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The flavoured pomeron is introduced into reggeon fieid theory to show that, in the absence o f  a secondaiy vacuum 
trajectory P ', the ciitical solution is in faii agieement with experimental data.

A recent detailed model [1 ] for non-diffractive re- 
normalization o f the pomeron intercept due to the 
production o f strangeness, baryon number and other 
“ flavours” , has been able to reproduce available expe- 
rüiiental data. On the other hand it has been found 
[2,3] that the introduction o f  rapidity thresholds for 
the manifestation o f pomeron effects leads to a regu- 
larization o f  reggeon field theory (R F T ) graphs, making 

it possible to evalúate their relevance — related to dif- 
tractive and absorptive corrections — at finite rapidities.

The parpóse o f this note is to introduce a simplified 
model for the flavoured pomeron into RFT, identifying 

the above mentioned thresholds with those for flavour 
production as suggested in refs. [1] and [4 ], It is pos­
sible in this way to examine the consistency o f the 
critical RFT solution [5] with experimenta] data. It 
tums out that the critical pomeron, without a secon- 
dary P' trajectory, correctly reproduces pp total cross 
section (except for cosmic ray data, where the predic- 
tion is too low ), p multiplicity, new data for pp ->• pX 
inclusive spectrum [6 ] and forward real to imaginary 
ratio for pp scattering (again with low predictions in 
the ISR range). While the general agreement with a 
critical pomeron is good, because o f  the mentioned 
discrepancies and severa! simplifying assumptions o f 
the model, a slightly supercritical solution [7 ] o f  RFT 
can also be accepted.

* On leave o f  absence from Centro Atóm ico Bariloche and 
Instituto de Física Balseixo (CNEA y UNC), Bariloche, 
Argentina.

A  simple model for the pomeron contribution to 

pp scattering may be written through the inverse pro- 
pagator as

ir(£-.A:2) = ir(£-,A:2) + 5-2(£-,A:2), (i)

related to the elastic amplitude by

A ( Y . t ) = ^ f  d ( - F ) ~ ------
2 ^  r(£ ,/c2)

C - 1 »

(2)

As usual, the ‘energy’ and ‘momentum’ o f  RFT are 
defined in terms o f  angular momentum and momentum 
transfer E  = 1 - J ,  ~ t .  The rapidity is taken as 
y  = In í and

ir(E, fc2) = (£•- Á -  aó^2) exp A  -  d^k' )̂],

which corresponds to an ‘embryonic’ pomeron 

pole with intercept á = 1 -  A  and slope « q  for Y >  Kg. 
The counterterm 5 can be nonperturbatively calculated 
for the critical RFT solution in terms o f the previous 
parame ters and the triple-pomeron coupling Tq. The 
‘self-mass’ correction 2 , when evaluated through the 
renormalization group techniques, gives a relevant con­
tribution t o ^  only at high rapidity valúes [3,4]. 
Therefore, even though the complete expression eq.
(1 ) corresponds to a very complicated /-plañe struc- 
ture, its effect will be equivalent, after Laplace trans- 
forming, to the foUowing more intuitive view. For 
Yq < Y  <  2Y q the relevant propagator is the embryonic 
pomeron one, eq. (3 ), which gives a contribution to the
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Fig. 1. Inclusive distribution pp pX. Solid Une is triple- 
embryonic pomeron coupling eq. (10). Dashed ¡ine includes 
u) and IT exchange. Data are from ref. [6 ].

total cross-section combination

o'toi= + = í = 0 ) / x ,

o f the form

'o  • (4 )

For 2 Y q < Y <  y , where ?  is a high-rapidity valué 
above which con tribu tions coming from S are impor- 

tant, the effective inverse propagator is

iTQÍE,k^)  = x V { E , k h + h ,  (5 )

corresponding to a real pola with intercept üq (bare 
porneron from the point o f view o f  R FT ) and nunieri- 
cally not too important complex poles [1 ]. Through 
the Laplace transform ene obtains ‘

at„j = /3(0)e-^>'[l + 5(K-2ro)

+ ^ 8 \ Y ~ 3 Y qM Y - 3 Y q)  + ...] (6a )

2Y q < Y < Y .  (6b )

Finally, for Y >  Y,  the critical solution is wcll approxi- 
mated by the asymptotic behaviour

= a Y - ^ ,  Y > Y . (7 )■̂ tot

We adopt here the Chew—Rosenzweig scheme [8] 
in which f  does not exist as a trajectory (P ') indepen- 
dent from the pomeron. This choice is done to empha- 
size the rise o f due to the bare pomeron üq. The 
inclusión o f  the decreasing P' contribution requires a 
comparatively higher valué o f  Uq which would clearly 
be in the supercritical región [9 ].

The effective renormalization «g  — ¿  which appears

Fig. 2. Average p multiplicity. Solid line corresponds to the 
critical valué 6 =0.125 and dashed line to the supercritical 
case 6 = 0.14. Data are from ref. [17].

at y  >  2^0  can be physically related to a threshold 
effect for the production o f  one, two etc. baryon- 
antibaryon pairs in correspondence to the terms o f 
eq. (6a). The fact that this threshold is twice the one, 
Fq, for the manifestation o f  the embryonic pomeron 
is a simplification o f  the model. Indeed yg is a sort o f 
average between the low threshold for a n ladder and 
the higher one for KK  production. The oversimplifica- 
tion o f  the low-energy thresholds does not allow the 
application o f the model as it stands to Trp and Kp 
scattering; more parameters are needed to include these 

cases [1,10|.
Starting our analysis o f data we fix 2Y q in corre­

spondence with the mínimum o f  i.e. yg -  2.7. 
Consequently, to reproduce for y  <  5.4 with 
the embryonic pole eq. (4 ) we must choose á — 0.93 

and (3(0) -  57.5 mb.
If the RFT solution is the critical one, the strength 

o f  baryon pair production 5 must be related to the 
triple-pomeron coupling. In fact, from the requirement 
that r(0,0) = O, eq. (1 ) gives

