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1. Introduction

Rare Decays B — K*v, B — K*¢T/{~ are interesting, because:

e underlying quark decay (b — s7) is loop-suppressed in the SM

— sensitive to new physics

Famous example:

Inclusive measurement B — X, constrains
NP contribution to Wilson coefficient CS"

Requires control on theoretical uncertainties!

e Exclusive decay modes:

* easier accessible in experiment

* may provide complementary constraints on NP (spectator effects)
* test our understanding of QCD in exclusive decays
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2. QCD aspects

e Relevant energy scales: (for small momentum transfer ¢*)
©w? ~ Ma/ ——  effective electroweak HamiltoniabHeff
©w? ~ mz —  hard gluons at b — s vertex = QCD factorisation a la BBNS,
MQ ~ myAqcp  —  spectator interactions = soft-collinear effective theory
2 A?QCD . non-perturbative effects

(soft form factors, light-cone distribution amplitudes, decay constants . . . )

e ‘“naive’ factorisation:

* photon/lepton-pair radiation through H.g
— short-distance dynamics included in Wilson coefficients C;(my)
— long-distance dynamics encoded in B — K* transition form factors

e “non-factorisable” corrections:

* photon radiation from internal lines
— contributions cannot be absorbed into B — K™ form factors
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(a) “naively-factorisable” contributions (LO)
f—i—

Or O9-+10 e
B~ “K* B~ K

e Wilson coefficients for electromagnetic and semi-leptonic operators,
Form factors for vector, axial-vector and tensor currents
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(a) “naively-factorisable” contributions (LO)

f—f—

(%)
gl /=

O Oy 110
B~ “K* B~ “K*
e Wilson coefficients for electromagnetic and semi-leptonic operators,
Form factors for vector, axial-vector and tensor currents

e soft form factor relations at leading order in as and 1/my,

{V7 A07 A17 A27 T17 T27 T3} - {SJJ SH}

Contributions from quark loops induced by O, ¢
absorbed into effective quantities C<", O™ (¢?).

o T K Perturbative treatment of C¢" requires 0 < ¢ < 4m?.
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(b) higher-order corrections to b — s transition

(i) “factorisable” vertex corrections

— scale-dependence of tensor form factors

= multiplicative corrections to
soft form factor relations
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(b) higher-order corrections to b — s transition

(i) “factorisable” vertex corrections

— scale-dependence of tensor form factors

= multiplicative corrections to
soft form factor relations

(i) “non-factorisable” contributions from hadronic operators

() (%)
* gl gl
(%)
08 (91,() 01—6
B~ K B~ K B~ K etc.
e calculated in context of inclusive b — s£1£~ decays (¢ K m})

e contributions from small penguin coefficients C's_4 neglected

X
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(c) spectator interactions

(i) “factorisable” form factor corrections
O7.9+10

=> additive corrections to B- e
soft form factor relations

O7.9410

-
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(c) spectator interactions

(i) “factorisable” form factor corrections
O7.9410 O7.9410

= additive corrections to B- e B- e
soft form factor relations

(i) “non-factorisable” contributions from hadronic operators

()
Oq Y

etc.
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(c) spectator interactions

(i) “factorisable” form factor corrections
O7.9+10 O7.9+10

=> additive corrections tF> B- e n- e
soft form factor relations

(i) “non-factorisable” contributions from hadronic operators

()
Oq Y

etc.

e leading contributions of 1/m; expansion calculable in terms of
light-cone wave functions for B and K™ and perturbative hard-scattering kernels

(¢ < mj)

X
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(d) annihilation topologies (LO)

etc.
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(d) annihilation topologies (LO)

O1-6

- FO*
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v v etc.

e At leading power only photon radiation from B meson spectator contributes
(small but non-zero ¢*)

* in case of b — s suppressed by small Wilson coefficients or CKM factors
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(d) annihilation topologies (LO)

O1-6

- FO*

() (+)
v v etc.

e At leading power only photon radiation from B meson spectator contributes
(small but non-zero ¢*)

* in case of b — s suppressed by small Wilson coefficients or CKM factors

e Sub-leading terms numerically important for B — K™ isospin asymmetry!

