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Motivation

1. Extend the previous light-cone quark model(LCQM) predictions[1-4] of

static properties for m, K, p, and axial-vector A; mesons to the various radia-
tive meson decays.

[1] C.-R. Ji, P. L. Chung, and S. R. Cotanch, Phys. Rev. D 45, 4214(1992)

[2] C.-R. Ji and S. R. Cotanch, Phys. Rev. D 41, 2319(1990)

[3] Z. Dziembowski, Phys. Rev. D37, 778(1988).

P

|4] Z. Dziembowski and L. Mankiewicz, Phys. Rev. Lett.58, 2175(1987).
2. Recent lattice QCD results[§]: AM = M,, — M, increases(or decreases) as
the quark mass m, decreases(or increases), i.e., the effect of the topological

charge contribution should be SMALL as m, increases.

I,

3. Understand the relations among the LCQM with the invarint mass(IM)
scheme[6-9]:
[6] T. Huang et al., Phys. Rev. D49, 1490(1994).
[7] P. L. Chung et al., Phys. Lett. B205, 545(1988).
[8] W. Jaus, Phys. Rev. D44, 2851(1991).
[9] F. Schlumpf, Phys. Rev. D50, 6895(1994).
4. Analyze the meson mass spectra using éy = —3.3° for w — ¢ and Ogp(3) =

—19° for 7 — ' mixing inferred from LCQM.
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1merical results for the static proner:

1€s of various mesons

BMev) [ 300 320 | 340 | 360 Data

<>, (fm?) | 0.44 0.41 0.38 0.36 0.44 + 0.05

Fa(MeV) 97 93 | 88 82 93 “ :

<>, 0.41 0.38 0.35 0.33 0.34 + 0.05

<>, -0.055 -0.050 ~0.046 ~0.042 -0.054 % 0.026

fx 121 122 121 120 113

<> 0.32 0.29 0.26 0.24

o 112 122 131 141 <183 ,
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FIG. 2. () DProton magnetic fiem Gotor ealeulated in .
with the pion wave function oi' Bq. (3); m g =330 MeV, TREETSIS i tor ealeulated in the

F1G. 1. (a) Pion form factor calculated in the present work

B=320 MeV. Thc data are from Ref. 22 (b) Pion form factor = Present wark  with the nuclecon wave function of Eq. (5)

,-‘J!,_l._g. d ;!g Il '_rnc_n i work with the 'n” wave function of 1 e 2= 3 MeV, s 120 MeV, The data are from Ref. 29,

Bq. (5) m, ,_'HO MeV, =320 M(,V The data are from

Ref. 28.
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IV. The Radiative Decays of V(Ps) — Ps(V)v*, A1 — my* and

Ps — v*y
The flavor assignment of 7 and 7' mesons in the ¢g basis are as follows
(ui + dd) _
n = —sindp, 75 cos dpgS3,
rn’—nnn — (’U/lj-{-dd) atn X _ o3 4 2\
7 — C0so s—\/-_—-—— — Sill 0pgSS, (2.1)
2
where 5Ps = HSU(3) - Gideal =~ GSU(B) —35.3°.
TABLE II. Mixing angles for  and 7' and the corresponding spin averaged masses.
Borriay -sindr cosdo an [NASYTY N VIR ¥
SU(3) S Ops COS 0pg My VIEY | Mgy [VIEV |
-10° V12 V1/2 843 884
-23° 0.85 0.53 834 873
The transition form factors of A — By*, A; — my*, and Ps — v*y
/ 2
< B(P')|J¥|A(P,)\) > = eGap(Q*)e***Pe, (P, \) P, Ps, (4.2)
, e
<a(P)JHAPA) > = ——|(P - gg" — P ¢")G1(Q?)
Ilel L
! __1_/'n /) 2N v A2\ ] SIS FPRPAN
T =\ 4y —q F)g Gl )J E\L,HA),  (29)
mAl
<P +q)ulPs(P) > = i€*Cpy(Q)eyupo P, (4.9
and the corresponding decay widths are given by
2 2
D(A — By) = 50— |Gan(0)2(Ha—MEys (4.5)
254+ 1 oMs \%9)
_ 1 T\3 '
P(A1_>7r7)_— 2 | AL l ( AL ) ) (46)
J J.V.I.Al L.LV.IAI
(P — ~vy) = Fa2lGn . (0)2 13 (4 7\
SRS TR T = M Psyy AV A Ps) \=1)

where « is the fine structure constant, S4 is the spin of the initial particle.

