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BESIII/CLEO-c Workshop, Beijing
January 15, 2004



Special Thanks to our Gracious Hosts!

® In particular:
® We all appreciate the supurb organization of the workshop.

® The overseas guests appreciate help with visas, accommodation, and
transportation.

® We cannot adequately express our appreciation for the dinner last night!



BESIII and CLEO-c Programs

Program overviews — not discussed individually
® CLEO-c program — Ian Shipsey

CESR-c progress — David Rubin

CLEO-c detector — Steve Gray
BESIII/BEPCII program — Weiguo Li

[
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® BESIII detector — Yifang Wang



BESIII and CLEO-c Programs

Anticipated BESIII and CLEO-c data samples
® Somewhat different assumptions were use in defining the programs.
® Statistical errors are most important in the D decay program
® Use 5 nb for CLEO-c to be consistent with BESIII assumptions
® CLEO-c Core Program in red
o

BESIII data samples taken from some estimates in the BESIII Design Report

CLEO-c BESIII

Channel | W (GeV) | o (nb) | LT (fb™')| Events |o (nb)|LT (fb~')| Events

J /1 3.097 1000 1 10° 3400 3 10 x 10°

T 3.67 2.4 5 1.2 x 107

P (28) 3.686 640 5 3 x 10°

DD 3.770 5 3 1.5 x 107 5 5 2.5 x 107

D.D, 4.03 0.32 3 1 x 108

D,D, 4.140 0.5 3 1.5 x 10° | 0.67 3 2 x 106
A, 4.6 1 3.7 x 107




BESIII and CLEO-c Detectors
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BESIII and CLEO-c Detectors

Component Quantity CLEO-c BESIII
Magnet B 1T 1T
AQ /AT 93% 93%
Tracking o,/p at 1 GeV 0.35% 0.5%
o(dE/dx) 5.7% (6-7)%
AQ /4 80% 83%
K Identification | K Efficiency at 0.9 GeV 87% 90%
MisID(w — K) at 0.9 GeV 0.2% ~ 1%
AQ /4w 93% 93%
EM Calorimeter og/E at 1 GeV 2.2% 2.5%
o, at 1 GeV 0.5 cm
AQ /4 85% 90%
p Identification Minimum p,, 1 GeV/c 0.5 GeV/c




80 —

|Vey| from B — D*¢~ Decay

3070701-014
T T

60

Y
o

N
o

[
oo

Candidates / 0.5

40|

20

o
(=]
I

D*OZ v

EEE( EEREeGE

Data

D*¢v

D**¢v
Combinatoric
Continuum

Correlated

Uncorrelated

Fake Leptons

B-D%

0140202-002

From the fit to |V |Fp+(w) we obtain
|Vep| Fp+(1) = (43.1+£1.34+1.8) x 107°
p> = 1.6140.09 4+ 0.21

Using Fp+(1) = 0.91979-939
(Hashimoto et al.)

from Lattice QCD

|Vep| = (46.9 £1.4 £ 2.0 +1.8) x 1073

(stat) (sys) (T)



Determining |V| from Hadronic Mass Moments and B — X7

The intersection of the E, and Mx moments yields A and )\;.

A — 0'35 :|: 0-07 :I: O.]_O GeV I I | I 1850|701—004
A1 = —0.238 £ 0.071 + 0.078 GeV? 0.1

M) (T)

B Experimental|
ITotal

O _

Then the expression for I'y; yields o1

|Vep| = (40.4 £ 0.9 £+ 0.5 + 0.8) x 1073 .

<_ |

(M) (D) (T) 02
Errors are due to —-0.3 N

(M) moment uncertainties, o

-04 O Q -

(I') T, uncertainties, and

(T) a5 scale and ignoring the O(1/M3) -0.5
term which contains the estimated

parameters

Even with this measurement of QCD parameters, the residual theoretical
uncertainties (T) are comparable to the experimental errors (M) and (T).



Fan Prologue |

Role of Charm in Evolution of SM & its Acceptance

- infroduced for specific reasons & with specific properties
- facilitated for KM to come up with KM ansatz

-> observation of J/y shook up community

- lead to paradigm shift in accepting quarks as real entities

- MARK IITI established precedent for threshold factory

J/p, Y
7
\w” DD




Charm a closed chapter?

