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innovations of the 
Rencontres de Moriond:

• first (only?) major international meetings 
that fully integrate junior physicists

• first major international meetings where 
theorists and experimentalists actually 
communicate with each other



the most significant achievement of 
the Rencontres de Moriond:

“it forces the theorists to change 
their predictions twice per year”

-M. Danilov



thanks and congratulations to all the 
organizers for yet another successful meeting

and special thanks and congatulations 
to Jean Tran Thanh Van for 40 years of 

Rencontres de Moriond!



outline

• are theorists necessary?

• a game of small discrepancies

• SciFi Channel framework for BSM

• the big picture

• neutrino origins

• cosmology 2006

• the future 



are theorists necessary?



• playing around with new/old/stolen ideas for going 
beyond the standard paradigm                        
(easy, fun, richly rewarded, but potentially useless)

• calculating things within the standard paradigm         
(useful, but difficult, tedious, and poorly rewarded)

theorists engage in 
two types of activity:



the importance of     
Standard Model calculations 

• the SM still rules (almost) all

• below the energy frontier, new physics 
means (mostly) rare processes, small 
discrepancies, small inconsistencies

• at the energy frontier, SM backgrounds 
are about to get 100-500 times worse 
(Steve Mrenna)



case in point: B physics 

• lots and lots and lots of data

• need precise SM predictions for dozens of 
observables

• the opportunities for big obvious signals of 
new physics are dwindling...



Francesca Borzumati
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case in point: B physics 

• the opportunities for big obvious signals of 
new physics are dwindling...

• ...so now the game is looking for small 
discrepancies and small inconsistencies



how do theorists compute B decays?

• combination of electroweak, perturbative 
QCD, and nonperturbative QCD, further 
complicated by multiple scales!

• computation of exclusive decays reduces 
to hadronic form factors, which can be 
computed from unquenched lattice QCD

• computation of inclusive decays is done 
using effective Hamiltonians and the 
Wilsonian operator product expansion
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Semileptonic and radiative B decays circa 2005 5

Table 1
Summary of the main theoretical limitations.

process quantity Th error needs goal

B → D∗lν |Vcb| ∼ 4% unquenching, analytic work 1%

B → Xclν |Vcb| ∼ 1.5% new pert calculations <1%

B → π(ρ)lν |Vub| 10-15% 2-loop lattice matching etc. 6%

B → Xulν |Vub| ∼ 6 − 7% more data/synergy with th < 5%

B → Xsγ BR ∼10% NNLO <5%

B → ρ0γ/B → K∗γ |Vtd/Vts| 10-20% lattice SU(3) breaking etc ?

missing pieces of this challenging enterprise in-
clude the four loop anomalous dimension matrix
and the finite parts of the three loop matrix ele-
ments with charm loop.

The high precision of inclusive radiative b → s
decays is not yet matched by the theoretical un-
derstanding of exclusive radiative B decays [2],
despite some recent progress [34]. Because of the
difficulty of measuring inclusively b → dγ, the
ratio of b → dγ over b → sγ exclusive modes
is extremely interesting. B → (ρ, ω)γ has just
been measured for the first time [35]. The ra-
tio B → ρ0γ/B → K∗γ, in particular, is hardly
affected by WA contributions, while the SU(3)
breaking effects can be estimated on the lattice
and using light cone sum rules; the error is 10-
20% at most [36]. In this way, we can extract
|Vtd/Vts| before ∆Ms/∆Md is measured. While
the 2004 preliminary result showed an interest-
ing deviation from the global UT fit, the recent
BELLE update has restored consistency with the
SM and damped enthusiasm [35,20].

Finally, it should also be mentioned that the
rare leptonic transitions b → sl+l− complement
radiative decays in constraining new physics [37].
The inclusive decay B → Xsl+l−, in partic-
ular, has reached experimental and theoretical
maturity with theoretical errors comparable to
B → Xsγ [38].

7. Conclusions

The joint theoretical and experimental effort to
study semileptonic and radiative decays to high
precision has led to relevant progress in the de-
termination of the CKM matrix elements and in

testing the Standard Model. Table 1 summarizes
the present theoretical uncertainty and outlines
the main ingredients necessary to improve on it
for the various processes. While no deviation
from the Standard Model has been so far uncov-
ered, more theoretical work is needed to make
the most of the wealth of data coming from the
B factories.

I am grateful to M. Misiak for a careful read-
ing of the manuscript, to O. Buchmüller and
H. Flächer for useful communications, and to the
organizers of Beauty 2005 for the invitation.

