
Volume 135, number 1,2,3 PHYSICS LETTERS 2 February 1984 

SOME TESTS FOR WHETHER A NARROW NEUTRAL RESONANCE CAN BE A HIGGS PARTICLE ~ 

Howard E. HABER 

Department o f  Physics, University o f  California, Santa Cruz, CA 95064, USA 1 
and Stanford Linear Accelerator Center, Stanford, CA 94305, USA 

and 

G.L. KANE 

Randall Laboratory o f  Physics, University o f  Michigan, Ann Arbor, MI48109, USA 

Received 26 September 1983 
Revised manuscript received 7 November 1983 

We consider under what conditions any narrow neutral resonance, particularly the recently reported state ~(2.2), could 
be a Higgs particle, either a fundamental boson or a composite technicolor state. A number of tests are summarized in- 
cluding what is expected in T decay, b-quark decay, Z 0 decays, branching ratios and properties of ~(2.2) decay, and produc 
tion at hadron machines. Implications for the standard model, technicolor, and supersymmetry are discussed. 

1. Introduct ion.  As is well known, the Higgs sector 

of the standard model [1 ] is not understood. Funda- 
mental or composite Higgs particles could exist at any 
mass; some new physics must exist, but there need 
not be any light particles. (For recent reviews, see ref. 

[2] .) 
If physical Higgs particles exist, some of their prop- 

erties are uniquely determined, and others have sever- 
al alternatives. They must have spin zero, but they 
can be scalar or pseudoscalar. In the simplest model, 
with a single Higgs doublet, the Higgs must be a scalar 
and the Higgs-fermion coupling must be proportional 
to the fermion mass since this coupfing is the source 
of the mass term, and one expects P ~< 10 eV for 
m H ~ 1 GeV and mf ~ 100 MeV. That is, for Higgs 
masses in the GeV range, the Higgs width will be far 
narrower than the resolution of normal particle phys- 
ics experiments. 

Consequently, any newly discovered resonance 
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whose width is narrower than the experimental resolu- 
tion should be considered as a possible candidate for 
a Higgs, and should be studied in that context. ,1 
Higgs physics is too important to not take any possi- 
ble instance seriously, even if it may not be a likely 
one. In this paper we carry out that analysis for the 
recently reported [3] state ~(2.2), whose width is 
presently consistent with experimental resolution. 
Clearly every effort should be made to detect a small 
width - with present experimental limitations per- 
haps a width as small as 10 MeV could be detected. 
In addition, it is obvious that the spin measurement 

is also very crucial. 
The reported [3] data are the observation by the 

Mark III collaboration of a process qJ -+ 7 + ~(2.2), 

~(2.2) -+ K+K - ,  KsK S, with m~ = 2.22 + 0.02 GeV, 
P~ = 30 + 10 + 20 MeV, and BR(~ -+ 3' + ~)BR(~ -+ 
K+K - )  = (8.0 + 2.0 + 1.6) X 10 -5.  This branching 

,1 Experimentally, it should be easy to distinguish a light 
Higgs boson from ordinary strongly interacting scalar 
states. Apart from its extremely narrow width, the Higgs 
boson would be distinguished by having a non-negligible 
branching ratio into leptons (either ta+lS - or r+r - depend- 
ing on the Higgs mass). 
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ratio already implies the ~(2.2) cannot be the Higgs 
boson of  the standard model for a single Higgs dou- 
blet. If  there is only one Higgs doublet ,  the decay rate 
for ~ -+ 7H 0 is computable [4], giving 

r(-----~ -~ vH°~ ) GFm¢' 1 . (1) 

r(q~ ~ u+~ -) 4 , ~  

Then BR(qJ --~ 7H °) ~ (3.1 + 0.5) × 10 -5 ,  the error is 
from the error in BR(~ --~ it+t1-). Assuming the decay 
of  an H ° is dominant ly  to sg, one expects the decay 
products to consist o f  K+K - ,  K0K 0, K ' K *  (for the 
latter mode,  we expect a factor o f  3 enhancement for 
spin counting for each of  the two charge combina- 
tions and a factor of  about 2/3 for phase space), so it 
is conservative to take BR(H 0 ~ K+K ) ~< 1/6. Then 
for rn H = 2.2 GeV, BR(~ -+ "¥H0)BR(H ° -+ K+K - )  ~< 
(0.5 -+ 0.1) × 10 -5 .  This is at least an order of  magni- 
tude below the reported data, though only at the level 

of  a few standard deviations. 
An addit ional argument against a single H ° inter- 

pretation is that  ~(2.2) is considerably lighter than 
the minimum mass allowed by  Linde-Weinberg 
bound [5]. This bound is obtained by requiring that 
the spontaneously broken vacuum be lower in energy 
than the symmetric vacuum when one-loop radiative 
effects are taken into account. If  we define 

