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OVERVIEW

1. Introduction

e PEP Il and BaBar
2. Spin of the - from E° — - K* and Q% — Q-
3. Analysis of A" 3-Body Decays:

. AC+ — (E- ") K*; the E°(1530)

. — (A2 K9 K*; the Z*(1690)
4. Analys1s of £.%0 3-Body Decays:

* :‘c — (“ +) T

. E — (A° K9 t* (if time permits)

e 20— (A°K)n* (if time permits)

S. Summary

Note: (i) All results are (very) preliminary (analyses are ongoing &
numbers are going to change)
(ii) Charge conjugation is implied throughout unless

indicated otherwise [e*e” = anti-baryon/baryon ratio ~1] ,



PLEP IT AND THE BABAR DETECTOR

BaBar Peak £ =1.0 X 103 cm? ¢!
Run 1-5 (3 times design)

PEP II
+ 8 months shutdown
’ % Data-taking has
TEE:-I«;I —— Present resumed
- p— analysis
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Low Energy Ring

BABAR Detector

r. _.—f
" *Electrons

High Energy Ring



BaBar as a Charm Baryon Factory

Present data sample contains:

3% > 300 M Y(4S) — BB events Excellent
% > 900 M e+e- — qq events resolution
Y > 400 M e+e- — ccC events

= Charm Baryon (& Meson)
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Industry
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Ref. PRD 72, 052006 (2005) [A," Precision Mass Measurement] 4




The Q Spin measured

» from £ % — Q- K* decays

» from QY — Q° n* decays

e The present analyses ASSUME that the
A, E.SV and the Q0 have spin 1/2.

e We MAY be able to extend the present
analyses to establish this.

e Any ideas, suggestions, etc. concerning
this would be most welcome!
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Invariant Mass Distributions for
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P U PID Information

*Emton dE/dx &

- +a 01'_1 Cherenkov info (DIRC)
-, T

U 3-0 mass cut on intermediate states

Q interm9. state mass-constraineds [A, £2]
O p*(QL) > 2.25 GeV/c [reduces background]

Q L, >+1.5 mm [sign & outgoing].
U r, > +2.0 mm [sign & outgoing|.

Uncorrected

Data [ Uncorrected
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Hyperon daughter

Helicity Formalism

S P it .
Pseudoscalar @ Hyperon quantization axis

Charm baryon rest-frame Hyperon rest-frame
Pseudoscalar
E:co a K+ Q_ — AO K-
J =112 M=0
R 17— >\ =+112 A =212 A=0
m=-12---——-—-—-——-- >\ =-1/2

% no angular momentum projection w.r.t. quantization axis = Q" helicity, A, = + 1/2
= final state helicity A, = A¢(A%) - A, (pseudoscalar) = £ 1/2

= Decay amplitude for & — A\°K~: A7 , =D;’, (4,6.0)A,

Does not depend on A,
[Wigner-Eckart theorem]

. 2 2
GTotal Intensity: 1=~ plal, [ =13 p|D7, (0.60)4,
27 257 Y !
density matrix element for Q- spin projection i 7

= density matrix element for charm baryon parent




Helicity Formalism (2)

! :
o> % plDi 0.0.004, |
2,

|A1/2| |:101/2‘D1/21/2(¢’9’0)‘2 + 10—1/2‘Djl*/21/2(¢’9’0)‘2j| (___-\\

1 2 D], (#,6,0)=¢"“d] , (6
+5|A_1,2 [,01,2‘D1,2 (9,6 O)‘ + p_ 1/2‘D_1/2 1/2(¢,9,0)‘ } Ai,if(¢ ) /1,./1f( )

1 2 ; 2 (_—-“/
o< ?|A1/2 |:p1/2‘d1/21/2(9)‘ + p-1/2‘d-1/21/2(‘9)‘ }

1 2 J 2
+5|A—1/2 |:p1/2‘d1/2 1/2(0)‘ + p-1/2‘d—1/2—1/2(0)‘ }

. |A1/2|2 B |A—1/2|2
Def: = -
o ﬁ (p1/2 Fa )[ |A1/2|2 t |A—1/2|2

Mj #0 (where p,,, + p_,,, =1) — possible since Z! decay violates parity conservation .
p1/2 + p—1/2
B 2 2
|A1/2| - A—1/2| 0 . . o . . .
> - |#0 — possible since Q" decay violates parity conservation.
|A1/2| + |A—1/2|

c.f. E. Fermi et. al., PR 85, 936 (1952)
T & p elastic scattering (f=0)
J=1/2 = flat , J=3/2 = 1 + 3cos?6

=1 i—(1+3coszt9+,8cos 6(9cos29—5)) J=3/2

=11 o i—(1—200s26+500549+ﬁcos 6(25 cos 8 —26 00529+5))! J=5/2

L] [ L] [ [} [ [ L] [ [ L] [ [} " —




Spin measurement of Q" from E° — Q K*, Q@ — A’ K~ decays

Angular Distribution Parametrizations for J4,=3/2 hypothesis

2
r—.
o
o
o

Background-Subtracted
Efficiency-Corrected

Entries/0.

