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CKM Matrix

Cabibbo, PRL 10 (1963) 531; Kobayashi, Maskawa, Prog. Theor. Phys. 49 (19/3) 652

e Unitary matrix connecting weak and mass

) | _ I . ~ -
eigenbases, D; = VckmD. e Gold-plated lattice-QCD transitions

e Global symmetries reduce parameter # to 4: 'V, Vs Vi argV?,
T—0v K-—/V B — TV (K°|KY)
o [Vil, IVisl, IVel, Sxm = arg Vi, n— pe Vv K— mlv B — wiv
ol Vel Vel Ve

D—0v Dg— v B — D/¢v
D—mnétv D—KIV B— D*bv

Vial Vi Vi
(Bg|Bs) (no tg hadrons)

e Unitarity relations, V' ,;V,;, + V.,V + V., Vi, =0,
trace out triangles in the complex plane.

e Probed by many measurements + (Ba|Ba)
corresponding QCD.

e Hope to find FV and CPV BSM. involving tree and loop processes.
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http://www.slac.stanford.edu/spires/find/hep/www?j=PRLTA,10,531
http://www.slac.stanford.edu/spires/find/hep/www?j=PRLTA,10,531
http://www.slac.stanford.edu/spires/find/hep/www?j=PTPKA,49,652
http://www.slac.stanford.edu/spires/find/hep/www?j=PTPKA,49,652
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Actions, Ensembles, Extrapolations, Uncertainties



MILC “asgtad” Ensembles

A. Bazavov et al., arXiv:0903.3598, and refs therein.

—

O

O

e Gluons: Symanzik-Weisz-Luscher-Weisz action with 100 | |
gluonic O(as) corrections but not O(n0,) (Uunavailable . Phase 1
when gauge-field generation started).

0.80 [~
e |Light sea quarks: 2+1 asgtad-improved staggered, "
with rooted determinant [PLB 124 (1983) 99], 0.60 -
=
Detd2[D-+mi] Detd4[ D-+my): § :
0.40 [~ o
e reduces number of tastes to desired value, 2+1; i .
e violations of unitary and (a kind of) locality at a # 0O; 01 :
— o
e perturbative and nonperturbative evidence that 0.00 | |
0.0 006 0.09

these vanish as a — 0.
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http://inspirehep.net/record/179017?ln=en
http://inspirehep.net/record/179017?ln=en
http://inspirehep.net/record/201371?ln=en
http://inspirehep.net/record/201371?ln=en
http://arXiv.org/abs/hep-lat/9809157/
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MILC “asgtad” Ensembles

A. Bazavov et al., arXiv:0903.3598, and refs therein.

e Gluons: Symanzik-Weisz-Lischer-Weisz action with

gluonic O(as) corrections but not O(n0,) (Uunavailable
when gauge-field generation started).

e |Light sea quarks: 2+1 asgtad-improved staggered,

with rooted determinant [PLB 124 (1983) 99],

Detd”2[ D+my]| Detd4| D+mn]:

e reduces number of tastes to desired value, 2+1;

e violations of unitary and (a kind of) locality at a # 0O;

e perturbative and nonperturbative evidence that
these vanish as a — 0.
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Valence-quark Actions

e |ight valence quarks with asgtad-improved staggered (with suitable combinatorics in flavor-singlets).

e Heavy quarks with Sheikholeslami-Wohlert action with Fermilab interpretation [hep-1at/9604004]:

* heavy quark is nearly stationary in heavy-light systems;

* heavy quark orbits its partner in heavy-heavy systems;

e Wilson-like quarks reproduced this basic feature —they have heavy-quark symmetry built in;

e tune couplings to obtain ever-better approach to HQ limit.

e Control discretization errors with modified Symanzik effective Lagrangian or with heavy-quark effective
Lagrangian [hep-lat/0002008, hep-lat/0112044, hep-lat/0112045].
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Chiral Extrapolations and Light-quark Discretization Effects

* Rooted, staggered yPT takes taste splittings and taste reduction into account:

