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Confirmation of the Y(4260) and
the D Scan

Seve Blusk

Syracuse University

1 Introduction

d The D, Scan

O Confirmation of the Y (4260)
d Summary



0 L ~4.2pb*/day, up by ~20%

O Datain hand...
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0 281 pblaty (3770) & ~ 1.8M DD pairs
0 ~200 pbl at y (4170) = 400K DD *pairs

Q ~1 fb! at bothy (3770) andy (4170)

CLEO-c detector largely

same as CLEO-II|
> B field reduced from

1.5T->1.0T
» Silicon replaced with
inner drift chamber

O Tracking (93% of 4p):
Qs /p~06%

Q Csl (93% of 4p):
O s /E ~5% a 100 MeV

~2.2% at 1 GeV
U ParticleID

0 RICH (80% of 4p)+dE/dx
Qe ,>90% for p fake<5%



»Rich spectroscopy of
states above DD threshold.

» 1 states directly
accessiblein ete
annihilation, | SR.
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= Other states accessible
through radiative and
hadronic transitions

1

Mari |
Mark |+ LGW
Marill

o PLUTOD

c DAIP

o Grratal Ball
x BES

= No extra particles
= Low multiplicity.
= Coherent 1- state.
» Precision CKM physics
using D mesons based on 281 pb-!
=>» seetalks by R. Briere (plenary), D. Cronin-Hennessy

= |_ots of great results on charmoniumas well (See talk by A. Tomaradze)

1 ....._ 1 (4160)

— Experiment
= Nonrelativistic

Potential Model
{Bames, Godirey and
Swanson,

PRD T2, 054026(2005))

= Relativized

Potential Model
[Godfrey and lsgur,
PRD 32, 185[1985))

Y (4260)

Y (3940)
X (3940)

Z(3930)

X(3872)




The D, Scan



2 <D scanning the Region: Eq, = 3970-4260 MeV
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* Determine optimal energy for Dy
studies.

 Assess capabilities for D physics
abovey (3770).
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(BES, at 4040 MeV)
(Mark 111, a 4140 MeV)

Scan Data Sample:
12 energies, 60 pb!
As we increase energy,

= Detailed study of the hadronic cross section We Cross various
in the region above open-charm threshold. production thresholds

* Y(4260): confirmation




NP D  Reconstruction Y

d Play samegame asa U(4S) and y (3770).
r

For a given candidate, compute:

M, = \/Ebzeam - pg . Essentially pp but less
sensitive to changes in Eyy,

DE=E, - E

beam




Reconstruct
= DO%in 3 modes
= D*in5 modes
= D, in 8 modes

-+ Continuum
DID.
D:D.
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For DD and DD, cut on DE and " DD

use M, _ to extract yields. ERAINA :

No need to reconstruct D*, as states

M, differentiates event types.

£,

For other event types cut on M,
and use invariant mass to extract
yield.

Cut values determined by
Kinematics — no double
counting allowed, cross-feed
small and calculable.

1.
M, (GeV/cA2)




<) D, >f p Reconstruction at 4160 (MC)

* Note CS D*->f p*
» B(D"*->D*g)=1.6% (broader component, asin D°, very small)
= Broadening in D.D," as expected due to photon
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D*D Enhancement
at D'D* threshold

Note:
s(DD)~6.2nb
aty (3770)
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Maximum
D *yield, in
DS*DS

O Selected 4170 MeV
as location for
future D, physics.

200 pbtinthe can
at41/0 MeV

0 Goa: ~0.75 fb
by mid-2008

D, Cross-Section Results

Péaking strufcture
in: D D, ?
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0D Inclusive vs. Exclusive

PRELIMINARY | nclusive hadron:

Count all hadronic events

Total cc cross section measured 3 ways

sum up
3DD and 3D, exclusive
Cross-sections
- Reconstruct

all D mesons, no requirement
on DE, M. = fit invariant mass.

s (Exclusive D) < s(D inclusive)
~ S (hadrons)

Arewe missing something?




Are there multi-body events?

» Look at momentum spectrum of D%->Kp Work in
» Slowest DO from D*D* requires progress to

p(DO > 350 MeV/c better understand these
multi-body decays

; D> Kp
E.n=4160 MeV | . = P <250 MeV
2160
a [ _
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80 ,. D0 D%?, D> Kp
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Confirmation of the Y(4260)
via direct production in
e"e Annihilation
and

Observation of
Y(4260) in ISR

Also, see talks by J. Rosner (plenary), Eric Swanson, U. Mallik, Luc Hinz



9D Y(4260) Discovery

BaBar PRL 95, 142001 (2005)
d e*e? g<rY(4260), 40

Y(4260)>ptplly = JPe=1--

U Ataminimum in s(efe? hadrons)

My
i t
" 'Hj*' 1

4 42 44 46 48 5

Events / 20 MeV/c?

