
EW MORIOND, 3/17/11;  A. Soni 1

Demise of CKM & its 
aftermath

Amarjit Soni
BNL, HET

(adlersoni@gmail.com)
EW Moriond, 3/17/11



EW MORIOND, 3/17/11;  A. Soni 2

Outline
• B-factories data upto ~’06 or so showed CKM-CP works to O(20%) 

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 ’08, careful analysis  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

• Taking it seriously model independent Implications
• Candidate  NP scenarios at work
• Implications for LHC,LHCb,(S)BF…
• Summary & Oulook
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20% is far far from 0!
• Given our history you have to be extremely bold 

(may be even reckless?)  to speculate from 20% 
accuracy that no need to probe deeper

• Remember KL -> ππ , CP ~10-3   <<<20%!
• If we had stopped searching after even 1%

accuracy, history of our field would have been 
completely different.

• Neutrino osc and neutrino mass is another 
example
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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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STRESS: Inputs used

• From Expt.. Only established inputs: S(ψ Ks), 
∆Ms,  ∆Md, Br (B-> tau nu) used

• From the lattice, inputs used extensively 
studied and are in full 2+1 QCD

• Lattice crucial development: RBC-
UKQCD ’07-’08 BK error dramatically 
reduced from 15% to ~5.5%!  
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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 
rise & in the demise of CKM

• 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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A. S : Proceedings of LATTICE ’85 (FSU)…1st lattice meeting ever attended
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II. Possible cracks in 
CKM?

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

1010.6069
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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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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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2010 UPDATE
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A BRIEF (~25 years) history of BK
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Several diff, collabs; diff discretizations, systematics…
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I: 

Predict sin2β & fB
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Inputs: S(Bd->ψK), εK, ∆Ms, ∆Md, Vcb, γ

Predict: Br(B->τν) & fB



EW MORIOND, 3/17/11;  A. Soni 21



EW MORIOND, 3/17/11;  A. Soni 22



EW MORIOND, 3/17/11;  A. Soni 23

In a nutshell
• Bulk of NP effects is in Bd,Bs mixing & 

in sin2β {CONFIRMS our 2008 findings}
• Bulk of NP NOT in B->τν, or in εK  

[Presence of subdominant effects 
therein certainly possible]

• Many, many  checks for robustness of 
the conclusions

• VERY DIFFICULT to RECONCILE
RESULTS with CKM-SM
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Overall perspective
• Sin 2 β from “penguin” dominated modes
(ΦKS ,ηKS, …..) tends to be even smaller
than from “gold-plated” mode

• ∆ACP (K π) = ACP (K+ π0)  - ACP (K+ π -) 
is nowhere near zero (~14.4%) and rather difficult to 
understand. 

.   Also CDF, D0: S(ψΦ) mild indication….unsettled
. D0, dimuon asymmetry exptal analysis extremely 

difficult -> NEEDS confirmation
Implications of our analysis is that  such nonSM effects 

requiring the presence of NP with a new CP-odd 
phase should persist



EW MORIOND, 3/17/11;  A. Soni 25

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 Bona et al UTFit:0707.0636
Lenz et al, CKMFit: 1008.1593
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Assume now problems with 
CKM-SM are serious

• What is the most interesting theoretical 
scenario for BSM?

• What is the simplest scenario …?

SM4

WARPED EXTRA-DIMENSION
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Gold-mines@ H&L energies
• LHC:G->Z(ll) Z(l’l’), WW
• LHC et al: t \bar t due (G,g,Z..)KK…BOOSTED 

TOPS
• LHC: Top polarization, FB-asym?
• LHC: t-> c Z…….
• t-edm
• N-edm
• D0 mixing & CP (dir & TD)
• BS (CP) ->ψφ,ψ η’, φφ…. 
• Bd -> (φ,η’……)KS,, γ K* ….TDCP
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Thus, RS represents an extremely 
interesting framework for a theory

of flavor although an explicit 
model consruction is still 

lacking…predicts a zoo of new 
particles (graviton, Z’,W’…..) with 

masses > ~ 3 TeV, except for a 
light scalar (radion) which should 

be considerably lighter
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LHC signals studied:

