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1. Introduction
Lattice QCD can be used to

* Determine fundamental parameters of the SM: quark masses, CKM
matrix elements (tensions in inclus.-exclus. determinations of

|Vub‘r |Vcb|>

* Provide the non-perturbative input for the study of some
theory-experiment discrepancies in UT analyses (EK, fB,
fev/Bg, € ...), processes involving Bg,s — Bg,s mixing (like-sign
dimuon charge asymmetry), heavy-light decay constants ...

relying only on first principles.
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1. Introduction
Lattice QCD can be used to

* Determine fundamental parameters of the SM: quark masses, CKM
matrix elements (tensions in inclus.-exclus. determinations of

|Vub‘r |Vcb|>

* Provide the non-perturbative input for the study of some
theory-experiment discrepancies in UT analyses (EK, fB,
fev/Bg, € ...), processes involving Bg,s — Bg,s mixing (like-sign
dimuon charge asymmetry), heavy-light decay constants ...

relying only on first principles.
Goal: Precise calculations (~ 5% error)

# Gold-platted quantities: For stable (or almost stable) hadron, masses
and amplitudes with no more then one initial (final) state hadron.

Dificult to study on the lattice: scattering processes, including
charmoniun production, inclusive processes, and multihadronic decays

# Control over systematic errors: including chiral extrapolation,
discretization (continuum limit), renormalization, finite volume ...



1. Introduction

# | Unquenched calculations

* Quenching the strange quark could have an error as large as 5%
and need a Ny =2+ 1 to have an estimate — want Ny =2 +1

* Neglecting sea charm has effects O(1%) (can be estimated with
HQET). Starting to need sea charm effects.



1. Introduction

Overview of simulations parameters today
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1.1. Introduction: Averaging lattice QCD results

# J. Laiho, E. Lunghi, and R. Van de Water (LLV)
Phys.Rev.D81:034503,2010, most updated results in www.latticeaverages.org

* Hadronic weak matrix element relevant for phenomenological
analyses.

* Include only Ny =24 1.
* Only published results (including proceedings).
# Flavianet Lattice Average group:
arXiv:1011.4408, most updated results in http://itpwiki.unibe.ch/flag
* K and 7w physics, including LEC’s.
* Include separate averages for Ny =2 and Ny =2 + 1.

* Only published results with the exception of update proceedings.

# Averages agree in between them when they use the same inputs.



2. Light quarks matrix elements

2.1. fx/fr: Determination of |V, | and test of unitarity

# Decay constants come from simple matrix element
(0|g1vuv592|P(p)) = ifpp, — Precise calculations

* Even higher precision for ratios due to cancellation of statistics
and systematics uncertainties
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2. Light quarks matrix elements

2.1. fix/f-: Determination of |V,s| and test of unitarity

# Decay constants come from simple matrix element
(0|g1vuv592|P(p)) = ifpp, — Precise calculations

* Even higher precision for ratios due to cancellation of statistics
and systematics uncertainties (0.6 — 2% errors)

# Many Ny =2+ 1 lattice calculations — good test of lattice QCD

N fr/fEEY =1.1931 4 0.0053
HOH Endof2010'
2 3
Marciano 2004 X =5 X —
. | Vaidl? i D(mr—ub,(v))
——+—o—— o HPQCD/UKQCD '07
o BNW 10 —  |Vus| = 0.2252(11)*
Hei RBC/UKQCD °10
® MILC’10
1.15 1 1 1 1%2 1 1 1 1 1.;5 1 1 1 1 11.3 1 1 1 (‘Vus|unztarzty — 0'22545<22))

f /f
o M. Antonelli et al., 1005.2323

*Using | Vus|/|Vual X fx/fr = 0.2758(5) M. Antonelli et al., 1005.2323 and
|Vwa| = 0.97425(22) Hardy and Towner, PRC79(2009)



2.2. K — wlv: Determination of |V,,s| and test of unitarity

# |Vus| can also be extracted from K;3 decay rates via

2
C;F

LK — nly(7)] = 15505 C? 1% Spw (1 + %) [Vus |2 f2(0)

using f4+(0) as calculated with lattice QCD from the 3-point function

(= (P")|57,u|K°(p)) = (p+ 0" )pu f+(t) + (p— D )uf—(t)
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2.2. K — wlv: Determination of |V, ;| and test of unitarity
# |Vus| can also be extracted from K;3 decay rates via

