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~ Plan of Talk

e Flavour Mixing in the SM & SUSY
e CP-Violation in B-decays & possible SUSY effects
e Rare B-decays in the SM & SUSY

e Summary

\_

14-19 Nov. 2005 CP-Violation and Rare B-Decays in the SM & SUSY (page 2)



~ The Cabibbo-Kobayashi-Maskawa Matrix

Vud Vus V'u,b
Vekm = | Vea Ves Vb
Via Vis Vi

e Customary to use the handy Wolfenstein parametrization

_ 132 3(_ 2
1 -2)\2 , )\1 ) AN (p X in)
AN (1 — p—1in) —AN? (1 + iX%n) 1

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

p=p(1—X2/2), 7=n(l—A/2)
e The CKM-Unitarity triangle [¢1 = 3; ¢2 = a3 ¢35 = 7]

77 f §
(P, 1)
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Superfield Classification in the MSSM

e Superfields classified according to their SU(3)c ® SU(2); ® U(1)y Quantum
Numbers; ¢ = 1, 2, 3 a generation index

e Chiral Superfields for Quarks (Q;, US, DS)

Q:(3,2,1/6); U(3,1,—2/3); D:(3,1,1/3)

Q: = (Qr;»Qr,); Uf= (I}E,Uz), D¢ = (bzi,Dzi)
e Chiral Superfields for Leptons (IA}z, Ef)

iz‘(la 2, _1/2); Eic(la 1, 1)
L; = (Er,EL); Ef=(Ej,E;)
e Chiral Superfields for Two Higgs Doublets (also denoted as Hy & H,)

H,(1,2,-1/2); Hqa(1,2,1/2)
Iqu — (Hu’ ﬁu); IfId — (Hda I:Id)
e Vector Superfields (G, W, B) (a is an SU(2) index)

G(8,1,1); W<=(1,3,1); B(1,1,1)
é — (gag); W — (Waawa); B — (Baé)
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~ Flavour Mixing in the MSSM

Flavour mixings in the MSSM reside in the Superpotential Wyissnm and in the soft
supersymmetry-breaking Lagrangian Lgogt

Assume R-parity: R = (—1)3(B—L)+25; where B(L) is Baryon (Lepton) quantum
number and S is the spin: SM particles are R-even, supersymmetric particles are
R-odd

Whnssm

Wussm = €apl—HIQYUS + H3QJY, DS + HFL]Y Y ES — pHGHY)

€EaB =— —€Bas €12 — 1
[:soft 1
Loty = §[M3§§ + M,WW* + M,BB + h.c.]
+eap|—bHSH? — HXQJ A, US + H;Q? Ay, DS+ HFL? A, ES + h.c.]
+my, | Ha|* + m3, | H,|* + Qim3, Q5
—I—L,L.O‘miij LJO.‘* + Uf*m?]ij ch + Df*mZDij DJC. + Ef*szw E;
MSSM contains 124 parameters residing in the Superpotential Wissn (Yukawa

couplings) and Soft-SUSY-breaking Lgog (Scalar) terms
Various realizations of the MSSM differ from each other in the details of Loost

~N
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(‘SUGRA and mMSUGRA models

e CKM matrix is the only source of Flavour transitions

e In SUGRA models, this is achieved by assuming that the SUSY-breaking parameters

have a simple structure at the GUT scale (mx)

(m3)i = (m%)i = (mb)i = (m3)} = (m?)} = M2
2 2 A2
My =My = AO

M, = M, =M3:M1/2

Ag,;, = Ao(Ya)ij; Augy = Ao(Yu)ijs Aeyy = Ao(Ye)i;
In MSUGRA model, in addition A? = M

RG running (mx — my) induces flavour non-diagonal terms, but they are small

This reduces the number of parameters enormously, leaving the parameters: M,
M, /2, |Ao|, tan B, ¢, ¢ a, where the phases are constrained by the EDMs

Minimal flavour violation (MFV) models are highly predictive, and hence highly

constrained

~N
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(-General Flavour Violating SUSY & The MIA Technique

In a general SUSY Model, many more sources of Flavour Violation

A technique to carry out an analysis in a general SUSY framework is the Mass
Insertion Approximation (MIA) [Hall, Kostelecky, Raby 1986]

In the MIA approach, one choses a basis in which the couplings of ﬁ;gfj are
flavour-diagonal (o< d;;); FC take place on the sfermion propagators by mass
Insertions: A;‘J Agj etc.

(m3)idi; + Ay

Need not know the full diagonalization of the sfermion (f) mass matrices; sufficient
to compute the ratios ((mZ) is an average sfermion mass squared):

Ay

- (m})

All FC effects can be parametrized in terms of a limited number of complex MIA
parameters: (5%)AB & (5;‘3.)AB, (A,B=L,R)

Typically, one expects (5Zj)AB <1

Analysis for FV processes can then be carried out in terms of the SUSY-MFV
contributions and the MIA parameters [Masiero et al.,.. |
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(-Typical Mass Insertion Diagrams

0

1]

/s \\
4 \
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/ \
> & P . >
di A q;

A SUSY contribution for K° - K9 Mixing

~

\_
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S -- - ----
g
d e
d s
e For BY - BY Mixings: s — b; § — b
e For B? - BY Mixings: d — b; d — b

o}

d
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(-A list of flavour-violating observables

Observable SM Prediction MSSM-MIA (AB=LL, LR, RL, RR)
Amg ~ (VeiVea)® (04B)12
€ ~m(VVia)Re(ViEVea) (04B)12
€ /e ~m(ViiVia) (04B)12
b— sy ~ Vin Vi (04B)23
Acp(b— s7) ~ g (my) P s (848)2s
Amp, ~ (‘/;sztb)Q (04B)13
Amp, ~ (VisVip)? (04B)23
Acp(B — Y Ky) = sin 203 (04B)13
Acp(B — ¢Ky) = sin 203 (04B)23

\_
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Feynman Diagrams for sin 23 from Penguins

sin2 /f and... and....

