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Delta F=2 mixings are extremely valuable treasures
In providing stringent constraints on BSM

2nd order Weak in SM=> tiny effects resulting from QM
mlxmgs




Some examples

» Ball-park value of charm mass from Am, Mohapatra, Rao &
Marshak, PR 171, 1502, 1968

Gaillard & Lee, PRD 10, 897, 1974

 “Large” Bd mixing (Argus’87) => early indicator of large mt (requires
fB)
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Standard Model and Beyond

See [F. Gabbiani «t al '96]

In the 5M, neutral kaon mixing occurs through W-exchanges — (V — A) =< (V — A)

Gf‘s_z = (Favull — y5)da )} (55vu(l — ¥5)ds),

Invariant under Fierz arrangement = only one color structure

Bevond the SM, other Dirac structure appear at high energy

5
Low energy description: generic AS = 2 effective Hamiltonian H®" ™% = Z Cil ) Df'j:?{,u] ;
=1

08572 —  (Ba(l — ~5)da) (55(1 — 7s)ds)
SUSY basis 08572 =  (3a(l — 5)d3) (5a(1 — v5)da)
0252 —  (3a(l — ¥5)da) (35(1 + ¥5)da)
02572 =  (3a(l —5)ds) (Sa(l + ¥s)da)

Parity partners are redundant if Parity is conserved

On the lattice: compute {K°| 02— | K"

Micolas Garron  (Trinity College Dubfin Weak interactions of kacns and pions June 24, 2014
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Outstanding Th.puzzles of our times
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Physics Letters B 666 [2008) 162-165

gt Contents lists available at ScienceDirect

Physics Letters B

; - G k. .

FI SEVIER www.elsevier.com/locate/physletb

Possible indications of new physics in Bg-mixing and in sin(28) determinations

Enrico Lunghi?, Amarjit Soni P-*

See e O Lsidom O Tenet 20y
still
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WN
Relevéz‘&f gf the lattice
G2 2 M= b“l?é N\/

XARe N[ 71Sol(x)— m3So(x..x, ) ] —Re N, m:80(x,) }

> exp(im/4), (48)

(K™ =2 (wK®)= 3 Br(w)fimy ¢ d
pS-= L
7 munat W\
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A.S. in Proceedings of Lattice ‘85 (FSU)..1¢! Lattice meeting
everatended

The matrix elements of some penguin operators control in the

gtandard model another CP violation parameter, namely e'lﬁ.s’a)
Bl
[ndeed efforts are now undervay for an improved measurement of this

important parameter;ioi In the absence of a reliable calculation for

these parameters, the experimental measurements, often achieved at
e ————————————————— i ——

tremendous effort, cannot be used effectively for constraining the
O ——— e e

Eﬂsgﬁy. [t 18 therefore clearly important to see how far one can go
with MC techniques in alleviating this old but very difficult






2014@ Columbia University, june 23-28

e Lot of input used from review talks by:
 Nicolas Garron: Weak interactions of kaons and pions

 Chris Sachrajda: Long distance contributions to flavor changing
processes

e Chris Bouchard: Testing the SM under the weight of heavy flavors

39.9.9.9.9.9.9.9.9.99.99.9.99.99.990.9.99.990.99999.990.99990.99909.99.000001

 Aida El-Khadra: Lattice QCD and flavor physics, a new landscape
@ CKM 2014, Sept 2014, Vienna



Multitude of cutting edge calculations

Qe

Thanks to better methods (algorithms, formalism/theoretical understanding)
and significant increases in computational resources =

Five collaborations have now generated sets of ensembles that include sea
quarks with physical light-quark masses: n’ //
N bed
PACS-CS, BMW, MILC, RBC/UKQCD, ETM ,L .
Chin e :‘t'

A. El-Khadra CKM2014, Vienna, 08 Sep 2014
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Ens. Action 1/a Lattice my M Mres M Size
(G+F) (GeV) volume (in lattice units) (MeV)  (fm)

