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A bstract

The m odeloflow-energy quantum gravity by the authorhas the

propertyofasym ptoticfreedom atvery shortdistances.Thecharacter

oftransition to asym ptotic freedom isstudied here. Itisshown that

this transition is not universal,but the one obeys the scaling rule:

the range ofthistransition in unitsofr=E 1=2,where r is a distance

between particlesand E isan energy ofthe screening particle,isthe

sam eforanym icro-particle.Thisrangeforaproton isbetween 10� 11�

10� 13 m eter,whileforan electron itisapproxim ately between 10� 13�

10� 15 m eter.

1 Introduction

Recently,itwasshown by the author[1]thatasym ptotic freedom appears

atvery shortdistancesin the m odeloflow-energy quantum gravity [2]. In

thiscase,the screened portion ofgravitonstendsto the �xed value of1=2,

that leads to the very sm alllim it acceleration ofthe order of10� 13 m =s2

ofany screened m icro-particle.W hileasym ptoticfreedom ofstrong interac-

tions[3,4]isdueto theanti-screening e�ectofgluons,thegravitationalone

iscaused by the externalcharacterofgraviton 
ux and the lim ited rise of
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thescreened portion atultra shortdistances.In thispaper,Iconsiderhow a

transition occursfrom theinverse squarelaw to alm ostfullasym ptoticfree-

dom .Them ostim portantproperty ofthistransition isitsnon-universality:

fordi�erentparticlesittakesplacein di�erentdistanceranges,and theorder

oftheserangesisterribly farfrom thePlanck scalewhere oneusually waits

ofm anifestationsofquantum gravity e�ects.

2 T he screened portion ofgravitons at very

short distances

Figure 1:To the com putation ofthe screened portion ofgravitonsatsm all

distances:� isthe cross-section,S isa square ofthe sphericalsegm entofa

highth.

In the m odelof low-energy quantum gravity [2], the condition of big
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distances:

�(E 2;< �2 >)� 4�r2: (1)

should be accepted to have the Newton law ofgravitation. Iuse here the

notationsof[2]:�(E 2;< �2 >)isthecross-section ofinteraction ofgraviton

pairswith an average pairenergy < �2 > with a particle having an energy

Figure2:Graphsofthefunctions�(y)(solid);�(y)cl (dot);’(y)(dash).

E 2,r is a distance between particles 1 and 2. As it was shown in [5],the

equivalence principle should be broken at distances � 10� 11 m ;when the

condition (1)isviolated fora proton-m assparticle.Theratio

�(E 2;< �2 >)=4�r
2
: (2)

describesthescreened portion ofgravitonsfora big distancer.Forsm allr,

letusconsiderFig. 1,where R = (�(E 2;< �2 >)=�)
1=2,S isthe screening

area (thesquare ofthe sphericalsegm entofthe highth),and � isan angle

forwhich cot� = r=R � y.Then wegetforS :

S = 2�r2(1� y=(1+ y
2)1=2); (3)

and itisnecessary to replacetheratio (2)by thefollowing one:

�(y)� S=4�r2 = (1� y=(1+ y
2)1=2)=2: (4)

3

Би
бл
ио
те
ка

 БГ
УИ
Р 



Irewrite(2)as�(y)cl� 1=4y2;and Iintroducetheratio ofthesefunctions:

’(y)� �(y)=�(y)cl= 2y2(1� y=(1+ y
2)1=2): (5)

In Fig. 2,the behavior ofthe functions �(y); �(y)cl; ’(y) is shown. The

upper lim it of�(y)by y ! 0 is equalto 1/2;nam ely this property ofthe

function leadsto asym ptoticfreedom [1].

Figure3:Thefunction R(x)forthetwo cases:E 2 = m pc
2 (theleftlogarith-

m icverticalscale)and E 2 = m ec
2 (therightlogarithm icverticalscale).

