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ABSTRACT
The nhenomencliogy of the standard Weinberg-Salazm diggs boson 13 reviewed

. : . . . . + - .
:lar emphasis on prcduction mechanisms in nigh energy e & and

sizns. The producticn processes relevant for the ISABELLE

and ITVATRCN emergies are discussed and their backgrounds estimated. v ig
argued that the ropenium producticn and radlative decay provides the =zost

+ - 4 A s
hopeful reaction to detect a Higgs in both the e e and the nadron-hadron

cf underscanding the am of masg generation Is perhaps
the most Sundamental problem in elementary pariicle physics. Closely asso-

{arad with it is che nature of the weak interaction scale, namely, why is
the Fermi coupling comstant G = 1.05 ¢ 1077 m;‘?

In the standard thecry of electroweak in:eractions1 the masses of the
farmions and the gauge bosons, which mediate the weak interacticns, are
governed by an order parasetar, €3> the vacuum expactation value of an
elementarv scalar, colon and charge-neutral particle, 4, The mechanism whizh

s}

srings atcut <g> # 0 Is now folklore and goes under the mystizal =ame of
spontatecus sywzetry breaking. To be precise, one Ras a doubler of scalar

e
Aiggs fields 3 = (;O) having SU(Z)L L U{1l) invariant couplings with the

fermions and gauge besons, and the Higgs potential has the form

; f 4
Vi) = -u25$i2 + g 1.1
uz >0

In order that ¥(:) has a minimum for finite ‘;1‘, cne must have 3 > 0. Mini
mizing the porancial (l.1) one finds that the minimum is aol aC @ = v bus at
a non-zers weint determined by Lo oand .
o
I:.Z = ,_':-,"R = ‘72}'2 (.2

1eously broken

3]
"t
1

e sizuacion that v ¥ O is what is ceant by haviag a spo
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II. MASS OF THE WEINBERG-SALAM HIGGS BUSCN UPPER BOUND ON myq

The wmass of the Higgs boson is in general not determined by the thecry

o

¥

sincs it depeads on the unknown quartic cowpling constanc } in the Higgs

1 W-IHQ can De gbtalinecd Ln oterms o

tny

serencial (1.1). However an upper
an upper bound om x. The coupling censtant A 1is bounded by A < 1, ctherwise

the perturkarica theory in  breaks down. The precise bound is obraimed if
¥

one considers the scattering of longitudinally polarized W bosons: XL+K__ s
The amplitude via the v and 2 excharge 1s linearly divergent?
4.2 S 2
1% 4+ = 3(1l+ cosa); s = 4E (2.5
e
s == /T
This linear divargence [(in s) is cancelled by the Higgs contributicn giving
. 4G, o
TT:Z: " _(__f_) m_'; (2_2>
YZ
Using the partial wave decompesiticn, cne has
T
T = 16+ 5 (21T + 1) 7 PJ(cose) (2.3
J

Tnitarity bound for each partial wave is

-
~ .

!t : < 1 (2.4)

- 2

Tor J = 0O, this implies T ¢ lér which ctranslaces to an upper bound on o

, P < PT 4
2, A

m.H < 4T '3 I’UF (2.3}

The unitarity bound {2.5) could de refined by considering the J-chaanel

-+ - [a}
coupled system comsisting of W, W. , 1/VZ z,z, aad 1/v% 8%2% which gives the
bewd

2 /
my 5_8—;6'—7 .1 Tev? (2.6)
F

which is disappointingly large! If it turms out thact nature has chosen a
value for L close to.its upper bound, then the Higgs boson is beyond the
reach of all present and planned zachines like LEP, ISABELLE and TEVATRON!

LCWER 3CUND OF m,o

d
Tre lower bdcund on =5 comes by considering the radiative ccrrec—
zicas to the Higgs potential {1.1), The l-loop ISU(Z)L x J{1)] vadiative

correction gives the resul:s

N I o

{Z . 3mn& + mqa - 4 I sz)
vz W i £ "

NTTSERILI Y
2.7

“ rerms in V{3). The parameters

where ¥ is a mass parameter te absorb all )
. and ¥ are so chosen so that the vacuum 1s stable, i.e. V(v /I) < v(0) vwhere
v is determined by demanding .
Vrad,

el =T

In the presence of radlative corrections, there is the azusing

=0 (2.8)

possibilicy that one could have uz < 0, and still arrange sSponranecus symme-
try breaking. However, in thar case there will be several minizma. It is
conceivable that the theory {and the universe} is at a lccal mindimum and
will decay to the zbselurte minimum leading to catastrophic consequences., The

rats

of such a rransition depends critically on Toon It has been shown by
2

Linde” that if Bc > 260 MeV, then the rate of this tramsiticon wculd be so
siow that 1t is not of any {mmediate worry!

