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The Standard Model

Matter is Composed FERMIONS o sy .

Leptons spin =172 Quarks spin =12
of quarks and leptons — ek T
GeV/c2 charge | GeV/c2 .charge

v, electron | <qy10-8 U up

I nte raCtI O n S are ee :::::: 0.000511 d down
mediated by the i

exchange of force- e &
carrying bosons

PROPERTIES OF THE INTERACTIONS

e Interaction .. Str
Prope| Gravitational
Pty : Fundamental

Acts on: Mass - Energy Flavor Electric Charge Color Charge s g

Particles experiencing: All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons
Particles mediating: Graviton w+ w- 20 ¥ Gluons Mesons

{not yet observed)

Strength relative to electromag | 1018 m 10-4 0.8 1
for two u quarks at:

- & 3107 m 10-41 10-4 1

1

for two protons in nucleus 10-36 107

25 Not applicable
to quarks

60
Not applicable
to hadrons
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Quark Mixing

- Charged weak interaction W
couples up- and down-
type quarks )

t — bW /\
v

c — sW ab q

. But also between families (b—qW) ~

—r- ()

- Mixing very generally described by CKM matrix
s V1 u;<> d; coupling
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CKM Matrix

3x3 unitary matrix — 9 complex elements

d/ V’LL d Vus Vu b d
S / — VCd VCS VCb S
b V;fd Vis V;fb b

Only 4 indep. real parameters (3 angles, 1 phase)

Phase is integral to SM explanation of CP violation
s Essential ingredient in explaining “Where did all the antimatter go?”

Ubiquitous in description of weak decays
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A Window to New Physics

- Numerous experimenal avenues for measuring V;

- Test consistency of measurements by checking
unitarity (VT (V) = 6,

s Orthog. relns are zero-
sum triangles in
complex plane

s For d, b columns,
sides are of same
scale

vcdvicb

- Ultimately tests Standard Model against itself
s Inconsistencies = New Physics?
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Semileptonic B Decay

- Decay of bthe quark is an excellent laboratory for
studying the b — u transition and measuring [V ,/
- Leptonic decay of W is convenient

s Clean experimental signaure; define g = (p, + p,)?
s Eliminates complications from final-state interactions

o]
——
-

\
<

\7”0‘ }
u,d

- But quarks are not found alone in nature! _

_, Bound by strong force into hadrons ~ Bq = (b9)
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Strong Interactions

Measuring |V | requires disentangling weak b —
u decay from background strong dynamics

b W<’i_ b W < 0_@
— - E{ \0

Difficult because strong interaction is hon-
perturbative in this regime—usual tools of
perturbation theory don't apply

s Bad news for |V,
s For that matter, how do we do any quark physics?!
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Inclusive b—o ulv

. Inclusive measurements sum over a set of final
states, e.g.
“all Bdecays yielding X, + [+ V, any X
s Effectively “averages” over hadronic details of final state
- Non-perturbative physics of initial-state meson

handled with heavy quark expansion
s Rigorous framework for systematics corrections to heavy quark limit

» In m, — oo limit, light degrees of freedom in the meson are
insensitive to flavor, spin of Q

s Exploits separation in scales between heavy quark mass mg, and
hadronic binding Aqcp

my, ~ 5 GeV > AqQcp ~ 250 MeV
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Inclusive b—o ulv

- Resulting Heavy Quark Effective Theory provides
a framework for calculating decay rates

s An operator-product expansion in powers of A/m,

s Non-perturbative parameters are introduced at every order that
wrap up the long-distance hadronic physics of initial state

s Parameters are to some extent universal across B decays

(b — wlv) = M(1 f(/\l’QAQ) L)

+ [ N J
b

p=npv-g+k

I
+
S‘O
QX
+
3 ‘|—l
SN

B, =mgv+k
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|V, fromb—> ulv

lgnorance of strong physics is organized—not
eliminated

Nonetheless, possible to relate |V |? to
experimental measurements of I'(b — u [ V)

.. . using a truncation of the infinite expansion

Neglected terms constitute corrections
s Subject to ability to determine incalculable non-pert. parameters

Extracted values of |V | suffer from large
theoretical uncertainties as a result
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Weak Annihilation

- Four-quark operator at order (A/Mpg)3 in HQE
1

Awa = m( brYaur, urygbrlB) (0a8 — vavs)

One of several * ” terms
Associated with presence of a ggq pair of the same flavor
Simplest diagram is analagous to parton annihilation in B — [ v

S
S
S
s ... But subtle dynamical effects arise at higher-orders

- Impact on rate can be parameterized as
G5Vl 2 fEmEMp
127

. QCD factorization: Expect B, = B, = 0

orwa = (BlAwal|B) = (B2—Biq)
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Weak Annihilation

- Little is known beyond a few basic properties
s Contribution relative to total rate is expected to be small
Cwa/Tp yiv~2-5%
Set by scale of violation of factorization (~ 10% est.)
s Non-trivial distribution across phase space

dIy/d@? o< (g — my?)

