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T he lectures cover a selected numbers of topics In
flavour physics, reflecting the flavour of the lecturer.

T he focus will be on the fundamental concepts

A complete coverage of the field can be found In re-
cent books, reviews, reports and published lectures:



Plan of the talk

e Flavour problem of the SM

e Flavour problem of New Physics

¢ Minimal flavour violation hypothesis

e Flavour@high-pr interplay



Prologue Standard Model of Elementary Particle Physics (SM)

e Fundamental forces in nature < Local gauge principle U(1) x SU(2)y x SU(3)

Electromagnetism (QED) Weak interactions Strong interactions (QCD) Gravity
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e Building blocks of matter:
fundamental leptons and quarks (left-handed doublets, right-handed singlets):
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e Flavour physics is that part of the SM which differentiates between
the three families of fundamental fermions.



Main successes of SM:

e All gauge bosons (J = 1) and fundamental fermions (J = ) experimentally verified

e Electroweak precison measurements at LEP (CERN), SLC (SLAC), Tevatron
(Fermilab) confirmed SM predictions in the gauge sector: 0.1% accuracy !



Main successes of SM:

e All gauge bosons (J = 1) and fundamental fermions (J = ) experimentally verified

e Electroweak precison measurements at LEP (CERN), SLC (SLAC), Tevatron
(Fermilab) confirmed SM predictions in the gauge sector: 0.1% accuracy !

Weaknesses of SM:

¢ Higgs boson not observed vet, mechanism of mass generation not confirmed vet
(unitarity problem has to be solved)

e Many free parameters, mainly in the flavour sector of SM =z _ ¢ L T
(hierarchy of masses and mixing parameters) B Ha‘
50 E s < ]
e Gravity not involved in unification (Planck scale) . ! T
: Yo, _—
e Unification of electromagnetic, weak and strong force. 3n S
Indications: 0 ]
e quarks, leptons compatible with higher gauge symmetry: 10 : i
U(1) x SU(2)r x SU(3) — SU(5) or SU(10) 1§ ay
e unification of coupling constants at higher scale O T 1



Hierarchy problem: Quantum corrections to Higgs boson mass:

Higgs Higgs
/’_\ ma ~ (ma tree T 1f(16772)ﬁr%|p

N

— Q)uadratic sensitivity to highest scale in the theaory

Planck
Standardmodel )
C"! ! — -
1012 GUT (102? E
[eV]

After inclusion in larger theory: No stabilisation of the Higgs boson mass at the SM scale

Comparison:
Fhoton and quark masses protected by gauge symmetry and chiral symmetry, respectively

Many solutions to the hierarchy problem on the market:
Little Higgs Models, Extra Dimensions, Supersymmetry, ....



e Supersymmetry offers most elegant solution for the hierarchy problem

Higgs Higgs Higgs Higgs

om3 ~ Ajp = dmd ~ log(Mstop/Mtop); Msusy < 1TeV

e Generally to avoid fine-tuning of the Higgs mass (working hypothesis of LHC):

mH (T”H)tree + 1/(16172)!'\ Np = Anp < dmmyy = 1 TeV



e Supersymmetry offers most elegant solution for the hierarchy problem

Higgs Higgs Higgs Higgs

om3 ~ Ajp = dmd ~ log(Mstop/Mtop); Msusy < 1TeV

e Generally to avoid fine-tuning of the Higgs mass (working hypothesis of LHC):

mH (T”H)tree + 1/(16172)!'\2 Np = Anp < dmmyy = 1 TeV

e However, electroweak precision measurements (LEP,SLC, Tevatron) naturally
indicate a higher new-physics scale (parametrized by higher-dimensional operators):

Little hierarchy problem ANF’ ~3—10TeV

Highly nontrivial constraint on the possible new physics in the LHC reach!

e [ here is yvet another indirect way to look for new-physics beyond SM ...



First status report 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



First status report Flavour in the SM

CKM mechanism of flavour mixing and CP violation: Vekm, Jokm
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mn=1

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 !!



First status report Flavour in the SM

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

T his success is somehow unexpected !!

Mgysy Msysy , S S
Photon, Z
E b o

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 !!



Global fit, consistency check of the CKM theory.
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Tree processes

Loop processes



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)



From left, Yoichiro Nambu, Makoto Kobayashi and Toshihide Masukawa, who shared the Nobel Prize in Physics on Tuesday

b, B =

Nobel Prize 2008
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Progress of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet
scheme without introducing any other new fields. Some possible models of CP-violation are

also discussed.
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CP.-Violation in the Renormalizable Theory of Weak Interaction 6567

Mext we consider a 6-plet model, another interesting model of CFPyiolation,
Suppose that G-plet with charges (2, 0, 0, 0 —1, 0 —1, Q2 —1) iz decomposed into
Sl e (2] multiplets as 2+ 242 and 1+1+1+1+1+1 for left and right com-
ponents, respectively, Just as the case of (A, C), we have a zimilar expression
for the charged weak corrent with a 3x3 instend of 2% 2 unitary matrix in Eq.
{5). As was pointed out, in thiz case we cannot absorb all phases of matrix
elements inte the phase convention and can take, for example, the following
EXprERRInn

cos —ain , cos & —zin £, s5in &y
sind, cos fy eos ), cos O cos 0y —sin 0y zin 0% cos §, cos 8, sin 0, -+ sin 0 cos Ae* |
\=in 8, sinfy cos d, sin {, cos 8, + cos & 5in fe™  coa § ain @, sin #,— cos By sin Ge"
(13)

Then, we have CPviolating effects through the interference among these different
current components. An interesting feature of this model is that the CPwviolating
effects of lowest order appear oaly in 450 non-leptonic processes and in the
semi-leptonic decay of neutral strange mesons (we are not concerned with higher
states with the new guantom number). and not in the other semi-leptonic, 45=0
pondeptonic and pure-leptonic processes,

S0 far we have conzidered only the straightforward extensions of the original
Weinherg's model. However, other schemes of underlying gauge groups and/or
gealar fields are possible. Georgi and Glashow's model” is one of them. We
can easily see that CPviclation is incorporated into their model without introduc
ing any other fields than {many)} new fields which they have introduced already.