1¢

t(¢min “ viv3 - ¢min = 0} > 07 "yrs for me > 260 MeV (2.9)

Of course, 1f oo 1% close to the Linde bound, it will have ilmpertant cosmo-

legical zocusaguences..

Demanding .. # 0 gives an upper bSowmd on (-gz) which translates
%3 & lower beund on m_g.
2
2 37V
2y "L? > 7 9 £ mvi’a > (7.2 GeV)z
3z” 167 v L+
3% TaliE,Z

for siae, = 0,20 (2.10)
o= v/

Thus, the present bounds on ;0 are

1 TeV > 20 » 7.2 GeV (2.10

COLEMAN~-WETNBERG ESTIMATE OF o0

o rraz .o 10 ;
E, Weinberg and 5. Coleman have pointed out that one coculd set

2 . : N
4 = 0, x» » 0 and achieve spontaneous svemetry breaking wvia radiacive
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e c,0 i , PR . . PR
TEY - 772 =y o 377 - w1 (2,2%)
pn ey * -
Lo,
“here oy 2
Ge7} . %' = Z_ . <
* 2 2.
. . cos 2.
(2.13 E R

Tor 3 2 200 GeV, 7o * 1 CeV and the width increases very fast becominaz

L= Ao 7s P - r -t - . PR oo . .
7 QL0213 cigger than =0 for Tyc > 1 TaV, Iz that limir weak interactions Secome
Teaviast - s e . : . T3 Lo <
- STYong anc Lone perturtatiosn tiedry would Dreax dewn, 28 I Tave alzeadv re-
Leaving the guesticn cf producing a 200 GeV obiect apart, dastacring
Foar

eet would be relatively easy thr

soipl ~

et us 2ow 2oncentrate oo
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The decay widrhs fer Ho + 2 2 ané B+ g3 are given by i
The decay hs feor H H né H g3 are gi By S T ce 1
2 L2 £ ER
o - G*:u)‘ amy 372
T(H™ + i) = —— o {1 - —==] - Thus, for large m., L. bSecomes independent of 2, and counts the heavy fermioo
. 2 £
¥ . . .
T “B (3.5 degrees. Lo particular, for a complete i-generation family (e, ¥, T; u, d,
. s W3
R G_,:-.q ‘+m;L' 32 s, o, n, T) we have
(2% » gy = 3 =S m (1 - =) T 5
: ) & R 2 3}z ¢ I,=9.7 (3.12)
4¥2 7 =.
H 3 gen.

. N = P =8 - e e
whaze the faccor 3 for H — qq is dug to foliar.

-~
h

(N~23) gererations of heavy fermicns sxist then

. s _ B R
Next w2 shail TNy = T(3) + 3(’}1—3) (3.3
decays, which ara Purting 3.9} and (3.13) tcgether, we gzet
—easured could be used as heavy quark ccunters. The effective 7 - 2w I -1 for ¥ = 3
coupling s2n be axpressed as (see Fig. 1} v -0.1 for N = 4 (3.14)
> 0.8 far N > 3
Flk,, k. a) = 22 I (K, k) (3.8 - o
- L - . - .-.i-f T
1 T2 v ULy 172 u Thus, in principie, BR(E - 2v) is a very sensitive way to "feel’ &
. 3 . R F £ : =i f -
where gauge imvarismce dictates thar 1 Te expressed &s generaticn of fermions. In practice, however
AN = s
I = ik - komkl g 0T BR(H® = 24} ~ &4 x 1077 |I!7 for 2m, < =0 < Img
w 1.2 172 Yy s \ : {3.15)
. i . . - . . s 4 ox 1077 11T for 2m, ¢ moa < 2m,
2nd we decompose I according to the contributicms from che fermion- and > Ty g H Ap
Zauge boscn-locp which is hepelessly small.
- " s . - . e .
I=1.+ 13 If (2.0 Finally, we quote the result for the decay rate [(E~ + GGJ, for which
£ . 3
ouly the heavy guarks ceontribute in the loop ’I‘ig. 2.
wich this acctaticn the decay width Is given by N 2 / (
2 w0 e o T (% “"b R
s Goa 3 5 r{E" -~ 2G) = m.q (3.18)
TEE™ » 2v) = = ﬂﬂu [P (2.&) 38¢ 2 \
Bylsw - NP s
where N_ = pumber of heavy flavors. The decay rate T(H” -~ ZG) Is larger than
Tho e . Al arad in 3w -dq . H _
The o contributions to I can be caloulared in a straighe-forward way . - | L+ . . .
i h + = the rate {4 =+ - & ) far :nHO > 3 GeV. However, Lt 1s still much szaller
- 2 . . . - . - s o - i
et “ = 2 2 than the dacay rate intc the heaviest fermiom palr. Ia addition H™ =+ G mode
Iw = — u(m___l ,/mw b (3.2} M .
- . : - : . a - :
lacks a reliable trigger both in e ¢ annihilation and hadrom-hadron
5
1= .‘I(_Qf"_f £3.152 sions and we. shall not discuss it any more.
£ d