2
C:F

F[K — ﬂ-ll/l (’Y)] — 1992793 Cz]é(SEW(l T 5l[{) |Vus|2f-%_(0)

using f1(0) as calculated with lattice QCD from the 3-point function

® ETMC 09 ! ® :
‘@ RBC/UKQCD 10 f+(0) = 0.9584 4+ 0.0044
latti g g I © |
End of 2010

o b b b b b b B B T e b 1 |VUS|202257(12)

0.94 0.942 0.944 0.946 0.948 0.95 0.952 0.954 0.956 0.958 0.96 0.962 0.964

f+KTI:(0)
& average Ny = 2 result because they include the known

quenching effects at NLO in ChPT and an estimate of NNLO effects
** Extrapolation to ¢° = 0 using pole dominance and quadratic polynomial
** Extrapolation to physical masses using NLO SU(2) and SU(3) ChPT.

** Two lattice spacings analyzed — extrapolation to the continuum



2.2. K — wlv: Determination of |V,s| and test of unitarity

# |Vus| can also be extracted from K;3 decay rates via

2
GF

['[K — wlv(7)] = 5505 C? 15 Spw (14 6%) [Vus|* £3(0)

using f1(0) as calculated with lattice QCD from the 3-point function
,)u f+(t) -+ (p —p/)uf— (t)

® ETMC 09 ! ®
@® RBC/UKQCD ’10

la
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f+(0)

= 0.9584 4 0.0044

0.94 0.942 0.944 0.946 0.948 0.95 0.952 0.954 0.956 0.958 0.96 0.962 0.964

f+Kn )

|Vus| = 0.2257(12)

uses twisted boundary conditions to simulate at ¢? ~ 0.

** Extrapolation to physical masses using NLO ChPT.

** Two lattice spacings — extrapolation to the continuum




2.2. K — wlv: Determination of |V,s| and test of unitarity

# |Vus| can also be extracted from K;3 decay rates via

G2
F[K — Ty (7)] — 1921:73 Cz]%{SEW(l T 5l}{) |Vu8|2f—%—(0)

using f1(0) as calculated with lattice QCD from the 3-point function

(m= (p")|57uu| KO () = (p+ P )u f+ () + (0 — D" )puf-(2)

® ETMC’09 ! ®

® RBC/UKQCD 10 | Ff1 (0 = 0.9584 + 0.0044

©

latticeaverages.org
End of 2010

T T T TR R FOT RN R S ey |Vus| — O°2257(12)

0.94 0.942 0.944 0.946 0.948 0.95 0952 0.954 0.956 0.958 0.96 0.962 0.964
Kn
f. (0

—+

* REC/UKQCD uses twisted boundary conditions to simulate at ¢? ~ 0.
** Extrapolation to physical masses using NLO ChPT.

** Two lattice spacings — extrapolation to the continuum

# In progress: * N; = 2 4 1 staggered calculation on MILC lattices with
t.b. conditions at several lattice spacings FNAL/MILC POS(Lattice 2010)306

* Ny = 24 1 overlap calculation: JLQCD POS(Lattice 2010)146



2.3. KY — KY mixing

# One of the most stringent constraints in UT analyses.

( |

K K
" A(Ks = (mm)1_¢) ‘ AMg AMg Re Ag
N——

\ ri

= "% ke Ce B |Vop |2 A1 (|Vcb|2(1 — p) +netSo(xt) + et So(xe, xt) — nccxc)

# Great success of lattice QCD: reducing BK errors to < 5%



2.3. KY — KY mixing
# One of the most stringent constraints in UT analyses.

# Great success of lattice QCD: reducing EK errors to < 5%
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End of 2010

ANf:

* Good agreement with B/~ 2 = 0.729(30) ETMC, 1009.5606

(not included in average because of unknown quenching errors)

* Different fermion formulations (staggered, domain wall, twisted mass),
set of configurations (MILC,RBC/UKQCD, ETMC) and renormalization
procedures.



