An Experimenter’s View of:
Lattice Heavy Quark Flavor Physics

Outline:

Goals of quark flavor physics:
Quark Mixing & CP Violation
Physics Beyond the Standard Model

Status of key quark flavor measurements
where the lattice role iIs significant

How charm tests lattice QCD techniques

1st charm results from CLEO-c

Issues & Outlook lan Shipsey,
Purdue University

See also talks by Matt Wingate
& Vittorio Lubicz
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Dynamics of flavor? Why generations? ,;

Why a hierarchy of masses
& mixings? @ %i:’ pik

Origin of Baryogenesis?
Sakharov’s criteria: Baryon number violation

@violat@ Non-equilibrium

3 examples: Universe, kaons, beauty but Standard Model CP
violation too small, need additional sources of CP violation

Connection between flavor physics & electroweak symmetry breaking?

Extensions of the Standard Model (ex: SUSY) contain flavor &
CP violating couplings that should show up at some level in
flavor physics, but precision measurements and precision theory

are required to detect the new physics
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The Context

This  Flavor Physics: is in "the sin2p era” akin to precision
Decade Z. Over constrain CKM matrix with precision
measurements. Limiting factor: non-pert. QCD.

LHC may uncover strongly coupled sectors in the
The physics that lies beyond the Standard Model
Future  The Lc will study them. Strongly-coupled field

theories are an outstanding challenge to theoretical
Premier Physics. Critical need for reliable theoretical
Example: techniques & detailed data to calibrate them.

The Complete definition of pert & non. Pert.QCD.
Lattice A goal is to calculate to few% in B,.D,Y,¥

Charm at threshold can provide the data to test & calibrate
QCD techniques such as Lattice
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precision absolute charm leptonic decay rates
are a test of LQCD decay constant calculations

ylVCKMélz B(D+ N IUV) / TD+ — (COnSt) f;+ ’\/Cd |2
N 2
; B(D,; — uv)/r_. =(const.) fé V|

Lattice predicts: fg/fg, & fp/fp with small errors
If precision measurements of fy & f, existed (they do not)

S f Of
Some = ~14% ppG f—D+ ~55% PDG

Possibilities: : fp, D+

fo/fps (expt.) tests fo /T, (lattice) & gives confidence to fg/fg, (lattice)
Lattice errors on f5/fy & fg /fy, also smaller than on individual f’s
Use o/ (lattice) & f (expt.) + B4 mixing = precision V4
Use 5 /T (lattice) & Ty (expt.) + B, mixing => precision V.,

(precision

fy (expt.) tests fy (lattice) & fy. (expt.) tests f (lattice) test)
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Status of Vub (exclusive method)
BABAR/Belle/CLEO

Exclusive |V | from 7t -I*v, & O*v, nl*v, p 1*v, pOl*v, ol*v CLEO 10 M Y(4S)
Detector hermeticity = ,,v reconstruction® g2 and E;>1.0 GeV (n), >1.5 GeV (p)

50 | - | - - | ?6[][]203;[]0? 50 o 600105004 e
b 05 <8GeV? | ‘0 e T T T o B
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3 FosE ] %1.02— .
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= 40} 2 B—TIly ook
~ 3 I:II.I:— B
% 20 Q 5 ;S [Gwz;s 20 qu (Gevd
219 Measure dI'/do? di'’ Gp ) 3
»- s == VP ()]
oo F216GeV 1 “ Reduce FF shape dependence do® 24r
% _ \ 5,  JestFF calcs models/LCSR/lIattice Average of BABAR
g X o B2y (best) CLEO 7t /p I+v
| s v B >plv (difficult expt. & lattice) (Gibbons, Beauty 03)
i X . l: \"‘"‘ ‘. D —
- " ‘ b‘ =(3.27+£0.13%0. 19+05£13)><10 ® Theory
M., (GeV) AE (GeV) excl Stat sys Eé \ :
_(Emh/ Ebeam ) SySte.matIC
Traditional v recon. sys limited. Fully recon. Btags from BABAR/BELLE will dominates

improve 5M x50!-> reduced expt. systematic 6V ub,,, ~ 4% (6%) all g* (high) @500 fb*
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absolute charm semileptonic decay rates as a
test of LQCD form factors

IV eml?
-  G? A —
a2 Ve PeIE(@T == ()

|. Absolute magnitude & shape of form factors are a stringent test of theory.
I1. Absolute charm semileptonic rate gives direct measurements of V, and V...
11 Key input to precise Vub vital CKM cross check of sin2f3 v

ub

)@ =
HQET
2o Vo@D -@ 1

1) Measure M&ctor In D—nlv. Tests LQCD D—x form factor calculation.
2) BaBar/Belle can extrgct V , using tested LQCD calc. of B—»= form factor.

3) But: need absolute Br(D —rlv) and high quality dI" (D —»=rlv)/dEr neither exist
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Status of VVcb (excluswe)

. H_'_H
ZerorecollinB —» D*I*'v& B —» DlI*v i -
dr . e, 1 i
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A 035 \ , o
= W:l . 36,5+ 08 =
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0.02 — -3
" BELLE (DV,| = (3650 3,408, )x10
—_ -3
0.01 1T 11 1.2 w 1.3 14 15 ’Vcb - (40- 1_ Olgexp _1.8theo) Xlo ‘
f As B Factory data sets grow, & Lattice
9°=q’,, g’ =0 calculation of form factor improve a limiting
S\

precision absolute charm branching

ratios can improve the situation
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CLEO-c Physics Program

‘flavor physics: overcome the non pert. QCD roadblock

Precision charm lifetimes <— EXist (not CLEO-c) - do not exist

* precision charm abs. branching ratio measurements (CLEO-c)
Abs D hadronic

Leptonic decays Semileptonic decays: , .
: decay constants form factors 20 el
e — /Vcs,Vcd,uniTariTy B physics

