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theory of poneron interaction is considered with the
aid of the rt"ong-co,rpl.ing nethod [2] and the e-expansion nieih<id [7].

The reggeon field theory [1] enables us to represent the hadron interaction anplitudes at

ultrahigh en6igies in the form of a sun of reggeon diagr'arns, in which integrations are carrieo
out with tespe-t to the transverse nomenta k., transferred through the regions, and the loga-
rithrn of the energy 6; supplied to the givefi '  virtual reggeon. The pararneter of this diagran

expansion is the [r.rantity i2E, where ir is the reggeon interaction constant, 6 = ln E, and

E is the input energy.

Gribov and one of the authors have shown [2] that two types of solutj.ons are pogsible
asymptotically at r21 ,, 1. One of thern correspottas to the scile invariance of the]poneron
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Greenrs functions, the poneron fidld being ascribed an anornalous dimensionality deternined by
the interaction. the second variant, called weak coupling, corresponds to vanishing of the
constant r and seerned to the authors of [2] preferable from the point of view of s-channel uni-
tarity. A thorough study of this hypothesis (weak coupting) has shown that in this case four-
lreggeon interaction [4] and enisiion of Balticles by a,pomeron [5] should also be forbidden,
and all the interaction cross sections o*l/(r = @) = gf of the different hadrons should be
equal [6], etc. None of these hindrancei"follow frorn ihe theory in natural fashion. We have
therefore investigated the forgotten alternative of strong coupling as 6 + * (see also [3]).

We made no assunptions whatever concernjng the Reggeon constants, and applied .,o the
reggeon Lagrangian Wilsonrs e expanSion [7], which is an effective nunerical nethod accurate
to within several per cent in the analogous problern of phase transitions.

In our case this rnethod reduces to a generalizaLio,r of the theory to a non-integer dimen-
sionality d = 4 - e of the space of impact pararneters, and expansion of the equations of the
renormalization group in e. In this article we sunmaiize the principal results, and the detaifs
wi l l  be publ ished later  [3 ]

We have corroborated the scale invariance and have observed that it agrees with the uni-
tarity conditions and with reggeon perturbation theory. The e-expansion yields the following
relations. The scattering arnplitude T(s, t) at the asynptotic energy is given by

I
- T ( s ,  t )
s
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(A is the dinensional i ty of. the poneron f ield),  26
are certain scale factors. The uniyersal functioi
can also.be expanded in powers of e:
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e ? 6 6 1 = l +

the Euler constant. This function is shown in the figure.

cross sections increase Like

o t o t  =  g 2 z o { r  ,

cross sect ions decrease l ike
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The total

and the  e las t i c
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where

The inelastic amplitudes are characterized by an additional exponent 6, which is the dynarnic-
dirnensionality of the operator of the transition of two regions into particles, U = U+U ̂ , E-ti
The eorresponding cross sections for the production of n + 2 particles decrease like

(e)

(10)

9F)et

with
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The e-expalsion yields for 6 and B

, d

The inelastic cross sections are mrch snaller here than in the nultireggeon model [5], owing to
the screening of the vertex of the particle emission by the poneron.

The,non*enhanced vertices N. are also screened and lead to small corrections which do not
give here for lack of space, and iv'hich are asymptotically inessential.

The suppression of the reactions wi,th production of a definite nurnber of particles neans
that the nultiplicity increases with energy. Using the method of Abranovskii, Gribov, and
Kancheli [8], we can find the renorrnalized spectnrm and the renormalized nultiplicity in the
forn

oro, (l)o2ot (€ - y)
.  p ,Zo l  y ( l  -  Y lg l f l  , ( 1 3 )

t 2 r ro r (  € )

i ! = = p o z . B ( l + | � ,  l + 1 )  f  
l i f ( 14 )

The first expression is valid accurate to decreasing non-enhanced corrections to oaor, while
the second is valid only in the strong coupling l imit, 85 { -+ o' we now consider hadron scat-
tering at the now existing energies.

It is possible in prfnciple that strong coupling and scale invariance take place already
at  ISR energies,  i .e . ,  a t rJ  6, !  lO.  I t  woul .d be of  great  in terest  to  conpare the developed
theory with the corresponding experimental data.

In this respect, however, we are pessimistic and believe that three-pomeron interaction
is more l ikely to lead to small corrections at the attainable energies. Estirndtes [10] of the
three-pomeron constant r on the basis,pf tne ISR data [9] yield a vaLue t[y'o' * L/I}, so that
the expansion paranetet rz/4at is gbf,t ltr{\an the fine-structure constant.

The corresponding enhanced correctionl):to the total cross section increases Zeo at the
ISR energies.

The contribution of the non-enhanced graphs

x . N ! f i Y 'A,o=  Im Q = -  
# t t  A ro -  I ' ! *  t 'Q :  -  r , $nE  ( r s )

can be predicted by using the value Nz = 1.392, qhich was obtained tl l ] for tfre NN interaction
fron data on d i f f ract ion product ion of  par t ic les,  and gz = S(GeV/c)- ' [12] .

The first term2) A1o yi-elds a 4% increase of or., at ISR energiesl) q tu 10, whereas the
second terrn yields a l ike decrease of otot, so that ih6 effect vanishes.

