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r~ Interest in Rare E Decays

e Rare B Decays (b — sv.b — sf1¢,...) are
Flavour-Changing-Neutral-Current (FCNC) processes
(|JAB| = 1. |AQ| = 0); not allowed at the Tree level in the SM

e FCNC processes are governed by the GIM mechanism, which imparts
them sensitivity to higher scales (1124, miy) and the CKM matrix
elements, in particular, Vi;:1 = d. s.b

e FCNC processes are sensitive to physics beyond the SM, such as
supersymmetry, and the BSM amplitudes can be comparable to the
(tW)-part of the GIM amplitudes

e Last, but not least, Rare B-decays enjoy great interest in the ongoing
and planned experimental programme in heavy quark physics (CLEO,

BABAR, BELLE, CDF, DO, LHC, Super-B factory)

\

i L, -
CERM, Jun= 4, 2003 Rare 5-Decays = Probes of BSM Physis  (page 2)



~ Plan of Talk

e The standard candle of Rare B-decays: B — X.v
e Benchmark exclusive radiative B-decays: B — K™y & B, — ¢~y
e Inclusive semileptonic Rare B-decays: B — X £T¢~

e Benchmark exclusive semileptonic B-decays: B — K(*)¢t¢— &
B, — ¢fT€~

e Rarest of the measurable Rare B-decays: B, — ptpu~

e Summary

\
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~ The Standard Candle: B — X v

Interest in the rare decay B — X .+ transcends B Physics!

e Already well measured; more precise measurements anticipated at B- and
SuperB-factories

Theoretical Interest:

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

e First estimate of B(B — X.,v): Misiak et al. (17 authors), hep-ph/0609232

e Analysis of B(B — X .v) at NNLO with a cut on Photon energy,
T. Becher and M. Neubert, hep-ph /0610067

e Non-perturbative effects under control thanks to HQET

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

e A crucial input in a large number of precision tests of the SM in b — 2 processes,
such as B — X _ €+€~—

\
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The effective Lagrangian for B — X.v and B — X_£1£~
AGF . 10
L = )
V2 o
(g =u,d,s,c,b, I =e,p) =1
( (5T ;c)(I'b). i=1.2, |C; ()| ~ 1
(5T;b)%,(qT’q). i =3.4,5,6, |Ci(mp)| < 0.07
Gi = 4 fglb SLJ#UE}RFFU 1 = 75 Gf(mb) ~ —0.3
g 5 o T°bpGe, . i =8, Cs(mp) ~ —0.15
1572(31,"}"#5[,)(!"}" “rf) %' — g, 1'[' |Cfl(mb)| ! 4
Three 5tep5 of the calculation:
Matching: Ewaluating Ci(pn) at pn ~ My by requiring equality of the SM and the
effective theory Green functions
Mixing: Deriving the effective theory RGE and evolving C;(pe) from pg to pg ~ 1y
Matrix elements: Evaluating the on-shell amplitudes at gy ~ 11y
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r~ Wilson Coefficients ~

Wilson Coefficients of Four-Quark Operators

Cilpe) Colps) Calps) Culps) Culps) Calps)
LL 0257 1112 0012 -0026 0008 -0.033
NLL -0.151 1056 0012 -0.034 0010 -0.040

Wilson Coeflicients of Other Operators
*ws) Cg"(ps) Colps) Crolpe)

LL -0.314 -0.149  2.007 0
NLL -0.308 -0.169 4154 -426l
NNLL -0.290 4214 -4312

e Obtained for the following input:
up = 4.6 GeV (1M ) = 167 GeV
M- = 80.4 GeV sin” @y = 0.23

e Three-loop running is used for o, coupling with "LH; 220 MeV
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(—E(E — X

e Experiment

e NNLO SM:
(Parametric

\

:7): Experiment vs. SM & 2HDM ~

[Misiak et al., hep-ph/0609232]

R A e n h T TR Tt B L 1B IR IR I I B AR IR

2.75
. Mg+ [GeV] 1
250 500 750 1000 1250 1500 1750 2000
[+ (exp);, ———— (SM); solid (2HDM)]

