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CLEO-c Physics Program
What do we need to measure?

‘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)

Leptonic decays Semileptonic decays: Abs D hadronic

: decay constants Ves,Ved unitarity S el [P
rm factors B physics

strong coupling in Physics beyond the Stanaar

*CLEO-c: precise measurements of quarkonia spectroscopy &y, ortant
decay provide essential data to calibrate theory. -« Input for the lattice

‘Physics beyond the Standard Model:

-D-mixing, CPV, rare decays. + measure strong phases

CLEO-c helps build the tools to enable this decade's
flavor physics and the next decade's new physics.
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Goal for the decade: high precision measurements of V., V., V., V.4,
V.., V.4 & associated phases. Over-constrain the “Unitarity Triangles”

- Inconsistencigs — New physics !

dVud/Vud 0.1% 8Vus/Vus =1% sVub/Vub 15%
< & < I < !
CKM nE—% v [ Ke—=% v (B %:i.%
Matrix 2 T
Current dVed/Ved 7% SVcs/Ves =16% | 8Vcb/Vceb 5%
Status: e lp &=\
B v
Wocs K D
dV1+d/Vtd =36% SVts/Vts 39% SVtb/Vtb 29%
=B — W
By B=—== B, |, ===, *~<b

Many experiments will contribute. Measurement of absolute charm branching ratios
at CLEO-c will enable precise 15t column unitarity test & new measurements at
Bfactories/Tevatron to be translated into greatly improved CKM precision.
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Importance of measuring absolute charm leptonic
branching ratios: f, & {2V, & V,,
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Lattice predicts fg/f, & f;/f,, with small errors
if precision measurements of f,, & f,,_existed (they do not)” ”
We could obtain precision estimates of f; & fg, ofp ldoo:
and hence precision determinations of V,; and V N °
Similarly f,/f,, checks fg/f;,
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Importance of absolute charm
semileptonic decay rates.

[V ekml?
dar G A —
dqz — 2471;_3 |Vcs |2 pi?’( | f+(q2) |2 \ 4_|f(qZ)|2

I. Absolute magnitude & shape of form factors are a stringent test of theory.
II. Absolute charm semileptonic rate gives direct measurements of V_;and V_.
ITI Key input to precise Vub vital CKM cross check of sin2f3

(@) @)
HQET
5—B~25% D®—> IRY;
B

1) Measure D—m¥qQrm factor in D—rlv. Calibrate LQCD uncertainties .
2) Extract V,, at BaBaxBelle using calibrated LQCD calc. of B—>n form factor.
3) But: need absolute Br(D —nlv) and high quality dI" (D —rlv)/dEn neither exist
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V, from zero recoil in B —> D*I"V

PRL 89 (2002) 081803
PRD 67, 032001 (2003)

3070701-016
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The Importance of Precision
Charm Absolute Branching Ratios |

CLEOQO as example

FQ)V,|=(43.1£1.3£1.8)x107

V,|=(474+1.4£2.0£2.1)x107

Stat: 3.0% Sys 4.2% theory 4.4%
Dominant Sys: ¢ _slow, form factors
As B Factory data sets grow, and
theory improves

dB(D>Kn)/dB(D>Kn)
= AV V. 10,




The importance of precision
absolute Charm BRs II

HQET spin symmetry test r(B°—>D"h)

F(EO —>D+h‘) -

Test factorization with B — DD,

Understanding charm content of B decay (n,)
Precision Z —bb and Z —cc (R, & R))

At LHC/LCH - bbH — cc
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CESR-c : | ’
Unmodified CESR /m' LB
1 day scan of the V"
CESR (125102 , L~1x10% |
L(@Y(4S)= 1.3 x 1033 b
«CESR-c Y'—=>J/¥Ynrr I N
. . J/LII —)H!J, 0, 83 1832 gy(}asmp] }1%3?nup118383k (1384) 1842
*Being modified for
low energy operation: \/S L (1032 cm2 S'l)
*wigglers added for
transverse cooling 3.1 GeV [
Expected machine
performance with 3.77 GeV 3.0
full complement 41 GeV 36
of wigglers
- " ABpean ~ 1.2 MeVat Iy
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CLEO-c Run Plan & Status

2003: Installed 1 prototype wiggler spring ‘03

Took ~5 pb™ at w(3770), 3 pb! w(2S)«—__ MACHINE
Installed '2 production Whgglersm- CONVERSION
9/03-1/04 w(3770) w(2S,) continuum ¢am exceeded

54 pb! 2.5pb! 4.4 pb’! goal C
Install %2 production wigglers spring’04
\ L

Fall 2004: y(3770) - 3 fb'' (y(3770) —DD) 30 million DD
6 million fagged D decays assumes o ((3770) — DD =10nb) BESIII E
assumes 5Snb =>all following CLEO-c speakers will use 10 nb & 5nb

