/ ‘Hadron Spectroscopy at B—Factories.' \

Antimo Palano
INFN and University of Bari

Compass Workshop, Freiburg, March 20, 2007.

O In the last few years light, charm and charmonium spectroscopy has received
a new interest due to the discovery of new unexpected states.
O New results on Spectroscopy from B-factories are coming from:

e B decays;

e Charm decays;

e Inclusive eTe™ interactions:;
e 7 collisions;

e Initial State Radiation;

\D Important issue for spectroscopy: Exclusive or Semi-exclusive reactions. /
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/ Spectroscopy at B—factories.' \

O At B-factories, the T(45) resonance sits on a consistent continuum
background.

O Cross sections for different processes, at the Y (45):
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o Good tracking and vertexing.

o Good Particle Identification.

o Detection of all possible final states,
with charged tracks and ~’s.

o Very high statistics.

O Last week: BABAR: 405 fb—1,
running up to the end of 2008.
O BELLE: 700 fb~1

-

o Relatively small combinatorial in ete™

Spectroscopy at B—factories.'

O The power of B-factories for spectroscopy is based on:

Interactions.
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/ Some New Results in Spectroscopy.' \

O Among the recent results in hadron spectroscopy from B-factories, I will

focus on:
e Charm spectrum;
e Charmonium spectrum;
e Light meson spectroscopy;

e New inputs on the possible existence of gluonium, hybrid and multiquark

states.

O Not covered: high precision measurements and the discovery of

many new charmed baryons.
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/ Charm Spectroscopy at B—factories.' \

O Inclusive Charm Physics is performed on events selected from continuum
ete” — éc
O Very high statistics samples of charmed mesons actually available.

O Example from BaBar: mass distribution and p* momentum spectrum f or

D;_ — qb7'('+. BABAR,hep-ex/0201041

Filled/open points: normalized on/off peak data.
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O By using inclusive continuum events combinatorial background is strongly
reduced.

\D Kinematical selection: the center of mass momentum (p*) > 2.5 GeV /c. /
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cu/d spectrum.

-

validity of the potential models.

O Presence of very narrow and broad states.

O Radial excitations not yet seen.
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The charm spectrum.'

O The recent discoveries in the charm spectrum put back into question the

O Therefore it is important to establish the complete spectrum of charm. The

~
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/ ‘The broad states.' \

O BELLE experiment has studied the decays: nep-ex/0307021
B~ — DYtr n, B~ — D*"r w~
O Dalitz plot analysis of the B mesons three-body and four-body decays. Fitted

projections on the DQTO and D*m masses afteg background subtraction.
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O Resulting parameters for the scalar and axial broad states:

DSO:m:2308:|:17:|:15:|:28 I' =276 £21 +£18 60 MeV

Dy:m=2427£26£20£15 T =384T107 424470 MeVv
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mass GeV

The c5 charm spectrum.'

O The ¢s spectrum after the discovery of the D, ; states.
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/ ‘Charm Spectroscopy: D, states.'

O Important to measure all possible decay modes.

O BaBar: upgrade of measurements with 240 fb™!. nep-ex/0604030

Decay Channel D*;(2317)" D, 7(2460)™
IDT ') CSeer) Forbidden
|71?)j v | Forbidden Seen
Ty (a) Allowed Allowed
[D:(2112)+ %) Forbidden
D" ;(2317)T Allowed
Dfnlr Forbidden Allowed
Dj“‘: v (a) Allowed Allowed
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(a) Non-resonant only
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/ ‘Charm Spectroscopy: D, states.' \

O A new measurement of the D¥;(2317)" mass:

600 =1 /(2 Mev/c?)

m(D*,(2317)) = 2319.6 £ 0.2 (stat.) | Lo
+1.4 (syst.) MeV/c? | s S memag

Q
2.1 2.2 2.3 2.4 2.5 2.6
D: 7° Invariont Mass (GeV /c?)

