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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 strong) hints have emerged.

« Although, taking too seriously every little deviation
is not desirable and may be counterproductive,
disregarding or overlooking the hints can be painfully

unwise and in fact can be more damaging; (arguably
considerable damage has already been done by such mis-
interpretations )

Following these up in flavor & collider physics and in theory may
prove beneficial esp. in light of the LHC turning on

{ based in part on Enrico Lunghi + A. S. 0707.0212; 0803.4340 & in
progress. Also AS et al (+Alok, Giri, Mohanta and Nandi) (WHEPP
X):0807.1971 & in progress}
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FIG. 15. Experimental cross sections at two energies

compared with a simple 1/m® continuum.
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Christenson,Hicks,LLederman,Limon,Pope & Zavattini
PRD 8,2016 ‘72

8 OBSERVATION OF MUON PAIRS IN HIGH-ENERGY HADRON... 2029

mass range of 3-5 GeV/c?, there is a distinct ex-
cess of the observed cross section over the refer
ence curve. If this excess is assumed (certainly
not required) to be the production of a resolution-
broadened resonance, the cross-section-branch-
ing-ratio production ¢B would be approximately
6x107% e¢m?®, subject to the cross-section uncer-
tainties discussed above. Alternatively the exces
may be interpreted as merely a departure from
the overly simplistic (and arbitrarily normalized)
1/m® dependence. In this regard, we should re-
mark that there may be two entirely different
processes represented here: a low-@? part which
has to do with vector mesons, tail of the p,
bremsstrahlung, etc., and a core yield with a
slower mass dependence, which may be relevant
to the scaling argument discussed below.

The “heavy photon” pole that has been postu-
lated® to remove divergence difficulties in quan-

cles produced in the initial proton-uranium colli~-
sion. In principle, these secondary particles could
also create muon pairs. In this case, the observed
spectrum would represent the inseparable product
of the spectrum of the secondary particle and its
own yield of muon pairs. In exploratory research
of this kind this disadvantage is largely offset by
the fact that the variety of initial states provides

a more comp:.ete exploration of dimuon production
in hadron collisions.

2, Real Photons

Real photons produced in the target (presumably
from the decay of neutral pions) yield muon pairs
by Bethe-Heitler or Compton processes. Esti-
mates were made for the photon flux on the basis
of pion-production models,?"*2® and this method of
calculating the flux was checked against the exper-
imental data of Fidecaro ef al.’® The argument
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Anomalies in B(B,)-CP asymmetries (l)

* Using By (& &, ),& (&Am /Am,),|V . |/|V| and |V, | ylelds
sin2f3 ~ 0 78 +-0.04 to be compared to 0.681+-0 025 YyK.,) or
0.58 +-0.06 (“clean” penguin modes(CPM)) [CONCERN TVubl

]

« Sin 2  from penguin-dominated “clean”

is smaller than from the value obtained via B->y K. ~2.5 ¢
(in addition an intriguing trend of central values o?almost

all modes are low)

. Of no less importance is also the fact that sin23 from
penguins is also well below SM (theory) prediction of 0.78
+-0.04 (more later) 5

« ACP(K* m)) - ACP(K* m?) =14.4+-2.9% & not ~0
-> these anomalies suggest NEW CP phase in b->s penguin
transitions (Lunghi + AS 0707.0212)
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Lunghi+AS,arXiv.0707.0212
(sin2 B =0.78+-.04)

)irectly measured via
(gold-plated)
B'>l|.| KS )
sin B = 0.68+-.026

Figure 1 Unitarity triangle fit m the SM. The constraints from |V /Ve
are mcluded 1n the fit; the remon allowed by ayx 15 supenmposed.

, EK, ﬂ."lfg, ;"ﬂ.nwgd
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AS results before ICHEP 2008
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O serve as a remin

TCPV Results on b—s qqg
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TDCP studies in b->s penguins:
two crucial messages NOT one

 Focus has been just on comparison with B->y Ks

* In fact at least equally important and most likely,
much more important, is that the sin2f8 from
penguins is a lot less than the SM prediction
(~0.78 +-0.04); more later on this

 Ignoring this 29 point for last ~3 years has been
costly omission for the flavor community,
adversely affecting its exptal program

Wag 0l oeeen aw\w ng e,v)“
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Lunghi + AS ('07) &

5’ -~
L L/&/
K L-Acp(B™ — K%)= (TAHIEREET) % af
/ Aop(B” — K7rt) = (4shnfighishis) %, 7 = 2)

where the first error corresponds to uncertainties on the CKM parameters and the other three
correspond to variation of various hadronic parameters; in particular, the fourth one corre-
sponds to the nnknown power corrections. The main point 1s that the uncertainties in the two
asymmetries are highly correlated. This fact i1s reflected in the prediction for their difference;
we find:

al“]."‘_"P = *{fpl‘rB — K~ '| — *:].f'plfB — K~ TI_ J [25 + 1':‘:'0% . {3]

