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We study the scattering of anon-Abelian dyon and photons. We demonstrate that
two photons are necessary for Compton scattering of anon-Abelian dyon, through
S-matrix expansion. One of these two photons is associated with electric four-
potential and isordinary, whilethe other i s associated with magnetic four-potential
and is highly energetic and responsible for scattering of magnetic charge of the
non-Abelian dyon. We a so study dyon—photon, dyon—dyon, and dyon—antidyon
scattering and the self-energy of the dyon and both photons in non-Abelian
gauge theories.

1. INTRODUCTION

The renewed interest in the theory of the monopole and the dyon is
partly due to the work of ’t Hooft® and Polyakov,® who embedded the U(1)
electromagnetic field in SU(2) gauge theory and obtained numerical solutions
of the canonicd finite-mass monopole in the whole space through spontaneous
symmetry bresking due to the Higgs field, which leaves behind unbroken
U(1) gauge symmetry. Julia and Zee®® obtained the corresponding numerical
solutions for a dyon, and Prasad and Sommerfield® derived the analytic solu-
tions for the monopoles and dyons of finite mass by keeping the symmetry of
the vacuum broken but letting the self-interaction of the Higgs field approach
zero. It is widely recognized® that the SU(5) grand unified model® is a
gauge theory that contains magnetic monopole solutions, and consequently the
guestion of the existence of the monopole and the dyon has gathered enormous
potential importance in connection with the problem of quark confinement,
possi ble magnetic condensation of the vacuum,® their rolein catalyzing proton
decay,®19 and the possible explanation of CP violation.*Y Keeping in view

1Department of Physics, Kumaun University, Nainital 263 002, India.

2457
0020-7748/00/1000-2457$18.00/0 © 2000 Plenum Publishing Corporation



2458 Purohit, Pandey, and Rajput

all these facts and the observation of Cabrera, ™ we have constructed®314 g
manifestly covariant quantum field theory of dyons each carrying generaized
charge as a complex quantity with electric and magnetic charges as its red
and imaginary parts, formulated a non-Abelian theory of dyons*>'® and
investigated bound states of two dyons and dyon—fermion®”® in nonrelativistic
as well as in rdativistic frameworks. We have also undertaken the study of
the scattering of photons by the monopole and the dyon in Abelian theory and
have shown that two photons are necessary for Compton scattering of dyons
through Smatrix expansion and that photons associated with the monopole
and the dyon have enormously high energy.**-2Y Study of the bound state of
dyon and antidyon has also been carried out and it has been shown that this
state is very short lived and decays into four or six photons, depending on the
spin statistics of the dyons involved.**?) Extending this work in the present
paper, we study dyon—photon scattering in non-Abelian gauge theory with the
help of Smatrix expansion for this system.

2. COMPTON SCATTERING OF PHOTONS AND A NON-
ABELIAN DYON

In order to study the Compton scattering of photons and a non-Abelian
dyon we assume that the non-Abelian dyon is at rest and there are photons
incident on it. It is reasonable to expect that low-energy photons will make
very little impact on the non-Abelian dyon, which is very heavy. Further, as
shown in the next section [Eq. (3.34)], we need two photonsto make Compton
scatterring possible for this system. These two photons differ from each other
essentialy, as one is associated with electric four-potential and the other is
associated with magnetic four-potential. This scattering process is shown in
Fig. 1. Applying the laws of conservation of energy and momentum, we get

1
+ =1+ "+ —_—— — .
1+ Khv = (1 + Khv MDOCZ[ 1= " 1] (2.2)

and
@1+ khv 2+ k' MpoV .

c o cos ¢ 1= VID)P cos6®  aong x axis (2.2)
1+ kh' . B Mpov o _
— sin ¢ —(1 BT sne =0 along y axis (2.3

where k = Mp/M; Mp, is the rest mass of a non-Abelian dyon and M is the
rest mass of the electron. With the help of these equations, we get the change
in wavelength AN = \' — \ as
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Scattered photons

incident photons

Scattered non-Abelian dyon

Fig. 1. Compton scattering. Black lines denote ordinary photon and red lines denote highly
energetic photon. [This convention of denoting different photons will be used throughout
the figures]

_(1+Kh

AN
MpoC

(1 — cos ¢) (2.9)

which is the Compton shift for a non-Abelian dyon. The direction of the
scattered non-Abelian dyon and the energy are, respectively,

ST .
and
E = (1+ k)hv[ : iazj n;(r?;@m)] (2.6)
where
_ 1+ R
MpqC?

