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Hadrons come in many
different shapes and sizes
—> access to different
manifestations of the
strong force

Insight into what holds
hadrons together
= access to the strong force

Hadron spectroscopy and decay
as a study ground for QCD

Compare expected system

of states (mesons, baryons, New observations just as
glueballs, ...) against important as comprehensive
observations surveys — and planning for

!
Observables: masses, widths, the unexpected, too!

decay dynamics

Unless a heavy-system decay, this is non-perturbative QCD.



3-step program to make
headway on Route QCD

Example:

Search for the expected A new state is seen
Observe the unexpected

Systematically probe properties: Study production and

() FIND

decay in different and
(2) SORT Confirmation in similar production
Cross-check and decay scenarios
Anti-checks

Categorize within the framework | Assign a place in
Perform precision studies the system of states

Leaving out (2) gets
you a ticket!

Deviations from expectation?
Back to (1)!

This talk: Examples from all three categories.
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@ |General goal:
(O |Explore QCD phenomena

Ove rV|eW @ |at different scales

w(2S) width

Two heavy quarks Jhy, %, decay to light q
e B decay to charmonium
States above DD threshold

Charmonium-like states

One heavy quark
oL

Zero heavy quarks

Q=c,b
g=u,d,s

@ @

This talk: mostly mesons, but many new results on
baryons as well. See list of topics at the end.



Notation:
n28+1L

(QQ) States  Jrx

Study system of states, governed
by underlying binding force:
strong force.
Charmonium and bottomonium
very similar.

(bb): less relativistic
(cC): more data available

? Masses
? Widths

? Production and decay dynamics

Partly discovery, partly
precision measurements

This summer — mostly
charmonium results.

NN N
L=0 L=1 L=2
s, e
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Na
135
Sg— b,
Jhy: 3.10 GeV

Y(1S): 9.46 GeV

A (135,,23S,) ~ 600 MeV
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v(2S) width

hadrons /™,

10 E

BES scan: y(2S)—...

@

e

3665 367 3675 368 3685 369 3695 37 3705

4Mev- Ecu (GeV)

_ I'iotar®
Different methods,

different channels,
consistent results

WIDTH (keV)

measurements

E835 (pp):
beam energy spread
is ~y(2S) width, can
directly observe the

line shape

BES (e*e’):
beam energy spread
is O(MeV), can
measure width
through effect on
observed cross-
sections

(2002) ¥Z ‘0SS 91d ‘S3g

BES (2006)
331+58

E760 (1993)
306 £39

BES (2002)
264+27

] } E385

E835 .
(this analysis)
290£25

BES 02

1990 1995 2000 2005 2010 2015

PUBLICATION YEAR

E835

Constant—orbit scan (stack 1)

Constant—field scan (stack 29)

e
IR

FWHM is 0.4-0.5 MeV!

210€0.0/xa-day ‘Geg3

A

3684

CROSS SECTION (nb)

CROSS SECTION (nb)

L,

3685 3688

Ecm (GeV)  4pev

E835, pp — e*e(X):
directly




250 T T T T T T 40

Survey of four-body decays

Resonant substructure is
important for 4n and KKnm,
(pmtm or K*Kz or KKp or ...)

Branching fractions and
contributions from
intermediate resonances
determined

Isospin relations:
prnnl = pOntn— ?

000

. K*Kr modes:
Clear signals
] seen Expect
% Mode X el Xel Xe2 1:2
2 3.42 362 , BF. (%) |BF. (%) |BF. (%)
M(4hadrons) (GeV/c?) KK 7" [0.5620.15[0.3540.11|0.5900.14 ]
KK*n+ - - 0.90+0.25
K**K¥710.74+0.18 - 0.57+0.13
K**7FK"0.96+0.25 - 0.90+0.25

see talk by D. Cassel at this conference




Phys. Rev. Lett. 97 (2006) 142002

o
S ~ 8 .
£ <o Kre92)  TOsKevens Observation of a broad 1-
s = . [N \K(1410) : - 0
: 8° |~ x(ss) | résonance in Jhy - K*K 1t
-E N:\ 4 I i, 1w b (a)
c < 5 1o |
S 2w bl K*(892)
. 31.00 F
- é 2 F N —Fit result
ﬁ EI ,,,,, 5 on :
= —
&

0 é . 4 o 8
M) (GeV/c?)?

= (b}

C-parity cons: X should have JP¢ =1-, 3—, ... 1~ component
PWA results: 3
> Need K*(892), K*(1410), p(1700), X, non-res. =, |

using rho excitations to describe signal doesn’t work ot T T R R X TN
>Big destructive interference among X, p(1700) MEK'K) (Gevic'y
and phase space _ Further check: KgK*-r-/*

(“hole” in the middle of the Dalitz plot)

> 1~ is much better than 3— Width(X) »

> Pole position of X (157675 75))—i(4097,,"5;) MeV/c* width(p(1450), p(1700)):
»Br Jy > Xn',X>K'K)=(85%+0.6"%)x10"* 4-quark state?



BABAR-CONF-07/001, SLAC-PUB-12665
S. Tosi, talk at this conference

Production: B—>nC K(*), h K(*)

Goal: insight into productlon
mechanisms of B = cC, _
comparison btw different &c

b—ccs produces
Ne J/y (B~0.1%)
and Y1 B—0.03-0.05%

(and excitations)
but not h,, %o, Ycos
need other mechanism

Ks K*n KTK-m0

BO—>(KK7c) K*0_

—
(=]

,',"" TT T T T T E
%40:— B4BAR .
=t preliminary -
= [ T]C

—30F J/\|I ]
7 [

=Y 7

- . R
Prediction: h,xq0, X2 + K(*) ST TR T T
as copious as y., + K(*) iy (GeV/e)
o0 T K(*)~ 104 v Ssgvg?ﬁtleé m(KKn(y)) spectra after
1995 i
Yo he + K(*): UL ~ 105 X (1995) subtraction of background
BaBar preliminary
Uncertainty reduced by | 1 K*0 (6.1 £0.8 +0.8 £ 0.9)|x10
50% [
. c 5
Confirms h, ~ confirms | > 1.y <5.2 x10
: Belle |——+¢
suppression h KO x
in B decays  First limit | © <2.41 x104
h.—>ny

Events/(10 MeV/c?)

Events/(10 MeV/¢?)

B*—)(VKKn) Kt

BABAR

hC prehmmary i

— —
(=) (¥
T T T T

Lh
T T T

L1l Ll il
33 335 34 345 35 355 36 365 37

my (GeV/e?)

