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Motivation
* Precision test of standard model seems promising.
-Unitarity of CKM mixing matrix (CP-violation)
-B Physics (Babar,Belle,BTeV,LHCB,...)
-UCN Collaborations (...,NC State,...)
-Demand on finding hadron wavefunction (QCD)
 LFD has progressed for last several years.
-Distinguished Features (Vacuum,Symmetry)
-Treacherous Points (Zero-Mode,Arc-Contribution)

-Applications to Phenomenology (JLab,RHIC,...)

Time to review progress and scrutinize
phenomenological model building based on QCD...



Outline
Why LFD?
- Distinguished Features in LFD
- Application to Hadron Phenomenology
Treacherous Points in Semileptonic Processes
- Non-Valence Contribution
- Zero-Modes
Power Counting Method
- Correct Assessment of Zero-Modes
- Scrutinization of LFQM
Conclusions



Distinguished Features in LFD
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LFD is like sweeping dirt to a corner:
Simple Vacuum except Zero-Modes, Maximum Number of Kinematic Generators
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g-2 calculation
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 Vacuum fluctuations are suppressed in LFD and clean hadron
phenomenology is possible.



Applications to Hadron Phenomenology
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L FD In Exclusive Processes
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L FD In Exclusive Processes
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The Quark Counting Rule
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QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.



Hadronization Mechanisms

R.J. Fries, nucl-th/0403036, PRC 68, 044902 (2003)
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Light-Front Wavefunctions
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Single Spectra of Mesons
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Unitarity Triangle

Triangle in Wolfenstein parametrization
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Unitarity Triangle

Triangle in Wolfenstein parametrization
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B-physics phenomenology with emphasis on the light-cone




Mixing Matrix Elements V;

|V 4/=0.9740+0.0005
Superallowed 0+—0+ nuclear 3 decay
nucleon 3 decay, pion [3 decay, ...
|Vs|=0.2196+0.0023 B
K->zlv,(K;), A—> pev,,Z - nev,,..
|V.4|=0.224+0.016
D’ > 7 et v,, D" > e’ v,,D" —>,u+vﬂ,...
|V.|=1.04+0.16 -
D° >Ke'v,,D" > K" v,,..
|V,|=0.0395+0.0017
B* > D°l"v,,B* = D°I*v,,..(HQET)
IV ,,|=(0.08+0.02)|V,, |[=(3.3+£0.4+0.7)x10-3

+ +
B—zlv, plv,,0lv,B">u v, ,tv

T’...



IV|~1, |V, |= 0.04, |V,4 |~ 0.005~0.013
Penguin Process

BR(B — K1 1) = 4.96x10 |

ts

Vcb
BR™ (B - Ke"e)<1.2x10°°
BRE™ (B — K 1" 1) <(0.99°2%7922 )10

Belle Collaboration,Phys.Rev.Lett.88,021801(2002)
H.-M.Choi,C.Ji and L.S.Kisslinger,Phys.Rev.D65,074032(2002)

t—(b,s,d) I* v (cDF/DO)
M, = 173.845.2 GeV

1, << strong Iinteraction time scale



Semileptonic Decay Processes

In Light-Front Quark Model
W.Jaus, PRD63, 053009(2001)

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Semileptonic Decay Processes

In Light-Front Quark Model
W.Jaus, PRD63, 053009(2001)

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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QuickTime™ and a
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QuickTime™ and a QuickTime ™ and a
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are needed to see this picture. are needed to see this picture.



B Decay up to O(a)
Total Decay Rate: 1/ r=1/17,(1+ )
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A.Sirlin, RMP50, 573 (1978); PR164, 1767(1967)
W.J.Marciano and A.Sirlin, PRL56, 22 (1986)



Semileptonic Decay Processes
are timelike : g°=g*q~-q,? >0 or q*=0.

(a) - q (b) 1=ct~) (c) l—-a.