' 1 1 J
_ 40 | 22] 2 (2%), (2) 2
O, =0 | 1 femip { G LMz =3 L sy [RFVOG)om)
: ]EM
3, N
- <a28' Y oo R (i) | + v %A])
(3,x) X,V
j€E 9\/[
32 LY I (Mugz, A+ 8,) — 82 ’ R (> PV (M, A"
Em Z ( eq, T, A T eq) 8m Z 2 ( R )J( J )
1667 (2,x) aMXI
T ]EM
0 X .
—3¢; (‘1‘2&/ 23 BM)Z(V {R?jz](MG )nu\(/))J(M]?A )} [V%AO}
]EM *)

+P(mq,mz,mh,dz) :
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Heavy-quark Discretization Effects

e HQET description of continuum QCD:
(L|v-V|B) = —Cy, (LIghy|BY") — By (L|v- Qy1|BY”) — Bya(L|v- Qya|BY)
- CoCy [ d*XLIT 0x(x)ah,|BY)" ~ CaCyy [ d*x(LIT On(x)h,|BL")"
+ O(A*/m”)

e HQET description of lattice gauge theory (if fermions compatible with heavy-quark symmetry):

_ 0
(LIv-Via|B) = —CE(L|ghy|By”) — B (Llv- Q1 |BY”) — B (Llv- QualBY”)
o lat %%t[d4 L|T02( )qhlev ) o lat lat[d4 L‘TO@( )th|B >

— Ko.F %fllt/dd' (L|T gicFq(x )qhv\B ) + O(A*a*b(ma))
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Semileptonic Decays B — DOlv for |Vl
arXiv:0808.2519, arXiv:1011.2166; arXiv:1111.0677



http://arXiv.org/abs/0808.2519/
http://arXiv.org/abs/0808.2519/
http://arXiv.org/abs/1011.2166/
http://arXiv.org/abs/1011.2166/
http://arXiv.org/abs/1111.0677/
http://arXiv.org/abs/1111.0677/

Semileptonic Form Factors & [Vl

¢ Inclusive B — X.Iv + OPE + HQE e Matrix elements, form factors, and rate:

leads to a determination with

(quoted) 1-1.5% error. (D*|&¥'b|B)

= h elVPOyY p*e
NS v(w) VBVD
e [o compete, need to exploit heavy- <D*|Ey“ysb|B>
quark symmetry to control all = iha, (W) (1 +w)e™ —i [hAz (w) v‘é + ha, (W) Vﬂl‘)*} e vp
uncertainties. \/MBmp
Al GZM,
* Double ratios (Hashimoto et al., dw Zn;) (Mp —MD*)Z(W2 - 1)1/2\Vcb|2X(W)|T(W)|2
1999, 2001):
(D|&Yy*b|B) (B|bY*c|D)
Ry = D DYBIDIR e At zero recoil, (1) =mewha, (1), new = 1.0066 takes
(D|cy*c|D)(B|bY'D|B) | . |
electroweak corrections (e.g., box with WZ) into account.
%, — D1eYYbIB) (BlbyycD")
" (D*[eytc|D*)(B|bY'D|B)
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Double Ratios

coarse
1.00E 1./2 R —
().98:—RA1 :
0.96F _;
0.94F _
092F 3 __
 tTiprrygilc
ook T 1 i ;
0.88F :
R (R R 10 12

t

a=0.12 fm
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http://arXiv.org/abs/1011.2166/
http://arXiv.org/abs/1011.2166/

Chiral-Continuum Extrapolation
arXiv:1011.2166

o | atest result

100 L L L L e e
003k (1) y/dof =8.9/12,CL=072
ot 4 « medium coarse (0.15 fm) F(1) :0'9077(51)MC(88)8n(84)X(9O)HQ(3O)Z(33)K19,C
0.96F coarse (0.12 fm) E
0.94; A gl;eg(f)igg (%?86 fm) — w/ measurements from Belle and BaBar leads to
0.92¢ ; Vel = (39.7 + 0.9)x10-3,
0.90F pr—T } :
0 885 ] while the latest PDG.HFAG inclusive value is
O R S S IVepl = (41.9 £ 0.7)x10-3,
0 001 0.02 ro.% 004 005 0.06

I x representing a tension of 20 (p = 4%)).