Tests QCD techniques in
c sector, apply to b sector - Improved Vub, Vcb, Vid & Vis

" »strong coupling in Physics beyond the Standard Model

*CLEO-c: precise measurements of quarkonia spectroscopy & nortant

decay provide essential data to test theory. « Input for the lattice
‘Physics beyond the Standard Model: Not covered
-D-mixing, CPV, rare decays. + measure strong phases In this talk

This program helps build & test the QCD tools to enable this decade's
flavor physics and the next decade's new physics.
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CLEO-c Run Plan & Status

2003: 2004 CESR upgraded to CESR-c (12 wigglers) MACHINE

6 last summer — 6 this summer (for damping at low energy) CONVERSION

9/03-4/04 w(3770) w(2S,) continuum & PILOT RUN

L=4.6 x 103! (as expected) 55pb?t 3pb?! 20 pbt
C

Fall 2004: y(3770) — 3 fb* (y(3770) —-»DD) ~20 million DD
~5 million tagged D decays (60 X data in hand)

Fall 2005: v/S ~ 4140 MeV - 3 fb 1.5 million DD, events, >
0.3 million tagged D, decays (480 x MARK 111, 130 x BESII)

A 3 year
program '/ 10

o OMmr
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CLEO Il Detector > CLEO-c Detector

2230104-002

Solenold Coll Barrel

\ Calorimeter
Ring Imaging Cherenkov

Detector

Drift
Chamber
Inner Dt Chamber /
SC Quadrupole Beamplpe
Pylon . . .
Minor modification:
replaced silicon with 6 layer
, 7 low mass inner drift chamber
o Endcap summer ‘03
sC $ Calorimeter

Quadrupoles

r‘_b’ ” ' i
S . [*5
SN g
T
Rare Earth o /
_ Iron
Quadrupole o ’ ‘

Poleplece

Magnet Barrel Muon
Iron Chambers

CLEO Ill is already a well understood detector that has
produced numerous physics results at 10 GeV
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y(3770) events: simpler than Y (4S) events

Y (4S) event (2001) w(3770) event (2003)

DO K" D > K'e v
‘Charm events produced at threshold
are extremely clean
‘Large o, low multiplicity
*Pure initial state: no fragmentation

-Sighal/Background is optimum at
threshold
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Single tags: 15t CLEO-c DATA

-y(3770) - DD

An initial D state can be tagged by reconstructing the “other-side” D

*Charm mesons have many large branching ratios ~1-15%

elow multiplicity: high reconstruction efficiency favorable S/N
> 4 ngh net tagglng efficiency: ~26% of all D’s produced are reconstructed (achieved)

2400 U B B G o e e e
- Events: 89752+ 98.2 1 : Events: 14539.8 £ 1325 J
2000 |- . I :
] - ~ ool Single tags
% - O S %S “ptrt
200l D’ > K7 ] 2 [D>Kz are clean
200 . 2000} .
_CI.-.,) B [1B) B
s g
% 00 DATA - E I DATA
° I (Prelim) i o eer (Pre"m'l) ]
[ 55 phl ] [ =55ph
I N L o= S S i s B B Al S I
1835 1845 1855 1865 1875 1885 1’840 1850 1860 1870 1880 1890
DO candidate Mass (GeV) DO candidate Mass (GeV)
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200 T T T T | T T T T

SRmsas
Preliminary

Doubly
Tagged
D> Krntrt,
D-2>K*rm

150 —

Prigans

100 —

- Prelim.
" DATA
~55 pb-

1.840 1.850 1.860 1.870 1.880 1.89(C

D" >K 7’2", D »>K'7 n~ D candidate mass (GeV)

Tagging effectively creates a single D beam  Double tagged events are pristine

From single and double tags we 3
measure indpendent of D Br’s o( DD) =6.48+0.44+0.39nb
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Absolute Charm Branching
Ratios at Threshold

Tagging effectively creates a single D beam

#X Observed
efficiency for X e #D's
Where # of D’s = # of tagged events

e Meson Factory Figure of merit;

#B tags @B Factory ~ o(BB) tag JLdt=500fb'1

Br(D — X) =

= ~1
#D tags @Charm Factory & (DD) &tag J' Ldt=3fb
Extrapolate
oB / B (%)
to full data set. > -1 Double
Decay | Vs L") “gs  ppe  CLEO-c
Extrapolations use: 0 "
s(DD)stag= 10 nb (0.19)=1.9nb D" =2 K' T 3770 3 53,000 2.4 0.6
We measure: + + +
s(DD)stag~ 6.5nb (0.26)=1.7nb D™ =2 K " ™ | 3770 3 60,000 7.2 0.7
close enough not to
revise predictions Ds - (I) T 4140 3 6,000 25 1.9

CLEO-c sets absolute scale for all heavy guark measurements
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fy from Absolute Br(D™ — u*v)

tag “ D D — v [m.i.p. Ecalorimeter<400 MeV
No additional track or shower. p too low to reach  detector]
Compute MM? peaks at zero if only a neutrino izs missing , )
DATA Preliminary MM* =(E,.,, — Eﬂ) —(—PDtag+ — Pﬂ)
N CLEO-c ' | . .
: X ' 700 1fb7 CLEOc |
N>60_- Signal re_.;glon 0 Proposal: Tk
O ] i — 1 1 qu C:IZJF f NIRRT _
) 12 E___4E
— 3 iF 30 extra  tot n
S0k ‘ ‘
< [dos 000 ofos 0.10 1% MC‘
E " 11
L 7T + +
> 201
220 D/ JIY
o
o |
¢t -
0 0.00 | O|.25| 050 01 0 01 0z 03 04 05
MM? [GeV?] MM? [G6eV?] 16
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fy from Absolute Br(D™ — u*v)

