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Prologue Flavour in the SM

CKM mechanism of flavour mixing and CP violation: Vekm, Jokm

3
Im[Vy; Vg ViViil = Jokm D €ikm €jin Jekm ~ O(1075)

mn=1

VidVip + VeaVep + ViaVi, = O



Prologue Flavour in the SM

CKM mechanism of flavour mixing and CP violation: Vekm, Jokm
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All present measurements (BaBar, Belle, CLEO, CDF, DO,....)
of rare decays (AF =1),

of mixing phenomena (AF = 2) and

of all CP violating observables at tree and loop level

are consistent with the CKM theory.

Impressing success of SM and CKM theory !!



Prologue Flavour in the SM

CKM mechanism of flavour mixing and CP violation: Vekm, Jokm

T his success is somehow unexpected !!
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Flavour-changing-neutral-currents as loop-induced processes are
highly-sensitive probes for possible new degrees of freedom

Impressing success of SM and CKM theory !!
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Global fit, consistency check of the CKM theory.
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Most surprising is the consistency between the tree-level

and loop-induced observables

Semileptonic tree-decays Versus Neutral-meson mixing AF =2

SM-dominated Potentially more sensitive

to New Physics



Most surprising is the consistency between the tree-level

and loop-induced observables

Semileptonic tree-decays Versus Neutral-meson mixing AF =2

SM-dominated Potentially more sensitive

to New Physics

T here is much more data not shown in the unitarity fits which confirms

the SM pedictions of flavour mixing like rare decays (AF = 1)



However,...

¢ CKM mechanism is the dominating effect for CP violation and flavour
mixing in the quark sector;

but there is still room for sizable new effects and new flavour structures
(the flavour sector has only be tested at the 10% level in many cases).

e [ he SM does not describe the flavour phenomena in the lepton sector.

e¢ NO guiding principle in the flavour sector:

CKM mechanism (3 Yukawa SM couplings) provides a phenomenological
descripton of quark flavour processes, but leaves significant hierarchy of
quark masses and mixing parameters unexplained.



Independent approach to new physics

¢ Flavour changing neutral current processes like b — s~ or b — s#ti~
directly probe the SM at the one-loop level.
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¢ Indirect search strategy for new degrees of freedom bevyond the SM
Direct: Indirect:
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e High sensitivity for '"New Physics' (+ electroweak precision data, 10% < 0.1%)

b P o

e Large potential for synergy and complementarity between collider (high-pr)
and flavour physics within the search for new physics



Flavour problem of New Physics or how do FCNCs hide

New
C;

5
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e SM as effective theory valid up to cut-off scale Apnp



New

C; 5
L= EGQ.H.QE + E’Higgﬁ + Z L OE ) + ...
AN
i NP
e SM as effective theory valid up to cut-off scale Apnp
e Typical example: KV — K9-mixing ©° = (5d)<:
d XE
3 d
M MZ, x (5d)2 + New AR x (5d)? = Anp > 10% TeV

(tree-level, generic new physics)



New

c: 5
L= Et’_}‘ﬂ.uga + '{:Higgs +2 = OE ) + ...
i ANP
e Typical example: KV — K9-mixing ©° = (5d)<:
d XE
C d
M MZ, x (5d)2 + New AR x (5d)? = Anp > 10% TeV

(tree-level, generic new physics)

e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions) = Anp = 1TeV

e EVW precision data — little hierarchy problem = Ayp ~3—10TeV

Possible New Physics at the TeV scale has to have a
very non-generic flavour structure
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NP
e Typical example: KV — K9-mixing ©° = (5d)<:
dXE
C d
M MZ, x (5d)2 + New AR x (5d)? = Anp > 10% TeV

(tree-level, generic new physics)

e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions) = Anp = 1TeV

Ambiguity of new physics scale from flavour data

(Csm/Mw + Clp /ANp ) X O;



+ My . QCD effects in B decays

. short-distance physics

. perturbative
QCD + m

.......... -I J-_szewxﬁc;cn:

long-distance physics
nonperturbative

AqcD

Factorization theorems: separating long- and short-distance physics

e Electroweak effective Hamiltonian: H.fr = —% > Ci(pty, Mpequy) Oi(pe)

o u?~ M2 >> M3 : 'new physics' effects: C ™ (Mw) + CN¥ (M)

New

How to compute the hadronic matrix elements O;(p = m) ?



