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Light front field theories are known to have the usual infrared divergences of the equal time
theories, as well as new “spurious” infrared divergences. The former kind of IR divergences are
usually treated by giving a small mass to the gauge particle. An alternative method to deal with
these divergences is to calculate the transition matrix elements in a coherent state basis. In this
paper we present, as a model calculation, the lowest order correction to the three point vertex in
QED using a coherent state basis in the light cone formalism. The relevant transition matrix element
is shown to be free of the true IR divergences up to O(e?).

PACS number(s): 11.10.Ef, 12.20.Ds

I. INTRODUCTION

Light front field theories have been the subject of con-
siderable interest in the past few years as they promise to
provide a practical tool for solving the problem of highly
relativistic bound states [1,2]. There are two major ap-
proaches to obtaining the bound state wave functions in
the light-cone framework, the light front Tamm-Dancoff
(LFTD) method [1] and the discretized light cone quanti-
zation (DLCQ) method [2], both based on diagonalizing
the light cone Hamiltonian in the basis of Fock states.
Both of these approaches are beset by the usual ultravi-
olet divergences of field theory coming from large trans-
verse momenta, as well as by infrared (IR) divergences
near k¥ = 0, where k* = k° + k! is the longitudinal
momentum. The infrared divergences can be classified
into two different categories—“spurious” IR divergences
and “true” IR divergences. The spurious IR divergences
are just a manifestation of the ultraviolet divergences of
equal time theory and can be regularized by an IR cut-
off on small values of longitudinal momentum [3,4]. The
“true” IR divergences are the bonafide infrared diver-
gences of the equal time theory and are present due to
particles being on mass shell. These can be taken care of
by giving the photon a small mass [3,4].

In the present work we suggest an alternative treat-
ment of this latter kind of IR divergence. Addressing
this excercise may seem unnecessary in the case of QED,
since a simple solution (i.e., giving photon a small mass)
already exists. However, the suggested formalism may
turn out to be useful in future work on non-Abelian gauge
theories, where giving mass to the gauge particles violates
gauge invariance.

Both the LFTD theory and DLCQ are based on the
old-fashioned Hamiltonian perturbation theory, wherein
one calculates the matrix elements of the light front
Hamiltonian between Fock states. In the present pa-
per, we propose another set of basis states, the coherent
states, to calculate these matrix elements. The useful-
ness of coherent states in the proof of cancellation of IR
divergences in equal time theories has been well estab-
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lished [5,6]. Chung has shown that the IR divergences of
QED are eliminated to all orders in perturbation theory
in the matrix elements by an appropriate choice of ini-
tial and final soft photon states [5]. Kulish and Faddeev
investigated the asymptotic behavior of the QED Hamil-
tonian and showed that when a particle mass becomes
negligible compared to the energy scale, the asymptotic
Hamiltonian need not coincide with the free one. This
leads to a redefinition of asymptotic states [6,7]:

n; £) = Q4n) , (1)

where 24 is the asymptotic evolution operator and |n)
is a Fock state. They further showed the cancellation of
IR divergences when the matrix elements were calculated
between these coherent states. In the light front theories,
one can make use of this property of coherent states to
separate the two kinds of IR divergences.

As a first step in this direction, we have, in this paper,
calculated the lowest order radiative correction to the
three point vertex in null plane QED using the coherent
state basis. This calculation has been done in Ref. [3],
henceforth referred to as I, in the Fock state basis. The
main subjects of I are the ultraviolet and spurious IR
divergences, and the problem of “true” IR divergences
has been treated by giving the photon a small mass. We
shall use their expression for the vertex correction without
giving the photon a mass, and show that the true IR
divergences present in this expression are canceled in the
coherent state basis by additional contributions coming
from the emission and absorption of soft photons.

The present formalism has been developed for contin-
uum light cone QED. However, if applicable to the dis-
cretized case, it may provide a natural way of eliminating
the troublesome k* = 0,k; = O state from the DLCQ
calculations [4,9]. In discretized light-cone QED, one has
to eliminate the k¥ = 0, k; = 0 state by an artificial
IR cutoff and then one has to add a Coloumb counter
term in order to obtain convergence. The present work
was inspired by the hope that the coherent state formal-
ism developed here may provide a natural cutoff on small
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values of photon momenta, which on discretization will
eliminate the k* = 0, k; = 0 state.

