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Weak Decays b— uev. , b — s3s ...

e ’Test our understanding of QCD
a | t

g4 L

v

® Measure weak flavor physics of quarks

(p, M) )
Vu d Vu S Vu b . Via Vio
Vili== Vcd ‘/08 Vcb
VoV dlin vy
CKM matrix i
Unitary Triangle

e Search for new physics
(— talk by L. Silvestrini)



QCD is a rich theory; the appropriate tools
depend on the task

Plan for this talk:
® B— X,v,B— X 010
® spectra, (g
D — Kfﬂ, D — mly

fD?st
vast

® B - wlp

® B — D

B—pp B—nm
B — K

SUBIEAIKT Y B oy

test SM

test lattice

QCD

test factorization

measure q, "y,
& test SM

test SM

Kaon decays:

Operator Product
Expansion &

Perturbative QCD

Unquenched
Lattice QCD

Factorization
Theorems for

Weak Decays

—» talk by U. Nierste



Decays like B — X,y & B — K

have contributions from ~ 12 operators



T 0 Operator Product Expansion (IT)

B-meson

M o My > AQCD

I — o0 £ |

ity A

my

Heavy Quark Effective Theory  hy, g

Operator Product Expansion for Inclusive Decays

f, i ® Justifies free quark decay as leading
Q approximation
m A ~
S m—b i O,]_, Oés(mb) b3 u| 0.2
subleading terms are crucial
My, d

: for precision phenomenology



Unquenched Lattice QCD
T ? det(lD i m) ==k

I T A o < nonperturbative
{) OU h do pQCD

mw  Now:
® Focus on for high precision
- matrix elements with at most one hadron in initial and final state
my - at least tooMeV below threshold, or small widths
® Simulate . Use nf=2+1 light flavors,
a1 quark masses m, light enough for extrapolation with
gze chiral perturbation theory (or PQChPT)
® Systematic/parametric estimates of uncertainties using
effective field theory methods. eg. heavy quarks:
- mq > Aqcp NRQCD, Fermilab action, RHQ action
Aqcp Q Q
® Results for a broad spectrum of observables are
M obtained using common inputs
m
q

}ChPT,
m,, g J PQCHhPT

Y

==l tests, predictions, and impact



T 2 Factorization Theorems

Energetic Hadrons

o e

Soft-Collinear Effective Theory (SCET)  Bauer, Pirjol, LS.

Fleming, Luke

myy eg. Er> Aqgep

my
E } Q many other authors
Introduce fields for infrared d.o.f.
it collinear: 2 £, Al
VAE
hyyqs, A%

soft: °
Aqcp

L=L09 4+ 4 @4
® Separate physics at different momentum scales

Mo d ® Model independent, systematically improvable



? 2 Factorization Theorems

Energetic Hadrons

f @

myw cg. B s AQCD

A= /dzdmikorT(z) J(z, 2, k") d1(21)da(x2)dp(kT) + ...
g } Q —— e N——
@A sssEA sl A2




Inclusive Rare Decays



B — Xy &B— X410

® SM perturbative and nonperturbative effects are under control

® sensitive to new physics

}-: }
o - Wfﬁ VS u,C,t -
b M ’ - b m _ 7

.W L b ! s | H
3 steps
. 10
1) Matching Hw = TQVtZthZ Oi(1t) determine
FALH
2) Running (operator mixing) T

L = Lqcp + LgED

3) Matrix elements of O;(1t) with OPE at 1 ~ my



Progress on NINLL calculations, a few entries still missing

~25%  ~10%
LL NLL NNLL

tree 1L 2L Bobeth, Misiak, Urban
1L 21 3 L Misiak, Steinhauser

Running ,-Ay ( 1L 2L ) ( 2L, 3L > ( 3L 4L ) Haisch,Gorbahn,Gambini

G Ll Rl Czakon et al.
M.El¢s. <Ol _6> 1L 2L 3L Bieri, Greub, Steinhauser
<O7 8> tree 1L N, Greub,Hurth,Asatrian
: Blockland et al., Melnikov, Mitov
Grinstein et al. Greub, Hurth, Gambina,Gorbahn,Haisch
Buras et al. Wyler, Buras, Misak, Asatrian, Greub, Hurth
Ciuchini, Franco, Czarnecki, Munz, Misiak, Steinhauser 11e
Silverstrini et al.  Ali, Pott, Adel, Yao, **° ¢
1 1 Voloshin, Khodjamirian, Ligeti,

(mb)k corrections: Falk, Luke, Savage, Bauer (mc)"“ > Randall, Wise, Grant, Morgan,

