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CP violation: the Focus

* Practically any extension of SM by
addition of fermions, gauge bosons or
scalars is likely to endow BSM CP-odd
phase(s)

* Precise calculation of hadronic ME
relevant to CP violating observables

could provide important tests of the SM
and clues for what lies beyond

Alex K FEST, Oct'11 A. Soni



The matrix elements of some penguin operators control in the
6,8)

gtandard model another CP violation parameter, namely €'/t.

Indeed efforts are now underwvay for an improved measurement of this
important parameter.io) In the absence of a reliable calculation for

these parameters, the experimental measurements, often achieved at
W

tremendous effort, cannot be used effectively for constralning the

theory. It 18 therefore clearly important to see how far one can go

with MC techniques in alleviating this old but very difficult

problem of non-leptonic weak decays.
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826' Results Lattice 2011

Mawhinney, plenary
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* Average the four 2+1 flavor calculations presented B u Rn S<B%) %g i '07

* Except for BMW, all are preliminary, although all groups have recently published By
results from earlier datasets, so preliminary work should be fairly reliable.

See also recent summary by FLAG working group of FLAVIANET (arXiv:1011.4408)
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K->pi pi dragon & the lattice:
a sequence of many failed
attempts
each teaching us valuable
lessons



PHYSICAL REVIEW D VOLUME 32, NUMBER 9 | NOVEMBER 1985

Application of chiral perturbation theory to K — 2 decays

Claude Bernard, Terrence Draper,* and A. Soni
Department of Physics, University of California, Los Angeles, California 90024

H. David Politzer and Mark B. Wise
Department of Physics, California Institute of Technology, Pasadena, California 91125
(Received 3 December 1984)

Chiral perturbation theory is applied to the decay K — 2. It is shown that, to quadratic order in A
meson masses, the amplitude for K—27 can be written in terms of the unphysical amplitudes

K —m and K—-B;where 0 is the vacuum. One may then hope to calculate these two simpler ampli- C A wT

tudes with lattice Monte Carlo techniques, and thereby gain understanding of the Al =3§_— rule in K

decay. The reason for the presence of the K—0 amplitude is explained: it serves to cancel off
unwanted renormalization contributions to K. We make a rough test of the practicability of
these ideas in Monte Carlo studies. We also describe a method for evaluating meson decay constants

which does not require a determination of the quark masses, b
jLHIHDCé/ Ag AIe OctlASnW 8




VOLUME 55, NUMBER 25 PHYSICAL REVIEW LETTERS 16 DECEMBER 1985

Lattice Calculation of Weak Matrix Elements

C. Bernard, T. Draper, G. Hockney, A. M. Rushton, and A. Soni

University of California, Los Angeles, California 90024, and University of California, Irvine, California 92717, and
Argonne National Laboratory, Argonne, Illinois 60439
(Received 17 October 1985)

We present the fi rst results from a small-lattice (6°x 10) calculation of nonleptonic weak matrix
elements. The A/ = 3_- rule is studied as a test case. For a lattice meson of approximately the kaon
mass we find a significantly enhanced A/ = 7 amplitude and a A = -;- amplitude compatible with
zero within our statistics. The dominance of the A/ = -;- amplitude appears to be due to a class of

graphs called the eye graphs. Qualitatively similar results are found whether or not the charm
quark is integrated out ab initio. We also report preliminary results on other weak matrix elements.
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162 C. Bernard, A. Soni/ Weak matrix elements on the lattice

3 20
2 =
‘ ot tgdiTig
o -
10T
o ﬁfmm e T T
m -
o7 o |
&)
N
0 « 0 Q A d
S < O b % e
l Oc x f
O O | 1 L 1 ]
Q 1 1 1 1 1 1 1 J o.
©0.00 0.12 0.25 037 0.50 062 0.75 0.87 1.00 0.0 0.2 0.4 0.6 0.8 1.0

(GeV)?

1LS \/lD o Y\‘ K

Alex K FEST, Oct'11 A. Soni

m? (GeV)?