O
Fall 2005: /s ~ 4140 MeV —3 fb! 1.5 million D D, events, > C
0.3 million tagged D, decays (480 x MARK III, 130 x BESII)

_ J program,,
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15T >1.0T 0140401 -002
Superconductin
P Solenoid g Ring Imaging
Cherenkov I
Silicon Strip 83% of 4n
/23_0/(6(2:51; Tracker 87% Kaon ID with
Gp - V. o
@1GeV Wire Drift
dE/dx: 5.7% n @minl Chamber
93% of 4n

Cesium lodide

=4% @100MeV

CLEO IIl Detector g
- CLEO-c Detector| -
|

Minor modification:
replaced silicon with

low mass inner drift chamber
summer ‘03

Trigger: Tracks & Showers
Pipelined

Latency = 2.5us Muon Iron

- 85% of 4r
Data Acquisition:
Event size = 25kB For p>1 GeV

Thruput < 6MB/s Chambers Yoke
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15t result (2001)

(—
+ —
B? > K—gxt

CLEO Il 2001

Without RICH cut

1: jfﬂuﬂ_uﬂuuﬁrl ruﬂ "1l

o " "
-CLEO Il 2001

Events/2.5 MeVic®

With RICH cut

AL dasl,,

52 8,22 &,2a 5,26 528

Beam constrained
Mass (GeV/c?)

CLEO III Physics: Two Examples

B — K=, nn, KK

~ Babar
- Belle. - New Avg
LEO

——

K',(980)
K'R°
E K'K
— K%’
= n'n’
- ¥
I ¥ 3
i K*f,(980)
—il%i

HAL Aygust 2005

HFAG =5

J 10'
Branching Ratio x 10°

Good agreement: between CLEO

BaBar & Belle

CLEO III 1s well understood detector!
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DISCOVERY (2003):
1 (1P) = ©Y(1S)

=
T

EventsA). 025 GeV
=1
in

ANy

A

074 076 07 08 O0R2 0B4 086 088

-

00.68 07 0n

M(mtn—n0) GeV
1st new hadronic
transition observed in
Y system in 20 years

hep-ex/0311043
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Y(4S) event (2001) y(3770) event (2003)/-The demands of doing

physics in the 3-5 GeV range
are easily met by the existing
detector.

‘BUT: B Factories : 400 fb-1
> ~500M cc by 2005, what
is the advantage of running
at threshold? 2

DKt Do - Kfe v
*Charm events produced at threshold [EDotble tag events are pristine

are extremely clean -These events are key to making
‘Large o, low multiplicity absolute Br measurements

*Pure initial state: no fragmentation [“Neutrino reconstruction is clean
*Signal/Background is optimum at -Quantum coherence aids D mixing &
threshold
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agging Technique, Tag Purity @
Threshold CLEO-c simulation
- y(3770) » DD Vs ~4140 — DD,

Charm mesons have many large branching ratios (~1-15%)
low multiplicity: high reconstruction effucuency
— high net tagging efficiency ~20% | In1year

Anticipate 6M D tags 300K D tags: ===t Each \'s

D — Kn Tag PR K e

O :

104 =

[
o]

Candidates /0.6 MeV
(@]

Candidates /0.6 MeV

|
=
o)

M (D) (GeV/c?) ' . R (D) (Gonvrc?y

Beam constrained mass "
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Low background in hadronic
tag modes

Measure absolute
Br (D> X) with double tags :
Br = # of X/ # of D tags e e —

M (D) (GeV/c2)

Decay Vs L | Double | PDG CLEOc
fbif tags  |(5B/B %)| (5B/B %)
DO ->Knt |3770(3 [53,000| 24 0.6
D*— K n*n*|3770|3 (60,000 7.2 0.7
D, —>én 4140 3 | 6,000f 25 19

CLEO-c sets absolute scale for all heavy guark measurements

50 pb! = ~1,000 events x2 improvement (stat) on D*—> K-n*n* PDG dB/B 15



Fon: 131233 Event: 24142

DATA

D' 5K 7D — Kz

*Before new

inner drift

Chamber installed
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Single tags: CLEO-c DATA

500_ T T ' |
D’ —>K™n*

400:— + -
‘if- ol DATA® )
S opd
g 200] (2003) )
° ;Preliminary

100_— -

1.820 1.840 1.860 1.880
Moeom(GEV/C7)

Single tag are clean

*Before
new

mner drift
chamber
installed
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Double Tag )
D > Kn'n", D 2> K'n

