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Anomalies and decoupling of charginos and neutralinos in the MSSM

J. Lorenzo Diaz-Cruz
Instituto de Fisica, BUAP, Ap. Postal J-48, 72500 Puebla, Puebla, Mexico
(Received 3 February 1997

We study the contribution of charginos and neutralinos of the minimal SUSY extension of the standard
model (MSSM) to the one-loop verticeBAA, ZZA, ZZZ, and examine the related cancellation of anomalies.
It is found that when the SUSY parametgr satisfies|u|>M,M’,my,, the couplings of charginos and
neutralinos with the gauge bosons become purely vectorial, and then their contribution to the amplitudes for
ZAA ZZA, andZZZ vanishes, which implies that this sector of the MSSM does not generate a Wess-Zumino
term. We evaluate also the contribution of charginos and neutralinos o pheameter, and find that=0 in
the largeu limit. [S0556-282(97)04913-9

PACS numbgs): 12.60.Jv, 11.30.Pb, 14.80.Ly

The minimal supersymmetri¢SUSY) standard model In this Brief Report we are interested in studying the ef-
(MSSM) [1,2] has become one the most preferred extensiongects of heavy charginos and neutralinos, and to understand
of the standard mod¢SM). The success of the MSSM is not the role that the anomalies can play for their decoupling. In
only due to its ability to imitate the SM agreement with mostparticular, we evaluate the contribution of charginos and
high-energy data, but also because it gives a plausible expl@eutralinos to the verteXAA, ZZA, ZZZ, and to thep pa-
nation of the new results that seem to be in conflict with thegameter, focusing in the limit when the SUSY parameter
SM (e.g., the largeZ—bb width [3], the eeyy event ob-  Satisfies|u[>M,M",my,, whereM,M" denote the gaugino
served at Fermila4]). Moreover, the model predicts new Soft-breéaking masses, and tid¢boson massny, is used to
signatures associated with the superpartners that are expecfelifpracterize the electroweak scale.

to appear in the future collidefshe CERN Large Hadron-  Although the MSSM is anomaly-free, it is relevant to un--
Collider, the Next Linear Colliddror even in the present derstand the conditions under which charginos and neutrali-

ones(Fermilab, the CERNe" e~ collider LEP. However, if ~N0S participate in the cancellation of anomalies, since this
the superpartners are not light, it will become relevant tgé@n Play an important role for their decoupling. For instance,
search for any indirect physical effect that could be left byl it were possible for a heavy Higgsino to contribute to the
them, and to verify by explicit calculations their expected@nomaly, the cancellation of anomalies would take place be-
decoupling. tween different scales, which could prevent its decoupling.
Since gauge-invariant masses are allowed in vectorlike |n order to identify the origin of anomalies we shall work
theories, the effects of heavy fermion decouple from the corWith four-component spinors for the gaugino and Higgsino
responding low-energy effective Lagrangifsi. However, fields, however,.the analy§|s of the Iargehmn and the
in chiral theories heavy particles do not decouple in generag@lculations of interest will be performed in the mass-
For instance, if the Higgs mechanism of spontaneous synfigenstate basis, namgly, in terms of c_harglnos and neutrali-
metry breaking(SSB is used to generate masses, the assol0S: We shall review first the Lagrangian of the model, fo-
ciated vacuum expectation valG¢EV) (v) is fixed by the ~CUSING mainly on the interaction of the gauge bosons
scale of the interactions, then in order to generate a heawA, W, ,Z,), with the charged ) and neutral Ki,,H>)
fermion massi>v), a large Yukawa coupling is required, Higgsinos, and with theW-ino (W), photino (&), and
which induces strong effects that prevent the decoupling 0% i, (7) fields.
the fermion. Chiral fermions may also pose another problem, 1o Lagrangian for the mass and mixing terms of gaugi-

namely, the appearance of anomalies in gauge currents. Alc ang Higgsinos in the MSSM is given by
interesting problem arises when the anomaly cancellation oc-

curs between fermions with very different mas§és]. In e Mz M3__ =~ M3z—M3
this case, integrating out the heavy fermion leaves an anoma=MaWW+ TAAJFTZZ’L mHH+ o
lous effective theory, which is the signal of its hondecou-
pling [8]. s Mos = s~ 9 5  ~