12

Tuesday, April 3, 2012


http://arXiv.org/abs/1011.2166/
http://arXiv.org/abs/1011.2166/

Nonzero Recoil B — DM]v
S.-W. Qiu et al. [Fermilab/MILC], arXiv:1111.0677

1 1 | | | e Matrix elements, form factors, and rate:
(D|V*"|B)
1.05 + - N TSR v+ V) hye(w)+ (v—V ) h_(w), w=v-)/
1| i
. T Mg — Mp 2/ MgMp, )
T T e 7 w :h w h_ W\ —=
095 t 1 Tf !E : : ; | g( ) +( ) MB—|—MD ( ) MB_l_MD f+(q )
1 il }CP ¢
09 F fx - B - dl'  GpM; 2/ 2 3/2(x, 12 0
= " o = 4gn3D (Mg +Mp)*(w* — 1)V |*| G(w)]
0.85 | 0-12fm 0.1ms S koo W
0.12fm 0.14ms | o
0.8 0.12fm 0.2ms X  Preliminary (Lat’ 11) 4+(w) data at left; need h_(w).
‘© 10.12fm 0.4ms —= ]
0.09fm 0.1ms e
0.75 r0.09fm0.15ms - = ] e Extend kinematic range 1 <w < 1.15 to full range
0.7 0.09fm 0.2ms . 1 <w < 1.6 with z expansion (see below).
1 1.05 1.1 1.15

W o Will allow complementary extraction of [Vl.
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Semileptonic Decays B — v for

14
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Semileptonic Form Factors &
arXiv:0811.3640

e Matrix elements, form factors, and rates: °
2 2 2 2
_ - 7 mys —m oy Mp—M
las18) = 126 (h+ b= "B ) + o) T L
max  B*
S R R A R I I IR IR IR BEEE
2 2\2 .2 I
dg 2 2415 44 4= — lattice QCD [Fermilab/MILC, 0811.3640 [hep-lat]] -

m experiment [BaBar, hep-ex/0612020]

e Chiral-continuum extrapolation with RSyPT

e Extrapolate to across full kinematic range using

2 10) = Viy —q*— iy —1
Vi —q*+ /i — 1o

tr = (Mg £ My)*, t_ <to<ty

plus unitarity & analyticity.
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Updates from B-factory Experiments

e BaBar, arXiv:1005.3288 simultaneous fit to their
data and Fermilab/MILC calculation of fi(g?):

16

Tuesday, April 3, 2012

AB/A off (GeV™>)

e Belle, arXiv:1012.0090 simultaneous fit to their
data and Fermilab/MILC calculation fi(g?)::

®
-6
12219
i ¢ Data |
+ 04— T T T
10 | BGL (3+1 pa‘r) i “_;'_i' E —&— MILC lattice points
Z EE?SB”LC ] D.+ 0_035:— — @ Belle data scaled by IV_| from fit —:
8I 4+ FNAL/MILC fitted 003 | . | o™ -
6/ 0.025
4_ 0.02: 1
| 0.0153
2 -
- oofb—— o Lo b L el s
O_I ] ] ] ] ] ] ] ] ] | ] ] ] ] |_I
0 10 15 20 25
9 (GeV?)


http://arXiv.org/abs/1012.0090/
http://arXiv.org/abs/1012.0090/
http://arXiv.org/abs/1005.3288/
http://arXiv.org/abs/1005.3288/

| eptonic Decay B — tv for

17
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Decay Constants
arXiv:1112.3051

e Matrix element, decay constant and rate: e Before, treat HQ discretization effects with naive

, power counting:
(0[A"|B) = ip" fp

r GiMs ., o o (1 my ) ooz = || G (mg.moa) = G (mo) | O
— ub| Jp My -
8T M5 = [(aA)" fi(mpa)|

e Note helicity suppression of rate: with 500-700 MeV.

* electronic decays not yet measured; e Here, treat these functional forms with priors:

e for D, ¢ =p,T1; e add these error; with coefficient z; to Ansatz

for continuum extrapolation;
e for B, ¢ =71 only. e take prior for z; to be normal(0, [multiplicity]1/2);

o fit for z; (and set it to O for yCL).
18
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Chiral-continuum fits with all three lattice spacings

continuum:

| | | |
B; 0.15Jm/o.12fm/o.09fm fit

x°/dof=51/51
p = 0.48

---------
.......
L]
L
L
L]
N
"o, ]
...