In thism odel,thecross-section �(E 2;< �2 >)isequalto [2]:

�(E 2;< �2 >)=
D kTE 22x(1� exp(� (exp(2x)� 1)� 1))(exp(2x)� 1)� 2

exp((exp(2x)� 1)� 1)exp((exp(x)� 1)� 1)
;

(6)

whereT = 2:7K isthetem peratureofthegraviton background,x � �h!=kT,

�h! is a graviton energy,the new constant D has the value: D = 0:795 �

10� 27m 2=eV 2:The quantity R(x)hasbeen com puted forthe two cases(see

Fig. 3): E 2 = m pc
2 (the leftverticalaxis on Fig. 3)and E 2 = m ec

2 (the

rightverticalaxison Fig.3),where m p and m e are m assesofa proton and

ofan electron,correspondingly.
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3 A non-universal transition to asym ptotic

freedom

To�nd thenetforceofgravitation F = F2=2atasm alldistancer,weshould

replacethefactor�(E 2;< �2 >)=4�r
2 in Eq.(31)of[2]with them oreexact

factorS=4�r2.Then weget:

F(r)=
4

3
�
D (kT)5E 1

�2�h
3
c3

� g(r); (7)

whereE 1 isan energy ofparticle1,and g(r)isthefunction ofr:

g(r)�

Z
1

0

x4(1� exp(� (exp(2x)� 1)� 1))(exp(2x)� 1)� 3

exp((exp(2x)� 1)� 1)exp((exp(x)� 1)� 1)
� �(y)dx; (8)

where y = y(r;x) = r=R(x). By r ! 0,this function’s lim it for any E 2

Figure 4: Graphsofthe functionsg(r)(solid)and gcl(r)(dot)forthe case

E 2 = m pc
2.

is:g(r)! I5 = 4:24656� 10� 4 [1]. Because breaking the inverse square law

is described with this new function,it willbe convenient to introduce the

function gcl(r) / 1=r2 which di�ers from g(r) only with the replacem ent:

�(y) ! �cl(y). Graphs ofthese two functions,g(r) and gcl(r),are shown
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Figure5:Di�erenttransition to thelim itvalueofthefunction g(r)by E 2 =

m pc
2 (solid)and by E 2 = m ec

2 (dot).

in Fig. 4 forthe case E 2 = m pc
2. Forcom parison,graphs ofthe function

g(r) are shown in Fig. 5 for the following di�erent energies: E 2 = m pc
2

and E 2 = m ec
2.The functionshave the sam e lim itby r ! 0,butthe m ost

interesting thing istheirdi�erenttransition to thislim itwhen r decreases.

To underlinethisnon-universalbehavior,wecan com putetheratio:

�(r)� g(r)=gcl(r); (9)

which aim s to unity by big r. Graphs ofthis function �(r) are shown in

Fig. 6 forthe sam e energies: E 2 = m pc
2 and E 2 = m ec

2. Aswe see in this

picture,therangeoftransition fora proton isbetween 10� 11 � 10� 13 m eter,

while for an electron it is between 10� 13 � 10� 15 m eter. So as y(r;x) =

r=R(x)/ r=E 0:5
2
,itisobviousthatthefunctionsg(r=E 0:5

2
)and �(r=E0:5

2
)are

universalforany energy E 2 ofa m icro-particle.Thisscaling law m eans,for

exam ple,thatifdeviationsfrom theinversesquarelaw beginsforaproton at

r0 � 10� 11 m ,then fora particlewith an energy ofE 2x,thesam edeviations

appearatr0x = r0 � (E2x=m pc
2)0:5.
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Figure6:A non-universaltransition tothelim itvalueofunityofthefunction

�(r)by E2 = m pc
2 (solid)and by E 2 = m ec

2 (dot).

4 C onclusion

The considered m odelhasthe two unexpected properties: asym ptotic free-

dom and anon-universaltransition toit.Asdistinctfrom QCD,atverysm all

distances the attractive force ofgravitation doesn’t decrease when r ! 0,

instead,itrem ainsonly �niteand very sm all-butitslim itvalueisthem ax-

im alpossible one. Perhaps,itwould be betterto say thatgravity between

m icro-particlesgetsa saturation atshortdistancesin thism odel.
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