ionally, the searches for new particles (J/¢, T) have been very
where ¥ is the color factor (=3}, Q. is the charge of the fermicn in the

z H successful in the hadrom-hadren collisions through the mode pp + ¥V + x .
loop and the factor L, is given by : L T

£ W

1 1- = : . c s
2T . 1 - PR However, bezause cf the pezculiar HEZ coupliangs the branching ratio far
2. ;] éx o Qv 5 (3.11 - :
H 2 : L2 - o . . .
2 2 @ - w7 H” = » 'y is miniscule. To orient ocurselves we note that




Thus, though the product
be large, as we saall se
invariant mass would Dbe

a uwselul trigger other ¢

s
~—
K
r2
P
)
1N
(8]
in}
[

S
~
J’l
O
A
3

of!

i Y Af the ome-leoop lewvel it

~ 2 x 0 for 2:3 < 3,0 < 2T, (3.17)

ign of BT in

2 in the next sscrcicrn,

4 disappcinting antavpr

vectar

uction

(404
(5.5)

2.5




[e]
|

farmiianle. Even efrer demanding thar the photon e receiling
, the signal from (4.9) would Be buried in the background. In

e e ~nitilazion, where cme could demand a monocenergecic poeton, there may
-

e scme cutside chance of observing (4.9) but iz op and pp collisions iz is

7) is nog easy. Che

]

7 7,
oS ¥y (4.11)
2 2 . 24
1 ( T | I B SV
7 =3 %71z "3 7] 7
O S A =z z

e -
whare XH = ZEﬁfaz. The rates for Zo =H 32 and 2° +H" + ¥ are shown in

=
fig., 4. For m,o » 10 GaV it leads fo a branching ratio

BR(z® + 8° + .Tu7) w 0¢107Y) (4.12)

e ; . . s . , o .
which certainly is observable in a high lumincsity Z ~factory. A very good

nzndle on the process (4.2) is cbrained 1f one locks at the shape of th

16
dimucn distribution which peaks at large values of @ .
W
. . !
dg o L0t - ;
2 @2® -8 =0 (.13
d=
4 e

where ¥ = 9.83 mH/mz. The background so (£.2) comes Irom the dominanc dacay

dcce

Lewever, this peaks at the low invariang zass of the dimuens, thus providing

a3 clear signal., The invariant mass dist

the process invelving a pseudo-Goldstone Leson.

: . o, : PR
The cecav (4.2} in a Z° factory is one of the most promising places &9

observe a diggs if =.0 £ 40 GaV, beyend which both the branching ratia

hecomes very small and the signal to background separatien ne lenger remains

that goed. In pp and pp machizes (4.2) is burled under the background.

pp(pp) 27 + X (4.27)
Y
which is at least chree crders of magnirude bigger than for the processlT
ppipp; + 27 + X (4.18)
L g% + u+u"
The situation beccmes better if one igcks for the #° signal in trileptom
final state via
pplpp) ~ 27 + X (4.19)
g° + u+u-
L+ T
wbich has been calculated in Ref. 18 and shown in Fig. 6. The cross section
for (4.19) is of order 10_39 sz at ISABELLE and T guess the background {rom

the Jrell-Yan process to (4.19) may swamp the feeble signal. The use of
(4,19} for Higss search is going to be a forzidable task,
HIGGS IN THE DECAYS OF CUARKCNIA

i
n
5
m

Sinee th

Il

fale)

[=}

plings a Higgs beson to a fermion pair

1

1.3)}, it immediately suggests that the searsh of
£

&

Higgs will be profiitable In processes in wnich heavy ermions are invelvad,
T«'il:zek3 suggescted that Lf m,0 < =, then it could be produced in sha radia-
tive decay