L]
L4
L
I I AL A ST Y
L]

.
"o
L

00O
X X X
oo
mmw
oL

¢B‘(mq=mﬂ; ml=mx)
EE— ¢B+(mq=mx; m|=mx+ﬁl_mu)

1t extlrap [ stat. err. 1‘1/ digcretia. err.
| | | | | |

1.2 —

N T

~ T

P TR

~ e
-

N’ .
>< -
-

1.0
/
0.00
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0.05 0.10

m, ry x (Z,,/Z3%%"™)

0'8 | | | | | | | | | | |
D: 0.15}m/o.12fm/o.09fm fit
L x2/dof=51/51 i
- >:K ....... i =047 A i
-:_«%( Lo **XX ............................. |
KX AN
N - 5 -
®
—~ 0.7
-
< u O x a=0.15fm .
> y ol O X a=0.12fm
—/C | O X a=0.09fm -
6 v
-4 /0/ X ¢D‘(mdv,mx,mh) -
4 O ¢p+(m,,m,,m,)
_:\C) ------ ¢p(m,=mg m;=m,) )
3 s d q g 1 X A~
06 K+ continuum: ¢D+(mq=mx; m=m +f-m,) —
| — it extrap ]:Stat. err. Iw/ digcretia. err.
l l l ‘ l l l l ‘ l l l
0.00 0.05 0.10

my ry X (Zm/Z?ﬁogfm)



Chiral-continuum fits without medium-coarse data:
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| | J) | | | | ‘ | |
B; 0.12fm/0.09fm fit
x°/dof=28/33
p = 0.73
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L]
L L]

N
LI
" .
"o
.

L]
o
o
]
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i — ¢p(mg=m,; m=m,+fM-m,) i
X ext1rap | stat. err. Iv‘/ digcretia. err.
| | | | | | | | | | |
0.00 0.05 0.10

m, ry x (Z,,/Zx2"™)

0'8 | | | | | | | | ‘ | | |
D; J).12fm/0.09fm fit ‘
i x2/dof=36/33 ' ]
i X - 0.32 |
i %f} >I<>I<>I< ________________________________ _
o KD 13 -
o 7
—~ 0.7
- O 12
—~ )
— - / 0 X a=0.15fm .
> T O x a=0.12fm
- Ly O x a=0.09fm -
HANPS
©- ;l
- / X ¢D (mdv,mx,mh) .
rdl y
Eé O ¢D+(mx,mx,mh)
i //. _
/ — —
A R R ¢D (m =mg . m,=m )
continuum: o
0.6 = — — ¢p(mg=m,; m=m,+M-m,) —
/\
R it extrap ]:Stat. err. Iw/ digcretia. err.
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Chiral-continuum fits without medium-coarse data:

| |
B;

IN? o B
/A
continuum:

| |
J).lzfm/0.0Qfm fi‘t ]
x°/dof=15/66

b= 1.0 Analygig Il 2ptg -

|
QD |
\S\
AR
W)
00O
X X X
oo o
mm m
o lole)
O
O©N
- =n
3 3
|

...... ¢B¢(mq=mF; ml=mx)
e ¢B+(mq=mx: m,=m,+m-m,)

it ext1rap [ stat. err. Iv‘/ digcretia. err.
l l l l l l

1.2 —
AV, _
N
O E:
X -
-
1.0 —
0.00
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0.10

m, ry x (Z,,/Zx2"™)

0.8 |

0.6 -7

4, continuum:

| | | | | | ‘ | | |
D; J).12fm/0.09fm fit
x2/dof=26/66

Analygig Il 2ptg

0O X a=0.15fm ~
O X a=0.12fm
O X a=0.09fm —

...... ¢D¢(mq= m#; ml=mx)

— ¢p(mg=m,; m=m,+M-my) —]

it extrap ]:Stat. err. Iw/ digcretia. err.
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Results

arXiv:1112.3051

e Total error budget 4-5% for decay constants, 2% for ratios (where matching and HQ discretization cancel).
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I+
/B,
fB,/ [+
I+
/D,
fp,/ fp+

196.9(9.1) MeV
242.0(10.0) MeV
1.229(0.026)
218.9(11.3) MeV
260.1(10.8) MeV
1.188(0.025)


http://arXiv.org/abs/1112.3051/
http://arXiv.org/abs/1112.3051/

Tensionin B — tVv?