Theseresults show that one of these two photonsisordinary andisresponsible
fory + e — vy + escattering, its energy is hv (1.989 X 1015 J). The second
photon is responsible for vy + g —» vy + g scattering and its energy is khv
(2.42906 X 10% GeV). This enormously high energy is due to the heavy
mass of the magnetic monopole, which is of the order ~10'¢ GeV.(??
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3. SMATRIX EXPANSION

In this section we study dyon—photon scattering in non-Abelian gauge
theory with the help of the S-matrix expansion technique, so that the general-
ization of Abelian gauge theory®-2Y can be investigated in the three-dimen-
sional representation of isotopic space, where the complex charge space is
locked together with the internal isotopic space in such away that the charge,
electric as well as magnetic, spreads over the components of internal space.
The generators of gauge transformations in internal charge space may be
considered as T2, with a = 1, 2, 3, for SO(3) interna symmetry:

(Tab = —i€anc (3.1)

where e, isthe usual Levi-Civitasymbol. These matrices satisfy the follow-
ing commutation rule:

[T3 TP = igqeT® (3.2

The charge operator in the internal space may be defined asT - T, which in
case of acomplex charge takestheformf - (T1 - |T2) as aresult of locking
between internal space and complex charge space. Through a specific kind
of gauge transformation which sends the operator 7 - T to an operator T,
the interlocking of external and internal space may be removed. The position-
dependent gauge transformation is singular, but does not introduce any singu-
larity in the field. The charge multiplet thus interacts with the multiplets of
the generalized Yang—Mills field. In the relativistic framework, the complex
isospin space further splits up into two-dimensional spin space. It reveals
new characteristics of scattering which are not present in the theory of spin-
0 dyons. The Lagrangian density for such a system is

L = Lo +iV9,D,¥ — Gq"¥PTapa¥ (3.3

where L, is the 't Hooft—Polyakov Lagrangian®? and
iD, = i9, — g*VaT? (3.4)
V& in Eq. (3.4) is the matrix form of generalized four-potential of the non-

Abelian dyon and is given by

Vi =A - iB} (3.5
where A} and B} are the electric and magnetic four-potential and T2 are
matrices given by (3.1). The third term in Eq. (3.3) includes the mass of the
dyon in terms of the Higgs scalar field, and G is the coupling constant

between the Higgs triplet and isospin triplet. With minimal replacement of
Eg. (3.4), the Lagrangian density takes the following form:
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L) = Co¥) + iTX7,(9, + igVaTad(x)

— G TETHHT () (36)
which includes the interaction Lagrangian density
L9 = P70 VETF (9 (37)
where
qrVva = (eAd + gBR) + i(gA2 — eB?) (3.8)
and
g=e—ig (3.9

isthe generalized charge of the dyon. Finally, we get the following interaction
Lagrangian density by substituting the real part of Eq. (3.8) into Eq. (3.7)

L) = —ePe7,A2(0 TV — g¥4(¥)7,Bi 0TV (x)  (3.10)
The interaction Hamiltonian density may be deduced in the form
(x) = e\If (X)'yMAﬁ(X)Ta‘I’ (X)) + g\If (x)yMBﬁ(x)Ta\If (X)

= eN(‘PeyMAﬁTa\I’e)x gN(\IfgyMBﬁT""‘Ifg)X (3.11)

In order to find perturbative series solutions, we write the Smatrix expansion
by choosing the perturbation Hamiltonian H,(t) in the interaction picture as

E |)nJ°° dtlr dtz...r dt, P[H (t) A (t) - - - Hi(t)] (312

where P is the Dyson chronological product and H(t) is defined as
H(t) = J dx H,(x) (3.13)

H,(x) of this equation is given by Eq. (3.11) upon substituting the value of
H,(t) from Eg. (3.13) into Eq. (3.12); we get

S= éo%fd“xljd‘*xz..jd“xn T () (%) - - . Fi(%)] (3.14)

where T denotes Wick’s chronological product. With the help of Egs. (3.11)
and (3.14), we get

ng E e f 4% f A%, .. J d%, T[T, AeTa,),

X (\PeﬁvAsTb\ife)xz L (THATODY, ]
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0 _n\n " . ~
+3 ') J d* J A% ... J A%, T'[(Wg¥,BaT20),,
X (*ifgvv BT, (T3, BT, (3.15)

