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Daunting task of a BSM theorist

• # of BSMs  ~ [# of theorists]Huge# !!

• Safer to cling closer to experiments 
and take cue from there => Rephrase 
my charge to
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Possible new physics 
opportunities in the flavor 

sector
Somewhat optimistic 

interpretation of (some) 
existing deviations > 2 

NP in Flavor, FPCP12;  A. Soni 3



NP in Flavor, FPCP12;  A. Soni 4

HINTS & THENCE

• g – 2 

• B-CP anomalies
• C-CP – anomaly
• AFB(t t)

• Outlook for possible resolution

• NP in Flavor needs only one to survive

• Taking these seriously, candidate  NP 
scenarios at work



(g -2) & SM
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Glorious successes
&

simmering limitations
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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 possible 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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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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Mawhinney, plenary 
LAT’11

HUGE STRIDES 
IN LATTICE 

CALCULATION 
OF BK!
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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



NP in Flavor, FPCP12;  A. Soni 18

No semi-leptonic input, neither Vub or Vcb
Lunghi + AS PRL 2010
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(Sin2beta)tree vs
(sin2beta)penguin

• The other hint is that b-> s penguin transitions
have a non-vanishing BSM phase.

• Cleanest modes (eta’ Ks, phi Ks ) seem
to show smaller value ~0.59 – 0.56

• Central value for several other modes is smaller 
than 0.68 [and of course practically all
are well below the theory prediction ~0.85]
Note sin 42 deg = 0.67

sin 35 deg = 0.59     NEED TO TARGET 
such small deviation
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P. Clarke [LHCb Collab] update @ EWMoriond 2012 
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Main Conclusion on B CP 
anomalies



RECENT CP STUDIES IN D 
DECAYS
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Recent results from LHCb, CDF
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Peek @ PDG: old results
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EXACT U-SPIN LIMIT



Taking U-spin breaking into a/c
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Feldman, Nandi , A.S,
arXiv: 1202.3795



Conclusion on Recent D-CP results

• Plausible contribution originates from SM
• Part from NP cannot be ruled out 
• Unless true result is , for sure, 1% or more , 

not a compelling sign of new physics
• theory estimates plagued by large hadronic

(non-perturbative) uncertainties; NO 
RIGOUROUS METHOD IN SIGHT; LONG-
TERM WORRY => Ghost of  ‘/

• More exptal input crucial & could change
SM vs NP; see arXiv:1202.3795 for 

suggested modes
NP in Flavor, FPCP12;  A. Soni 30



Outlook for future (~5 years) for 
resolution of anomalies

• Lattice …BG/Q’s arrived late 2011…
Computing power enhanced  factor 

O(20-50) more compared to past 5-7 years

• SUPER KEK-B  O(20- 50) X 
BELLE/BABAR

• S(LHCb)  ….~10 X LHCb
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OPTIMISTIC THAT A  
BSM  CP-odd PHASE  will 

be seen
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IMPLICATIONS of Hints 
From B,D-CP studies
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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 …?

4th generation

WARPED EXTRA-DIMENSION
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Simultaneous resolution to hierarchy and flavor puzzles



NP in Flavor, FPCP12;  A. Soni 36

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 interaction to mass basis)are 
suppressed roughly to the same level as loop in SM

• O(1) CP omnipresent;…..in fact for neutron a (mild) 
CP problem

• Most flavor violations are driven by the top quark
-> ENHANCED t-> cZ, (alsoD0)….A VERY IMPORTANT 

“GENERIC”  PREDICTION..Agashe, Perez, AS’04;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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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 expected
• 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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t -> c Z

Effective Lagrangian from WED
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Experimental signals @ the LHC

At the LHC expect 108 top pairs so should be accessible.
Specifically with 100 fb-1 ,upper limit on BR(t->cZ)~10-5 is feasible (ATLAS)

With enough statistics angular analysis would also be very informative.
WED predicts predominantly RH couplings.
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Though RS represents an 
extremely interesting framework 

for a theory
of flavor, an explicit consruction is 
still lacking…generically expect a 

zoo of new particles (graviton, 
Z’,W’…..) with masses > ~ 3 TeV, 
except for a light scalar (radion) 
should be considerably lighter
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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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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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Prospects for Direct Verifiction 
of a warped nature

Davoudiasl, Rizzo, AS,’07
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“Direct verification” (i.e. 
KK-graviton and/or KK-

fermion)
at LHC will be very 

difficult unless we can 
learn to lower mKK

appreciably



Motivation [1] for a 4th generation

• Seen 3; why not 4?

