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ABSTRACT. -

By assumj.n g covariance of physical laws under (discrete) dilatations, 
it seems possible to describe strong and 6'ravitational interactions in a 
unified way. An Einstein-type e quation with "cosmological" term is fAr 
instance suggested for strong field inside hadrons, which yields - am011g 
other thingR . a classical quark confinement in a very natural way. Fur­
ther conRequences are briefly discussed . 
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When electromagnetic phenomena, besides the 111echanical ones, 
were properly considered, it was nec.essary to pass from Galilei R.E': 
lativity to Einstein's. One might now wonder whether - when investig.§l. 
ting also nuclear fore es - another generalization towards a new Rela 
tivity is necessary. 

Let us observe that the symmetries of Maxwell equations have not 
"8en fully exploited by Special Relativity. Namely, Maxwell eqs. are 
known to be covariant (besides under Poincare transformations) even 
under conformal trar;".:ormations(1) . As a fi·rst step, let us fix our at 
tention in particular on the dilatations. 

X I - n - _ XII 
11 c" 

(1) 

~nc; pustulate that physical laws are covariant (= invariant in form ) al 
so under dilatations (1) . We are supposing that in nature only discrete 
values of Q happen to "ave physical counterparts(2) 

At this point, let us remember that: 

1) For gravitational and strong interactions, respectively, we meet 
the dimensionless coupling-constant - squar es 

2 
Gm ,., 1. 3 x 10- 40 
m.c (2a) 

(2b) 

where: (i) G and N are the gravitational and strong universal constants 
in vacuum, respectively; ii) quantities m and g represent the gravitati.':l. 
nal charge (=mass) and the strong-charge of a hadron (ef. the following). 
The value in eq. (2a) is calculated for the pion mass m=mn;; in eq. (2b) 
we typically used the value of ppn; coupling-constant square . Inciden­
tally, with regard to the above expression "strong-ch~rge of a hadron", 
let us (;onsider quarks as the a ctual sources of stron!; field, i. e. the true 
carriers of strong-charge, and let u s call "colour" the sign of quark 
strong-charges. Namely, the hadrons can be considered as carrying ze­
ro total strong-charg e, each quark having a strong charge g. =s. !g'I .­
where };i si= O. Quantities si play the role of the strong-char"ge lsigns, 
but (instead of being i 1, or -1) they can e. g. correspond to the numbers 

13 i fi i 
S =--+- S = +-- +-

i 2 2 . 2 2 2 
s = - i . 

3 ' 
(3) 
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in such a case, antiquarks would possess one the following str'ong-cha£ 
ge signs: 

lSi - A/3' i-s =s +s =+/L.::: _ _ . S =s +s =- - --' s =s +s =+i (3 ' ) 
I 2 322' 21322' 312 

as one can easily guess by depicting the strong-charge signs on the C,)~ 
plex plane. Usual strong-int eractions should then derive from forces of 
Van-der-Waals type(3). In conclusion)n corr espondenc e to 9uantity m 
of eq. (2a ), in eq. (2b) we ought to h ave the quantity g=! g ' l +lg'l =2 1 g'l. 
Analogously, for a baryon we s hall have g ~ 3g , wher e g is the avera -
~ modulus cf the constituent-quark charges. 

o · 0 ---

Let us go back to eqs. (2) and call 

Gm 2 . -41 
e " "Ng2'" ~ O. 9 x 1 0 ( 4) 

With regard to e qs. (2), (4), if we assume g;o;m, then we get 

-' 41 30 3 -1 2 1'1 c 
H=Q God . 1 x 10 G~ 7 x 10 m kg s ~ 4rr--

2 
(5) 

m" 

£onversely, if we choose units such that LNJ = [ GJ a:d N=G= I, then 

. 1'1 1 _ m - -33 -5' j~ c "PI k g = -;- g - .c::<- 5xlO cm'" 8xlO gr e:!. rr --:~ anc -mass, 
2 "Ie . A G (6) 

r:¥l'2{;if' where eq. (6) tells us, by the way, that Planck mass~ --;::----::::! m ,V [J 

i s nothing but the quark strong-charge (in s uitable units): We don' t e x ­
pect, ttereful'e, existence of small black-holes with mass of the order­
of Planck-mass, since we have already badrons(4) with strong-charges 
of the order of Plailck-mass, in suitabl e units; 