® tv+SM
m |atQCD

BaBar
Belle

HPQCD

Fermilab/MILC

180 200 220 240

23

Tuesday, April 3, 2012

260

280
£, (MeV)

300

320

340

360

380

® Using B — mlv

to get fB.

* New physics, e.g., charged Higgs of

MSSM?

e with Amssm ~ —1.1Asm?!7?



Right-Handed Currents®

Crivellin, arXiv:0907.2461

o [ — I/_tLWbL -+ V,fz UR VbR
e Exclusive
VL 1x10°

e Inclusive (4.34 + 0.40)x10-3:

* |Vup| = | Vil

N e TR, PR PR | 5 RelViy/ Vil e Leptonic (4.95 +0.55)x10-3:

* |Vl = |VEp — VB

¢ Realistic models?

24
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Tension in Dy — [v?
update from ASK, arXiv:0912.0543

350 IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII rrrrrrrrrreyrrerrrrrrrrrjyrerrrrrrrrnl IIIIIIIIIII|IIIIIIIIIII_
fbs (MeV) - o - | |

- - - e Gray: running lattice QCD average.

- - — —3

i _ : ° . running experimental average.
300 |- - -

B . — _j: ;Z

I - e Orange: B factories BaBar & Belle.

! T 1

i e Red: charm factories CLEO (& BES3).

250 |

e Green (right y axis): running deviation in C.

®* 0 Is mostly experimental statistical error.

IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIIIllllllllllllllllllllllﬁ _2

200
2005 2006 2007 2008 2009 2010 2011 2012 2013
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Phase 2 already underway
arXiv:1112.3978

- Phase 1 4 - Phase 2 4
0.80 |- - 0.80 |- _
0.60 - o — 0.60 - o —
<= <=
“\;_# \\\:-4
S S
0.40 |- o o - 040 ® @ o _
| o) _ | (:) <:::> _
0.20 | O o — 0200 @® o —
o O
- ® o - - ‘I’ o -
O
0.00—L | | | | 0.00—L | | | |
00 006 0.09 0.12 0.15 0.18 0.2 00 006 0.09 0.12 0.15 0.18 0.2

a (fm) a (fm)
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Neutral Meson Mixing B, <> B, (g = d, s) for [V, or BSM?

27
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Neutral-meson Mixing

e Effective Hamiltonian, matrix elements:

5 3
Her =Y GO+ Y CO;
-y i=1

y /dof = 10.0/50  p-value = 1.0

O = (BaVqua) (EBYquB)a Oy = (Bana) (EBRQB)a
0, = (b*Lg*) (BPLgP), 05 = (b*LgP) (BPRg™),
05 = (b*LqP) (bPLg™),

(BO|O1|BY) () = ;M3 f% B ()

e Mass difference (in SM):

0.12 fm (0.005,0.050)
0.12 fm (0.007,0.050)
0.12 fm (0.010,0.050)
0.12 fm (0.020,0.050)
0.09 fm (0.0031,0.031)
0.09 fm (0.00465,0.031)
0.06 fm (0.0018,0.018)
0.12 fm (0.005,0.050)

- 0.12fm (0.007,0.050)

I | Xo0eo [N m

G%’M%V * 12 0 ~0 05 :_ .+ = 0.12fm (0.010,0.050)
p — SO(mZ/MW)“/l‘b‘/t | nB(‘u) <B |Ol ‘B >(‘U) : o 0.12 fm (0.020 0.050)
47-52 M q q q - | | 0.09 fm (0.0031,0.031)
Bq 04 1 1 Ll _ 0.09fm (0.00465,0.031)
0) 0.5 1 —— 0.06 fm (0.0018,0.018)
. . . 2 —— chiral-continuum extrapolation
but non-Standard particles in loops could induce (ry M, )

other terms.
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3
r <02> / MB

-1.5

7"‘]3) <04>/MB
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|
[

2.4

2.2

2.0

1.8

1.6

0.8

+’/dof = 13.5/50

p-value =1.0

I | xeeommn

0.12 fm (0.005, 0.050)
0.12 fm (0.007,0.050)
0.12 fm (0.010,0.050)
0.12 fm (0.020, 0.050)
0.09 fm (0.0031,0.031)