TG, 46) - HY v (4,203



The decay rate for (4

model and ozne chtaing
course

(L2 . P 2 .
(.2l “e sipnatures for J, ~ & < v have been worked
for peaxs

the ¥nown branghi siva T upmer : . . . . . Cs
2 S an upter o H adronic iunk

Ior the br . .
the hadrsoic

srovide dissriminacion fzco

(5.38)

HEowever,

e

in the memt sezzizn,
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ii. HIGCS PRODUCTION IN po AND »p COLLISIONS
pIrect #° PRODUCTION

The subprocesses that could lead to direct H° production in pp‘

and pp collisioms are shown in Fig. 7. Thus, one could have a Drell-Yan type

preduction
g+ 3 u (4.29)
as well as the gluon Ffusion mechanism of Ref. 24
¢+ e+ H (4.30)
leading to
p+ p(p) -+ H + X (4.31)

The production cross seccion for (4.31) thrcugh the subprocess (4.29) can be
expressed in terms of rapidity distribution

o e oyl 0e N M) + g (4.32)

where

172
g = (260 " "m
4 e (4.33)

i, E+py . o2
¥ 2an(E__p),r m," /s

/s is the center~of-mass energy and Fq(F&) stands for the distributien
function of finding a quark of flavor q(§) inside the hadron. It should be

remarked that m_ in the Yukawa coupling Sq is the current algebra mass
bacause this is what the Higgs mechanism generates. Thus the coupling gq is
sizeable only for the heavy quarks but alas there are no heavy quarks in the
proton! One could exelte them from the proton (antiproton), but even at Q2
available at ISABELLE and TEVATRON energles one would not excite enough cg,
bb and tf to make (4.32) appreciable. So, I shall neglect the subprocess
(4.29). ’

Let us now consider the gluon fusion mechanism, Eq. (4.30).

This leads to a rapidity distribution24
2.2 2
dg a {m. )] G, ¥
H 7 | s H F F /2y . 1/2 =y .
o v [ - ;% 5T FG(? e’} FG(T e ’) (4.34)

where as(mHz) is the QCD rumning coupling constant evaluated at Q2 = mHZ and
NF is the number of heavy flavors {mQ > 0.2 mH). The process (4.34) 13 small
due to u_(mﬂz)z. Using the experimental result

¢ 1

of 3 FGtg) dg = 1/2 (4.35)
and using gFG(g) = 3(1 - 5)5, NF = 3, one gets

olpp» GG+ H® + X) = 5(pp + GG+ H + X) » 50 Pb (4.36)
for /3 = 800 GeV; L 1l GeV.

The cross section for the gluon fusion mechanism is shown in Fig. 8 as a
function of /s. MNote that the cross section for (4.31) at the ISABELLE and
TEVATRON energies is not small,

To have some idea about the signal to background ratie, let
us calculate the cross section g(pp » Y + i)} for the optimistic case of

+ -
v U

o n 10 GeV, with BR(E® » Ty™) n 2 x 1073, This gives for /& 800 GeV
By X L] ~

olpp » B® + B a 10757 en? - (4.37)
. + - -
T )
The Drell-Yan background evaluated for m(p+u_) n 10 GeV at /¥ o 200 GaV 1523
alpp + T uT # 0 o 107 en? (4.38)
DY - :

Thus, the u+u“ mode locks hopelass, It is clear that one has to lock for
some other trigger on H°. T have no wisdom te offer except urging wy experi-
mental calléagues to start thinking about develcpihg techniques to tag the

Tt produced in hadron-hadron collisions and develcp jet mass reconstruction
t.echniques,26 which might ultimately help establish the Higgs signal. For
pure fum let me quote the cross section (for mo & 10 GeV}

4 2

alpp + % + X ~ 0(10—3 cm™) (4.39)
P

TT
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which 1is compé:able to the Drell-Yan process at ¥s = 800 GeV for m(u+h—) N

10 Gav.
2

olop > TTT + X 3 0(107* @) (4.40)
£§SOCIAIED Ho PRODUCTICN

The associated production of B° in pp and pE collisions goes
via the production of z°

ppipy ~ 2%+ x (4.41)
followed by the decays of z°
2%+ 1% 4 vy
and z° 1%+ z°
+ -
wu
*
discusged in the last section. I am afraid that the cross sections involved
in any useful tag are of order 10-39 cmz or less at ISABELLE energies,ls

making the associated u°® production mechanisms unattractive for the Higgs
search.