Inclusive modes B — Xy or B — X /1¢~

e Heavy mass expansion for inclusive modes:

My 00

r(B— X7) M(b— XPartory) ATt o NZy o fmi

No linear term Agcp/m; (perturbative contributions dominant)

How to compute the hadronic matrix elements O;(p = m) 7



Inclusive modes B — X,y or B — X ote

e Heavy mass expansion for inclusive modes:

mp— oG

M(B— Xoy) 227 T(b— XEPy) AP o Njop /m3

No linear term Agcp/m; (perturbative contributions dominant)

— More sensitivities to nonperturbative physics due to kinematical cuts:
shape functions; multiscale OPE (SCET) with A = my — EE,?

Eecher,Neubert, hep-ph /0610067




Inclusive modes 5B — X v or B — X (e

e Heavy mass expansion for inclusive modes:

My 00

r(B . Xs"}“) F(b . chr,rtan,r) 1 &ﬂﬂﬁp&i"‘t — ,1'"'\ Gﬂfmb

No linear term Agcp/m; (perturbative contributions dominant)

— If one goes beyond the leading operator (O, Og):
breakdown of local expansion

naive estimate of non-local matrix elements leads to 5% uncertainty.
Benzke,Lee Neubert,Paz,arXiv:1003.5012
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see talk of Michael Benzke
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Exclusive modes B — K*y or B — K*ote~
MNaive approach:

ParametriZze the hadronic matrix elements in terms of form factors

How to compute the hadronic matrix elements O(my;) ?



Exclusive modes B — K"y or B — K*eti—

QCD-improved factorization: BBNS 1999
T =CY¢ +op 0TV @ Paxcr + O(A/my)

Existence of ‘non-factorizable’ strong interaction effects

which do not correspond to form factors



Exclusive modes B — K*y or B — K*¢T¢~

QCD-improved factorization: EBNS 1999

j‘;ﬁ) = O.:Eﬂ Eo + O @ Téij R Qo rr + O(A/my)

— Separation of perturbative hard kernels from process-independent
nonperturbative functions like form factors

— Relations between formfactors in large-energy limit

— Limitation: insufficient information on power-suppressed A/my terms
(breakdown of factorization: 'endpoint divergences')

Phenomenologically highly relevant issue

general strategy of LHCDb to look at ratios of exclusive modes

Egede Hurth Matias,Ramon, Reece
arXiv:0807.25890



There is much more data not shown in the unitarity fits which
confirms the SM pedictions of flavour mixing like rare decays

Status of the inclusive mode B — X,y

HFAG: B(B — X,y) = (3.55+ 0.24) x 107* (for E,, > 1.6 GeV)

V5
SM: B(B — X,y) = (3.15+ 0.23) x 107* (for E,, > 1.6 G€V rries 022003(2007)
NNLO calculation by M.Misiak et al.

CLEO r19.1™
(2001) untag

BaBar 82
(2005) sum-of-excl

BaBar 821 | . |
(2006) lep-tag

BaBar 210" | | . ;
(2008) breco-tag

Belle 5.8
(2001) sum-of-excl

Belle 16051 —
(2009) untag-+lep-tag
HFAG 2010 ——
SWMilEiﬂk etal | Courtesy of Mikihiko Nakao
3 4 S

BF(B—X.y) (10 (E >1.6 GeV)



CLEO (similiar for BABAR and BELLE)
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Status of the inclusive mode B — X~ before NNLL

e Perturbative QCD corrections are dominant and lead to large logarithms
as(Mw)Log(m# / M3,) — resummation of Logs necessary:
LL Leading logs Gr (asLog )™ N=0,1,2,..