2.3. KY — KY mixing
# One of the most stringent constraints in UT analyses.

# Great success of lattice QCD: reducing BK errors to < 5%

(©)

Ho— o HPQCD/UKQCD ’06

RBC/UKQCD ’10 ~
® ALV 09 B}‘{LV = 0.737 £ 0.020
—eT ® SBW’10
00—+ latticeaverages.org

End of 2010

ANf:

* Good agreement with B/ =2 = 0.729(30) ETMC, 1009.5606
K

(not included in average because of unknown quenching errors)

* Different fermion formulations (staggered, domain wall, twisted mass),
set of configurations (MILC,RBC/UKQCD, ETMC) and renormalization
procedures.

* B is no longer the dominant source of uncertainty in neutral X mixing.



2.3. K — K9 mixing

* Need to include subleading effects.

)

x| = A(Kp — (7T7T)I:O) _ ide i Im M{;SD N Im leg’LD Im A,
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= e ke Ce Bic Ve P X2 ([Ves 2 (1 = §) + met So(@e) + met So(@e, 24) — eee

Where k. parametrizes ¢. # w/4 and long-distance contributions

Ke = V/2sin ¢ (1—£Re (% /ex) + \/Bf? |>
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* ¢e, Re (¢ /ek), lex|, w, and Re As in P, =Im As/Re Ay are very well
known experimentally.

* p can be estimated using ChPT Buras, Guadagnoli, and Isidori, 1002.3612.

k Taking Im A = (—7.9+4.2) x 10~ 13 from the exploratory unquenched
lattice calculation by RBC/UKQCD, 0812.1368
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* Need to include subleading effects.
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_ . pPo
me—\/§81n¢€( LRe (e /ex )—I—\/—|€ |>
* ¢e, Re (¢ /ek), lex|, w, and Re As in P, =Im As/Re Ay are very well
known experimentally.

* p can be estimated using ChPT Buras, Guadagnoli, and Isidori, 1002.3612.

k Taking Im A = (—7.9+4.2) x 10~ 13 from the exploratory unquenched
lattice calculation by RBC/UKQCD, 0812.1368

kKe = 0.94 & 0.02 | Laiho, Lunghi, and Van de Water




3. Heavy quark phenomenology

# Problem is discretization errors (=~ mga, (mga)?,---) if mga is large.

* Effective theories: Need to include multiple operators matched to
full QCD (NRQCD,HQET ,static). B-physics 4/

* Relativistic (improved) formulations:

** Allow accurate results for charm (especially twisted mass, Hisq
(Highly improved staggered quarks)).

** Advantages of having the same f ormulation for light and charm:
ratios light/charm, PCAC for heavy-light, ...

One could get the same precision for D as for K

** Starting to be extended to the bottom region.



3.1. D and D; meson decay constants

“““““““““““““““““““““““““““““““““““““““““““““““““““““
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2t =(213.6 £4.1) MeV

2% =(248.7+£3.1) MeV

* From HFAG 2010:

€TP — (206.7 + 8.9)MeV
5P = (257.3 £5.3)MeV

# Not in average ETMC 0904.0954 (N; = 2)
p = 197(9)MeV; fp. = 244(8)MeV

PACS-CS, 1104.4600(Ny =2+ 1) Promising but needs complete error budget

# Current error at 2-4% level



3.1. D and D; meson decay constants
fp, puzzle A. Kronfeld
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# Current error at 2-4% level
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* Change in experimental average

57 =(206.7T £ 8.9)MeV CLEO, BaBar and update in the
b = (257.3 £5.3)MeV value of r; used by HPQCD

# Not in average ETMC 0904.0954 (N; = 2)
p = 197(9)MeV; fp = 244(8)MeV

PACS-CS, 1104.4600(Ny =24 1) Promising but needs complete error budget

# Current error at 2-4% level — ~ 1% error reachable in 3-5 years



3.2. B and B; meson decay constants

# Needed for processes potentially sensitive to NP: for ex. Bs — put ™
# B~ — v U, IS a sensitive probe of effects from charged Higgs bosons.

¥ Tension in output from UT fits and fL**¢¢ (driven by sin(23) from

Bg — ¥ K_,) Lunghi and Soni, 1104.2117

* Agreement of Br(B — Tv) with fL#*""¢ and experiment when using |V |

but not when using |V 5°¢| ~ 2.80 Lunghi and Soni, 1104.2117
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** HPQCD results in PRD80 (2009) 014503 updated with new value r; = 0.3133(23)(3)
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** HPQCD results in PRD80 (2009) 014503 updated with new value r; = 0.3133(23)(3)

X Ny =2 ETMC feasibility study in JHEP 1004:049(2009) gives compatible results.