(Ey > 1.6 GeV): B(B — X,~) = (3.524+ 0.23 4 0.09) x 10~*

B(B — X.~) = (3.15+ 0.23) x 10~*
Update: (3.30 &£ 0.24) x 10—* Gambino, Giordano [arXiv:0805.0271])

e SM is below the experiments by about 1 o

e In 2ZHDM, preferred value is Mg+ == 850 GeV
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(—95% C.L. Lower Bound on Mg+ in 2HDM from B(B — X, ) \
[Misiak et al., hep-ph/0609232]
04 xxk Y '"hx \ I—IH}EDE;"'RIG eV
ll"-. b "". \ "..
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A \ l"-. h \
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e 95% C L. lower bound is arcund 295 GeV
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~ Minimal Universal Extra Dimension Scenario and B(B — X, ) —
Buras et al. [hep-ph/0306158]; Haisch, Weiler [hep-ph/0703064]
® In the simplest of these scenarios, the Appelquist-Cheng-Dobrescu (ACD) model, the
SM is extended to 4 + 1 dimensions, with the extra dimension compactified on an
orbifold with radius B for B — 0, SM is recovered

e For each SM field (dem:nted as zero mode, n = D], there are infinite towers of KK
modes (n > 1); also additicnal physical scalars exist L:,Dm and L:f“

e For SU[E}L doublets, the KK modes are O for U[l}-singlet fields ug and dg, the
KK modes are I4 and 17; Gl_jfn.l are the KK partners of WT
o H=UED has the same operator basis as HIR hence, only Wilson coefficients
(Inami-Lim functions) are moditied; Ci(x:) — Ci(x: 1/ R)
One-loop corrections to B — X in mUED model

~ ~
-

L E Dny M=
d--- --.- - . e
- - e - - o - W &
= S = - = T
e . .
o —— o —— o ""’—;——
o, o i L e 4 = .’.F-"-'"‘-"
= - |
e o~ e
- am. -— -‘_\_ L - 4 T -
= o = , = - g_
g e TE e Can —t
a a a
~ "
T T TER - s
.
—— = - ol TE
= —_ = Rt
g e i ™ .-—
E-

\ J

i L, -
CERM, Jun= 4, 2003 Rare 5-Decays = Probes of BSM Physis  (page 9)




r~ Minimal Universal

-

Extra

Dimension Scenario and B(E — X,7)

Haisch,Weiler [hep-ph/0703064]

2.1a

— 1/R > 600 GeV

BB — X ), 0]

e O KK modes & NNLO SM contributions and H(E — X )exp
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— K
E — K7y Decays ~N

B — K™~y Branching Fraction in LO

e In LO, only the electromagnetic penguin
operator (7-, contributes to the B —
I~ amplitude; involves the form factor

7% (0)

I.'."F ,leﬁ'fT (R LW :
Vi Vis C T] |uﬂLPLue: | —(e"P)le Lw+¢epﬂf,h,fﬁuﬂ

9 ' T2

\.’TLD _
W

Here, P* = v + 1} ¢" = p"" — [ 1s the photon four-momentum;

e* is its polarization vectur =" is the K"-meson polarization vector

e Branching ratio:

GL| ViV, | 2aM®

32w

B (B — K'y) =18

m? (us) |C5°F ()2 |TY5 7 (0, pv)|?

J
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r—-B — K™+ decay rates in NLO
e Perturbative improvements undertaken in three approaches (QCD—F; FPRQCD: SCET]

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

Agep )
my

(VH|Qi|B) =t ¢y, + 1" ® ¢ ® ¢ + O

o (y, (form factor) and @F-V (LCDAs) are non-perturbative functions

e tf and t11 are perturbative hard-scattering kernels

ti = O(1) + O(a,) + wey  tH1 = O(a,) + ...

o The kernels t! and ¢17 are known at OQ(e.) for some time;
include Hard-scattering and Vertex corrections
[Parkhomenko, AA; Bosch, Buchalla; Beneke, Feldmann, Seidel 2001]

\
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SCET factorization formula for B — K* ~

-~

[Chay, Kim '03; Grinstein, Grossman, Ligeti '04; Becher, Hill, Neubert '05]
(V~|Qi B) = A C4Cy, + (ACPl@ij )R eY ® @f

* (v, @Y, @F are matrix elements of SCET operators

IT
W T

e Hard-scattering kernels ¢f = SCET matching coefficients

tf = &iﬂﬂ{mb); tf = A;CFYmy) ® o(/myA) (subfactorization)
e Derivation of factorization in SCET
1) QCD — SCETy: Integrate out my,; Defines vertex corrections A,CA = tf
Q: — A;CA () T4 + A,CP (my) @ TP + ...
2) SCETy — SCETyy: Integrate out v MpAqep: Defines spectator corrections