-




B[GeV] 0.22 0.34 0.36 0.38 ST*  Experiment®
I(pE — w%vy) 78 73 69 64 68 + 8[keV]*
M(w — 77v) 775 742 708 674 717 £ 51
[(K** — K*7) 60 57 53 50 50+ 5

T(K*0 — KO) 134 128 122 116 117+ 10

T(p = m)? 6677 60{70] 56(65) 51{60] 40 5810

Nw — 77) 7.4[8.5] 6.9[7.9] 6.4(7.4] 6.0(6.8] 4.6 T.0+1.8

(7' — pv) 137[89] 126(80) 117[72] 108(66] 144 61 %8

I(n' — wy) 11.2[7.3]  10.4[6.6] 9.7[6.0] 9.1(5.6] 12.0 5.9+0.9

(¢ — 77) 54[40] 58[42] 61[45] 65[47) 71 56.9+2.9
T(¢ — n'y) 0.26[0.43]  0.27(0.44]  0.28{0.45]  0.29[0.46] 0.23 < 1.8

T(4; — 7) 620 664 705 742 640 £ 246 (46147
(7% — 2v) 7.58 7.06 6.50 5.91 7.8 £ 0.5[eV]
T(n — 27) 0.61[0.78]  0.53[0.71]  0.47{0.65]  0.42[0.58] 0.44  0.47 % 0.05
(7' — 2v) 8.8(6.5] 8.3(6.1] 7.9[5.6] 7.3(5.1] 9.0 4.3%0.6

@ ST = standard mixing(fsy(s) = 0°) for § = 0.36 GeV.
® From Ref. [48], unless otherwise noted.
¢ The unit of decay width is [keV], unless otherwise noted.

4 The values are the result from fsy(3) = —10°[—23°] mixing scheme.
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. L2 + m?2 -
®# (k%) = Ny exp[ MTL/sﬂQJ : model H (5.1)
¢ (k?) = Newy exp( k2/2,82) model C(J) (5.2)

where k = (kn, k1) is the three momentum and Ng = (4/,/78%)Y2 and
= m/2/3Ng, respectively. The model C and model J are related by

¢ (k%) = ’/Tq §¢L’ (k%), (5.3)
(B) Power-law(PL) wavefunction[9]

¢7E(K?) = NpL(1+k*/8%) 2

e What makes DIFFERENCE between H and C(J) ?

WEEI i1 anda \J\u}

Definition of the normalization of the wave functions ®# (k?) and ¢C(k2):

\

—~~
(2}
W

N

’1 d2 a7 (K2 =1,
2 BrlaC )2 —
- / CrlgC ()P =1 (5.5)
Using the jacobian J of the variable transformation {z,k,} — k = (k3, k,),
P 8k3 My PIURN
= = .0
YT bz 4z(1 — z) Y, ‘)
371 : , AR ==
The phase space [d°k] is transformed into
d*k = dksd’k, = dzd’k Mo (5.7)
ST 4z(1 — z) \
then
3|6C (k2)2 = 1 2 Mo C12y2 —
= [ EHE R = 47[/0dx/dkl4$(l_$)|¢ ®)P=1 (58

From Eqgs.(5.3) and (5.8), we obtain the RELATION between the model H
and C(J)

(
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eThe EFFECT of the PRESENCE-ABSENCE of J

TABLE V. Best fit quark masses and the model parameters 8. PLJ and PLH are the power

law(PL) models with and without Jacobi factor, respectively. g=u and d.

