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Outline
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pattern of anomalies
• Why not some other (simple) ones?
• Broader repercussions
• Conclusion & Summary
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Motivation
• While a compelling & conclusive evidence for breakdown 

of SM in flavor physics cannot be made at present, in the 
last few years several interesting (and possibly strong) 
hints have emerged.

• Although, taking too seriously every little deviation
can be unwise and may be counterproductive; 
disregarding or overlooking the hints can be painfully 
unwise and in fact can be more damaging {LESSON FROM 
HISTORY} . Following these up in flavor  & collider physics 
and in theory may be a much wiser path.

{ based in part on Enrico Lunghi + A. S. 0707.0212; 0803.4340; & in 
progress; Alok,Giri, Mohanti, Nandi +AS (WHEPP X,Chennai):0807.1971 
&  in progress}



EW MORIOND'09; A. Soni 4

<-`Leon’s shoulder
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Christenson,Hicks,Lederman,Limon,Pope & Zavattini
PRD 8,2016 ‘72



EW MORIOND'09; A. Soni 6

1st Hint of confirmation of CKM
CP description Atwood &AS, hepph/0103197

New physics will be a perturbation, important
to use clean theory and lots of statistics.
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B-CP Anomalies
• Fitted (SM-predicted) value of sin 2 beta 

vs directly measured a) via tree decays
• b) via loop decays

• Dir CP in K+pi- vs K+pi0

• Bs->ψφ ?
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Anomalies in B(Bs)-CP asymmtries (I)
• Using BK (& εK ),ξs (&Δms /Δmd),|Vub|/|Vcb| &|Vcb | yields sin2β

~ 0.78 +-0.04 to be compared to 0.681+-0.025 (ψKs) or  0.58 
+-0.06 (“clean” penguin modes(CPM))  i.e ~ 2.2 to ~2.7 σ
[CONCERN |Vub| ]

• Sin 2 β from penguin-dominated “clean”modes
is smaller than from the value obtained via B->ψ KS ~1.5 σ
(in addition an intriguing trend of central values of almost 
all modes are low)

• ACP(K+ π-)) – ACP(K+ π0) =14.4+-2.9% & not ~0
-> these anomalies suggest NEW CP phase in b->s penguin 
transitions  (Lunghi + AS 0707.0212)

-> BOTH b->s penguin (DeltaF=1) and therefore also 
in DeltaF=2 box relevant for Bs-mixing& Bs->ψφ
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Lunghi+AS,arXiv.0707.0212 
(Sin 2 β = 0.78+-.04 )

Directly measured via
(gold-plated) 

B->ψ KS ,, 
sin β = 0.68+-.026
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Anomalies in B(Bs)-CP asymmetries(II)

MORE RECENTLY
• Increased accuracy in BK from the lattice, along 

with ξs from the lattice suffices now {w/o use of 
Vub } to determine sin2 β to be around 0.87+-0.09 
(Lunghi+AS, 0803.4340)[thanx to lattice remove 
|Vub| CONCERN] but heightens discrepancy for SM

-> If true suggests problem in Δb=2 &/or Δs=2 
(ASSUMING Vcb is not too far off)

{See L&S above; Buras & Guadagnoli 0805.3887}
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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
require careful follow-up  
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Important Developments in 
lattice QCD

• Widespread use of chiral fermions
(i.e. Domain wall or overlap) : respects 
important symmetries of the continuum theory.

• Dynamical (2+1) gauge configurations (no longer 
quenched)

• Use of SU(2)ChPT, (assume mK too heavy) therefore 
based on isospin and significantly  more accurate 
than SU(3),  for chiral extrapolations (pioneered by 
RBC-UKQCD,  hep-ph/0702042….): INCREASED 
PRECISION
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RBC-UKQCD 2+1 dynamical DWQ,hep-ph/0702042
PRL Jan25,08
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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%
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Grossman & Worah,
hepph/9612269;

London & AS,hepph/9704277
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CLEANEST MODES
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M.Beneke, hep-ph/0505075 (PLB)

Similar conclusions from Cheng, Chua &AS PRD’05
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Lunghi + AS (’07)
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Anomalies in B(Bs)-CP asymmetries (III)

• Bs -> ψ φ (CDF,D0) requires a sizeable  NEW CP 
phase in b->s (see M. Bona et al, UTFIT 0803.0659; 
needed already in L&S 0707.0212 )

