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ABSTRACT

It is argued that, in certain popular heavy color scenarios in

which the Higgs sector of the standard SU2><Ul

generated dynamically, the physical Higgs particle, of zeroth order

electro-weak theory is

mass my, has the pole of its propagator at

2, -1) " _Va 1
2/3.2

V2 Mwsin8w<§3_?r_) Ruc

when (na/(2sin26 ))%/ > &, Here is the effective radius of
My W e > Ruc

the heavy color Wigner-Seitz vacuum cells introduced by K. Johnson.

For conventional values of the parameters, a Higgs particle with

my = 0,383 TeV has a width of 0.663 TeV!
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I. In;roduction

One of the outstanding issues concerning the standard Salam-Ward-
Glashow-Weinberg SU2><Ul model1 of the electro-weak interaction is the
detailed dynamical mechanism represented by the Higgs sector of this
model. In an effort to understand this mechanism, several authors? have
taken the view that the Higgs sector is generated by a more fundamental
heavy color interaction (QHCD) [to be distinguished from the convention-—
al color interaction of quantum chromodynamics (QCD)1. Thus, whereas
the QCD theory strongly interacts at squared momentum transfers
<1 (GeV/c)z, the QHCD theory strongly interacts at squared momentum
transfers <1 (TeV/c)z. Here, we wish to consider the experimental
accessibility of the physical Higgs particle in such a dynamical scheme
when its. zeroth order mass3 m is large enough that the physical Higgs

particle interacts with itself strongly.

More precisely, the Lagrangian for the standard SU2><Ul model is by

now well known.!

After spontaneous symmetry breaking, we adopt the
unitary gauge for the model. Then, under the assumption that the phys-

ical Higgs particle ¢O is strongly interacting, the relevant Higgs

Lagrarigian is
_ 1 u,oo 22>_ (__1_4+/— 3_>\4>
o <8u¢oB 9 = Myeg )= DG T Y20 (1
where, to make contact with Ref. 1, we have

M= Ae/VZ, M, = (g2 + g1 D)7,

/2 2
= s - ' 1
e g51n9w = gg'g + g , and (2)

2 2
A =M/(2n) .
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Here, g and g' are the'SU2 and Ul gauge couplings, respectively, and e

is the-electron's charge, MW and M_ are the charged and neutral weak

Z

gauge boson masses, respectively, and 6 is Weinberg's angle. The

W

zeroth order mass of the physical Higgs particle is clearly given by

mé - 2mi . (3)

Since we will take 2h1/2 > 1, the remaining fermion and boson interactions
in the model amount to small corrections to any conclusions which we
arrive at by studying (l). While these corrections are interesting in
themselves, they do not concern us here. [In other words, all the
interaction terms in the complete SU, xU. Lagrangian which are not

2 1

shown in (1) have small couplings involving powers of g and g'.] The

1
3

regime 2h* > 1 requires

1
¢

2
namH
Zsinzewmé

> 1/2 (4)

oY
m, > 2.26Mw (5)

for sinzew = 0.236. Thus, we consider a large Higgs mass.

To study (1) in this strong coupling regime, we employ-methods
related to those we introduced in Ref. 4. As has been shown by Bender
gg»gl,,s and others,®"!! none of the known properties of calculable

systems has been omitted by the methods in Ref. 4. This gives us

additional confidence in the development presented herein.
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The methods in Ref. 4 are not generally familiar, however. Thus, we
shall begin our formal presentation by adapting the relevant aspects of
the resuits in Ref. 4 to the analysis of (1). This is done in the next
section, Sec. II. Our objective is to make the arguments given in this
paper self-contained.

The remainder of our discussion is then organized in the following
way. In Sec. ITI, we use the results presented in Sec. II together with
the ideas of Johnson!? on vacuum Wigner-Seitz cells to compute the rela-
tionship between the width of the heavy Higgs particle and the scale AHC

of the QHCD theory. Section IV is composed of some concluding remarks.