5 BO—(vKKm) K*0 —
i h BABAR

1ob C preliminary 1

33 335 34 345 35 355 36 365 37
my (GeVic?)
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Observed & Predicted States

L
4 production
‘: <j of hadrons

_l:ln e*e-scatt.

ﬁ;'; - '7113(4415) B
T e
e States not
_% ] . _ o = ible i +a-
% -l 17— P (4160) accessible in e*e
=\ | 17 y(4040) - | can be reached
% e = i through transitions,
,;* L _ w(@770) DD in pp, orin yy
R ?3'_ —— ng+ ‘. g a systematic
_ Trm=xC2h, approach to identify
3.4} 0+==—Xco - the missing states is
I — Experlment 1 needed.
L =22 Nonrelativistic -
3.2+ Potential Model ol
L {Barmmes, Godfrey and 1
[ 17— J/y Swanson, Mass of
3.0F - = Relativized . 4 ch i
i 0 Ne Eog?ntlaldl}nodel 1 charmonium
I odfrey and Isgur, 1
o 8_ PRD 325,’ 189(19935)) 1 States (Gev)
’ S P D F G
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5.5
5.0
R 45
4.0
35
3.0
25
2.0
15
1.0
0.5
0.0
0.5
1.0

Re-analysis of

R data and extraction

of charmonium resonance parameters

[*] BES, arXiv:0705.4500 [hep-ex], subm to PLB

Resonance properties:

. M B | . . 1 1 1
3.7 3.8 39 A0 41 42 43 44 45 46 47 48 49 5.0

Center-of-mass energy, GeV

Resonance Interference
shapes term

with or without interference!

[ p(3770) | w(4040) D(4160) J(4415)
- PDG2001 | 3760.0425 | 4040410 | 4150420 | 1546
i PDG2006 | 37711424 | 403941.0 | 415343 | 442144
N M CB (Seth) - 403742 | 415144 | 442546
- (MeV/c?) | BES (Seth) - 404041 | 415545 | 445546
- BES (this work) | 377141 8 | 4038 524.6 {T101.6£6.0 | 1152475
N PDG2001 23.6+£2.7 | D52+l0 | TSE20 BE15
- PDG2006 23.042.7 | 8010 10348 62420

Tror CB (Seth) - 85410 107410 || 119416
i (MeV) BES (Seth) - 806 107416 || 11843
B BES (this work) | 254465 | 8124144 | 7274151 | X3.3421)
o PDG2001 [ 0.26:0.01 | 0.75+0.15 | 0.7710.23 | 04701
! PDG2006 | 0.24=0.03 | 0.8620.08 | 0.83=0.07 | 0.58+0.07
-1 Tee CB (Seth) - 0.8840.11 | 0.8340.08 | 0.7240.11
P (keV) BES (Seth) - 0.91£0.13 | 0842012 | 0.6420.23
T BES (this work) | 0.1820.04 | 0.8120.20 0.50=0.27_D0.370.14
— \’ & (degree) | BES (this work) 0 133468 |_ 301461 246486

1 1 1 1 1 1 . 1 . 1 . 1 . |

Substantial difference between fits




P. Pakhlov, talk at this conference

DD
Consistent with BaBar
- hep-ex/0607083
. |
3F *+*+|.+H- D*D*
2 * *
- o et e et e
Qo st Belle =X
£ aE H'i'* PRL 98, 092001 (2007) DD™
c 3 o4 h
6 2 ¥ e
= T T ."’.Il‘w*’:n""ﬁh’ ate® o nyo
8 3.8 %
) 08  NEW DDTI?,
(D +
7]
@
L H
@

4.2

M(DD/D*D */DD*/DDTc) GeV

What else is there:

* charmonium production in the continuum,o(pb)
* Dg production
* other DDn~ rates (non-resonant)
* Charm baryons

Contnbutlons to the inclusive hadronic

cross-section at 4-5GeV
— DD + 2x D*D* + 2x DD* + 2x DDr =

OO0

R VERY PRELIMINARY
“F mlw}ﬂh] BES(syst.) |
) 1 iy
} l
; g
¥ 1 +++'1'+ " Belle(stat.)

} |
: L ;} it +++++F++*+;-'H++J
Y36 38 4 42 44 46 48

Center-of-mass energy, GeV

CLEO preliminary, 60 pb-' scan
iD;p; DD Dip; + + |D:D;

0.9
08

0.7 DD

]

+

5
— 06
Qo

=t
~ 0.5

s 0.4

+

0.3
.
:+D5Ds

++ i { :
0-...E.I....I.E...I+.CI**I .I:..I!...
3.95 4 4.05 4.1 415 42 4.25 43

Center-of-mass energy, GeV

0.2

0.1




P. Pakhlov, talk at this conference .
em Resonant structure in w(4415)—DDr

M(D%*) vs M(D-r*) from y(4415) region

~g 27 ~,  Dy*(2460)
= o = -
e N~ T P
Q24 P ﬁr {2 ][+ :
=23 S B 10 _+ + | "
2,2 bonh IR e 0 - [ -
232324 2526 2.7 222324252627
M(D'x"), GeVre’ M(Dm"), GeVrc’
£ | D,(2460) | ‘M =4411% 7+ 3 MeV
S0 f } [,= 772012 MeV
5 f ][ N, = 109+25+11
10F LT
EHH++ + { Consistent with
a,:.:.tmmnm t..] BES, nhep-ex0705.4500,

0
2.2 2324 2.5 2.6 ZTPDGOG

M(D°%"), GeVi
(D'x"), GeVie: Barnes at.al

PRD72,054026 (2005)

(D(2010,2007) vetoed)
Clear D,(2460) signals
Positive interference

00®

Non D°,(2460) contribution smooth
1st exclusive decay mode of y(4415)

40
o 30
£ 20
010

Number of ev

3
2
1

=
T

G)Ofllll

= = =
TTTTTTTTTTT

= 673fb!

