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Abstract

We present numerical estimates for the various signatures of a neutral Higas
particle produced in the radiative decays V> H + vy, of a heavy vector onium
state V(sd/w,T,Tt). We suggest to enhance the Higgs signal by requiring a
correlation with weakly decayina states (t, charm, bottom) or with strange
particles from charm and bottom. Rates for the processes e’e” >V > H+ Y >
> 1 lepton + y + anything, > 2 kaons + y + anything are presented, and the

effects of the lepton energy cuts on the first of the two processes are
evaluated.



1. Introduction

Present day electro-weak gauge theories require the existence of fundamental
scalar particles (in the sense of quarks and leptons) to incorporate spontaneous
symmetry breaking so as to give masses to leptons, quarks and the vector bosons
Z, W'. The simplest scheme of incorporating the Higgs particles in a gauge

model is the original version of the Weinberg-Saiam theoryl), with only a

- (i)

2)

single complex Higgs doubtet

and the Higgs potential having the form
w(g) = P e 2 L2 (1)
Spontaneous symmetry breaking is incorporated by demanding
<9 = (\E/;)

Three of the four real fields

P8 T e (09D

disappear from the theory as physical particles and their associated degrees
of freedom reappear as longitudinal polarization components ¢f the vector
bosons W* and Z.

The only Surviving field is Re ¢ = (¢° + ;65’ and the physical Higgs
particle H always appears in the combination

Re¢: H + >

It is immediately obvious that the coupling of the Higgs to fermions and
bosons will be proportional to their mass, since it is the term v which gives
them masses. More specifically, one has, as a result of spontaneous symmetry
breaking, the following changes in the Lagrangian
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This completely determines the coupling of the Higgs in the Weinberg-Salam
theory with all other fermions and bosons.

Thus, the Higgs interaction is given by
Y ki %W
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Numerically, one has for the coup]ﬁngz)
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On the other hand, the mass of the Higgs is arbitrary, which can immediately

be realised by rewriting the Higgs potential in terms of H
T 1A 4
\J (W) = —&;.: (H+w) 4+ _?F(H + )

4) (4)
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The Higgs mass

: T
s =
by, = Ml oz LAV

is a free parameter since the quartic coupling X is not known.

It has been argued that instead of having a term -p2¢2

in the Lagrangian
with unknown u2 = % mﬁ. One could set UZ = 0 and generate symmetry breaking

dynamically through radiative corrections to the effective potent1a13). In



this case the Higgs boson mass is generated due to radiative corrections and
is given by the expression

q-
. ¢ 4§
my = = {*——m——” (lm"f) For mF/mw << 1 (5}
KVE,G?- W v
This gives m, = 10.42 GeV for sin‘g = 0.2
= 8.58 GeV for sinzew = 0.25

The phenomenology of a ~10 GeV Higgs particle has been recently discussed
by ET11is et a1.4). In particular, depending upon Ms there can be strong
mixing between H and My the scalar (O+) analogue of the 7(9.46), resulting
in the decays = (07) = cc, 17t7. The rates depend very sensitively on the
mass difference (mH -m . ) and one has to be extremely lucky to discover
Higgs from such induced m?xing effects!

In the absence of dynamical symmetry breaking, however, my 15 undetermined.
Even in this case my, is bounded from below. I1f one takes into account the
self interacticn of the Higgs as well as its interaction with other fermions
and bosons, the self-coupling » is constrained. The one-loop correction to

the Higg potential leads to the bound (5)

2 3 4 2
mS > - ym, > 5.2 GeV {6)
H 6.0y Y

giving my > 2.3 GeV.

The upper bound on the Higgs mass comes by imposing partial wave unitarity.
The self coupling A cannot be arbitrarily larce otherwise the perturbative
expansion for corrections due to Higgs exchange breaks down. This limit is
however not very useful since it gives

M, < 1 Tev !

H

A1l told, the mass of the Higgs lies in the range 1 TeV >m,> 2.3 GeV if the
-p2®2 term is present in the Lagrangian.

