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A bstract

The average tim e delay ofphotons due to m ultiple interactions

with gravitonsofthebackground iscom puted in a fram eofthem odel

oflow-energy quantum gravity by the author. The two variants of

evaluation ofthe lifetim e ofa virtualphoton are considered: 1) on

a basisofthe uncertainties relation (itisa com m on place in physics

ofparticles)and 2)using a conjecture aboutconstancy ofthe proper

lifetim e ofa virtualphoton.Itisshown thatin the �rstcase Lorentz

violation isnegligible:theratiooftheaveragetim edelay ofphotonsto

theirpropagation tim eisequalapproxim ately to 10� 28;in thesecond

one (with a new free param eter ofthe m odel),the tim e-lag is pro-

portionalto the di�erence
p
E 01 �

p
E 02,where E 01; E 02 are initial

energies ofphotons,and m ore energetic photons should arrive later,

also as in the �rstcase. The e�ect ofgraviton pairing is taken into

account,too.

1 Introduction

Lorentzinvarianceisthecornestoneofphysicsofelem entary particles,and a

degreeofitspossibleviolation isofa greatinterest(seethereview [1]).Pos-

sibleLorentzviolation isoften connected in ourm indswith quantum gravity
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e�ects;and itisalm ostcom m only accepted thatthese e�ectsshould reveal

them selvesatthePlank scalesofenergiesand distances.Itisanotherstory

thatdealingwith thePlank scaleofdistancessuggeststhatourknowledgeof

gravity (generalrelativity)istrueup to thisscale[2];butitisnota proofed

fact.Iwould liketocitetherecentpaper[3]asatypicalonein thisdirection;

the authorsspeak aboutdaysorm onthsoftim e-lagsforphotonsofGRB’s

in som etheoreticalcases.

But in m y m odel of low-energy quantum gravity [4], gravity reveals

asym ptotic freedom at very short distances beginning from 10� 11 � 10� 13

m eterfordi�erent particles[5],i.e. very-very farfrom the Plank scale. In

thispaper,Ihave com puted the average tim e delay ofphotonsdue to m ul-

tiple interactionswith gravitonsofthe background in a fram e ofthe m odel

[4]. The two variants ofevaluation ofthe lifetim e ofa virtualphoton are

considered:1)on a basisoftheuncertaintiesrelation (itisa com m on place

in physics ofparticles) and 2) using a conjecture about constancy ofthe

properlifetim eofa virtualphoton.Itisshown thatin the�rstcaseLorentz

violation isnegligible;in the second one (with a new free param eterofthe

m odel),the tim e-lag isproportionalto the di�erence
p
E 01 �

p
E 02,where

E 01; E 02 are initialenergiesofphotons,and m ore energetic photonsshould

arrive later,also asin the �rstcase. The e�ectofgraviton pairing istaken

into account,too.

2 T im e delay ofphotons due to interactions

w ith gravitons

Tocom putetheaveragetim edelayofphotonsin them odel[4],itisnecessary

to �nd a num berofcollisionswith gravitonsofthe graviton background on

a sm allway dr and to evaluate a delay due to one act ofinteraction. Let

usconsiderat�rstthebackground ofsinglegravitons.Given theexpression

forH in them odel,wecan writeforthenum berofcollisionswith gravitons

having an energy �= �h!:

dN (�)=
jdE (�)j

�
= E (r)�

dr

c

1

2�
D f(!;T)d!; (1)

wheref(!;T)isdescribed by thePlank form ula.In theforehead collision,a

photon losesthem om entum �=cand obtainstheenergy �;itm eansthatfor
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a virtualphoton wewillhave:

v

c
=
E � �

E + �
;1�

v

c
=

2�

E + �
; 1�

v2

c2
=

4�E

(E + �)2
: (2)

2.1 Evaluation ofthe lifetim e ofa virtualphoton on a

basis ofthe uncertainties relation

The uncertainty ofenergy fora virtualphoton isequalto �E = 2�. Ifwe

evaluatethelifetim eusing theuncertaintiesrelation:�E � �� � �h=2,weget

�� � �h=4�. So asduring the sam e tim e �� realphotonsoverpassthe way

c��,and virtualonesoverpassonly theway v��,wehave:

c�t= c��� v��;

where�tisthetim edelay,and thelastonewillbeequalto:

�t(�)= ��(1�
v

c
)� �h=2�

1

E + �
: (3)

Thefulltim edelay duetogravitonswith an energy �is:dt(�)= �t(�)dN (�).

