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1. Introduction
The Reggeon field theory (RFT) has been first formulated
in the works of Gribov and Kigdal [1'3] . Later on the field

theory techniques has been used to calculate the critical ex-

_ponents of RFT in infrared limit [4-12] hich define the be-

haviour or pomerol propagator at asymptotic energies.

411 these calculations were carried out in a space with
8 dimension D=‘L|'— € after which .the expansion in p'owers
& =20 was made ahd'later it was necessary to carry out an
analytical continuation to the physical value £€=2 ' . 1t
has however turned out that in RFT there is no analyticity in
6 . Several works were devoted to the analysis of this question.
Por example, in refs. [7’8]'the general structure of perturba-
tion theory diagrams contributing in the proper self-energy
part of pomeron was discussed. In the general case the inter-
action betwgfen pomerons will leed to the shift of their inter-
cept. This may be compensated by adding a counterterm renorma-
lizing the intercept directly into an interaction Lograngian,
Just like adding a mass cou.ntert_erm in usual field theories.

Mhen .the pomeron intercept is below unit, ope may so.choase 8.
3
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counterterm that the invercept tokes its physicel vavue. tHow-

"ever, vhen the intercept lies above unit, a branch point emer:

ges in the counterterm at the zero value of‘couplin{; conatant,
winich mokes the intercept renormelization in each order of
perturbation theory impossible. snother difficulty in the per-
tur’bution theory is the fact that when the pomeron intercept
tends to unit, already in the one-loop approximation in the
propagator there appesrs a tachyon (& pole in ,j-plané right
of unit). This false pole vanishes only after summing an infi-
nite number of diagrems. I}; is shown.in this work that one cun
avoid all the ubove difficulties if E°= zn.(Ma/S.) = 2
reggeon production thresholds are introduced in RFT. &s shown
in refs. [13’14] s in the reul Reggeon theory there should ne-
cessarily exist thresholds which are defined by the rapidity
minimun possible difference along the reggeon, lower which it .
is impossible to speak about a reggeon. as shown in rei‘s..[15’19.-
the consideration of thresholds nust not affect the asymptotia
behaeviour of critical exponents, but their introduction proves
to be useful for cé.rrying out a smooth matching of perturba-
tion-theory and asymptotic solutions. Besides, they facilitate
the carryiné out of perturbation theory calculations at D=2
elimina.ting the ultraviolet divergences of the theory. And
finally, the most important thing, they will result in the
fact that the & -expansion becomes analytical even at € =2

and & simultaneous limiting transition to &€ =2 and E—~ O

becomes possible.
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2. Perturbation theory and analytical continuation in §

in RI'? reggeons are treuted as quasi-particles consistent

with the following equation of motion

>a
E=1-dco(-K), (1)
where F ={-— J’ and o, (- R) are the bare trajectory
function of the reggeon. It is commonly assumed that the pome-

ron bare trajectory function is linear and hag the form
-] ) =2
do (’K ) = d ( O) = do K. : (2)

Theu, accordipg to [1"3] , the free Lagrangian density is given

in the form _
2.0 7 KEY) 58 E Y TR GYTREY-

. - N (3)
-8, (x, 1) b (%, t).

Here \.Po(;(., t) is the pomeron bare field and §,= 1-ol, (0)

is the bare shift of the pomefor_z intercept. The density of the

interaction Lagrongian is nonhermitian and is taken in the foﬁn

2 (1) 3 LW F % (GO W (B Y]
. (4)
+8aY, (X, ¥ (X, t),

where T, is the bare triple-pomeron vertex, 6A 1is the
intercept renormalization counterterm and it must have a struc-
ture to enable the shift of thé intercept ) o Lo preserve
its physic‘a.l value.

Further on we shall need for comparison the resylts ob- A
tained in refs. [7’8] without consideration of the pomeron pro-

luction thresholds. Therefore, in order to make the presenta- !

