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Physics is an experimental science
* |. A new thousand pound gorilla is in our midst:

Toru lijima @

S SuperKEKB/Belle Il

New intensity frontier facility at KEK
* Target luminosity ; Lpeak = 8 x 1035cm-2s-!

= ~|0!0 BB, T*T- and charms per year !

Line > 50 ab-!

Peak Luminosity Trends (e+e- collider) SuperKEKB
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New physics discovery
potential is no less than when

oo L peak (KEKB)
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PEP-IT" =2 |x|034cm-2s-
we moved

| ,-/f From Tevatron to LHC!!!
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2000

The first particle collider after the LHC !




Importance of the “IF”: score card

Beta decay => Gf => W...

Huge suppression of KL => mu mu; miniscule
AmK=> charm A”“'*/ . 10

KL =>2 pi but very rarely; mostly to 3pi =>CP
violation => 3 families

Largish Bd —mixing => large top mass

etc....... ligrory M)f%'l' ﬂd ﬂdw

=> extremely unwise to put all eggs in HEF

info from IF complementary to HEF can be a crucial guide 2
for pointing to new thresholds as well as to provide important clues
to the nature of the signals there from
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An important message from the tree-
level CC anomaly [RD(*)]

* Likely scale is relatively low
ﬁsms{xﬁ,\gﬁffméj
* Yet cleanz:ignal from a LQ of mass ~ TeV
may or may not be readily seen @ LHC13
See Bar-Shalom, Cohen, AS + Wudka;

1812.01378 ) » magg 7S Tey lre oML
VA{f ol e Lhc b

=> Confirmation at the IF may well be essential!

LA vy pulle T
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Focus just on 1 outstanding question
of our times

* CP Violation i. p. BSM-CP-odd phase(s)

* Lattice + IF have a very imp role in addressing
this fundamental issue of our times



CP violation

 BSM-CP phase(s) expected on naturalness grounds ...... (remember
the v & even more so for BSM-CP phase);popular models of flavor,
e.g. warpedXDim|[see Agashe, Perez, AS’04] explicitly show

My license plate, used to be OSCILL8 (before ‘89 in CA, UCLA)

* A firm believer in neutrino mass, a decade or more before
oscillations were discovered.

(1 y

ever we can and as

So, we should hunt this BSM phase wher
vigorously as we can
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Search for BSM-phase: Multi-prong

Any room via redundant, precise measurements
& precise (lattice) computations for UT & more

Charm decays %m“‘u' %V ’\’T)
b=>d(s): Sm- meax( rwp
B => D(*) tau nu ; tau pol NT

B => gamma l/tau nu; tau pol N7

Mixing induced CP via radiative B decays to excl
FS ANT

eps’ since ~ ‘83 (originally with C Bernard) again
over-riding motivation was/is naturalness



BEST CHANCE IN A VERY LONG TIME OF
POSSIBLE SIGHTINGS OF NP
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Average R(D*)=0.252(3) S. Fajfer et al. (2012)
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4
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* ~4g discrepancy from the SM remains v ”
— All the experiments show the larger R(D(*)) than the\M é—__/—-

* More precise measurements at Belle Il and LHCb are essential

o . . Rencontres de Moriond EW 2017
Belle deviations quite mild US+IP IF; Soni (BNL-HET) 0
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Status of R(D™)) results

\

Nrocsmes— |

BaBar had. tag
0.440 £0.058 £0.042

Belle had. tag
0.375£0.064 £0.026

Average
0.407 +0.039 +0.024

PRD94,094008(2016)

0.299 +0.003 i

FNAL/MILC (2015)
0.299£0.011

0.300 +0.008
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/PRD92,072014(2015) AX = 1.0 contours
Cb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL.118.211801(2017) R(D) =0.299 £ 0.003
LHCb, PRL120,171802(2018) R(D*) = 0.258 = 0.005

D Average

== Average of SM predictions

BaBar had. tag
0.3324£0.024 £0.018

Be lI hld 115

0.2 1.038 +0.015

Be lI 11
0.302+0.030+0.011

B :lle hadro nlLl u(

270 £0.035+£0.02
Lll(l luunic 12&
336+ 0.03

LHCDb hadronic fau
0.291£0.019+0.02

Average

0.306 £0.013 +0.007

SM Pred. average

0.258 £0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
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Giacomo Caria E\J “\y\\

on behalf of the Belle collaboration Qb

54th Rencontres de Moriond, EW
22/03/2019

THE UNIVERSITY OF
MELBOURNE
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Results compatible with SM

Most precise measurement of 0 0-42- —E‘ﬁ%""JComb.nat.on E
R(D) and R(D*) to date T e )
= — World Combination 2019 .

038 :_ . 'S‘Ifl!_p_rfdlctlon _:

First R(D) measurement e - \ E
performed with a semileptonic 0.34F =
tag :_‘ ------ \ /1_:
0.3~ vl

expectation within 1.20 ]
> 0.26 eSS B SM prediction SEe
R(D) - R(D*) Belle average is %D; SM:ggfgigggj -
now within 2@ of the SM 0225 .\, :
i 02 025 |03 035 04 045 05
prediction

— R(D)
This result

R(D) = 0.307 £ 0.037 £ 0.016
R(D*) = 0.283 £0.018 & 0.014

R(D) - R(D*) exp. world average
tension with SM expectation
decreases from 3.80 to 3.10 )

+ ; S0N|



_epton universality tests

« We have interesting hints of non-universal lepton couplings in LHCb
run 1 dataset:

--LHCb -m-BaBar ——Belle

2.0 , , .
. T
< [ ] N -
[ LHCb <
B i =~ sF ]
= » 7] ' .
I + i il {
L i | i
1 ‘ 10 B e _
-, [260 M : 1250 E ]
0-F B 0-5F ® LHChH ]
[ ] - \ I BaBar -
0: PR B B R B ] I LHCD A Belle ]
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¢ 1GeVct] ¢* [GeV?/c

[LHCb, PRL113 (2014) 151601] \B R - . -
[LHCb, LHCb-PAPER-2017-013] R« = 0.8 is a prediction of one class of

[BaBar, PRD 86 (2012) 032012] , model explaining the BO—= K™ 0u+*u-

Belle, PRL 103 (2009) 171801] o 1 angular observables, see Lu - L+ models

R%& i VL W&E‘N »‘rz “* ‘!/ W. Altmannshofer et al. [PRD 89 (2014) 095033]
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Lﬂl‘ﬁ Mainz 2017 |-+ : — —~ CLQ‘\‘Y\@/\'

BMW 2017 | — B
BC/UKQCD 2018 | 1t
RBC/UKQCD 2018 | " <« RO o
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| | | | | |
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C 0&"‘07713.'“6“0\‘“"“, E"k\a&\g 2107 7@[{\ 'SQV\M lu v

We need to improve the precision of our pure lattice result so that it can distinguisb 200'-'
the “no new physics” results from the cluster of precise R-ratio results.

20 / 26
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Possible sightings of new physics

 An extremely important consequence of NP

is that it is highly unlikely (i.e. unnatural) that

it will not be accompanied by new CP-odd
phase[s]....



For many decades
now, my professional

IN ME“O’R\M i life has centered

around B-physics!

My 15 pa
o~ B PRYs)Cs PRLL

CP Noninvariance in the Decays of Heavy Charged Quark Systems

Myron Bander, D. Silverman, and A. Soni
Department of Physics, University of California, Invine, California 92717

(Received 9 May 1979)

Within the context of a six-quark model combined with quantum chromodynamics we study
the asymmetry in the decay of heavy. Q%rﬁﬁﬂﬂms into a definite final state as compared
with the charge-conjugated mode. We find that, 15 decays of mesons involving the b quaxk,

Tl e e LBl NEN a8




Simple ex. Of DCP in B-Physics: Tree-

nﬁ“ﬂl l:“ I“

fP) ' Bander, Silverman and A. S. PRL
) 79
W :
5% "measurable asymmetries may arise.
—> > - : »— {(P') This would present the first evidence for CP nonin-

b(P) q(p) b(P)." variance in charged systems.’
7, (k) q(p)
(a) -

(-
n O

A = |A | expli(d1 + @1)] + |As| exp[i(d2 + ¢P2)]

L A, by s o0

I = |441| GXD[’I:((Sl - (Pl)] 42| 9\(1)[ ((52 — (92) 0 +
B(B—[)-B(B -] /r Acp (B = K*r™) = -0.082 £ 0.006

B(B - f)+B(B - [) 5 OMM\MX{'K / /

2| Ay || Ay| sin d sin ¢ ;
REGRETTABLY still CANNOT
Hl‘z-l-HZ‘Z-I-ZHll‘42‘(()85(()80 BE USED TO
B)’ NoW many MoDR o wilk 6.5 RELIABLY TEST THE SM-CKM

XpPRA =




A great personal treat; thanks to

(Y]

ADS: B*— Dh*,D— n*K-
Malcolm John@EW
Huge direct CP [tailor made] ~20 @_ “w " \\w
ago! ) c \\

ADS PRL'97 9. E@ u \/
Ruat €'t 167 N s
{ ElBEanJi 13‘3‘% ‘ \(r

PRNOPL IVERFERDIE <
DATO DRIVEN MO e oo s s -

K D" (qolor allowgd) followed by D0 — K 7 gdoubl

6 ﬁ ' ’ ‘J JP IF: Soni (BN Ca,h]htm_,mppxﬂssed ) and B~ — K~ D’ (colot-suppresses
LS ‘9 PRD oJi followed byD — K7~ (Cabibbo allowed).



Hoecker &
Malcolm John
EW Moriond

050

keynewresuis Yy T{T A
o

Precision on sin(2f) approaches that of

| B-factories: 0.73+0.04 4 0.02
\ Mannel et al

0.0

4 \ + A world-leading measurement of y is made from a combrration of LHCh
analysis, concluding with Brod

y = 7O9t85 Zupan’14

STD.