It is therefore imperative to search for a neutral Higgs experimentally. With
the onset of the high energy e"e” machines PETRA and PEP a much bigger mass
range has become available for such a search. Unfortunately, the HO, in the



Weinberg-Salam theory, cannot be pair produced in e"e” annihilation due to
the Bose symmetry. The only viable way to find a lTow mass Higgs is in the
radiative decays of a heavy vector onium state V ~ H + y, the so-calied
Wilczek mechanism7). However, the experimental difficulties in finding a
monoenergetic photon line with EY < 5 GeV in a background of multiple 25
encounter in hadronic final states, are very hard to overcome due to the
small branching ratio for the process (V - H + y). We suggest to enhance

the Higgs signal by requiring final states containing the decay products

of heavy particles, which are dominantly produced in the H decay. The dominant
decay modes of bb, cC and 1T pairs contain at least one lepton in the final
state, while the dominant decay modes of bB, cc and ss pairs contain KK pairs
in the final states. We have therefore calculated the rates for the processes

+_

ee” sV H e 1 lepton + y + anything
» > 2 kaons + y + anything.

In order to geta realistic estimateit is necessary to take into account the
s
energy resolution ot the macnine which obeys 4@-@ £, Tnus reducing Lne heigol

of the peak at ECM = m- Also important is the effect of the lepton energy
cut-off necessary in identifying an electron or a muon. We calculate the
entire lepton energy spectra for the processes

efe” >V oH+ Yy > (T+Ti, cc, bb) + v

!+c(2v1, ud, ¢s)

+
R VoV _
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This is then used to determine the effect of the lepton energy cut-off on
the rates for the process involving leptons. The most promising case 1is the
TtE (toponium) decay Tt% + H + v, where satisfactory counting rates are
obtained for a Higgs having a mass m, = (mT _ - a few GeV}).

tt
In Section 2 we review the Wilczek mechanism7). Rate estimates are presented

in Section 3.



2. The Wilczek Mechanism

Presumably, the most promising way of finding the neutral Higgs if myo < L
is the one proposed by Wilczek 7)_ The basic idea is that since the coupling

of the Higgs with the fermions is proportional to the mass of the fermions, one
should look for H 1in the decay products of the heavy QQ systems, for instance in

the decays of T(9.4)and the toponium th'
The rate for the decay
V+H+y (7)

can be calculated from Fig. (1) and is conveniently expressed in terms of the
leptonic rate of V as 7).

T (V1Y) Gr iy [1_ ty (8)
T (v »ere) 4 VT e

If ™™ << 1, then the rate for the decay (7)should be corrected to incorporate

m
v
the characteristic dipole k3 behaviour 4);
T(V->HY) G [2v (- 3
= = ..._F_..__LL ] = . (9)
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where A is an onjum potential dependent parameter typically ~ 1 GeV. The branching
ratio for V > H + v can then be obtained by measuring the leptonic branching ratio.

The decays of H are governed again by its preferential coupling to the heaviest
available fermion pair. Thus

T(H~>0.0). 36mg ™ [1- “‘f‘“
4VT Y M
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The factor 3 in T(H - QO) is due to colour. There is another decay mode,

o

H -~ 2 gluons, which is potentially useful for a very massive Higgs (7Y ~ (%?) )
wi
t

The H + 2 gluons width is:

(11)
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where N is the number of heavy fermion pairs.

However, if My < Mg then the branching ratio T -"‘33) is miniscule.
T (nw —all)
This in some sense helps to distinguish the decay (7) from the normal radiative
decays T, = (M, )+
L 2 !

This is also the reason why we emphasize the leptonic final states, which necessa-
rily involve weak decays.

3. Rate Estimates

T(v->H¥) T(H->QQ, L)
C(v~all) T (n->al)
for some representative values of my. For Mp.g We have used the values 30.0 GeV 8),
40.0 GeV ) and 55.0 GeV 10) covering most theoretical predictions about m .

In table 1 we have presented the product branching ratios

For numerical estimates in this note we have used the following masses

m, = my = 0.3 GeV
mg = 0.5 GeV
m. = 1.65 GeV
m, = 5.0 GeV
m+ = 1.78 GeV

T

A glance at table 1 shows that the search of a low mass Higgs in the decays of
J/v and T(9.46) is beset by frustratingly small branching ratios. However, be-

cause of the m 2 behaviour of TL{V—>HY¥) , the Higgs search appears much
v T (y—~c*c]
more promising in the decays of TtE' In what follows we concentrate on the

decays th > H + .