JEY — j) (vVmeAgep) ® OFFSCETT (A oop)

3) Large logs in t resummed by solving RG equations

[ﬁz‘ffﬁl ® o] — [ACP (pn) @ U(ptny pthe) @ 5o (ftne)]

\
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B — K*~ in SCET at NNLO

[ Pecjak, Greub, AA '07]
\ertex Corrections

2
ACA = A,cA® (A, 4+ P A cac | %) 4\ cae
4 (4m)?

e Contributions from O¢ and Og exact to NNLO O(a?)
e Contribution from Os exact at NLO Of(exs) but only large-3q limit at O(a?)
Spectator Corrections at O(a?)

t:flilj {.ui w} — ﬁicﬁlﬂlj E‘jiﬂj + ﬁicﬁl{ﬂj R 35_1:'

e Status of O(a?) Calculations

e The one-loop jet-function jE_lj known

[Becher and Hill '04; Beneke and Yang '05]

e The one-loop hard coefficient A-CEL) known
[Beneke, Kiyo, Yang '04; Becher and Hill '04]

e The oneloop hard coefficient AgC B known
[Pecjak, Greub, AA '07]

e A;CP (§ = 1,...,6) remain unknown (require two loops)

J
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~ Estimates of BR(B — K*~) in SCET at NNLO

[ Pecjak, Greub, AA '07]
Estimates at NNLO in units of 10—®

B(BT — K*"tv) = 4.6 & 1.2[Cx-]| £ 0.4[m.] £ 0.2[Ag] £ 0.1[y]
[Expt. 4.03 £ 0.26 (HFAG 2008)]

B(B" — K*"y) = 4.3 4+ 1.1[Cx-] £ 0.4]m_] 4+ 0.2[Ag] £ 0.1[x]
[Expt.: 4.01 £ 0.20 (HFAG 2008)]
B(B. — ¢y) = 4.3 + 1.1[Cs] £ 0.3[m.] & 0.3[Ag] £+ 0.1[y]
[Expt.: 5.773% (BELLE)]

Comparison with current experiments

BBt K+t
BT R ANIC = 1,14 £ 0.35[theory] £ 0.07[exp]
. Hé?é:‘jﬁ}iﬂ = 0.8 £ 0.2[theory| £ 0.3[exp]

e Theory error is about 30%; dominantly from (v, . m. and Ag

\
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~ B — K*y & B, — ¢y decays in the mUED scenario
P Colangelo et al., arXiv:hep-ph /0604020 & arXiv:0709.2817 [hep-ph]

aG%

g

B(B, — 1) = [Tf’*‘-“‘m:: ] ‘ e

F~ ()] I,

B(B — K'y) = 75 o5 VaVia P m} | O (g, 2, 1/R) P |TF = (0)? M3 [1 = m. /M3’

3

&
J2 2
ﬂfEd - mI{*D

"B: BB, — K%
8,

MZ —m? r

Transition form factors are estimated by the LCSR method

T

Ir

I

BR(M-K y)x10°
BR(B,—dy)x10°

L g 00 Ll S -

1
= (Gev)

L/R (GeV)

1/R = 400 GeV 1/R > 350 GeV
\ J
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~ CP Asymmetry in B — K* %y and BY — ¢~ Decays at LHCb

~

Time-Dependent CP-Asymmetry in B(ﬂs) — Vi~

e Time-dependent decay width
ALt 4% sinh ol

-y v -

O S0 ' i t 2 Y il A AT+
CIBJ(BY) — f“F4] oc e™Te! |cosh =+ Come(AMt) F Ssin(A M)

e Time-dependent CP-asymmetry in the E’E — V'~ decays

Ao (8] T[E — V) — T[Bg — V) Ssin(AMt) — Ccos(AM)
Ao () — A5 _ . .
o T[E‘E — V) + T[Bg — V) cosh(ATgt/2) — A% sinh(ATt/2)

e In the SM (with 7' being the fraction of “wrong” polarization)
C=0 (direct CPV) S =sin(2¢)sing A= =sin(27)cosé
e B-factories measured CP-asymmetry A-p(7) in BD — KK 79
C=-003+£014 S=-01940.23 [HFAG, 2008]
o As AT'. # 0, decay BEY — ¢ probes A~ as well as C and S
e LHCb projected sensitivity in BE — ¢y o(A®) =0.22; o(S,C) = 0.11
e SM (pQCD): Wang et al. (arxiv:0711.0432)

CEREM, Jun= 4, 2003
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~ B — X1t ~
e The NNLO caleulation of B — X 111~ corresponds to the NLO calculation of

B — X7y, as far as the number of loops in the diagrams is concemed.

e Wilson Coefficients of the two additional cperators

l'.

