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~ Interest in Rare B Decays

e Rare B Decays (b — (s,d)~y,b — (s,d)€T£,...) are

Flavour-Changing-Neutral-Current (FCNC) processes
(|AB| = 1,|AQ| = 0); not allowed at the Tree level in the SM

These decays are governed by the GIM mechanism, which imparts
them sensitivity to higher scales in the SM (my, my ) and the CKM
matrix elements, in particular, Vg4, Vis and Vi

In principle sensitive to physics beyond the SM (BSM), such as
supersymmetry. Precise experiments and theory are needed to establish
or definitively rule out BSM effects

Hence, Rare B-decays have enjoyed great attention in the past
experimental programme in flavour physics (CLEO, BABAR, BELLE,
CDF, DO0) and rightly continue to do so in the current and planned
experiments at the LHC and the Super-B factory at KEK
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~ The Cabibbo-Kobayashi-Maskawa Matrix

Vud Vus Vub
Vekm = | Vea Ves Ve
Via Vis Vi

e Customary to use the handy Wolfenstein parametrization

_ 1y2 3 o
1 -2)\2 ) )\1 , AN (p 5 in)
AN (1 — p—1in) —AN?(1 4+ iX%n) 1

e Four parameters: A, A\, p, 10
e Perturbatively improved version of this parametrization

p=p(1—2A%2), q7=mn(1—7/2)

e The CKM-Unitarity triangle [¢p1 = 3; ¢2 = a5 ¢35 = 7]
7«7 r §
(P, 1)
Ry
Ry
) p s
(0,0) (1,0) p
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(-The Standard Candle: B — X~

e First measurements by CLEO (1995); well measured at the B-factories by Belle and
BaBar; more precise measurements anticipated at SuperB-factories

Theoretical Interest:

e A monumental theoretical effort has gone in improving the perturbative precision;
B — X~ in NNLO completed in 2006

@ First estimate of B(B — X7v): M. Misiak et al., Phys. Rev. Lett. 98:022002
(2007)

e Analysis of B(B — Xsv) at NNLO with a cut on the Photon energy,
T. Becher and M. Neubert, Phys. Rev. Lett. 98:022003 (2007)

e Non-perturbative effects under control thanks to HQET

e Sensitivity to new physics; hence constrains parameters of the BSM models such as
the 2HDMs and Supersymmetry

e A crucial input in a large number of precision tests of the SM in b — s processes,
such as B — X 676~
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~ Examples of the leading electroweak diagrams for B — X, ~ ™

Y Y Y
U U cjic tjit
b S b S b S

'

Vb Vus ~ ViupVus ~ 2% ~ —|—200% ~J —100%
Veb Vis h ~ g
In the amplitude, after
including LO QCD effects.
. M2, .
e QCD logarithms a5 In —5- enhance BR(B — X,v) more than twice
b

e Effective field theory (obtained by integrating out heavy fields) used for resummation
of such large logarithms

- J
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The effective Lagrangian for B — X v and B — X 014~

e 10
L = Lgcpxqep(g,l) —l-—FV:;VinCi(M)Oi
V2 i—1

(q:u,d,s,c,b, l:ealJJaT)

( (8L;c)(elb), 1= 1,2, |Ci(my)| ~ 1
(5T;b)24(qT%q), i =3,4,5,6, |Ci(my)| < 0.07
O; = { 1528L0"brF,,, 1=1, C:(myp) ~ —0.3
gy g ot T*bpGe,, i =8, Cs(my) ~ —0.15
\ 125 (5pvubr) Iy sl), =9, |Ci ()| ~ 4

Three steps of the calculation:

Matching: Evaluating C; (o) at po ~ My, by requiring equality of the SM and the
effective theory Green functions

Mixing:  Deriving the effective theory RGE and evolving C; () from g to pp ~ my

Matrix elements: Evaluating the on-shell amplitudes at p, ~ 1,

\_
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(-Structure of the SM calculations for B — X~ & B — X, 014~ \