In SM interference between B mixing, K mixing and Penguin b—sss or b—sdd gives the
same e~2% as in tree process b—ccs. However loops can also be sensitive to New Physics!

we . —3
— — ~\\(8d ’ !
_ iu,c,! - LN 9,17, (KK) cp
b —> p— ¢ 77' (KK) B° 5 oo, 2 S
R CcpP R
B’ g %<‘Si K°
d s
W New phases from SUSY?
_ g
U.C.1. b AN d S
b —» ﬁ —5 0 B ol Ky
BO g d S BO §R 2 g d

\_
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August 20, 2004 Marcello A. Giorgi
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~ Introduction to CP Violation in B Decays & Mixings -1
e CKM Violation in the SM is due to the phase 7 in the CKM matrix

e All CP violations in the SM are due to the interference of two different amplitudes
Three Classes of CP Violation in B Decays

1. Direct CP Violation: e.g., in B¥ — K,r* decays

_ 2’141”142’ sin(51 — 52) sin(gbl — ng)
| A1]? + 2| A1 ]| Ag| cos(01 — d2) cos(@r — ¢2) + |Aal?

Acp

e Requires Strong phase difference (01 — d2) # 0 & Weak phase difference
(p1 — ¢2) # 0; Difficult to calculate

2. Indirect CP Violation:

INBO — (tX)-T(B" — ¢~ X)
[(BY — (+X) +T(B° — (- X)

Ag, =

e Involves the relative phase in the absorptive & dispersive parts of the B? - BY
Mixing Amplitude: Ag;, = Im(%)

e Writing (%)q = r e’ Agp(Bg) = rgsin(y
e SM (NLO): Asp(Bg) = —(5.5£1.3)(10~*) [Beneke et al.; Ciuchini et al ]

e Present Experimental Constraint: Agp(By) = (—0.05+0.71) x 1072

\_
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~ Direct CP-asymmetry in B — K« [EPS 2005]

mg (GeV/c’)

Full Dalitz Kt fit

w 700[
%Jscué
For two-body decays : only seen clearly (> 4G) in §soo§
one single channel 2 400
T G 300f
% 400 Eﬁ K+t - '!“"’?A— siioE
% | Bos K+ a ﬁ 100
1200 . 3
2 5.3 g
5
g L [ | < Experiment A, #o
= T BaBar (227 x 10° B8) EREETL N T N
< 0.1- —— 1 aBar ( X ) =k = M= stat— V- syst
52 520 524 526 528 53 BELLE (386 x 10° BB) JgVi R ke R0 K1 P 300 20 K0 [0 - 2

) __ +11
) = (30i1 1stat -4 syst+model)°/° BELLE (386 x 108 BB) Fit projections in the p region

120
4] 0
) . 3 100 3100
Direct CP violation at 3.9 L 8 wf
S 60 S 60E
o o
O0pert) _ +15 = S,
ACP( p K ) — (34-'—_135tat i 65yst -20 modeI)O/o E - u <
g 3 il
g BABAR 227 10¢ BB 4 o B - & o
a o 04 05 06 U 0. g f 0.3
Mﬁ HEP-EPS ~ 100 mrrrrrrrrrrrerrrrrrrrerererrrerereerrrreeen ~ 100
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(-CP violation in neutral meson decay into a CP eigenstate —

pPY T fop
M/
PO
1. In decay: A/A#1 <§_ - %)

(For example, Ay is a Tree amplitude & A, is Penguin)

. M, —il'*
2. In mixing: |q/p| # 1 <% = Am_lg(,-/z)lﬁr)

3. In interference: Zm\ # 1 <)\ — %%)

e The case theorists love! )
e Decay dominated by a single CPV phase: |%| = 1;
e CPV in mixing negligible |z%| =1;
® The remaining eefect is: S§ ~ sin[arg(M2) — 2arg(A)] =1

- J
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~ Interplay of Mixing & Decays of B” and BY to CP Eigenstate N
e Involving tree-dominated B-decays (b — cés), such as B°/BY — J/¢yK,; J/VK,
_ DBt = f) =T(B(t) = f)
Af(t) - 0 0
L(BO(t) — f) + T(BO(t) — f)
= Cycos(AMpt) + Sysin(AMpt)

ECYIREY _ 2 1Im)y
Cr= (IAf2+1)" S = (IXf12+1)

e Definitions:

— . A
A= (af) o) o) = 30
A(f) = (fIH|B®); A(f) = (fIH|B)
q/p = éz—“fg — o 2Pmixing — =20

e If only a Single Amplitude dominant, then one can write:
p(f) — nfe_2i¢decay
where ny = %1 is the intrinsic CP-Parity of the state f = |p(f)| =1
Ay(t) = Spsin(AMpt); Sy = —ny sin 2(Pmixing + Pdecay); Cr =0

- J
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(-Current World Average [EPS 2005]

\
[ ) o
sin(2p3)/sin(2¢,) HEAG
PRELIMINARY
BaBar E il E 0.72 +£0.04 £ 0.02
PRL 94, 161803 (2005) ! T
Belle 5 i A 0.65 + 0.04 + 0.02
BELLE-CONF-H569 : 1
ALEPH f o n ? 084984016
PLB 492, 259-274 (2000) = ol '
OPAL : g L 3.20 *380 & 0.50,
EPJ C5, 379-388 (1998) T
CDF ; AN N 0.79 044
PRD 61,072005 (2000) & ' [[* ¢
Average ! : * § 0.69 +0.03
HFAG : : T
-2 -1 0 1 2 3
_ Y,
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(-Current World Average [EPS 2005]

Determination of [}

Experiment BaBar (227 x 10° BB) Belle (386 x 10° BB)
sin2P from (cc) Kq 0.75 £ 0.04,, 0.668 = 0.047,
(cc) K, 0.57 £ 0.09,,, 0.619 = 0.069,,,
All charmonium 0.722 + 0.040,,, £ 0.023 0.652 + 0.039,,,, £ 0.020,

HFAG Average : 0.685 + 0.032

Constraint from sides only: -
0.72040.024 (CKMFitter)

n,
0.8
Preferred solution:
06 L
Use of the B® - Jhy K*(— K% (VV decay) [
. . . . 0.4
information on cos(2P) (after strong phase ambiguity

(2B)>0 at 86%CL

3

HEP-EPS 2005, July 21-27, Lisboa

Coherent description of CPV within the SM
SM is the dominant source of CPV

HFAG

LP2005 -

e -0.2

J
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(-Specific realizations of MFV Models ~

[Ciuchini et al.; Degrassi et al.; Carena et al.; London, AA; Buras et al.; Bartl et al;

e CKM matrix is the only source of Flavour transitions

e Effective Lagrangian in MFV models consists of the same operator basis as in the SM
(except for Higgs-induced operators in large-tan 3-regime)

Heg(AF = 2) = —%(WZV}q)Q[Q(Q)Ol + C5(Q) 02 + C3(Q)Os]
Oi(|AB| = 2) = O™ = djy,b7 - d]~"b]
O>(|AB| = 2) = dibyd, by,
O3(|AB| = 2) = djbpd; b,
e SUSY effects are encoded in Wilson coefficients or, equivalently, in terms of a limited
set of Inami-Lim functions which depend on the SUSY parameters

Cy(mw) = C)" (mw) + CY(mw,my) + CY' (mw, mpy)
Co(mw) oc mi /miy;  Cs(mw) o< mi/(miy cos® 3)
e Typically, Co(my)/Cr(mw), Cs(my)/Cr(mpy) < 1

e In constrained MSSM models, C(my, )Y /Cy(my)®™ =1 + 4§, with § < 1 =
\ UT(MFV) similar to UT(SM) )
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~ B — mm Topologies

Dominant topologies contributed within the Standard Model
Tree (7) Penguin (P) Color-suppressed (C)

B~ — 17 xY
BY — rtp~

Subdominant topologies:

e exchange (£) = B’ — nt7r—, 707"

e annihilation (A) = B~ — 7 7"

e penguin-annihilation (PA) = B — 7tx~, 707"

e clectroweak-penguin (Prw) = B~ — 7 7°, B® — 7970

e color-suppressed electroweak-penguin (PSy) = B® — ntr—, 707"

\_

J
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ai - (t)

Time-dependent CP-asymmetry in B°/B0 — gtx—
e P y y

['[B°(t) —» ntn~] —T[B°(t) — wtw]

I'[B°(t) — ntn—] + T[BO(t) — wtm—]
ST (t) sin(AMpt) — CI - (t) cos(AMpt)

BABAR (2004)
—0.09£0.15+£0.04

Belle (2005)
—0.56+0.12+0.06

Average
-0.37+0.10

Moriond 2005

—A—

\‘3\\\‘\\\;\\\

-16 -14 -12 -1 -0.8 -0.6
C

T

-04 -02 0 0.2

BABAR (2004)
—0.30+£0.17%£0.03

Belle (2005)
-0.67+0.16+0.06

Average
-0.50+0.12

Moriond 2005

—A—

\\‘\\\\i\

2 -1.75 -15 -125 -1
S

T

e BELLE and BABAR are in better agreement now (2.30°)

-0.75 -0.5 -0.25 O

14-19 Nov. 2005

CP-Violation and Rare B-Decays in the SM & SUSY (page 19)




\_

(-CMT — S, Data vs. QCDF & PQCD

\
e Isospin-based analysis of data (68% C.L.)