DWF+I  1.75(3
DWF+I  1.75(3
DWF+I  1.75(3
DWF+I 175

243 x 64 x 16 0.01 0.04 0.00308 420 2.7

)
)
)
(3) 243x64x16  0.03 0.04 000308 670 2.7
DWF+I  231(4) 32°x64x16 0004 003 0000664 310 2.6 {)
DWF+I  231(4) 32°x64x16 0006  0.03  0.000664 370 2.6 Ub
DWF+1  2.31(4) 32°x64x16  0.008  0.03  0.000664 420 2.6
DWF+ID  1.37(1) 32°x64x32  0.0042  0.046  0.00184 250 4.5
DWF+ID  1.37(1) 32°x64x32  0.001  0.046  0.00184 180 4.5
10  MDWF+I 1.75(3) 48°x96x24 0.00078 0.0362 0.00062 /1357 5.5
11 MDWF+I 231(4) 64°x128x12 0.000678 0.02661 0.00029 135' 5.5
12 DWF+I  32(3) 32°x64x12  0.0047  0.00186 0.00060 “380 2.0
// 13 MDWF4ID 1.12(4) 32°x64x24  0.00022 0.05960 0.0021 135 5.8

Table 1: Dynamical 241 flavor domain wall fermion ensembles produced (1-9) and being produced
(10-13) by the RBC and UKOCD collaborations (10-12) and the RBC and HotQCD collaborations
(13). The gaugean-ﬂtﬂ)méhmm abbreviations are: DWF = domain wall fermions,
MDWEF = Mobius domain wall fermions, I = Iwasaki gauge action, ID = Iwasaki plus Dislocation

Suppressing Determinant Ratio (DSDR) gauge action. The total light quark mass (in lattice units)
is my; + myes and the total strange quark mass is similarly mg + miyes.

243 % 64 % 16 0.005 0.04 0.00308 330 2.7 P‘ pt);S

MEx6Ax16  0.02 004 000308 560 27 A01YH



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

1 Historical example: By

2015 97374002 - Average LLV 20TT INF=2517 ]
L 0.74+0.025 -~ Average LS 2010 (Ng=241) ]
i 0.724+0.045 e SBW 2010 (Np=2+1) ]
i 0.749+0.026 [ RBC-UKQCD 2010 (Np=2+1)]
2010 0.724=0.084 s ALV 2009 (Np=2+1) 7]
Sl 0.73+0.03 e ETMC 2009 (Np=2) ]
[ 0.73820.055 ——i JLQCD 2008 (Np=2) ]
B 0.782+0.07 e CP-PACS "008 1, i
i 0.72+0.039 —— RBC-UKQCD ’Gﬂ‘;—NF=?+1 )]
2005 | 083+0.18 1 HPQCD 2006 (Np=2+1) z|
L 0.699+0.025 b RBC 2004 (Ng=2) .
- 0.87+0.061 —e—i Becirevic 2003 (Np=0) .
B 0.73+0.015 iwi RBC 2001 (Ng=0, Q7) 1
5000 - 0.7890.027 e CP-PACS 2001 (Ne=0.Q7) ]
g [ :
- | 0.863+0.058 —— JLQCD 1997 (Ng=0) .
i 0.86+0.07 ——i Blum—Som 1997 (Ng=0) 4+ First DWF
1995 - -
1990 B 0.86+0.12 ————— Bemard — Soni 1990 (NF=0) |
B 0.96+0.05 —s—  Kileup et al 1990 (Nz=2) ]
= 0.75+0.15 Bardeen at el 1987 (1/N() -
L "Br_-m:udﬂal 1985(’& -EIIJ
1985 }.I}. - L LR Ll W A Y I.JD_F |-.‘l, Gf
L | Gavela et al 1985 (N;=0) A
F 03 Donoghue et 2l 1983 (SU(3) A
I & PCAC). No ermror esttmate
1980 E " L " L 1 L " L 1 | L L L " | M L i
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FLAG [acki et al., '13-14]

Ny =241

Ny =2

G 200

Micolas Garren (Trinity College Dublin}

Status before lattice 2014

Garronl LK1/ 7
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The weakest link now

Gimi, feamy - : y i
_ Grmiw i S Bicke Inl("'i’lﬁu( )(I’}e )" + 2m380( ey @) Vs VeaVis Vi
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week ending

PRL 104, 251802 (2010) PHYSICAL REVIEW LETTERS 25 JUNE 2010

& QQ \\0 W t\lU\ Unitarity Triangle without Semileptonic Decays l) ' ’ s
E. Lunghi1 and Amarjit Soni’ B 1
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The sign of the non-leading term

(—'%g“\ @Km,p\)i .

