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questions and discussions that become the seed of new ideas.

« A perfect venue for rewarding interactions among theorists and
experimentalists

« A prime place for students to experience the excitement of our field
« A relaxed social environment in gorgeous surroundings

Van tells us -every year- :
“Moriond started as a meeting among friends:
cooking, skiing and sharing their passion for physics”

- The Moriond Spirit has survived tilltoday @




On behalf of all the participants,
| would like to thank the organizers for their outstanding work

and

very specially to Prof. Jean Tran Thanh Van,
for his dedication, for consecutive 43 years, to make
“Les Rencontres des Moriond”
the most exciting Winter conference in our field!




Ot o1 new material to aigest, 1or tne youngests and aiSo 10r tne Seniors!

The Young Scientist Forums

Presentations in a wide variety of scientifically interesting topics, well
balanced and to the point. And all that in only 5 minutes!!

**Radiative correction to Hbb production at LHC by Le Duc Ninh

** CP violation from non unitary leptonic mixing by J. Lopez Pavon

** Leptonic Flavour Violation in type Ill Seesaw by Florian Bonnet

** Neutrinos and Leptogenesis by Steve Blanchet and Emiliano Molinari
** Dark Matter: SUSY candidates, detection and mass measurements:




* Models of New Physics to explain the EWSB dynamics
** Supersymmetry ** Strong Dynamics
** Extra Dimensions ** Higgs SM extensions

Many possibilities:
SM-like fundamental scalar Higgs,  Composite Higgs,
NO HIGGS, Higgs as a Pseudo Nambu-Goldstone boson

« Dark Matter candidates in models of New Physics

* Flavour Physics

** Quark flavour  ** Lepton flavour, neutrinos, leptogenesis,
neutrinos and the cosmos




Standard Model

describes processes up to energies of =100 GeV

However, it is only an effective theory. At least
Gravity should be included at My, = 10"° GeV

Many open questions
Origin of Mass of fundamental particles

Generation of big hierarchy of scales My/M, = 10"", M,/M =10"2
Generation of hierarchies of fermion masses

Neutrinos: are they encoding a secret message?

Connection of electroweak and strong interactions with gravity
explanation of matter-antimatter asymmetry of the universe

Dark matter

B - >t X >t %




to minimize its energy

V(D)= 1*®" D+ %(d)*d)) 2 u?<0
Higgs vacuum condensate v ==> scale of EWSB

SU(3)c x SU(2).x U(1), ==> SU(3). x U(1),,

Higgs gives mass to W,Z and SM fermions:

M‘% :g¢VVV/2| |mf =hf vV |

» One extra physical state -- Higgs Boson -- left in the spectrum ‘mZSM =2 Vz‘

Associated to the SM EWSB mechanism: The Hierarchy problem




A new Symmetry in Nature? SUPERSYMMETRY

For every fermion there is a boson with equal mass and couplings

SM particles “——> SUSY particles

) Quarks @ Leoonen @ Keatteiichen Squarks () Sieptonen () SUSY-Krattteilchen

« Contains a good Dark matter candidate

No SUSY partner degenerate in mass with its SM particle has been observed




Cancellation of quadratic divergences in Higgs mass quantum corrections has to do
with SUSY relation between couplings and bosonic and fermionic degrees of freedom

2 2 2 2 2 2

AU =g, -lm, — m}_]ln(Aeﬁ' [my) SUSY must be broken in nature
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In low energy SUSY: quadratic sensitivity to Aeﬁ replaced by quadratic
sensitivity to SUSY breaking scale D

The scale of SUSY breakdown must be of order 1 TeV, if SUSY is
associated with scale of electroweak symmetry breakdown
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In the evolution of masses from high

8

energy scales

==> a negative Higgs mass parameter

masses [G
g

is induced via radiative corrections

==> important top quark Yukawa effects!
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log,,(Q/GeV)




A possible solution: New strong dynamics at the TeV scale.

® EWS broken by critically strong new interactions: e.g. Techni-color.

® Analogy with QCD: Scale of EWSB is exponentially separated
from Mpy..cx Dy running of coupling.

® No Higgs boson, or composite Higgs (e.g. Little Higgs).