C - ~ 1  C ( 3 m  4 + m 4  - 4mf4), (2) 
64n2v 4 

summing over the tree-level masses of  all species of  
vector bosons V, Higgs bosons H and fermions f (and 
v = 2 -1 /4GF 1/2 ~ 250 GeV), the Linde-Weinberg 
bound states that in the one-Higgs doublet  model  
m H/> 2vC 1/2. If  the vector boson masses dominate 
eq. (2), then m H ~> 7 GeV +2 

Neither of  the above arguments applies to ap- 

+2 Even in the one-Higgs doublet model, there is a way to 
evade the Linde-Weinberg bound. Linde in fact argued 
(ref. [5 ]) that if we lived in a metastable vacuum with 
lifetime greater than the age of the universe, the Higgs 
boson mass could be as small as 0.26 GeV. However, it is 
hard to imagine a scenario for the early universe which 
would result in us being in such a vacuum today. Note 
that if there exists a very heavy fermion so that C ~-. 0 
[see eq. (2)], then the Linde-Weinberg bound becomes 
irrelevant. 

proaches where two or more Higgs doublets  are 
present. Then the Linde-Weinberg bound applies to 
only one o f  the scalar Higgs bosons, so only one of  
the several neutral states need be heavier than 7 GeV. 
The expected branching ratios for V ~ 7H 0 can be 
enhanced [6] by the squares of ratios of  vacuum ex- 
pectation values (VEV) which will be present because 
there is more than one Higgs to get a VEV. 

One can systematically examine models with two 
or more Higgs doublets [ 6 - 8 ] .  There is also theoreti- 
cal motivation for studying such models. First,  at 
least two Higgs doublets are required in supersym- 
metric theories. Second, the low energy spectrum of  
technicolor has many features in common with that 
of  a two-doublet  model. One can view supersymme- 
try and technicolor as two complementary approaches 
to incorporating Higgs physics into the structure of  
gauge theories. The former has fundamental  scalars 
which are related to fermions by  the supersymmetry;  
the latter assumes new fundamental  fermions rather 
than new bosons, and obtains bosons as composites. 

Therefore, let us see if the ~(2.2) could fit into an 
approach with (at least) two Higgs doublets.  First, 
we can conclude that  if the ~(2.2) is to be interpreted 
as a Higgs boson, one needs an enhancement of  the 
ratio of  vacuum expectat ion values which enters into 
the coupling to charmed quarks by a factor slightly 
above 3. This would lead to a prediction for BR(~ 
7H 0) o f  about a factor of  10 larger than that given in 
eq. (1), consistent with the ~(2.2) rate. This has sever- 
al implications for b and T decays which we will ex- 
plore below. In arbitrary two-Higgs models or in su- 
persymmetric theories, such a ratio of  VEV's can be 
quite natural. In technicolor theories of  the simplest 
sort there is only one scale, but  in more complicated 
versions the couplings to ordinary fermions result 
from a mass matr ix diagonalization which can intro- 
duce factors that change couplings by  the needed 
amounts. Thus on the basis of  the presently available 
information,  ~(2.2) is a viable candidate for a Higgs 
particle in any approach beyond the standard model  
with a single doublet .  

Most of  our analysis, apart from specifics due to 
the observation of  ~(2.2) decay into KsKs,  applies 
very generally to any present or future candidate for 
a Higgs particle in the mass range below about 10 
GeV. A summary of  this analysis as applied to the 
~(2.2) is given in table 1. 
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Table 1 
We summarize the results expected for ~(2.2) decay and production if it were a Higgs boson. We work in a multi-ttiggs doublet ex- 
tension of the minimal electroweak model, since the observed rate for ~ --+ K+K - rules out the possibility that ~ is the ttiggs boson 
of the minimal model. 