7010A5=2( )| KO
Bi (1) _{ ‘Q;‘ 3 {;” 9.

3JKMEK

N
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To get an order of magnitude of the size of (K|@,|K>, we make the

‘vacuum saturation’ approximation ( /
L2t 3:]

CKI[dy*(1 — y5)s1[dy,(1 — s)s]K> = 3 (K[dy*y5s|0><0ldy,yss|K>

Cheng & Li, Gauge Field Theory 8 f&mi
it (12.93)
3 2my

where fx ~ 1.23 f is the kaon decay constant; the factor (2my) ! arises
from the normalization of the state. The factor 8/3 corresponds to the four
ways of Wick contraction times a colour factor 2/3. The hope in making such

To make contact with phenomenology, one must evaluate the matrix
element of 0*°=2 between K and K states. It is conventional to express
the results in terms of the so-called B-parameter,

16

DGH (KO RO = gFIQ{m%{B , (1.19)

where B = 1 corresponds to the simple vacuum saturation approximation

o PNERI i A | 3 L] o i TTTTT 1l

A = 9 - : ey
Particle Seminar; 2/14/123; A. Soni



152 The Neutral K Mesons and CP Violation

would be too large. Such a statement requires some estimate of the matrix cle-
ment of the AS = 2 operator. Gatllard and Lee used a version of the vacuum in-
sertion approximation [sec 9.4.7 and 9.4.8]. If we insett a vacuum stale between
all possible pairs of quark fields in 0%, we get

. 0.2 The Box Diagram and the QCD Corrections 133
Weak Interactions &
Modern Particle 8
Theory (K°|0%| K"y = = Sk (10.2.7)

Howard Georgi

Particle Seminar; 2/14/123; A. Soni 22




week ending

PRL 110, 152001 (2013) PHYSICAL REVIEW LETTERS 12 APRIL 2013

Emerging Understanding of the A7 = 1/2 Rule from Lattice QCD

P A. Boyle,] N.H. Christ,” N. Garron,® E.J. Goode,* T. Janowski,* C. Lehner,” Q. Liu,> A.T. Lyt]le,‘1
C.T. Sachrajda,* A. Soni,® and D. Zhang®

(The RBC and UKQCD Collaborations)

week ending

PRL 110, 152001 (2013) PHYSICAL REVIEW LETTERS 12 APRIL 2013
g~ a5 =
1 1 @
L L __@
2.5 .
s J J 4 i i . % E{]% O+ - '
e— *+ @ o - —@ g 20 % 'H%‘i”% i
Contraction (I). Clontraction (2). -  1E | df.' E o
ontraction (2) f-'._]/ %%§§{Eﬁ@@@@¢
FIG. 1. The two contractions contributing to ReA,. They are .:C: 1.0 + {”}‘I"I’«} Tpm |
distinguished by the color summation (i and j denote color). s =~ @: QQQ
- . : : - : & & &
denotes the strange quark and L that the currents are left handed. 0.5 @‘I’¢¢¢¢m“’°°®@¢mm@@®@®°$_ F LA ’
and the spinor indices are contracted within each pair of 0.0 : . = - “ :
parentheses. The subscript L denotes left, so that, e.g., 4 & B o e <0 =4
d), (@), = [Fy*(1 — y)d' 'y, (1 — y5)u/]. The t
al=dgi= conlpol:lents ol t!;};:zoperators Q. Q_Iz’ Qg'" ad FIG. 2 (color online). Contractions @©, —@, and ©+ @ as
Qo are all proportional to Q57 ,- From all our simulations, functions of ¢ from the simulation at physical kinematics and

we confirm that the contribution from the EWP operators with A = 24.
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B, & the KM nobel prize
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Critical Role of the B
factories in the
verification of the KM
hypothesis was recognized
and cited by the Nobel
Foundation

A single irreducible
phase in the weak
interaction matrix
accounts for most of
the CPV observed in
kaons and B’s.

SO

CP violating effects in
the B sector are O(1)
rather than O(10%) as in
the kaon system.

