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Do KEKB & Belle

BelLE

Besides being a B-factory KEKB/Belle provides an excellent laboratory
to study (charmed) baryons:

More than 20 (>10% of the total number of) published papers are on
processes with baryons in the final state. This includes:

@ 5 papers on B decays to final states with charmed baryons
@ 3 papers on studies of charmed baryon properties

In this presentation:
/¥ Observation of 2 (2800)

/¥ Observation of new states decaying into A,"K'mr* and A"K 1
/¥ Measurement of the =_(2645) and = (2815) masses

/F N_(2940) and study of the A_"(2880)
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KEKB & Belle
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* Observation of 2 (2800)
* Observation of new states decaying into A,'K'r* and A 'Kt

* Measurement of the = (2645) and =,(2815) masses

* \,"(2940) and study of the A_"(2880)
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BELLE

2.(2800):

Observation
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NEW CHARMED ISOTRIPLET!

[T PRL 94, 122002, 2005

State Yield /10° AM, MeV /¢’ T, MeV
%.(2800)" gy g 5154751 5 61757
%.(2800) 1547580 o ae 505.475 8115 623 e
z.(2800)*+ L b AL e (i
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2.(2800): Continuum Production

Scaled momentum distribution:
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[ PRD 73, 032002 (2006)

Fit with Peterson parameterization
dN/dxy ~ ;' [L = 1)z, — €/ (1 — xp)?] 2
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2.(2800) x, distribution is typical for charmed particle produced in
e'e” ->cc continuum events
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>.(2800): Identification

BELLE

Theoretical models predict a rich spectrum of excited
charmed baryons in the vicinity of the X_(2800)
[L.A.Copley, N.Isgur and G.Karl, Phys. Rev D 20, 768 (1979)].

3.00

wvelisret

Possible candidate is a X_, with JP=3/2 290 ==

and 5/2° (subscript 2 denotes the total e
angular momentum of light diquark.) S et o
T is expected to decay exclusively into B

A'm in D-wave.

2.70

260

...................

The predicted mass is close to the measured |
but the expected width is only 15 MeV. 250

2.40

However, X, (3/27) can mix with the nearby _
¥, (3/2°) resulting in a wider physical state. .,

2.201— Ac zc
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__BELLE

* Observation of X .(2800)
- Observation of new states decaying into A_"K'mr* and A, "K1r

* Measurement of the =_(2645) and =_(2815) masses

* \."(2940) and study of the A_."(2880)
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@ Observation of =_(2980) & _Cx(3077)

BELLE

“nght Sign” Combination
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| _ Mg [:(‘1:*} (GeVic - - M(AL !(gn') (GIeV/cz) |
- “Wrong Slgn Combination
Nﬁ 150 § 20 |
g 125 g
[r) ©w 15 |
100 =
2 75 £ 10}
E so0 | :’j =l
25 y
02_9 5 :I; 3_;15 3:1 3_:| 5 3:2 395 02.9 2.I95 3 3.|IJ5 3:1 3.I15 3:2 3.25
M(AL K'n) (GeVie?) M(AL K2 (GeVic?)
Yield Mass, MeV/c? Width, MeV |Significance, o
2. (2080) T [105 £51[2978 5 £2.1 +2.0(43.5 £ 7.5+ 7.0(6.3 (6 w/ syst.)
=2 (3077) 7 |326 £40(3076.7 £ 0.9 £0.5| 6.2 £ 1.2 £ 0.8 |9.7 (9 w/ syst.) hep-ex/0606051
Ee2(2080)° | 42 £24 [2977.1 £8.8 £3.5| 43.5 (lixed) |2.0 PRL 97, 162001 (2006)
Ee(3077)° | 67 £20 [30828 £1.8+1.5| 5.2 +£3.1+1.8 5.1 (5 w/ syst.)