10
Heff ~ Zcz(ﬂ)oz
1=1

® H.g independent of the scale u, while C;(wt) and O; () depend on u
—=> Renormalization Group Equation (RGE) for C;(u):

d
n——Ci(p) = 7:;Ci (1)
7
® -;;: anomalous dimension matrix
e Matching usually done at high scale (pg ~ My, my)

e Full theory and the matrix elements of the effective operators have the same large
logarithms

po ~ O(Mw)

J RGE

py ~ O(myp):  matrix elements of the operators at this scale don't have large logs;
they are contained in the C;(up)

e Evaluation of the on-shell amplitudes at pp ~ my
g J
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. Status of the SM calculations for B — X ~ ~

Matching (o ~ My, my):
2
Cilio) = CLOuo) +252. M (o) 4+ (*422) P (o)
- _ i i [ Bobeth, Misiak, Urban,
1=1,...,6: tree 1-loop 2-loop NPB 574 (2000 291]
. _ [ Steinhauser, Misiak,
1 =17,8: 1-loop 2-loop 3-loop hep-ph /0401041]
The 3-loop matching has less than 2% effect on BR(B — X ,v) _
Mixing: Haisch,
Ixing:
Gorbahn,
. s (1L 2L +(%)2 2L 3L +(%)3 3L 4L Gambino,
TSm0 1L i 0 2L in 0 3L Schroder,
Czakon
Matrix elements (j, ~ my):
2
(O)() = (0N () + =22(0) Dy () (0 ()
1=1,...,6: 1-loop 2-loop 3-loop [Bieri, Greub, Steinhauser,
hep-ph /0302051 ]
O(a3ny), Steinhauser, Misiak
1 =17,8: tree 1-loop 2-loop
[Greub, Hurth, Asatrian]
\_ y
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~ Examples of SM diagrams for the matching of C7(pu):

LO:
[Inami, Lim, 1981]

NLO:
[Adel, Yao, 1993]

NNLO: u, G, t
[Steinhauser, Misiak, 2004] b

- J
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/~ Resummation of large logarithms (ozs In M‘ZV) in b — s~ amplitude

b

RGE for the Wilson coefficients u%C’j (1) = Ci(p)vi; (1)

e Renormalization constants = -y;;: C’j(u) known in the meanwhile to NLL accuracy

o g e

[Gaillard, Lee, 1974] [Grinstein et al., 1990] [Shifman et al., 1978]
[Altarelli, Maiani, 1974 Grlgjanls et al 1988
[Altarelli et al., 1981] [Chetyrkin et al., 1997] [Misiak, Miinz, 1995]

Buras Weisz, 1990

NNLOK o <

[Gambino et al., 2004]  in progress: Czakon, in progress: Gambino,
k (unpublished j Vet Haisch, Misiak, Schroder. Gorbahn, Haisch.
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(-The b — sv matrix elements

Perturbative on-shell amplitudes

<

’Y

LO b s

NLO

@ﬂ

[Ali, Greub, 1991] [Greub, Hurth, Wyler, 1996]
3 LY 95 @
in progress: Asatrian, Greub, Hurth [Bieri et al, 2003 (aZny))

in progress: Stemhauser Misiak
(extrapolation in mc)

\_
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(- Wilson Coefficients in the SM
Wilson Coefficients of Four-Quark Operators

Ci(m) Colpw) Cs(ms) Calpn) Cs(ps)  Colp)
LL  -0.257 1.112 0.012 -0.026 0.008 -0.033

NLL -0.151 1.059 0.012 -0.034 0.010 -0.040

Wilson Coefficients of Other Operators
Cs" () C" () Colpmn) Ciolm)

