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© Introduction
m Why physics beyond the SM?
m Why flavour physics as a probe of BSM?

® New physics in meson mixing
m Model-independent discussion
m Implications for NP models

® New physics in rare decays
m B — Xy and dipole operators
m B; — Ty~ and scalar operators
m B — K*utpu~ and new physics in b — s transitions
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The Standard Model
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Introduction Meson mixing Rare decays Flavour physics beyond the SM

Why physics beyond the SM?

We know from observations that physics BSM exists
> dark matter
> neutrino masses
> baryogenesis
...and we also have strong theoretical reasons to expect it
> quantization of charges
» flavour puzzle

> ...
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Flavour puzzle
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What is the origin of the peculiar structure of fermion masses and mixings?
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Why physics beyond the SM?

We know from observations that physics BSM exists
» dark matter
> neutrino masses
> baryogenesis
...and we also have strong theoretical reasons to expect it
> quantization of charges
» flavour puzzle

> ...

What is the scale A at which new physics shows up?
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The gauge hierarchy problem

The Higgs mass receives contributions from all the heavy particles it couples to

’/’ \\ h
(m%)fund'i‘ h o\ /) + Q = (M})phys

Our knowledge of the existence of the Higgs and of new physics leaves 3
options:

1. enormous fine-tuning in the fundamental high-scale parameters
2. Higgs is part of a SUSY multiplet
3. Higgs is not elementary

= Naturalness requires new physics at the TeV scale!
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SM as effective theory
q q QXQ
o
q X q q q

Any new physics that is too heavy for us to produce directly (yet) can show up
as a new local interaction among SM fields = a higher dimensional operator

L=Leuw+ ZZ /\?—401'(d)

a>4 i

» At D = 5: neutrino mass term (L eH)(H eL,)
> Needed anyway to explain neutrino oscillations

> At D = 6: numerous operators, including flavour-changing ones such as
()
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How to probe higher-dimensional operators?
Need to look at observables that

> can be measured to an extreme precision and/or

> are suppressed in the SM but not necessarily beyond the SM
Examples

> (9—-2),

> Electric dipole moments

» Charged lepton flavour violation

» flavour-changing neutral currents
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FCNCs are strongly suppressed in the SM

v

because they arise only at the /oop level

v

because quark mixing is so hierarchical (off-diagonal CKM elements < 1)

v

because of the G/M mechanism

v

because only the /efi-handed chirality participates in flavour-changing
interactions

Any of these conditions could be violated by physics beyond the SM. That's
why FCNCs are so important!
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Introduction Meson mixing

Bounds on the scale of new physics

L=Low+ Y 550"

Operator
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Rare decays

N\D—4

Bounds on Ain TeV (¢; — 1)

Re Im
9.8 x 10? 1.6 x 104
1.8 x 10* 3.2 x10°
1.2 x 103 2.9 x 10°
6.2 x 10° 1.5 x 104
5.1 x 10? 9.3 x 10?
1.9 x 103 3.6 x 10°

1.1 x 102
3.7 x 10?

Flavour physics beyond the SM

[Isidori et al.

Observables

Amg; ek
AmK; €K
Amp; |q/pl, do
Amp; [q/pl, ¢o
Ade; S¢Ks
Ade; S¢Ks
Ampg,

Amg

S
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Introduction Flavour physics beyond the SM

Bounds on the scale of hew physics [Isidori et al. ]
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Introduction Meson mixing Rare decays

Bounds on the scale of hew physics [Isidori et al. ]
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TeV-scale NP cannot have a generic flavur structure!
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Collider vs. flavour searches

1000 . . . . . -
S0.0 1 7] » |f direct searches find
new states at scale A,
flavour physics
100 | 1
= measures the flavour
e couplings
< the collider frontier > |n the absence Of

10 b _ signals in direct
searches: for generic

05 | 4
flavour violation,
flavour physics probes

10‘-6 10._ 5 10.} © 000t 001 01 1 very high scales
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Collider vs. flavour searches

unnatural Higgs

natural Higgs

David Straub (Universe Cluster) o
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» [f direct searches find
new states at scale A,
flavour physics
measures the flavour
couplings