The plan of the paper is as follows. In Sec. II, for the
sake of completeness we shall set our notation and present
the relevant result of I. In Sec. III, we shall define the
asymptotic region and coherent states in the light-cone
framework. Section IV presents the main result of this
paper. We calculate the transition matrix element be-
tween coherent states and show the cancellation of true
IR divergences. Section V contains some concluding re-
marks regarding the possible usefulness of coherent state
formalism in DLCQ calculations. Appendix A contains
some useful properties of coherent states and Appendix
B presents the details of the calculation in Sec. IV.

II. PRELIMINARIES

We shall use the notation of I.
The light-cone QED Hamiltonian is given by [3]

P =H=Ho+Vi+Va+ Vs, (2)

|
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where
_ 1
Hy = /dz:cJ_dm— (%é'y_ 3_ £+ §(F12)2

—%aJ,a_a,,ak) 3)

is the free Hamiltonian as a function of independent de-
grees of freedom, and

Vi= e/dza:_Ldz_f'y“fa“ (4)

is the three point vertex interaction. V; and V3 are non-
local effective four point vertices corresponding to instan-
taneous fermion and photon exchange, respectively. De-
tailed expressions for V, and V3 are not needed for our
purposes, and can be found in I.

¢ and a, can be expanded in terms of creation and
annihilation operators as usual:

d _ -
&) = [ XS f Voot 2 Z [u(p, s)e ™ ®"= L= b(p,5,5T) +v(p,8)e’® = P=dl(p,5,2T)], ()
d - i F
)= | oy / Y @™ T a(g, Az t) + e e al (g0, 27)) (6)
)\ 1,2
where

{b(P, 5)’bf (p,as’)} = 5(P+ _P’+)62(P_L - Pt]_)é‘e,s' = 63(1’ _p’)‘sa,a' y (7)

{d(p,s),d'(p',s")} = 6(p* — p'*)6%(pL — P/ )0u,s = 6 (P — P')0s,ar » (8)

la(g,A),a (¢, )] = 8(g% — ¢'*)8%(qr — ¢ )orx = 8%(q— q')oan 9)

The Hamiltonian can be expressed in terms of annihilation and creation operators. For example,

Vi=e / o, de / (dplidzllak] 3 [eP=a(s,

8,8\

§')bt (P, 8') + e Pu(p, ' )d(p, s')]

xy#[e™*P%u(p, 8)b(p, s) + P "v(p, s)d(p, s)"]e“(k)[e—’k"a(k, A) + e'k""af(k, N, (10)

where

dPJ_

{o o} dP+

/[p]

—oo 27")2 1]

N (11)

Similar expressions for V> and V3 can be obtained and are given in Appendix A of Ref. [3].
In perturbative light cone QED, all graphs are matrix elements of the transition matrix T given by [3]

T= V+V

— HO

V4. (12)

between the Fock states. For example, the lowest order correction to the three point vertex A*(p,p) is given by the
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matrix element

Ty = 5,'\,(0)A“(Pa D)

= <17,0,q,/\

+<z3, o,q, A

1 1
1% Vi
! 1P_—Ho

p~ — Hy
p,s>)

where |1) = |p, s) is the Fock state containing a single
fermion and |2) = |p, 0,¢,A) is the Fock state containing
one fermion and one photon.

The full set of diagrams corresponding to the above
matrix element is given in Ref. [3]. We shall limit our-
selves to the calculation of A*(p,p), in which case many
of the diagrams do not contribute due to their tensor
structure. The only diagrams contributing to At (p,p)
are shown in Fig. 1. Calculation of the diagrams in Fig.
1 has been done in I. Later we shall make one further
simplification; i.e., we shall consider only the ¢ = 0 case.
In this case, only the diagram in Fig. 1(a) contributes to
the matrix element in question [3].

One can calculate the diagram in Fig. 1(a) from

p,3> (14)

J

1
Vs——V;
sp”—Ho 1

1 1
i W Vi
p

Ty = <PI, ag,q, A

2
M) =2 [ 5
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1
Vo——W;
2p__HO 1

p,8> + <ﬁ,0,q,/\

—

.