Nussinov, Peccei, Buchalla, Isidor, Rey



Photon energy cut: E, > Ej

Ey > 1.2GeV to avoid corrections where gluon or quark fragments into a photon

Eo £2.0GeV  to keep it inclusive and avoid

Kapustin, Ligeti, Politzer
Neubert,

sensitivity to b-quark distribution function Bigi, Shifman, Uraltsev, Vainshtein,
(region where standard OPE breaks down)

0

Falk, Jenkins, Manohar, Wise
(b-quark distn. is useful for Vub,

el Usually argued that Ey = 1.6 GeV sufhices talks by U.Nierste, F.Forti)
Experiment:
{hd T g L
— Spectator Model | %20000 L] {ﬁ BCHC 04 3 § i T L prmary experimental

> a0} Cleo‘or { & ssml|- | Sod [P’ 1 results extrapolated
5 ! I } - 1. 5 ] down
Mﬂ AT [l gille
=0 “ +‘T++ +++ o E g

L L Il Il Il Il L Il ‘ Il Il L L Il Il
15 25 35 4.5
E, (GeV)

-5000 -~
1

““““““““““““

5

o .
T T T T T T

71'11 lllllllll ll|17

2 2.2 24 2.6 2.8
Reconstructed E* (GeV)

@® Cut dependence can be systematized (uses SCET and OPE). Recently argued
that o?(my—2Ep) terms give an added ~ 10% uncertainty. Neubert



Theory Summary ( Eo=1.6GeV) NLL

Br(B — X.7v) Al 3.57 x 10™*[1 % 0.055 (1, /my,) £ 0-04(othernnr.0)) £ 0.02(0,, )
£0.034,(m ) £ 002,000t % 0.01n, + 0.010Kn
— (3.574+0.28) x 10~*
TR E L b (Ve 1
t +0.30 —4
Compare to Data Brae = (3.397457) x 10
TAs a success stor
Buras et. al. (update) JULY 2005 i
for QCD!
CLEO
T —— Belle
0 —+— BABAR Br LL
PDG2004 eg ~ 3
0.0 ! ! 24;_() ! 40|.O ! 56|.O ! ! 80.0 The errors will be

decreased by ongoing
computations

Branching Ratio x 106



i numerically
B — X 0T/ comparable

O1.2

uncertainty
4 m%v o
L : | Cou)= 9 hlm + O(as)
! v
NILIL : counting is like L. B — X v At 25%/
NNLL : counting is like NLL B — X ~ 15%

Nonperturbative corrections:

;)C)S»
’Y*
AN
g

Bobeth, Misiak, Urban
y Gambinio,Gorbahn,

Haisch,

Asatryan et al.,

Asatrian et al.,

Bre®t(Myy - > 0.2GeV) = (4.461093) x 107°

avg

HFAG — Belie.
JULY 2005
T3pEat X8€+£— —— New Avg.

Ghinculov, Hurth, Isidori, Yao

Falk et al., Ali et al., Buchalla, Isidori, Rey

NNLL: Ali, Greub, Hiller, Lunghi

R B e (B O TnAT ) 2 4017 = 0.70

0.0

!
5.0 10.0

Branching Ratio x 106

17% error



B — X ¢7¢~ NNLL Spectrum

{[computed dominant

scale dependence Bobeth, Gambino, Gorbahn, Haisch

—— NNLL spectrum in OPE
Ghinculov, Hurth, Isidori, Yao

higher order e.w.}
121 | T romlidso B 1y + oxpumion mon
3 Experiments remove
" /
S 09 backgrounds from J/V¥ W
§
Bl ® Reduced theory uncertainty for:
S
(1) 1GeV® < ¢* < 6GeV?
0.0 0.2 04 0.6 0.8 (2) 14 4 GeVQ ke q2
A
dBr ' sensitive to different Wilson coefhicients
107 eIl for new physics tests
dg= f
(GeV™?) |
o[

-------- model for long-distance ccC
contributions Kruger, Sehgal

0
0

10% total theory error
eg. BRu(1GeV? < g’ <6GeV?) = "

[1.574 5100 a1, £0067 my, £0075 [seate &= 0.045¢ = 0.0358r,, F4.013

oI



B — X074~ NNLL Forward - Backward Asymmetry

0.5 JTLTEET N BN TN FEL N P L LA Y@y

- —
0.3 |

AFB(QZ)

o1 /

A

03| — -~ it

|

0_5-|||I|||I||||I||||

AFB(QZ) i {

0 5 10 15 2

q

N
o

dg?

Ghinculov, Hurth,

Isidori, Yao

} i /_1dCOS(9

d*T

dg?d cos 6

Location of zero of the FB-Asymmetry tests the SM

g2 = (3.90 £0.25) GeV?
3

Gl (BIT6EE 22

Not measured yet

- 0.24,, ) GeV?

(Ghinculov et al.)

