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Indirect exploration of higher scales via flavour observables

e Flavour changing neutral current processes like b — s~ or b — sfti-
directly probe the SM at the one-loop level.
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e Indirect search strategy for new degrees of freedom beyond the SM
Direct: Indirect:
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e Immense potential for synergy and complementarity between collider and
flavour physics within the search for new physics



Flavour problem or how do FCNCs hide?
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¢ SM as effective theory valid up to cut-off scale Ayp

e K°— ROmixing 0% = (sd)2: SM/MZ x (5d)2+ /A2 x (5d)2 = Anp > 100 TeV

e MNatural stabilisation of Higgs boson mass (hierarchy problem) = Apyp < 1TeV
(i.e. supersymmetry, little Higgs, extra dimensions)

e In addition: EW precision data — little hierarchy problem = Ayp ~3—10TeV

Possible New Physics at the TeV scale has to have a very non-generic flavour structure



Example: Supersymmetry
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Discrimination between various SUSY-breaking mechanism via flavour observables

Okada et al. (see archiv:0710.3799[hep-ph])



Status of the inclusive mode B — Xy

¢ Perturbative QCD corrections are dominant and lead to large logarithms
as(Mw)Log(mg / M3,) — resummation of Logs necessary:

LL Leading Logs Gr (as Log )V N=0,1.2,...
NLL  Next-to-leading Logs G as (s Log )V
NNLL Next-to-next-to-leading Logs GFa?(asLog )”

¢ Previous NLL prediction Hurth,Lunghi,Porod, hep-ph/0312260
BB — Xo7) X 10*5 1 s0er = (361 193] jm, £ 0.02ckm % 0.25p0ram + 0.154c5c)
First NNLL prediction of B — Xy Misiak (spokesperson) et al.,hep-ph/0609232

B(B— Xev) x 10%5 -1 ooy = (3.17 £0.23)

Experimental world average HFAG

B(B - XST) X ID4|E;::-1.EG-§]-" — (3-55 —_FS:?S . + 0-245tat + D-Daahape,dgamma)
' SYs
e Also in beyond-the-SM scenarios NLL calculations exist: C*f“(MW) + G,;"*"—‘w[ﬂ-fw)

NLL analysis in MFV-supersymmetry Degrassi, Gambino,Slavich, hep-ph /0601135
NLL in general supersymmetry (UMSSM) Greub,Hurth,Steinhauser, work in progress



NNLO SM Prediction
3.15 + 0.23 x104 =i (down by 1.20)

hep-ph /0609232

CLEO Phys. Rev. Lett. 87, 251807 (2001) ——ii——

BELLE Phys.Lell. B 511, 151 (2001) | A+ |
BELLE Phys.Rev.Lett.93:061806,2004 i

BABAR PRD 72, 052004 (2005) : i

BABAR hep-ex/ 0507001 | il ‘.

HFAG Average

3.55 = 0.26 x10-* I
Exirapolalion 1o Ey> 1.6 GaV

from PRD73.07 3:1:1'&.21:05 | | |
Z2 3 4 5

Courtesy of Oliver Buchmiller B R(b_} SY)E‘P"E GeV X'I 0-4



¢ Nonperturbative corrections A®/mj, to M(B — Xyv) are well under control

¢ However: Estimation of power corrections of O(as/\/mb) should be improved:
Largest uncertainty (5%) in our new NNLL prediction (see Lee et al)

e Further uncertainties: parametric (3%), higher-order (3%), mc-interpolation (3%)
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e Additional sensitivities to nonperturbative physics
due to necessary cuts in the photon energy spectrum D4
to suppress the BB backaground: .o rqociéﬁ:h
Shape function methods and multi-scale SCET analysis e 3:

= Additional theoretical uncertainties




Maore details: Additional sensitivities to nonperturbative physics

e s-quark propagator in the correlator of OPE:

+i
.S_g(k} p— > N IE E N E
k=4 2ik - D— 12 D 4 i=
- far away from singular kinematical points:
k~mp B2~mi = k2~mi > k-D~mp\ > DD~ N

Expansion Ss(k) =F/k? 4+ O(A/my) valid!

