
I I 
B lHEP-TH-92-65 

21 december 1992 

Apossible machenism for producing the events with 

,- the high mass photon pairs observed at LEP* 

Xian-jian Zhou 


CCAST(World ~aboratory) P.O.Box 8730,Beijing,l00080 


and 


Institute of High Energy Physics, Academia Sinica, 


P.O.Box 918-4, Beijing, 100039, P.R.Chinat 


Abstract 

Assuming the High mass photon pairs obse'rved at LEP arise from the decay of a massive 

elementary particle,we ftndthat the observed events e+e- -+ 1+1-+ the massive particle 

can hardly arise from the decay of the Z boson. They are very possibly produced in t'he 

process e+e- -+ a virtual mgSs particle -+ l+l- + 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 ten e+e- ..... '''fy(e+e- ,IJ+p-, 

or two jets) events with the inyariant mass M'.rr of the photon pain close t~ 6O·GeV. 

The probability for all these events oliginating from QED bremsstrahluns fluctuation 

is' small. Therefore it is possible that these photons arist from the decay of a massive 

particle. In this paper, we suppose the existence of such a particle' as an elementary par­

ticle( not a composite one) and analyse the possible mechanism"toproduce the particle 

in the observed process e+ e- ..... "Y"YI+ 1-. 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-O 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.I-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 e+e- -+ "Y"YIIP with M..,.., > 10 GeV and e+e- -+ "Y"Y + hadrons with 

M. > 40 GeV has been observed by L3 [1]. Therefore the A particle has to be a spin-On 

particle in Figs.l and '3, or a photon in Fig.3. At the first glance the C particle in Figs.l 

and 2 should be the Z boson. But stu~y in ~etail the C particle can not be the Z boson 

and it should be a spin-O particle. First we study the process in Fig.4 where a spin-O 

particle t/J and a photon are produced at an e+e- collider, when the mass m~ of the t/J 

particle is smaller than the center-of-mass energy E of the collider. H 8 is the angle 

between the momenta e- and 'l,the total cross section measured within f3 S (J < '" - f3 

is 

q(E,m~,f3) = ag~1(1/E2, 

Kl = In[(l + cos(3)/(l- cosP»)(E4 + m~)/[2E2(E2 - m~)], (1) 

where m, is the mass of the Z boson and a is the electromagn~tic fine structure constant. 


The'" particle couples with the electron as g~{Jr~"",where g~ is the coupling constant 


and r# is i or 'ls,corresponding to the scalar t/J or the pseudosealar q,. The electron mass 


m. is neglected and (1 - cos (3) :> 2m!IE2 in Eq.(1). If q, is the B particle with its mass 
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m, = 60 GeV,E =m. =91 GeV andp ~ 15° ,in an integrated luminosity L == 25(pb)-1 

,the number olthe events e+e- --. B...., --. ....,~~is 

(2) 

where f1 is the branching ratio r(B --. ....,....,)/r,. The three photons in the final sta.te 

are energetic. One of theln is monoergic with the energy 25.7 Gev. The other tWO~":f'J 

photons have M..,., 60 GeV. Therefore these events if exist should be easily observed f'J 

against the QED background e+e- --. 3...., [3]. From the data of L3 and other groups one 

may suppose the A particle in Figs.l and 3 mainly couples with the electron and the 

muon with equal strength. The number of the events e+ e- ..-,. '1' A --I. ")'e+ e- a.t B =m, 

in the integrated luminosity L if ma < m, is 

corresponding to ma = (32,60,85) GeV,respectively. If ma is not too close to m. these 

events can also be easily obsened with a monoergic photon and a pair of leptons which 

has an invariant maSs of rna. H Nt or N'J > 5 tor example there is a good chance to find ; 

the B particle and the A particle at LEP. 

\; : . 

We refer O'ie(E)( i = 1,2) to the total cross sections for the processes ia F~s.l ..nd 2 

due to the exchange or the C particles. For &implicit, die leptoD pairs intltefinal state 

are supposed to be the muon pairs. When ttae C particle is the Z boson and E =m.. 