Negligible Decay
Asymmetry Parameter

B=0.04+0.06

'_I|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII

co;se(A)

I o %(1 + 3 cos 49) » No Asymmetry

=0

r-r-r———=—=—=—=—=7—=7=7—===== I
> Asymmetry

|
. ; Fit for B — B =0.04 £0.06




Spin measurement of Q" from E° — Q K*, Q@ — A’ K~ decays

N. 1000 I !‘: I | T 1 | T T T T | T 1 | T T | T T | T T | T T I E_. -

"‘o" E Back d-Subtracted E

g 900 Efﬁ%iency—Corrected =

= - =

t 800 =

I.IJ — -
700 -

600 — =

500" =

4006 N ONC, =

3003_ ........................................ _f

200; 1 1 | | | | | | | 1 1 1 | | | | | | | | I | L1 I_f

-1 -08 -06 -04 -02 -0 02 04 06 08 1

cosO(A)

------- Jo=12 =11 — Fit Prob = 10-17
— Jy=32 =T« (1+3cos’0) — Fit Prob = 0.64

--- Jy=5/2 = To(1-2cos’8+5cos" ) — Fit Prob = 107 10



Spin measurement of Q % from Q° — Q rn*, Q- — A® K~ decays

Fit parametrization a(1 + 3 cos?0) for J, = 3/2 hypothesis

— Fit Prob = 0.69; J(Q)=1/2 & J(Q) = 5/2 consistent with
results from £° — Q n*

Background-subtracted
Efficiency-corrected

250

Entries/0.2

200

150

1(!)_——.—-
SO
0_ L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 L1 I L1
1 08 06 -04 02 0O 02 04 06 08 1

COSO(A)

Conclusion: J(Q)=3/2 [Assuming J(E.°)=J(Q.) = 1/2]

11



Extending the Spin Formalism
to 3-body Decays

»The = (1530)° Spin from At — (£ ©*) K*
» also mass, width info.
» amplitude analysis (to be done)

» The = (1690)° Spin from A" — (AYKSY) K*
» also mass, width info.

» amplitude analysis (to be done)

» (E-1*)/(AK®) Branching Ratio Limit
(to be done)

“...nothing of significance on E resonances has been added since our 1988 edition.” [PDG(2004), p 967]
12



Reconstructed A;f — & K7,

)

13

P=s_
o)
e

— A0 - Events

Q PID Information
—Proton
—Kaon
—Th, T

dE/dx &
Cherenkov info (DIRC)

U 3-0 mass cut on intermediate states
U intermd. states mass-constrained [A, =]

Q L, >+1.5 mm [sign & outgoing|.
O r. > +1.5 mm [sign & outgoing|.

m(E"
—m(E"

') <> A, mass-signal region
') <> A, mass-sideband region

E-w) <> (A.') mass-sideband-subtracted

__II T | T T | T 7T | T T | T T | T T | T T | LI

£ Uncorrected Data 1
= ~230 fb! |
3 - A S ETK S
E_ " -l—_.:.*-.-_._i:
et . ! ! -
— I I I | =
E P i ]
E i i i | =
E | | | | | 3

Ll i3 3 L | L L L | L Ll Ll L || — L Ll | L Ll | L Ll
2 224 226 228 23 232 234 236 238 24
— 2
m(= 1* K*) (GeV/c?)