Relerences

11 5 Weinberg, Phys. Rev, Letters 19 (1957}, 1264; T (15711, 1684,
21 7. Maki snd T, Maskawa, RIFF.148 (prepeint), April 1972,
3 P, W. Higgs, Phys. Letters 12 (1854), 132; 13 {1964}, 508.
G. 3. Guralnik, C, B, Hagen and T. W. Hibhle, Phys. Fev. Letters 13 (1964], 585.
41 H, Georgi and 5. L. Glashow, Phys, Rev, Letters 28 (19723, 1484,

Errata:

Equation {13} should rend as
cina ) —ain ) cos iy —gin & sin iy ;
gin fooady  coslcos faeos dy — sin fhein Hee®  poslycos fhein s + sin fyoos dapt | .

sinihsinfy  oosdsinfaons fy + cos fasin l'.',w."’ ons iy sin fgsin fy — cosfgons |'.'_-|+-."‘

(13)



However,...

e 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.



Flavour problem of SM

Lsnr = Laauge (Ais ¥i) + LHiggs (P, 2, v)

¢ Gauge principle governs the gauge sector of the SM.



Flavour problem of SM

Lsnr = Laq uge (A-i: ¢E) + ﬁHig;gs (CD? Wi, “”)

¢ Gauge principle governs the gauge sector of the SM.

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.



Flavour problem of SM

Lsnr = Laq uge (A-i: ¢E) + ﬁHig;gs (CD? Wi, “”)

¢ Gauge principle governs the gauge sector of the SM.

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.

Compare for example:

Vus| & 0.2,|V,p| ~ 0.04, |V,;| &~ 0.004 versus gs~ 1,9~ 0.6,9' ~0.3



Many open fundamental questions of particle physics are
related to flavour :

¢ How many families of fundamental fermions are there 7

¢ How are neutrino and quark masses and mixing angles are generated 7

e Do there exist new sources of flavour and CP vioclation 7

e Is there CP violation in the QCD gauge sector 7

e Relations between the flavour structure in the lepton and quark sector 7



Indirect exploration of higher scales with flavour observables

e Flavour changing neutral current processes like b — s~ or b — s{ti~
directly probe the SM at the one-loop level.

ﬁﬁﬁﬁﬁﬁﬁ
oL

¢ Indirect search strategy for new degrees of freedom beyond the SM
Direct: Indirect:

Msyusy Msusy ﬁ s i
TLLt]/ L) ¥ y

Photon, £
E U
b b 4 b

e High sensitivity for '"New Physics' (+ electroweak precision data, 10% « 0.1%)

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



There iIs 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) = (3.57 £ 0.24) x 107* (for E,, > 1.6 GeV)
VS
SM: B(B — X,y) = (3.15+0.23) X 107* (for E;, > 1.6 GE€V)  pri sz 022003(2007)

NMNLO calculation by M.Misiak et al.
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confirms the SM pedictions of flavour mixing like rare decays

Status of the inclusive mode B — X,y

HFAG: B(B — X,y) = (3.57 £ 0.24) x 107* (for E,, > 1.6 GeV)
VS
SM: B(B — X,y) = (3.15+0.23) X 107* (for E;, > 1.6 GE€V)  pri sz 022003(2007)
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Parameter bounds from flavour physics are model-dependent

Status of the inclusive mode B — X

HFAG: B(B — X.y) = (3.57 £ 0.24) x 10~* (for E,, > 1.6 GeV)
VS
SM: B(B — Xy) = (3.15+0.23) x 107* (for E,, > 1.6 GEV)  pri os 022003(2007)

NMNLO calculation by M.Misiak et al.

Charged Higgs bound (2HDM)
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Courtesy of Mikihlko Nakao

Measured B — X,y Branching Fraction (10-%)



T he indirect information will be most valuable when the general
nature of new physics will be identified in the direct search.

Status of the inclusive mode B — X

HFAG: B(B — X.y) = (3.57 £ 0.24) x 10~* (for E,, > 1.6 GeV)
VS
SM: B(B — Xy) = (3.15+0.23) x 107* (for E,, > 1.6 GEV)  pri os 022003(2007)

NMNLO calculation by M.Misiak et al.

Charged Higgs bound (2HDM)
CLEO i | —— my+ > 300 GeV
oot ontag o DA T
M. =200% GeV

BaBar sz _ H
(2005) sum-of-excl ]
BaBar sz _— 50 o
(2007} lep-tag —
BaBar ziom | | , 1@
(2008) breco-tag IFAC\2006 ‘E
Belle =sm" 19
{2001} sum-of-excl HFAG 200 =
Belle 1605 m™ _ D
(2009) untag+lep-tag D.2¢F 550 ] uj';
HFAG 2009 ] E

0.15 1=

SM (Misiak et al) 900
L L L 1 1 1 I L L L L I
3 4 - S P S S D S B
BF(B—X_y) (10 (E, > 1.8 GeV) 2.8 3 3.2 3. 3.6 3.8 4 4.2

4
Measured B — X,y Branching Fraction (10—4)
Courtesy of Mikihiko Nakao



Flavour problem of New Physics or how do FCNCs hide

New
G

5
L= ﬁt’_}*a.ugff + EH-iggs + Z Oz( ) + ...

;. ANP

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



Flavour problem of New Physics or how do FCNCs hide

i " ()
L= ﬁﬂ}*{].if.ga + E’Higgﬁ + Z - Oi + ...
A
i NP
e SM as effective theory valid up to cut-off scale Apnp
e Typical example: KV — K9-mixing ©° = (5d)<:
d Xs
3 d
M MZ, x (5d)2 + New AR x (5d)? = Anp > 10% TeV

