


l lNTRODUCTlON

Recently F. Palumbo [l ] proved that the QED l-lamlltoman as well as the i -
; QCD Hamlltontan and the Hamlltoman (l 3) of the Yukawa model wnh M2 = 0 s

' are unbounded from below.
“This result seems to me to be extremely tmportant

‘The standard approach to the QED is based on the use of the l-lamlltoman

lsee, e. g the text books by Dlrac [2], Wentzel [3 ], Heitler [4 ], Schiff. [5 D
’ H - Hypt Hy, +H'+H

,Here H Fis the l-lamlltoman of free Ferrmons (electrons and posntrons) H

" ,bls the Hamlltoman of free transverse photons, the term Hl descrlbes the‘
tnteractlon between these three kinds of partlcles H, descnbes the Coulomb R 1

mteractlon between the electrons and pos1trons,

The authors of books [2—5]denved Hamlltoman k(l l) from the QED Lagran— -

cgan B
“ - -4- (al‘ - avAﬂ) - w y4 lr (6 ,— wA ) + m lw
.. using the representation : ' L |

A= rota + gradgo

of the vector potentlal Palumbo took a note of the fact that ina perlodlcuy cubek '
one has to |ntroduce into the r.h.s. of eq.. (1.2) one more. additional Spatlally_ ,

mdependent Zero momentum mode term qol w/_ f A(x)d?’x/ V Then one gets N

in the Hamnlton:an (l l) a new term H

d . :
1{:0
H == 5(65’0) + ‘/— qufv, }’4W(X)d3

‘1.1, This (Palumbo) term makes the QED Hamlltoman unbounded from
below. This result makes, probably, 1mpossnble to descrlbe any physxcs by usmg ,

“the above approach to QED.

1.2. F.Palumbo succeeded to’ catch main physlcal feature of the phenome-‘
- non: that the (splnor) QED Hamiltonian, when written correctly, cannot des- -

.- cribe any physncs However the result by F Palumbo can be consnderably
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enhanced. Palumbo’s result for the Yukawa model is that the Hamiltonian (1.3)
with M2 = 0 is unbounded from below. It is possible to prove that there exists
some’ positive value M of the squared mass parameter such that the

Hamiltonian (1.3) is unbounded from below if M2 < M2 (see Sec.2) This result

is provoked by the (well-known) observation that the second order perturbation
theory correction to the squared boson mass for Hamiltonian (l 3 is: negatlve
(and diverges). - :

in eq.(l.3) as
M? = N? + 5N% and includes into the unperturbed Hamiltonian H0 the part of

1.2.1. Usually, one represents the quantity M2

the free Boson Hamiltonian, where N2 is substituted for M2. Then, one uses the
perturbation theory and chooses the quantity 3N? 50 as to eliminate the (diver-
gent) perturbation theory correctlons to the squared Boson mass N2 Thus, one
simply docs not consider the values of the parameter M2 M?< M2 for which
the squared Boson mass is negatlve and the Hamlltonlan (1.3) is unbounded
from below.

1.2.2. Let us note that scalar QED gives positive (and divergent) squared
photon mass, and that'one cannot prove the unboundedness from below of the
corresponding Hamiltonian via the method-of this work. Thus, combining spi-
nor field with scveral charged scalar fields, one can construct the QED model,
whose Hamiltonian is, maybe, bounded from below.

1.3. The Hamiltonian of the cut-off Yukawa model is

_ ol
H~H0F+H03+Hy, (1.3
where*
H, =% > ST +(M* + KP)qq (1.4)
ol 2 o, aqkaq k. ki-k)?
Z E®) (aa +bbp) (1.9
Ipl </
H! =& ‘ ‘:' +k ‘ p) q,: (1.6)
YNV, lglp+kl<l v )}'4'#() k

Here { is the cut-off parameter, E(p) = (p +m )”2

1 \Xe starzt frgn; the usual fo of _&he free boson Hamiltonian
H,g -2-f[:r + (V)" + M%ldx , here o(x) = 7p z ch-l‘.

*

O63cx.rFoitith RESTRTYY
HR<ESAX NCCaeacRANRE
S%HP-OTEHA




¥(p) = ulp, +)a, + u(p,— )b, ' W)

spin md:ces are omitted, u(p, *) are the soluuons to the Dlrac equation with lhe

positive and negative energy and momentum p a, a* and b, b*are usual Fermion
annihilation and creation operators. ' IR
1.4, The consideration of Sec.2 is based on my method of constructing the

solutions of the second-quantized Schroedinger equation [6 ]. The method deve-

lops the idea by F.Coester and R.Haag [7].
1.5. The quantity M2 has the order of the magnitude g ln(l/m), g l and

gzl2 if the number of spatial dimensions is one, two and three.