PRODUCTION OF H° THROUGH ﬂG-Pb MIXING

This mechanism has been proposed by Ellis et al.19 The point

is that if the Coleman-Weinberg estimate of e is right, then we expect o0
te be In the wass range 10-11 GeV, though the one-loop result prefera m0 A
11 Ga¥. Thus if m,0 is close im wmass to the Pb(E 3?0) state of the y-family,

then there could be appreciable Ho-Pb mixing leading to the processlg’z7
pplp) + Pb +X (4.42)
;i ' ’

Ruckl and Baier (see these proceedings) have recently calculated the iaclu~
sive production of tla Pb state in pp and pp collisions and it 1s substantial,
The productiom of u° through (4.42) then depends ou the mixing parameter G,

which can be calculated in a non-relativistic quark model calculationl9

1/2
¢ [3-7;7‘/—5 Gy m, |R'(0)|2} (4.43)
b

where R'(C) is the derivative of the wave-functicn at the origin. The decay
wmode which is most favorable is

In addition one has the associated preduction
- o
pplp) zvir. £ X

+ZO+H0

- 19 -

P, - #%- "7, @ (6.46)
Mixing

Putting everything together, one gets
5clgl, 6 e N3z
F . T Y 2
® b

ree, > ST
= 7 2, 2, 2 2.2
128 7 ag (mH )(mH - me )

P(Pb + all)

(4.45)
7

o\ 2:5 % 10°
X 2
(my = mp )
b
where AH = my - O is expressed in GeV. TFor aAM = 20 MeV, (4.45) gives
b
F(Pb + r+f‘)
P(Pb + all)

~6x 107t

(4.46)
which is rather swmall and presumably realistic 1f w0 is close to m?b.
However, as an extreme example one ¢ould think of a scenarie in which AM <
1 MeV such that aM ~ F(Pb + all). In that-case thers will be complete mixing
in the Pb-a° sector, making the perturbation theory estimate (4,43) of the
wixing parameter inapplicable., In the event of complete wixing, one would
have a situation very similar to the kO-§° system namely, there will be two
statas of Pb with
P, . =i (g |22 (4.47)
¢z

having branching racie BR(Pb - r+1_) n 107 for both the states Ebl and szt
The prediction (4.47) has not yet been checked but it is clear that its
validity would require am accldental degeneracy of ny0 and me and in general
such accidents are not very widespread in nature!

Perhaps, it 1s falr to say that 1f AM ~ 100 MeV, then the
scenario (4.42) would lead to a margimal increase in the direct 7° producticn

at the ISABELLE and TEVATRON energies.
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PRODUCTIOﬁ of H° THROUGH THE RADTATIVE DECAY JT + 1y

In the last section I have discussed the exciting pessibility

of the pracess
ARES A2
which could be a large fraction of the rate for JT - u+h-, the tradipional
way of hunting for the vector mescns in hadron-hadron collisions. In this
section I would like to advocate using the radiative decay of JT to search
for B° in the pp and pp collisions at ISABELLE and TEVATRON. The process
one should search for is
' ep(p) > Jp + X
N (4.48)
1k sy

Depending on the mass difference mJT - W0, the photon in (4.48) will be very
energetic and will have a large Py recoiling against a jet whose composition

will depend ou the mass of the 8. IfrmHo < 2my, then the decay mode

+ -
Sl

could be as big as 25% of all the ¥° decays, and one could look for
' pe(p) * I, + X :
Q
5T Yarge ) (4.49)

+_ -
T

O the other hand if oo > 2m3, then the decays of HY would be dominated by
u® - b
leading to the final state im (4.48). Since the branching ratio g9 + vh -
12t + X is about 2/3, there won't be any appreclable less in the event rate.
The requirement of 1arge-pT photcn‘would reduce the bacEgtoun: Eo (4.49) from
the usual Drell-Yan background pp(p) + JT ++x_ and ppi{p) + Tt + X
] TT

Requiring a promwpt lepton in the hadrenic shower recoiling againgt the
largepr photon would reduce the background from the inclusive photon pro-
duction background

pp+ Yy +X (4.30)
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Next, we would like to calculate the rate for the process

pp > JT + X and compare it with the rate for the background (4.30). There

LHO+Y
is a censiderable amount of wme¢ertainty involved in estimating the toponium
production rate in pp and pp collistons, This is so because for large values
of m the wave-function becomes coulombic. In addition there are uncer-—
tainzies about the diffractive componeut of pp(p) - JT + X as well as the
contributicn of the Ay States to JT production via the reaction
po(p) - Xp * X. Tomake a ball park estimate, we shall use Galsser

JT+Y

_s-.calj.ng,28 which works for the J/¢ and T preduction in pp collisions within

a factor 2. The quantity which scales is

) oY
do o do
= & T T (4.51)
where the coefficient }P has beent calculated to be %o - 15 x 106.28 Using
this estimate for the production cross section, the rate for the quanticy
(sp + Iy + X) BR(I, > H° + ) (4.52)

is tabulated in Table 2 for various representative values of mJT and mo =
11 GaV at the ISABELLE energy vs = 720 GeV. The numbers in the last colum
are the expected number of events assuming an Integrated luminosity of
3.6 x 1039 (corresponding te 1000 hours of running time with L= 1033). Wa
note that the event rates are quite encouraging. Rates for other allowed
values of myo can be obcaiief by combining Tables 1 and 2, For mJT > Ty,
the branching ratio ..T.r + u'u becomes veyy small.