My intentiongl | I have come to praise C. -- not to bury it!

charm dynamics full of challenges -- & promises
triple motivation for further dedicated studies

® QCD (& beyond’) understanding nonperturb.
dynamics & establishing theoretical control over it

® B dynamics: calibrating theoret. fools for B studies

® New Physics: charm transitions a novel window onto
New Physics

accumcy of theoretical description of essential importancel
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Relative Precision: oBr/Br
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Hadronic D* 6Br/Br
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Hadronic D, oBr/Br
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Reach of double tag technology

3730601 -002

373060 vOO
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1.855 1.860 1.865 1.870 1.875 1.86

M (D) (GeV/c?)

TABLE 15. Total number of double tag events and statistical precisions on absolute

0 1.865 1.870

M (D) (GeV/c?)

charm branching fractions for 3 fb~! of data for each type of D meson.

1.875 1.880

Particle # of Double tags Statistical

Systematic Background Total

Error Error Error Error
D Km 53,000 0.4% 0.4% 0.06% 0.6%
D+ Kmm 60,000 0.4% 0.6% 0.1% 0.7%
D ¢ 6,000 1.3% 1.1% 0.9% 1.9%

Jim Alexander = JUIN VWUI'RSMUP UM CIIUNTIE T Ty S1LS

w7 1/2004
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Leptonic Decay and
Decay Constant

2
Vcd(s) ‘

+ = 2
4 Br(Dg, —>/1'v,)x o, fD(S)




5-_}\
Analysis Technigue @

+» Double tag measurements

» Tagged D(s) with hadronic decay modes
= muon identification
= Absent of isolated photons

+ Reconstruction of missing mass square —0

M*(v)=E*(v)-p*(v)
E(V) =E | (Ebeam ) EH)
p(V) = " Pmissing = _(ptag T Pu)

missing



Missing mass squired (Gev™)
Missing mass squired (Gev™)
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%\\
Precision of /5 (1) @

5 Y
Afp, 1 Ay, (1 ABY Al Ve |
f D 2 z-D(so 2t |VCd(S) |

JAY
Aty ~0.6% ‘o, ~1.0%
ik Tp,
A JAY
| \ | ~1.8% | Ve | ~1.6% (at BESIII)
'V, | |V |
AB

—~ 2~ 3% Level (at BESIII) Major
B Uncertainty



Precision of f5 g (2) @

Af, 3.0%  BESIII

N/
N/

Ih 100% Now
Afs.  2.5% BESII
fo.  35%  Now

Great improvement after BESII|



Precision Charm Experiment and
Precision LQCD

Shoji Hashimoto (KEK)
shoj i . hashi not o@ek. jp

BESIII/CLEO-c Workshop,
at IHEP Beijing, Jan 13-15, 2004
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Ideally ...

To reproduce the real world, Empirial law : the computa-
one needs tional demand scales as

o 1 17
a
[2 Ge\/]

For this example, we need
101 TFlops - year

s unquenched, N; = 2+1. my/m,] ¢ I
m/op
s L =5fm. [ 0.6 ] [3fm

» a=0.02 fm;
orae! =10 GeV.

s m,y = several MeV,
ms = 100 MeV.

» Statistics ~ 10K. Theoretical/algorithmic
Improvements are crucial.

() Precision Charm Experiment and Precision LQCD - p.9
e —————————




Improved actions

Order counting assuming Aqcp = 400 MeV:

o (fm) 02 0.1 0.5
1/a (GeV) 1 2 4
O(ahgep) | 40%  20%  10%

O((ahqep)?) | 16% 4% 1%
O((ahqep)?) | 6% 1% < 1%
O((aAgep)?) | 3% < 1% < 1%

To achieve the 1% accuracy,

» O(a)-improved action + extrapolation in a?

» O(a?)-improved action at ¢ = 0.1 fm.

©

Precision Charm Experiment and Precision LQCD — p.12




Perspectives (1)

| don’t see any fundamental problems to achieve the goal,
l.e. the 1% accuracy for charm physics.

» O(a?)-improved action at a = 0.1 fm.

» O((Aqcp/mg)?°) action for ¢ quark. (Without HQET, we
need the O(a?)-improved action at « = 0.03 fm.)

» two-loop matching at « < 0.1 fm.