Problems:
® Flavor: requires many different flavor scales (ETC), walking,
Top-Color for m;
® Electroweak precision bounds: strong dynamics result in a large S
parameter -

N
s

S ~0(1)




» Can provide a DM candidate

each point in space would have
additional dimension attached to it

Gravity in ED = fundamental scale, pushed down to ew. scale by geometry

2 fund.\2+d pd
Gravity flux in flat ED =» Newton’s law modified: Mp, = (Mp™) TR

This lowers the fundamental Planck scale dep. on size & number of ED

Mbnd- ~ 1 TeV = R= 1 mm, 107! cm fd=2,6

Solution to Hierarchy problem <==> New problem: Why R so large?

, they should be quite small: R <1077 cm =~ 1/ TeV



ant solution to the Hierarchy Problem

iggs field localization, iggs v.e.v. is
naturally of order of the TeV scale Randall, Sundrum’99

M Smd-y3
:( Pl )(1_6—2kL)

« Newton'’s law modified: 5d Planck mass relates to Mp,. Mz-%z
2k

d.
=» Natural energy scale at the UV brane:Mﬁlm

At the TeV brane, all masses affected by an exponential warp factor: e <<1

Assuming fundamental scales all of same order:
Mpl ~ M}{)‘i;nd ~ k
Solution to the hierarchy problem:
gldostaldliescniiclotiiane .y



Warped Extra dimensions with Matter in the bulk

® Allowing gauge fields and matter to propagate in the bulk
= models of EWSB, flavor, GUTs, etc.

® Bulk Randall-Sundrum models:

Hierarchical fermion masses from localization
[masses depend from overlap with Higgs]

FCNC and higher dimensional operators
suppressed for the light fermion families

KK modes localize in the IR for
Weak bosons, Gluons, Fermions
As well as gravitons

UV brane IR brane
Higgs + KK modes

Large corrections to the SM gauge boson masses and couplings due to
Higgs induced mixing ==> strong EW constraints on the spectrum

k>1.5TeV = KK gauge boson masses > 3TeV



AdS; models of EWSB

Talk by Gustavo Burdman




If there is a Higgs: what is its dynamical origin ?
Or why is it localized towards the TeV brane ?

® Gauge field in 5D has scalar A;
® Toextract I7 from A; need to enlarge SM gauge symmetry.

« Gauge sector enlarged in the bulk: SU(2), x SU(2);x~S0(4) ==> SO(5)
» Extra Gauge Bosons have the quantum numbers of the Higgs

SO(5)/SO(4) — A3(—,-) =

* No tree-level Higgs Potential ==> Induced at one-loop level
* Dynamical EWSB: Driven by the top Yukawa




« EWSB is broken by BC’s (Csaki, Grojean, Pilo, Terning)

» Unitarization of WW and WZ scattering achieved by KK resonance exchange
==> sum rules for the couplings of KK gauge bosons with W and Z
==> KK gauge bosons need to be narrow resonances

mass of the lightest KK gauge bosons below about 1 TeV

Problems with EW precision constraints

S parameter too large (can be ameliorated by delocalization of fermions but
then no solution to fermion mass hierarchy)




Top-condensation models (Nambu; Bardeen, Hill, Lindner ):
EWS broken by (it) # 0

® Top quarkis too light: m; ~ 600 GeV if A ~ O(1) TeV.
Or A ~ 10" GeV if m; ~ 200 GeV.

® = Heavy fourth generation M, ~ 600 GeV.

® Need 4th-generation strongly coupled to new interaction

® If 4th-generation propagates in AdS; bulk and is highly localized

on the TeV brane (G.B., Da Rold)
4th-generation quarks are strongly coupled to KK gluon:

/ 4th generation fermions condensate
and develop EWSB




Hy, — H, Hy — —Hy

and a Z, symmetry All SM fields are even (e.g. no FCNC)

(Hy) = —= (Hy) =0 —+» H A & H*

5
V= pd|Hi* + 3| Ha* + M [Hy [* + Ao Ho|* + \g|Hy || Ho -I-}5.4|H"JU‘I,3['2 [HTHQ) +hr]

In the conformal limit: W, =W, =0
EWSB triggered at the loop level: some loops with H, can be large and
compensate for the large negative contributions of the top quark

@ Radiative EWSB requires large quartic couplings SO(3) symmetry
- A, and/or H" heavy, above ~ 350 GeV vy ety e '3; _: : :; tHuD
» DM requires a light H ~ 60-70 GeV /.f' /
- Large mass splittings within the Inert Doublet /,f; P A \‘a
ol =0 if MAO =M, OrMHo =M, : 4}{; Yoy

H_ stable neutral scalar = Spin 0 dark matter



homogeneous and isotropic ?