- endpoint region of photon eneragy spectrum in B — X
Er~my but B2 ~mph = K2 ~mupN =k - D ~mp\ =D D ~ A

Expansion in A/mg still possible, but k- D/k? is O(1), partial
resummation of these effects to all-orders in a nonperturbative
shape-function necessary |

Neubert, Mannel: Bigi et al.




¢ General folklore: With 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/myA 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

- BH(E —F XS'T}ET}I.EGEV = 2.98 +0.26

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

For Ef:? = 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.
Until this is done, the fixed-order results should be considered more reliable.

const.+log(A /ms) + 1092 (A /mp) + ...
Versus

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

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



Currently known contributions 53(B — X.v) that have not been included

in the estimate (3.15 £+ 0.23) ¥ 107* in hep-ph/0609232:
(+7.3%)

e New /old ]arge-,."j’[p bremsstrahlung effects

[Ligeti, Luke, Manohar, Wise, 1999 —  +2.0% in the BR
[Ferroglia, Haish, 2007, to be published]

e Four-loop mixing into the b — S operator QE
[Czakon, Haisch, MM, hep-ph /0612329] —  —0.3% in the BR

e Charm mass effects in loops on gluon lines in I{'r? _
[Asatrian, Ewerth, Gabrielyan, Greub, hep-ph/0611123| —  +0.3% i the BR
[Czarnecki, Pak, to be published]

e Charm and bottom mass effects in loops on gluon lines
in the three-loop b — 87 matrix elements of Ql and Qg

[Boughezal, Czakon, Schutzmeier, arXiv:0707.3000] —> +1.1% in the BR
e Non-perturbative O ((1' s %) effects in the term ~~ CTCE
[Lee, Neubert, Paz, hep-ph /0600224] —> —1.5% in the BR

Total: _|_1.6r_}-,&| m the BR

Courtesy of Mikolaj Misiak



Status of the inclusive mode B — X t¢~

e On-shell-ce-resonances = cuts in dlepton mass spectrum necessary :
1GeV? < g2 < 6GeV*? and 14.4GeV*? < g2 = perturbative contributions dominant

LBR(B — XJtI7) x 1073

w
L% b s
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e NNLL prediction of B — X £t dilepton mass spectrum
Asatryan,Asatrian,Greub,Walker, hep-ph/0204341;
Ghinculov,Hurth,Isidori,Yao hep-ph/0312128:

BR(B — Xt ) o pepncevsces = (1.63 £0.20) x 107°

BR(B — XJT1 )our g=14.4600: = (4.04+£0.78) x 1077
NNLL QCD corrections ¢2 € [1GeV?2, 6GeV?]
central value: —149%, perturbative error: 13% — 6.5%



e Further refinements:

— Completing NNLL QCD corrections:
Mixing into Qg (+1% ), NNLL matrixelement of Og (—4% )

— NLL QED two-loop corrections to Wilson coefficients
—1.5% shift for agn(p = myy), —8.5% for aem(p = mw)
Bobeth,Gambino,Gorbahn,Haisch, hep-ph /0312090

— QED two-loop corrections to matrix elements in the low-g2 region
+2% effect in the low-¢° region for muons
Huber,Lunghi, Misiak, Wyler, hep-ph/0512066

e NNLL prediction of B — X 1T¢: forward-backward-asymmetry (FEBA)
Asatrian, Bieri, Greub, Hovhannisyan, hep-ph/0209006;
Ghinculov,Hurth,Isidori,Yao, hep-ph/0208088, hep-ph/0312128:

1 1 d2r 0 d2r
A = d e — d f
B I semilep (fn (cos )dq2d¢055’ _[_1 (cos )qudCGSE’)

(¢ angle between ¢t and B momenta in dilepton CMS)

Arp(gd) =0 for @@ ~Cr/Cs g3 = (3.90+0.25)GeV?