(13)

by substituting V; from Eq. (10). Using the relations

) +46
du(P) = Y (P (p) = —gu + —"i?"z)+—'%
A=1,2

(15)

and

> ulp,s)a(p,s) =p+m, (16)

s==+1/2

one obtains, after a straightforward calculation [3],

N¥ + yN{

where

NE +yNy = a(p,0)y*(k' +m)

X'Yﬂdaﬂ(/g” + m)'y“u(p, 3) ’ (18)
and
A7l = (27) 3 /2pF /2D /20T . (19)
Reparametrizing the momentum variables as
_ + (zpL + kJ.)z
k= (mp »——2‘;4;—,$P¢+k¢ ) (20)
+ P'i
q=y(p a%ﬁapl) ’ (21)
k' = (1 _ m)p+ [(1 _ z)p_L - k.L]2 + m2
’ 2(1 —z)pt ’
(22)

(1——m)p,|_—k¢) .

/ dk+
(4m)3 J krkHE' (pm —k~ — k) (pm — kT — k" —q7)

(17)

(l—w——y)pL—kJ‘]2+m2
2(1 -z —y)pt

k' = ((1 -z —y)p", [

(l—x—y)pl—kl), (23)
p= ((1 AL PP
(1 -y)m> ) (24)

and using the properties of v matrices, one finally ob-
tains, after some algebra,
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1- (5 +(l==z)[_1_ -
A+(p’ Ae3/ y dzk-l- 'U,(p, 0.)7 ( z 2) [1—:: +1 z]"’(”’ 3)
a (2m)3 (ki +m?z?)
1 2k, (D — — hp+ _ 2.+ _ t
Eag® / go [ Ehs 85,0)22(1 = 2)(1 = 2) bp* = (L= Imiy* ~ p*miu(r,s) 25)
. ] @3 (K7 + m3a?][k3 + gim?)]
where
z(z + y)
- ) 26
e () 26)
Putting ¢ = 0 and ignoring the IR convergent contribution to A}, one finally arrives at
dz [ d%k. 1 ! d?ky. m3z
+ _ + .3
Nty = [ [T e e [ [ s (K +ma?)? e

where a is an infrared regulator, which eliminates the
IR divergences near k* = 0. The first term in the
above expression has ultraviolet divergences also, which
are usually regularized by dimensional regularization or
by putting a cutoff on large values of k .

FIG. 1.
At (p, ).

Vertex correction diagrams that contribute to

III. INFRARED DIVERGENCES AND THE
COHERENT STATE BASIS

For massive particles as well as for massless particles
with k; # 0, the condition k% > a as in Eq. (27) is equiv-
alent to putting an ultraviolet regulator on large values
of k3 in the usual space-time formulation. However, for a
massless particle at k; = 0, the divergences near k* = 0
are the true IR divergences of equal time theory, and in
this region the condition k* > o does not follow from
the condition of an ultraviolet cutoff on k3. The IR di-
vergences in equal time QED are canceled in the cross
sections when a sum is taken over all possible initial and
final states with any number of soft photons having mo-
menta below the threshold of obesrvability. Chung [5]
suggested that the origin of IR divergences lies in an in-
appropriate choice of initial and final states to represent
the experimental situation and showed that the matrix
elements do not have IR divergences if initial and final
states are chosen to be appropriately defined coherent
states instead of the usual Fock states. Kulish and Fad-
deev [6] argued that since the asymptotic Hamiltonian
does not coincide with the free one in QED, the matrix
elements should be calculated between coherent states
instead of the Fock states. They obtained a form for the
asymptotic states starting from the asymptotic Hamilto-
nian. In the following, we shall obtain the form of coher-
ent states in the light-cone formalism following the same
procedure. In this way, we will extend the coherent state
formalism to the light-cone field theory. The light-cone
time dependence of the interaction Hamiltonian is given

by

3
Hi(z*)=e) / dvile™=" hi(vi) + €% Rl (1)),
i=1
(28)
where 7»,-(1/;) are the QED interaction vertices,

hy = z bt (B, s')b(p, 8)a(k, \)a(p, s')v*u(p, s)ez, (29)

8,8’ ,A



4092

ho =Y 15, 8")d" (p, 5)a(k, \)a(B, s')v*v(p, 5)eh , (30)

8,8' A
hs = Y d'(p,s')d(p, s)a(k, N5 (p, s')y*v(p, s)e} , (31)
8,8' A

and v; is the light-cone energy transferred at the vertex
h; . The integration measure is given by

[dp] dk]
Jo-Gm e @

Pt and p, being fixed at each vertex by momentum con-
servation. For example,

= - p-k
=p +k P = R (33)
is the energy transfer at the eevy vertex.

