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v V. VvV Kobayashi-Maskawa
Vekm = %DV V. Vv X (4 iIndependent param-
Vv V V eters)

Two main reasons to study B physics:

| Wolfenstein parametrization is more popular:

0 1
1 2=2 A 3 i)

VCKM = % 1 2:2 A 2 g
A 3(1 i) A 2 1

LI parameters involving 3™ quark family still poorly knownJ
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#® Reason 2: looking for New Physics beyond SM

s Vvia new CP violation phases
(richer CP-viol. phenomenology than in K physics)

s Via quantum loops involving new particles

B
example: b // N
et /\_\—\g’\
egzotic new particles

| precision loop calculations are less QCD-polluted
because of the large energy scale m (asymptotic

L freedom) J
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Typesof B decays(2)

non-leptonic @J)
d ) d

hD jJweak Jweakigj | very complicated
| Factorization assumption:
h jIpesij0ihD jIpesliBi | f Fo(9?); Fu(g®)
explanation: fast pion! “color transparency”
Improved approaches (QCD factorization, ...) J
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"singlet penguin” (SP)

Can this|_g|uonic mechanism
enhance eta' channels?

K

1. SU(3)r symmetry approach! SP part up to 50 %
2. perturbative approach! SP part negligible!
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decomposing amplitude on various a vour topologies:

C-Tree (C) Penguin ( P)

o |

(B)

other topologies: tree (T), exchange (E), annihilation
(A), penguin-annihilation (PA), singlet penguin (SP)

cannot calculate C, T, P, SP, ... but hope that they are
Invariant under avour rotationsg = u$ d$ s

o |
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SU(3) avour symmetry approach
B -

7 free parameters — to be predictive one assumes that
some can be neglected

suppressed

- = I
C-Tree C " by small vV

Important
contribution
(interfer-
ence!)
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[Chiang, Gronau, Rosner (2003)] : SP =P 0:4 0O:8
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Singlet penguin part

[Chiang,  Gronau, Rosner (2003)] : SP =P 0:4 0:8

Possible objections:
SU(3)r symmetry broken
mixing implementation
Hybrid method (symmetry + quark dynamics),

overcomplete basis: more a vour topologies than
true SU(3) invariants
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tions (single angle, two angles [Feldman,  Kroll,  Stech] )
I results practicaly unchanged

"Pure" SU(3)r symmetry approach (generalization of
[Savage and Wise (1989)] )

Hetr = aBxH (3)¥PIP! + bBiH (3)%P} P! + cBiH (6)) PP,
+ dB{H (15)) PMPX, + eBiH (15)XPI'P! + FB{H (3)P} 1
+ gBiH (6)) PX 1+ NBjH (15)) PX 1+ sBKH(3)X 1 1
we get SP=P = 0:31 0:36
L [Fu, He, Hsiao (2003)] SP=P 0:9 J
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Perturbati ve (dynamical) analysis

Atwood and Soni (1997)] T
Halperin  and Zhitnitsky (1997)] etal,r
[Kagan and Petrov (1997)] 4
[Hou and Tseng (1998)]

Datta, He and Pakvasa (1998)]
Du, Kim and Yang (1998)]

Ahmady, Kou and Sugamoto (1998)]
Al Chay, Greub and Ko (1998)]
[Kou and Sanda (2002)]

Xiao, Chao and Li (2002)]
Beneke and Neubert (2002)]

[Fritzsch and Zhou (2003)]
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or He (b! sgQ) [Simma and Wyler (1990)]
gg vertex described by
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b! sg g amplitude
B -

[Simma and Wyler (1990)] : small external momenta —
PP P m

Thiswork: p ;p ! O, butgeneralp

Building blocks:

bggﬁgsz g::W 2
) U J
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b! sg g (self-enegy)

W, o

D

(P)= MEBL 2M§ 1+ b B dx(1 X)In=

Z 4 5

dx (1 Xx)mpmspR  m(MpR + msL) In =



b! sg g (Triangle)

v G
= T E gt (0, p, -
/3 (0, p, —p)
2 2
(0 ):m_i;m—'\\/"vvzv_<1+mlv2v_)(p2g pp) L oldxx(l X)In%

2
+M& L+2M§ (1+2 i2) L o dx(@L x)In 5

\W

D = xmi+(1 x)M§ x(1 x)p?