= Potential impact on |V | extraction
depends on what part of phase space is
sampled by the experimental
measurement
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Making Big B’s

. Collide electrons and
positrons at high-energy

iIn CESR accelerator

s Annihilation produces fermion
pair ff, with f =wu,d,c,s,b, £

s For E_, ~10.6 GeV, enough

energy is available to turn a 2
pair of b quarks into a pairof ~ z .t - s
B mesons PR
. E BEot Y(2S)
s Not every e* e~ collision results 2l ; s,
In T(4S ) — BB - s :‘+ ',+ : * J Y(4S)
=S SO Ay S e L

U Il 1 Il 1
044 946 10.00 10.02 1034 1037  10.54 W 10.62
bl
Mass (GeV/c™)
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CLEO Detector

Measure properties of particles
produced in the e* ¢~ collision

s Trajectories

s Kinematics

s ldentity

Cylindrical geometry

Different subdetectors target
different particles or different
properties of the same particle

s Drift chamber records paths of
charged particles = “Tracks”

s Calorimeter measures energy
deposited by charged and neutral
particles = “Showers”

CLEO III 2222222 -001
” Solenoid Coil Barrel
) \ Calorimeter
- Ring Imaging Cherenkov
I \ Detector
W o Drift
: Chamber
o\ -
SC Quadrupole : | SI|ICOI; ;2:;):; il;ztector
Endcap

SC
Quadrupoles

Rare Earth
Quadrupole

Calorimeter

Magnet
Iron Chambers

Barrel Muon

. 10 M BB events collected with
CLEO I, 1.V detectors
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B— X,lvat CLEO

- Inclusive analysis
s ldentify lepton (e, n) os| .
s “Reconstruct” neutrino AL *

- Must discriminate against
s Non-BB events

0.10

Decay Rate

0.05 £v)x10
s Other B decays that look like |
our signal M ... ]
® Chief baCkg round iS from Lepton Momentum (GeV/c) 3
B X_lv
s Experimental fact that — Signal decay is swamped
V| by a much larger
v, ~ 0.08 background
cb|
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Neutrino Reconstruction

- Neutrinos leave no visible trace
- But apply (E,p) conservation to the event

Pinitial — Pfinal
/=
beam v
conditions = > pi+ > p
charged neutral
= > mt+ > p -I-
charged neutral
\tracks ShOWGI’SJ
[
. . . : detector
- Infer neutrino kinematics, assuming signatures

s We saw everything else in the event
s What we saw has been measured accurately
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If You Start out Right. ..

Veto events with features that - Confirm consistency of indep.
suggest anything, anywhere measured E ... and p e
might have gone wrong

s Additional missing particles

n MC to kil b articles for BTOC
> N'.ep.> 1= N, >1 (Ilkelly) g - miss —
» Missing momentum points down LL -
beampipe =sb
s Eiss < 0 (unphysical) b ﬁi’lii;fé‘rf??
s Expecty, Q=0
- : - O I e e
|dentify reconstruction mistakes EINEER T
. ; P ocoeisdesEHRee
to avoid double-counting e
Lo ﬁ\ﬁul
0P e enee E%ﬁ;"/

MM2 = E, 2 2

miss pmiss

?
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Lepton Identification

Electron Efficiency in Monte Carlo

+#

o0 O OO o O g e

oF

e

IGRChNEEte

+ ]

mmmmmmmm (GeV)

e-likelihood combines

s Egc/py (= 1 for e)
s Shower shape variables
s dE/dx information

- Good eff'y down to low
momentum

U

mmmmmmmm (GeV)

Muons must penetrate at
least 3 X, of iron absorber
and reach instrumented
layers of muon chambers

Thomas Meyer//Cornell
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What We Expect in the Data

- Signal sample is based on
s ldentifying a high-momentum lepton, |p,| > 1.5 GeV
s Successfully reconstructing a neutrino