Taking into accountallfrequencies,we �nd the fulltim e delay on the way

dr:

dt�

Z
1

0

�h

2

E

E + �
�
dr

c

1

2�
D f(!;T)d!: (4)

Theonewillbem axim alforE ! 1 ;and itiseasy to evaluateit:

dt1 �
�h

4�

dr

c
� D �T

4
: (5)

On theway r thetim edelay is:

t1 (r)�
�h

4�

r

c
� D �T

4
: (6)

In this m odel: r(z) = c=H � ln(1 + z); let us introduce a constant � �

�h=4�� D �T4=H = 37:2� 10� 12s,then

t1 (z)� �ln(1+ z): (7)

W e see thatforz ’ 2 the m axim altim e delay isequalto � 40 ps,i.e. the

oneisnegligible.
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In the restfram e ofa virtualphoton,a single param eter,which m ay be

juxtaposed with an energy uncertainty,ism c2.Accepting �E = m c 2 in this

fram e,we’llget:

t(z)� �=2� ln(1+ z) (8)

with thesam e�;now thisestim atedoesn’tdepend on E .

2.2 T he case of constancy of the proper lifetim e of a

virtualphoton

Takinginto accountthatforavirtualphoton afteracollision (E
0

=c)2� p
0
2 >

0;we m ay consider another possibility oflifetim e estim ation,for exam ple,

�� 0 = const,where�� 0 istheproperlifetim eofa virtualphoton (itshould

be considered as a new param eter ofthe m odel). Now it is necessary to

transitto thereferencefram eofobserver:

�� = �� 0=(1�
v2

c2
)1=2 = �� 0 �

E + �

2
p
�E

; (9)

accordingly:

�t(�)= ��(1�
v

c
)= �� 0 �

q

�=E : (10)

Then thefulltim edelay dueto gravitonswith an energy �is:

dt(�)= �t(�)dN (�)= �� 0 �
p
�E �

dr

c

1

2�
D f(!;T)d!; (11)

and integrating it,weget:

dt= �� 0 �

q

E (r)�
dr

c

1

2�
D

Z
1

0

p
�f(!;T)d!: (12)

Theintegralin thisexpression isequalto:

Z
1

0

p
�f(!;T)d! �

1

4�2c2
�
(kT)9=2

�h
3

� I6; (13)

wherea new constantI6 isthefollowing integral:

I6 �

Z
1

0

x7=2dx

expx � 1
= 12:2681: (14)
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Inthism odel,theenergyofaphotondecreasesas[4]:E (r)= E 0exp(�H r=c):

Thefulldelay on theway r now is:

t(r)= �� 0 �
D

8�3c2
�
(kT)9=2

�h3
� I6

Z
r

0

q

E (r0)�
dr0

c
= (15)

= �� 0 �
D

8�3c2
�
(kT)9=2

�h
3

� I6 �
2

H
� (

q

E 0 �

q

E (r)):

Letusintroducea new constant�0 forwhich:

1
p
�
0

�
D

8�3c2
�
(kT)9=2

�h
3

� I6 �
2

H
;

so �0 = 2:391� 10� 4 eV;then

t(r)=
�� 0
p
�
0

� (
q

E 0 �

q

E (r))= �� 0

s

E 0

�0
� (1� exp(�H r=2c)); (16)

whereE 0 isan initialphoton energy.Thisdelay asa function ofredshiftis:

t(z)= �� 0

s

E 0

�0
�

p
1+ z� 1
p
1+ z

: (17)