10



Digression: Initiate Heavy-light
WME program-> important
application to UT constraints

RATIONALE: Chiral symmetry less of
a concern, utilize in a profitable way
stored away light quark propagators
towards exploratory application to
important physical observables

Alex K FEST, Oct'11 A. Soni
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Lattice calculation of weak amplitudes of D and B mesons

C. Bernard*
Department of Physics, Indiana University, Bloomington, Indiana 47405

T. Draper
TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia, Canada V6T 243

G. Hockncyt and A. Soni
Department of Physics, URToersity of Catifornia, Los Angeles, California 90024
(Received 27 June 1988)

A lattice calculation of the pseudoscalar decay constants and the [A(flavor)=2] mixing matrix
elements for D and B mesons is reported. Calculations are done (in the quenched approximation)
with 8=6.1 on a 127 X 33 lattice; results from 8=15.7 on a 16° X 25 lattice contribute to our estimate
of the systematic errors. An extrapolation to large meson mass is required in order to treat
the B meson. We find f,;,=105+17+30 MeV, f,,=155+31+48 MeV, f.,=174+26+46 MeV,
fes =2341+46+55 MeV (with normalization such that f =132 MeV). The ratios of these quantities
have considerably smaller errors: f,,/f.4=0.60+0.01+0.03, f,, /f.=0.66+0.004+0.09,
Sos / foa=1.47 £0.07+0.30, and f./f.sa=1.35+0.07+0.21. For the lattice "B parameters"” we
find B}%'=1.01+0.06+0.18 and B}*f'=1.16+0.01+0.11 for the bd system, with quite similar values
for the cu and bs systems. These B parameters are defined slightly differently than in the continuum
and are effectively renormalization-group invariant. The first error in each of our results is statisti-
cal; the second is an estimate of the systematic errors due to scale-breaking, finite-size, extrapolation
and operator-renormalization effects.

pphicntimto B-physics .
- H)C'OCAP\&E Ll ; Lisge syil -0

Alex K FEST, Oct'11 A. Sojfli
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Lattice computation of the decay constants of B and D mesons

Claude W. Bernard
Department of Physics, Washington University, St. Louis, Missouri 63130

James N. Labrenz
Department of Physics FM-15, University o Wasfiington, Seattle, Washington 98195

Amarjit Soni
Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Received 1 July 1993)

A lattice calculation of the pseudoscalar decay constant of heavy-light mesons is reported. Results are
obtained (in the quenched approximation) from lattices at = 6.3 through a procedure that interpolates
between the static approximation of Eichten and the conventional (*heavy”™ Wilson fermion) method.
The previously observed discrepancy between these two approaches has been resolved: we find the scal-
ing quantity f VM to be significantly smaller than previous calculations had indicated (e.g., at §=6.0);
in addition, we discuss a modification which is required in normalizing the conventional amplitude to
correct for large-am lattice errors. This change guarantees that £V’ M will smoothly approach its value
in the static limit. From the numerical interpolation of the static and intermediate-mass results, we find,
in units  of MeV, [fp=I187(10)+£34=15, [ =207(9)+34+22, [, =208(9)£35+12, and

f p, =230(7)+30+18, where the first error is statistical and the second two are estimates of systematics
due to (1) fitting and large-am effects and (2) scaling. The ratios are better determined: [, /f D 'r'Ydi B>
fe/fp, and f,‘ /(fpt are all 0.90 within a total error of less than 0.05. The purely static values are
fE*=235(20)121 MeV, f;,':" =259(19)+19 MeV, and 3™ /f,}'\‘" =0.90(2)+0.02. Finally, using lattices at

B=6.3, B=6.0, and B=5.7 and extrapolating to the limit of zero lattice spacing, we have computed
S5 /f.=1.08+0.03+0.08 in the quenched approximation, where the first error includes statistical and
fitting errors, and the second is an estimate of the error in extrapolation to the continuum limit.