NLL  Next-to-leading logs Gr as (s Log )™
NNLL Next-to-next-to-leading logs Gr o2 (asLog)™

e Previous NLL Prediction B — Xsy: Hurth,Lunghi,Porod, hep-ph/0312260

BR(B — Xov) x 10%; .1 6000 = (3.61 T34  £0.02ckm % 0.25param % 0.155cz1e )

' M My

Largest uncertainty due to the charm mass scheme ambiguity |
= NMNLL QCD calculation needed for uncertainty < 10% |

Estimate of the reduction of the scheme dependence at NNLL; 12.49% — 5.1%
Asatrian,Hovhannisyan,Poghosyan,Greub,Hurth, hep-ph /0505068



NNLL QCD calculation - 'global effort’

¢ Consistent calculation of perturbative QCD corrections:

I) Initial conditions: Ci(p = M)
II) RGE:  pg-Ci(p) = 75 Cj(pn) = Ci(p = my)

III) matrix elements : < O;(p =~ my) =

I) Initial conditions Ci(p ~ My)
NLL calculation: (Adel, Yao, 1993) (Greub, Hurth, 1997)

* sensitivity for ‘new physics'
* no large logs (fixed-point perturbation theory is sufficient)

Steinhauser, Misiak, hep-ph/0401041:
Three-loop matching conditions




I) Coefficients ~;; in ,u.%fj‘i(#.} = v;Ci(p) = Ci(p =~ my)

NLL: (Chetyrkin, Misiak, Munz, 1996) (Gambino, Gorbahn, Haisch, 2003)

QCD-mixing of operators: ‘new physics' information in C7(My) gets covered up

Gorbahn, Haisch, hep-ph/0411071:

Three-loop mixing among the four-quark operators @;, i = 1..6
Gorbahn, Haisch, Misiak, hep-ph/0504194;

Three-loop mixing among the dipole operators Oy and Og
Czakon, Haisch, Misiak, hep/ph0612329

Four-loop mixing of the four-quark into the dipole operators

Da




III) Matrix elements: < Org(p ~mp) = < O2(p =2 mp) =
NLL: (Greub, Hurth, Wyler, 1996) (Buras et al., 2001 )

* perturbative contributions are dominant
* F(B — X:} ~ Im = BlHeffHEff|B —

“f: lﬂ? 'E]E

L

Blokland,Czarnecki,Misiak,Slusarczyk, Tkachov, hep-ph/0506055;
Asatrian,Ewerth,Greub,Hurth, hep-ph /0605009:

Two-loop matrix elements of the dipole operator

Melnikov, Mitov, hep-ph /0505097,
Asatrian,Ewerth,Ferroglia,Gambino,Greub, hep-ph/0607316:

Perturbative corrections to the photon spectrum due to O7
Bieri,Greub,Steinhauser, hep-ph /0302051

Three-loop matrix elements of ., fermionic contributions of order aZn;
Steinhauser,Misiak, hep-ph /0609241

Three-loop matrix elements of O3

Interpolation between the formal m. >> m;/2 limit and the a?ny approximation,
this part is the main origin of charm dependence = space for improvements




First NNLL prediction of B — Xy hep-ph/0609232
BR(B — X.v) x 10*

e Nonperturbative corrections hgjmfﬁ to M(B — X,v) are well below 10%.
Falk et al., Ali et al., Buchalla et al

E.=1.6GeV — (3.1? :ED.EE) Misiak et al.

e However: Estimation of power corrections Eenzke,lLee Neubert,Paz, arXiv:1003.5012
Largest uncertainty (5%) in new NNLL prediction

e Further uncertainties: parametric (3%), higher-order (3%), mc-interpolation (3%)

_ _ (b o ( My
BR(B — Xe)E-16cey = BR(B — Xeer)™ |- %) p (M)
I r(b — CEH) LD EW ﬂ:-ﬂ(mb)
2 2 \
x {1 + O(as) + O(a?) + O(aem) + O (“_E) +0 (“E) +0 (“"S“
m; ms me
~25% ~T% modd % ~1% ~3% ~5%

e Experimental world average HFAG

+0.09

BR(B — Xyv) x 10* E,>1.6GeV — (3:55 D510

+ 0.24 55t + D-Dashape,dgamma )

gusf




LO,

' NLO

NNLO

matching scale [ip

50 100 150 200 250 300 350

B x 10
| - NLO

NNLO

:.I_._.-‘"'.-....
*  charm mass renormalization scale [,

CLO

2 4 B 8

10

B x 104

‘LO

Ar _ NLO

. 2 | ..'. '.-.. ——— — — -. _- ) —
oy NNLO
- low-energy scale [if,

2 4 [

“*Central” values:
pg = 160 GeV
uy = 2.5 GeV
fe.= 1.5

8

10



Open issues

e [ he semileptonic phase factor:

BR,(Ey) =BR[B — X|g,~p, =

BR‘CFV ( F[B — XS{-:F]EW-}ED )
C Vis/Vis|*T[B — X,e7]

- FQO L : |
9 [[B— X e 0.582 += 0.016, 1S scheme has to be updated!