H J PLH PLJ
mg[GeV] 0.25 0.25 0.28 0.28
m;[GeV] 0.37 0.37 0.37 0.37
5[GeV 0.36 0.3194 0.40 0.307
Y4yl J A V.o
ss[GeV] 0.38 0.3478 0.415 0 298
a2 28 3 < VexaO LV XY F e )
TARBLE VI. Decav constants for 71 — ny and V 4 ote— whare tha mivine anels 8., — _2 20
MRy VasSVisaavo aa o Ceaxia ¥ 7L Ty WAILLIU VU MILALLLE allglc Uy — J.J
is used. The ults without Jacobi factor are included in sguare hracket to cee the offoct of the
A lawiNoNa N A NS AL NS AVILIAY Uyl AWV BVA Gy duvivuivud i DYyUuauy viounuy bW OTT  LbilT TUITUULY VUl Lo
presence-absence of the Jacobi factor
T DrrIr Drr ™ . MW IR Sl
JP(V) pri J Vg 97 s ) I LJ LXperimentgjvieVv |
£ no 1 na Afor rl no o nn 2fmn ol P NV a W Tod
Jn Ji.l J4.4[00.9] J4.0 J4.0{19.4] J24.41U.20
£ 100 1 121 nlf1ag =1 L4 -4 1A mfann 1 E I DD
P 190.1 101.9]1908.9j 199.0 1o4./|12U.1] 102.8% 3.
fo 475 46.1{42.0] 47.3 47.1[43.4] 45.9+ 0.7
Te 80.2 79.7[73.0] 79.4 79.6[62.3] 79.1+ 1.3

-t




‘anoc‘hue 2 Ho‘S\'@Cn 2« Lin I‘tg; !:55\4 &_Zﬁbe v /
| r
q =
dwﬂ 4.“1"
w ‘ 2“,? -
a = 1 [l -=auw ..
Op¥¥ = 2z L ¥ sued  §, 0 )
; 47123 - 33 T -
a - L [l g6 +=cas |
2;’.&‘ = g = L Jd MUSUCS) £ SU l
1" 4w {3 "N > 2
whtre o . 24..) /- L3532 2630 Xop.
g = Qﬂ 55713 'fglr 2 [ 148 h.l:
r _fr-4£ 4+ £ \/> c’?“ o || oWts at
jb = ‘3“, 1 ,355//_ 1’,’*“’( o'y l|-v‘ravv1
- a2\ ) Y IRV - 7 s .\
(P -V T (ev) CkeV) 7 “CleV
G(lll:\ - "!Do 7” ‘7? O. 3 ? 5.53
SVi3) _!4‘0 7"7? 0 q.c‘ 43"
—‘= g i
Joaus (-18°%) .93 049 4.4%
Exet. 78208  o0:4Q200f 4 3%0k




vr

(Ps) = Ps(V)~ transitions.

Widths H J PLH PLJ Experiment[keV]
[(p* = 7ty) 75 76 .89 97 68 + 8
T(w — ™) 712 730 855 938 717 £ 51
(¢ = m7) 5.5 5.6 6.6 7.2 5.8+ 0.6 ,"'
T(p = 17) 59 59 69 76 58+ 10 :
T(w — 77) 8.6 8.7 10.2 11.1 70+18
T(¢ = 1) 55.9 55.3 72.4 74.2 56.9 4 2.9
(7 = pv) 66.1 67.5 79.1 86.8 61 +8
T(n — wy) 4.7 4.8 5.5 6.1 5.9+ 0.9
T(¢ — 1'y) 0.56 0.57 0.71 0.76 <18
TABLE VIII. Radiative decay widths ['(Ps — vv) for n — 7/ mixing angle Osy(3)=-19°. The

results are obtained from the axial-vector anomaly plus PCAC

Widths H J PLH PLJ ' Experiment
L(mr — ) 7.79 7.73 7.67 7.72 7.8 +0.5[eV]
L'(n—vy) 0.49 0.485 0.52 0.52 0.47 £ 0.05[keV]