0 events within 2o

f 2 V 2
(-0.056<MM2<0.056 GeV?) yl CKMZJ
0.67 £#0.24 estimated

background events. Vv

SIGNIFICANT SIGNAL B(D" — uv)/rD+ = (const.) f; ’VCO' |2
Reconstruction efficiency ~70%

0 : L
@ = Signal / (Tags x Efficiency) V4 (1.1%) from 3 generation unitarity

T, Well-measured (0.3%)

=(4.57+1.66+0.41)x10° _ N
B =(457+1.66+0.41)x10 Winter 2004 Conferences:%
f =(230+£42+£10)MeV BESII 3 events Q

B = (0.12 0092 +001 Yo &

Statistically Limited (012 20053 -0000)% >
Soon 60 x the dataset! fo =(365"53"5%) MeV -
-
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[ maeo 1 Works for D, too!
sol— E,wﬁz’! ﬂ':u:if' _/
E moneregs | [ 14 Vs known from unitarity to 0.1%
= ! tDs known to 2%
g D, tag| |
Em‘_ D, — uv
I {h Projection to full data set:
T M{tf{gevz.fc“;: III
Reaction | Energy(MeV) | L fbl | PDG | CLEO-c
fos |Dg" = pv 4140 3 17% 1.9%
fos | Dt — v 4140 3 33% 1.6%
fo, |D*— pv 3770 3 55% 2.3%
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of
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taking:
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2004

18



DP—>Kety
A0 ) e s e I
® Doato
I — DDbar Bockgroun+t
/; : — Continuum (non—DDbar) Background
=200} Preliminary
& + )
N +
;§100— -
S !
¢ ¢¢.¢ i
0 NO I PP R ... TV
—_— W(3 770)%D D —830 —-0.20 -0.10 0.00 0.10 0.20 0.30
0, + 0 -t _
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DOI —>|7z_e+v

. @ Doto
30 r—— DDbar Background —
- —— Continuum (non([ﬂbar] Background

Candidates / { 10 MeV )
: S
i
—.—

o
I
T
— .
T o

0 »
-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30

U= Emiss - Pmiss (GeV)
All Plots Preliminary

Recall this is 55 pb-! plan for
x60 data starting fall 2004
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12 ===
I @® The Dato

10

0 o4
-0.30 -0.20 -0.10

U = Episs = Priss (6€V)

D’ > p

Y%

— Fit to the Data

First

nent ( 30.82+ 6.14)

Component

observation of

DO—petv

~30 events
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CLEO-c Impact semileptonic dB/B

100
90 - _
80 -
SB ™ PDG
~ e N
6:D' > K™ e > ig CLEO-c
. A% 0/ s
0
2D L r0ty | full data
8:D" - ple’v 20 - set
9:D, > K’e"'v 10 -
10 :D, > K™ ey 0-
11 : D, »> ¢e’v 1T 2 3 4 5 6 7 8 9 10 11

Full CLEO-c data set will make significant improvements in the precision with
which each absolute charm semileptonic branching ratio is known
With 55 pb! already accumulated CLEO-c will equal or improve on the PDG value of dB/B for

every D*and D® exclusive semileptonic and inclusive branching ratio. and ~x10 the statistics of
the DELCO D=>»eX inclusive spectrum (important also for B inclusive semileptonic decay studies).
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| Tagged
Events

L LOW
Bkg!

Evortts f (0005 GeV)
=
7

CLEO-c |
MC 1

1.4

U=E, - P p_ (GeV/c)— p, (GeVic)
Extrapolation to 1/3 of the full data set shown.
For the first time measure complete set of charm PS —» PS &PS —» V
absolute form factor magnitudes and slopes to a few% with almost no
background in one experiment.
Common disconnect: LQCD most precise where data is /east but full g2
range calculable 2 Would like LQCD FF magnitudes & slopes with few %

precision. Stringent test of theory! N
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Determination of VV¢s and Vcd

internal consistency? combine semileptonic and leptonic
decays eliminating V CKM

[(D* —»=nlv) /T(D* —>lv) independent of Ved -
Test rate predictions at ~47% _
~ (With full

data set)

['(D,—~nlv) / T(D,~lv) independent of Vcs
Test rate predictions at ~ 4% -~
Test amplitudes at 2%
Stringent test of theory!  If theory passes the test
| D® - K™e'0 §ves /Ves = 1.6% (now: 16%)
D° > 7z e*v &Vced /Ved = 1.7% (now: 7%)

tested lattice to calc. B semileptonic form factor,
Il B factories use B—n/m/lv for precise Vub

shape is an additional cross check 23
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d s b
(d) (T 5 )
s' |=|V, V. V, |=]s c| . D uc*=0
1 T
\b/ \th Vi th/ \b) \' . )

1st row: |Vud|2 + |Vus|? + |Vub|2=12?
Yo fails at ~20 (PDG2002), now consistent KTeV (2004)
2rd row: |Ved|2 + |Ves|2 + |Veb|2=12?
Jo CLEO -c: test to ~3% (if theory D —K/nlv good to few %)
& 15t column: |Vud|? + |Ved|2 + |Vt+d|2 = 1 22 with similar
precision to 15" row

ooucy  Vudvedt| __————"  |VubVcb*|

IVusVVes*| Compare ratio of long sides to 1.3%
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Probing QCD with Onia

—Verify tools for strongly coupled theories
— Quantify accuracy for application to flavor physics

v and Y Spectroscopy __— Confinement, — Rich calibration

o Relativistic corrections and testing ground
—Masses, spin fine structure for theoretical

oL_eptonic widths for S-states—Wave function =, pniques

Tech: fy VB, fog
- _ , - apply to flavor
~EM transition matrix elements___ . .~ phfsp,ig © flavo

LQCD hopes to predict to several %. Recent order of magnitude increase in dataset
size able to test predictions:

‘ , J/

Y(1S) "[ x108 15
51" x10° 50 m CLEOIl/c
201 B Cleolll/c 40+ @ CUSB/CBAL
15 Y(2S @ Cleoll , O BESI
o Y(39) (25) HCUSB/CBAL : OBESII

i 20 y"x10 v m DM2

0 ﬁ ]j I m VKl

0
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10600

10400

| |
|5 e
| |
<10200 = Fic +
é: : - Az — Ay JI-—
210000 i_.._ 20, — My :+F
i 9800 ! o = +
_._i < T(1D - 13) > T
9600 ™ T(2F-15) ™
- | T(35-15) -
9400 - i (1P - 13) T
| | | |
08 1 11 0.9 1 11
I =
Four y cascade; exclusive Y(1S) channel Quenched Unquenched (nf 3)
Background thru 23S, [CTH Davies et al., PRL 92:022001 (2004) ]

. o e o
First reported ICHEPO2 with 80% of ) - 10161 1:+0.6+1.6 MeV

Submitted to PRD [hep-ex/0404021] Tests LQCD at high L |
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* Crucial Validation of Lattice QCD: Lattice QCD hopes to calculate with accuracies

of 1-2%. The CLEO-c decay constant and semileptonic data will provide a
“golden,” & timely test. QCD & charmonium data provide additional benchmarks.

Imagine a world
where we have
theoretical
mastery of non-
perturbative QCD
at the 2% level

Lattice04 6/25/04 lan Shipsey
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Lattice Impact on Flavor Physics

Crucial Validation of Lattice QCD: Lattice QCD hopes to calculate with accuracies
of 1-2%. The CLEO-c decay constant and semileptonic data will provide a
“golden,” & timely test. QCD & charmonium data provide additional benchmarks.

0.8 T
0.7 R Am, 3

0.6 =

Assumes 0.5 ol

Theory 0.4 RAR 3

Errors reduced o3 —

by x2 0.2 v .

0.1F vl::, <

S —%? ‘—06 -04 -0.2 0I | I0I2I | I0I4I I I0|6‘ 0.8
Im09|ne a World 0.8. . \’ . . - - : . | —_ isoiozluzl-utll*l:
where we have 07 &\%\Q\\\\ i
. 0.6 \\\X\ Am, =
theoretical osh &\\ \\ o
mastery of non- RN , :
perturbative QCD o \ 3
he 20/ |€V€| Theory 0.1 Vub .

GT 1- (o] o . = -
errors = 2% OX g Vel 3

-08 -0.6 -04 -02 0
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Lattice Impact on Flavor Physics

Or In tabular form:

Current

Precision

\Vcd

Vs

7%

16%

1.7%

1.6%

CLEO-c

data and
LQCD

Lattice04 6/25/04 lan Shipsey
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Issues

How can we be sure that if LQCD works for D’s it also works in B’s?
Or equivalently is CLEO-c data enough?
Two independent methods: NRQCD, Fermilab for D decays

Leptonic  SL decays dI'(B — 7lv) dI'(D — zlv)
decays Many modes + dp dp
are simple  Shape cross check BABAR/Belle CLEO-c

Both methods also for I'ee & EM transitions in Y 1 sectors

Main sys. errors limiting accuracy: m(light) and related chiral extrapolations,
peturbation theory, finite lattice spacing are similar for charm and beauty quarks,

CLEO-c + onia + light quark physics can establish whether or not systematic errors

are under control
Lattice technique Is all encompassing but LQCD practitioners

are conservative about what it can calculate.(not a criticism). Much of the excitement
at the moment in B physics revolves around sin23(VK,) vs sin23(oK,)

Need to move beyond gold-plated quantities in the next few years:
Resonances, e.g. p > nn, ¢, K+ States near threshold y(2S), D,(0%),

hadronic weak decays
Lattice04 6/25/04 lan Shipsey

30



Systematic Errors

It will take accurate and precise experimental measurements from experiments combined with
accurate and precise theoretical calculations to search for new physics in the CKM matrix.
Therefore, it is essential to chase down each and every source of systematic error.

With experimentalists and phenomenologists in mind:

1) Include a comprehensive table of systematic errors with every calculation

(it is already included in many/most? cases). This makes it more straightforward to compare
results from different groups. It is understood that different groups use different methods and
will have somewhat different lists.

2) A statement of whether an error is Gaussian or non-Gaussian. Errors are often estimates
of higher order terms in a truncated expansion, so the quoted error bar is non-Gaussian.
For the statistical error a distribution could be provided.

3) The correlation between individual systematic errors (if such correlation exists).

4) Provide an overall systematic error by suitably combining individual errors, this is redundant
and should not replace the individual error breakdown, but certainly convenient.

Lattice04 6/25/04 lan Shipsey 31



Outlook for the next S.yedrs (2 years)?

expect to see a growing number of lattice results for gold plated

quantities within the next few years = ultimate goal: ~ few % errors
in < D years Famous Lattice Theorist (2003)

Prediction Is better than postdiction Every experimentalist (anytime)

need high precision experimental results in order to test lattice
QCD = CLEO-c for D decays Famous Lattice Theorist (2003)

CLEO-c may have a few % preliminary determination of f; as early as the summer
conferences in 2005

An unquenched lattice calculation for f, with systematic error budget & analysis
correlations?/PDFs? before the CLEO-c result is published will clearly demonstrate
the current precision of the lattice approach to experimentalists & non-lattice
theorists & add confidence to the ultimate goal of few % errors

+ f,, before the CLEO-c preliminary result is announced
(which could be as early at the summer conferences in 2006)

+ form factors in D - K/pi Iv (2005) and D, semileptonic decays (2006)
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Summary

* This is a special time for flavor physics and the lattice
‘Lattice goal to calculate to few % precision in D,B,Y 1)