LL -0.314  -0.149  2.007 0
NLL -0.308 -0.169 4.154 -4.261
NNLL -0.290 4214 -4.312

e Obtained for the following input:
Uy = 4.6 GeV mt(mt) = 167 GeV
My =80.4 GeV  sin®*fy = 0.23

e Three-loop running is used for o, coupling with A% = 220 MeV

\_
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(-B(B — X5 ~): Experiment vs. SM & 2HDM
[Misiak et al., PRL 98:022002 (2007)

4.5

Expt. [Summer 2013]: (E, > 1.6 GeV): B(B — X,~v) = (3.43£0.21) x 10~

B x 10*

250 500 750 1000 1250 1500 1750 2000
(exp); — — —— (SM); solid (2HDM))]

NNLO SM: B(B — X,~) = (3.15 +0.23) x 104

Ratio=Expt./SM = 1.09 &£ 0.10, Limits most NP models

In 2HDM, B(B —

Xs7) bounds Mpy+ and tan 3

~N
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~B — X, in 2HDM

e NNLO in 2HDM calculated recently [Hermann, Misiak, Steinhauser; arxiv:1208.2788|
L+ = (2V2GFp)Y/?33.

z,g:lﬂ'i(AumUi‘/;'jPL - Admdj ‘/;JPR)de* + h.c.
with PL/R = (]_ + ’)’5)/2
e 2HDM contributions to the Wilson coefficients are proportional to A,L-A;f

e 2HDM of type-I: A, = Ag = —

tan 3
] _ _ 1
e 2HDM of type-ll: A, = —1/A4 = e~
(a) (b)
Y Y
b (b H*
t t --
b s b t°
T g
(d) (e)
8 8
t t g 8
b S t t t
Ht b Hi S
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(-B — X~ in Type-1l 2HDM
[Hermann, Misiak, Steinhauser; arxiv:1208.2788]

BR x 10*

3. 8 L . . ! . . . ! . . . ! . . . ! . . . ] . . ! . . . . ! . . . . ! . . . .
2 4 6 8 10 500 1000 1500 2000

tan 8 My in GeV

o My+ > 380 GeV (at 95% C.L.)
o My+ > 289 GeV (at 99% C.L.)
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Valencia, February 19, 2014 Theory of Radiative Rare B-Decays
LHCb-Workshop, Valencia (page 15)



~ Experimental data

~
Experimental Data on B — V'~ Decays
Branching ratios (in units of 10°%)  [HFAG, Summer 2013]

Mode BABAR BELLE CLEO Average [HFAG]
B — X, 332 + 16 + 30 350+ 15 +41  328+44+28 | 343+21°
BT — K*(892)Ty | 421+14416  425+314+24 376755 +2.8 421+ 1.8
BY — K*(892)% 447410416 401421417 455772+34| 433415
Bt — K1(1270) "y 434+9+9 43 + 12
Bt — K3(1430)"y | 14.5+4.0+1.5 14.5 + 4.3
BY — K3(1430)%y | 122+25+10  13.0+5.04+ 1.0 12.44 2.4
Bt — pty 1.207032 +0.20 0.871 555 0% < 13.0 0.98703>
BY — py 0.9770254+0.06  0.78 £ 0.17 £ 0.09 < 17.0 0.86 4 0.14
BY — wy 0.507035 £0.09  0.407012 +0.11 <9.2 0.4410 1
B — (p,w)y 1.63+029+0.16 1.14+0.20+0.11 < 14.0 1.30 +0.18
BY = ¢y < 0.85 <33 < 0.85
B — J/y~y <1.6 < 1.6
t Calculated for the photon energy range F., > 1.6 GeV

1\ J
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(-B — K*~ Decays ~N
B — K*v Branching Fraction in LO

e In LO, only the electromagnetic penguin
operator 07, contributes to the B —
K"~ amplitude; involves the form factor

K*
T (0)
o_  Gr « ~(0)eff €M (K*) bR\ (o . : .
M= = \/§thVts G g2 T (0)[(Pg)(ee”) — (e7P)(q) +ieps(e”, €7, P, q))

Here, P = plt + p; ¢ = p'y — pli- is the photon four-momentum;
el Is its polarization vector; " is the K*-meson polarization vector

e Branching ratio:

G% |V Vo |?aM?