- But inevitably also include
s Continuum events ete™ — ¢§, g # b
s Events with “fake” signal leptons
s B— X_,lvevents

- To extract b— ulv signal
s Reduce backgrounds as much as possible
s Model surviving background with data, when possible

s Use simulated event samples to stand in for what can’t be
measured directly
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Continuum Background

Suppress with cuts based
on event “shape”

cont P/ >1.2GeV/c

y

iy

® F85%C F90%
L e LRSS o

R S T RpandS/

elative Efficienc

R
IS o o
IS EY o

Efficiency

o
o
T
. o H
. o M4

ol b by [ | e b by
1] 25 5 75 10 125 15 175 20 Z22.5 25

° (GeV?)

q GeV/c?

- Account for remainder with
data collected below Y(4S)

In the sense of
distributions,

BB = ON — a OFF

Thomas Meyer//Cornell

24

PhD Defense, 20 Dec 2004




Limits on Weak Annihilation in Inclusive B — X, [ v Decays

Fake Lepton Background

Hadrons are occasionally

| ON - «OFF ¢ Distribution for Fakes (II+IL.V) |

mis-identified as leptons T
s Allows random events into signal 60" TT" E
sample - E
o . = z
Model contribution using 8w } :
non-leptonic events g o T :
s Analyze each event in the G 20 H, ]
sample as if a selected track had 100 T, =
been identified as the signal o e,y
lepton 6T T T0 15 20 25 30

s Weight result by fake rate for o7 (GeV")

chosen track

_ distribution of fake lepton events
Entirely based on data 7 P
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b— ulv Signal

True spectrum contains
contributions of two types

s X,resonances: T, p, ...

» Few predictions cover all
resonances

» Often model-based
s Non-resonant n-body states

Theory prediction
s HQET-based, tied to QCD

s Inclusive — finer hadronic details
are averaged over

Simulation must blend
measurement with
prediction . . .

| Generated dI'’dM, Spectrum

IIII|IIIIIIIII|IIII|||II|IIII|IIII‘II\\l\\\llllll
m — Inclusive theory -

o
Y
o

—— NR+Exclusive

—— Non-resonant

o

o

o
]

o
o
o
|

|

o
o
I
i

|

Differential Rate dI'/dM,

o
o
N

L IIIIIII|IIII|IIII | ]
0'08.0 05 1.0 1.5 20 25 3.0 3.5 40 45 5.0

Hadronic Mass (GeV)

New event generator (“InclGen”)
assigns rate according to
Inclusive mass spectrum, to

s Known resonances (ISGW2)

s Non-resonant decays

Thomas Meyer//Cornell
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Model for WA

Model based on leading-
order annihilation graph

s Lepton and neutrino carry most
of the energy

s “Soft” hadronic system appears
in the debris

» All kinematics ~ Aqgp

=l
<

| PDF for Hadronic System Kinematics |
1.0:|\\I\ll‘l\\l\lll\\\\\l\‘l\\l\l\‘\\l‘\\\;

0.9 =

0.8 =
0.7- =
0.6 =

0.52— A —

0.4 =

P(x)

0.3
0.2 =
0.1 E

oottt V1 T 3
800204 0608 1.0 1.2 1.4 1.6 1.8 20
X/X,

- M,, py pulled from soft pdf
s Box of width x,
s Exponential rollof o« g-{x-x)/A

- X, decayed non-resonantly
- (Iv) system V-A, s, =0

Thomas Meyer//Cornell
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Ali Baba and the Thirty Samples

B 2
X, = 0.50 GeV: Gen-level g° Spectrum_ | X, = 0-50 GeV: Gen-level E_ Spectrum
Fr o T T -0t evT ot —2b sof riks To.ods T T T T e I I o e P g ey e v o mrt e s e —TT
2200:— T Pcm 09 CGeV <o =22 582AMS - 1183 _i 1600__ JE— :\:::::05@5: <x>:2iMRMi:01i3 | ]
r — fw=0® 0% o  Aao=0.10GeV <>=235%8
2000; — 1400} 20G: _|
1800~ - e
1600 1200 ]
1400 1000— .
1200— B
: 800~ -
1000 B
800 600 -
600 Jr ' a0g— =
400 TN -
- q2 o 200 E -
200~ ; lep
- L IAF-IV*J"I’":\;I»‘ L 1 L ] IR I R S I TR R R o u" A L1 TN
0 5 10 15 20 25 30 0 0.5 1.0 1.5 2.0 25

