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An event with positive energy transfers this energy photons which carries it on recorders
observers. Observers know that this event occurs, not before it happens. But events with
negative energy should absorb this energy from observers. Consequently, observers
know that this event happens before it happens. Since time is irreversible then only the
events with positive energy can occur. In single-particle states, events with a fermion
have positive energy and occurrences with an antifermion have negative energy. In
double-particle states, events with pair of antifermions have negative energy and events
with pair of fermions and with fermion-antifermion pair have positive energy.

1 Introduction Let
Let ¢, x1, x2,x3 be real numbers, and let X := (x1, X2, x3). Fw®K) +n+k; )
Let A be some pointlike event. 1 ki + iky
Let ¢(t, x) be a 4 x 1-complex matrix such that er (k) := 2VoK) (WK +n) | @ K +n—-k |’
—ky —iky
¢ (t,X)¢(1,%) = p(t,X) )
where p(t, X) is the probability density of A. [ ky —iky
Let” p(t,x) = 0 if > 4% and/or |x| > 7. 1 wEK)+n—ks
L . er (k) = s )
In that case ¢(#, X) obeys some generalization of the Dirac 2 Vo (&) (0 (K) + n) ki —iky
equation [1]. The Dirac equation for free fermion does have | w)+n+k; |
the following form:
10 &y 0 .h [ ~w®) —n+ks |
2O N g L R0 i x) = 0. .
cor Z_;ﬁ ax, o |eeX) es (K) := ! ki ik
= 2ol @® +m | w®rnth
Here n is a natural number and 1
(0 1 0 O [0 -i 0 O
. ky — ik
1 0 0 O i 0 0 O
[1] _ 2] ._ _ -
B 00 0 —10"=lo o o il 04 (K) = ! w (k) -1~k
00 -1 0 0 0 -i 0 2Vw (k) (w (k) +n) ky — ik,
L L wEk)+n—k3
(1 0 0 0] [0 0 1 O
,8[3] |10 -1 0 O 0 ._ 0 0 0 1 In that case, functions
00 -1 00" T|1000 e1(K)(2c/h)*2 exp(—i(h/c)kx) and
L0 0 0 1] |01 0 0 e2(k)(2¢/h)*? exp(=i(h/c)kx)
are eigenvectors of Hy with eigenvalues (+hw(k)),
In this case operator Hy is the free Dirac Hamiltonian if ~ and functions
e3(k)(2c/h)*? exp(—i(h/c)kx) and
(& b e4(k)(2¢/h)*"? exp(~i(h/c)kx)
Ho:=c Zﬁ e tdm | are eigenvectors of Hy with eigenvalues (—hw(Kk)).
s=1 $
. 2 Single-Particle States
Let k be a vector (ki, k», k3) where k, are integer numbers —
and let Let $ be some unitary space. Let O be the zero element of $.
2 2 2 That is any element F of $ obeys to the following conditions:
w (k) = w“ﬂ + k5 + k5 +n?
. 0F=0,0+F=F,0'F=F, 0" =0.
where 7 is a natural number.
*c 1= 299792458, h := 6.626075573* Let 0 be the zero operator on $. That is any element F of
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9 obeys to the following condition:
OF = OF, and if b is any operator on $ then
0+b=b+0=0b,0b=050=0.

Let 1 be the identy operator on $. That is any element F
of $ obeys to the following condition:
___1F =1F =F ,andif b is any operator on $ then
1b =bl =b.

Let linear operators b, (s € {1,2,3,4}) act on all ele-
ments of this space. And let these operators fulfill the follow-
ing conditions:

{e:

T T h \ -~
sk’ bs’,k’} = bsykbs’,k’ + bs’,k’bsyk = (_) 6k,k’5s,s’1:

2mc

(bt byae} = boxbyae + byseby = (bl bl } =0.

Hence, o -
bsxbsx = b;kb;k =0.

There exists element Fyy of § such that fg Fo = 1 and for
any by byiFo = 0. Hence, Fib!, = 0.

Let
- h
Wy (X) 1= Z Z brxer.s (K) exp (—izkx) .
k r=1
Because
4
Z €r.s (k) Ers (k) = 5s,s’
r=1
and 5
h 2
Z exp (—i—k (x - x’)) = (ic) d(x—x")
o ¢ h
then

Wl e.uy () = w0y () +ye ()l (30
= 6(x-Xx) 6&_«’1\.

And these operators obey the following conditions:
Yy (%) Fo = 0, g, (%), (X)) = g} (), 9] (x)} = 0.
Hence,
Y Yy () = gl (0¥, () =0.
Let
4 —_—
Y% = ) 6 (LX) %) Fo.
s=1

These functions obey the following condition:

¥, x)¥(1,x) = ¢ (1,X) @, x) 6 (x - X).

14

Hence,
fdx’ P, xX) P (1,X) = p (1, X).

