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1. Impact of BY mixing on the flavour physics
program
7+ Determination of fundamental parameters of the SM
* CKM matrix elements: |[Vigql, |Vis|
# Unveiling New Physics effects.

* Hints of discrepancies between SM expectations and some
flavour observables

or

* Bs mixing phase 3 as extracted from experiment (S;,,4) and
in the SM.



1. Impact of BY mixing on the flavour physics
program

UT fit: Global fit to the CKM unitarity triangle using experimental and
theoretical constraints.

2 — 30 tension in the CKM description

* Tension is between the three most precise constraints: the
K9 — K9 mixing parameter ¢y, the ratio of mass differences
AMp,/AMp, describing B® — B mixing and sin(20).
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# Constraining NP models.

* Comparison of AM and AT with experiment also provides bounds
for NP effects
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1. Impact of BY mixing on the flavour physics
program
# Constraining NP models.

* Comparison of AM and AT with experiment also provides bounds
for NP effects

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

Br(B Ty 2 Y?2 1
Ir( q — KM ) :T(Bq)GT('nY ( Oé. ) mi (xt) -
AM, ne \ 47 My sin?0yy, S(xt) By
* Using lattice determinations of Eq HPQCD, PRDS80 (2009) 014503

— Br(Bs — pTp7) = (3.1940.19) x 1072 and
Br(By — ptpu~) = (1.0240.09) x 10~10

* CDF (D®@) bounds Br(Bs — putu~) < 3.3(5.3) x 10~8,
Br(Bg — pTp~)<1x10"°



1. Impact of BY mixing on the flavour physics
program

# In conjunction with experimental measurements ...
HFAG 10 CDF (Run II)

AMglexp. = (0.507 £ 0.005)ps™t  AMs|exp. = (17.77 £0.12)ps ™1

HFAG 10

(%) — 0.010 £ 0.037 (%) = 0.09 4+ 0.05
d S



2. Ny =2+ 1 unquenched lattice calculation of
BY mixing parameters

Quenched approximation || neglect\vagaum polarization effects
— uncontrolled and fxeducible errors talk by A. Kronfeld

e HPQCD: E. Gamiz et al., Phys.Rev.D80:014503,2009
* Configurations: MILC staggered.
* Light quarks: Improved staggered (Asqtad)
* Heavy quarks: NRQCD

e Fermilab lattice/MILC. R.T. Evans et al. ,PoS(LAT2009)245; R.T. Evans et
al., PoS(LAT2008)052 preliminary

* Configurations: MILC staggered.
* Light quarks: Improved staggered (Asqtad)

* Heavy quarks: Fermilab — it can also be used for ¢ quarks.

e RBC/UKQCD: C. Albertus et al., arXiv:1001.2023 exploratory
* Configurations: RBC/UKQCD domain wall.
* Light quarks: Domain wall.

* Heavy quarks: Static.



2.1. Some details of the simulations

HPQCD FNAL/MILC RBC/UKQCD

., 0.12 fm 0.12 fm 011 fm

0.09 fm 0.09 fm
sSea sea 4 4
M ght /T8 5 5 3

Hypvatence full QCD 6 (include full QCD) full QCD

renormalization one-loop one-loop one-loop

lightest w (MeV) ~ 230 ~ 230 ~ 430

See talk by C. Bernard



2.2. Results: fp /Bp,

HPQCD, PRD80 (2009) 014503
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fB.\/Bp. = 266(6)(17)MeV fB,\/Bp, = 216(9)(12)MeV

Chiral4-continuum extrapolations: NLO Staggered CHPT.
* accounts for NLO quark mass dependence.

* accounts for light quark discretization effects through O (o@a?A%CD)
— remove the dominant light discretization errors



2.2. Results: ¢ =
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renormalization included, but we
expect a large cancellation between

BS and Bg renor. corrections.
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RBC/UKQCD: No extrapolation

to the continuum

FNAL/MILC: No
renormalization included, but we
expect a large cancellation between

BS and BS renor. corrections.
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2.3. Error budget for fz\/ Bp

Source (%) HPQCD FNAL/MILC

(final) (preliminary)
stat. 4+ chiral extrap. 2.3-4.1 2.7-4.0
xPT 4+ light quark disc. - 0.4-2.5
residual a? extrap.

3.0-2.0 2.0

(heavy quark disc.)

fr;‘f/Q uncertainty 2.3 3.0-3.1
gB* Bx uncertainty 1.0 0.3-0.6
quark masses tuning 1.5-1.0 0.6-0.5
operator matching 4.0 4.0
relativistic corr. 2.5 -
Finite volume < 0.5 < 0.5
Total 6.7-7.1 6.1-7.3

* Ranges indicate BY — BY values.




2.3.