Semileptonic Decay Processes
are timelike : g°=g*q~-q,? >0 or q*=0.

(a) -~ 9 (b) 1=t (c) 1-(1.__'

C.Ji & H.M.Choi,Phys.Lett.B460,461(1999)



Zero-Mode Issue in LFD

 Even if g*—0, the off-diagonal elements do not go
away In some cases.

p++q+

lim Jdk*(.)=0

q"—>0 p*



Zero-Mode Issue in LFD

 Even if g*—0, the off-diagonal elements do not go
away In some cases.

p++q+

lim Jdk*(.)=0

q"—0 p*

Vector Anomaly in SM (Anomalous Magnetic Moment of W*)
B.Bakker and C.Ji, PRD71,053005(2005)



CP-Even Electromagnetic Form

Factors of W* Gauge Bosons
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LFD Results

G, =<h', p'lJd™ |h, |O> in q°=0 frame with n=Q%/4M?Z (Q*=-q%),
G:—i— = 2p+(|:1 +77F3),G:0 = p+\/777(2|:1 + F2 +277F3)’G:_ =2 p+,7|:3’GJO _ 2p+(|:1 _277F2 —2772F3)




LFD Results

G, =<h', p'lJd™ |h, |O> in q°=0 frame with n=Q%/4M?Z (Q*=-q%),
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Effective Constituent Quark
Model for Low Q-

Meson) =y -|qq)+w - |qqg)+... =
‘ > qq‘ E qqg‘ > X1p+,ktl,ﬂ~1
quQQ‘QQ>’ g
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Radial Spin-Orbit

(Dependent on the model potential) (Interaction independent Melosh transformation)
H=T+V ‘JPC:O++(f0’ao’---
V includes Coulomb, Confinement, 0" (r,K,n,7n'..)
Spin-Spin,Spin-Orbit interactions. - *
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Mass Spectra of 0" and 1~
Mesons

H.M.Choi and C.Ji, Phys.Rev.D59,074015(99)

1 Expt. [1] Prediction °S, Expt. [1] Prediction
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Decay Constants and Charge
Radii

oy=—3.3°%=1° oy=+33°*1°
Observables HO Linear HO Linear Experiment

£ [MeV] 92.4 91.8 92.4 91.8 92.4+0.25

fx [MeV] Sk 114.1 109.3 114.1 113.4+ 1.1

fo [MeV] 151.9 173.9 151.9 173.9 152.8+3.6
fex [MeV]  157.6 180.8 157.6 180.8

f.[MeV] 459+14 526+1.6 551*x13 63.1=15 45.9+0.7
fo[MeV] 826%08 943%09 76710 87.6%1.1 79.1+1.3

r2 [fm?] 0.449 0.425 0.449 0425  0.432%0.016 [32]
ro, [fm?]  0.384 0354  0.384 0354  0.34%0.05 [32]

2o [fm?]  —0.091  —0082 —0091 —0.082 —0.054=0.101 [32]




Radiative Decay Processes

Sy=—3.3°+1°

Widths [keV] HO

I.inear

Sy=+33°+1°

HO Linear  Experiment

I'(p=—m"7) 76 69
I'w—m7y) 730£1.3 667+1.3
['(p—my) 56,3 5145
I'(p—7ny) 59 54
I'(w— 777y) 8.7+ 0.3 7.9%0.3
T'(p— 71y) 38716 37.8%*1.5
I'(n'—py) 68 62
T(p'—wy) 49+04  45+04
T'(p— 7" vy) 0.41%¥0.01 0.3950.01
I(K*°—K%y) 124.5 116.6
[(K*" K" y) 79.5 71.4

68+8
71751
5.8+0.6
58+ 10
70£1.8
55.8£3.3
61*8
6.1x1.1
< 1.8
11710
50x5

76 69
730713  667F 1.3
56555 5155
59 54
69703 63703
492+16 476+ 15
68 )
76504  7.0+04
0.36F0.01 0.34%0.01
1245 116.6
79.5 71.4




f(q%) = f.(a*)+ q*f_(q*) /(M = M)