0, = laﬂﬂ(gﬂpbf,)(fw“ﬁ.ﬁz), i=9,10
have the following perturbative expansion:
4 (—1 0 g (pe) (1)
Co(p) = s () + ' (p) + () + ...
as(p) m
: ¥ 5 ﬂfflv N
Chin = Gig:l M{‘jﬁj

e After an expansion in a., the term C’é_lz'[,u] reproduces (the dominant part of) the
electroweak logarithm that originates from photeonic penguins with charm quark loops:

l'. ﬂ
4 4 M- b 1.2 ¢
t“_'T :' (my) = = In—% + O(a,) - -
o, (my) 9 m; O
CSH(me) 20033 <1 = 2505 (me) =2 "
On the other hand: E‘E":*D:'(ﬂtb) ~ 2.2; need to calculate NNLO //\\

\ J
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K—Cnmparlsnn of B X_£7f with Data ~N

e B — X_¢+¢ decayrate

B(B — X, 7€ )(Mg > 0.2 GeV) = (4.50710%) x 107° [HFAG'07]

SM : (4.24+0.7) x 107% [AGHL'01]: (4.6 4+ 0.8) x 107° [GHIY'04]
e Differential distributions in B — X €~

e M (X ,)-distribution: tests 8 — X, fragmentation model; FMs provide reasonable
fit to data; improved thecretical distributions calculated in HQET more recently [Lee,
Ligeti, Stewart, Tackmann 2006]

g’ = ﬂféf_—dii.tributi@n away from the J/4b, 9, ... resonances is sensitive to
short-distance physics; current data in agreement with the SM estimates but the
precision is not better than 25%

e Forward-Backward Asymmetry (FBA) is likewise sensitive to the SM and BSM
effects, in particular encoded in the Wilson coefficients Ty, Cg and Ty

Agpg(8) ~ Cp(2C7 + Cu(8)8): 8 = qﬂfﬂ*{;

o Apgp(£&) not yet measured; possible only in experiments at B factories

\ J
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~ Dilepton invariant mass distribution in B — X_/1/—: ~

[Ghinculov, Hurth, Isideri, Yao 2004]
e — e
107 x “TE: \
dg-

(GeV™?) 4| \

q° [GEVE:]

[ ]

e BR(B — X ¢t¢~): q*® < [1,6] GeV?* = (1.63 £ 0.20) x 10~
e BR(B — X .£1¢7): ¢* > 14 GeV? = (4.04 £ 0.78) x 107
e BR(B — X ¢té): q*> 4?11;-: = (4.6 = 0.8) x 1075,
in agreement with the other NNLO analysis [AA, Greub, Hiller, Lunghi 2001; Ecbeth,
\_ Gambino, Gorbahn, Haisch, 2003; Huber, Lunghi, Misiak, Wyler 2005] Y.

(]
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r~ Decay distributions in B — X_(t(~
Mge and M x, Spectra

[BELLE] [EABAR]
ARNRLEER] LLLEN LALAN LAL= "IN DL LN B L LA B L
s | @ 3 @
zo0 [ T 1
— -~ g _
kS -
= - a -
; o A
L5 "_,'-. E' '_'..-\.
=] [T} I
p ] &
g ; x
o = S
i 3
gg : <
A @
E D 1 1 1 ﬂ
i} 0.5 1 - 1.5
M, (G i) M, (G i) m,, ( GeVic )

e In agreement with the NNLO SM calculations

\

(b)

T
(D

4] 1 2 3 4 5

m, { GeVic' )
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r~ NNLL Forward-Backward Asymmetry in B — X_£T£€~