e Radiative corrections and scale-dependence:

* interesting for theoretical considerations related to factorisation
* (at present level of accuracy) less important for B — K™ phenomenology

X
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— Description of exclusive b — s decays beyond LO

e In the heavy quark limit decay amplitudes can be expressed in terms of

* soft form factors £, (q°), £;(q°)
* generalised “exclusive Wilson coefficients”

Cr = CF 4 (b) + (c) + (d)"
2mbMB
q2
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— Description of exclusive b — s decays beyond LO

e In the heavy quark limit decay amplitudes can be expressed in terms of

* soft form factors £, (q°), £;(q°)
* generalised “exclusive Wilson coefficients”

Cr = C7'+ "(b) + (c) + (d)"
2 2 2mpyMp g
Co1(q) = Co+Y(q)+ — C; + “(b) + (c) + (d)’
2 2 2mb eff Y "
Coy(a”) = Co+Y(q")+ M—B C;" + “(b) + (c) + (d)

e Inclusion of NLO terms reduces renormalisation scale-dependence
d 2
In our case: M@ {mb Crz, Co,1, C)9,|\} = Ofag, a;C3_¢)

(unknown two-loop matrix elements of penguin operators, radiative corrections to annihilation effects in C9,||)

X
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Example: Scale-dependence of |C;|?

0251

0.2 ;

0.15 ¢

0.1}

0.05 ¢

C7 |

NLO,

NLO

LO

- - "LO”"
— “NLO7": without spectator effects

— “NLQ": with spectator effects
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Example: Scale-dependence of |C;|?
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0.2 ;
0.15 ¢
0.1}
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e NLO gives ~ 30% enhancement on amplitude level!

C7 |

NLO,

NLO

LO

- - "LO”"
— “NLO7": without spectator effects

— “NLQ": with spectator effects
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Example: Scale-dependence of |C;|?

025}
Cz7]?
0.2 ¢
NLO
0.15 ¢ NLO,
- - HLOF
0.1+ LO — “NLO1": without spectator effects
— “NLQ": with spectator effects
005 I

e NLO gives ~ 30% enhancement on amplitude level!

e spectator effects only enter at NLO,
related scale-dependence still sizeable (' = 0.5 GeV - 1)

X
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Including 1/m, effects

e Define

where CéO) only contains terms which are insensitive to the spectator charge

Co.1(q%)

Co 1(q°)

relevant for isospin asymmetry
: 1,2 i 0) , 2
= 1‘|—bq(Q) CQ,J_(Q)

h I
= 1+08)(¢") ¢(d)

(¢ =

u, d)

10
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Including 1/m, effects relevant for isospin asymmetry
h i

Co(¢”) = 1+0b:(¢") c(d”)

e Define

h ]
Co(d") = 1+b,(¢") Cg(a")

where Céo) only contains terms which are insensitive to the spectator charge (¢ = u,d)

e Consider diagrams in (c,d) where photon is emitted from spectator quark
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Including 1/m, effects relevant for isospin asymmetry

h

i
Coi(q”) = 1+b27(a>) ) (d)
e Define

h ]
Co(d") = 1+b,(¢") Cg(a")

where C’éo) only contains terms which are insensitive to the spectator charge (¢ = u,d)

e Consider diagrams in (c,d) where photon is emitted from spectator quark

qu and bg determine size of
asymmetry between decays of neutral and charged B mesons
into transversely or longitudinally polarised K* mesons

10
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Including 1/m, effects relevant for isospin asymmetry

h

i
Coi(q”) = 1+b27(a>) ) (d)
e Define

h ]
Co(d") = 1+b,(¢") Cg(a")

where Céo) only contains terms which are insensitive to the spectator charge (¢ = u,d)

e Consider diagrams in (c,d) where photon is emitted from spectator quark

qu and bg determine size of
asymmetry between decays of neutral and charged B mesons
into transversely or longitudinally polarised K* mesons

o Calculation of b, requires inclusion of 1/my;, effects

— Th. Feldmann, Decay asymmetries in B — K*ete~
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3. Phenomenology

e SM and non-perturbative input parameters:

e (M) 167 + 5 GeV Dy (34+1) Gev !
| Vi 0.041 £ 0.003 | fx+ 1 (1GeV) 185 + 10 MeV
Cem 1/137 fK*,|| 225 4+ 30 MeV
Agg;) 220 4+ 40 MeV | a1 (K*)y | 0.2+0.1
mb,ps(Q GeV) 4.6 + 0.1 GeV CLQ(K*)J_, I 0.05 £ 0.1
£.(0) 0.35 £ 0.07

e variation of renormalisation scales:

my/2 < < 2my 1 =+/0.5 GeV -

o remaining systematic uncertainty: neglect of 1/my effects (model-dependent)

