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1. Introduction

In most papers which discuss the phenomenological implications of “low en-
ergy” supersymmetry,'_a it is usually azsumed that the photino (%) is the lightest
supersymmetric particle {LSP). In nearly all supersymmetsic models, al! parti-
cles possess a conserved multiplicative quantum number called R-parity given by

= (—1)38+L+2F where B is the baryor number, L is the leplon number and J
the spin of the partfclc." (The possibility that R-parity is broken has been dis-
issed in the literature.™ We shall assume here that R-parity is 2n exact discrote
mmetry.) [t is easy to show that all presently observed particles have B = 1,
hereas their supersymmetric partners would have R = —1. Cosmological argu-
«ents suggest that the LSP must be bath color and electrically neutral.” Then,
a conserved R-parity implies that the LSP is exactly stable, weakly interacting
and will be produced in the decay producls of any heavier supersymmetric par-
ticle. That is, the LSP behaves like a neutrino and will typically escape collider
detectors. Thus, the best experimentnl signature of supersymmetry is to find
evidence for a new neutral weakly interacting particle which is not the neutrina.

The assumption that the photino is the LSP implies a very definitive pattern
to supersymmetric phenoamenology. For completeness, it is important to consider
other possibilities. One possible alternative candidate is the scalar-neutrino” (&).
If the photino were the second lightest supersytmmetric particle, then the phatino
would be unstable, decaying via § — v&. {This occurs by a one-loap Feyaman
diagram similar to the decay B ~ &7 in the usual scenario.” ) Recause the

-.

v and ¥ will escape collider detectors, the 3§ will also be unabserved and the

phenomenology will be unchanged as compared with the usual case where the 3

is the LSP. The other possibility for the LSP is a neutralino (i.e. some mixture of
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neutral gaug'moand Higgsino) wh_ich is not a pure photino. In Section 2, we will
discuss some ge.nera.l Eéatura of neutralino mixing and investigate a particular
specml case where a pure Higgsine [H“) is the LSP. In Section 3, we discuss
the phenomenology of a supersymmetric model with the HP© as the LSP. Our
conclusions are summarized in Section 4.

2. Neutralino Mixing

Let us begm by making a list of all neutral color-smglet states with zero
- ; lepton nnmberm the ‘minimal supersymmetric extension of the Standard Model.
:-(The last restriction ‘has been imposed 1o eliminate neutrinos and their super-
partners from the discussion.) One particular noteworthy feature of this model is

the exisience of two complex Higgs doublets which are necessary (in a supersym-

10,11

metric model) to give mass to both up and down type quarks. The complete

list of particles with ihe above properties in this model is:

B,W; (neutral gauge bosons) (1a)
- Hy, Hz (neutral complex Higgs bosons) (18)
B,W; (neutral gauginos) (2a)
iy, #; (neutral Higgsinos) (28)

We have listed the “interaction” eigenstates, i.e. the felds that have definite
SU(2) x U(1) quantum numbers. The physically observable particles are the
“mass” eigenstates which are obtained by diagomalizing the appropriate mass

matrices. Forexample, as every student knows, the physical neutral gauge bosons
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are obtained by diagonalizing the 2 x 2 matrix:

g®  -gg’
(—gg' g )
The resulting states are the Z° and :

Z° = Wacosfy — Bsinfy

+ = Wjsginfwy + Beos iy

(3)

(4a)

(4b)

where tanfyy = g'/g. In the Higgs boson sector, the diagonalization procedure

is more complicated but very straightforward. The mass matrices can be found

in Ref. 12; alter diagonalization, the resulting states are:

}1? =2 [(72e Hy — v} cosa + (J2e Ha — v3) sin o

Hl=+v2 [~(fe H, — v)sin a4+ (Re Hz — v2) cos &

HS = V2 [Im H\ sinf + Im Hy cos 3|

and
G" = V2 [Im H, cos § — Im Hysin )
where
tanf = oz
v

(5a)

{5}

(5¢)

(6}

(7)

and the angle o depends on coefficients which appear in the Higgs patential. The
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_ vacuum e.x‘l‘:ectation values of the neutral Higgs bosons are denoted by {H,) = v;;

" in this model, we may choose & phase convention such that vy and ¥ are bath

real and positive. This implies that 0 < § < . Note the counting of degrees
of freedom here: we started off with two complez neutral felds (Eq. (1b)) and

" ended up with four real neutral felds {(Eqa. (5}, (6}). If one compuies the masses
~ of the scalar fields gwen by Eqgs. (5) and (6) one finds that the mass of GP is zero.