[Asatrian, Bieri, Greub, Hovhannisyan; Ghinculov, Hurth, Isidori, Yao
Mormalized FE Asymmetry

fl d’T (b—X, £+£7) sgn(=) d=

HFB(-@') — —1 da d=
1 4dET(b—X, £+
f—l ( L d=

ds dz

Unnormalized FE Asymmetry

AT b X, £
A fil d°T(b ﬁﬁzﬁg ) sgn( =) d=
Ars(3) = T(B — X.e.) SRl

fi (b — X, ) 3 dx — (aem)” CrmheoeVaVal | o
—1

dadz 4T A8 79
) ) _ e Re(CE ey (4 (

X [ 35 Re(CEfCeff (1 +

¢ NNLL Contributions stabilize the scale (= ) dependence of the FE Asymmetry
AYEL(0) = —(2.51 £ 0.28) x 107%; AT (0) = —(2.30 £ 0.10) x 10—°
e Zero of the FE Asymmetry is a precise test of the SM, correlating E?.?ﬁ and E:ng

SHLL — 0.144 £+ 0.020; S[™LL = 0.162 + 0.008

\

)
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Normalized FB-Asymmetry in B — X 1/
05 r [Ghinculov, Hurth, Isideri, Yao 2004
Are(q’) | S—
d-r-"”ﬂ_’___f_
03 - e
0.1
F
-0.1 \\
0.3 —
05 . .
Q il 1 10 15 20 q° (G E-"H" _}
- 5. 1 d*B(B — X (+¢-) :
A ") = - 5 - d cos & '_j - “sgnfcos Be)
7E(T) = JRBE = XL0+0-) [d? /_1 st T e (st
e fero of the FB-Asymmetry is a precision test of the SM
% = (3.904+0.25) GeV* [Ghinculov, Hurth, Isidori, Yao 2004]
B = (3.7640.2%p00 £ 0.2 L, ) GeV?  [Bobeth, Gambino, Gorbahn, Haisch 2003]

J
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~ Minimal Universal Extra Dimension

16
.15?
.145
.135

12

and B(BE — X, (t¢)
.lﬁ:"-""
.15?

SEY

.12

A

Buras et al. [hep-ph/0306158

13/

00 400 500 &S00 Too 200 200 lIIIII:II:I
R [GeV]

1.7 1.8

(Br(B — X.v) = 104)%
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Exclusive Decays B — (K. K*)¢T¢~
("‘ y

¢ B — K (pseudoscalar P); B — K* (Vector V') Transitions inveolve the currents:

]._'i; — EHF'}.-L(J' o Hfﬁ)b* ]-_'i — Eﬂ'#yq“{l + lelﬁ)b
(PIT%|B) > £,(a*), f-(a*)
(P|T,|B) > fr(q*)

(v

I'.|B) O V(g*), Ai(q*), Aa(q?), Aa(g?)

(VIT?|B) D Ti(q*), T2(q*). Ts(q*)

e 10 non-perturbative g*-dependent functions (Form factors) = model-dependence
e Data on B — K™ provides normalization of T3(0) = T5(0) = 0.28

e HQET/SCET-Approach allows to reduce the number of independent form factors

from 10 to 3; perturbative symmetry-breaking corrections [Eeneke, Feldmann, Seidel;
Beneke, Feldmann]

o HQET & SU(3)y relate B — (m, p)fre and B — (K, K*}E"‘E‘ to determine
the remaining FF's

\ J
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~ Experimental data vs. SMin B — (X, K. K*){T{~ Decays —

Branching ratios (in units of 107°)  [HFAG: April 2008]
SM: [AA., Greub, Hiller, Lunghi hep-ph/0112300]

Decay Mode Expt. (BELLE & BABAR) | Theory (SM)

B — Kt~ 0.39 £ D.06 0.36 = 0.12

B — K etem | 1131033 1.58 + 0.40

B — K*ptu~ | 1037537 1.19 £ 0.39

B — Xoptp | 43t 142407

B — X, ete 1.7+1.3 1.2 +0.7

B — X_0+(— | 4507757 12407
e Inclusive measurements and the SM rates include the cut A+, = 0.2 GeV
e SM & Data agree within 25%
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~
AA, Ball, Handoko, Hiller; hep-ph /9910221
e NP contributions coded in F;(u); 1=7, 9, 10

Dilepton mass-Spectrum in B — (K, K*)£T¢~ in SM and SUSY

¢ SM (solid); SUGRA [R; = —1.2] (dots);
e MIA [R: = —0.83, Ry = 0.92, Rjp— 1.6] (dashed)

| - T
[
T i
: - i
1 ' f - 3 A
- § | Ed I o . !
= A i = J g
) l'.f’/’ll"\ ) 5 M-JL" b
—= H"'\\_u
P P A R S W L 1
a b o IG 0 o
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~ Leading order in 1/m; and all orders in a;