5 = Ae^o^ +

X e - ^ o ^ ' d F ' ,  (8 )

where Z  is deñned through the normalization condition

a ir
d£ £= -£ n  

*2=0

(9 )

and can be worked out by means o f the one-loop ap- 
proximation o f  the renormalization group functions 
as done in refs. [3 ,4 ]. Thus eq. (8 ) can be numerically
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Fig. 3. Total cross section combination (opp + o-^ )H .  Solid and dashed lines correspond to critical (eqs. (4 ), (6b) and (7 )) and 
supercritical cases respectively. Data points • aie from ref. [18] and data points x from ref. [15].

evaluated in terms o f  the experimental parameters « q -  

0.3 GeV“ 2 and Tq = 0.5 G eV“ .̂ Regarding this last 
controversia! coupling, it is found that recent data [6 ] 
on pp -»• pX inclusive cross section for 1 — x <  0.05 are 
correctly reproduced by the triple-embryonic pomeron 
l'onnula

X exp [ 5 -  2olq ln ( l  -  x )] í , (10)

with the above valúes o f  the parameters (see fig. 1 ), 
which is in agreement with the experimental decrease 
with increasingpigj,. For larger valúes o f  1 —x, correc- 
tions due to the exchange o f u> and Tt become relevant. 
The former is calculated through a formula analogous 
to eq. ( 10 ) (taking into account that [ 0(g((pp) -  
a,Qj(pp)]/2 is well reproduced by 40.8/e°-^^) with 

'’ucjp “   ̂G eV"^ and the latter is estimated according 
to the parametrization o f  ref. [11]. The contribution 
o f 7r-exchange at 1 -  x  =» 0.07 is ~20%  and explains 
the experimental difference between pp ->■ pX and 
dp ^  dX as was suggested in ref. [12 ].

Having gained confidence in the valué o f  /-q, its use 
in eq. ( 8)  gives 5 =» 0.125. This is probably an upper 
bound for the critical 5 because, even i f  other data 
could suggest a higher valué o f  the triple-ñavoured

pomeron (smaller than the embryonic coupling) would 
be required in the calculation o f  Z. With the above 
valué o f 5 eq. (5 ) determines Qq — 1.04 which agrees 
with the critical bare intercept calculated by several 
different methods [3,13]. The use o f  eq. (6a) and the 
assumption [ 1 ] (n^)  determines the p multi-
plicity shown in fig. 2 .

We now may predict for all the experimental 
range (see fig. 3 ) using eqs. ( 6b) and (7 ). The validity 
o f the asymptotic expression is assumed [3 ] for y  ^  
4yQ, and the critical exponent is taken as 7  = -0 .26  
according to the most refined evaluation [14]. It is 

seen that the prediction is good except for the cosmic- 
ray range where it is too low compared with data [15].

Notice that for schematic purposes, 2  has been intro- 
duced only for Y >  Y. Had we included it from its 

threshold 3 Yq , the predicted rise o f  would have 
been slightly smoother [3] (about 0.5 mb less at 
y  ~  47q ). This, and the assumed absence o f  P', gives 
a somehow máximum rise for the critical pomeron 
evaluated in the present framework.

A  related problem appears when calculating the for- 
ward real-to-imaginary ratio o f pp scatteringp. Using 
the dispersión relation

ReÂs) = (2ŝln)P f ds' - j2), (i i)
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Fig. 4. Forwaid pp real-to-imaginary ratio Re>lpp/lm/4ppl/=o. 
Solid and dashed Unes correspond to critical and supercritical 
case respectively, calculated with eq. (11) and u> contribution. 
Data are from refs. [16] and [ 191.

with eqs. (4 ), (6b ) and (7 ) and inciuding the u  contri­
bution, p is obtained as shown in fig. 4. Due to the 
small total cross sections in the cosmic-ray range, too 
low valúes o f  p are predicted in comparison with ISR 
data [16].

These facts suggest a higher valué o f  ag. Taking 
5 -  0.14, still compatible with <«->, and from which 
the bare pomeron intercept turns out to be ag — 1.05, 
one obtains improvement both for in the aosmic- 
ray range and for p in the ISR región. This valué o f  Uq 
corresponds to a supercritical intercept in the present 
simplified model. It is clear that different assumptions 
in the calculation may cause a variation o f  0.01 in the 

critical intercept. Moreover, contributions i o A{ Y ,  t) 
o f  three- and four-pomeron Green functions have been 
deliberately left out to avoid additional coupling pa- 
rameters. Even though their rapidity dependence seems 
to compénsala in an eikonal approximation [9 ], their 
strongly model-dependent relevance could also account 
for the difference between the two fits shown in this 
note.

In conclusión, the present model indicates the fair 
agreement o f  a simple flavoured critical pomeron with 
data, its phenomenological difference with a slightly 
supercritical theory being a matter o f  more refined 
details.
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colleagues at Rutherford Laboratory, especially 
C. Chiu, K. Konishi, R. Roberts and T. Shimada for 
very useful comments. He wishes to express his gra- 

titude to R. Phillips and the Theory División staff for 

the warm hospitality extended to him.
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