In fact, one can ‘show that this field is the Goldstone boson which is absorbed
(“enten”) by the 27 when the Z9 gains mass via the Higgs mechanism. Thus,

at the end, three physical neutral Higgs bosons (given by Eq. (5)) remain. By

" examining the couplings of these physical Higgs bosons to fermions, one finds that

HY is a pseudoscalar and H? and HY are scalars. The masses of these neutral
Higgs bosons are not indapendent due to the relations of various parameters
of the Higs |- .tential which are imposed by supersymmetry. One finds after

diagonalizing the Higgs boson mass matrix that:'' "

1 2 2 2
""%g,ng =3 I}"Hg +mz J(m}i? + m}) - 4m’zm}f§ cos? 2,6] . (8

By convention we take HY to be the lighter of the two boson masses in Eq. (8).

Note that Eq. {8) implies that m Hy 2 mz and m mp < m3z. The mixing angle a

(L sfired in Eq. (5)) is given by:

(9)

2 2
Mo+ m
sin2a = —sin2p (——u) .

Mo — M
Using the conventions staled above (where 0 £ g £ %), it folloe  ‘hat we may
choose -1 < a < 0 (since by Eq. {9), sin2a is negative). This completes the

analysis of the particles listed i Eq. (1).
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We now repeat the analysis with the supersymmetric partners of the gauge
and Higgs bosons (see Eq. (2)). These particles are all fermions with identical
conserved quantum numbers (e.g. they are color and electrically neutral); hence
they can all mix.” We employ the term “neutralines” to describe the mass-
cigenstates one obtains by diagonalizing the mass matrix, as these states can
be complicated linear combinations of gauginos and Higgsinos. In the minimal

supersymmetric mode] the neutrrline mass matrix is given by:ls

My ) —mzgsinbwcosf mzsinfw sin g

0 M, mzcosfycosf —mzeoslyysinf
—mgsinbhy cosff mzcosy cosfg 0 —p
mzsirfysinf —mgcosfwsing — o

(10)
where the matrix is arranged with respect to the weak interaction eigenstaie
basis: [E,Wa,ﬁ],j}g)- The angle 3 is defined in Eq. (7). Three new parameters
appear: a supersymmetric Higgs mass term g and two gaugino Majorana mass
terms M, M; corresponding to masses for B ard W,. The terms M, and Af;
are actually soft-supersymmetry breaking terms which depend on the precise

mechanism for supersymmetry breaking. In many models, they are related via:

M 5 g"
_1_-_-5__ (11)

M, g
where the coupling constants on the right-hand side of Eq. (11) are to be taken
as running couplings evaluated at a scale @? =~ O(m"‘z). {For example, Eq. (11}
2 -

appears naturally in grand unified models. At the grand unified scale, 39'* = g*

so that at this scale A, = My which is equal to the common grand unified

L ‘4ino mass.)
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It is convenient. to discuss a simple model in which Eq. (10} can be diagonal-

ized exbli:itly. Here, we shall consider the model where

My =M; = M; (12)

#=0. (13)

Actually, ﬁaing Eq. (li), we see that My # Mj at the electroweak scale. Howaver,
' .as long as M, Mz « -m’z, it is not a bad approximation to take Af; and Afy
.equal, The advantage of atudymg the limiting case displayed above is that we

may 1mmedlately write down the physical neutralino elgenstatcs- 16

i
5 = Wasinby + Bcosbyy (14)
,‘, H® = H,sinf + Hycos 8 (15)
w
E ‘ Z+ = [Wgcnsﬂwlf Esinﬂw)cosqbo-{- (}71 cosf — f};sinﬂ)sinéo (18)
Z - . Hﬁr‘, cos Oy — Bsin fw)sin do + {H, cos § — iz sin ff) cos ¢o] (17)
The correspondmg massed are as follows: M~ is the photino mass (lience, the
deﬁnltion gwen in Eq. (12])| and:
Cm - C M, =0 (18)

. : Ho




1/2
Mz = (mg, + = M:";-) + oM. (19)

The mixing angle ¢ in Eqs. (16), (17) is given by

2m
tan2¢p = == . (20)

M-~

pt
Thus, in this model f? is a pure Higgsino state which is the LSP. The Z; are
mixtures of a pure zino Z = W;cos fy — Esinﬂw and Higgsino states; their
masses satisfy My < mgz and A!Z_ > mgz. The Dirac matrin ~5 has been
inserted in Eq. (17) so that the mass of the Z_ is pasitive as shown in Eq. {19).
(This is necessary since the corresponding mass eigenvalue as computed from Eq.