In thiscase,the tim e-lag between photonsem itted in one m om entfrom

thesam esourcewithdi�erentinitialenergiesE 01 andE 02 willbeproportional

tothedi�erence
p
E 01�

p
E 02,andm oreenergeticphotonsshouldarrivelater,

also asin the�rstcase.To �nd �� 0,we m ustcom pare thecom puted value

oftim e-lag with futureobservations.An analysisoftim e-resolved em issions

from the gam m a-ray burst GRB 081126 [6]showed that the opticalpeak

occurred (8:4� 3:9)s laterthan thesecond gam m a peak;perhaps,itm eans

thatthisdelay isconnected with them echanism ofburst.

2.3 A n in
uence ofgraviton pairing

Graviton pairing ofexisting gravitonsofthebackground isa necessary stage

to ensure the Newtonian attraction in thism odel[7].Asithasbeen shown

in the cited paper, the spectrum ofpairs is the Planckian one, too,but

with the sm aller tem perature T2 � 2� 3=4T;this spectrum m ay be written

as: f(!2;T2)d!2,where !2 � 2!:Then residualsingle gravitons willhave
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the new spectrum : f(!;T)d! � f(!2;T2)d!2,and we should also take into

accountan additionalcontribution ofpairsinto thetim edelay.

W eshallhavenow:

dN (�)= E (r)�
dr

c

1

2�
D (f(!;T)d! � f(!2;T2)d!2); (18)

and forpairswith energies2�:

dN (2�)=
jdE (2�)j

2�
= E (r)�

dr

c

1

2�
D f(!2;T2)d!2: (19)

Afteracollision ofaphoton with apair,avirtualphoton willhaveavelocity

v2 :v2=c= (E � 2�)=(E + 2�),and a m assm 2:m 2c
2 = 2

p
2�E .

For the case ofsubsection 2.1, after collisions with pairs: �E = 4�,

�� � �h=8�,and weget:

�t(2�)� �h=2�
1

E + 2�
: (20)

Then dueto singlegravitonsand pairs:

dt2(�)= dt
0(�)+ dt(2�)� dt(�)� �h=2�

�E

(E + �)(E + 2�)
�
dr

c

1

2�
D f(!2;T2)d!2;

(21)

where dt0(�) is a reduced contribution ofsingle gravitons,dt(�) is its full

contribution corresponding to form ula (4). W e see that ifone takes into

accountgraviton pairing,theestim ateofdelay becam esm aller.So as

�E =(E + �)(E + 2�)! 0

by �=E ! 0;we have forthe m axim aldelay in thiscase: t21 (r)! t1 (r),

i.e.them axim aldelay isthesam easin subsection 2.1.

Repeating the above procedure for the case ofsubsection 2.2,we shall

get:

t2(r)= [1+ (1� 1=
p
2)� (T2=T)

9=2]� t(r)’ 1:028� t(r); (22)

where t2(r) takes into account graviton pairing, and t(r) is described by

form ula (16). In this case,the fulldelay is bigger on about2:8% than for

singlegravitons.
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3 C onclusion

Because in this m odelthe propagation tim e for photons as a function of

redshift is: t(z) = r(z)=c = 1=H � ln(1+ z),the ratio ofthe average tim e

delay ofphotonsto theirpropagation tim e isequalapproxim ately to 10� 28

and doesn’tdepend on zin the�rstconsidered case.Thisverysm allquantity

characterizes the degree ofLorentz violation in the m odelfor the usually

accepted m anner ofthe lifetim e evaluation. Even forrem ote astrophysical

sourcestim e-lagswillbeoftheorderoftenspicoseconds,i.e.unm easurable,

and onem ay considerLorentzsym m etry asan exactoneforany laboratory

experim ent.Ifthesecond considered caseisrealized in thenature,oneshould

initially evaluatethefreeparam eterofthem odel�� 0 from observations.

Som eprelim inary resultsofthiswork wereused in m y paper[8].
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