T(n — vy) 4.51 4.45 4.64 4.68 4.3 + 0.6[keV]
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VI. The Meson Mass Spectra in LCQM

Our goal: Obtain meson mass spectra from (1) quark-annihilation dia-
grams accounting for the SU(3) breaking + (2) empirical mking angles
oy = —3.3°)(or Osy(3) = 31 96° ) forw ¢ and 6p = —54.26°(or Ogy(z) = —19°)

for n — n' mixing inferred from LCQM.

(1) Quadratic mass formula accounting for SU(3) breaking.

The generic two particle (fi, f2) mixing is given by

|f1)= — sin 5'117)— cos 6p3)
if27= cos 5"11’?'— sin 5|s§7 (6.1)
where nfi = (uii + dd)/V/ and and § = Oy — 35.26°. We shall identify

(f1, f2) with (¢, w) and (5, 7). These combinations satisfy the quadratic mass
eigenvalue equation:
M fi> = MAfi> (i= ,2), h (6.2)
n aa h | _Ae A — 2 f ]
. AJYP) orv y R - -
with ™1 | ﬂaz 3> Mg e + q'ﬂivui
Pl AE Nk N TR A
. M2 +2) /22X
M= K ;@3
\ v@z\X 1‘V1’3§ —+ /‘\ij v‘i - \VS\‘\.O L ‘\/g‘s

) and AX?2: s5 — s3.

Id]

where \: uti — uii(dd), AX: uii — s5(or s5 = u
Solving Eqgs.(6.1)-(6.3), we obtain
M2 — eM?
tan®d = —.—f—"’—-"—_—,{f—, (6.4)
eMyp, — Mj,
where € = (M2; +2))/(MZ% + AX?). The invariance of the trace of quadratic
mass matrix requires

M2+ M2+ 20+ A\X? = M}, + M} (6.5)
[ 2 y X -t - LR L
b= (Mo + ) R 2T eRT et o) eld
T T AR " - YY) 2l
M;E: (,n.a‘ﬁ AT-s.,\y\ P\ z\.lz-k,\( fimd cad +(!1-§ +AX ) Ad




(2) Effective potential in LCQM

is defined by
Hyg = \[m + K2+ /m2 + k2 + Vg, (6.6)
and the mass-squared operator is given by -
M5, = 4(m? + K + mVyy), - (67) :

The effective potential is

Vg =Vsmo+Vs-s
s 5.5,
= A + .BT' + = v‘VCoula (68)
qmq % . L "
where V2Voou = V¥(—k/r) = 4nws3(r). T HeremV  9=0,
u - - o

4 1/2 1 3 Wa YA AN
) = (=g) " exn(~K/26), (69)
we obtain
36; 3 48 . -
<My > =dx{ml+ ﬂ‘”+qu (A+— ByrPa g s\ (610
“Paq MgV~ ’
with
(
- o J1/4 for vector
<Og w0z > = (6.11)

l —3/4 for pseudoscalar.

eMethods of fitting three parmeters, (A,B,C):

(M1) Fitting the 7, p and K* meso

asses
_ _ - 2
MV,m m Mpnﬁ = m,r, and MVss = 2Mm%. — m°.

(M2) m,p and K meson masses;
2

T

— ‘ 2
MVnn - MPnn mm and MPs‘ - 2mK —m




31.96°)
(6.12)

for M1,

2 GeV?,
0.92

2
s

0.6m

) GeVz, /\V

. Xy =-201, Xp

2
)

S

and (6.4-6.5), we find for dy = —3.3°(or Osu(3)

t
-m

1

K

s
V4

10)

6

as. (
0.496 GeV, B = —0.062GeV3, x = 0.488,

= 1.06(2m

A

o
Z

eNumerical resu
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