In the absence of
signals in direct
searches: for generic
flavour violation,
flavour physics probes
very high scales
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Meson mixing Flavour physics beyond the SM

® New physics in meson mixing
m Model-independent discussion
m Implications for NP models
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Meson-antimeson mixing in the SM

In the SM, M-M mixing proceeds via box diagrams with W exchange

di dl di dl
L L L V\; L
d dj d di

and occurs in the four neutral meson systems
K= (ds) By=B"=(db) Bl=Bs;=(sb) D°=(ch)
Observables:

|Mi2], IT12], ¢
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AF = 2 observables sensitive to NP

» CP-violation in the K system, ex
» Mass difference and CP phase in By mixing, AM, and ¢4

» Mass difference and CP phase in Bs mixing, AMs and ¢

While the remaining AF = 2 observables are long-distance dominated and/or
poorly sensitive to NP.
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More on NP in AF = 2

» To constrain/discover NP, measurements have to be compared with SM
predictions

» SM predictions depend on CKM elements

AMy = 2|M| o< |(VioVig)?| & (AN [(1 = p)? + ]

AM, = 2|M3, | oc |(Vip V22| & 42X

Og = sin23

€x more complicated dependence ...

vV vy VvYyy

> |dentification of NP contributions requires the determination of CKM
parameters
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Meson mixing Flavour physics beyond the SM

Unitarity triangle: loop vs. Tree
> “Loop” observables (AMjy s, sin 23, ex) can be affected by NP
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Meson mixing Flavour physics beyond the SM

Unitarity triangle: loop vs. Tree
> “Loop” observables (AMjy s, sin 23, ex) can be affected by NP

» “Tree” observables (V,, from b — ulv, ~y from b — ctis/ucs) mostly
NP-insensitive
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UT fit & new physics

» NP can show up as disagreement among the AF = 2 (“loop”)
observables ek, ¢q, AMy s
» NP can show up as disgagreement between “loop” and “tree” observables
» Crucial to improve the experimental determination of CKM parameters from
tree only
» Uncertainties of ex, AMy s dominated by theory: lattice progress required
to improve NP sensitivity
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Special case: ¢s

» The Bg mixing phase is tiny in the SM

> Can be measured at LHC from the mixing-induced CP asymmetry in
Bs — J/v¢ (and Bs — J/1pm)

:
2 0.18f LHCb

LHCb — 10.01 +0.07
PpM = —0.04

o
LU LS L L L LU L L L L
Y FPTY FYT1 PYP1 PYT PO AT L el I

-0.4 -0.2 0 0.2 0.4

0, [rad]

» Still room for a sizable NP contribution. Updated LHCb analysis with 2012
data much anticipated!
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Allowed room for NP
NP effects can modify the mixing amplitudes. E.g., By s mixing:

d d 2i0 S S 2j0
Myy = (Myz)sm(1 + hge™?) 2 = (Miz)sm(1 + hse™7°)
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Constraints as of today [Charles et al. ]
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Allowed room for NP
NP effects can modify the mixing amplitudes. E.g., By s mixing:

MYy = (Mfp)sm(1 + hae®'™?) M;, = (Mp)sm(1 + hse®7)
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Hypothetical constraints in 10 years, assuming the SM [Charles et al. 1
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Bounds on the scale of new physics
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Rare decays

N\D—4

Bounds on Ain TeV (¢; — 1)
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Flavour physics beyond the SM

[Isidori et al.

Observables
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Introduction Meson mixing Rare

Flavour physics beyond the SM

Implications for NP models

How to build a model of TeV-scale NP that can satisfy the strong constraints
from the agreement of AF = 2 observables with SM expecations?