All these iterms are within reach. Actually, they are on the
program of the HPQCD-UKQCD-MILC-Fermilab group.

This argument is based on an order counting. Scaling test
will be needed to convince ourselves.

() Precision Charm Experiment and Precision LQCD — p.37
e —————————




Fully leptonic and semileptonic decay

CLEO-c and BESIII

‘J'm WIS§ o Joint workshop on
University of Illinois charm, QCD and tau physics

Jan. 13-15, 2004 in Beijing, China

Acknowledgements and Full Disclosure

1. Thistalk is from the perspective of a brand new CLEO-c member

2. It borrows very heavily from an excellent longer talk of lan Shipsey

3. | have worked on semileptonic decays from the Fermilab FOCUS
(fixed target) experiment with vastly different systematics and very
complementary techniques.

g

BESIII-Cleo-c workshop J. Wiss

Allowed transition




f(g%) models of the past

A major disconnect between experiment

and theory afflicts published data An incisive test of LQCD requires

one to measure f(g?) where there is
= qmax Is easiest for LQCD still rate and compare in a
theoretically controlled g region
‘ . Previous data had low rates and

terrible g2 resolution which

Aattice S daughtef required a parametric form for
dG(D® Prn) _GZV, P3 meaningful measurement
- ﬁ?‘w+
1
LS
c s q B rnpOle

ISGW f, nexp(ag’)
11




Exclusive Charm Semileptonic Signal Yields in 3 fb

DO Modes B (%) Detection N Detected tagging NDetected CKM yellow
“efficiency” Xen fraction | Xen + Tag book
K-e™n 3.47 46% 559,500 77,670 Vi yields
K*e™n 2.02 12% 28,200 3,900 Vi with 3 fb!
N »14%
pen 0.37 63% 81,000 11,190 V4
r-en 0.20 23% 15,600 2,190 Vg
D* Modes
KOS e'n 3.40 37% 219,000 16,560 Vi
" *%
K *%e*n 4.65 19% 151,500 11,250* Ve Focus
»7.5% K*m FF
p%*n 0.31 44% 34,500 2,580 Vg sample
r %™n 0.25 38% 24,000 1,770 V4

The BESIII yields are likely to be 5 to 10 times larger!

BESIII-Cleo-c workshop J. Wiss



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!

BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey 19



CLEO-c Impact semileptonic dB/B
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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).

BESIII/CLEO-¢c Workshop 1/13/03 Ian Shipsey 21



CD Pakhlov Pavel
BELLE (ITEP , MOSCOW)

CHARM PHYSICS AT BELLE

= Charm physicsat B factories § 3 :

(for Belle collaboration) %

= Belle detector
= DO-D° mixing
= Rare D decays
= Joectroscopy

= Charm Production

CLEOC & BESIII Joint Workshop
on charm, QCD and tau physics % Future plans
13-15 January 2004



D>
</ Yept D — KK vs D? — Knt

GELLE

+ Data fit sighal R free: Gaussian weights £, off set X,,common scale
factor for 5 o,

+ backgrounds: exp ® Gauss + BW (fixed from sidebands)

+ Simultaneous binned fit to Kt and KK samples: £L=947%

102

;_dClTG: DO — KT[ _dGTC(- DO N KK

102;

10

- = 10 ¢
-4000 -2000 0 2000 4000 -4000 -2000 0 2000 4000

T (D% — Km ) = 412.6 + 1-\5&‘&1@“&% =(1.15+0.69 ) %

Pakhlov Pavel (ITEP, Moscow) 11



BESIII/CLEO-c Workshop A. Bondar

How charm data may help for o,

measurement at B-factories
Alex Bondar (BINP, Novosibirsk)

BELLE collaboration

1. Short description of the method
First results from Belle

Model uncertainties of the method

> » D

Model-independent approach using CP-tagged data from
Charm Factories

5. Conclusion

January 13, 2004 ¢, with B—>DK Dalitz analysis 1



BESIII/CLEO-c Workshop A. Bondar

B"— DK™ decay
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Ml ~ chVus ~ AA’?’ M2~Vu2 VCSNAA':;(p-I_Zn) ~ ei¢3

If both D? and D° decay into the same final states
B*— DK+ and B*— DK amplitudes interfere.
Mixed state is produced: ‘50> = ‘50 > +ae'’ DO>
Total phase 0 = @, +0

January 13, 2004 ¢, with B—>DK Dalitz analysis 6



o= Charmonlum



Physically allowed hadron states (color singlets)

49

100s of e.g.s

Basis state mixing may be
very important in some sectors.