O(5-10%) new physics is
possible
and is HUGE

which improved the previous LHCb-only conclusion by 2°

CAVDIE
+ Belle: y=(73"5)°

BEUE-4 Lumw,mm 2 5101° sttty
1) f t‘o\Mr \u“\m;\u \)M A

US+JP IF; Q (BNL-HET)

* Inline with B-factory conclusions from B—DXK,
+ BaBar: y=(70£18)°

20



World average (HF LAV il

I | I
||/ hriar B
Moriond 2018 | |
[ B—=DiK* ]
B+_> DO K*+ -

il o

(A\}.Q’*' : 0.4

021
Y A s ——
0 50 100 150
O
y ']
Vo (7 3 5_|_4.2)o Naive 1.60 divergence from indirect predictio
V= =) Sy Fndineo = (65,3710 (CKMfitter)

Malcolm Joh FPCP 2018, Hyderabad 15 Julg¢2018



Charm system is unique

* Distinct from K and B-mixings

Delta F=2 mixings are an extremely valuable treasure in providing stringent
constraints on NP scenarios




Tree vs pengum

CBA tree c rk/// A/ozf Soim ¢ (r
/7

Ving
C%//\/\ \ A (2/;0 e Llr

‘l’d sl f "S A -4
Penguin. partlafcancellatlon between d S
Also (mb/mW)?2 << (mt/mW)?2
So corrections due to c-penguin are much muted
compared K and B decays

Charm penguin is universal (~“20%) due SU(3)
flavor symmetry [not so b-penguin]




In charm decays the tree rules!
— RS

® ~ Q.,v~ c,anA‘-
Tree goes as Iambda*Oﬁ)) ol

. Pengui/nas lamda”5 so is exceedingly small

e Moreover lattice studies have demonstrated
over and over again even for K =>pi pi decays,

And Delta I1=1/2 enhancemeni,

Penguin contribution is <O(%) of tree at scales
>~1.5 GeV 2 . g
Vv~ 7‘ VQ(VN A

Thus for charm T >> P \m So -}m o (& “;_3"

US+IP IF; Soni (BNL-HET)
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. OPTIMIZING SEARCH STRATEGIES
FOR DIR-CP IN CHARM DECAYS A
o T

¢ o A ylm Ckm 19 K‘erﬁrb"?

SSSSSSSSSSSSSSSSS



Bearing all that in mind, Let’s stare some more at c-penguin
| ()

Kogo ronellry =5 L

C
P m - B \%\Ms /PMSM

sm-ce 5 " smce phel Y
* cb has no SM-CP ...whereas Illiely it has BSM-
CP >&(KM(\) B"{D %

* ub does have SM-CP ...whereas likely it has no
BSM-CP

e MORAL...no matter what charm —penguin is;
it is essential for DCP observation

US+IP IF; Soni (BNL-HET) 26
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PRL 118, 022002 (2017) PHYSICAL REVIEW L ETTERS 13 ANUSEY 5017

Isoscalar 7rzr Scattering and the o Meson Resonance from QCD
j L o I Raul A. Briceno.'" Jozef J. Dudek.'”" Robert G. Edwards."'* - Ison™¥ K

(for the Hadron Spectrum Collaboration)

my = 391 MeV
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Figure 3: Left: effective mass plot for I=2 pipi correlator; right: effective mass plot for I=0 pipi correlator.
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RBC-UKQCD phases WIP

From diff points of view: S &)%’V}W

Mattia Bruno
Dan Hoying
Chris Kelly
Aaron Meyer
Tianle Wang

Applications for K=> pi pi & Beyondw* ! [

US+IP IF; Soni (BNL-HET) 30



Understanding AAp 9"

LHC (} ()L&/\UoLQL/



3Cf < O,f CYT

TLUNSTRTIVE EXAMQE

(3
C s

“
0 o
w w 75Ktk
AP s O 3 HTVIDDD

r,7 o d NN [
= F— < ¢ +AS
PD D Cut #1 \4 &9/ Cut #2 )onfa?ol)\

FIG. 1: The unitarity graph showing the CPT identity Eqn. 6 for the quark level SCS charm decay. Cut #1
indicated in the figure shows the case where the decay is ¢ — ddu with a s5u intermediate state providing the strong
phase. Conversely, cut #2 indicated in the figure shows the case where the decay is ¢ — ssu with a ddu intermediate

state providing the strong phase. The interfering tree graphs are not shown but are implied

LFT % iAV(De)() = Z[V('D%X) (M 3)()] -0

~ Rtk
AT Q“qﬂs Ind : Al"('C—”idu) —Al(c— s5u). 7

'T-t'ﬂ -~ US+JP IF; Soni (BNL-HET 32
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PLB 767 (2017) 177-187

Acp(D'—K'KY) & A p(DV— 1)

* Individual Ap(KK), pion-tagged sample Cef»’t/\"} V“‘“LS

Acp(KTK™) = (0.14 £ 0.15 £+ 0.10)% * AVRTN CNS\',.\'QM‘*
m Ltlw Q)(\re KXol

* Combine with AA-p =
ACP(TI'+7T_) — ACP(K+K_) — AACP = (024 + 0.15 £ 011)% X’A 0rvw ( FT

—
S

~0.5

A p(K K%

T T
¥

— 4 LHCbsemileptonic

B LHCbprompt

® Jolanta@Implications2017

| 05
Aep(r™ ) %)

* Both Ap’s consistent withgero

buk enn ""5'0’*’\56

Combine with results from
muon-tagged sample
JHEP07, 041 (2014)

=>|LHCb combination

DeltaA_CP likely close to current

value i.e. ~ fewX103

%42



Results P New 3 THOLD

LHCb-PAPER-2019-006

AAT,88C = [-18.2 £ 3.2 (stat.) & 0.9 (syst.)] x 107*
AALEeed — 9 + 8 (stat.) £ 5 (syst.)] x 107*

« Compatible with previous LHCb results and the WA
« Combination with LHCb Run 1 gives:

CP violation observed a @m

F. Betti - INFN Bologna, University of Bologna Moriond EW 2019 - 21/03/2019
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SM expectation...DCP

. . e o
* DirCP..... See Bander, Silverman + AS, PRL 1979 for DCP when
mq >> lamda_QCD...anticipate large €orrections for charm from s-quark[K-decays]

A

* Key points: Penguin-Tree interference; SCS modes......Hall mark of BSS’79
* Need suitable simple changes

~ b[[arz- ars 3
« SM CKM phase either in Vub or in Vtd m‘c ? S )
* For charm decays relevant is Vub WA
-T
c

S

5¢

4CLA 5> w‘?‘,‘m Ll X A Ay’

ENhame by CL‘S TnuetKﬁ/xlo il
“ w) /‘\ ’D\fﬂgm.‘\'
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” CLp
FIG. 1. Some diagrams contributing to charm decay; glu- @ I >
ons causing pair creation are not shown. Top to bottom:
color-allowed tree; color-suppressed tree; weak annihilation
and penguin. Since a(m,,,...) is not that small, these dis-

tinct topologies especially for the color-suppressed tree and
the weak annihilation can receive large corrections due to fi-
nal state interactions.
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Repercussions of flavour symmetry breaking on CP
violation in D-meson decays

Thorsten Feldmann,® Soumitra Nandi® and Amarjit Soni”
* Theoretische Elementarteilchenphysik, Naturwissenschaftlich Technische Fakultdt,
Universitat Siegen,
57068 Siegen, Germany
b Physics Department, Theory Group, Brookhaven National Laboratory,
Upton, NY 11973, U.S.A.
E-mail: thorsten.feldmann@uni-siegen.de, nandi@physik.uni-siegen.de,

soni@bnl.gov

ABSTRACT: We investigate to what extent the recently measured value for a non-vanishing
direct CP asymmetry in D° — KTK~ and D — 777~ decays can be accommodated
in the Standard Model (SM) or extensions with a constrained flavour sector, for instance
from a sequential 4" generation of quarks (4G). From the comparison with D° — K—=+t
branching ratios, we establish large U-spin symmetry (d <+ s) breaking effects with large
strong phases between different interfering amplitudes. On the basis of conservative esti-
mates on amplitude ratios — which are supported by an analysis of the breaking of a ¢ <+ u
symmetry in non-leptonic B? decays — we find that, in the SM, direct CP asymmetries in
the 777~ or K™K~ modes (or in their difference) of the order of several per mille are still
plausible. Due to the constraints on the new CP phases in the 4G model, only moderate
effects compared to the SM estimates are possible. We suggest CP studies at LHCb as
well as at (Super)B-factories of several distinctive modes, such as DT — K®)07+ ¢zt and 38
Dy — K®0%+ 6rt(KY) ete., which should shed more light on the short- and long-distance



Summary on charm CP

. Useful Inequality [ ABY W\ﬂ&}
ACP(K*K’) < ACP(nt* i) < ACP(r® %)< ACP(K,°K,°)
 AACP is expected to be close to its current limit

around few x 103 and in SM its extremelz,
difficult for it to get to 1%.< [ VS 3HeP 13-

 ACP(2 pi0), ACP(2Ks) may well be around % to
1%

 LHCb, Belle-ll in a few years should be able to
reduce the current error (~0.15% ) by a factor of

few and thus see non-vanishing asymmetries in
several channels

 Multibody modes are very powerful for
exploiting the full power of CPV phenomena



Lattice & the IF

Search for NP via redundant precise

measuremenést& precise Iattlce studies wz;he/
UT | YN o mak& wA em o LATTICE
gt Ny

lattice on-going [for a long, long, long time] eps’
effort O (Ck

OV""

progress in non-local, LD, Matrix elements
oo BW

some new applications of LQCD to pheno

US+IP IF; Soni (BNL-HET) 40
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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-IJ,M. Seattle, Washington 98195

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

PHYSICAL REVIEW D VOLUME 45, NUMBER 3 | FEBRUARY 1992

Lattice study of semileptonic decays of charm mesons into vector mesons

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

Aida X. El-Khadra
Theory Group, Fermi National Accelerator Laboratory, P.0. Box 500, Batavia, Illinois 60510

Amarjit Soni
Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Received 30 September 1991)

We present our lattice calculation of the semileptonic form factors for the decays D—K*, Dy~ ¢,
and D~ p using Wilson fermions on a 24’39 lattice at f=6.0 with 8 quenched configurations. For
D+ K", we find for the ratio of axial form factors 43(0)/(0)=070£0, Ib'm Results for other

PN RS lesog &

e\ 0 OQ w \)% \):‘

‘\

M

IMSG; HE. ..c

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

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

Aida X, El-Khadra
Theory Group, Fermi National Accelerator Laboratory, P. 0. Box 500, Batavia, Ilinois 60510

Amarjit Soni
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
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Use exptal data + lattice WME to test SM & search for new physics

Looks great; but looks
can be deceiving...
In fact at level of O(20)
tension(s) exist

O(10-15%) new
physics is possible
and is HUGE!