» We cannot impose flavour as a conserved symmetry, since it is broken
already in the SM (unlike e.g. baryon number)

» The best we can do is to demand that there be o new sources of flavour
breaking apart from the Yukawa couplings: Minimal Flavour Violation
(MFV)

» Formally: flavour symmetry U(3)® = U(3)

o @ U(8)y, ® U(3)ag, in the
quark sector broken by the spurions Y, ~ (3,3,

1), Yo ~ (3,1,3)
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Consequences of MFV for AF = 2

v

A single operator, (Q] (Y, YJ),-N“QQ)Z — (A (y2 Vi Vi) d))?
Suppressed by the same CKM factors as the SM contribution
> NP scale can be as low as 5 TeV (tree) or 0.5 TeV (loop)

v

v

Universal relative contribution to By, Bs and K mixing

v

No modification of mixing phases

David Straub (Universe Cluster)
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Examples of MFV models

» Gauge mediated SUSY breaking
Soft terms mediated by flavour-blind gauge interactions, RG induced
flavour effects are governed by the Yukawa couplings

Hidden sector ) Visible sector
ww fi

» Constrained MSSM
Flavour-blind soft terms at GUT scale assumed ad hoc. Again, RG
induced effects compatible with the MFV assumption.

me=mox 1  Ayg=A X Yug

NB: MFV assumption is RG invariant and can be imposed on many NP models,
SUSY or non-SUSY.
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Beyond MFV: the SUSY example

» MFV is a very strong assumption — models addressing the flavour puzzle
typically contain new sources of flavour violation
> In the context of SUSY, it is also at variance with naturalness:

» LHC bounds on first/second generation squarks exceed 1 TeV
» Third generation partners should be light
> MFV requires 3 squark generations to be approximately degenerate

David Straub (Universe Cluster)



Flavour physics beyond the SM

Introduction Meson mixing Rare decays

A natural SUSY spectrum (in 2014)

A
0TV g,
g
1TeV
b
X
100 GeV
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Split families and flavour symmetry

> A hierarchy between the 3rd and the 1st/2nd family is also seen in the
quark masses and mixings

I
(mg, ms,mp) ~ (=, @, | Vekm| ~ o‘.

» Consider a minimally broken U(2)® symmetry (under which 3rd
generation fields are singlets): natural SUSY spectrum + (partial)
explanation of quark mass/mixing hierarchies [Barbieri et al. ]
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Consequences of U(2)? for AF = 2

» Still only 1 operator and universal contribution to By and Bg mixing
> Universality between K and By s is broken

» Universal, non-zero contribution to the mixing phases in By and Bg mixing

[Barbieri et al. ]
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Scan of AF = 2 effects in MSSM with U(2)?
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» Direct LHC constraints on sparticle masses taken into account
» Direct constraints limit the size of the effects to within the alowed regions,
but visible effects in near-future measurement of ¢ possible

[Barbieri, Buttazzo, Sala, DS (to appear)]
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Introduction

Meson mixing

Flavour physics beyond the SM

Forgetting about flavour symmetries — and naturalness

For generic flavour violation, AF = 2 observables probe very high squark
mass scales (here, mzg = 3 TeV) [Altmannshofer et al, ]

K Mixing By Mixing
\
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5 >
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Rare decays Flavour physics beyond the SM

® New physics in rare decays
m B — Xgv and dipole operators
m B, — u" o~ and scalar operators
m B — K*u "~ and new physics in b — s transitions

David Straub (Universe Cluster)



Introduction Meson mixing Rare decays Flavour physics beyond the SM

Rare B (and K) decays

» Rare decays = FCNC decays with AF = 1

» particularly interesting: leptonic, semi-leptonic and radiative decays

Al ¢
d; d d d;
Y

ef

; +
dj>‘<£— di“i g
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Flavour physics beyond the SM

Rare decays

An incomplete list of rare inclusive and exclusive decays that are sensitive to
the existence of physics beyond the SM

b—s(xA) b—d(xA) s—d(x\)

B — X5 B — Xy
7 B — K"~ B — py
B — K{T0~ B—mlti— K — wbti—

(M B KT B plte
B— X/T0~ B— Xglti~

Bs > p'p  B=ptpm K= ptp

_ B — Xsvi B — Xqvv KT — wtup

vy B — Kvi K, — v
B — K*ui
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Dipole operators

m bR
0 = (Scopwb) F"
gSmb(

Y. 9
Og = SLO',ul,T bR)G'uVa s

» Contribute to d; — dyy and d; — dj¢T ¢~ transitions
» Involve a helicity flip and are therefore suppressed by my, /my in the SM

» Measurement can lead to stringent constraints in models that can lift the
helicity suppression, even for Minimal Flavor Violation
» SUSY, 2HDM: chirality flip by VEV of H,, instead of Hy
= tan /3 enhancement
> Models with heavy fermions: chirality flip by heavy fermion mass