The appendix contains some technical details.

II. Path-Space Approach to Strongly Coupled Higgs Fields

Our primary purpose in this section is to "review" the relevant as-
pects of the Feynman path-space theory of strongly coupled fields which
we introduced in Ref. 4. We wish to use that theory to study the width of

the Higgs particle in the SU, x U, model in the regime delineated by (4)

2 1

and (5). For this reason, our "review" will be effected by using the

Lagrangian SFH itself in this latter regime as our vehicle of illustration.
More specifically, we wish to consider the large h limit of this

Lagrangian &?H in (1). Toward this end, we study the generating functional

for the connected Green's functions for SRH,

iZ(J) = n @¢Oexp{ifd4x I:QH(dJO) + Jq)o]} (6)

where J(x) is an appropriate external source. The relevant physics in the

large h limit of S?H can be obtained by computing Z(J) in this limit.
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To compute Z(J) for large h, we will use the following functional

identities:

) exp{-ifdlfxbd)g} =[.@¢0 exp{i_/‘dz’x(o2 + Z/qu)g)} (7)
exp{ifd4xF(¢0)} =f@|< Do exp{i./:l4x<p(K - cbo) + F(K))} , (8)

where b > 0 and F(x) is an arbitrary function of its argument x.

To prove (7), simply observe that

2 =2 2\2 4 _
o° + 2/b0¢0 = (o + /6¢0> - bog - (9)
Thus, the shift
o+ o - /bl (10)

leaves 20 unchanged but produces, on the RHS of (7),

f@c exp{iﬁ4x <02 - b-cbg)} . (11)

(Here, RHS denotes '"the right-hand side.") The normalization of %o is to

f@a exp{i‘/‘dl}xc:z} =1 . (12)

Similarly, to obtain (8), recall that for an appropriate normaliza-

be chosen such that

tion of Dp,

f@p exp{i_/Zﬁxp(K - ¢O)} = §(k - ¢0) (13

where 6(k - ¢O) is the delta functional of k - cpo. In more detail, using
a countable uniform covering & = {Uj :j =1,2,3,...} of spaée-time with
sets Uj such that }_{j is the geometric center of Uj and such that the
measure of Uj N Ui is zero for i # j and the measure of each Uj is

Ax ¥ 0, then

co

oo i
S(k - d)o) = j];[]_ Cl [w —ZDT—Tl exp{ipj (K(ij) - (bo(}_(j))Ax} (14)
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for an appropriate choice of the constant C The RHS of (8) is then the

1
same as

il fm ! 5 :

) c, /. dKj | C; 57 exp{lpj(Kj - ¢O(Xj))AX + F<¢O(Xj))AX} (15)

for an appropriate normalization constant C2' We obtain (8) whenever the

constants C, and C, satisfy

ClCZ/AX =1 . (16)

We will always choose Cl and 02 in accordance with (16).

The strategy to be used to obtain the large h limit of iZ(J) is as

follows: first, we shall use (7) to represent the quartic part of SEH as

exp{-ifd4x % ¢g(x)} = f@o exp{—ifdéx (02 + /Hccb(z) } . (17)

Then we shall use (8) three times.

The first use of (8) is to represent the free part of £ZH and the

source term J¢O as
, 4 (1w, 2.2

exp{lJ(é X (—-3 $.9 o, — 2M o + J¢ )}

7 (2Y002,00 - 26g) + Jog (18

= f@K.@p exp{iﬁéx (-]é'- (BUKBUK - ZMiKZ) + Je + p(x - ¢0)>} .
Here, in the notation of (8),

=1 W o2, 2
F(¢O) =3 (au¢oa g = M o5 )+ Joy - (19)

The second use of (8) is to represent the cubic part of &ZH as

exp{—i dl}x/Z—h)\qsg} = f@n@\) exp{ifd4x(v(ﬂ - ¢O) - /2_h>\n3>} . (20)
Here, in the notation of (8),