?
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tion complete, we shall give in the next chapter, along with
jur results, the besic results obtained in refs. [7’8] at §,=O
We want to construct the Green function G."'m(E, , R"‘)
for N -incoming eand M -outgoing pomerons. Each separate
. . . . . i nm ~ . .
Feynman graph making a contribution in G (E; Ki) is defin-
)

ed in asccord with the following rules:

1. To each pomeron with the momentum K and energy E
corresponds n bare propogator
-1
. . t -.a .
G (E R =i[E-oy K>-8+iE] . (5)-
2. For each triple-pomeron vertex put a factor of
(D+1)/2
./ (27) . (6)
3. Por cech intercept renormalizuation counteterm put a fac-

tor of (8§ A

4. Bach two-pomeron loop with both momente in the sane
iirection 1is rmultiplied by ).

5. Energy and nmomentum et =21l the ver;tices‘ ere conserved.

6. Integration Id‘an E . is carried out round each -
closed loop. '

Let us start with the study of the pomeron propagator

structure in the perturbation theory. We have

ey, . oM 2y e 2
il (E,6%)=iG (E,K%) =E-d K -8, Z(E K+ (T
| +8A
wnere Z (E, Ka) is the irreducible proper self-energy part

of the pomeron. A lower order diagram of perturbation theory

contributing in 2. (E , Ka) hus the form



Za(E,’é) = E,K E. K : (8)

accoxrding to the above rules of Reggeon diugram technique we
have

SRRt e dedE [E-oL k%6, +i€] -

(@m= (9)

’ ’ - -.'2 -"
c[E-E- o (K-K) -8, +i€]
Integrating by E' and substituting the variable we shall have

£, K?)=- ¢ K .. (10)
Z ( ) aﬁ-\D J[ E dg K '28 - 2 ) ! 12
20

Por a further integration the dimensional regularizution

should be used. All the further occuring integrals are deter-
mined at € > 2 . After carrying out the integration the an-
swer holds for every value of € that we are interested in.

FProm [20] we have

L qPep e p2leN r(N-D/2) (113
qu[Aq+B] B )
Substituting (11) in (10) we shall finally obtain
I- 1'5 2
Za(E,K‘)=c'7.f ('got. K+ 28, - E) / (12)
where

f(-1+€e/2)

2(8Tds )0 (12)

From the requirement that the pomeron intercept should remain

in od{0) it follows obviously that



F“(S., 0)= 0, . (14)

which leads to the condition
2 1-&/e
§A,=C. (26.) + S, (15)

Kany of the difficulties of perturbation theory arise already
in the one-loop approximation. Let's first of all mention that
the limits 8¢ —*~Q and & — O do not commute. Indeed at &§,=0
and &€ > @ it is iapossible to choose such a § A, that eq.
(15) be satisfied. Besides, if we substitute the obtuined so-
lution (15) in eq. (7), it will turn out that it has two more
false solutions for equation
r“'(,0)=0 (16)

one at £ <28, , when (280)&/a< (—1+ 6/2 )czi and a
sccond one at E <« O when (aSo)E'/a< -C.'Z.:'(a'-t/E 1) The
second solution corresponds to a tachyon, i.e. to a pole in
J-plone lying right of jJ = 1. It was shown (see e.g.{jgl) that
such 2 tachyon is absent in the complete perturbation theory
solution of the field theory. However its presence in the one-
loop approximation points to the fact that the tendcncy'5;-’-0
sihiould. be carried out with great care. In the higher orders of
periucbation theory there will appear tachyon-tachyon and
tachiyon-pomeron cuts and only after summing an infinite number
of such diagrams the tachyon pole will vanish from the completie
solution,

Let's see now what will change in this picture after
introducing a pomeron production threshold Eo , after, follow-
ing refs.l33’19] s taking it into account. Then the rule 1

of the above remgeon diagram technique (RDT) will have the

8
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following form:

—fn
1. To each pomeron with the momentum K and energy E

corresponds a bhare propagator
EO(E'So‘d;Ka)
11 e
G° =1 —— . (17a)
E_’so'doK + L&

Lind, besides, the complete non-renormelized inverse propagator
of the pomeron will look like

-§ (E-8,~4cK%)

(e kY= (E-8.-dik) @ +84-L (E, k%), Q7o)

At the same time in the theory there will appear new dimen-

sionlesz values

§u=—§oEi §K=§°d; KEs ES: §°8. (18)

According to the new rule, the diagram (8) will be written not

in the form (9) but in the form

) B . , 2 o -2
2 EHe- 172 (dK'dE exp{E [E~ 280 - ko (K'+ (K=K (19)
) = ] N T = .