Comments 

Decays of 

Production of 

KsK S 
K+K - 
K*K 
K'K* 
u+U - 

~+~- 1 
e+e- 

PP 

F, P', F" ~ ' r~  

b ~  s~ 

Z° "~ Z°~ / 
W -+ ~ W-+~ / 

Z 0 ~ H0~ 
KN ~ ~X 

PP ~ qJ ~ "r~ 

seen (implies jPC = 0 + +, 2 ++, ...) 
seen 
would require negative parity admixture 
should be seen; can test for parity mixture 
BR ~ 4 16% 

BR should be very small 

B R ( ~ ) / B R ( K * g * )  ~ 10 20% 
BR should be a few percent 

requires a ratio of vacuum expectation values of order x / ] ~  
could be enhanced or suppressed by a factor of 10 depending on type 
of multi-Higgs model 
BR probably large (perhaps as large as 50%) and thus observable in 
B ~ KKKX, K~+,u-X; may be directly excluded 
BR ~ 1% (due to small ~ mass, the second Z °,  
W + is nearly on-shell) 
BR ~< 9% if one Higgs is scalar and the other is pseudoscalar 
signal-to-noise could be 1 : 1 or better for KsK S or #+~t- modes 
could get good rate at LEAR 

2. Decays o f~(2 .2) .  I f  ~(2.2) is a Higgs particle one 

can per form several tests,  in addi t ion  to  the spin and 

width  measurements  men t ioned  above.  

(a) Since the couplings should be propor t iona l  to 

masses, one expects  

1 2 .  2 
P(~ --~ U+U-)/I-'TOT ~ 5mu/m s . (3) 

The 1/3 is a color  factor.  Since the current  quark 

mass m s ranges f rom about  150 MeV to  about  300 

MeV, one expects  a branching ratio f rom about  4% 

to 16%. Observat ion o f  a / l+g - signal would  make the 

I-figgs in te rpre ta t ion  a rather l ikely one.  However ,  in 

compl ica ted  models  it is technical ly possible to con- 

struct couplings which are not  strictly p ropor t iona l  

to masses, so the absence o f  a/~+ta signal does not  

r igorously exclude the Higgs in terpre ta t ion .  

(b) I f  the couplings are propor t iona l  to  masses, a 

number  o f  modes  should be very small, such as e+e - ,  

77,  u~, dd. The last two show up as 7r~ or OP modes,  
which should then not  appear.  A ~ mode  should ap- 

pear wi th  a ratio o f  1 0 - 2 0 %  to K ' K *  (de te rmined  
by the probabi l i ty  o f  gett ing an sg or  a dd out  o f  the  

vacuum and by the phase space suppression.) Also,  
an rot mode  should be observable.  

(c) In format ion  on spin and pari ty can be ob- 

tained by  comparing KsK S (which is observed [3] 

and requires jPC = 0 ++, 2 ++ . . . .  ), K+K (which could 

require spin ~>2 if  the decay dis t r ibut ion is not  flat),  

K*K (which would  require odd pari ty) ,  and K*K.* 

(whose branching ratio should be somewhat  greater 

than  KI~ due to spin count ing) .  One can determine  

the pari ty o f  the K*g~* state by compar ing [9] the 

K* and K* polarizations,  which tend to be perpendic-  

ular for the  pseudoscalar  case and parallel for the 

scalar case. This leads to a corre la t ion for the azi- 

muthal  angle be tween  the two K* -+ KTr decay planes. 

It is possible (see discussion below) that  the Higgs 
particle is not  a def ini te  par i ty  state,  so it is very im- 

por tant  to look  in K*K and K*g~* for signs o f  a pari- 
ty mix ture  - such a signal would  guarantee for a spin 

zero particle that  one is not  seeing a strong decay,  

and would  make ~(2.2) a very strong candidate  for a 
Higgs particle.  
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3. Production of~{2.2). There are several other 
ways a Higgs candidate with mass below 10 GeV 
could be detected immediately or in the relatively 
near future. 

(a) The neutral flavor-changing decay b -+ s + H 0 is 
expected to have a large branching ratio. It has been 
calculated rather generally in models with two Higgs 
doublets by Hall and Wise [10]. The answer depends 
on several things. * 3 One is the ratio of  VEV's dis- 
cussed above, which we denote by rb If the ~(2.2) is 
identified as the H 0, then we can take this ratio as 
known (i.e. r72 ~ 10). The answer also depends on m t 
and on the mass of  the charged Higgs which is always 
present when two or more Higgs doublets exist. For  a 
large range of  parameters and r72 ~ 10, the branching 
ratio for b ~ sH 0 is on the order of  50% (!), so one 
would expect a very large rate for b -+ 3 strange par- 
ticles, and a branching ratio of  order 5% for b -+ sp+p -. 
These numbers hold for typical m t ~> 20 GeV, except 
that for a narrow region where mH+ ~ 5m t ~ m W a 
cancellation occurs and the rate can be considerably 
suppressed. Thus, observation of  ~(2.2) in b decay 
would be strong evidence in favor of  a Higgs interpre- 
tat ion,  while non-observation is evidence either against 
the Higgs interpretat ion or possibly implies 
mH+/m t ~ 5. Recent data [11] from CLEO quotes an 
upper limit of BR(B -+ Xp+p - )  < 0.3% (at 90% CL) 
which makes the Higgs interpretat ion rather problem- 
atical. +4 