(B¢

ybeth et al.)

sign(cos 6)



Lattice QCD




Sources of Uncertainty

e statistics from e My, chiral ® @, action o [ finite
Monte Carlo extrapolation discretization volume
. 1 ;
®  (as)®, perturbative ® —  a corrections
: mQ ,
matching in matching

(nf=2: unquenched u=d, quenched s)
Unquenched Simulations (nf=2+1: unquenched u=d, & s)

Wilson [ nf=2: CP-PACS, JLQCD, QCDSF, UKQCD, qq+q, SPQcdR 1
[ nf=2+1: CP-PACS /JLQCD }

- expensive, chiral symmetry only recovered as a — 0

Domain-wall {nf=2: RBC ]

- most expensive, exact chiral symmetry

Improved Staggered [nf-2+1: MILC] valence/sea Mg‘s down to 0.1 m

- fast, residual chiral symmetry; (M, ~ 260-320 MeV )
but 4 “tastes” for each flavor



“4-th root trick” for Staggered Fermions

det( +m) — det(® +m)'/* removes bad tastes, but Not Proven!

not an issue in pert. QCD; some eigenvalue spectrum checks . .~

. \ Durr et al.
warrants more serious attention

from friends and foes

(HPQCD, UKQCD, MILC, Fermilab ‘03)

------------- T s e tested at 3% level by comparison
T ith & light

i WURE A R | with mass spectra & light meson
e ) decay constants

- é_._| _ZmB‘—mY | PE—H _ ]

R B S U ® common mput parameters

_ H_é dvapas) | o - My — My, = My, MK — Mg, Mp_ — Mg,
| H._| —{yer-1s) He— - mT L mb, my — my: — OZS(]./CL)

— ; o4 —Y(3S-15) | i—e— —

I e N (. ® cffect of unquenched calculation
....... PR R TY e e i, .

que(r)i?:hed/lé(;iperilfrllent (nf 292+1)}.e(:)xperi.rilent 1S Clear

I’ll assume that the fourth rooted staggered fermion is valid

—

['his will be tested by other (nf=2+1) fermion formulations in the future

Focus on results submitted to me for Lepton Photon 2005



HPQCD-UKQCD QCDSF-UKQCD

Mason et al., hep-lat/o503005 Gockeler et al., hep-ph/o502212
i ® n; =2+1 sea quarks ® ns =2 seaquarks
results ® O(a®) improved actions ® down to a =~ 0.07fm
for both quarks and gluons
Lattice Quantified
MS scheme : ‘42 Errors
Ozg5)(mz) — 0.1120(22) Gockeler et al.
ag5)(mz) — 0.1177(13) Mason et al.
Aoki et al. (1995) 3 S !
| compare:
Davies et al. (1997) = eam (5)
SESAM (1999) —t+o+— ag” (mz) = 0.1187(20)
Boucaud et al. (2001) F & ] PDG 2004 World Avg

QCDSF-UKQCD (2001)  —o&—

update (2004) E i@ X .
n¢ = 2, 2-loop matching, Wilson

QCDSF-UKQCD(2005) e
HPQCD-UKQCD-MILC-Fermilab (2003) |4 ns =2+ 1, 2-loop matching, Staggered

HEQCD-UKQCDI(2005) 1 'he ng =2+ 1, 3-loop matching, Staggered
B Y T ¥ T R T R

g (mZ)



c — s(d)
o

2 2 2 2
D Il Mmp — My

(K@i)|V*1D@o)) = £+(¢")(#p + P — 26" + fol0’)

q2
® test of staggered fermion formalism

e FNAL /MILC/HPQCD prediction prior to FOCUS result

Sh 2-5 LI | LI | LI | LI | LI LI LI LI | LI
apc€ agr CECS - !
|
D — Klv i
2 .
B I
. . B I
chiral extrapolation uses staggered [ |
chiral perturbation theory S| ]
BT . +°[
(and compares Becirevic & Kaidalov S~ [ l
. . . N i I
model vs. quadratic parametrization Vv | |
f 7 ) ~ 1 2 2 14
or q + } qmax/mD: |
S |
| ¢ cxperiment [FOCUS, hep-ex/0410037] :
0.5 — lattice QCD [Fermilab/MILC, hep-ph/0408306] : —
B 1o (statistical) I
20 (statistical) :
O L1 | | L1 | | I I - | L1 | | L1 | | L1 | | L1 | | L1 | | | I: Ll
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

2/ 2
q Imys

Note: Data not yet precise enough to clearly favor lattice over fits to 1 or 2 poles



Form Factor Normalization

DK 27 (0)
ol z’*K<0>
Lattice 0.73(3)(7) | 0.87(3)(9)

CLEO-C 0.86(9)

BES 0.78(5) 0 93(20)
FOCUS 0.85(6)

- Cleo ——
raleils BES - N
* = Lattice™ {110,

ST Fermilab/MILC/
Mntitite HPQCD errors

matching <1%

chiral g

extrapolation i 3%

q° interp. 2%
finite a 9%
Total 10%

*with PDG [Vcsl, [Vcdl

Normalization
agrees!



