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FRE~OM.E:iOLOGY OF THE RIGGS BOSCN 

A. Ali 

DeuLscnes 3lektrooen Sy~chrocron, JESY 

:1-.e ?t-.e:~reeno:i.ogy of the .itandard ~..'einberg-Sal.a.:::. Higgs bcsoc is :-evie>;.·eC 

" -
:,eit.! ?arti.:·..:..:.ar e:nphasis CJn ;ncduction :J.echaniSll!S in ~igh energy e e ar.d 

\adr::-:1-'r.aC:-c~ :ollisi:!'.S. ':'he ?rcducticn ?rocesses :-elevant for ::he IS;..BE!..:...E 

and r:::·;;.:RON energies are Cisc'..lssed and ::heir backgrot.X.ds estimated. .::: is 

a::gueC: ::-.at t':'.e ::c?CU'-'.Zl ?reduction and radiative decay ?ro·Ji.Ces c:-.e ~os:: . -
ho?ef'..l.:. reaction to detect a Higgs in both the e · e and the ;,adron-had:-o:". 

:!ac..'li:las. 

I. :~TRGD'C"C::ICN 

_ .. e ;:n-ot::..e.:n -:£ zCers:::a::.:=.i::.g ::-.e ::.e:::-..~!.s'!Cl of ':".ass generati-Jn :.s pe:-!1a?S 

ti1e :nest .!:und~ental pro':llem in elementary particle physics. Closely asso­

ciated l.'ith it is :he nat·.a:e of the •..reak i~teraction scale, namely, l.'hy :..s 

t:"..e Fe~_t cc~..:?ling const.:.nt G_ 
' 

:~ t!1e standard thea~; of 

• :!..GS x lQ-5 :n-2? 

' ' ~lectrcl.'eak interactions .... the masses of t~e 

fi!r.nions and t!'.e gauge bosons, w:-,ic!1 mediate the weak interactior.s, are 

gcvened by an order paraz.eter, <;>
0

, the vacut.l!ll ex?ectatior. value o£ a.'1 

e::.e!:!entary scalar, colo:t;. and. ct:arge-ne'.!tral particle, ~, The ::::ec:"..a."l..!.s:t ·..rhi::h 

Zrir.gs at:c~t q> 
0 

+ 0 ::.s now fol:...lore and goes under the r::ysti·::al ::a:ne of 

spontar.eous s:r=etry breakiwg. :o be precise, one has a doublet of scalar 

~iggs fields ; = (~:) ~avi::g SU(2)
1 

X U(l) invariant couplings ~ith the 

fe~ons and gauge bcsons, and the Higgs potential has the fo~ 

( ) 2, : 2 · 1 4 
V! • -·..: ; iii + '- 1 '?I (1.1) 

:.l- > ::J 

In order that V(!) has a m!ni::num for fini::e ';! 2 
one must have A > Cl. :tin:!.-

mizing :::-:e ;JOt:<=.r.c:ia:. (L :) one :'ir.C.s :iat ::;:e !:l:ini::.t:m is not at 

a ::on-zer::: point Ceter.:nineC by i- a:!.d \. 
2 

:: = ,:. I" ' v-/2 

"' .J o~= at 

(:. 2) 

T':-.e si::'..>atior. t:"'la: v !- 0 is what is r::eant :Oy having a sponta:-.eously brcken 
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::::..ti"Te:..y ::;::.a:::.. 

::-:e t:~r;::::se ::f t2.is talk is :.o re'7:i.e~· a::.empts i:: ;JrcC:.:ci::g a:::i :ie'::.ec-
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::::::.eag·.:.es. 

:::a:-: :::.is :a:;.;. :.s as :3c:..::.cws. · .. ·:_.__ star:: ::·: _:::;-e•:-::_e·~·:.::~ :::e 

. .::-.:.s a::: 3;:: ,;>.s:~:::a:e :::: ::--.e :::::_6gs :::".ass. s:-2 __ ::--:e:- :::.::.sc.:ss :'-:2 

-.-::::-: • ..-::.-s ~2-J." :::'0::::-a:.:.s:::s. -::·'-:.e ~-:::::::·:.::::' -::c:::.::a_--:::_:;:::s ;:- -.-e ~::_,;;" 

:::e :::a::_:: .:;·..::;- -::_::_5 :~_:__:-;. Z-".:: s::,o;._;__ :-e·,-:.ew ::-.e::: e:r::::-. .o.s::.z::.::~ Cd:'::.::.-

~::s . "'·--"--=- :;;. ::,;:.:::;;.:· 'C: -::.;:::::::~ ,_ ~ ~ :::·~· =-~"~ 

-.:e:, -~ssses _ :"'. ::. c.:..s::. 

.. :>"s -:--:e -"-"- -=:::.:e -::::::se::-7::_:::~ 2. C:::.gg:o 

-;.i::.-.:.::2-S "'---.: ::,.:,:::=:.:= 2.:'.:: .:. .. -....... ~·'• :-:e. :::asses :-.e : :-;:: c~::. ·.::::: =-·-

::~52=~ :--;.=~: s-.:.~': a ::::eca·.·. · ... --.e :-e·:e:::- re_:_e,·~--.:: : s:-.a:..:. -::::::::::a:-2 :::2 :-::iggs 

s:e:-.a:::..:: -~·:.::- ::-:, :::c-;;s':'::::.::::: s:e~a::::-ic ::-: ;::·::-.a:::::.ca: oo:--::::::.e::c:: ·:::--ea£..:..:-.g, ·~·:-. .:.::: 

:>·.:0::- o:.c::::.c.s ,a_:_=:::s: ;:::~:::::-:..::.~e .:._:.;:-.t :-;;se·..:ic-;scala:::- ;a::::-c.::.-::.2-s, :2:::~.~:-. :2is 

s::::'e::::: ·.- -~- ":ce ::e•r:.e·,;ei ·::? 3;;.:::. 3eg- a::C ::;c:-::::,• :::ar.e:: i:--. se;:a:-.=.:2 ::J:'..:,C.s in 

::;:.s :::ee::'.:--.~. 