(tree-level, generic new physics)



Flavour problem of New Physics or how do FCNCs hide
New

C; 5
L= ﬁt’_}‘ﬂ.uga + E'H-iggs + 2 ;\ Og( ) + ...
i NP
e Typical example: K9 — K9-mixing ©° = (5d)<:
d Xs
S 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) = Ayp = 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



Flavour problem of New Physics or how do FCNCs hide

1{*11, (5)
L= f'(nmje +£’H1g3¢ +Z Og‘ + -
ANP
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) = Ayp = 1TeV

Ambiguity of new physics scale from flavour data

(C&Mm/Mw + Cp /Anp ) % O;



Flavour problem of New Physics or how do FCNCs hide

1{*11, (5)
L= f’(?m E’_I_"C’Hl ¢+Z ' + ...
aug 99 Anp O;
e Typical example: KV — K9-mixing ©° = (5d)<:
dXs
C d

SMUME, x (5d)2 4+ Nev AR x (5d)? =

(tree-level, generic new physics)

Anp > 10% TeV

e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions)

— ‘ﬁ"NP < 1TeV

The indirect information will be most valuable when the general
nature of new physics will be identified in the direct search (LHC),
especially when the mass scale of the new physics will be fixed.



This flavour problem has to be solved by any new physics scenario.

¢ Model-independent analysis
— goal: overconstrain operator (Wilson) coefficients
— but too many flavour-violating operators = no predictive power
— introduce additional assumption based on our experience so far

— Example: (Next-to-) Minimal Flavour violation
(MFV ‘flavour and CP violation as in the SM"),
might be too strong constraint from today’'s point of view

e Analysis within concrete models
— find concrete (dynamical) structures which solve the problem

— flavour problem strong guide for model building



Example: Supersymmetry
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



Example: Supersymmetry
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



Example: Supersymmetry
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 Dvynamics of flavour — mechanism of SUSY breaking
(BR(b — sv) = 0 in exact supersymmetry)



= Discrimination between various SUSY-breaking mechanism

Goto,Okada,Shindou, Tanaka,arXiv:0711.2935

58S (K x"y) = = 0.03 (50ab™)
0.2 02—z 0.2

0.1 = 0.1

01 = -0.1

= — W ]
MSUGRA | 28 |U{2]FS ‘
I %
- ﬁ .
0.2 bttt . 02 e
0 1 2 1 2
gluino mass (TeV/c?) (tanf=30)

§ Expected Super-B sensitivity (50ab—1)



Minimal flavour violation hypothesis

e SM gauge interactions are universal in quark flavour space:
flavour symmetry SU(3)q, x SU(3)y, x SU(3)p,

e Symmetry is only broken by the Yukawa couplings Y7y and Yp
responsible for the quark masses



Recall: SM basics

e Gauge group Gsm = SU(3)c x SU(2), x U(1)y
e Fermion representations

Q1:(3,2) 1160 Upi(3,1) 4273, Dpi(3,1) 173, Li;(1,2) 12, Epi(1,1)4

Notation: left-handed quarks, Q1. SU(3)¢, doublets of SU(2);, and carry hypercharge Y = +1/6

I interaction eigenstates

1 =1, 2.3 Hlavor index

e Spontaneous symmetry breaking

. | 0
‘;’t‘(lﬂ 2)4—1}2 qﬁﬂ)> — ( ,;f') GGapyg — SU(B){: X U(I)EM
2

. Z . i
Lomee(QL) = 1QLVu (E}FL i 595(}*{; Aa + Egﬂ’f o+ =9 B#) Qi

* ﬁ%idk;fd }Id QLEGjDIRj }ftt QLE LT{%} + h.c.



Yukawa couplings only source of flavour violation in SM

e Quark Yukawa couplings break the quark flavour symmetry

down to baryon number conservation

Gk (YF =0)=U(3)o x UB)p x UB)y — G =U(1)g



Yukawa couplings only source of flavour violation in SM

e Quark Yukawa couplings break the quark flavour symmetry

down to baryon number conservation

Gk (YF =0)=U(3)o x UB)p x UB)y — G =U(1)g

e Two physically equivalent sets of quark Yukawa couplings

(YY) & (Y?1=ViY*V;, Y =V]Y*V;) V unitary matrices



Yukawa couplings only source of flavour violation in SM

e Quark Yukawa couplings break the quark flavour symmetry

down to baryon number conservation

Gk (YF =0)=U(3)o x UB)p x UB)y — G =U(1)g

e Two physically equivalent sets of quark Yukawa couplings

(YY) & (Y?1=ViY*V;, Y =V]Y*V;) V unitary matrices

e Number of physical parameters in quark Yukawa couplings

(18 x 2) — (9 x 3) +1 =10

e Physical parameters:

6 quark masses + (9 CKM parameters —5 relative phases) = 10



Minimal flavour violation hypothesis

e SM gauge interactions are universal in quark flavour space:
flavour symmetry SU(3)q, x SU(3)y, x SU(3)p,

e Symmetry is only broken by the Yukawa couplings Y7y and Yp
responsible for the quark masses



Minimal flavour violation hypothesis

e SM gauge interactions are universal in quark flavour space:
flavour symmetry SU(3)q, x SU(3)u, x SU(3)py

e Symmetry is only broken by the Yukawa couplings Y7y and Yp
responsible for the quark masses

e Any new physics model in which all flavour- and CP-violating
interactions can be linked to the known Yukawa couplings is MEFVY

e RG-invariant definition based on the flavour symmetry:
Yukawa couplings are introduced as background values of fields
(spurions) transforming under the flavour group

d'Ambrosio,Giudice Isidori,Strumia,hep-ph /0207036  Chivukula,Georgi,Phys.Lett.B188(1987)99