We can now discuss various processes arising from the terms of various
orders in the Smatrix expansion (3.15) for the interaction of a non-Abelian
dyon with the generalized electromagnetic field of another non-Abelian dyon.
When n = 0, we have

§9=1+1=2 (3.16)

for which no scattering takes place and hence the Feynman diagram contains
no vertex. For n = 1, we have

gy = _ieJ d“x T’@eﬁuAﬁTa‘i’e)xl

—ig j 4% T/ (Wi, BaT2D),, (3.17)

where
T=F +¥; V=0t

A=A+ A BA=BY + B
with ¥~ and ¥ respectively denoting non-Abelian dyon creation and non-
Abelian antidyon annihilation and ¥+ and W~ denoting non-Abelian dyon
annihilatjon and non-Abelian antidyon creation, respectively. We further split
V¥~ gnd ¥* by denoting W aselectron creation and W, as monopole creation
and W¢ as positron annihilation and ¥ as anti monopole annihilation in non-

Albelian gauge theory. Similarly we can defined ¥ and V. The explicit
expansions for ¥¢(x) and ¥ y(x) are given by

Pr—

R Ir12
Ve(x) = (%2152) = \/—E 2 [Crel p)ure(p)e'px

+ dE(PMP e P,
= Wi + To(X) (3.18)
where

1

(\,I\’?LJ%IZ)e = (0) = U (‘i’%j,%lm)e = (O

1>e = U2e (319)



Photon—Dyon Scattering in Non-Abelian Gauge Theory 2463

and
. J 2 .
Wy = @?@g¢r2/§§m¢mumw
+ di( PV 7™
= Wi + V(%) (3.20)
with

(®%m=(®==m¢ (ﬁ%mh=ﬁ>=um (3.21)
9 9

where m, and my are the masses of electric and magnetic charges of the dyon
in non-Abelian gauge theory, and

[>

S

) = J\_/E E [&5(P)ure( P)e ™ + Crel PIViel P)EP e

p P"—

= T (x) + T () (3.22)

2

o) = VWE %gﬁ%@%mWW+%QM@Wm
= W0 + W (¥) (3.23)

Similarly, A2*(x), Aa~(x), B3*(x), and B2~ (x) can be defined in the fol-
lowing way:

a+ 1 : aall, (L j
AZF(X) = /\72 m;[ 82(ko)elil(ko)ete] (3.24)
%vri%g ;Rimwhwmwww (3.25)
Bat(x) = iE ! i [03(k e} (k)& (3.26)
. \/\_/Pg 2w§g r=1
1 1 & TN
Bl (¥) = W? Por g [02(ko)et) (ke k] (3.27)
g

where &) is the w™ component of £O(K) (i.e,, projection of ® on the X,
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axis) in Minkowski space. The subscript e or g denotes whether it is related
to the electric charge or magnetic charge of the non-Abelian dyon, respec-
tively. We can interpret 83(ko), 82'(ko) and a2 (ko)ad(ko) as annihilation,
creation, and number of operators for the electric part of the non-Abalian-
dyon and ba(kg) baT(kg) and baT(kg)ba(kg) as the annihilation, creation, and
number operators for the magnetic counterpart of non-Abelian dyon. The
photons corresponding to electric charge have momentum K, energy
oy, = |ke and polarization vector £{)(ke), whereas phgtons corresponding
to magnetic charge have momentum kg, energy oy, = | K|, and polarization
vector s(”(k 9

Theflrst order Smatrix S? given by Eq. (3.17) givesrise to eight basic
processes (Feynman diagrams) which do not lead to any physical process,
as they would violate the conservation laws. We write an Smatrix process
out of eight basic processes in the following way:

T/(Ws 4, AT, + T'(W, 5,80 T2, (3.28)
This is shown in Fig. 2 which describes dyon scattering by the absorption
of photons in non-Abelian gauge theory. For describing real processes, let

us take the second-order S'matrix S2 in Eq. (3.15) and then we have for
n=2:

& L
8 = 5 | @ | at TIFSATE (A AT T,

2 2 A A S A A
_ % J d*x f d%, T'[(W, BT, (W5, BoTo0 ), ] (3.29)