At asymptotic limits, nonzero contributions to H(z ™)
come from regions where v; goes to zero. It is easy to see
that v, is always nonzero, and, hence, h; does not appear
in the asymptotic Hamiltonian. Thus, the asymptotic
Hamiltonian is defined by the expression

Vas(zt) = ¢ Z /‘dI/,G')A(Ic)[e_""z hi(v;)

1=1,3
+e = Rl )] (34)

where ©4 (k) is a function which takes a value 1 in the
asymptotic region and is 0 elsewhere.

One can define the asymptotic region to consist of all
points in the phase space for which

k
pp—+ < AE, (35)

where AFE is an energy cutoff which may be chosen to
be the experimental resolution. For simplicity, we shall
choose a frame p; = 0. In this frame the above condition
reduces to

p+ ki m2kt

2k+ * 2pt

<A, (36)

where A = pTAE.

Thus, for all the points satisfying Eq. (36), v; and v3
can be approximated by zero. This implies that in this
region, the asymptotic Hamiltonian is different from the
free Hamiltonian. For the present purposes, i.e., in order
to eliminate the true IR divergences, we find it sufficient
to choose a subregion of the above-mentioned region as
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the asymptotic region. We define this subregion to be
consisting of all points (k*,k, ) satisfying

ktA

K < el (37)
ptA

kT < — (38)

This choice of the asymptotic region leads to the asymp-
totic interaction Hamiltonian defined by Eq. (34) with

) (39)

The asymptotic states can be defined in the usual man-
ner by [7]

|n:coh) = Qf|n) , (40)

where |n) is a Fock state of charged particles and hard
photons and Q4 are the asymptotic Méller operators de-
fined by

Q4 = T[—iexp (/0 Vas(a:+)da:+)] . (41)
F

Following the standard procedure [6] of substituting
k* = 0, k; = 0 in all the slowly varying functions of
k, and carrying out the z* integration, we arrive at the
following expression for the asymptotic states:

O n:ps) = exp[—e/dp‘“dzm/AZl:z \j@kk; g:)g
<k, Aep)a (k,3) = £ Ap)all Aot
X|n:p;) (42)
where
Flk,Aip) = l’i‘;—'_’:iﬂo(’“;f - kj)g(”;f - k+) ’
(43)
f(k,A:p) = f7(k, A:p) , (44)

if one follows the convention in I for photon polarization
and

p(p) = ) [bh(P)ba(p) — df(p)dn(p)] - (45)

Applying the operator p(p) on the Fock state, we finally
obtain

dk*+ [ d%k )
i) = exp e [ P [ Gt epal (6,3 - 1 (kX p)ak, )] fm:p) (46)

In particular, the coherent state containing one fermion is given by

+
Ip, o f(p»—exp[—e > j;F ‘““)l

A=1,2

[f(k,A:p

at(k,A) — f*(k, A:p)a(k, )\)]] |p,o) (47)
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and the coherent state containing one fermion and one hard photon is given by

2
1P, 0,4, A f(p)>=exp[—e / Azj;% ék){ [£(k, A:p)at (B, A) — £*(k, Acp)atk, V)] | I,y . (48)

Some useful properties of these coherent states are listed in Appendix A.

IV. CALCULATION OF VERTEX CORRECTION IN COHERENT SPACE BASIS

Let us rewrite the IR divergent contribution to the O(e?) vertex correction as given by Eq. (27) as

1
AL(pyp) = /0 dz / &Pk Iz, kL) . (49)

From our discussion in the preceding section, it is natural to split the z and &k, integrals in the above equation as

ktA +A
A (p,p) = / d:c/dzklI(m kl)e(— _kl)o(%z_ _k+)
' ma ktA
+/ dw/dzkll(z,kl)+/ dm/dsz_I(z ki )6 k2 — - ) (50)
A
=

In what follows, we will show that the vertex correction
does not have the true IR divergences such as the first
term in the above equation if one calculates the matrix el-
ements of T' between coherent states defined by Egs. (47)
and (48).