Error budget for ¢

HPQCD FNAL/MILC RBC/UKQCD
Source (%)

(final) (preliminary) (exploratory)
stat. -+ chiral extrap. 2.0 3.1 6-5
xPT 4+ light quark disc. - 2.8 {
residual a? extrap.

0.3 0.2 4
(heavy quark disc.)

ri’/Q uncertainty 0. 0.2 X
gB*pBr uncertainty 1.0 0.3 2
quark masses tuning 1.0 0.7 1%
operator matching 0.7 < 0.5 2
relativistic corr. 0.4 - 2
Finite volume < 0.1 < 0.1 1
Total 2.6 ~ 4.3 8)




2.4. Improvements of lattice calculations of
£ In 2 years

improvement
Source (%) HPQCD FNAL/MILC
(factor of)

stat. + chiral extrap. 2.0 3.1
xPT + light quark disc. - 2.8
residual a? extrap.

0.3 0.2

(heavy quark disc.)

rf’/Q uncertainty 0. 0.2
gB+ B~ Uncertainty 1.0 0.3
quark masses tuning 1.0 0.7
operator matching 0.7 < 0.5
relativistic corr. 0.4 -

Finite volume < 0.1 < 0.1




2.4. Improvements of lattice calculations of ¢ in 2 years

Source (%) HPQCD | FNAL/MILC improvement
stat. + chiral extrap. 1.0 1.5 2./
xPT + light quark disc. - 2.8
residual a® extrap.
0.3 0.2
(heavy quark disc.)
rf/Q uncertainty 0. 0.2
gB+ B~ Uncertainty 1.0 0.3
quark masses tuning 1.0 0.7
operator matching 0.7 < 0.5
relativistic corr. 0.4 -
Finite volume < 0.1 < 0.1

* Better statistics: More configurations (MILC multiplied by 4
Neon figurations), improved techniques for correlation fits (smearing,

random wall sources, ...)

\/ checked for one coarse ensemble (C. Bouchard for FNAL /MILC)



2.4. Improvements of lattice calculations of ¢ in 2 years

Source HPQCD FNAL/MILC improvement

stat. 4 chiral extrap. 1.0 1.5 2
xPT 4+ light quark disc. - 1.6 1.5-2
residual a® extrap.

0.2 0.1 1.5

(heavy quark disc.)

r3/2 uncertainty 0. 0.2
gdB+ B~ Uncertainty 1.0 0.3
quark masses tuning 1.0 0.7
operator matching <0.5 < 0.5 * *
relativistic corr. 0.4 -
Finite volume < 0.1 < 0.1

* Smaller values of lattice spacing ( FNAL/MILC and HPQCD)
a=0.09 fm (fine) — a = 0.06 fm (superfine) (eventually a = 0.045 fm)

** Matching (fgvBg): 4% — 2.5%



2.4. Improvements of lattice calculations of ¢ in 2 years

Source HPQCD FNAL/MILC improvement

stat. + chiral extrap. 1.0 1.5 2
xPT + light quark disc. - 1.6 1.5-2
residual a® extrap.

0.2 0.1 1.5

(heavy quark disc.)

rff/2 uncertainty 0. 0.2
gB* B~ Uncertainty 0.5 0.2 2
quark masses tuning 0.5 0.3 1.5
operator matching <0.5 < 0.5 ~
relativistic corr. 0.4 -
Finite volume < 0.1 < 0.1

Better determination of inputs

Improving the actions: HISQ, heavy formulations (improved Fermilab
action, improved NRQCD)



2.4. Improvements of lattice calculations of £ in 2 years

Source HPQCD FNAL/MILC improvement

stat. 4 chiral extrap. 1.0 1.5 2
xPT + light quark disc. - 1.6 1.5-2
residual a® extrap.

0.2 0.1 1.5

(heavy quark disc.)

r3/2 uncertainty 0. 0.2
gB+ B~ UNcertainty 0.5 0.2 2
quark masses tuning 0.5 0.3 1.5
operator matching <0.5 < 0.5 ~
relativistic corr. 0.4 -
Finite volume < 0.1 < 0.1
Total (2 years) 1.4 ~ 2.3 1.5-2




2.4. Improvements of lattice calculations of ¢ in 2 years

RBC/UKQCD RBC/UKQCD
Source
(now) (in two years)
stat. + chiral extrap. 5-6 <3
xPT 4+ light quark disc. 7 ~ 2
residual a? extrap.
3 <1
(heavy quark disc.)

scale and quark masses uncertainty 1 <1
JdB+Bx UNcertainty 3 <1
operator matching 0-2 < 2
Finite volume <1 < 0.5
1/my corrections 2 -
Total 9 < 4