Conventional quark model

~ mesons and baryons.
- '

(@), (qg)(q), (@a)(@’)....

ca. 10° e.g.s of (qg)n, maybe 1-3 others

3
99d9.9 g,...

(A )(aia)

maybe 1 e.g.

maybe 1-3 e.g.s

controversial
e.g. ©(1542)



CC mesons guantum numbers

(L+1) (L+S)

Parity qu =(-1) C-parity ng =(-1)

The resulting cc NL states N*>"'L, have JPC=

.3 -—-. 1 — + . n3 - 1 — +
1S:°s,1°7; 's 0 25:2°S,1°7; 2's 0

N3 ++ .3 ++ .3 ++ .1 + —
1P: °P, 21" ;°P, 1715 7P 07" ; (B 2P ...

i3 --.3 = i —
1D:°D, 3 ;°D, 2 ;°D,1;'D, 2 2D ...

JPC forbidden to gqg are called “JPC-exotic quantum numbers”.
0L B e e M

Plausible JPC-exotic candidates =
hybrids, glueballs (high mass), maybe multiquarks (fall-apart decays).



(sensitive test of OGE)

Parameters o, b, m_, o fixed from 1°P, c.0.g. and all 1S, 2S masses, prev slide.

o, =0.5111
b =0.1577 [GeV?]
m.= 1.4439 [GeV]

s =1.1667 [GeV]

1

“““““““ WAGEA)

¥,{3556)

x,(3511)

X3415)

+lin. scalar conft.
P, (not shsown) is 8 MeV
below the “P; c.0.g.

AW 3097
5*5 (assumed OGE)

L*5,T
mainky from OGE




Per spectives and Challenges on:

/ and decays ¢

ow DD thresh

Charmonium yields: B factoriesvs di cated factories

Precision studies on QCD with charmonia
Unresolved issues. searches, puzzles
Technical problems, possible solutions
A wishlist

Roberto Mussa, INFN Torino
Joint CLEO-c/BES||| Workshop, Beijing, Jan.13-15, 2004

[Roberto Mussa Joint CLEO-c/BES|| Workshop, Beljing, Jan.13-15, 2004




Summary 1: Milestones at 20 M J(29)

* M1 transitions at 3%
e Total Width of n_with 10% precison

* BR(W- ee) @ 0.5% (now: 1.6%)

* BR(Y' - ee) @ 1.5% (now: 7%)

* BR(mm), neutral and charged.

* Angular Distributions Yt neutral and charged.

* Tests of Isospin violation in YTt

* Search for hc outside E760 range.

* BR({n) @ 1% level

e Total Width of x_ with 5% precision?

e InclusiveBR( ' -yx) @ 3%
* Angular Distributions yiyy . M2/E1




Summary 2: Milestones at 200 M )(29)

M1 transitionston (1s) @1%
M1 transitionsto n (2s) @3% (KK
» Mass + Width measurement of n (2s)

Search for n_tot from X
Search for hC inside E760 range.

BR(ym) @ 1% level

* BR(Y' -yx),BR(X - YU)@ 1%
* Angular Distributions Yiyy . M2/E1 AND E3/M1




CHALLENGES AND OPPORTUNITIES
FOR CHARMONIUM PHYSICS AT CLEO-c

Kamal K. Seth

Northwestern University, Evanston, IL. 60208, USA

KSETH@NORTHWESTERN.EDU
BES II/CLEO-c Workshop

Beijing 1/13-1/15/2004




| CHALLENGES I

Challenges are rather personal things.
What is a challenge to one person is rather boring to another.
So it is in physics!

So it is in particle physics!

e Adding the last decimal to something we know very well like
the electroweak theory, is challenging to some people. They hope
it will take them beyond the Standard Model.

e Trying to understand something we do not understand at all like
confinement in QCD, is challenging to others.

I, unapologetically, belong to the second group.

And this talk is dedicated in that spirit to the pursuit of strong
interaction physics, for its own sake,not as a contaminating
nuisance to the weak interaction physics.

e How and where can we best confront this challenge.

e For me the answer has been, and still is in the c¢ W!