If my > ZmD, then the most prominent channels for Higgs search are

V= HY¥ = (3ilepton)er+ anyf"\iﬂg (12)

= (K"K KTK, LK)+ + onything



In this section, we estimate the rates for the processes (12) and calculate the
effect of lepton energy cut on the various lepton associated signals of the Higgs
decay. The semi-Teptonic branching ratios as well as the lepton energy spectra
of the t* 1) and charm 1) are now known sufficiently precisely and are in
good agreement with QCD calculations 13) . For the bottom quark (meson) decays
we assume the dominance of the b » ¢ transition, which is expected theoretica11y14).
The most important bottom decays then are

b-—-? C (/QE )(:I-C‘) ES) _ 'e:ei/")’t
L—>5(e+))eJM+j/)K,ud)
The relative rates b2 (yijhanvthinq can be calculated using the free

quark decay model However, since experimentally
T'(e=g¥anythiny)
T (¢ » all)

as compared to the free quark model result 0.2 it appears that there is some

>~ 0.1 £=e,/.4

non-leptonic enhancement. To lowest order in C*S“ these enhancement factors

are 17).
AC = 1.8
A = 1.4 (13)
= 1.2

This suggests that the non-leptonic enhancement in bottom decays is smaller
compared to charm. Since there are more decay channels available to the
bottom quark as opposed to charm we believe that the two effects compensate each
18) '

other to give

T (v — c+eVe) - T‘(g_>5+€+2)e)
T (b —»all) T (¢~ at})

2 0.1 (14)

We have combined (14) with the phase space to get the following branching ratios:

b — €+ e D, Py T <c oo (15)
b->3all 0.1 0o 0.03 0.2 ©.5%



The estimates of (15) are then combined with the measured leptonic branching
ratio of < 11)

4'.

ATV, V.,

T-\('t g {.) = 0.6 Je:e/u
T (r: - all) g

and the semi-leptonic branching ratio for charm.

The resulting rates for the multileptonic rates are presented in table 2
This leads to the estimates

T - 21l

= 0.54
.-C,'Lt_- — a”
et = 2 1L = 0.36 (16)
c ¢ =2 all
bl = 212 = 0.64
bb >3l

To estimate the rates for the process
- T v ]
N—> Hy = pe(r'K, KKy 2K() #anything

we have assumed
+

$% = (a‘i)z'(x*m‘iw K:)zwf)

and, depending on My have added the various components from the decays H -

¢5, ¢&€=%T , bb= <l s§

Having determined the branching ratios, all we need to calculate the counting
rates is the production cross section for ete” » th' We estimate this by scaling
the energy resolution (aE) and the height of the resonance (&1) using the scaling
relation

(ZLE)T V}? m’z'

DORES T4¥ (17)
(a€). 2
I V?P cven 3

where 'beRIS, pETRA  2TE the radii of the DORIS and PETRA rings, respectively.

The height of the peak can then be determined by using

( h AE‘) Lz M
(h & E)J/1« "

.i.

(18}

PRl B RN
+1
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This gives the height of‘rtfin units of the height of the J/y peak (measured in
terms of R at v§ = md/w)‘ Using 19)

pETRA = 192 m
Dor1s < 1&m (19)
{J/y) = 2300 nb

we get for example }“mTt{ = 30 GeV) = 1.06 nb. For other values of mTtE,L‘can

be obtained using the relations (17) and (18).

The counting rates for the processes

' > T, > RV > 21 'arv*w:w +anythong
;;(i(*H: K- k'jo}lK: )+ B’-tanyfhmg

are plotted in Fig. (2) assuming an integrated luminosity of 2 x 104nb'1. This

corresponds to ~4 weeks effective running time with &£ = 1031/ cmsec

(T =4 x6 x 24 x 3600 sec).

In table 4 we present the fraction of events surviving an assumed lepton energy
cut-off. In fig. {3) we plot the number of events for the process e'e” Teg ™
H+ v ~(>20+ y + anything) taking into account the effect of the lepton enerqy
cut, as indicated. We remark that the counting rates are still manageable, and

allow a search for Higgs up to a mass very close to Mot 3

Discussion

The calculations presented in this report are motivated by the need to check the
hypothesis that Mo < Mpek and can be used to find an H® at PETRA and PEP if such
a low mass Higgs exists or else to set a limit on Mo - The only unknown in the ca}-
culations is the mass Of{TtE' The numerical estimates could be made much more
precise once the toponium is discovered. However, we have calculated the effects
of a Higgs using a rather large range for M.iz- This then also makes the calcu-

lations useful if there is yet another Onium beyond Tii- It is clear from Figs.(2)
and (3) that because of the behaviour o (e'e” —Vv ) ~ 1/5:"‘ and OE £
3 . . A,
LM

the counting rates plunge down very fast as the mass of the Onium increases.