In evalnating the theory error for this case, we followed the analysis presented in Ref. [31] and
even allowed for some extreme scenarios (labeled S1-5S4 in Ref. [_31]] in which several inputs
are simultaneously pushed to the border of their allowed ranges. \The comparison of the Sh
prediction in Eq. (3) to the experimental determination of the samd quantity [14]

J_‘\'L'{CP — I:].—l.—]: :I: Q-D:ll}f.' 5

A (4
vields a 3.50 effect. (e X . ’B ‘\| Y\C *NE uv]EQvl
4 ©
" 05,0@7351
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Anomalies in B(B,)-CP asymmetries(ll)

PR U
* Increased accuracy in B, from the lattice, along

with & from the lattice suffices now {w/o use of V, } to
determine sin2 § to be around 0.87+-0.09 (Lunghi+AS,

0803.4340)[thanx to lattice remove |V, | CONCERN] but
heightens discrepancy for SM

-> |f true suggests problem in Ab=2 &/or As=2 (ASSUMING
Vcb is not too far off)

{See L&S above; Buras & Guadagnoli 0805.3887}

« Also interestingly: With input of trees only (yand |Vub] ),
predicted value of sin 2 § = 0.68+-0.065 in good agreement

with the directly measured one (g KS) gRD

\REC Lj
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Leave out Vub
sin 2 B = 0.87+-.09{Lunghi+AS,hep-ph/08034340}
( became possible only due significantly reduced error in B,)

-/
Antonio et al ek / |
(RBC-UKQCD) "t .. .. /) || Gamiz et al;
0702042 |’ || Becirevic;
LL/ ~L_ ‘_ Tan.talo
Bp= 7304003 |/
03] Mg ,J/’
: =20
/AR . ) -3 g- A
\CL\ Ho %i 6 No +.06

FIG. 1: Unitarity triangle fit in the SM. All constraints are —
imposed at the 68% C.L.. The solid contour is obtained ns-
ing the constraints from cx and AMpg, /AMpg,. The regions

allowed by ayx and a(sy, /42K, K. are superimposed.

2.1-2.7 o- deviation from the directly measured values of sin 2 3
require careful follow-up




Predict sin 2 3 only from
“trees”

Lunghi + AS
(work in progress)
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With input of trees only (y and V, ), predicted value of
sin 2 3 = 0.68+-0.065
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Anomalles in B(B,)-CP asymmtries (III)

(,S/X/ & a possible resolution L/

"

-> y @ (CDF,DO0) requires a sizeable NEW P/i\
ﬁase in b->s (see M. Bona et al, UTFIT 0803.0659;
eeded already in L&S 0707.0212 )

« =>4t family with rather heavy t’(b’), perhaps ~TeV
provides a rather NATURAL explanation (AS et al,
0807.1971)

{suggestion of 4t" family in the context of some of
these deviations also made by Hou et al in several
nice papers: JHEP’06;PRL’05;PRL’07... though
discussions confined to lighter mt’ around 300 GeV}

NOTE Also FERMILAB (ICHEP08) m_t’ > 311 GeV
-> I[N OUR WORK mt’ larger than ~600 GeV seems

necessary -> If true then it plays a CRUCIAL ROLE IN
DYNAMICAL EWSB thereby providing a resolution to

EW-Planck hierarc He, Hill & Tait,
hepph/0108041, l}d%”?ngsé”m%" SH et al} 16



How does 4t family fit in?
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THUS | o5

The CKM-paradigm of CP violation accounts for the observe
CP patterns to an accuracy of about 15%!

SM3-CKM predicted value of sin2f3 tends to be high compared
to direct (¢ K) mgasurements by about 15-20%...t is dominant

\N\ S\ 2
Hierarchic':zl/é}ucture 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 a crucial role
in the large “isospin” violating AA., (K 1)

SM3 says B, mixing has negligible CP-odd phase therein t’

plays a dominant role (& t is subdominant) <d/u_e’l:bvt

Byond_SM3_CERN_sept08(soni) 20



BORING REPETITION?

If the mt’ is heavier than ~600 GeV (perhaps O(TeV)) then for
sure it will have a very serious role to play
in EWSB
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; Fok & Kribs, 0803.4207)

An important CAVEAT...such heavy mass of t' means Yukawa
couplings are rather large so perturbation theory calculations used
in here are likely to have large corrections

Of immediate interest is the 5-paramter space:

m_t’, Re & Im {lamda*d_t} , Re & Im {lamda”*s_t} which is under
infense study {AS + Alok, G|r| Rukmani and Nandi}
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Boring Repetition (1)

Nature of this family may be quite different from 1st 3 since the
corresponding neutral lepton has to be >m_ /2

Relevant to EW flavor phenomenology is only that 3X3 CKM
matrix is getting enlarged to 4X4

However, this does NOT preclude the possibilty,

for example that new fermion generation is NOT a Kaluza-Klein
excitation relevant to warped space interpertaition....This is to
emphasize that new family may have significant, fundamental
differences with the 15t three

In addition to baryogenesis, EWSB, also

important role possible as dark matter candidate (see e.qg.
Volovik, hep-ph/0310006)
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Repercussions for LHC

+ Efforts should be put to devise
strategies for searching 4" family
quarks and leptons.