Let a Fourier series of ¢; (f, x) has the following form:

4 h
Ps (t, X) = Z Z Cr (f, P) €rs (P) €Xp (_IEPX) .

p r=1

In that case:

2\’ 2 s o=
g(t’ p) = (T) Z Cr (t’ p) b;,pFO'
r=1
If _
Ho (x) := " (x) Hoyr (x) )
then H (x) is called a Hamiltonian ﬁo density.
Because P
Hop (1.%) =i (1.%)
then p
fdx’ “Ho (X)W (1,%) = iE\P(t’ X). 3)

Therefore, if
H:= fdx’ - Hy (x7)

then H acts similar to the Hamiltonian on space 9.
And if

Ey(Fo):= ) ¥ (.)E¥(1.p)
p

then Ey (f 0) is an energy of ¥ on vacuum F 0-

Operator H obeys the following condition:

_ ( % )3 S ot [i b bk - 24: ijkb,,k].
K r=1 r=3

This operator is not positive defined and in this case

3 2 4
Ey (Fo) = (%) > hw (p) [Z} ler (6, P - z; e (2, p>|2].
P r= r=

This problem is usually solved in the following way [2, p.

54]:
Let:
v (k) =y k),
nk =y, k),
dix =-bl ..
do =-b} .
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In that case:

esk) = -u(-k),
es (k) = -0n(-k),
b = —d .
b = —dj .
Therefore,
2
W (X) = ZZ( +k€r.s (K)exp (—1hkx)
k =1

h
d' oy, () exp [i-k )
+d,, Urs ( )exp(lC x)

3 2
i - (2%) D hw® Y (Blybr + dydri)
k r=1

2 Z hw (k) 1.
k

The first term on the right side of this equality is posi-
tive defined. This term is taken as the desired Hamiltonian.
The second term of this equality is infinity constant. And this
infinity is deleted (?!) [2, p. 58]

But in this case d,,kf o # 0. In order to satisfy such condi-
tion, the vacuum element Fjy must be replaced by the follow-
ing:

But in this case:
W (X) @y # 0.

And condition (3) isn’t carried out.
In order to satisfy such condition, operators ¥ (x) must
be replaced by the following:

W (x) — @5 (x):=

_ Z Z( kns (K) exp (—11—lkx) T dpo, (K) exp i ( hkx)).
r=1

Hence,

H

fdx.mx):fdx-¢*(x)ﬁo¢<x>:

3 2
(%) D hwk) Y (b brk - d)ydrk)
k r=1

And again we get negative energy.
Let’s consider the meaning of such energy: An event with
positive energy transfers this energy photons which carries it
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on recorders observers. Observers know that this event oc-
curs, not before it happens. But event with negative energy
should absorb this energy from observers. Consequently, ob-
servers know that this event happens before it happens. This
contradicts Theorem 3.4.2 [3]. Therefore, events with nega-
tive energy do not occur.

Hence, over vacuum @ single fermions can exist, but
there are no single antifermions.

3 Two-Particle States
A two-particle state is defined the following field operator [4]:

b5y (X) ¢, (X)
¢S] (y) ¢S2 (y)

wsl,sz (X9 y) = ’

In that case:

where
2 2
=) > - w(p))ZZx
k p r=1 j=1
(v} (k) o; (-p)e] (B (K) x
x(+bjpdj di—pb )+
(+dl b kb]kd,,_p)+
+0! (=p) v (=K) €] (K) e, () X
( bl d’_dj wbrp) +
+(-bj,d! _d j,,kb,,p)}
and

2 2
H © =) Y ®+o@)) > x
k p

r=1 j=1
x{u! (=B) o (K)o} (v, (-p) X
x(-d'_d!_d;xd,p)+
+(~di_pd!_djxdy )
+ef (k) e, (p) e (p) e (K)
X (+b]\ b7 bikbrp) +

+(+blpb T j,kb,,p)}.

If velocities are small then the following formula is fair.
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where
He @ =) Y (@®-w@)x
k p
2 2
XZZ pDixbridip = byd! droicbip)
r=1 j=
and
H, : = (@ (K) + w (p)) X

T U
(6% D! Dribjp = d}_d!_dy xdjp).

Therefore, in any case events with pairs of fermions and
events with fermion-antifermion pairs can occur, but events
with pairs of antifermions can not happen.

4 Conclusion

Therefore, an antifermion can exist only with a fermion.

Submitted on April 27, 2011 / Accepted on April 30, 2011

References
1. Quznetsov G. 4 x 1-Marix Functions and Dirac’s Equation, Progress in
Physics, 2009, v. 2, 96-106.

2. For instance, Peskin M. E., Schroeder D. V. An Introduction to Quan-
tum Field Theory, Perseus Books Publishing, L.L.C., 1995.

3. Quznetsov G. Logical Foundation of Theoretical Physics, Nova Sci.
Publ., 2006, 34-35.

4. For instance, Ziman J. M. Elements of Advanced Quantum Theory,
Cambridge, 1969, 32.

16 Gunn Quznetsov. Fermion-Antifermion Asymmetry