REFERENCES

1. Heavy Flavor Averaging Group,
http://www.slac.stanford.edu/xorg/hfag/.

2. M. Battaglia et al., hep-ph/0304132.
3. B. Aubert et al. [BABAR Coll.], Phys. Rev.

D69 (2004) 111103, Phys. Rev. D69 (2004)
111104, Phys. Rev. Lett. 93 (2004) 011803;
K. Abe et al. [BELLE Coll.], hep-ex/0409015,
hep-ex/0509013; S. E. Csorna et al. [CLEO
Coll.], Phys. Rev. D 70 (2004) 032002;
A. H. Mahmood et al. [CLEO Coll.], Phys.
Rev. D 70 (2004) 032003; R. Miquel
[CDF Coll.], Nucl. Phys. Proc. Suppl.
142:205,2005; DELPHI Coll., CERN-PH-
EP/2005-015; M. Battaglia et al., Phys. Lett.
B 556 (2003) 41.

4. P. Gambino and N. Uraltsev, Eur. Phys. J. C
34 (2004) 181.

5. C. W. Bauer et al., Phys. Rev. D 70 (2004)
094017.

6. O. Buchmuller and H. Flacher,

P. Gambino hep-ph/0510085

• Note: in the K sector, unquenched lattice is already at 
percent level of accuracy

• e.g. 1% level MILC computation of          is input for the 
KLOE test of CKM unitarity  (Matteo Palutan)       

fK/fπ
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mediated by b → q1 q̄2 d (s) quark-level processes, with q1, q2 ∈ {u, d, c, s}.
There are two kinds of topologies contributing to such decays: “tree” and
“penguin” topologies. The latter consist of gluonic (QCD) and electroweak
(EW) penguins. In Figs. 4–6, the corresponding leading-order Feynman
diagrams are shown. Depending on the flavour content of their final states,
we may classify the non-leptonic b → q1 q̄2 d (s) decays as follows:

• q1 #= q2 ∈ {u, c}: only tree diagrams contribute.
• q1 = q2 ∈ {u, c}: tree and penguin diagrams contribute.
• q1 = q2 ∈ {d, s}: only penguin diagrams contribute.

3.3. Low-Energy Effective Hamiltonians

3.3.1. General Structure

For the analysis of non-leptonic B decays, we use low-energy effective
Hamiltonians, which are calculated by making use of the “operator product
expansion”, yielding transition amplitudes of the following structure:

〈f |Heff |i〉 =
GF√

2
λCKM

∑
k

Ck(µ)〈f |Qk(µ)|i〉. (21)

Here GF denotes Fermi’s constant, λCKM is a CKM factor, and µ denotes
a renormalization scale. The technique of the operator product expansion
allows us to separate the short-distance contributions to this transition
amplitude from the long-distance ones, which are described by perturba-
tive quantities Ck(µ) (“Wilson coefficient functions”) and non-perturbative
quantities 〈f |Qk(µ)|i〉 (“hadronic matrix elements”), respectively. The Qk

are local operators, which are generated through the electroweak inter-
actions and the interplay with QCD, and govern “effectively” the decay
in question. The Wilson coefficients are – simply speaking – the scale-
dependent couplings of the vertices described by the Qk.

3.3.2. Illustration through an Example

Let us consider the quark-level process b → cūs, which originates from a
tree diagram of the kind shown in Fig. 4, as a simple illustration. If we
“integrate out” the W boson having four-momentum k, i.e. use the relation

gνµ

k2 − M2
W

k2!M2
W−→ − gνµ

M2
W

≡ −
(

8GF√
2g2

2

)
gνµ, (22)

the Wilson coefs              are just the scale-dependent 
couplings of the interactions induced by the operators 
Q_k. Higher order operators are suppressed by powers 
of 

effective Hamiltonian approach describes inclusive 
non-leptonic B decays:

inclusive B decays 

ΛQCD/mb

Ck(µ, αs)



Thomas Schietinger



predictions 
• impressive agreement between NLO 

theory and data

• but we need a NNLO calculation!

• NLO has too much renormalization 
scheme-dependence on the charm quark 
mass (Francesca Borzumati)

• + important effects from the scale               

B → Xs γ

∆ = mb − 2E
γ

min
" 1 GeV

T. Becher and M. Neubert hep-ph/0512208



Thomas Schietinger
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• difficult theory versus difficult experiment, 
with a possible inconsistency pointing to 
new physics

• step 1: isospin analysis of               data 
to extract hadronic parameters

• step 2: use SU(3) flavor, with known 
factorizable SU(3) breaking corrections, to 
apply this to

• step 3: predict some ratios, check data:

the         puzzle K π

B → π π

B → Kπ
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Figure 10. The situation in the Rn–Rc plane, as discussed in the text.