~S OF !P~ W~INBERG-SALfu~ HIGGS BOSC~ L~PER 50L~D ON ~0 

~~e ~ss of the Higgs boson is in general not dete~ned by the theory 

si~c"- it depe:::.ds or. the unt-.nc·~T. quartic CO!.!pling constant A in the Higgs 

;:otencial (1. ::..) • How~vt:r au upper bot2C. on m.d0 can be obt:aineC. in cer.:lS ~~ 

an upper bo:.md on\. T~e coupling constant ), is bou::~deC: by A < l, cthen.rise 

the pertur~ation theory in A breaks down. !he precise bounTd is obtained i£ 

or:.e considers the scattering of longitudinally polarized \,' ')os•.x;;;: 

:::1.e a=.plitucie via t:he y and 

Ty,Z 

' ~ . 
Z exchar.ge ~s linearly divergent! 

G~ 2 
-=- s(l +case); s- 4E,. ..... 
I! .-

', 
L 

(2 .l) 

This li:1.ear divergence (in s) is canceEed by the Higgs cantributior:. giving 

z .. a 4G~ " 
Ty, ,n ,_, -(-~) :n..~ 

IT n 

tsing the partial ~ave decomposition, one has 

T .. 16.., 1: (2J .,- l) tJ- ? 
1

(cose) 

J 

:Jnitarity bormd f:.~r each partial ;.:ave is 

! t"' ;' <. 1 

(2.2) 

(2. 3) 

(2. 4) 

::or ' J o& D, this implies T <. 16"'!" ~hich tra."'lslates to an upper bound on ~-, 

lllg 2 ~ 4~ .-·!/GF (2.5) 

The :mitarity botmd (2.5) could ~e re£ined by considering the 3-channel 

, · .. ~ +,.. - 1 ; ~ ; ,.,.... o •• o . ~ .. 
ccup_ed systei:. cons~st-ng o .. W!.. .-.

1 
, - v'.L z

1
z

1 
and l i.L H ~ wn-ch g_ves t~e 

bou:...d 
2 8T"/! 2 

~ ~ J"'G • l TeV 
F 

(2.6) 

· .. rhic.'J. is disappointingly large! If it turns out that nature has c~osen a 

value for ~o close to. its upper bour.d, then t~e Higgs boson is beyond ::he 

::-eac.=-: cf all ?resent and plan:::~ed ~achines l::.ke UP, ISAEELI.E anC. T~:.URO:S! 

LC'"""E~ 3CL:XD C~ ~o 

:::-.e lover '::>c1.1nd en ~o co=.es ::y considering :he radiative c:::rrec­

:~cns :a t~e Siggs potential (l.l), T~e l-1oop [SW(Z)t x ~(1)] radiat~ve 

corre~tion gives t~e resul: 

"c 

- 5 -

V(:fi) • -u 2 1;: 2 + ~1 4 ln(•¢i 2 ;M2 ) X 

( Z _ 3m} + m..._,__ 
4 - 4 Z m/) 

(2. 7) 

v-z ,w- • • f ~ 

r,.;hera X is a mass paraneter to absorb all : li j 

4 terms in V(:;:). rr:.e para=:ete:-s 

:.; a..."ld ~are so chosen so that the vacuum is stable, i.e. V(v
2 

/2) < V(O) where 

v is determined by demanding 

OVrad. -a,--
! -~: .. v//2 

- 0 (2. 8) 

In the presence of radiative corrections, there is the ~using 

possibili:::y that one could have } < 0, and still arrange spontaneous syc:::::e­

try br~aking, Ho~ever, in that case there will be several mini~a. It is 

conceivable that the theorj (and the u:ni·.;erse) i:: at a lcc.al ~-i!l:um and 

~~11 decay to the absolute minimum leading to catastrophic consequences. !~e 

rat:e cf such a 

' Linde~ ::hat if 

transition depends critic.al.:!.y on ~o· It has ~een shown ~y 

~0 > 260 XeV, then the rate of this transition would be so 

slow that it is not of any immediate worry! 
- 10 

t(¢min"' v/r2-+- ;::nin • 0) > 10 yrs for ,o > 260 MeV (2. 9) 

Of course, if ~o is close ~o the Linde bound, i= will have i~portant cos~o­

log:!.cal ;::cnsequences •. 

Jemanding ~-• ..;. 0 gives an uppe:i.- bound en (-:.:
2 ) which translates 

m....n 
::o a. lo~e= bound on ~o· 9 

2 
"a 

3
2

V 

.. a~ 2 

<1l • v/lf 

> __ 3 __ 

16TI
2

v
2 

T:l.us, the present bounds on ~o are 

V•t·r=,z 

1 TeV > ::1..0 > 7.2 GeV 
c. 

C8~~~-~~~~BERG ESIL~E OF ~~o 

~4 
> (7.2 GeV)

2 

2 
for sin ew • 0.20 (2.10) 

(2 .1:) 

E. ~e~r.berg ~"'ld S. Cole~~~:O have pointed out that one could set 

·} • 0, A > 0 and achieve spontaneous Sy::::::letry breaking ·.;ia radiative 
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3 :::ese 

C.::cays, ;.·";-,i,:.::-. are a.:!.lowed at the cne-l:::ct: l::ve:, a::e q•..:::.t:e 2.:::'.!Si:::.g a..-:::! i£ 