X
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dArB

3.1 Forward-backward asymmetry

1 ! 0 d’T[B — K*(t(7]
T/ {/0 d(cosf) — / 1 d(cos 9)} J2d cos 0

Re [CQ’J_ (q2)}

12
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3.1 Forward-backward asymmetry

dApp 1 : 0 d’T[B — K*(t(7]
- _ o
dg? T/ dg? { /0 d(cos f) /_1 d(cos )} dq2d cos 0

X Re [CQ’J_(q2)}

e In the SM Re[Cy 1 (¢°)] changes sign — FB asymmetry zero ¢}

12
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3.1 Forward-backward asymmetry

dApp 1 : 0 d’T[B — K*(t(7]
-~ d(cos8) — | d(cosd
dg? T/ dg? { /0 (cos 6) /_1 (cos0) dq2d cos 0

X Re [CQ’J_(q2)}

e In the SM Re[Cy 1 (¢°)] changes sign — FB asymmetry zero ¢}

2Mpmyp
o Leading-order in 1/m; and ay: Cy + Re(Y (q7)) = — E; Lot

dy

* free of hadronic uncertainties (consequence of soft form factor relations)
* perturbative corrections are calculable — precise test of the SM

\
L“] — Th. Feldmann, Decay asymmetries in B — K*ete~

12


http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+HEP-PH/9710550
http://www.slac.stanford.edu/spires/find/hep/www?eprint=hepph-0106067

03
0.2+

0.1}

0.1 ¢
-0.2 }

-03}

Forward-backward asymmetry (SM)

dAFB /dq2
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Forward-backward asymmetry (SM)

03}

A 2
02| dArn/dd g

0.1 e

0.1 ¢ ==

_0.2 r NLO
-03}

NLO corrections shift asymmetry zero toward higher values
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e conservative estimate of asymmetry zero: ¢

03
0.2+

0.1}

0.1 ¢
-0.2 }

-03}

Forward-backward asymmetry (SM)

dAFB /dq2

NLO corrections shift asymmetry zero toward higher values

(4.2 £0.6) GeV?
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Forward-backward asymmetry (SM)

03}

2
02| Arn/di g

0.1 e

0.1 ¢ ==

_0.2 r NLO
-03}

e NLO corrections shift asymmetry zero toward higher values

e conservative estimate of asymmetry zero: ¢35 = (4.2 +0.6) GeV?

e reduction of hadronic uncertainties around ¢2 due to form factor relations

X
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Cy from FB asymmetry

[from Beneke/TF /Seidel 01]

Test of Wilson coefficient Cg(my) with ~ 10% theoretical accuracy!
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dAr
dg?

3.2 Isospin asymmetry

dl'[B® — K*%/*¢~]/dq? — dU[B* — K**(+(~]/dq?

dT[B® — K*00+(=]/dq? + dT[B* — K*t(+(~]/dq?

15
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3.2 Isospin asymmetry

dAr dl'[B® — K*%/*¢~]/dq? — dU[B* — K**(+(~]/dq?

dg? —  dT[BY — K*9¢+(~]/dq? + dU[B* — K**{+(~]/dq?

e [sospin asymmetry vanishes in “naive factorisation”

15


http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+HEP-PH/9710550

3.2 Isospin asymmetry

dAr dl'[B® — K*%/*¢~]/dq? — dU[B* — K**(+(~]/dq?
dg? = dU[BY — K*04t{~]|/dq? + dU'[B* — K**{+(~]/dq?

e [sospin asymmetry vanishes in “naive factorisation”

e At small ¢* dominated by b
largest contribution from annihilation proportional to (Cs + C5/N¢)

