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How Parallel are Parallel Universes?
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electron mass is linearly dependant (to first order) on the distance between the branes

such that the mass in our brane is

M = m�(1-δ*z) (1)

where m� is the mass of the electron on earth and δ*z is the change in mass at a

particular distance z, then the electron would have a different mass in different parts

of our universe. It is also assumed that a neighboring brane will not tilt enough such

that it would have to intersect our own brane within the Hubble volume (the volume

of our universe that we could possibly observe during the lifetime of the universe).

An intersection would cause some sort of huge (and presumably observable)

topological defect. Around this defect the mass of the electron could be near zero and

stars would not form near the defect. Since this is not observed, it is assumed that the

neighboring brane exists it does not intersect our own.

One way to test for this leakage is to try to measure variations in the electron's

mass. For example, various astronomical phenomena are dependent on the mass of

the electron. For instance, a change in the electron mass could modify energy levels

in atoms, resulting in different atomic spectra, or it could change the electron

degeneracy pressure in white dwarfs. In order to find a good bound on δ, and thus on

the likelihood of the existence of a non-parallel neighboring brane, observations of

phenomena far from earth that are sensitive to the electron mass are necessary. In this

paper, two such phenomena are examined: the light curves of type IA supernovae,

and quasar absorption systems.
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One process that is dependent on the mass of the electron and could exhibit a

change in its behavior due to this symmetry breaking in an observable way is beta

decay. In one type of beta decay, a neutron in the nucleus of an atom decays into a

proton, an electron (or positron), and a neutrino. The resulting daughter nucleus is

often in an excited state immediately after the decay, and will emit a photon as it

returns to its ground state.

�P � �D + e + � + � (2)

Where n is the total number of nucleon in the atom, P is the parent element, D is the

daughter, e an electron (or positron), � is a neutrino, and � is a photon.

Beta decays occur fairly frequently in stellar environments. There are certain

decays that are characteristic in certain types of stellar events. For instance, the light

curves of type IA supernovae seem to be dominated by the
��Ni - ��Co - ��Fe decay

chain. In particular, the decay of ��Co determines the slope of the tail of the light

curve of these types of supernovae. [11]

Type IA supernovae are thought to occur in accreting white dwarf systems. In

these binary star systems, material from a large, probably red giant, companion star is

being pulled away onto a small white dwarf. White dwarfs are small dense stars, near

the end of their life cycles, with degenerate carbon cores. They are formed when a

dying star collapses due to gravitational forces. For stars with a mass less than 1.44

solar masses, there is not enough energy to form neutrons (as in a neutron star) so the

collapse is halted by electron degeneracy. This electron degeneracy is an application

of the Pauli exclusion principle that states no two electrons may occupy identical
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Before looking at the half-life of ��Co specifically, it is useful to briefly

examine the method for calculating beta decay half-lives. In general, the full

derivation starts from an examination of the scattering or S-matrix. [13] However, it

is not necessary to follow all the details here. Instead, some basic and important

sections will be presented.

The half-life of the decay of a particular element t is related to the decay

constant � by

where dW/dt is the decay probability per unit time,

and T is the T-matrix. The T-matrix contains all the information about the dynamics

of the decay process. In Equation (4) R is the phase space integral (containing the

kinematics of the beta decay)

For all calculations it is assumed that initially the parent nucleus is at rest. Given this,

in R, ��, ��, and ��, are the momentum of the daughter nucleus, of the

electron/positron, and of the neutrino respectively. W�, W�, and W�, are the total

dt
dW

t
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T

dt

dW
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��� ����4���� �� ���� �� �1 ������ ��� ��� 
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�
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�
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 4�
& ; =1O3 ���N��


� ; ,1O-- ���N��
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������ �	 Light curves obtained from filters to examine curves in different parts of the electromagnetic spectrum

(B – blue, V – visible, R – red, I – infrared) from [from 17]

VI. �
���
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VII. Quasar Absorption Systems

Quasars are the brightest, most powerful objects known in the universe. They

are star sized objects, generally believed to be embedded in the central regions of

galaxies and to be powered by super-massive black holes. Other defining

characteristics are the presence of strong, broad, redshifted emission lines in the

optical/ultra-violet spectrum, a flat, often blue, optical continuum, and roughly equal

energy output per decade in frequency from far-infrared (IR) to X-ray. The continual

spectrum of these objects was formed at an epoch corresponding to the redshift z of

the main emission details. This is specified by the relationship [18]

�obs = �lab(1 + z).
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VIII. Quasar Results

/���� ������ �	���
���� �����
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Essentially, with the errors on the directions, the entire sky is included. This gives no

real indication as to which direction a parallel brane could be tilting. However, the

very small value of �, coupled with a small error has interesting implications. First, if

a parallel brane exists, it has to be very nearly parallel with our own. It could, in fact,

be parallel with ours, as the error includes �=0. However, a parallel brane would be

difficult to distinguish from a case in which no parallel brane existed and the

symmetry was broken by some other method than that which has been proposed here.