3.2. B and B; meson decay constants

# Needed for processes potentially sensitive to NP: for ex. B; — ;ﬁ;r
# B~ — 7 i, iS a sensitive probe of effects from charged Higgs bosons.

¥ Tension in output from UT fits and f.**"“¢ (driven by sin(23) from

Bgs — v K_) Lunghi and Soni, 1104.2117

* Agreement of Br(B — 7v) with fl#**"c¢ and experiment when using | V"7

but not when using |V.5°° | ~ 2.80 Lunghi and Soni, 1104.2117

@ FNAL/MILC 2011 Preliminary @@ FNAL/MILC 2011 Preliminary
@ HPQCD 09 (new r,)
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20 = (200 £ 11) MeV 5 =(245+9) MeV

** HPQCD results in PRD80 (2009) 014503 updated with new value r; = 0.3133(23)(3)
* Ny =2 ETMC feasibility study in JHEP 1004:049(2009) gives compatible results.

# In progress: HPocD calculation using relativistic b quarks (extrapol.
to my using HQET)



3.3. B — wlv: Exclusive determination of |V,

Q

i o HPQCD ’06 + BABAR '10
® FNAL/MILC 08 + BABAR ’10

* z-expansion used with

. ® FNAL/MILC 08 + BELLE *10
data to parametrize f, )(¢?) shape ——o '
based on analyticity, unitarity, and HQ symmetry = ® e
* BK parametrization used with R B
data for f+(0)(q2) shape
3-parameters description given by the M. pole |V£g;c' — (3.12 + 0.26) x 1073

* Reminder: A 100% correlation is taken for the theory/experimental errors
in calculations using the same lattice/exper. data.
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® FNAL/MILC 08 + BABAR ’10

* z-expansion used with

. ® FNAL/MILC 08 + BELLE *10
data to parametrize f, )(¢?) shape ——o '
based on analyticity, unitarity, and HQ symmetry = ® e
* BK parametrization used with R B
data for f+(0)(q2) shape
3-parameters description given by the M. pole |V£g;c' — (3.12 + 0.26) x 1073

* Reminder: A 100% correlation is taken for the theory/experimental errors
in calculations using the same lattice/exper. data.

# There is a 3.30 discrepancy with inclusive calculations

[Vap 'l = (4.347057) X 1077

* Discrepancy could be due to right handed currents — need
calculation of B — plv



3.3. B — wlv: EXxclusive determination of |V,

(©)

i © HPQCD 06 + BABAR ’10

X o - i
Zz—expansion used with © FNAL/MILC 08 + BABAR *10

5 ® FNAL/MILC 08 + BELLE ’10
data to parametrize f+(0)(q2) shape — '
based on analyticity, unitarity, and HQ symmetry = &e— = SR’
* BK parametrization used with EEC R B
data for f (o) (¢*) shape
3-parameters description given by the M. pole |V£§CC' = (3.12 £ 0.26) X 10—3

* Reminder: A 100% correlation is taken for the theory/experimental errors
in calculations using the same lattice/exper. data.

# There is a 3.30 discrepancy with inclusive calculations

Vg 'l = (4.342557) x 1077

* Discrepancy could be due to right handed currents — need
calculation of B — plv

# In progress IS addressing the main sources of error:
4x more configurations, add smaller lattice spacing, more sophisticated
analysis techniques, improvements on parametrization of shape ...



3.3. Exclusive determination of |V

# | V., | normalizes the whole unitarity triangle.

# |V.,| needed as an input in ex (dominant error after improvements in
By ) and rare kaon decays Br(K — wvw).
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# | V., | normalizes the whole unitarity triangle.

# |V.,| needed as an input in ex (dominant error after improvements in

By ) and rare kaon decays Br(K — wvw).

# Updated rFnaL/miLc determination of B — D*lv form factor
at zero recoil (blind anlysis)

D*|cv;jv5b|B)(Blby;jvsc|D*)
(D*[ev4c|D*)(Blbyab| B)

* Double ratio method: |h(1)2 = *

|Vep| X 10% = (39.7 £ 0.7ezp £ 0.7,0cp) J. Laiho, CKM2010



3.3. Exclusive determination of |V

# | V., | normalizes the whole unitarity triangle.

# |V.,| needed as an input in ex (dominant error after improvements in

By ) and rare kaon decays Br(K — wvw).