=_(2980) and =_(3077)
Charmed Baryons @ Belle

non-zero widths
c- and s-quarks
Alexey Garmash

= excited charm strange baryons
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«/>  Search for SELEX State =_(3520)

BELLE
SELEX: Belle:
PRL 89, 112001 (2002) PRL 97, 162001 (2006)
Significance 6.30 S fF T T T +- —
o B — : -
s = (3520)* 400 t
%7_ ol ) wam | ++ T 1 H
= 6 300 T 5 f tt ]
a5 Ezso- t i
24r 2200 |
g 3L £ 150 | null result
w -
2 w1p0 |
1 50 Ng=8.3 + 37.3 < 69.1 @ 90% CL
o 342 347 352 357 362 D3.4 3.4|25 3.;15 3.4I75 3:5 3.5|25 3.I55 3.5I75 3:6 3.(::25 3.65

M(A,'Kn+) GeV/e? M(A: K'n') (GeVic%)

With 835360+13748 reconstructed A.t— pKn* decays

0(Bee(3520) T )X B(E.e(3520) T AT K~ 7)) | p*(AT)>2.5GeV/c _
A e e /¢ < 15% 10~ @ 90% C.L.

= No signal of the =_(3520)*—A_"K'T* in e*e" annihilations is observed by Belle
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__BELLE

* Observation of X (2800)
* Observation of new states decaying into A,"K'tr* and A, KT

» Measurement of the =_,(2645) and =.(2815) masses

* \."(2940) and study of the A_."(2880)
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<> Measurement of the =.(2645) Mass

BELLE
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PDG 2006

Mz, o645y — (2645.4 = 0.1(stat) £ 0.8(syst)) MeV/c?| 2646.6 + 1.4
Mz, (26450 = (2645.6 & 0.2(stat) g2 (syst)) MeV/c? 2646.1 £ 1.2
Mz, (2645 — Mz (26150 — (—0.2 = 0.3(stat) £ 0.7(syst)) MeV /c?

Charmed Baryons @ Belle .

Alexey Garmash .
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BEL

Measurement of the =_.(2815) mass
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M(E . (2645)°n") GeV/c? M(E.(2645)*) GeV/c?

Is the second peak a signal of =_,(2980)—=_(2645)m ? = further study is needed

Mz, (2815 — Mz, 28150 — (—3.0 & 1.0(stat) £ 0.8(syst)) MeV /c?

PDG 2006
Mz, 2815+ — (2816.7 £ 0. 6(Stat) (syst)) MeV/02 2816.5+1.2

Mz, (28150 = (2819.7 £ 0.8(stat) £+ 0.9(syst)) MeV /c* 2818.2 + 2.1
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* Observation of 2 (2800)
* Observation of new states decaying into A,'K'r* and A 'Kt

* Measurement of the = (2645) and =,(2815) masses

« \.*(2940) and study of the A_*(2880)

Charmed saryons @ gelle @ e Alexey @armasn @ e Hoholulu OcTt. 2Y - Nov. o, cUUO 14



A.(2880): Mass Measurement I

BELLE

—

Al A (A ->pK'T) combinations with x> 0.7
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4 Define helicity angle for the 2-body
A.(2880)" -> Z (2455)n decay
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<> A,(2880): Mass Measurement II

250

@ Apply requirement cos6,>0

@ Fit the M(Z_(2455)1T) spectrum

—
o

Events / (2.5 MeV/c?)
o
S

Significance of the A (2940)* signal
is 5.60 (5.10 with systematic)

o
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cos0,>0
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A (2765) A (2880)

2.8 2.9 3
M(Z.(2455)x) GeV/c*
FoaN Yield Mass, MeV/c? | Width, MeV
"A-(2880)7 |880 £ 50 £ 40| 2881.2 £ 02702 | 55707 04 | nep-exi0608043
Ac(2940)F | 21070700 [ 2937.9+1.0755 | 10+4+5
BaBar: A\.' => D% =
A(2880)T [ 2800 £ 190 [2881.9+0.1+05]58+1.5+1.1

hep-ex/0603052

Ac(2940)7 | 2280 £ 310 [2939.8 £1.3 £ 1.0

1750 £5.2+5.9

Charmed Baryons @ Belle 3 Alexey Garmash 3

— Results are consistent
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A."(2880)->A. n*w: Resonant substructure

6002— J\
@ Release cos6,>0 requirement 500F

a

o

o
|

@ Release 2 (2455) requirement

A(2880)" yield
()
o
o
[

@ Fit M(A_1r*11) in bins of M(A_1T*)

n
o
o

100

Significance of the A (2880)*—Z_(2520)t
signal is 3.70 (30 with systematic)

