Reggeon—

2 Reggeons-+tParticle Vertex
iIn the Lipatov Effective Action
Formalism
M.A.Braun

Department of High-Energy Physics,
S.Petersburg University, Russia



Contents

1. Introduction: Lipatov’s effective action.

2. Diagrams for the vertex and their calcula-
tion.

3. Diffractive amplitude

3.1 Two -Reggeon exchange .
3.2 Contribution from the R—RRP vertex.

4. Conclusions.



1. Lipatov's effective action

Regge kinematics: s >> t >> A2,
LL approx.: aslns~ 1, aslnk? << 1.
Fixed as = a parameter!

Assumed valid at k2 >> A2,

Two fields: gluon V,, = —iVﬁTa,
Reggeon Ay = —A4TA

0yA_=0_-A4 =0
T he effective Lagrangian density

Lerr=Locp(V+ A)+ Ling



The induced term is

Eind = Tr {A+(V_|_ -+ A_|_) — A_|_)(92A_
FA(Vp 4 Ay) — A+)82A+}
A(Ve) = Snmo(—9)"Va (071Va )

Propagators come from the quadratic part in
V and A

SV002VE + z(A207 A% 4 A% 97 AY)

so that < A% Ab = ;2%
< _|_ _ > 1 qi



2. Diagrams for the vertex and their calcula-
tion.
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2.1 Diagram 3

8
PN

Vertex < VA_A_ > comes from the part of L
quadratic in A_ fields

2
—3Tr (8+Ab_ (—iT?) 4 gV A® (=i fabCTC)>

However 8_|_A_ — 0 so that vertex < VA_A_ >
vanishes.

Diagramsz = 0.



2.2. Diagram 4

s,

Vertex < A+VA_A_ > comes from part of L

11
—%Tr <—g[V+,A—][A—,A+]—29(V—a A2 A_9TAL

11 11,
FASVAOT AL+ A A VD LAJF)>

The first term is the standard quartic interac-
tion, others give the induced interaction.



The standard interaction gives

_ 439 n;j!_(beCdfade—l_ fa,bldbeCd)

The induced interaction gives

2
-g bicd r£ab d
NqL(zv qz—f A

1 sabyd fbng)

p Q1—

The total contribution in arbitrary gauge is

) q2n—
v, = 9 [ fhicd pabod (2p L _ n:—)

4 pabid phocd <26ﬁ_’nﬁ 3 nj—)]

pP—q1-—

In gauge V. = 0O, convoluted with the gluon
polarization vector

€
9219 2J_ qJQ_ <q2_ fblcdfa,bgd

1 fbladfcb2d>

q1—



2.3 Diagrams 1 and 2

q.a

q1,b§ 1 q27b2 ‘E 2 ; )

Two verteces < A_VA_ > and < V3 V3 A >,
The first is the standard Lipatov vertex

qz>++

2

abod
<A_VA_ >=197 [qa—l—qza—l— (q

(£ - as)ra] ’

In gauge V. = 0O, convoluted with the gluon
polarization vector

abod qge| ke
g5 L(fﬁ_ki>




Vertex < VA_A_ > comes from the part of L

L:AVV — gTF [([Vy, 8_|_V1/] _[ayVy, V_I_] —2[Vy, 81/V_|_] —

—1 2
VioT V_|_8L> A_].

One gets

b1cd
< VA_AZ >= 92~ 2p guo+ (pt-2a1)und +

2
(o= an)onit + St it

Convoluting < A_VA_ >, <VA_A_ > and the
gluon propagator we get the total Diagramj

_Z-ngblcdfade
42

—|—q—1n2'nj'> [CIJ‘FCIQJ-F(é—QQ—>n;—|—+(qu—2__q+>n;]

<—2p_|_g,ua+(p+QCI1),Ltnj+(p_CI1)0n;j,|_
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2.4 The total vertex

Diagram 2=Diagram 1(1<+2).

The total RRRP vertex =% _;Diagram (i).
One checks that it is indeed transverse.

In gauge V. = 0O, convoluted with the gluon
polarization vector the total vertex is

bicd fabod
2]2(1 —];2)2 [q+(qei)+
2 * ( o )2 *
(@ -a)e + 2 (ve))|
boed fabid
+92qu _];1)2 [q+(qe’i)—|—

i( _(q-q)el + Y ‘51)2@61))]

q1— P
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3.Diffractive amplitude

The obtained R—-RRP vertex has a 4-dimensional
form. To reduce it to the transverse vertex we
have to study a concrete amplitude which in-
volves this vertex.

The simplest amplitude : production of a real
gluon in collision of two quarks, the target
quark interacting with the two final reggeized
gluons in the colourless state.

Additional diagrams for this process involve
two-Reggeon exchange between projectile and
target with the gluon emitted by the Lipatov
vertex.

However as we shall see (and as is known) for
them integration over longitudinal variables in
the loop presents no difficulties, so that all the
problem is concentrated in the diagram with

the found R—RRP vertex.
11



3.1 Two-Reggeon exchange

1 X
H X

Impact projectile ¥ target factors.

For Diagrams 1 and 2, respectively

16(kl)2 l1a54a 11b54b
1924014, . 02401
(k—q1)2(1+q1)2" v v

2
(k— qls%’) Q1)2u/ta2talu w2

uw, v and w, w' are initial and final colour wave
functions of the projectile and target.
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Longitudinal integrations over qq+.