Here q, which can be calculated in the SM with the help of the SU(3) flavour
symmetry,120 measures the “strength” of the EW penguins with respect to
the tree contributions, and φ is a CP-violating weak phase with an origin
lying beyond the SM. EW penguin topologies offer an interesting avenue
for NP to manifest itself, as is already known for several years.121,122

In Fig. 10, we have shown the current situation in the Rn–Rc plane: the
experimental ranges and those predicted in the SM are indicated in grey,
and the dashed lines serve as a reminder of the corresponding ranges in
Ref. 42; the central values for the SM prediction have hardly moved, while
their uncertainties have been reduced a bit. Moreover, we show contours
for values of q = 0.69, q = 1.22 and q = 1.75, with φ ∈ [0◦, 360◦]. We
observe that we arrive no longer at a nice agreement between our SM pre-
dictions and the experimental values. However, as becomes obvious from
the contours in Fig. 10, this discrepancy can be resolved if we allow for NP
in the EW penguin sector, i.e. keep q and φ as free parameters. Following
these lines, the successful picture described above would not be disturbed,
and we obtain full agreement between the theoretical values of Rn,c and the
data. The corresponding values of q and φ are given as follows:

q = 1.08 +0.81
−0.73, φ = −(88.8+13.7

−19.0)
◦, (113)

where in particular the large CP-violating phase would be a striking signal
of NP. These parameters allow us then to predict also the CP-violating
observables of the B± → π0K± and Bd → π0KS decays,30 which should
provide useful tests of this scenario in the future. Particularly promising in
this respect are rare K and B decays.

A. Buras et al  hep-ph/0512032

theory vs data doesn’t agree for ratios
which are sensitive to EW penguins

this analysis is being improved, but so
far the problem is still there (Julie Malcles)



status of theories          
beyond the standard model

(an analogy based on the SciFi Channel)



status of theories          
beyond the standard model

• The BSM models were created by man  
• They evolved
• They rebelled
• There are many copies
• And they have a plan



status of theories          
beyond the standard model

• The BSM models were created by man  
• They evolved
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Moriond circa 1983

• BSM theory was supersymmetry, 
grand unification, technicolor 

• the models were primitive
• there was also a small strange 

community of “neutrino” people
• and a small strange community 

of “particle-astro” people



status of theories          
beyond the standard model

• The BSM models were created by man  
• They evolved
• They rebelled
• There are many copies
• And they have a plan



Moriond circa 2006
• string theory took the BSM high ground
• supersymmetry models are much more 

sophisticated, detailed, and ambitious
• supersymmetry has become a framework to 

describe everything from Higgs to B physics, 
from inflation to baryogenesis, from unification 
to LFV, from dark matter to HyperCP

• technicolor mutated into AdS/CFT branes 
(Francesco Sannino)



status of theories          
beyond the standard model

• The BSM models were created by man  
• They evolved
• They rebelled
• There are many copies
• And they have a plan



they rebelled

• after 30 years, SUSY is still not discovered , 
despite golden opportunities with LEP, 
Tevatron, B physics, EDMs, etc (Carlos Munoz)

• mysteries of flavor and of vacuum energy, 
which SUSY already had trouble with, have 
gotten worse

• theorists got worried (and bored) and decided 
to try radically new things...



extra dimensions
• extra dimensions are the other generic 

prediction of string theory (Mariano Quiros) 
and anyway are generic new degs of freedom

• they could be infinite but hidden, very large 
(.1 mm to 10 fm), large (Tev-1), or tiny but 
warped.

• they could: break SUSY (Yael Shadmi), explain 
dark matter (Thomas Flacke), explain fermion 
masses (Gregory Moreau), explain a light Higgs 
(Mariano Quiros).



Higgs Shmiggs

• theorists are even questioning some of the 
holy assumptions:
• models with no Higgs (Sekhar Chivukula)
• landscape-inspired SUSY (Adam Falkowski), 

including split-SUSY
• and combining ideas, e.g. Little Higgs and 

SUSY (Piotr Chankowski)



status of theories          
beyond the standard model

• The BSM models were created by man  
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there are many copies

• despite different theoretical inputs, many 
BSM models end up looking the same 
phenomenologically

• this is because they are trying to do the 
same things

• while simultaneously getting around the 
bounds from existing data               
(Guido Mirandella)



there are many copies
• most BSM models have a WIMP dark matter, 

and thus missing energy signatures at colliders 
•
• the EW precision data imply that the new 

heavy particles associated with EWSB are:
• multi-TeV
• conspiratorial
• pair-produced (->DM) and minimal flavor-

violating



there are many copies

• so some new BSM models look like SUSY 
(Little Higgs with T-parity, UED,...)