« Many models of inflation require an additional scalar: the inflaton with a large
mass 1013 GeV and a tiny self quartic coupling ~ 10-13 to yield a flat potential.
Many BSM may have such a scalar candidate. What about the SM Higgs?

~100—-200 GeV and A~1
SM Higgs solution: Non-minimal coupling to gravity & ‘3 o

M? 4 E h? Ithovh A 2
SJ:./“V"_Q{‘THW#V > —;1(“2—"’2)}

For some intermediate choice of M and ¢ U & Mt e Sl N
inflation and SM particle physics work e | R il
Considering the number of e-foldings Slow roll inflati

NCOE}E and proper normallzatlgn Standard Modsi

£

g

[+
%7 "o\;

» Higgs mass 130GeV < My < 190GeV
>~ No new physics up -/ ~ 10" GeV




* Rotation curves from Galaxies.

Luminous disk ~® not enough mass to explain rotational
velocities of galaxies —» Dark Matter halo around the galaxies

.....

 Gravitational lensing effects

Measuring the deformations of images of a large number
of galaxies, it is possible to infer the quantity of Dark
Matter hidden between us and the observed galaxies

» Structure formation:
Large scale structure and CMB Anisotropies




* Heavy particle initially in thermal equilibrium
* Annihilation stops when number density drops

H>1),=n,<0o,v>

* i.e., annihilation too slow to keep up with
Hubble expansion (“freeze out”)

* Leaves a relic abundance:

2 -1
Q= <o,v>

If m, and ¢, determined by electroweak physics,

(T2m,)

Interaction

001

0.001 |

0.0001

%83

umber Density
+ 1588
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x=m/T (time -)
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Quantum corrections to the Higgs potential
h h mass parameter U are quadratically divergent

Need new particle/s with masses of order of the
EWSB scale to cancel them

Precision data from LEP, SLD and Tevatron f

constrains the existence of interactions of SM
particles with a single new particle with mass
below a TeV.

Therefore many models of EWSB introduce an extra discrete symmetry
which predicts a stable Weakly Interacting Massive Particle (WIMP)




then the lightest SUSY particle (LSP) is stable
4

Lightest neutralino,

DARK MATTER CANDIDATE © GravitinaSneutrinoy

C. Arina
Neutralino Dark Matter With seesaw extensions

¥° LSP as thermal relic: relic density computed as thermally averaged
cross section of all annihilation channels — Qh? ~ (ov )

,zg—fr_f t?ino LSP, bulk region >Z‘l’>' 0 <b Higgs funnel

N—l light ! and f % b mp ~ 2mye

~ =0

A — [ewe LSP with strong 1 T Co-annihilation

X! X1 e higgsino component el Sy LSP-NLSP mass difference




space of any model variant

CMSSM: GUT-scale
boundary conditions:
Mo, M1y, Ag

plus tanb, sgn(u)

—

my

No EWSB

rapid annihilation
funnel

co—annihilation region

Charged LSP

my,




into LSP. Mass measurement only at a few %

N If we can measure the properties of the SUSY particles precisely

enough, (masses and couplings of most of the SUSY spectrum)
then we can compute ov — collider predicion of Qh?

O We can also compute the direct and indirect detection rates

—41
| E— TP b
00 btuie et . 2007 95% CL H
[ Riix i wl. 2007 68% CL I
e CIOAES 11 AT4T e Remmalysis ||
= = = XENONI0 2007 H

direct detection: m,, s(yN)v, )
local DM density —omovens T
indirect detection: <ov >, _, AN

density profile, propagation model

Spin—independent cross section [em?)