F(¢g) = -/5hx¢g . (21)
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The 'final use of (8) is to express the RHS of (20) as

f@n@wexp{ifd“x(v(n - 4g) - /Ehxn3)} = (22)
f@n@v@n'@v' exp{i:/;l4x(v(n - 4)0) +v'(n-n'")y - /Z—hknzn')}
In the notation of (8), in (22)
F(n) = -/2mn> . (23)
These representations (17), (18), and (22) allow us to isolate the small
parts of QH for h large.
More specifically, if we introduce the results (17), (18), and (22)

into (6) we have

iz(J) = lnf@q)O@K@p@o@n@v@n'@v' exp{ifd4x

(24)
[%(ZSUKBUK - 2Mis<2> + J¢ + 02 + /I—l_Gch + p(c - qbo)
2, 1 1 A A
= /2han"n' + v'(n = n') + v(n - ¢y) + hX
The shifts
b9 = bg * (p + )/(2/h0) (25)
n->n+ v'/(2/2han") (26)
then give
4
iZ(J) = SLnf@qu@K@p@G@n@v@n'@v' exp{ifd X
1 H 22 2 2
[—Z‘(BUKgK—ZMlK)+JK + 0 +/}_10¢O+p!<
2 (27)
2 v'! wy'
- V2hdan n' = v'n' + un + +

4/2hxn'  2/2han

2
_lotv) h}\l‘]}
4vho
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Thus, to.leading order in 1/(4h) one has
. : ., . ; 4 1/
#HK(J) = %n @cbO@K@p@c@n@v@n Pv' explif dx -2—(8 KBUK
- ZMiKZ)'l' Ik + o° + /ﬁoq&é + pk - /ih)\nzn' (28)
. 2 4
- v'n' +vn - (p + v)“/(4/ho) + hA
In other words, we shall work to lowest order in the interactions

\)'2 gv'2 w'

= and = ,
4Y2han' 8hM n' 2V2hAn 4hMn (29)

gy’

the small parts of the super-renormalizable nzn' term in (24).

Effecting the integral over @v' in (28) simply produces the delta
functional 8(n'), so that the subsequent integration over &n' simply
sets n' = 0. But, for n' = 0, the integration over @n im (28) produces
the delta functional 6(v); the subsequent integration over %v simply

sets v = 0. Thus, (28) is the same as
. _ e e 11 u 22
iZ(J) = f&n f@¢09K@P@0 exp{lfd x [Z(BUKB K - 2Ml|< )+ Jk
+ 02 + /ﬁc¢é + pk - p2/(4/ﬁo)+ hxz*]} . (30)

To leading order in 1/(4h), the super-renormalizable interaction in

(1) is negligible.
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Analyzing (30) in more detail, we have

Zn{f@d)O@K@p@o exp{ifd4x (%—(%KBUK - ZMiKZ) + h>\4
o n 2
Z . -p (X.))

+ Jk + 02 + -/Ec(bg + pK]} Y n fd4x. -————l——< }

n=0 = j=1 J wﬁo(xj)

-p (x )) -
2nf@¢O@K@DQZO fd X, 3 +1€
“do 2
_2_111 exp{l Z a —o(x )) + 1fd4x

Y 3=1 J

iZ(J)