In the basis of coherent states there are additional
O(e®) contributions to T%; coming from

Ty = (5,0,,7: f(pnvl—i—ovlms:f(p»
= ey(q)A"(p,P) , (51)

corresponding to the emission and absorption of soft pho-
tons, as shown in Fig. 2. Details of the calculation of di-
agrams in Figs. 2(a)-2(c) are given in Appendix B. Here
we will present the final expressions for Aj,, A, and

AZ, first:
Af = 2 %k, 04k — kT
2a ™ Tgg3 k+2 10a(k)| £ “pk
ptk™ —pkt
x(1+ e 2 ) (52)

For the case p; = 0, the above equation reduces to

Oa(k)
+ _ _Ae” pt —k* 2) N
Aza=— 2k+( -k )/d Wﬁ
m2k+2
m?et?
"[1‘ ;ﬁmﬁ] - (53)

FIG. 2. Contributions to the O(e?®) vertex corrections due
Similarly, we find to emission and absorption of soft photons.



4094

+ _ A+
AZb*A2c

2 ooty

[ kkp]. (54)

Both A}, and A}, have a vanishing denominator at g = 0,
and can be evaluated using the Heitler method [3,8], to
give

k2
Mpran =35 [af @ ( m2k+,)eA(k>,

pt2

(55)

which does not have any IR divergence. So, the IR-
divergent contribution to A’ (p,p) at ¢ = 0, comes from
Fig. 2(a) only:

/\e p dkt alk
A (p,p) = — =5 / / mz L 3
(p +)’
m k+2
T2
ki + (»*)?

Comparing Eq. (27) and Eq. (56) one can easily see
that the true IR divergences in Figs. 1 and 2 cancel ex-
actly. This completes the proof of cancellation of “true”
IR divergences in the O(e?) three-point vertex correction
in the coherent state basis.

V. CONCLUSION

We have presented a lowest order calculation in con-
tinuum light-cone QED to show the cancellation of true
IR divergences when a coherent state basis is used to
calculate the matrix elements. A similar analysis can
be carried out for the lowest order correction to the
fermion wave function renormalization constant also (see
Eq. (3.27) in Ref. [3]). It can be shown that the use of the
coherent state basis eliminates the true IR divergences
in Z, as well. Since the only effect of using a coherent
state basis is to eliminate the true IR divergences from
both Z; and Z,, the Ward identity (in the form given
in Ref. [3]) is still valid and the physical quantities such
as the renormalized charge are in no way affected by our
different choice of basis.

The present calculation has been done in the contin-
uum case, but the suggested method of using the coher-
ent states as the asymptotic states in order to calculate
the Hamiltonian matrix elements promises to be useful
in the discrete case as well. In particular, it may be
relevant to the problem arising due to an exchange of
a zero mode photon in discretized light-cone QED [4,9].
Tang has shown that in a numerical DLCQ calculation
of energy levels of positronium, the lowest energy level
diverges with K, the harmonic resolution, if one does
not remove the k™ = 0, k; = 0 state by an artificial
IR cutoff. Krautgartner et al. have analyzed the var-
ious approximations to the DLCQ matrix equation for

ANURADHA MISRA 50

positronium and have discussed the Coulomb singular-
ity occurring due to the exchange of a k* =0, k;, =0
mode photon. They have claimed that even though one
can remove the true IR divergences by eliminating the
kt =0, k. = 0 state by an artificial cutoff or by giving
a small mass to the photon, neither of these procedures
leads to convergent results. In order to achieve conver-
gence, one has to add and subtract an appropriate term
to the light-cone Schrédinger equation. This countert-
erm removes the discretized IR divergence and replaces
the term at small k¥t and k; by the appropriate contin-
uum value. However, if one calculates the Hamiltonian
matrix elements between the coherent states before dis-
cretization is carried out, one may be able to remove the
true IR divergences in a natural manner. Work in this
direction is in progress.

We would like to emphasize that the coherent state
formalism takes care of only the true IR divergences and
one would still need an IR cutoff on k™ for massive fields
as well as for nonzero values of k| .
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APPENDIX A: PROPERTIES OF COHERENT
STATES

We denote with |1:p;) the coherent state containing a
fermion and a superposition of an infinite number of soft
photons as defined by Eq. (47) and with |2:p,,k,) the
coherent state containing a fermion and a hard photon
as defined by Eq. (48).