• gKK -> tt
• G ->ZZ,WW;  tt…
• Z’ -> tt, WW…
• W’-> ZW,…..
• CONCLUSION: Unless KK-masses are 

less than ~2TeV, very hard to find these 
at LHC; at least  SLHC needed
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LRS@LHC
(Davoudiasl,Perez,AS,0802.0203)

• LRS=Little Randall-Sundrum – a WARPED THEORY Of 
FLAVOR

• While the RS construction has a compelling appeal, as it 
allows  a simultaneous resolution of SM (EW-Planck) and 
(EW-Flavor) puzzles, it is premised on a very strong 
assumption:

• Warping extends over many orders of magnitude w/o any 
basic change in physics, from the weak scale all the way to 
the Planck scale. Surely this assumption, no matter how 
appealing needs to be put to an experimental test.

• Is it possible, e.g. that the basic warped idea is used only 
for understanding EW-Flavor (>10^3 TeV) hierarchy via 
fermion localization, leaving open avenues for UV 
completion to Planck?

Let’s B Modest
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Significant differences in 
phenomenology result in 

switching  from RS as a theory 
of flavor to

LRS as theory of flavor
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Courtesy HD
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LHC reach for the Little Z’ via the clean dilepton channel
(Davoudiasl, Gopalakrishna and A.S. arXiv:0908.1131) 
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Radian is rather unique prediction of RS With Davoudiasl and McElmurry
arXiv:1009.0764
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LITTLE RADIAN MAY BE ESPECIALLY INTERESTING FOR EARLY RUN @ 7 TeV
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Tevatron & LHC Reach for the Radion

LHC 7, 1/fb, 5σ

LHC 14,1/fb, 5σ

Tevatron 5/fb, 2σ

Davoudiasl,McElmurry & AS
arXiv:1009.0764
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SM4: 4 Gen. standard model

• Provides a rather simple explanation
to the observed CP anomalies in B-
decays

• It’s a revisit: potential of B-physics 
forSM4 studied extensively with George 
Hou~86-88 [2 PRLs, 1 PLB] and others..
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Motivation
• 1,2,3, why not 4?
• Heavy quarks may trigger condensation -> STRONG 

DYNAMICS/ DEWSB ,no need 4 fundamental Higgs,SUSY
• SM4 has significant advantage for baryogenesis over SM3 
• Gives a natural explanation why CP-Cons observable show 

miniscule deviations; in sharp contrast to CPV obs.
• Natural mH ~2 mb’ > 700 GeV due CDF -> H ->ZZ!!!
• From SM4perspective, hierarchy problem may well be an 

accident of history!
• CONS(?)….4th neutral lepton must be very heavy in stark 

contrast to the known 3
• 7 new parameters (in the quark sector): 2 masses, 3 real 

angles, 2 CP-odd (new) phases
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Where to look for deviations from SM3 (Examples)
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A. S et al 0807.1971; 1002.0595 {Note constraints from S,T, b -> s gamma,
K-> pi nu nu ….are all included} 
C ALSO A.Buras et al 1002.2126
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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, 1011.6091

World Average
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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,1011.6091 
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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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Whiteson @ 
NTU Jan2010
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Whiteson@NTU,Jan2010
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Urgent questions for experiments

• ATLAS,CMS:  Φ, W’,Z’,G;  t’, b’ exist?
• LHCb [CDF,D0]: S(Bs->ψφ), as

sl ; ad
sl ; 

S(Φ KS), AFB(K*ll) …….
• BABAR,BELLE updates for ad

sl very useful
• BELLE (UPS5S run and nearby): as

sl and 
linear combination

• BELLEII; SBF: S(η’KS, φKS, KSKSKS), 
Br(B->τν), ad

sl, as
sl (?); S(Bd(s)->K* γ; …); 

S(D0); asl(D0)…
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Summary & Outlook

• Measured sin2β is off from SM prediction by ~ 3 σ. dev..
• DOMINANT deviation seems to originate in Bd,Bs mixing,

Bd->ψ Ks, and NOT in εK or B->τν
• Model independent analysis suggests new physics with 

CP-odd phase with scale below ~few TeV (perhaps even 
O(few hundreds GeV))

• WARPED space ideas on flavor perhaps most interesting 
explanation, SM4 offers a rather simple explanation also…

• More accurate results from LHCb, Tevatron, BF, SBFs
should be very valuable.