Curiously, the best signature of H® are in the decays of a th having a mass
of about 30 GeV.

We thank T. Waish for a discussion.
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Table Captions

° - taT
T W) T ->193,82)
T (v->all) T = all)
for the various assumed values of the Higgs mass

Table 1: Product branching ratio

a) ¥V o= J/y
by V = T{9.46)
c) V = T+ with Mres = 30.0, 40.0 and 55.0 GeV

Tablie 2: Hadronic and Leptonic branching ratios for the decay

KO » +%¢7, cc, bb. The ratios a.

;g are defined as

L+ anything for exampie for "< mode.

Table 3: Fraction of leptonic events surviving a cut of 0.25, 0.5 and 1.0 GeV
in the decays H » T+T-, ¢C, bb > g + anything for the various assumed
values of M-



Figure Captions

Fig. 1 The radiative decay of a heavy vector meson V + H + v

Fig. 2 Expected number of events for the processes
ete” > Vo H+ y > 3 2(Kt, Kgo) + ¥ + anything and
ete” >V H+ v - 21 lepton + y + anything

for a fixed integrated Tuminosity = 2. x 10* no71.

For energy resolution and height of the peak at s = m.,
see text,
Fig. 3 The effect of lepton energy cut-off on the cross-section for the

process efe™> Vo H + vy ~+ 1 lepton + v + anything. We have
assumed EZ“t=0.5 GeV and Eﬁ“t=1.0 GeV. For details about the
lepton energy spectra see text.



Vv o= J/p(3.1)
Mode -
mH(GeV) u+u- Ul_.l + da S
2.5 <2.3x 107 |<9.2x10° < 1. x 1072
3.0 c4.1%x10°8 {<9.7x10® <2 x10°°
(a)
V = 1(9.46)
Mode ' l
m, (GeV) Wi ot ui + dd 53 cc
2.5 2.9 x 107° - 1.4 x 1074 [1.a x 1074 -
3.0 2.4 x 107° - 1.1 x 1074 11.35x 107 -
3.6 20x108 | 2x108 1.0x10%]1.3x 107" -
4.0 135 « 1061 3.6 x 1079 | 6.2 x 1075 |8.2 x 107°}4.3x10™°
8.0 c1x107 | 1.9x10°5]4.4 x10% {6.2 x 107%4.6x107°
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|
|
Pro= f
duction 0y 5 °1g 925 93¢ “4p
mode j
.‘
‘- .:
1 0.46 | 0.44 0.1 - -
cC 0.64 0.32 0.04 - -
. -3
bb 0.36 0.42 0.18 {3.5x107¢ {2-5x10
Table 2
£, cut £, T 0.25 GeV E, > 0.5 GeV . E, > 1.0 GeV
m, \wode| _ T | [ R ] o ' [
(GeV) \ T 1 Ll T 1 e LA N
4.0 0.95 | 0.9 - - lo.7a|o0.a8] - - |o.16 [6x1073] - -
10.0 0.95 |0.9 - - | o.8 | 068 - - 10.68 | 0.27 | - -

15.0 0.95 | 0.91 [0.99 [0.89 | 0.90 | 0.71]0.96 {0.5510.78 | 0.4 }0.78 0.11

20.0 0.96 10.92 |{0.9%9 |{0.90 | 0.92 | 0.75{0.96 [0.580.84 | 0.5 0.8 0.17

25.0 0.97 | 0.92 |0.99 (0.90{ 0.93 | 0.78{0.96 0.6 |} 0.87 | 0.56 |0.81 0.21

30.0 0.97 }0.93 10.99 {0.90 ¢} 0.95 | 0.81}{0.96 [0.63]0.89 | 0.61 10.83 0.26

45.0 0.98 {0.95{0.99 |0.91 | 0.97 | 0.85]0.96 [0.68]0.93 | 0.7 {0.87 0.37

Table 3
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