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1. INTRODUCTION 

When constructing the theory of diffraction electromagnetic ef

fects are usually neglected 11 r21. However, it is well known 

that electromagnetic 

energy (e.g./3, 4 ,51). 

process cross-sections increase with 

The purpose of this paper is to ascertain 

the order of magnitude of electromagnet·ic corrections. We re

strict our5elves to the electromagnetic corrections to the vacuum 

pole intercept and to the triple-Pomeron coupling constant. 

The electromagnetic shift of the vacuum pole due to self-energy 

part,shown in Fig. 1, 

( 

p ! p 

Fig. 1 
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_;;, __ 

:~-::.?·a.s ___ b~e:ri'd~~cu·ssed in Rer/51. If the ilij)u_~., Poaeron h&s ·ot;o):= 

:';~ 1 +Ali, ("'(t) is the Pomeron traj<~¢to:ey),1;ioen ~he'poiir,~of 
-:·:· - . ,. ' - 'f'' ' .,· .: .. - '-,..if 
·-"<pOl_es, -.a:pi~e due to the lack of photon 1"~-tiizati_o·m 6li(Q-) ~f 

= 1 +Lib :t 'd4 , where - . 

tf.~ ~-if - . 2 !:~~h)\ 2:..0" 
.r.r _1 . L::: = 'hr' rzz 

P..eie 6 t!: ~0.1 mb 

( c:s: j' IV) 2. 
~ 

6"'"' t>1 

6 NN ~40mb 
tot 

(1f 

(2) 

_·are the to-tal cross-sections of nucleon photoabsorbtion and 

of N'N- in.teraction, respectivel,Y; R-2 e::: 0.:5 (GcV/c).~ is the _ _pa-· 

.,; ·r_ame-ter eharaeter1a1ng the t-d..,pendence of __ the· ~eep J.ntlastic 

"'~ sca.t~ering OJ.:_oes-seotion. 

n is c;esr from (1) that o( (0) > 1, . o/. (0) < 1 t ... h<'>~Em-

. c·~ent1;t· -ot the sign of 6 h. The ttacuum pi;;ll'e ?hift d•_:i=!' :--~- :!..r::'_;er-

_,)~'erence of- ·e-lectromagnetic and strong in:te·raetio·ns is ~l:j·O 

:.,Possible_. ~h'e self-energ.y part of such t.rpe:: ~Js p~ctu.i'ed. -!.: -I'Iif. 2. 

! 
... ·~ 

p p . v .· 

Fig. 2 

p,w The quantity 
(V ' 

L'l h~ been V · denot.es vee tor mesons 

calculated in Ref. 16,71. In the present paper integration Over 

A 

energy 

parts. 

corresponding to the ~ -v loop,i15 separated into two 

Unlike in Rer./7/the main contribution to LJ!V comes from 

the region where the v-exchange is nonregge1zed.It is found that 

ct- 1o-3. 

In Section 2 the radiative correction to triple-Fol!lcron co-

upling due to the diagram of Fig. J 13 estimated 

p 

5_ v 

p v p 

Fig. 3 

The cross in Fig. 3 means that the particle V is on the mass 

shell. The corresponding correction to the triple-Pomeron vertex 

Sppp is simply connected with the pole 

aXV = 
<:! !"P p 

rvGVN 1ctv I 

t:i. c.t j \ tot 

shift: . ) 
(3) 

In Section 3 

mental data. 
111 

and weak 

the calculated quantities are compared with experi

It is also shown that in cases of strong 121 

Pomeron coupling strong interactions do not sha-

dow electromagnetic corrections. 

1. Calcul~t~on _of t:fV 

The total hadron cross-section in the first order in 

depends on the energy in the following way 

•) we normalize Sppp as in Ref. /~/ 

5 
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d = 6h + 6'"t 
V-w: "t<>t tot 

r-::"t = [V ,-::;:'h & (2_\ 
'--'t-ot . e:;. Uto-t M'f • 

(4) 

wh-ere '11
2

- 4 (GeV)
2 is the minimuBi perrilssible- ener~-~~uared 

-. tor· FO.meron eltchange. The first ·term in ( 4-) G'~ot if{ deter~ 

~p.ea:_ l)y __ -~tro:ilg interaction, the _~eCOl'J4_ on~- -(5_ ~- *ises -

du~. t~ :i~~-erf·erence of strong_ and ei-~Cd~ro_magDetic iat;~:~·aG-tiolia 
' . 

·-: (-s'ee-, . e.-·g. , (;liagram. at Fig. 4)-. 

.· .,.; }s, 

·sf r 
t h 

tv' 

,.; 

v 
N 

Fig .... 