It can be shown easily that the coherent states |1:p;)
are the eigenstates of a(k, A):

€

1: ;) = — = 5 i) -
a(k, p)|1:p;) 2 \/ﬁ;—f(k i pi)|lips) . (A1)
Also,
e
2: iy K1) = — T =275 ) 7y
a(k, p)|2: ps, ki) PR \/§k_+‘f(k s P2 Di)|2: pi, ki)
+63(k — k,’)(sp,\.. ll!p,‘) y (A2)
and
al(k, p)[1:pi) = — S * (k,p p)|1: )
’ (2m)3/2 /oK + ’
+[2:pi, ki) - (A3)
In the lowest order, Eq. (A3) reduces to
af(k,p)]l:pi) = |2:p;, ki) . (A4)
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Coherent states satisfy the orthonormalization properties

(l:pfa o'f|1:Pi, Ui) = 6(3) (pi - pf)‘sa;af,

(2:p5,05, ks, Af|1:pi,03) = 8 (pi — ps)doio,

X f(kss Af:Ps) 7oz (AS)

o

APPENDIX B: MATRIX ELEMENTS BETWEEN
COHERENT STATES

In this appendix, we shall calculate the various contri-
butions to the matrix element considered in Sec. IV:

Vi

1
T = ( §,0,¢, X f(B)|Vi ————
21 <p,o q,A: £(P) le_ ~H,

)

Substituting for V; from Eq. (10) and using Egs. (A1)
and (A2) one obtains

T3 = T2a + T2p + Tc (B1)

where T3, and T3 correspond to Feynman diagrams in
Figs. 2(a) and 2(b) representing the absorption of soft

photons in the initial and final states; T3, corresponds to
the emission of soft photons from the final state. There is
no diagram corresponding to the emission of soft photons
in the initial state to this order as evident from Eq. (A4).
Tsa, T2, and T, are defined by

1
= D, O D | —
T2a <P1‘7 f(p) ‘[a p — HO

Va p,s:f(p)> )

T2b = <ﬁa o f(ﬁ)

VJF_TOVJ P 3=f(P)> ,» (B2)

and

T2c = <ﬁ’af(ﬁ)

a H, J y 8¢ N B3
where

w=e [ o [laplanlaR) 3 00 2a(p, )y

8,8' A
xu(p, )bt (p, s')b(p, 8)a(k, /\)e“(k)].

Using Egs. (16), (Al), and (B4), one obtains, in a
straightforward manner,

(B4)

+42
N e ILACHESNE
X [ﬁ(ﬁ, o)y (p+ m)vu(p — k, 3)] . (B5)
Alternatively,
+ 2
M) = 55 [0 [ o e = [ (b m)yu(p. )] LICTNCHCP RS

where we have used Egs. (39) and (43) in the above expression, and have approximated u(p — k, s) by u(p,s). We

have defined f(k,p) by

f(k,X:p)
For u = +, Eq. (B6) reduces to

= f?(k,p)e)(p) - (B7)

2 [(@@NF(£+m)yu®,9) (—fu (k) + ¥ (kop) + 3R 1)
Aza(pp) = 173 2p* / k+2 /d ke [ pm—k=—(p—k)- (B8)
In a frame where p, = 0, one can use Egs. (43) and the relations [3]
- - _ p-k
-k~ —(p—k) p (B9)
p+ m2k2
p.k=2k—+(ki+ peonl B (B10)

to reduce Eq. (B8) at ¢ =0 to
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A3 (p,p) =

which has an IR-divergent part given by

A;_aIR(p7p) 27‘_3 / /dzklo(

Similarly, one can show that

+ -
AZur (P D) = 2cIR(p’

dk* 2 Apt + kta L \pt -kt pTk™ —pkt
i [ oS- Jo(BR -t | B (1
BA ) (L [1____%%*—2],
pt 1 ki+m;k+2 ki+m;f:3

/dk+ /(p+>

<

(B11)

(B12)

m2kt?

T3
1——* ]m(k) ,
[ ki + m2k+2

p+2

which has a vanishing denominator at ¢ = 0 and therefore must be calculated using the Heitler method [3,8]. This is

easily seen to be free of IR divergences.
Thus, one finally obtains

R(p,p) =

Oa(k)

(B13)

Ae3 [dkt [,
‘%/F/‘“”k

m2kt?
[ = }

m2kt2 2 m’k"" .

el R+
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