The fp+ Challenge !

CLEO-C

Lattice QCD wvs.




The fp+ Challenge !

2

GZm me \ 2
DT — uty, [(DT — p'y) = FSWDmi( il m—%) o+ [Veal”

(0|dy*vs¢| DT (p)) = fp+p*

pre-LP o5
CP-PACS (prelim.) 20% i 13%
Fermilab/MILC/HPQCD (hep-lat/o506030) 24% H 8%
CLEO-C 220 ~ 80

Errors decreased
by factor of 3



1.00
D 11l ng = 2+ 1
ESQ”’
Fermilab/MILC/HPQCD o0
=a
J S
® A test for light quarks & =
the staggered formalism. S e a=0.121 fm
0.80 H — staggered ¢PT fit (to 60 points)
P | — taste violations removed
Use staggered ChPT analog of |
chiral 2 2 |
3 m m -
AflOg :__(1_|_392) i LR R 450 I | | I | .
D A (47 f)? 12 0.0 0.2 0.4 mj/fn 0.8 1.0 1.2
0.50 T ———— —————————
Py Shift is caused b = only log taste violations removed
| i y 1 e almost all taste violations removed
including the O(a"2) terms as| - 03493200049 | )
in non-log part of the chiral " o7
extrapolation (main reason for S
decrease from prelim. to final) = oo ; g
H\“% -
Il i
® Largest uncertainty is from h 0.35% i ; -
light quark discretization - t
& ChPT (butitsonly6%!) + o o I




D+

CP-PACS 7nyf =2

® Test of their heavy
quark lattice formalis

® [argest uncertainty is
from discretization

0.35

— 0.3
>
O
)
025
—
0.2

O Tp(AY
¥ expt.
[]

linear extr.




Results

e | 2 CP-PACS 2005 (prelim) (LP’os)  fp+ = 202 + 12720 MeV
SO ———  FNAL/MILC/HPQCD 2004 (prelim.) hep-lat/o506030
f =41
C > ENAL/MILC/HPQCD 2005 (LPos) * fo+ =201 43+ 17MeV
¢ I Cleo 2004
> Cleo 2005 (I.P’0s) fo+ = 223+ 1617 MeV
| Lo T | | 1 Y | I | 10 B 1 N S | I [ I 0 R | I ]IV SRS RRE) I JEE: Up ) I
1 OIO 150 200 250 300 350
J D+ (MeV) Good Agreement

Also new: fp. =238+ 117,2MeV  CP-PACS (prelim.)

fp, =249 £3+£16MeV FNAL /MILC / HPQCD
hep-lat/o506030




il 0 = 8

no direct measurement yet (would need Vub)

Br(BT — 77v.) < 2.6 x 107%(90%)
Br(BT — 177v,.) < 1.8 x 107%(90%)

Babar (LP’05)
Belle (LP’05)

new LP’o5 HPQCD results (preliminary, nf=2+1):

/B,
/B
fB

= 210 5

— (218 -

0.02

0.01

95

i 21) MeV

chiral extrap. + statistical + a

O «o

2 . ]
s is dominant systematic (9%),

next is chiral extrap. (4%)

consistent with 2003: fp, = (260 & 7 £ 28) MeV

T IIIR

fo Mg |
1.

>

1.1

ogl i 1 |

Coarse lattice, Partially Quenched
Coarse lattice, Full QCD

Fine lattice, Full QCD

Full QCD Stagg. ChPT

Physical Quark Mass

- A

| N
| -~

Previous calculations

Ali Khan et al. (1998)
JLQEQD (519998)
CP-PACS (2001)
JLQCD (1998) FREE T
El-Khadra et al. (1998) —o—
MILC (1998) ( )

CP-PACS (2000)

MILC (2002)
Becirevic et al. (1998)
UKQCD (2000

Lellouch-Lin ( 0008
Becirevic et al. (2000)

| [
|

I = 1
|

oS
——

de Divitiis et al. (2003)
ALPHA (2003)

Ny=2

Collins et al. (1999)
CP-PACS (2000
CP-PACS (2001
MILC (2002)
JLQCD (2003)

]\§c=2+1

0.1

0.2

0.3

0.4 0.5 0.6 0.7 0.8
mOI /ms

0.9

Wingate et al. (2003)

| | | | | | | | | | | | | |
120

160 200 240 280
f, MeV]