00 Mass moves by ~ 2 MeV: electromagnetic calorimeter calibration.
O Shaded is the reflection from D, ;(2460)7.

- /
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/ Charm Spectroscopy: D;(2460)". \

O New measurements of the D, ;(2460)™ has been obtained from D, Dm0,

and DI 7t7~ decays.
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O The average of these results is:

m(Ds;(2460)T) = (2460.1+ 0.2 4 0.8) MeV/c? (1)

- /
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O Branching fractions:

Br(Ds;(2460)" — DI~)
Br(D,;(2460)t — DF r0~)

Br(Ds;(2460)" — Dfntn~
Br(D,;(2460)t — D{ 10)
O S. Godfrey

Charm Spectroscopy: D,;(2460)"

= 0.337£0.036 (stat.)£0.038 (syst.), (0.62,0.24,0.47)

) = 0.077 £ 0.013 (stat.) £ 0.008 (syst.), (0.16, 0.20)

O A. Bardeen, E. Eichten, C. Hill
O P. Colangelo, F. De Fazio
O Search for m(D*,(2317)") — DJ 7*: no signal
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/ The new D, states.. \

O The new D, states have been interpreted as:

e The missing cs states. For reasons still to understand potential models

predict wrong masses.

e 4-quark states or molecules. In this cases other states should be found.

Some of them could be narrow.
e The discovery of a new phenomenon

such as Chiral Doubhng7 Dg,(2573) N 1 27, 2(2669)
In this case again new states /

are eXpeCted to be found. Dg4(2536) ---- 4+ BT e 4 s o e i Ds(2632)

M. A. Nowak et al., hep-ph/0307102 Dg(2112) -vvnvidene i A s v D¢ (2457)
W.A. Bardeen et al., hep-ph/0305049 / /
Dg(1969)----- 0= ') SIPRRNTNRPE NP Dg(2317)

d

E Are there still unexpected particles to be found? Yes‘ri_.J o /
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events/20 MeV/c?

‘Still new D.; states..

O BaBar: Observation of a new D, ; at a mass of 2.86 (GeV. nep-ex 0607082

O Study of three inclusive DK mass spectra.

3
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0 Parameters:

m(D° K*) GeV/c?

m(D* K%) GeV/c?

O Presence also of a broad structure:

p* > 3.5 GeV/c.

m(D g4 7(2860)T) = (2856.6 £ 1.5 + 5.0) MeV/c?

(D, j(2860)T) = (47 £ 7 £ 10) MeV/c?

m(X(2690)T) = (2688 + 4 4+ 3) MeV/c2

(X (2690)1) = (112 £ 7 + 36) MeV/CQ/
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/ ‘Still new D.; states..

O Final states:

250 : 1500

500 1000

250 500
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0 Study of BT — DYDYK™T pep-ex/os0s031
O Observation of a resonance:

M = 27154+ 11713 MeV/c?

T =115+ 20735 MeV/c?

Spin-parity: 17.

O The same state as seen by BaBar?
O Searching for D*K, Dsn and Dsw decays.

-

0 DYK T spectrum after background subtraction.

/ ‘BELLE: charm spectrum from B decays.' \
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‘The charmonium spectrum.'

O It is important to establish the complete spectrum of charmonium.
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/
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/ Charmonium hybrids. I \

O S. Godfrey: the existence of gluonium excitations in the hadron spectrum is
one of the most important unanswered questions in hadron physics.

O Hybrid mesons 1), consists of ccg.

O The flux tube model predicts 8 states between 4 and 4.2 GeV.

O Lattice QCD calculations predict the J©¢ = 1~ state between 4.04 and 4.4
GeV. The proximity of D*D thresholds could make it narrow.

O Some hybrids can have exotic quantum numbers such as:

Yo (J7C = 0T7,277) = J/Y + (),

%(JPC =11 = .+ (xt77),n,n

O Some of these states could be produced in B decays.
O Hybrid mesons with JF¢ = 17~ could be looked for in e*e~ annihilations

via ISR.

- /

18




/ New Resonances '

O Tentatively assigned to Charmonium states:

he 1'Py CLEO  9(25) — m°he(— ne)
X(3943) 7. (3'Sy(cé))? BELLE recoil on J/t in ete™
Y(3940) x.,(2°P,(c€))? BELLE B — (J/¢yw)K
7(3930)  x'5(23P3(ce))? BELLE ~y — DD

O Not Charmonium states?