24 Gom, [(AST lanproosemment -



Semileptonic decays on the lattice: The exclusive 0™ to 0™ case

Claude W, Bernard*
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106

_Aida X. E-Khadra

Theory Group, Fermi National Accelerator Laboratory, P. O. Box 500, Batavia, Illinois 60510

Amarjit Soni
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
and Department of Physics, Brookhaven National Laboratory, Upton, New York 11 973"
(Received 21 December 1990)

We present our results for the meson form factors of several semileptonic decays. They are com-
puted from the corresponding matrix elements evaluated on the lattice as ratios of Green's func-
tions. The renormalization of the local operators is calculated nonperturbatively. The dependence
of the form factors on the four-momentum transfer ¢° is studied by injecting external three-
momenta to the initial- and final-state mesons. We study the pseudoscalar decays K —mlv,
D—Klv, D—mwlv, D,—+nlv, and D, — Klv on different lattices. We also analyze scaling, finite-size,
and SU(3)-symmetry-breaking effects. The uncertainties in some lattice parameters, e.g., @ ', as a

source of systematic errors in this calculation are discussed.

Alex K FEST, Oct'11 A. Soni 14



VOLUME 72, NUMBER 10 PHYSICAL REVIEW LETTERS 7 MARCH 1994

Lattice Calculation of the Decays B— K *+y and B, — ¢+

C. Bernard,' P. Hsich,* and A. Soni"

'Physics Department, Washington Unicersity, St. Louis, Missouri 63130
"Smithsonian Astrophysical Observatory, Cambridge, Massachusetts 02138

*Physics Department, Brookhaven National Laboratory, Upton, New York 11973
(Received 9 November 1993)

A lattice calculation of the form factors that determine the “hadronization ratios,” such as Ry and
Ry, where Ry o=[T(B— K*y)/T (b sy)), is presented in the quenched approximation. Lattice data
shows strong evidence for the scaling law suggested by heavy quark symmetry for one of the form factors
(i, T)). The data also gives strong support for the simple pole ansatz for the ¢* dependence of T in
the range of available . We thus find T,(0) =0.10%0.01 +0.03, yielding Ree=(60112134)%
we also find Ry=(6.6%1.3£3.1)%.

Alex K FEST, Oct'11 A. Soni 15



PHYSICAL REVIEW D, VOLUME 58, 014501

SU(3) flavor breaking in hadronic matrix elements for B B oscillations

L \/ b C. Bernard
A ej\) (Pepamnenr of Physics, Washington University, St. Louis, Missouri 63130

T. Blum and A. Soni
Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Recerved 28 January 1998; published 5 May 1998)

Results i the quenched approximation for SU(3) breaking ratios of the heavy-light decay constants and the
AF=2 mixing matrix elements are reported. Using lattice simulations at 6/g°=35.7, 5.85, 6.0, and 6.3, we

directly compute the 1mmc matnix element M= (P,,l|hyu (1= 75)Ihy# —ys5)I|Py;). Extrapolating to the
physical B meson states, B and B, we obtain Mp; /M= 1.76(10) 31 in the continuum limit. The systematic
error includes the errors within the quenched app1 oximation but not the errors of quenching. We also obtain the
ratio of decay constants, f;./f;;=1.17(2 ) . For the B parameters we find By (2 GeV)=B,;(2 GeV)
=1.02(13); we cannot resolve the SU(3) bleakmg effects n this case. [S0556-2821(98)01313-7]

7 5 E u T Alex K FEST, Oct'11  A. Soni 16



Severe limitation of Wilson
Fermions for application to
light-light physics, e.qg. Kaon
mixing, K->pipi: A serious fine
tuning problem



EXACT CHIRAL SYMMETRY ON THE LATTICE

Conventional fermions do not preserve chiral-flavor
symmetry on the lattice (Nielsen - Ninomiya Theorem)
= AS — 1. Al — 1/2 case mixing with lower dim.
(power-divergent) operators & or mixing of 4-quark
operators with wrong chirality ones makes lattice
study of X — m physics virtually impossible.