— 0)eff K*
g () |G ()P [T (0)

B'YY(B - K*y) =7p
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B — K*~ decay rates in NLO
~ v ey N
e Perturbative improvements undertaken in three approaches (QCD-F; PQCD; SCET)

e Will concentrate on the QCD-F and SCET approaches

Factorization Ansatz (QCDF):
[Beneke, Buchalla, Neubert, Sachrajda; Beneke & Feldmann]

_ A
(VHIQi|B) = ti¢y, +t7 ® 67 ® ¢ + O(—22)

my

e (v, (form factor) and @BV (LCDAs) are non-perturbative functions

o t! and t!! are perturbative hard-scattering kernels

th =001) + O0(as) + veey, tH=0(cs) + ...

e The kernels t! and ¢! are known at O(a,) for some time;

include Hard-scattering and Vertex corrections
[Parkhomenko, AA; Bosch, Buchalla; Beneke, Feldmann, Seidel 2001]

- J
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B K*~ D
—B = ~ Decays

Nonfactorizable v, Corrections

08 01—6
S S S [aV)
%) A% %) A%
Ce S e e

e First line:

e Second line:

\_

Os
———m
w O1-6 O1-6

) (d) (e)

hard-spectator corrections

b — s7y vertex corrections
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~ Hard spectator contributions in B — (K™, p) ~

Spectator corrections due to Oy T ol
b ! d b ! d
_ 07 _ N _
d(a) d(1) d(a) d(1)
Spectator corrections due to Oy
(98 08
I I ] ] ] ]
Og L O
g g | |
- - - - ' '
Spectator corrections due to Oy
02 02

| (’)2 02 |

\_
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with data

~ Comparison

\_

. G%a|Viy Vi m2..
Bth<B_>Kfy) - F3‘27:.b4t‘ bpole]\f3 |: (K )} <1— ]\?2
) (O)eff +A(1 ))2
Knio = o wp with 15 <K <1.7
) (K™)
Ba(B° — K*0) ~ (6941.1) x 107° <mb—p1)2 L
4.65 GeV 0.35
K*
+ . - -5 Mppole ) 2 (L )
Bun(BT — K*v) ~ (7.4+1.2) x 10 165 oV 0 3F
o TF7(0) = (1+ O(a:)){(0) 65 Ge -
[Beneke, Feldmann] 030 S
Current Experimental Average 0.25
B(BY — K*v) = (4.33 £0.15) x 107 0-207 /
Rey(K*v/X ) /[
B(B* — K*q) = (421 £0.18) x 1075 04"
Roop(K*y/Xgy) = 0124 + 0.012 010
K* () — A
— T (0) =0.27£0.02 005 e e
= 0.33 £ 0.06 (Lattice-QCD: Z. Liu et
al., arxiv: 1101_2726) 0000 o1 02 03 04 05
7(0)

3
) Ko ‘ Céo)eﬂ-‘

> )
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~ Basics of SCET: B — K™ and B, — ¢~ decays ~

The connection between SCET and perturbative QCD is provided by the method of
regions [Smirnov; Beneke, Smirnov]

A number of different momentum regions appear in the analysis. To identify these,
introduce two light-like vectors n4

n* = (1,0,0,1), a* = (1,0,0, —1), satisfyingn? =n®* =0and n - n = 2

The outgoing K™ is assumed to be along the nn_ direction, and define . such that
the velocity of the b quark is given by
N4V n_v

2 + n’_f_

n
B 2

vt =n

To perform the expansion in 1/my, we define the parameter A2 = (pg — myv)?
and the dimensionless parameter A = A/m;, < 1