e 2(2MP*t | (E'~AoK'*-8,+i&)(E~Eq -k (K- K') % 8o+ik
Integrating by E’ and making the corresponding substitution
of variebles we shall obtain

1 4" 2 L
v Bl(Er28eg oK) B -2 K,

- D ) (20)
2(2m) | J2S8,-E +do( K™ 2K)

To use the dimensional regularization method we shall now need

instead of the integral (11), the integral

3
b} -ZK \ D
d ke Dfe )-Bfep-N+3 4 ¢ D D.,;. 28y (21)
Jmﬂﬁ AT R (g Nz SR,



where Y (@, b X) is the secgnd type confluent hypergeometric
function. Using (21) we shall obtain

. . Eo(E 280~ S otiK’)
e (B, e(sﬂa;)wa

D _
(25.-E+ L aokH)E .

RICIE §.(26,-E+ g k). @2

The function qJ et D = @ nmey be presented in the

following form

) D . = -2 =
‘P(E»?; X) < r( (= 1);")-— (23)
b SRRy
(=1 X i (-1) K
(2.- )![e EL(-X) — Ty K ]
e
Substituting (23) in (22) we shall obtain
D/2
: -EX 1-gf2 (-1)
Z, (E,Ka)z-Coe— X —(—"‘é—‘i _
® -3 (24)
2.> K \
. (-1) K.
E X = B * }
{Q' ‘( go ) & \EQX)K 1 ’
where
22 :
Co= 2 (8T, )R D=4-¢ (2'§)
4 ]
X=25,-E+5d,K". | (26)
The direct culculations at JJ= 2 and '§'° = 0 ' give
D22
Za (K) Ea) = 16de. (A/X) (27)

where A is the cut-off parameter at integrating ‘by the trans-

10




{ered woimentwa in the integial (10). inen Eu #0 , at D=2

we obtain
D= "(a .
z, (&, K E.) = s, Bi(-EX) (26)
Using expunsion

Ei(-x)= Ca(yx)+ z *(K'_'%“ ) (29)

=

)
KN

and naking a substituiion in (28)

1/A (30)
we shall obtain to within the powers by X terns lhe formula
(27). Besides, it is seen from (24) that il we let € tend to
2, then ey. (24) cxoclly itrunsforus inio e¢g. (28) from whe.c
it s possible to iuke luter o translforaziion to ecg. (27),
vherets eq. (12) ai limitinge transforaation &€ 32  becoues
senseless due to the pole appearing in [T -tunction. “hu..

10 the absence of threcholds there exisis no anzlytic continun-
tion in & , and the. introduction of thresholdls resulis In
anziyticity in f, .

Tuis result is the couscquence of the fuct thul ruhclion
‘P is the analytic function of its indices ul D = 1 il
on =0 , i.e. Za from (22) may be delermined ab uny reu-
sonable value of D , und aaong them ail D=2 . ineu ihere
are no thresholds, we obtzin for Za the formula (12) which
indicates that at & =2 there exisis & branch point which
doesn't allow to produce analytic continuation from D=4 to
the physical dimension D=2 .

Let us return to ea. (14), when E #* O « Instead of eq.

11



(15) we shall obtain

3

§A,=-Co A /a(P(-:iwg—; £.8) - (31)
at SO*O we have » »

D rou-% efe- 1
at €<2 qj( - £, )z—F@—/a—a)(Ec&) ) (32)
st €22 VU1 E,68) =~ n(¥E,6,). (33)

At €< and &, O there occurs a curious result
.SAa=-c,£—(i-_—§—) "fee/e (34)
I (b/2) >-

i.e. it turns out that the pomeron intercept renormalization
counterterm is independent of the intercept bare shiftS,
and is proportional to the threshold value E.,

At €=2 and &, —0 we obtain

1-¢
5Aa:’ca‘so fe 8"-(25 5o 6°) . (35)

Thus the simultaneous limiting transition 6,—~ O and
& - 2 , impossible in the case of fo = O. , turns here pos-
gible. Hence at go # O the 'rehomalization of the pomeron
intercept may be carried out in any order of the perturbation
theory, as distinct from the results of refs. U'B] where it is
imposgible due to §°=O.We have shown in [19] that such a renor-
malization of the intercept may be carried out at least in the
first two orders of perturbation theory. We have obtained an
integral representation for the pomeron propagator allowing to

prodiuce an expansion both in the perturbation theory series
d agymptotic geries, and providing the. smooth matching _of

12



these two solutions.

