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Abstract |

Aésuming the High mass photon pairs observed at LEP arise from the deca.j of a massive
elementary particle,we find that the observed events ete- — I+{~+ the massive ﬁartiélé
can hardly arise from the decay of the Z boson. They are very possibly produced in the

process ete” — a virtual Higgs particle — {*!~ 4+ the massive particle. Experiment
has a good way to distinquish‘ the two cases. |
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Recently the L3 and the other groups at LEP [1] observe about tenete™ — yy( e"”e ’ u*u )
or two jets) events with the invariant mass M, of the photon pairs close to 60 GeV.
The probability for all these events originating from QED bremsstrahlung fluctuation
is‘émall. Therefore it is possible that these photons arise from the decay of a massive |
particle. In this paper we snﬁpose the existence of such a particle as an elementary par--
ticle( not a composite one) and analyse the possible mechahism‘to produce the particle
in the observed process ete™ — yvl*i~. For convenience we call the massive particle as
B particle. By the Yang’s theorem [2] the spin of the B particle can’not be one because
of its decay into two photons. So we suppose it is a spin-0 particle. It is known that the
B particle can not be the Higgs particle H in the minimal standard model. So we add
more Higgs particles into the standard model and assume the B particle is one of them.
There are three kinds of tree diagrams( Figs.1-3) which may produce the B particle in
the observed processes at LEP. The A particle in the diagrams can not be the Z boson,
because no events ete~ — yyvi with M,, > 10 GeV and ete™ — 4y + hadrons with
My, > 40 GeV has been observed by L3 [1]. Therefore the A particle has to be a spin-0
particle in Figs.1 and 3, or a photon in Fig.3. At the first glance the C particle in Figs.1
and 2 should be the Z boson. But study in detail the C particle can not be the Z boson
and it should be a spin-0 particle. First we stady the process in Fig.4 where a spin-0
p&rticle' ¢ and a photon are prbduced at an ete” collider, when the mass my of the ¢
patticle is smaller than the center-of-mass energy E of the collider. If @ is the angle
between the momenta e~ and 7,the total cross section measured within § <0 < 7 — B

is

o(E, m4,B) = ag} K1/ E?,
= In[(1 + cos B)/(1 — cos B)J(E* + m})/[2E*(E” - m3)), Q@)

where m, is the mass of the Z boson and a is the electromagnetic fine structure constant.

The ¢ particle couples with the electron as g“J;‘I‘;tp,where g¢e is the coupling constant
and T is i or s,corresponding to the scalar ¢ or the pseudoscalar ¢. The electron mass

m, is neglected and (1 — cos §) > 2m? /E? in Eq.(1). 1 ¢ is the B particle wi;h its mass
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my = 60 GeV,E = m, = 91 GeV and § = 15°,in an integrated luminosiiy L = 25(pb)~*

,the number of the events ete™ — By — yy+ is
Ny = Lagi Kin/m; = 3.66 10'g},n, (2)

where 7 is the branching ratio I'(B — «v)/T';. The three photons in the final state
are energetic. One of them is monoergic with the energy ~ 25.7 Gev. The other two *
photons have M., ~ 60 GeV. Therefore these events if exist should be easily observed
against the QED background ete~ — 3+ [3]. From the data of L3 and other groups one
may suppose the A particle in Figs.1 and 3 mainly couples with the electron and the
muon with equal strength. The number of the events ete™ — 44 - yete” at E = m,

in the integrated luminosity L if m, < m, is

N; =~ Lag? K,/(2m}) = (1.0,1.8,12) 10%g2, | -3

corresponding to m, = (32, 60,85) GeV ,respectively. If m, is not too close to m, these
events can also be easily observed with a monoergic photon and a pair of leptons which
has an invariant mass of mg. f N} or Nj > 5 for example there is a good chance to find -

the B particle and the A particle at LEP.

We refer 0;(E)(i = 1,2) to the total cross sections for the processes im Figs.] and 2 -
due to the exchange of the C particles. For simpliciiy the lepton pairs in the final state
are supposed to be the muon pairs. When the C particle is the Z boson and E = m,

0iz(m;) = 0esLis(Z = yyptu™)/Ts, (4)

where o,, ~ 40 nb is the cross section of e*e~ — Z at E = m, and ", = 2.487 GeV [4]
is the width of the Z boson. When C is a spin-0 particle D,one still can write the cross

section in Figs.1 and 2 as

7ulB) = GLEK(ET4(E)/2E), | ®)




where I‘Q(E) is t_l\g partial width of an imaginal spin-0 particle ¢,which has the same
coni,plings with other particles as the D particle has. But its four-momentum P =

(E,# = 0). K3(E) is the Breit-Wigner resonance factor

| CKa(B) = [0-wY 4, ®
where u = my/E, v =To/E. |
Ha spin-0 particle D couples with leptons,it has to show its effects on the Z decay into
the lepton pairs. One should limit the effects as small as not to contradict the data

from LEP. For the process ete~ — utu- at E = m,,we demand

Oaep < (9/_100')"etr(z — utpT)/T, ~ 1.34107% nb, R (7)

where 04, is the cross section of e*e~ — utu~ at E = m,,when onlybthe D particle

exchange exists. I(Z — ptu~)/T, = 3.34% [4).

