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The main results

For causal perturbative QFT on the Minkowski space-time M, with the
Hida operators as the creation-annihilation operators and (first order) interac-
tion Lagrangian £, we have proved

R4 [ The higher order contributions to interacting fields in the adiabatic limit

R5

R6

g — 1 exist as sums of generalized integral kernel operators in the sense

of Obata ] — [ L is of first order at most in mass-less fields, and for

the “‘on mass-shell” normalization ] .

[ L is of order greater than one in mass-less fields ] — [ the higher

order contributions to interacting fields in the adiabatic limit ¢ — 1 does
not exist, even as sums of generalized integral kernel operators, and for

each choice of normalization ] .

We have given a rigorous construction of the Feynman integral averaging
for the computation of the complete Green functions for QFT on the com-
pactified EU using white noise calculus, giving a solution to the problem
posed by Bogoliubov and Shirkov.



The main results (continued)

R7

e The infrared and ultraviolet asymptotic of the interacting fields in per-
turbative QED with Hida operators, involving several necessary massive
charged fields coupled to the potential, exists for each (asymptotic) ho-
mogeneity degree whose real part is —1.

e The homogeneity component of degree —1 contains the component which
coincides with the quantum theory of the infrared electric type fields due
to Staruszkiewicz.

e We have proved that in the Staruszkiewicz theory the integer part of \/;T:Q
distinguishes two regimes of the value of the total charge with substantially
different classes of representations of SL(2,C) acting in the eigenvalue ne
spaces of the total charge. For n > \/efz they are all equivalent, and

become nonequivalent for any two n-s less than /7.

This asymptotic is naturally and uniquely determined by the decomposition
of the representation of SL(2,C) acting in the Fock space of free fields.



The main results (continued)

Theorems R4-R5 should be compared with the following results, which we
have obtained on EU, using white noise calculus and Hida operators, but which
could have also been obtained with more traditional methods, and in case of
QED and the scalar p*-theory, was obtained Segal and Zhou for QED and
¢*-theory on EU:

EU1

EU2

For the causal perturbative spinor QED on the Einstein Universe the in-
teracting fields become ordinary operator valued distributions with the
Noether integrals for interacting fields being ordinary self adjoint opera-
tors if and only if the charged field coupled to the potential is massive.
Renormalization is in this case uniquely determined by the condition of
preservation of the singularity degree: retarded and advanced parts of a
causal distribution have the same singularity degree as the causal distri-
bution itself.

[For the causal perturbative QFT on the Einstein Universe the interact-
ing fields become ordinary operator valued distributions with the Noether

integrals for interacting fields being ordinary self adjoint operators ] =

[ L 1s at most of first order in massless ﬁelds.] Renormalization is in this

case uniquely determined by the condition of preservation of the singular-
ity degree.



A technical key point

In our approach the free fields and higher order contributions to interacting
fields

Alx) = /ﬁ:g’l(p;x)@p d3p+/ﬁ31,0(}3; ﬂ?)@; d’p,

Zfﬁ;{m(ph...:pﬁkh...:km;x) Of ...0% Ok, ...0k,dp, ...dp.dk; .. .dk,

are finite sums of the generalized white noise integral kernel operators.

a) Whitman approach. kg, (¢) should represent a normalizable [ + m par-
ticle state as the spin-momenta function, rapidly decreasing in these vari-
ables.

b) Berezin white noise approach. It is sufficient that x;,(¢) represents
(not necessary normalizable) [ + m particle generalized state, in the spin-
momenta variables, i.e. it is sufficient that kg4 (¢) is a distribution in
E*@U+m)  continuously depending on ¢.



Experimental sigificance (example)

From theorems R4, R5, applied to the Weinberg-Salam model, it follows
that the neutrino has a nonzero mass. Otherwise, the Lagrangian of interaction
would contain monomials

v (2)y" (1 = s)v, (2) 2, ()

which are of degree two in the mass-less field v_, which would result in the
nonexistence of the adiabatic limit for interacting fields, according to R4, R5.



(EP1)

(EP2)

Equivalence principle in QFT

With each free field there is canonically associated linear wave equation.
It is extended on general causal space-time by covariance requirement, so
that locally and for the Minkowski metric reduces to the Minkowski wave
equation. Single particle Hilbert space is constructed of all those solutions
which can be smoothly extended over the whole space-time (constraint
which in practice some of the continuous quantum numbers reduces to a
discrete subset).

In particular the singularity order w of a causal distribution (Green func-
tion) should coincide with the singularity order of the corresponding
Minkowski distribution.