David Straub (Universe Cluster)
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Rare decays

Flavour physics beyond the SM

Magnitude of C;

In MFV models, the strongest constraint on C; comes from the measurement of
B — Xg

BR(B — Xs7)exp = (3.43 +£0.22) x 107*
BR(B — Xs7)np = (3.1440.22) x 107* x [1 + A/[?
Cr" (mo)

A = —————
C7Sl\/l‘eff(mb)

= A7 D [-0.05,0.14] v [-2.14,—1.95]  (at20)
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> 4-body decay: angular distribution with many observables sensitive to NP

> “self-tagging”: sensitive to CP violation

David Straub (Universe Cluster)
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Forward-backward asymmetry

Ars(B — K™ [/ / ] dcosb, Ul F) o+ F)

dg? d cos 0, dg?

2mpm
x Re ch”+ o Bc§”> cm}
?

Sensitive to the sign of C;!

Theory EEBinned

. —8—| HCb
< LHCb
0.5 ‘ .
g — LHCb 2013
[Aaij et al. 1
-0.5p -
0 Eli 1I0 r

15 20
& [GeV3/cY
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Bounds on C;

-1.0 -05 0.0 0.5 1.0 1.5 2.0

Re(CYP)

Constraints from B — Xy, B — Xspup
[Altmannshofer and DS ]
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Bounds on C;

-1.0 -05 0.0 0.5 1.0 1.5 2.0

Re(CYP)

Constraints from B — Xsv, B — Xgpupt, B — K"
[Altmannshofer and DS ]
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B — X7 in the two Higgs doublet model

WL L
N

= M+ > 300 GeV

[Misiak et al.
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Introduction  Meson mixing

Rare decays

Flavour physics beyond the SM

B — Xs7y in the MFV MSSM

e T s
N

b “‘\ /'l s b U S b U s
H- H- g
2 2 _m2
o rf NﬁA,Mt 5 ftMuaﬁ e — mZ
M2, e m 2 P 2
H* t t b b t

= cancellation between various contributions makes bound more
model-dependent

David Straub (Universe Cluster)
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© Introduction

® New physics in meson mixing

® New physics in rare decays

m B, — u" o~ and scalar operators
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Bs — putp~

Strongly helicity suppressed in the SM: one of the rarest B decays

b wt b e
w
t Yy Bs
w z w
5 a 5

BRsu = (3.6540.23) x 107°  BRegyp = (2.9 4£0.7) x 107°

[Bobeth et al. ], [LHCb+CMS 2013]
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Operators probed by B — putp™

0l = (37uPumb) (17"5)
O(s/) - (EPL(H )(Z )
Og) - (EPL(R )( )

> Inthe SM, only C;o non-zero

» Cs,p can be generated in models with extended Higgs sector (e.g. SUSY)
» C/ require RH flavour violation and are absent in MFV models

. ) 4mi »
BR(Bs — pu ™) o ||S] 1_mT + | P

Bs

mp,

mp,
> CP + mqu

Cs P=
25

S =
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Introduction  Meson mixing

Rare decays

Flavour physics beyond the SM

Bs — pupu in the MSSM with MFV

Contributions to Cs » are generated by H° and A° exchange. In the decoupling
limit (Myo g0 > mp) one has Cs >~ —Cp

b ut
Bs ";\a"'<
u
S
Dominant contribution: chargino-stop loop
A mg.m
Co ~ —Cp o EL T8 Tiyan3 3
m M

Potentially huge enhancement for large tan 3

David Straub (Universe Cluster)



B; — pp constrains tan 3/ M,

» Large tan [ + light Higgs
spectrum disfavoured

» Direct Higgs searches more
constraining for tan 8 < 25

> Milder bounds for pA; > 0
(destructive interference with SM)

200 400 600 800 1000 1200
Ma (GeV)

MFV; (a,) pA > 0; (c,d) 1A, < O
gray: A, H — 77~

[Altmannshofer et al. ]

NB: in CMSSM, A; ~ 0.8A¢ — 2.2my /,

David Straub (Universe Cluster) =] = =
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B; — putu~ beyond SUSY