Starts probing interesting
region of SUSY parameter space

10 10’
WIMP mass [Ge\ffc"]



« Gravitino are typically not in thermal
equilibrium with primordial plasma
after inflation (super weak interactions).
At high T they are produced in thermal
scattering of particles:

M? ki
QIPh? = sz r (1+ - )m( )
G—'

gi

.- 10 i
. (100 GcV) (mw Gev)




FNLSP — G + T

[Covi, Kim, Roszkowski, '99]

5 i

=
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LSP e ll-"};{r.flu] | ’
: 21

; NLSP — LSP + SM | - i S
3 T <10 GeV | E 1
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2000}

1000

mg = mo, tan3 =10, Ag =0, p > 0

500 f

__Mmy/2 > 0.9 TeV (

TR < 4.9 x 107 GeV (

Lower bound on m,,,

and upper bound on Ty
(lower than required by thermal

leptogenesis

m(-_-; )lfﬁ |
10 GeV



; parity as a reflexion around a midpoin
« Problems: RS has no Z, parity

gauge boson KK modes above 3 TeV due to precision tests
» Solution: KK parity by glueing two copies of AdS space

v 1A

@ Even modes are symmetric around midpoint so they satisfy Neumann
(+) BC on UV brane
- @ Odd modes are antisymmetric around midpoint so they satisfy Dirichlet
(-) BC on UV brane




Qy1 h?
0.25

0.2
0.15
0.1

0.05

1 (TEV}
5 my

DM candidate in the case of 2 AdS copies

my, [GeV]




« Many beautiful experimental measurements
* No striking signature of New Physics (NP)  (sin28, fluctuation@Tevatron)
« Still some room for NP in the flavour sector

Two alternatives: explore specific NP models or try a model independent
approach.

In each case it is possible to consider the Minimal Flavor
Violation (MFV) hypothesis:

All flavour symmetry breaking is proportional to SM Yukawas.
CKM is the only source of flavour mixing.




B+Xy R LEF B -1 B -2Drv K - uv

b

b

/

{fff
2

t
v >
THDM MSSM )
5
a W,
N 0 ! g . {
b ' b
) T
Y Y
UED LHT

L —— g g — i, tw -

¢ Inclusive radiative B-meson decay
provides stringent constraints on
various NP scenarios at EWV scale,
since it is accurately measured and
its theoretical determination is
rather precise

New Physics corrections of only
a few percent are likely,
precise SM calculations of b — sy




O(as) + O()

BR(B — X.7) a;.lﬁﬂa‘f = (3.15+0.23) x 10~

Considering world average measurement,
BR(B — X,y)™ = (3.55 £0.247)7)x 107

and large theoretical uncertainty BR(B — X,y)™
M 89 < > < 1.39
2 O allowed range for new physics ==> BR(B — X.y)™
Supersymmetry:

Important radiative corrections to charged-Higgs-top & stop chargino loops
Strong restriction on SUSY parameter space
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. Gra .
HEF= = —=—2—V;Vy; ) CQn + hoc.
n

- 2\/3:4' sin® A

Independent NP contributions to the various operators: C; = C,:SM-}-J G

Qr, = ffmjaimput#n(e’: aw) Q8 = 'gzi'mjaif_a'pu T?dir(8sG,)
Qov = 2divudi byl . Qs = 2di yudit Eyuyst
Qs_p = 4(didir)(frlL) Qus = A4dyyudibiyuu

Theoretically most clean observables used to bound NP contributions
Br(B— XJ'1"); Br(B— X)y); Br(Bj—uu'), Br(K"—nr'vw)

Similar studies for transitions assoicted with K and B oscillations
yields a stronger bound of about




Involves intermediate down type quarks. It is small in the SM since b
contribution is negligible due to small CMK elements Vcb Vub.
Predicting SM value depends on the size of SU(3)r breaking

Review by Alexey Petcov : Many New Physics models that may

give large contributions, constraining the NP spectra.

* Flavor-Symmetric (FS) Jarlskog invariants: by Paul Harrison

Based on Jarlskog observation that models of masses and mixings should
be weak basis invariant, one can define FS Jarlskog invariants to describe
the mixing matrix of quarks and leptons. Some applications are underway.