[%(BUKBUK - 2M]2_|<2) + Ik + o+ /ﬁoq% + ok + hk{'} , (31

o)
where e€+0 and we define n a,=1 and Z a.=0 for all expressions aj,

- j=1 3 =1 9
i =1,2,3,.... The integrations over @% and %o may now be done by ob-

serving that
n

f@%.@o exp{i{fd4x [02 + /ﬁoq)(zj} - ; ajo(xj)}}
‘f@q’O@G eXP{i{j;l4x [02 + /Eod)é]}}

o] -3 «© © n

(I f o f ) wofefox 2 (61 i) - o}

2=1 =

(o8] o o

(1 oo for) b Z st}

Here, Ax is the size of the measure of each of the sets in a uniform covering
of space-time by sets Uj with geometric centers {;cj} such that {xj} in (32)

satisfy
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x.t CIx. 33
PARSER @
so that_.we can take Oj = o(ij) and ¢Oj = ¢0(§j). The RHS of (32) is thus

the same as

n f 0; f doy exp {A"<j +‘/ﬁ°j"’02j) '“j“j}}
- 1 . (38

i=1 —Z; d¢0j[mwd0j exp{ {AX(GJ + vho, ;%03 >}}

For, all terms in the infinite products in the numerator and denominator

of (32) cancel except those for the points {xj}. Since the denominator of
the LHS (left-hand side) of (32) is a constant independent of xj, we have
that (34) is equal to the integrations over £Z¢0 and @o in (31) up to an
unimportant constant factor. Thus, for an appropriate normalization of

QD¢O’ we can write

f@%@c exp {ﬁ x[o + vhoo } Z a, o(xJ)}} Rn . (35)

The quantity Rn is evaluated in the Appendix. Its value is given by

3/4 . 2
B 1/4 —ics/(4AX)
Rn = L T(l/4) J — (Ax) e J s (36)

where I (1/4) is the Euler gamma function of argument 1/4 and the branch
of the radicals in (36) is

-7 < Arg z S T (37)
for complex numbers z. We therefore have the result

f@(bO@G exp{i{fdax[cz + /1'_104%] - Xn: ujo(xj)}}

i=1 (38)

3/4 1/4 1a /(4Ax)
1/4) \/ (Ax)
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Further, the attendant integration over dBjdaj in (31) can now be

done. For, by elementary methods

© o ; _ 2
./r dB do, el(aij aj/(AAx)) - (Ax) 1/4 T(1/4) 39
4—18 - 2“/&5 J3i 1/4

Hence, using (38) and (39), we see that, for appropriate mormalizations of
the functional integrals, (31) is the same as

o (x ) 1/2
£n~/;ZK£Dp:E: . T]./; x J (4x) /n

12(D 172

, 4 {1 M 2 2 4
exp{lfdx[—aKBK—Z K +Jz<+p|<+h)\:|}
2( U Ml ) (40)
. 4 2 2
SLanZK@p exp{lfd X [%(BUKE)“K - 2Ml|< ) + Jk + pk

+ pZ(Ax)l/zx/v?/(-Shi)l/2 + hxq}

This is the desired large h limit of the Higgs theory represented by &%Ijn'(l)'
What we wish to do with (40) is to use it to compute the decay character-
istics for the respective Higgs particle. To these characteristics we turn in

the next section.

III. Heavy Higgs Particle Decay

To relate our result (40) to the Higgs particle decay properties at
strong coupling, the one unknown and undefined parameter in (40), Ax, must
be determined. It is at this stage of our analysis that the heavy color
origin of this Higgs particle plays an essential role.

More precisely, the determination of the parameter Ax in (40) requires
some discussion. In particular, we reiterate that Ax is the size of the mea-

sures of the sets in a uniform covering ¢ of space-time which we used to
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effect the functional integrals for the effective Higgs theory (1). If the
Higgs field ¢O were fundamental, we could consistently take Ax ¥ 0. How-
ever, according to Ref. 2, ¢O is a composite of heavy color fields. The
dynamics of these heavy color fields is believed to be the same as the QCD
theory, except that the characteristic scale of masses is 3 x 103 times
larger than that of QCD. With this last remark in mind, we may therefore

adopt a bagl2>13,14,15

point of view in treating the compositeness of ¢0 as
it relates to Ax. We find it convenient to use the M.I.T. version!?,13 of
the bag approach to hadron dynamics.