» Even in the absence of scalar/pseudoscalar operators, visible new physics
effects can be generated in Bs — ™ and By — pt
» Example: models with partial compositeness

> e.g. models with a composite Higgs or warped extra dimensions
» fermion masses generated by linear mixing with composite states

> Tree-level resonance exchange generates contributions to

Q1o = (5Lyubr) (i ys1e) Qo = (3rYubr) (i ysh)

David Straub (Universe Cluster)



Rare decays Flavour physics beyond the SM

Bsqg — pt ™ from partial compositeness

2.0

=
]

3 models with different
electroweak and flavour
structures

(blue: model with a U(2)3
symmetry)

10%° BR(By—u' 1)
o

o
U

[DS ]

0'OO 1 2 3 4 5 6

10° BR(Bs—u 1)
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Rare decays Flavour physics beyond the SM

© Introduction

® New physics in meson mixing

® New physics in rare decays

m B — K*u "~ and new physics in b — s transitions
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Global analysis of b — s transitions

mp ,_ v
Ogl) = ?b(SJuuPR(L)b)FH 9 = (57uPur) b)("0) 010 = (57uPuyr) b) (7" s0)

» b — s operators contribute to many observables measured by B factories
and/or at LHC
> global analysis necessary

Decay C§/) cé’) C%)
B — Xsy X
B — K*y X
B— Xgutpu~ X X
B— Kutpu~ X
B— K'utu= X
Bs — putpu”

>
X X X X
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> exclusive semi-leptonic decay probing the b — s transition
> 4-body decay: angular distribution with many observables sensitive to NP

> “self-tagging”: sensitive to CP violation

David Straub (Universe Cluster)



Flavour physics bey:

9 August 2013: LHCb results hint at new physics?

The LHCb Collaboration has just published the results of a new analysis of the BO—K*Outy™ decay, with K*O-K*n™. These results
were presented three weeks ago at the European Physical Society Conference on High Energy Physics, EPSHEP, Stockholm,
Sweden, and triggered very interesting discussions. The analysis of the BO—K”pp decay is considered as a very promising
channel to search for new physics effects, see the 14 June 2013 news for an introduction. A contribution from new physics
particles could modify the angular distributions of the decay products. LHCb physicists have studied different variables related to
these angular distributions as functions of the ptp” invariant mass squared. In previously published results, no significant
deviation from the Standard Model prediction has been found, see the 13 March 2012 news. In order to increase sensitivity ta
new physics effects LHCb physicists started to analyse additional observables (the so called P{' cbservables) which are considered
theoretically clean. This means that they are less sensitive than other observables to some theoretical parameters that are not
precisely known (form-factors for experts). Four such abservables, labelled P4', P5', Pg' and Pg', have been studied.

% v
L og- LHCb . the p*p" invariant mass squared q2. The black data points are

o8- - compared with the Standard Model prediction. A 3.70 deviation of data
0.4F / —4-osa - above the prediction is observed far the third bin corresponding to q2

- T The image shows the distribution of the P5' observable as a function of

between 4.3 and 8.68 Gev2/c*. Taking into account that this deviation

- = —_— - - is observed in one out of 24 bins investigated in this work (the so-
+ o called look-elsewhere effect), the significance of the deviation becomes
A 2.80.
) } ] N click the image for higher resolution
10

15 20
q? [GeV7cY)

These new results are of great interest to theorists, who are combining results from several measurements to search for effects
of physics beyond the Standard Model. According to Joaquim Matias from Universitat Autonoma de Barcelona and colleagues the
deviation in P5' and small discrepancies in the other angular abservables for this decay, follow a pattern. In a recent paper the
authors claim that a global analysis of the LHCb data, together with previous measurements, show a deviation of 4.50 with
respect to Standard Model expectations, which can be explained with the same mechanism (reduced Wilson coefficient C8 for
experts). This demands further investigation, in particular to re-evaluate all the sources of theoretical uncertainty, and to
understand the effects of correlations between the experimental measurements. A deep interplay between experimental and
theoretical analyses will be essential to confirm or refute the pattern of new physics suggested by the B K"+~ anomaly.