In the MSSM there are two sources of anomalies: the ones X tan26wAZ— S [HiHp+HoH, - E[ZPRH 1H1

due to quarks and leptons, and the ones due to the fermionic
partners of the Higgs bosons, the Higgsinos, which cancel 5 5 5,2 AP Dule b G2

separately to make the model anomaly-free. In fact, the HoPrZHHH.c]= g WPrHH I+ HPRWH3 + H.cl,
Higgsinos are not mass eigenstates, they mix with the super- (1)
partners of the gauge bosofgauginog, and the resulting

charged and neutral eigenstates are known as chargino and

neutralino, respectively. Gauginos do not contribute to the The case when a complete supermultiplet is integrated out was
anomaly because their couplings to the gauge bosons adiscussed ini9]; however, in this Brief Report we are interested in
vectorial. the limit when only the superpartners are heavy.
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which includes the interaction of gauginos and Higgsinos OiL':ZiZV‘*l_(J-/\/E) Zi V%, (7)
with the neutral components of the scalar Higgs boson dou- ) ) !
blets H},H3). The Z-ino and photino masses can be ex- Oﬁ:Zi"ZUjl_}_(l/\/E) 4AUPS (8)
pressed, in terms of the soft-breaking madgeandM’, as
follows: M3 =McoSa,+M’'sirt4,, Mz = Msir? L 1 -
M a6 Z tw tw A O O == Vi Vi — 1 VipVh+ §sirf by, (9
After SSB the Higgs scalars acquiféEV’s) (<H}>=vl 'R * _ 1 * ;
- . O/R=—U; V¥ — 3 U, US+ 8;sirfoy, 10
and(H3)=v,), and the trilinear terms in Eq1) generate a g i1Via™ 2 Y2tz T oS fw (10
mixing among the gauginos and Higgsinos. The resulting "
Of"= 3 (ZiaZly— ZisZl), (1)

mass-mixing matrices need to be diagonalized; the mass
eigenstates and the diagonalizing matrices depend in general
on the paramete®,M’, u, and ta(=v,/v,). The diago- OfR=— 3 (ZiaZl4—ZisZ}y). 12
nalizing matrices U, V) for the charged case can be found in o

[10], whereas the (% 4) matrix corresponding to the neutral ~ We can evaluate now the SUSY contribution to the one-
case ¢) is evaluated numerically. The charginos and neuloop vertexZ,A,A, . Using theCP properties of the vector
tralinos are denoted by; (i=1,2) andx® (j=1-4), re- (V) and axial-vector A) currents, it can be shown that the
spectively. : J three-point functionsVVV and VAA vanish in general.

The interaction of gauginos and Higgsinos with the gaugeTheseCP properties can be used also to show that sfermi-

: S ons, Goldstone, Higgs, and gauge bosons do not contribute
bosons of the model are described by the Lagrangian: to the vertexZ,A,A,. Thus, the amplitude can only arise

from the triangle graphs with charged fermions inside the
loop. The contribution from each charginﬁf() to the am-

—gcosBW[Z:y“\WNV;+V:\Iy”'ZWZ—V:\/yM\7VZ”] plitude for the vertexZM(q)A,,(kl)Ap(kz) can be obtained
from the results of12], and it is written as

L= e[V:VyM\TV+ H yﬂﬁ]A”— e[,&'y“\TVW; +V=V7/MKW;]

+ [cos20,H yﬂﬁ— %(lflly,ﬂsﬁl 4aga;Q?

2 COSQW THve—

i _ ! TCOH\y
—H Hy)]z~. 2
27Yu¥sH2)] —Kpg(fk2— ke -kp) ]+ & Pk Kol ok + F3k5]

{Swpa[kla(flkg_ faki-kyp)

We can discuss now the origin of anomalies in the o . .
Higgsino sector. Before SSB the charged Higssino couplings e PPk kol fakz+ fakil}, (13
Stage if does ot contrbute to e gauge anomaly. Howevel e e, aialvectar  coupling is _ iven by

. r _ 'R rL H 2
after SSB the mixing treats in a different way the left- ang®i— i~ Ojj”» and the functions; are defined by
right-handed components of the charged Higgsinos and 1 1= Xp(X;— 1)
W-inos, which induces an axial-vector part for their cou- f1=J dxlf dXy ———,
plings, then each chargino contributes to the anomaly, but 0 0 D
with opposite signs for the MSSM to remain anomaly-free.
However, the coupling becomes again vectorlike for - fldxlf1deX2X2(X2_l) (15)
tanB=1 (v1=v,). On the other hand, the neutral Higgsinos 0 0 D '
contribute to the anomaly, because their couplings have an
axial-vector part even before SSB. However, these axial- 1 I=x1 XXy
vector couplings also vanish in the largelimit. fa= J; dxlfo a5