2 22

Entries/2 MeV/c2

800

~]
o
o

600
500
400
300
200
100

—

— T
(A.-)Mass-sideband-subtracted -

— Uncorrected =

n « E(1530° — & 7 =

: I 1 R B -‘.- -| ------- \l:- -ll-‘-l-.-\‘- -l‘-‘-l-‘-;- -i-.-l ------- |-l-|-l-.|- -.l-.- |-.-.|- -.l-. :

1.45 1.5 1 1.35 1.6 1.65 1.7
PDG mass

m(z 1) (GeV/cY)



K" (GeVZ/c?

m2(="

Resonant Structures in A,;* — E 1" K*, &= — A%
Events

Only obvious structure:
Z(1530)° - = &t

48F o
SR

b R

IO R HEEEENE

£ B

e
3.45_ [aacoozoooe
3-2:—...|..|.‘.|...|...|. |

-

N BT A
2 22 24/ 26 28 3 32 34 36
m3(= ) (GeV?c")

38

[A} - = n* K" signal region]
c g g

1
1.5 1.51 152 153 154 155 1.56
m(= 1*)/2 (MeV/c)

= /
v
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Spin measurement of Z9(1530) from A * — E9(1530) K*, E0(1530) — E- n* decays

A 5E K

g 400_{ | L | | L I | I I I I 1 | 1 I | 1 I I I 1 I I I I I 1 | I | L | L .I_-
Q:h: 350 Uncorrected cos6: Spectrum a(1 + 3 cos?8) for J=3/2 hypothesis
g 300 :_+ Clear 1+3cos?26 =
- - structure ++ ]
w250 = +<—_:— =9(1530) Signal Region
2005— e —E [Not mass-sideband-subtrated]
150F- £
100F- o o
n oS e 20(1530) Mass-Sideband Regi
50R0 70 0600000000, 6 TOTPOPOTCHT0 o000 o _f (1530) Mass-sideband Regions
OEI | | | | | 1 | | I | | - | | - | | 1 | | I 1 | | I | | 1 | | | | | IE
-1 -08 -06 -04 -02 -0 02 04 06 038 |

COSO-

Skewed distribution due to:
» Efficiency loss at small angles = Not big effect
* (E-7') system decay asymmetry = S-P wave interference (next slides)

15



Entries/2 MeV/c?
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100
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Using the angular structure of Z(1530)° —

A+

C

Uncorrected

sidebands

E- n* K* Signal Region

m(Z ) (GeV/c?)

%~ n* candidates to project
away background events

For pure spin 3/2:
dN/dcos8 = a(l + 3 cos20)
4
Legendre polynomials orthogonality condition
4

Weight = N x Py(cos6)

Projects mass distribution
having cos?0 component

> > No cos20 component
in sideband distributions

:_ M:I‘ R i —IJse of angular structur; ST _:

\ )
o + ~~ . _ loproject away the IJkgr__/ ]
:_ A, Signal Region ++ + _:
i ++ ++ i
B ++ {,q' y B
: o + #, 4 ;
S S L
EAI Low Mass- Sldeband Reglon I T
Bt mﬁﬂmﬁk‘&w *Jtmv o v
_AI |gh Mass- Sldeband Reglon ' '
R *w.wﬁ*w,,ﬁ.#m s
B f : o T 1
1.4I45 1.|5 1.55 1|.6 1.65 1.7
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Evidence of S-P wave interference in the (£~ n*) system produced in the
decay A,f — E- " K*
m(E- ©t*) distribution weighted by P,(cos6):

17



weighted events/ 5 MeV /c?

S-P interference

— large asymmetry

D0 —» KO (K*K) from BaBar
[PRD72, 052008(2005)]

V4
200 — .
B <YT|>
0
—-200 —
S8 I
1 1.2 1.4

m(K* K7) (GeV/c?)

EN o)} oo
o o o

weighted events/0.5 MeV /c?
N
@]

<Y°,>

Amplitude Analysis of :

((1020)

0 [T i T i TaT 5057 LT L ™,
1 1.01 1.02 1.03 1.04 1.05
m(K* K7) (GeV/c?)
i‘i x 102
> - 30000 [
QO - . 2 2
s P00 ¢ H(G)P i (b)S
ﬂ- | —
L | =
> 1000 [ “ 20000 |
4= -
o - |
> - + L
v 500 | 10000
D - K i
b A I -
LO‘) 0 :—-l'h*'f s 0 L0 l I | =
‘s 0.966 1.07  0.95 1.1
* m(K* K) m(K* K)

(Yy), (Y), and (Y})

SN NS P\
and
COS((ps_(DP)
"
Fibr  (d)
. 05 = »T
% Of— |||
& - |
-05 F 1
- E L,
0.998 1.046

m(K*K™) 18



S-P wave description of the (En*) system

produced in the decay A" — E- " K*
1// ,,,,,,, “m‘\ o

¢
b4

X 0
K+ quantization axis

§

At (- x') rest-frame
c
Amplitudes describing the (& 7*) syste p
S, ©1=0, j=1/2 Ny =(=D""=-1
P el=1, j=1-1/2=1/2 n, =" =+1
Py < l=1, j=1+1/2=3/2 n,. =(=D""=+1