-15

http://ckmfitter.in2p3.fr
see also http://www.utfit.org
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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

foythosPof the
EPViglatRiged in
SELE M EHE B

sector are O(1)
rather than O(10
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Power of the lattice: Only method to systematically reduce the NP error!

|l 1 |l l ! L\l ! 1 |
057 0737200 o Average LLV 20T V=241
i 0.74£0.025 - Average LS 2010 (Np=2+1)
| 0,724£0.045 b SBW 2010 (Np=2+1)
[ 0.749:0.026 e RBC-UKQCD 2010 (Np=2+1)]
010 - 0.724£0.084 —— ALV 2009 ( \F=’+l- i
=L 0.73+0.03 H ETMC 2009 (Nf=2
| 0.738+0.055 —— JLQCD 2008 (Np=2
i 0.782+0.07 —a—i CP-PACS ’008(\ =0
i 0.72£0.039 e RBC-UKQCD ’007'\F=’+11
2005 F 0.8320.18 p———a——  HPQCD 2006 (N=2+1)
- 0.699+0.025 Hed RBC 2004 (Nz=2)
0.87+0.061 b Becirevic 2003 (Np=0
0.7320.015 i RBC 2001 (Ng=0, Q?)
2000 - 0.789+0.027 re CP-PACS ’001 (Ng=0,Q?)
I 0.863+0.058 ——i JLQCD 1997 (Np=0 -
[ 086007 ——  Blum-Som 1997 (Nz=0) ¢ First DWF
1995 N
1990 [ 0862012 ———  Bemard - Sont 1990 (Nr=0)
i 0.96+0.05 e Kilcup etal 1990 (N5=2)
- 0.75£0.15 Bardeen at el. 1987 (1/N,
- Bemard et al. 1985 (N5 0|
1985 H+t +—-Cabtbboetat- i‘:‘%'n‘v' =B
- Gavela et al. 1985 (Nz=0)
- 03 Donoghue et al. 1983 (SU(3
& PCAC), No error estimate 4
1980 1 1 1 1 1 1 L 1 I 1 L 1 L | L L
0.0 0.5 1.0 15

— Historical example: By
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ICHEP2014: Similar results
from UTFIT (D. Derkach) as
well from G. Eigen et al.
p-value

N—— 1.0
, Courtesy of
A lesson from history (1)

Current O(few%) tests are far away

from 0(0.1%) asymmetry in KL=>pi pi

NP 1 "Aspecial search at Dubna was carried out by E. Okonov and his
Phase E group. They did not find a single K, 2 n* 1~ event among
600 decays into charged particles [12] (Anikira et al., JETP 1962). At
h that stage the search was terminated by the administration of the

Lab. The group was unlucky."
-Lev Okun, "The Vacuum as Seen from Moscow"

. 1964: BF=2x 10
_ = A failure of imagination ? Lack of patience ?
00 0.1 0.2 03 04 05 e
h Had KL=>pi pi been abandoned,
d

history of Particle Physics would have

been significantly altered!
US+JP IF; SONT (BNL-H 45

C also Marco
C, Monika B....

NP/SM amplitude ratio



Vckm - Summary

o |Ve| puzzle addressed by Belle

UWRR WIT6 A TCHECL YIS

o B-»D() tvanomaly needs new B>D** | v background studies

CPV for SM phase measurements (WA HFLAV)
e sin2®;=0.70+0.02
o = (84.9%51,5)°
o ®d3=(73.5"425,)°

e All measurements are statistics limited.

CPV for new physics searches:

o Large local asymmetries. Switching gear to
amplitude analyses.

e Baryon decays a new window to CPV (see backup)
o ®;=-0.021+0.031 WAHFLAV 2018 (see backup)

=  ICHEP Seoul 2018 Phillip}\R

US+JP IF; Soni (BNL-HET)

|Vub|/|Veb| at LHCb has better understood form factors!
|Vub| inclusive-exclusive puzzle - final B-factory results awaited.

|Ved| & |Ves| direct constraints from BES |1l are world best. Outstanding test of LQCD! No LFUV found.

Ty

-value -value
p_ 1 .,....|....|....|....p 1.0

- BellellI+LHCb UG { [I”

. Constraint on new{ |4
7 physics amplitude [Hos

and phasein
mixing from UT fit ]

o
L
Ty

L i S 0.0 0.0 L L
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

j\[fés — (A[ﬂis)SI\[ % (1 + hd“se‘ziad's)
o (LHCb upgrade & Belle Il will push 1 order of magnitude /,

further on searches for CPV sources. 20-30% NP
amplitude still allowed in CKM AB=2.

Y M(’Rol/Eb LH’”'C

U
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NON-LOCAL MATRIX ELEMENTS
EVALUATION....15T APPLICATION TO B(D)s -
PHYSICS  Cinmiloan D B B gemy W ik

ALY PN Ko P . -
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Testing LUV in the era of Belle-Il

II. On the lattice technical front, RBC-UKQCD collab

has developed the methodology over the past ~6 years for calculating from
1%t principles contributions from non-local operators

Here we illustrate this use in the simplest example that can have
important phenomenological impact in light of larger data samples that
will become available in the era of Belle-lI

The simplest illustrative reaction to display developments in the exptal
and in the lattice front that we choose is B,Ds => T / ' |

Lets start with a very simple observation that LUV is very difficult to test
with respectable accuracy via the simplest reaction

Br '“')U)/ n because the denominator suffers from severe helicity

suppression. Indeed, 0 A 5
arn”
Br[B+ =>mu+ nu] ~ 2 X 10°-7 AlLW’D"\ﬁ' )

Note, however that naive models seem to suggest hc rl" ?"H [3¢7
Br [B => mu nu gamma]/Br[B=> mu nu] ~16 , 7"‘)

) =
b= e Di)fLee0 oy B.(v::'é’;)ﬁzzt“’<

US+JP IF; Soni (BNL-HET)




Radiative leptonic decays of heavy-light mesons

=}
s

)Van-ﬂocﬂ 3 /V
(Roc-ukoa | S
Amk?%(\)(/. R (oA :DOM()\/HI\/T

ékm)(\) §- 106 /

+ it KN PERFINE
k’?je’):z;. X i g+ b \l’rr\msi'm

Fig. 1. Feynman graph for the dominant contribution to B — fv+.

C‘QJQ&AOM)(XAF{' S.h-. ‘ﬁe—%’l')/PRL' 2oL
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ASS FRL'?o

A ='W[FA(Q;PU —q 'pguv) ‘*‘iFVeuvaBpan]

e’(q)l*
X 3 (207 (4)

where €’ is the polarization of the gluon and 7*
the weak current of the light quarks:

= (q)y*(1-v5)v,(q,) . (5)

US+JP IF; Soni (BNL-HET) 50
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Atwood, Eilam + AS, ‘94

Toy-soluble-approx model 8
calculation

.82957 %% 4

N rﬁo\ﬁ‘ﬂw 92—'

So Wt Px\ode‘S K 2

0.1 0.2 0.5
x=E/m Meason

Fig. 2. B — {~ D~ normalized energy spectra are shown. Solid line is for the photon energy,
the dashed is for the neutrino energy (which is directly related to invariant mass o -
photon combination) and the dash-dot for the electron energy. For the case of Ds — €1Tuvy tle
dashed curve represents the neutrino energy spectrum while the dash-dot curv €
lepton energy since in this case the roles of the lepton and neutrino are reversed.

gl (e ly) g5,
Bu)le (\Z\) Foli Mgnen By ¥t Jg =



The radiative leptonic B-meson decay amplitude!

- GrVu ,,_ 7 _ _
A(B™ — ~ylyy) = 5/5 b(funw'y'/(l — v5)vpuyy (1 — 5)b|B7) (2.1)

can be written in terms of two form factors, Fy and Fj, defined through the Lorentz
decomposition of the hadronic tensor

T (p,q) = / a7 O[T L™ () (0) (1 — 45)b(0)}| B~ (p + )

ATy
= ful/'rpp v FV +1 [ - g;w(PU) + 'Uupy] FA —1 i

(pv)
Here p and ¢ are the photon and lepton-pair momenta, respectively, so that p + ¢ = mpv
is the B-meson momentum in terms of its four-velocity. In the above jbn, =3 q€a9Muq 1
the electromagnetic current. The v,v, term is fixed by the Ward identity [9, 17]

-terms. (2.2)

PuT;u/ = _'ifB‘mBUu

bereKe etad

1464-6
( b DE sqcfo/’ff' Gﬁgﬁ +cTS

140 1 GeV
ASlp 0.291552 GeV as (o) 0.348929
W (1.5 £0.5) GeV M my/2 + 2my,
my (4.8+0.1) GeV A mp —mp
AL/NZ, 0.5+0.1 2X% + A%, (0.25 £0.15) GeV?
50 (1.54+0.1) GeV? M? (1.25 4 0.25) GeV?
(@) (po) —(240 £ 15 MeV)?
mp 5.27929 GeV mp 0.77526 GeV
Gr 1.166378 x 107> GeV~2 B 1.638 x 107125
Is (192.0 £4.3) MeV [23] | [V|™ | (3.70£0.16) x 1073 [24]

A

R

Table 1. Central values and ranges of all parameters used in this study. The four-flavour Agcp
parameter corresponds to as(mz) = 0.1180 with three-loop evolution and decoupling of the bottom

quark at the scale my,.