C = m? x(1 x)p?
a J
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b! sg g (Box)

_ ZM\%V mi2 .
00 =aruz (L wz )T P D)

Oldx(l Xx) (3x 1) 1+[x2(1 X)p®+( x+1) m;z] 5

+%W—(l+%§w—> S Ox(L x) [ (x+*1)pg  (x )(p +p ) 1

mi

+ xX*@ X)) (p +p Ip*+tEGP P 9 pY)]
)

+H (x+Dpg  (x L(p +p )m{ 2 L

LYl » = complicated functions of x, m?, M 2 , p? J
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b! sg g (Complete)
B -

. SGF aX
A = I—P—ES(O)tbt i Ti B(0) a( p) p(p) + (crossed);
i
Ti - Ti Box + TiTriangIe + Ti Self-energy :
T. =( | p L)A; + ( - symmetric part)
8M 2 m 2 1
Aj = —— 1+NI2_> 5 dxx(1 x)In2

) Sdx(l x) (3x 1) 1+ x)pPH(x+) m?] 2

o |
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o N

g g form-factor F poorly known
I recent improvements via perturbative QCD:

Muta and Yang (2000)]
Ali  and Parkhomenko (2002,2003)]
Kroll and Passek-Kumericki (2003)]
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%9 g form-factor |

g g form-factor F poorly known
I recent improvements via perturbative QCD:

Muta and Yang (2000)]
Ali  and Parkhomenko (2002,2003)]
Kroll and Passek-Kumericki (2003)]

F dened via ! g (k1)g (ko) amplitude:

N (Q%!)= iF Q%) .,

— N
NN

2, 2
2 1t 2 —

2

=N
+
NN

|
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For

F

%9 g form-factor I

QZ&mZ
fl
2:0) = 4 Np—— 1
(Q~; 0) (Q)ﬁ@
1 115 2



%9 g form-factor I

o N

For Q2& m?
F (Q%;0) = 4 (QZ)iei 1 iBQ(QZ)
| 3Q? 12 & "
1 115 2 ]

Double suppression of F

1=Q°

2
(Q?) running for Q

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
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Gluing two piecestogether

o N

Combining amplitudes forb! sg g andg g !

etal -

B N K
G X
A(b! s 9= —p_F— oSB oLb i
8 23 NN
I=u;C;t
Z MVZV

o |
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Gluing two piecestogether

o N

Combining amplitudes forb! sg g andg g !

etal -

8 2 I=u;c;t
ZMVZV
dQ® S(Q)F qg (Q)AI( Q%)

L AMb! s ) ! A(B ! K ) viafactorization J
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B -> K eta’ amplitude [x 10"-9 GeV]

20

[EEY
U1

=
o

6

IR cut-off dependence

— - leta> = |qg>
— leta’>=[qg> + |gg?
- "anomaly tail"

10 20 30 40 50
IR cutoff mu”2 [GeV~2]
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Comparison of two approachedl
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0 20 40 |Agp| [10”° GeV]

| I !
B ~ictal (19998)
I Gcneke & Neubert (2002)

I Chiong et 4. (2003)
I
B .ol (2003)

I
D Eeg, K.K., Picek (2003) 1 )
I approx. experimental

«— bound
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0 20 40 |Agp| [10”° GeV]

| I !
B Aietal (1998)
I Geneke & Neubert (2002)

B cco. KK, Picek (2003)
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I
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I
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Comparison of two approachedl

o N

0 20 40 |Agp| [10° GeV]

l | I
| I !
B Aietal (1998)
I Geneke & Neubert (2002)

B cco. KK, Picek (2003)
I chiong et d). (2003)
I
B .o (2003)

I
D Eeg, K.K., Picek (2003) :
I

(One must add SD (blue) on top of LD (gray-blue) and
than compare with SU(3) (red).)

L Discrepancy smaller but still exists! J
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Singlet penguin gluonic mechanism has signi cant but
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Fi(x)(p*  pp)L F2x)i g mpR

(F1-terms) (F1-terms)
+ +
(F>-terms) (F>-terms)

X 1) (F1 Inx) (Fo  x?%Inx)

F1 terms cancel for on-shell or soft gluons (Ward

identities, low-energy theorem [Low(1958)] ) )
suppression

but not for hard off-shell gluons ([witten  (1977)] )!
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