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Outline
• B-factories data upto ~’06 or so showed CKM-CP works to 

O(15%) accuracy
• Despite many warnings that 15-20% is huge for contamination 

from BSM, the degree to which CKM-CP works may have been 
oversold having serious adverse effect, at least on some 
experimental programs.

• Around ’07-08 accumulated data upto then  indicated measured 
value of sin2beta smaller than theory prediction by ~2 sigma 

• CKM’10 updates (more data + important lattice developments) -
> heightened discrepancy with the SM

• A simple NP scenario at work
• Summary & Outlook
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Glorious Successes
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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.

ALL EXPERIMENTAL DATA MUST REQUIRE ONLY UNIQUE ρ,η
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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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Role of the lattice weak matrix 
elements in the KM prize

• BK is indispensible to demonstrate that 
the CKM phase SIMULTANEOUSLY 
accounts for Kaon CP as well as B-CP.

. Argueably lattice WME role in the Nobel 
Prize is as essential as BFs.

Actually there is much more to it then 
even that.
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Possible cracks in CKM?

Based on Lunghi+AS
0707.0212; 0803.4340; 
0903.5059;0912.0002

& Work in progress (WIP)
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Accentuated need for precise tests of the CKM-paradigm

• It has been clear for quite a while that CKM paradigm 
accounts for the experimental  results on sin2beta 
dominantly. There seems to be about 15-20% room 
for new physics. It is a serious mistake to assume that 
this degree of consistency rules out new physics as 
even ~ few % contribution can be pretty significant.

• This reasoning suggests that we need to sharpen and 
improve our tests.

• Therefore in collaboration with E. Lunghi we have 
been trying systematically improve the tests since ~07 
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Summary of B-CP Anomalies (~’07-’10) 

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

• b) via penguin-dominated 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).

• D0-dimuon SSA
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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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Continuing saga of Vub

• For past many years exclusive & inclusive
show discrepancy (Latest; gotten worse)

• Exc ~ (29.7 +-3.1)X10-4

• Inc ~ (40.1+-2.7+-4.0)X10-4

-> Let’s try NOT use Vub: initiated in ‘08
(EL&AS’08)…Not just for the above reason
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Use Short-Distance  Physics 
observables as much as 

possible
• Vub is not under good control
• Vub is tree
• Use only εK  & ∆ms/∆md …so only DeltaF=2 Boxes & 

SD physics is involved [sooner or later its got to 
reveal NP]

• Needed lattice info:EXCELLENT PROSPECTS FOR 
PRECISE DETERMINATION
no momentum inj. , chiral fermions, no or negligible 
issues with op. mixing

• Became possible only due major strides in lattice 
accuracy

• (Fine foot print Vcb)….addressed later …Lunghi & A.S, ‘09
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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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Different APPROACH: UT WITHOUT 
SEMI-LEPTONIC DECAYS
Lunghi+ AS, 0912.0002
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UPDATES for CKM’10



CKM 2010            A.Soni (BNL) 18



CKM 2010            A.Soni (BNL) 19
Several inputs from Laiho,Lunghi & Van de Water
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Interpretation
• Analysis suggests (AGAIN) sin2 beta likely  

off appreciably (may be ~ 3 sigma)
• Also Br B->tau nu MAY BE off quite a bit

unless lattice and/or expt.  seriously off
• Theoretical prejudice ( “reluctance to believe 

NP in tree graph”) suggests the latter option 
may well be at work; both relevant lattice 
calculations and experiments deserve a 
critical scrutiny
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Interpretation(2)
• Measured value of sin2beta continues to be  

persistently lower than SM “prediction”
since  our 2008 analysis…indicating (most 
likely) that Delta F=2 box graphs (Bd, Bs or 
K^0; some combo) are seeing effects of NP.

• For a long time b->s penguins also indicate  
S(eta’Ks,phiKs….) systematically smaller 
than sin2β_expt and even more from “SM”

• Large delta A_CP(K pi) likely due NP (at 
least in part) in b->s penguins
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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 ‘09}

For LR case enhancement noted long ago,
See Beall, Bander and A.S.

PRL 48:848,1982 

C also UTFit:0707.0636
CKMFit: 1008.1593
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If hint of new CP-odd physics
in b->s (penuin modes),Delta

Flavor=1 is taken seriously then it 
becomes unnatural not to have 
new CP-violating phase in Bs 
mixings, since these are Delta 

Flavor=2
pictures
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SM4: 4 Gen. standard model

• Provides a rather simple explanation
• It’s a revisit: potential of B-physics 

forSM4 studied extensively with George 
Hou~86-88.