B — K*ete— decay BCET foarmulaea Phenomenokgical discussion

The factorization formula in SCET

(Ka €527 |Hen| B) =Ta(q7)¢a(q%)+

2 f L s w) I a6 () T, )

where a =||, L denotes the polarization of the K* meson

@ formally coincides with the formula in QCD Factorization
[Beneke/Feldmann/Seidel 2001]. but valid to all orders of ag

@ for T" the logarithms are summed from w = my to /My

@ Compared with BFS. the definition of || is also different here

Ahmed Ali B — K* £+e— decay in softcollinear eflective theory

\

[AA, Kramer, Zhou; hep-ph /0601034

_'\.1
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r~ Reduction of Scale Uncertainty in SCET

B — K*ete— decay SCET formulae  Phenomerakgical dscussion

Forward-backward asymmetry

g[GevT]

1 1 1 1 1 1 1
= ., 1 ® - v =

Argl(g3) = 0 free of hadronic uncertainties [Burdmanigga, Ali et al., 2000]

4

g2 = (4.07212) GeV2 with AlgE)ecae = 122 Gee

—2.13 —.a35

QcD-F

gs = (4291528 GeV= with A(gS)ocqe = +0.25 GeV=

—0.35

Ahrnad Al B8 — K *ete— decay Insot-colinearetectva heary

\
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~ Belle FB Asymmetry Distributions (EPS 2005)

g . E I ST R I A L
E'I:_ ] E'I: _+_E: Pl 1
i'l::I.S_— - i’D.S_— E‘ P
£ £

L] 1
H : 1 —
- H H . - ¥ pme— .
F IR S S S [ S ] g | P :
o T 0 f—x —i — =
i - - 1 i P Dol i

. L) - |- .
- - . H = | - v C ]
2 I I . a negative A: | I
-l T T oo Dol
il NI N EES-EREE- ERE-TL NN SRR T AN | N i ' NI B AT - A - I R A A i
a 25 S§ 75 10 125 15 175 20 225 25 a 2 4 = = w12 14 e e 20

g GeVIc q GV

[T T TR
[T T TR

' .
_— H H I -]
- " '

SIS0 o o S B R ;
i positive At

Best Fits
o A =-033 Ap/d; =—-163133 Ap/4. = 103452
o A, =+0.33: Ap/A: = —16.3F30 Ay /4. = 111157
o SM: Ay = —0.33; Ao/Ar = —12.3; Ap/Ar =128

J
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. . . . % g+ g—
(—Angular Distributions in B — K74 ~

[Kriiger, Sehgal, Sinha, Sinha; Fassler et al.; Kriiger, Matias; Safir AA]

¥
b

=+

Angular Distributions

e Ox: angle between the K- and B-momentum directions in the K* rest frame
A — o 3Frcos® Ok + (1 — Fr)(1 — cos® k)

dcos 85
e Determines Fr, the K™*-longitudinal polarization

e 8, angle between the £1(£~) and B(B)-momentum directions in the £+~ com.

frame
'~ %FL(l — cos® 8;) + %(1 — F1)(1 + cos? 8,) + Agg cos8,

dcos B
e Determines App

\
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Kriger, Matias

-

(FSM Predictions for F; & Frin B — K*¢T¢™
FT — 1 — FL

(Based on QCD-Factorization framework [Beneke, Feldmann, Seidel] with £, (0) varied
between 0.24 and 0.35)

J
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r~ BABAR’s measurement of the angular distributions in B — K*¢+¢£~

B. Aubert et al. SLAC-PUB-13133 [arxiv:0804 4412]

1

o E =]
125 18) as
|
aa L= -
- I W .
k 0.4
a2
B2 a4 & @ 10 12 14 18 18 20
b 2 4 ®& 8@ 10 12 14 18 18 za ¢ [GeV-ic]

o Low-g* region (meg < 2.5 GeV)
Apg = 0.24135 +0.05; Fp = 0.354 0.16 + 0.04
[SM: Agg = —0.03 £ 0.01 (Huber, Hurth, Lunghi); FL = 0.63 &£ 0.03 (Krtiger,
Matias)]
e High-g* region (me > 3.2 GeV)
7B = 0.76705; £ 0.07 . Fp =0.71733; £ 0.04
[SM: App = 0.26 £ 0.017;72 (AA Ball Handoko, Hiller; Hovhannisyan, Hou,
Mahajan); Fr = 0.40 4 0.03 (Kriger, Matias)]

e Measurements not yet quantitative

\ J
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~ LHC-

From Toy MC

¢ 2fb (401 1.2) GeV?