O. Witzel at All Hands' Meeting 2010: USQCD Collaboration Meeting




2.5. Summary of expected lattice errors

fBvVBB §
current 6-7% 3-4%
2years | ~ 4-5% | ~ 1.5-2%
5 years* ~ 2% ~ 1%

# Several high precision determinations of BY and BY mixing
parameters with different heavy and light formulations.

* From estimates



3. By mixing beyond the SM

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

# The most general Effective Hamiltonian describing AB = 2 processes is

eAf? 2 ZCQZ_'_ZC QZ with

= (Bir" (1= ys)wl) (P (@ = )93 SM
FA—v)w) Q1= (B~ yo)w2) (B~ 1)9})

P+ s)ws) Q= (FhE—v)wd) (BT + vs)v)

@611,2,3 = QY with the replacement (I & v5)— (1 F ~5)

where 1, is a heavy b-fermion field and i, a light (¢ = d,s) fermion field.



3. By mixing beyond the SM

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

# The most general Effective Hamiltonian describing AB = 2 processes is

eAf?f 2 ZCQZ+ZC QZ with

= (Bir" (1= ys)wl) (P (@ = )93 SM
FA—v)w) Q1= (B~ yo)w2) (B~ 1)9})

P+ s)ws) Q= (FhE—v)wd) (BT + vs)v)

@611,2,3 = QY with the replacement (I & v5)— (1 F ~5)

where 1, is a heavy b-fermion field and i, a light (¢ = d,s) fermion field.

o C,L-,@ Wilson coeff. calculated for a particular BSM theory

e (BYQ;|BY) calculated on the lattice



3. By mixing beyond the SM

# Some examples:

F. Gabbiani et al, Nucl.Phys.B477 (1996), D. BecireviC et al, Nucl.Phys.B634
(2002); general SUSY models

M. Ciuchini and L. Silvestrini, PRL 97 (2006) 021803; SUSY
Constraints on the mass insertions (|Re(8%,)rr| < 0.4, |(65)rr| < 0.1,...)
M. Blanke et al, JHEP 12(2006) 003; Little Higgs model with T-parity

A M, can be used to test viability of the model. To constrain and test the
model in detail AM,/AM, and ATL,.

Lunghi and Soni, JHEP0709(2007)053; Top Two Higgs Doublet Model
Constraints on 3y (ratio of vev's of the two Higgs) and m g+
M. Blanke et al, JHEP0903(2009)001; Warped Extra Dimensional Models

Constraints on the KK mass scale: anarchic approach seems implausible,
generally Mg > 20TeV but can be as low as Mg ~ 3T eV (moderate
fine tunning).



3. By mixing beyond the SM

# Some examples:
W. Altmannshofer et al, 0909.1333; SUSY flavor models

Identify useful flavour observables (S,4, Bs — pwt T, .. to exclude some
SUSY models and/or distinguish them from LHT and RS models. Updated
analysis of bound on flavor violating terms in the SUSY soft sector.

A. Soni et al, 1002.0595; SM with four generations

my ~ 400 — 600 GeV, |V, Vis| = (0.05 — 1.4) x 1072, ...



3. By mixing beyond the SM

# Some examples:
W. Altmannshofer et al, 0909.1333; SUSY flavor models

Identify useful flavour observables (S,4, Bs — pwt T, .. to exclude some
SUSY models and/or distinguish them from LHT and RS models. Updated
analysis of bound on flavor violating terms in the SUSY soft sector.

A. Soni et al, 1002.0595; SM with four generations

my ~ 400 — 600 GeV, |V, Vis| = (0.05 — 1.4) x 1072, ...

* Only quenched calculation available Becirevic et al, JHEP 04 (2002) 025

* Straightforward extension of previous calculations
— FNAL/MILC: work in progress



4. Do mixing beyond the SM

# SM short-distance description alone can not successfully
describe DY mixing.

7£ Neither short-distance nor long-distance SM predictions can be
calculated accurately.

# SM contribution of the order of experiment and dominated by
long-distance effects.



4. Do mixing beyond the SM

# SM short-distance description alone can not successfully
describe DY mixing.

7£ Neither short-distance nor long-distance SM predictions can be
calculated accurately.

# SM contribution of the order of experiment and dominated by
long-distance effects.

What can we calculate on the lattice?

X % LLong distance: Current lattice techniques are inefficient for
calculating non-local operators

\/ * Short distance: High precision calculation on the lattice
** Same effective hamiltonian as for AB = 2 processes.