David Straub (Universe Cluster)
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B — K*(— Km)utp~ angular decay distribution

a*r _ 9
dgq? dcos b, dcosbyx- dp 32w

{/1S sin® Oy« + 17 cos® O« + (15 sin® Oy« + IS cos® O+ ) cos 26,

+ /5 sin? Bk~ sin? B, cos 2¢ + 1; sin 20+ sin 26, cos ¢

+ I sin 20+ sin 0 cos ¢ + (I sin® O~ + IS cos® O+ ) cos b

+ 1, sin 20k~ sin 6, sin ¢ + 5 sin 20+ sin 26, sin ¢ + I sin® k- sin® #, sin 2¢}

» Full set of observables: 12 angular coefficient functions /;(g°)

David Straub (Universe Cluster)
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B — K*(— Km)utp~ angular decay distribution

d'r _ 9
dg? dcos b, dcosfx- dp 327

{ + 15 sin? O (3 + cos 20,) — /52 cos? Ok~ sin® 6,

+ 15 sin? Bk~ sin B, cos 2¢ + 1i sin 20~ sin 26, cos ¢

+ /5 sin 20+ sin ) cos ¢ + I sin? O+ cos B,

+ 1, sin 20k~ sin 6, sin ¢ + 5 sin 20+ sin 26, sin ¢ + I sin® O~ sin® #, sin 2¢}

» Full set of observables: 12 angular coefficient functions /,(g°)

> Neglecting lepton mass, scalar/tensor operators: 9 independent /,,(q2)

David Straub (Universe Cluster)
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B — K*(— Km)utp~ angular decay distribution

a'r 9
dq? dcos b, dcosbyx- dp 32w

{ + 5 sin® ¢« (3 + cos 20,) — 152 cos® O~ sin® 0,

+ 15 sin? O+ sin? 0, cos 2¢ + 1, sin 20+ sin 26, cos ¢

— Is sin 20+ sin 6, cos ¢ — I sin® O+ cos 6,

+ 1, sin20x- sin B sin ¢ — 5 sin 26~ sin 26, sin ¢ — I, sin® B~ sin® §; sin 2¢}

» Full set of observables: 12 angular coefficient functions /(g°)
> Neglecting lepton mass, scalar/tensor operators: 9 independent /;(q2)
» CP-conjugate decay: another 9 independent functions /;(g%)

David Straub (Universe Cluster)



Introduction Meson mixing Rare decays Flavour physics beyond the SM

Basis of observables

» consider sums and differences of /;, /; to separate CP violating and CP
conserving NP effects

» normalize to CP-averaged decay rate to reduce th. & exp. uncertainties

CP-averaged angular coefficients

CP asymmetries

AN = (17 - 1) /—d(“r L

dg?

[Kruger et al. , Bobeth et al. , Altmannshofer et al. ]

David Straub (Universe Cluster)
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Rare decays Flavour physics beyond the SM

Experimental status of angular observables

Observable NP-sensitive? measured
dBR/dq? yes Belle, BaBar, CDF, LHCb, CMS
FL=—-55 yes Belle, BaBar, CDF, LHCb, ATLAS, CMS
S3 yes CDF, LHCb
S4 yes LHCb
Ss yes LHCb
Arg = 35 yes Belle, BaBar, CDF, LHCb, ATLAS, CMS
S; no LHCb
Sg no LHCb
So no LHCb
Acp no CDF, LHCb
A3.8 7,8 -
Ag yes CDF, LHCb

orange = updated in 2013

David Straub (Universe Cluster)
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Kinematical regions

— 5 T T
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> low g2 < 6 GeV2: expansion in my- /Ex-
» intermediate ¢° € [6,15] GeV?: cC resonances, B — K*1)(— putu™)
» high g2 > 15 GeV?: expansion in Ex+/+/q?

David Straub (Universe Cluster)
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SM vs. data: FL [Altmannshofer and DS ]
Lo C¥P=—01,C=-02 |
CNP=-15,C4=15
0.8l o
CyP=-2,Cy=-1
0.6 ]
-
LL
0.4+ 1
0.2+ 1
0.0t . L . k|
5 10 15 20
q” [GeV?]