(10) is negative. Faor further details, see Appendix A of Ref. 12.) Typically, one

takes fl.{;,- swiall so that in this model the neutralino spectrum satisfies:
M§0<M;< ME_ <AIE* (21)

with three of the four neutralinos less massive than the Z°.

To guide our thinking, we will sometimes further restrict the model by taking
AI:’- < mz and vy = va. {The nerr equality of the two Higgs vacuum expectation
values is common to many low energy supergravity models."’ } Then, Egs. (7}
(0), (19) and (20} imply that —e = § = ¢o = 45° and myp = M3z = mg.
This corresponds to the supersymmetric limit where (H?,E-,§+,Zu) combine

1o form one common massive supermultiplet.
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of qz.{qur
’ mvol\nng % depend on the fact that a 45 appears in the definition of the

3. Phenomenalogical Consequences of a Light Higgsino

We will study mme of the tmphcatxons of & mode) whose neutralino states

are given by Eqs. (14)- (17) with mass spectrum as shown in Eq. (21). First, let

n.w 15

us list in Fig. 1 some important Feynman rules involving the H° (which

" in the model considmd here is the massless state exhibited in Eq. {15)). In

S dlagrams {=} a.hd {b), lﬂe factor of 1-v {1+-5) corresponds to the production

. Sltmlal' Vertlces “also exist for np and down type leptons. The rules

"state {see ‘Eq. [17)) As a result, a factor of ~s appears in diagram (e} involving

the scalar H° but does not appear in diagram (f) involving the psendoscalar HS.
A demratmn of the Z° cpnplmgs can be found in the Appendix.

“An i.mpéi‘t.ant feature of these rules it that the ﬁ"'qﬁvertex is suppressed by a

factor of my/mp. This is a well-known property of the coupling of Higgs basans
to quatk paims {(H%J vertex), and it oceurs here by virtue of the supersymmetry.

Note also the appearance of mixing angles in the rules: ¢9 (Eq. (20)), 4 {Eq.
(7))} and « (Eq. {9)). In some limiting cases, these angles take an values which

may cause certain interactions to vanish. For example, in the supersymmetric

/]imit t_liscnssed at the end of Section 2, we saw that —a = ¢y = J = 45°. This

ﬁpli& that in this particular limit, the Feynman rules for the vertices shown in
Flg 1(d), (e) and (f) vanish exactly!

We may now discuss the phenomenslogical implications of the scenario de-
scribed above. First, since the photino is no longer the LSP, it is unstable, There

are two possible types of decays:

(85— FFH® (f =any fermion such that my < M=/2) (22)
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Fig. 1. A nartial list of Feynman rules involving the
Higgsino HO, in the model descried in the text.
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@) G+ H0. o (23)

mmémmiuhminm 2. One can earily show that the process
; ﬁ—-wﬁ%mmm”""(mmmummm
P mmhtht?is. i(c)llnpplmddumtlnmsnnmotmmn
' mnpling(wlliehnmoﬂhndhm,/mw) On the other hand, in Fig. 1(b),
_ thcloophdeminmabythnhuﬂnf.qu. In fact, in the limit of large m;,
‘ M; with m;f.M;-v 0(1), the rate cbtained from Fig. 1{b) approachea a conatant
: non-xero vﬂm. The result of & eomplete calculation (where for deﬁmtmesn, we
-—--_... tl.hm:-M[anﬂﬁ “‘)Il'

: e r‘:,

sF . (. 3 ‘
. . .f, ~ 10"“ (!-;:—V) sec. {24)
o e .:' " “.:. i ] 1 .

wh!d: indlutu that the phntlnn decay is prompt unleas M'-' is sufficiently light.

Ewdoprmunlnuonm limits of supersymmetric particles change

undc this mmo? ‘We ahnll asyume that the photino decu.y is prompt (i.e.

M-BO(I GeV)). Gom!derthep:m:"’: —+ 35, followed by 5 — +H0.

Emtsof um typew:ll be oburvcdue"’e —+ 74+ missing energy. Such events

,, bmbmmumfor st PETR.A; no signal above background has been seen,.?

o mmummmmm#e — ¥j cannot be too large. Since

mmmmmma.mmm.mmomu

pmhpﬁuaﬁmhmthmln-clulmnm In Rel. 22, the limit obtained

wamng&!yﬂik!m(h\" (Mtwthwmonbwﬂ%mﬂucmofm
nnlhhllphothn wmchdmbdm Jeaving the deuctor.)

