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A bstract

T he average tin e delay of photons due to m ultiple interactions
w ith gravitons of the background is com puted in a fram e of them odel
of low energy quantum gravity by the author. The two variants of
evaluation of the lifetin e of a virtual photon are considered: 1) on
a basis of the uncertainties relation (it is a comm on place in physics
of particles) and 2) using a con cture about constancy of the proper
lifetim e of a virtual photon. It is shown that in the rst case Lorentz
violtion isnegliglble: the ratio of the average tim e delay of photons to
their propagation tin e is equal approxin ately to 10 2®; in the second
one (with a new free param eter of the m odel), the tin e-lag is pro—
portional to the di erence Eol Eg,,where E¢;; Egp are hnitial
energies of photons, and m ore energetic photons should arrive later,
also as In the rst case. The e ect of graviton pairing is taken into
account, too.

1 Introduction

Lorentz invariance is the comestone of physics of elem entary particles, and a
degree of its possible violation is of a great Interest (see the review [11]). Pos—
sible Lorentz violation is often connected in ourm indsw ith quantum gravity
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e ects; and it is alm ost comm only accepted that these e ects should reveal
them selves at the P lank scales of energies and distances. It is another story
that dealing w ith the P Jank scale of distances suggests that our know ledge of
gravity (general relativity) is true up to this scale [2]; but it is not a proofed
fact. Twould lke to cite the recent paper [3]asa typicalone in thisdirection;
the authors speak about days or m onths of tim e-lags for photons of GRB ’s
In som e theoretical cases.

But In my model of low-energy quantum gravity 4], gravity reveals
asym ptotic freedom at very short distances beginning from 10 * 10 3
m eter for di erent particles [9], ie. very-very far from the Plank scale. Tn
this paper, T have com puted the average time delay of photons due to mul-
tiple interactions w ith gravitons of the background in a fram e of the m odel
4l]. The two variants of evaluation of the lifetim e of a virtual photon are
considered: 1) on a basis of the uncertainties relation (it is a comm on place
In physics of particles) and 2) using a conjgcture about constancy of the
proper lifetin e of a virtual photon. Tt is shown that in the rst case Lorentz
violation is negligible; in the second one (w ith a new Iﬁ):eﬂaarazrjne_ter of the
m odel), the tin e-lag is proportional to the di erence ™ Eg; E o2, where
Eq1; Eoz are initial energies of photons, and m ore energetic photons should
arrive later, also as in the st case. The e ect of graviton pairing is taken
Into account, too.

2 T In e delay of photons due to interactions
w ith gravitons

T o com pute the average tin e delay of photons in them odel [4], it isnecessary
to nd a num ber of collisions w ith gravitons of the graviton background on
a anall way dr and to evaluate a delay due to one act of interaction. Let
us consider at rst the background of single gravitons. G iven the expression
forH in them odel, we can w rite for the num ber of collisions w ith gravitons
having an energy = h!:

dN ()= =E (@) ——Df(!;T)d!; (1)
c 2

where f (! ;T ) isdescribed by the P lank form ula. In the forehead collision, a
photon loses them om entum =c and obtains the energy ; it m eans that for



a virtualphoton we w ill have:

= ——0:" (2)

2.1 Evaluation of the lifetim e of a virtualphoton on a
basis of the uncertainties relation

T he uncertainty of energy for a virtualphoton is equalto E = 2 . Ifwe
evaluate the lifetin e using the uncertainties relation: E h=2,weqget

h=4 . So as during the sam e tine real photons overpass the way
c ,and virtual ones overpass only the way v. , we have:

c t=c v oo

where tisthe tin e delay, and the last one w ill be equal to:

v
t )= (1 —) h=2 (3)

c E +
T he full tin e delay due to gravitonsw ith an energy  is: dt( )= t( )dN ( ).

