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Uncertainty from theory
dominates.



Sources of Information

Experimental q2 spectra (bins)

Dispersion Relations

Unquenched Lattice QCD
Chiral Perturbation Theory

SCET, f4(0)
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Dispersion Relations

Define
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Complex | /“’ s WOUOP , _ VETI- VBT
Magic = 3 VSTV =ty = (mp £ mg)?
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) Blaschke Factor: remove pole at ¢ = m3.

vac — BW(ZV) Outer function: phase space, Jacobian,

v(©) in QCD

Form factor for

B — wly
‘ eg. o =0.65t_ then
t = ¢ B” pole _0.34 < 2 < 0.22 kinematic expansion
parameter
. ©.@,
series 1 "
t) = ap 2 2 <

par ameters



More Dispersion Relations

Fiow(t, fi) < f(t) < Fhigh(t, fi)
M. Fukunaga, T. Onogi

® Bound Form

I 30% CL bound i ,’,
Hi.
i

| | ———=- 95% CLbound

direct, no a’s to deal with
| —— 66% CL bound i

first combined analysis of lattice
and experimental data (CLEO)

® Series Form

2
X fit to include lattice and expt. points

C.Arnesen, B. Grinstein, |. Rothstein, .S
X — ZEexpt exp Brz(vuba Ap, bn)”B ;exp Brg (Vub7 Ap, bn)]
+ZE1“ — Fan,b)]lf = F7(an, ba)] + ..
to go beyond |Vup| to get shape parameters, requires tighter constraints
T. Becher, R. Hill 00 ; A N3
Szan ()
mp

n=0



® Multiply-Subtracted Omnes Dispersion Relation

N . J. Flynn, J. Nieves
! N Y
f(t) = t+—t1_£[fi (t—l—_tz’)] n > 1
i—
9 3.5
X fit to include lattice, o |
expt. points 2.5¢ -
CH| '
";.\ 1.5 i

completely compatible with
series results for same inputs 05




Unquenched Lattice QCD

® a list of systematic uncertainties for

25

1.5

0.5

ALL known sources is crucial.

need
x| < 1/a

¢° > 15 GeV?

unquenched
staggered /-

2
f.(q") HPQCD
f (a') HPQCD
f,(q") Fermilab/MILC
f (q) Fermilab/MILC

I
> ¢ B 0

Errors HPQCD
errors
perturbative
matching 9%

chiral extrap.
& statistics

8%

action
discretization 3%
relativistic I%
. Fermilab/
Systematics MILC errors
matching 1%
chiral
extrapolation 4%
2
qd interp. 4%
finite a 9%
statistics 8%




Chiral Perturbation Theory

*
® B* pole b b
\
\
5 BMB Er
f+(g (EW)):QfW(Eff—mB*—mB) [1+0(K)} A ~ 600 MeV
9B ="

® important for lattice chiral extrapolation in m



Shape Parameters, SCET, etc.

9/B
|Vub|f—|— (O)
l N (mQB —m%) dfO(QQ)
3 /+(0) LU PR }
R.Hill
B _(mQB—m%) df _ Yo
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Factorization in SCET

BBNS; Chay and Kim;
Bauer, Pirjol, Rothstein, L.S.

Factorization at my

Nonleptonic B — M M>

A(B — M Ms) = ACE—i—N{fMQCBMl /alung(u)qu2 (w)=+far, /dudzTQJ(u, 2 fMl (z)ng2 (u)+(1 < 2)}

Form Factors B — pseudoscalar: fi, fo, fr
B — vector: V, Ao, Al, AQ, Tl, TQ, T3 \

f(EB) = / dz T(z, E\¢5 (2, E) } “hard spectator?, > universality at

“factorizable”

+ C(FE) s (E) } “soft form factor”, 74N

“non-factorizable”

f+(0) =P+ (5T



‘Vub|f+(0)

From nonleptonic data: B — 7w

® Uses data to remove complex penguin amplitude, and color
suppressed amplitude. ie. to eliminate LO hadronic parameters

G} Tl \/Br<BO — pitr s (14+(1—C2, 52, )1/2c08(20) + Sy sin(20)

Br(B— — n01— in”
r(B~ — w1 )Tpo 4sin” see Arnesen et al.

V| fr(0) = (7.6 £1.9) x 10~* (agrees at 1-sigma with fits)

flat with 7Y
units x [25200°] Light Cone Sum

|Vub |

0.20 h o £,(0) .
N rules give
0.10 !-\3__‘: « C]

s gbm fu (O) = (0.208 == 0.031

0.00:IIIIIIIIIIIIIIIIIIIIIIIII

(also agrees) talk by P, Ball



Shape Parameters, SCET, etc.

9/B
|Vub‘f+ (O)
E scaling of SCET f.f.
1 (m% —m2) dfo(q?) L dIn(PT 4T
- 16 din F p_mp
B f+(0) dg? 42 =0 ~ =2 ;

if (BT 4+ (5T~ 5

B
(B + ("

E==2FE

size of “hard scattering”
relative to “soft f.f.”



Inputs to code

i) Expt. data with correlation matrix when available  turn on/off datasets

ii) Lattice  FNAL/MILC and/or HPQCD play with:
- number of f+ and fO points;

- error correlation analysis
ala Bob Kowalewski

i) fu (O) = fo (O) simult. dispersion fit to both turn on/oft

iv) number of a%t and a$® dispersion parameters vary the choice

take systematic error to be 100% correlated

Ey =olbi+y*fufin  (this increases uncertainty)

v) bounds Z a2 <1 or Z a2 < A ,treatment of truncation error
n n

081 (1- 42 f(g?)




The Default Vub Fit

® 3 lattice points for each form factor (100% syst. correlation)

® Do FNAL and HPQCD separately
® All experimental data sets included

® NO scet or chpt points
e 3a,’sfor fi and 2 b,’s for fy, Za2<1

o /:(0)= fo(0)

errors dominated

by latti
yIPQED _ (4 21 4 0.45) x 1073 ye
VFNAL (3.82 4 0.44) % 1073 experimental
errors ~ 3%



Vllb VHPQED — (421 +0.45) x 1073
Vap HF = (3.82+0.44) x 1077

® insensitive to: dispersion bound Z a; < A, chpt/scet input

° ° ° ° n °
® also insensitive to: lattice corr. matrix ala Bob K. ~ (.01
® mild: number of lattice points and which ones, num(a’s)  ~ 0.1

® depends on: FNAL vs. HPQCD, lattice norm (obviously)

f+(0)

® cffects from: FNAL vs. HPQCD, num(a’s)

~ 0.3

HPREP(0) = 0.20 4 0.02 FHPQCD () = 0.22 4 0.03

Other Shape parameters

51— my — m2 (riF_,. dFy

?E—I:I_F

=04 0.6 £0.1 £0.4 -
FLio) dg” ) ; from Becher & Hill

g =



1-CL

The End
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