• others resemble each other with new 
TeVish gauge bosons, top-partners, etc 
(Little Higgs, Randall-Sundrum, TeV extra 
dims, GUT-inspired,...)

• and it was already difficult to tell SUSY 
models apart (Martin White)



status of theories          
beyond the standard model

• The BSM models were created by man  
• They evolved
• They rebelled
• There are many copies
• And they have a plan

replace the standard paradigm by ~2015



the big picture 2006

string unification

supersymmetry extra dimensions

new TeV scale physics

broken

hid
de

n

new long distance physics?

flavor origins? 

neutrino origins? 

100 GeV? 1 TeV? 10 TeV?
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Different pattern for leptons and quarks

Gonzalez-Garcia et al (2005)

Carlos Pena Garay

neutrino origins

• where did all this come from?
• what are the energy scales where this gets generated?
• is it related to our own genesis?



what we need to know about neutrinos

• Dirac or Majorana masses?
• Mass hierarchy: normal, inverted, quasi-degenerate?
• Absolute scale of masses?
• light steriles? eV, keV?
• relation to dark matter? 
• theta_13?
• CP violation? Dirac or Majorana phases?
• lepton flavor violation apart from Majorana masses? 

related to TeV scale SUSY?
• relation to leptogenesis?
• origin of PMNS masses and mixings: what energy scales 

and symmetries are involved? relation to CKM? 

Serguey Petcov
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Serguey Petcov

no no-go for discovering Majorana CPV



neutrino origins

• we heard a story connecting SUSY@LHC to LFV data 
to discovery of IH and           to leptogenesis

• many such stories may be possible               
(Thomas Hambye, Fedor Bezrukov, Ernesto Arganda 
Carreras, Reinhold Rueckl, Pierre Hosteins, David 
Maybury, Lofti Boubekeur, Michel Tytgat, Thomas 
Underwood ) 

• huge long-term challenge to experiments, fertile 
ground for theorists

Introduction

We concentrate on the CMSSM with righthanded neutrinos.

YN , M1, M2, M3 ν-osc

Thermal leptogenesis LFV SUSY

Thermal leptogenesis⇔ (YNY †
N) and M1

LFV processes⇔ (Y †
NYN) and mS

Tetsuo Shindou

0νββ



classify possible new flavor 
physics in the quark sector

• Minimal Flavor Violation (MFV): new diagrams, but no 
new operators. Only source of flavor-changing effects 
(including CP violation) is the CKM matrix. Examples: 
THDM-II and CMSSM moderate tan beta

• New operators, but no new CP violation. Example: 
MSSM with large tan beta

• New CP violation, but no significant contributions from 
new operators. Example: MSSM with moderate tan beta 
and nondiagonal squark mass matrices

• General new flavor violation. Examples: generic SUSY, 
multi-Higgs, Little Higgs, extra dims

(from Buras and Fleischer)



Gudrun Hiller, talk this week at CMS SUSY/BSM

Sensitivity to New Physics

models of EWKSB with NP @ TeV Fig from hep-ph/0207121

MSSM
 MFV

MSSM
 MFV

low tan large tan

supersoft

effective SUSY! !

new physics in B data

SUSY breaking
dirac gauginos

ED w. SM on

little Higgs w.

SM like B physics

generic Little Higgs 

generic ED w. SM in bulk 

SUSY GUTs 

brane 

MFV UV fix 

reach in indirect signals rare b, c, K, τ -decays, mixing, EDMs, g-2
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Gudrun Hiller ∆ms = 19 ps−1, March 2006 Slide 4

so what does the Dzero result
 on B_s mixing tell us?
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Figure 2: Correlation between BR(Bs → µ+µ−) and ∆Ms. The squark masses are all
uniform and have been set to 0.5 TeV. The rest of the SUSY parameters have been chosen so
that |ε0| and |εY | have their maximal values. The black lines have fixed values of MA/ tanβ,
but varying gluino phase. The contours represent ∆Ms for different ranges of MA (MA ≥ 500,
1000, 2000 GeV) for gluino mass and At phases equal to π, and varying tan β values. The
red (grey) vertical line is the experimental bound on BR(Bs → µ+µ−).