Amg & Amg Constraints with Unquenched LQCD

f
~ use:
Ama = Cyoimp, 3B |ViaVis | B i T
wit
AL b 5 2 |
imd — B ]‘EfQB gd "“fd"Q JLQCD (‘03) l§d Ll sy
Mg mp, A & Ik
i Bw-/ t ng =2 = HLGLT(16)(hee)
52 x [(1 = p)? + 7] Wilson B,

1 .5 T T T T | T T T T | T T T T
" excluded area has CL>0.95

s ¢ = 1.21+0.022750%
fE\/ By = (246 £ 11 £ 25) MeV
fBS\/E — (296 + 9 + 33) MeV

Amg : Improvement is from
increased central value and

05| ] decreased statistical error
1
2
4k _ H/;td’ X 75
: B
e o oo |
gl good topic for further
-1 -0.5 0 0.5 1 1.5 2

discussion at Lattice 2003
P



Amg & Amg Constraints with Unquenched LQCD

Amg = mp, 7 B4 [VidVis|? use ];B * & /B with
B

2T 2 3
Ama _ ms, fp Ba|Vial JLQCD (03) By =1.271(41)(*5))
Ams  mp, g B, Vis| L Bg +56
ity f "4 1.017(16)(58)

¢? x [(1 = p)° +i77] B
i e iy p e I » §=121+ O°0224—_8:8:§451

j: " _3 1 = (246 + 11 + 25) MeV

| N : f5.\/ By = (296 + 9 & 33) MeV
05 - \ d <
: an?:n%es.s +0.3) ps”’ |

Assume (Am s was measured.

| _ New lattice errors on &
os| reduced the width of the
' | ' green band by ~ 50%

- [EE | Improvement from Lattice QCD
" using staggered fermions
_1 .5 1 1 1 1 | 1 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 1.5 2

3



Average from Cleo, Belle, Babar:

BABAR SL tag: B * — 7° 1" v x 21,/,
3.31 = 0.68 + 0.42 : : ¢
BABAR Breco tag: B * — n’ 1" v x :QT()/T+
1.68 = 0.52 +0.24 e

2 BABARSLtag: B’ > ml'v |
e q 1.02 = 0.25 = 0.13 H——.

Belle SL tag: B " s qalty

need 1.79 0.28 +0.20 p
44 BABAR Breco tag: B O s xl'v Br
0.89 +0.34 +0.12 —— |
Precision |p7‘(‘ | << 1 /a/ CLEO untagged: B — 1" v 5 8 W
Lattice QCD 132 0.18 = 0.11 "—l—" to 0

BABAR untagged: B — 1" v

[ | 138 £0.10 = 0.18 . B
Average: B = v 1" v E
136 +0.11 4
2 D 20 _ !
q G@V % /dof =11.2/ 6 (CL = 8.3%) |

sErLe RPN R EHS OLNAEh | -
0 ¥ 10 15 20 |25 | ChPT | 0 | — 5 ' ' '
' ' ' BB’ = 1" v)[x 107
SCET (Large Recoil) HQET (Small Recoil)
i =l |Vip| to 4% 12!
dl’ A
LOF 73 Rate is smaller

0.0°

1.2
0.8

04 L

at large q° Uncertainty from theory
dominates.

dl'(B° — 7ip) it G% P |?
dg? 2473

| ?

fi(d?)

5 10 15 20 25 9



Method 1: Model Independent  ¢¢atistics
Pure Lattice QCD 4-6%
q> > 16 GeV*

< N=0 (UKQCD’00)

A N,=0 (JLQCD'01)
> N,=0 (APE '01)
g= =] N A :1
= N,=3 (HPQCD'0?

2.5

A
|-._‘l-' 1L

statistics

05 |

° > 0 2 155 20 25

Systematics
il
extrzlgif;tion 4%
disc?‘zg(z):tion 2%
s 1%
Total
: Fermilab/
Systematics| y11.C errors
matching 1%
extrzlggfaltion 4%
q i interp. 4%
finite a 9%
Total




15~ | ® f(q)HPQCD I;l
W f(q)HPQCD ‘
1|-| ® fa) Fermilab/MILC i;ﬂ’
A £ (q") FermilabMILC el
' Yy~

ob e 1 o v v Iy by T by 1 by

0 12 14 16 18 20
q m GeV"

q2 > 16 GeV?

HFAG LP’os

108 |Vs| = 3.75 £ 0.277
103% |Viyp| = 4.45 £ 0.327

My Average for this method:

2224

expt. theory

0.64
0.42

0.69
0.47

Lot l= 411 + 0.3270°%

statistics

4-6%

statistics

~ 89,

FNAL
HPQCD

16%

total error

Systematics| HPOQCD
errors
il (G
extrzlggle;ltion 4%
discizz(z):tion 2%
s 1%
Total
S : Fermilab/
yStematiCs| nv1y.C errors
matching 1%
extrzlggfaltion 4%
q i interp. 4%
finite a 9%
Total




Meth()d 11: Braun et al.