Hall,Randall,Phys.Rev.Lett.65(1990)2939



Minimal flavour violation hypothesis

SM gauge interactions are universal in quark flavour space:
flavour symmetry SU(3)q, x SU(3)u, x SU(3)py

Symmetry is only broken by the Yukawa couplings Y;; and Y
responsible for the quark masses

Any new physics model in which all flavour- and CP-violating
interactions can be linked to the known Yukawa couplings is MEFVY

RG-invariant definition based on the flavour symmetry:
Yukawa couplings are introduced as background values of fields
(spurions) transforming under the flavour group

d'Ambrosio, Giudice Isidori,Strumia, hep-ph /0207036  Chivukula,Georagi,Phys.Lett.B188(1987)99
Hall,Randall,Phys.Rev.Lett.65(1990)2939

The flavour symmetry SU(3)g, x SU(3)y, x SU(3)p,

is broken by the Yukawa couplings only as in the SM  Yp (3,1,3); Y (3,3,1)



The flavour symmetry SU(3)g, x SU(3)y, x SU(3)p,
is broken by the Yukawa couplings only as in the SM Yp (3,1,3); Yir (3,3.1)

—Lita = Y23 Q10D + Y QLi0Ug; + hc.

Qr(3,1,1), Dp(1,1,3), Up(1,3,1) = £(1,1,1)



The flavour symmetry SU(3)g, x SU(3)y, x SU(3)p,
is broken by the Yukawa couplings only as in the SM  Yp (3,1,3); Y7y (3.3.1)

~LY e = Vi QLid Dy + Vi QLioUg; +hoc.
E(Ev 11 1)1 DR(].., 113)1 UR(]': 31 1) = E(l" 1"1)

MFV: All effective field operators with higher dimension
also have to be invariant

Specific basis: Y = diag(yg, ys.yp), Y = 1’?}{_.1.1 x diag(Yu, Ye, Yt)

Typical FCNC-operator with external d-type quarks: m (}’U}’J—}ij Q-E x Ly Lp,



The flavour symmetry SU(3)g, x SU(3)y, x SU(3)p,
is broken by the Yukawa couplings only as in the SM  Yp (3,1,3); Y7y (3.3.1)

Uﬂ-rliﬁ _ a-"'d I I T I T I )
_E%uka,wa, — }ij QLiQﬁDRj + }gj QLiQSURj + h.c.
Qr(3,1,1), Dp(1,1,3), Up(1,3,1) = £(1,1,1)

MFV: All effective field operators with higher dimension
also have to be invariant

Specific basis: Yp = diag(yg, ys. ), Yir = th_-!}{_ﬂl-f X diag(Yu, Ye, Yt )
Typical FCNC-operator with external d-type quarks: QLLi (}’U}’J—}ij Q-E x Ly Ly,

AFCij =|(1’1,-'Y[,_:'|_}ij = (Vﬂfﬂ,; x diag(y2,y2, yf) x Vermdij =



The flavour symmetry SU(3)g, x SU(3)y, x SU(3)p,
is broken by the Yukawa couplings only as in the SM  Yp (3,1,3); Y7y (3.3.1)

L = VIQLoDE + Y QL.oUR: +h.c.

Qr(3,1,1), Dp(1,1,3), Up(1,3,1) = £(1,1,1)

MFV: All effective field operators with higher dimension
also have to be invariant

Specific basis: Y = diag(yg, ys.yp), Y = 1’?}{_.1.1 x diag(Yu, Ye, Yt)
Typical FCNC-operator with external d-type quarks: QLLi (R’Y{}I_}z'j Q‘E x Ly Lp,
Apoii = (YY) = (V... x diag( 2y x Vegeng)s
Foij = YUty Jig CKM ag yuuyc: Yt CKMJ)ij =~

~ (Vifgear * diag(0,0,92) x Vegar)i; = v x V3, Va,

Coupling Apq is the effective coupling ruling all FCNCs with external
d-type quarks.



e MFV Iimplies model-independent relations between FCNC processes

AF =2 UTfit,arXiv:0T07.0636 AF =1 H..Isidori, Kamenik,Mescia,arXiv: 0807 .5039

MFY predictions to be tested:

usual CKM relations between [b — s] « [b— d] — [s — d] transitions:
-we need high-precision b — 5, but also s — d measurements

-B(B — Xay) < B(B — X&), B(B — Xwi) « B(K — ntuvir)

e CKM phase only source of CP violation:
-phase measurements in B — oK or ﬂMB{JM are not sensitive to new physics

e The usefulness of MFV-bounds/relations is obvious; any measurement
beyond those bounds indicate the existence of new flavour structures



e In MFV models with one Higgs doublet, all FCNC processes with
external d-type quarks are governed by

{YL-'YJ-'M ~= Yt 1331 3; CKM hierarchy

It also allows for large tan 3 effects when additional Higgs doublets
added, in particular in helicity-suppressed observables B — upu, B — %y

B — pp Asm ~ mu/my & Ago o ~ tan? 3

Spurion combination (}D}D)” ;{?5 - numerically important, U(1)



In MFV models with one Higgs doublet, all FCNC processes with
external d-type quarks are governed by

{YL-'YJ-'M ~= Yt 1331 3; CKM hierarchy

It also allows for large tan 3 effects when additional Higgs doublets
added, in particular in helicity-suppressed observables B — upu, B — %y

B — pp Agm ~ my/my < AHU,AU ~ tan3p3

Spurion combination (}D}D)” ;{?5 - numerically important, U(1)

e [ he MFV hypothesis is far from being verified

New spurions allowed: Next-to-MFV

Agashe,Papucci,Perez,Pijol ,hep-ph /0509117 Feldmann,Mannel,hep-ph /0611085



e In MFV models with one Higgs doublet, all FCNC processes with
external d-type quarks are governed by