X(3872) BELLE J/irtr—
Y (4260) BaBar  J/¢Ymtwo

-
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/ Double cc. ' \

O Observation by BELLE of an unexpected large rate for:(nep-ex/o0s07019)
ete” — J/y(ec)

O Study of the missing mass to eTe™— > J/¢ with J/¢ — [T,

*2
Myecoil = \/ J/¢ _ pJ/¢
2150* n.(29) X(3940)
2 | \
§ nc XcO \. *
100 - \' Vo * i

O Observed peaks at the positions of:

7767XC07776(23)7X(3940) ¥ 4 .. + ........... +
O X(3940) unknown object. S st I 25

M =3943 £ 6 £ 6MeV

- /
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/ Double cc. ' \

O Result confirmed by BaBar.

O Two diagrams are possible:

' | | o)
O - + ISR y(2S) .
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J’ C 3 35
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\D Observed only C=+ states. j
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4 X(3943). I

O Observed also X (3943) — DD*, but not X (3943) — DD.

N/10 MeV/c?

BR(X — DD*) = 96735 +£22 %

BR(X — DD*) < 41 % (90 % CL);

BR(X — DwJ/v) <26 % (90 % CL); Mo QW)
O Possibly 3'Sy(cé)n, state.
O Test vy — DD*. (S. Godfrey,hep-ph/0605152)

-
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M(w Jhy) (GeV?)

A threshold enhancement in J/yw, Y(3943).I

24 T T T

21.5

19

16.5

M = 3943 £ 11 £"13¥eV
['=87+22+26 MeV
O Not yet seen: Y — DD, Y — DD*.
O Possibly: x.;(2°P;(cc)).
G Test: see DD*, don’t see DD (Godfrey).

O BELLE has shown a threshold enhancement in J/vyw:
BELLE,hep-ex/0408126

— BT = Kt J/yw

) ~{ 30 -
20!’ - 20

10

Events/40 MeV

L L L L L L i 0 I L L L L L L L
3880 4080 4280 3880 4080 4280
M(wd/y) (MeV) M(wJ/y) (MeV)

~
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4 7(3930). I

[ Observation Of Z(3939) by BELLE in Yy COHiSiODS.(hep-ex/o512035)

20

2 : \ |cos6*| < 0.5 (a) ;:: _ (c)
}; : ﬂ * }* ﬁH .%14 : M(DD): 3.91 - 3.95 GeV/c2
CHA &
T G g | o] |
gig E * * |coso*| > 0.5 (b) : : .
N L
guﬁjsjm J'jt+ +'++'++"+4!++'*++'+”E+1*+H'*t*?z*' ) S '6.'3'5"6:4"6'.6"63"6.'7'"6.'{;:?%

M(DD) (GeV/c2) |cos 0%

vy — DD: JP¢ =01+ 2%+ angular distributions consistent with J=2
M = 3929 £ 5+ 2 MeV

I'=294+10 £ 2 MeV

O Probably Y., state (2°P(cc))

-
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4 X (3870). I \

0O The J/¢¥xwT 7~ mass spectrum from BELLE in BT — KT J/¢yntn~:

hep-ex/0309032

400 ‘ I I I ‘ I I I ‘

o Y =S /y |
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% X(3872)

O Confirmed by BaBar, CDF and DO. oLl o
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4 X (3870). I

M = 3871.9+ 5 MeV, DD* threshold at 3871.3 £1 MeV

I' < 2.3 MeV, 90 % CL

O Di-pion mass distribution consistent with: X (3870) — J/4p".

I=0, no evidence for a J/vm~ 7" decay mode (BaBar); nep-ex/0412051

OB — KX(3870)(—> J/@D”y): C=-+1. hep-ex/0607050, hep-ex /0505037
BaBar BELLE
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X (3870).

O BELLE: B — KX (3870)(— DODOﬂ'O . JP = 2+ disfavoured. hep-ex/0606055
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O Angular analysis from BELLE and CDF: only J©¢ = 11+ left.
O x.; expected at a mass of ~ 3950 MeV!
O X(3870) too light.
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/ ‘ X (3870) Interpretation. I

O Diquark-antidiquark. maiani et a1l (PRD71 014028 (2005)).

Expect 2 neutral and 2 charged states.

Expect: Am =m(Xy) —m(Xy,) =~ (7T+£2) MeV
Compare BT — X (3870)K+ with BY — X (3870)K".
BaBar: Am = 2.7+ 1.3+ 0.2 MeV (resolution 5.4 MeV).