[Lunghi, Parkhomenko, AA; Parkhomenko '05]
[P/T|=0.48%55 &= (=387gp)°
e Similar analyses by Buras et al.; Bauer et al.; Gronau et al.; ...
e Theoretical predictions based on Factorization
|P/T| =0.29 £ 0.09 0 =(9+15)°
|P/T| = 0.2310 § = (=37 £5)°

QCDF
PQCD

1.0
06
0.2
le [

R N S S
O |

0

06F N

1.0

1.0 -1.0

1.0
0.6

0.2

| &

+e |
© I
-0.2f

06F N0

1.0

1.0

1.0

L pn
0.6 /1

0.2/

| &

+ e T]
Q i
0.2

0.6\
r 1

290 06 024,02 06 06 02,02 06 10 290 06 024,02 06 10
Sﬁﬁ S7r7r S7r7r

e Data supports large penguin contribution and strong phase difference

J
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nn determination very weak

pp best individual measurement

Mirror solution are disfavored by pn

o = (99+912 )o

1-CL

~ Current World Average of o [EPS 2005]

Overall constraint on o

Additional constraints on o from time dependent CP violation analysis of B—pn

12}

0.8

0.6

0.4

0.2

1 Combined |

H : U
H . ’
H 1
H - r
: 1 13
: - .
: ' ’
: . 1
: /)
. 4

-
iat L1

o CKM fit

\\‘\I\

80

100

o (deg)

N
1&0\‘140 160 180

Same precision as global CKM fit :
Qo = (94-9:9:f3)0

HEP-EPS 2005, July 21-27, Lisboa

39

~N

J
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~ Current World Average of + [EPS 2005] ~
Information on rz; and ¢/yfrom
ADS, Dalitz
o = 0.081 + 0.029 [0.021,0.138] @95% CL
oy = 0.088 + 0.042 [0.010,0.170] @95% CL UTFit
o = 0.15 £ 0.09 [0.01,0.31] @95% CL
=g is small
= 7 is not easy to measure....
1< 12—
- EN68%CL
0.43—
0.25—
o
(AT 'D'ZE.‘ MR | | PR -
ey HEP-EPS 2 ' ’e ‘
\ J
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1.5

~ SM confronts measurements of sin 23, o, -~

\ excluded area has CL > 0.95 \

€
= O e e R N\ oot

L IV’ Vel

-0.5 —

1 = |

L e _
L K _
L Moriond 05 _

1.5 | 1 P~ | 1 ' L

L PRELIMINARY

L Amy

-1

sin 23 = 0.685 & 0.032(8 = [21.7 + 1.3]°)

a = [997,°]°

v = [66 £ 17]°

Direct and indirect measurements of angles agree very well

Unconstrained sum of angles = (187 &+ 21)°, consistent with unitarity sum within

€rrors

-0.5

(o)

0.5

N

J
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sin(2BM/si

(-Sb_“,qs and Cy_ 45s [HFAG 2005; hep-ex/0505100]

PRELIMINARY

n(2of") EEXS

JKL : 0.69 + 0.03

Wdrld Avere{ge
0K°  Average : | e 0.47 +0.19
n” K° Average el 0.50 + 0.09
fo Kg Average .—*_; 0.75+ 0.24
n°Kg  Average e | 0.31 +0.26
m° n° Kg Average——* -0.84 + 0.71
o Kg Average i 0.63 + 0.30
K"K K Average e 1 ost01al
Ks Kg Kg Average I 'ﬂﬂr—' 0.61 +0.23
-3 -2 -1 1 2 3
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(-Sb_“,qs and Cy_ 45s [HFAG 2005; hep-ex/0505100]

‘ HEP 2005

PRELIMINARY
o Ko Ave}agle o |—*~—| 1 oo09+o014
n" K° Ave?rage '*' -0.07 + 0.07
fo Kg Ave?rage '—'*—' 0.06 + 0.21
n° Kg Aveirage |—*—| -0.02 + 0.13
m° 1 Kg Ave?rage o} 0.27 + 0.54
o Kg Aveirage —A— . -0.44 £0.23
K*K K° Avezrage | ke 0.14 +0.10
Ks Ks Ks Al\veiragle | '—*—' -0.31+0.17

-1.8

-1.6

-1.4

-12 -1 -0.8 -06 -04 -02 O

1.2 14 16 1.8

14-19 Nov. 2005

CP-Violation and Rare B-Decays in the SM & SUSY (page 25)




The effective Lagrangian:
10
4G R
L = Locpxorp(q,l) + W Vi Z Ci(p)O;
(q:U,d,S,C,b, lzealu) =1
¢ _ :
(SFiC)(CF;b)? L= 17 27 |Cz(mb)| ~ 1
(EFib)Eq(QF;q), i =3,4,5,6, |C;(my)] <0.07
0; =14 M5 0MbpF,,, i=T, Cyr(my) ~ —0.3
fg?rggLO'MVTabRsz 1 =8, Cg(mb) ~ —0.15
2 - .
| 162 (5yubL) (I sl), i =9, |Ci(my)| ~ 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 pg to pp ~ my
kMatrix elements: Evaluating the on-shell amplitudes at py, ~ My
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e The NNLO calculation of B — XTI~ corresponds to the NLO calculation of
B — X7, as far as the number of loops in the diagrams is concerned.

e Coefficients of the two additional operators
2

€ _ = :
0; = @(SL%[?L)(W ), i =9,
have the following perturbative expansion:

T () (0) as(i) 1)