AP T
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Charmonium Physics at BESIII

Changzheng YUAN
IHEP, Beijing
Jan. 14, 2004



Here we will focus on ---

1. Search for h ('P,) state

. Hadronic decay dynamics and “pn” puzzle

. The continuum amplitude and the data
taking strategy

. J/ v study via v (2S) sample

e*e—>charmonium+X for a study of

charmonium production mechanism

W N

o B



Search for h ('P,) state ‘

h,('P,): the only missing charmonium
state below charm threshold.

Mass
(MeV) Y (3770) Charm threshold

3700

3500

3300

3100

2900

o" 1 1+ 0.,1.27 J



Search for h ('P,) state ‘

3 [ w1163

[N, cl0n

J

TN IS T T N ST = o Tl ST AN~ M T AT Y
?!.4 3425345 3475 3.5 1.5253.553.575 36 1.625

inv. mass of 14K My (Govic”

50f
405—
305—
205—

10}

Lot nflil rﬂ

= .l | ml 1=

2875 2929252952975 3 3.0253.053075 3).1
1

inv. mass of 4 M(Gavic

Br=(0.5-7.5)X10°
60-900 events/year

y(2S) 2 nOh (P)) 2 yyy .2 vyy 4K
Backgrounds: W(2S) 2 v %> VAo, NV, 1010y
Very small!

There are many more exclusive 1, decay modes!



pOCD rule and “ o =« Review

puzzle”
pQCD predicts 3 o
0= WS —>ege)  a5W(25)By(2S) >ee )
" BUJ/y—>ggg) a(J/wy) BUJ/y—>ete)
! pp ~ 12%
h_.ﬁpp “15% rule”, “14% rule”, “12% rule” in literatures
e —— “pOCD rule”

| Mark-II at SPEAR found while many channels give
woe  ratios around 12%, W (2S) and J/ v > p 7 violate
= “pQCD rule”, so does K*K. v (2S) decays suppressed

. om0 66 p J-[

|

o S _—
The assumptions.
- P wepes ] p@QCD is valid at c-quark mass

. — 2. “pOCD rule” derived for inclusive decays holds for
0 &5 10 15 20 25 3 .
Q, (%) exclusive channels.




The continuum amplitude ‘

e

hadron hadron

¢ ¢ Y (c o) ¢ Y (e'e)

(a) three gluon process (b) one photon process (¢) one photon continuum process

exp



Energy scan: the way for high precision BR measurement ‘

ete DX @ v (2S) e'e>p T @ V(3770

10 "__ 18f
g V(25) —hadr ons (a) of
3
§ 0% o
:% 10}
- 38
10 E © s
104 W2S) St gy (b} 6%
4_
g \\'ﬁ\:\ 2
° T : |||||\|||\|||\\||\\|||||\|||H|\H,,\HH
1 30.72 3.73 3.74 375 3.76 3.77 3.78 3.79 38 381 382
: E,_(GeV)
10
. All the channels should be
W(2S) —IK ; (c)
3, + ¥ measured by a energy scan!
- S ‘ 4 A 4
2 ¢ T
_ bt Data sample should be taken at
-+ . oy ey ey ey Py |

567 3675 368 3685 369 605 a7 w5 3z Ajew energy points, instead of
ExlCV) at resonance peak only.



Charmonium Physics

Open questions ...

Peculiar ? (4040)

GeV/c?]

MCC

Terra incognita for
2P and 1D-States

?. - ?(2S) splitting

h,. — unconfirmed

? . — inconsistencies

29%=

3.2

=0

8.0
©
._Dfo*  _  __. ] i
? (13D5) a
———— <
?(13D,) 47.1 §
D,)
> 2(13D))
.................................... DD
? (2351) —6.3
?,(13P,)
? ,(13P,)
a8

3/? (13S,)

- ?.(11S,)

... Exclusive Channels

Helicity violation

G-Parity violation

Higher Fock state contributions

i 3.4

1* (0,1,2)* 2" (1,2,3)
11
K. Peters - Charm Physics @ Panda



Gluonic excitations (new form of matter)

QCD suggests existence of states in which field 1s excited
0o glueballs (excited )
0 hybrid mesons (¢g + excited )
0 hybrid baryons (ggq + excited )

such states not well understood

0 quark model fails Meson Map

Each box corresponds
qq Mesons to 4 nonets (2 for L=0)

Mass (GeV)

0 perturbative methods fail
lack of understanding

-'J
tn

makes 1dentification difficult!

exotic
nonets

confront gluon field behavior
0 bags, strings, ...

D e e e e D 2
o
0 g o

clues to confinement

Jan 14, 2004 Glueballs (C. Morningstar) 4



Yang-Mills SU(3) Glueball Spectrum

pure-gauge mass spectrum well C. Morningstar and M. Peardon,
known Phys. Rev. D 60, 034509 (1999)

o still needs some “polishing”
0 improve scalar states
“experimental” results in simpler
world (no quarks) to help build
models of gluons
glueball structure

0 constituent gluons vs flux
loops?

7, =410(20) MeV, states labeled by J™¢

Jan 14, 2004 Glueballs (C. Morningstar) 5



Glueball Searches: Experiment

Jim Napolitano (RPI & Cornell)

Outline:

e Looking for glue: Where and How
e History and puzzles

e The scalars fp(1710), fo(1370), and fp(1500)
¢ The pseudoscalars 17(1418) and n(1475)

e Resolving the puzzles

e High statistics J/¢¥ — X using partial waves
e J/¢Y — vX followed by X — ~Y

e Mx > 2 GeV/c?: Tensor glueballs and J = 4 mesons

CLEO-c/BESIII Joint Workshop, Beijing, 13-15 Jan 2004

1



History and Puzzles

More states found than are predicted by the quark model.
— Could the extra states be glueballs?

e The scalars fp(1710), fp(1370), and fo(1500)

Quark Model predicts only two. B
(These are the isoscalar uu + dd = nn and ss.)
Prime suspect for the lightest glueball.

e The pseudoscalars 17(1418) and 7n(1475)

Quark Model predicts only one.
(This is the 1”(958) radial excitation).
Mass disagrees with lattice QCD.

J/v — vX is a key dynamical ingredient!

4



Conclusions

Radiative transitions between vector and scalar mesons
will provide strong constraints on the presence and

structure of glueballs with 1.3 < M < 2.0 GeV/cz.

High statistics J/¢¥ — ~X, including X — ~{p, ¢}, may
be within reach of CLEO-c and BESIII.

A complete analysis will be limited by data volume.

Will likely need > 109 J /4 ’s.

The region with Mx > 2 GeV/ c? needs to be carefully
explored for narrow and/or broad resonances.
Partial Wave Analysis will be a necessary tool.

High statistics are good, but excellent knowledge of the
detector acceptance is also crucial.

18



J/v Physics at BESIII/BEPCII

Xiaoyan SHEN

Institute of High Energy Physics, CAS

BESIII/CLEO-¢c Workshop, Jan. 13-15, 2004, Beijing



" S
J/y Physics at BESIII/BEPCII

m Search for glueballs, hybrids and muilti-
quark states

m Systematic study of light hadron
spectroscopy

m Study of the excited baryon states

m Search for more J/y decay channels
m Probing for new physics in J/iy decays
m 1. physics



PWA Results

E 1250 .
== -
el JAy — yYK'K
=
= 1000
= 1,(2050) M = 2044 MeV
750 |- .
4 bl
500 - Lﬁgﬁ T
250 b.g. -
.

2.5 !
-
MK'K) (GeV/cD)

Crosses are generated Monte-Carlo data,

histogram is the PWA fit projection

* the JPCs’ of £(2230) and £,(2050)
being 2** and 47 gives the best
Log Likelihood value.

* excluding either £(2230) or £,(2050)
makes the log likelihood value be
worse apparently.

0", 2" and 4" can be separated
clearly in the mass region over 2.0
GeV with BESIII detector.