Slope at g%=0

A, =0.026 [0.083] Expt(K%):0.0288+0.0015
2 =0.025[-0.017] Expt(K%):0.025+0.006

Transition form factor
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Branching Ratios and Isgur-Wise
Function

Processes FeO) feldh) Byth Brexp:

Bor | HO.| 0234 277 | (1204014502405 % 1074 (1.8£0.4£0.340.2)
Linear| 0.273] 243 | (L334 0.167330H07h x :m-; x10-4

D—K | HO.| 0724 123 (3434 1.33)% (3.64 4 0.20)%
Linear| 0.736] 121 (3.46 4 1.34)%

D=1 HO. | 0593 172 (2244 0.33) x 1073 l (3.8%12) x 1079
Linear| 0.618]  1.56 (2.2840.34) x 1()“';'-_.”-

B—D | HO.| 068 114 (2.36 + 0.36)% (2,354 0.2+ 0.44)%
Linear| 0.700|  1.14 (2474 0.37)%

E(v,.V,)IV,|(15/1.32ps) "™
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0.9748
0.9746
0.9744
0.9742

T 0.9740
= 0.9738
0.9736
0.9734
0.9732

Vud VS. [3

Used Jaus' values of M, from plon radiative
corrections to compute V , from superallowed data.
Central Value: V,=0.9740

Current Range
>_ V.s=0.9740 + 0.0005
nucl-th/3809087

J Quark Mass
+ (.22 GeV

® 0.26 GeV
« 0.30 GeV

0.6 0.8 1 1.2

p (GeV)



Pinning Down Which Form Factors

e Jaus’s m-dependent formulation yields

zero-mode contributions both in G,, and G;.
W.Jaus, PRD60,054026(1999);:PRD67,094010(2003)

« However, we find only G,, gets zm-contribution.
B.Bakker,H.Choil and C.JI,PRD67,113007(2003)
H.Choi and C.Ji,PRD70, 053015(2004)

» Also,discrepancy exists in weak transition form
factor A,(g%)=f(g?)/(Mp+M,)).

Power Counting Method
H.Choi and C.Ji, PRD72, 013004(2005)
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Electroweak Transition Form Factors
<PiIh |3, [R00>=ig(@)e" 5 P,
-f(@")s" -a,(@) - P)P“—a (') - P)”

where

P=P +P,q=P -P,



d'k S, (P.—K)S{S, (P, —k)
(27)" D, D, D

m; —m=—"m,

<Jy_a >p= i.[

where
D =k’-m®+ig
S, (P)=A/(P’—Al+i¢),
S = Tr[(pz + )7 (L= 75) (P + My) y (K +m)e - 1_1]’

(P, —2k)“
D ]

| :7/!_
and

1) D.,(M,)=M,+m,+m,

2) D, (k-P,)=[2k-P,+ M, (m,+m)—ig]/M,,

(3) D(M))=M,+m,+m.



Power Counting Method

2
<Ji > oclim Jl dx d=X) Sy (ko) ]

a1 . (1—0[)2
— Ia|Lr11 (1—05)_1‘ dz (1- Z)ZS;(k;H)[- -

where
X=a+(1-a)z and [---] isregularasa—1.
S._, Power Counting:
O @-x)'=[A-a)@-2)]" for D, (M,),
2) @-x)° forD,,(k-P,),
3) A-x)"2=[A-a)1-2)]"" for Ds(M,).
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Conclusions

LFD provides a unified framework to analyze various
hadron phenomenologies in Jlab, RHIC, B-factories,
etc.

LFQM progressed in calculations of meson spectra
and wavefunctions making some basis

for the extension to the study of baryons.
New precision data can scrutinize the model
parameters.

For the good phenomenology, it is significant to
correctly pin down the zero-mode contribution

and the power counting method offers a good way to
do this.
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