Assurning that the rernaining corrections are even srnaller, we arrive at a 2% increase.of

rnt 8t ISR energies, owing to the enhanced correction, whereas the l-atest data yield a 10%
iiEiease. We hope that the subsequent experinents wil l make the situation clearer. We note
also that our estinates of the non-enhdnced diagrans at contetnporary energies are not quite
rigorous, since we do not know the nultireggeon interaction constants.

D = 2 - l * 0 1 . 2 \ * 1 / 3 ,
3

p =  1 -  ( / 4 +  0 ( r 2 )  =  l / 2 .

( 1 1 )

tL2)

drY

E -  P "

?+.

I )  ne.used throughout  6 = 6o *  ln(s/so) ,  where Eo = Rz/a '  taLes in to account  the f in i te
radius of the pomeron vertex; here sg =^2 GeVZ, and for the NN interaction [12] we have
R 2  =  1 . 9  I  0 . 3  a n d  o ' =  0 . 4  i n  ( C e V / C ) - 2 .

'JTogether with the analogous contribution of the nultiponeron non-enhanced graphs [10].

149



t l l
1.2)
t 3 l

V .  N .  G r i b o v ,  Z h .  E k s p .  T e o r  F i 2 . 5 3 , 6 5 4  ( � 1 1 6 r l  [ S e v .  P h y s . - J E T P  2 6 , 4 t 4  ( 1 9 6 8 ) ] .
V .  N .  Gr ibov  and  A .  A .  M igda l ,  Yad .  F i z .  8 ,  1002  (1968 )  [Sov .  J .  Nuc .  Phys .  8 ,  583  (1969 ) ] .
A. A. Migdal, A. M. Polyakov, and K. A. Ter-Martirosyan (in press, submitted to Phys.
Let t .  in  August  1973).

t 4 l  V .  N .  Gr ibov  and  A .  A . ,M*Sda l ,  Zh .  Eksp .  Teo r .  F i z .  55 ,  1498  (1968 )  [Sov .  Phys . - JETP
2 8 ,  7 8 4  ( 1 9 6 9 ) 1 . ,

t s l  I .  A .  Ve rd iev ,0 .  V .  Kanche l i ,  S .G .Ma t i nyan ,  A .  M .  Popova ,  and  K .  A .  Te r -Mar t i r osyan ,
i b i d .  46 ,  1700  (1964 )  [ 19 ,  1148  (1964 ) ] .

t6] V. N. Gribov, Proceedings 1fruay), 16th Conf. on High Energy Physics (in Russian),
3 ,  1 4 9 1  ( 1 9 7 3 ) .

l 7 l  X .  C .  W i t son , .Phys .  Rev .  Le t t .  28 ,  S4S  (1972 ) ;  Phys .  Rev . ,  L973 .
t8]  B.  A.  Abranovski i ,  V.  N.  Gr ibov,  and O. V.  Kanchel i ,  Proceedings (Trudy) ,  16th Conf .

on High Energy Physics 1,  389 (1973).
t g l  M .  G .  A lb row  e t  a l . ,  Nu f l .  Phys .  851 ,  388 ;  B54 ,6  (1973 ) ;  M .  De r r i ck ,  Repo r t  a t

International Seninar, Dubna, 1973.
[10]  A.  B.  Kaidalov,  Yu.  F.  Pi rogov,  N.  L.  Ter- Isaakyan,  and V.  A.  Khoze,  ZhETF Pis.  Red.  17,

626  (1973 )  [ JETP Le t t .  L7 ,440  (1973 ) ] ;  A .B .  Ka ida lov  and  K .  A .  Te r -Mar t i r osyan ,  Nuc l .
Phys .  ( i n  p ress ) .

[ 11 ]  A .  B .  Ka ida lov ,  Yad .  FLz .13 ,  1971  (1971 )  [Sov .  J .  Nuc .  Phys .  13 ,  226  ( I 97L ) ]
l l2l K. G. Boreskov et al., Nucll Phys. B40, 307 (1972).

E R R A T A

In the ar t ic le  by V.  A.  Gr ibkov et  a1. ,  Vol .  18,  No.  9,  p.  319,  the nunerator  of  the
fract ion in  Eq.  (1)  should read t t2 IO" and not  "2T0. t '

In  the ar t ic le  by Yu.  I .  Abrashi tov et  a l . ,  Vol .  18,  No.  11,  the fo l lowing mispr ints
should be corrected:

1 )  on  p .  396 ,  t he  t i ne  marke rs  i n  F ig .  1  shou ld  be  tagged ' r50  nsec t rand  "100  nsec , "  no t
i l50 nsecrr and it l^00 nsecrrr

2) on p. 396, l ine 30, read "The dependence of the per unit length energy content"
instead of trThe y'ependenbe of the per unit energy content,r '

3 )  on  p .  397 ,  i n  t he  cap t i on  o f  F ig .  3 , . add :  " c  -  p l asma ,  n  "  5x1013  a r -3 , '

4)  on p.  397,  l ine 11,  read: . i lAt? larde p lasna densi t ies (n> 10r3 " r -3; r r  instead of
' rAt  large p lasna densi t ies (n = 1013 cm'3)  t t  -


