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We have recently discussed the mass and the basic structure
of SM Higgs boson (H°) by obtaining asymptotic solution for
their equation of motion of nonlinear Klein-Gordon type PDE.

In this paper, we’ll treat with above in mind;

- Masses of glueball (GB) of ground state and of certain fO
mesons,

- Ur-SM Higgs boson (ur-H®) which will consist of a number
of GBs and/or f, above for respective fullerene structure,

- A representation of these f, mesons’ masses by masses
of = octet and GB,

- And transformation of ur-H° into H°.
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== Introductory review -SM Higgs mass formula ==

EOM of Higgs field should have a solution at the

point of vacuum expectation value (¢=v), or ¢ =0.
When we choose an asymptotic form for @(S) near
s—0 as,

@(s) ~ avs® {1—exp(—s,/s)}

where s = \/cztz —x.x' : relativistically invariant distance from origin
Then, asymptotically, @(0) ~0, @'(0) ~0
And expanding near s—0;

o(s)|,_, ~avs® {1-(1-s,/s)} .
=g’v| , where ¢°=as’, a =as,, 0<s, <1.

s—0 ’

~ alvsz

s—0

&—0 _
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Higgs Mass Formula

S0, ¢~ &V, (&—0): Asymptotic singular solution
Thus from EOM, Higgs field mass formula is

p(e,) =

T ool )

where ¢, = ¢, Infinitesimal Grassmann number

CW' \/\Ny*VV‘” 2/(2‘91/9)25”%/

2

c,-(Z,) /(ZgA/G) m,°, where c,, C,:constant

= (), oo {0 s

2 2
:\/ZmN + :\/k’z(ZmWZJermzz), where ¢, =«C, zi,

2
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. 2

(M) =(V2KMy, )+ (kM )
X k'M:

15 2n,M,,; 2n,M,
2 VKM, L Generally, nWI\/IHO +nZMH0 =N MHO
M . = (27, mMW)cos 6 + (27, ml\/lz)sin o', where
nW nZ
— 1) — (1) = =
where 7, = 9 7o =T Yw=Vz2=7
M H°

(a) (b)
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2 —> \/zk’, 2 , Kk’ ThUS, L, | =+—= k

' i E -
(7 +1,)—> 1 Thus, k _>£\/§+2j
1 k 1Y’ 1« 12
MHO(K):V(\ﬁ [%‘FE] ] MW2+[K (%-l-aj j MZZ
dM 2
dH (x) =0, then K:\/E(%j =\/§COSZ 6, =1.09934-..

" Z

M 2|\/|W ZMWMZ

" :\/1+COSZ a, :\/MW2+MZZ
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M., =120.61170% | GeV/c? |

------- . k'M
@ =f=tan™ ™ |~ tan?(cos 6, )=41.402 |de
SA i (\Ek | Ile ) ( ! ) [ g]
I: I I I I I I I I I Pat
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Extended EOM of Higgs scalar field (@)
from Euler-Lagrange equation

4

IE 1,01 1l
A@° +3v¢° + (E—Vz}{mgf—ggzw W ”——GZ(ZN) }

_{gI\/IWW+ﬂW” +%GMZ (z ﬂ)z}

+%(mbi5b+mCiEC+mtit_t)+%(mdin +m, Tu +msi§s)

=0
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Extended Higgs boson mass formula

m’ :2{ \W)Z/(Zgl/g)z_mqi(bsd) (\/M)Z/(ZEJ/W)Z}

+

N\
Ve

,(Zﬂ)z / (22,/6) -2m  (\fE0, )2 / (zgﬁ [\2\G, )Z}

am, (V) /e, oS, |

where G, = 1/(\/51)
e, =¢ ¢, =0,

EEEEE

p(e,)=0.
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Top guark mass formula

We assume that the probability of M, -decay process

obeys a binominal distribution of beeing k-times In

n-trials (-particles) with ry as decay-mode parameter.