** Comparison with experiment can exclude large regions of
parameters in many models, constraining BSM building.
E. Golowich, J. Hewett, S. Pakvasa and A. Petrov, PRD 76 (2007)



4. Do mixing beyond the SM

** A consistent unquenched determination of all matrix elements
involved, free of the uncontrolled uncertainties associated to
quenching is needed

Latest SM calculations (quenched): L. Lellouch, C.-J. D Lin
Phys.Rev.D64 (2001); Huey-Wen Lin et al, Phys.Rev.D74 (2006)

Latest BSM calculation (quenched): R. Gupta et al., Phys.Rev.D55
(1997)



4. Do mixing beyond the SM

** A consistent unquenched determination of all matrix elements
involved, free of the uncontrolled uncertainties associated to
quenching is needed

Latest SM calculations (quenched): L. Lellouch, C.-J. D Lin
Phys.Rev.D64 (2001); Huey-Wen Lin et al, Phys.Rev.D74 (2006)

Latest BSM calculation (quenched): R. Gupta et al., Phys.Rev.D55
(1997)

** Work in progress: (goal: 10% errors) FNAL /MILC



5. Future prospects and goals

# Reduction of errors for qu«/BBq and &
— high precision tests of the SM.

fBvV BB §
current 6-7% 3-4%

2vyears | ~ 4-5% | ~ 1.5-2%
5 years* ~ 2% ~ 1%




5. Future prospects and goals

# Reduction of errors for fp_./Bp, and §
— high precision tests of the SM.

fBvVBB §
current 6-7% 3-4%
2vyears | ~ 4-5% | ~ 1.5-2%
5 years* ~ 2% ~ 1%

# Calculation of matrix elements needed for AIl'y; Lenz and Nierste,
JHEPO706 (2007) 072

2 ~
(%) _ (—2451{46\/) [0.170 (fquBq) + 0.059R2 (fqust) —0.044 fgq]

* Useful to impose constraints on BSM building, M. Blanke et al, LHT



5. Future prospects and goals

# Unquenched calculation of matrix elements corresponding to
operators that only appear in BSM theories for BY — BY and
DY — DY mixing (10%).

* Work in progress by






3.1. Tension in the CKM unitarity triangle

ckMfitter: (BO|MMTNF|BYY = ANP(BIMZEM|BY) V. Tisserand, 0905.1572

|_ | excluded area has CL > 0.68

Im A
Im A,

///

N

New Physics in B_ - B mixing

1.90 |1 Tension driven by the exp. 2.10 |1 Tension between sin(20)
measurement (285, Al'). and |Vyp|rv

* Tree-level mediated decays through a Four Flavor Change
(b — qiqjqr ) are SM

* NP effects in oscillation parameters, weak phases, semi-leptonic
asymmetries and B lifetime differences parametrized through A



3.2. Measurement of Br(Bg 4 — ptp™)

* Scalar operators in the effective hamiltonian can enhance branching
ratios to current experimental bounds (example: Higgs penguin).



3.2. Measurement of Br(Bg 4 — ptp™)

* Scalar operators in the effective hamiltonian can enhance branching
ratios to current experimental bounds (example: Higgs penguin).

* In some models there is a strong correlation between Br(B,; — putpu™)
and AMpgo (example: some MSSM models.)
q

** Testing the correlation predicted by those kind of models needs
a reduction of errors in the theoretical prediction for AMSSM
— need smaller lattice errors for the non-perturbative inputs.



3.2. Measurement of Br(Bg g4 — ptp™)

# Tests of MFV: In the SM model and CMFV models, the following
model independent relation hold with » = 1 Buras, PLB566 (2003) 115

Br(Bs — ptp~) By 7(Bs) AM,
= — (8
Br(Bqg — ptp~)  Bs 7(Bd) AMy

Any deviation from this relation (r # 1) would indicate NP effects.

Supersymmetry, little Higgs models, extra space dimensions ...
discussed in Buras, arXiv:0910.1032

LHT: 0.3<r <16, RSc: 0.6 <r<1.3

* LHCb can reach the SM level for this branching ratio.



4.2. Results: ¢ ]\]‘g (exploratory)
d

RBC/UKQCD, arXiv:1001.2023

|AAPE ,/mB /mp, - 5_1142 , x*/dof = 0.3
1.30 |IHYP Jmap,/mp, - € = 1.144(54), x*/dof = 2.0
|
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o, 1250 |
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~ I
M 1.20
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A /,
E 110/ 47
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1.057 : /A
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| 7
1.00[ |
|
| 1 1 1
0 0.01 0.02 0.03 0.04

a(m; + Mres)

* No extrapolation to the continuum

_ IBsvBBs _
§ = Tt = 1.13(12)




# Comparison of final

&=

4.2. Results: ¢

FNAL/MILC, PoS LATTICE

15

2009, 245 (2009)

. a=0.12 fm, HPQCD

14l FNAL/MILC preliminary - a:o_ogfm’chD
' . @ =0.12fm, FNAL/MILC
HPQCD final W a=0.09fm, FNAL/MILC
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fBy\/ BBy
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0.04 0.06

F1Miight

1.258(25)(21)

1.205(37) (34)

0.08

—

HPQCD, PRDS80 (2009) 014503 and preliminary
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— 0.214(1)(5)