= ~M40

w(4415)

DD",(2460)

4 4.2

46 48 5
M(DOD-=*) GeV/c2

o(e*e"—y(4415))xBr(y(4415)—DD",(2460))xBr(D",(2460) —Dn)=(0.74£0.17%0.07)nb
Br(y(4415) — D(D)on p2(2460))/Br(w(4415) —DD",(2460))<0.2



Above DD threshold:

Observed & Predicted States

3901105-020
X(4350) VL‘E— 17 W(4415) .
Y(4260) in ISR and e*e- P | i 0
420 T e y(4160) p
X(3940)—>D*D in cc J/y, [ - (4044
SO0y PO DINCC I, o 1 wgadsy, | (Behe) _
Y(3940) in B> owlJ/y p 7 0=
BaBar: Talk by G. Cibinettox(3872) .
CLEO: PRL 98, 092002 (2007) E“SB‘_ 17217 (3770) DD
: : @ ==Y
Many charmonium-like states found, 33_6; =g y i
most could not be identified with a : T+m=x2h, !
charmonium state (or have been ruled  3.4f 0= X0 ]
out as conventional cc state) i — Experiment

- == Nonrelativistic
. . 3.2 Potential Model

in order to claim new cc state, need to P . (Bames. Goey and

“prove” quantum numbers — angular 3.0 g .. BRD 72 054026(2005)
distributions, decay modes L : Potential Model
] ) =t - {Godfrey and Isgur,
o8 B PRD 32, 188{1885))

Need systematic approach from ' S P D F G
several fronts 14



40 PRL 95, 142001 (2005) 3900107-001d
T T ] 1 Ll

. | BaBar wET + -—
Reminder: g ferw o ofve J/\l],\l/(ZS)TC n- States
s | ol ™
Y(4260)>J/y g x| || et N o
- seenin ISR 2 | . Initial state radiation:
2 10
w | | ' 1 ¥t o ] ’
by BaBar, ™ W . [\I\,\
. F-’F{D 74, 091‘.|04{R). {2006). . e ’ > S €
Simplest fit % sf Quantities of interest:
S af
to pe_ak CLEO, g s} i ﬁ”” Mass
uses single 52} _
Breit- 11 = N N 1] [ Width
. 3.8 4 42 44 46 48 5 52 O . .
Wigner Belle: o FEommme S Decay BR’s to different final
. Belle Preliminal . .
shape, % it N states and ratios
multiple 3 =
S 2 e .
reonances S s o) M(nr) distribution
possible gl 1]
4 4.5 5
M@ mJhy) (GeVic?) _ ,
vy Tt [ tossecton ) Direct production at 3770, 4040,
JIy nOx0, ) ;;;;;jjyv | 4160, 4260 MeV;
Jhy KK, * ’
¥ 0t | e* > e
and more cLeo "} 1 4 4=
PRL 96, 162003 (2006) TRETRY 15

center-of-mass energy (GeV)



Jhy+rt In Initial State Radiation

250/fb.

sot '

M = 4008+ 40" MeV :
[ =226+44"TMeV

Entries/20 Me\
i
o
|

T I T T T T I T

—

<o

BELLE

Belle arXiv:0707.2541v1, subm to PRL

00®

1 Quantities of interest;
| mass, width, coupling

------- Solution One -

------- Solution Two

M = 4247 £12 7 MeV
[=108+19"} MeV

New fit to improve low-side description:
two overlapping resonances and
constructive / destructive interference

: Parameters Solution One Solution Two
20 M(R1) 4008 + 407172
[ : ! Tot (R1) 296 + 44757
f e 2 P L B-T.,.. (Rl) 50414758 12.4 424119
0 4 4 5 5 A 55 M (R2) 4247 + 121717
M(r"m Jhy) (GeV/c®) Ciot (R2) 108 + 1918,
Earlier results, single BW fit: BT, (r2) CGO+ 12741 20.6+£23712
Refs see 12 42977 —111 + 74328
\/ —66 —29
end of talk Mass, MeV | Width, MeV\ 2
BaBar 4259*8 88+23 2 solutions reproduce
CLEO 4284417 73439 g‘& ?jztg éiamej}“{)aﬁut
—>TTT X
Belleold | 4295+4,, | 133+26 e
a factor of 3.5 apart!
Belle new 4263+6(st) 1261+18(st)




Belle arXiv:0707.2541v1, subm to PRL
Fit input: assume two overlapping resonances (COﬂt,d) J/\|I+7T+TC' N
= 2 solutions reproduce the data (same m,I') Initial State Radiation
B(Y(4260)—nnd/y) xI',, a factor of 3.5 apart!

e < L & below q 4.2-4.4GeVN gbove |
M =4008+407;MeV QBE : % ! ] %40 ‘:}3 : 1
[=226+44MeV | =20F 1 =30 &' ;
— B0 -====== Solution One - 824 + ] @20f :L_r—j E
i ] grop IH 18 ¢ i E
= F\ Iy 2 e Solution Two 1:_;2 + + * Emé E 7
o M=4247£12"Mev ] ° o5 1 %% B OE 1 15
N 40 ~ o 2 s 2 , >
D r=108+19" MeV M(z'z) (GeV/c?) M(z*x) (GeV/c®) M(z'x) (GeV/c)
2
= BaBar o
0 20 F 4
MG ISR PRL 95, 142001 (2005)
) :0’_,_I_,_T_— 1
5 e i S B i AT _ -
4 4.5 5 5.5 Belle, BaBar:
M(r*x JAy) (GeV/c®) 3body phase o
T
y I space CLEO ]
dig[ciﬁ)ctl ISdr.ilffsrleonr][ for CLEO: lke direct | PRL 96, 162003 (2006)
y _ _ y(2S)—>nnd/y ]
Y (4260) signal region 3+
than for sidebands

WIS 0EOT 0008 £ 5110
M(nr) (GeV)



W(2S)+nn In
Initial State Radiation

ee—>Y(4350)y

T 10— B L -
5:_ } } } } ‘ ‘4 n‘;t(lg(n*n‘).]lw) (eewé;’ _:
J TP 4..;-.}; }‘mrrm S
i T— s
mE@E)dy) (GeVic?)
Phys. Rev. Lett. 98, 212001 (2007)
Parameters Solution one Solution two
M (Y (4360)) 1361 £0+0
[t (Y (4360)) T4+ 15+ 10
B-T.+-(Y(4360)) 104+£1.7+15 11.8+18+1.4
M (Y (4660)) 4664 + 11 +5
Tror (Y (4660)) 18+ 15+3
BT, . (Y(4660)) 3.0£09+03 7.6+18+08
O 39 £+ 30 £+ 22 —T79+ 17+ 20

ok

e

A

T T T

I T
M =4361£9+9Me
N['=74+15+15MeV

el

BELLE

Entries/20 MeV/c”

o

o M=4664t11+5MeV
i1 [=48+15+3MeV

| 5

mw(2S)) (GeV/c?)

e

— —h

o NN OO ON

L

Entries/20 MeV/c?

04 06 O.
M(z'T) (GeV/c?)