(b) If  ¢ -+ 3,H 0, so will T ( T ' ,  T " )  --* 7H 0, with a 
branching ratio larger according to eq. (1) (with rn~ 
replaced by rnw). This gives, not counting the effect 
of the enhancement due to VEV's, BR(q" -+ 3,H 0) ~- 
(2.1 + 0.3) X 10 4, with similar results for T ' ,  T" .  In- 
terestingly, the effect of  the VEV enhancement for 
charm (a factor of  10 in BR if  the ~(2.2) is a Higgs 

,3 In the calculations of Hall and Wise, the H ° was taken to 
be the pseudoscalar. However, the coupling of fermions 
to the scalar and pseudoscalar Higgs are not very different 
(although extra parameters are involved, see refs. [6,7]). 
Itence, we have assumed that the rate for b --, s + scalar 
Higgs is similar to the results of ref. [ 10]. 

#4 It is interesting to note that in models with one Higgs 
doublet, the transition b --+ s + H ° is in general substan- 
tially suppressed (see ref. [ 12]). One reason is that the 
strength of the Higgs-fermion coupling is fixed (i.e. q = 1). 
However, in both the one and two doublet models, this 
rate is proportional to m{. So, if a light Higgs particle is 
found, the t-quark mass will be severely constrained. 

boson) can lead to either enhancement or suppression 
in T decay. In one class of  models [6] (denoted type 
I) one VEV gives mass to all quarks (the other Higgs 
doublet  is decoupled from the quark sector). Then, 
all ffH ° couplings are enhanced by the same factor 
and one expects an enhanced rate, BR(T -+ 7~(2.2)) ~- 
2 X 10 3. Presumably either by ~ ~ K+K - ,  KsKs,  or 
p+p this should be observable. However, in a second 
class of  models [7] (denoted type II) one VEV gives 
mass to up-type quarks (u) and the other to down- 
type quarks (d). Then if the u'aH 0 coupling is propor- 
tional to an enhancement factor of  r/, the ddH 0 cou- 
pling is proport ional  to r~- and one expects BR(T 
7~(2.2)) ~- 2 X 10 5, which may difficult to observe. ,s  

Because of  this situation, searching for ~(2.2) in 
T (T ' ,  T " )  decay may not be able to confirm or deny 
the Higgs interpretat ion.  [It should be added that in 
models where the ratio of  VEV's is different from 
unity in order to give up-type and down-type quarks 
mass with similar couplings, one expects the Higgs 
coupling to the heavier up-type quarks to be reduced 
(since gtlff  ~ mf/v) which is just the opposite of  the 
situation here. If  the Higgs interpretat ion for the ~(2.2) 
were to hold up, it would be difficult to understand 

how type II models could be relevant.] 
(c) There are two Z0-decays where a very light H 0 

could show up in the next couple of  years. First there 
is the well-known decay [13] Z 0 -+ Z0H 0 where one 
looks at the missing mass opposite the outgoing (vir- 
tual) Z 0. One can add up all the observable modes of  
virtual Z 0 (e+e-,  p+p-, possibly jet  pairs) to get a 
larger rate [14]. This may also be possible at a hadron 
collider by  taking Z°'s produced with no recoil gluon 
jet.  For  very light H 0 the rate is expected to be nearly 
10 2 of  the total Z 0 cross section [15,16]. 

Second, if  there are two or more neutral Higgs, as 
must occur with two or more doublets,  then the de- 
cay Z 0 -+ H0H 0 is allowed and has a large branching 
ratio. ,6 If H 0 is heavy its p+p branching ratio might 

be small, so cg or bb (or even t t )  could dominate.  

,s  Strictly speaking, these remarks are relevant only for the 
pseudoscalar Higgs. The scalar Higgs-fermion couplings 
depend on parameters of the scalar potential in addition 
to q leading to further uncertainty in the above predic- 
tions. 