Low Energy R Measurements with ISR

Su Dong

Stanford Linear Accelerator Center

) (L3 Trigger Event Display

Mext Zoom Unzoom  Track

Cluster

Emt/Emc
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Go  Faster Slower Stop  Ouit
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3B&TAKEM
SA&B#
3B&Bs+&1G
2E

EM+

G

D2&1E
1Y&1B
D=+
BM&DZ

4

BMahls
2Mah+
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1Y
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eyelicd

Do 0D

L3 t0 = 469.% ng

BEvent: 1dafea/a0391c93

THU Jum 14 C4:11418-4B2BSE000 PI 2001

L30utDch on
L30uiBme off

L30ulBhabhaFlat on
La0utBhabheFlatOpr off
L3CutRedistiveBhabhe off
L3outVirlualComplon off
L30utEmcBhabhe off
L3OutCosmic off
L3dutLumi off
L3CutDiag off
S0utGammaGamma off
tammaGammalpr off
L3CuiPhiGamma off
tDataflowDameage off

L3CutBunch off
L3duiBunchOpr off
L30ulCyelicl off
L3CuiCyclic10pr off

2 Aracks, 3 elusters

CLEO-¢/BES ¢/7/QCD workshop, Beijing, Jan/15/2004
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Low Energy R Measurements with ISR




R measurements

IIIIII| | IIIIIII| | IIIIIII'!|

= h —
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o E i
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W
—

t

i
ﬂ-_._.' 11IIIII| ] I IIIIII| I I IIIIII|

1 10 1n°

Vg (GeV)
R = o(e'e>Hadrons) / gy(e"e > pp)

A large number of measurements scattered at various energy ranges,

over the last 3 decades.

Jan/15/04 Su Dong Low Energy R Measurements with ISR



R Measurements: The New approach with ISR

Operating at a fixed CM energy to
simultaneously explore the whole lower
energy range below with initial state
radiation (ISR)

hadrons  (don’t have to fight over when to operate

on what energy. They are there all the time
parasitic to whatever else you want to do !)

Rapid rise in both theoretical and experimental interests.

(the possibility of R measurement with ISR actually first emerged from
CLEO data in 1995 as a background to the b->sy analyses...)

Becoming truly competitive with the luminosity of the B/t-c/¢
factories. BaBar and Da®ne already started working at s'>=10.6 GeV
and s'?=~1 GeV respectively.

It’s still in the early days and there are more questions than answers.

Jan/15/04 Su Dong Low Energy R Measurements with ISR 8



+ -
clee —

ISR cross section at E__=Y(4s)

L
=

¥ |max

=
L
T

ISR ¥ |cos8 <0.8

S

0.25 -

=
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&
T
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E

0.2
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&
T
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S
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0.02 |
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0.01 C Hadrons I
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Js (GeV) ISR ylcosd |

ISR photon mostly along beamline. Only using ~5-10% events with
photon in calorimeter fiducial (~|cosey*|<0.8 for good containment),

but still integrate to ~0.05nb of y+had events below s!2~7 GeV.

(compare to the non-radiative ~Inb BB and 3.4nb udsc at s2=10.58GeV)

Jan/15/04 Su Dong Low Energy R Measurements with ISR 9



R(s) =

R 1n CLEO — past, present, future

What i1s R?

o(e'e” — hadrons)

S. Dytman
Univ. of Pittsburgh,
CLEO Collaboration

_ — Zsz

oolee > u u)

] _ ‘hadrons
q
0]
lowest
M order

flavor
color




R measurements with CLEO

» Existing data (goal is
G....<3%)

syst

7.0 GeV (2.8 pb!)
7.4 GeV (8.9 pb'!)
8.4 GeV (4.6 pb!)

9.4 GeV (194 pb'!) [1S
continuum}

10.0 GeV (150 pb!) [2S cont.]
10.3 GeV (122 pb™!) [3S cont.]

11.2 GeV (721 pb'!) [A, thresh.

scan|

e Data to come (?!)

— Modern R measurement

e 3.8-4.6 in 10 MeV steps,
~10,000 events per step

e Measure R to < 2% accuracy

 Measure DD, D*D, D*D*
content for cc resonant
structure

— Under active consideration
for CLEOc¢!



Previous data + pQCD prediction

*CLEO2 (2%),
Novosibirsk (5-7%) best
*‘MARK [ vs. Cryst. Balla | o peviow daa Ioe
10ng-Stan : Novisibirsk data ) q

annoyanesg "I @ published CLED data

How low 1n energy™
pQCD valid?