2) If R(U) ~ 1 026m i s our cosmos radius and r(h) i s the hadron (pion) r~ 
dius , then( 2) 

(7) 

The previou s heuristical considerations, contained in 1 ) and 2), suggest 
that our cosmos and hadrons (typically, pions ), .. both considered as fini­
~ objects (see t h e following) - can be systems internally governed by si­
milar laws, differing only for the scale-factor (lwhich carries H(U) into r(h) 
and gravitational field into strong field. We are led to assume: 

A) inside our cosmos, the E instein eqs. (with cosmological term) LG= I]: 

1 Q 8rr mGc 2 
R,uv- 2' g,uvRe - Ag,uv = -~ T,uv; 2A ~ (~) (8) 

, 
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for the gravitational case; and 

B) inside hadr,on~, the "scaled" Einstein eqs. [N = G = 0 
'" 1 9N RQ '" R,u1' - 2 !i'v Q - I-I g~i1J - -

In,,,c 2 
2H=I,-"'-) . \...11 I (9) 

for the strong case; whe're dimensional considerations (or, rather, 
conformal relativit/ 2 6)) easily s how that H" Q-2A , and mC= m~. 
Moreover, the strong- charge tensor S,LVllis essentially S =Q-ITp.v~ 
where Tf1.v is the ordinary matter - tensor (containing e. g . the Dirac 
spinor s, e:c.) . If ,:,~ require gravitational interactions to have a ran ­
ge of the order of R(D), then(2, 6) we get a graviton-mass m,,:: 10- 68k cr 

'..r '" 
and a cosmologIcal (attractive) constant A", 10- 56cm - 2. Further-
more, we C2.n get the strong -qu anta (gluon) lYlasstobe rn~ :;t Q-l10-68 

-kg ~ mn: and the "cosmological" hadronic-constant 11 tO~De glv en by: 

-1 2 A - I -25 2 
H "IJ -:::: 10 cm (10) 

It is also straight1v!'ward(2 ) to derive for t he mass ' M of our cosmos 

-2 54 
M" Q m ~ 10 kg (11 ) 

in fair a greeoment with the astrophysical data (.notice that the well­
known Weyl-Eddington--Dirac "numerology" can be systematically 
derived - mutatis mulandis - within our "dilatational-covariant Re 
lativity"(2)) . Consistently ;"ith Ein.;;tr;lh eqs . (8), - with attractive -
"cosmi~al. (cosmological.) term", - we c<>.n assume for the space-part 
of our cosmos (time aside) the simple model of the 3-dimensional hy ­
persurface of a hyperspheore(:t ). An8.logo11s1y, eqs . (9) are consistent 
with the same model for hadrons too, We can extend Mach principle 
inside hadrons ("strong universes "), so that the inertia of each ha­
dron-costituent (parton) will coincide with its strong-char ge(+) : in 
thi s way , the Equivalence Principle results extended to the hadrons 
interior, justifying the present geometdzation of strong field in ha ­
drons. 

Let us now find out the exact solution of <eqs . (9) for a spherically 
symmetric strong - charge distribution. In the stationary(and small 
speed) case, the geodesic equation for a (small) hadron-constituent 
g linvacuum is [i,j =1,2,3; N=lJ 

(x) Embedded - if you like - in a "fictitious" four - dimensional space E4, 
The problem of the intersections (which are 2-dimensional sph erical 
surfaces) of hadrons with our cosmos will be considered later. 

(+) And not with its gravitational mass (unlike what happens in the 'gravi­
tational universes"), 
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2-> 2 2 -J 

~ =_~ (1-~ + Hr )(1.Ro. + 2Hr ) ..:. 

d t
2 2 2 3 c2r2 3 r 

cr' 
( 1 2) 

wher e go=== lg' 1 +1 g'l = g i s the (remainin g) source strong-charge. 