Domain Wall Fermions (Kaplan. Shamir. Narayanan
and Neuberger)

3 M5
Right

Left 0

(] o

m
+«—5th dim.—+

Practical viability of DWF for QCD demonstrated
(96-97) Tom Blum & A. S.
Chiral symmetry on the lattice. @ /# 0! Huge

1

improvement
= Now widespread use at BNL and elsewhere
Alex K FEST, Oct'11  A. Soni
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PHYSICAL REVIEW D VOLUME 56, NUMBER 1 1 JULY 1997

QCD with domain wall quarks

T. Blum* and A. Soni'
Department of Physics, Brookhaven National Laboratory, Upton, New York 11973

(Recetved 27 November 1996)

We present lattice calculations n QCD using_Shamir’s variant of Kaplan fermions which retain the con-
tinuum SU(N); X SU(N)g chiral symmetry on the lattice i the limit of an infinite extra dimension. In par-
ticular, we show that the pion mass and the four quark matrix element related to Ky-K muixing have the

expected behavior in the chiral limit, even on lattices with modest extent in the extra dimension. e.g..
N.=10. [S0556-2821(97)00113-6]
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PHYSICAL REVIEW D 68, 114506 (2003)

Kaon matrix elements and CP violation from quenched lattice QCD: The 3-flavor case

T. Blum,' P. Chen,> N. Christ.> C. Cristian,” C. Dawson,” G. Fleming,>* R. Mawlﬁnnez.z S. Ohta,*' G. Siegen.” A. Soni.”
P. Vranas,” M., Wingate,"* L, Wu,” and Y. Zhestkov”
|RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, New Yok 11973, USA
ZHr_\'sics Department, Columbia University, New York, New York 10027, USA

3Physics Department, Brookhaven National Laboraiovy, Upton, New Yovk 11973, USA

Institute for Particle and Nuclear Studies, KEK, Tadada, Iharaki, 305-0801, Japan
SIBM Research, Yorktown Heights, New York 10598, USA

(Received 19 July 2002: published 30 December 2003)

We report the: results of a calculation of the K— 77 matrix elements relevant for the A/=1/2 rule and €'/e
in quenched lattice QCD using domain wall fermions at a fixed lattice spacing @~ '—2 GeV. Working in the
three-quark effective theory, where only the i, d, and 5 quarks enter and which is known perturbatively 1o
next-to-leading onler, we caleulate the lattice K7 and K—|0) matrix ckments of dimension six. four-
fermion operators. Through lowest onder chiral perurbation theory these yield K— 77 matnix elements, which
we then nomalize to continuum values through a nonperturbative renomalization tochnique, For the ratio of
isospin mn;ﬂimdes |Agl/|]A; we find a value of 25.3% 1.8 (statistical emor only) compared to the experimental
value of 22.2, with individual sospin amplitudes 109:-20% below the experimental values, For €'/€, using
known cenual values for siandard model parameters, we cakulaie (—4.0£2.3)x 10~* (siatisiical emor only)
compared to the cument experimental average of (17.2+ 1.8)> 107, Bocause we find a large cancellation
between the =0 and 7=2 coniributions 0 €'/, the resuli may be very sensiiive 10 the approximations
employed. Among these ane the use of quenched QCD, lowest order chiral perturbation theory, and continuum
perturbation theory below 1.3 GeV. We also cakulate the kaon B parameter By and find By 55(2 GeVy

—ﬂf‘} =0532(11). Although currently unable to give a reliable systematic emor, we have control over statistical
errors and more simulations will yield information about the effects of the approximations on this first-

principles detemmination.of these important quantit @ C%P
L Collabonston G5 4
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TABLE XLIX. Our final values for physical quantities using
one-loop full QCD extrapolations to the physical kaon mass (choice

2) and a value of ©=2.13 GeV for the matching between the lattice
and continuum. The errors for our calculation are statistical only.