Co(p) = ——C C —=c

o(1t) () ! (1) + Cg7(p) + 1 9 (1) +

o (M
Cho = cl 4 %cﬁ} T

e After an expansion in oy, the term ng_l)(,u) reproduces (the dominant part of) the
electro-weak logarithm that originates from photonic penguins with charm quark loops:

O
AT 4 M b L2 s
C, =~ In—% + Oa,
o) & (my) 5 2 + O(a) — O >
S (my) ~ 0.033 < 1 57 (my) ~ 2 -
On the other hand: CY (my) ~ 2.2 //\\

\_ J
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~—NNLO Calculations of BR(B — X £7¢7) ~N

e Two-loop matching, three-loop mixing and two-loop matrix elements have been
completed

e Matching: [Bobeth, Misiak, Urban]
e Mixing: [Gambino, Gorbahn, Haisch]

e Matrix elements:
[Asatryan, Asatrian, Greub, Walker;
Asatrian, Bieri, Greub, Hovhannissyan;
Ghinculov, Hurth, Isidori, Yao;
Bobeth, Gambino, Gorbahn, Haisch]

e Power corrections in B — X £T£~ decays

e 1/my corrections [A. Falk et al.; AA, Handoko, Morozumi,Hiller;
Buchalla, Isidori]

e 1/m, corrections [Buchalla, Isidori, Rey]

e NNLO Phenomenological analysis of B — X £7£€~ decays
[AA, Greub, Hiller, Lunghi]

e BR(B — X,uTp™); ¢*>4m? = (4.2+1.0) x 107°
e BR(B — X.,ete™) = (6.9+0.7) x 1076
g J
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~ Electroweak Penguins b — sfT£~

B — X 07T~ decay rate

B(B — X £707) = (4.46109%) x 107% [HFAG’'05]

SM : (4.240.7) x 107° [AGHL'01]; (4.6 +0.8) x 107° [GHIY'04]

Differential distributions in B — X #7174~

e M (X,)-distribution: tests s — X4 fragmentation model; current FMs provide
reasonable fit to data

° g’ = M£2+£_—distribution away from the J /1), 1)’, ... 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 Cr, Cg and Cig

Argp(8) not yet measured; possible only in experiments at B factories
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~ Dilepton invariant mass distribution in B — X ¢/ :

\_

\
[Ghinculov, Hurth, Isidori, Yao 2004]
d84 —— T T
10" X —
X i
(Gev_2) 3
5|
1t
% s 10 15 20 ¢ (GeV?)
e BR(B — X £T£7); q*?¢€ [1,6] GeV? = (1.63 - 0.20) x 1076
e BR(B — X £T£7); q® > 14 GeV? = (4.04 £ 0.78) x 107
e BR(B — X,uTp™); ¢*>4m? = (4.6 £0.8) x 107°,
in agreement with the earlier NNLO analysis
[AA, Greub, Hiller, Lunghi 2001; Bobeth, Gambino, Gorbahn, Haisch, 2003] )
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— Decay distributions in B — X 10~ ~
Myp and M x_ Spectra

[BELLE] [BABAR]
SEERN RERRE IS IS LS L IR B
300 |- @ I (b) ]
200 - -
N ~ 8 —_ 4
= 10 :'; (@] ~ (b)
i~ > o . +
S OF = 6F _ > 3
g - o & _ }
g 15—_ ’-';"v (Dv 2r
e S gt
: e e =
SE £ 2 : s || |=
[ - o 0 |
0:|||||||||||||| % 0 | 1 1 © B | | |
0 1 o 0 0.5 115 0 1 2 34 5
m,. ( GeV/c") m, (GeV/c")

e In agreement with the NNLO SM calculations

- J
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Normalized FB- Asymmetry in B — X 10 :
[Ghlnculov Hurth, Isidori, Yao 2004]

0.5
AFB( ) ’ |

0.3 [ A AP

01|

0.1

~0.3 N

ST T T s 10 15 2 qz (GeVQ)

_ 1 ! d*B(B — X T07)
%) = dcos 6 :
(@) =SB B S X ) g /_ PO T deos 6,
e Zero of the FB-Asymmetry is a precision test of the SM

sgn(cos ;)

¢ = (3.90%0.25) GeV? [Ghinculov, Hurth, Isidori, Yao 2004]

@ = (3.76 4 0.22c0ry & 0.24,,,) GeV?  [Bobeth, Gambino, Gorbahn, Haisch 2003]
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~ Electroweak Penguins b — sfT£~
e B — (K,K*){t£ decay rates

e Decay rates and distributions depend on the form factors; estimates given below
based on Light-cone QCD Sum Rules [ Ball, Hiller, Handoko,AA]|; Several competing

B(B — K£1¢7) = (0.4540.05) x 10~ % [HFAG'05]; (0.35 £+ 0.12) x 107° [S

J

B(B — K*ete™) = (1.2640.28) x 10~ % [HFAG’05]; (1.6 4+ 0.5) x 107° [S
B(B — K*utp™) = (1.4540.23) x 10~ % [HFAG’05]; (1.2 4+ 0.5) x 107°[S
Differential distributions in B — (K, K*)£t£~

g = M£2+£_ ~distribution away from the J /4, 1)’, ... resonances is sensitive to
short-distance physics; current data in agreement with the SM estimates but

theoretical precision is not better than 35% due to FF dependence

The ratio B(B — K*u*tu~)/B(B — K*ete™) sensitive to SUSY effects in the
large-tan 3 region due to Higgs effects

e Arp(8)[B — K£T£7] ~ 0 in the SM and most BSM extensions; in agreement
with data which is used as a control sample to measure App(8)[B — K*£1£7]

e Arp(8) in B — K*£T£~ qualitatively similar to Apg(8) in B — X £T£~,
except for FF complication; First measurements from BELLE at hand, appear
SM-like; Super-B and LHC-B will measure Agg(8§) precisely