Parameters of model varied through 5x6=30 different
values

%o = 0.30 .. 0.75 GeV A =0.01..0.50 GeV

Each 100 K event sample represents a possible
“realization” of WA

3.0
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WA Sample Characteristics

View parameter space a 2-D
plane, A vs. x,

1 bin/sample, center at (x@;, A

WA Parameter Plane

:\ T | T T T T I LI T | T T T T | T T I T T 1 T | T I:

0.6 -
0.5 WA06 WA12 WA18  WA24 WA30 ]

_ 04 B
> - i
0 B ]
g— 0.3 waA05 | WA11 WA17  WA23 WA29 ]
0.2-waAo4 | wAi0 WA16  WA22 WA28 ]
0.1 iWAOS WAOS  WA15  WA21 WA27 7:

E WA02 WAD8 WA14  WA20 WA26 E

0.oL WAO1,  WAO7 , A WA13 | WA19,  , | WA25 | ]

0.3 0.4 0.5 0.6 0.7 0.8
X, (GeV)

f,,in WA Samples

0.3
0.4
0.6 0-°

A 0495 0.7 'Bﬁ
o 0 . . ]
co (Gey) Bir, 0.6 0.8 kage\ﬁ

Fraction of rate with
l:'Ielo > 2.2 GeV
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Fit Strategy

TWO k|nemat| C 30|q‘ VS. |p|£p | Distributionl ?tl (Iienleratlor L?‘Te,l
variables available b -
_ ¢ e B
— Lepton momentum 200 E
Separation available in  § 1 |
each - i engs -
+ = o B OREEAG
. SEEEEEEEHS
5 R 1= m m m m /[ -
: . I HHEHEGE Ao -
Use a binned fit in both == EEE.E.E,:‘,:::,. e
- 8.0 0.5 1.0 1.5 2.0 2.5 3.0
VarlableS Lepton Momentum (GeV)

@? bins: 1 GeV? each
|Pepl biNs: 1.5-2.0, 2.0-2.2, 2.2+ GeV
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Fit

Minimize y? fit statisti
Inimize x= fit statistic =y oy (

pe BINs ¢2 pins

ndata _ Npred) 2
2 1

g4

Fix ctm and fake
contributions
data

Float other normalizations :
N,eq INCludes sum over all

s fiNisource ‘ P _ .
contributing sources

s Scaled off-resonance data (ctm)
Run fit with each WA s Scaled fake lepton data (fakes)
sample In turn — s b— clv Monte Carlo
— s InclGen b — ulv Monte Carlo
— s WA Monte Carlo

Nyaiq 1S from on-resonance

Sum gives total b —» ul v rate
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Sample Fit Results
Fit Projections

- From fit to WAO1 — most “compact” version of WA

| CLEO II+ILV ¢° Spectrum in WA01 | CLEOII+Il.V E_ Spectrumin WAO1 |

: T T PI T |> |1 |.5 LI | T 17T _I._l dN T ‘ T i : T T T°T 2 T |2| ‘ T T | LI _I._I dN T ‘ T T :

5000 =osis| | . sTou . 70001 9> | - =T -

., =1.0116 @ sroc ] - i croc ]

btou FAKE — C FAKE 7

fukan = 0-4321 B ooFF . 6000— B «oFF —

4000 x2 =101 .92- _ WA N E WA E

R ’ 5000 -

) . i 9 - :
£ 3000 7] £ 40001 =
s | 1 et :
L - w C 4

W r - 3000 —
2000} . - ]

B i 2000 -

1000} - 1000 ]

00 5 10 15 20 25 30 8.0 0.5 1.0 1.5 2.0 2.5 3.0
Reconstructed g (GeV?) Reconstructed E__ (GeV)
q %2 = 101.9/81 Eico

Thomas Meyer//Cornell 33 PhD Defense, 20 Dec 2004



Limits on Weak Annihilation in Inclusive B — X, [ v Decays

Sample Fit Results
Bkg Subtracted

Subtract off b — ¢ v, continuum, and fakes to see
b — ulv signal (including WA contribution)