• As of ICHEP08 & CKM08 , CDF , D0 report a
~2.2 σ deviation in Bs->ψφ
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B-CP anomalies & clues for TeV
scale physics (LATEST #s here)

• Key observation (Following Lunghi & 
AS): values of sin 2 beta:

• SM “predicted” :0.75+-0.03(with Vub)
0.85+-0.07(no Vub)

• Seen via B->psi Ks: 0.672+-0.024
• Seen via B->(phi,eta’,3..)Ks:0.59+-0.05
• ->Hierarchy suggestive of 4th gens

intervention
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Model independent determination of scale of new physics with a non-standard 
CP phase 

needed to fix B-CP anomalies        {Lunghi + AS (WIP)}
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How does 4th family fit in?

For details see A.S et al
arXiv:0807.1971
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-> 4th family with rather heavy t’(b’), masses  ~ 400-600 
GeV provides a rather NATURAL explanation (AS et al, 
0807.1971)

{suggestion of 4th family in the context of some of these 
deviations also made by Hou et al JHEP’06;PRL’05;PRL’07 
though their discussions confined to lighter mt’}

-> IN OUR WORK mt’ 400-600GeV seems quite critical-> If 
true then it plays a CRUCIAL  ROLE IN DYNAMICAL EWSB 
thereby providing a resolution to EW-Planck hierarchy{ 
see, e.g. He, Hill & Tait, hepph/0108041}
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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 studying 4th gen. due to non-decoup
emphsized long ago
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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 ΔACP (K π)

• SM3 says Bs mixing has negligible CP-odd phase therein t’
plays a dominant role (& t is subdominant)
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t & t’ Role Reversals in Bd & Bs mixing
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LEP EW
Constraints on

mt’
mb’ , mH
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Why not some (simple) ones?
• Z’……….Helps with K π CP asymmetry,
and possibly with penguin dominated modes but 
DIFFICULT to  affect Bs mixing…..So unless 
CDF/D0 signals go away, Z’ cannot fit the bill

• T2HDM a very nice simple extension
(examined in Lunghi + AS, 0707.0212) has some 
difficulty in penguin dominated modes and 
serious difficulty again in Bs mixing

• Of course complicated setups such as SUSY or 
Warped Xtra Dims can accommodate such 
effects
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BORING REPETITION?
• If the mt’ is heavy ~(400-600) GeV, then for

sure it will have a very 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
2 additional CP-odd phases

• It may play an interesting role in baryogenesis (W.-S. 
Hou, 0803.1234; Fok & Kribs, 0803.4207)

• CANNOT BE A CONVENTIONAL 4th Gen..mν4>mZ/2
• An important CAVEAT…such heavy mass of t’ means 

Yukawa couplings are somewhat large so perturbation 
theory calculations used in here are likely to have non-
negligible corrections
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Improved prospects for 
baryogenesis in SM4
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Summary & Conclusions
• 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.

• If the effects stand further scrutiny, SM4 with mt’, mb’
(400-600 GeV)  provides a natural explanation of the 
anomalies.

• SM4 opens up important new avenues for baryogenesis
and most likely also crucial for EWSB…thereby it may 
well lead to a resolution to the hierarchy problem.

• Underlying nature of the “4th gen.” has to be 
significantly diff
On more general grounds BCP-anomalies means 
relative low scale for NEW PHYSICS with lots of 
accessible manifestations  at LHC but also for sure 
means that SuperB Factories will  have a very important 
role to play
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Backup slides
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RBC-UKQCD 2+1 dynamical DWQ,hep-ph/0702042
PRL Jan25,08
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SU(3) breaking ratio ξs

• It was noted (Bernard, Blum & AS,heplat/9801039; 
c also Lellouch et al, hepph/0011086) that once 
Δms  gets measured then Δms / Δmd from expt. 
along with SU(3) breaking ratio from the lattice 
would provide a
powerful constraint on the η,ρ plane.

• For now DWQs are quite behind this extremely 
important quantity and the best lattice numbers  
(1.20 +-0.06) come from Gamiz,Davies,Lepage, 
Shigemitsu and Wingate, arXiv:0710.0646; c also, 
Becirevic, hepph/0310072
and Tantalo, hepph/0703241
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Continuing saga of Vub

• For past 2 years or so exclusive & inclusive
~small discrepancy:

• Exc ~ (3.7 +-.2+-.5)X10-3

• Inc ~ (4.3 +-.2+-.3)X10-3

-> Let’s try NOT use Vub