US+JP IF; Soni (BNL-HET)
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A __ _ _°°» O~ _ __°

Amarjit Soni
BNL-HET

Lattice 2018 MSU 07/27/18

Based in part on

C. Lehner, S. Meinel + A. S

+ disc with Taku Izubuchi[WIP] ;

US+JP IF; Soni (BNL-HET)
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0.3

0.25 |

f)/-5atBap'+ (_j
0.2

0.15

0.1 | -

0.05 | }

dirag pocrv 8

0 ’ F o+ o+ o+ o+ o+ o+ i‘l’ ‘,F

Eti] } ) e
-0.05 |- % % . | amowectvn™
-01 .
-015 .

tgt,=12, u=3, v=3, diagram B, P=(1,0,0), Q=(-1,0,0) ——+—

02 | | | |

-10 -5 0 5 10

t-t

Show . e "P¥(0| T{j.(%, t1)j (0, t2)}| B~ (P + @Q)) for m; = 139
MeV, mg ~ mp, a—* = 1.73 GeV

54



0.2

0.15

‘ m\¥ DS( 0.1

a«‘eﬂé‘ vt 0.05
;‘,}\W\w

-0.05

i

I

tg-tp=12, u=3, v=3, diagram A, P=(1,0,0), Q=(-1,0,0) +——

~W
v TQ

";5.1‘B.p'+@

|

* + + + + + +

-10 -5 0
t -t

5 10

2 apprvoecle s

5 Man Pac Seq of

ch S et

UW
kuvwv Ktm kbg

L\\w\m-—

T R™O

Show ) e ’plX(O|T{JM(x t1)/, (O t2)}|B~(P+ Q)) for my = 139

MeV, mp ~ mp, a~! = 1.73 GeV Hcfwl?dmﬂ'&’b

US+JP IF; Soni (BNL-HET)

55



WE HOPE TO HAVE RESULTS OF 15T LATTICE CALCULATION
OF L NU GAMMA AS A FUNCTION OF PHOTON ENERGY IN
THE NEAR FUTURE FOR B* AND FOR Dq



Possible new physics opportunities in tau’s

Huge increase in fluxes of tau’s=>monitor tau closely

Rather serious several anomalies => NP esp 3™ family
=> also BSM-CP

Charge current: tau is the central character

A very interesting special case: tau => nu Ks pi+
Lattice can calculate rather precisely

Moreover, Babar claimed [BSM]CP

Most models for anomalies imply LFV in tau and in B-
decays

Also Look for BSM-CP in tau via edm-like effects

US+IP IF; Soni (BNL-HET) 57



@,\d g\(b ULTSTCF

PHYSICAL REVIEW D 85, 031102(R) (2012)
Search for CP violation in the decay v~ — 7~ K)(=0#=")v.,

(BABAR Collaboration)

-5
%‘) N -LI)(/0

uplisnea 15 reoruary ZU1Z2)

(REceIved Y deprembper LUl Le

We report a search for CP violation in fhe decay 7= — 7 K%(= 07")r, using a data set of
437 X 10° 7-lepton pairs, corresponding to/an integrated luminosity of 476 fb~ !, collected with the
BABAR detector at the PEP-II asymmetri¢-energy e’ e~ storage rings. The CP-violating decay-rate
asymmetry is determined to be (—0.36 = 0.23 = 0.11)% approximately 2.8 standard deviations from t

standard model prediction of (0.36 * (T(ﬂ),%_.\— -~ =
NV 2\ (9 #04r l‘\)/v‘\’ o Nedd,
g t(*’: 1‘ L\ ) Lok Z*_C

~1/



There is an interesting Crossing-Symmetry connection between the K=> pi semi-

leptonic [KI3] form factors and tau => nu Ks pi+ .... pyssiptedbimmmfawermSt) 3. For

AMF\LOCWSKBT” ki3 }J

/
) B \W7 K —e——n

gn2 [with g= p_K—p_pil, g*2 >~ 0 is positive, while in the decay amplitude
relevant to tau => nu Ks pi, Q"2 [with Q =p_K+ p_pi], Q*2 >~0, is positive.

J

< 11
( sCo
In thedau decay calculation, final-state interaction phase enters and it'd be very
interesting if this complex amplitude can be calculated on the lattice. ’\ [ S‘

It’d also be very useful to study the case when pi*+ can be replaced with rho”+,

if possible.
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LQ Revival Cir;ca 2018

Are They Anomalous Lepton-Hadron Interactions?

¢ P

W

Jogesh C. Pati*

[ 4
‘ l )' Department of Physics and Astronomy, University of Maryland, College Park, Maryland 20742
| W 1~

Abdus Salam
International Centve for Theoretical Physics, Trieste, Italy, and Imperial College, London, England

(Received 5 February 1974)

svodn

/Recent experimental studies’ of the electron-
ositron-annihilation cross section into hadrons
o 6%,,(3)] as a function of s, the square of the total
“ a center-of-mass energy, seem to reveal a remark-
able feature—that it is nearly constant at about
25-30 nb (within 30%) from s ~9 to s =~ 25 [in
units of (BeV)?]. On the other hand, o(e*e”
’( 7 e ~ u*p’) =0 ,(s) appears to fall according to the
~ M’ quantum-electrodynamic (QED) s ™' law. The
L near ‘“constancy” of ¢,(s) over such a wide region
of s does not seem to obtain a simple explanation
' in terms of the familiar one -photon mechanism.?
] We consider in this note an alternative explana-
tion for the behavior of 0,(s) based on a new
class of short-range lepton-hadron interactions
(leading to process such as e "e” - g7, etc.) which
may arise within the class of gauge schemes?®
proposed by us earlier, and point out that this
leads to a variety of testable predictions; these
should enable one to distinguish our explanation
from all others based on the one-photon mecha-
nism.*

It is remarked that the recently observed near constancy of o(e*e™ — hadrons) over a
large range of center-of-mass energy may re
range lepton-hadron interactions. This can be tested by a comparison of ¢”p versus e*p

/ scatterings and a study of the spin, parity, and charge conjugation of the final product in
‘ M k n annihilation as well as apparent deviations from scaling in e*p and pu*p scatterings.

Ay
N 14737‘1

heavy exotic® spin-1 mesons X (with nonzero

baryon and lepton numbers) coupled to electron-

quark (and possibly also to muon-quark’) cur-

pre f short-

rents as follows:
LX=f(ey,q)X ,+H.c. (1)

There could, of course, be a triplet of X’s cor-
responding to three baryonic colors. It is possi-
ble that there are vector and axial-vector mesons
Xy and X , coupled to currents €y ,q and &y, ¢
with strengths f, and f,, respectively. For the
present, we need not specify the (¢, %, 1) indices
of g.

Let us assume that the effective low-energy

fi@h e SALMILWS

e- 9 A0 )

(a) (b)

I
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i — On the flavor anomalies
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Day, Q¢

ASSUMING the anomaly is REAL & HERE TO STAY [BIG ASSUMPTION due
to caveats mentioned]

Anomaly involves simple tree-level semi-leptonic decays
Also b => tau (3" family)
Speculate: May be related to Higgs naturalness

Seek minimal solution: perhaps 3 family super-partners(a lot) lighter
than other 2 gens > proton decay concerns may not be relevant=> RPV
[“natural” SUSY ]

RPV natural setting for LUV ...can accommodate g-2 and eps’ if needs be
Collider signals tend to get a lot harder than (usual-RPC) SUSY
RPV makes leptoquarks natural

Moreover, RPV should be viewed as an umbrella i.e. under appropriate
limits other models are incorporated e X N

N < \)T.C.v -~ - Ou':\-» + ()~
H k

US+IP IF; Soni (BNL-HET) 62
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FIG. 2. RG evolution of the gauge couplings in the SM,
MSSM and with partial bupersymmetrization
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Possible NP in tau=> Ks pi nu

Kg
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In many LQ models for anomalies, e.g. Bauer+Neubert, Mandal

et al, ADS’-RPV3
B=>K mu tau and or Bs=>tau tau enhanced

-1.0 T - T . 8 T
W B~ ' ' } W BT
S - ‘ b S me-skpr )
20k < 4} J
= ~—
g g
-25k r
> > o 4
(5] Lb]
b _3'0r E o
" ]
= =
-35k o
=2k L
4.0} ] ' . :
-4F : 4
-4.5 L A A ) Y A A
-5.0 -4.5 -4.0 -35 -3.0 -4.0 -35 -3.0 =25 =20
-2 —
A4,[TeV 2 A, [TeV~2

Fig. 1. The viable parameter space for two different models i.e., model IV and model V are shown in left and right
panel, respectively. The point represents the minimum of the )(2, whereas the light and dark blue ellipses denote 95%
and 99% C.L. regions, respectively. The orange and yellow shaded regions are allowed by the BR(B; — t77) and
BR(BT — K1tpu—t1) bounds. The overlaps denote the finally allowed portion of the parameter space. (For interpreta-
tion of the colours in the figure(s), the reader is referred to the web version of this article.)

B->rpt A Ol Vﬁazt eonhametd = O L2
ook ige o Cunted folonds .



