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ABSTRACT

If the new positive parity sbtate £(2.2) recently discovered in % deccay turns out to
have zero spin, then it could be a Higgs boson. In the context of technicolor models,
(in the absence of CP-violating effects) self-conjugate techni-pions have pseudoscalar
couplings and hence cannot be the explanation of the new state. However, a pseudo-

“Goldstone boson analogue to the Kg (the “techni-K g”) could be a candidate to explain
the £(2.2). In such a case, we would expect a nearly degenerate state, the‘ “techni-Kp”

which would behave like a pseudoscalar and decay into K* K.
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Recently a new state, £(2.2), has been announced by the MARK III collaboration;|1]

it was observed as follows:

¥ — 7 +£(2.2) .
L~ k%2, KtK~ (1)

with mg = 2.22 + .02 GeV, I'; = 30 + 10 + 20 MeV and

BR(Y — 7+ £(2.2)) BR(£(2.2) = K*K™) = (8020 18) X 107° .  (2)

The fact that it decays into KQK 2 implies that £(2.2) has JPC = (even)**. If it
turns out to have spin zero then there is an exciting possibility that the £(2.2) could be a
Higgs boson which is produced as in Fig. 1. Such an interpretation could be suggested
to explain the narrow width of the £(2.2) (which may be consistent with experimental
resolution) and to explain its (preferential?) decay into strange particles.! In another
paper [2], the possible implications of the £(2.2) for Higgs physics will be discussed.
In this paper, we shall concentrate on whether the £(2.2) could be interpreted in the

context of technicolor theories.

Technicolor models [4] are theories which describe the Higgs bosons as composites
of new techni-fermions (@). In such models, the particles analogous to the scalar Higgs
of the standard model are the spin zero P-states of the Q @ system. They are expected
to be fairly massive (in the 100 GeV - 1 TeV region). However, techn\icolor models
often predict light pseudoscalars; these are pseudo-Goldstone bosons (“pseudos”) of
a dynamically broken chiral symmetry which occurs in the techni-fermion world.[5-
7] The colorless pseudos are expected to be particularly light [6-8] (with mass < 40
GeV). A simple illustration is given in a toy model by Farhi and Susskind [5] which

1 The verdict is not in as to whether £(2.2) — 7+7~ or pp occurs. Further study of
the data is needed before a definitive statement can be made.



contains one weak doublet color triplet of techni-quarks (U;, D;) and one weak doublet
of techni-leptons (V, E). There is a chiral SU(8) X SU(8) symmetry which one assumes
is dynamically broken to a diagonal SU(8). Three of the resulting Goldstone bosons
are eaten by the W% and Z0 leaving 61 pseudos in the physical spectrum (often called

techni-pions). The most interesting of these are the color singlets:

P* =|{UD) - 3|NE)

- -

P°=|UU-DD),-3|NN-EE) (3)
P® =UU + DD), —-3|NN + EE)
(the subscript 1 refers to a color singlet; overall normalization factors have been omit-
ted). In eq. (3), the explicit 5 has been suppressed; in fact all pseudos are of the form
Q5Q, i.e., they are pseudoscalars in the presence of technicolor (as well as color and

electromagnetic) forces.

At this point, the theory cannot as yet explain (ordinary) fermion masses, nor the
coupling of pseudos to ordinary quarks and leptons. For this, one must introduce
~extended technicolor [6,9] (ETC) gauge bosons which connect techni-fermions to or-
dinary fermions.? Using the diagram shown in fig. 2, the fermions get a mass when
(FF )o gains a vacuum expectation value. By the same diagram, fermions couple to
-the pseudos whose techni-fermion content is F' y5F. In some models thg PO and P°
are expected to have mass in the 2-3 GeV range [7,8] so one could ask — can the £(2.2)

be a techni-pion (either P? or P/0)?

2 Although the model described above is not realistic, it contains features that are
expected to persist in more realistic models. However, one should be aware of the
various phenomenological problems with ETC models, namely flavor changing neu-
tral currents which are too large [10] and masses for the pseudos P* which may
be too light [8] (so that they should have been seen at PEP and PETRA). In more
complicated models, one might hope these problems could be solved [11], although
notompelling model exists at present.