{YL-'YJ-')”' ~ yﬁ’?ﬂ’éj CKM hierarchy

It also allows for large tan 3 effects when additional Higgs doublets
added, in particular in helicity-suppressed observables B — upu, B — %y

B — pp Agm ~ my/my < AHU,AU ~ tan3p3

Spurion combination (}’DYE})éj = y;{?ﬁéi numerically important, U(1)

e [ he MFV hypothesis is far from being verified
New spurions allowed: Next-to-MFV

Agashe,Papucci,Perez,Pijol ,hep-ph /0509117 Feldmann,Mannel,hep-ph /0611085

e Extension to lepton flavour possible (not unique definition, neutrino
mass generation)

Cirigliano,Grinstein,Isidori,Wise hep-ph/0507001,0608123 Davidson,Palorini,hep-ph /0607329



Minimal flavour violation: formal solution of NP flavour problem
- contribution of the new

(Vi V) / B 4 heavy degrees of freedom

! L]

— b
ﬁ{f(Bd—Bd) — + |1 CNP - ;
6mM2 N A,

S

tay -

tree 'strong + generic flavour

<1 » A=2x10*TeV [K]
| .. loop + generic flavour o ]
~1/(16 ) » A=2x10° TeV [K]
“NP ;oETr 4D tree strong + MEFV _ .
~ (Vy Vi) = » A=z5TeV[K&By
s loop + MFV _ ]
~ (VY2 /a6m) 2P TT A20.5 TeV [K & By

Courtesy of Gino Isidori



We still have to find explicit dynamical structures to realise MFV:

¢ Gauge-mediated supersymmetry

e SO(10) GUT model with family symmetries
Dermisek,Raby, hep-ph /0507045 Straub et al.,arXiv:0707.3054

e Top-bottom-7 unification under attack of FCNC
Atmannsdorfer,Guadagnoli,Raby,Straub,arXiv:0801.4363

e Warped extra dimensions Weiler et al.,arXiv:0709.1714

e SDMFV = 4DNMFV, Randall-Sundrum
Fitzpatrick,Perez Randall,arXiv:0710.1869

e General formalism to describe specific sequence of flavour
symmetry breaking within MFV Feldmann,Mannel,arXiv:0801.1802



Running MFV in Supersymmetry

Paradisi,Ratz,Schieren,Simonetto,arXiv:0805.3989
Colangelo,Nikolidakis,Smith,arXiv:0807.0801

e MFV ansatz RG-invariant by construction

mb — ol + B Y Yt BY]Yi+ BY]VY Y+ 5 Y VY]V,
m? = al + 3 Y, Y,], LOf
m: = asl+ 58 YsY, . '

3 :
A, = aYo+5Y Y)Y, a7
A = osYa+5Y,Y]Y, . ool >

—_— J—
A, = a Y, . R = ——————

. B —\\
‘Spurion expansion’ of soft terms —{}_5: \
—1.0 [

JJJJJJJJJJJJJJJ

234567 8910111213141516
log( )/ GeV)

e MFV coefficients 3; at low energy insensitive to their GUT boundary
conditions: (gluino contribution versus Yukawa effects)

e Result: MFV-compatible change of boundary conditions at the high
scale has barely any influence on the low scale spectrum. ‘fixed points’



MFV as a substitute for R-parity Nikolidakis,Smith,arXiv:0710.3129

e Surprisingly, MFV sufficient to forbid a too fast proton decay

e MFV hypothesis applied to R-parity violating terms: spurion expansion
lead to suppression by neutrino masses and light-fermion masses

e Proton decay could be very close to present bounds



Flavour@high-pr interplay

Can ATLAS/CMS exclude MFV 7

Can we ignore flavour when analysing possible

new physics at the electroweak scale?

= CERN workshop on the interplay of flavour and collider physics
Fleischer Hurth,Mangano see http://mim.home.cern.ch/mim/FlavLHC.html
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5 meetings between 11/2005 and 3/2007
arXiv:0801.1800 [hep-ph] “Collider aspects of flavour physics at high Q"

arXiv:0801.1833 [hep-ph] "B, D and K decays”
arXiv:0801.1826 [hep-ph] “Flavour physics of leptons and dipole moments”

published in EPJC 57 (2008) 1-492
and in Advances in the Physics of Particles and Nuclei, Vol 29, 480p, 2009



= CERN workshop on the interplay of flavour and collider physics
Fleischer,Hurth,Mangano see http://mim.home.cern.ch/mim/FlavLHC. html

Douglas H. Beck
]

Reference book for flavour physics

ADVAMNCES IN THE PHYSICS OF PARTICLES AND NUCLEI 29 in t_he LH C era

I
T. Hurth

M. Mangano
Editors

Flavor in the Era
of the LHC

Reports of the CERN Working Groups

&) Springer

arXiv:0801.1800 [hep-ph] “Collider aspects of flavour physics at high Q"
arXiv:0801.1833 [hep-ph] "B, D and K decays”
arXiv:0801.1826 [hep-ph] “Flavour physics of leptons and dipole moments”

published in EPJC 57 (2008) 1-402
and in Advances in the Physics of Particles and Nuclei, Vol 29, 480p, 2009



Follow-up workshop

Interplay of "
ollider and Flavour Physics
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Quark flavour at ATLAS/CMS

¢ Probing Minimal Flavour Violation at the LHC
Grossman,Nir, Thaler,Volansky, Zupan,arXiv:0706.1845

( 1 0.23 D\
To an accuracy of (2(0.05) VEEM .93 1 0

LHC —
\ 0 0 1)

New particles (i.e. heavy vector-like quarks) that couple to the SM quarks

decay to either 3rd generation quark, or to non-3rd generation quark, but
not to both.