Because of heightened interests in LQ’s

* Note that tau magnetic & e dipole moments
enhanced

 Magetic,electric dipole moments of leptons can
scale in LQ models:

— = ° LO
C Qlap N\.\—\DFER‘CHTI’K T .‘( f\i C
e d tau~” mt*2 m_tau
 So may be many”2 orders of magnitude larger
thand e

 Which is exptally bounded by < few times 107-27
ecm
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HIGH HOPES FOR IF NEXT ~ 5 YEARS
A'Y\V“\llkw U\N\ﬂ# These likely another

sightings of GODOT!



Summary + take home mssgs (2 pages)

Time is ripe for charm CP: Delta ACP should be not far from current bound. 2 piO,
2Ks may have asymmetries ~1/2 to 1% .....all may well be accessible to Belle-II

3 body, 4 body modes very powerful for c and also for b...Belle-ll has promising
reach

So also for Fcnc leptonic channels, ¢, b => h I, hhll...lattice progress scatt phases
Time dependent CP in radiative excl B decays,

e.g. gamma Ks eta(pi) excellent approx null test for SM-CP..Belle-Il can improve by
10 or even more

Tau (&D*, rho) polarization (including transverse tau) in B=>D(*)[pi,rho] tau nu
should also be targetted esp in view of RD(*) anomaly

For tests of LUV / CPV B => | hu gamma ...... quantitative rate prediction from
lattice on the horizon.... Should be an important target of Belle-II

B=>K mu tau (e); Bs=>tau tau important to pursue vigorously

Tau =Ks pi nu for NP/CP via precise rate and Dalitz studies..lattice feasible
LFV tau => mu gammalll, phi, hh.....] Belle-ll can improve significantly

Tau mag and electric dipole moments...should be targetted by Belle-I|

Moreover, (lattice) developments in €’ and the GOLD-PLATED KL => pi0 nu nu
(@Jparc) have significant consequences......



Take home mssgs

In the next few years due primarily to Belle-Il, LHCb and
because of computational advances we should be able to
make significant progress in:

far better understanding of QCD dynamics pertaining to
weak decays

in part. lattice can play a crucial role in quantifying SM
direct CP in K, D,B, tau...

& thus on our quest for BSM-CP-odd phase

& possibly also on our quest for LFV

& May be just may be with some luck the IF will
lead us, once again, to the gem of NP, and as
many times in the past, guide collider physics et
al
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\ Improy}ements in lattice €’
determination underway for past ~3

e Statistics X[ >~ 5] Xg\?lrasimilg' ?l'ovr!“ M‘k“y’ L "{'3;)
* Systematics.....some alreélﬁ done.
* EM+ isospin.... S'ﬂ:‘,,. (-\.é‘“ Qgiq)
* Completely diff method(s) c{"iﬁ"‘.”
» A) excited pipi eduled £

N

‘- B) Revisit Ch'BbeDS'Fw /gq) LA]I:D"' A’S

[ ]
°
]
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(NPT

Re(Ap)(GeV)

0 W= A
M

mece)  JMROF b

1

1 1.02(0.20)(0.07) x 10~ °
2 3.63(0.91)(0.28) x 107
3 —1.19(1.58)(1. 12)><10-10
4 —1.86(0.63)(0.33) x 1077

5 —8.72(2.17)(1.80) x 10‘%0

7 2.40(0.41)(0.00) x 10~
8 —1.33(0.04)(0.00) x 10~

9 —7.12(1.90)(0.46) x 10~'?

0
0
1.54(2.04)(1.45) x 10~ "2

)
1.82(0.62)(0.32) x 10~
1.57(0.39)(0.32) x 102 ()_ ; t
—3.57(0.91)(0.24) x 10~ =~ M Moo

—1.71(0.05)(0.00) x 10~ "2
—2.43(0.65)(0.16) x 10~

(
(
(1.
(
{| , %6 3.33(0.85)(0.22) x 1077
(
(
(
(
(

(
10 7.57(2.72)(0.71) x 10~ *?
r. Tot  4.66(0.96)(0.27) x 10~*

) X
)
%
8.55(1.45)(0.00) x 10~
)
) X
)
) X

)
—4.74(1.70)(0.44) x 10~
—1.90(1.19)(0.32) x 10~

pc )-$%

(e

TABLE 1. Contributions to Ay from the ten continuum, MS
operators Q;(u), for p = 1.53 GeV. Two statistical errors are

shown: one from the lattice matrix element (left) and one
from the ldttl ' to MS conv 6151011 (right).
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parenthetically

Using our lattice calculations as input [our est. ~2.1 o] +
etc

1. Buras, Gorbahn, Jaeger and Jamin, [1507.0634 W
2. Kitahara, Nierste & Tremper, 1604,074002....~2.9 ﬁ; "6

Its great that others think significance of our result is
more than we claim; would be concerned if it was the
other way around

More importantly, X5 more stats underway....
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Total error on Re(g'/g) Is ~3x the experimental error
Find reasonable (2.10) consistency with Standard Model

“This I1s now a quantity accessible to lattice QCD”!
Focus since has been to improve statistics and reduce / improve

understanding of systematic errors.
4 yuse ik oo
s-[,'n‘l'f
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Calculation of K — 7w decay amplitudes with an improved YWilson
fermion action in a nonzero momentum frame in lattice QCD

N. Ishizuka,!:? K.-I. Ishikawa.? A. Ukawa.,*> and T. Yoshié!:?

‘ 1 Center for Computational Sciences,
“ University of Tsukuba, Tsukuba, Ibaraki 305-8577, Japan
& 0 ? Graduate School 0? Pure and Applied Sciences, FS S
University of Tsukuba, Tsukuba, Ibaraki 305-8571, Japan
? Graduate School of Science, Hiroshima University,
Higashi-Hiroshima, Hi?‘osh.i'rm& Japan a
4 RIKEN Advanced Institute for Computational Science, Kobe, Hyogo 650-0047, Japan * /
> Center for World Premier International Research Center Initiative (WPI),
Wt Japan Society for the Promotion of Science, Tokyo 102-0083, Japan 1
F\o (Dated: December 24, 2018)
§r Abstract
present our result for the X' — 77 decay amplitudes for both the Al = 1/2 and 3/2 processes

with the improved Wilson fermion action. In order to realize the physical kinematics, where the
pions in the final state have finite momenta, we consider the decay process K(p) — w(p)+7(0) in

the nonzero momentum frame with momentum p = (0,0,27 /L) on the lattice.” Ou e tions
are cazs ut with Ny = 2 4+ 1 gauge configurations gencrafed with the Iwasaki gauge action

d nonperturNatively O(a)-improved Wilson fermion action at a = 0.091fm (1/a = 2.176 GeV ),
my = 260 MeV Jand my = 570 MeV on a 482 x 64 (La = 4.4fm) lattice. For these parameters
the energy of the K meson is set at that of two-pion in the final state. We obtain Reds; =
2.431(19) x 107 GeV, ReAg = 51(28) x 107®GeV, and €' /e = 1.9(5.7) x 103 for a matching scale
q* = 1/a where the errors are statistical. The dependence on the matching scale ¢g* of these values
is weak. The systematic error arising from the renormalization factors is expected to be around

1.3% for ReAs and 11% for ReAg. Prospects toward calculations with the physical quark mass are
discussed. kM

| - fE CmT\'mu.e, a¢
PACS numbers: 11.15.Ha, 12.38.Ge, 13.25.Es



AA p =A p(DO=KK) - A p(DO=707T)

* Simple & sensitive

Adcp = |ABE(KK) - Al (nm)| +

Alt)

TD

indirect
AC P

* InSM;JAApdirect| <

3

* HFLAV average /

P 4

AAL " =(-0.1320.07)%
Al =(0.030£0.026) %

® Jolanta@Implications2017
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TLUNSTRTIVE EXAMQE

(3
C s

“
o -
W W VoK«

PR FOEE Saﬁ’ry]PDD

‘1 X // d A Vo l\ i 1 S \\\ S

Ih= 3 C 7 % B

- ® Y’ y \\ -

b Cut #1 L--« Cut #2 Pt 7 02

FIG. 1: The unitarity graph showing the CPT identity Eqn. 6 for the quark level SCS charm decay. Cut #1
indicated in the figure shows the case where the decay is ¢ — ddu with a s5u intermediate state providing the strong
phase. Conversely, cut #2 indicated in the figure shows the case where the decay is ¢ — ssu with a ddu intermediate

state providing the strong phase. The interfering tree graphs are not shown but are implied

LFT % ZAV(D >Y) = 2[\" (D=>X) —-P(@*’Y)} =0
AT ta q“»h hv& : AT (¢ — ddu) = —AT'(c — s5u).
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Measurement reach of Asymms

Ny N

N:N2 BrA2 X o —.
ol BAce) O o T X

(1)

So that, generally, N' depends on ¢ but 1s independent of A, but a smaller value of A does enhance
Acp; N 1 not affected because this 1§ at the expense of the branching ratio. Going to a mode that
has a smaller branching ratio with higher asymmetry has the advantage of reducing the effects of
systematic errors and other errors that are not statistical in nature, all other things being equal.

_2 . _
I - B M Q(N/b) / P‘cp ™ 1D ) N6 ‘%/ n ~ |

o‘ o
‘\( 7/Q )() ‘O\;‘smﬁg Jon im\;aghj %;m

B(\NM"”*, ﬂ[em(ﬁ = |\ 7/ \Ow P oLwa\}W )
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LFV

* Accidental symmetry...........

PHYSICAL REVIEW D VOLUME 8, NUMBER T 1 OCTOBER 1973

Radiative Corrections to p + p~1" + 1~ + “Anything” and Application
to Muon-Electron Symmetry*

S '/"U\JQMI < A Sui
Columbia University, New York, New York, 10027

(Received 20 February 1973)

[ 4
@
( w' Radiative corrections, to order a, are carried out to the lepton lines in the process p +p 1% +1°
+ “anything.” Expressions are derived which relate the radiative corrections, due to the emission of
/ 7 6 ( soft photons, and of hard photons from the lepton lines, to the observed cross section for production
@

of electron or muon pairs. These expressions are used to predict the difference, based purely on
electromagnetic interactions, between the cross sections for production of electron and muon pairs. As a
specific example, computations are done using the BNL data for production of lepton pairs in
hadron-hadron collsions.