. eff ~eff - —eff ~+xeff brema
AFe = {_ 6 Re(Cr 7pClore) — 38 Re(CorpClorr) + AFE }



Update with electromagnetic corrections for dilepton mass spectrum
and FBA including the high-g® region Huber,Hurth,Lunghi

Electromagnetic corrections

e Focus on corrections to the Wilson coefficients which are enhanced by a
large logarithm aepn Log(my /mg)

e Corrections to matrix elements lead to large collinear logarithm Log(ms/me)

which survive intregration if a restricted part of the dilepton mass spectrum
is considered

— 4-2% effect in the low-g° region for muons, for the electrons the effect
depends on the experimental cut parameters:

Presence of this logarithm depends on the experimental set-up
due to finite detector resolution for collinear photons. This is
not a problem for muons, but for electrons in the present Babar
and Belle set-up a cone of opening angle &, is used inside which
collinear ~'s are included in the reconstructed four-momentum:

¢ =y +p_ +py)°  mi<(pe+p,)’ <A =2E;(1—cosf.) A~ O(m,)



— MNote that the coefficient of this logarithm vanishes when integrated
over the whole spectrum

2
1.52\

ABR x 10-6

i
=
LA

i
[
—_—

g 10 15 20
s (GeV2)

= Relative effect of this logarithm in the high-g? region much larger
Forward-backward-asymmetry

e Each of the brackets gets fully expanded in all couplings, but no overall
expansion

AFBhaff g~ I hafff g~
[EBLAT )y (R,

. MMppole + 1My 735 <+ Mb,1S
I N '

Large my scheme ambiguity of 10% of the Zero of FBA diminished.

¢ Residual pu-dependence also for the Zero of the AFB a good estimate of
the perturbative error



Our perturbative expansion almost reach the formal N3LO QCD accuracy

A — Iy ALG—I—H A"ﬁ.-f_nj‘l_ﬂf AWWLG+O(EE)

+2 | T+ AV o + o ANy o + @("33) + O(K?)
with A;o ~ ag A_ﬁ.-‘[_.ﬂ and A?E ~ (Xg _ﬁf}_ﬂ K = ffem/ﬂ's
A? = [.filf_g + a, 2A10ANLo + o (Ao + 2A0ANNLO)

+a; 2(AnroAnno + . .) + O(ﬂj))]
+ IZALDALD +a, 2( Ay o AT + Am NLO)
+a? 2(AnoAVLo + AvnioATS + ALo AN Lo)
+a) 2(Ay o ANNLO + ANNLD nLo+--)+ O(ﬂj)]
+ O(KY.

2771
AroAnnnro and A7 Axnnro unknown | but can safely be neglected

due to  Aro ~ aAxro. f‘lf_m ~ AMD a Avvnro € AnNro



¢ Again additional subtleties = additional uncertainties

— Locally: breakdown of OPE in ﬂQ,;D,fmb in the high-s (¢%) endpolnt
Partonic contribution vanishes in the limit s — 1, while the 1/m?
corrections in R(s) tend towards a nonzero value

Theoretically: s-quark propagator in the correlator of OPE:

’ k2 4 2ik-D— DD +ic
Endpoint region of the ¢° spectrum in B — XTI~ different from endpoint
regian of the photon spectrum of B — Xgv:
?xmix M = k~AN, k?~A? = complete breakdown of OPE

no partial all-orders resummation possible, shape-function irrelevant
Buchalla,Isidori

Practically: for integrated high-s {:qz) spectrum one finds an effective
expansion (smin = 0.6): Ghinculov,Hurth,Isidori,Yao hep-ph/0312128

1 1.6\ 1.8 1.7
[ s R =|1- L+ et < [ s ROl
o mb{:l Smin) mb{:l /Smin) -




Recent proposal: normalization to semileptonic B — X, {ir decay rate with

the same cut reduces the impact of 1/m, corrections in the high-g? region
significantly. Ligeti, Tackmann,hep-ph/0707.1694

Hadronic invariant-mass cut is imposed in order to eliminate the background
like b — c¢(— seTv)e v = b — seTe” 4+ missing energy

* Babar,Belle: my < 1.80r2.0GeV
+ high-g? region not affected by this cut
* Kinematics: X; is jetlike and mi. < mp\gcp = shape function region

+ SCET analysis: universality of jet and shape functions found:

the 10-30% reduction of the dilepton mass spectrum can be accurately
computed using the B — X_.~v shape function

(5% additional uncertainty due to subleading shape functions)
Lee,Stewart, hep-ph/0511334;

Lee,Ligeti,Stewart, Tackmann, hep-ph/0512191



Numerical results Huber, Hurth, Lunghi preliminary

e Zero of the forward-backward asymmetry qu
G = | 35430075 cate £0.003m, £0.03m,.c £ 0.05m, £0.074a,ar) | GeV?
Goee = [3.421 + 0.07ccate & 0.003,,, + 0.03,,, & 0.046,,,, + n.m'as.;mzf_ GeV? .