04 06 08 1
M(z'T) (GeV/c?)

18
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| | 00®
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Number of events

Obtain Jhy+D(*)D(*)
samples through
kinematic separation,
look at m(D(*)D(*))
after background

subtraction:
{ning S
38¢c %\0‘:\: put its not
e "
0 e + Tty %
A A
M ( D D) GeV/ie®
I X
220 A v
6~ s‘ate
’ M(D*D;=) GeVlc25

+25

M = 4156 ‘55 +15MeV
Toe= 37781 £21MeV

Ng,= 24 *12

D

<o

BELLE

e*e” — J/y DUDO)

D(*) (inferred, not rec’d)

00®

reconstruct
M=3942 16 MeV

=37 %12 MeV
N.=52 #11
A (39
60| : s T\ e
g : et
ol 1L T A
B GCJO_ gl\“’H}*\+ J.J.+J,+L+JL Ly
201 - S A U AT
()]
ol L1 qa M(DD*) GeVie®
15 L
E XG4
10 s Y05~
= . Fneck
s S
1.2M 1.4' 1.6H 1.8 > - 22 24 2.6 T 5
M. oeon(dV D) GeVi M (D*D) Gevic®
P. Pakhlov,
talk at this conference, 19



G. Cibinetto, talk at this conference

Confirmation of Y (3940) (B—>Kod/y)

000

Belle PRL 94, 182002 (2005), 253/fb, >8c T TCO
B SIS B O 5 Unexplained state; mass and width
o 1| | ] compatible with radially excited P-wave
E | \ ] j ! } ] cc state, but decay to hidden charm
uz'u_ H H‘ Lu M \H L ‘%400;_ Bt YKt E
ESE M{mﬂuﬂ.:l'lﬂe} = = M(md!ur}lhﬂe |dZSE gzooz— { A/},}—{—} : i _E
S M=3943+11£13 MeV ;. M@ i Hi—}---[--**’* P ]
: - el:fana +III 0_ i_
['=87+22+26 MeV : preliminary _ e —

.......................................... 'fém:_ B'—YKg E
New result, based on 350 fb-': e /J, ]’l L .
. _ ; £ 200 — T ]
M(Y) = (3914.3735(stat) 18 (syst)) MeV/ R ,“% } ] ll .
e : ™ 0 I * 1 —
T(Y) = (33712(stat) 98 (syst)) MeV . S NS B
= ¢ | BYB* RERE
Belle's evidence for B->YK, Y—>J/ye confirmed 5 *E ! " n h :
» ~30MeV lower mass than Belle’s Isospin o -1 Ay L ? I
. cons. 3.8 4 4.2 4 4 4.6 48
» Narrower width M(J/iy o) (GeV)

»Preliminary BF estimate similar to Belle’s (~10-°) 20



Q=c,b
g=u,d,s

Two heavy quarks @ ‘ﬁ

Overview

@ |General goal:
(O |Explore QCD phenomena
@ |at different scales

v(2S) width

Jy, %, decay to light g

B decay to charmonium
States above DD threshold
Charmonium-like states

One heavy quark D_,(2536)*—D"K?,
E.(3077), £.(3123)

This talk: mostly mesons, but many new results on
baryons as well. See list of topics at the end.

Zero heavy quarks

@ @

21



Partial Wave Analysis of D ,(2536)*—D"* K0 yoamsre
Mass (GeV) /\

2.6- Doy 32 M=2534.85+0.02+0.40 MeV ( e*e” continuum

00®

. == ['=1.03+0.05+0.12 MeV

A s
oK —_— BaBar, hep-ex/0607084
2.4- . aBar, hep-ex
Ps0. 5673181
2.2- D.* events
i

|
20{% o1 c5 DI M(D'Ky)

+ 4
- s 7 Loy Y G iy
2500 2510 2520 2530 2540 2550 2560

.JP =0 1- O+ 1+ 1 + 2+ M(D K9 Mevic
jg= 172 172 3/2

up
N/0.3 MeV/

D.,(2536)": j=3/2 with small admixture of j=1/2

Energy release is small
— D-wave decay to D*Kg is suppressed

— j=1/2 can be visible >
3-D fit results BELLE

D/S = (0.63 + 0.07) - exp (+i - (0.77 + 0.03))

I's/Tiora = 0.72 4 0.05 —> S-wave
dominates ; 0 p
poo = 0.490 £ 0.013 0 ‘ ‘ T T

Pgo — longitudinal polarization ) CoSsoL B cosy

v? difference between points and projected fit results
corresponds to prob. 60%




T. Schroeder, talk at this conference

Excited charm-strange baryons %

Search: cs baryons — A *+ Kg, K-, K'nn*, Ko, Kgnn* , K-m*

Data 384 fb-! preliminary
90:rﬁﬁr”(2980)+ | E—
- = — o
e @) =(3077) =.(3055)F
;2‘ E Mass ( MeV/c2 ) 3054.2+1.24+0.5
_—x — A7 A+ In £ NAANZ 72 ) o
of ¥ E Width ( MeV/c? ) 17+6+11
- g —Yield— 2185379
40 i\ — . . p.
wE 16 - Significance 6.40
N issis =c(3123)F
105_\6’ E NMace { Ma\/ /-2 2199 0L 12 1L NA2
- N f . IVidd>dD \ IVICV/(_/ } QLlLL. 1T 1.0 1L U.O
Fasearel ] - L Width ( MeV/e2 )  44+34+17
“ pa E(3123) Yield 101+ 34+ 9
1200 = E Significance 3.60
: JIR ]
100 + ] ; . .
- N E only observed in =.** K intermediate decays —
“E i T 55 ¢ and s split up.
"5 O ]
- 5 - Further results:
A o = confirmation of £_(2980)*, =.(3077)*°
0Govestsdrssenons N £.(2980)* mass and width
2.95 3.00 3.05 3.10 3.15

measurements improved
M(AK ) (GeV) s



@ |General goal:
(O |Explore QCD phenomena

Ove rV|eW @ |at different scales

w(2S) width

Two heavy quarks Iy, 1., decay to light g
e B decay to charmonium
States above DD threshold

Charmonium-like states
One heavy quark D, (2536)*—D"*K0,
E.(3077), 2.(3123)

a,,f,(980)
n,n’ mixing and glueinn’ 74,4 heavy quarks

n mass @

n(’) decay

K*— mtn-e*v, o1, ntndy

Q=c,b
g=u,d,s

This talk: mostly mesons, but many new results on
baryons as well. See list of topics at the end.
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- dimeson behavior; here: nr,KK.