CLEO II+IL.V g° Spectrum in WAO1 | CLEO II+Il.V EI’_Ep Spectrum in WAO1 |

TP STE [T T [ oean 11,898 [T T T T [ 2T |2| T T T T T T T T T oiemn oo
250~ lep ’ RMS 5.8305 Z h 2 [ RMS 0.32693
C Integral ~ 1321.9 250__ Integral 1327.8
2000 N - :
- ] 200\ -
1500 - - ]
a oo ] o 1500 =
£ 1o00- E 8 1501 :
g - ] g - ]
w  goC 3 w100 -
OF - 50| - -
-50F- . Ofoeeeereeeaee ;
-100 __I v v b b e b v Py |__ Lo b b b b by

0 5 10 15 20 25 30 0.0 0.5 1.0 15 2.0 2.5 3.0

Reconstructed o (GeV?) Reconstructed E,__ (GeV)
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Fit Yields
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- Visualize all 30 fits by plotting results against other
physical properties of the WA samples, e.g.

33600(
33500f

£ 33400
= r

332001

33100F

Raw Fit Yields |

- r
$ 33300f

E il e b e e
03 04 05 06 07 08 09

<Mx> of WA Sample (GeV)

btoc

Yield N,,,,

1400

1300}
12001

1100F

1000

s Mean hadronic mass

Raw Fit Yields

I
0.3

el v b b Lo 104
04 05 06 07 08 0.9

<Mx> of WA Sample (GeV)

btou

Yield N,

1600
140"
120
100"

-20:\ 11

Raw Fit Yields

80
60/
40"
20 el

o
TT T

—_———————i
—_——y

\\I\II\IIlIIII‘II\I‘II\Il\I
04 05 06 07 08 O

<Mx> of WA Sample (GeV)

9
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Understanding the Yield Curve

Shape of WA yield

reflects Shape of data | CLEO II+ILV g” Spectrum in WA01 |

: T T T Plle[\) |> |2|.2 T T T ' | LI T | T N[ean 14396
| | RMS 5.4761

spectrum at high g?
and lepton energy

a0

Integral 394.21

201

0_

Events

Fluctuation happens to
be consistent with : ]
“compact” WA samples 40 :
For suff. broad WA, it L Y U
can take rate from btou Reconstructed g (GeV)
instead

-20[
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Relevance for |V |2

- Neglect of WA can impact extraction of |V,

For an analysis that applies cuts {a} on bfou phase
space, define correction factor or “impact ratio”

Ra,_

Relevance of WA for
analysis {a}, as a fn. of
WA model, with input
from data!

\ rbtou fwkcm

fwkan wkan

a

NCL

w

norml’zn result

from fit

a
kan T f btou’ Yptou

\

/

Evts passing cuts {a}
* Model-dependent
 Cut-dependent

Thomas Meyer//Cornell
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Impact Ratios

Endpoint

Eep, > 2.2 GeV

Belle-style
S |Ppl > 1.0 GeV
s @?>8.0GeV?
s M,<1.7 GeV

S

| Impact Ratio for 2.2-style Analysis Cuts | | Impact Ratio for Belle-style Analysis Cuts |

0160 q oeas T -
014k E S £ 0.10i
0.12; 7 0.14F E _ 0.08F
Eﬁ 0.100 —fj 0.12;: :;mg
g 2:22__ } h m ‘ i § z:;:: ‘H | l * g :.:j_
P \H‘ =gl
0.02- s 1= o i ] IH E E o.02]
by “Hl W 1 o ”}“ﬁ%ﬁ‘lﬂ |
-0.045: E i i I

ol b b b e b b g 1 G b by b b b g Py i
03 04 05 06 07 08 0.9 03 04 05 06 07 038

<Mx> of WA Sample (GeV)

Shape determined by WA yields

<Mx> of WA Sample (GeV)

BaBar-style
S |Pepl > 1.0 GeV
s M, <1.55GeV

| Impact Ratio for BaBar-style Analysis Cuts |
e

"

oo b b b b b Py g 10
03 04 05 06 07 08 09

|||||

<Mx> of WA Sample (GeV)

Stat. errors only
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Experimental Systematics

- Neutrino reconstruction depends on entire
reconstructed event

- Fit to data relies on having simulated all details

correctly

s Calorimetry btoc
s Tracking btou
s Particle identification WA

s Generic B decay

. Study sensitivity of analysis to data-MC
discrepancies with individual “knob turns”

s Modify some feature of the simulation, repeat analysis
s Resulting shift in central values measures dependence on selected
feature
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Calorimetry

+ Shower reconstruction _———————
s Shower-finding efficiency ok L

s Shower energy resolution o v ]

s Splitoff showers per hadron - :

s Splitoff rejection algorithm ﬁg ol + s -

F o L. C

. K, energy deposition o .'t%'--?.;,a.;,;f':if"i -
ol i L

03 04 05 06 07 08 09
<Mx> of WA Sample (GeV)
Error bars: Shift in WA yield when

shower energy resolution is
worsened by 10%
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Tracking

° TraCkl n g _fl nd | ng Shift of Knob SmearTracks from Reference |

80||||\\|\||\llllllllllll‘ll\l‘\l\\‘\I

efficiency 0 l

[
L 1]
60

*—i

50

- JTrack momentum
resolution

40

YieldN,, .