[ S—Wave DOD*O mOIGCU.le. (Braaten, Kusunoki, PRD71 (2005) 074005)
BY — X (3870)K" suppressed by a factor 10 wrt Bt — X (3870)K ™
BaBar: R = BY/B* =0.540.34+0.05

O Need more statistics!

-
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m = 4259 +- 8 MeV
[' =88 + 23 MeV

-

€

_|_

Y(4260). I

0 BaBar. Observation of a new resonance in ISR: (JF¢ = 177). nep-ex/os060s1

Confirmed by CLEO and BELLE.
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/ BaBar: Search for Y (4260) — ¢¥(2S)n 7. \

hep-ex/0610057

Events/ 50MeV/c?

.-"J".'i.'|"""-'-h- mEQEEEEE RNy
!

1

5 55
m2m)dy) (GeV/d)

m = 4324 + 24 MeV
' =172 £+ 33 MeV
O Mass shifted.

G Cannot exclude being a new decay mode of Y (4260) /
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/ cc Meson? ' \

0 If JP¢ =17, it should be produced directly in ete™ collisions.

R(\/s) = o(ete™ — hadrons)/o(ete™ — uu)

+ *CB
++ x°/d.0.f=0.99

w
[ole) R R R R
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I
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!
GNO signal. o | Vs (Ge /
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0 BaBar: Study of exclusive ISR production of DD. nep-ex/os07083

Search for Y (4260) — DD. \

O vrsr reconstructed as missing particle.

[ 60
so - BaB\R -
v f 50 |-
L\:””m 50 — o/{)\
> NP
O 40 E 40
: o [
j 30 [ 830
£ E 20 Y(4260)
220 5 - l
M) = S L
r > -
N ' ” 0ot | f {
0 L [ TR Y | | [ P 0

-5 o 2 4 38 4 42 44 46 48
MM2(D D) GeV?/c* m(D D) (GeV/c?)
BR(Y (4260) — DD)
= < 7.6 95%c¢c.l.
" T BR(Y (4260) — J/gmtro) e
O r ~ 500 for ¥(3770).
g Observation of structure around 3.9 GeV. /
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‘Coupled channel model.' \

O Old coupled channel model from E. Eichten.

Individual Charm Contributions to R
1S] in Coupled-Channel Model
O Not all the visible structures are ______ InCoupled-Chammel Mode

D* D~
due to resonances. 1H

Units of R
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4 Y (4260)7 I

O Mass just at the threshold D'+D, (2420)
— Doiaan/?
of D1 D: - My J/v average
BaBar
T CLEOc
= Belle Preliminary
1|J|(ZS} 497| BaBar Prelim (stat only)

4250 4275 4300 4325 4350 4375 cmuuz 4425
m (MeV/c™)

O Not a glueball. BaBar: no evidence for Y (4260) — ¢n.

Zhu, Phys.Lett. B625, 212(2005)

O TetraQuark? (cs)(¢s) predicts DI D, >> DD. Search in progress.
L. Maiani et al., Phys.Rev.D72, 031502 (2005)

O An wy.1 Molecule? c. vuan et al.,Phys Lett. B634,399 (2006)

0 An Hybrid Meson? Suppressed DD, DD* decays.

O Y — DD;(2420) should dominate.

O Quenched Lattice QCD predicts: 177 : m = 4.38 £ 0.15 GeV.
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/ Light meson spectroscopy.'

[0 Several processes explored.
e cTe™ interactions;
e Charm decays;

e B decays;

35



/ BaBar: Observation of structure in ISR ¢ fO.I \

hep-ex/0610018

eTe” — yrsr®(1020) fo (980)(— )

m = 2175 + 18 MeV
[' =58 + 26 MeV

-

36



/ Scalar mesons. ' \

[=1/2 [=1 I=0
k(800) o
O Two nonets? 4-quark states? Gluonium? f0(1370)
O ’ !
Where is the scalar glueball K:(1430)  ao(1490)  fo(1500)
O Many proposals.
fo(1700)

Narrow: fy(1500), fo(1700).
Wide: o. K (1950)

O Information on some of these states, such as the existence of k£(800) and o

can be extracted from existing data from charm decays.

O Unlikely to produce gluonium in charm decays.

- /
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/ Charm decays. I

O Charmed mesons are produced with high statistics in B-factories.
O Some three-body charm decays can be very simple and produce useful

information on scalar and vector mesons.