::~.easu::::eC could be used as heavy qt:ark cou..cters. ::he e:fective :!::; .... 2·r 

c:o•..:pli:1.6 .:2.r. be expressed as (see Fig. 1) 

F(k
1

, k
2

, q) '" 
~ 

/L '- \ 
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•,•here 6auge i::variance dictates ::hat I 
1

,; be eX? res sed as 

1 ;.~,_. • (kl-,..~2'J- :-\'""z q_.) 1 

a=.d ·.;e :ieco-;::::pose I according to the c.ontri':lutions fro:n the fermion- and 

gauge ':loscn-locp 

T "" L. + :: If 
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;.·i::.h :his nc:ation t=:.e decay width is gi.ven 
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GFc:r. 
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!"(¥.0 ..... 2y) 
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!::.e. t•..ro co~t;::ibuticns to I ca:1 be calc"c:lated in a straig!:t-for..rard '.;ay 

~· ~ -~ 4 
' ' ·)(~- /o,,..-) 
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If .:l'c.Qf-:f 
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{'J ~\ 

'~" I 
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(3.2.C) 

0 
(~3), ~f i.s ::.~e charge of :he ~e~on in the whe~e ~ :.s the color factor 

loop ar:::i cje factor Lf is given by 

l 
) 

C) 

C.x 
0 

1-x l _ !..:c-; 
C.y ( 3. l'..l 

;:)~ ~ X:l 

T J..,. "( -/ -)' 2, 2<<' 
_f...,.}l.;.~v,~,:::.£: ,,~/Lll_, J. 

T:-.us, for large :o.f, Lf '.:lecomes independent of :r.f 2...'l.C. cou:ncs c::.e heavy 

degrees. In particular, for a cot:~p.!..ete ]-generation fru:!ily (e, ;..., . , 

s ' ~-

i.£ (N-3) 

•.;e :c.;;i•Je 

I(3)::-:- If•Cl.7 
3 gen. 

ge!!e!"ations of ~ea-vy fer.nions exist then 

~ .2.(~-1) I(~) • 1(3) 9 • ~ 

?utting (3.9) a.'ld (3.l3) tcgether, .. ,e get 

I "' -1 for ~ "' 

'\, -0.1 for :-1 • 4 

for N > 5 

fe~:::n 

u, d, 

(3' 12) 

c 3. :.3) 

(3.1') 

> 0. 8 

Thus, in princi:;::le, 3R(H
0 

..... 2v) is a very sensiti·;e way to 'feel' a ~,:u::th 

ge~eraticn of :er--ions. In ?rac:::ice, however 

' BR(H
0 

.... 2-y) ~4 x 10-_, ;r.- for 2~ < ~~o < 2~ 

-~ 4 x 10-
6 

! I: 
2 

fer 2~ < ~c < 2~ 

•.;hie~ is hope:essly small. 

Finally, we quote the result for the decay rate ~(H0 

only t~e heavy quarks contribute in the loop
3 (Fig. 2), 

G--~-w/ct(·_2)2 • 

I'(H
0

-+ 2G) • -·-· -'- (~) ~~ 
36/2:r \ '" I ' 

(3.';.5) 

GG;' , ~or ,,·hi::h 

( 3 • .J.E) 

•.;here :-1_ "' r..u.:!!ber of r.eav")' flavors. The decay rate ~ (H0 
- 2G) is ::.arge;:: ::.h.a...'l. 

::he ra::~ (H
0

-+ ;.+;.;-) for ~o ~ 3 GeV. How·ever, it is still ::J.Uc..'l s~'..ler 
o:::.a.'l. the decay rate into the heaviest fer::li.on pair. I::. aCdit:.on H

0 
.,.. 2G ::10Ce 

.:.celts 
+ ~ 

a :reliable trigger both in e e annihilation and :":adror.-hadron c::J'..l:.-

sions and we shall not discuss it any more. 

:raCit:.o""all7, the sear::hes f::Jr !".e•..r ?articles (.;/,!,;, '!') have 'oeen very 

successful in t~e hadror.-hacircn c:cl:.isions thrcugO the ::lOde pp ·: + :< 

- .l ·.: 

:io,,.ever, because c£ t:'1e ?eculiar H£~ coupli:1.gs c:-.e bra.:".cr.i:-.g rs.:::io ::r 

H
0

-:.. +;>- is ::riniscule. To orient aurselves 1 .. re noce -:hat 
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a;:,: ~= ::.cc:.C.s fc:-::..i2a":lle. E-;en a£ce:: de~ar:d.:!..::g t!:at t!:e ;:-hoton je recoi~i:-:g 

:og.:l:;_:J.:oc. l,...:L_ t~e. s::.g~a.:. £ron (4,9) ·..ro·.:.ld be buried in :::.e ·:>a.::kgro:;.~.d. I:: 

e+e- a~ni::.ila:ion, ~here one could dem~id a ~onoenergec~c ?hoton, there =ay 

l::e so:r:e outsiCe char.ce of observing (C..9) ·:ut in ?P a.'1d pp collisions 1:: :.s 

.:;::.=?:.Y ·.:.ndo.::.b:.e. 