e Integrated FBA for different bins:

Aceiag = (—820£090)% .  Auupas=(-917+£0.90)%
(T61£061)%,  Auupseg=I(712+£064)%
Acepa) = (—1.27£0.78) % , Appie] = (—1.93£0.81)%

I-"iIE'E[E.E,E]

e Branching ratio for ¢° > 14.4GeV (high-¢2 region):
BR(B — X.ee) = (2.15 + 0.56)- 1077
BR(B — X.up) = (2.47 £ 0.58) . 1077

Experiment:

BR(B — X)) = (418 £ 1.1700e. T0taews.) - 1077 Belle

BR(B — X.ll) = (54 2.5ua:. T05aye) - 1077 Babar



e Branching ratio for 1GeV < ¢ < 6GeV (low-¢2 region):
not updated, from hep-ph/0512066

BR(B — X.ee) = (1.64 £ 0.08.ca01c & 0.06,,, £ 0.015,,, & 0.025¢ .
+0.02,_ (a1, + 0.01565 0 +0.026pg,) - 1076

BR(B — X.pp) = (1.59 + 0.08.c00 & 0.06,,,, & 0.015,,, + 0.024¢,,,_
+0.02,_ a1,y + 0.015cxkar £ 0.026pr,) - 1078

Experiment:

BR(B — X.II) = (1.493 £ 0.5040:0:. T0a310ws.) - 107°  Belle
BR(B — X.ll) = (1.8 4+ 0.Tsa¢. &+ 0.5,y..) - 107° Babar



Model-independent analysis of b — sft¢~ and b — s~

* Global fit to the Wilson coefficients C7, Cg, C1o
= Determines magnitude + sign of these coefficients

* In MFV the sign of C7 is already fixed by b — s¢t#¢~ data

Experimental issues in b — sét{—:

* End of Babar and Belle (1/ab) 15% accuracy possible
* LHCb: only semi-inclusive analysis possible without the mg modes

For new physics search measurements of kinematical distributions are
needed (high statistics necessary !):

SuperB factories versus SuperLHCDb Achille’s talk

Measurement of inclusive modes restricted to ete~ machines.
(S)LHC experiments: Focus on theoretically clean exclusive modes necessary.

Third independent combination of Wilson coefficents in B — X 1¢~ (z = cosf)
Lee et al.

d’T
dg? dz

=3/8 [(1+2%)Hr(q") + 22 Ha(q®) +2(1 —2°) HL(q")]

dl’ 5 2 dAre
—=H H \
o r(q”) + He(q"), I

=3/4 Halg )



Focus on ratios of exclusive modes like FBA in B — K*(t+{-

Dl_tﬂﬂpﬂfﬁfq‘Q

__- -
Gll- _-"- ____-""'
Lo - -
0 a—
—=
-

_ﬂll N - - ___.—-"_-F-

=021 NLO

1 2 3 4 5 6 7

e At LO the zero depends on the short-distance Wilson coefficients only
because the formfactor dependence cancels out:

% = ¢5(C7.Ca). g5 = (3.44+0.6 —0.5)GeV? (LO)

¢ NLO contribution calculated within QCD factorization approach leads
to a large shift: Beneke,Feldmann,Seidel, hep-ph /0412400

ga = (4.39 4 0.38 — 0.35)GeV?  (NLO)
e Issue of power corrections (1/m;y) !

Other examples: « By — pfté~ or B, — &t~ < B,— K*ti{~ [b—s] « [b—d]

Transversity amplitudes in B — K*¢1t¢~ very sensitive probe for right-handed current
— Quim’'s talk



Hadronic matrix elements known from experiment

Example: KT — o Tup
e BNL-E787/E949: three events 3/2004 !
BR(KY — ntwi) = (1.4? T 5;93) x 10710
e Present SM theory (in future error below 5% possible) Buras et al..

BR(K' — ntwir)sm = (0.790 £ 0.067) x 10719 .
What makes the neutrino modes K — w1y 50 attractive?