« CKMfitter winter 2008 update: by S. Descotes-Genon




2+ — p utu~  and new physics

Three decay events observed, with intriguing closeness in the
invariant mass of the muons

e Although total rate consistent with SM prediction, uncertainties
are large and they may come from new physics

® Easiest way to explain data, by avoiding existing bounds on light
scalar particles : Pseudoscalar particle, with mass 214 MeV

® Such a light particle may appear “naturally” in the NMSSM

® |[f this is the right explanation, several tests proposed to check the
existence of such a particle:

Tis—=vA?, ¢p—=vA

B(Kr—n*n-P'— n*t n-prp) = (1.8%1:6; 4) x 10-°

B(KL— n® %P — n® % u*p-) = (8.3*75.66) x 102



® General Lagrangian has many sources of flavor

® Although the localization of light fermions close to the UV brane
leads to an effective suppression of FCNC, for general values of the
parameters, KK masses should be larger than 8 TeV to avoid large K K
mixing

® Parameters may be restricted by symmetries. Cacciapaglia et al.
propose a bulk SU(3), x SU(3),, x SU(3)a, ,broken to SU(3)y
on the UV brane and to SU(3)p on the IR brane

® c’s andY’s are universal. Masses and mixings are induced by right-
handed field UV brane kinetic terms. This leads to successful
model of flavor, but with large corrections to the S parameter.




® S parameter in this representation is associated with large
modification of the couplings to weak gauge bosons,
induced by the gauge boson zero mode-KK mode mixing
and the proximity of fermions to the IR brane to generate
the top quark mass.

® This may be solved by further breaking of flavor symmetry
by IR boundary mass terms in the up sector.

In addition, custodial symmetry is enlarged to prevent
modifications to the Zbb coupling.




Consistency with flavour and precision electroweak constraints is achieved
for light KK modes, my ~ 2.5/R’

Alternative scenario:

For small r, the down sector can be diagonalized exactly and all dominant
sources of flavor violation are hence proportional to r. Bounds on KK

masses due to FV can be relaxed to approximately 2 TeV.
Fitzpatrick, Perez, Randall, hep-ph/0710.1869




« Neutrino mass eigenstates V; are not the same as the weak
eigenstates vV, associated with a given lepton flavor/,

Mass el genstate—‘L = Flavor eigenstate For 3 neutrinos U contains
v, > = § U v,> . 3 angles and 3 phases

T—MNS Leptonic Mixing Matrix

Atmospheric ) Cross-Mixing : Solar i i

1T 0 0| ¢35 O 556 [e; s O] [€%* 0 0
U=|0 ¢35 sx3|x| O 1 0 [x[-s12 ¢ O|x| O e®/2
0 -5y3 cp3] |-513¢° 0 ¢3 | |0 0 1] 0 0 1

- . . Majorana CF -

phases

812 = BSD] = 350, 923 = Hmm = 3?'5301 813 {NIUG

5 would lead to P(v,— V) # P(v,—v;). CF



(Mass)?

vz

Normal

v, 10,13

or

NN v,[1U,,17]

=Am’, =75%x10"eV’

Vo AN
Vi SS‘II[I

2
AmE

vjw
2
sin“0,,

Inverted

I]II]]]]lvt[IUﬂIE]

2 2
Am. >>Am.,

it is natural to expect a
hierarchical spectrum:

or
m, = m, >>m,

Normal or inverted

=Am’, =24x10"eV?




However, observes small excess

at low energies not understood

4 in e od * MiniBooNE data
10 o S M + expected background |

- | : --- BG + best-fit oscillation
& > 20 — v, background
® 4 % B ~ v, background |
= g :

07 i i ™

i Bl LsnDeo%CL. 0.5 : _LI+‘—H_4_1
] LSND99% C.L. e
sl g b iiiil L prail L i i) L .!. T T e PR ST i
1099 10? 107 1 300 600 300 1200 1500 3000
sin?(20) reconstructed E, (MeV)

- LSND was wrong

Many theoretical ideas t

= The physics causing the excess
in LSND doesn't scale with L/E

-+ Difference between neutrinos
and antineutrinos?