25




1'5 IIIIIIIII Itl'la'.lllllllrllllll
3 k|
oxcluded area has CL = 0.95 » ﬂ%@

Inputs:g ; B->l v X;Am, -
Am, E

1.0

IIII|IIJ[

0.5

g ~Cgn [Bxn +....JJAM, > .

LOChpt: BK ~ 0.33 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
DGH (‘83)

=)

Lattice:By ~.756(.015)
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A
e
¢ -
Long-distance (non-local)

contributionto 4n,

Q\f’;' RBC/UKQCD has developed method in the past
~J,,(/ several years to attack such LD effects that typic
V\ arise in 1-loop weak processes
Q\,\l\\*’ﬁ\lﬁ Q\Ms S&c\n de If



Perturbation Theory attempts

e S. Herrlich & U Nierste, NPB 419, 292, 1994 70 l l\ A““(

e J. Brod & M. Gorbahn, PRL 108, 121801, 2012
 NNLO ~0.36 LO

 [charm mass is not that heavy for me to feel comfortable with PT; In
own pheno work tend to assign 50% error]

Lattice meets Continuum: Siegen, 2014 ;  A. Soni 28



RBC/UKQCD (ongoing)attempts at taming

PHYSICAL REVIEW D 88, 014508 (2013)
Long distance contribution to the K; — K¢ mass difference

N.H. Christ," T. Izubuchi,”” C.T. Sachrajda,* A. Soni,” and J. Yu'

(RBC and UKQCD Collaborations)

T4 ‘m’M‘I r’

week ending

PRL 113, 112003 (2014) PHYSICAL REVIEW LETTERS 12 SEPTEMBER 2014
X K; — K¢ Mass Difference from Lattice QCD
Q Z. Bai,' N.H. Christ,' T. Izubuchi,™* C. T. Sachrajda," A. Soni,” and J. Yu'

lPh}-‘:.':'c'.'; Department, Columbia University, New York, New York 10027, USA
’Brookhaven National Laboratory, Upton, New York 11973, USA

Jiang-lei Yu PhD thesis Columbia Univ (2013)
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o Within the standard model, Am arises from K"-K" mixing at second order in the
weak interactions:

— .
mwpz@;“" |Hwnl:>_<glﬂwl )

where the sum over |a) includes an energy-momentum integral.

Lattice meets Continuum: Siegen, 2014 ;  A. Soni

30



* Adds one more observable to the very short list that can
be used for UT analysis and constraints on BSM



Inputs:g, ; B->lv
X;Am, Am }7

g« ~Cqy [Bx N + ....]/Am, o0t

LOChpt: B, ~ 0.33
DGH (‘83)

15

1.0
1=
0.5

0.0

Lattice:B, ~.756(.015)

Near future: Amy
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Amy & Amg

walliPr | | |
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- . - Cuks S
- % H;F :j“’ : # e
t : ©— : Ly LA ﬂq

@ Amyg is given by

K| Ay | o) (o | 78w | KD)
MEg — .E[_I

Amyg =mg, —myg, =257 Z ( = 3.483(6) x 10712 MeV.
[ 4
@ The above correlation function gives (T =ty —14 + 1)
Hy |n) {n| iy | K?) 5
{m.ﬁ' SE EH}E

2 —mg(tr—1y) {RG |
Calta.tp:tity) = |Zk|"e PNy
1

{g‘:“ﬁ ~Ea) _ (mg— Ep)T — 1 } :

@ From the coefficient of 7 we can therefore obtain
¥ {KV| 26y | n) (n| 26 | K?)
i [;”?f‘;‘ e E-Fi':'l ‘

Amg’ =2
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@ The AS = 1 effective Weak Hamiltonian takes the form:
Gr

Hy = V'E Z Vf;ﬂ' V;E"_i'{cl Q?q + CEng :'
g =u,c

where the {Q?"‘"},—_; = are current-current operators, defined as:

O = G- (@Yt (1 —7)a))
07" = GO =) (@Yt (=7 )ai) -
@ As the two Hyw approach each other, we have the potential of new ultraviolet
divergences.

