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A bstract

T he m odel of low energy quantum gravity by the author has the
property ofasym ptotic freedom at very short distances. T he character
of transition to asym ptotic freedom is studied here. It is shown that
this transition is not universal, but the one obeys the scaling rule:
the range of this transition in units of r=F '=?, where r is a distance
between particles and E is an energy of the screening particle, is the
sam e forany m icro-particle. T his range fora proton isbetween 10 !
10 '3 meter, whike for an electron it is approxin ately between 10 13
10 ° m eter.

1 Introduction

R ecently, it was shown by the author [1] that asym ptotic freedom appears
at very short distances in the m odel of Iow -energy quantum gravity 2]. In
this case, the screened portion of gravitons tends to the xed value of 1=2,
that leads to the very amall lin it acceleration of the order of 10 13 m =s?
of any screened m icro-particle. W hilke asym ptotic freedom of strong interac—
tions [3,[4] is due to the antiscreening e ect of gluons, the gravitational one
is causad by the external character of graviton ux and the lin ited rise of
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the screened portion at ultra short distances. In this paper, I consider how a
transition occurs from the nverse square law to alm ost full asym ptotic free—
dom . Them ost in portant property of this transition is its non-universality:
fordi erent particles it takes place In di erent distance ranges, and the order
of these ranges is terrbly far from the Planck scale where one usually waits
of m anifestations of quantum gravity e ects.

2 The screened portion of gravitons at very
short distances

Figure 1: To the com putation of the screened portion of gravitons at sm all
distances: is the cross—section, S is a square of the spherical segm ent of a
highth.

In the model of low-energy quantum gravity [2], the condition of big



distances:

(E,;< ,>) 4 r: 1)
should be acoepted to have the Newton law of gravitation. I use here the
notations of 2]: (E,;< 5 > ) is the crosssection of interaction of graviton
pairs w ith an average pair energy < , > with a particle having an energy
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Figure 2: G raphs of the fuinctions (y) (solid); (yv) (dot); ' (v) (dash) .

E,, r is a distance between particles 1 and 2. As it was shown in [3], the
equivalence principle should be broken at distances 10! m ; when the
condition (1) is violated for a proton-m ass particle. T he ratio

(Eyi< 5> )=4 r’: (2)

describes the screened portion of gravitons for a big distance r. For snallr,
et usconsider Fig. 1,whereR = ( (E,;< 5, > )= )2, S is the screening
area (the square of the spherical segm ent of the hight h),and isan angle
forwhich cot = r=R y. Then wegetforS :

s=2r1 y=(1+y)7?); (3)
and it is necessary to replace the ratio (2) by the follow ing one:
(y) S=4 £= (1 y=(1+y)7)=2: (4)



Irewrite (2) as (v)a  1=4y;and I introduce the ratio of these fiinctions:
"y) (v k=21 y=1+ ¥)T): (5)

In Fig. 2, the behavior of the functions (y); (yY)k; ' (v) is shown. The
upper Imit of (y)by v ! 0 isequalto 1/2; namely this property of the
function leads to asym ptotic freedom [1].
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Figure 3: T he function R (x) forthe two cases: E, = mp02 (the left logarith—
m ic vertical scale) and E, = m & (the right logarithm ic vertical scale).

Tn thism odel, the crosssection (E,;< , > ) isejualto 2I:

(E, ;< >)—DkTE22X(l exp( (exp(2x) 1)))(exp(2x) 1)?
T exp((exp(2x) 1) ')exp((exp(x) 1)*') ’
6)

where T = 2{/K isthe tam perature of the graviton background,x  h!=kT,
h! is a graviton energy, the new constant D has the value: D = 0:795
10 ?'m?=eV?:The quantity R (x) has been com puted for the two cases (see
Fig. 3): E; = m & (the keft vertical axison Fig. 3) and E, = m.& (the
right vertical axis on Fiy. 3), wherem , and m . are m asses of a proton and
of an electron, correspondingly.




3 A non-universal transition to asym ptotic
freed om

To nd thenet force of gravitation F = F,=2 ata an alldistance rr,we should
replace the factor (E,;< , > )=4 r? in Eq. (31) of 2] w ith the m ore exact
factor S=4 r?. Then we get:

4 D (KT )E,

F(r)= 3 T e g(r); (7)

where E; is an energy of particle 1, and g(r) is the function of r:

1 x*(1  exp( (exp(2x) 1F))(exp(2x) 1)°3
dx; (8
I T am(er@x) 1) ep(ent 10 )i (8)

wherey = y(r;x) = r=R (x). By r ! /0, this function’s Im it for any E,

gr).g.(n

Figure 4: G raphs of the functions g(r) (solid) and g (r) (dot) for the case
E 2 =1 pC2 .

istg(r) ! Is = 424656 10 [1l]. Because breaking the inverse square law
is described w ith this new function, it will be convenient to Introduce the
function g.(r) / 1=r? which di ers from g(r) only with the replacem ent:

(y) ! «(y). Graphs of these two functions, g(r) and g.(r), are shown
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Figure 5: D i erent transition to the lin it value of the function g(r) by E , =
m & (solid) and by E; = m .& (dot).

In Fig. 4 orthecaseEy; = m pc2 . For com parison, graphs of the function

g(r) are shown In Fig. 5 for the follow ing di erent energies: E, = mp02

and E, = m .¢. The functions have the same linit by r ! 0, but them ost

Interesting thing is their di erent transition to this Iim it when r decreases.
To underline this non-universal behavior, we can com pute the ratio:

(r) gx)=a(r); 9)

which aim s to unity by big r. G raphs of this function (r) are shown in
Fiy. 6 for the ssme enargies: E, = m & and E, = m.c*. Aswe see n this
picture, the range of transition for a proton isbetween 10 ' 10 * m eter,
while for an electron it is between 10 ** 10 !° meter. So as y(r;x) =
r=R (x) / r=EJ®, it isobvious that the functionsg(r=E J”) and (r=EJ”) are
universal for any energy E, of a m icroparticle. T his scaling law m eans, for
exam ple, that ifdeviations from the inverse square law begins fora proton at
Yy, 10 m ,then ora particle w ith an energy of E ,, , the sam e deviations
appearatrp, = rp  (B=m & )°7.
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Figure 6: A non-universal transition to the Iim it value ofunity of the fiinction
(r) by E; = m & (solid)and by E, = m & (dot).

4 Conclusion

T he considered m odel has the two unexpected properties: asym ptotic free—
dom and a non-universaltransition to it. A sdistinct from QCD ,atvery snall
distances the attractive force of gravitation doesn’t decrease when r ! 0,
nstead, it ram ainsonly nite and very sm all-but its lin it value is the m ax—
m alpossible one. Perhaps, it would be better to say that gravity between

m icro-particles gets a saturation at short distances in thism odel.
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