It is possible to enhance the value of ∆Ms beyond what we have explored, by allowing
values of |µ| > 2 mq̃. If, for instance, we consider values of µ ∼> 3mq̃, for the same value of
BR(Bs → µ+µ−) we can enhance ∆Ms by a factor ∼ 1.5. This suggests that the contours in
Figs. 2 and 3 are not strict upper bounds, and can be further enhanced, almost in a linear
way, by pushing |µ|/mq̃ to larger values. However, due to the extreme values of the mass
parameters selected in defining the contours, these are indicative of the upper bound on the
the double penguin contributions to ∆Ms for a given value of BR(Bs → µ+µ−) for natural
values of the mass parameters.

In Fig. 3 we depart from the limit of universal squark masses, by setting the third
generation squark masses ∼ 0.5 TeV while the first two generation squark masses are 5
TeV, which leads to ε3

0 having its maximal value, but ε1
0 and ε2

0 being 100 times smaller.
Hence, this splitting of the squark masses spoils the linear correlation between ∆Ms and
BR(Bs → µ+µ−) due to the different parametric dependences of X32

RL and X23
RL for split

masses. In both Figs. 2 and 3 the vertical red (grey) line is the experimental bound on
BR(Bs → µ+µ−) in Eq. (62).

Figs. 2 and 3 suggest that large values of |∆Ms| may not be obtained, for values of εJ
0 and

εY close to their maximal values in Eqs. (65) and (66), without violating the BR(Bs → µ+µ−)
bound. Due to these bounds, for values of MA < 1 TeV, the double penguin corrections to
∆Ms are restricted to be negative and relatively small, so that |∆Ms|SUSY <∼ 5× 10−12 GeV,
or equivalently |∆Ms|SUSY <∼ 7.5 ps−1.

The BR(Bs → µ+µ−) bound also constrains contributions to ∆Md and ∆MK to values
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M. Carena et al hep-ph/0603106 this week

CDF upper bound

magnitude of maximum change in M_s 
for MFV SUSY with M_A < 1 TeV
consistent with CDF upper bound

not much change for MFV SUSY



big constraints for generic SUSY

thanks to John Foster, Ken-ichi Okumura,
and Leszek Roszkowski for these new plots!!



“I was hoping to see some enhancement 
in B_s mixing as a signal of  large 
atmospheric neutrino mixing and  
SUSY-GUT, and I am definitely sad”

-Hitoshi Murayama
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• neutrino flavor is a mystery
• the origins of CKM + fermion mass hierarchies are a mystery
• increasingly appears that the new TeV scale physics is MFV, 

but we don’t know why or how
• flavor is a big challenge - need new ideas!

flavor 2006

see also talk by Stefano Morisi on GUT flavor



cosmology 2006

• the exciting WMAP 3-year results arrived during 
the conference and were reviewed by G. Barenboim 
and C. Pena Garay

• these results add yet more independent evidence 
for dark matter, while MOND is under attack from 
both ends (dwarf galaxies and clusters)

• WIMPs and axions are both well-motivated DM 
candidates, getting quite constrained by searches 

• my guess is that DM will turn out to have several 
different components (like visible matter)



what we don’t know about WIMPS

• the neutralino relic density estimates are strongly 
dependent on the SUSY model (Martin White). 
Scanning just mSUGRA is not good enough (David 
Cerdeno).

• Kaluza-Klein DM estimates are based on baby 
models, could change.

• sneutrino DM was ruled out prematurely     
(Stephen West)

• don’t yet trust models for how WIMPS collect at 
the centers of galaxies (Malcolm Fairbairn)



the TeV frontier in cosmology

• WIMP relic density estimates assume a standard 
expansion rate and thermal history between BBN 
and T ~ 1 TeV

• but we have no independent knowledge of this!

• same is true of the EW phase transition at T~100 
GeV, which in turn affects the prospects for EW 
baryogenesis (Stephan Huber)

• one of the great challenges for particle physicists 
is to help advance the cosmological frontier from 
T ~ 1 MeV to T ~1 TeV



• Slinky has a thermal history which satisfies the usual 
requirements but looks very different before BBN

• we can get such nonstandard cosmologies from a single 
scalar inflaton, but it has to have a rather strange form:
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actually this inflaton doesn’t give the Slinky cosmology, 
in fact it mocks up standard            !

inflatons are phenomenological devices!



dark energy?

• all observational evidence for dark energy is 
indirect

• the current accelerating expansion could be 
explained in many ways:

• the FRW approximation is breaking down 
(Rocky Kolb)

• the Friedmann eqn is wrong due to modified 
gravity or extra dimensions (Ignacio Navarro)

• a tiny cosmological constant

• quintessence (whatever that is)



“Never trust a theorist”

- S. Ting

the future
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Cross check on Run2 data

Includes up to Zjjj , j = q, g

Stephen Mrenna Tevatron Lessons for the LHC

Steve Mrenna



the future is now! 