The regions are classified according to the scaling of their light-cone components
with the expansion parameter A
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e Denoting the light-cone components of a generic four-vector p by (nyp,p.,n_p),

the relevant momentum regions are
Perturbative

hard
hard-collinear

Non-perturbative

soft
collinear
soft-collinear

mb(la 1, 1)
mb(la \/Xa A)

mb()‘a A, A)
mb(la A, )‘2)
mb(>‘a >‘3/2a >‘2)

e Momentum scales: m? ~ 5 GeV? (“hard"); myAqcp ~ 1.5 GeV?
(“hard-collinear”); A2 ., ~ (0.5) GeV? (“soft, collinear)

QCD

e Factorize the two perturbative scales m; and m;A using a two-step matching

procedure QCD — SCET; — SCET;

e In the effective theory, contributions from the perturbative regions are encoded in
Wilson coefficients of operators built from fields representing the regions of lower

virtuality

~N
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~ Effective Fields of SCET

e Hard mode (h)
P~ E(1,1,1), integrated out in QCD — SCET;

e Hard-collinear mode (hc)
P ~ E(1, VA, A), integrated out in SCET; — SCETy,

Ehe ~ VA Ape ~ (1L, VA N)
e Power counting
€hc — Q%Tdf‘phc —
[ da e+ (O] T {€he(2)Ene(0)} 0) = WE(Z) T _ imp

d*z ~1/d*p ~ A2 PP~ A R-p~1= €~ VA

e Collinear mode (c)
P ~ E(1,),A?), long-distance mode, &, ~ X A, ~ (1, A?)

e Soft mode (s)
P ~ E(X, A\, Q\), long-distance mode, g5 ~ A¥2 A, ~ (A, A N)

\_
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(-SCET approach to B — K™~ decay ~

e The objects of interest are the hadronic matrix elements ( K*~|Q;|B)

e First matching step: the hard scale m? is integrated out by matching the operators
QQ; onto a set of operators in SCET;

e For B — V', the matching takes the form
Qi — A, CATA + A;CPY % B + A,CP2 5 JP2

e The momentum-space Wilson coefficients depend only on quantities at the hard scale
m;. The exact form of the operators J@® js:

J4 = (Eth) g1 (1 — vs)hy,
(éWhC) ¢J-'Ahc¢(1 + '75)hv9
TP = (EWhe) Anc, ¢1(1 + 75)ho

<
=
I

e The operators contain a hard-collinear quark field &£, a composite object Aj,., which
in light-cone gauge is the hard-collinear gluon field, and W}, a Wilson line

e In SCET the b-quark field is treated as in HQET

e The B-type operators are power suppressed in SCETY, but contribute at the same
order as the A-type operator upon the transition to SCET;

- J
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~ Defining 1.

Introduction

Wilson lines

4192 On
Pb p ) Pb )

Hard-collinear Wilson line

y
Wi = P exp (ig/ dsn- Ahc(sﬁ)>

g = (&cWie)Mhy

Q X = Wgcfhcz collinear gauge invariance

Ahmed Ali B — K*¢T ¢~ decay in soft-collinear effective theory

\_
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(-SCET factorization formula for B — K* ~
[Chay, Kim '03; Grinstein, Grossman, Ligeti '04; Becher, Hill, Neubert '05]

(VA|QilB) = A;C%v, + (AiCP' R j1) ® ¢ ® ¢F

o (v, dY, qbf are matrix elements of SCET operators
e Hard-scattering kernels ¢!, ¢! = SCET matching coefficients
tl = A,C%(my); tT = A,CP'(my) ® 51 (/mwA) (subfactorization)

e Derivation of factorization in SCET
1) QCD — SCETy: Integrate out my,; Defines vertex corrections A,CA = tf

Q; — A, CA(my)J?* + A;CPYmy) @ TP + ...
2) SCETy — SCETy;: Integrate out /mpAqcn; Defines spectator corrections
JBY — 41 (vVmwAqep) ® OPSCETIT (Aqep)

3) Large logs in t!1 resummed by solving RG equations

[A:CBY @ 51] = [ACP (un) @ U(ptn, fine) ® jo ()]

\_
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B — K*~ in SCET at NNLO

(-
[ Pecjak, Greub, AA '07]

Vertex Corrections

(H) cAM aZ(p)

—SV A CA®2)
(47)?