0.09 fm (0.00465,0.031)

0.06 fm (0.0018,0.018)

0.12 fm (0.005, 0.050)

0.12 fm (0.007,0.050)

0.12 fm (0.010, 0.050)

0.12 fm (0.020 0.050)

0.09 fm (0.0031,0.031)

0.09 fm (0.00465,0.031)

0.06 fm (0.0018,0.018)
chiral-continuum extrapolation

y°/dof = 43.2/60

p-value = 0.950

0.12 fm (0.02,0.05)
0.12 fm (0.01,0.05)
0.12 fm (0.007,0.05)
0.12 fm (0.005,0.05)
0.09 fm (0.0124,0.031)
0.09 fm (0.0062,0.031)
0.09 fm (0.00465,0.031)
0.09 fm (0.0031,0.031)
chiral-continuum

0.0

0.5

1.5

2.0

0.2

0.15

3
r <O3> / MB
S
a

0.05

1.1

y ldof =21.5/46  p-value = 1.0

oo COCEm

0.12 fm (0.005, 0.050)
0.12 fm (0.007,0.050)
0.12 fm (0.010, 0.050)
0.12 fm (0.020, 0.050)
0.09 fm (0.0031,0.031)
0.09 fm (0.00465,0.031)
0.12 fm (0.005, 0.050)
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Results
arXiv:1112.5642

e \We provide results for two choices of evanescent operators (appearing with dimensional regulators):

B4 By
(GeV?] BBGLN BJU BBGLN BJU
2 pl)
/5,B3, 0.0411(75) 0.0559(68)

o fqugcj 0.0574(92) 0.0538(87) 0.086(11) 0.080(10) o
oreliminary 3 oreliminary
f5,Bp, 0.058(11)  0.058(11)  0.084(13) 0.084(13)

2 pl4)
/8,PB, 0.093(10) 0.135(15)
2 pld)
/8,P3, 0.127(15) 0.178(20)

e BBGLN = Beneke, Buchalla, Greub, Lenz, Nierste; BJU = Buras, Jager, Urban.
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Rare Semileptonic Decays B — Kl
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Penguins and Form Factors
arxXiv:1111.0981

e In the SM, B — Kll is mediated by penguins and fpara NLO SU(2) fit p=0.51

boxes; BSM contributions could compete. M\ 002008 -~
24 5 0.007/0.05 =

2.2 + 0.005/0.05
0.0124/0.031 ——=—
2 0:0047/0.031 -

e SM vector & tensor currents lead to 14, fo, and f2: < 187 0,0031/0.031
= 16 L 0.00155/0.031 ——=—
0.0072/0.0188 +——=—
1.4 0.0018/0.0188 —=—

(K|56*"b|B) = i(p"k" — k") f2(4") | I L
04 06 0.8 1 1.2 14 16 1.8
(ry Ex)

e BSM scalar currents could arise too, fo again.

fperp NLO SU(2) fit p=0.51

15 0.02/0.05 o
1.4 F 0.01/0.05 —e—
_ _ _ 1.3 F 0.007/0.05 =
e Chiral extrapolation with 1, & fii: 12y T
e 11r 0.0062/0.031 =
& 1t 0.0047/0.031 —=—
09 L 0.0031/0.031

0.00155/0.031 ——=—
0.0072/0.0188 ——=—
0.0018/0.0188 ——=—

cont ———

-1/2
ry f

0.8 r

(K|isy'b|B) = \/2mpfy(¢*) 07 | N
<K‘l§}}b|B> — V szplf(fJ_(q:Z) o:40j6 OI.8 I1 1I.2 1I.4 1I.6 1_.8

(rq Ek)
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Analysis Detalls and Steps in Progress

e SU(2) vPT works better than SU(3).

e Since Lattice 2011, analysis for f. & /> has been
fine-tuned.

e Analysis for f> is well underway.

e 7z expansion for full g2 range (very preliminary):

33
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f+ and fO

CO0O0 === DNNMNN

ONPROOO=-NDOONNIEDOW
T T T T T T T T T T T T

q2 vs. f, and f, (B2K formula)