Let us new calculate the cress seetion for the background

polp) + ¢ + X

' where the photon is produced, for example, in the subprocess G + q + Y + q.

The differential cross section da/dedﬂ has been evaluated #n Ref. 25 to be

dg
dedﬁ

~ 179 (4.53)

Yo = 30 GeV

Pr
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which is comparable to the production rate for the pracess
pp> Jp+X

8%+ {4.54)
However, thé-background can be ve¢y much reduced by-triggering in addition
on & prompt lepton. Oné could even determine my0 by constructing the enargy
and momentum of the hadronifc shower recoiling against the.photon and mea-
suring & /dm "H fet" This needs some effort and experlenca with hadronic
jets at ISABELLE and  TEVATRON energles.

The prospects of observing a Higgs signal in pp and pp colli-
sions at high energies through the process (4.54) at the level of O(1 Pb) is
exciting. Oue should point out that direct H® production in pp and pp col-
ligiomns through the gluon fusion mechanism is quite large at ISABELLE and
TEVATRCH energias, Hoﬁever, the Higgs so produced lacks 2 reliable vrigger.
Thus, the somewhat smaller production cross secticmn for (4.54) is compen-—
sated by the relatively clean trigger that we have hare advocated.

iii, HICGS PRODUCTION IN Lg?TGﬁ-NuCLEéN PROCESSES
These processes include the reactions
g +N>y +B7+X
+t +8+x
v, +N+vu, +8 +x

1 1
+5 +H +x

{4.55)

The lowest order processes involving the.brematrahlung off the lepton line
are negligible. The next order diagrams invelving double W and z°

changes ara shown in Fig. 9., One could express the differential distribu-
tion corresponding to these diagrams a529
3z .,
&i: . GF § %

[ 1 .
dxdydx'dy 4 VF ¢ 3

(1 + -2 P+ 25wyt
* [ute', @8 + e, Q' hre)

+ {a{x',a'2> + §(x', Q'z)}fzj {4.35)
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with Q'z = -éz = sx'y",
i 2

2
PR A e LM 2 PR L
2pq 2peq"’ kep kep

fl and fz are kinematic factors for collisions ¢f fermions with like and

unlike helicities and are given by

2
A S ANE - N 1> 20 S M|
fl L-y+y! x' v + x' * x'y s z'y
MHZ
= (1 - SE L 5& 2oyl H 1
-y [1 < "5 +,{y s x.yi (4.57)

The functions ulxg', Q'z) etc., are the quark densities inside nuscleon corres-
ponding to the u quarks. In the low epergy limit (i.e. o, + =}, and
neglecting any Q dependence of the structure functlons, one has
3.2
GF E 1 1
3 [ dz £ % Fyx) : (4.58)
821 0

g N

using c(vu 7)) = GFZS/ﬁ gives

c(uu -+ u— + 8% + x)
glv +yu + X)
u

)
8 Y (4.59)

MN

The cross section for other processes in (4.55) are even smaller., With

A3 x 100

Sinzew v 0.22, one has

g(v > ) = 20(0 > vy) v 0.04 alv, > uo+H) (4.60)

and 1z tooks hopaless,
At high energies, the results are shown in Fig., 10 for both the
cases involving Qz-independent and Qz-dependent quark densities. Typically

ale+p+v, + E+3) < 10737 ot (4.61)

for s = ].(J."1 GeV2
< 10-39 cmz
for g = 10"6 Gev2

with QCD corrections reducing the rate by roughly a facter 2.
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My conclusion is that ep and vp machines are not sultable to

study the question of Higgs production at high energles.

iv, HIGGS PRODUCTION IN a+e— ANNTHITATION

e+§- machines zre probably the last hope of the broken hearts whe

would like to see a Higgs in their life! The history of e+e_ wachines has
beer a success story which primarily could be traced back te thelr reole as
vector boson factorles. Depending upon the energy resoluticn and the mass
of the resonance as well ag its widch, the enhancement at these vector meson
nolas could be several thousand units of R, which compensates the intrin-
sically smaller cross section of the process e+e‘ + hadrons. Of course, the
other advantage 1s that the initial state i3 very precisely knowm,
We have already discussed the potential role that vector bescns,