A Wy 2
—632 + —\§2+_< Zi;r —\1<3

O In some cases decay channels can be switched oftf by physics.

O Examples:
DT - K ntrnT, Dt - ngtntn, Df —w atnta~

can give useful information on the structure of the S-wave in the K7 and 7w

final states.
\D D meson decay to resonances coupled to uu + dd, D, mesons to ss.

/
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/ Dalitz plot Analysis of D° — K°K+K _.I \

0 95 fb~1, 12541 events with a purity P=97.3 %

hep-ex/0507026

¢ f,/a,(980)°
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- /
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/ Partial Wave Analysis of the K™K~ system.' \

O Assume, in the KT K~ threshold region, a diagram:

x 102

(o)l
o
o

30000 ; (lb)Sz

L
2
D s
& 1000 20000 - 4000 1~
K~ g I
o 500 10000 2000 -
O S, P waves and relative phase 2 i
. g %.966 “ 1.07 00.95‘ “ ‘1.15 00.92‘ “ ‘1.07
can be extracted using: = m(K* K m(K* K m(K° K" (GeV/c?)
VArYy = S§% + P? " e
0.5 | 2 i
VarY? = 2S5 Pcos¢ - S-1r
o B o
VATY? = 0.894P2 Sos T %&*
F LI jr
i e FR S N b
O Correcting for phase space a e - LUy
symultaneous fit has been performed using MK mKTK) (Gev/eh

\also the K° K™ projection. /
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O Since f,(980) has I=0, it cannot decay to K'K ™.
O Therefore the K°K™ projection contains only ag(980)™"

Little f;(980) contribution.

800

(o)
o
o

® K* K~
} OK®K*

ﬁ

% /

%
ﬁﬂ%@% s ¢¢j %

O |
0.95 1 1.05 1.1 1.15

events/4 MeV/c?
~
(@)
(@}

N
o
o

(K K) (GeV,/c?)

\two states.

O Superposition of the two normalized projections, phase space corrected:

O Cosistent with little f3(980) contribution. Or similar KK projections for the

/
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mi(K") (Gev?/c?)

events/0.02 Gev2/c*
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| 1 B 15
miK") (GevZ/c?)

2

Aim is to study the scalar mesons properties coupled to ss.

events/0.027 Gev?/c*

events/0.02 GevZ/c*

O Coupled analysis of Df decays to: K¥K~nt atntr~ KJKgn™t

25000
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‘Dalitz plot analysis of D} — KTK «. I

O Use high statistics DI samples (100 K).

~

- EEE

T
events/0.0024 GeV?/c*

7\“ \

1 2 3
mi(K* K) (Gev?/ch

d)

0.5 1 15
mi(K ") (GevZc?)

2
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/ ‘A new approach: MIPWA.I

O A new method has been developed by E791 in the study of:
Dt — K ntgt

O Model Independent Partial Wave Analysis.
O In this case only one channel is open (K~ 7") but combinatorial problem.
O The scalar contribution is left free in the Dalitz plot analysis in terms of a

complex number:

1Pm

0 The fit measures amplitude and phase as a function of the K7 mass.

-
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/ Results. '

O Fitted phase and amplitude.

Arg{S(s)} (deg.)

Arg{P(s)} (deg.)

Arg{D(s)} (deg.)

‘ L Lol
1 1.25 15
Kn Mass (GeV/cZ)

E 15 K events. Analyses in progress with 1M events.

[P(s)| (Gevic?)? IS(s)| (Gevic?)?

ID(s)| (GeVic?)?

10

7.5

10

O Comparison with LASS experiment: direct proof of the Watson theorem.

Fe T T
b

ﬁ% e

*Hi%

R T

N L
1 1.25
Kn Mass (GeV/cZ)
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‘Dalitz plot analysis in B decays.'

O Many Dalitz analyses in B and charm decays are in progress.

Some projections from:
o B — Kgﬂr+7r_

e Bt — Ktntg~

e Bt - KTKTK~™

e B - KYKTK~

~
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Dalitz plot analysis of B — Kgﬂ+7r_.l

O Data from BELLE (357 fb~1

): Dalitz plot.

~

25 [4d

10 e
‘ .