'}k s KLOE (I) —> TCOTCO’Y Goal: Understand low-mass 8
O

Context: Low-mass broad nr,

Kn systems are “everywhere”: The Dalitz plot:
n+K/n scattering, K decay, D decay, ...

o7°

“o,k” (low-mass nn/Kn S-wave),
a,(980)—>nmO,
f,(980)—>mtr-,n0n0, K*K-, KOKObar

EPJ C49 (2007) 473

Parameters? Nature? i o
Fit needs ¢ — c(500)y, oaf -r- Tt
different parametrizations pRagylt 1: e . :

I [ i 2 - -4 g Il 0:2 0.‘3 0{4 015 O.IE) OIT 0.‘8 0.9 I l‘. -

Two fit models: tried; p(x°)—10"=14% An acceptable fit | N WA

f 4 is obtained with (nm)? (GeV?)
L °_ both models: Result 2:
Kaon Loop § P(*)(KL)=14% List of couplings
T { P(x?)(NS)= 4% for both models

fo P Result 3:
o d m BR( ¢ — yf, > mOn )

No Structure l"z v [ 1.07:000 () 0a 5y5t)f3j§§(ﬂ20d)]><10'4

-- Also see ¢—yf,(980) »yrn*n and ¢—ya,(980) »>ynn® KLOE results



n/m’ mixing; gluon content in the ' §

n signal (no bgd) n' signal (~10% bgd)

B(¢— n'v)/Blo—> my) =
(4.77 £0.09,,, + 0.19,)*107

Gives insight into n/n’ mixing.
Assuming n’=uds only, no |gg>:

(p=(41.4+0.3+0.7+0.6)°
B(d— my) =(1.301£0.024)% from PDG
B(¢— n’y) = (6.20 + 0.09,,,, * 0.25 ) x10°

.Now allow n’ to have |gg>:
n> = cos(gp)lqq > —sin(ep)
7" >= X,/|lqqg > +Y,/|s5 > +Z,/|gluon >

SS >

Use SU(3) relations between modes involving
nY,0,p,m, and measured branching ratios
to obtain X,Y,Z(Mm') = ¢g, ¢p

L R

I L L 1
3500 400

G50 700 750
1 Gy (MeV)

M(6v) M(6y+mtm-)

' | KLOE
ok~ PLB648 (2007) 267

X,y = COs @¢ Sin @p

v Mixes
Yy =cosggcospp oy’
Zy =S oa_ Mixes gluonium
. ,
into n
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n’ gluonium content

¢ ,=(39.7 £0.7,_,)°
¢l =@2%3)
Sin ¢ l49% x2 probability

Fit results

N EToowrmom L —
038 E T('—>py)T(0—>n)
0.7 E_ "-"R(I) 0.1 ,...-_-:',':i-""' ''''''

0.6
0.5
0.4
0.3
0.2
0.1

0

03 o

.....

L T oo Ty

Y ag 30 40

bp

Tl fOE S AR TN T S T T T
32 34 36 38 40 42 44 46 48 50

PLB648 (2007) 267

Gluonium coefficient:

&

L".'J

,
- KLOE

sin“p=2?=0.14 £ 0.04

1%b6 %2 probability

000

19 I'(n'—pw/T (m—mnv) s KLOE R 0
' T ()T (")
s 1
ST (1 - y) T (0 ->7°) ‘/
1
N\
0.8 F \
imposing Z=0
0.6 F
0.4 F
LD
02} P
]
0h|||||||||| .|.‘...x.n.
0 02 04 06 08 1 1.2

Bands — constraints from input branching fractions (depend on X,Y,Z(’) = ¢g, ©¢p)
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Invariant mass of n decay products:

o _—— ™ | CLEO
i {1 y(2S)->ndly
ot 30 ‘ ] ,, |
10 |- I< .I.'I . II :J-II‘J ‘al
i ’ }I 1 |;|;| | | - rH I| I|1., b
“f wrrn®
Ty h
12 _ i I .1. ::- j
M(CLEO) — M(PDG06) (MeV)

W KLOE
2 WW O—>M
:i‘ 200 H } 'I. /
};" 150 | M }% F_JL‘ ‘.3.'-'
g 100 -M‘fﬂu WM

}
50 h"h {Mmm

IVl(w) (MeV)

n Mass

Yol

CLEO: M(n) =547.785 + 0.017 + 0.057 MeV

arXiv:0707.1810

KLOE: M(n) = 547.822 + 0.005 + 0.069 MeV

preliminary
L L ] o L I
hNLIN NN S S S S S — S S— —
CLEO (07) @ CLEO (07
(07) (07) wlymm Y
KLOE(OG). 0 ——— 31'[0
GEM (05) @ == n*n-n0
A A
NA48 (02) ® - e T
Krusche (95) ==
- ) GEM(os) NA48(02)-.-
Plouin (92) ® . N
5474 5476 547.8  548.0

Duane (74) =o=

Foster (65) g

Kraemer (64)

mmgumm Folsche (64)

James {66) ———

e Alff-Steinberger (62)

e Basten (62)

Delcourt (63)

Pickup (62)

544 546 548

550

552 554

n Mass (MeV)



an() Branching ™
Ratios (1)~ *

A
+
=
o
D
(@)
Q)
<
(7))
Yol

n to undetectable flnal states: == T‘.(.’). to yy: -
é 10: . :5:: ’n ,.:-,E .k ,n’ i
N 8 *F 4 1 8 |‘h ]
; = i | = uk -
Cb_: E [ E 10
sl | IRKITY
:__: - F El.EI: .20 I:ldl:I I:.I: E- o700 C.aD IE.T: a|: D I: I::I:l 1Il:I 1.20
= ¢ m,., (Ge'ic®) (Gevie?)
R 1760+49 72+13"
= UL, absolute:
2 B(n — invisible
:' G BT W N 0 W= W W= W 7 W s e 1= (n )<1'65X10_3 ~O1%)
Missing momentum B —vy)
B(n'— invisible _
58M J/v, (n ' ) <6.69x10° ~0.01%
B(J/y—n()9) = 7.4 (4.0) x104 B(ﬂ =YY )

B(¢—>K"K?) = 50% Other “invisible” BR measurements:
BES PRL 97, 202002 (2006) Y(1S): <0.39%0 (CLEO) pro 75, 031104 (2007)
<0.29% (Belle) pru 98, 132001 (2007)
Important as an input to total width measurements!