1.90 tension at low ¢?
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SM vs. data: S4 [Altmannshofer and DS ]
0.4+ 1
0.2 |
@ 00 7 ——
-0.2r CNP-_0.1,Cj=-02 |
CNP=-15, C4=1.5

-o4r G2, G |

5 10 15 20

q® [GeV?]
2.80 tension at high ¢?
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SM vs. data: Ss [Altmannshofer and DS ]

04l C)P=-01,C=-02 |

’ CNP=-15,C4=1.5
0.2F C§P=72,Cio=71 ]

Jf oo
-0.2+ 4
—04f ]
5 10 15 20
q” [GeV?]

2.40 tension at low g?
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Fitting C; and C,

]
-06 -04 -02 0.0 0.2 0.4 0.6
Re(CYP)

» Although the S5 and F; tensions could be solved with NP in C; or Cg only,
this is strongly disfavoured by the bounds from BR(B — Xs7) and
BR(B — Kut ™), respectively

David Straub (Universe Cluster)
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Fitting Cy and CS’,,10

Re(CYP Re(Cy'")

David Straub (Universe Cluster)
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Flavour physics beyond the SM

Meson mixing

Fit results and Ax?

Scenario P c chP Ch Clo Ax?(SM)
(7) —0.07+0.04 3.4
9) —0.8+0.3 4.3
(77') —0.06+0.0¢  —0.140.1 4.7
97) —0.05+0.04 —0.6+0.3 6.0
97') —0.1+01  —0.7+0.3 55
(99") —1.0403 +1.0+05 8.3
(910) —1.0+0.3 —0.4+0.2 7.0
Real —0.03 —0.11 —0.9 +0.7 —0.2 10.8

David Straub (Universe Cluster)
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The “B — K*u*pu~ anomaly”

» There is a tension in some angular observables B — K* 11~ that could
be due to new physics (or statistical fluctuation, or underestimated theory
errors)

» If due to NP, it requires a simultaneous contribution to the Wilson
coefficients Cg and C{ in order not to violate constraints from other
processes

» Which actual NP model could explain such an effect?

David Straub (Universe Cluster)
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Flavour physics beyond the SM

1st try: MSSM

70 by L s oS

A b S b N i B
bur bpp Spgy SLR b S, ah s by, by 5L st
‘ | _—U o
g W W w
¥ v 7
I I H H H _-"é__ H
(o) (d) (e)

By systematically studying all relevant contributions, one can show that the
effect in Cg and cg is negligible throughout the MSSM parameter space, in

particular once LHC direct bounds and other flavour constraints (Bs mixing)
taken into account

David Straub (Universe Cluster)
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2nd try: partial compositeness

(b) (c)

/
> Cé ) are generated at tree level from vector resonance exchange

> also here, contributions numerically negligible

David Straub (Universe Cluster)
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Solving the anomaly with a Z’ boson

92 [_ _
£2 50 {sv“(gésPL + 9hsPR)b + " (9 + 75gﬁ)u] z,,

{a".c} x T2 {(gt)(a!). (e2)(e))

ZI
[Descotes-Genon et al. , Altmannshofer and DS , Gauld et al.
, Buras and Girrbach , Gauld et al. , Buras et al. ]

David Straub (Universe Cluster)
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Simultaneous contribution to Bs mixing

AM, m>
N [(95)® + (9f2)° — 9.7(gk:) (o1

> The requirement to solve the B — K* i anomaly + the AMg constraint
lead to an upper boundon Mz::

CYF = —1,C) =1 = Mz < gy X 0.9TeV
cF =15 = Mz < g x 2.0TeV

David Straub (Universe Cluster)
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Summary

» Flavour-changing neutral currents probe physics beyond the SM in a way
complementary to the LHC direct searches

» Finding new physics in meson mixing requires disentangling tree-level and
loop-induced observables in the determination of CKM parameters

» The Bg mixing phase ¢ is a promising place to look for BSM effects

» By — pup and B — K* 't are being measured to an
unprecedented precision and are sensitive to many kinds of NP, even with
MFV

» The potential anomaly in B — K* 1" 11, if due to NP, requires a Z’ with
peculiar couplings. More data to be analyzed by LHCb very soon

David Straub (Universe Cluster)
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