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Scope of the NTU Wrkshp
• Highlights of CERN Wrkshp: Unel
• DEWSB& barogenesis: Holdom, PQ, 

Gerhard,Kikukawa,Hashimoto, Bar-Shalom
• Possible cracks in CKM(SM): Punzi,Zieminska,Nandi, 

Lacker, Nakao,CYMa,Musy, FFLee
• EWPConstraints:Plehn, Ozcan, Antipin
• CKM constraints: Lenz, Lacker,CYMa,Nandi
• FCNC &CP: Arhrib, CHShen, Nebot, Bashiry
• Direct Searches (quarks):Whiteson,Bose,Plehn,Ozcan
• Direct Searches: Leptons:Antipin, Ozcan
• Dark Matter: Alwall
• Vector-like /isosinglet quarks: Branco, Nebot
• 4th Gen @SuperB/BelleII: Paoloni,PChang
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Sincere apologies for 
omissions, likely to be many 
despite considerable efforts
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Outline
• The scope
• Prologue
• A Renaissance: may be joyous?
• Possible cracks in CKM?
• Prospects for settling the cracks.
• How much room is there? 
• Indirect searches
• Direct searches
• DEWSB/Composite Higgs
• The Epilogue:Challenging Yogi
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Origin of EWSB:Possibly a 
glorious renaissance

I. SUSY

II. Strong dynamics {WEXD, TC, WTC….}
Quarks/Leptons with O(500 GeV) masses
make strong dynamics unavoidable….
The natural mass scale for Higgs like object
becomes >>mZ ~ susy higgs mass scale
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Top ~10 reasons

• #1: udcstbgz
• Instead of ~121 can do with 7
• Another 4 reasons:1234
• Another 3 reasons: e mu tau
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Possible cracks in CKM?

Related talks here by:
Punzi,Zieminska,Nandi, Lacker, 

Nakao,CYMa,Bashiry,Musy

Based also on Lunghi+AS
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Summary of B-CP Anomalies (~’07-’09) 

• Fitted (“SM-predicted”) value of sin 2β(φ1) vs 
directly measured,  a) via golden tree decays

• b) via loop decays
• Dir CP in K+π- vs K+ π0
• Bs->ψφ (esp. significant since 1. Its 

theoretically very clean(Gold plated) II. It 
essentially follows from 
others…Consequently very important that 
Fermilab follows it up & clarifies it with very 
high priority).

• Each ~2 to 3.5 σ
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Should also bear in mind 

• Br (B -> 

• AFB (B ->K^* l l)

• (g – 2)
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Lunghi + AS, arXiv:0903.5059
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Lunghi+AS,arXiv.0707.0212 
(Sin 2 β = 0.78+-.04 )

Directly measured via
(gold-plated) 

B->ψ KS ,, 
sin 2β = 0.68+-.026
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Important to Examine only DeltaF=2 observables:Leave out Vub
sin 2 β = 0.87+-.09{Lunghi+AS,hep-ph/08034340}

( became possible only due significantly reduced error in BK)

Gamiz et al;
Becirevic;

Tantalo
.

Antonio et al
(RBC-UKQCD)

0702042

2.1-2.7 σ- deviation from the directly measured values of sin 2 β
requires careful follow-up  
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C.Kelly for RBC-UKQCD @ LATTICE’09
Beijing, 7/26/09

Aubin,Laiho,VandeWater
arXiv:0905.3947
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Brief (~25 years) History of BK
, ~’83 DGH use K+ lifetime + LOChPT + SU(3)->
BK ~0.33… no error estimate, no scale dependence….

~’84 Lattice method for WME born…many attempts
& improvements for BK   evaluations

~’98 JLQCDstaggered BK (2GeV)= 0.628(42)quenched(~110).
~’97 1st BK  with DWQ(T.Blum&A.S),0.628(47) quenched.
~’01    RBC BK  with DWQ, quenched=0.532(11) quenched

~’05    RBC , nf=2, dyn. DWQ, BK =0.563(21)(39)(30)

~’06   Gimnez et al (HPQCD; stagg.) 2+1, BK =0.618(18)(19)(30)(130)
~07,RBC-UKQCD DWQ 2+1 …..0.524(10)(28)
DWQ  lower BK  -> requiring larger CKM-phase
~’08 Target 2+1 dyn. DWQ, BK with total error 5%
~’09 : error below ~4%
NO LONGER THE LIMITING ERROR!!
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A. S : Proceedings of LATTICE ’85 (FSU)…1st lattice meeting ever attended
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Critical Role of the B 
factories in the 
verification of the KM 
hypothesis was 
recognized and cited by 
the Nobel Foundation

A single irreducible 
phase in the weak 
interaction matrix 
accounts for most of 
the CPV observed in 
kaons and B’s.