The complete Feynman rules for the interaction of the
charginos and neutralinps are summariz_e«ﬂ]jrlo,lj]. For_ with D= M2++x2(X2—l)k§+xl(xl—1)k§—2k1~ KX 1Xo.
the purpose of evaluating the three-point vertex functions Xioo o . ]
Z,AA, Z,ZA,, andZ,Z,Z,, we only need to specify the Then, the condition for the nonconservation of the axial-

(14)

(16)

vertices vector current is written as
o 4aga; Q?
Xi Xi AM'_Ie'}’Ma (3) Hmvp — =1 uvpa
quT 2.: TCoby & Kiakz,
Xi X)W~ #:+igy*(Of P +OfPg), (4)

X (f1ka+ f k2 —2f 5k, - k)

_ .9
+ . ’ ’
Xi xj ZH—i o y*(Q'ijLP_+O'ijRPg), (5) :2. £4PKy Ko,

1 2
- 5 Mifol, ()

H g ” ”
XOX)Z#: =i e YO LPL +O"RPR),  (6)

0Fw 1 1-x, 1
_ fozj dxlf dXz_. (18)
wherePg | =(1*vy5)/2, and 0 0
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When both charginos are taken into account the masdJ=V=1, whereas the expression fdralso reduces consid-
independent term(i.e., the anomaly should cancel eraply. In this limit one obtainsM2./D)—1, and conse-
(2iq,T*=0), as we have verified by the direct substitu- Xi
tion of the elements ofU,V in Eq. (17), namely,
>.Q%a/;=0. term would remain. However, a careful analysis of the cou-
In order to study the limit when the mass parameters arglings shows that in this limit the lightest chargino becomes
very large &my), one can use the results pf3], which  a pure gaugino¥; =W), which does not have axial-vector
presents an analytical expression for the diagonalizing matrigoyplings, i.e.,aj;=0, and the heavy chargino becomes a

ces U,V,Z, under the assumption that the couplings areéyure Higgsino, which also has),=0, thusT#”=0, and
CP invariant, and with the mass parameters satisfying th%harginos decouple from this function.

quently (M)z(ffo)—>1/2, which appears as if an anomalous

conditions, M+ u|,[M’ = u[>my, and M [ >misin2B. Similarly, we can evaluate the contribution of charginos
Then, the matricet),V are given by to the vertexZ(q,)Z(9,)A(k), which we denote bR*"*. In
Meat us this case the _cond_ition for the conservation of the axial-
1 2my—a Kop vector current is written as
M —u
U= MCﬁ‘i‘,LLSﬁ ' (19) 4 ' rQZ
— aga;iv;; Q;
\/Emw M2— 12 1 q,R#"P= _zi i#gw'swquakw (26)
1 ﬁmwm ) .
M?— u? which must be zero because of the anomaly cancellation.
V= MSat 4G . (200 The vector coupling is given by;,=0O{"+0O/\*. Moreover,
— \/Emw MB 'Z A sgnu) the vertexR*"* itself also vanishes in the largedimit, be-

cause the chargino couplingg vanish.
The amplitude for the one-loop vert&®(d,)Z(q,)Z(ds)

whereas the neutralind matrix takes the form . o )
(=S*"P), receives contributions from charginos and neu-

A B tralinos, and the conservation of the currents takes the form
Z= , 21
. @
with g® 1
vp — "2 "2
q.5" ”——2 523, | Vi T 3
1 m§SZW(M/+/LSZ/§) T2 CO§0W 3
A 2(M'=M)(M"?= u?) Xaje" P qpa03, » (27)
mM3Sow(M + M1S2p) 1 l
- T 12_,,2 . . .
2(M"=M)(M""=u%) (22 which also vanishes because of the anomaly cancellation.
Charginos do not contribute to the vert®%** itself, because
_ , / their axial-vector couplings vanish in the limit
mzSw(M'cg+ usg)  MzSw(M'ct usp) ) . X
z :’A,z_ Bz b z WM,Z_’; > b u>M M’ my,, and the three-point function with vector
B= # # i couplings ¥VV) only vanish. Moreover, since the axial-
MzCw(MCp+ puSg)  —MzCy(Msp+uCp) vector couplings of the neutralinos vanish in the lagge-
M?— p? M?— limit, its contribution toS*** itself vanishes too. Thus, inte-
(23 grating out the charginos and neutralinos does not leave a
mass-independent Wess-Zumino term in the low-energy ef-
~MzSw(Sg—Cp)  MzCw(Sp—Cp) fective Lagrangian.
V2(M7 + ) V2(M+ ) Another process that illustrates this decoupling result is
C= ; (249 the (one-loop Higgs amplitudehA A, . For the light Higgs
+ + Wiy .
MzSw(Sp*Cp)  MzCwlSp Cp) scalar (%) of the MSSM, the contribution of charginos to
V2(M' = p) V2(M=p) the amplitude is proportional to the functighi]:
1\2 12
D= , 25
12 —12 @
4mwmxi+Aii 1 1-x 1—4xy
and wheresy=sinfy, S,w=siN26y, Sz=sinB, Cz=C0B, H(mp,m,+) = sing fo dxfo dym2+—xynﬁ’
SZB:Sin%. Xi
Our results will be presented assuming also that (28)