VoTJr 11, QUII \DINLTLIL 1)
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Contrarian/Complementary view

flavor physics is actually hanging by perhaps the weakest link i.e. a
single CP-phase endowed by the 3g -SM.

[This is infact my rationale for going after eps’ for over 35
continuous years and the effort is sill continuing! ]

In many ways this is a contrarian (or complementary) point of
view, in sharp contrast to the overwhelming majority following
the naturalness lamp post via Higgs radiative stability.

In this context it is useful to stress

We hold these truths to be self-evident...

US+IP IF; Soni (BNL-HET) 83



ODE to YESTERYEARS!

US+JP IF; Soni (BNL-HET
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A monhumental

experimental achievement! [mo(}
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Indarclurning 08 tert LK puz e d) £5=1] eomhontemet
Dissecting 3/2 Amp on the lattice
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Simplest basic step is

Significantly different
from
phenomenological
expectations

C2,2(A,t) [107)
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In many LQ models for anomalies, e.g. Bauer+Neubert, Mandal

et al, ADS’-RPV3
B=>K mu tau and or Bs=>tau tau enhanced

-1.0 T - T . 8 T
W B~ ' ' } W BT
S - ‘ b S me-skpr )
20k < 4} J
= ~—
g g
-25k r
> > o 4
(5] Lb]
b _3'0r E o
" ]
= =
-35k o
=2k L
4.0} ] ' . :
-4F : 4
-4.5 L A A ) Y A A
-5.0 -4.5 -4.0 -35 -3.0 -4.0 -35 -3.0 =25 =20
-2 —
A4,[TeV 2 A, [TeV~2

Fig. 1. The viable parameter space for two different models i.e., model IV and model V are shown in left and right
panel, respectively. The point represents the minimum of the )(2, whereas the light and dark blue ellipses denote 95%
and 99% C.L. regions, respectively. The orange and yellow shaded regions are allowed by the BR(B; — t77) and
BR(BT — K1tpu—t1) bounds. The overlaps denote the finally allowed portion of the parameter space. (For interpreta-
tion of the colours in the figure(s), the reader is referred to the web version of this article.)

B->rpt A Ol Vﬁazt eonhametd = O L2
ook ige o Cunted folonds .



1. tau => Ks pi*- nu on and off the
lattice

e Motivation ......

* tau plays a central role in indications of LUV
from semi-leptonic charge current RD(*)
anomaly

* |f these indications of new physics become a
reality, then naturalness arguments strongly
suggest the new physics will entail also a new

CP-odd phase.

tau => Ks pi™+ nu is an excellent final state for
experimental study and a good candidate for BSM
phase or not Zz-52 K73° plg

VirY 4 o)



Can test for BSM also via CP-conserving observables

e Select a FS where [CP conserving observables] like
rate or differential distributions can be calculated
precisely...

* Usually use of lattice to calculates mass /rates, | find
boring and stay away as they are not my primary
interest...[i can look up PDG]

 But a good example is tau => Ks pi*+ nu total or
partial rate, or Ks pi invariant mass distribution; in the
SM this can be calculated PRECISELY using lattice [and
to some extent off the lattice methodology]



SEARCH FOR NP VIA REDUNDANT PRECISE
MEASUREMENTS & PRECISE LATTICE STUDIES VIA THE
UT; LATTICE ON-GOING EPS’ EFFORT ; PROGRESS IN

NON-LOCAL, LD, MATRIX ELEMENTS & SOME NEW
APPLICATIONS



/
Cle~eCkm /&
« Neutral kaon mixing induced by 2™ order weak processes gives rise to mass
difference between K and K o
B-Wors

(K" | Hyy 1) (n| Hy | K°) :
AMy = 22 Mr — B, LA 1§

« FCNC - highly suppressed in SM due to GIM mechanism: Am_ = 3.483(6)x10**
MeV small and highly sensitive to new BSM FCNC.

« PT calc using weak EFT with AS=2 eff. Hamiltonian (charm integrated out)
dominated by p~m_: poor PT convergence at charm scale — ~36% PT sys error.

» PT calc neglects Iong—distance effects arising when 2 weak operators separated
by distance ~1/A

« Use lattice to evaluate matrix element of product of H A=< directly:

g sl
o @8
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G. Hiller, M. Jung, and S. Schacht, Phys. Rev. D 87, 14024 (2013).
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Bigi et al; in particular Bigi + Ayan Paul, Several papers
Hou & Gerard; PRL, 1989, systematic implement CPT
Feldmann, Nandi and A.S. JHEP 2012

Atwood + A. S, PTEP 2013....... update now

Atwood, Bar-Shalom, Eilam and A.S, Phys Rept 2001
Nierste & Schacht, PRL 2017

Jolanta Brodzicka, Implications workshop, CERN, 2017
[talk]....many very useful experimental updates
Marco Gersabeck, talks at FPCP 18 & at Weihai-18

A S lecture lll @ 2018 Weihai
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These anomalies in near future, <~3 yrs

* Although stated significance of each of the 3 anomalies
is over 3 sigma, have reservations in each case; so not
yet compelling

* On RD(*), RK(*) expect significant progress (including
possible discoveries!) from LHCb Runs 1+2 and/or
Belle-lIl may be with ~5 /ab coupled with

further refinements from lattice
 On g-2, fermilab should have finished analysys

of over X2 compared to original BNL; also expect lattice
reduction of errors by another factor of 2 to 3 soon

e Qutcome uncertain in so far as NP is concerned



Reg multi-body modes

2 body modes only allow PRA and these are
severely restricted by CPT

* 3 body modes allow in addition, e.g. energy
asymmetries....these asyms can be a lot bigger
than PRA as rescattering of states onto
themselves can give rise to energy asyms [unlike
PRA]

* 4 (or more) bodies allow also TCA; these do NOT
require FS phases as they are CP-odd, TN-odd
observables..see Atwood, Bar-shalom, Eilam
+AS, Phys Report’01
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complicated equations given in the Appendix. It would
also be desirable to consider an observable which, al-
though not optimal, is of a simple form. Consider first
the case of the imaginary MDM-type couplings [Im(C,)].
In this case we have considered observables of the form

eyvapk’ltkgkgkg(k5°k6) ’ (25)
where
kie{Pt’QZ’Pe’Pb’Qb’H+’H_] ’ (26)

which have the correct symmetry (even under CP, odd
under P,). The momenta mentioned above in the nota-
tion of the Appendix are

P,=p,—p,;, Q; =Pe+ +p. >
P,=p, —p, , (27)
H*=2E} -p, E;y+2Ey p, Eyy .

Of all the operators of the above type, it was found that
the operator

epvapP#szH+aH —p(Pb 'Qz) (28)

is the best in both the cases of Im(C}) and Im(C/#). The

VoTJr 11, QUII \DINLTLIL 1) 97



45 ANALYSIS FOR MAGNETIC MOMENT AND ELECTRIC DIPOLE. .. 2409

results for this operator are shown with the dashed curve
in Fig. 3(a) for the case of Im(C}) and Fig. 3(b) for the
case of Im(C#) assuming unpolarized e *e~ beams. Note
that this operator gives precision a factor of 5-10 poorer
than the optimal operator.

In Fig. 3(c) we consider the measurement of the EDM,
Re(D}). The curves we give are similar to those de-
scribed above except that the form of the best simple
operator indicated on the graph by the dashed line is

€uvopPbQ H TPH P . (29)

kl'kz N

Likewise, Fig. 3(d) shows a similar set of curves for the
coupling Re(DZ), where the best simple operator
represented by the dashed curve is

€uvopPlQyH TOH TP (30)

For the case of the imaginary EDM couplings, we have
considered operators of either the form

(kyky)ky ky)

or

(31) spectively.

with the correct symmetry (CP odd, P, even), k; chosen

as above. In both the y and Z cases, the best operator of
this form we found was

H-Q, . (32)

In Figs. 3(e) and 3(f) we produce the corresponding
dashed curves for the couplings Im(D}) and Im(D?), re-

From the above calculations we conclude that in the
case of the real MDM couplings, Re(C,), the use of an
optimized operator instead of just looking at the change
in the total cross section gives a factor of about 3 im-
provement in resolution, while using right-polarized
beams gives another factor of about 3, giving a total gain
using both improvements of about an order of magnitude.
In the cases of Im(C,), Re(D,), and Im(D,), we wish to

US+IP IF; Soni (BNL-HET)
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FIG. 2. 8,900 Vs V's is shown for various observables sensitive to Re(C). The curves shown are as follows: the dashed curve is
810000 fOr the optimized observable for Re(C/ ); the solid curve is 8,900 using the total cross section to measure Re(C}'); the dash-dot
curve is 8;9000 for the optimized observable for Re(CZ); and the dotted curve is 8,900 Using the total cross section to measure
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m R(D™) by HFAG /

A - elenF1d] o5

Average R(D*)=0.252(3) S. Fajfer et al. (2012)

------
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x, }k ){, =t 0.45 LHCb, PRL115,111803(2015) == SM Predictions
4
s Belle, PRF)94,072007(2016) R(D)=0.300(8) HPQCD (2015)
s Belle, arXiv:1612.00529 é R(D)=0.299(11) FNAL/MILC (2015)

BABAR

ng&u*ﬁsvc
T c 03
\

/L-% 0.25

. .
. s ' ‘
A A ’ ‘ N
N ’ b
L L ‘ )
_— J )
0 ' K
C '
' K
Y ), '.'
s J
._'_," ;
B
1 I || I 1] I 111

| Moriond EW 2017 |.=

P() = 67.4% ]

IIIIIIII',"'IIIj\‘llllllllllllll

0.2 E—
0.2 0.3 0.4 0.5 0.6
. . R(D)
* \~4go)discrepancy from the SM remains v ”
— All the experiments show the larger R(D(*)) than the\M é___/‘—-

* More precise measurements at Belle Il and LHCb are essential

o . . Rencontres de Moriond EW 2017
Belle deviations quite mild US+IP IF; Soni (BNL-HET) o1




The radiative leptonic B-meson decay amplitude!