More specifically, we follow the recent formulation of Johnsonl!? of
the M.I.T. bag and view the QHCD vacuum as composed of Wigner-Seitz cells
on the surfaces of which the M.I.T. bag heavy color confining conditions
are satisfied. The constituents of ¢0 are confined in such a Wigner-Seitz
cell of effective radius RHC' Outside of the celi (or box), ¢0 looks
fundamental —- inside, it looks composite. Further, inside of this cell,
QHCD is perturbative. While this perturbative regime is interesting in
itself, here, we work to zeroth order in the respective small perturbative
effects.

To make contact with Ax in (40), we proceed as follows. We suppose
that the sets in & are chosen so that if Uj867 and ij = <Ej’§5) is at the

center of Uj then

I D/ A BN V25 I
v, - [tj R ACORANEIEE I } VE) (41)

N > : .
where V(xj) is the respective Wigner-Seitz cell with Xj as its geometrical

center point and with volume (Ax)3/4. When!®

(AX)3/4 = %WTREZ s (42)
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we may identify the Wigner-Seitz cells {V(ij)} with the respective QHCD
vacuum Wigner-Seitz cells of Johnson. Since we are working to zeroth order
in the perturbative effects within these cells, we ignore all dynamics within
a single such cell. Thus, we may not resolve ¢0 beyond the value specified
for Ax in (42); for, in doing the functional integrals in- (7)-(40), we have
taken, for example,

fd‘*xqsg(x) + bx Z ¢g(>'<j) (43)

ij}

so that using Ax smaller than (4ﬂR€2/3)4/3

would imply that ¢O looks funda-
mental inside of the respective Wigner-Seitz cells and would involve dynamics
inside such cells -- both of which are excluded here. Thus, (43) represents
the approPriate lower limiting value of Ax, i.e., Ax = (4ﬂR€L/3)4/3.

With this last identification we have
\ 4 1 u 22
JLanZKQZp exp{lfd X [E(BHKS K - 2Ml|< )+ Jx

2/3
+ pk + pz/;<é£) Réc/(—Shi)l/2 + hk4]}

iz (J)

3
= zn./;ZK exp iL/h4x %‘<BNK3MK - <éMi (44)
A 1/2
+ (=2hi) ;}3 5 K2 + Jc + hk4
() e
3

From (44), we obtain our basic result: the pole of the composite Higgs

field is at
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1
2 (=2hi) 1 2 . (1-1) "H Va 1
2M. + = + —_
1 = i 2/3R§ Ty 5 Moosind o 2/3R§
- 7;‘ C ji- C N
(45)
_ .2, (=0 "8 _/a Ali
/3 Mw 51new C
where o is the fine structure constant and A;% = 1/((4“/3)2/3R;%) .
The corresponding decay width is
3 2 2 4 1/2 2 1/2
y  Pmglalys o mpoly, 2 ™M (46)
I’H = /Z mH + + - = .

Mysindy Mflsinzew R /2M sing,,

From Refs. 12 and 13, the effective radius!’ of the appropriate Wigner-
Seitz cells for QCD is Ro = 2.2/GeV. From Ref. 2 the corresponding value
of RHC is RHC = RC/(3><103) B .73/TeV. Thus, as expected_,.2 AHC = 1 TeV/c.
With AHC = 1 TeV/c and sin26w = 0.236, the decay widths of the physical
Higgs field corresponding to m, = SMW = 383 GeV, 50 MW’ and 500 Mw are
easily seen to be 0.663 TeV, 1.34 TeV, and 1.59 TeV, respectively. 1In the
limit my T this contribution to the Higgs width equals 1.62 TeV.

Our message is quite clear: composite Higgs fields of the type con-

sidered here will be very broad affairs!® —- quite a challenge for

experimentalists!