See also talk by Tilmann Heidsieck
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Motivation
• 1,2,3, why not 4?
• Heavy quarks could be relevant to formation of 

condensates and may be instrumental for 
STRONG DYNAMICS/ DEWSB as an alternate to 
fundamental Higgs and the need for SUSY

• SM4 has significant advantage for baryogenesis
over SM3 

• 7 new parameters (in the quark sector): 2 masses, 
3 real angles, 2 CP-odd (new) phases

• CONS….4th neutral lepton must be very heavy in 
stark contrast to the known 3  
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A. S et al 0807.1971, 1002.0595 [C also Buras et al 1002.2186;Hou & Ma,1004.2186
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Semi-leptonic asymmetry (Bs-> Xs l nu) PREDICTION  given in
arXiv: 1002.0595 [Used here Delta_Gamma_s=0.096 +-.039 from

Lenz and Nierste’07]

Recently D0 (V M Abazov et al, arXiv: 1005.2757) reported
a_sl^s = -0.0146 +- 0.0075)
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Recent D0 result is vertical axis and combined D0, CDF each
For SM4 error on Delta_Gamma_s is increased

by a factor of two resulting in ~50% increase in a_sl^s

S.Nandi and A.S (WIP)
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Predicted range of S(psiKs) in SM4 (with mt’=400 GeV) is (shown in red) compared
with the experimentally measured value via the psi Ks mode (1 sigma error) and

with the SM (1 sigma)

SM4 seems to predict sin2 beta around 0.70 with an error of about 0.06;
S. Nandi and A.S (work in progress)

World Average
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Br(Bs->µµ): a very clean process

SM4 may increase or decrease
Br by ~ O(3)

Current 
<3.60X10-8 

CDF,HFAG
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Summary & Outlook
• Though CKM works ~15-20% accuracy,

several  ~2-3 σ deviations have been revealed..These need 
to be vigorously pursued.

• Taking these hints seriously, model independent analysis 
suggests new physics with CP-odd phase with scale below 
~few TeV is most likely needed.

• SM4 offers a rather simple explanation…
• More accurate results from Tevatron, LHCb, SBFs

should be very valuable.
• Direct searches at LHC should clarify matter significantly
• POSSIBLE EARLY NEW PHYSICS if mt’;mb’ ~500 GeV
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Backups
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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

mportance of B-decays for searching 4th gen. due to non-decou
emphasized long ago



CKM 2010            A.Soni (BNL) 41



CKM 2010            A.Soni (BNL) 42

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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Possible indications of new physics in Bd-mixing 
and in sin(2β) determinations

• Using K0, Bd, Bs mixings , along with
Vcb only,  “predicted” value of sin2 beta in SM 
comes out to be ~0.87 (see fig)

• The worrysome Vub is NOT used
• Through use of the  Delta Flavor=2 box graphs 

one is searching for new physics where it is 
most likely to show up…

• Even if current tension goes away, as data  and 
lattice continually improve it should capture new 
physics some day

E. Lunghi + A. S. ‘08
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∆ACP(Kπ) (Lunghi +AS,’07)

For alternate explanations see: M.Gronau;HS Li; 
M. Ciuchini ……
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Lunghi + AS, arXiv:0903.5059
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SM4: Standard Model with 4-
generations

• SM4 provides simplest explanation of these deviations, if they are 
taken seriously.The heavy  t’ quark carries a new CP-phase in Vt’d as 
well as in Vt’s which contributes new  CP violating  amplitudes relevant 
for epsilonK (and of course also for epsilon’), for sin2beta from trees or 
from penguins (due to t’ contribution in B-box graphs as well as in the 
penguin graph) and infact imply non vanishing CP-asymmetries in Bs-
>psi phi as well as in semi-leptonic asymmetry in Bs-> l nu Xs

Note these amplitudes typically evade the decoupling theorem and grow 
as (mt’)2

Note also that despite this large growth with mass of t’, SM4 makes little 
contributions to CP conserving processes (such as B->Xs gamma, B-
>Xs l l) since the magnitudes of mixing angles such as Vt’s are quite 
severely constrained by unitarity. 

See arXiv: 0807.1971; 1002.0595
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At Least in one aspect 4th gen fecilitates
baryogenesis dramatically

CPV in SM3 is driven by

IN SM4 the prefactor gains a gigantic enhancement