J.r and 29 could play in Higgs searches through the decays JT -
1+ v

moncenergetlc
bosons in abundance, then the vector boson factories have a much cleaner

+ -
and 2+ H° + w'u~. If one could produce these vector

environment to study these decays. However if D0 > mz/z and‘if Wy © > BJT
then the vector boson factories -lose thelr edge om other machines as far as
Higgs search is concermed.
I shall now discuss some other processes in the context of e+e_
machines. ‘- vz oo
l, ee <+ HH

This is not allowed due to Bose symmetty.

2. Bremsstrahlung mechanisms

Here a Higgs can be . bremsgestrahlt’ off the initfal or final fermiomn

linez'27

+ - + -0
L‘Fe__’f_‘:‘_&um GF m 2 tns v 2.2 x 10-'11 (4.62)
gle'e =~y ) b
+ - -0
gle e = 1t W) 2.8 ¢ 1074 (4.63)
¥ - + -
gla’'e * )
'd(e+e- + tEg™)
+ -
o u )

> 0.1 for m_ > 20 Ge¥ (4.84)

However, it is very hard to identify H® in the final state ttH  since it

lacks a good trigger.

3. ete” »&°
' Q + -
a(ate” » %) p E  LE 2 22) (4.63)
Dy T'(H" -+ all)
assuming
o = A, Q
E® - ) % T, (6
m
+ BR(EC » eTe ) 2-%?
—3'm
Q
which gives
sr(e’e” » 8% 2 BREC ~ eTe))
[+
i 2
=z (=, /my) (4.66)
N2 ox 1073 for 2my < mgo < 2wy
A 107 for Zmy < mpo < 2mg

30
4, e +H® 4y

The one-loop diagrams are shown in Fig. 11 and one could express the

result as
o .
By 48 x 107 s - w2 ? 1 -k 1 (4.67)
alp u ) ¥
I, | A 1.7
Ys = 30 GeV
_ \)L
IF | ' ~ 1/3 for (L—) doublet
By ¥ ®
n $/9 for (7) doublet



b ek

0l 0 e | LY LA 1

TR T L]

- 26 -

This gives
AR(E%Y) ~ 0(107%) " (4.68)
for m0 < 20 GeV
20 GeV £ V5 < 90 GeV
an evem difficult proposition than measuring AR(e’e” + H%)!

31
5, efe” + z%°

This is the last process that I would like to discuss in my talk. Since

the z°2% coupling is large, one expects a huge cross section as the center-

+ =
of-mass energy in e'e eunihilation increases, The cross section can be
expressed as

=) x [1+ (- 4stn® 0% (au9)
277 my

which is not a small number. The ratio RZHO peaks at Vg = =, + z iy and

the rates at the peak assuming various values of mHo'are shown in Table 3,

The 2% could be identified through

z% + e+e-, u+u~

then
2
o = (/5 - B - pt (&.70)

The event rates corresponding to

+ - e 0

5
ee Z°H . (4.71)
e

are shown in the last colusn assuming optimistically a luminosity of 1031.
The table serves to show that LEP could at most see a Higgs of o0 = B2
The situation should be contrasted with the Higgs production through the
gluon fusion mechanism in pp and pp collisionms. My feeling is that at
ISABELLE and TEVATRON, oﬁe would be able to explore a much larger range of
w0 -~~~ provided one could trigger on " and/or on the energetic jets in
the decays of HD. '
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V. CONCLUSION
The problem of understanding the mechanism that breaks chiral svmmetry
and gives fermions and gauge bosons their masses is not yet understood.
Higgs mechanism is a possible solution. The standard Weinberg-Salam theory
has a neutral Higgs, which is a physical particle. It's derection will
strengthen our belief in the underlying framework. I reviewed attempts made
to harmess the Higgs.
Among the conceivable production mechanisms in proton-proton and proton-
antiproton collisions, the most hopeful place 1s the process
po(p) > Jo + X
HO + v if mpo < mp
T
since it provides a rather powerful trigger., It will however need a high
luminosity pp or pp colitder, for exzmple the phase II of ISABELLE. The
gluon fusioen mechanism pp(p) »~ GG + E° + X has a potentially large cross
section., It is imperative tc develop a reliable crigger on 4% -— other
than u'u”.