Taking into account all frequencies, we nd the full tin e delay on the way

dr:
213 B dr1

. D E( ;T (4)
o 2E + c 2

TheonewillbemaxmalforkE ! 1 ;and it iseasy to evaluate it:

dt

h dr
dg —— D T: (5)
4 c
On theway r the tin e delay is:
hr
t (r) —= D T: (6)
4 c
In thismodel: r(z) = c=H In(l + z); let us Introduce a constant

h=4 D T=H = 372 10%s, then
4 (z) na+ z): (7)

Wesethat forz / 2 themaxinal tine delay isequalto 40 ps, ie. the
one is neglighble.



In the rest fram e of a virtual photon, a single param eter, which m ay be
jixtaposed w ith an energy uncertainty, ism ¢¢. Accepting E = m c? in this
fram e, we'll get:

t(z) =2 I+ z) (8)

with the sam e ;now this estin ate doesn’t depend on E .

2.2 The case of constancy of the proper lifetm e of a
virtual photon

Taking into account that for a virtualphoton after a collision (E ‘=c)? p? >
0; we m ay consider another possibility of lifetin e estin ation, for exam ple,

o = const,where , is the proper lifetin e of a virtual photon (it should
be considered as a new param eter of the model). Now it is necessary to
transit to the reference fram e of cbserver:

v E +
= o=(1 = o = 0o P— 9)
2 E
accordingly: q
v -
£t )= 1 E)= 0 =E (10)

P— dr 1
dt( )= t()dN ()= 0 E ——DE(;T)d!; (11)
c
and integrating it, we get:
! dar1 %1 p-
dt= 0 r) —— £(!;T)d! (12)
c 2 0

The integral in this expression is equal to:

Zl 9=2

p_ 1 (kT )
£(!;T)d!

0 (iT) 4 222 h’

& (13)

where a new constant I is the follow Ing Integral:

Z 1 7=2

dx
Is —— = 122681: (14)
0 expx 1



Tn thism odel, the energy ofa photon decreasesas [4: E (r) = Egexp( H r=c):
The fulldely on the way r now is:

t(r) P (kT 7 gz o E (9% ar’ (15)
r)= r _— =
0 g 32 h’ 0 c
D_ gt .2 %% TR
— — r)):
RN PR H 0
Let us Introduce a new constant o forwhich:
1 D (kKT )*= P 20
T,o83@ 1’ H'
O o= 2391 10* eV;then
S
0 q — q Eg
tr)= = (Eo E (r))= o.— (1 exp( Hr=20)); (16)

where FE( is an initial photon energy. T his delay as a function of redshift is:

s

p
Ej 1+ z 1.

0 1+ z

Hz)=" o 17)

Tn this case, the tin e-lag between photons am itted in one m om ent from
the sam e source Jﬂ;dlpemn;t hitialenergiesE o1 and E o, w illlbe proportional
to thedierence ™ Eg; E 92 ,and m ore energetic photons shoud arrive later,
also as in the rstcase. To nd o, We must com pare the com puted value
of tin e-lag w ith future observations. An analysis of tin exesolved em issions
from the gamm avay burst GRB 081126 [6]] showed that the optical peak
occurred (84 39) s later than the second gamm a peak; perhaps, it m eans
that this delay is connected w ith the m echanism of burst.

2.3 An in uence of graviton pairing

G raviton pairing of existing gravitons of the background is a necessary stage
to ensure the New tonian attraction in thism odel [/]. A s it has been shown
In the cited paper, the spectrum of pairs is the Planckian one, too, but
with the snaller tem perature T, 2 7T ; this spectrum m ay be w ritten
as: £(!,;T,)d!,, where !5 2! : Then residual single gravitons w ill have



the new spectrum : £ (! ;T )d! £f(!,;T,)d!,, and we should also take into
account an additional contribution of pairs into the tim e delay.
W e shall have now :
dr 1

dN ()= E(r) —2—D (5Tl £ Te)d!l2); (18)
c

and for pairs w ith energies 2

dE (2 )7 dr 1
dN (2 )= ——=E (r) ——Df(!,;T,)d!,: (19)
2 c 2
A fter a collision of a photon w ith a pair, a vjrwalphotonl[gv ill have a velocity
v, tv,=c= (E 2 )=(E + 2 ),andamassm,:m,c’=2 2E.
For the case of subsection 2.1, after collisions with pairs: E = 4,
h=8 ,and we get:

t(2 h=2 : 20
(2) =+ 2 (20)