Quantity Experiment This calculation
(statistical errors only)
Re Ay(GeV) 3.33%x 1077 (2.96+0.17)x 107
Re A,(GeV) 1.50< 1078 (1.172+0.053) X 10~ 8
w ! 22.2 (25.3+1.8)
Re(€'/€) (15.3+2.6) X 10”4(NA 48) —4.0+23)x 104

(20.72.8) X 10”4 KTEV)

AR

Alex K FEST, Oct'11 A. Soni
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Estimate K = 7 7 amplitudes (con’t)
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Estimate K = 7 7 amplitudes (con’t)
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Conclusion

Quantity This analysis Quenched Experiment
Redy (GeV) 4.5(11)(53) x 10~/ 2.96(17) x 10~/ 3.33x 10~/
Red, (GeV) 8.57(99)(300) x 10~ 1.172(53) x 10~%  1.50 x 10~%

ImA, (GeV) —6.5(18)(77) x 10~ —2.35(40) x 10~!!
ImA,; (GeV) —7.9(16)(39) x 10713 —1.264(72) x 10712
/e 50(13)(62) 25.3(1.8) 239

Re(€'/€) 7.6(68)(256) x 107*  —4.02.3)x107* 1.65x 1073

‘-——’% « ChPT approach to K = 7 r faces severe difficulties.
« RBC/UKQCD studying physical 7 7 final states.
« DWEF on coarse lattices and large volumes: 4 = 5 fm?

Vranas auxiliary determinant (Renfrew talk on Wed.)

G‘E S ST@W\&/HC ! N. Christ @LATO8
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Organization

s + UKQCD Collaboration (2005-)
® Univ. of Edinburgh

= BNL HEP Theory 5 faculties, 1 fellows, 1 staff
M. Creutz, TI, C. Jung’, 2 PostDocs, 3 students '
A. SO_nI, R* Van de Water, ® Univ. of Southampton
0. Witzel*, ' . . 2 faculties, 1 Postdoc, 2 students
R. Arthur, T. Kawanai¥, T. Misumi¥ CERN,Julich

(* SciDAC, ¥ JSPS)
= RIKEN BNL Columbia (RBC) Collaboration = + JLQCD (planned since 2010)

(1998-) ® KEK, Tsukuba & Osaka Univ
®* RIKEN-BNL Research Center
1.5 fellows, 2 PostDocs, (# of Bersonnel accumulation of last 3 years
3 long-term visiting scientists # of PhD thesis: accumulation of last 5 years)

®* Columbia University , —
University of Connecticut \ : X | ~ r—
2 faculties, 2 PostDoc,
8 Students

® University of Connecticut
1 faculties, 2 PostDoc, 2 Students

Harvard, Yale,

Virginia (Google), Regensburg

16 current students,
~20 PhD theses since 2005
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RBC-UKQCD (-07) Initiate use of
SU(2)XSU(2) ChPT for
chiral extrapolations-> significant
improvement in BK and many other light-
light entities {07->}



\ 1
Application of\Hard pion ChPT

SU(2) chiral perturbation theory for K(I13) decay amplitudes.

RBC and UKQCD Collaborations (J.M. Flynn et al.). SHEP-08-26. Sep 2008.

20 pp.
Published in Nucl.Phys. B812 (2009) 64-80

K ---> pi pi Decays in SU(2) Chiral

e-print: SSRGS i Jion Chira
rtdrbation Theory.

Perturbation Theory.

Johan Bijnens, llaria Jemos (Lund U.). LU-TP-10-27.
Nov 2010. 24 pp.

Published in Nucl.Phys. B846 (2011) 145-166

Hard Pion Chiral Perturbation Theory for

B—1 _and D—T11_Formfactors.

Johan Bijnens, llaria Jemos (Lund U.). LU-TP-10-16.
Jun 2010. 16 pp.

Published in Nucl.Phys. B840 (2010) 54-66

e-Print: arXiv:1006.1197 [hep-ph]e-Print:
arXiv:1011.6531 [hep-ph]

Alex K FEST, Oct'11 A. Soni

Johan Bijnens, Alejandro Celis
(Lund U.). LU-TP-09-14. Jun
2009. 11 pp.