N.B. These are the

values given by PDG,

stat+syst errors. We 1+ CLEO3

really see the need for

Y CLEO3 measurements! s 7 8 s 1 1

sqrt(s) (GeV)



%“%

CSIC

TAU PHYSICS

A. Pich
IFIC, CSIC — Univ. Valencia

e Lepton Universality. Lorentz Structure

e Hadronic Decays: QCD Tests, ms, |Vus|

e New Physics: Lepton Number Violation, CP, .

BESIII / CLEO-c Workshop, Beijing, 13—15 January 2004



CORNELL &% L E P P
UNIVERSITY %¥
Opportunities for T Physics <o

e Overview of Tau’s at low energy

e Tau Threshold Measurements
e Tau Mass
e Massive Neutrino in T— vv
e Exotic Decays: T—eX
e Radiative Leptonic Decays
e Tau Atoms

e High Statistics Measurements
e Precision Branching Fractions
e Hadronic structure
e Rho Line Shape
e (P Violation
e |orentz Structure
e Neutrino Mass



Conclusions “LEFPP

jEDb qj 2004 ng

e BESIII/CLEO-c will play an important

role in T physics - no matter what
BaBar/Belle do

® There are unique opportunities near
threshold using the lack of ISR/FSR,
and unique T decay kinematics

e Suggested BESIII running: T mass
scan, 3.67 GeV, and T'’s under charm

plus background normalization
below T

26



A, Physics at the Energy
i Threshold

John Yelton
U. of Florida
CLEO experiment

A review of what we know, and what we do not
know, about the A., with an accent on what new
knowledge can be gained by running with ete
annihilations (just) above threshold.



i Threshold Running

Assuming 50% reconstruction efficiency (for
pKrn), and 1 fb! of data, can expect 500 fully
reconstructed, clean events with efe—» AYA[

(where each A.— pKn).

By itself, this should get a statistical uncertainty
in the measurement of 4.5% of itself, and be
enough for easily the best measurement in the
world.



but ... charm decays as a direct probe for New Physics?

basic contention:

charm transitions are a unique portal for obtaining a novel
access to the flavour problem with the experimental

situation being a priori favourable (apart from absence of

Cabibbo suppression)!

© SM weak phenomenology rather dull affair with
< slow' DO - DO oscillations,

«  small' CP asymm.
-  zero-background' search for New Physics ?

© yet .. "how slow is " slow' and how small is " small' ?“
2 Xp<3 % ypep=(1 05)7%
a direct £P < (few to several) %

L
[ Q e




leading charm decays Cabibbo allowed
New Physics more likely to surface in 2x[1x] Cabibbo supp.

effective weak phase unusually small in CKM description

© O O O

charm only up-type quark allowing full range of probes of
flavour couplings, including flavour-changing neutral

currents
¢ 10 decays electromagnetically, no ni%- n° oscillations, ...

¢ top quarks do not hadronize
= no TO-T9 oscillations
= CP asymm. highly reduced due to lack of coherence




Summary & Outlook

Rare Decays at (3770) compare favorably with Y(4S)

» Radiative decays may be observable

» Otherwise Standard Model predictions are many orders of magnitude
beyond CLEO-c+BES-Ill sensitivity

D-mixing at y(3770) compares favorably with Y(4S)

» Exploit CP content on Dalitz plot vs flavor tag (probes y=AI"/2T")

> Correlated final states probe R_. =(x2+y?)/2, x=Am/I",y=AI'/2I

> Measure relative strong phase between D° — K-n* and D° —> K-+

> Need to evaluate ability to distinguish x vs y at (3770)
CP Violation: Further study is required

> Best probe of CP violation in charm is interference on Dalitz plots at
both B-factories and at charm threshold

» B-factories have much larger statistics and larger backgrounds

» B-factories only have flavor tag (D**): Charm threshold also has CP tag



How can we optimize physics output of BES/CLEQO?

General thoughts to initiate discussion...

Complemen'rar'i’ry: Community:

* higher Vs ....lower Vs » Belle, Babar,...

- few fb! ... few 10's fb! - Joint working groups
- brief time span ... open-ended - Common approach to

- starting now..... starting later conference organizers
*no u, no KL, oo W, KL (7) ''''''''''''''''''''''''''''''''''''''''

Compe'ri’rion:
Cooper'a’rion: * drives new ideas...
* Physics Workshops
- Technical workshops (IR) | Confirmation:

+ Visiting physicist programs | . exotic signals,
» Development of common tools| . precision measurements