• Enhanced prospects for DEWSB
• [Holdom(‘86); Bardeen et al (’90); Hung & 

Isidori(‘97); Hung & Xiong(‘11)]…………

• Enhanced prospects for baryogenesis
[Jarlskog & Stora(’88); Branco et al(‘98); 
Hou(‘08)]
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Motivation [II]
• NFC: built in…..Recall this is a very 

serious problem for almost all BSMs

• Cannot be just simple SM4: DM link?
[See e.g. Volovik(‘03); Lee, Liu & AS (‘11)]

• Readily accounts for B-CP-anomalies
[A.S et al (’08; ’10); Buras et al (‘10)]

• Accounts also for AFB(tt)
[Davoudiasl,McElmurry & A S]
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Cannot be simple SM4
• Even if a 4th generation exists it is 

unlikely to be a simple replica of SM3:
• Neutrino mass provides a strong clue
• DM possibility and baryogenesis both 

strongly suggest 4G not in SM4
• Highly implausible that heavy quarks 

will not be used for DEWSB…..One 
Higgs  tends to be heavy in these 
models
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4G2HDM:LEET for DEWSB
[Bar-Shalom,Nandi, A.S ’11, arXiv:1105.6095]
see also He & Valencia: arXiv:1108:0222

• 2 Higgs doublet model for the 4th ; 2nd

doublet with v2/v1 >> 1 couples only to 4th 
gen

• FCNC only among 3rd and 4th gen.t’<->t
• Drastic modifications to t’, b’ search 

strategies; see Bar-Shalom,Eilam & Geller
• t’->t h, b h+  very large BR, similarly for b’
• Can account for tt FB asymmetry 
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t’ decay pattern

t’ decays:



4G2HDM: significantly 
alleviates EWPC on 4G
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Top pair FB asymmetry from 
strongly coupled 4G quarks

• [Davoudiasl, McElmurry and AS arXiv:1108.1173]
• CDF has been reporting ~2 sigma deviation from 

SM in the integrated asymm. And in the high 
invariant top pair mass about 3.5 sigma 
deviation from SM:

• 0.158 +- 0.075 vs 0.058+-0.009
• For high (>450 GeV), 0.475+-0.114 vs 0.088+-

0.013
• NEW (EPS’11) D0 finds similar integrated 

asymmetery (a bit more significant than CDF); in 
the high mass region they see some increase 
but not so pronounced as CDF
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We consider a simple toy 4G 
model with [FC] scalars
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Lesson learnt from ’s

~ Circa 1983, after long and arduous 
efforts,  m2 upper bound used to be  
around a few ev2 but efforts to Search 
oscillations continued basically because there 
was no good theoretical reason for  m to be 
zero.  
• Recall it took more than a decade beyond ‘83 

and m2 had to be lowered by almost 4 
orders of magnitude (!)  before osc were 
discovered. 
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Summary & Outlook
• Thanks to the ABFs significant progress was achieved in 

confirming SM-CKM-CP
• However, basic understanding of flavor continues to 

represent an outstanding challenge
• Several interesting anomalies exist, possibly hinting at NP 

in flavor/CP
• Warped extra dimension ideas represent most interesting 

theoretical construct for flavor…it may manifest in LEET 
models with 4 families

• Direct signatures in collider physics may require higher 
cm energies not within reach of LHC

• Along with more powerful gadgets at the intensity frontier,  
may well need GIHC
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XTRAS
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Urgent questions for experiments

• BABAR,BELLE updates for a_sl^d 
• BELLE (UPS5S run and nearby): a_sl^s 

and linear combination
• CDF,D0, LHCb: S(Bs->psi phi), a_sl^s, 

a_sl^d; S(phi Ks), A_FB(K*ll)
• BELLEII; SBF: S(eta’Ks, 

phiKs,KsKsKs), Br(B->tau nu), a_sl^d, 
a_sl^s(?); S(B_d(s)->K* gamma 
rho(phi)); S(D0); a_sl(D0)…
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Inputs: S(Bd->ψK), εK, ∆Ms, ∆Md, Vcb, γ

Predict: Br(B->τν) & fB
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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



NP in Flavor, FPCP12;  A. Soni 72



Baryogenesis

• For SM3, there is unique CP invariance 
[Jarlskog ‘87]
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In 4G models
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Br(Bs->µµ): a very clean process
IMPORTANT Correlation with S(psi phi)

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

LHC EPS’11 
<9.0X10-9
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Several diff, collabs; diff discretizations, systematics…
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Hand-waving estimates
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arXiv:1202.3795
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In a nutshell
• Bulk of NP effects 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 (some next page) 
for robustness of the conclusions

• EXTREMELY DIFFICULT to RECONCILE
RESULTS with CKM-SM
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Outstanding Th.puzzles of our times
• Hierarchy puzzle

• Flavor puzzle
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∆ACP(Kπ) (Lunghi +AS,’07)



NOTE: Asl(b) from D0 
Collab

is NOT being used despite 
the claimed deviation of 

over 3.2 as I have serious 
reservation about

the the expt.
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Suggested charged modes
• Since at issue is direct CP, no good reason
at all not to use charged modes D^+,  Ds^+
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SYNERGY with HE 
Colliders
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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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b’ decay pattern

b’ decays:

Bar-Shalom 
@ BNL
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SCALARS'11; WARSAW     
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Phenomenology of type-I 4G2HDM

• FCNC effects only in t’  t  & b’ b transitions 

e.g.,

•

b->s , Z-> bb, oblique 
corrections …….etc See

Bar-Shalom, Nandi, 
AS,arXiv:1105.6095

•Enhanced htt Yukawa interaction while 
suppressed ht’t’ one:


