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ABSTRACT

Experimental limits on light Higgs bosons (ilfg- < 5 GeV) are examined.

Particular attention is paid to the process K —* TH. It is shown that there may

be an allowed window for light Higgs bosons between about 100 and 210 MeV.
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The possibility of the existence of a light Higgs scalar boson, H, is an im-

portant theoretical and experimental question. The consistency of the standard

model and the successful prediction of the W and Z masses require the existence

of a Higgs boson (or a Higgs like object). The standard model gives no guide-

lines, however, as to the expected value of the Higgs boson mass. It is therefore

imperative to scan the full range of parameter space to see what Higgs mass re-

gions can be excluded. Here we concentrate on limits on Higgs bosons which are

lighter than about 5 GeV. We consider only the standard model with a single

neutral Higgs boson, although many of our limits can be generalized to include

non-standard Higgs bosons.

The theoretical limits can be summarized succinctly. The Higgs self interac-

tions are described at tree level by a quartic potential,

VQ{H) = -^rH2 + \H*. (1)

The one- loop corrections have been calculated,

(2)

where M is a mass scale chosen to absorb the XH* term of Eq. (1) and

2

(3)

This potential has two minima, (JJ) = 0 and (J2") = v = 2Mwl9, (92 =

4TTCI/ sin2 8w). The requirement that spontaneous symmetry breaking occur is

E(v) < E(0) which gives the limit(3)

. (4)

The important point is that for a top quark which is slightly heavier than the

W boson, this bound vanishes and there is NO theoretical lower bound on the

Higgs mass.



We now proceed to analyze the experimental limits on light Higgs bosons,

beginning with those from nuclear physics. The nuclear physics limits are ex-

tremely sensitive to the Higgs-nucleon-nucleon coupling. We parameterize this

coupling as,

£ = -gHNN-<l>Ni>NH (5)

with

f
9HNN= ( TTTT

\2M\v J
If the nucleon were a point particle, we would have 77=1.

In the quark-parton model, the coupling of the Higgs to quarks, V>tj and to

gluons is given by the effective Lagrangian,

gm, —
2M]\r

where the Higgs coupling to two gluons comes from a triangle diagram with heavy

quarks in the internal loop (see Fig. 1) and NQ is the number of heavy quarks

(MQ » MJJ)' The gluon field strength, F^, can be related to the trace of the

energy momentum tensor, 0£,

% = ~l£ V (8)

where 6 = 1 1 - 2/3NL « the QCD Q function and Ni is the number of light

flavors^ At zero momentum transfer, the matrix element of 0£ between nucleon

states is known,

I 02 I N)q3=0 = mN{N I 4NI1>N I N). (9)

Combining Eq. (6)- (9), we find the effective Higgs-nucleon coupling,

2k H 1 " itir){ff' *•*•'N) w1]
With (N I m.f.1>. I iV) =a 370 MeV,'" NL= 2, and NQ=4, Eq. (10) yields 17 ~



.6. Neglecting the strange quark mass gives 77 ̂  .3. For the purpose of setting

limits on light Higgs bosons, we assume 77 > .3.

The best limits on very light Higgs bosons come from X-ray transitions be-

tween the 3d5/2 a^d %P3/2 states in the muonic atoms 24Mg and 285i. The

existence of a light Higgs scalar would induce a Yukawa interaction between the

muon and the nucleon. This would yield a shift in the transistion wavelength of,

(11)

where gHpp = gm-fifiMw, % is the nuclear charge, n is the principle quantum

number of the muonic state and f(n) = (1 + nMjj/2aZMjj)~2n• Note that

f(n) —* 1 for MH < < 10 MeV and a limit can be obtained which is independent

of the Higgs mass. Beltrami et.alw find a limit | gHNNSHnn \< 7 • 10~8 for

< 1 MeV. This corresponds to rj < .04. For t) = .3, their limit gives

> 8 MeV. The exact limit obviously depends sensitively on the nuclear

physics assumptions used to derive a value for 77, but it is clear that a massless

or very light (M/y < 1 MeV) Higgs boson is not allowed.

A similar limit can be found from the transition AHe(20.1 MeV) -+ (ground

state) +H, where the Higgs then decays to an e+e~ pair. For 77 = .3, the exper-

iment of Freedman et.al.w excludes 2.8 < MJJ < 11.5 MeV. The conclusion is

that nuclear physics experiments rule out a standard model Higgs boson with a

mass less than about 10 MeV if rj > .3.

We skip now to much higher masses and consider limits coming from a search

for T —• H7. The tree level prediction for this rate has been known for some

time,

r(T-»g7) _GFmlf
r(T - n+n-) " v5 V

The one loop QCD radiative corrections to T —* Hj have been calculated and

are significant -they decrease the rate by about 80%.'*' Including these radiative



corrections, CUSB has recently obtained a limit1 forbidding Higgs bosons in

the mass region 2mM < MJJ < 5.4 GeV at the 90% confidence level.