_ - — , Trott et al.,hep-ph /0408002
[[B—Xuev 0.546t%‘_%%§5 kinetic scheme

Gambino, Giordano,arXiv:0805.0271

O —

;"Cb
Enhancement of BR. in kinematic scheme
+4.8%!17  52-Pert(Eg) < 0, me(mc)1s < me(iMie) kinetic

e Multiscale OPE: Becher Neubert,hep-ph/0610067

Misiak et al. BR,(1GeV) BR+(1.6GeV)
hep-ph /0609232 4 —4
o 3.27 10 3.154+0.23) 10
"fixed order’ ( ) without
hep-ph /0610067 3.27 10~ % (2.9840.26) 10—4 —1.5% of O(asN\/my)
multisc. OPE | (adapted from above) ' ' 305 104




Ongoing discussion on cut-effects Misiak arXiv:0808.3134 [hep-ph]

¢ General folklore: With E,E < 1.9GeV local OPE of the rate is valid again.

e But: Becher,Neubert,hep-ph/06100067
A low cut around 1.8GeV might not guarantee that a theoretical description
in terms of a local OPE is sufficient because of the sensitivity to the scale
A =my — 2EY,

— Multiscale OPE with three short-distance scales my, v/msZA and A needed
to connect the shape function and the local OPE region.

— Using SCET, effects at the 3%-level found not by power corrections
Nocp /4, but by perturbative ones

- BR(E —* XST}E?}I.EGEV = 2.98 +0.26

e Nevertheless: Misiak, 2.workshop on Flavour Dynamics, Albufeira, 3.-10.11.2007

For E,? = 1.6GeV or lower, the cutoff-enhanced perturbative corrections

undergo a dramatic cancellation with the so-called power-suppressed terms.
Consequently, both types of terms must be treated with the same precision.
Lintil this is done, the fixed-order results should be considered more reliable.

const.+log(A /ms) + 1092 (A fms) + ...
vVersus

(A/mp) + (A/mb)? + (A /my) log (A /myp) + ...

O(as)/; O(a?),/; but not terms of O(a2)



CP asymmetries in b — sy

e Mixing-induced CP asymmetries in b — sv transitions

— General folklore: within the SM are small, O(ms/ms)

[ = €

Dy = myp 80y PrbFPY  Osp =
7L o3 80w Pr TR =Te—

Mg /d 80 P, bFMY
Mainly: B — Xy and B — Xyr = almost no interference in the SM

— But: within the inclusive case the assumption of a two-body decay is made,
the argument does not apply to b — sygluon
Corrections of order O(as), mainly due operator @2 = M%™MS /Iy ~ 0.025

= 119% right-handed contamination
Grinstein,Grossman, Ligeti,Pirjol, hep-ph /0412019

— QCD sum rule estimate of the time-dependent CP asymmetry in B° — K*%
including long-distance contributions due to soft-gluon emission from quark loops
versus dimensional estimate of the nonlocal SCET operator series:

Ball, Zwicky,hep-ph /0609037 — Grinstein,Pirjol,hep-ph/0510104

S = —0.022 £ 0.015%J,,, S*"" = —0.005 £ 0.01 « |$%™"| ~ 0.06

Should be resolved! AS = 0.02 —0.03 (Super B sensitivity)
see JHEP 0802 (2008) 110, arXiv:0710.3799



¢ Direct CP asymmetries in b — s/d~

(B — Xs,f'd’"f) —IM"(B — ng,-ﬂ) _

acpb=3/d") = e S TTE o o

ﬂf(_‘_fp(b — S"_r') ~ D.5%._ ﬂ'r:_fp(:ﬁ — d“,) ~ —12%

Smallness of agp(b — s+) results from three factors:
o (strong phase), X (CKM), wm>/mi (GIM)

e NLL prediction Hurth,Lunghi,Porod, hep-ph/0312260

acp(b— sv) = (0.44 fg%g f + 0.03c ke fgég ) x 1077

Maf 1T scale

¢ However: Long-distance dominance Benzke, Lee MNeubert,Paz arXiv:1012.31.67

—0.6 x 1072 <« acp(b — sv) < +2.8 x 1072
-~

. ) -~
< S
() (e S @S st
. . . | i ! ; ( I,
Resolved photon contribution: v N B SASUITI -
o i Qe