4 neutrino oscillations 5-neutrino oscillation

mA
]

A

(3+1) m C B  of appearance and
2 disappearance exp.
off by 4 sigma

3

2 2 3+2 scheme:perfect fit
to appearance data
(even MB low energy )

but disappearance is off
) T (& spoils MB low energy fit)

More sterile neutrinos
do not help

All these sterile neutrino schemes
have problems with cosmology



Many exotic physics models fail — sterile neutrino
oscillations with an exotic energy dependence can
fit all data (except the MB excess)

A sterile neutrino with an energy dependent mass

r=1{ 1

K Y r=10.6
2 1L -
= 10°E Bl LSND+ ;
= KARMEN+
® NOMAD
— disappearance
N% 1 01} - c MiniBml't[E

2
41

Am




e |tis well known that the pion decays into photons may be understood
from the axial current anomaly

8, PR, F., ¥

Lo Cql, Py "

® Are there similar effects associated with the anomalous baryon current ?
O acyon < € P 0, Z, )y, VA

®  These effects can mediate neutrino-photon
interactions at finite baryon density!




as an electron

n (p) | n (r) Background: three body process
g /\p ==> underestimated neutrino energy

v, —* e “signal” v, = Y “background”

visible energy, 200<E <3000 MeV

200 MeV < E™ < 3000 MeV

5001

-4~ data (stat. errar)

B= Monte Carlo (sysl. error)|
— v, only

. o nnl?

PRELIMINARY

Excess is consistent, within
uncertainties with anomalous
neutrino photon interactions

g
AN RALEIRARENE
+

=

events / bin / (5.6E20 POT)
8
=

More detailed analysis in progress

600
visible energy (MeV)



® These interactions would create a new MSWV like effect in matter.

o This effect will be different for neutrinos and antineutrinos, and it will be
2 E ps-L g°/MV?

proportional to

® Miniboone and LSND have similar L / E but different energies

eg m=3 eV, M=l eV, V=0.3 10%eV

0005" |
e III

IJ' —E o II
oscillation |'
|probability v |
at 500 m f

nami g |

antineutrinos

Note: MiniBooNe currently
analyzing antineutrino data
___neutrinos

|

200 400 600 800 1000
Energy (MeV) "

% Miniboone excess: 1% probability
% Excess obtained is less than 40%

MiniBooNE Oscillation Probability at Low Escrgy

number !
points "

i amah LE g

Oscillation probability '~ 0.004 2




Are neutrinos encoding a secret message?

* How many neutrino species are there? Are there sterile neutrinos?
* What are the precise values of neutrino mass eigenstates?

» Are neutrinos their own particles?

Do neutrino matter interactions violate CP?

» Which is the mass ordering?

» What is the pattern of mixing among the different type of neutrinos?
Which is the value of 6,, ?

The existence of the neutrino’s tiny masses raises the possibility that
their masses come from unknown physics, related to Unification




- (I)Cv the (@)=v \VL-mD v, m, # | (mixing)

v mass L; vy 4
o, are mass eigenstates

- e diag _ ot tor)
m - m :
Vi, Ve 2 Vi My Vg = 10,2 = VIRV ith Uy = VODTVO

Majorana masses

The R-handed neutrino can have B - M —
the usual Higgs coupling and a L I N VA LR e > V Ve T h.c.
Majorana mass term (i,j family indices)

V mass ij i J




be described by a low energy effective theory in term of higher dimensional

operators with dimensions=5,6 ... suppressed by inverse powers of the heavy
neutrino mass: 1/M, 1/M2,....

— = %vg
U

Majorana

A :
there is only one: L > H(LLH H) Defines the mass

Three basic ways to generate 5 D operators.

Right-handed singlet: Scalar triplet: Fermion triplet:
(type-l seesaw) (type-1l seesaw) (type-lll seesaw)

- H

H-
~ #
\\.u_‘_l f}'
" -



ounas on Yukawa couplings 1rom operators Inaucea processes

-rare lepton decays: u — ey, T — ey, T — py,pu — eee, T — 31
-universality tests: W — v, 7 — v, T — lvp,... - P parameter

-Z andW decays: Z — I, W — lv -Z invisible width: Z — vir - YV mass
Y|<107'[M/1Tev]| or stronger

In general,

Rich Phenomenology: talk by F. Del Aguila

Coefficients of d=56 and d=6 operators have different Yukawa dependence

c,-5 may be small due to cancellations among Yukawas, or one can invoke L

number conservation and add a small perturbation to generate  magses
W+




(= flavour symmetry violation in the lepton sector is proportional to the SM U,,\s)

Leptonic FCNCs are induced by the RG evolution of the Lepton Soft

SUSY breaking parameters proportional to the hvhj . For sizeable #h,
which depends on the parameters of the seesaw mechanism, sizeable FLV
process could be observed.