* Mass splitting between t’ and b’ has to
quite small due to electroweak
precision constraints...this provides
important clues as to the decay
properties of the new fermions

Byond_SM3_CERN_sept08(soni)
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Summary & Conclusions

While for now no compelling evidence against CKM-picture,
several interesting and fairly sizeable effects in B,Bs CP
asymmetries are quite difficult to understand.

Repercussions for MFV: such indications if confirmed would be
difficult to reconcile with MFV

Moreover, embedding of such low scale {O(TeV)}, NP scale in
flavor physics is usually a very difficult challenge..(i.e.
alignment problem)

In this sense, if the effects stand further scrutiny, SM4

with rather heavy mt’, mb’ (O (TeV)) provides a natural
explanation of the anomalies.

SM4 may have interesting role to play in baryogenesis and
EWSB, DM....thereby it may well be a very economical
resolution to the hierarchy problem & other important issues

in Particle Physics
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Backup slides
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BNL-HET-08/17, TIFR/TH/08-29, HRI-P-08-07-001

The fourth family: a natural explanation for the observed pattern of anomalies in
B-CP asymmetries

Amarjit Soni,! Ashutosh Kumar Alok,® Anjan Gir,* Rukmani Mohanta,! and Soumitra Nandi®

! Physics Department, Brookhaven National Laboratory, Upton, NY 11878, [USA
“Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai {00005, India
fDepartment of Physics, Punjabi University, Patiala-147002, India
tSchool of Physics, University of Hyderabad, Hyderabad - 500046, India
®Harish Chandra Research Institute, Chhatnag Road, Jhusi, Allahabad- 211 019, India

We show that a fourth family of quarks with m,. 2 700 CeV provides a rather natural explanation
for the several indications of new physics that have been observed involving CP asymmetries of the
b-quark. The built in hierarchy of the 4% 4 mixing matrix is such that the { readily provides a needed
perturbation (= 15%) to sin 27 as measured in B — K, and simultanecusly is the dominant source
of OP asymmetry in B, — 4. The difference in direct CP asymmetries in B° — K~ 71 versus
B~ — K~7" requires m, & 600 GeV. The correlation between CP asymmetries in B, — ¢
and the difference [S(B; — vK,) - S(B; — ¢K,)| suggests my = 700 CeV. Such heavy masses
point to the tantalizing possibility that the 4th family plays an mmportant role in the electroweak
symmetry breaking as the Pagels-Stokar relation in fact requires quarks of masses around 700 GeV
for dynamical mass generation to take place.
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RBC-UKQCD 2+1 dynamical DWQ,hep-ph/0702042
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SU(3) breaking ratio &,

It was noted (Bernard, Blum & AS,heplat/9801039;
c also Lellouch et al, hepph/0011086) that once
Am_ gets measured then Am./ Am, from expt.
along with SU(3) breaking ratio from the lattice

would provide a £>_ 8.V Bs
powerful constraint on the n,p plar =  7,,VB,

 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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It is perhaps of some use to extract the values of B
£, and V,; that are required to reduce to the 1-o level the
disarep-a,nay between the prediction given in Eq. (5) and

vt/ +Ksks s = = 0,664 0.024. We find that one has

to choose either B“"‘“ 0.96 £ 0.04, & = 1.37 20,06

or Vg = (443 [16):'&1{}‘3
[\Xgm%pma «04) 16=11202°06]
\ ¢ \B(He\s@w%wm@w\m] 29
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FIG. 2: Unitarity triangle fit in the SM. All constraints are
imposed at the 68% C.L.. The solid contour is obtained using
the constraints from i, AMp, /AMpg, and |Vus/Ve|. The
dashed contour shows the effect of excluding |Vius/Ves| from
the fit. The regions allowed by ayx and a(sy, 420K, K. are
superimposed.
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Continuing saga of Vub

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

« Exc~ (3.7 +-.2+-.5)X103

* Inc~ (4.3 +-.2+-.3)X10-3

« More recently (LP’07) Neubert suggests
source is m_Db extraction from b s gamma;
disregarding that m_b shows incl. Vub quite
consistent i.e. 3.98+-.15+-.30 X10-3

-> Let’s try NOT use Vub
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Grossman & Worah,

. 5 hepph/9612269:
/
C ( London & AS,hepph/9704277
| Oy SW d
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TABLE I: Some expectations for AS in the cleanest modes.

Mode | QCDF+FSI[20,21] | QCDF [23] | QCDF [24] | SCET [25]

K 0.0040 0.01+0.01 | 0.014+0.02 | —0.019 +0.009
~0.010 + 0.001

oK" 0.0310 0] 0.02+0.01 | 0.02+0.01

KoK K" 0.02

CLEANEST MODES
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