I‘II
[
L 1]

30

-

o
=

20 1 Tl.
"9 |=:.‘

.
[ 1

o " o b3 ]
® H
g, 3.

IIII[WWII'I!IW[IW\I|II!I‘!I\Illl!!‘\lll

o||||\\I\|I\IIlIIIIlII|I‘II\I‘\I\\‘\I
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Physics of Generic B Decay

- K, multiplicity has been compared between data
and simulation

(N(KL))bAaTA _
NED e 07

s We already correct the simulation for the nominal deficit
s Use errors as scale for variation of this re-weighting

. Secondary leptons can signal additional neutrinos
b— c (Yv), with ¢ — s,d v

s Momentum spectrum critical to modeling lepton ID

s Vary shape of spectrum within errors obtained from CLEO and
CLEO-c component spectra
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b — u lv Model Dependence

Inclusive spectrum

N,an in WA Samples (newbsg) |

depends on parameters 120 T
extracted from CLEO’s 100 @ NOMINal i
b — sy photon energy sl b
spectrum ol vt
s Vary “shape fn” parameters i "W, joe _
within uncertainties E | :5 Ros @%
RERLT L
0 ) 2
Y |INININE ENANENENTN AT RT AT AN AT AANI AT AT xOlo
Turn off all resonances * s °-4<Mx°>-fn W‘;ﬁsanf;es 08 09
s Purely non-resonant spectrum,
matching theoretical predicion WA vyields for different btou models
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b — c¢ Iv Model Dependence

B — D" [ v dominates  Nygy in WA Samples (Nom)
the b — clv branching ™ e nominal e
fraction >F ]
s Vary form factor sor R
parameterization for this 601 woc ot
mode : B2
401~ 4 4 g
fw) =€) —Pw—D+ew-1% FhL
ST -
0} c:) :;lijr:CGM, o2
-20\:\|\\||\||\\ I fl}z‘?\’hng

1 | ‘ 1 1 1 | ‘ 1 1
03 04 05 06 07 08 09

<Mx> in WA Samples

WA vyields for different btoc models
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Summary of Systematics

- Combine all errors in quadrature

Impact Ratio R, ,

Giot = Ogtat @ O

| Total Statistical + Systematic Error

Impact Ratio R,

<Mx> of WA Sample (GeV)

0.20 T
. Endpoint -
0.10 —
H1®
0.05 i -
pe
0.00 —
_0.057\ v b b b b b by
03 04 05 06 07 08 09

0.20[—

o
-
(3]

o
Y
o

o
=)
G

o
o
=)

-0.05
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D thoc D thou
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| Total Statistical + Systematic Error | Total Statistical + Systematic Error |
.
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Take-Home Message about WA

Statistically-limited measurement, so we place an upper
limit
Averaging (unweighted) across all 30 WA samples

Endpoint analysis Belle-style analysis BaBar-style analysis
> Ep>22GeV > |Pepl > 1.0 GeV > |Pepl > 1.0 GeV
» @°>8.0GeV? » M, <1.55GeV

(R2.2) ~ 10% (R2 pr,) ~ 6.5% (Rury) ~ 3.8%
RMS Roo~2.8% RMS Rp2 ), ~3.8% RMS Ry, ~2.3%
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Further Work

- CLEO lll dataset — another 6 fb-1

- B Factories

s Compare I'g (B to ' (BY)
» Requires reconstruction of X, or other B

. Other avenues for exploring WA and/or violation of

factorization

s D semileptonic width
s DD lifetime difference
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Statistical Significance

. Statistics-limited analysis

Stat Significance of Yield N, (c)

_N
Ostat

Error bars indicate proportional systematic error in units of .,

Stat Significance with Syst Errors | Stat Significance with Syst Errors Stat Significance with Syst Errors