CP violating effects in 
the B sector are O(1) 
rather than O(10-3) as 
in the kaon system.

Courtesy: Tom Browder
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Lunghi + AS, arXiv:0903.5059
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<-`Leon’s shoulder
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Deserves a 2nd NP for inventing the reaction: junk + junk -> gems +X 
which has led to the discoveries of J, Upsilon, W, Z , top,…and remains 

the most powerful exploratory tool in our arsenal!!
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LHC/Super B factory synergy discussion 
on US TV comedy

CBS, “Big Bang Theory” averages 9 
million viewers per episode.

D. Saltzberg, 
Science 
Advisor 

.  

Courtesy Tom
Browder
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---------------------------------------------------------------------------------------------------------------

"A special search at Dubna was carried out by E. Okonov and 
his group. They did not find a single KL à π+ π- event among
600 decays into charged particles [12] (Anikira et al., JETP 
1962). At that stage the search was terminated by the 
administration of the Lab. The group was unlucky."

-Lev Okun, "The Vacuum as Seen from Moscow"
------------------------------------------------------------------------------------------------------

A lesson from history (I)

1964: BF= 2 x 10-3

A failure of imagination ? Lack of patience ?

2nd Adapted from Browder
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Settling the fate of the 
cracks



B'YND 3Gen Jan'10       A. Soni

Highest priority item in the particle 
physics community for now(at least 

for flavor physics)

S(Bs -> ψφ)
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Other items needing priority

• From the lattice BK with other (than 
DWQ) methods such as overlap and/or 
other groups

• ξs  SU3 breaking ratio for ∆ms /∆md  with 
DWQ/overlap

• fB B with DWQ/overlap
• MORE ACCURATE AFB  from Expt
• More accurate Br(B-> 
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WHODUNIT?
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Honest answer &
• Don’t really know (too many possibilities…)
• But theoretically the most interesting possibility is that we may be witnessing

Dawning of the age of

“Warped  Flavordynamics”
(Gives a simultaneous resoltution to Planck-EW hierarchy 

AND the flavor puzzle [through fermion “geography”] ).
Tree level FCNC are severely suppressed
through “RS-GIM” mechanism (Agashe, Perez & AS’04)

Thus remarkably RS-leads to lowering of Λflavor from ~1000 
TeV to < 20 TeV (possibly just a few TeV if you allow

small amount of tuning)
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Simultaneous resolution to hierarchy and flavor puzzles
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Fermion “geography” (localization) naturally explains:

• Why they are light (or heavy)
• FCNC for light quarks are severely 

suppressed
• RS-GIM MECHANISM (Agashe, Perez,AS’04) 

flavor changing transitions though at the tree 
level (resulting from rotation from interaction 
to mass basis)are suppressed roughly to the 
same level as the  loop in SM

• Most flavor violations are driven by the top

Grossman&Neubert; Gherghetta&Pomarol; Davoudiasl, Hewett & Rizzo
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Contrasting B-Factory Signals 
from WEXD with those from  SM 

Agashe,Perez &AS, PRL’04
(Then for simplicity assumed Bd-mixing is SM )

O(1) uncertainties stressed. NOTE these are genuine PREDICTIONS

Recently many very nice extensions (Buras,Falkowski, Perez,Weiler,Neubert)et al



B'YND 3Gen Jan'10       A. Soni

EXTREMELY INTERESTING 
SUBTELTY of warped models

• Maldacena conjecture

• “Warped  Flavordynamics” is DUAL 
to strong dynamics->

SIMPLEST 4d Explanation of B,Bs  
CP anomalies is SM4: SM with 4 
generations
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Tulika Bose, D0 In SM4 mH > 200 GeV
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The “3-prong composite solution” to the 
SM4

(figure taken from: Chanowitz, Phys.Rev.D79:113008,2009)

The compositeness SM4 “spot”?

mH ~ O(1) TeV < 2mt’b’

mt’,b’ ~ O(500) GeVθθθθ34 ~ O(0.1)

Direct searches

Further hints from:

compositeness

Flavor data
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HOW much room is there?
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From Soumitra

In Progress
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Early (~87-88) studies on 4th gen.