There is also an strong dependence on the SUSY parameters;
CMSSM + 3vp (Majorana) + 3vp

* Universal soft Higgs masses: CMSSM-seesaw
(Mo, My /5, Ag, tan 3,sign(u))
r Myy 23 (set by data) B

MN| 53 (input)
Upng (set by data)
R(01, 02, 63) (input)

Seesaw parameters |




BR(u—ev)
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LFV observables,
together
with low energy neutrino data
can provide insight into the
heavy neutrino sector




® Baryogenesis induced by out of equilibrium and CP- and violating decay of heavy
right-handed Majorana neutrinos

® Created lepton asymmetry is converted into a baryon asymmetry via anomalous
sphaleron processes.

® In the case of hierarchical neutrinos, M1 < M, < M3, enough CP-asymmetry is
obtained only for M, (T,.,) = 3(1.5)10°GeV

® Moreover, whenever reheating temperature is smaller than 10'* GeV , tau Yukawa
coupling (flavor) effects become important, and should be taken into account
(flavored leptogenesis)

: . 10"
In flavored leptogenesis, phases in  Upying

matrix ( Dirac or Majorana) may be enough to
explain the primordial CP-asymmetry.

10" |

Inverted
10" Hierarchy

M, [GeV]

For quasi-degenerate right-handed neutrinos, CP-
violating effects may become resonant and masses
could be much smaller, even of order of the TeV o1 |30
scale. Quantum Boltzman equations may be B e e

) | 10167 108 107 108 30 100 105 03
important and should be taken into account mefeV]




Talks by Hylke Koers, Sergio Palomares-Ruiz, Antonio Marrone

« Neutrinos emission in gamma-ray bursts

Interesting discussion about gamma ray bursts as candidate
sources for neutrinos and gamma rays.

** Neutrinos are expected to be very useful probes to gain insight
on the dynamics of the outflow, however, neutrino emmited
peaked at E~ 50-70 GeV ==> out of the reach of IceCube.

** Gamma ray emission: High energy gamma rays produced in the
decay of 7'in inelastic np collisions. Their energy is reprocessed

A0 O o 20 OVWE 211eld OMNoLor U () = Jele ADIC




Advances in computational physics open the possibility that maximal

supergravity might be free of the ultraviolet divergences that have
plagued quantum gravity theories. These advances based on the
use of unitarity and dimensional regularization make it possible to
calculate 3-loops N=8 Supergravity and find them finite. Is this a sign
that there are behaviours that cannot be understood from non-
renormalization theorems?




The Unparticle-Higgs Connection

e Standard Model couples to a scale invariant sector : The
unparticle sector. One can write couplings between effective

operators in both sectors.

€ Ospm Oy Scaling Dimension of Oy = dy

e Unparticles may be represented by a tower of massive scalars,
singlets under the SM group, in the limit in which the mass
difference tends to zero:

Z"" 1 M2 2|1 2 M? ,
Ay — dM?

@n — Aprau(M?)

e Scale invariance recovered due to the possibility of rescaling 1/?




It is easy to give a representation of Ou in terms of these
fields, A" 2 (aq2)(dv/2-1) 2
0y = (52 f dM? (M2) u(M?)

® Now, the Higgs is peculiar since it can couple to the fields u(M)
at the renormalizable level, k;;|H|*Oy

® The Higgs v.e.v. induces a v.e.v. for u(M), which translates into
< Oy >= —kyv? 77 . f dM? (M?)*~°
which is IR divergent for dimension d;; smaller than two.

® One can cure this divergence by adding a coupling
—¢|H|? f dM?u(M?)?  (In the deconstructed picture : — (|H[> Y ¢2)

® This creates a gap in the spectrum of the tower of massive
particles, as well as a mixing between the tower and the Higgs.
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Higgs pole is immersed in unparticle
continuum. Large effective Higgs width

: >s
h e appears 4o}

Mixing induces coupling of

unparticles to ZZ ! 5 | Ty

Also, ZZ coupling of Higgs ¥y ]

is weakened, while its mass

is reduced. " o




Correspondence between gravity in AdS5 and gauge theory in 4D

£2
AdSs — ds? =BIS(4r? 4 nydatds’) , R= __:'_
T £
AdS
e The extra coordinate r is the "holo- Minkowsti (4d)

graphic coordinate”. There is Poincaré
invariance in the 4d coordinates z*.

e The space is non-compact with a bound-
ary at r=0 (isomorphic to Minkowski space).