* CLEO-c (later BESIITI) about to provide few % tests
of lattice calculations in the D system & in onig,

quantifying the accuracy for application of LQCD to the B system
BABAR/Belle/CDF/DO (later BTeV/LHC-b/ATLAS/CMS

SuperBFac) + LQCD can reach few % precision Vub,Vcb,Vtd, Vts

precision LQCD confronts experiment
precision experiment confronts LQCD
allows Flavor physics to reach its full potential this decade

Paves the way for understanding beyond the SM physics
in the next decade
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Additional topics

- ' spectroscopy (10 8 decays) n'.h..... } Likely to

be added
- vt at threshold (0.25 fb-1) ™ o
* measure m_to + 0.1 MeV
- heavy lepton, exotics searches
A A, at threshold (1 fb1) If time
AT > permits
calibrate absolute BR(A . —pKn)

» R=c(e*e- — hadrons)/c(ete — u )
- spot checks _
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Measurement Hevents
BaBar/Belle CLEOc
500 fb-! 3fb-1
D, — v 330 1221
D* —» uv 50 672
D*— K n*n* 6,750 60,000
Dt >om 221 6,000

Lattice04 6/25/04 lan Shipsey

ISR Charm Events
at B Factories

o 7
.......... <D
_ D
D tag
‘\"“ ....... > ,ytag
D gtudy

ISR projections

made by BaBar show
ISR technique is not
statistically competitive
with CLEO-c.
Systematic errors are
also much larger.



Probing QCD with Onia

—Verify tools for strongly coupled theories
— Quantify accuracy for application to flavor physics
y and Y Spectroscopy Confinement, — Rich calibration
— Masses, Spin fine structure Relativistic corrections and testing ground

_ _ Wave function >for' theoretical
Leptonic widths for S-states— " fo VB Foge techniques

. : - apply to flavor
— EM transition matrix elements—_rq;m factors _ phyfiré!

Y resonances complete~ 4 fb currently being analyzed)

J/¥ running fall 2006 10° J/ ¥
Uncover new forms of matter —gauge particles as constituents

: Stud d tal
- Glueballs G=Igg ) Hybrids H=1g00) | Slaresof the theory

The current lack of strong evidence for these states is a fundamental
Issue in QCD =» Requires detailed understanding of ordinary

hadron spectrum in 1.5-2.5 GeV mass range.
Lattice04 6/25/04 lan Shipsey 37




Gluonic Matter

*Gluons carry color charge: shou/d bind
g *But, like Jim Morrison, glueballs have been sighted

oy

b -f too many times without confirmation.
*CLEO-c 1¢t hlgh statistics experiment with modern 4r

detector covering 1.5-2.5 GeV mass r'an%e
‘T:rh—cm—a'CX >

‘Radiative v decays:ideal glue factory: =

(60 M J/¥—oyX) Ty

Example: Narrow state in inclusive y Excluswe

0000000000
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

" 27500

45000

TOO

E +, o ' '
22500 he T N é O CLEO‘C
ooodkips e E 2 soop ,(2220) KK~ +.

—
] =~ 400

40000 25000

35000

30000 K

25000 L
w 200
20000

15000

f, (2050) 77 (1440)
10000

so00 [t agronic 370 bocays | Shown B(fJ(2220) —K+ K-)= 3.10
S e e e 2T Sensitivity 56 B(fJ(2220) —»K* K')= 10
Sensitivity B( J/%¥—>yX)~10 corroborating checks:
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Single X Double
tagged D ‘ tagged D
et S“”z — - o
hDO
2 \
— & = & _ 2
> : N B\‘ | l 1 >0 o0 ; 82
=S°/4D _
o (DD )required to estimate 1 So far use only 2 modes:
physics reach of CLEO-c D’ 5K 7 D° - K7 102+11
2
O .- = S— D" > K z#°'2x" D O >K'zn x
°D 4ADL| 338+19

(independent on B and ¢ in the approximation ¢ , =

Lattice04 6/25/04 lan Shipsey
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Summary for o (DD)

e Our result which is independent of charm branching ratios is in agreement
with BESII (April 2004). The BES experiment used a single tag method

which is dependent on charm branching ratios from the PDG .

o(D*D-)(nb) c(D°DO%)(nb) c(DD) (nb) o(D*D)/

(stat.err)(sys.err) | (stat.err)(sys.err) (stat.err)(sys.err) | o(D°D9)
CLEO (55pb1) 2.58+0.15+0.16 | 3.93+0.42+0.23 6.48+0.44+0.39* | 0.656
BES Il (17.7pb1) | 2.52+0.07 +0.23 | 3.26+£0.0940.26 5.78+0.11 +0.38 | 0.773
MARK 111(9.pb1) | 2.14£0.3 29+0.4 50+£0.5 0.724

e Unlike MARKIII, CLEO measurement uses only one D* and one D° decay
mode.

e There are many other decay modes CLEO can use and we expect a much

more precise result later this summer. «A correct of -0.03 has been

All CLEO-c numbers are preliminary  applied to allow for the absence

of DCSD D°>K*r at the w(377()
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CLEO-c Hadronic Two-body y(2S) Decays

e Violations of naive annihilation
prediction:

BR(y(25)>H) BR(y(25)—>e'e’)
BR(J/w > H) BRJ/y —>e'e’)
* Works for some modes, not

others. Fails miserably in px
mode

o 3M y(2S) decays collected
e First results from data:
- w(ZS) 2
b,(1235)n
o« of,(1270)
° ONTT —
* $f;(980)
« of,’(1525)
¢ K*(892)K
e K'K™
Lattice04 6/25/04 lan Shipsey 41
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Tagging Efficiency Is high

D? Decay Mode B (%) (PDG-02) D¥ Decay Mode B (%) (PDG-02)
D" = E-nt (3.80 % 0.09) DF = oo (277 £ 0.18)
DY K—gtgl (13.1 £ 0.9) I - : -