Published in Phys.Lett. B680
(2009) 466-470

e-Print: arXiv:0906.0302 [hep-

ph]
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Direct K-> pi pi a la Lellouch-Luscher
[w/o ChPT] RBC initiates around
2006

Alex K FEST, Oct'11 A. Soni

31



CP-Violating K — 77 Decay Amplitudes from
Lattice QCD [jf::@

T. Blum,! PA Boyle,? N.H. Christ,® N. Garron,‘z.E. Goode';1 T. Izubuchi.>®
C. Jung,’ C. Kelly,® C. Lehner,® M. Lightman,*>” Q). Liu,® A.T. Lytle,*
R.D. Mawhinney,® C.T. Sachrajda,” A. Soni,” C. Sturm®

The RBC and UKQCD Collaborations ’

Dlye

A Fule .
\ Q D? lﬁlﬂs \&@//

(\N\C[MA

Alex K FEST, Oct'11 A. Soni 32



PSS E'\(T/@\LL?Z Physical KT omd ¢ hygieck

Km\@m\a:ﬁ‘a ity
. we' (ImAg Ion)
£ = S
\/5 RQAQ REAO
Mg+ Mg+ Err my — Err
Simulated | 511.3(3.9) 429(11)  4926(55) 18.7(438)
Physical | 493.677(0.016) 139.57018(0.00035)  my 0

Table 1: Kaon and pion masses and the two-pion energy E.. n the simulation together
with the corresponding physical values. The results are given i MeV.
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ReAs | ImAs
lattice artefacts 15% 15%
finite-volume corrections 6.2% | 6.8%
partial quenching 3.5% | 1.7%
renormalization 1.7% | 4.7%
unphysical kinematics 3.0% | 0.22%
derivative of the phase shift | 0.32% | 0.32%
Wilson coefficients 71% | 8.1%
Total 18% 19%

Table 2: Systematic error budget for Re Ao and Im As.
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Redy = (1436 0.063,¢ % 0.258y6t) X 107° GeV,

htn Ay = —(6292 04651 % 120g5¢) x 107°GeV
/A
Re A0 = 1479 (1) £ 1578 e

W
Im Ay _
Re _/10 — —1 60(1g)gtqt(20) syst X ]_0

Y = 0950 N«n”a\
¢

Lﬂ?@
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T<6 Chamnel

Difficulties of a direct Lattice calculation

Disconnected (Vacuum) Graphs!
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Qi Liu, LAT’11
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0
K" to mm decay Results

Preliminary Results 2:
We take the kinematics point my ~ 2m,., therefore, the decay is a little bit off

shell because of m — T interaction. Real part (x10~® GeV), Imaginary part
(x1072GeV) .
m,  Re(Ay)  Re(Ay) Im(Ag) Im(Ap) Re(Ap) Im(A)
329.3 | 36.8(6.6) 27.7(1.1) -31(23) -349(21) 2.663(19) -0.6527(43)
4214 | 45(10)  48.8(24) -41(26) -74.6(47) 4.911(31) -0.5502(40)

) —
1, Re PTS 23 X058
g Heq°

C

78 gc -> 140 around 9/15/11 END of QCDOCawaiting QCDCQ,

to accumulate more data
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T. Blum et al {RBC-UKQCD] arXiv:1106.2714 -> PRD’11

TABLE V: Fitted results for the weak, Al = 1/2 kaon decay matrix elements using the kaon
mass mf,?). The column M!** shows the complete result from each operator. The column M/
shows the result when the disconnected graphs are omitted while the 4th and 5th ecolumns show
the contributions of each operator the real and imaginary parts of the physical decay amplitude

Ap. These results are obtained using a source-sink separation A = 16, and a fit range 5 <t < 11.

i MM 10-2) MV (1 10-2) Re(Ao)(GeV) Im(Ap)(GeV)
1 -1.6(16) -1.10(37) 7.6(64)e-08 0

2 1.52(61) 1.92(15) 2.86(97)e-07 0

3 -0.3(41) 0.3(10) 2.1(136)e-10 1.1(76)e-12

1 2.7(33) 3.32(78) 1.2(44)e-00 1.4(14)e-11

5 -3.3(38) -6.81(86) 3.1(53)e-10 1.6(28)e-12
6 -7.8(48) -19.6(9) -5.6(33)e-09 -3.3(20)e-11
7 10.9(14) 15.20(42) 5.2(12)e-11 8.8(20)e-14

8 35.7(28) 47.2(10) -3.66(28)e-10 -1.79(14)e-12
9 -2.2(12) -1.79(29) 3.1(15)e-14 -2.01(96)e-12
10 0.9(12) 1.24(29) 1.2(11)e-11 -2.7(27)e-13
Total . , 3.46(78)e-07 -2.4(23)e-11

Alex K FEST, Oct'11 A. Soni
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Application to the UT
Lunghi + A. S.