By the application of Wick’s theorem, we get

6
=3 (3.30)
i=1
where
5 = 5 [ di | do NP, AT, (Vs AT, )
2 ~ ~ ~ ~
% J d* J A%, N[(W 7, B2T20,), (T, B0, ), ] (3.31a)
5 = —§J j % (NP, AT (T, ATTOR ),

:
—ﬁ
2>

p.T ‘Pe)xl(qfe'Yv Tbllpe)xz]}
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é._
We (x1)

Aat
An

Aat
Bam

A+ N x
Wiy 0 ya)
Fig. 2. Dyon scattering by photon absorption in non-Abelian gauge theory.
gz

-5 j d* J d*% {N[(Wg7,BaT2W o), (W9, BITOW )]

+ NIT 5, BT (T BT ), ) (3:31b)

a 3 A e A
P = _ZJ d*x, j d*x, N[(\Ifey,LAlﬁTa\Pe)xl(qfeyvA?Tb«pe)xz]

> = . A ~ > o~ ~
_ %j d*x, J dx, N[(‘I'g'yull?,ﬁTa\lfg)Xl(\I/g'yv geng)xz] (3.31¢)

e 3 N e A
312) = _EJ d4X1 J d4X2 {N[(\Pe'yuAﬁTa\Pe)xl(\PerAvbTb\I’e)xz]
' e |

+ N[@ew}aTa@e)ﬂemA?Tb\ife)xg}
| |

gzj J 4, T 2 BaTad T 5 BT,
A d4X1 d*x, {N[(\I’g'YpLBpLT \Pg)xl(\pg'Yv Bva\Pg)xz]
2! I I
+ N[(Tgﬁuéﬁ-ra\i’g)xl(wgﬁv é1t3_|—b\i,g)xz]} (3-31d)
. == " |
| |

2 3 S A a c A
¥ = ‘EJ d%q j d% N[(Te, AT o) (T, ATV )]
' | |
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2 j . ~ N ~
— = 1 d% J d*x, N[(‘I’g'?uBﬁTa g)xl(‘lfg'?v BETb‘I’g)xz] (3.31¢)
2 [ |

«Q

R

A%Z) - 75 J d4X1 j d4X2 N[(TeﬁuAﬁTa\Pe)xl(Tef?v AB-I—b\Pe)XZ]

2!
L — 1
[ |

2 - ~ ~ el ~ -
—% J d J d*; N[(Wy,BaTW o), (T3, BETOW), ] (3.31f)

Thefirst of theseterms, §2, given by Eq. (3.31a) does not contain apropagator
between the vertices x; and x, and hence contains two unconnected basic
vertex parts. As such it does not lead to any real process.

We can write S? as

- f d, J A% N[5, AT, (T, ATo ), ]

- f dx, J d%, N[(W 3, B2T2F), (T3, BIT"W,), ] (3.32)

In order to discuss the various processes involved in this expression, we
write it as follows:

f
P=> (3.33)
where

8 =ie J d* j A% W= ()7, TS0 — %) 3uTAR ()RS ()2 ()
Tig? f d*, J A% W5 ()9, TS0 — %) 3TOBE (B () W ()
(3.333)

§p=ie J dx, J A% Wz ()9, TS0 — %) 7, TR (x) A% () W2 (%)
+ig? f d*x, J A% Wz (), T2 — 37, THBE- () B () Wi ()
(3.33b)

P -ie J dx, J A% Wz ()9, TS0 — %07, TR (x) A (o) T2 (%)
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o ig? [ d | a5 0003, TSP — TR (B (T )
(3.330)

=i J dx, j Ao, Vs ()9, TS0 — %7, T2AL- (xp)As" () T (%)

’ igzj T J % W5 ()3, TS0 — )T B (o)B 0T (o)
(3.33d)

=i J d, j A% s ()7, TS0 — %)9, ToW5 A (x)AD* ()

+ig? j d*x, f A% Wy (x) 7, T2 (%1 — X2)9, TW g (%) B2 (x) B2 (%)
(3.33¢)

& -ie J d, f A, At ()AL ()9, T2k — 303, T2 () P (%)

Tig? j d% J A% B () B 0), TS0 — X3P () Wi (%)
(3.33f)