4 n branching fractions (2)

—.— . e [ yy
_m—
BES 11 (06) ) e CLEO-c
. —— 31/
Aldg(atl) L 0O Other
—o— 3n° / e’
CMD2 (01)
e Y T
Thalér (73)
i e‘ey/n'ny .
O O e
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7

T T [ T T T I T T T ] T T T I T T T I T T T '| T T

. Y
0 ® CLEO-c
S 3n
A o PDG
* TR Global Fit
—m— TRy
ﬂ e‘e’y °
.i|.||.||I||.||.||.||I||.||.|...
1 1.1 1.2 1.3 14 15 1.6 1.7

['(CLEO) / T(PDGO06)

¢ '\ 27M decays
e-/ y(29)

" Fully reconstruct five final states:

vy + 310 + n*nnl+ oy + etey
38.5 34.0 22.6 4.0 0.9%

Follow PDG procedure: sum of
the above five modes is ~ 100%
— build absolute Br’s from ratios

CLEO, arXiv:0707.1601
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KLOE

17501

< determination of quark masses:

[(n — 37) oc| A’

'F_k ®  arXiv:0707.2355v1 n —)TC+TC_TCO decay dynamiCS

2 A good understanding of n—3n dynamics
S can in principle lead to a very accurate

1
Amplitude(s,t,u) oc ? x M(s, t,u)

Yol

Measured matrix element:
Np=(1.377+0.001)x106

_BIS=03%

=

|ACX,Y)|%=
1+aY+bY2+cX+dX2+e XY +fY3
with X=fct(n*-r-), Y=fct(nO)

N
[a)
% e R
> 2 2 2 80003~ I
3 n * proec
S »  Img —Im ()38—4m7t o =t
: U= o IM(Satt»“L: a— ' e e C)
5 a —M,  lowest orderm, —m; ot/ gy T <
;% Current Algebra Cl(n ) *4’\0\‘\
> Fit result:
® Fit parameters: a=-1.090+0.005(stat ), .. (sv51) | LOCA: b = a2/4

b=0.124 £ 0.006 (stat ) £ 0.010 (sys? )
d =0.057 £ 0.006(stat ), ... (svst)
f=0.14 £0.01(star )£ 0.02 (syst)

llc=0.0021£0.003(stat) £ 0.001(sys?)
»
Sl - = —0.006+0.007(stat) %% (sys)

= Indicates need
for higher order
corrections
compared to (%)
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Final state interactions

Yol

“One-loop” “Two-loop”
Kz _— n—o < Pr introduces
~ = @ﬂg’ ~ OP- dependence
M " T ©% 2 onay,in ampl.
120 /
Dalitz plot analysis. Look at M(n’r?): ’\” O‘ 9\/1 not I
“cusp” structure at n*n~ threshold 110k : present | q_:""
(due to ntn~ =2 7= rescattering) NA48/2 / -~
provides a new method to measure B 3"" | 59 6 M-
the nn scattering lengths: a, and a, . ‘;‘:_ events
(xPT predictions exist) ) N‘."‘-;'\data A
preliminary 80k) S IR i N
(a5-a,)m,=0.261+0.006,, +0.003 , +0.0013,, S - h hgld
a,m, = —0.037+0.013,,, £0.009, , * 0.0018ext ou ,..;’*;:;;l?“;res?;
Dominated by the theoretical uncertainties, AR
consistent with Ke4 measurement and with 0.076  0.077 n 78 nn7a N0y
la,-a,| from DIRAC (pionium lifetime). PLB 619, 50 (2005) M(nr0) (GeV)
Experimentally sensitive to higher-order terms in
matrix element expansion G. Lamanna, talk at this conference
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K*— ntne*™v (Ke4) results

Comparison with other Ke4 results

Five independent kinematic
variables, expansion in form
factors with spin-dependent
coefficients, model-
iIndependent determination
of coefficients and phase
shift btw L=0 and L=1, 3.

d = ay and a, via theory

* 677500 K* and K- Ke4 decays
(preliminary results on partial statistics)

» Ke4 Form factors measured with a
precision within 5% to 15%

A new level of sensitivity

G. Lamanna, talk at this conference

0.4 3
] _—
— 0.3 - ol%xh
'8 ] ot - \
\L—_/OZ_: +-+f _f*r,f#%f a02 = fCt(aOO)
“© 074 v This measurement:
1 AT+ + NA48/2 (2003 Data)
0 — + = BNL E865 (2003)
TE v Geneva-Saclay (1976)
- — T T "~ T 1 T T T T T T T T
0. 28 0.3 0.32 0.54 0.36 0.38 04
2
with isospin breaking corrections M’”‘(Gev/c )
a2 1 fabimzt;;fllt;afng\(lzgi?elﬂpuis ChPT .constrain .l -L ‘
vy 2 parameter fits 68% CL ellipse:
o] © MAEBREpESST o
- ; NA48/2
-0.03
—E
_0.04 / ﬁ///
_Olgé-f/'-.‘.'
0.07
NA48/2 PRELIMINARY
-0.08 T T T

1 T T T [ T T T [ T T T [ T T T [ T T T | T T T
016 0.18 0.2 022 024 026 0.2 a

Yol



Q=c,b
g=u,d,s

Summary

Two heavy quarks @ ‘ﬁ
One heavy quark @

@"\\\‘e
2,,,(980)
$o<‘0 n,m’ mixing and glue in n’
& n mass
n() decay

K*— ntn-e*v, nnn0, ntnly

@ |General goal:
(O |Explore QCD phenomena
@ |at different scales

v(2S) width

Jy, %, decay to light g

B decay to charmonium
States above DD threshold
Charmonium-like states

D,,(2536)*—D"*K0g
=,(3077), E,(3123)

Zero heavy quarks

@ @

This talk: mostly mesons, but many new results on

baryons as well. See list of topics at the end.
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Conclusion

Many measurements on hadron spectroscopy and
decay are arriving

— Examples shown of new phenomena, systematic

surveys, and precision studies
— Especially overwhelming the amount of new

@00

unclassified states: Organize!!