Colangelo, Khodjamirian,

Light-cone QCD sum-rules Ball, Zwicky

compute form factors for small q°

()

f, (0 GeV?

0.264] | f+(o) vs. Borel

Error Analysis for f4(0) Ball, Zwicky 0251 parameter
f4(0) = 0.258 4 0.031 )
Babar > < 16 GeV?

"~ __—4£+(0)
>*ys. continuum
expt. theory / onet

103 | V| = 3.27 £ 0.2570-32 T R T

f, (0GeV?) for =

| f+(O) vs. factorization

16% total error <cale




Method III: Model Independent

J . . . Bourrely et al.,
Lattlce & QCD DlsperSIOn RelathnS Boyd, Grinstein, Lebed, Savage;

. . 5 Lellouch; Fukunaga, Onogi;
1) Lattice qu I CSUItS at 131’86 q Arnesen, Grinstein, Rothstein, I.S.

ii) expt. spectra for information at low q°
(Babar updated at )

Belle =

iii)) QCD dispersion relations to constrain the
form factors shape Babar

unknowns

00 é 1.0 1.5 2.0
%)
3F T
ol Rl T
-
ol I Ll F
i ISGW II -
————LCSR1
AF - - -LacD [
| D2
2 BK Fit to Daf
t T R 0 L 1 L L
T q ¢ 5 10 15 20 25
q* (GeV?)
1

f+(t) = R ¢
PO 2o il Z
TR 3y > 4 Tl
At AN X J
—034<2<022 convergent '
Z a727, <1 Form factor for vac — Bﬂ'(fy)

n B — wlv



. . | 08 (1-4)f(@?)
e Dispersion relations show there |

is a lot of freedom for a pure _
extrapolation of lattice data » il

0.2

2 . [ 1
X~ fits to data & lattice i
with dispersion relations | A;ncoen et al

X2/(d0f) ~ 1.0 expt. & Type of Error Variation From 8| V|9
thCOI'y Input Points  1-0 correlated errors | £13%
Bounds F versus F_ < 1%
3 mPo'e 4.88 +0.40 < 1%
107 % VUb i 37 —L 052 FINAL OPEborder 2 loop — 1 loop < 1%

10°x |Vo,5| = 4.11 +0.52 HPQCD

fit also gives: f+(0) = 0.25 £ 0.06
like sum-rules

My Average for this method:
V' = (4.39 £0.34) x 1073

13% (HFAG LP‘0s)
% 052 tOtal CIrror ‘Vub’?;e;'i)egia?sc?ﬁut 1 (3531—8%?) %< 1073

(4% expt.)

(CKMfitter LP‘03)

Note that this includes the information in the pure lattice method



Nonleptonic Decays



Motivation (Going Forward

® So far we’ve been talking about precision theory < 10%

® Now we will turn to cases where the expansion is worse,

~ 20%(?)

® But the odds are higher! We can look for new physics

in many channels, where the sensitivity appears in

different ways.

® Need to know what the SM expectation is for Br and CP-Asymmetries



B0 popmo| lesting Factorization 'Color suppressed"

and SCET Mantry, Pirjol, LS.

Blechman et al.

ADOm _ () /d:c dz dk;dks JO (2, 2,k k) SY (kT k) ¢ ()
(+)
+AP i A 1
on — — suppressed
Eur & N, pp
Predict
equal strong phases” (DM ) = §(D*M)
equal amplitudes (D*M) = A(DM) 20 | WAL
‘A(D*M) - f zglgi Eslu;;)z:ssed p°p’
A(D M) : LIRPAA R IR e
o d 15 | L
s 5(D7T) = 30.4+4.8° : ok o [k
4 i and » I I ; { L
5(D 7T) = 31.0£5.0 1.0_}; I{}*}*
Without factorization 05 | i
predictions spoiled by O(EM ) — 0(1) effects LO SCET prediction
(o LR AR A TR LA LA SRR SR R LR S ALY




i M1 M2 C1 > C,C74,C8y > Ca6 > Cs5910 > Cr 3

Methods i
. : L many authors
® SUQ), isospin symmetry Al [0S classic: Gronau, London
e SU(3), isospin symmetry M ~ ()3 many authors

Rosner, Lipkin, ...