M(A, f*) GeV/c?
PRL86,4479(2001)
CLEO Belle |
[(Xc(2455)n) /T(ATn 7)) [(31+6+3)%|[(39.8+217:0)%
'(3:(2520)7T) /T(AT T 77) < 11% (9.6 £2.5772)%
['(Xc(2520)7~) /T (X (2455)7~) — (24.1 +6.47 ;)%
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<> A (2880)—Z_1: Angular Analysis

PDG2006: Charmed baryons with established J°

E.(3077) Quark Model predictions
E.(2980) Copley,lsgur,Karl PRD20,768(1979)
New states: 300 — e
CLEO z.(2800) L 290 —|m|m|mm,—=1% —_—
] Ac(2765) _ r 32T - 32t
B eI Ie % 12 2801 _ ;23;;/2' ;;;:':‘/2
S T 7
BaBar *~ 112+
w 2.7 T 270
:
+
o LMK & 260F o :/2,
] i 3
O 172+ 250k T o g, ey
- _ﬁ,_
o T i —— | /5 *
g fY 2.40-
O | L
1/2+ 2_30_
2.2_&— Ac zc
Many levels = difficult to identify
JP for new states based on M&I
measurements only =

angular analysis is required
AC ZC EC QC
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BELLE

A.(2880)'—Z_1r:Angular Analysis

1200
@Select Z (2455)

1500 1000

@Fit to M(Z,1T) in cos@ and ¢ bins

_E};'I"‘l'
-
e

800
@ Subtract non-res. contribution 4400 C
using £, sideband 600
" 400
@ Correct for efficiency 500 -
i 200
0 11 1 1 I 11 1 1 I 11 1 | I 11 1 1 0: 1 1 1 1 | 1 1 1 | I 1 1 1 I
-1 -05 0 0.5 1 0 1 2 3
coso ¢ (rad)
Parameterization vs. spin of the A (2880)"
J=1/2: W(8,¢) = const x2/d.o.f.= 49.9/9
S e TR | SN 1
J=3/2: W (0, o) — Elﬁgd sin” @ + pll(§ + cos“f) — ﬁR 3_1 Sin” 6 cos 2¢ — \/ﬁ%l sin 20 cos ¢|
+2/d.0.f.= 36.0/8 ‘ ‘
4 = 0.85+0.0 = 0.08+0.03
J=5/2:  W(B,9) = P2(cos? 0) | xdot=108r | PuTOYT g 00z0.03 O

(mainly helicity £1/2 states are populated)

= J=5/2 hypothesis is strongly favored over 1/2 and 3/2 ones
Charmed Baryons @ Belle . Alexey Garmash . Honolulu Oct. 29 - Nov. 3,2006 19




A.(2880)*—E.1r: Parity

BelLE

Quark Model mass prediction: Capstick, Isgur PRD 34, 2809(1986)

JP=5/2": M=2900 MeV/c?; M'=3130 MeV/c?
P=7/2": M=3125 MeV/c?
JP=5/2%: M=2910 MeV/c?; M'=3140 MeV/c?
P=7/2": M=3175 MeV/c?

Heavy Quark Symmetry: Isgur, Wise PRL 66,1130(1991)
5/2- L=1 8jgn=1 Jign=2 = M(Z,m) / [(Z,1) = 7/2 (0.837)*%*1 = 140%

5/2+ L=2 8,5, =0 jjon=2 = [(Z,*) / [(Z,1) = 4/5 (0.837)23+1 = 23%

Data: (24 £ 8)%

= HQS favors 5/2* over 5/2" assignment for the A (2880)

Charmed Bar'xons @ Belle o Alexex Garmash o Honolulu Oct. 29 - Nov. 3i 2006 20



BelLE

Summary

@ Observation of new charmed isotriplet ¥ (2880)
@ Observation of two new charmed baryons decaying into A Kt
E(2980) and E.(3077)

¥ Precision measurement of the & (2645) and E (2815) masses
@ Experimental constraints on the JP of the A.(2880)":

A (2880)*— X .(2455)mt angular analysis = J = 5/2 is favored
A (2880)*— A *mtmr resonant structure = JP=5/2* is favored

@ Evidence for A.(2940)" — X .(2455)n
& Measurement of the A (2880)*and A.(2940)" masses and widths

Charmed Baryons @ Belle 3 Alexey Garmash o Honolulu Oct. 29 - Nov. 3, 2006
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