Taking the u-quark component of the operators = a quadratic divergence.

el R o o

S

E-d T

GIM mechanism & V — A nature of the currents = elimination of both
nd logarithmic divergences.
Short distance contributions come from distances of O(1/m.).
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@ There are four types of diagram to be evaluated:

[
o b ]

Type 3 Type 4

@ In our first exploratory study on 16° ensembles with m, = 420 MeV,
(1/a= 1.73GeV) we only evaluated Type 1 and Type 2 graphs.
MN.Christ, T.lzubuchi, CTS, A.Soni & J.Yu, arXiv:1212.5931

@ In our more recent study, we evaluated all the diagrams.
Z.Bai, N.H.Christ, T.lzubuchi, CTS, A.Soni & J.Yu, arXiv:1406.0916
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@ We have performed a full calculation of Amg, using 800 gauge configurations
(separated by 10 time units) on a 24° x 64 x 16 lattice, with DWF and the Iwasaki
gauge action, my = 330MeV, myg = 575MeV, mM5(2GeV) = 949 MeV,
1/a=1.729(28) GeV and anyes = 0.00308(4).

For details of the ensembles see arXiv:0804.0473 and 1011.0892

@ At these unphysical parameters we find

0
Amg = 3.19(41)(96) x 10~ *MeV . c\l 36 °

to be compared to the physical value 3.483(6)x 10~ '* MeV.

Agreement with physical value may well be fortuitous, but it is nevertheless
reassuring to obtain results of the correct order.

Systematic error dominated by discretization effects related to the charm
quark mass, which we estimate at 30%.

Here my < 2my and so we do not have exponentially growing two-pion terms.

Lattice meets Continuum: Siegen, 2014 ;  A. Soni
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o

Complete calculation of Amy (cont.)

LINEWERSITY O

Southampton

Sehwcd oof Phryeses

and Astronor oy

Type 3

i) -
: T 1 i :

Type 4
@ Coulomb-gauge fixed wall sources used for the kaons.

@ Point source propagators calculated for each of the 64 time slices (Types 1&2).
@ Random-source propagators on each time slice (Types 3&4).
Chris Sachrajda

Lattice 2014, 26th June 2014

Lattice meets Continuum: Siegen, 2014 ;
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Type 3 Type 4
@ One possible surprise(?) from this calculation is the large size of the

iIsconnecie s of type 4.

Diagrams Q-0 Q- Q:-0> AM

Type 1,2 1.479(79) 1.567(36) 3.677(52) 6.723(90)
All 0.68(10) -0.18(18) 2.69(19) 3.19(41)

@ Type 3 contributions are small.

Lattice meets Continuum: Siegen, 2014 ;  A. Soni 38



In progress RBC/UKQCD:
241 WX LaXDH
my my me 1/a L | # of config.

171 MeV | 492 MeV | 750/592 MeV | 1.37 GeV | 4.6fm 212

m, ﬂ!ﬂ.ﬁ*
750MeV | (4.6+£1.3)x 107> MeV
592MeV | (3.84+1.7) x 10~ > MeV

@ Only statistical errors are shown,
@ The contributions from mx intermediate states is small

(Amg (m7)—p = —0.133(99) x 10~ 12 MeV, Amg(n7m);—7 = —6.54(25) x 101 MeV).
@ For I =0 the FV effects are 0(20%) of the 4% contribution (i.e. < 1%).
@ Very promising indeed and in near-future calculations we will perform
computations at phxsical kinematics and also on ensembles with unquenched Q ' .'1 [
charm quarks. -

w
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D-,Bmixings  [Chris Bouchard @
Lat14]



—
£
~
Ol
__—F/
£l
ol

W W =
X ‘) o
d,s,b short distance
) TR _
( k- 2 b short distance ; £ ( l ¢ | )