No oas-sSUppression
see talk of Michael Benzke



e Untagged direct CP asymmetries in b — s/d transitions
KM mechanism CKM unitarity 4+ U spin symmetry of matrix elements d «— s:

|ABRcp(B — Xov) + ABRcp(B — Xgv)|~1-10° =0

Clean test, whether new CP phases are active or not
Hurth,Mannel, hep-ph/0109041: Hurth,Lunghi,Porod, hep-ph /0312260
(Super-) B-factories £3% (£0.3%) precision possible

Experiment:

Resolved contributions cancel at order A/my

MFV with (flavourblind) phases

APTIRY (o)




More details ATep(B— Xeyqr) =T(B — Xepay) — T (B — Xoy g7)

KM mechanism CKM unitarity
= J=ImAPAD) = (—1) Im(A{OAD)
4+ U spin symmetry of matrix elements d « s:

J&r{TP(B - Xs—{—cﬂr) — bmc&im:

bere: 'relative U-spin-breaking’; Aq.: 'typical size' of CP violating rate difference
|bine| ~ mz/m; ~5-107% (also in 1/mg and in 1/mZ corrections)

(Resolved contributions cancel at order A/my)

|ABep(B — Xeygy)| ~1-107 =0

Very clean test, whether new CP phases are active or not



Flavour problem In supersymmetric models

e In the general MSSM too many contributions to flavour violation

— CKM-induced contributions from H+, XJF exchanges (quark mixing)

— flavour mixing in the sfermion mass matrix



e In the general MSSM too many contributions to flavour violation

— CKM-induced contributions from H+, XJF exchanges (quark mixing)

— flavour mixing in the sfermion mass matrix

e Possible solutions:

— Decoupling: Sfermion mass scale high
(i.e. split supersymmetry)

— Super-GIM: Sfermion masses almost degenerate
(i.e. gauge-mediated supersymmetry breaking)

— Alignment: Sfermion mixing suppressed



e In the general MSSM too many contributions to flavour violation

— CKM-induced contributions from H+, XJF exchanges (quark mixing)

— flavour mixing in the sfermion mass matrix

e Possible solutions:

— Decoupling: Sfermion mass scale high
(i.e. split supersymmetry)

— Super-GIM: Sfermion masses almost degenerate
(i.e. gauge-mediated supersymmetry breaking)

— Alignment: Sfermion mixing suppressed

e Dynamics of flavour «— mechanism of SUSY breaking
(BR(b — sv) = 0 in exact supersymmetry)



Parameter bounds B — Xsv

W+ H+
g %T d %T

Crnrr(Mw) = Crnpp "M (Mw) + CrnppVEY (Myy)
Charged Higgs contribution always adds to the SM one !



Stringent bounds on new-physics models

Example: Two-Higgs-Doublet Model-Il at tan 3= 2: = Mg+ = 295GeV at95%CL

4 » 5 \ "-..l "-.___‘-
.25 |\ \
N x,&x
4\ N

3.5 “‘m B e A
3,28} T T T s
3 T

B = 104

250 500 750 1000 1250 1500 1750 2000
ﬂl»“lfH+[GE"'u"r]

B(B — X&) as a function of the charged Higgs boson mass (solid line)
Experiment/SM Theory, central values with 1o bounds (dotted/dashed)

Misiak et al.



B — Xoy

W+ H+
g Y d Y

; j W+ ; :: H ; :; X
Chvrr(Mw) = Chv"M(Mw) + Cyvin " (Mw) + Cyrr X (Mw)

Within supersymmery possible cancellation with chargino contribution.