IV. Discussion

We have found that the QHCD theory, taken together with the recent
M.I.T. bag ideas of Johnson, permits one to compute the precise relation-

ship between the heavy Higgs particle decay width I', and its mass my in the

H

standard SU2 x Ul model. The question!® which most naturally arises is

"To what does this composite heavy Higgs particle decay?"
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To answer this latter question, we simply recall that the degrees of
freedom of the effective Higgs particle theory on scales smaller than the
size ogxthe Johnson—-QHCD-vacuum-Wigner-Seitz cell were suppressed. Thus,
the Higgs field instability is to these degrees of freedom. Since these
degrees of freedom are confined, the decay energy of the Higgs particle
will ultimately materialize as both ordinary hadrons and presumably new
hadrons, assuming there are new absolutely stable heavy color, color singlet
hadrons of appropriate mass generated by QHCD.

It should be understood that we do not claim to be the first to have
pointed out that a heavy Higgs particle could have a large width of the

2,18 Rather, what we have reported here is, to repeat

same size as its mass.

somewhat, a calculation of the detailed relationship between the heavy
o . L2

Higgs mass s the fine structure constant a, sin Gw, and the heavy color

scale AHC' Such a calculation has not appeared elsewhere; 20
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APPENDIX
Evaluation of R.n

We desire to evaluate the quantity

fd(bo f do exp Ax(c; + vho, d)O) 3 J}}
J=l ’/:mddvoj Ldoj exp{i{Ax(OJZ, + /ch¢02j)}}

We first note that the Gj integrals are straightforward. For the numerator

(A.1)

of (A.1l) we have

~Z:m do, exp{ {AX<63 + vho, ¢0 > - ujcj}}

J[ do. exp{i{Ax(oj +-%(VE¢6§ - aj/Ax)>2 _ %%.(/E¢53 - aj/AX>2}} (A.2)

-0

_ m -ildx 4 2 2 2
—‘/—iAx exp{ A <h¢0j - 2/E¢Ojuj/Ax + aj/(Ax) )}

For the Oj integral in the denominator, simply set aj = 0 in (A.2). Thus,

on introducing (A.2) into (A.1l) we obtain

.)r d¢0 exp { —10x <h¢0 2/E¢sgaj/Ax + a?/(Ax)2>}

(o]

(4.3)
S dboy o { S nagy

-—C0O

w1

To proceed, we next observe that

N(aj) = [mdcpo exp{ 14AX (h%[} - 2/H¢02jocj/Ax>}

o 1/2

1 G .2 2 2
=2 —Ax/ﬂ/Z) eXP{laj/(SAx)}-Kl/4 (1aj/((-) 8Ax))

(A.4)
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where K1>4 is the modified Bessel function of the second kind of order 1/4.
Thus, the numerator integral in (A.3) is now known. To obtain the denomi-

nator integral in (A.3), we simply take the limit aj - Q0 of N(aj) in (A.4).

We find

® —iAx & T(1/4) 1
J/. d,, exp{ 2 ¢t = . (A.5)
Lo 03 { 4 OJ} 2i1/% (axn/ay /%

Here, we have used the result that

~3/4_-1/4

Kl/4(z) =375 r(i/4)2 (A.6)

for lArg zI <m, In (A.2), (A.4) and (A.5), the branch of the radicals is
always such that

-T < Arg z < 7 (A.7)
for the complex number z.

To complete the evaluation of Rn’ we now take limit Ax 4 O in N(aj).

We find
1/2 1/2
1 47 =27
N . . — = s A-8
(aJ) Ax+0 2 (iaj/ﬁ/Z) (iaj/II) (4-8)
since
T -z
Ry, () ooV (A.9)
On introducing (A.5) and (A.8) into (4.3), we find
5 -1/ Coy WD) expta?/hmn |
R
" Ax 40 r(1/6) /(2114 (axn/y 4) (5. 10)
n 213/41/1T/0L.(AX)1/4
= |1 T exp{_ia?/(4AX)} '
5=1 ’

This is the desired result. It agrees with (36).
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