~N

14-19 Nov. 2005

CP-Violation and Rare B-Decays in the SM & SUSY (page 33)




~Sakai (FPCP 2004)

B — KO Il

[Belle-conf-0415]
LP03: B — X//l, K"l : Belle/BaBar
Br, Aep ~SM
- vl
E 275M BB update >10c signals (e) KI'f ) K1
30
- 79110
B(Kih=(5.50 + §75+0.27 £ 0.02) sl
B(K*)=(16.5+ 23 +09+04) &
% 107
N, Ty o, 12 e 10
2 of @KT {1 BKIT lﬂ
Lo 1 9¢ ] :
E"}”fl‘ I 1 ¢l ‘ | [ | Y2 52555527 52 5228 5285275 53
- - 1 2 4 ; M \
D e B +t i
- ﬂfm T ..Lt....lﬁ.-: - o} T TR
0 5 10 15 20 0 5 10 15 20
q? (GeV2/c?)
ICHEP 2004, Beijing 26

J
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— Comparison of B(B — (K, K*)£t£~ with SM-1

B—- K{*¢and B — K*{*(~

Belle branching fractions (253 fo™) ;
60 aQ
— Kt (5.50 tg;g +(0.27 £0.02) X 10‘7”§ g
K (165723409 +04)x 107 g,) El
-2.2 1 340 @02 01 0 01 02
New BaBar results (208 fbo™) . Sl
— K (34+0.7+0.3) x 1077 S20r | 8
-KC: (787 %3 +1.2)x 107
ACP(B+ _’K+'€+€_): -0.08+022+0.11 2.2 522 524 526 5.28 :::87 08 09 zi 14
g Acp(B— K'0*(7) = +0.03+0.23 +0.12 s (GeVI ') e (800
a
‘ 3
: o Bl 04 KT
% CIAl 02
% Czhong'02 H—e—H
:Zé H——e—
:
| )
: Kl
; .
Dy
% T R R R P s || &
& 0 0.05 0.1 0.15 0.2 0.25

Branching Fraction

\_
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— Comparison of B(B — (K, K*)£t£~ with SM-2

Radiative Pengiuns — Mikihiko Nakao — p.26

B— K¥ete vs B— KWty

(b) K'e'e |

o
= |
=
@
@

\)

Events / 2.0 MeV/c
=
"I
>
|/\
———
| -+

o (&,
P T S SR R

Lo o
*

*

*

*

*

*

* o

(7,
—

o OK L OK0g L
ol i ‘Rafio of Ku*pu~ fo K¥e*e™ is sensifive
ol - to neutral SUSY Higgs if tan § is large
5 , (O(1) enhancement if tan f ~ 30)
%2 ‘5.2‘25‘ 5.‘25 ‘5.275 52 ‘5.2‘25‘ 5.‘25 ‘5.2‘75 57.3
M, (GeV/c)
Belle rafios:
B(B — Ku*)/B(B — Ke*e™) = 1.38 )7 0% oo in 5w

BB - K'u*u)/BB = K'e'e?) = 098173 + 0.08 ~075insm
Babar ratios:

BB — Kyt )/ B(B — Ke*e™) = 106+ 0.48 + 0.05 L00in M)
BB - K'u'p)/B(B — Ke'e™) =0.93 £0.46 + 0.06 (~0.75in Sm)
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~ Forward-Backward Asymmetry in B — K*¢14~

dArp “9 o dr ©dr
S d
d LL; udﬁdé_kjfﬁ@) Y dads

~ Cho[Re(CNV A, + %c;ff (VTo(1 — 1hy) + A Ti(1 + 1))
o T7,T5,V, A, form factors

e Probes different combinations of WC's than dilepton mass spectrum;
has a characteristic zero in the SM (3y) below m%w

Position of the A;3(S) zero (5y) in B — K*(T(~
1y gt T2(50) T4 (50)
So A (S) V(30)

e Model-dependent studies = small FF-related uncertainties in §y [Burdman '98]

Re(C5" (80)) = —

(1 —my) +

(1+1y))

e HQET provides a symmetry argument why the uncertainty in §y is small. In leading
m2 +m2. . —a?
order in 1/mp, 1/E (E = B+2mI;* ) and O(a):

T2 1 + m\/ S T1 1

(1 );

A T+m2 -3 11—
e No hadronic uncertainty in §, [AA, Ball, Handoko, Hiller "99]:
Cgff<§0) _ _ 2mpMp Csff
S0

Vo 1+my

\_
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(-O(as) corrections to FB-Asymmetry in B — K*¢T4~ ~

e O(ay) corrections to the LEET-symmetry relations lead to substantial perturbative
shift in o [Beneke, Feldmann, Seidel '01]

asCp .. m3 a;Cr AF|
In — L+
| p? | 4m &1 (S0)