The high energy limit of the scattering phenomena, experienced by any
(approximately) freely falling observer, should be the same regardless of
the location and orientation of the experimental equipment. In other
words: the Standard Model, in the high-energy limit, is the same regard-
less of the location in space-time.

Question: Are the conditions (EP1) and (EP2) consistent 7
Answer: No!. (EP1) need to be modified if we assume (EP2).



Singularity order w
at x = 0 is a local property

Causal d € §* has singularity order w at x = 0 if d, € §*, defined by the scaling
Sxp(x): = p(Ax):

Jim (3080 = lim_ (1)°(4)"(513) = (d.0)

exists and is nonzero.
In this case splitting of d into retarded and advanced parts

(retd, ¢) = (retd, ¢) : = (d,090) = (d,0 x Q)

is well-defined, up to a finite dimensional subspace of functionals on ker €2, where
(2 — the idempotent operator projecting test space onto the subspace of elements,
with first w Taylor coefficients at zero, equal zero.

We can restrict ¢ to the closed subspace of elements supported in
a compact closure O of a relatively compact neighborhood O of z = 0.



(EP1)

(EP2)

Equivalence principle in QFT (corrected)

(Corrected version). With each free field there is canonically associated
linear wave equation. It is extended on general causal space-time by co-
variance requirement, so that locally and for the Minkowski metric re-
duces to the Minkowski wave equation. Single particle Hilbert space is
constructed of not all those solutions which can be smoothly extended
over the whole space-time. Some of the solutions must be excluded not
only by the topology, but also by the condition (EP2), so that the allowed
spectra of quantum numbers is further reduced.

In general the singularity order w of a causal distribution (Green func-
tion) does not coincide with the singularity order of the corresponding
Minkowski distribution.

The high energy limit of the scattering phenomena, experienced by any
(approximately) freely falling observer, should be the same regardless of
the location and orientation of the experimental equipment. In other
words: the Standard Model, in the high-energy limit, is the same regard-
less of the location in space-time.

(EP2) intervenes through a restriction of causal character, put everywhere,
i.e. globally, on the allowed In and Out plane wave states. We explain it using
the example of the Einstein Universe (EU).



Equivalence principle in QFT (continued)
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Equivalence principle in QFT (continued)

C:(t,u) = (t+m, Au)

¢ commutes with all

conformal
automorphisms

of EU

AN

(h=¢c=R=1)

Each free EU wave is locally a Minkowski mass
packet, with M, regarded as embedded into EU

A Minkowski mass packet,
with M, regarded as embedded into EU
which is extendible over whole EU.,

regarded as a causal manifold,

is invariant either under ¢ or under ¢*

A physical free EU wave on EU — agrees with (EP2)

A Minkowski mass packet,

which cannot be extended over the whole EU,
is pathological, with the support of the FT,
regarded over M, embedded into EU

lying outside the cone p? > 0

NN/

Nonphysical free EU wave on EU — disagrees with

quantum numbers in scattering processes

N
(EP2), as we do not observe neither tachyonic
particles nor excess of degeneracy of Minkowski

[Paneitz, Segal, 1982]



Free fields on EU
finite support of Fourier transform
of massive waves on EU
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Importance of finite support of FT of single
particle massive wave functions on EU

P () = 7 () + (@) = E(k0i (0, 2)) + E(r10(a, 2))
Y e EanhGeD

se{l,...,(21+1)22},A-le O

+ Z kro(s,m- L, 2)d_ (7 -1

se{l,...,(21+1)22} - le6_

Ty
pa—
_|_
~8

here r =t x w € R x SU(2,C).

Plane wave character e, (t)ep(x) = e'Po!~"P* jg replaced with the character

T’E(IL)?(‘IU) = ¢i"](w) of the group R x SU (2, C), where [ are the standard unitary
irreducibles of the SU(2,C) of weight [.