.

1n

(1]
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Fig. 2. Mechanisms for Photino Decay. The one-loop process § — v + e
dominates § — ffH® (where J is any fermion which is kinematically allowed in
the decay).
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. Ne:t, consider tlu.! production of n;:alar-quarh and gluinos at hadron colli-
ders,® In prevfous works, it wt;a assumed that these particle dacayed via § — g5
(or ¢j if kinematically a!iowed),and 7 — g7y If the Higgsino is the LSP, one
must consider these éanil:! del:a.ys wifh ¥ replaced by H®. But in each case, this

involm a qqﬁ" vertux wlm:h is suppmsned by a factor of mg/mw. Hence the

decays of ¢ and 7 g i:nto photmos w1ll dominate over decays involving Higgsinos.
However, the final stage photinca will decay via § — ~4H® with lifetime given
by Eq. [24] T]ma, e for the gluino, the decay chain will be § — gFvH®,
where the Ko wnll ounstxlnte the missing transverse energy of the event. Two
conclus]onn folluw Firat, m events with scalar-quark and/or gluino production,
leas mlssing enel'gy vn.ll rem.llt in this scenario as compared with the case wherze
the % is the LSP. Tlns ).mphes that fewer such events would satisfy the cuta and
triggers npplitd by the UA1 eollaboration in their search for monojets,? Recond.

such nequ would contain isolated photons. Tt is not known at present to what

.extent such events can be ru]ed out in the UA1 detector. The end result is that
‘the bounﬂ.! on sca.la.r-quuk a.nd gluino masses are less severe in the case where
the Hﬂ is the LSP. (Fora qmtlta.hve discussion, see Ref, 23).

The,phenomenalogyof supersymmetric decays of the Z% must also be recon-
sidered. Recalling that Mz < mg, we compute:'

. yr M F ML
] = N = P

If we use Eq. (19) for My, Eq. (20) for $o and take M: € mz, we obtain

r(2° - Z_fio) 3MEsin®25 )
T@ =) = 2zmk (26)

13




Typically B == 45° o that sin 20 =~ 1. Thus, il .M:'- is not too small, the branching
ratio for Z2° — Z_ F° could be non-negligible. The signature of 2¢ — Z_ H? could
be spectacular at SLC or LEP if the mass of the Z_ is sufficiently light. The
H° will not be detected, while the Z_ will decay into leptons or hadronic jets,
resulting in a “one-sided event” {i.e. nearly cll decay products approximately
confined to one-hemisphere of the detector). For a heavier Z_, the signature
will be less striking but should be cbservable on a statistical basis due to the
missing energy resulting from the escaping Higgsinos. In this regard, it is useful
to examine in more detail the possible decay channels of the Z.In Fig. 3, we

exhiblt three possible classes of decays:

() Z- — H%q, Aot (27)
- g, FEre-
(i) 3 — {’_""_’ ! (28)
999
(ii§) Z. — BOHO . {29)

[A fourth channel: Z_— ¥Eqq’, Xt via W exchange is possible if there exists
a chargino state, ¥ lighter than the 5...] We shall assume here that M > ME. ;
otherwise, Z_ —+ v& would be the dominant decay channel. If AMj; < ME.‘ then
the decay Z - §qq will certainly dominate since it involves a strong interaction
§4q vertex. Otherwise, the major decay channels are somewhat mode] dependent.
It is amusing to observe that the sequence Z° — Z_HY followed by Z_ o He,
may provide a new mechanism for producing and detecting Higgs bosons (FIY)

at SLC and LEP.

14
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Fig. 3. Mechanisms for Z_ decay. We do not show the

pousibility of Z_ — ¥Eqg, which is similar to mechanism

" (a) via W-exchange (where ¥ is a chargino state). In

- all diagrama above (except. (b) with a final state gluino),

.. .we may replace quarks with Jeptons. We asaume that

My > Mz ; otherwise, Z_ — v would be the dominant
. ~decay channel, :- .