Let's now substitute egs. (35) and (28) in eq. (7). It

turns out that now equation |
M(E,0)=0

has one basic solution E =<5° + Other singularities lie a%

E>»6° and are not essential for the uasymptotics. Thus, as dig-

tinct from tlhe case E, = O  there are no false poles cnd ta-

chyons. )

Consider now the higher terms in the expansion Z"..(E, K )
and to do this we shall use the Raleigh-Schrodinger perturba-
tion theory [7’8’13] which is a counterpart of carrying out
all the integrations over E . There is conservation of momen-
twa in this theory, but no conservation o6f energy in each ver-
tex and the integration is carried out only over the loop mo-
mentum. The answer obtained in the Raleigh-Schrodinger theory
will coincide with the covarient perturbation theory with an
accurucy of logarithmic factors. In each triple-pomeron verte.x
the factors of (17) are written and for each N -pomeron inter-
mediate state an N -pomeron Green function is written

n - )
G, (E.R, ...k =i[E-r8, -0 £ K+ i8] . (36)

Conaider & &n order diagram on a triple-pomeron constant.
Using the Feynman identity, according to refs.[7’8] s Olle nay
write for the combination of the Green function denominators

(neglecting the interference terms in the exponent):

n 12p-1 2n-1
2 (&, 63 =(- z/(am) [l‘!dm[@dzm%z)

13
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2xp{ Eo( Z A‘A Z)K; Kd}[ZAtJ o( Ki Ka +
Lt

sa(2)K*+b(2)6 - E -1 &]

Here ALJ.(Z) is the positive symmeirical matrisx, Q(1)7O

-(an f) (37)

and b(2)2 2 ot all permissible values of 2 . lepeuding
on the topoloyy 61“ the diagran there may exisl here additional
foctors % arising due to closed loops. lote thut since at
& >0 RPFT is & supevrenormalisable theory, then 2, (E, Ka)
ws o funclion of & has no singularities cuused by the ultra-
red region of integration ( f(.z =~ O ) even when &, = O . Such
infrered singularities arise 1n relativisiic field theories
with mussless scular particles which makes the analysis of
such theories nore complicated [7’8] . In our cace the only
singularities of Z ~ (E, Ka) ~as u function of &
will be the poles arising from the ultraviolet divergence at
§o = O .

Consider eq. (37) first at Eo.-. O . According to (7.8]

after the integration we obtain

20, (E, k%)= ('lo/(hdloto) bl P(r.::_&,/)a)' (38)
 2n-t en-1
JI1dns(1-2 & [defA(Z)] [Q(Z)K+b(z)6 -] F

Due to the general ultraviolet divergence of the diagram at

§=O in (38) appears u pole contmined in its explicit form

‘in ["-function at § = a/n . If the topology of the diagram is

such that one of the inner lines contains a self-energy insert

of the order 2m , then there will still be an additional

14
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pole at €=2/m arising due to det A(Z) when one or
more Feymien puraireters ure zero. in refs. [f,8] the contriou-
tiong of more complicated graphs of the ludder =nd bubble

chain types were discussed, c¢.g.

or ' (39)

wvhere the cross on the line signifies the contribution oi the
intercept renormelizuation counterteri. as it has turned out,
graphs of such type do not give esusentially new results us

compared with the discussed ones, therefore, we shall not spe-

_cifically dwell on themn.