(4) 


where fl.•• I'V 40 nb is the cross section of e+e- --. Z at E = m, and r.l =2.487 GeV,{4] 

is the width of the Z boson. When C is a spin-O particle D,one still can write the cross 

section in Figs.1 and 2 as 

(5) 
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where I'i.(E) is the partial width of an irnagillal spin-O particle ~,which has the same 

couplings with other pa.rticles as the D particle has. But itsfout-momentum P = 
(E, i =0). K 2(E) is the Breit-Wiper resonancelactor 

(6) 

where,u =mI,lE, ~d. = rdiE. 

If a spin-O particle D couples with leptons,it has to show its efl'ects on the Z deca.y into 

the lepton pairs. One should limit the ef[ects &Ssmall as not to contradict the data 

from'LEP. For the process e+e- -+ ",+",-at E =m,,,wedemand 

(7) 

where (Ttle" is the CI'OSS section 01 e+e- -+ JJ+ JJ-:' at, E = m"when only the D particle 

exchange exists. r(Z -+JJ+IJ-)/I', = 3.34% [4]. 

The interference 'between ~he Z bOSon exchange and the D particle exchange,which is· 


proportional to m.m,.,mal be Jlleglected. From the experimental uncertaintY[4} one ':, 


may take y.f'tt# 1. Other precise measurements may give severer limit on the efl'ects of 


the D particle. 


We have calculated rb and Fl~ ot Fig.1 at E =m. 


r lJ(z -+ ..:,..:,JJ+ JJ-) = g!.,g!pf1m,Ab(m.)/(647r3 
), (9.1) 

rl~(m.) = Ul.,9!"l1m.A14(m.)/(64",3), (9.2) 

where 

Ah(m.) = (4/3) t(l- Z)F'/2/[z3(Z2 + -y!»)dz, (10.1) 

Atd(m.) = t (1 - z)Ft/,/[z(z'+-y!» dz,. (10.2) 

whereF = (2:+z'+b'-1)/{4z')-b',c -:- 1-{z-b)',z = m./m.,b = m.lma ,..:,,, = r./m•. 

rat rna 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 mggs doublets g ...,the coupHng 

constant between the particles Z,A and B,satisfies 

u!.. < wa/(sin' 6", cos' 6.) ~ 0.129, (11) 

where we take a = 1/137, sin' 6., =0.2325 [4}. (gel.,m.) is the coupUng coutant between 

the particles D,A and B. In the minimal standard model the corresponding one g", be-_ 

tween three Higgs particles is 3ml/(vm.),which is 134 when m, ~ 1 TeV,v =246 GeV. 

Note that in Eqs.(10) ~ = 1 - q'/m: and q' = M:",where M"" is just -u\~ !'lvanant 

mass of the muon pairs. Because M"p has a distribution [11,m. > m. -.m. in Eqs.(9). 

The numerical values of AlI(m.) and Alel(m.) are Hsted in Table 1. In calculation 

we neglect 'l. so that Aiel diyerses when m. -+ (m. - ma)twhile AlJ con"erges ,and 

m. = 91 GeV,ma =60 GeV. The Alel are in general one to two orden of magmtude 

larger than the AlJ because of the suppression of the factor F 3/'/z3.• Now let 118 havea, 

discussion. 

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

integrated luminosity L the number of e+e- -+ B/J+"'- -+ 'l'l/J+/J- at E = m, is 

(12) 


The observedN,.." 2 is given in Ref.[l]. The A particle contributes to fTu" in Eq.(8) 

with g., =g.p. By using Eqs.(8) and (12),we o~tain 

(13) 

From Table 1 it is easy to see that only if 34 GeV > m. > 31 GeV, thea-a.pin Eq.(13) 

satisfies Eq.(7) with" = 11 = 1. On the other hand because m. < m"by using Eqs'-(12) 

and (3) one gets 

. (14) . 