¢ leading hadronic matrix element is known from K3 decays: < 7 |(5d)y_4|K >
¢ amplitude dominated by short-distance due to quadratic GIM: A9 ~ mﬁ‘.{lslf;d

Meutrino modes as theoretically clean as inclusive B decays !
= highly sensitive probe for degrees of freedom at higher scales

Main motivation: we need theoreticallly clean s — d transitions in order
to test the main consequence of the MFV scenario:

usual CKM relations between [b— s| « [b— d] < [s — d] transitions



Crucial problem: Separation of new physics effects and hadronic uncertainties!
Focus on theoretically clean observables is mandatory

Three strategies:

e focus on inclusive modes: operator product expansion (OPE)

My— 00

M(B— Xqy) == [(b— XP"y), A" o A2 /mp
No linear term Agcp/my (perturbatively calculable contribution dominant)
In general restricted to ete~ machines

¢ focus on ratios of exclusive modes like asymmetries
(hadronic uncertainties partially cancel out)

General strategy followed at LHCD

e focus on specific decays like K — mvr
(hadronic matrix elements known from experiment)



FPossible future scenarios:

A couple of years after the start of the LHC, may be

1. many new degrees of freedom discovered at ATLAS and CMS,
and new FCNCs at flavour experiments

2. many new particles discovered at ATLAS and CMS,
but no new FCNCs at flavour experiments

= important input to understand the New Physics

3. No new particles discovered at ATLAS and CMS (except one Higgs),
but new FCNCs at flavour experiments

= tells us something about the mass scale to aim at (modulo flavour problem)

4. ...

5. ...

Note: With flavour observables we measure " /Axp :

::;-“""“‘” may be constrained by symmetry, may depend on different interactions



a Workshop on the interplay of flavour and cnllide_r__pliyiics |

First meeting:

CERN, November 7-10 2005

http://mlm.home.cern.ch/mim/FlavLHC.html

— BSM sigmatunes in BIHD physics,
and their complementarity with the
high pl LHC discowery potential
- Flavour phensmena in the decsys
of SUSY particles

- Squark/slepton spectroscopy and
family stracture

Eas - Flavour aspects of non-5USY B5M

physics
- Flavour physics in the lepton sector
- g-z and EDMs as BSM probes

- Favour experiments for the next
decade

Local Organizing Committes

A Caxrucd (CERN, Ganara)

D Duinsaay Al (Saclay, G zur hestta)
L Elk {TERM, Gansna)

R. Pabchers (CERM, Ganera)

G Qudka [CERN, Ganen)

T. Hurich ({CERM, Gans])

ML Miaregano (CERN, Ganara)

T. Hakada [EPFL, Lausanna)

G Podsead b { MM, Pawla)

M. Srutzareka (Lanca ser Unkg

Interm ation sl Advissry Commities
A Al (DESY, Hambungj
A Buras (TUM, Munich)
P Conpsir (FHAL, Batavia)
PR Franzinl iLMF; Frascati}
M. Glorgl {Unhesersiia“dl Pha)
K. Haghwara [ KEK, Tsuku ba)
5.4 JHER Bafing)
LLI‘IIIItIIm ML, Bro ok hawen)
G Martinelll{La Sapkenza, Roma)
I..Ikdnl"'fl.h!lﬁm' dl Badowa)
H Murayama (UC and LBML, Barkaluy)

WL Yamauch|(KEK, Tsukub)
P Zorw 5 (DESY, Hambarg)

5 meetings between 11/2005 and 3/2007, Yellow Report to appear

see http://mim.home.cern.ch/mlim/FlavLHC.html

Goals of the workshop

e to outline and document a programme for flavour physics for the next decade,

e TO discuss new experimental proposals in flavour physics,

e to address the complementarity and synergy between the LHC and the flavour

factories in our search for new physics.



Follow-up workshop:

Working Group on the Interplay Between Collider
and Flavour Physics

The working group addresses the complementarity and synergy between the LHC and the flavour factories
within the new physics search. New collaborations on this topic were triggered by the two recent CERN
workshop series Flavour in the Era of the LHC and CP Studies and Non—5tandard Higgs Physics at the border

line of collider and flavour physics and expenment and theory. This follow—up working group wants to
provide a continuous framework for such collaborations and trigger new research work in this direction.