IX. Conclusions

The ideas proposed by various theories mentioned in this paper have been,

largely, unsupported by observational data. In particular, the theory that our universe

is a 3-D brane located in a higher dimensional hyperspace, although intriguing, has

lacked any substantive evidence for or against it. This has largely because the

observational data available was too poor to support the theory or even provide a

good bound. Although no definite conclusion about the existence of a parallel brane

could be reached with the data examined, a good bound on the magnitude of � has

been obtained. The limit on � obtained by looking at the quasar absorption systems

probably provides the tightest astrophysical constraint for this phenomenon. This

bound is a step towards a more complete understanding of the possibilities that are

presented in this theory. However, further examination of other astrophysical

phenomena should be examined in order to try to give a more definite conclusion

about the possibility of parallel branes.
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Fortran program for use with MINUIT

 
 
C MAIN PROGRAM 
 

character*10 pnam(3),out1(3) 
double precision vstrt(3),stp(3),bndl(3),bnd2(3),arglis(1),zero, 

       +d,t,p,fval 
integer nprm(3),ierflg,i 

C 
external fcn 
double precision out2(3),out3(3),out4(3),out5(3),out6(3) 

C 
data nprm / 1 , 2 , 3 / 
data pnam / 'd' , 't' , 'p' / 
data vstrt / O.5DOO , 3.0DOO ,1.5 DOO/ 
data stp / O.OlDOO, O.OlDOO , O.OlDOO / 
data bndl / O.OODOO , O.OODOO , O.OODOO / 
data bnd2 / 1.OODOO , 6.28318DOO , 3.141S9DOO 

C 
open!unit=6,file='QSO.out',status='old',form='formatted') 
call mninit!5,6,7) 
zero=O.ODOO 
do 11 i=1,3 
call mnparm!nprm!i),pnam!i),vstrt!i),stp!i),bnd1!i), 

       #bnd2!i),ierflg) 
if !ierflg .ne. 0) then 
print*, 'Unable to define parameter No.',i 
endif 

 11 continue 
C 

arglis(l)=O.O 
call mnexcm(fcn,'migrad',arglis,zero,ierflg,zero) 
call mnpout(1,outl(1),out2(1),out3(1),out4(1),out5(1),out6(1)) 
call mnpout (2,outl(2),out2(2),out3(2),out4(2),out5(2),out6(2)) 
call mnpout(3,outl(3),out2(3),out3(3),out4(3),out5(3),out6(3)) 

C 
C print*,outl(1),out2(1) 
C print*,outl(2) ,out2 (2) 
C print*,outl(3),out2(3) 
C 

end 
C 

subroutine fcn(npar,grad,fval,x,iflag) 
double precision grad(3) ,x(3) 

C 
double precision ral,dl,zl,dml,dmla,ra2,d2,z2,dm2,dm2a, 

       +ra3,d3,z3,dm3,dm3a,d,t,p,fval 
C 

d=x(l) 
t=x(2) 
p=x(3) 

C 
C   these are the quasars I'm looking at and their respective RA, dec,z 
C   percent change in the electron mass, and error on that change. 
C  
C qso 1331+170 

ra1=3.54932 
d1=1.27685 
zl=1.776 
dm1=0.000007 
dm1a=0.000011 

C 



��

C ao 0235+164 
ra2=0.692103 
d2=1.27797 
z2=0.524 
dm2=0.000 
dm2a=0.00028 

C  
C qso 3c 286 

ra3=3.53859 
d3=1.038115 
z3=0.690 
dm3=O.OOO 
dm3a=O.OOO12 

C 
C 
C   This is the chi**2 function that I will be minimizing 
C 

fval=(((dml-d*zl*(cos(ral)*sin(dl)*cos(t)*sin(p)+ 
      +sin(ral)*sin(dl)*sin(t)*sin(p)+cos(dl)*cos(p)))**2/((dmla)**2)) 
      ++((-d*z2*(cos(ra2)*sin(d2)*cos(t)*sin(p)+ 
      +sin(ra2)*sin(d2)*sin(t)*sin(p)+cos(d2)*cos(p)))**2/((dm2a)**2)) 
      ++((-d*z3*(cos(ra3)*sin(d3)*cos(t)*sin(p)+ 
      +sin(ra3)*sin(d3)*sin(t)*sin(p)+cos(d3)*cos(p)))**2/((dm3a)**2))) 
C 

return 
end 
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