Many thanks to my colleagues on
BaBar, Belle, BES, CLEO, KLOE, NA48, ...
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- Many more results

. CLEO bottomonium results: talk by H. Vogel at this conference
*  CDF hysearch: talk by A. Gessler at this conference
Charmonium:

. psi(2S) to gamma-+light survey: BES, PRL99, 011802 (2007)

. psi(2S) multibody survey: CLEO: PRL 95, 062001 (2005)

. psi(3770) non-DDbar: CLEO, PRL 96, 032003 (2006), PRD 73, 012002 (2006)
BES, C. Jiangchuan, talk at this conference

. J/psi to light: BES, Phys. Rev. Lett. 97 (2006) 142002: gamma pipi PWA
Y (4260):
. BaBar: PRL 95, 142001 (2005),

CLEO: PRD 74, 091104(R),
Belle “old” prelim: hep-ex/0612006

X(3872):

. X(3872) mass: BaBar, G. Cibinetto, talk at this conference

. D0 mass: CLEO, PRL 98, 092002 (2007)

Charm mesons:

. BaBar: T. Schroeder, talk at this conference

. Belle: BObar -> D**+ pi-; (observation of D_0*) hep-ex/0611054 (acc by PRD)
Open charm production:

. Belle: e+e- -> D(*)D* cross-section (at sqrt(s) from threshold to ~5 GeV), PRL98, 092001 (2007)
Baryons:

. Belle, A,(2880) JAP and A,(2940) -> X_ ; PRL 98, 262001 (2007)

. Belle, Observation of £,(2980), £,(3077); PRL 97, 162001 (2006)

. BaBar: T. Schroeder, talk at this conference

. DO: A, lifetime, =, discovery: E. De La Cruz Burelo, talk at this conference
Light scalars:

. KLOE: a, - eta pi°, f, > pi°pi® shown at winter conferences

Light resonances:

. E. Fadeeva, talk at this conference

NA48

. Radiative decays: M. Piccini, talk at this conference
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D. Ozerov, talk at this conference

Pentaquarks Summa ry

» Complete HERA | data was analysed with the following results from H1 & ZEUS:

&
™ ) IStaius: 1-J uly-llom
strange pentaquark (K° p) &Y : — s
€ {1;::1%%3
double strange pentaquark (= n) . g 300
[
charm pentaquark (Dp) . ‘i
Eﬁ‘ 200
=

100
This controversial situation will be possible to resolve with

high statistics HERA |l data




Charmonium
States

n.(2S5): E 5“
mass recently remeasured,
width a moving target,

M1 rates not measured,
only one decay mode seen

70 CLEO Ill Data

0F in(15)
ot #

i @s)
haaf | B
?gmm HW %“m aﬂ-m mﬁhm

235 measured. Beginning to

26 5850 32 34 36 38 40
M(KsKm) (GeV)

n.(1S): mass
and width known
to MeV’s, most
urgent project:
M1 transition
rate J/iy—yn,

3
135,

45000

35000 —

Lc): Mmasses, width,
dominant decay modes
reasonably well

N 25000[ - -

15000}

10000}

Number of photons / 2% bin

study substructure.

3
11p, 1°P,

h

C

9)]
o
Q
(=]

(=]
L L

LN LA i \
70 80 100 200 300

Ey (MeV)

Xe

h.: Newest member of
the family, seen in
y(2S) »n’h; -, and i
in pp productlon
product BR measured.
That’s it!

$5835M

v(2S),J/y: accessible in ete-.
Masses, total width, dominant
decay modes well measured.
Studying BR’s in the range of
<0.01%, and substructure.
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PRL99, 011802 (2007)

v(2S) — v + light hadrons

v(2S) to light hadrons, PDGO7: BR(y(2S) — ggg + vgg)

N N = 1- nt,n,n0J/y— ZM1,E1 = ~ 20%
’ Jhy: / ~6%
1 (958) V. v99/ 999 0
zgﬁgg BR(y(2S) —1gg) ~ 1%
/fo ?
TH(A710) — yrr Where are they"
7H(1710) — YKK BES: survey of y+n(n™n~)+ m(K*K-)
o wn
o~ 'F;‘ > Mode NTet NyBg N (%) B(x10-5) g
T e PP 320 187 142 + 18 35.3 2.94+0.4+0.4
ynmom All I|m|t,s ~2(mtrT) 1697 1114 583 +41 10.4 39.6+2.845.0 8
Y 'U(1405) . or meas’ts VKK n~ 4ce. —  — 115+16 4.83 25.6+3.6+3.6 s
v1n(1405) — vK K= | at 1045 FKHK-wtr~ 361 220 132 +10 404 10.142.7+4.3 C:D_
~n(1405) — mr+ - n.-ﬁ'*ﬂﬁ'_fn_—_ tee —  — 237+39 6.86 37.0+6.1+7.2 o
. 1475) KO 58 17 41+8 2.75 24.0+4.545.0 S
/1 — v tr—pp 55 38 1747 447 28412405 @
".i-""?f(147'5) — K Fi m VEHK-K+K- 15 & <14 203 <40 QL
yn(1475) — nr T ~3(rtr) 118 95 <45 197 <17 -
j v2(rtr )KHK— 17T 13 <155 060 <22 9\°

The corresponding list

ontting long TSt Also included n0+2(n*w)[and KK,
rich resonant substructure 39



Study dependence of production rate on center-of-mass energy
Eichten et al, PRD 21, 208 (1980)

Open Charm T — 2 DETOECS-009
production 7
In e*e-

LR LT n EE_‘

o
. _ 0570606.001 ‘ ::::: Event Counting
CLEO B ; " ®  Inclusive
inclusive: | ; i & +¢,—" Multibody
o - [ ' g *@é decays
. F it * (D*Df, ...)
R f
Decomposition of this cross- o [ : ' Two-body
section? 4 (DD, D*D, ...)
Measure yield of D/D*/Dy/... ,[.  CLEO preliminary ’
combinations as function of E_,, - e’e"—hadrons at ~4GeV
PRI TN T T T T T N T T T T T T TN N M M A A O T OO
g.95 4 4.05 4.1 4.15 4.2

E._ (GeV)



CLEO PRL 98, 092002 (2007)

D% mass measurement

3851206-007

D{] — KS Qf’

60 p

PDG: M(D%=1864.5+0.4MeV
— average of LGW, MARK Il, NA32
— Measured in D%— Kr, Knnr
CLEO-c, 281pb-1, use DY —K.o:
— M(D%)-M(p)-M(Kg)=347MeV
— p(K), p(11) <600MeV range
— Cross-check: M(y(2S)— ntrn~J/y)

s0 |

a0 |

319+18evts

30 |

Events/MeV

o D0 T K M (K K*K) (GeV)

M(D") = 1864.847 £ 0.150(stat) = 0.095(syst) MeV
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D+
1869.62+ 0.20 OUR FIT Error includes scale factor of 1.1. D l I laSS

1869.5 = 0.5 OUR AVERAGE

e s mae was neme calculation

Do
186484 X 0.17 OURFIT Error includes scale factor of 1.1. 2 L 1
1864.84 + 0.18 OUR AVERAGE e .
1864.847+ 0.150+£0.095 319 £ 18 CAWLFIELD 07 - -:—:—_—___!____ — e
I e R ——— ?
e R e B D N D - ..'?LIDR
3 - -
@, P
- i S g
2ol —
=1.880] — % _
1.860F" | Mp
*_ Ave (OUR FIT):
i 1866.91 + 0.13 MeV i
LQCD arXiv:0706.1726 (hep-lat) o OORIE TS VBV

0.1 02 03 04 0.5

mufd/ms
“4z



n,n. mixing and gluonium

The n,n' mesons wave function can be decomposed in the strangeness non strangeness
base.