:-ie.xt:, we discuss ::he p:::ccess (4. 2). .n tJrin::i?le one cculd 

a:so :.ooi<. at :he :J.CCe 

Zo so ,o 
"':vir 
L,. q 

T ' 

';:::.;.:: :i.:s se;-a::J.t:i.o!' . .::-o!:l the dominc>nt Z
0 

ciecays (Z
0 

.... a_ C) is :J.ot easy, :~e 

ta:e for (4,2) :.s g:!sen byi6 
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~I' (Z 0 ~ H::J + l-+1-) 
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12 3 
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0 ~+- .- 0 
'"'h'"-re X.. = 2!: . ./u... The rates for Z ... H" :1. :1. and z" _,. H + y are sho.-...TI. in 

" n ' 
Fig. 4. For ~o 10 GeV it leads to a branching ratio 

BR(Z 0 
_,. H0 + -/~J-) .:::._ 0(:!..0-S) (.:,.12) 

"'hie~ ;:ertai.:-.ly is observable in a :.igh l·Jmi.ncsity Z
0
-factory. A very good 

'::.~"l.dle en t:.e process (.4.2) is obtained i! one locks at the shape c:i the 

d~uo~ discri~ution ~hich peaks at large values of m 

'" . I 
ct~ (Zo ... Ho-... --r-:.~-)1 

<to 
..;;... ',( 

= 0 

16 

(4.13) 

l.'he:-e J.. = :J.95 m.d/IDz. The bac;.;.gro~d :o (!.,2_) ca1:.es ::rom t::.e dominant ::ecay 

::10Cc. 

z' QQ 
+ -

.;-X (!+.:..4) 

:.:c• .. ;eve::-, this ~eai<s at the lo'« invariant :::ass o:" the di:o.~;ons, thus providing 

a .::2.ea:- si6".a::.. T:-:.e invariant !:lass dist::i":lut:ion, she',-:'. in Fig. 5, is a 

;::".~racte:-ist.ic of ::he Higgs l:!oC:e (.::..2) anC: is ver:< ciif:e:re:--.t 

:.:::5t22.::i t:Ce ?rcces5 i:Jvolvi:tg a ?SeuC.o-Gc1Cst.cne bcsor.. 

cc.e :::o:--.5-:.ders 

- i3 

z _,. .,. T 0 

ti_~+~- ("'. l5: 

-r'o ;.. +'"- is 
• 0 

:;f cc·.n·se _ar::a a:~e.::::e.a -::cr z pr:cb.iC:::.::-::.·_,e_1__y :'21~2.1-

I' (Z
0 _,o, + .. -, ... ·~ ,· < 10-4 (4.l6~ 

:' (Z o He;.:+;..:-) 

The Cecay (4.2) in a Z
0 

factory is one of the most ?remising ?laces to 

otser;e a ::!.iggs if =:-:o .{ 40 GeV, beyond which both the bra=.c.."'li.:tg rat.:!..o 

bec:Jmes very smal2. and t:-.e signa: tc backgro:md separation :-.c lcnge:r :remains 

that good. In pp and pp machines (4.2) is buried under the backgro~d. 

pp (pp;, ~ zo 
L 

+X (4. 2.7) 

+ -
',J, ',.! 

;.;hich is at lease three orders of magnitude bigger than for the process
17 

pp(pp) .... Z0 +X 
I o + -
~-+- H + 4 \.1 

(4.:8) 

T~e situation becomes better if one looks for the H
0 

signal in t:rilepton 

!'i.:1al state via 

pp(pii) zo 
L 

+ X (4.19) 

H' 

L 
T -+ \.1 'j 

\.!= + X' 

"'Cich has been calculated in Ref. 18 and shown i~ Fig. 6. Tbe cross section 

fa:- (~.l9) ::.s of order' l0-39 c:::n
2 

at ISABELLE a."l.d· I guess the backg::-:n:nd froo 

the Jrell-Yan process ~o (4. 19) :r.ay s~am? t!'.e feeble signa.:.. The :..1se of 

(4.19) for Higgs search i5 going :o be a fc~idable task. 

H!GGS I~ THE DECAYS OF CG~XC~IA 

Si:;.ce the couplings of the Higgs boson to a :"e:r-::rion pa:1r 

favors heav-y ferr:lions [see (1.5)], i!: i::::nediately suggests t!'.at :he searc:. o£ 

!Eggs '..rill be tJ::oi:!.table in ?rocesses in ,,.·n.ich heavy !:er...io!'.s a-ce ::.:::·;olved. 

~,"ilczek 3 
S'..Jggested ::~at if ~o < :::t-:' Chen it coul.C. be prociuceC. :.n ::::c. :::-ad:la­

t.:!.ve Ce:::ay 

:~9.~6) ....- :-i0 c.:.. ::.c;) 
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ii. HIGGS PRODUCTION IN pp AND pj? COLLISIONS 

DIRECT H0 PRODUCTION 

The subprocesses that could lead to direct H0 production in pp 

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

production 

q+q-+Ho 

as well as the gluon fusion mechanism of Ref, 24 

G + G + H
0 

leading to 

p + p(p) + H0 + X 

(4.29) 

(4. 30) 

(4. 31) 

The production cross section for (4.31) through the subprocess (4.29) can be 

e:,:pressed in terms of rapidity distribution 

where 

""a 2 -2 112 y 112 -y . -
dY"' t tgq T~ (Fq(T e )Fq(T e ) + qw- q) 

g • (/ZG .1/2 
q FJ m 

1 q 

y •-i,.n (~ 2 E - p) ; T • 
2 "'H Is 

IS is the center-of-mass energy and F (F_) stands for the distribution 
q q 

(4. 32) 

(4.33) 

function of finding a quark of flavor q(q) inside the hadron. It should be 

remarked that mq in the Yukawa coupling gq is the current algebra mass 

because th~s 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 excite them from the proton (antiproton), but even at Q2 

available at ISABELLE and TEVATRON energies one would not excite enough cC, 

bb and tC to make (4.32) appreciable. So, t 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 
daa " ["s ("'a )l GF 
dY "' 32 --:;--] /2 

2 
NF 
-9-' F ( 1/2 y) F ·( 1/2 -y) a:< e c-< e (4.34) 

2 
where as(~ ) is 

NF is the number 
2 2 

due to a 8 (~ ) • 

- ~J-

2 2 
the QCD running coupling constant evaluated at Q = mg and 

of heavy flavors (mQ > 0.2 ~), The process (4.34) is small 

Using the experimental result 
1 

i ; FGt;) di; • 1/2 (4.35) 

and using ;FG(E;) • 3(1 - ~,;) 5 • NF "' 3, one gets 

a (pp + GG -+ H
0 

+ X) "' ct (pp + GG -+ H
0 

+ X) .-.... 50 Pb 

for IS • BOO GeV; ~ "' 11 GeV. 