Now:  UTIfit, 1402.1664
LHCb, PRL 111, 251801 (2013) 2020:  Briere, ANL Intensity Frontier (2013)

|M12| = (4.4 £ 2.0) x 107" ps_l 4 ,, ~ Hx current precision @WQ

‘Flj}l = (149 :}Z 16) X 10_3 pga‘ﬁiaemeetscintiwmlsliegen,2014; A. Soni a1



4-quark operators

01 =P LuPAH Ly v W W D’
02 :HCEL‘UJ EﬁL’LL i
d.s
03 :_@LUBEBLUO{ Do o
Oy

Oy —* Lu®é” Ru”
O =" Lu" " Ru® 0

RS € Orang OUTH

to




Short Distance D' Mixing

ETM  Carrasco et al. (ETM), 1403.7302

ETM Nf=2 cfgs

- tree-level improved Symanzik, APE smeared gauge links

- max. twisted Wilson quarks: automatic O(a) improvement
Osterwalder-Seiler valence: O(a) improvement with no wrong chirality mixing

a: 0.05-0.1fm
Mpi: 280 — 500 MeV

Lattice meets Continuum: Siegen, 2014 ;  A. Soni
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ancouse? eﬁiEW‘Q 1102 7%

first unquenched calculation of all 5 bag parameters

Bl Bg Bg B4 BS

MS (3GeV) | 0.75(02) | 0.66(02) | 0.96(05) | 0.91(04) | 1.10(05)

RI-MOM (3GeV) | 0.74(02) | 0.82(03) | 1.21(06) | 1.09(05) | 1.35(06)

3-5% precision
- much better than current expt
- on par with 2020 exptl| expectations

C YRS §
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Lattice actions: Staggered light sea & valence, Fermilab clover charm

&

al( fm) (%) - 4 % my/ms | ma(MeV) amg

0.12 243 x 64 01 269 0.0050, 0.0070, 0.0100, 0.0200, 0.0300, 0.0349, 0.0415, 0.0500
0.12 203 x 64 0.14 326 0.0050, 0.0070, 0.0100, 0.0200, 0.0300, 0.0349,0.0415, 0.0500
0.12 203 x 64 0.2 390 0.0050, 0.0070,0.0100, 0.0200, 0.0300, 0.0349, 0.0415, 0.0500
0.12 203 x 64 0.4 559 0.0050, 0.0070, 0.0100, 0.0200, 0.0300, 0.0349, 0.0415, 0.0500
0.09 643 x 96 0.05 177 0.00155, 0.0031, 0.0062, 0.0093, 0.0124, 0.0261,0.0310
0.09 403 x 96 0.1 246 0.0031,0.0047,0.0062, 0.0093,0.0124, 0.0261,0.0310
0.09 323 x 96 0.14 307 0.0031,0.0047, 0.0062, 0.0093, 0.0124, 0.0261, 0.0310
0.09 283 x 96 0.2 356 0.0031,0.0047,0.0062, 0.0093,0.0124,0.0261,0.0310
0.09 283 x 96 0.4 508 0.0031,0.0047,0.0062, 0.0093,0.0124, 0.0261, 0.0310
0.06 643 x 144 15 224 0.0018, 0.0025, 0.0036, 0.0054, 0.0072, 0.0160, 0.0188
0.06 563 x 144 0.14 265 0.0018, 0.0025, 0.0036, 0.0054, 0.0072, 0.0160, 0.0188
0.06 483 x 144 0.2 318 0.0018,0.0025,0.0036, 0.0054, 0.0072, 0.0160, 0.0188
0.06 482 x 144 0.4 452 0.0018,0.0025,0.0036, 0.0054, 0.0072, 0.0160, 0.0188
0.045 | 643 x 192 | 0.2 | 324 ‘ 0.0018,0.0028, 0.0040, 0.0056, 0.0084, 0.0130, 0.0160

= Four lattice spacings a < continuum extrapolation

= Lattice size m,;L ~ 4 < negligible finite volume effects
- am; < sea quark chiral extrapolation

= Multlple light valence-quarks am, < valence chiral extrapolatlon

Jason Chia Cheng Chang



Preliminary error budget 'gtﬂl( ? ﬁ l Mm1LC C LA
O OF Oy Os

=
—

i

1
Percent errors (%)

1
Statistical 21 25 22 1.5 2.8
Chiral logs 6 140 0.7 05 1.2
Analytic LECs 18 1.3 18 12 17
LQ disc. 0.5 0.3 0.1 03 0.8
HQ disc. 2.8 1.9 2.0 2.2 2.9
LQ mass 0.9 O.¢ 04 1.3 0.6
HQ tuning 1.2 .4 0.7 1.2 0.9
Combined (missing renorm & F.V.) (4.2 4.9 3.3 3.4 4.8

Remaining tasks:

Account for renormalization and matching error.
Account for finite-volume corrections.