_2meMp cerr(y

CSff(éO) - S0 A7

)

[AA, A.S. Safir (hep-ph/02054)]

Forward-backward asymmetry dAgg(B — K*I*17)/ds at next-to-leading order (solid
center line) and leading order (dashed)

J
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(-A Model-independent Analysis of B — X, v & B — X £7¢ N

Assume Heff a sufficient operator basis also for Beyond-the-SM physics

Shifts due to Beyond-the-SM [BSM] physics only in C7(uw),Cs(pw ),
Co(pw), and Cio(pw)

BSM Coefficients: R; — 1, Rg — 1, CF'F, & CONF

. Ctot
Define: Rrg(puw) = %

with C;Oz;;(NW) O (NW) + 078 (w)

Set the scale uyw = My, and use RGE to evolve

At
Ryg(pw) — Rog(iw) = AS%((ZZ))

Impose constraints from R; () and Rg(u) from B — X,y Data
Use Data on B — (X, K*, K){T¢~ BRs to constrain C)'* and C})

Two-fold ambiguity due to the sign of C?ff can be resolved by data on
B — (X, K, K*)¢£t£~

J
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(-Simulation of B — X,v in SUSY-MFV Models
e 90% C.L. bounds in the [R7(u), Rs(p)] plane from the B(B — X,7v)

\_

p = myy (left-hand plot); p = 2.5 GeV (right-hand plot)

(2.5 GeV)

R

APY — negative : —0.37 < At7°t’<0(2.5 GeV) < —0.17
Al — positive : 0.21 < AP%7Y(2.5 GeV) < 0.43
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Dilepton mass-Spectrum in B — (K, K*)¢T¢~ in SM and SUSY

e NP contributions coded in R;(p); i =7, 9, 10
CNP 4 M

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

1.5

5T
[

107 [Gev-2]

dB(B —> K u* u-)/ds * 107 [Gev-2]

dB(B —> K* ut u)/ds *
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(-Combined analysis of B — X,v & B — (X,, K, K*)£T¢~ —
[ A.A., Lunghi, Greub, Hiller; DESY 01-217; hep-ph/0112300]
e Constraints from radiative and semileptonic rare decays (Points: SUSY-MFV Model)

15
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|
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~ First hints on the sign of the B — X~ amplitude

[Gambino, Haisch, Misiak; hep-ph/0410155]

90% C.L. constraints from B — X,y and B — X ¢1¢~

C'7 SM-like (left frame) C'; opposite sign (right frame)

12 12

-12 -9 -6 -3 0 3 -12 -9 -6 -3 0 3

_eff _eff
Co,Nnp Co,np

Surroundings of the origin in the right frame above; dashed lines: MFV-MSSM
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~ Belle FB Asymmetry Distributions (EPS 2005)

A S

"WT“T

14 16 18 20

I N
e e |
O5E () KT I E 1 SE KT
4 E S ___ 4F negatzveA
T PRI TS P T N I T T N T T I S
0 25 5 75 10 125 15 175 20 225 25 0o 2 4 6 8
q2 GeV?/c?
Rl
:‘Eo.sf
< ; :
o: . . ]
O5E (o) KT E
4 E posmveA : : E
:..|...|...|...|.-..i...|.:..E...|...|...'
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q2 GeVZ/c
Best Fits
o A; =033 Ayg/A; = —15.3T3%; Aj/A; =10.3757
o Ay =+0.33: Ag/A; = —16.3721 Ajg/A; = 111759
e SM: A7:—033, AQ/A7:—123, Alo/A7:128

q2 GeV?/c?
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~ Prospects of precise determination of Cy, C;, at Super-B Factory

Extracting Cy and Cy from B — K" ("

® Precise determination of Cg and Cyg is possible

® ACy/Cy ~ 11%, ACyo/Cyo ~ 13% at 5ab™", C; fixed from b — sy
® Current branching fraction / background extrapolated
@ Fit o 2-dim 4% vs angular distribution, not simple A
® Systematic error is neglected

$ 1f_|||| TTTTTTTTT]TTTTT |||||||||||||| {5 I |||_f
LoomE B 3 P
| o5 BeleMC,50ab : .
D oamr 4
g Uﬁ s g E & 6 i
< _025:_ 3 10,NP |
4 E I
> st = == : ’ \
| c 3
; 9% T
g’o -1 :_ll|||||||||||||||||||||||||||||||||||||||||_: §§¥ /
g 0 25 5 75 10 125 15 175 2 31 This finy area
E ¢ GeVic /
% -2 -9 -6 -3 0 3
@ ~ eff
“ Conp
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(-LHC-B MC Studies

E\ [
§ i
g 02 |- _l_ True MC
5 = I e Reconstructed
-1
01 5 \L
0 -
01 - s
: _l_ — =
02 |
: —.— | I e
L —0—0—
03 | - | | |
L —— |
- | T
04
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.8