- GrVu ,,_ 7 _ _
A(B™ — ~ylyy) = 5/5 b(funw'y'/(l — v5)vpuyy (1 — 5)b|B7) (2.1)

can be written in terms of two form factors, Fy and Fj, defined through the Lorentz
decomposition of the hadronic tensor

T (p,q) = / a7 O[T L™ () (0) (1 — 45)b(0)}| B~ (p + )

ATy
= ful/'rpp v FV +1 [ - g;w(PU) + 'Uupy] FA —1 i

(pv)
Here p and ¢ are the photon and lepton-pair momenta, respectively, so that p + ¢ = mpv
is the B-meson momentum in terms of its four-velocity. In the above jbn, =3 q€a9Muq 1
the electromagnetic current. The v,v, term is fixed by the Ward identity [9, 17]

-terms. (2.2)

PuT;u/ = _'ifB‘mBUu

bereKe etad

1464-6
( b DE sqcfo/’ff' Gﬁgﬁ +cTS

140 1 GeV
ASlp 0.291552 GeV as (o) 0.348929
W (1.5 £0.5) GeV M my/2 + 2my,
my (4.8+0.1) GeV A mp —mp
AL/NZ, 0.5+0.1 2X% + A%, (0.25 £0.15) GeV?
50 (1.54+0.1) GeV? M? (1.25 4 0.25) GeV?
(@) (po) —(240 £ 15 MeV)?
mp 5.27929 GeV mp 0.77526 GeV
Gr 1.166378 x 107> GeV~2 B 1.638 x 107125
Is (192.0 £4.3) MeV [23] | [V|™ | (3.70£0.16) x 1073 [24]

A

R

Table 1. Central values and ranges of all parameters used in this study. The four-flavour Agcp
parameter corresponds to as(mz) = 0.1180 with three-loop evolution and decoupling of the bottom

quark at the scale my,.
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Atwood, Eilam + AS, ‘94
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calculation
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x=E/m Meason

Fig. 2. B — {~ D~ normalized energy spectra are shown. Solid line is for the photon energy,
the dashed is for the neutrino energy (which is directly related to invariant mass o -
photon combination) and the dash-dot for the electron energy. For the case of Ds — €1Tuvy tle
dashed curve represents the neutrino energy spectrum while the dash-dot curv €
lepton energy since in this case the roles of the lepton and neutrino are reversed.
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Improved strategy for DCP

Improved a bit over DA+AS, PTEP 2013, Tab |
Ds=>p? K**) ; K*d¢ [NOT K+*]

D+ =>¢ rt* (p*) ;o KOU) K [NOT K+*]
D+ => pomt*; ' m [NOTp+]

DO => K* K-(*) [NOT K+*] ; dp°

DO=>p%p? ; p°n; m*r ; m*p [Not p* 1v; p* p]
NOTES:

1)many FS all charged

2) Some VV good for TCA esp. Ds=> )s=> pO K**) , DO => ¢ pS;
2KO* “’/\./
3) all i° always also imply n'" ;

4) Special Note: p® broad width not a problem for CP tests
as can always replace it with it* it in a mass window so long
as done C-symmetrically with the antiparticle decay as well.




PRI 118, 022002 (2017) PHYSICAL REVIEW LETTERS 13 ST SRS 017

Isoscalar 7rzr Scattering and the o Meson Resonance from QCD
j L ° l Raul A. Briceno.'"" Jozef J. Dudek.'”" Robert G. Edwards."f and David J. Wilson—>%
LM (for the Hadron Spectrum Collaboration)
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New Physics

How can we use the non-perturbative set-up of
the lattice to look for clues?

t, b, tau, nu_tau
Suitable targetsJ_o_and tau

Because of its mass b is often a challenge though
progress is constantly being made

tau is the BEST: lattice has no excuses

Lattice can check that every aspect of tau agree
(or not wth sM) §°Ve A siom U W)'z')

MOAE v CoME



Strategy to enhance charm-CP ol ~ ’“"F]
Wl T
For charm-CP extremely important to

suppress tree and maximize interference

e A) avoid W-> ud or us making charge vector

state.... e.g. rhot or K'(+) . field-current ....Sakurai

VMD ideas g) o6 for CLS ....color suppressed FS...from tree

e () go for CBS....cabibbo suppressed FS =>Singly Cabibbo Suppressed
[SCS]....atomatically forced by T-P interference a la Bander,
Silverman and A.S PRL 1979

—Léﬁ:'é:-'f‘ rrE __vgf:\-‘

-
Q <<;/\ US+IP t&@ﬂ(ﬁNL-HET) 107



4th rule

S DALAS

 Zweig suppressed + CLS PTE - 13

* Only class of modes seem possnble here: .

* DO =>Ks Ks, KO KO*, KO* KO* vlg-)fc\»“‘r"

* Feynman graph 4

\M
. g—é—*) % e >.,»mm< +
=K ) CLs (\.S'l'i"’i T
( "( KSKS)K K ,’-UZ

US+IP IF; Son (BNL HET) 108



CP studies in b=>c [D,D*..] tau nu

e Studied long ago in Atwood, Eilam, +AS, PRL(93);
c also Phys. Rept’01

* |In addition to PRA, and energy asymmetry,
* Tau polarization is extremely useful
* There are 2 transverse polarization of the tau

. Along the y-axis [TN-even], along Z[TN odd]

y C also T Kitahara et al ‘18;
) X A. Alok et al ‘17

PB US+JP IF; Soni (BNL-HET) 109




More Opportunities in tau

* Techniques to Improve determination
of magnetic and electric dipole
moments of tau

* Key point : Borrow ideas determination for
the top quark....i.e an “elementary fermion”

US+IP IF; Soni (BNL-HET) 110



“Dawn “ of
the asymmetric B-Fac era

In the “beginning”

B-CP Feb’01 Ise, Japan

15t Hint of
confirmation of CKM
CP description

—
—
— —

, 1

~
-
[

~
~
~
lllllll.lllll

0.0l
1.0

Most bands due
To theory errors

-0.5 0.0 0.5 1.0

RHO—bar

gi=g: ) I Ri=plily
e
Lo
™

New physics will be a perturbation, important

to use clean theory and lots of statistics

BNL, 3/22/11; A. Soni
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ZLW*/ M[ﬁ}rﬂ“ﬁ‘\mmk (/%o.nj “’fj - -
Nb“""ﬁ‘" oltimtde 14 ,'I'\";) M’Mﬂ'&[ aneS €2~
D. Atwood, A. Soni / Physics Letters B 508 (2001) 17-24 200 L

Table 1
Fits using “nominal” and “conservative” values for the four input parameters. The QCD correction coefficients 7y, 75, n3 and 1
from [31] and V,, = 0.040 £ 0.002 3

Input quantity Nominal Conservative

Ryuc = |Vub/ Ven] 0.085£0.017 0.085 +0.0255 3
B 230 + 50 MeV 217 £50 MeV

fB,\/ BB, e eV K2

& 1.16 £ 0.08 1.16 £0.10

9.
Bg 0.86 £ 0.15 0.90 £0.15 '-,7/
h\ob\’bf,QC«QWw‘! n"’nﬁh&& [D‘ bow Tl

G | l x Nowadays, full-QCD, fB, ¥xi, Bk <~2%; Vub ~5% &
wemy 'H"” Lattice being used in many new pheno. Appls.
u

S+JP IF; Soni (BNL-HET




TABLE 1. Final states which can be used to probe b — sy and
b — dv transitions in B, and B, decays. This list is not ex-
haustive; in particular, other neutral (pseudo-)scalar particles (7,
n’, fo) may be used in the place of 7.

Kemy KsKsy w7y KKy KgKpy

B,/B, b—sy b—dy b—dy b—ody b—dy
B,/B, b—dy b—sy b—sy b—sy b—sy

Toble skt COVRE

),\ LA \Adﬂh“&jﬂ
ex\‘\mw\ ok T Sl bi e

US+JP IF; Soni (BNL-HET)
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s, M __°

AmarjltSom /D @_?
BNL-HET

Lattice 2018 MSU 07/27/18

Based in part on

C. Lehner, S. Meinel + A. S
+ disc with Taku Izubuchi[WIP] ; RBC-UKQCD

US+JP IF; Soni (BNL-HET)
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Possible new physics
opportunities in tau’s

Ack: lattice disc with local [RBC-
UKQCD] Bruno, lzubuchi, Lehner and
Meyer.

US+JP IF; Soni (BNL-HET) 115



A.S. in Proceedings of Lattice ‘85 (FSU)..1* Lattice meeting
cweratendd

The matrix elements of some penguin operators control fn the

suMmdmalmﬂMrﬂvmhnmpuuuﬂ.mmUch&m

e
[ndeed efforts are now undervay for an improved neasurement of this
{portant paraneter.10> In the absence of a relfable calculation for
these paraneters, the experinental measurements, often achieved at
L

tremendous effort, cannot be used effectively for constraining the
I —— —

Eﬂsgﬁy. [t 18 therefore clearly important to see how far one can go

with NC techniques in alleviating this old but very difficult

Serves as a template for the need of
Lattice calculations for more economical
+IP IF; Soni (BNL-HE use of almost all experimental data

From IF



There is an interesting Crossing-Symmetry connection between the K=> pi semi-

leptonic [KI3] form factors and tau => nu Ks pi+ .... pyssiptedbimmmfawermSt) 3. For

AMF\LOCWSKBT” ki3 }J

/
) B \W7 K —e——n

gn2 [with g= p_K—p_pil, g*2 >~ 0 is positive, while in the decay amplitude
relevant to tau => nu Ks pi, Q"2 [with Q =p_K+ p_pi], Q*2 >~0, is positive.