The d'i:ff'erential cross-section of' NN-i:nter·~t-ion wi~h the produc..-

ti·on Q-f. two. showers has the forr/ 61 - . 

3 .:.nt d Q. = ~ 1 '\" '1 {.! -Vh' ;.{1'1- VJol 

d~'ds,ii/5, (2T}'s• 9'<9'•miJ ~ Jm ~v<s,,t,q2Jj :Jm1Z .. ,(s,, t,f)[ . (5) 

• 
' ' -!:= ..... 

---" " . .. -":..-~ 

~-;--' 

--._,:.:·;W~~ · -"!'q2 -·is the mome-ntum transfe;r: sq~e~•- 'J1 1 s·2 - f!ZO the· 

· rrl'f'"'.V"' 2 
.. ··· shO.~r 

·veetol;' 

etfe:ctive masses squared; .LI'J~t• t, q) is the 

m~son photoproduction ~plitude; t 18~-the moale.n11Ua 

, tr&·il~!-er- squat eft from K to V. 

6 

We use the ~ector dominance model and neglect the ab~orption 

o! tae 1DD!1tud1n&l Yeotor me~on and E -quantum to obtain: 

,.-, (11-V,; ( dGp-v.: 112 

J"" l,.v(s,t,~')l = 
5 i;m• 16"7t/ ) . 

I t •0 1 • 9 v "' <'0 

.(Q _ #Hv ,p,q, + f P;.Pv) 
<::tr r<J- <P9'f 

(6) 

(1'1-vJol 
Here dG /d-t / is the cross-section of vector meson pbo-

i•O 
toproduat1on on the nucleon having the momentum P.Us1ng ~- s.,S.l/S 

(the lllinl.Jwlo value of q2) instead of 5, ,~ aiJd putting (6) into 

(5) we can perform integration over 5 1 • 

"'t , dsJ(,;-Vw j_' q• 
.~'!4 .= i L (o":.',.•)3 d t / (2 c• + ~ -2 )fn(ft•i 
"~ "'q.. v I v . i <0 1M f 

(7) 

~t small ~ values the energy corresponding to V-exchenge is 

large and we Should account for the reggei&ation ot v.(From the 

point of view of the oo•pl•x momentum theor7 the contribution of 

this region is essentially smaller than the above discussed). 

So we substitute the usual vector meson propagator by 

• c( l~'J-f l~) v f o(~ ~(il~vl'f'))!Xvlf)' 
(8) 

2 ) I 2 
where olv(lf J=oi,(O -civCf (V- o. reggeon trajoctorr), 

o( (0)"" 1/2; ot,' "" 1 (GeV/c)-2 • The factor o( (+ll in (8) 
v v 

is expected on the basis of exchange degeneracy of' J> and A2 

trajec<ories (e.g. 191). 



~i 

A:.t-l~i$e q2 the fa.ctor tg(To(~ /2.) ;Contains poies', tha't·· sho

uld be ~_compensated in some way. Inste-ad of 'thiS we .limit' the 

:' iii:tregrat$-o.n region to q2 ~ m~ , in ac·6ordance 

ph_eral -~i:De~atics-. Dividing the inte.!k-ati.on 

Wi~~ mult-~,peri

~gioli ove_r· ~ 
; i.nto two.-. :i-ntervals we obtain: 

. ..z'"t 'f;x·· -)iS;/ - . ~- ~' · _: Yl'l z. 
:~-tct -"JJ"· 2:- -~ v •• . . > ~. 

~tl"'~. VN(.I .- I2)ene.ws~} 
..I i 1 •... l-1 t"'O 

' 
'(9) 

;~~)it;-~- i.s.:·_":~h~ contribution from the·· : r~8_}.:Q_p._, ~heN- -;;y·:- .-is .n;;)o't 
.¥~~-:_·· ,_- :. -<:.;·\ '~ 

- :pe st;e-i-~ed: 
-~~'-·~->-.- __ ·_.--_~: ::-~~ 

).. . .. ··J>·.··.'J· dK (2 K + J!. _2) (10) · [· = C{~ 'I x)3 :1 t . 1 --_.· l + 
- !14 j 

;·-· 

::·/where· x- :::: Q._2fm2 y = ~1m2 • The iri~e_e;fa~ion- -over _x..-, y in 

.••.• {10) is·· e!llarged to infinity du~- bo 'iast. co~ergence-- Of 

··"";:the ~rtte.-sr:a.M. 
~-;f; 
:"'.<'' 

' !to .f 

I 5.. ·j··· r/x 
1-d. (xm') ·. . . . · . . . . 