It is immediate to recognize that , for large distances (r", r(h)), in 
t h e case of "weak" fiel ds (gf..l-v "'- 7) ) we get from eqs. (9), (1 2), 
[ N= l; [N]=[GJ} {L v 

d
2r 

dt 2 === (- r ~ ~ 1 Ferm~ ( 13) 

and therefore t h e confining force for any parton gl: 

c 2H l- SNg 1/3 ~ F "'-gl-
3

- rw r r% (~) ::::.r(h)J (1 4 ) 

We have t hus in a natural way a confining potential V ,,; r2 of Nambu­
Par i s i type('?). Not i ce, however, that - s i nce quarks are not small con 
stitu ents - "ur eqs. (13 ,.),(14), and (16) in the following, hold only app~~ 
ximately fo r quarks. 

If we eliminat~ the "weak " fi eld condition, t h en for large enough V:J,­

lu~s of l' weget LN=lJ : 
2 2 

d r~Hr H r 1- ~ 
--;;- -9- +-3- + . . . , { > r(h)J (1 5) 

so that, wh en the hadron starts deforming (e. g. under the effect of hif,h­
energy ('olli::;:ons), the partons and the quarks - finding themselves with 
r> r(h) - will suffer an even stronger confining-force : 

2 H2 r 3 II r L- ] 
- F'" g 1 c ( 9 + -3 + .... ), r > r(h) (1 G) 

proportional to _ r 3 

The problem of strong interactions between two h~drons requires ho~ 
ever considering the intersection of hadrons with our cosmos: s uch inte£ 
s 'ections being 2-dimensional spherical surfaces. The modified E instein 
equations (in our cosmos) representing - ~vithin a "bi-scale theory" - the 
defor med space-metric in the surronding of a hadron will be considered 
elsewhere , when more details will be given also about the content of this 
l etter. H~I'e, let us anticipate only the following : ~) if we put g{LV = ggJav +h,uv' 
where g~Jav ~ 7),uvand hf.tV --I> 0 for r .:;,> 1 Fermi, then we sl:..all get in th,e 
stat i c limit(2) the Yukawian behaviour hoo:::: - (2g/ c 2r) exp L- (mSc/h) rJ ; 
(ii) if we consider the intersections of hadrons with our space (which are 
what we call "hadrons" tout court), in the case of spherically- symm etric 

7 r' • 

::,. .. " 
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(2) . 
strong-charge distributions the calcu lated "strong Schwarzschlld 
radii" appear related to th~ experimental hadron-r a dii i n st:'ong in­
teractions: for instance rk) =0. 8 Fermi for nucleons and r~:;k,l. 4 
... . f . I I • t th ,. < <, . ' '" 5 ?) , 'erml or plOns. n sue 1 a con cex e 's cl'ong eve nc-110rl ZO!1 \ ,~ 

pl ays for hadrons the same 1'ole of t h e MIT "bag"(;<:). 

At this pOint let us add that our classical confinement can be viola­
ted by quantum effect s so as e. g. Hawking ' s (the "Hal!'king temperatu­
~, ,," for a " strong black-hol.e " (;<:) call be of the order(2) of T=2x1 all OK, 

corresponding to an evaporation time of At", 1 0- 23;" unless stability is 
imposed by Bohr-type conditions(2)). 

In any quantum theory, however, qU8Tks can be again "tctally" cOE 
fined by ' associating: to their classical (Schwareschild) horizon a suita ­
ble barrier of selection-rules and conservation-laws. 

One of the authors (E. R ) is grat eful to V. De Sabbata, A. Papapetrou , 
D. W. Sciar:18. J . A. Wheeler and particularly to B . Bertotti, C. B err i,tta and 
P. Castorina for stimulating discussions . He I'!.lO r eOVer acknowledges a 
fellowship Accademia Lincei / HoY<l1 SOciety and than'Ks D. E . Blackwell for 
the hospitaJ; '.y received at the Dej)a:-tment of Astrophysics, University of 
Oxford, d:';i':ng the preparation of this work. 

(~~ inside our cosmos (i. e . . in our space) hadrons can be considered as 
"strong black-holes"(5, 2). It has been recently shown that black­
holes can carry further quantum numbers (besides mass, charge, 
spin). 

I 
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