For Diagrams 1 and 2 one obtains, respectively

0 dgie ~ 1 g% | | -
JZ dai— | 57D1 = 2(kl)<|n 2(lkLl) +

I dq14 _ 1 g7, |

Jo dar— | 557 D2 = —2(kD) In 2(11fl)

D1 and D»> are the longitudinal factors in Di-
agrams 1 and 2 (product of quark denomina-
tors).

In the sum the real parts cancel and the final
result is

dq14-dqy— ;
|55 (D1 + Do) = 574
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Adding color and transverse momenta factors,
the amplitude

1 ((CIG)J_ B @)

£20014, /4924014, . 4(Kl) > 5 5
9114921 ~ 971 by

Q2 —4q4—pP—4q1

Coincides with the known transverse momen-
tum space result (J.Bartels and M.Wuesthoff,
1995)

The same result is obtained if one passes vari-
ables s; = (k —q1)?2 and so = (I + ¢q1)? for
the upper and lower quark-reggeon amplitudes
deforms the Feynman contours of integration
to pass around the unitarity cuts at s; o > 0
and takes into account the intermediate quark
states at s; = so = 0.

Diagrams 3 and 4 are calculated in the same
manner and with similar results.
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3.2 Contribution from R—RRP vertex

K’ k

I ) |

Contribution from

bocd pabid
+g ]22 ! )12 g4 (ge] )+
2 * (q_Q1)2 *
m—_(—(q—qﬂq-l- 2 (pq)>]

+(102)



3 terms.

1. 1st term o (g€’ ). Longitudinal integra-
tions are done exactly as for the 2-Reggeon
exchange and give

dqidqi_ :
f qlél_ﬂ-iql (Dl + DQ)) — 221';[)
Together with colour and transverse momen-
tum factors we get the 1st part of the ampli-
tude

(1) = 4mi(pl)dact/tou - s 95
911921 91

This coincides with the 1st term in the contri-
bution from the Bartels transverse vertex.
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2. 2nd term o (g — q1)€’] .

Here one cannot integrate direct and crossed
term separately due to singular factor 1/q1_.
From the direct term one gets integral

_ fl_ dqy_ 1
O q1_ 4k+q%_—4k+l_Q1_—2l+(q_Q1)ﬁ_

and from the crossed

_ fl_ dqq_ 1
O q1_ 4k_|_q%_—4k_|_l_Q1_+2l—(q_(.ﬂ)%_

Their sum is regular at ¢gg_ = 0. One obtains

dq14dq1— — '
J 27iq] (D1+ D) = _21—((;2(11)%

Adding all the rest factors, the 2nd part of the
amplitude

Y = —41i(vl) S -u't - 1 (g—q1)eg
(2) mi(ph)dacu’ttu 7,95, (—q1)7

Coincides with the 2nd part of the contribution
from the Bartels transverse vertex.
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3. 3d term o (pe? ).
No counterpart in the Bartels vertex.

The longitudinal integral is divergent. In the
sum of direct and crossed term one finds de-
nominator

1 1
214 (U-*+q1_) 2q14(_—q1_)

Here I’ —q;_ =~1_—p_ —q7_ and
is NOT EQUAL to I_ 4+ q;_.

Therefore at q;4 — oo the sum does not go to
zero faster than 1/q; 4, so that integration over
q14 remains divergent even after summing the
direct and crossed terms.
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The only possibility to give some sense to this
integration is to assume that in the target de-
nominator one may neglect minus components
of all momenta except for the incoming target
momentum [_. This means that one takes

qi— =0 and l/_:l_

Then integration over ¢g;4 becomes conver-
gent and since the poles of the two terms lie
at opposite sides from the real axis, gives a
non-zero result, which does not depend on the
value of q;_. After that one finds integral over

q1—

o0 dCIl—
—00 q1-—

If one further assumes that it should be taken
as a principal value integral then it vanishes
the 3d term indeed gives no contribution.
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Conclusions

1. The effective action allows to build the
R—RRP vertex almost automatically, in con-
trast to earlier derivations, in which this re-
quired a considerable effort.

2. However the obtained vertex is found in
the 4-dimensional form and formally contains
singularities in the longitudinal variables.

3. In the diagram with an intermediate gluon
this singularity requires to do the longitudinal
integration preserving the dependence of the
target impact factor on small longitudinal mo-
menta. AS a result the mentioned singularity
disappears.
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4. In the diagram with pointlike vertex, on the
contrary, small longitudinal momenta are to be
neglected in the target impact factor. Then
the remaining singularity has to be integrated
over by the principal value recipe. After that
one finally obtains the same transverse vertex,
as found earlier by direct methods.

5. The fact that one has to apply different
rules to treat different contributions certainly
leaves a certain feeling of uneasiness. We hope
that the only contributions which require spe-
cial treatment are those with pointlike emis-
sion, which seem to have been dropped from
the start in previous derivations using either
dispersion approach or the dominance of large
nuclear distances. If this is so then the use
of the effective action preserves its universality
except for these exceptional cases. To ver-
ify this one has to study more complicated
processes involving the found vertex, such as
double scattering off a colorless target. This
study IS now in progress.
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