X,y = cos ¢g sin
7" >= X,/ |qqd > +Y,/|s5 > +Z,/|gluon > " ¢a sinpp

| : _ Y, =
‘7} > — COS(QP) qq > _Sln(@p) S5 > n COS@@ COS p

2

an — sin @G
' 2 3
[ m ..

Br(#-yy) ¢ - m sin2¢,| | p,

Comparing with other decay rates using SU(3) relations:

2

1 /m,\? | —f
L(n' — 4y)/T(r° = 4y) = 5 ( J ) (5 cos ¢¢ sin gp + \/2§—q COS (¢ COS Pp)
m, s

Cna m2, —m? m,
C(n' = p7)/T(w - 7%y) = ———3 ( 2

2 4 . 2
COS @ SsIn @ :
m2 —m? m”;) PSP The gluonium

CoS Py
1 [(m? —m2 m, o lina i
L(n — wy)/T(w — 7'y) = 3 ( ; 2 ) [Cns - cos ggsingp coupling 1S
M2 — M2 My
neglected.

m |
T Q#Cs - tan ¢y - cos ¢ cos p?
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zooof—
-1000?— Soo0o— —]
0.12 Jhy momentum, GeV 0.28 -1
SFTT T T T T T T T T eagl 7
2005— —f 400l +— _
100F 1 200F \L -
0:| P S T T TR T T N T 0:. = vy, T
0.1 015 0.2 0.25 a 0.02 0.04 0.06 0.08
E], (Hi) (GeV) E,‘, (Lo) (GeV)
300FT L L L B e F AN ELPLELEL S BRI I
E ) 1 1000F =
200 1 7s0E E
- { o
.E N .: 250-_ \L i -
[ | P B T raal
g % U 01 0425 Q15  0.175
"E MW(GEV]
Q E : -*| L S
nooeof ;
60 E
w0 -;
20;— f 3
o= .0.3 — I0.4I —
M(x" ) (GeV)
=X L B B B
10 ; 3 g
1 E ' AN AN
a a

000

gl
M(e'e) (GeV)

1
log,,( M(e"e’) (Me

2

v))

n branching ratios,
CLEO

O —

v(2S)

27M y(29),
B(y(2S)—>nJiy) = 3.1%,
B(Jy—I*) = 12%,

Fully reconstruct five final states:
vy + 310 + i+ oy + etey

Constrain £+, & =J/vy,
constrain J/y, n products = y(2S)
Excellent data/MC agreement

Measurement of ratios allow
cancellation of systematics

Follow PDG procedure: sum of
the above five modes is ~ 1094%
— build absolute Br’s from ratios



Results and systematics KLOE

The result is dependent from the knowledge of the sqri(s). ~ Systematic table err./(tot. err)
It is calibrated using the resonance curve of the ¢—>K¢ K .

Calorimeter calibration 1%

_ Calorimeter linearity 1%

m(¢) = 1019.483 + 0.011 + 0.025 MeV/c2 00 o 1o
CMD-2 Phys. Lett. B578, 285 p Azimuthal dependence 18 %

Polar dependence 8 %

+ 30syst) keVQ$< /M;Ebt cut + corr. 67 %

s NA48 compatibility: 0.24 c ] o KLOE e

@ Independent measurement with the n—n*nn® decay N
mode in progress: m, =547.95 £ 0.15 MeV/c?
(very preliminary fully in agreement with the yy channel)

M(r%) =(134990+ 6,
M(n%) ;. = ( 134976.6 + 0.6 ) keV

———

M(n) = ( 547822 + 5, + 69, ) keV

4.2

54

0.63

TN mass (MeV)
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2000
1800
1600 [ CUSP
1400 - NO ‘ ‘
o r'esca’r‘rer'mg ‘
1200 | i e
1000~ i SUD =
8001 . Leading
oo o effect
- ~ Leading
nil_l_Lillll;llllillll;llll;llll;llll;llll;llll;llll

0.074 0.076 0.078 0.080
M?2(r%=0), (GeV/c?)?

Cabibbo,Isidori JHEP 0503 (2005) 21

Cusp: two loops

n_

. . T x 0
n + TEO + EEm
TCO

Including 2-loops diagrams other terms appear
in the amplitude

¢« All the S-wave amplitudes (5 terms) can be
expressed as linear combination of a0 and a2

« The isosping breaking effect is taking in to
account

« The radiative correction (most relevant near
threshold) are still missing

« A deviation from the no rescattering amplitude
behaviour appears also above threshold
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K" > ntn%: First measurement of direct

emission contribution NA48/2
+ + i 2 N 4
a (“L) ] 42 (m‘” W2|Elcos((8; — 0) + ¢) + [ — ) WA(| E|? + | M|?)
dW N AW /.5 y M ) \MK Yy,
Y Y |
IB INT DE

Sensitive variable: K*> om0 K*> mnly

sk sk sk sk
P -P)P -P)| P'x=4-momentum of the K*
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(rT](mﬂ) P”, = 4-momentum of the y

~124K events from 2003 data

Preliminary result:

Frac(DE).,.somey = (3.35 + 0.35 + 0.25)%
Frac(INT)o.-somev = (-2.67 + 0.81 ¢ 0.73)%

Correlation=-92%

2004 data set: x4 # events and lower systematic due to trigger (analysis ongoing)



Weak radiative

Krf—ne'e™y wa

First evidence from 2003 data
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Preliminary result:

> decay
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First evidence from 2002 data
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Final result (Phys.Lett.B650:1-8,2007):

BR=(1.27:0.14,,,,0.05, .)-10-8

BR(E—>Aee) =
7.7+0.5stat+0.4syst-10-°

a(Z2—>Aee)=-0.8 + 0.2
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