Dt - K—xtgt (9.1 + 0.6)
D' Kgteta~ (7.46 £ 0.31) §7%) - -

0 =mon Dt = Kigtg® (9.7 + 3.0)
2 Sy (2.28 1 0.22) Dt = K-wtata® (644 1.1)
D" — K%t (el Dt = Kortate (7.0 0.9)
D' - Kigtg—g" (10.8 £1.3) . ' ]

Dt = KtK~xt (0.9 £ 0.1)
D = K- ztntan" (4.0 £ 0.4)
D' K'KTK~ (1.0 £ 0.1)
D° » zxtz—x (1.1+0.4) Number of D*tags ~30K in 55/pb
D' KtK~ (0.41 £ 0.01)
DY — gte— (0.14 £ 0.01)
DY - K—atgiqgl
Number of D%tags ~62K in 55/pb Preliminary
. # tags reconstructed
tag efficiency~ :
#DD pairs
62+30=92K 92K

~ 26%

tag efficiency ~ =
: Y~ TLo(DD)  651Inbe55ph”

(higher than the 19% assumed In projections) ,,
Lattice04 6/25/04 lan Shipsey



With 3M (2S) collected
23 decay modes measured

Agreement with PDG
for modes previously observed

10 first measurements

Reported at APS
May, 2004 More modes

next week at HQL in San Juan

Lattice04 6/25/04 lan Shipsey

Hadronic 2,3,4 body y(2S) Decays

w PPK'K ® PDG
—— 2(K*K7) e AATTTTT 4 CLEO
e MoK T
- . KK
—— K-ur{o - 4 =
—a— T Ppnn
ey KK
e KRE e,
KK T e e
wm® YPp
—— .
e, KK e 2n'n)
a5 Wpp
wkK*K —_— - ——— W
. iﬁ’f?
e ‘if?fo —— . . b
{,,_;fg ——— —————i
0 1 2 5 10 15
Br(x107™) Br(x10™)



D" > K"y

%0
D" > K e'v,

K*® 5Kzt

0.30

1 20 T T T T T T T T T T L T T T T T T T T T L] T
T T 1 T | e ———— —
® Data ‘ i sol- @ Data H B
100f —— DDbar Backgrourf . -~ DDbar Backgroun
’; — Continuum (non—DDbar) Background ';‘ F —— Continuum {non—-iPDt‘ar) Background
Q
L =
60 —
= a0k — o
= | 2 |
— i L ] ) ~ L |
™ 80} . © 40 T 8
% B s
o | ] °
o = |
o S r .
5 401 + N 8 20} I -
= X |
2 B T |
[ ] L] - . . E
" . II.
20 — L A e |
0 . P e a e
i [ ﬁ+ _ -0.30 -0.20 -0.10 0.00 010 0.20
. L +M : mﬁ U= Em-'u - |:‘mln (GQV)
-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 = J ' ' '
U = Erniu - Pmisg (Gev) ® Data

All Plots Preliminary ~ *
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o]
-0.30

— DDbar Background

-0.20

-0.10

U

Emiu -

c.10
|:,mi” (Gev)

0.00

[ — Continuum mon—.DDt*-or] Background

Candidates / ( 10 MeV )

D" 5> 7% v

15 e
I ® [Dato
— DDbar Background
— Continuum (non—DDbar) Background
10F ' -«
L .
L . ‘
| !
S L ] L ]
= . ‘
[ Tt ol
- |¢o He |e,
| Tty
O“M'[*L""]H“
-0.30 -0.20 -0.10 0.00 ©.10 0.20 0.30
U = Emiss - Pmiu (Gev)



More D9 and D™ tags

All Plots Preliminary
D’ 5> K z'x’

1500 e 1500_""|""| T T roon
- Events: 5312.4 ! 146‘5 . EVents: 355’]’5 :t 0717 T T T T I T T T T I T T T T | T T T T | T T T T
8 I | Events: 17777.4 158.6
; ;1200
qQ TN | ]
= 1000 4 = > 3000
_ _ =
? ? 800 .
0 ) ~
= b o 2000 .
()
o © =
S 500 _y B =
5 5 S
O S 400 g
8 1000 .
)] SER—— Lo v v v v by v by oy 0 1 L ol |
1.835 “845’0 1-%533 t1‘865 (1(-3875) 1.885 1.840 1.850 1.860 1.870 1880  1.84C T .
candidate mass i D" candidate mass (GeV) 835 1845 1855 1865 1875 1885

Number of Dtags ~62K in 55/pb

Number of D*tags ~30K in 55/pb

tag efficiency~
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tag efficiency ~

D° candidate mass (GeV)

# tags reconstructed

#DD pairs
62+30=92K 92K

_ ~ 26%
Lo(DD) _ 65Inbe55pb™ <
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Large new datasets from | = 10e ~
e*e” machines on the il -gll:.lESgIggAL
4 O J
1-- vector states o O BES
' : O BESI
20 p"x10 — L @ DM2
Ry ] — @k
W0 D_Mu l
f Y(1S)
24 1x 10"
o m Cleolllic
18- Y{ES} & Cleoll
o SRR SCUSSEBALl .. and many new
[ o . .
g lfll:n > contributions from B-

Lattice04 6/25/04 lan Shipsey

factories and hadron

colliders as well See Daria Zieminska talk

tomorrow for discussion
X(3872), new cs states etc/
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1st CLEO-c
DATA

MC

120 LI | LI I | | LI | LI

Data

@ Doto ]
30 —— DDbar Background — 100 = +----- DDbar Backgroun -
[ — Continuum (non—FDbor) Background Dbar) Background

o]
o
I

B
o
I

Candidates / ( 10 MeV )
(3]
[a]
i
e — %
|
Candidates / { 10 MeV )
3
i
|

]
L T | — T

(8]
Q
I

O_|||| I S rﬁ«Jr;