A,CA = A,CAO A, 4+ &

e Contributions from Oy and Og exact to NNLO O(a?)
e Contribution from O exact at NLO O(ca;s) but only large-3p limit at O(a?)
Spectator Corrections at O (a?)

t,fl(l)(’ul, w) — AiCBl(l) ®-]_(LO) + AiCBl(O) ®-]_(L1)

e Status of O(a?) Calculations
e The one-loop jet-function gJ_) known
[Becher and Hill '04; Beneke and Yang '05]

e The one-loop hard coefficient A7;CB*™) known
[Beneke, Kiyo, Yang '04; Becher and Hill '04]

e The one-loop hard coefficient AgCB*™M) known
[Pecjak, Greub, AA '07]

o A;CPB(Y) (3 =1,...,6) remain unknown (require two loops)

\_
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Greub, Pecjak, AA (2008)

el

~ One-loop corrections to spectator scattering with Og

%w’

PN

v T
D
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(-Estimates of BR(B — K*~) in SCET at NNLO

[ Pecjak, Greub, AA; EPJ C55: 577 (2008)]
Estimates at NNLO in units of 10~°

B(BT — K*t~) = 4.6 + 1.2[Ck-] £ 0.4[m.] & 0.2[Ap] £ 0.1[y]
[Expt. 4.2 4+ 0.18 (HFAG 2012)];

B(B° - K*°v) = 4.3 + 1.1[Cx~] £ 0.4[m.] & 0.2[Ap] £ 0.1[y]
[Expt.: 4.33 4= 0.15 (HFAG 2012)];

B(B; — ¢v) = 4.3 £ 1.1[Cg] £ 0.3[m.] & 0.3[Ap] &= 0.1[y]
[Expt.: 5.711¢ + 1.1 (BELLE); 3.5 4= 0.4 (LHCb)]

Comparison with current experiments

o BBIOK TN _ 1 10 4 0.35[theory| £ 0.07[exp]

B(BtT—>K*tv)exp
0 *0
. Blngij*‘glyN;:;O — 1.00 % 0.32[theory] % 0.07[exp]
o BBsmdnnro _ 9 93 4 (.32[theory] & 0.11[exp]

B(Bs—¢®Y)exp
e Theory error is about 30%; dominantly from {y,, m. and Ag; SM decay rates in

good agreement with the data

\_
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~ Photon Polarization in Radiative B-Decays

SM predicts that photons are mainly left-handed in b — ¢v (¢ = s, d) decay
Define the ratio (¢: weak phase, §: strong phase)

AR — A(B:O — fq/YR)
AL B A<BO — fq7L>

If one assumes that the dipole operator (O;) is dominant, then r, = m,/m;, < 1 in
the SM [Atwood et al. (1997)]

However, in the SM, the dominant contribution to r, in inclusive decays b — (s, d)~y
arises from QCD corrections, dominated by the four-quark operator (O,)

In exclusive decays, such as B — K*y, B — pvy and BY — ¢, r, arises from power
correction of O(Aqcep/my) [Grinstein et al. (2005)]

Time dependent C'P asymmetry in B — f~, with f a C'P eigenstate, is sensitive to r

L[BO(t) = fy] = T[B(t) = [
C[BY — fy]+ T[B(t) — f4]
=S¢ sin(Amt) — C'y, cos(Amt)

e In the SM, ¢, and C,., are suppressed by |(VipVis)/(VisVis)|
Sty = —21r5c080,5in 203
g
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~ Photon Polarization in inclusive decay B — X