n-k-1

an‘rok (1_ro)n_kmt = an'rok_l(l_ro)n_kmvv(bsd) T an'rok (1—I‘0) m,
= an-ro“(l— ro)n_k_l {(1_ ro)mW(bsd) T rOmZ(cu)}’

W My =My e / [o + M7 e [(1- ro)

O<r <1

(cu)
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Stationary mass value of top quark

dM¢ _
dr,

1
\/MW2 _Mb2 _Msz _Md2 +{(MW2 _Mb2 _Msz _Mdz)(MZZ _Mc2 _Muz)}4

Lr =

\/MZZ_MCZ_MUZ _\/MWZ_MbZ_MSZ_MdZ

f 1 .
My =(1/2)3 (My? =M =M =M )4 +(M,7 =M =M )4

V-

=171.26(6) [ Gevic® |, with M, = 468 Gevic” (1S Mass).

CDF / DO’s experimental result : 171.3+1.1+1.2 GeV/c
|C. Amsler et al., Physics LettersB667, 1 (2008 ); updated(2010) ]
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M

HY1s expected to be a composite
scalar meson

=M.’ =M,/2=121.10(3) | GeV/c? |

(F)

. — _ 2
AM =M —M , =049(2) | GeV/c? |

- +
little smaller than masses of K—’Omesons,
and Is smaller than mass of 77 ,meson.

co () > H°

radiative decay of 1-photon emission
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Basic structure of SM Higgs boson mass

(1) Constructed by heavy mesons’ masses of all spin O,

(BS°§S°)(BC+BC)(DS+DS)

(2) Then expected that they will form a polyhedron
composed of planes of hexagon, in space. And,

‘effective’ number of planes of hexagon should be

such as

N. = Int<

H° (theory)

M

> =4,

O O + - + -
CACA) ENUS LRUNY
\ J
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Comparison of SM Higgs boson mass
values

M 1) = | 0 075 #4883 3. o, 0.}

M.

=120.612 GeVic’,

where, M =120.611 GeV/c’

H® (theor. with M ,,, M)
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Outer shell from mass of SM Higgs boson
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Comparison of Central meson’s mass values
o (K+K_)(7z°7z0)(7z+7z_) ]
Mg%(theor') E%: W 477 +2{"(KOKO)(7Z+7T)(7Z'+7T) |

) =3X (2980.3+1.2) =8940.9+ 3.6 Mevic’

=8940.0 Mev/c’,

Where’ M 3n. (exper.

Inner shell from mass of 31,
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== Structure of ur-SM Higgs Boson ==
-A Representation of Certain f, Mesons’ Masses.

BETHE-SALPETER EQUATION WITH
GOLDSTEIN APPROXIMATION

The general form of B-S:

KB ¢Br(p’ PB): IB ¢Br(p” PB)’

1
where K; = [A'Fa (UaPB T p)A'Fb (%PB B p)] !
lg=[d*p'I(p.PPs)
Pg, (P, P;): BS amplitude

At,, At modified Feynman propagators

K.-Y. Kitazawa
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The B-S for fermion (t)-antifermion (t_bar) bound
state with total four momentum

[S1(q+%PjX(q,P)81(q—%PjLﬂ . %Kaﬁ;aﬁ,(q,q' )X, (.7,

pﬂ>.

>. /ﬂ S': fermion propagator
X .

aff :BS-amplitude of spinor

where X ,(q,P)= jd“x <O T

p'=d + P P=A _E P T operator of time ordered
where ( : relative momentum,

_ I f bound K.-Y. Kitazawa
P : total momentum of bound state DPF Meeting 2011 : Aug. 9-13
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The Goldstein equation for abelian vector gluon model*,
with the ladder approximation after putting £,=0and

Xy (0,0)= (75 )aﬂ F(a)

(m2 _q2) F(q): 47/:2i j_<q_d:,q)'2 _ie F(q’)'

After the Wick rotation and then the Fourier transform,

(r)=(mr) K, ().
y=y1-1, where 0<A<1.