¢ T he holographic coordinate can be in-
terpreted as a RG scale M.

%__ v - ——
e The graviton G — Ty ~ Tr[F2, — 30w F?]
e The dilaton scalar o — Tr[F?]
e The RR (pseudoscalar) axion a — Tr[F A F]

with effective string theory action

Satririg ™ Mg/df’m\@ [e—2¢ (R - g(a@? 4. ) + (8a)2 + - --




e Fluctuations of g, gives a tower of bound states with spin 2 (2*+ glueballs).
dilaton gives the tower of 0+ glueballs. The axion gives the tower of 07~ glueballs, etc.

& The crudest model: use a slice of AdSs, with a UV cutoff, and an IR cutoff.

Although it leads to a good description of the meson spectrum, it has shortcomings, like an
improper description of the masses of the highest excited states of the glueball spectra

It can be improved by a proper treatment of the dilaton action. Results with improvement :

The

Potcmnskf-f-StrassIer also Randall-Sundrum I

Glueball spectra

Comparison with lattice values (Ref |)

mi P i JPC | Refl (MeV) | Our model (MeV) | Mismatch
- ot+ | 1475 (4%) 1475 0

: 2++ | 2150 (5%) 2055 4%
L it o-+ | 2250 (4%) 2243 0

. ot+* | 2755 (4%) 2753 0
ol 2+++ | 2880 (5%) 2991 4%

| el o~+* | 3370 (4%) 3288 2%
il ot+** | 3370 (4%) 3561 5%

| ot+** | 3990 (5%) 4253 6%

Many open questions: Meson and baryon spectrum, strong CP problem, finte T
properties, etc.




aB (pb)

KK Gravitons, with masses of
the order of the TeV scale and
couplings of order 1/TeV
to SM particles

Produced as resonances or
contribute to fermion pai
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L. Randall, B. Lillie, L.T.Wang

® Gluon KK modes are localized towards the IR brane, but its wave
function is flat in the bulk, away from IR brane

® This leads to couplings of gluon KK mode with all light fermions of
about a fifth of the strong gauge coupling. Equality of couplings of
light fermions serves to cancel FCNC

Resulting cross sections still

sizable, for KK gluons up to
about 4TeV.

Dominant decay mode of the KK
gluon is into third generation
quarks, in particular into the
right-handed top quark in the

7 8 0 10 1 12 13 1 SimPIESt models.
My (TeV)

alpp -> ") (pb)

l'otal cross-section for production of the first KK gluon, as a function of KK mass



can be seen from the angular separation of the top decay products AR

Counts, Mgrae=1500GeV Counts, Mgra.=4000GeV
17.
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Additional KK gluon decay modes

® |n simple Gauge-Higgs unification models, consistency with precision measurements
demands the presence of light KK right handed top quark states.
M.C., E.Ponton, . Santiago and C.Wagner

® The KK gluon may decay into these additional KK modes, which are strongly
coupled to it and decay mostly into weak gauge bosons and third generation quarks,

I'(t' - Wb) =2I(t! — t2) = 2T'(t! — Ht)

® Fermion KK modes enhance the width of KK gluon and reduces the branching ratio

of its decay into top quarks

Gluon KK search becomes very difficult,
but search for fermion KK modes still
possible, due to constructive interference
of contributions to the gluon and KK 3

gluon induced production cross section. 5 10"

Reach of ¢ up to masses of about 1.5 TeV E 10?

may be achieved. i
1

Single t! production may be used as a
complementary channel.

10k
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At the TeV scale we expect discoveries

Precision measurements and astrophysical observations point to it

* Particle Accelerators reproduce in a controlled lab enviroment forms
of matter and energy last seen in the early universe

* Particles are the tools we use to find new forces, new dimensions of space.

“This could be the discovery of the
century. Depending, of course,
on how far down it goes”

In the coming Moriond meetings,