We have already remarked that in the minimal supersymmetric model, there
neceasarily exista a nentral scalar Higes boson (denoted by HY) with mys < mz.
In fact, from Eq. {8), we cee that in the limit of vy = vz {ie. # = 457,
mys = 0. This is a tree level resuit only. If we include radiative corrections & la
Caleman and E. \?’u'e‘uﬂ;uarg,’s we find m H = 0{10 GeV). This is good news for
the traditional Higgs basan searches at SLC and LEP. In particular, one would

expect to discover such a Higgs boson in a number of wa:.rs:za

() 2°— Hu*u~ (30)
() 2% Hi~ (31)
(i) e*e” — 29HS (32)
(iv) *5(th) —~ H}v (33)

where 35 (tf) is the toponium spin 1 bound state analogous to the ¢f. Further-
more, if # = —a = 45°, then the 2.]‘?“33 vertex vanishes and there is no new
supersymmetric process. However, it is quite aasy to design a mode] where the
§_§°H§ vertex is not particularly sup[.u't.xssed.r""9 For certain values of the HY

mass, the process:

Z0 . Z_f° — HOFOmY (34)
could well be the dominant mode for Higgs production in Z° decays. The domi-
nant decay of HY would be into &b pairs so that the signature of such 2 process

16




wo:uld be a bb event (whii;h might be distinguished with a vertex detector) along
with substantial missiag encrgy.

- In the ahmre dlscnssmn, the Higgs boson HY is a scalar particle and is neces-

sarily hghterthan the Z°, Them also exists a pseudoscalar, HS in these models
w.hnse mass is mm_-emnd_e.l dependent—it may be either lighter or heavier than the
Z9, I there exlsix a light paeudoscalar HY, the above analysis may be repeated
‘with HY replaﬁnﬁ HY. Note in particular that for a pseudoscalar Higgs boson,
pmé&s {30) and (32) do not exist because there is no tree level Z°Z0HY vertex.
{The proof of tlua r:la.un is ea.sy Smce HY is a CP-odd state, the only possi-
-ble gauge-mvanant form for the Z°Z°H° interaction is €pvap FF F*P HY which
* 715 dimension 5 and thus cannot arise in tree leve!.) Thus, among the processes
considered above, only processes (31), (33) and (34) can be used for detecting a
light pseudoscalar at a high energy e+e collider.?® Finally, there exists one new
.- possibility to consider: the decay 2% — HQHY. Using the rules given in Ref. 12,

I find:

e e *

where B2 is the usual p-wave suppression factor which accurs for Z° decay into
. a pairof scalars. If vy = vz, then —a = 8 = 45° and the rate for Z° —+ HSHY
va.mshes Otherwise, the branching ratio can be non-negligible, in which case
- this process may provide a good signature for discovering a pair of light Higgs
- bosons.
Let us return to examine further consequences of a light Higgsine. From Fig.
1{d), the existence of a Z"F?HP vertex suggests searching for the process:

ete™ — 4HOH® (36)

17




and using the photon to tag the event (since the Higgsinos will escape unde-
tected). This process is shown in Fig. 4; it is exaclly analogous to the classic
neutrino counting expeciment which has already been used by the ASP Collub-

oration to set limits for the #and 5 masses.’® It is easy to show that:

r(z° — FOH)

— 2
w = €05 2ﬁ (37)

which indicates that an H? will at best count as one extra neutrina.

We have for the most part neglected the “chargino” states, X7 and %3, (i.e.
the mass eigenstates which result from the charged gaugino-Higgsino sector) in
the discussions above. One of the charginos may be lighter than the W= (the
appropriate formulas are similar to Egs. (19}, {20)). For example, there is
a W‘i""ﬁo vertex analogous to Fig. 1{c), which would allow for the decay

W2 — §* + HO. The analysis is parallel to much of the discussion above.

4. Conclusions and Discussion

Even if supersymmetry exists at the electroweak scale, there is at present no
strong Teason to assume that the photino is the lightest supersymmetric particle.
In this paper, a simple model is constructed where the lightest supersymmetric
particle is a pure Higgsino state. Because the }?Oqé vertex is suppressed by a
factor mg/myy, the phenomenology of a light Higgsino is quite different from
that of a light photino. Seme of the changes to the “standard” supersymmetric
phenomenology are discussed. Some emphasis is placed on signatures of super-
symmetry in Z% decays. In particular, a new mechanism for the production of a

light Hipgs boson via 29 — HOHYHY is examined.
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Fig. 4. Detection of Higgsinos usinga “neutrino~counting”
type experiment.. The Higgsinos escape the detector and
only the radiative photon is observed.
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1 shall end with two words of caution. First, certain vertices in the model
depend on combinations of mixing angles which can vanish in certain limiting
cases, Second, when more realistic models are developed, it could turn out that
the lightest supersymmetric particle ¥° is dominantly made up of 2 Higgsino
component but with some admixture of a gaugino component. The strength of
the ¥°g§ vertex will then crucielly depend on the precise amount of this gaugino
component. This will have an important bearing on the phenomenology of the

supersymmetric model,
ACKNOWLEDGEMENTS

Some of the work presented here has been done in collaboration with Mike
Barnett, Jack Gunion, Gordon Kane and Marianc Quiros. Conversations with

Bob Cahn, Sally Dawson, Marc Sher and Daniel Wyler are also appreciated.