Equations (3.33a) and (3.33b) correspond to Compton scattering by dyons
in non-Abelian gauge theory

y+y+e+g-vy+y+e+g (3.39)

The corresponding diagram is shown in Figs. 3a and 3b. Equations (3.33c)
and (3.33d) correspond to Compton scattering by the antidyon in non-Abelian
gauge theory (as shown in Figs. 3c and 3d),

y+y+e+g-oy+y+e+7g (3.35

and Eq. (3.33e) leads to the non-Abelian dyon and non-Abelian antidyon
pair creation process (as shown in Fig. 43),

y+y+y+y-oe+e+g+g (3.36)

Similarly, Eq. (3.33f) describes non-Abelian dyon and non-Abelian anti-dyon
annihilation (as shown in Fig. 4b),

e+e+g+g-ov+y+y+y (3.37)

The term S gives rise to the following scattering processes:
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a A= N-
We (x1) Wyl x1) 2/‘3;
ANq-—-
B

Abt
Ay
A+

Abt Yo(x9) Ya(x2)
By

Aaq+

A

Aagt

Ba

A+ A+

We (x2)  Yg (x,)
Fig. 3. Compton scattering by a dyon and an antidyon in non-Abelian gauge theory. Here
AS* and A2~ represent the absorption and emission of the photon corresponding to the electric
charge on a non-Abelian dyon and B2* and B~ represent the absorpton and emission of the
photon corresponding to the magnetic charge on a non-Abelian dyon.
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A= N =

Yo (xq) Yg (xy) N
AQ—
B

A
Abt N+ o

By L_ye (x2) \-Pg (x9)

AQt
Am

/\0+
Bm

Fig. 3. Continued.

2469



2470 Purohit, Pandey, and Rajput

a AQ+

A A
A
AQ + Ye (x1)
Bau N —
X q L
Y (xq)
(m)
D
~
2] =
1
- |
x T
e %}
(v)
Xz -q A
Abt -
Ay L/iie(xz)
Ap+ Yy (x4)
By

Fig. 4. Non-Abelian dyon—non Abelian antidyon (a) pair creation and (b) pair annihilation.

A. Dyon-dyon scattering in non-Abelian gauge theory:
etet+tg+g-ete+g+g (3.38)
We can describe this process by the equation

o ie? N ~ = . &
5= 5 | a5 | e NP, TR (T 1T F0) D0 — )

ig? A A a
— 5 [ @ [ 0% MO 3, T, T0) OB — 5

(3.39)
We show this process in Fig. 5a
B. Dyon—antidyon scattering in non-Abelian gauge theory:
e+e+g+g-e+e +g+70 (3.40)

The pat of 2 which contributes to this process contains eight uncontracted
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b A Am
L*Je (xq)
AQ—
B
[
B
Ny x
L 3
| [}
< =<
ol I
(y)
N+ X2 Ab-
We(xz) /q/ .
N\ + Ab-—
11)Gi(xz) By

Fig. 4. Continued.

operators of the form ¥, \IL'g, W, W, W, @g ‘lifg*, and W which absorb and
creete the particles present initidly and finaly. Equation (3.40) can be written as

-1 f A J A% N[(W= 4, T2, (T 30T DR — X0} oo

j dq j Ao, NI(T5 9, T2 ), (T 4T3 )} DB — %)} o
(3.413)
v ie? n E "
acb= J d*x, J A, NI, T2 ), (T 90T ), DB — %)} o
2 ~ ~ ~
IZ% J d4X1j d% N[(\Pg 'yMTa\I’EE)Xl(\PE;'yUTb\Pa—)Xz]{ DE(x: — X2)} v

92

2 (3.41b)
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a A A -
Yelx) kPe(m)
A+
LPQ(M)
A+
L{"e(xz)

g ( Xz)
Fig. 5. (a) Dyon—dyon scattering in non-Abelian gauge theory. (b) Dyon—antidyon scattering
in non-Abelian gauge theory.

ie? -
5= 5 [ a% | AN 3,00 (FEAT T HDR0s )
ig? -
i A LN CARE AN AR RIS
(3.423)
ie? NN
ab= 2 d | 45 NP, TF0) (T AT JDPG — )
X19X2
i 2 ~ A~ ~
I | NG5, T (F53T7 ) IR G — X

-5 (3.42b)
where the terms S2 and S2 are shown in Figs. 5a and 5b, respectively.
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b A+ Q—
Ye ( xq) Ye (x)
N
A+ 2
Yg (x1) Yo (1)
N+ N
k’Je(xl,) )“Pe(xz)
/\+ N\ —

Lf)g (x2) k‘)9 (x2)
Fig. 5. Continued.