# Updated rFnaL/miLc determination of B — D*lv form factor
at zero recoil (blind anlysis)

__ (D*|ev;v5b|BY(B|byjvsc|D*)

* Double ratio method: |h4(1)|? (D% |574c|D* ) (B|bvsb|B)

© | End of 2010

'@ B->DIv: FNAL/MILC 04 | ch | X 103 = 41.68 +0.73

'® B .>D lv: ENAL/MILC 10

®
HFAG, 1010.1589

[EEWE FEEWE FRREE FRwEE Swwe S Lo b b b b b b ben s Ban g Ly iy
37 37.5 38 385 39 395 40 40.5 41 415 42 425 43 435 44 445 45

3
IV, Ix 10
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3.3. Exclusive determination of |V

# | V., | normalizes the whole unitarity triangle.

# |V.,| needed as an input in ex (dominant error after improvements in

By ) and rare kaon decays Br(K — wvw).

# Updated rFnaL/miLc determination of B — D*lv form factor
at zero recoil (blind anlysis)

D™ |ev;v5b|B)(B|byjvsc|D*)

* Double ratio method: |ha(1)]? = { (D*|Eyac|D*)(B|bv4b|B)

latticeaverages.org
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3
IV, Ix 10

—  2.20 discrepancy.

[vexe |V 103 = 39.5 £ 1.0

# In progress: New calculation of |V.,| from B — Dlv, and form factors
shape for both B — D(D*)lv FnaAL/MILC



3.4. D semileptonic decays

# Errors in the extraction of |V, ;)| from semileptonic decays
dominated by lattice uncertainties.

# Testing lattice QCD: shape of the form factors
— use same methodology for other processes like B — 7wlv or B — Kl

# Correlated signals of NP to those in leptonic decays.
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# Determination of |V.s| from D — Klv by
with Ny =241, two a’s ( configurations) and Hisq valence quarks.
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3.4. D semileptonic decays

# Determination of |V.s| from D — Klv by

with Ny =241, two a’s ( configurations) and Hisq valence quarks.

* Use PCVC to relate fy(q?) to three-point functions with a scalar

(versus vector) insertion | f1(0) = fo(0) = —+—"%2 (D|S|K)

2
Dmﬂ'

* Very precise determination of |V.s|, but can not get the shape
of f1(q%). Only fo(q?).

* Modified z-expansion: includes a? and light quark masses dependence
on the coefficients

fP=E(0) = 0.747(19) error: 11% — 2.5%.




3.4. D semileptonic decays

# Several lattice groups working on D — K(m)lv:

x Ny =2+1on MILC configurations with Hisq action for
valence quarks and Asqtad for sea quarks (D — ).

x N¢ =2+1 on MILC configurations with Fermilab
action for ¢ and Asqtad for u,d, s.

k Ny =2 with twisted mass sea and valence quarks.

* Preliminary results for the shape presented at Lattice 2010 by the last
two agree very well with experiment.



3.4. D semileptonic decays

# Several lattice groups working on D — K(m)lv:

* HPQCD Ny =241 on MILC configurations with Hisq action for
valence quarks and Asqtad for sea quarks (D — ).

* FNAL/MILC Ny =241 on MILC configurations with Fermilab
action for ¢ and Asqtad for u,d, s.

* ETMC Ny =2 with twisted mass sea and valence quarks.

* Preliminary results for the shape presented at Lattice 2010 by the last
two agree very well with experiment.

Current state-of-the-art results from the lattice
ff_”{(()) = 0.747(19) HPQCD, Phys.Rev.D82(2010)

ff_”T(O) = 0.64(3)(6) Aubin et al. PRL94(2005)



3.5. Neutral B-meson miXxing
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** Non-perturbative input

S 3. Bp, (W)M3, = (B2|01|BY) (1) with O1 = [0 g'ly_ a7 ¢’}v_a

* AT’ dominated by CKM-favoured b — ccs tree-level decays.
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Vi Vaw>n5 So(x¢) M, f3_Ba,

** Non-perturbative input

S 3. Bp, (W)M3, = (B2|01|BY) (1) with O1 = [0 g'ly_ a7 ¢’}v_a

* AT’ dominated by CKM-favoured b — ccs tree-level decays.