Odepy = g:,gg,,Kg(m,)/ (167m}). jb - R (8
The interference between the Z boson exchange and the D particle exchange,which is -
proportionai to m,m,,may be neglected. From the experimental uncertainty {4] one '+
may take y ~ 1. Other precise meisnrements may give severer limit on the effects of
the D i)article. | | |
We have calculated I';, and I'y4 of Fig.1 at E = m,

Tu(Z = yiste”) = glaglnms A (ma)/(647°), o (9)

Tie(m,) = glaglnm.Ara(ma)/(647°), | (9.2)

where | 1 | . g
Aulma) = 43) [[Q- PP Dl (10)

Ara(ma) = [l(l—z)Fm/[z(z’-;-qz)]da:,_  (09)

where F = (z+z’+b’-l)/(4z’)-—b’,vc = 1—-(2-b)%, 2 = m, [ms, b = my/m,,ve = La/m,.
Ty, m, are the total width and mass of the A particle. In calculating Eqs.(9) and (10)
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the muon mass is neglected. In the models with several Higgs doublets g,.j,the coupling

constant between the particles Z,A and B,satisfies

g%, < maf(sin’f, cos?6,) ~ 0.129, (11)

where we take a = 1/137,sin? 8, = 0.2325 [4). (g4asm,) is the coupling constant between
the particles D,A and B. In the minimal standard model the correéponding one gay be-
tween three Higgs particles is 3m}/(vm,),which is 134 when mj, = 1 TeV,v = 246 GeV.
Note that in Eqs.(10) ¢ = 1 — ¢*/m3 and ¢* = M,’,,,,where M,, is_ just ihe invariant |
mass of the muon pairs. Because My, has a distribution [1},m, > m, — m; in Eqs.(9).
The numerical values of A;,(m,) and Aj4(m,) are listed in Table 1. In calculation
we neglect v, so that A, diverges when m, — (m, — m;),while A1, converges ,and
m, = 91 GeV,my = 60 GeV. The A4 are in general one to two orders of magnitude
larger than the A;, because of the suppression of the factor F3/2/23. Now let us have a.

discussion.

Case 1: the C particle is the Z boson in Fig.1. From Eqs.(4),(9.1) and (11),in the

integrated luminosity L the number of ete™ — Butu~ — yyutu- at E=m, is

N < 2.37 10%2,n41,(m,). (12)

The observed N ~ 2 is given in Ref.[1]. The A particle contributes to o,., in Eq.(8)
with goe = gap. By using Eqs.(8) and (12),we obtain |

Ogep > 1.66 107K ;N?/[n? A2 (m,)] pb. (13)

From Table 1 it is easy to see that only if 34 GeV > m, > 31 GeV, the vep in Eq.(13)

satisfies Eq.(7) with 7 = y = 1. On the other hand because m, < m,,by using Eqs'.‘l(lﬁ)"k

and(3)onégets | R | | . | -
N, > L8INK:i/(ndu). - (4)

Evenifn =1 ind Ay, takes the value at m, = 31.001 GeV, N; > 227. In that case
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the A particle would have been already found in L3 (1) Therefore the case 1 is excluded.

~ Case 2: the C particle is a spin-{) particle D in Fig.1. Because Ay is innch larger
than A,, and there is no serious limit on the value of gyq,0ne has a chance to reach the -
observed N ~ 2 [1]. Here for simplicity we only discuss the case where D and A are
the same particle,in order to see the general feature. By using Eqs. (5) and (9.2),in the

mtegrated laminosity L at E = m,,

N = 2.96 100K, Augldla. : (15)
By ugipg Eqs.(7),(8),(15),and N ~ 2,one gets |

a2 0472/lynAr(m,)) @)

Withy =7 = 1,948 > 22,24.7,36.3,corresponding to mg = 95,100, 120 GeV respectively.
They are large,but still reasonable in comparison with the case allowed in the minimal

standard model. Substituting Eq.(16) into Eq.(15),

gh < 1.43 10°%/K,. | (17)

For example when mq = 95 GeV with y = 1, gl < 111072

When mq < m, the coupling constants gss and g4, should be further constrained by

Eq;(3) v}ith N < 5:

gla > 497 10°K?/(KanAw), (18)
gs. < 1.36 107%/K2. (19)

~ Forexampleifn = 1and 8 = 15°,§w > 6.410% g3, < 4.210°% whenm, = 85 GeV;and
Jady > 155,93, < 5.0 107* when my = 32 GeV. Therefore Eqs.(18) and (19) are more
stringent than Eqs.(16) and (17). So when m,; > m, Eqs.(16) and (17) are used,while
m, — my < mg < m, Eqs.(18) and (19) should be considered. We will not discuss many
other cases in the case 2,where some of the po;rticles’ A.B and D are the same, or all

of them are different. The common feature is that the coupling constant g4, of three
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Higgs particles is large so that the perturbation expansion may be violated.