Figure 4: FB Asymmetry versus § for B > pTp~K* (from

Koppenburg)
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('Bs — l,l,+/,l,_ in SM

e Effective Hamiltonian

GFQ
Herr = — Vis™V, Ci;(n)O; Ci(n)O:;
O10 = (8" Prb,) (l_'m'y5l) , 01y = (547" Prbo) (l_'yM75l)
Os = mi (50 Prbe) (II) O’ = m, (5aPyba) (1)
Op = My (gaPRba) (l_’)/5l) ) (’)}, = Mg (gaPLba) (l_’)/5l)
— 4+ - G%‘OézszsfésTBs * 2 ~ 2
BR(BS—>u I ): Y Vis™ Vil w/1—4mﬂ

X [(1 _ 4mi) |Fs|? + |Fp + 2miFm|2}

where m,, = m,/mp, and

/
Cspmy — CS,PmS I c
’ 10 — “~10 — Y40

Fs,p = mBS [
my + Mg

BR (B, — pp7 ), = (3.46 £ 1.5) X 107 [Buchalla, Buras]

9 fB. = (230 + 30) MeV
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(-BS — T~ in Supersymmetric Models ~N

e The decay B, — u* ™ probes essentially the Higgs sector of Supersymmetry, a
type-ll two-Higgs doublet model; One Higgs field (H,) couples to the up-type quarks,
the other (Hy) couples to the down-type quarks

L=QYyUrH, + Q;YpDrH,

e Supersymmetry does not have discrete symmetries to protect the alignment of the
Higgs boson interaction eigenbasis with the fermion mass eigenbasis; Higgs-induced
FCNC interactions are generated through loops

XK K X

H ~ H ~ H
_ v 52 bE‘L\u _ 523 bp v
® . ot B ot bL
SL by sy L b
e -, — UEEEEEEEEE N - — LEEEEREEEEN -
H, Hy g g g g
(a) (b)

e As H, gets a VEV (v,), it contributes an off-diagonal piece to the down-type fermion
mass matrix, mixing sy, and by by an angle 6
sin 0 = ypev, /my;  as my = Ypvg, sinf = etan

9 o A(bs — ptp~) ~sinAbb — ptp~) o tan 3/ cos? 3 = tan? 3 for large-tan 3 y
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(-BS — puTp~ in Minimal Flavor Violation SUSY Models
e Higgsino contribution to B(B; — puu~) [Babu, Kolda;.. ]

G2 tan® 3 K2
B(Bs = pp) ~ = 1gepmip, [, T5.my 1m0, ( ) el
8m '@ i '\ cost3 /) \ mi

e 1gcp =~ 1.5 is the QCD correction due to the RG between the SUSY and B, scales

Gp m% VisVib 9 9 9
Kig = — A M M
H 4v/272 sin? 3 e f b tR)

tan f3

L1 Il Il ‘ Il Il Il ‘ Il Il
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Il Il Il ‘ ‘
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(Constraint% from B(Bs; — putu~) on SUSY Models A
e CDF BY/BY — pu*u~ Limits Thep-ex/0508036]:

B(By — pu™) < 1.5 x 1077(2.0 x 1077) at 90%(95%) CL
B(By— pp) <3.9x1078(5.1 x 1078) at 90%(95%) CL
e DO B? — putp~ Limits [DOnote 4733-Conf (2005)]:
B(By — p ™) <3.2x1077(4.0 x 1077) at 90%(95%) CL
—> complementary limits on models of BSM physics, such as
MSUGRA [Dedes et al., hep-ph/0108037], SO(10) [Dermisek
et al., hep-ph/0304101; Foster et al., hep-ph/0506146] and
MFV models [Bobeth et al., hep-ph/0505110]
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T T T T T T TR e
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2000 p Il |\\|‘\||\

1000

Mg [GeV]

u (GeV) B
8 B &8 & 8 8 8 B & g =8
T T T Pl PR

e 2 -

>‘EN P I - - It A L i 0
00 200 300 400 500 600 700 80O 900 1000 11 12 13 [\ Za0 500 750 1000 1250 1500
Myye (GeV) My /2 [GeV]

- J

14-19 Nov. 2005

CP-Violation and Rare B-Decays in the SM & SUSY (page 50) Ahmed Ali
DESY, Hamburg



\_

Summary

All current measurements involving CP violation and FCNC processes (decay rates
and distributions) are in agreement with the SM expectations

A non-trivial test of the CKM paradigm for CP violation in the K- and B-meson
sectors has been carried out at the current B-factories by overconstraining the CKM
unitarity triangle

B-factories have measured all three inner angles of the UT triangle:
a = (9975%)° B =(21.7+£1.3)°% ~ = (66+17)°

Largest current discrepancy from SM is in CPV b — sSs penguins; 3 o effect

Rare B-decays and B° - BY mixings have made a great impact on the determination
of the CKM matrix elements in the third row of Vi, In particular
B— Xy = Vi, =-—(46.0£8.0) x 1073

Via| _ 40.026 +0.038
B — (p,w, K*)y = |3 =0.2005055 Z0029

A number of benchmark measurements remain to be done. These include, among
others, B(B; — u*u~) and AMpg_, which will be carried out at Fermilab and LHC;

Correlations between these and other Rare B/K-decays crucial to disentangle BSM
physics in the flavour sector

Hope that the synergy of high energy frontier and low energy precision physics, which
worked so well in piecing together the SM, will continue to hold sway in the LHC-era,
providing valuable information about the flavour aspects of the BSM physics )
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