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Flavour problem
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e SM as effective theory valid up to cut-off-scale A

e K9— K%mixing 0O° = (5d)?: SM/M3, x (5d)? + cN¥/N? x (5d)? = A > 100 TeV

e Natural stabilisation of Higgs boson mass (i.e. supersymmetry) = A~ 1TeV
(but: little hierarchy problem)

e EXxpectation: flavour mixing restricted by additional symmetries

Rare decays and CP violating observables allow to analyse flavour symmetry breaking.



e Flavourblind elektroweak structure of O; :

- connects various (theoretically clean !) observables:

Acp(Bd — CDKs) e BR(B — Xs’y)
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- allows for model-independent analysis:
e Flavour part of O; :
- new flavour structures, i.e. squark-mixing in SUSY or

- minimal flavour violation flavour symmetry / CP broken by Yukawa couplings

*[b—s] < [b—=d] «< [s—d * RG-invariant definition (d’Ambrosio et al.)

There is no strict theoretical argument available that there must be new flavour

structures at the electroweak scale.



Direct: Indirect:

Msysy Msysy +
VL%L

Photon, Z

Exploration of higher scales via FCNC ﬁ
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e High sensitivity for 'New Physics’ (<« elektroweak precision data, 10% <« 0.1%)
e This indirect search via FCNC takes place today in complete darkness.

e But this indirect information will be most valuable if the nature of new physics
identified in the direct search at the LHC.

Complementarity of flavour factories and LHC.



Separation of new physics effects and hadronic uncertainties!
Three strategies:
* focus on inclusive modes:
M(B = Xoy) ™57 T (b — XPortony) | A™ert o A2 /mi

No linear term Agcp/mw
(perturbatively calculable contribution dominant)

* focus on ratios of exclusive modes like asymmetries
(hadronic uncertainties partially cancel out, i.e. App(B — K*¢T¢7))

* focus on specific decays like K — v
(hadronic matrix elements known from experiment)

Complementarity of LHCDb, SuperB and rare kaon experiments.



Correlations between B and collider physics via squark mixing within SUSY

e In the unconstrained MSSM (too many ?7) new contributions to flavour violation

— CKM induced contributions from HT, xyT exchanges

— flavour mixing in the sfermion mass matrix q
I, o
e Gluino-quark-squark coupling: —ig,Tg (I Pr — HrPr) 5 5
a

K,
e Possible disalignment of quarks and squarks B ~

— quark mass matrices are diagonal !
— squarks are rotated ‘parallel’ to their fermionic superpartners |
— in general not mass eigenstates: ¢, r = Fg)LL’chz-
Sfermion mass matrix in uUMSSM in ¢; r basis:
2 2
M3, = (F/D)gle + ( marL TD/ULR )
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from F,D terms from soft breaking
3 x 3 diagonal submatrices m? not diagonal

t

FCNC are induced by off-diagonal (off-generational) terms in m2,, m%p, m2,



e Low energy constraints

— K-physics: € /e, K%-K° mixing, ...
significantly constrain 1 — 2 and 1 — 3 mixing

— B-physics: b — sv, AMp, ...
most important beyond SM contributions: Ht, X7, 3

e Correlations to Collider Physics

— Squark decays:

U = uiXy, diX;
di — diXR, uiX;
with:z=1,..,6, 7=1,2,3, k=1,..,.4and [ =1, 2.

— These decays are governed by the same mixing matrices as the contributions
to flavour violating low-energy observables and no GIM or Super-GIM is active.

Squarks can have large flavourviolating decay modes, compatible with present
data from flavour physics.



Strategy

e take SPS1a as starting point:

Mo = 100 GeV, My, = 250 GeV

Ao = —100 GeV, tan3 =10, u >0

=

My =192 GeV, p = 351 GeV

mg+ = 403 GeV mz = 594 GeV, m; = 400 GeV
mz, = 590 GeV, mg, ~ 550 GeV, mz ~ 570 GeV

(SPheno 2.0)
e vary off-diagonal squark mass entries.

e accept points with 2 < 10* BR(b — sv) < 4.5 and
AMp > 14 ps~1

e For simplicity: real parameters only

e QCD corrections for b — sy as given in
Borzumati et al., Phys. Rev. D62, 075005 (2000) and
Besmer et al., Nucl.Phys.B609:359 (2001)

e AMp, as given in
Baek et al., Phys. Rev. D64, 095001 (2001)

= Typical results:



Branching ratios (in %) of u-type squarks

X3 %t | Re %t X3¢ %3t | Xlc X3t | XTs Xib | Xds X3t
4.7 18 | 5.2 96 | 6x103 0 0.02 0 11.3 46.4 | 2x103 47
196 1.1 | 0.4 175 |2x102 0 |6x10°2 0 05 575|3x103 29
7.3 3.7| 20 1.4 | 6x102 0 0.6 0 40.3 3.1 1 18.°
57 0.4]11.1 5.3 |4x102 5.7 0.6 13.2 | 22.9 13.1 0.6 8.0
Branching ratios (in %) of d-type squarks

X%s X% | X35 X9 X398 X% | X%s  X%b | X7c  Xi{t | Xoc Xat | @W-
1.2 5.7 84 306 |2x102 15 |02 09 |16.6 34.1 | 0.6 0 0

17.4 5.8 51 157 | 7x1072 7.4 |03 09.2| 9.7 19.7| 0.7 0 8.8
14.7 217|113 22 |[5x102% 106 | 0.5 84 [ 221 36 | 1.2 o) 3.4
1.7 0.5 | 205 6.9 0.1 09 |12 13 |403 10.2 | 3.4 11.1 1.8




Gluino branching ratios larger than 1%.

Final state | BR [%] | Final state | BR [%)]
d1c 12.9 dis 7.2
U1t 5.7 dib 19.8
usC 0.4 dos 6.1
ot 7.6 dob 4.7
usc 0.6 dzd 10.0
ULU 5.5 das 3.5
Usu 3.0 dsb 4.9

dsd 2.1

Conclusions on correlations via squark mixing

e b— sy and AMp (still 7) allow for large mixings between second and third
gen. squarks, for example ¢, ¢; can have large flavour violating decay modes,

e makes life at LHC potentially more interesting and more difficult,

e information from ILC or flavour factories needed for the analysis of LHC data.



Future tasks:

e Most MC analyses at the LHC are done within MSUGRA only:
mostly flavour diagonal, squark mass degeneracy

e EXxperimental issue of flavour tagging

e Necessary update to be done:
b — S€+£_, Acp(b — 8’)/), AFB(b — sé"’ﬁ_),...

e Extension of the Les Houches Accord for flavour-nondiagonal quantities
(— Peter Skands et al.)

e Need of program sets to connect collider with |low-energy data
(program sets existing on each side!)
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