Case 3: the C particle in Fig.2 is the Z boson or the spin-0 particle D. One still has

Tau(Z - yvIt7) = ghgym, Ayn/(64r°), (20.1)
Ta(m,) = gagim,Aan/(64r°), (20.2)

where g2, = ¢?(v} + a?) and v, & are the neutral current coupling constants of the Z
boson. Here the lepton pairs I*l~ appear in the final state. By using Eqs.(20),(17) and
(2) in the integrated luminosity L one gets

N = 1.62 107N 4, (21.1)
N = 1.16 107 2Ny Ay, - (21.2)

corresponding to Eq.(20.1) and Eq.(20.2},respectively. The branching ratio BR(Z —
yy7) £ 3.3 1075 is given in Ref.[3],which means N; < 33. A;; and A4 have been caicu-
lated with m, = 91 GeV and m; = 60 GeV: A,, = 5.4710-*and 4,4 = (0.14,5.86) 10-2,
where the two numbers of A, correspond to the particles D and B having the same

parity and the opposite parity,respectively. The N's in Eqs.(21) are too small to be the

observed N ~ 2. Therefore the case 3 is excluded.

Case 4: the particle in Fig.3 is a photon or a spin-0 particle D. One may write the

corresponding cross sections as

o34(mis) = e'gienda,/(1287°m]), ; (22.1)
03a(ms) = g3.92,9h1A%(ma)/(1287°m}). (22.2)

For comparison we also write the corresponding one in Fig.1 with C being the D particle:

o14(m,) = ggeggaagszWAm(ma)/ (1287"37"3)‘ ‘ (22.3)



http:0.14,5.86

By using Eqs.(2) and (17),we get

N < 2.25107%4,,, (23.1)
N < 382107 %A/K,, (23.2)

corresponding to Eq.(22.1) and Eq.(22.2),respectively. We have not calculated A3, and
A3zq yet. From the above experience thé coefficients A’s are usually much less than
one,unless the propagator becomes large(near a pole)such as mg - m, —m;. In
the later case the invariant mass of the lepton pairs should concentrate in a narrow
range,which seems not the case observed by L3 [1]. Therefore ifin general 43,, 43¢ < 1,the
numbers N in Eqs.(23) are too small to Be the observed N ~ 2.

In the discussions we often set 5 = 1,which is the branching ratio of BR(B— vv). If
7 << 1 the criteria will besome more stringent in genaral. Experiments may soon give

an answerton~ 1 or << 1.

From the above discussions one is forced to accept the case 2 as a possible explana-
tion for producing those events observed by L3 and other groups at LEP. The essential
- idea of the case 2 is that the observed events do not come from the decay of the Z boson.
They come from the exchange of a spin-0 particle. So experiment has a good way to
check the idea. If the mass of the spin-0 particle does not fall into the peak of the Z
boson,one can repeat the experiment at an energy E j\ist above or bellow the Z peak. If
the observed events come from the Z decay,their number will certainly drop down. But
if they come from the exchange of a new particle the number will not change too much
in general and even increase if the energy E is close to the mass of the particle. But
if the mass of the particle occasionally falls into the Z peak one has to carefully scan
the Z peak to see if there is a narrow peak in it. If experiments give a favor to the case
2,0ne should pay more attention to it. The detail analyses of the case 2 conbined with

model constuction is just under investigation.
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R
malGeV) | 2100 31.5 32 ! 26 38 40 ]
Aiimg) | 27071072 | 2.021-10-2 | 1.548-10-? | 7.902-1073 | 4.969-10-3 | 3.413-10-3 | 2.471-10-3 ;
Agglmy) 53.01 i.619 8.801-10~! | 3.055-10"! | 1.655-10~! | 1.044-10"! | 7.149-10"2
L. ) 1
i e e et o e+ o . et PR — - i
mo(GeV) 50 &0 70 50 85 90 92
Ars(mg) | 7.388-10°% | 3101104 | 1.552:1074 | 3.680-10-% | 6.696-10% | 5.253.10-% | 4.788.10"8
| Aralma) LATT10°3 | 7.501-1073 | 3.659-10~2 | 2.017-1073 | 1.548.10"7 | 1.209-10-% | 1.110-10~? ’
ma(GeV) 95 160 120 140 160 180 200 ‘
Are{ma) | 41821073 | 3.37210°% | 1.582:10°% | 8.402:10°% | 4.874.10-° | 3.021-10-° | 1.972-10-°
Ara(my) | 9.50110°¢ | 7.711-107* | 3.567-107% | 1.896.10~* | 1.09610°* | 6.730-10~% | 4.419-10~8 §

Table 1. The values of 4,.(m,) and A{m,) in FEq.(10) where 7, is neglected

and m, =91GeV,
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