'FNALMILC ———
uk =
LCSR f+ and f0 ———

0 5 10 15 20

q2 vs. f1 (B2K formula)

. FNALMILC — =
[ LCSRfy —

Very, very
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Rare Leptonic Decay Bs — uru~ at Hadron Colliders
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Rare Decay By — WwHus

e SM rate is small, BR = (3.2 +0.2)x10-7.

e Subject of active search at hadron colliders LHC
and Tevatron (02/2012 plot out of date!).

e Could be much larger in models with two Higgs
doublets: BSM rate ~ tan*{3.

e At hadron colliders, measure ratio of BRs:

fd Ex N,u,u
]% Epy Nx

BR(BY — u"u~) =BR(B" = X)

* Thus, need f//f;.
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BR(B; -> M+ W ) (log scale)

CDF(2008)

D0 (2010)

LHCb(2011a)

CMS (2011)

§ LHCb(zollbﬁ

1 oSM 3.2 (+-0.2) x 107° (Bural
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10°8
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B->D: xz/dof=5/20, p-value=1.0

Fleischer, Serra, Tuning 1,05 [T T T T
: _ 007/050 —&— ]
arXiv:1004.3982 1 B 020/050 o ]
C - 0062/031 —=—
0.95 5 T 0124/031 G
e CDF (and LEP experiments) used semileptonic 4 0.9F B -
decays. : :
0.85 —
e ST proposed using hadronic decays, plus (QCD- 0.8 - *
inspired) factorization: 0.75 Bl Lo Lo Lo -
] 1 1.05 1.1 1.15 1.2
Js _ 00743 x B | K NDa| ] 2 y
o o B->D: % /dof=8.3/11, p-value=0.69
‘}F;i ’t;l;g? - Ezj[)jﬁTt .}\va[)lgr - fj\(:;‘S’\(}:‘ () L | | 1T T 1 | 1T T T _
- hysicgl — m
- (s) -9 ~0.02 :—007§050 —E— -
) _ - 020/050
a;’(Dym™) ~0.04 F0062/031 —&—
N = @ £ 0124/031
dP(DHK). -0.06 | _J[,% ________________________ :
'-0.08 e s
& (S) 5 12 s ..,...’--—--::"%{’%i:////-"// _
o [ R 02 aaf f T
o d S -
FO0). 012 i :
-0.14 [ =
e Same form factors as before. 0,16 b b b b
1 1.05 1.1 1.15 1.2
W
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Spot checks of f; and Result for fy Ratio:

e Use z expansion to reach the small g2 required: e Test of results vs. BaBar data:
B.->D_. z-expansion: Xz/dof=0.96/1 p-value=0. 3. 0.05 pprorrrrr T
S S r ¢ B -
1.2 :\I I | | | I | I | L | L | | II_: E \" E
= ] 0.04 —
1.1 —] N i
1E - 5 0.3 :
- . > B i
0.9 K — - _ -
- ] e - 7
0.8 :— _: 5 0.02 — —
TS N - i Z expansion _
0.7 3 ) E 0.01 } BaBar 2010 ——e— {
0.6 = - _
0.5 :l L1 11 | L1 11 | L1 11 | L1 11 | I I | | I I | | 1 1 I: O _I | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 |_
0 0.010.020.030.040.050.06 1 1.1 1.2 1.3 1.4 1.5 1.6
Z Y
($) (MZ)
e Result close to unity: ? 2 ~~ = 1.046(44)(15), consistent with other lattice-QCD form factors [HPQCD)].
2
fo  (Mk)
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Outlook, Conclusions
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e Belle and BaBar data warrant extension of |Vl and |V,,| analyses for to the full asgtad statistics.

e | HCb experiment (and interplay with CMS & ATLAS) warrant calculations for B; meson.

e BES 3 charm and CERN (and Fermilab?!) kaon programs make D and K physics timely (Elvira’s talk).

e MILC’s HISQ 2+1+1 ensembles, some with m; = (mu + mq)/2, await.

e For these, and with an eye to future super B factories, need smaller heavy-quark discretization effects:

e clover or OK action with nonperturbative + two-loop matching?

e H|SQ action for b quarks? with extrapolation and/or “He’s so fine!” lattices?
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