IIIIIIIIIIIIIIIIiIIIIiIIII
~0.30 -0.20 —-0.10 000 10 020 0.30

U = Episs = Priss (6€V)

Data well simulated by GEANT
MC giving confidence to estimates
of precision in the CLEO-c proposal

OM t+h

—-0.30 -0.20 -=-0.10 Q.00 | CI)'I(S I‘ | 0.20 0.30
U = Emiss - Pmiss (GeV)

Excess of ~100 events

Lattice04 6/25/04 lan Shipsey
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Towards a precision I'ee in the Y system

Now: Y(nS) dI'ee 4-12%. Precision measurement of B(Y (nS)=>upn)
needed to get I, from narrow resonances for I',,

N e S .
2 ﬁ =] B i 1me © Y(1s) soopg | omeres - offeres
5 P | | i = XN Il -1e ¥
i i NN
) EOO i -res. (scaled )
: Ii b [CLEO Scans] HOCKK)
(e
¥ "
] j (| . ELER
: ! .. '; ‘B - LK)
304 W & % P
B - e S 4 A ey ¥ 0 [ . —
.:li"\- I N ] e 9% | 0
TR T TR sy e e ":.I. TR 1 L] s - WE T
Ceml I las=T MWl
B, (%) T (keV)
Most precise measurements to date. CLEO preliminary PDG CLEO preliminary | PDG
Few % precision reached Y(1S) | 246+002+005 |248+006 534=15 525+18
] T(25) 200 003 005 1.31 =021 205+14 44 + 7
Y(2S,3S) higher than PDG Y(3S) | 234:007:005 |181+017 207 = 2.1 263+35

=> Expect 2-3% precision for 'ee  (results soon)
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| |
| | S T
- | -
: - Az — Afyy JII-
i_.._ 2Mz, — Ay :+F
ol B S +
. < T(1D - 13) > -
- [P
- T(1P - 15) +
. N
08 1 11 08 1 11
Quenched Unquenched (n;=3)

[CTH Davies et al., PRL 92:022001 (2004) ]
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Y Spectrum
CeV ®
105+
[ .55 O
77777 - 2P
-
100+ ® 25
o-e-1P
957 o--9--18
331 1P1 3D2
O Quenched

@ mu=md=ms/5

[ Coutesy: J.P. Lepage ]
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10600

10400

10200

10000

Mass (MeV

9800

2600

9400

Four y cascade; exclusive Y(1S) channel
Background thru 23S,

First reported ICHEP'02 with 80% of
data .. now final

Submitted to PRD [hep-ex/0404021]
Lattice04 6/25/04 lan Shipsey

1 2 T | L | T | 1 6|3C\’|:30?-_0|5-1
210 Mass recoiling .
> 8 against v3 v -
2B —
24 N
i = _
“o oA -

I ’J: L1 ml i

>10 std dev significance
M =10161.1+0.6+1.6 MeV

Consistent with 1 3D,
Tests LQCD at high L

50



Status of Vub (inclusive method)

® Inclusive method: Severe background: b—clv~ x100 b—ulv lead to measurements
in small regions of phase space large extrapolation to obtain Vub

Inclusive methods:
To distinguish b—u from b—c theoretically:
better better
0% -Myaq SPECtrUM > My, 4 Spectrum > E,,, spectrum
But experimental difficulty in opposite order
The dangers
of
extrapolation:

Endpoint

Rest of
phase
space
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Status of Vub (inclusive method)

® Inclusive method: Severe background: b—clv~ x100 b—ulv lead to measurements
in small regions of phase space large extrapolation to obtain Vub

Inclusive methods:
To distinguish b—u from b—c theoretically:
better better

0% -Myaq SPECtrUM > My, 4 Spectrum > E,,, spectrum

But experimental difficulty in opposite order
The dangers
of
extrapolation:

Endpoint

Rest of
phase
space
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® Inclusive method: Severe background: b—clv~ x100 b—ulv lead to measurements

in small regions of phase space large extrapolation to obtain Vub

Inclusive methods:

To distinguish b—u from b—c theoretically:

better

better

0% -Myaq SPECtrUM > My, 4 Spectrum > E,,, spectrum
But experimental difficulty in opposite order

All 3 methods now attempted E
BABAR 89 MY(4S) 32 k events Y( 4S)

-\IIIII

L.‘
+ 140
lJI LI |I1

165 1061
l I AI
Al 140

(Ll(}( ul[ 1}
411 L 0.20 L 0.6

LvenLs / pin

CLEO 10 MY(4S),

5000 ————TT T

‘g CLEO 02 ]
% ]
@ 2500 = =
g [ : _‘/ 3 Continuum
EL .UT_.I_E—I_!T.;.':'.'. A :
200 2.25 250 275 3.00
lepton & mhad method shown Momentum (GeV/c)
—> BreCOBS,g, E, >1 GeV
b) . D"lt’l |
100 W bouly Use b—> sy spectrum
BABAR important input for
50 extrapolation

| 2 3 4 5

|Vub||ncl

(4 57+061)1o—3

my [GeV/c']
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Error on extrapolation
dominant theory
error

(No Lattice

Involvement)
53



15T >1.0T 0140401 -002
Superconductin
P Solenoid g Ring Imaging
Cherenkov I
Silicon Strip 83% of 4n
/230/‘(’)2?; Tracker 87% Kaon ID with
Gp = V. o
@1GeV Wire Drift
dE/dx: 5.7% n @minl Chamber
93% of 4n

Cesium lodide

GE/E =2% @1GeV EH|EI'II'HE'|:EI'

= 4% @100MeV

CLEO IIl Detector
> CLEO-c Detector| u

Minor modification:
replaced silicon with

low mass inner drift chamber
summer ‘03

Trigger: Tracks & Showers
Pipelined

Latency = 2.5us Muon Iron

85% of 4n

Data Acquisition: For p>1 GeV

Event size = 25kB
Thruput < 6MB/s e : :
| affice04 6725704 Tan Shipsey CLEO I11: numerous physics results & well understood

Return




“ZD” Inner Drift Chamber

.Extends from 4.1cm to 11.8cm along the radial
direction.