• Direct searches at LHC should clarify matter significantly
POSSIBLE EARLY NEW PHYSICS if e.g Φ mass O(100 
GeV) &/or Z’ mass below 2 TeV or if mt’;mb’ ~500 GeV
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XTRAS
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SM4 significantly facilitates 
baryogenesis [compared to SM3]
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Disecting B->tau nu
• So long as S(sin2β) measured via ψKs is 

used, the predicted value of the Br(B->tau
nu) is about 2.8 σ smaller compared to the 
directly measured Br (B->tau nu).

• Inclusive  Vub leads to consistent prediction 
for Br(B->tau nu);  most likely exclusive Vub
has a problem. 

• Cause of this  may be lattice and/or physics 

See: A.Crivellin (2010); Buras,Gemmler & Isidori (2011)
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No semi-leptonic input, neither Vub or Vcb
Lunghi + AS PRL 2010
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LRS Alleviates confrontation with S, T
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Dual picture

• LRS model is holographically dual 
to dynamics with number of colors 
larger by the truncation factor (y)
-> enhancment of “golden” modes 
follows from the larger “ρ-γ”
mixing and a weaker inter-
composite coupling (each by a 
factor of y)
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Experimental handle on truncation

• Clean signals into the golden modes are 
thus very sensitive to truncation factor

• Endowing us with an experimental handle
on krcπ (M5)  in simple models

• Thus in case a TeV scale KK mode is 
discovered, we can quantitatively address 
whether it is relevant to the Planck-weak 
hierarchy or to some other large scale, 
such as flavor or in fact something else 
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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

• O(1) CP;…..in fact for neutron a (mild) CP problem
• Most flavor violations are driven by the top
-> ENHANCED t-> cZ, (alsoD0)….A VERY IMPORTANT 

“GENERIC” PREDICTION..Agashe, Perez, AS’06

Grossman&Neubert; Gherghetta&Pomarol; Davoudiasl, Hewett & Rizzo

EXTENSIVE RECENT STUDIES by BURAS et al and NEUBERT et al
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PROS & Cons
• The possibility to simultaneously address
EW-Pl and EW-Fl puzzles renders the basic 

warp idea extremely appealing
BUT

• Specific model(s) that can be used to make 
precise quantitative  predictions are not yet 
there

• Therefore, SEEK GENERIC CLUES & 
TARGETS
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May be the best reason

• My license plate: udcstbgz (since ‘89 
NY)

• Used to be OSCILL8   (before ‘89 in CA)
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AVFAQ
• Hasn’t it already been ruled out?

• PDG (like all BIBLES) has its shares of 
“errors”
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LEP EW
Constraints on

mt’
mb’ , mH

4th family is not inconsistent with LEP EWPC
See also M. Chanowitz, arXiv:0903.3570; 

1007.0043; Erler abd Langacker 1003.3211

C also:
Novikov, 
Rozanov,
Vysotsky,
0904.4570
& earlier

works
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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 studies (Buras,Falkowski, Perez,Weiler,Neubert)et al
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BLANKE,BURAS, DULING, GORI, WEILER,arXiv:0809.1073
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G->ZZ: Agashe et al,hep-ph/0701186

GRAVITON @ LHC
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Antipin,
Atwood+A.S
0711.3175
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Shrihari Gopalakrishina et al;arXiv:0709.0007
KKZ @ LHC
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General light dilatons
• In theories where the EW symmetry breaking 

originates from a spontaneously 
broken,nearly conformal sector, there is also 
a narrow scalar resonance, the pseudo-GB 
(pseudo-dilaton) of conformal symm
breaking, properies much like Higgs.

• For collider signatures & distinction from 
Higgs, see:
Goldberger,Grinstein,Skiba’07;Fan, 
Goldberger,Ross,Skiba’08

• Relation to walking technicolor, Applequist
& Bai ‘10
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Grossman & Worah,
hepph/9612269;

London & AS,hepph/9704277
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Little Radian Signals
• Effective Langrangian:

For LRS couplings C’s enhanced due 
Assume mΦ < 140 GeV, then gg -> Φ ->   γγ important signal

LITTLE RADIAN MAY BE ESPECIALLY INTERESTING FOR EARLY RUN @ 7 TeV
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CDF:Whiteson @NTU Jan 2010
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Conway@BF2010: CDF with 4.6 /fb now