Quark flavour at ATLAS/CMS

¢ Probing Minimal Flavour Violation at the LHC
Grossman,Nir, Thaler,Volansky, Zupan,arXiv:0706.1845

( 1 0.23 D\
To an accuracy of (2(0.05) VEEM | _0.23 1 0

LHC —
\ 0 0 1)

New particles (i.e. heavy vector-like quarks) that couple to the SM quarks

decay to either 3rd generation quark, or to non-3rd generation quark, but
not to both.

If ATLAS/CMS measures BR(q3) ~ BR(g1 2) then this excludes MFV.

MFV prediction for events with B’ pair production:

F(B"F — X{jqulj, )
F(B"F — X(}qulj) + F(B"F — thg(}g)

< 107?

Flavour tagging efficiencies are crucial.



Quark flavour at ATLAS/CMS II

Hurth,Porod, hep-ph/0311075
e Flavour-violating squark and gluino decays arXiv:0904.4574 [hep-ph],

e Squark decays:
d_'"-l—

— iy = iy —_—
Ui — WX, QX dl_} dj){;.;: UiX,

with:=1,..,6, 7=1.2,3, k=1,...4and [ =1, 2.
e | hese tree decays are governed by the same mixing matrices as the

contributions to flavour violating low-energy observables

e In the unconstrained MS5M new contributions to flavour violation
— CKMe-induced contributions from H7T, yvT exchanges

— flavour mixing in the sfermion mass matrix

e Possible disalignement of quarks and squarks



Strategy:
e [ake susy benchmark points: SPS1a’,~v, and I"

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)

¢ Use all experimental and theoretical bounds



Strategy:
e [ake susy benchmark points: SPS1a’,~v, and I"

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)

¢ Use all experimental and theoretical bounds
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Strategy:
e [ake susy benchmark points: SPS1a’,~v, and I"

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)

¢ Use all experimental and theoretical bounds

= Information on flavour-violating tree decays

e [lavour-violating squark and gluino decays can be typically of order of 10%,

- consistent with the present flavour data.
- common feature for a couple of SUSY benchmark points like SPS1a’,~, and I”

- even 40% possible for large new physics contributions



Typical results for squark and gluino decays

decaying final states and corresponding branching ratios in Y for
particle . épp.23 = 0.01,0p rR2a = 0.1 II. dpp.23 = 0.04, 6p rR2s = 0.45
d, — b, 4.4 9%, 29.8 | ¥it. 37.0 s, 36.8 | %, 42.2 | %, 10.9
I: br(bg) i W=, 27.7 Vit, 9.6
dy — s, 8.0 9, 6.4 | 9, 19.0 Vb, 2.1 | 9, 273 | iit, 34.6
I: bp(br, 5R) b, L1 9%, 18| wit. 246 | a0y, 33.2
i W=, 38.9
dy — Wis, 0.1 9h. 6.3 9s, 25.3 Vid, 23| x8d, 31.7 | yyu., 59.7
I: 5p(30.bR) TTu, 2.1 | W7e, 473 | W, 4.8 Tre. 3.0 wpu., 2.3
ds — 0d, 2.3 | 10, 31.7 | ¥yu. 59.9 s, 22| s, 307 tywm, 29
I: t'fL Yi1¢, 2.8 you, 2.3 Y1c, A8.5 YzC, 2.3
dg — %, 3.1 W0s, 306 | fyu. 27 s, 19.7 | 9%, 18.8 [ 9, 2.9
I: 5.(5R) Tie, 581 vae, 24 9%, 29| zt. 5.8 is, 2.2
gh, 39.8 | @yW—, 5.5
q— qt, 19.2 o, 8.2 tgtl . 8.3 uqgt, 13.5 taC, D.8 g, H.8
tqtt, 4.2 e, 4.2 g, 2.6 g, 2.6
dis, 14| dib, 206 dis, 21.1 | dib, 22.7
dys. 6.3 dob, 9.0 | dsd, 8.3 dob, 14.0 dad . 5.9
dys, 2.3 | db, 1.3 dgs, 2.8 dyd, 2.3 dsd, 3.3

— = — e — — i —
iy =

II: i'?1 = E‘R- Sribr), dg = Sg,br(br), da ~ by, dg ~ t'?ﬁ-. fL s L’EL and ds ~ s,



Impact on LHC

This can complicate determination of sparticle masses: ﬁ — bbj. — bbig

10* d(BR(§ — bby9)/dimg 10* d(BR(g — bsx})/dmus

IR L L T T L e L S B L B a
: ] 0.6}

0.6} - :
[ 1] :

04f ' O.4r

0.2 0.2

Dﬂ‘ .................................. ";-. ﬂ-'}-'l....l....l....|....|....|....|....:
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Mgy = \/ (Po + p5)* TTtbs

Again: flavour-tagging at LHC important, but difficult
Additional information from ILC or from Superflavour factory needed !

Further observables work in progress



Flavour constraints in the cMSSM

Work started at the LHC Flavour workshop (collab

Fonga et al., arXiv:0801.1833

4

oration from Experimentalist & Theorist)
Y

S.Heinemeyer, G.L., P.Paradisi [TH],

0. Buchmuller, R. Cavanaugh,... [EXP]

work documented in the Yellow Report

Y

A first start: Combine LE and EW calculations in one common code.
New Physics Parameter Space: M55M

“Master Layer”

steers communication between the individual calculations/ codes

x 8

“FeynHiggs”

calculation of the mases and
mixing angles of the Higgs sector
of the {real or complex) MSSM
&
EW observables in MS5M

x4

“Flavour Observables’
Phys.Lett.B639:499-507 2006

lIsdon & Paracis

Calculation of B physcsobsavables

In MS3Sm (&MEFY)

!

x4

“other observables™
e.g. cosmology constraints

NOT yet included but
on to-do-list

Courtesy of Oliver Buchmitller



; \ij (Const.; — Pred ;(MSSM))
- AConst.2 + APred?