T hen due to single gravitons and pairs:
dt ()= df( )+ dt@) dt( ) h=2 £ d—riD £(1,;T,)d! 5;
> E+ JE+2) c2 rernalan e
(21)

where dt?( ) is a reduced contrbution of single gravitons, dt( ) is its full
contrbution corresponding to formula (4). W e see that if one takes into
account graviton pairing, the estin ate of delay becam e sm aller. So as

E=E+ YE+2)! O

by =E ! 0;wehave for themaxinaldelhy in thiscase: 5, (r) ! & (r),
ie. them axim aldely is the sam e as in subsection 2.1.

R epeating the above procedure for the case of subsection 2.2, we shall
get: P_
tbr)= [+ (1 1= 2) (F=T)7%] t@x)’ 1028 t(r); (22)
where t, (r) takes Into account graviton pairing, and t(r) is described by
formula (16). In this case, the full delay is bigger on about 2:8% than for
single gravitons.



3 Conclusion

Because In this m odel the propagation tin e for photons as a function of
redchift is: t(z) = r(z)=c = 1=H n(l+ z), the ratio of the average tin e
delay of photons to their propagation tin e is equal approxin ately to 10 28
and doesntdepend on z In the rst considered case. T hisvery an allquantity
characterizes the degree of Lorentz violation in the m odel for the usually
acoepted m anner of the lifetin e evaluation. Even for rem ote astrophysical
sources tin e-lags w ill be of the order of tens picoseconds, ie. unm easurable,
and onem ay consider Lorentz symm etry as an exact one for any laboratory
experim ent. If the second considered case isrealized in the nature, one should
hitially evaluate the free param eter of themodel  ; from observations.
Som e prelin inary results of this work were used in my paper [8].

R eferences

[1] Liberati, S., and M accione, L. arX m0906.0681vl [astro—
ph HE ]]

[2] Gorelk, G . Studies in the history of general rebtivity. [Ein—
stein Studies,Vol. 3].Eds.Jean E isenstaedt, A J.K ox.Boston:
B irkhaeuser, 1992, pp. 364-379.

Bl]AmelnoCamelia, G. and Smoln, L. [arX iw:0906.3731v2
[astroph HE ]].

[4] Ivanov, M A . In the book "Focus on Quantum G ravity Re-
search",Ed.D C .M oore,Nova Science,NY , 2006, pp. 89-120;
hep-th/0506189], http://ivanovm a narod xu/noval4 pdf].

5] Ivanov, M A . J. Grav. Phys., 2008, V 2, No.2, pp. 2631;
arX w0801.1973v]l Thep-th]l.

bl Klotz,A.etal. ApJ Lett. 697 (2009) L18; [arxX 30904 .4786v1
[astroh CO ]I.

[7] Ivanov,M A . [grgc/0207006].

[8] Ivanov,M A . [arX w{0905.4028v]1 [physicsgen-ph]l.


http://arxiv.org/abs/0906.0681
http://arxiv.org/abs/0906.3731
http://arxiv.org/abs/hep-th/0506189
http://ivanovma.narod.ru/nova04.pdf
http://arxiv.org/abs/0801.1973
http://arxiv.org/abs/0904.4786
http://arxiv.org/abs/gr-qc/0207006
http://arxiv.org/abs/0905.4028

	1
	2
	2.1
	2.2
	2.3

	7