J

< 11
( sCo
In thedau decay calculation, final-state interaction phase enters and it'd be very
interesting if this complex amplitude can be calculated on the lattice. ’\ [ S‘

It’d also be very useful to study the case when pi*+ can be replaced with rho”+,

if possible.

US+JP IF; Soni (BNL-HET) 117



Strong [i.e. CP-conserving] FS
interaction phases

 We can calculate these phases on the lattice

for K, pi scattering see RBC-UKQCD [exploratory for K-pi;
see T.Janowski et al, Lattice 2014]

and also now for pi pi wa w%imcz\/\KQ(»)

However, for an approximate reM‘ﬂa@oLﬁW)gcba‘galso

be used to relate them to pi pi scattering phases from
Kl4 and from pi N => N pi pi following Colangelo et
al.....get K pi phases upto SU(3) corrections

 T.W. talk at Lattice 2018 shows pi pi I=0 phases in
good agreement with Colangelo

— KWPI"&S,JGQDD yion sl'dlﬂuﬁ Sme,lmﬂﬂ
US+P IF; Soni (BNL-HET) + (‘Ou AVO .1,
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Are They Anomalous Lepton-Hadron Interactions?
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/Recent experimental studies’ of the electron-
ositron-annihilation cross section into hadrons
o 6%,,(3)] as a function of s, the square of the total
“ a center-of-mass energy, seem to reveal a remark-
able feature—that it is nearly constant at about
25-30 nb (within 30%) from s ~9 to s =~ 25 [in
units of (BeV)?]. On the other hand, o(e*e”
’( 7 e ~ u*p’) =0 ,(s) appears to fall according to the
~ M’ quantum-electrodynamic (QED) s ™' law. The
L near ‘“constancy” of ¢,(s) over such a wide region
of s does not seem to obtain a simple explanation
' in terms of the familiar one -photon mechanism.?
] We consider in this note an alternative explana-
tion for the behavior of 0,(s) based on a new
class of short-range lepton-hadron interactions
(leading to process such as e "e” - g7, etc.) which
may arise within the class of gauge schemes?®
proposed by us earlier, and point out that this
leads to a variety of testable predictions; these
should enable one to distinguish our explanation
from all others based on the one-photon mecha-
nism.*

US+IP IF; Soni (BNL-HET)

It is remarked that the recently observed near constancy of o(e*e™ — hadrons) over a
large range of center-of-mass energy may re
range lepton-hadron interactions. This can be tested by a comparison of ¢”p versus e*p

/ scatterings and a study of the spin, parity, and charge conjugation of the final product in
‘ M k n annihilation as well as apparent deviations from scaling in e*p and pu*p scatterings.

Ay
N 14737‘1

heavy exotic® spin-1 mesons X (with nonzero

baryon and lepton numbers) coupled to electron-

quark (and possibly also to muon-quark’) cur-

pre f short-

rents as follows:
LX=f(ey,q)X ,+H.c. (1)

There could, of course, be a triplet of X’s cor-
responding to three baryonic colors. It is possi-
ble that there are vector and axial-vector mesons
Xy and X , coupled to currents €y ,q and &y, ¢
with strengths f, and f,, respectively. For the
present, we need not specify the (¢, %, 1) indices
of g.

Let us assume that the effective low-energy

fi@h e SALMILWS

e- 9 A0 )

(a) (b)

I
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In charm decays the tree rules!
* Tree goes as lambda ~0.22

* Penguin as lamda”5 so is exceedingly small

* Moreover lattice studies have demonstrated
over and over again even for K =>pi pi decays,

And Delta I=1/2 enhancement,

Penguin contribution is <O(%) of tree at scales
>~1.5 GeV; so forcharm T>>P

=>To enhance dir CP must make tre s smaII as
possible ' S'o



STAREING MORE AT CHARMIMG
PENGUINS



Power of the lattice: Only method to systematically reduce the NP error!

|l 1 |l l ! L\l ! 1 |
057 0737200 o Average LLV 20T V=241
i 0.74£0.025 - Average LS 2010 (Np=2+1)
| 0,724£0.045 b SBW 2010 (Np=2+1)
[ 0.749:0.026 e RBC-UKQCD 2010 (Np=2+1)]
010 - 0.724£0.084 —— ALV 2009 ( \F=’+l- i
=L 0.73+0.03 H ETMC 2009 (Nf=2
| 0.738+0.055 —— JLQCD 2008 (Np=2
i 0.782+0.07 —a—i CP-PACS ’008(\ =0
i 0.72£0.039 e RBC-UKQCD ’007'\F=’+11
2005 F 0.8320.18 p———a——  HPQCD 2006 (N=2+1)
- 0.699+0.025 Hed RBC 2004 (Nz=2)
0.87+0.061 b Becirevic 2003 (Np=0
0.7320.015 i RBC 2001 (Ng=0, Q?)
2000 - 0.789+0.027 re CP-PACS ’001 (Ng=0,Q?)
I 0.863+0.058 ——i JLQCD 1997 (Np=0 -
[ 086007 ——  Blum-Som 1997 (Nz=0) ¢ First DWF
1995 N
1990 [ 0862012 ———  Bemard - Sont 1990 (Nr=0)
i 0.96+0.05 e Kilcup etal 1990 (N5=2)
- 0.75£0.15 Bardeen at el. 1987 (1/N,
- Bemard et al. 1985 (N5 0|
1985 H+t +—-Cabtbboetat- i‘:‘%'n‘v' =B
- Gavela et al. 1985 (Nz=0)
- 03 Donoghue et al. 1983 (SU(3
& PCAC), No error estimate 4
1980 1 1 1 1 1 1 L 1 I 1 L 1 L | L L
0.0 0.5 1.0 15

— Historical example: By

US+JP IF; Soni (BNL-HET)
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Why B, is needed?

s ot &
TR

12\/_ A eXpBKH/g Im(mSo(iL“c)(

FmSolar) (VVi' )

A £

VeV + 2035 (e, 20) Vo VeV Vi

cs’ cd

M =@ Cw\u(ms (23)
1 "n)/lmw

. (k|fsu o.vg)ow- .
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Many possible decay channels

Allows you to construct many observables

So both TN-even [e.g. energy asymmetry] as
well as TN-odd [Triple Correlation
Asymmetries]....are possible

These studies are at large CM energy

Need to connect to s=>0 for conventional
[magnetic, electric] dipole moments
interpretations.......



III. OPTIMIZED OBSERVABLE QUANTITIES

Before defining how to measure the EDM or MDM
couplings, let us consider the general problem of observ-
ing the change in the differential cross section due to the
addition of any small coupling. Here, we denote the
diﬁ}renti&ss section by

2(p)do , (5)

where ¢ represents the relevant phase-space variables be-
ing considered (including angular and polarization vari-
ables). Suppose now that there is a small contribution to
this differential cross section controlled by a parameter A
(for example, A could be the EDM or MDM) so that if we
expand the total diffegerfial cross section in terms of A we
have

3=3,+43, . (6)

US+IP IF; Soni (BNL-HET)
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Mixing induced CP in radiative exc. B decays
[Atwood, Gronau + AS, PRL'97;
Atwood, Gershon, Hazumi +AS, PRD’05]

y in b=> sy is predominantly LH [SM]
y in ¥bar b=> ¥bar s vy is predominantly RH [SM]

Thus BA0 and ¥bar BO cannot access common FS so they
cannot MIX....=>Clean way to search NP!

In 3 body exclusive modes, y energy can monitor QCD
complications QY Bﬂ"’)YKb’m e
On and off resonance FS can be combined so long as CP
even and odd can be separated

Many BSM models, such as LRS, WEXD, LQ’s can cause
mixing and non-vanishing asymmetries

Cleanliness of e+e- -(super)B factories gives a big edge for
this class of searches!

C also Grinstein, Grossman, Ligeti, Pirjol, PRD’05; c also E. Kou et al



B[ Llr 20 lS Abstract

We report a measurement of time-dependent C'P violation parameters in B’ — Kdny de-
cays. The study is based on a data sample, containing 772 x 10°BB pairs, that was col-
lected at the Y (4S) resonance with the Belle detector at the KE Te~

mmetric-energy e’ e

collider. We obtain the C'P violation parameters of & = —1.32 tat.) + 0.36(syst.) and
A = —0.48 £ 0.41(stat.) + 0.07(syst.) for the invariant mass of the stem up to 2.1 GeV/c?.
‘ L ———

\ \V:E ~Nr A s 6 LTAAUVL U UV PUULLIULAVG s A WV WALIU WA e Uy

We report geasurem CP villation parameters in BY — K{7"y transitions based on a data
sample of 535 X 10°BB pairs collected with the Belle detector at the KEKB asymmetric-energy e e~
collider. One neutral B meson is fully reconstructed in the B’ — K?7”y mode. The flavor of the
accompanying B meson is identified from its decay products. We obtain time-dependent and dire ;
violation parameters S and A for a K07 invariant mass up to 1.8 GeV/c* as S Koy = —0.10 =
0.07 and A o0, = —0.20 £ 0.20 = 0.06. For a K37 invariant mass near the K**(892) resonanc®rwe
obtain Sk, = —0. 32+8 22’ + 0.05 and ﬂK*o = —0.20 £ 0.24 = 0.05.

Bbue.-ﬁ £h0“UL{, SQms‘\/\/yk‘lg 70 o ¥
bahabs evsm SN 0.0
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