Mz(Kgn_) (GeVz/c4)

20 Faat Y

15 {Fin -

(b)

o le .
'.:,.' '..n.‘*. e '.iu'

RN
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o

5 10
M*(Komt")

15
(GeV /c )

25

30

G Cuts due to suppression of intermediate charm and charmonium decays. /
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Dalitz plot analysis of B" — Kortr

O K27+ and 777~ mass spectra.
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70

(,°/A9D S0°0) /s3uUsSAg

3
(GeV/cz)

2
M(t'm")

3 4

2
M(K ') (Gev/c?)

O Decays dominated by spin 0 and spin 1 resonances.

O Presence of K*(890) and K§(1430) resonances in K.

resonances 11 7.

) and fo(980) and fo(1300)

770

(

O Presence of p
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/ Dalitz plot analysis of BT — K+7T+7T_.I \

O Data from BELLE (386 fb~!) : 77~ projection. Similar features, presence
of p(770) and fy(980) and fy(1300) resonances.

1N
o
o

300

200

1
g e T T
b B e

I RS SR I B T TR

3.4 3.5

100

Events/ (50 MeV/cz)

20, el ..
W 2 ee Oa 2 WLUANM S s P
XX IX AKX 8B W) JODO P rre G T KKK KKK I

P THIEESSRII IO IR @B

o

M(n'n’) (GeV/c?)
O Need for an extra Km S-wave. Using the x(800) the fit improves but not
possible to extract its parameters.

- /
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/ ‘Dalitz plot analysis of BT — K*K*K‘.I

O Data from BELLE (140 fb~!'): K+ K~ projection.

Garmash et al., PRD71,092003

120IIII
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o
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0

099 100 101 102 1.03 1.04 1.05

0.5 1

O Presence of fy(1500)7 Analysis prefers a scalar resonance.

15
+ -
M(K K )min

(GeV/cz)

S T 0270642070 92 9
O O s OO R, OOy T30y 07 0505 9405 A% %% T 1%l T0T4 "o

E If fo(1500), something wrong in its branching fractions.

~
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hep-ex/0605003

/ ‘Dalitz plot analysis of BT — K+K+K_.I

O Data from BaBar (215 fo~1): K™K~ projection.

200 \ \ ‘ ‘ : 25
S N ‘ > 200
% sof
. % "‘% 150
N L L
{ 150 E 60 g 100
> H = 40} ~
é-’ 4 Q 50¢
= 20}
2 100 = . 0
3,
g %799 1.00 1.01 1.02 1.03 1.04
£ it
S ! |
50 S0
-1F
o
-2+
ok = -3k
1.0 1.5 2.0 2.5 3.0 3.5 1.1

77141 1

m23(K+K7) (GeV/c?)

0 Scalar resonance at a mass of 1.55 GeV.

O Presence of scalar resonance also at threshold.

-

1.2

13 1.4 15 16
m(K K") (GeV/c®)

~
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/ ‘Dalitz plot analysis of B — KgK*K_.I \

O Data from BABAR (215 fb~1): K+t K~ projection.

N 10 |||||||||||||||||||||||| | LLLL B —
U —
= % BABAR -
8 80H- preliminary |
— B _
o B i
E 60— —
o i |
S 400 7
'§ i |
= B |
S B |
S - ]
= i i

W 1 1 1 1 I“ h 1 1 1 | 1 1
1 15 2 25 3 35 4 45
m.... (Gev/c?)

O Presence of fp(1500)7 Analysis prefers a scalar resonance.

- /
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/ Search for gluonium in B decays.. \

O The possibility of searching for gluonium in B decays has been suggested by

the experimental measurement of a large decay rate for:
B —nX, B —nK
O The diagram giving rise to these processes is:

b — sg

u,c,t g 17

O There are arguments in favour of a gluonic content of the n’, therefore

gluonium states may be produced in B decays.
H. Fritzsch, Phys. Lett. B415 (1997) 83
P. Minkowski and W. Ochs hep-ph/0404194 /
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/ Conclusions. '

O Rich spectrum of new particles being discovered at B-factories.

O Not all of them can still be accomodated in the standard quark model.
O Potential models not able to describe well the resulting spectrum.

O Several analyses in progress.

O Search for other new states in progress.