DATA* Z
5pb-! )
(2003) i
Preliminary . '
| l 1.840 | | 1.860 | 1.880 *Before
Mmm(GEVz"’ Cz) new
D'">Kr'n", DD >K'nrn ner it

Double tag events are clean  installed

=>» giving confidence in our MC simulations & estimates of precision
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S Tl ] o Measure absolute chmP
:Tﬂg::':g!ﬁf:;, MC l Br (DS —> HV) Y
60| Epyra* Epgy U5 Fully reconstruct
ARt one D (tag) v
g, [ o 1+ Require one *Compute MM?
g - D, — tag| | 1 additional charged  «peaks at zero for D" — ptv
g I 1  track and no deca
x- Dg — pv - additional photons Y ,
- - Expect resolution of ~M_o
L "] MOy =[ED)-Ew] [ P(D,,) P
R e Rieedict Ves, (Ved) known from unitarity to 0.1% (1.1%)
Reaction | Energy(MeV) | L fb! | PDG | CLEO-c
o |Ds— pv 4140 3| 17% | 1.9%
fo, | D" — v 4140 3| 33% | 1.6%
fo, |D* > pv 3770 3 UL | 2.3%
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VCKM‘Z f(q?)]?

1 Lattice )
g AU DO —r |
| Pr

N

"o Gev)

Pr—

Assume 3 generation unitarity: 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.

Stringent test of theoryl!
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Semileptonic Decays: DATA

D’ — hadronic tag

V) L LN LR AL AL A
D° > K e'v

%20'_ DATA* Preliminary

i 5pb-! -

g [ (2003) :

S 1ok :

D....l...lTIH.l..FﬂI‘I.H.]JLWI—

-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30

DK™t D° > Ke'v U= Emiss - Pmiss “Before
imner drift
chamber

. installed 5y
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CLEO-c Impact semileptonic dB/B

100
90 -
80 -
.
S D & KO ety = 60 PDG
. o 50 -
6:D" > K'e'v T g
7:D" > nle’v 30
8:D" = ple’yv I CLEO-c
20
9IDS—)KO€+V 10 -
10 :D, > K™ e"v 0.
11 :D, - ¢e’v 1 2 3 4 5 6 7 8 9 10 1M

CLEO-c will make significant improvements in the precision with

which each absolute charm semileptonic branching ratio 1s known

Even with 50 pb! already accumulated CLEO-c will improve on the PDG value of dB/B for every
D*and D° exclusive semileptonic and inclusive branching ratio. and will have ~x10 the statistics
of the DELCO D=»eX inclusive spectrum (important for B semileptonic decays studies).
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Determining Ves and Ved

combine semileptonic and leptonic decays eliminating V CKM

[(D* —»=nlv) /T(D* —>lv) independent of Vcd
Test rate predictions at ~4%

['(D,—~¢lv) /T(D,~lv) independent of Vcs
Test rate predictions at ~ 4.5%

Test amplitudes at 2%
Stringent test of theory!  If theory passes the test

I D* > K e'v §ves /Ves = 1.6% (now: 16%)
D’ 5> 7 e'v 8Ved /Ved=1.7% (now: 7%)

Use CLEO-c validated lattice to calc. B semileptonic form
II factor, then B factories can use B—p/n/m/lv for precise Vub

BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey 22



4 (v, vV,
s e b

Ay

\b') \th v, Vzb/

VCKM o

1 —1/12
0

1

a0 g

) 1—-—2-12 gt o0

AL (1- p—in)

|Vud|2 + |Vus|?2 + |Vub|¢=17??

<% With current values this test fails at ~2c (PDG2002)

|Ved|2 + |Ves|? + |Veb|2 =122

S CLEO -c: test to ~3% (if theory D —K/nlv good to few %)
& 15t column: |Vud|? + |Vcd|2 + |Vt+d|2 = 1 22 with similar

precision to 15" row

'VudVed*
* /C/>

ompare ratio of long sides to 1.3%
Also major contributions to Vub, Vcb, Vtd, Vts.
23
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Compare B factories & CLEO-c

CLEO: f Dg : D"—>Dg vy with Dg »>pv

P RT3 I CLEO-c BFactory
| 3 fb-! 400 fb-!

