎯⎯⎯

   (38) 

The idea would be that there would be n additional 

dimensions, as given in Eq. (38) which would then lay 

the door open to investigating [29] and [30] in terms of 
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applications, with [30] of additional polarization states 

to be investigated, as to signals from the mouth of the 

wormhole. We will next then go into some predictions 

into first, the strength of the signals, the frequency 

range, and several characteristics as to the production 

rate of Planck sized black holes which conceivably 

could get evicted by use of Eq. (28), in terms of what 

could be observed via instrumentation. 

8. A First order guess as to the rate of pro-

duction of Planck sized black holes through a 

wormhole, using Eq.(28) 
In order to do this, we will be estimating that the 

temperature would be of the order of Planck tempera-

ture, i.e., using ideas from [30] and [31]  

  

2

1
1

B

p B

G k
p

Gk

T


= = =

 ⎯⎯⎯⎯→
(39) 

If so, then there would be to first order the follow-

ing rate of production. 

2 3rate of production e− −   −
    (40) 

Some of the considerations given in this could be 

related to [32] as an afterthought whereas the author in 

[33] estimated for an LHC that there would be about 

3,000 gravitons produced per second. Assuming a fig-

ure from [34] as to the percentage of black hole mass 

decaying into gravitons, i.e. [34], i.e,. 1/1000 of the mass 

of a Planck sized black hole would delve into gravi-

tons, so if one had 3000 gravitons produced per sec-

ond, as measured on Earth, one would likely have 2-3 

black holes of mass of about 10^-5 grams per black 
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hole, producing say 10^57 gravitons, produced per 

black hole of mass about 10^-62 grams per black hole 

[35] 
 

Having said, that what about frequencies ? Here, if 

we have a wormhole throat of about 2-3 Planck lengths 

in diameter, with a frequency of emitted gravitons of 

about 1019 GHz initially, it is realistic, using the fol-
lowing, to expect in many cases a redshift downscal-
ing of frequencies of about 10^-18, if the worm holes 
are close to the initial near singularity, so then that we 
could be looking at approximately 10 to 12 GHz, on 
Earth, for frequencies, of initially about 10^19 GHZ . 
So then note at inflation we have 

 

( )

( )

1

25

1

1 10

today Earth orbit
initial era

initial era initial era

initial era Earth orbit Earth orbit initial era

a
z

a

z





  

−

−
−

− −

− − − −

 
+    

 

 +  
 (41) 

In our situation, the figure would likely be instead of 

10^25 times Earth orbit detected frequency, some-

thing closer to 10^18 to 10^19 times Earth orbit GW 

frequencies detected as given by [36] /The relative 

GW strength of the signal, if one uses [36] while as-

suming approximately 10 to 12 GHz, for initially about 
10^19 GHz GW signals would be about h~ `10^-26 and 
this could change an order of magnitude given instru-
ment sensitivity. In any case it would be well worth our 
while to look closely at [37][38][39][40] for additional 
clues and insights to consider while commencing this 
investigation. As well as details given in [41] 
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