Importance of finite support of FT of single
particle massive wave functions on EU (continued)

T\L(x1) ... L(x;)...L(x)) ... L(x,)A(z)]

e Products of pairings of free massive fields have negative singularity order
w, with the pairings being finite linear combinations of analytic functions,
and the retarded and abvanced parts of the pairing can be computed by
ordinary multiplication by the step #-function. This is true because of the
finite suppport of F'T of single particle massive wave functions!

e If £ is of first order at most in massless fields, then we have at
most one pairing of massles fields, joinning the same space-time pair
(i, ;). Such pairings have negative singularity order w. Chronological
product is uniquely defined

e If £ is of second, or higher, order in massless fields, then we en-
counter products of two, or more, pairings of massles fields, joinning
the same space-time pair (x;, ;). Such products have nonnegative sin-
gularity order w, with non unique splitting, determined up to a free number
of arbitrary constants depending on w (i.e. with nontrivial renormaliza-
tion needed)



Importance of finite support of FT of single
particle massive wave functions on EU (spinor QED)

First order contributions to interacting ¥ (x) and A*(x):

¢a(1)(9 = l, .T:) = —¢ / S:Z‘l (.’Ijl‘l_l)ﬁfv1 a1az¢az (Q:I)Aul (:El) (143’,‘1,
Rx SU(2,C)

A+ M(g =1;z) = —e / D" (w2~ 1) PP (1) 92 0h%2 (1) d oy,
Rx SU(2,C)

Examples of one-loop 2"%-ord. contr. to int. v(x) and A*(z):

e? / S (a7 X (x125 D (we) diaydias,

ret
w2
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0(x) = 0(t x w) = (1), 3, (x) := 0(x)Dy” ()7 (@),
v ““(3}13:2_1) D= iﬂ(ﬁfgﬁ’:l_l)tr h“S(_) (:1’:1:1?51)7“’3("') (:1:23:1_1)} \



A paradox resolved

e The results EU1, EU2 are consequences of the equivalence principle (EP1)
and (EP2). EU1, EU2 |, imply, e.g. that neutrinto should be massive, or
that elementary electrically charged particle should be massive.

e Question: Why we have no such theoretical prediction in perturbative
QFT on the Minkowski space-time M7

e Answer: Because we regard the higher order contributions to S and to
interacting fields, as operator distributions in Wightman sense. In the
Berezein approach, with the creation-annihilation operators equal to Hida

operators, we obtain results R4 and R5 which are in agreement with the
results EU1 and EUZ2.



Constraints.
Example of QED with Lorentz gauge

Choice of spacetime and Lorentz condition are constraints.
e Choice of space-time (M, g)

e Quantization (operator counterpart) only of the dynamical part of matter
equations

6Smatt
0t

e Constraints are counted only at the very end by putting the condition on
the allowed states in which the average

— 0 e'g' DAint - jint

<Constraint part of 5Smatt> =0 e.g. <8A‘ > =0

O e

of the constraint part is fulfilled, but constraint has no operator realization.



Gravity coupled to matter

L

£g'ra,v + Qfmattﬁma,tter

S — / [ﬁgrcw ‘I' Odma,ttﬁmatt] d4112' — ngrwu ‘|' amuttsmatt

5Smatt —0
0
G = —KT,,
T L Xmatt 1 5an,att

|22 K \/__g 5‘9#” )



Gravity as a constraint
e Choice of space-time (M, g)

e Quantization of the dynamical part of matter equations

(SSma.tt

5 O

e Constraints put on the states in which the average

5 ma
<constraint part of 5:5?70 “> =0

of constraint part is fulfilled and
—kAT,, (¢) <G, (¢) — (— KT, (¢)) < KAT,, (9),

where

G(g) & f G(2)d(z) d'z

with the fluctuaction

AT, () = \/(T,, (#)2) — (T, (#))?




Conclusion

e Presented principles provide a consistent unification of gravity and quan-
tum field theory without any need for quantizing gravity.

e Geometry of space-time cannot be considered independently of QFT'. Space-
time geometry not only intervenes through the causality condition (e.g. in
the perturbative construction of the scattering operator), but is restricted
by the consistency coming from the requirements put on the operators
of interacting fields to be well-defined as well as by the condition put
on the energy-momentum operator to be well-defined. In particular the
Minkowski space-time is excluded by the principles of the last slide, as
nonphysical.

e QFT on the Minkowski space-time M, has application restricted only
to high energy scattering processes, and with restricted meaning, with
the interacting field operators and the energy-momentum tensor being
generalized operators, which even after smearing with test function, are
not operators acting within the Fock space.



	Slajd 1
	Slajd 2
	Slajd 3
	Slajd 4
	Slajd 5
	Slajd 6
	Slajd 7
	Slajd 8
	Slajd 9
	Slajd 10
	Slajd 11
	Slajd 12
	Slajd 13
	Slajd 14
	Slajd 15
	Slajd 16
	Slajd 17
	Slajd 18
	Slajd 19
	Slajd 20
	Slajd 21
	Slajd 22
	Slajd 23