The production of vecetor boson J., and z° in e+e- annihilation and the

decays JT + B° + Y, 2+ B® + H+H_ anthhe reaction e+e- + z°8° are the only
other hopes of finding an 2%, However if g0 1is large (> 0(100 Ge¥)], thex
e+e— machines won't be able to see them simply because these machines run
eut of gas beyond ¥S = 200 GeV. In that event gp and pp machines are the
only hopes to see a Higgs, or any other particle or phencmenon, replacing
the Higgs mechanism. Only pp and pp machines provide energies reaching

Ve = <4% % 250 GeV in a channmel which could communicate with the vacuum.

I am sure that when the pp and pp machines will probe the electroweak vacuum

¢
at fg'g <¢ >, we are destined to observe new and fascinating phenomenon.
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TABLE 1
Table 2
H T, - 52+ v) .
'i The ratio — in the Weinberg~Salam model : Production cross section for the process pp JT + X+ ey + X using
4
3 F(JT s Wu) Gaisser scaling. The numbers correspond to using ;0 ~ 11 GeV, Yas = 720 GeV,
1 BR(% + 12" + %) = 0.64 and an integrated leminosity of 3.6 x 107,
F] .
= m(JI)
{GeV)
B0 # Evenzs
(GeV) 40 ) 80 M(JI.) (GeV) elpp > L.+ % ) pp > g B + v
B+ y > 1 +x
10 L8 .32 .58
20 W11 .29 .55 40 1.0 Pb 2300
30 L065 .24 .50 50 G.5 Pb 1150
40 .18 b 60 0.22 Pb 500
50 | .10 W35 70 0.1 Pb 230
60 25 80 0.04 Pb v 100
70 .13
TABLE 3

+ -
Expected rates for the process e e -+ z%4°% at the peak value Vs =

, + 72 Ty The entries in. the last two columns are obtained for I- 1031
-2 - . -
em - sec t and a branching ratio 7%+ 2t « 3% (Barbiellini et al. in Ref. 2),

D

: ' a(2® + B%) # 8° + 2° ¢l
%(Qev) /s (Gev) . apt 103 hrs. J.O3 hrs,
10 104 4,7 1458 44
0 132 1.56 280 9
45 154 1.04 138 LA
60 175 0.78 - 82 N 3

WL bt D b B B0 6 b e B, L3l g
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FICURE CAPTIONS

Feynman diagrams for the decay ) R 2.

Fig. 1
Fig. 2 Fey-uman dtagram for the decay 1° + 26.
Figz. 3 Feynma.n diagram forthe decay 2%+ 8% + y.
Fig. & Decay rates for r(z° » H® + ir® > p w7y and 1%~ H° 4 u+u-)/ Y
r¢z® - u+uj for different vwalues of mﬁ/mz from Ref. 15.
Fig. 3 Dimuon invariant mass distributicn in the decay z° s B° + p, P :
from Ref. 16. - f
He
Fig. & Diszributien of the dilepton invariant mass m(z+u,—) in pp + g,+g,dztx
at s = BOC GeV from the sources b4
(1) decays of bb and tt preduced in pp collisicns.
(ii) Drell-Yan process pp + (v, 2% » ),+§,- aleng with a third
lepton produced with a probability 1074 and Y
(111) pp - 2° + E® + X followad by 2° + o7 and B° 5 2T+ X, H +
Label g‘ig‘j denotes ie_p.r.ons originated from particle 1 and 3 e - w +
respectively and (£ & )i denotes leptons from the same parent,
from Ref. 18. Y
Fig. 7 (a) 'Dreil-Yan' mechanisz for p + p(p) - o+ X. :
(b) Glucn fusion mechanism foxr p + p{E) + "+ x.
Fig., 3 Production cross sectiom for NN » GG + B® + X (§ = p or p) for Fig. 1
f.G = 11 GeV (from W.Y. Keung).
Fig. & Feynman diagrams for Higgs production in lepton-nucleon scattering
processes L+ o> v, +H° +X .
and L ¥p+21 + H® + ¥,
Fig. 10 (a) Cross sections for e + p ks V + 5% + X shown in Fig. 1C as a G
function of (CM energy) ,Soli.d and dashed curves correspond
to parton modal with and without a QCD correction. Cases 4,
B and £ are resulcs for n.0 = 10, 100 and 200 GeV. N
(b} Same as {a) but for smaller range of 5. Curves A, B and C are ———— Q
results with o = 10, 2C and 30 GeV, from Ref, 29. H®
Flg, 12 Biagrams for the process a+e- - u? + Y.
G

Fig. 2
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