(4.36) 

The cross section for the g~uon fusion mechanism is shown in Fig. 8 as a 

function of /5. Note that the cross section for (4.31) at the ISABELLE and 

TEVAIRON energies is not small. 

To have some idea about the signal to background ratio, let 

us calculate the cross section a(pp + H0 +X) 

L +-
for the optimistic case of 

" " 0 + - -3 
~o ::::, 10 GeV, with BR(H + \.1 1i ) :::_ 2 x 10 , This gives for IS.-.... 800 GeV 

a(pp + H0 +X).-.... l0-37 cm2 (4.37) 

L "+"--
+- r-- ?5 

The Drell-Yan background evaluated for m(~ ~ ) ~ 10 GeV at ys "' 800 GaV is-

a(pp + +-DY 1.1 1.1 + X) "' 10-34 
2 

em (4.38) 

+-Thus, the \.1 \.1 mode looks hopeless, It is clear that one has to look for 

some other trigger on H0
• I have no wisdom to offer except urg~ng my experi­

mental colleagues to start thinking about developing techniques to tag the 

T± produced in hadron-hadron collisions and develop jet mass reconstruction 

techniques, 26 which might ultimately help establish the Higgs signal. For 

pure fun let me quote the cross section (for ~o ::::, 10 GeV) 

a(pp + H0 + X) "' O(l0-
34 cmh 

L +--
' ' 

(4.39) 
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which is comperable to the Drell-Yan process at I; .. 800 GeV for m(\.1 +J.I-) "' 

!0 GeV. 
+ - -34 2 (](pp + T t + X) ::': 0(10 em ) (4.40) 

ASSOCIATED H
0 PRODUC'riON 

The associated production of H0 in pp and pp collisions goes 

via the production of Z0 

followed by the decays of Z
0 

and 

pp <P) + Z
0 + X 

• 

zo + Ho + Y 

zo + Ho + zo 
L +­

" " 

(4.41) 

discussed in the last section. I am afraid that the cross sections involved 

in any useful tag are of order l0-39 cm2 or less at ISABELLE energies, 18 

making the associated H
0 production mechanisms unattractive for the Higgs 

search. 

PRODUC'riON OF R
0 THROUGH H

0-Pb MIXING 

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

is that if the Coleman-Weinberg estimate of mgo is right, then we expect ~o 

to be in the mass range 10-11 GeV, though the one-loop result prefers ~o% 

11 GeV, Thus if 111g0 is close in mass to the Pb (:: 3p ) state of the y-family, 
0 ° 19 27 then there could be appreciable H -Pb mixing leading to the process ' 

pp(i)) + pb + X 
!;: Ho 

(4.42) 

Ruckl and Baier (see these proceedings) have recently calculated the inclu­

sive production of th2 Pb state in pp and pi) collisions and it is substantial. 

The production of H0 through (4.42) then depends on the mixing parameter C, 

which can be calculated in a non-relativistic quark model calculation19 

C:!c [
27:z GF ~b IR'(O)i

2r12 
(4.43) 

where R'(O) is the derivative of the wave-function at the origin. The decay 

mode which is most favorable is 

*) In addition one has the associated produ~tion 
pp(p) -i- z.o, + X 

vu. 
-i- Zo + Ho 

19 -

p + H0 + (t+t-, cC) 
b Mixing 

Putting everything together, one gets 

+ -r(Pb+tt) 

2 2 2 6~ 4mT )3'2 9GF m ~ 1-;;:---z 
T b ~ 

~ b 
r (Pb + all) 128 ,2 a 2 ("112)(m.. 2 - ~ 2) 2 

s " b 

"' 2.5 X 10-7 

~ )2 
b '"'I 

where 6H • ~- ~ is expressed in GeV. 
b 

For JlM • 20 MeV. (4.45) gives 

+­f(Pb+1't) 
""""'-::--:c;;-;- ~ r (Pb + all) 

6 X 10-4 

(4.44) 

(4.45) 

(4.46) 

which is rather small and presumably realistic if ~o is close to Mpb· 

However, as an extreme example one could think of a scenario in which JlM < 

1 MeV such that JlM"' r(Pb +all). In that·case there will be complete mixing 
0 in the Pb-R sector, making the perturbation theory estimate (4,43) of the 

mL~ing parameter inapplicable. In the event of complete mixing, one would 

have a situation very similar to the K
0 -K0 system namely, there will be two 

states of Pb with 

pb(~) • ~ <IH > ± I •.;) (4.47) 

+-having branching ratio BR(Pb + t t ) "' 107. for both the states Pb and Pb 
. 1 2 

The prediction (4.47) has not yet been checked but it is clear that its 

validi~y would require an accidental degeneracy of ~o and ~b and in general 

such accidents are not very widespread in nature! 