Even if" = 1 and Ab takes the value at m. = 31.001 GeV, N, > 227. In that case 



the A particle would have been already found in L3 (lJ~ Therefore the case 1 is excluded: 

Case' 2: the C particle is a spin-O particle D in Fig.l•.Because A1" is much larger 

than A1• and there is no serious limit on the value of g • .,one has a chance to reach the 

observed N,..., 2 (1)•.Here for simplicity we only discuss the case where D and A ar,e 

the same particle~n order to see the general feature. By using Eqs.(5) and (9.2)~n the 

integrated luminosity L at E =m" 

(15) 

By using Eqs.(7),(8),(15 ),and N,..., 2,one gets 

(16) 

With 11 =fI =1,g". ~ 22,24.7, 36.3,corresponding to m" = 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), 

(11) 

For example when md = 9~ GeV with'll =1, g3. S 1.1 10-3• 

When met < m, the coupling constants g4. and gft should be further constrained by 

Eq.(3) with N3 < 5: 

g3. > 4.97103[(:/([(311A14), (18) 


gle < 1.~6 10-61K~ . (19) 


For exa.mple if 11 = 1 and f3 = 15°,g441 > 6.4 103, gl., < 4.2 10-5 when md = 85 Ge V;and 


Utld. ~ 155,gl. < 5.0 10-4 when md = 32 GeV. Therefore Eqs.(18) and (19) are more 

stringent than Eqs.(16) and (17). So when md > m, Eqs.(16) and (17) are used,while 

m" - ml < md < m. Eqs.(18) and (19) should be considered. We will not discuss many 

other cases in the case 2,where some of the particles A,B and' 0 are the same, or all 

of them are different. The common feature is that the coupling constant g•• of three 
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I-Iiggs partid~s 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-O particle D. One still has 

r~.(z ~ "'Y;l+l-) = g~,g:,m.A21'1/(641r3), (20.1) 

I'2~(mJ) = g~g;,mJA2d'1I(641('3), (20.2) 

where g;, = e2(tJl + al) and V" a, are the neutral current coupling COBstants or the Z 

boson. Here the lepton pairs l+l- appear in the final state. By using Eqs.(20),(17) and 

(2) in the integrated luminosity L one gets 

N = 1.62 10-2NlA 2." (21.1) 

N = 1.16 10-2N t yA 2d, (21.2) 

corresponding to Eq.(20.1) and Eq.(20.2),respectively. The branching ratio BR(Z -+ 

'Y7i) < 3.3 10-5 is given in Ref.[3],whlch means Nt < 33. A:b and A'd have been calcu­

lated with m, =91 Ge V and rn, =60 Ge V: A2J1 =5.47 10-4 and A'd = (0.14,5.86) 10-3 , 

where the two numbers of A2d 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 ""I 2. Therefore the case 3 is excluded. 

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

corresponding cross sections as 

(73..,(m,) = e4g;t11A3..,/(1281r3m;), (22.1) 

o":w( m.) = g3eg3j1g;eT1A 3d( mcl)/(128Jr3m~). (22.2) 

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

(22.3) 
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By using Eqs.(2) and (17),we get 

N < 2.25 10-3 A3-" (23.1) 

N S 3.82 10-3yAuIK2' (23.2) 

corresponding to Eq.(22.1) and Eq.(22.2),respectively. We have not calculated A3-, and 

A3d yet. From the above experience the coefficients A's are usually much less than 

one,unless the propagator becomes large(near a pole ),such as m. -+ m, - mi. 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 if in general A 3-" A34 < 1,the 

numbers N in Eqs.(23) are too small to be the observed N,.." 2. 

In the discussions we often set 17 =l,which is the branching ratio of BR(B.... ...,...,). If 

rJ << 1 the criteria will besome more stringent in genaral. Experiments may soon give 

an answer to fJ 1 or 17 < < 1.I"V 

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 COloe from the exchange of a spin-O particle. So experiment has a good way to 

check the idea. If the mass of the spin ..O particle does not fall into the peak of the Z 

boson,one can repeat the experiment at an energy E just above or bellow the Z peak. If 

the obsened events come from the Z decay, their number wiD 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 pa.rticle occasionally falls into the Z pea.k 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,one 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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