 1fe ' (40 £ 0.5 GeV?

0.8
0l Lepiia

- bl EH P A EF TR ]
a3 — FLia FBA

aQ

-'EI.E_ +
-l:l.-'-'II_— | |

1 1 1
O 2 4 &6 8B 13 12 14 16 18 30

%17 273 4's 87 8
siGevnz) s (GaVA2)
Typical Apgi~) maasurament Spread of s

FHArPeTONg e —mrmsemlentinand i wive 1 ey R A -p1t

\ J
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(—.ﬁ.B — 1 effective Hamiltonian with (NP) parity-flipped operators

Bobeth, Hiller, Piranishvili [arxiv:0805.2525]

Relevant for b — s+ and b — sll cbservables

\

1& u - - wre T T
He = V; 1V 1s (Hm + A H&rﬁj) : Auw =V Vi Ve Vs
10
HE = C105+ G105+ Y GO+ Y ClOl, Hiy = C1(05 — OF) + Co (05 — 0%)
=3 =7 8.10
[ c
T = [_-I:ll_r::ljﬁb[gﬂ-PPFRE]FPL’? @l::— == [iﬂ}jﬁb[gﬂPPFL’b]FPu?
Ej _ - EE _ -
Co = m[ﬁ’mpﬁ][h“ﬂ; Oy = W[S’MFRH“’?PE]:
1 EE _
Oy = i [quFLb][.! Fsl], O = W[E’MFRE?]U?P’?EE]
o C;=CM 4 CNP, Cl =C!NF, §=17,9,10

J
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(—Cunstraints on Wilson coeffs. from b — s transitions in a NP scenario

3
Bobeth, Hiller, Piranishvili [arxiv:0805.2525]
Relevant b — s+ and b — sll observables

observable SV data
B(E— X AP (3. 155:[:?'3; 107* [ (352 £0.25) . 1077
5% (—2.8%53) - 1072 —0.19 4+ 0.23
B(B — X070 )Ly (1.50+ |::.11; 107" | (1.6D £ 0.51) 1|::j°
B(B — XN 0t )[-004) | (415 £0.70) - 107" | (45£1.0)- 107"
(AFE) [highg?) <0 —(0.7645:35 + 0.07)
B(B, — ptu~) ~3.10°" < 4+.7.107°

Eher ¥
L= Inigcssasli-an

\

A | L] 1
AH [eiersiston

aWith photon energy cut E. > 1.6 GeV. *SM value obtained with m, =0.12 GeV.

J
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(,-BE — pT e in the SM

e Effective Hamiltonian

GFCE
Hefs = ———Vi" Vi ¥ _ [Cip) O: () + CL()OL ()]
V2m -
Oi0 = (87" Prba) (lyuysl) s Ofp = (827" Prba) (yuvsl)
Os = my (8.Prbs) (1) , Of = ms (8.Prby) (1)
Op = ms (3.Prba) (17sl) , Oy = my (3aPrba) (Ivsl)
o o Gram? f2 TE, Y T
BR |:-_E'E| —F 'I'J.-l_'l'_l._) — F 64?3 =5 ﬂa*ﬁbr\rﬁ"l — 44”1;;

X [(1 — 4m? ) |Fs|* + | Fp + ZﬁaiFmF]

where M, = m,/mg, and

L
Cspmy — CL om,

I r
] FlEI—GlEI_GJ_D

F_t_:.'_p — Mg,
My + 1mMs

BR (B, — ptp~),, = (3.61 £ 0.39) x 10~°
[Blanke et al., arxiv:0805.4393]
fa. = (245 + 25) MeV

\

J
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(—BE — pT e~ in Minimal Flavor Violation SUSY Models

e Higgsino contribution to B(Bs — putp~) [Babu, Kolda; Kane, Kolda, Lennon;. ]

G

S

2 2

tan?® 3
B(B, — putp~) = Naco™e, f2,Te.M; m, (

2
tan PN [ Em
cost3 /) \ m?
¢ Nocp == 1.5 is the QCD correction due to the RG between the SUSY and B, scales