Perhaps, it i~ fair to say that if ~M ~ 100 MeV, then the 

scenario (4.42) would lead to a marginal increase in the direct H0 production 

at the ISABELLE and TEVATRON energies. 
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PRODUCTION OF H0 THROUGH THE RADIATIVE DECAY JT + H0 + Y 

In the last section I have discussed the exciting possibility 

of the process 
JT ~ Ho + y 

+-
which could be a large fraction of the rate for JT ~ ~ ~ , the tradi~ional 

way of hunting for the vector mesons in hadron-hadron collisions. In this 

section I would like to advocate using the radiative decay of JT to search 

for H0 in the pp and pp collisions at ISABELLE and TEVAIRON. The process 

one should search for is 

pp(p) ~ JT + X 

1.; Ho + y 

L 1•± 

(4.48) 

+ X' 

Depending on the mass difference mJr - ~o, the photon in (4.48) will be very 

energetic and will have a large Pr recoiling against a jet whose composition 
0 

will depend on the mass of the H . If_ ~o < 2~, then the decay mode 

Ho ~ :t+t'-

could be as big as 25% of all the H0 decays, and one could look for 

pp(p) + JT + X 

1.; Ro + 

L 
y (large pT) 

+ -
' ' 

(4.49) 

On the other hand if ~o > 2~, then the decays of H0 would be dominated by 

H
0 

+. bb 
leading to the final state in (4.48). Since the branching ratio H0 

+ bb ~ 

u± +X is about 2/3, there won't be any appreciable loss in the event rate. 

The r~quirement of large-pT photon would reduce the background to (4.49) from 
- - + -

the usual Drell-Yan background pp(p) + JT + X and pp(p) ~ ' t' + X. 
,, + -
4 t'' 

Requiring a prompt lepton in the hadronic shower 't'ecoiling against the 

large-pT photon would 't'&duce the background from the inclusive photon pro­

duction background 

pp ~ y + X (4.50) 
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Next, we would like to calculate the rate for the process 

pp ~ JT + X 

L;Ho+y 

and compare it with the rate for the background (4.50). There 

is a considerable amount of uncertainty involved in estimating the toponium 

production rate in pp and pp collisions. This is so because for large values 

of mt, the wave-function becomes coulombic. In addition there are uncer­

tainties about the diffractive component of pp <P) ~ JT + X as well as the 

contribution of the XT states to JT production via the reaction 

pp(p) ~ Xr +X • To make a ball park. estimate, we shall use Gaisser 

t: J + y 
28 T 

,scaling, which works for the J/lj! and T production in pp collisions within 

a factor 2. The quantity which scales is 

c:kJ . DY 
- • "R_o r E.£_ dy 3g dMdy (4.51) 

where the coefficient R0 has been calculated to be R0
- 15 X 106 •28 Using 

this estimate for the production cross section, the rate for the quantity 

(pp + JT +X) BR(JT + H0 + y) (4.52) 

is tabulated in Table 2 for various representative values of mJT and ~o • 

11 GeV at the ISABELLE energy IS • 720 GeV. The numbers in the last column 

are the expected number of events assuming an integrated luminosity of 

39 "' 33 
3.6 x 10 (corresponding to 1000 hours of running time with ol...• 10 ), We 

note that the event rates are qUite encouraging. Rates for other allowed 

values of ~o can be obtained by combining Tables l and 2, For mJ > 1Dz, 
+- T 

the branching ratio JT ~ ~ J.1 becomes veey small.· 

Let us now calculate the cross section fOr the background 

pp{{i) + y + X 

where the photon is produced, for example, in the subprocess G + q ~ y + q. 

The diffe't'ential cross section da I dpTdn has been evaluated in Ref. 25 to be 

I ~ 1 Pb 
da 

dpTdn 
YPT • 30 GeV 

(4.53) 
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wkich is comparable to the production rate for the process 

PP + JT +X 

l:ao+y (4.54) 
HOWever, tha:-bacltground can be ve·ey much reduced by·triggeririg in addition 

on a prompt lepton. One could even determine mao by constructing the energy 
and momentum of the hadronic shower recoiling against the.photon and mea­

suring 00/dmy"Ho jetl'' This needs some effort and experience with hadronic 
jets at ISABELLE and--TEVATRON energies. 

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 0{1 Pb) is 
exciting. one should point out that direct H0 production in pp and pp col­
lisions through the gluon fusion mechanism is quite large at ISABELLE and 
TEVA:tRON energies. However. the Higgs so produced lacks a reliable trigger. 
thus, the somewhat smaller production cross section for (4.54) is compen­
sated by the relatively clean trigger that we have, here advocated. 

iii, HIGGS PRODUCTION IN LEPTON-NUCLEON PROCESSES 

These processes include the reactions 

t + N + vR. + H
0 + X 

+. + H0 
+X 

(4.55) 
vt + N + vt + H

0 + X 

+ i + H
0 

+ X 

the lowest order processes involving the bremstrahlung off the lepton line 
are negligible. The next order diagrams involving double w± and Z0 ex­

changes are shown in Fig. 9. One could express the differential distribu­
tion corresponding to these diagrams as29 

d
4cr 

dxdydx' dy-' 

G 3 2 • 
F S X 

4 12 11"
3 

[(1 + ~ xy)z(l 

"'w 

x [{u(x' ,Q'
2

)_ + c(x' • Q12)H
1 

+ (d(x' ,Q' 2 ) + S(x', Q12)}f
2

] 

+ ~ x'y')2]-l 

"a 

(4.56) 

2 --z 
with Q' "' -q "' s~'y', 

X • 
2 

::!1.._ 
2p•q' x' • 
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,2 =s.:...,, 
2p•q 

_s...:.E. ·-~ y - k•p' y k•p 

£1 and £2 are kinematic factors for collisions of fermions with 

unlike helicities and are given· by 

like and 

2 

fl - 1 - y + y I - ·~ - L + Ef. + ¥_51_ il...:..ll. 
X Y X X y S x 1y 

2 
X vi I 2 I Ul,, 

'2 • (1 - y) [1 -'- ~- EL + .:EL. - -"- ...Ll x Y X1 x 1y s x'y (4.57) 

The functions u(x', Q' 2) etc,, are the quark densities inside nucleon corres­
ponding to the 

neglecting any 

u quarks. In the low energy liadt (i.e, lllyj + =), and 

Q2 dependence of the structure functions, one has 
. G 3 2 

F s 

using o(v + u-) 

" 

cr ~ ---
8!2 ,3 

G/slrr gives 

1 1 
J dx 6 x 
0 

F 
2 
(x) 

cr(v + u- + H0 + X) 

cr(vJJ + u- + X) 
"' 3 X 10-S 

E 
(--'<) 

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

sin
2ew ~ 0.22, one has 

cr(v + vH) • 2cr(V + VH) ~ 0.04 cr(vu + u- +H) 

and it looks hopeless. 