Const. = Experimental Constraint value

Pred.(MSSM) = Predicted value for a given
MSSM parameter set

2009 reference (pessimistic) scenario:

Ubservable Constraint theo. error
RpR, 127 4 0.1 0.1
NS (s 1.2 (0.1
B, ., (3.5 +0.35) = 10°° 2= 107
‘F"HIE,. -.-. .=+ 0.2 (.1
'—"‘“'r' (27.6 £ 8.4) = 107" | 2.0 = 10~
Mg-=? 80.302 + 0.020 GeV | 0,020 GeV

sin® £

(23155 + (00 G

000016

MSSM Parameter in the Fit A (SUSY) - 114.4 GeV 3.0 GeV
tanp - ratio of vacuum expectation values

M, - mass of the CP odd Higgs boson

A - tn-linear Higgs-stop coupling, all tri-linear couplings are set equal

1 - Higgs mpang parameter

M.quare - squark soft SUSY-breaking parameter; M, q,0n=2Mjion

Assumptions (varied to evaluate systematic):
M,=200 GeV, M,=300 GeV, M,=1/2M,

Iﬂglmu:hiaqnﬂ: ] i .
M, ;5 - Soft Susy breaking parameters in the gaugino sector

-

S.Heinemeyer, G.1, P.Paradisi [TH],
Q. Buchmuller, R. Cavanaugh,... [EXP]

work documented in the Yellow Report
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Illustrative Example

LE&EW: low-energy (LE) and EW constraints

— T E&EW + 1iL1LlL1.J.1'~. candidate

m— [ E&EW + squark cand. + H/A cand.

Including LW&EW constraints
tacilitates the determination of
tundamental MSSM parameters

400

390"LHC only:” squark + H/ A + light h cand.

360 | ———"

AF0

e “LHC only”
250 .
330

320 'h-.________ e

31d
3oQ

10 20 30 an 540 G il

Exampl e: Almost no information on tanf ang

without external constraints. Note that a direct
measurement of tanf is very difficult at the LHC



Flavour and dark-matter constraints in the constrained MSSM

Weiglein et al,arXiv:0707.3447

Multi-parameter y2 fit for all CMSSM parameters, f'rfg,ﬂ*irljz,ﬂg,tanﬁ

500

450

400

My [GeV/c?]

350

68% (dotted) and
95% (solid) CL

2
=
S
E:
=
&
3

tan 3

Constraints on the lightest Higgs boson mass no restriction on my,

my MM = 11015, (exp.) £ 3 (theo.) GeV/c?

imposed in the fit



% My § QCD effects in B decays

short-distance physics
perturbative

| QCD + my

.......... -Ij.t:few.x’ﬁqcn:

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 — X,y or B — X ote

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

i ,J e \

ns-" "?r




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*eti—

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



LHCb Strategy: Focus on ratios of exclusive modes

Well-known example: Forward-Backward-Charge-Asymmetry in B — K*#t+¢-

03 .
oo | dApp/dg® _aff i
o
1 . ’__.-""'ﬂ.:.-”"'# —
LO .- ==
o = —
o
L T

i 2 3 4 5 6 7
e In contrast to the branching ratio the zero of the FBA is almost insensitive to

hadronic uncertainties. At LO the zero depends on the short-distance Wilson
coefficients only:

gt = qz(C7.C9), g2 =(3.440.6 -0.5)GeV? (LO)

¢ NLO contribution calculated within QCD factorization approach leads to a
large 30%-shift: (Beneke,Feldmann,Seidel 2001)

g2 = (4.39 4 0.38 — 0.35)GeV?  (NLO)

e However: Issue of unknown power corrections (A/my) !



Opportunities in B — Pf*(—'m Km)¢Te¢—: angular distributions
Kinematics

e Assuming the K* to be on the mass shell, the decay B° — K*%(— K —nt)eti-
described by the lepton-pair invariant mass, s, and the three angles &, 0., @

After summing over the spins of the final particles:

Hk'x H“-‘ -I.Ill !E- II'

™, SV \

", b 1 \ |

M ."h__' A | |

d‘d:l-\ 0 _ N H N o '.

- = 5= (4,01, 0k, ¢ N Tee o Ne o Tay |

dg? dcos @, dcos O dd 327 (4, 61, 01, 9) AN —
N |

Jl:qz! EI! HH! ‘:}} —

— Jigsin? Ok + Jicos? O + (Jagsin? O + Jo. cos? Ok ) cos 20; + J3 sin? O sin? 8 cos 2¢

+.J4 sin 20 sin 26) cos ¢ + J5 sin 20 sin ) cos ¢ + (Jgs sin® O + Jge cos? O ) cos 4

+.J7 sin 20y sin 6 sin ¢ + Jg sin 20y sin 26; sin ¢ + Jg sin? 8 sin® 6; sin 2¢

e | HCb statistics (10fb~1, but also alreadvy 2fb—1) allows for a full-angular fit |
In collaboration with Egede, Reece (LHCD Imperial) Matias, Ramon (Barcelona)
JHEP 0811:032,2008, arXiv:0807.2589 [hep-ph] and

forthcoming manuscript



Crucial input: In the mp — o<« and Ex. — oo limit
7 form factors (Ai(s)/Ti(s)/V(s)) reduce to 2 univeral form factors (£,,¢))

Form factor relations broken by «s and A/mg corrections
(Charles, Le Yaouanc,Oliver,Péne,Raynal 1999)

K* spin amplitudes in the heavy quark and large energy limit
Ay =(Hu 7 H_1)/V2, Ag=Hy

V(s) Emb

_ 12| (el o
Air.r =NV2A [["79 Tl —+ (5 + s )T (s)

Aqls Em
Az = ~NVE(} - mie) | (€3 5 )21 o N C]

Mo — ??11'{1-

A —
OL.R D

N ofF a o AE': :I
__ﬁ [[Cg F G"mj{ (mp — my. — s)(mp + mg-)A1(s) — Amg ar——

; A
+ 2y (ST — ;{(mﬂg +3myee —s)Ta(s) — —3 Ta(s) H

'Fﬁ-B — fi'ﬂ-j'{'i-

T 2 .l -1 Eﬁ?’b .l ~veff!
Al p =+V2Nmp(l—8) [(CTF ) + T{f:.-?ff + CEMY £ (Bge)

F\.