|u|>M,M’,my,, and keeping only the leading terms in

1/, in which case the mass eigenstates are given bYyhereA,; is a dimensionless coefficient that depends on the
Myi=u, My+r=M, M=M’, Mpo=M, M 9=u, elements of the matrices,V. The amplitude behaves like
MX2=,u. The chargino-mixing matrices take the valuesmW/MXr, and it vanishes in the large-limit. On the other
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hand, the contribution of the top quark to the amplitude beimass splitting among the charginos and neutralinos that in-
comes a constant in the limit of a large top quark nfass. teract with the gauge bosons, i.ng = MX2+; thusp must
Finally, we evaluate the contributions of heavy charginosyanish in this limit. '
and neutralinos to Veltman’s parameter. Complete calcu-  |n conclusion, we have studied the effects that remain
lations of radiative corrections for the MSSM have been perafter taking the largg: limit in the MSSM. It is found that
formed in the literaturg16]; however, the results for the despite the fact that charginos and neutralinos contribute to
chargino or neutralino sector are presented only in numericahe anomaly, they do not induce a Wess-Zumino terms in the
form, which does not help to clarify the subtleties associate@ffective Lagrangian, unlike other cases studied in the litera-

with the heavy-mass limits. ture [18]. This result can be explained by the form of the
The definitions of thep parameter in terms of the self- Soft-SUSY-breaking mass terms, which do not allow a large
energies of the gauge bosordg A, Ty is [17] mass splitting among the Higgsinos; moreover, the large-
limit in the gaugino-Higgsino sector of the MSSM is ob-
p= I1,5(0)/mZ — yw(0)/m§,, (29)  tained by rendering large a dimensional parameter, associ-

ated with gauge-invariant mass terms, which does not pro-
duce strong interaction effects. A large mass splitting among
N , 2 Higgsinos could be obtained if it were possible to include a
I1i;(q%) = 11;;(0) + 11;, (0)q”. . . mass term for each Higgsino in the Lagrangian, however,
The total contribution of chargino and neutralino to the s type of term is not softl]. Moreover, we also found that
self-energies, keeping only the leading terms in the liMitihe effects of charginos and neutralinos to th@arameter
|ul>M M my, is vanish in the larggs limit. Thus, they decouple in all quan-
tities studied in this Brief Report.
We have also reviewed the pattern of anomaly cancella-
yw(0)=(g%/8m?)[ w?+ Ag( )], (30 tion due to Higgsinos in the minimal SUSY extension of the
standard modelMSSM), and found that they have different
characteristics as compared with the ones due to quarks and
I77(0)=(g?/8m°ch)[ w’+Ao(1)], (31)  leptons. For instance, when f@r1 it happens that the
charged Higgsinos do not contribute to the anomaly, whereas
where Ag(u) = — u?+2u2In(wlug), and ug is the mass the neutrglinos do not contribute to thg anomaly V\_/tneis
scale that arises in thdS scheme with dimensional regular- 'afge- This result suggests an altemative mechamsm to ob-
ization. tain anomaly-free theories. In the usual approach, it is as-

Thus, it follows Eqs(30) and (31) thatp=0. This result sumed that the chirality of the fermions is fixed, then the
can be 'understood if we recall thatis aspsociéted with the representations are adjusted in order to cancel the anomalies.

. : . o : However, in extended SUSY models, new particles are pre-
breaking of isospin, and the largedimit does not induce a dicted, whose chiralities are not known yet, and if their fix-
ing depends on some unknown parameters, then it may be

2In order to derive systematically the full effective Lagrangian possible that those new parameters have values that make the
Y y grang ttheory anomaly-free.

that remains after the charginos or neutralinos are integrated out,
one could use the method of REf4], as it was done if15] for the Valuable discussions with G. Kane, M. J. Herrero, J. J.
integration of the top quark in the SM; however, the specific caseJoscano, M. Hernandez, and correspondence with E.
discussed in this Brief Report allow us to understand the limit ofD’Hoker are acknowledged. This work was supported by
heavy charginos and neutralinos. CONACYT and SNI(México).

where TI(0)'s are obtained from the expansions
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