# Specially interesting for phenomenology (UT analyses):

A fBS\/BBS
\/ B —
qu By '3 ¥ ) B )




3.5. Neutral B-meson miXxing

# Only published result with N; = 2 + 1 available so far for \/ fg Bp:

HPQCD, PRDS80 (2009) 014503
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3.5. Neutral B-meson miXxing

# Only published result with N; = 2 + 1 available so far for \/ fg Bp:

HPQCD, PRDS80 (2009) 014503

fB.\/Bp. = 276(6)(18)MeV fB,\/Bp, = 224(9)(12)MeV

* Using new value for the lattice scale r; = 0.3133(23)(3)Davies et al.,PRD81(2010)

* NEW: Preliminary results from FNAL /MILC:

fB.\/Bp, = 268(8)(14)MeV  fp,\/Bp, = 221(9)(11)MeV
** Final results expected for Lattice 2011 (July)

# Bag parameters B, and Bg, can be used for theoretical predictions
of, for example, Br(B — puTu™).

Br(By — ptuT) Ny ( e’ )2 2 YZ(xy) 1

= 7(B,) 67 B
( Q) o S(xt) Bq

AMq nNp 47TMWs’i7’L29W



3.5. Neutral B-meson miXxing

* Using HPQCD determinations of Eq PRDS80 (2009) 014503
— Br(Bs — ptp~) = (3.19£0.19) x 10~ and
Br(Bg — ptpu~) = (1.0240.09) x 10— 10

*  cDF (D@)[LHCb] bounds Br(Bs — pTpu~) < 4.3(5.1)[5.6] x 108,
Br(Bg — pTp~) <0.76[1.5] x 1078



3.5. Neutral B-meson miXxing

* Using HPQCD determinations of Eq PRDS80 (2009) 014503
— Br(Bs — ptp~) = (3.19£0.19) x 10~ and
Br(Bg — ptpu~) = (1.0240.09) x 10— 10

*  cDF (D@)[LHCb] bounds Br(Bs — pTpu~) < 4.3(5.1)[5.6] x 108,
Br(Bg — pTp~) <0.76[1.5] x 1078
* Real test in LHc.
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IB:\/BB.,
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A project aimed to the precision calculations of both &£ and fg+/Bpg is In
progress
* calculation with the same choice of actions but improved statistics,

discretization errors, and analysis techniques is in progress.



3.5. Neutral B-meson miXxing

I I I I I I I I I I I I I I I I I I I I I I I I B
' Results for ¢ — 182V DBs
latticeaverages.org de BBd
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: S | & = 1.237 £+ 0.032
L L L L | L L L L | L L L L | L L L L | 1 1 1 1 | 1 Il L L
1 1.05 1.1 1.15 1.2 1.25 1.3
g
x result using domain wall fermions is an exploratory study
A project aimed to the precision calculations of both &£ and fg+/Bpg is In
progress
* calculation with the same choice of actions but improved statistics,

discretization errors, and analysis techniques is in progress.

# We expect results with errors around 4 — 5% for fg/Bg and 1.5 — 2%
for £ in ~ 2 years, and using at least two different sets of configurations

and fermion formulations for light and heavy quarks.



3.6. Neutral meson mixing BSM

# Effects of heavy new particles seen in the form of effective operators
built with SM degrees of freedom

Mo ZCQH—ZCQZ

Qi = (15}7”(1 — ¥5) ¥ ) (_‘}'v”(l — v5) %) SM
Qf = (#3(I = v)wy) (PA-)9))  QF = (F5(1— )97 (P51 — s)8})
Qf = (51— 7)9}) (3T +vs)wd)  QF = (50— o)) (B3 A+ v5)w))

@‘1172,3 = Q{ 5 3 with the replacement (I &+ v5)— (I F v5)



3.6. Neutral meson mixing BSM

# Effects of heavy new particles seen in the form of effective operators
built with SM degrees of freedom

Ho 2 ZCQ&ZCQZ

Qi = (@5}7”(1 — ¥5) ¥ ) <_‘}'v”(1 — v5) %) SM
QF = (4 — vo)wh) (B3 —vo)wd) Q1 = (B3 — a)wd ) (BT — vo)w?)
Q= (Pi(—vo)vl) (PjA+vs)wl)  QF = (dL0—vs)) (DA + v5)wi)

~

QY , ;s = Qf, ; with the replacement (I £ v5)— (I F ~5)

* Ci,@- Wilson coeff. calculated for a particular BSM theory
x (F9|Q;|F°) calculated on the lattice

# SM predictions + BSM contributions = experiment

— | constraints on BSM building
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# Same programme can be applied for extra operators on the lattice.
Only quenched calculations for BSM operators available.