4"6 Assuming CP invariant couplings, Z ° -+ H°H 0 implies that 
one of the neutral Higgs in the final state is a scalar (0 ++) 
and the other is a pseudoscalar (0-+). 
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Then one would expect events with (say) a/2+kt - 
from H 0 opposite a heavy quark jet pair from H 0. 
The precise branching ratio [8] depends on the Higgs 
potential and the mixing parameters which determine 
the mass eigenstates, but in the best case one can have 
F(Z 0 ~ H10H20)/F(Z 0 -~/a+/2 - )  >~ 3 before phase space 
suppression. 

(d) Another possibility is the process pp + W±H 0 + 
X which proceeds via W e -~ W±H 0 and occurs at a rate 
of  about 1% of the total W cross section [15]. It is in- 
teresting to note that the ~(2.2) is within a resonance 
width of  the W. This enhances the production rate for 
a light Higgs because the virtual W is very nearly on- 
shell. Thus, it may be possible to find a light Higgs 
boson at the pp colfider. 

(e) At the FNAL fixed target machine it may be 
possible to produce and detect a light H 0, and 2.2 
GeV is a good place to look. Higgs bosons may be 
produced by hard scattering of  constituent quarks or 
gluons. In the case of  qq -* H 0, the cross sections are 
very small because of  the small qqH 0 coupling propor- 
tional to a light (u or d) quark mass. One does better 
if the constituent process is s-g ~ H 0. This process 
could be observable in KN ~/~/aX where one of  the 
strange quarks is a valence quark. In ref. [6], we 
showed that (for an experimental resolution of  10 
MeV) the Higgs signal to Drell-Yan background 
would be 0.3 r/2 where r? is the enhancement factor 
for the H0sg coupling. ,7  Hence, for r? 2 ~ 10, we find 
a possible signal-to-noise ratio of  3 : 1 for finding a 
Higgs boson at 2 GeV. 

One can also produce Higgs bosons by g luon-  
gluon fusion through an intermediate quark loop [17]. 
Again, the enhancement factor 7 2 -~ 10 helps to in- 
crease the rate by a factor of  10 or 5 (for type I and 
II models, respectively). This leads to da/dy ly= 0 .~ 1 
nb (at Ela b = 1 TeV) for a 2 GeV Higgs boson. Fo ld -  
ing in a 10% ~t+/~ - branching ratio, the signal as com- 
pared with the Drell-Yan background is marginal but 
perhaps not impossible to observe. Furthermore, it 
might be possible to search for other exclusive modes 
of  the Higgs, for example in pp ~ KsK S + X. 

(f) One further possibility is to make use of  LEAR, 
the high luminosity pp facility which operates in the 

,7 Note that in type I1 models, an enhanced H°c~ coupling 
implies that the I-t°sg coupling is suppressed so that its 
process would not be likely to uncover the Higgs boson in 
these models. 

2 GeV region. There have been discussions of  the pos- 
sibility o f  operating LEAR as a minicollider at the 
mass [18]. (The luminosity on the ~ with present 
technology was estimated [18] to be about 1029 
cm -2  s 1.) If  the luminosity could be increased, such 
a machine would be very useful in studying rare ~ de- 
cays. For example, in ref. [19], it is found that 
o(pp -~ ~)  ~ 5/~b which would imply over ten ~(2.2) 
-+ K+K - events produced per hour given a luminosity 
of  1031 cm 2s -1 .  

4. Implications for current ideas. If  any Higgs par- 
ticles were found it would, of  course, be o f  the grea- 
test important for the development of  particle phys- 
ics. A very fight Higgs with a mass in the few GeV 
range would strongly constrain ideas since it does not 
arise naturally in many approaches. As we discussed 
above, only approaches equivalent to a model with 
more than a single Higgs doublet could give the re- 
quired branching ratio enhancement. 

A priori, the Higgs masses are free parameters in al- 
most all approaches. One exception occurs in a model 
by Coleman and Weinberg [20] who set the tree-level 
I-Iiggs mass to zero and generate spontaneous symme- 
try breaking by radiative corrections. In the one-Higgs 
doublet model, the physical Higgs boson gains a radia- 
tive mass equal to m H = 20(2C) 1/2 [where C is given 
by eq. (2)] which, ignoring fermion masses, is about 
10 GeV. In multi-Higgs models, among the numerous 
physical Higgs bosons, there is one scalar Higgs which 
gains a mass radiatively given by the same formula as 
above [21 ]. It is amusing to note that if a fermion 
(t-quark?) exists which is massive enough, then the 
value of  C can be reduced sufficiently so that m H = 
2.2 GeV! Thus, such a fight Higgs boson mass may not 
be incompatible with the Coleman-Weinberg mecha- 
nism. 