At first, it seems that the answer is obviously no! Since £(2.2) — KgKO, the £(2.2)
must have positive parity, whereas the techni-pions are pseudoscalars. However, there
is a subtlety here — the techni-pions are pseudoscalar under parity conserving tech-
nicolor and color interactions. The ordinary fermions couple to techni-pions through
ETC interactions which must be parity nonconserving3 (as shown in fig. 2). Thus
a priori, it is possible for techni-pions‘to‘ have a 0t com}oxfent in their interactions

with fermions.[12,13]

In the sample technicolor model described above, this in fact cannot occur as we
now show. Observe from eq. (3) that the neutral techni-pions PO and P are seli-
conjugate bosons (i.e., they are real fields). Hence, if CP is conserved,? then P? and
P'0 must have pure pseudoscalar interactions with fermions. This can be understood as
follows: from Table 1, we see that f f and ¢ f 5 f have opposite CP quantum numbers
(note that the factor of ¢ is required by hermiticity). Hence, if CP is conserved, a
neutral self-conjugate scalar c;m couple either to f f or ¢ f~5 f but not both. The
assumption here that the scalar is self-conjugate is crucial. For example, if the two
fermions are different, f;(a + bv5)fa + h.c. does not violate either hermiticity or CP
invariance. Of course, the scalar boson which couples to it cannot be self-conjugate.
‘We can deduce this result directly from fig. 2 as follows. For the self-conjugate
techni-pion, the two techni-fermions in fig. 2 have the same flavor (i.e.,. t = j). For
simblicity, we perform the following calculatioh as if the techni-pion consisted of one

flavor of techni-fermions. Hence, in the local limit, the interaction of fig. 2 is:

3 If all ETC interactions were parity conserving then up- and down-type quarks
would be mass degenerate in pairs [6,12].
4 We assume throughout most of this paper that CP-violating effects are small and
can be neglected in the above discussions.



Fyy(a+bys)f

sz a+b)F (4)
ETC -
To identify the coupling of the techni-pion (I1;.) to f f [15], we first note that current

algebra and PCAC imply:

(0| F yysF|ILy) = iFrpy (5)
Lo —iM2F, - -
) . (0| FrsFlly) = —+2— . (6)
F

It is convenient to rewrite eq. (6) using

M7 F7 = 2M(F F)q (7)
thereby obtaining
—i(FF
(0| FasFiy) == Fo ®

Roughly, one expects (F F), to be of order F,?. Applying a Fierz transformation to

eq. 4 (see Appendix), we obtain

(a® — %) (9)

1 .- FF
4 [ s 11y mfFﬂ(a2+b2)+( Jo
MZ,_ Fr

which demonstrates the pure pseudoscalar coupling of the techni-pion.

From this discussion, it is clear how to avoid such a result — namely construct
a technicolor model with non-self-conjugate pseudos. Consider, for example, a model
with two generations of colored techni-quarks; (U;, Dy), (Cy, S;). Then among the
many pseudos, we find non-self-conjugate bosons such as D S, 5D, etc. These bosons
are the analogues of ordinary K-mesons so we shall call them by the generic name
of techni-kaons (K). Indeed, techni-kaons can have both scalar and pseudoscalar

couplings to ordinary fermions. The relevant interaction from fig. 2 is now:

S " (ag + boys)Fo + hec. . (10)

Fiyular + b17s)f
Mirc



Applying a Fierz transformation and using equations analogous to egs. 5-8, we

find

ﬁlg—{i fsfKy [mfFK(alaz + b1bo) + (221)0 (ayag — b1b2)]
o | (1)
’(E Fho (agby — arba) T 1K, + h.c.}
Fy TR -

where we have assumed that (F; F})o = 6;;(F F)y. As advertised, K. exhibits both

scalar and pseudoscalar couplings.

As in the ordinary K -system, it is convenient to define CP-eigenstates Pg (CP = +1)
and P (CP = —1). Then, in its coupling to f P2 behaves as 0** and P? behaves
as 0~ 1. Thus, we may answer the question posed in the title of this paper. The £(2.2)

cannot be a (self-conjugate) techni-pion, but it could be a techni-kaon, Pg.

The decay ¢ — PO + 4 may occur via the “Wilczek mechanism” [3] (see fig. 1)

resulting in a decay rate of

M- POty _2Grmyf my
[(y —ptp~) 42 1o m2

m
¥
The factor z is defined so that the P%f f coupling is zgm f/2mw-5 If we interpret

(12)

‘the £(2.2) as a pseudo PO, the experimental result [eq. (2)] suggests z 2 3 [2]. In
technicolor models, the parameter z depends on the highly model dependent ETC
sector (see refs. [12] and [15]). Admittingly, it would take a fairly baroque model of
technicolor where the Pg would be the first pseudo to be detected experimentally.b
However, let me give some amusing tests should it turn out that the £(2.2) has spin

zZero.

5 Note the £ =1 in the minimal electroweak model with one Higgs doublet.
6 Note that the decay Pg — 83 would require a techni-flavor changing neutral

current. One would have to assume that the decay Pg — Hg,Hg, was kinematically
forbidden.