® Factorization A2 « EA < E2 m?
, Beneke, Buchalla, Neubert, Sachrajda
corrections ~ 20%

not great precision, but sufficient for large Chay, Kim
new physics signals (and improvable) Bauer, Pirjol, Rothstein, I.S.

sizeable

charm loops? k | Factorization

Ciuchini et al, Keum, Li, Sanda,
Colangelo et al Large Annihilation Lu et al.
A (appears to be a good

C1 T competes model for soft physics)



Factorization (with SCET)

Bauer, Pirjol,

Factorization at my AT

Nonleptonic B — MM,

A(B — M M,) = A05+N{ FrbGHIY / du o™M2 (w)+ far, / dudz

Form Factors B — pseudoscalar: fi, fo, fr
B — vector: V., Ag, A1, Ay, Ty, Ty, Ty

E)= [d (BM(, g “hard spectator”, A
i / i G E) } “factorizable” ) y
i it o) } “soft form factor”, EA
“non-factorizable”

Factorization at v EA expansion in as (v EA)

1 o0
?M(Z) = Jm/B /d:c/ dktJ(z, 2, kT, E)éur(2)pp (k™) Beneke, Feldmann
! i Bauer, Pirjol, L.S.

/o107 SRR
g I Becher, Hill, Lange, Neubert

(Ieft as a form factor)



® Choose some reasonable values for hadronic parameters.
Test Qualitative Agreement with Factorization

QCDEF: Buchalla et al.; Neubert, Beneke

pQCD: Keum, Li, Sanda (k. )
(NOTE: some power

suppressed terms
included as well)



B(B — Kn, nw, KK)

CLEO
—— Belle HFAG
—— BABAR JULY 2005
CDF
PDG2004 new
New Avg.
Eon wxi— data
A _
KK O pQCD
2 K+K®
—— 7070 O QCDF (84)
@-o-
% 0
= “8
O -—.0_3.:— K7t
C é-— Ktn~
0O—60 —,
I | | | | | | | | |
0.0 12.5 25.0

Pattern is
reproduced

Note:
I did not add
theory error
estimates here



A Few Channels

Vid Vib
Vcd ch
Redundant measurements
in different channels B (

allow us to probe for new physics (1, 0)



Isospin Analysis Babar ‘o4, Belle LP’03

EB it ,Opj ( PIIP|l dominates as factorization predicts A. Kagan)

Parameters = 6 Observables = 6
Y +§ hadronic

B — p°p° channel is not measured, but strong experimental

bound forbids sizeable penguins

L L L L L B O BB
I . 1 B—pp (WA)
12 % ----- WA & B® — p*p” (BABAR)
.......... WA & S/Clong(p+p_) (Belle)

il filioge |l e
lo (see talk by F.Forti)
20

CKM fit

no a meas. in fit :

L 1 '\," Ll ‘ I — .‘"'.T:N' o |
40 60 80 100 120

o (degq)



[B s 7T7Tj ISOSpin Analysis A B~z (S/C,_from BABAR)

"L Moriond05 """ B—anan (S/A+_ from Be”e) |
1 Combined no C/Ay, |

Known strong isospin breaking effects are small

ocx ~ 2° Gardner; Gronau, Zupan C_f'
Problem is precision of direct .
CP - Asymmetry for neutral pions ol meas. :
e a e a0 100 120 140 160 180
Crogo = —0.28 £0.39 . (deq
(Belle & Babar)
Add “mild” input from Worth remembering:

more input/less fit parameters means

factorization (use data to fix |
more ways to test for new physics

nonperturbative parameters) il
eg. can’t see new physicsin I =0

amplitudes with the isospin analysis
Baek, Botella, London, Silva

My Language
Strategies for ¢ vs. Methods for &
like PRL: Evidence vs. Observation



Definitions:
A(BP At = e D (- |
A(BY St ath = e D @l |12
V2A(BT = 7% 7) = eTY |\ (T HO)

[Acu| = CKM factors , take 3 known

Data === Significant P, “penguins”,

Large C, “color suppressed amplitude”

(see A.Ali, ICHEP 04)



Br(B — 1Y) =1.45+£0.29 {s large (a LP’03 hot topic)
expected ~ 0.3

NOT a contradiction with factorization.

il Vil
C
® if (77 ~("" thenaterm ﬁl (@'Y x ¢7™ in the factorization

theorem ruins color suppression and explains the rate

LAz, Bm . : 0 .
if 7" > (s this Br is sensitive to power corrections
(small wilson coeffs. at LO could compete with larger ones at

subleading order) .

® In the future: determine parameters using improved data on the

B — wly form factor at low q2 to provide a check.