J ' • r2 ..t.'i'".2 )JL'*.~.·m•~tif <>!\.(x\>IJJ~. . 2 ,.. c/Y. (ITX) 2 \• !1 X • 2 >X ' . ,~ 2 ) 
·•'- -' . ' 

~ •'·:J. 
. :, 

-~-l.s tl)e i_ijt'~-s.ral over the region wher.e V _-. .i;_ r&~g81;f~-. 
<, 

~·-- ,. 
As: ·.-a ·'b·Otind'ar,y between we use :y_Q these two·~ i:>eg-ions 

ana obt:ain 

11 :::: 0.85; r 2 = o.o;;. 

Sub·stituti-ng these values as well as 

. dt::>! lhj'!V 

Ji/,.
0 

"'-O,fmb 

.-~ intQ (9) we have 

·-;" 

c/ C) (!V~ WIV 

cit /,.
0 

o::·o,OI mb 

/fO/ 

= 1 

(11) 

(12) 

{ 

l 

Hence 

c~nt t) s 
vi.ot = 0, 0 2 'I Cn(iji) mb , 

it follows from (4) that vacuum 

tV fS. <><q6.1o-3, 

(13) 

pole shift is 

(14) 

Note for comparison, that in Refs. /G,?/ 

has been obtained •) 

rv 
the value ti = 2.3 x 

X 10-3 
[' 

Let us emphasize that the calculation of _!i contains 

some uncertainties and should be considered only as a rough 

estimate. Besides there are lots of electromagnetic contri-

butions to ~int unaccounted here. Nevertheless one may 

hope that (4) 

6_ int as well 

gives us the right order of magnitude of 

as vector dominance model permits semiquan-

titative description of low energy electromagnetic hadron in-

teraction. 

2. Radiative corrections to the triple-Pomeron 

coupling constant 

To calculate the contribution of diagram of Fig. 3 we shall 

examine the Pomeron-nucleon scattering shown at Fig. 5 

:=cc: 
(V 

::t=: 
II ~o 

a) €) 

Fig, 5 

•) In Ref.TOT due to a numertoal error 1n getting (27) from (21) 
this result was 4 times increased. 



The calcul·ations here are carried out ~ogous~ .::to_ 1m' sc'-t~_ei-
. ingt see Pig. 4. The difference is· in taking in~· :account only 

low e-fi'eetive masses of the upper shower 1n· 'the -~-ia~aa-~o~\~ig.• 
5a· Con:tl.n:i~ ourselves to the eikonal approximation, we otiubi· . .· =& . .·. . 
that tho . eontribution to v~ .fr<>DI the d:t~am <>f ~.S,! .• 

~a :ta eb:~lied with ~;:' foWld in SecliioD. .!!;;, idl tbo ~*···• 
~ ..... ~ ;,'!;rl; ' -~ ~ .~·· 

. VtV ~-t 

; (~l\'t·~ ll\~j 
~ -

·.The eomparison of (1}) with (4) and with Jig, 

. :• jus~ tl>' (3). 

-~- ' 
~· ',_ 

(1\!1:~ 
:$:~ 
.-'~ 

leads .us::--

lfote that-- ail uncertainties, contained in-- calCulatioila- ·: -~t- - · 
.. · ·. -=' u.t .P!f interaction cross-section, are included in th• _qu:antitt--0 tot 
· r,:o: Vtv /11/ (V . -} Pu.tting into Ol v.,t"' }0 mb and iS. ~ 10 we han 

~ =>< 10-2 (GeV/c)-1 • (16) 

The modern experimental data on the reaction p • -P -P + X do 

DOt contradict the value Sppp = 0.25 + 0.5 Gev-.
2 (e,g/8

•
1 21) 

Thus the correction (16) is about several per· oe_nt. of !ppp• 
There are also some other electromapetic contributions: t(> 

l!pJ>p • 0"" of them ia oho•n in Pig. 6. 

' ~p 

p p 

• 

:~~ .. 

,-. 

It is interesting to note that in the case of vector domi-

nance tr,ype theory the diagram of Fig. 6 

ge essential transfered momenta: q~ 

contains rather lar

mf • One may expect 

this effect changing the form of the 1nclus1~e spectrum in the re~ 

action p + p - ~ + X 

ta arise mainly from 

at q.l ~ m 

1T0 -decays. 

, since at low q 

This example shows 

r-quac

that 

the a-quantum spectrum is sensitive to the structure of hadron 

parton wave function at small distances, (i.e., input multipe

ripheral ladder structure). 

3. Discussion of results 

The obtained 

(14) and Sppp 

estimates of radiative 

(16) show that in the 

corrections to o(p(O) 

available energy ran-
ge these effects are small. Nevertheless ,it is useful to dis

cuss the role of electromagnetic interactions at asymptotic 

energies. 