— Need ungquenched calculations of matrix elements for the
complete basis.
Goal: errors < 10%
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3.6. Neutral meson mixing BSM

# Same programme can be applied for extra operators on the lattice.
Only quenched calculations for BSM operators available.

— Need ungquenched calculations of matrix elements for the
complete basis.

Goal: errors < 10%

# DY — DY mixing: SM contribution dominated by long-distance effects.
Current lattice techniques are inefficient for calculating matrix elements
for non-local operators.

* Imposing short-distance < experiment can exclude large regions of
parameters in many models, constraining BSM building.

# Work in progress:
* BY — BY: Fermilab HQ + staggered
X BY — BY: Relativistic HQ 4+ domain wall

k BY — BY: NRQCD + staggered



3.6. Neutral meson mixing BSM

* EnaL/mitc DY — DY: Fermilab HQ + staggered

* eTMC (N; = 2) KO — K% mixing: twisted mass O. Dimopoulos et al.
POS(Lattice 2010)302



3.6. Neutral meson mixing BSM

k DY — DY: Fermilab HQ + staggered

x (N; = 2) K9 — K9 mixing: twisted mass

# Calculation of the decay width differences AI'g ; also possible
* Need the matrix elements for Q1, Oy or 91, O3

* Theoretical prediction for like-sign dimuon charge asymmetry Agl

Al ~a /2 with | a®, = AAAZ tan(¢ps) |, and ¢s = (—MZ,/T'55)




4. Conclusions and outlook

# Important progress in lattice calculations including sea quarks
(Nf = 2+ 1)

* Precise new results (few percent errors) in Kaon and D sectors.

** Relativistic improved description of c.

* Results from several collaborations (especially light-light)
quantities — excellent checks.

* Approaching the physical light quark masses.
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4. Conclusions and outlook

# Important progress in lattice calculations including sea quarks
(Nf = 2+ 1)

* Precise new results (few percent errors) in Kaon and D sectors.
** Relativistic improved description of c.

* Results from several collaborations (especially light-light)
quantities — excellent checks.

* Approaching the physical light quark masses.
# EXxpected for next few years

* New precise results in b physics: decay constants and mixing
parameters

** Including BSM operators and AT.

* First results with Ny =2+ 1+ 1 configurations

(some preliminary results already presented at )
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4. Conclusions and outlook

* D semileptonic decays analized by several collaborations.
* Improved determinations of B semileptonic decays.

* Reduction in uncertainties of quantities relevant for CKM to
the 1-2% level

* Studies of K — nm
rare decays (B — K(K™)...), spectrum of excited hadrons ...






A.1. Spectrum of light hadrons: test of lattice

QCD

# Good agreement between Ny = 2 + 1 lattice calculations and the
experimentally measured light spectrum.
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A.2. Spectrum of heavy hadrons

HPQCD
F N A L / MIL C 12 experiment
fix parameters
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# Some post/predictions with NRQCD b ( s. Meinel, 1007.3966, 1010.0889)
(my —my, )(1S) = (60.3 £ 7.7) MeV ((my —my, )(15)°*P = 69.3 £ 2.9)
(my —my, )(25) = (23.5 £ 4.7) MeV

ma,,, = (14.371+0.012) GeV

# Prediction for | mpx = 6.3330(6)(2)(6) GeV




B.1.

Light quark masses

# Determination of ms with around 1 — 5% errors from several
Ny =2+ 1 collaborations.
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B.2. Heavy quark masses

# Heavy masses from current-current correlators HPQCD, PRD82(2010)
(Nf —24+1)

me(3 GeV,n; = 4) = 0.986(6) GeV
mp(10 GeV,ny = 5) = 3.617(25) GeV
# Ny =2+1 NRQCD b quarks A. Hart et al., Pos(Lat2010)223
my(my) = 4.25(12) GeV
# Ny = 2 twisted mass calculation from ETMC, Pos(Lat2010)239
me(me) = 1.28(4) GeV

mpymey = 4.3(2) GeV