Systematics &
Statistics limited Background limited -

AM=M(uvy) -M(unv) GeV/c 30
e —|
B Factory CLEO technique

100

Events /(20 MeV /¢

]

25 1
with improvements
20 -
| %
% Dy —>uv Error
T b7 T 10 Br(D® —» Knn)
§ ‘ I | ;| Br(D’ - Kn)
M — —\
| S R B = I B

Miv)? (Gev? ich) in Shipsey 24



CLEO-c Probes of New Physics

D mix & DCPYV suppressed in SM — all the more reason to measure them
DD mixing x = Am/T'y =AT/2T y(3770)—>DD(C = -1)
exploit coherence, ho DCSD.— y(4140) —yDD (C = +1)

V ra=V[(x2+y2)/2] < 0.01 @ 95%CL (KnKr, Klv KIv)

-CP violating asymmetries CP Dalitz analyses

v Sensi‘rivi‘ry: Acp <0.01 ex: [?—)stmr may
* Unique:L=1,C=-1 CP tag one side, opposite side same CP provide greater
CP=:1 « y(3770) - CP=:1 = CPV CPVreach
*CP eigenstate tag X flavor mode Gronau, Grossman,

R 4 Rosner hep-ph/0103110
K'K™ « Dpe— w(3770) > D — K'm

Measures strong phase diff. CF/DCSD { y'= yC0s3-xsind

Acosd ~0.05. Crucial input for B factories X'= XC083+ysind
Needed for y in B—>DK



Probing QCD

— Verity tools for strongly coupled theories

— Quantify accuracy for application to flavor physics
v and Y Spectroscopy

Confinement, — Rich calibration
_ Masses) Spln ﬁne structure Relativistic corrections and TCSTing gr‘ound
for theoretical

Leptonic widths for S-states— \TVan tfuncjgn f ~techniques
SRR SN - apply to flavor

— EM transition matrix elements—_ ¢ m factors _ physics

* Y resonances complete~ 4 fb-! total

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

. Study fund tal
— Glueballs G=[gg ) Hybrids H=[gqq ) } s‘rcl(j’reys g? T(:\n;e’rnh:or'y

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

hadron spectrum 1n 1.5-2.5 GeV mass range.
BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey 26



Gluonic Matter

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

o -f too many times without confirmation.
*CLEO-c 15" high 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

40000 |- 25000

E = + ——
22500 he T N é = CLEO—
. 3 soof (2220) SK K~ +. :

35000

30000 K
25000
20000

15000

10000

- | Shown B(fJ(2220) —K+ K-)=3.10-S

e e el e © 2 7® Sensitivity 5o B(fJ(2220) »K* K°)= 10
Sensitivity B( J/¥—>yX)~10 corroborating checks:
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CLEO-c Physics Impact

Crucial Validation of Lattice QCD: Lattice QCD will be able 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 E Y
0.7,

0.6

Assumes

0.4
theory 0.3 =
errors reduced E
by x2 0.1F =

(1] =N

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

BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey
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CLEO-c Physics Impact

Crucial Validation of Lattice QCD: Lattice QCD will be able 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. (E2 Snowmass WG) B ANTNANNENN

Assumes R
Th 04NN
cory 0.3
Errors reduced,,
by x2 0.1F
(1] =N [ I N A
-0.8 -0.6 -04 -0.2 9 0.2 04 0.6 0.8

I'magine a world e

yrere e e z.zmd

0.5

mastery of non- =04\
perturbative QCD i

0.2
o
at the 2% level Theory 0.1
- o - )
errors = 2% 0506 0.4 02 0
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CLEO-c Physics Impact

« Knowledge of absolute charm branching fractions is now contributing

significant errors to measurements involving beauty quarks. CLEO-c
can also resolve this problem in a timely fashion

* Improved Knowledge of CKM elements, which 1s now not very good.

PDG

\
CLEO-c

dataand
LQCD

The potential to observe new forms of matter- glueballs
& hybrids, and new physics D mixing/CPV/rare
provides a discovery component to the program

BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey

Vs Vcb Vub | Vtd | Vts

-

Ved
7% | 16%
1.7% | 1.6%

™
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The CLEO-c Program: Summary

- Powerful physics case pirect: Ves Ved &
. Precision flavor physics - finally = 125tS QCD techniques

: - ids BABAR/Belle/
+ Nonperturbative QCD - finally ¢
* Probe for New Physics CDF/DO/BTeV/LHC-b

with Vub,Vcb Vtd, Vts

*This suite of measurements can only be performed with the
requisite precision at a facility operating at charm threshold

; s The most comprehensive
* Optimal timing & in depth study of
* LQCD maturing non-perturbative QCD yet
- allows Flavor PhYSiCS to reach in particle physics
-its full potential this decade

» Beyond the SM in next decade First results from y(3770)

data in next few months
BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey



On behalf of the CLEO Collaboration:

Both BES and CLEO have a great particle physics tradition.
We are delighted to be part of this workshop which 1s a wonderful opportunity to
learn from each other as we both embark on our journey to a new frontier in our

understanding of the weak and strong interactions

Fay T
‘1 | |

Thank-you for the warm
welcome, the hospitality,
and the discussions we will
share over the next three
days.
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