1. Strong coupli~ of Pomerons /2/. This case seems the most 

interesting from the point of view of possible electromagnetic 

interaction influence 1 as in this case there is small para.me

ter, namely tho triple-Pomeron coupling constant g~pp•To meet 

the condition c/.f:.(O) = 1 after inclusion of triple-Pomeron 

interaction, there must be the gap in the input Pomeron speet-

rum: 
h )~ fllh )'! 2. 

C.Elm " ~ -::: 15·10-
-

1 Ut !!2Toi' ' p 
.£{' 0< 

An ad.d1 tional shift of vacuum pole intercept 

self-energy part shown in Fig. 1 is 

tf! , z:/KJ 6 h , 1.7 ro-'f 
+ 

II 

1 connected with 

(17) 



;.-· 

t!~Jl is about 10% of 1:; h. Vie should emph~:f-ze~-~-that 

the problem of including electromagnetic eorrect"'iomj:;.~~- t:ri>e 

f::J..int into t:::,h is in principle 

In any case 

not so-lved 'SD4. 'ni!iS~. 'p-e':· oo-ri-.. 

s-1de.red separately. 

· incxe·ase_ of ·the input g~p by 

it is 

J"+ is 

not excol~de;d.-:_~-·t:¥at the 

cample·tely., ·ri:o~:Pens·ated 

due ,to inc-reasing 

Such co~pensation 

... •· .•. ifV 
the tr1ple-Pomeron coupling constiiD:t.-:O:r-' g'PPP 

~;rr ---, 
76r.<Xr 

~p,v 

~ 
VG"'"'' t<t 

will occur if 

; 

e ~nP \ -j f116r.o<f? - . 

(18) 

Condition 

of ~pp 
the shift 

(18) hold• within the accuracy to uncertain-

ties 

thut 

ron 

value. At the same time it follows froui· ~1) 

flu oannot be 

contribution. Therefore at 

compensated by tr~p-le-Pome

e2. ln( 5/ s,) ~ 1' t!jo effec-

tive D(e<ol > 1 due to electromagnetic interactlon .eo_nt.ribu ... 

_tions .. 

l't- iS interesting that the shadowing 

J-\~ut:~ Q:Oe-s -not change the s1tuat1on.Th1 

. ~-~_a,s.i~ ~.ll~_ked in f'our-di..m.enaio·nal 

_:,,)~:d:- tke-n C:om:tinu:ed ave<r Qp_ace 
-;, ., - < 

,<:U.s tro.tlS~der at first the shmlOwi~ 
-r: • · "int 

·. :..._b;ution .Ll • After 1nclue1on of the 

. i.~-;:--eteC:tro~eti.¢' correction mq 

::-/~~o~erOn Green function. To the 
-~'" 

:';.(_-·e·lee'broin8.gnetic contribution to the 

SG 

G 

~-t G2(t, C) 

{WJ 
W•ki\'Cf) 

12 

conn-ect.ed..- -W~lfi-V'S.c.uam 

(19) 
" 

• 

··~"~~~-~........_........_ ______ _ 

where 1 " ln (1/iJ); 
2 

{J = max(W, k ) (all the notations here 
~ 

and 

into 

in what follows are taken from Ref / 21). But taking 

account shadowing of type similar to Fig.7 

p 

p p 

ch~~es (19), and 

~G = 

p 

Fig. 7 

at k2 ~ 0 it takes the form 
">f IS. 

w"' 
(20) 

Thus the contribution of shadowing is cancelled. The validity 

seen from the fact that shadowint of 

' J"; shadowing, for which one has 

of (20) can be eaai~ 

~nt coincides with 
2r'/'-' j3 .L /Jo , where 

malized vertices for 

I;' and 1 1 
are the input and renor

particle emission from the Pomeron/21. 
It is clear that the same reasoning is applicable to the 

double photon exchange as well, i.e., the electromagnetic effects 

in the case of strong Pomeron coupling lead to increase of total 

hadron cross-sections. 

2. Weak Pomeron coupling 111. In this case ~PP(O) =a. The 

problem of estimating radiative corrections to !lppp becomes 
more uncertain, as the condition ~PP(O) " 0 means the well 

known fact 1 that in calculating it one can not use individu-
aJ. diagrams. The situation with the problem of ~int influence 

on vacuum pole intercept is similar to the case of strong Po-



' 

mero.n eoup.ling'" It is unclear, whether this CtJ:i1~ri'bution must 

'be se.pal'StE;"d from the strong interae;tion ().!),~-~.::.- N$e.rthelees • 

the ·pure·- .eleCtromagnetic contribution h,~f.:·J_:S \,_i ~other 
~"-; -". 

·-Dature -~- changes asympto-tics. .';/~. 
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