(4.58) 

(4.59) 

(4.60) 

At high energies, the results are shown in Fig. 10 for both the 
cases involving q2-independent and Q2-dependent quark densities. Typically 

a (e + p + v + H0 + X) < l0-37 
cm

2 

e 7 2 
for s • 10 GeV 

(4.61) 

< 10-39 cmz 

for s "' 104 Gev2 

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

study the question of Higgs production at high energies. 

iv. HIGGS PRODUCTION IN e+e- ANNIHILATION 

e+~- machines e.re probably the last hope of the broken hearts who 

would like to see a Higgs in their life! The history of e+e- machines has 

been a success story which primarily could be traced back to their role as 

vector boson factories. Depending upon the energy resolution and the mass 

of the resonance as well as its width, the enhancement at these vector meson 

polas 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 is that the initial state is very precisely known, 

We have already discussed the potential role that vector bosons, 

JT and Z0 could play in Biggs searches through the decays JT + 
0 0 + -

H + Ymonoenergetic and Z + H + ~ ~ . If one could produce these vector 

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

environment to study these decays. However if ~o > mz 12 and if ~o > mJT 

then the vector boson factories lose their edge on other machines as far as 

Higgs search is concerned. 

t shall now discuss some other processes in the context of e+e-

machines. Z 
+- y.. 0 0 

l.ee+HH 

This is not allowed due to Bose symmetry, 

2. Bremsstrahlung mechanisms 

Here 
line2,27 

a Higgs can be . -. bremsgestrahlt · off the initial or final fermion 

+- +-o 2 11 
(4.62) cr(e e ~ 1.1 u H ) "'G m tns"' 2.2 x 10-

+- +- Fe -cr (e e .... ~ il ) 

+ - + - 0) 4 
(4.63) cr(e e .... t' ' H "' 2.8 x 10-

cr(a+e- ~ ll+J.!-) 

cr(e+e- + t'tH0 ) 
> 0.1 for m > 20 GeV (4,64) 

+- - t-
cr (JJ ll ) 

, ,2.5 ,_ 

However, it_ is very hard to identify H0 
in the final state t'tH0 since it 

lacks a good trigger. 

3. 

assuming 

+ - 0 e e -+ H 

cr(e+e- + H0) 4" 
~-2 

"'H 

0 + -r(H ~ e e ) 

f(H0 + all) 

r(Ho + QQ) ~ rtotal(Ho) 

~ BR(H0 
-+ 

+ - 1 me 2 e e J~ -(-) 
- 3 mQ 

which gives 

4. 

+- 0 3 0 +-6.R(e e ~ H ) :: 2 BR(H .... !! e ) 

30 
e+e- ~ 8.0 + Y 

a 

1 2 
:: 2 (me/mQ) 

a 
. 3 

:: 2 x 10- for 2~ < ll1!o < 2Ma 

-4 2 
:: 2 x 10 for 2llis < ~o < ~ 

(4.65) 

(4.66) 

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

result as 

~'V4,8 +- -cr (!J ~ ) 

IF 

x 10-10 s(1- "'H2/s) 3 l'w- t 
F 

'w I ~ 1.7 
IS • 30 GeV 

vL 
:: 1/3 for (1-) doublet 

"F + ~ 

"' 5/9 for (G) doublet 
- H 

IFI2 (4,67) 
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This gives 

AR(H0y) ~ 0(10-6) 

for ~o ::S 20 GeV 

20 GeV ,::S .fS!, 90 GeV 

an even difficult: proposition than measuring 6.R(e + e- + H0 )! 

5. e+e- + Z0 H0 
31 

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

(4.68) 

Since 
the Z0 Z0H coupling is large, one expects a huge cross section as the center­
of-mass energy in e + e- ennihilation' increases. The cross section can be 
expressed as 

"zHO 
• 0 (Z

0
H

0
) • _l 

O"(J.l+J.l-) 64 
( "z 4 "z 38 GeV) -;:;-- x [1 + (1 - 4sin

2
e )2] 

2•2 "H w 
(4.69) 

which is not a small number. The ratio RzHo peaka at I; • lZiz + 12 ~ and 

the rates at the peak assuming various values of ~o· are shown in Table 3. 
The Z0 could be identified through 

o· +- +-z + e e , J.l. J.l 

then 
"H 2 • (/S _ E ) 2 _ p 2 

z z (4.70) 

The event rates corresponding to 
e+e--+ Z0H0 

(4. 71) L ,+.-
are sho~~ in the last column assuming optimistically a luminosity of 1031 

The table serves to show that LEP could at most see a Higgs of ~o ~ mz 12. 
The situa~ion should be contrasted with the Higgs production through the 
gluon fusion mechanism in pp and pp collisions. My feeling is that at 

IS~~ELLE and TEVATRON, one would be able to explore a much larger range of 

mgo --- provided one could trigger on,+,- and/or on the energetic jets in 
the decays of H0

• 
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V. CONCLUSION 

The problem of understanding the mechanism that breaks chiral s~etry 
and gives fermions and gauge bosons their masses is not yet understood. 