In supersymmetric theories at least two Higgs dou- 
blets are required to give mass to up and down type 
quarks [22], so a Higgs interpretation for ~(2.2) could 
be accommodated. However, the ratio of  VEV's can- 
not be easily made to go in the direction to enhance 
the charm coupling - it naturally goes the other way 
(due to a heavy top quark) [23]. In addition, in many 
models, the mass scale for H 0 is m w rather than 
O(1 GeV) (note, however, the model o f  Kounnas et al. 
[23] where a light Higgs boson in the 3 - 6  GeV range 
is predicted). Consequently, while supersymmetric 
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theories technically could deal with ~(2.2), they could 
not do so without considerable manipulation,  and 
none of  the present approaches to models are of  the 
necessary form. 

The situation in technicolor [24] approaches ,8 is 
subtle. Light neutral states are predicted [26] around 
2.2 GeV. All the light states are pseudoscalars while 
~(2.2) decays to KsK s which has positive parity.  How- 
ever, parity is not conserved in the transition from 
technifermions to ordinary fermions, so perhaps an 
initial pseudoscalar can decay to a positive parity fi- 
nal state. One of  us has recently analyzed this situa- 
t ion [27]. The answer is that a self-conjugate initial 
pseudoscalar, Q~'sQ, formed by  a technifermion Q, 
cannot decay into an gs scalar final state i f  CP is con- 
served. Thus no simple technicolor model  could ac- 
commodate  ~(2.2) in spite of  the mass value. A more 
complicated model  where the initial pseudo was not 
self-conjugate, e.g. $75 D, could give a scalar final 
state and accommodate  ~(2.2). It immediately re- 

quires [27], by analogy with K s - K L system, 
another state of  opposite CP quite near in mass, 
which could appear in K*I~. Such a model would 
have as further consequences the appearance of  sever- 
al other neutral pseudoscalar states on the same scale 
of  a few GeV, and of  more charged states in the 8 - 2 0  
GeV range. The size of  these masses is constrained if  
the ~(2.2) is a technicolor state since then one has an 
upper limit on a value for contributions to its mass 
besides those from standard model  interactions. In 
summary,  while interpreting ~(2.2) as a technicolor 
state is not easy or natural,  it is not excluded. How- 
ever, if the technicolor interpretat ion were correct,  a 
number of  other related neutral and charged states 
nearby in mass must exist. 

It is worth  emphasizing that if the ~(2.2) turns out 
to be the Higgs boson,  it would be possible to devise 
tests to rule out  the technicolor approach. Techni- 
color models cannot coexist with light scalar Higgs 
bosons (in the technicolor scenario, these particles 
lie in the range 100-1000  GeV). As argued above, 
the light pseudoscalars of  technicolor could exhibit 
scalar-like couplings to fermions but  such models have 

,8 By technicolor approaches, we mean to include extended 
technicolor (ETC) interactions (ref, [25 ]) which are 
needed to obtain masses for the light fermions. These ETC 
interactions also lead to Yukawa couplings of the fermions 
to the fight pseudoscalar states. 

observable consequences. One definitive way to rule 
out technicolor would be to observe the decay Z 0 -+ 
H01 H° which would imply the existence of  at least one 
light scalar Higgs. 

5. Comments. If  any state can be interpreted as a 
Higgs particle it must have a number of  properties 
and satisfy a number of conditions; we have summa- 
rized those of  which we are aware. As we have hinted, 
even if  ~(2.2) has a narrow width,  spin zero, and a sig- 
nificant/~+/a- decay, it will be difficult to sustain a 
Higgs interpretat ion in the context  of  currently known 
extensions o f  the standard model. The ~(2.2) cannot 
be a Higgs scalar in the standard model with a single 
doublet because of  the large branching ratio in ~ de- 
cay, and perhaps because of  its light mass. If  the ~(2.2) 
is a Higgs scalar in a multi-Higgs model, then it is sur- 
prising that it has not appeared in b-quark decays. 
However, the fact that it is not accommodated easily 
in any present approach to physics beyond the stan- 
dard model may say more about the approaches than 
about the ~(2.2). But because of  the great significance 
of  Higgs physics, every effort should be made to test 
whether ~(2.2) or any other future candidate could 
be a Higgs particle. 
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