15


http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+HEP-PH/9710550

15

3.2 Isospin asymmetry

dAr dl'[B® — K*%/*¢~]/dq? — dU[B* — K**(+(~]/dq?
dg? = dU[BY — K*04t{~]|/dq? + dU'[B* — K**{+(~]/dq?

e [sospin asymmetry vanishes in “naive factorisation”

e At small ¢* dominated by b
largest contribution from annihilation proportional to (Cs + C5/N¢)

o At medium ¢? dominated by b!
largest contribution from annihilation proportional to (Cy + C3/N¢)


http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+HEP-PH/9710550

3.2 Isospin asymmetry

dAr dl'[B® — K*%/*¢~]/dq? — dU[B* — K**(+(~]/dq?
dg? = dU[BY — K*04t{~]|/dq? + dU'[B* — K**{+(~]/dq?

e [sospin asymmetry vanishes in “naive factorisation”

e At small ¢* dominated by b
largest contribution from annihilation proportional to (Cs + C5/N¢)

o At medium ¢? dominated by b!
largest contribution from annihilation proportional to (Cy + C3/N¢)

Test of four-quark penguin-coefficients

(basis defined in Buchalla/Buras/Lautenbacher)

&
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Isospin asymmetry (SM)

dA;/dg*[%]

16
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Isospin asymmetry (SM)

15

| dA1/dg?(%]

o limit ¢ — O determines isospin asymmetry for B — K*
Re[bF(0) — b(0)] = 9.3735%  (exp.: 11 £ 7%)

[from TF/Matias 03]

[— Kagan/Neubert]

16
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Isospin asymmetry (SM)

15

| dA1/dg?(%]

o 1 2 3 4 5 6 7 [from TF/Matias 03]

o limit ¢ — O determines isospin asymmetry for B — K*
Re[bj‘(()) — bi‘(())] = 931_%2% (exp.: 11 £ 7%) [— Kagan/Neubert]

e isospin asymmetry decreases with ¢ and changes sign around ¢? ~ 2 GeV?

©)
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3.3 Asymmetries in constrained MSSM model

illustration of new physics effects (for model set-up see [TF/Matias 03])
03 ‘
0.2 0.1, C7<0.
A C;>0
& 0.1 ~ 005 . >0
8 5
g O = 0
< -01} 3 005 rf
-0.2 ¢} —01¢
—03 1 ‘
0o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
9’ g’

e Constraint from B — X~ allows two narrow bands,
corresponding to parameter sets with same/flipped-sign solution for C;
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3.3 Asymmetries in constrained MSSM model

illustration of new physics effects (for model set-up see [TF/Matias 03])
03 ‘
E C7>0

& 0.1 ~ 005 % . >0
8 5
E 0 -2 ~ 0
< -01} " 3 005 rf

-0.2 ¢} —01¢

—03 1 ‘

o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
9’ g’

e Constraint from B — X~ allows two narrow bands,
corresponding to parameter sets with same/flipped-sign solution for C;

e Parameter spread within one band indistinguishable from theoretical uncertainties

17


http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+EPRINT+HEP-PH/0212158

17

3.3 Asymmetries in constrained MSSM model

illustration of new physics effects
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e Constraint from B — X~ allows two narrow bands,
corresponding to parameter sets with flipped-sign solution for C7

e Parameter spread within one band indistinguishable from theoretical uncertainties

e Sensitivity to penguin operators C3_g may be more important
in models beyond MSSM with extended operator basis etc.
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4. Conclusions

e QCD factorisation approach to radiative B decays allows for
predictions of forward-backward and isospin asymmetry
with reasonable theoretical accuracy
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4. Conclusions

e QCD factorisation approach to radiative B decays allows for
predictions of forward-backward and isospin asymmetry
with reasonable theoretical accuracy

e Simultaneous measurement of forward-backward and isospin asymmetry
in the interval 0 < ¢? < 7 GeV?

* provide consistency check of the SM,
* constrain size and relative signs of Wilson coefficients in new physics models,
* provide testing-ground for QCD factorisation approach

o not discussed: C'P asymmetry (generically small in SM + QCD factorisation)
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