Higgs mechanism is a possible solution. The standard t-ieinberg-Salam theory 

has a neutral Higgs, which is a physic~! particle. It's detection will 

strengthen our belief in the underlying framework. I reviewed attempts oade 
to harness the Higgs. 

Among the conceivable production mechanisms in proton-proton and proton-

antiproton collisions, the most hopeful 

pp(p) + JT + X 

1.;: Ho + Y 

place is the process 

if ~o < mJT 

since it provides a rather powerful trigger. It will however need a high 
luminosity pp or pp collider, for example the phase II of ISABELLE. The 
gluon fusion mechanism pp CP) + GG + H0 + X has a potentially large cross 

section, It is imperative to develop a reliable trigger on H
0 

--- other 
+­than u u 

0 + -The production of vector boson JT and Z in e e annihilation and the 
0 0 +- +- 00 decays JT + H + y, Z + H + J.l. J.l and the reaction e e + Z H 'are the only 

other hopes of finding an H0
• However if ~o is large (~ 0(100 GeV)], th~~ 

e+e- machines won't be able to see them simply because these machines run 
out of gas beyond fS = 200 GeV. In that event pp and pp machines are the 

only hopes to see a Higgs, or any other particle or phenomenon, replacing 
the Higgs mechanism. Only pp and pp machines provide energies reaching 

fS • <;0> ~ 250 GeV in a channel which could communicate with the vacuum. 
I am sure that when the pp and pp machines will ptobe the electroweak vacuum 

at IS~ <¢
0
>, we are destined to observe new and fascinating p~enomenon. 
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TABLE 1 

r(Jr•Ho+y) . 
The ratio + _ in the Weinberg-Salam model 

r<Jr + "IJ. JJ ) 

~ 0 

) 

) 40 60 80 

10 .14 .32 .sa 
20 .11 .29 .55 

30 .065 .24 .so 
40 .18 .44 

50 .10 .35 

60 .25 

70 .13 

- 31 -

Table 2 

Production cross section for the process pp + JT +X+ H0 + Y +X using 

Gaisser scaling. The numbers correspond to using mao~ 11 GeV, /; • 720 GeV, 
0 • 39 BR(H + 11- + X) ~ 0.64 and an integrated luminosity of 3.6 x 10 

II Events 

M(JT) (GeV) cr(pp + JT + X ) pp+J +Ho+y 

l:.ao+y T L • 
~ u- + x 

40 1.0 Pb 2300 

so o.s Pb 1150 

60 0.22 Pb 500 

70 0.1 Pb 230 i 
I 

80 0.04 Pb "' 100 J 
TABLE 3 

Expected rates for the process e+e- + Z0 H0 at the peak value /; ~ 

111z + 12 ~· The entries in. the last two columns are obtained for 'f... 10
31 

-? -1 0 + -em - sec arid a branching ratio Z + i i • 3% (Barbiellini et. a!. in Ref. 2). 

cr(Z 0 + H0 ~ II H0 + Z0 II H01+.t-

Ka(GeV) fS (GeV) 0 pt 103 hrs. 10
3 

hr.s. 

10 104 4.7 1458 44 

30 132 1.56 280 ~ 9 

45 154 1.04 138 ~ 4 

60 175 a. 78 82 ~ 3 
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FIGURE CAPTTONS 

Fig. 1 

Fig, 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig, i 

Fig, 3 

Fig. 9 

Fig. 10 

Fig, ll 

Feynman diagrams for the decay H
0 

+ 2y. 

Feynman diagram for the decay H
0 

+ 2G. 

Feynman diagr~ forthe decay Z0 
+ H0 + y. 

0 0 0 +- 0 0 +-
Decay rates for r(Z + H + y)/r(Z + \-1 !J.) and r<z + H + !J. u )/ 

0 + -· r(Z + Jl !l/ for different values of~~~ from Ref. 15. 

Dimuon invariant mass distribution in the decay Z0 
+ H0 + 2+2-

from Ref. 16. 

Distribution of the dilepton invariant mass m(t+t-) in pp + 2+2-2±X 

at ~S ~ 800 GeV from the sources 

(i) decays of bb and tt produced in pp collisions. 

(ii) Drell-Yan process pp + (y, Z
0

) + .t.t- along with a third 

lepton produced with a probability 10-4 and 

(iii) pp + Z0 + H0 +X followed by Z0 
+ 2+2- and H0 

+ 2± +X. 

Label 2i2j denotes leptons originated from particle i and j 

+-
respectively and (t f.. ) i denotes leptons from the same parent, 

from Ref. 18. 

(a) 'Drell-Yan' mechanism for p + p(p) + H0 + X. 

(b) Gluon fusion mechanisin for p + p (i)) + H
0 + X. 

0 -

Production cross section for NN + GG + H + X (N = p or p) for 

~o = 11 GeV (from W.Y. Keung). 

Feynman diagrams for Higgs production in lepton-nucleon scattering 

processes 2 + p + 

.2. + p + 

vi + Ho + X 

i + H
0 + X • and 

(a) Cross sections for e + p + 

function of (CM energy} 2 . 

ve + H
0 

+X shown in Fig. 10 as a 

Solid and dashed curves correspond 

to parton mo_del with and without a QCD correction. Cases A, 

Band Care results for ~o = 10, 100 and 200 GeV. 

(b) Same as (a} but for smaller range of s. Curves A, B and C are 

results with ~o .. 10, 20 and 30 GeV, from Ref. 29. 
+ - 0 

Diagrams for the process e e ..... H + y. 
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