T - -t a -t ~eft!
Ajpr = —V2Nmp(1 - 8)[(C5" 7 Cyo) MY - 08| €L (Bk)

Nm F
ADL_R _ B {1 B S) [{(-mi'f T '8 0 } 4+ me{(-veff - -w,ff }]6” EK }
i v/ &



Careful design of observables

e Good sensitivity to NP contribitions, i.e. to Gf‘ff

¢ 5Small theoretical uncertainties

— Dependence of soft form factors, £, and z;””, to be minimized !
form factors should cancel out exactly at LO, best for all =

— unknown A/m,; power corrections
0 .
AL,H,D = Al,”,n (1 -+ '-‘1.||.u) vary ¢; in a range of £10% and also of 5%

— Scale dependence of NLO result

— Input parameters

e Good experimental resolution

New observables

A2 _ ALl AP @ _ [AorAjy + AjpA|R|
B AP+ (42 ! V1402 AL 2
A _ Ao Al — AjpALRl
AW —

As AL + AorAl ]



Benchmark points in MSSM
Analysis of SM and models with additional right handed currents (fof}

Specific model:

MSSM with non-minimal flavour violation in the down squark sector
Diagonal: pu=Mi = Mz= Mg+ =mg, =1 TeV tan3=>5

e Scenario A: mz =1 TeV and my € [200,1000] GeV
—0.1 < (8fg)s, £0.1
a) mg/mg=2.5, (6{,),, = 0.016
b) mg/mg= 4, (8{g),, = 0.036.

e Scenario B! mgy=1 TeV and mjz € [200,800] GeV
mass insertion as in Scenario A.

¢) mg/mgz=0.7, (6¢5),, = —0.004

d) mg/mg= 0.6, (6 p),, = —0.006.

Check of compatibility with other constraints (B physics,p parameter,
Higgs mass, particle searches, vacuum stability constraints



Results
AT

(3) _ [Aor Ay, + AgrA|R|

v

A2

25

20 b

Theoretical sensitivity

light green £5%A /my
dark green £10%A\/m;

SuperLHCB/SuperB can offer more precision

LHCb

toy MC

10 fb' |

light green 1 &

dark green 2 &

g2 (GeV”|

Experimental sensitivity

Crucial: theoretical status of A/my corrections has to be improved

(1ofp~1)



Comparison between old and new observables
0.15 o
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The experimental errors assuming SUSY scenario (b) with large-gluino mass
and positive mass insertion, is compared to the theoretical errors assuming the SM.



Error budget in inclusive and exclusive modes

SLHCb versus SFF

Measurement of inclusive modes restricted to ete— machines.

Important role of A/my corrections

(S)LHC experiments: Focus on theoretically clean exclusive modes necessary.

Well-known example: Zero of forward-backward-charge asymmetry in b— sfti—

03F— '
02| dApr/dg® _ ,, o0k
= -d_ﬂ-r"'ﬂ;- X
o1 P ] 005k
LO - d4 dqz :
0 f : L 0.00
g - iy C
Rl S— = d‘i‘/d‘f ~0.05F
-02r NLO
=03 . q-’l
1 2 3 4 G T

Exclusive Zero:

Theoretical error: 9% 4 O(A/my) uncertainty

Experimental error at SLHC: 2.1% Libby

Inclusive Zero:

015F

NNLO + QED

_p10f

_015F

q (GeV?)

Egede,Hurth Matias,Ramon,Reece

Theoretical error: O(5%) Huber,Hurth,Lunghl,arXiv:0712.3009

arXiv:0807.2589

Experimental error at SFF: 4 — 6% Browder,Cluchinl,Gershon,Hazumi Hurth,Okada,Stocch

arxXiv:0710.3799



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 1003%‘1

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 {TE&E}_I}

Super-B is a Super Flavour factory: besides precise B measurements,
CP violation in charm, lepton flavour violating modes ™ — u~,...



Opportunities at a Super Flavour Factory

see JHEP 0802 (2008) 110, arXiv:0710.37¢

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: CKM theory gets tested at 1%

'the dream’
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Superflavour factory: measurement of clean modes

B — Tv! B factories 20%
2HDM-II
b N

BR(B—T1v)=BRy(B—TV)

m
1——ftan2[3

H

0.5

Super B factories 4%

tang
(Assuming SM branching fraction is measured)

M. (TeV)



Two final remarks:

¢ ExXperimental evidence beyond SM:

e Dark matter (visible matter accounts for only 4% of the Universe)

e Neutrino masses (Dirac or Majorana masses 7)

e Baryon asymmetry of the Universe (new sources of CP violation needed)

At least two of them have to do with flavour !



e |LHC versus Flavour constraints

600

Combined Higgs search constraint from ATLAS: arXiv:0901.1502

My |GeV |
:

0 20

U. Haisch 0805.2141
2HDM at FPCP 2008)

Converted constraints expected from
ATLAS onto the plot by hand.

!-E% C.L. exclusion sensitivity
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Courtesy of Adrian Bevan



Anyone who keeps the ability to see beauty never grows old !

Franz Kafka