Report bag parameters.

Jason Chia Cheng Chang 16



BY,, Mixing (b — s,d FCNCs) C\'\K'g

_ u, e, t _ _
b = = q b
W §
Wg
-~ w,c,t ¢ 94

AM(S) = E CiAb:z (E?s)lolAb:2|B?5)>

SM and BSM dominated by short distance
hadronic matrix elements of local operators
parameterized by bag parameters, B;
0 0 _ . (s 2 2
<B(a) |O'L|B(3)> _ azBi j"/IB(S) fB(S)
SU(3) breaking ratio (related to |Vig/Vis|)

£E= fe. N B / fe.\/ B

Lattice meets Continuum: Siegen, 2014 ;

O = (b, Prq™) (b°~,.Prq”)
Oy = (b Prqg®) (b° Prq”)
Oz = (b“Prq”) (b° Prg”™)
O4 = (b*Pra”) (b° Prqg”)

O5 = (b*“Prq”) (b° Prg™)

A. Soni
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7

status of experiment:
AM = 0.510(3) ps— ! ~ 0.6%

AM, = 17.761(22) ps~* ~0.1%
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Ni=2+1

FLAG Q13

~

FTAG2013 B, Be, fB. Bs.
—— our average L
H—I1+—— FNAL/MILC 11 A —t
e HPQCD 09 T
HPQCD 0O6A — —

L HH ETM 13B -

I Ishikawa et al. I

200 230 260 240 270 300 MeV
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FIAG Q0 %
fo,\/ B = 206015) MeV,  f,y/ By, = 26(18) Mev

X[: Bp, = 1.27(10), By = 133(6), Q5).
E=126363),n8 & |, Bp./Bg, = 106(11)

ool by ooz, R/ NILL RO/
1 improved oo s gy (T
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Results Tmm\.xsm kauh & LOT "’

» Comparison as of Jun 22, 2014

IfB./IB £

1.1 1.15 : 1.25 1.3 1.05 11 1.15 1.2 1.25 1.3 1.35
lII‘ITIIl]IITITITIIIIll]l !}Ii‘I!ll}ll(llllllllllllllll
Nf=2+1 ——— i ’
static limit This work 14 N2 e — This work '14
_________________________________________ static limit
Nf=2 — ETM 11
static limit e — ALPHA ‘14 —_— HPQCD '09
Nf=24+1
=Hm HPQCD ’13 ———— FNAL/MILC 12
Nf=2+1+1 e
___________________ e |ETM13A \ | | | | ETM 13
I HPQCD "128 1.05 11 1.15 1.2 1.25 1.3 1.35
Nf=2+1 —— FNAL/MILC *11
-—? —— RBC/UKQCD 14
_________________________________________ .
ETM '13B o ' H o ° ‘
| I I I | ALPHA 14

. . h
= 3—& o quantities do not haveaesli;giﬂ\(gr\- S‘b’ 1S & S“ku‘

deviation. a g
&q’ Bb" Lattice meets Continuum: Siegen, 2014 ;  A. Soni & t 51
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B-Mirie ANl e LATH

no results quoted yet

expected errors:

e (B|Oy|B): ~ 9% %gm
® (3‘02?3’4’5|B>: 10 — 15%
o & < 2%

o (B 3 <_| 1| -~ 10%
(B|Os|B)/(B|O:|B): ~ 10 OD 541090“()9(/\
0
| ]
TO\’V'QM %t\m “\Laatt]gmeets@ntlmgﬂﬁe‘n‘zxm\;‘t' sont 1 \\



Summary & outlook

e From lattice (~5 years) anticipate] norm would be results with
physical meson masses!] :

e B, sub-percent accuracy.......[Is this improved accuracy really
useful?]

e Am, ~ O(10%)....New observable for UT

By ~5% ; Bgs ~ 3%
e §<~2%
e From Expt:

e LHCb Run 2; Belle 2 (X40 lumi over Belle)

» Expect SM-CKM UT tests with improve accuracy from current 15-
20% to around 5% [and numerous other powerful tests]