2. INVESTIGATION OF THE HAMILTONIAN (1.3)

Here I shall prove that the Hamiltonian (1.3) is unbounded from below if
the condition (2.12) is satisfied.

At first, I shall average the Hamiltonian (1.3) over the normalized Boson
state

Q_ =const[[ ¢™*W-+, w>0.

B
k=0
This operation evxdentﬂy gives o .
‘ | 32 )2 v
H,p -~ H, B=7 -—-———+M gg| + const, Q@.n
30
0
Q, )
HoF —>\ HoF ’ 2.2)
Q b 4/]
1 8 ..1 [
H, *\Hy= 72 |p|2<: [(a B, +b_ja)A, + (@a,+ b bp)Bp] . 23
here -1 < Ap Bp < 1, see egs. (1.6) and (1.7).
2.1. Then, I shall consider the function
- K - » g
Q=€ 10>, k=3 C a b, Q49

here IO > is the state of the Fermion bare vacuum: a, IO > = b IO >=0
for all values of p. Let us determine constants C from the “Schroedmger equ-
atlon

1
(H,+ HY—h) Q=0 e

_ Here A is the constant to be found.

Using the standard formula

e P —P+IP cl+4 [lp NN ]

one can rewrite ¢q.(2.5) as

{IH;,—h+ IH,+ H' kl+5 [l H! ul.n]} 10,>=0 2.6)
(the operator H . contains opcrators of annihilation linéarly, whercas IH'Y
contains them bilinearly, thus the commutators we have wrillcn down are the
only ones which do not disappear).
In this way onc can get the equation

&q 843,C,A, &4
2C,(E(p) + 7/ B)=-2 —FL+ A, =0 Q.

which determines a value of C Here the volume V is large (V> o); lhus itis

posubl(. 1o take

S 2.8
2.1.1. Later on, egs.(2.6) and (2bS) give 2
84,4 (8944,)" .
h= —L L = . 2.9
2 W= E VaEGy
2.2. Now we have |
« (14,22 1 - .
Q (2Mq +H + HY)QF" 2.10)
1 ' 2 1 22
= o 2 9,0=752%¢,Q,
2( ””([ E(p)) 0 2770
‘ g=Qpa.= [ 1+ch @.11
Ipi <l
(cf. [8D.
One feels here that if

z2<0, ' 2.12)

see eq. (2.10), our Hamiltonian (1.3) is unbounded from below.
2.3. Of course, we have to calculate yct the quantity

(=51 dgy® (4 O} (- 3 02)9 ® () =

1 - ' ‘. ' !
= 5[dgy Q@ (@ + K@) (@ + £'D) QF=§qu0Q[(¢ +Db) +G<b2]. 2.13)
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Here the prime denotes the dlfferenuauon with respect to g,

c%q 1 @ :
D= —"——02=2—Q‘5”Q' 2.14)
s 1+C do
2,2 S
G= 2-—9’—/1"—. 2.15)
(1 +cH?

Equations (2.1—3), (2.10—1D), (2.13—14) enable onc to easdy prove the sta-
lemenl of this Section

(d)(qo) —f(qo)/ f(qo) =e W™D gz oo)
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Note added in proof.

Taking into account of spm degreces of frcedom mmgmﬁcantly changes eq.

21D: Q- QI1+O( )l
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We hdve proved lhal lhe Hamllloman of the Yukawa model wnlh lhe Boson
ass term (M /2) fp (v)dx is unbounded from below if M2 < Mo, herc Mo is

|

'posmve and has the order of magnlludeg ln(l /m )y & I and g l in one, two
‘and three space dimensions; g is the coupling conslanl m, the fermion mass

parameter; /- lhe cut-off parameter. This result is correct also for the spinor.

: QED. Let us mlroduce lnlo lhe Hamlllonlan of the spinor QED lhe photon mass -
"lerm (M /2)f(A ) 2dx. Then lhe Hamllloman is unbounded from below it |

M < Mo, lhe quanllly Mo is esumaled as abovc.

The mveshgalnon has been perfornu.d at lhe Iaboralory of Theoreucal
Physws JlNR o : S . ;
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