First, I suspect that the Pg and Pg would be rather close in mass, presumably
within the experimental energy resolution of the MARK III detector. The CP-even
state Pg could decay into K K (in an ¢ = 0 state) and K* K* (in an £ = 0 or 2 state)
but cannot decay into K* K. On the other hand, the CP-odd state Pg is forbidden to
decay into K K but can decay into K* K* (in an £ = 1 state) or into K* K (in an ¢ =
1state). These conclusions are éasily réaéhed by assuming/tha;; C a;d P are separately
conserved. However, these results are also true in more general CP-conserving theories
for the following reason. Using eq. 11, it is clear that P? and Pg are defined so that
their couplings to ordinary fermions are parity conserving. Therefore, as an example,
the decay Pg — K* K occurs via PB — 83 followed by the production of u @ and
dd out of the vacuum. Both of these processes (and the formation of the K -mesons)
conserve parity, and hence the decays of the techni-kaons into ordinary mesons must

be P-conserving. Thus, in the absence of CP-violation, the above analysis gives the

correct selection rules for techni-kaon decays.”

Note, however that a 2¥% meson can decay strongly into both K K and K*K
| (in each case in an £ = 2 state). Thus, if both £(2.2) — ngKg and KO K*0 were
observed, the natural explanation (assuming only one state were present) would be
‘that £(2.2) has quantum numbers J** with J > 2 and even. If, in addition, a spin
analysis revealed that J = 0, then a two-state interpretation (or parity—violation)
wou.ld be necessary. In addition, if a K* K* signal were seen, by measuring final state
correlations one could determine whether the final state particles were emitted in an
£—even or {-odd final state. As argued above, the detection of both ¢-even and £-odd
states could indicate the presence of two nearly degenerate states with opposite CP

quantum numbers.

“"In this argument ordinary weak interaction corrections are neglected. For example,
the K* K state can have 0~ quantum numbers which by a weak interaction process
can connect to Pg. Clearly, such effects will be numerically negligible.

7



Finally, consider what would happen if there were large CP-violating effects in
the extended technicolor interactions. In this case, even (self-conjugate) techni-pions
could exhibit both scalar and pseudoscalar couplings to ordinary fermion pairs. Con-
sequently, it would then be possible to have both the decays Hg, — KK and K*K.
From an experimental point of view, this would be similar to the existence of two
definite CP-eigenstates which Were t.oo‘ close in mass toabe ;esol;éd. Therefore, one
should search for a resonance signal in both K K and K* K at 2.2 GeV (in addition to

the spin measurement); the result of which will be important in elucidating the nature

of the £(2.2).

If the spin of the £(2.2) is found to be zero, it will also be important to search for the
rarer p¥pu~ decay mode in order to see whether the Higgs/techni-kaon interpretation
is tenable. In summary, we have shown that although the recently discovered £(2.2)
cannot be a self-conjugate techni-pion, the possibility of it being a (CP-even) techni-
kaon Pg cannot as yet be exciuded. In the latter case, a pseudoscalar PB should be
nearby perhaps nearly degenerate in mass. Note that should a Higgs-like interpretation
be borne out, then it should be possible to confirm or rule out the technicolor scenario
since if the PB were not found (as well as no CP-violation), one would have to interpret
" the £(2.2) as an “ordinary” scalar Higgs. In such a case, technicolor models would be

ruled out since they cannot tolerate light scalar Higgs bosons.

If the spin of the £(2.2) is measured to be zero, then there could be exciting
Higgs/Technicolor physics to be uncovered in 1 decays. If the spin turns out to be
> 2, then we are left with a puzzle of an unusually narrow state, the physics of which

would clearly lie elsewhere.
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Appendix: Fierz Identity

We have used the following identity in this paper:

yuler + b1ys) @ H(az + ba7s)

=(ayag — bybo) (I X I — 5 X 75)

+

(a1bg —brag) (s X I —1I X™s)

(a1a2 + b1b2) (7 X Ya + %75 X Ya5)

DO e DD b

(a1bo + agb1) (7* X Yavs + %75 X Ya)
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"Table 1

P C T
ff +1 +1 +1

i fsf -1 +1 -1

The transformation properties of scalar bilinear covariants under discrete symme-
tries. The factor of ¢ is chosen so that the bilinear covariants are hermitian. (For

notation, see p. 157 of ref. 14.)
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Figure Captions

The decay of v into a Higgs boson and a photon via the Wilczek mechanism
(ref. 3).

The coupling of techni-fermions F'; F ; to ordinary fermions, f, via the exchange

of an extended technicolor (ETC) gauge boson Xgg¢ .. Note that the coupling

“of Xpre to fF; is in general parity violating with an arbitrary mixture of V

and A which is model dependent.
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