20



CON

APPENDIX: 29 Couplings to Neutralinos: A Tutorial
In this af;pendﬁr; we demonstrate how to compute the coupling of the 20 to
a pair of neﬁtta.linos.‘
. Consider the general case of a four component fermion:
o= () (41)

TR

where £f and nr may have different SU(2) x U(I) quantum numbers. If we

denbtg'theii quantum numbers by Tsr,Q and Tig, @ respectively (where the

* electric charge Q of &1, and i moust be the same), then the Feynman rule for the

quZO i_ertex, denoted by V {Z°¢3), is:

_ i_c%w- 7 (T — Qsin?dw)(1 - %) + (Tar ~ Qsin* w)(L +15)) . (42)

We shall reﬁrife this rule m tﬁe fo]-lowﬁ:-lg form:

—1g ” 3
Toos by ! (v + ga7s) (A3)
gv = Tag + Tz — 2Qsin® (A4)
ga=Tar—Tor - (A5)
As an example, for the electron, Tyf, = *%,Tm = 0 and Q@ = —1, leading to

1

gv =—% +2sin’ B and ga = § as expected.
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It is ofien convenient to list the fermion content of the theory in terms of
left-handed fields only. For example, giver two left-handed fermions &¢ and 7y,
of opposite charge, I can construct the Dirac fermion of Eq. (1) by identifying
ngr = (1L0)¢, i.e. the charge-conjugated state. T would then identify T5p = T5(£z)
and Tap = Ts(pr) = —Ts(ng). This discussion is also valid for a Majorana
fermion, i.e. where £ = np in Eq. {Al). It then follows that for 2 Majorana
fermion, Tap = —Tar and 2 = 0.

We illustrate these ideas by computing the Feynman rule for the Z°H®H°

vertex. Using Eq. (15), this vertex can be expressed as,
V(Z°H°fi%) = sin® AV (Z°H, H}) + cos? BV (2° H. ) (A6)

where H and H, are the {left-handed) weak interaction eigenstates (with definite
SU(2) x U(1) quantum numbers). Note that V(2% H, H») = 0 since the Z° does
not couple off-diagonally to weak interaction eigenstates at tree level. The states
I?I and fIg are neutral Majorana fermions; therefore T35 = —T31 in each case.
In supersymmetry, ﬁl and ﬁ'z have opposite hypercharge, and T:—,L{ﬁl) = ,f;
and T:]L{.f?z) = —1. Using the above results, it then follows that gv = 0 and
g4 = cos? 8 — sin? @ which reproduces the rule stated in Fig. 1{d).

The Z°HO%Z_ vertex can be obtained in a similar manner. Here there are a
few subtleties. We must keep track of which fermion is outgoing in the vertex
{that fermion will have a ber over it), and we must pay attention to the factor of

~s in Eq. (17). It then follows from Eq. (17) that:
V(ZOEOE..) = cos ¢gsinFcos [V(Zuﬁlqsf}l] - V(Zoyﬁz’rsl}g)] . (AT)

The presence of the factor of -5 in Eq. {A7) changes the Feynman rule given in
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“Eq. (A3) tor,.

can. be comtmcted' ot

Fean s

Zig

ﬁ-_zma T (ovrs+94) - . (48)

Otherwue, the ca.lcu.latlon is analogous to the one above, and we find gy = 0 and
94 = -—2 cnat#a ain ﬁ cos ﬂ Insertmg tlus into Eq. (AB), we obtain the rule given

in Flg l(c)

i N 'l Sl
The method descnbed above is of course apphcahle to the 2% coupling to any

fermion pair.’ 'As one last example, cnns:de.r the charged left-handed Higgsino

' states H,_ and H', wlth T_u; ='—1 and +1 respectively. A Dirac fermion ¥+

’ '::"'*- ((HI?]‘) (45)

. In his mmple, Ta; T;R =1 so that the ZO9% ¥~ coupling is purely vector.

meEq [A-i), lt followa that gv 1 25m 0w
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