A=(E+3)€? [an® =(£+3)a/n, &£:gauge parameter

* K. Higashijima and A. Nishimura, Nucl. Phys., B113, 173 (1976)
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The required form of (massive) gluon propagator:

2
D(r): m2 X 1
7T

) K, (rﬁr) ! [GeV/cz] : ,

where [m]=Gev/c?, [r]=fm, M=1[fm]".

. Compton wavelength of glueball in ground state:

h
MgsC

A =

C

=0.393[fm], provided m, =502.55=2m| MeVi/c? |.

(Thus we may put also as 2r= 4, .)
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After all, virtual bound tt_bar decay 1s expected to have
at last the glueball(}) () ... vy producing process:

photon

|
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‘Color valence’ of glueball

Color valence of glueball =4

K.-Y. Kitazawa
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Clustering force between glueballs
= Color valence

In lattice QCD it is now believed that there might be

several scalar mesons of f,(1370), £,(1500), f,(1710) all
of which are supposed to have some contents of

glueball (GB) of grand state.

Then we can expect similar structure of the
carbon fullerenes for these scalar mesons.
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Glueball (GB) Cluster as ur-SM Higgs Boson

M(fo)i = I\/Iur—HO/Ni - MGB/ni’

3 3
Zﬁfl’ NGB:ZNi :
=1 i=1

By putting each fullerene number for these mesons as
N, =90, N, =80, N, =70 with M, x°=120.611GeV/c?,

Mg = 502.55MeV/c?, as an element of GB,,o-fullerene;
m~ 0.292, n, = 0.333, Ty R 0.375.

The £,(1500) will have a glueball for each element of GB,
since 0.333 X 3=1.
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Comparison to Experimental Mass Values
of Scalar Meson

Our Calculation Experiment (PDG_2010)
f,(600) <GB  502.55 400-1200
f,(1370) 1340.1 1200-1500
f, (1500) 1507.6 1505";
f,(1710) 1723.0 172072
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A Hexagon on ur-H° (GB,,,)

K.-Y. Kitazawa
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Fullerene structure of ur-SM Higgs Boson:
GB,,, © f0(600) X 240 = |, symmetry

110-Hexagons
12-Pentagons

by Euler’s theorem for
polyhedron
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A representation of {, masses with r octet
(light pseudoscalar meson) and GB mass

i 3 70\
GB+|—|n, +[—|K" +
90 90

My (1370) =
2 70\ ., (75)\ . (40) ,
—x—|K +|— |7 +|—I~x
. \3 90 90 90 dm;

M, aso) = 368, 5
i T
PR

K.-Y. Kitazawa
DPF Meeting 2011: Aug. 9-13

29



Transformation (decay) of ur-H° into H°

Remind that
(tt)*= yH°, where H" condensates into GB fullerene (ur-H”), and

M. (37,) = %:[3770, 107" 7" +4{(BS°§S°)(BC+BC)(DS+DS)H.

1) 3n,:

3{yn, (13)} (—3J/T(—3{76(f0(600))}, ,.‘”&.
. 3, (15) «18f, (600) < 6f, (1500). c :
2) 107" 7~ % ‘ %
577" «f,(1500) < 3f, (600), i 9y

o 10777 « 6f, (600) < 2f, (1500).
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3) 4{(BS°B_S°)(BC+BC)(DS+DS)}:

(B OI§S°)<—22fO(600), (BC+BC‘)<—24fO(600),

S

S S

(D D ‘)<—8f0(600),

" 4{(8S "B, °)(BC*BC)(DS+DS)} « 216f, (600) < 72f, (1500).

After all, we have the transformation under mass invariance that
H® <« 240f (600) <> 80f,, (1500) = ur-H".

0
240GB
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Fullerenes of Icosahedral (I,) Symmetry

As far as carbon fullerenes, C,,, Cgg,
Csos Cigor Cyuq have a common point
group: I, which is of the icosahedral
symmetry. Thus we expect that GBg,
(f0(1500)) and GB,,, (ur-H°) also have I,.

Therefore, inversely, we could expect
that_ the fO meson which has a fullerene
structure of I, symmetry, it may consist of
pure GB.
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