2
- GF mt ﬂaub A a a o
Kg = — 5 2 *-f(f-‘ 1th'-'m£R)
44/272 sin? 3
| ] ] ] ] .--__ 1
sl MEV Lo o
X - —
L] ___.-"'"-- T - _'-";" 1"'_'
._’__,.-/'" o - ) }
aof AT T e
r':; a_,_e/f""f T - — -“1,1.1 )
= Wl [ /#.___ '--..--._.--"'--.-- o - R —_—
,.-f’ff P T
00 W*"H: .
P
10 ij{;;f -
100 300 300 400 500 600 700 800 900 1000
m, [G=V]

~
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r~ E Physics Observables & MSSM ~
Ellis et al. [arxiv:0709.00082]
WMAP-Compliant Benchmark Surfaces for MSSM

e [he four NUHM benchmark surfaces cbtained by fixing some parameters and allowing
My and tan J to vary freely.

My /2 My —-‘10 H ."::fﬁm
Pl | ~ZM, | 800 |0 1000 7.1
P2 || ~ 1.2M4 | 300 | O 300 3.1
P3| 500 |1000| O |250..400| 74
P4 || 300 300 | O [200..350 56

\
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r~ E Physics Observables & MSSM —

Ellis et al. [arxiv:0709.009
WMAP-Compliant Benchmark Surfaces for MSSM

L= B, WLy = 3

s -
)
E ra
A - L.
S —_— ..-__.
] L
o -1 e -
B 1 =
= = EERE,— TR
11 WRE, — T =1 W Pl — m
Whilm— =¥ WEE,, = T iyl
W EE,, = T g
B L~ -4 B L=
= T T T - L L T T T
Fr-C-] 1o 3O ACEN D e TTEN R WD O Ao E S AT S AT TEE @SR WD Ao
Bl (faeV ) Bl (o)
WLy o wm SRF , Wl = LOCHE Tl m == 3l , TTlp = Hikik
bl T T T T T T T T s T =T T
A -
g #
% 7 ]
o .
_E .i;"".‘.: 104 W, — T
= WPl — = i -
— i Wy = T ¥l
B L=
-

L=l S el P Bl e e ea=_=] o ==l AT P Rl S 30 B L=l Bl Lol o ;= ==l AT

B, (aeV) B, (LaeV )
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Mitesh Patel, LHCh

BE—}],U.,L at LHCb

a0 GL limit on BR

0wt s

i—-. jonly bkgrd iz obsarvad)

= __+__4 i e i —

E .L Expocted final
. i Lm I'I'EIIII|_- m COFD0 imil

- f hnelagrpand priedlotion

W W e o] prediclion

i i E b
i i

' T T

Integrated luminosity [Ib77)

Exclusion:
01fb '= BH < 10+
0.5fb™ 5 = SM

rar: 3

an

L I"I_--"'. =E =
an Ll h
_,-'".. — LLJIL »mwe
' Exi0¥ |- o4 T

. L - mll.l . My T.ilnll

e 3}
"o 3 I i !
“, ﬁﬁ1ﬂ‘|--u.]51hl_l
m LT o

ah, mrXlvR7o oy ! [rn-pk!
T
[T T R P,

‘Q:-'l ' 1 ' TH ' Slrl l:-'l ’ inr
e, 5]

VWWith SM Branching ratio
27" = 3gevidence
b b = bBo observation

With 0.1fb"" can measure BR 9 (15)=10* at 3 (5o

Vith (0.5fb" can measure BR 3 (3= 10~ at 3 (50
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Summary

All current measurements involving CC and FCNC processes (decay rates and
distributions, Mixings, CP Violation) of the B* and BE[ Mesons are in agreement
with the SM. However, still plenty of room for NF contributions

Tevatron (& Belle) have provided first measurements for the ES, including the first
measurements of Sz, Not in accord with the SM (a Harbinger of NP or just an
experimental Hickup?)

Experiments at the LHC will test this precisely, together with other benchmark
measurements: AM,, v, B(B, — ,u"‘,u_): B, — ¢ and various CF
asymmetries

A lot of theoretical interest remains in precision studies of Rare B-decays:

B(B — (X, K*)v), B(B — (X4, p,w, ¢)v), B(B — (X, K*)£+£7), in
particular the dilepton invariant mass spectra and the Forward-Backward Asymmetries
of the leptons. LHC experiments will measure the exclusive decays precisely

Hope that the synergy of high energy frontier and low energy precision physics, which
worked so well in piecing together the SM yielding precise knowledge of the CKM
matrix, will continue to hold sway in the LHC-era, providing valuable information on
the flavour aspects of the next Paradigm!
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