The region of interest is then 10 MeV < MH < 210 MeV. This is precisely

the mass region where kaon decay experiments are relevent. The transition K —»

•KH proceeds by both two- and four- quark operators (see Fig. 2). The matrix

element is given by, "

~ 1.3 • 10~10 GeV {

where

R = 1—

R is typically of order one. (Note that M(Kl -* TT°H) = M(K+ -* TT+H)).

Only the charm and top contributions are important in the first term of

Eq. (13). In a parameterization where V*dVul is positive, V*dVc, and VtdVtt

are negative if there are only three generations and the relevant terms in the

matrix element have the opposite sign. Hence large cancellations are possible.

As m\V{dVt, becomes large, this contribution dominates in Eq. (13) and the

total branching ratio can be quite large. Assuming mt > 80 GeV, as required

in order to have Ms < MK, (see Eq. (4)) and using the latest limits on the

elements of the KM matrix from the Particle Data Group,1*1

>.36 {GeV)2

>.48 (GeV)2

32JT2

— V £ W . / J T =-28 (GeV)2



we find,

BR{K°L -> 7r°if) >2.4

BR(K+ -» TT + #) >5.7 • 1()6

where fiu is the Higgs velocity in the kaon rest frame. The limits on V(j and

Vtt of Eq. (15) are obtained assuming unitarity of the KM matrix and are only

valid for three generations.

The branching ratio for K+ —* TT+H as a function of m%VtdV\a is shown in

Fig. 3. The Particle Data Group limits do not include information on the BB

mixing observed at CLEO and ARGUS. Analyses of this mixing tend to give

larger values of Vtj than that obtained solely by requiring that the 3 x 3 KM

matrix be unitary. For Mt > 80 GeV, mt \ Vtd |> .75 GeV (which can be

inferred from BB mixing)'10' and the Particle Data Group value of | Vt« |> -036,

we find —m\V^dVta > 2.16, which gives a branching ratio of

BR(K+ -> TT+lf) > 9 • KT5/3#. (17)

The large uncertainty in the branching ratio seen in Fig. 3 will be reduced if the

top quark is found and as the KM angles are further constrained.

The best limits on light Higgs bosons can be found from the KEK experiment

of Yamazaki et.alln] who put a limit on the branching ratio for K+ —+ Tr+H as a

function of ME- This experiment used a high resolution spectrometer to measure

the ir+ momentum and hence was independent of the Higgs decay products.

Except for near the ~° mass, the results cover the region between 10 and 300

MeV. For 10 MeV < MH < 100 MeF, they find BR(K+ -> TT+H) < 5 • 10"6.

Using the conservative estimate of the branching ratio of Eq. (16), we see that

this region of Higgs masses is excluded. For 170 MeV < MJJ < 280 MeV, they

find the limit BR(K+ -* TC+H) < 4 • 10"5. Whether or not this region is allowed

depends on the value assumed for rn\V^dVu, (see Fig. 3). Even with the large

branching ratio of Eq. (17), however, there is some region near the 7r° mass where

there is no limit on a light Higgs boson.



The experiment of Baker et.al.lll] also searches for K+ -» TT+H. They obtain

the limit BR(K+ -> TT+ H) < 7 • 10~6 for 30 MeV < MH < 100 MeV.* These

results strengthen the conclusion that a Higgs boson with a mass less than 100

MeV is not allowed in the minimal standard model.

There is another class of kaon decay experiments which can potentially pro-

vide limits on light Higgs bosons and that is the search for the decays K —* TTI+1~,

where I — e,fi. If 2me < MJJ < 2mM, the Higgs decays almost exclusively to e + e~

pairs. Good limits exist on BR(K+ —> 7r+e~e+). However, when the limits are

reanalyzed in terms of K+ —» ir+H, H —* e+e~ (i.e. the requirement is made that

Me+e- = Mff), these experiments do not improve the bound from Ref. 11 in the

interesting region MJJ < 2m/i. A comprehensive study of the limits which can

be obtained from rare K decay experiments is given in Ref. 13.

Light Higgs bosons can also be seen in B decays. However, limits from B

decays are not stringent enough to restrict Higgs bosons lighter than 2mM. |n |

In summary, nuclear physics experiments and the search for K+ —* T+H can

rule out MH < 100 MeV, while the search for T -• # 7 excludes 210 MeV <

MH < 5.4 MeV. In the intermediate region 100 MeV < MH < 210 MeV,

light Higgs bosons may still be allowed. This allowed region will be narrowed as

better limits (or actual measurements!) on m* and Vu are obtained. In addition,

a reanalysis of many existing rare K decay experiments can potentially provide

more stringent limits on Higgs bosons in this mass region.

This experiment can presumably extend this mass reach somewhat.
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Fig . 1 Effective coupling of a light Higgs boson to 2 gluons. The quarks in the

loop are those with Mq >> MJJ.
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Fig . 2 2 and 4 quark operators contributing to K —* irH.



F i g . 3 Branching ratio for K+ —* ir+H.
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