HINTS of CKM breaking

Based on Enrico Lunghi+AS

/_07({7 0212; 0803.4340; 0903. 5059;0912{8602
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Flavor & 4G; IPPP DURHAM A.

Soni 40



Important to Examine only DeltaF=2 observables: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
(RBC-UKQCD)
0702042

@y\:'Y'&Ot'OG
;—‘;\ 03‘] ['0—].0

10

g v 0k B s o
al (5%0 S, %QQ

FIG. 1: Unitarity triangle fit in the SM. All constraints are —

imposed at the 68% C.L.. The solid contour is obtained us-

ing the constraints from cx and AMp, /AMpg,. The regions

allowed by ayx and a(44,42K, K. are superimposed.

2.1-2.7 o- deviation from the directly measured values of sin 2

requires caretul follow-up



Continuing saga of Vub

* For past many years exclusive & inclusive

show discrepancy (Latest; gotWrse) v ,

 Exc ™~ (29.7 +-3.1)X10* QM))Y\W C@;j\%)
* Inc~ (40.1+-2.7+-4.0)X10* A .
[ALEX K, THoMag M --3

-> Let’s try NOT use Vub: initiated in *

(EL&AS’08).. (f\lot just for the above reason

DNU BELAINE Vmwﬁ,“f.cﬁ 0 gtk

Flavor & 4G; IPPP DURHAM A. Soni /B v 42
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Vbl = (39-5 £ 1.0) x 1073 m = 1.51 £ 0.24 [49]
Vebipoy = (41.68 £0.44 £ 0.09 £ 0.58) x 1072 [50] | 12 = 0.5765 £ 0.0065 [51]
Vb g = (40.9 + 1.0) x 1073 n3 = 0.494 + 0.046 [52,53]
Vitb ey = (31.2 £ 2.6) x 10~ np = 0.551 £ 0.007 [54]

( 7 [Vibliner = (434 £ 1.6%53) x 1074 [50] £=123£0.04
[Vasblyo, = (33.7 £ 4.9)1074 A = 0.2253 £ 0.0009 [55]
Amp, = (0.507 £ 0.005) ps~* a = (89.5+4.3)°
Amp, = (17.77£0.12) ps~! ke = 0.94 +0.02 [39,56,57]
ex = (2.220+£0.012)107° B;=126+0.11
My pote = (172.4 £ 1.2) GeV fB, = (208 £ 8) MeV [48]
me(m.) = (1.268 + 0.009) GeV fic = (155.8 +1.7) MeV
Syks = 0.668 £ 0.023 [58] By = 0.742 £ 0.023
fi.\/Bs, = (201 £ 16) MeV v = (784 12)° [59, 60)
BRp_,., = (1.68 £0.31) x 10~* [61-63]

Table 1: Lattice QCD and other inputs to the unitarity triangle analysis. The determination of a is obtained
from a combined isospin analysis of B — (77, pp, pr) branching ratios and CP asymmetries [50]. Statistical and
systematic errors are combined in quadrature; for the error on Vi3 see [64]. We adopt the averages of Ref. [39,40]
(updates at www.latticeaverages.org) for all quantities with the exception of &, _fg,f?;” %, Bk and [, (see
text).
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sin(28) 3 MeV)
€. AM,, [V, 7, B=1vy [ 0.867+£0.050(320) 2003+93
€x. AM,, Vsl e 08270083 (19) 196.+11.
€x,AM,, 7, Bw1y e 0905+0.047 (3.100  201.3:90
AM,, [Val,7, Bty e 0.889+0055(240) 195+11 é
€x, AM,, |V |, Bo1v e 0.870+0.049 (320) 201.0+93
ex. AMy, |[Val, ¥, Bo1v, IR [ 0.801+0.045 240)  200.£10.
€k, AM,, |V, 7, B=1v, 13 o4 0.712+0.037 (090) 195.+11.
ex, AMy, V|, v, Bov, 137 - 0.834+0031 (39) 2003497
e, AMg, [Val,y [ 0.814+0.081 (1.80) 194.+11. Z—
lex, AM, Vg, 7, B=1v]™ e 0.859+0055(290) 20213 }
lex, AMg, V|, 7, B=1v]*** [ 0.867+0.050 3.0y 200+93 A
bwccs  tree ™ 0.668+0.023
TK° penguin (clean) Ce 0.59+0.07
¢ 1K i 0.57+0.065
KKK —— 0.74+0.17
K ———— 0.57+0.17
p"Ks i as 2=
wKg penguin (other) +H——e—H 045024
5k —el 0.62 *aul
el | -0.72:0.71
¢n° K ' o 097 39
rre —— 0.82+0.07
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INUT