MNote: There are generically new contributions via squark mixing |

Parameter bounds model-dependent



B — Xoy

W+ H+
g Y g %T

; j W+ ; :: H ; :; X
Chvrr(Mw) = Chv"M(Mw) + Cyvin " (Mw) + Cyrr X (Mw)

Also in beyond-the-SM scenarios NLL calculations existing:
NLL analysis in MFV-Supersymmetry

Degrassi,Gambino,Slavich, hep-ph /0602198



NLL in general supersymmetry (UMSSM)

New sources of flavour violation via squark mixing

Complete NLL

Ir o -
Wg Htg xTg x%¢ gy Bobeth,Misiak,Urban hep-ph /9904413

Wg Htg xTg x°g gg
Gluonic Parts (gg ) Two-Gluino Parts (gg)
] E &
n:!" " ‘! -
TINET

Gluino contribution dominant due to strong coupling



Example: Bound on minimal universal extra dimensions = 1/R = 600GeV at95%CL

40

-
Ln

B(B — X«y) [1074]

0.2 0.4 0.6 0.8 1.0

1/R [TeV]
Red: LO-UED, Green: SM T heory, Yellow: Experiment By far best bound |

Haisch et al



Parameter bounds in THDMs Haisch,arXiv:0805.2141

600

soo}

100}

0 10 20 30 40 50 60 70

See also Deschamps et al.(CKMfitter), arXiv:0907.5135. Mahmoudi, 5tal, arXiv:0907.1791.
Erikson, Mahmoudi, Stal, arXiv:0808.3551.



My« [GeV ]

LHC versus Flavour constraints

Combined Higgs search constraint from ATLAS: arXiv:0901.1502
E{H} lllllllll T T T T 7T T §Fr rorr T ¥ T T 7 rFr 77T
i *

Converted constraints expected from
ATLAS onto the plot by hand.

95% C.L. exclusion sensitivity

i BEELER!
........

[ laom™

15
o I 0!
A RS
~ : b | Scenario B ATLAS |
..'I:I #0 110 130 150 170 200 250 4100 &0D
m, [GeVvl

U. Haisch 0805.2141
2HDM Courtesy of Adrian Bevan



LHC versus Flavour constraints

Com

bined Higgs search constraint from ATLAS: arXiv:0901.1502

600

100

LI B B B N N T

nr A e probes same
[ vertex as B — v Er
Vr
o @<
q " H I.r o
= 2 b-jets
: b
TOOOO0> S
g t -

10 20

U. Haisch 0805.2141 Courtesy of Uli Haisch

2HDM



Epilogue Future Opportunities

e LHCb (5 years) 10fb—1: allows for wide range of analyses,

highlights: Bs mixing phase, angle v, B — K*up, Bs — pp,Bs — ¢¢
then possibility for upgrade to 1Dbe_l

e Dedicated kaon experiments J-PARC E14 and CERN P-326/NAG62:
rare kaon decays K? — n%w and K+ — ntwi

e [wo proposals for a Super-B factory:
BELLE II at KEK and SuperB in Frascati (75ab™1)
Super-B is a Super Flavour factory: besides precise B measurements,
CP violation in charm, lepton flavour violating modes ™ — u~,...

Both projects have multi-year funding !



Opportunities at a Super Flavour Factory

see JHEP 0802 (2008) 110, arXiv:0710.3799

Measurement of lepton flavour violation

T — uy and — 3u — — ~ 2 v —54
[ [ BR(IJ- — Y| smp = (my/ﬂffw} ~ O(10—°%)
||“I_ : e = " I R F 2 " )
. 3 / Process Expected 90%CL 40 Discovery
—_— e VT upper limited Reach
“_1‘—\1 B(r — uvy) 2x107° 5 % 10~°
: B(r — ppp) 2% 107" 8.8 x 1071
Use modes to distinguish SUSY wvs LHT Blanke et al.
ratio LHT MSSM (dipole) | MSSM (Higgs)
B(t— —e"eTe™ ) ‘ _92 1n—2
B 0.4...2.3 ~1-10 ~1-10
Bl —wnu) |04...23 ~2-1073 0.06...0.1
Blr—uy) _
,sﬁm—:_i_ln L 10.3...16 ~ 21077 0.02...0.04
St e ) 103...16| ~1-1072 ~1-1072
B{T_—\f'_#fl"'f_'} q « - - ‘ E
gg*r: —e:pi#ig 1.3... 1.7 ~ J 0.3...0.5
a1 1.2...1.6 ~ 0.2 5...10




Superflavour factory: measurement of clean modes
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Superflavour factory: CKM theory gets tested at 1%
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