Y gg@ )
Leading contribution to the inclusive decay B — Q
Xsvr is of O(ay), arising dominantly from the

bremsstrahlung contribution to the matrix ele-
ment of the operator (O,)

b S

This diagram yields equal rates for X,v;, and X v and the quantity r, can be
obtained by integrating the double differential rate dI'55™s /dE. E, [Greub, AA (91)]

brem *
ng ) ~ 0025 ’ FO — G%‘|%b%8|2aem C’? mg
Fo 327’(4

At lowest order in gg: (r)| _ .. = \/Fg;rem)/(ZFo) ~ (.11

Need to know the strong phase cos d, to determine Sx_ .. An estimate obtained from
the absorptive and dispersive parts of the inclusive result yields a large strong phase
cos? §, ~ 0.3 [Grinstein et al. (2005)]

Current Measurements based on the K, 7"y final state with
1.1 GeV < m(K,mY) < 1.8 GeV yield [BABAR & Belle, (HFAG 2012)]

Sx,y = —0.15£0.20: Cx = —0.07£0.12
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Photon Polarization in Exlusive decays B(Bs) — K*(¢)y

e The first step is to match the effective Hamiltonian in QCD for b — s to the
effective Hamiltonian in SCET;

~N

4G
Heg = ——F VoV ZC

GrVip Ve
Heff(SCET) — ]z/%bﬂ_;s - E’Y|: ( ) Sn wA bPL

b (wi) OUD(w,) + by plwi) OB () + (9()\2)] |

e The photon momentum is ¢, = I, n,, the collinear s quark moves along n,,, and Alf
denotes the transverse photon field.

e The operator in the first line in H.g(SCET) occurs at leading order in A = /A /my,
with its Wilson coefficient c(w) = C7 + Olas(my)]

e The operators in the second line are the only SCET; operators suppressed by A that
couple to a transverse photon and are allowed by power counting and s chirality

1 .
O(lL)(wl,wg) = §n,w11§{L[ﬁ Pzgl?ﬂwPva

1 .
O(lR)<w1,wQ> = En,wl [Wz’gﬁi]o&ALPva
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where igB? = [n - iD,.,iDY | is the collinear gluon field.

e The operators O('2) and O couple only to 7y, g, respectively. Their Wilson
coefficients are

blL(wl,wg) = C7+Cg/3+(9[03_6,048(mb)]
bir(wi,wa) = —C3/3+ O|Cs_¢, ag(my)]

e The complete calculations for g+, 7, and r, in SCET are both technical, and not

worked out completely. Following estimates are based on dimensional arguments
[Grisntein et al. PR D71, 011504 (2005)]

1 Cg AQCD

Y — —

~ 0.1
3 07 my

I‘¢N7”K*

2

VbV m Aqep
Y * 1 U COO _C C 4
ot (1 2 (G g+ Conn 58

o ('oop term is due to the non-cancellation of the u and c-loops, Cwa term arises from
the weak annihilation. Expect r, similar to 7«

e Current Measurements [HFAG 2012]

Skry = —0.16+£0.22; Cg+y = —0.04£0.14

\_
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~ Summary

~N

Thanks to dedicated experiments and progress in theoretical techniques (Pert. QCD,
Lattice-QCD, QCD Sum Rules, Heavy quark Expansion, SCET), rare B-decays are
under quantitative control, but the precision varies between (10 - 30)%, dominated
by the imprecise knowledge of form factors in exclusive decays

Rare B-Decays provide invaluable constraints on Beyond-the-SM Physics; we
discussed briefly 2HDM in B — X~ and right-handed polarizations in inclusive and
exclusive radiative decays

In particular, the amplitude ratios rx ~, Tk=*, 7, and r4 have to be measured
significantly above 0.1 to establish right-handed currents, which will be discussed by
the next speaker

We look forward to new data from the ongoing and planned experiments at the LHC
and the Super-B factories
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