.6 stereo layers - 12-15°
.300, 10 mm cells

.60:40 Helium-Propane

1% X,, 0.8mm Al inner tube
.Outer Al-mylar skin
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¥ )/ ¥nn ’
CESR-c jﬂj O
Unmodified CESR lw o dh |
1 day scan of the V'@ w0 |
CESR (1/29/02) . - |
L(@Y (4S)= 1.3 x 103 o B TAXAOT,
-CESR-C o) M
.Being modified for 1.83 ISS gyéSMp] é%?y?nLIPl]SSSak (1384) 184
low energy operation: \/S | (1032 cm-2 5-1)
swigglers added for
transverse cooling 3.1 GeV 1.5
Expected machine
performance with 3.77 GeV 3.0
full complement 4.1 GeV 3.6
of wigglers
o " ABpean ~ 12 MeVat T/y
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Compare B factories & CLEO-c

CLEOII: f D : Dg*—>Dgy with Dg —pv

soo| 3 fbt 400 fb-!

Systematics &
Statistics limited Background limited -

AM=M(uvy) -M(nv) GeV/c %
B Factory CLEO technique

W@
c
c

100

Events /(20 MeV /¢)

]

Br(D, - ¢rt )
25

with improvements fo
20
| % |

s Ds —uv Error
% B 10 Br(D" —» Knn)
£l l - ;| Br(D° - Kr)
5,0 —

- MC !|! 1 0 '

I s The power of running at threshold 57
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_I_I_l_|_] B

. @ Dato

CLEO-c |

30 r—— DDbar Background

- —— Continuum (non

]
(]

Data

‘0 __ (prelim)

o

Candidates / { 10 MeV )

}D 1SN
/K ~25/1

b ﬂ M

++{. e

o++

ﬁ% 1/4

300 —

1D’ 5>z eyt
\

200

100

S/IN

0 lwmdat

| D™ - Dr,,,
D’ >re'v |
b

ot e
it £

i} nouseesssesvesnsssssss »
-0.30 -0.20 -0.10
U= Em,,

0.20

The power of threshold running

Is amply demonstrated by comparison

to the DY—7e*v signal in the
world’s most precise measurement of

B(DY — wev)

B(DY — Kev)
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2 012

0.30

= 0.097 & 0.010 £ 0.010
(CLEO 111 to be submitted to PRL 2004)

AM = M(ﬂ'slowD)

017 0.22 0.27

AM (GeV/c?)

0.32

Data

Signal DY— ey

M(D)

CLEO-Ill g'e” —>ccat10GeV

B Peaking Background

Flat Background
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ALEPH,CDF,
DELPHI,OPAL.SLD
£ (lattice) World Average
C Ams<14.5/ps
Ve Vi Al\/ld Bd de |:’th‘:|
Vcb - Vts V f ’\/ts‘
0 T T &/5" 6_8(%)’7)
37 Tevat Run Il ]
%? LE:i;Z:it unro'ections // SomLe:
y pro 7 error
Eﬁ .—-Dcs;gn
3¢ |——pme i - - - ;
£ —3 High resolution on proper decay time required
g ; ______,;:.ﬁf-"" i Prospects:
2003 2004 2005 2006 2007 2008 2008 20 for Am:15/ps with 0.5 fb-1 Near term DO/CDF
See Daria Zieminska talk tomorrow for 50 for Am=18/ps with 1.7 fb-! Long term CDF
discussion B, mixing 50 for Am=24/ps with 3.2 fb!
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CKM Matrix Status

dVud/Vud <0.1% dVus/Vus =1% SVub/Vub 15%

< € < - <! .7
Free/bound p Tt
dVed/Ved 7% dVcs/Ves =16% | &Vcecb/Vcb 4%
v N - c | o< '- <
< B =% v
D =—3o v ]. b === D
SVtd/Vtd =36% SVts/Vts 39% SVtb/Vtb 29%

SBIB~ 12%

B, B B, | i} B, B g, 1

Vud, Vus and Vcb are'the best determined due to flavor symmetries: I, SU(3), HQS.
Charm (Vcd & Vces) and rest of the sector determined by beauty decays (Vub, Vtd, Vts)
are poorly determined. Theoretical errors on hadronic matrix elements dominate.
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Goals for the decade: precision measurements of Vub, Vcb, Vts, Vtd, Vcs,
Vcd, a, B, y. Test SM description of CP violation and search for new physics.

1 4 Unitarity : Vuz + V4 =/1VCE

SM: side & angles

Bonm measured in many
?B—>u|v/ i) B — p1t B —> pp E(r)cr)](;cie;tseer?tare self
— t/pinlv *
[} Bopy/B>K*y otherwise: new physics

Lattice

Lattice =
B — 1 /K 1t B—>B @ thadro_nic
& other charmless mixing 22?;:@:%
decays \ factor
B—DK — BodK >P
d _ @ - B—J/yK,
Rates: sides of triangle  p— (B— D*/Dlv) Base AVch relatively well
CP asymmetries & rates 1 known, other sides poorly
- angles Lattice  known B ~12% angles o

Lattice04 6/25/04 lan Shipsey poorly known ~y unknowns;



Assume improvements in
theory: theory errors
reduced by x2

Lattice04 6/25/04 lan Shipsey

0.1
0
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P
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I Vcl:)|
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Theoretical
errors
dominate
width of
bands

Theoretical
errors still
dominate
width of
bands
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