• Hou, Willey and AS, PRL (88)..b->s l l…
• Hou, AS, Steger, PRL 87……b-> s g
• Hou, AS, Steger, PLB 87

4X4 mixing matrix and b -> s gamma

Importance of B-decays for searching 4th gen. due to non-decoup
emphasized long ago
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Nandi arXiv:0807.1971, and to be
submitted
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THUS
• The CKM-paradigm of CP violation accounts for  the observed 

CP patterns to an accuracy of about 15%!
• SM3-CKM predicted value of sin2β tends to be high compared 

to direct (ψ K) measurements by about 15-20%...t is dominant 

• Hierarchical structure of SM4 mixing matrix NATURALLY lets t’ 
be subdominant here but due to its large mass (and decoupling
theorem) not negligible

• Dynamics of EW gauge interactions (evasion of decoupling 
theorem) by EWpenguins and the large mt’ plays an important  
role in the large “isospin” violating ∆ACP (K π)

• SM3 says Bs mixing has negligible CP-odd phase therein t’ 
plays a dominant role (& t is subdominant)
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HOU, MA & LEE,PRD’09
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LEP EW
Constraints on

mt’
mb’ , mH

4th family is not inconsistent with LEP EWPC
(despite perhaps wishful thinking of some 

Influential PDG authors)
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Indirect effects:
Ahrib,CHShen,Bashiry,CYMa,

Nandi,(Eilam M T)…
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DIRECT SEARCHES

Whiteson,Bose, Ozcan,Antipin..
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Mll’ ~ O(2 mb’)

Whiteson, Bose..
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LHC should be able 
to cover the entire

Expected mass range 
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The Epilogue: Challenging 
Yogi

The Legendary American 
philosopher
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Prospects: (why not?)Glorious

• By late 2010-mid’11: S(Bs->ψφ) non-
vanishing to ~4 σ through combined 
efforts of CDF/D0/possibly LHCb!

• ’11-12: Gold-plated H->ZZ!!  (heavy, 
possibly broad)

• 12-13: Excess of same sign dileptons 
signaling mb’~450-500GeV!!! 
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BORING REPETITION?
• If the mt’ is heavy ~(400-600) GeV, then for sure it will 

have serious role to play in EWSB .(NOTE CDF+D0 
latest bound mt’  > 350 GeV).

• It will clearly have significant impact on CP violation 
phenomena, given that now we will have 2 additional 
CP-odd phases

• It may play an interesting role in baryogenesis (W.-S. 
Hou, 0803.1234)

• CANNOT BE A CONVENTIONAL 4th Gen..mν4>mZ/2
• Possible DMC (if no mixing with lighter 3 nu’s)..see e.g. 

Volovik’03
• It may open up possibilty of unification (PQ Hung,’98)
• Can be observed or ruled out at LHC
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Cons: “Cancellations”

• Extra contributions to EWP observables
due mt’,mb’ need to be cancelled by the 
heavier “higgs”

• Similarly, |mt’-mb’| < ~ 60 GeV for mt’ O(500 
GeV)

• So how much of a concern should one give 
to these cons?

• Let’s just remember ∆(mn-mp)<O(0.1%)
We understand this now as due ISOSPIN
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Summary & Conclusions (I)
• While for now no compelling evidence against CKM-

picture, several  fairly sizeable effects (~2 - ~3.5 σ) in 
B,Bs CP asymmetries are difficult to understand in SM3.

Being careful,``conservative”  in such instances means 
hunting down seriously the underlying cause….. 

• CDF/D0 finding of Bs->psi phi “anomaly” is especially 
interesting since, 1) it is essentially predicted by the 
ones from BFs, 2) unlike the other effects, this is 
theoretically very clean i.e. GOLD-PLATED
Consequently, it is extremely important that FERMILAB 
follows it up & clarifies it with a very high priority.



B'YND 3Gen Jan'10       A. Soni

Summary & Conclusions (II)

• SM4 opens up important new avenues for baryogenesis, DMC, 
unification,  and most likely also crucial for EWSB…thereby it may well 
lead to a possible resolution to the hierarchy puzzle

• Underlying nature of “4th gen.” has to be significantly diff
• If the effects stand further scrutiny, SM4 with mt’, mb’ (400-600 GeV)  

provides a v. simple  explanation. 
• Direct verification at LHC should be relatively easy.
• Suggestive also of a HEAVY (therefore most likely composite),

likely broad  HIGGS 
• Dynamical EW symm breaking, strong dynamics, the lattice & high 

intensity facilities (e.g. SBF) may well have a crucial  role to play 
even in the era of the LHC



B'YND 3Gen Jan'10       A. Soni