A simple count of powers shows that at € > 0 only ultru-
violet divergences can appear in the proper scli‘-energy'purt.
Therefore, after the intercept renormalization all ithe Green
functions must become finite., Such & renormelization may be
carried out in every order of perturbaiion theory aot 50 >0
but not at 6‘, = Q , which is of practical interest for us. in
order to muke sure in thiu, let's substituic (Sa =0 in (38).

wwe shall huve .
(2t y

n 2 ’ D/z n. 2
S (E0)= (DT ) (FE) T Cal1-ntf2) L ()
It is clear [7’8] that at n = 8/5 it is herec imposcible
to choose such SA,,, as to have Zn (0,0) - 5A,., = Q.
This is a generalizution of the difficuliy we have encounter-
ed in the one-loop approximatiion at E= 2 . The problei lieu

in the fact that when §,=0, §4A huc o branch poini at

15
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To=0 . This follows from the fact that ot & = O the only
o s . PO 2 1 Dfa\2/E
remaining value having energy dimension is ('Zo /O(o )

Tnerefore, 8§ A is to have the lform

§A = (aa,/ot;D/a)a/E f(€), ' (41

where f(&) is u dimensionless value independent ol o ando(:,
Let's now return to the case when §° * O,
afier somewhat complicuted calculations, succcssively
using eq. (21), one may obtain that at fairly small S, and E

eq. (37) is reduced to the form

) et (1 S (ne) DK
2L B0 (ggam) & Ty €

2n-1

rﬂ dz.s1- Z 2, )[detA(?:)'].D/a [a(2)K*b(2)s. - (42)

E-ie] 2 ql(D,a-—- Fa.[a@rb()s.-]):

Comparing eqs. (38) and (42) we see that there is no pole in
eqg. (42) at €=2[n. It may aldo be shown that no addings of
self-energy will make them appear. The ihtercept renormaliza-
tion may be carried out ia every order of perturbation theory,
even at 8,= O . Substituting S,= 0 and K*= QO in (42),

we shall have

52 (E,0)=(-1) (T /db
Y(2re-Fi Ed(~F))-

t . E~O0 and _r_:.ié_ > 1 from eq. {43) we have

 Dle

) (-8) 7% ¢, (1 & (nem))-

(43)

16
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5 (o) (- (8 (g Cn . )
It is obvious thet at N > 3/5- one muy always choose such
$A. as to have 2, (0,0)-8An =0 - . ais distinet from
the previous case, here at 6,* O there remuins one more di-
.mcnsional puremeter €° , therefore, eq. (41) caun no longer
be wfitten in such a simple form, and the new éAn( E°)
will have no branch point at T, = O .

It follows from the aforesuid, that it is sufficient to
carry out the renomnalization of the graph from eq. (8), and,
when calculating higher order diagrans, where such bubbles
oceur, use the already renormalized velue in them instead of
eq. (12) (at §,=0 ) or eq. (22) (at §_+# O ). ind on so
doing the renormalization group techniques may be upplied.
The sequence of actions will then be as follows:

7. In fhe perturbation theory all one-loop diagraas ure

calculated.
2. Usging the renormelizetion group, lthe renormalized F'”
in the one-loop approximation is.calculated.

3. The obtained renormslization group f""’ isc expanded in
poviers of perturbation theor&. And the obtained teim A:wa
will determine the renormulized contribution of the one-loop
diagram from eq. (8). » '

4. In all following caleculations (in two-loop approxime-
tions and higher), wherever a one-loop "bubble" occurs in the
diagrem as a block, the vealue obtained>in_the point 3 should

be inserted. The then obtained answer will be frece from any

divergences even at £,= 0 and & = 2,

17



In ref. [19] this progrom was accomplished for the two-~
loop approximation. It has turned out, that though at first
gight the integral aspproximetion for the propugetor does notA
allow eny expunsion in powers of perturbation theory, never-
theless, the alreudy invegrated expression may be expanded in
sucli & yeries. And the then obtained expression for the courni-.
terterm coincides well with the ones obtained in ref. [4] s OS
distinct from the claim [7’8] that it is impossible to deter-
nmine the counterterm in everj order of the perturbation theory.
Yor example, if we expand the pomeron Green function obtained
from +the renormulizution group calculations in ref. [19] , in
the perturbation theory scries in the limit E — (O , then

we shall obiain for the intercept renormalizution counterierm

the following expression

< (S ) P (1-cy) (43)

16 5TasCa

where C3 is the critical expoaent of the pomeron Green
function and Cjy = -0.116.

The authorc ere indebted to A.Ts.Amatuni for his interest
in the work, e&s well ag to S.G.Matinyan and G.K.Savvidy for

contimuous and fruitful discussions.
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