We can write §2 in the following way:

=& f dx, J A, NI, AT ), (W 5. TR, ]
| L |

. J d*, J A% N[(T 5, BT (FA TR (349)
| L |

This contains four uncontracted fermion field operators leading to two
processes depending on whether the initial and final fermion is a non-
Abelian dyon or an antidyon. For the non-Abelian dyon case Eq. (3.43)
reduces to
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A
W) © Hyxa)
Fig. 5. Continued.

is!zq) = eZJ d4X1J d“x, 65 (XlﬁuTagb (X — %) mﬁuT b‘i'ér (X){ DE(x; — X2)} v

- 924[ d4X1J d4X2 ﬁg (Xl)ﬁu-ragb(xl - X2) uv%vT b\i,a— (XZ){ Dlaéb(xl - X2)} pv
(3.49)

which representsthe self-energy of the non-Abelian dyon asshownin Fig. 6.

The term S2 leads to photon self-energy in non-Abelian gauge theory.
For this process S2 can be written as
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[DF( X - Xq) ]MD

[DuFb( X1 —x2) :]M‘?

N
A 4+ Al
L*)e(xz) W) ST xy —x)my (m) Ye ( xq)
oy f 5 = X q A
L1”'<;](><2) q X2 §F( X=X ) 1 L\Jg(x1)
Fig. 6. Self-energy of a non-Abelian dyon.
Q2 — e2 4X 4 = A caTad i b
W = o | d% | d% NI(TF AT, (VS AT, ]
’ | L | |
g = . 2 - S A A
] f d% f d®%; N[(‘I’gwBﬁTa\Ifg)xl(‘IfevUBETb\Iflg)XZ] (3.45)

which is shown in Fig. 7. The term §2 does not have any uncontracted part
and the corresponding Feynnman diagram, known as the vacuum diagram,
is shown in Fig. 8.

4. CONCLUSION

Equation (2.4) describes the Compton shift in non-Abelian dyon—photon
scattering. This equation shows that we need two photons for obtaining a
Compton shift of 0.02428571 A in non-Abelian dyon—photon scattering
instead of the usual one responsible for electron—photon scattering of quantum
electrodynamics. One of these two photonsisresponsiblefor electron—photon
scattering and the other is responsible for monopole—photon scattering. This
scattering process is similar to that in Abelian dyon—photon scattering.(>2
The energy of the photon associated with magnetic charge is enormously
high (2.42906 X 10* GeV), which is much greater than the energy of the
photon responsible for the magnetic charge of adyon in Abelian gauge theory
(9.332885 X 10 *? J). Equation (3.6) is the Lagrangan density for a non-
Abelian dyon moving in the generalized electromagnetic field of another

Ab+ g AQ—
Ay (x2) () (a) Aulxq)
b+ AQ—
8 (x2) *2 x B (x1)

-q

Fig. 7. Photon self-energy in non-Abelian gauge theory.



2476 Purohit, Pandey, and Rajput

X2 X1

-q
Fig. 8. Vacuum diagram.

non-Abelian dyon. Equation (3.14) is the S'matrix expansion and with the
help of Eqg. (3.15) we have obtained different scattering processes described
by Egs. (3.28), (3.30), (3.33), (3.38), (3.40), and (3.41a)—(3.45) and shown
in Figs. 2—8. As such the photons associated with dyons in Abelian as well
as in non-Abelian gauge theory are different from the photon associated with
the electron, in agreement with results of others,?>-2® where it has been
conjectured that the exact gauge group for the monopole system is not SU(3)
X SU(2) X U(1), but could be SU(3) X SU(2) X U(1) X U'(1). Moreover,
occurence of monopoles and dyons in heterotic string theory®® confirms that
very high energy is associated with these particles.

The energy of photons responsible for dyon—photon scattering in non-
Abelian gauge theory is much higher than the energy of photons responsible
for dyon—photon scattering in Abelian gauge theory,°29 which clearly shows
that massivefieldsin terms of the Higgstriplet play amajor rolein describing
the scattering processes.
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