Regular meetings at CERN (well-connected by VRV S) are planned in the near future.

https://twiki.cern.ch /twiki/bin /view/Main/ColliderAndFlavour

Kick-off meeting 3.-4.December 2007 at CERN
http://indico.cern.ch /conferenceDisplay.py7confld=22180
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Effective Lagrangean
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Effective Operators
Py = (spvT%cr)(eny"T%), Pi= |

|

21 TbL) S (" T).
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Input parameters

s (M) = 0.1182 + 0.0027 me = 0.51009892 MeV

e (M,)=1/127.015 m,, = 105658360 MeV

5%1,- = sin® fw = 0.2312 m, = 1.77699 GeV

|Vt Vis /Vas|* = 0.967 & 0.000 Melme.) = (1.224 £ 0.017 £ 0.054) GeV

BR(B — X €0 )ap = 0.1061 £0.0017 | m;” = (4.68 & 0.03) GeV

Mz = 011876 GeV My pole = (172.7E£ 2.9) GeV

Myw = 80.426 GeV mp = 5.2794 GeV

A2 = ¢ (mAs —mp) = 0.12 GeV* C' = 0.58 £0.01

A =—0.274+0.04 GeV? p1 = 0.06+0.06GeV?, f1=0
Numerical values for a.(ps) and s(ps) with gy = 5 GeV aelpp) = 0.0170

ki) = 0.0354
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Stringent bounds on new-physics models

Example: Two-Higgs-Doublet Model-Il at tan3=2: = Mg+ = 295GeV at95%CL

2 5 e :

e —_— — —_— — e, e o T ek ek e e e e e e — — — — —
— —_— —_— —_— —_—_ —_— —_— —_— e T — — — o — o e o — — — — —

B x 107

250 500 750 1000 1250 1500 1750 2000
My [GeV]

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

Misiak et al., hep-ph/0612231



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

0.2 0.4 0.6 0.8 1.0
ljR [TEV]
Red: LO-UED, Green: SM Theory, Yellow: Experiment By far best bound !

Haisch,Weiler,hep-ph /0703064

Mote: Flavour non-universal boundary terms arise radiatively.



e Mixing-induced CP asymmetries in b — sv transitions

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

e e
mp 80, PrbF*Y O-p =
1672 b e R TH 1672

Mainly: B — Xy and B — X,vg = almost no interference in the SM

@TL =

'msll.-'a' EJ_.LI:I-"PL ij.I:I-" -

— But: within the inclusive case the assumption of a two-body decay is made,
the argument does not apply to b — svygluon
Corrections of order O(ag), mainly due operator Q2 = rg;‘*mS,frg ~ 0.025

= 11% right-handed contamination
Grinstein,Grossman, Ligeti,Pirjol, hep-ph /0412019

— @QCD sum rule estimate of the time-dependent CP asymmetry in BY — K*0~
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%7_,, §*9"" = _0.005 + 0.01 — |S¥""| =~ 0.06

Note: Expansion parameter is Agop/@Q where @) is the kinetic energy of the hadronic
part. There is no contribution at leading order. Therefore, the effect is expected

to be larger for larger invariant hadronic mass, thus, the K* mode has to have the
smallest effect, below the ‘average’ 10%

Experiment: S =-0284+0.26
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Untagged direct CP asymmetries in b — s/d transitions
KM mechanism CKM unitarity 4+ U spin symmetry of matrix elements d «— s:
|ABR-p(B — Xov) + ABRqp(B — Xgv)|~1- 1079 =0

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

e opportunity at LHC: By — pp Babu,Kolda
— helicity suppression in the SM: Asar ~ my/ms
— hadronic matrix element simple (fg lattice calculations)

— order-of-maagnitude enhancements possible in multi-Higgs models
even without new flavour structures: Ago 40 ~ tan>s3

e angular distribution and transversity amplitudes in B — K*up and B; — ©up
Melikhov, Nikitin, Simula; Kim,Kim, LU; Kruger et al.; Kriuger,Matias

e C'P averaged isospin asymmetry B® — K*9utu~ versus BT — K*futpu~
Feldmann, Matias

o b— sete versus b — sutu~ inclusive /fexclusive Hiller
e CP violation in By — K%y and in B, — dvy

e B—py/ B— K

e B— (D, D* X Tv

o B— 11, B— nv

o h— SL"]F, B — Kvv