O The data taking is continuing.
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‘ Backup slides. I




BABAR Detector @ PEP-II
Superconducting Coil (1.5T)

Silicon Vertex
Tracker (SVT)

et (3 GeV

= . ':':51:5:i;EE_ig:E;fEf:éI5.251.5.2:5-.:-:::.=.-:.__ _-D r| ﬁ: C h am b er
(DCH)

Csl Calorimeter (EMC)
Instrumented Flux Return (IFR)

Cherenkov Detector (DIRC)
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/ Search for the SELEX state D,(2632). \

O SELEX experiment, at Fermilab, uses a 600 GeV /c hyperon beam on nuclei.
O Starting with a sample of 544 DI — K™K~ 7" events they claim for a

structure in the D7 mass spectrum and DY K™ mass spectra:

~ ¢ D Mass 26354+ 3.2 —~ 8 a) K"
3225 S Mass 2569.9+4.3 2631.5+1.9
© r 15¢ ()
é 20 r é 6
s 10¢ 2
w175 [ b )
12} E 5 b 5
o . r g 4
& 15
125 5t TR )

550 650 750 850 950

75 * 0 0
k 8 b) DK’
5 6
25 [ 4
r 2
ol
600 800 1000 1200 1400 O500 550 600 650 700 750 800 850 900
AM = M(K'K't" 1) - M(K'K'n") MeV/c? AM = M(K'K") - M(K'nr") MeV/c?

m(D(2632)) = 26353 MeV

\D 55 % of all the observed DI are coming from the decay of this particle. /
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the D17 region.

N(DFn) = 1102 £ 75

O Excess and masses computed using the 9 tiles method:

075 E i
" 07 £
065 B

v 058
0.55

/'\

> 05

£50.45

£ 04

0.35 &

BaBar Search for D,(2632).

O The scatter diagram m(y7y) vs. m(KTK~7") shows an excess

(

0.3 Eoiln
1.92 1.97

m(K* K™ ") /c?

o

O
1500

¢ (&)
OJ) >

;C) Ds &

9 ] 2,
m(K" K™ n") GeV/c

N = N5 —0.5% (N1 + N3 + N7 + Ng) + 0.25 * (Ng + Ny + Ng + Ng)

O BaBar experiment has used a sample of 196 000 D events, and 3900 7’s.

of events in

t

o
’% mﬁ

;(b) n ¢

t
4t

BaBar

preliminary

t
Hah
#‘

+

1 1
0.5

0.75

m(y y) Gev/c?

\Where N, are the events in each of the 9 tiles numbered from left to right and from bottom to top.
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/ BaBar Search for D,(2632). \

O The data show that a fraction of the D and 7 are in opposite jets
(uncorrelated).

O The D n mass spectrum does not show any signal in the D (2632) region.

30
~ 80 o f
S So
L 60 %” C
= .
Q S0 |
40 P
2 <L
& 20 0 Or
>
O v b
O _’IO i | | ‘ | | | |
2.5 2.75 3
m(D*, ) (GeV/c?) m(D", n) (GeV/c?)
kD No signal also in DK or D*K mass spectra. /
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/ Dalitz plot analysis of BT — K+7T+7T_.I \

O Data from BABAR (205 fb~1): 777~ projection. Similar features, presence
of p(770) and f(980).
O Not clear f(1300).
O K7 S-wave parametrized according to the LASS fit to the S-wave K7 data.

T T T T T T T T T T T T T T T T T T T T
o T T T T T

Oo
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/ ‘The search for h. by CLEO.I \

0 CLEO experiment has searched for h. using ~ 3 x 10° v’(3686) decays.
hep-ex/0508037 wl — 7TOhC
— Ve

O Two analyses have been performed inclusive, and exclusive (where the 7. has

been reconstructed using many decay modes).

200 T T 17T T T 17T T T 17T T T 17T T
»
150
G T B [
> = ]
2 [ G 5F D Generic MC =
=100 2 F .
.\@ i 94; D Data =
c [a) - .
2 S3F -
] - S
50 r E 2 =
c
24k E
w [
07\ L1l | ‘ L1 1 | ‘ L1 1 | ‘ ] ‘ ] ‘ Ll OHL-‘LW‘F L ‘—IT‘ A1 1 i ‘n -
3496 3506 3516 3526 3536 3546 3.40 3.42 3.44 3.46 3.48 3.50 3.52 3.54 3.56
70 recoil mass (MeV/c?) h, candidate mass (GeV/c?)

m=235244+06 +04 MeV
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