L L L

iy
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Neutrino Reconstruction
Performance

Resolution

- Dominated by additional
undetected particles
s Chiefly v and K;

- After all analysis cuts (MC)
s 6(Pmiss) ~ 150 MeV

\ Neutrino Momentum Resolution

0.20HIA‘|‘E\V‘\SI\|\IH|I\|\||\lwlzllll‘lwll‘llw|‘\|\|‘|||\_:

0.18= 3

0.16 :; -+« Eviouts, no exira neutrals : i 5

0.14F
0.12F
0.10F
0.08-
0.06
0.040
0.02F

Fraction of Selected Events

_____

0'03.5 2.0-1.5 -1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5

Momentum Resolution: p_.__ - p, (GeV)

Efficiency

Neutrino selection cuts disfavor
b — c v because X, decays to

K, tend to trigger MM? veto
Sample €
b—oulv 2.68%

b—clv 1.12%

DATA 0.36%
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Sample Fit Results
Fit Projections
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Where Did All The Time Go?

| i CLEO Il
H A-exam
| | InclGen — Inclgen/HQET — WA MC

: | Splitoff bsg varns H

— Classes = Trkman
F— NuRecon —

| Luke visits, mentions WA
— Lepton ID
| Cut optimization=—

H ShiftWeb

F— Mx2max =—
— Kaons =i

— DRecon =—i

1996 2000 2001 2002 2003 2004
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Where Did All The Time Go?

1996 2000 2001

Data skim F—
K, —
Fake leptons F——
House |
MC skim F—i

Add ctm supp H
Data-MC comp

Mx2max fits —  F=Milewly

House renovation b—i
WA |

WA Fits |
Model dep. F—
Systematics F—

Thesis b

2002 2003 2004
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Reconstruction of g2

Differential Rate (0.5 GeV?)"

Efficiency Across q in btou MC
0-10 | T T T | T 1T 1 h.1 T T 1]
o Allcuts .
| True ¢ Distribution in Monte Carlo | 0.09 .
L e s s Y L e ° Correctedfor|p,ep|cut ]
: wboulvi > 0,08 E
0.05 —bocly c - .- .
2 0.07 —
C ] O - | .
0.04; 7 {5 0.06- TR =
1€ - - vt 4T ]
0'03__ _: % 0.05 E—é 844 é‘-é-_é__._'?.o 28 T =
L i -1 ® OO -
0.021- ] g 0.041 __O =
- 10 @ - e .
- 1 o 0.03}- ' 1 —
0.01f 19 F o ]
i : 1 & 0.02 o~ —
000y e s 203530 0.01E E
o* (GeV?) b .
0.00 Coovvov b v b b b 0
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True q2 (GeVz)
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Neutrino Reconstruction Cuts

0.8

0.6

04

Marginal Attrition due to Cut N

0.2

Attrition as Event Cuts are Applied

T T T T T T T
+ —
L o—
L o —— —— i
L —— i

—— ——

_.—
| 0 — None —— |
T 1-N,>0 ]
T 2 - Ny >0 4
= 3 — NGdTrk —
L 4 — NBdTrk _
5 — NetQ
B — Ny = 1 o—
7 — Epiee > O
| 8~ cos O, i
9 — v < 0.2
i 10 — CtmFisher ]
Fo-g>2 T
‘ 1 1 1 ‘ 1 1 ‘ 1 ‘ 1
0 2 4 6 8 10
Cut Number
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Operator-Product Expansion

- A rigorous framework
for handling natural
separation in scales
between weak and
hadronic physics

(M, ~ 100 GeV) > (Agep ~ 250 MeV)

s Short-distance physics can
be handled perturbatively

s Long-distance physics is
swept into hadronic matrix
elements of local operators

S
\(\/S/
w SN
/d/\
d u

(a) (b)

G _ _
\/E csVu(S’Y'uPLC) (U/YMPLd)
Gp

\/— cs Vaud (S’YMPLC) (U/Y,LLPLd) ( 2 )
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Heavy Quark Expansion

Intuitive notion of a “heavy quark symmetry”

s Inlim mg — <, light degrees of freedom in a hadron H, are
insensitive to the actual mass and spin of the heavy quark Q

For finite m, there is still a natural separation
between the heavy quark mass scale and typical
hadronic energy scales

mp ~ 5 GeV > Aqcp ~ 250 MeV

HQE provides rigorous framework for systematic
corrections to this limit
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