U Why hasn'’t this been seen before?
s(ete 2Jypp) ~ 50 pb!at 4.26 GeV

(based on ISR rate at BaBar)
Corresponds to <<Error on s(e*e - hadrons)

[ Conventional (cc)
le., 4S or 2D state

di_ffi cult to rec_:onci le ] il
with expectations. . PLUTO
(By pp (426O)>>By pp(3770)) : (D]J:;::JEI Esll
0 What isit?

Hybrid? c.r molecule?
Conventional (cc)?
Tetraquark ?
Baryonium? ...



@? Direct Production in CLEO

o Key Variable: Missing momentum
* RR agood calibration, well understood
« PeksaE fory (25 RR,

Search for 16 fina states:

p0Jy , hdy , h'Jy , p*p pedy , hhdy ,
PPy (29), hy (29),

WC g, 1y OCcpr PP POCoy, PP POCy,
p*pf
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Events/(8 or 4 MeV)

— Experiment

-0.05 0 g ; ¥ I = MNonrelativistic

Missing Momentum (GeV) an ﬁgtﬁeﬁ’?ﬂ:ﬂdmﬂil

Swanson,
s(efe>Y (4260))*B(Y~>Jy pp) of o .. BRD 75 084026(2005)

Potential Modeal
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£ O cr “molecular model disfavored (Liueta hep-ph/0507177)
O Proposal that Y (4260) ==y (4S), displacing
y (4415) = y (5S) also disfavored. y (4415)—> Jy pp small
F. Estrada(hep-ph/0507035)
0 Compatible with hybrid charmonium and tetraquark
interpretations
=>» need more studies with open charm final states
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9D Y(4260) in ISR

PRELIMINARY

U Similar analysis as BaBar.
Use ~13 fb! from U(1S) — U(49)

[ Select events consistent with
e'e 2gX, X 2Jyp'p ,Jy—=>€e'e,ntm CLEO

(~13 fbd)
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U Cross-check analysis on X=y (29)

O Find:
J44 0 dA 4K 5 3

M{T T HAY) (CeV)

N, =14.1°% (4.9s)

- 4.2

Mass = 4283}, + 4 MeV
Width = 70%5° + 5 MeV

Events 7 20 MeVic®

Consistent with BaBar

(211 fbrY)

mir 7 Ay {;Gavm-’i:i



[ D, scan data 3970-4260 MeV used to determine
optimal energy for Ds program in CLEO-c.
4 E,,=4170 MeV best for D studies

[ 200 pbt at 4170 MeV now in hand.. Stay tuned...

O Preliminary measurements of the
D)D) cross-sections, interesting features

O Confirmation of the Y (4260) through
direct production in e*e annihilation.
[ Establish Y (4260)>p%%°%Jy ~0.5(Y (4260)>p*p-Jy )
[ Evidencefor Y (4260)> K *K-Jy
O Upper limits on many other modes, also at 4040 and 4160

QY (4260) also observed in ISR production

Q Luminosity godls: ~0.75- 1 fbt at y (3770), y (4170) each by mid’ 08.
Near term: Another 100 pbtat 4170 MeV + ~30 My’ (July-Sep)

Stay Tuneq |
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Backups



<) CLEO's Confirmation of Y(4260)

o |fit'sal- state, it should be
directly accessiblein efe
annihilation.
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« E_.,=4260 MeV was one of the

scan points [} was0) |

. Y(a260)
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p°Jy, hdy, h'Jy, p*p-p°Jy, hhly,
PPy (25), hy (29),

WC ¢pr OCc1, ez PP POCoy, PP POC o,
ppf




NEWASEIES

|||||l%.
In the last couple of years, several new states have appeared on the scene.
State Mass (MeV) Width Mode / decay Comments
(MeV)
X(3872) | 3872+0.5+0.6 <23 B->X(3872)K*, Belle03,
(narrow!) | X(3872)>Jy p'p- 1** favored (BaBar,
CDF)
X(3940) | 39431646 Y ete —Jy +X(3940) h! Belle05
X (3940)> DD* c
Y (3940) | 3943+22+26 | 87+11+13 | B> Y (3940)K*, If (cc) then Belle05
Y (3940)-> Jy w(pppo©) | Y(3940)->y w
~ 10% unusual
Z(3930) | 393144+2 20+8+3 | gg->DD Consistent with Belle05
J=2, but ...

Y (4260)

4259-+6%2

88+23*,

ete — g Y (4260)
Y (4260)-> Jly pp-

BaBar 05,
(CLEOO®b)

All in the general region of the charmonium resonances,
Conventiona charmonium hypothesis for all theses states difficult to explain

Tetraguarks? DD* molecules ?7?, hybrids??, Baryonium?? ...... Seereview talk by Eric Swanson




Goals and Impact of CLEO-c

O Significant input for worldwide CKM
program, both direct and indirect.

O Precision charm measurements + theory
=>» reduced uncertainties in B measurements

O Direct tests of lattice QCD and (potentially)
other strongly-coupled theoriesto predict
various hadronic parameters

O Crucia “engineering’ input for others:
branching fractions for normalization
modes, etc.