(B - ]

Buchalla, Safir
Lunghi, Gronau, Wyler

® Power counting says Penguins can’t be TOO big

and their strong phase should not be TOO large

(assume factorization gets the sign right)

jo| O

LP 2005

1 Isospin an.

— |P/T| <1 & |arg(P/T)| <90°

(|P/T| does not include CKM elements)

“1noC/A,, |

08/

1-CL

0.6

04

CKM fit

no o meas. in fit

40

60

80 100 120 140 160 180

o (deg)

Impose:

Removes discrete
ambiguities



[B 1 mrj Factorization predicts a T il IE
Flat Tree Triangle /

1
e~0, 71 ~0
Use this to get @ without Cror0 .
Bauer, Rothstein, I.S.
8. A o SCET allowed region 1sospin
1 BEIN YL IES ity | bound
e—Im(T) —C’)(as(mb),E)NO.Q € o]

0.2
............. 7 f~>/
75
T 7 ‘ T \ T T T ‘ T 7 ‘ T 7 ‘ T 7
0 - 02 /2/ /\_/
1o T O and W/O C - 04 Flat triangle
el e |r ) <5° 10°, 20° and wioC, 04 1
I =0 and Wlth Coo ] 06|
1 5 i
I IS0spin eénalﬁ 0 L ] 0.8} t
- without R0 o - eX
@ -
| .
~ 06/

CKM fit

no a in fit

Grossman, Hoecker, Ligeti, Pirjol

for a ~90° €=0.2 < 7)) ~ 5°

7 \ LI ‘ [ '1---L...‘...I--"\' ~\ ‘ I ‘ \“\ ‘ | \\

0 20 40 60 80 100 120 140 160 180 e — 04 — 1) ~ 10°

o (deg)



[B — K w] Is there a K-pi CP Puzzle ?

(Gronau, Rosner

I L s R K =
® Direct-CP sum rule: Expandin € = vevale e | B o
] 1 | ~— for fact th
0.0y 1+ Li ! 2 account for fact that
et QA(K A e i O 0.02 color-suppressed terms
C0.077 £0.070 = O(€*) > it ol
\ A(f) T ACP(f)Favg(f)
no puzzle here yet TSP (7~ K°
P Y uses LP’o5 Belle Acp data (™)
® SU(3)7 gIObaI ﬁtS to data (Neglect E, A, PA amplitudes) e
12 parameters, 18 predictions DRI Y2 J
mr, KK, mn,nn Kn, Kn, K1/ Rosner, Suprun 50
agrees with Y
» /Y e 610 ik 1]-0 globalﬁt 30

BESNERNEE GGl ARNE LY

OR Y25 #3001 21758 100; S1258 11505 8175 Y
‘ 0, 0N 0.0 . 2l
@” B r Iior(Km ) give | QX (2.7,5.9,2.9) Updated by Suprun
(pre-LP’05 data)

hints of a puzzle’?
see also Buras, Fleischer, Recksiegel, Schwab;

Kim, Oh, Yu



B — K *’y & e Py Factorization & Phenomenology

Beneke, Feldmann, Seidel
Ali, Lunghi, Parkhomenko

Theory based on Factorization Formula: Bosch, Buchalla

A SCET (K*7Y)
I I1 11T
VAQB) =T} Fy + [dodk (e, k) 6ntgv(e) + 0(cr)  SCHLE
Q1...6 % annihilation Becher, Hill, Neubert

il
A Qs ><

small for pY

et i
V.. § [1 T 2(ckm)5a} from Bosch,Buchalla

/ 11
i CKM’03

SUG) ¢ P £ =1.2540.20 (Ball, Zwicky; sum-rules) 1.2 4+ 0.1

violation F 0 € — 1.1+0.1  (Becirevic, Mescia;
lattice+extrapolation to small 4 )

Br(B — p'v) ~ 1.023
Br(B — K*y) 2

is this
conservative ?



New observation from Belle (Lp’os, Forti)
Br(B — p’y)

BR(B® — p%)/BR(B° - K*%)

[ I | [ | ‘ | \*\ | ‘ [ [ ‘ [ ||

= ( g) — (9 curve doubles

error estimate

Currently agrees

with global fit

0 05 | 1 15
p

l

WA used



Executive Summary

® Radiative Decays

= progress on understanding and reducing the
QCD uncertainites

e Lattice QCD
=) new fD! agrees with new Cleo-C result

=P new staggered fB, fBs/fB! improves the Amg constraint
smaller uncertainty for Am; constraint

® Lattice QCD & Continuum methods

=9 2005 yields precise exclusive determinations of Vub

® Tactorization Theorems

=9 New tools developed, progress in understanding
Nonleptonic B-Decays, new “strategies” for (Y

=9 Places to watch for “puzzles”



Thanks: M. Misiak,«C. Baue;;_, Z.. Ligeti, U. Nierste
T. Browderj C. Heagty, I. Shipsey
S. Aoki, M@Wingat@ A. Kronfeld,

id a spillal thanks to A. Hocker