SR

ND Si33

_BR@=TY)h!  Deri

sin(2f), ex, AM,, [Val, ¥ e 0.768+0.099 (2.7)

sin(2B), ex, AMy, |Via| o 0.776+0.10 2.70)

o 7 2 47 6
sin(2B), ex. AM,, Vs, 7. V| = 0.762+0.096 (2.80) /

sin(2B), ex, AM,, ¥ - 0.761::0.099 (2.8c7)

sin(2B), AM, [Val, ¥ e 0.752+0.099 (2.80) J

€k, AM,, [V, Y —— 1.29+0.40 (0.860) < O ’ ? é
(9 N7

f}', P rot —— 0.87£0.26 2.0y
= \Vlina i 14+020 (<lo)
% Vsl - 0.74+0.14 2.8)
BT(B-+1V)exp —e— 168+031

1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1

-2 0 2 4
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In a nutshell

Bulk of NP effects is in Bd,Bs mixing & in
sin23 {CONFIRMS our 2008 findings}

Bulk of NP NOT in B->tv, or in g, [Presence of
subdominant effects therein certainly
possible]

Many, many checks for robustness of the
conclusions

DIFFICULT to RECONCILE
RESULTS with CKM-SM

Flavor & 4G; IPPP DURHAM A.

Soni 48



G. Raven @ LP11

—»J . (I) Standard Model
BS / L)(‘p' AI—S VS. S (Lenz. Nierste: arXiv:| 102.4274)
e ———gr == <<= ey 0,251 — ——
o o . LHCb Preliminary :
Al Is % e \§=7TeV,L=337pb" E
— 0.15 ;
=) - :
~ 12 < H
%'_ " o 0.1 :
- 0.05 :
O 3 :
L') %. v ] 0'_
= . :
%I:) s 18 ‘ -0.05 o —88%GCL ——
5 e P T Y, —o0%of,
e - I: -._'[\ ) I : ~95% G
Alog(L) o= NS4 :
-0.2 -----
Most precise measurement of ¢~ -0.25—— ———
¢ {s=0.13£0.18 (stat) £ 0.07 (syst) rad .
- |
® Consistent with SM §°
<

4 o Evidence for Al #0 :

e Als=0.123 £ 0.029 (stat) £ 0.008 (syst) ps’'

s s = 0.656 * 0.009 (stat) = 0.008 (syst) ps™'

Flavor & 4G; IPPP DURHAM A. Soni



(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

e 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 C\]Ol }uy{

g/\/\(j}sf\) ~ OLI'," 01
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“.....out we have only just
got started”, G Raven at
LP11

A sentiment | enthusiastically share



Summary & Outlook

* Long & arduous effort; rather slow but steady
progress....

* Simpler things like BK, fB, BB...now precision
O(few%) already or very soon with important

applications to UT & new physics search
* Most interesting K->pi pi, 1=0 & epsilon’ still
not there yet but ReA0 ~O(15%),
epsilon’ ~0O(30%) within sight
e QCDSP-> QCDOC-> QCDCQ, ~Dec’'11->
 QCDCQ will tackle epsilon’ first

Alex K FEST, Oct'11 A. Soni
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Happy Birthday Alex!
We look forward to
years of good
physics from you!!