1/2% 1/2% - 3/2% + 2
D}’ ($.6.0)S, +D}% (9.0.0)P; +D;5 (9.6.0)P;

= Total Intensity ~ 2 A

4,=%1/2,
Ap=t1/2

p; (i==x1/2) — density matrix elements describing the spin population of the A’
where, A, = helicity of (E' ﬂ'+) system =A (A)) 19
A=A -A.=A_



Helicity Formalism (3)

[ P ‘D”Z* (0.6.0)S, + D% (9.0.0)F; + Dy}

,_+1/2
Ap=t1/2

. LR
= pl/ZOdll//Zzl/Z(e)Sl/Z + dll//221/2(0)P1/2 + d13//221/2(8)P1/2

where ﬂf = /13 _

+ ‘dll//ZZ—l/Z(H)S—I/Z + dll//22 1/2(0)P 1/2 + d13//22 I/Z(H)P 1/2

)

‘dll/Z 1/2(0)5 1/2 +dli/22 1/2(0)P 1/2 +dfl//22—1/2(0)P—-:/2

+ p 1/2(‘d11/21/2(0)51/2 + dii/ZZI/Z(e)PJZ + dil//ZZI/Z

)

1/2
Parity conservation :
S, =NMMl =157, =S, (e =+1, 7, ==L j=112, S.=1/2, 5, =0) S = S
P =npmen —1) 5P = P (j=1/2); P =g —1)7 TP = B (j=3/2) {P'-l/z =Py
: J ‘ ’ ’ + = +
P -1/2 © P 1/2

1 _ LR
= Epl/ZOdll//Zzl/z(e)Sl/z +d\}512 OB, +di)5,,(0)B],

1 - .
+ 2p 1/2(‘611{/221/2(9)51/2 +dli/221/2(9)l)1/2 d31/21/2(9)l)1/2

+ ‘dll//22—1/2 (0)51/2 - dll//22—1/2 (0)P172 + d13//22—1/2(0)P172

)

+‘dli/22 1/2(0)51/2 dli/ZZ 1/2(9)131/2+d31/2 1/2(9)131-;2

)

Assume ~0 to extract cos0

2( 14 3cos* @ -
=25 (,01,2 TP |:‘Sl/2‘ +‘ 1/2‘ +|h (%}"‘21{6(51/23/2)0050}- S-P interference

+ 2(:01/2 -

>0 20

(Assume p; /5= p_;2)




...towards a measurement of the mass & width of Z°(1530)

A

[incorporating a Blatt-Weisskopf barrier factor (R~ 5 (GeV)'!) and resolution “smearing”]

Fit with relatisvistic Breit-Wigner Function with L=2 &1 =1

Entries/ 5 MeV/c?

dN 1
e 2L ———————(q)"
dm m, m (mO -m ) +m,I,. (m)
: T +' T '_'|- T T "'. T I‘I T | T T T T | T T T T | T T T I__
IB00EA; > = n" K™ g Fit Params: 1 PDG:
1600 =
ook Uncorrected M: 1531.6 + 0.1 (stat.)q M: 1531.80 + 0.32
1200 2C0%6) weighted I 11.9+£02MeV 7 It 9.1+ 05MeV
IOOOf— (Very prelzmmary)_f
800F- =
600 =
400 —
200 —
oF Ht .ﬁuﬂtﬁﬁ. n
1

45 1.5 1.55 1.6 1.65 1.7 21
m(z" *) (GeV/c?)



Entries/1 MeV/c*

Reconstructed A_,* — A° K® K Events

m(A® K0 <> A_* mass-signal region
—m(A° K0 <> A_* mass-sideband region

m(A° K %) <> (A.") mass-sideband-subtracted

~

_I T 1T T T 1T 1T T T T T I T 1T T7T | T T T T | T T T T | T 1T T T | T T 1T ]
500 o Data -
B ~200 fb! 1
500 :_ Uncorrected _:
N — A" 5> AOKOKY 7
400F c S -
300 :— —:
200 4
C i | -
1008 | | 7
C | | ]
C 1 | [ | | L1 h | [ | | L1
20.25

228 229 23 232 23

m(A° K K*) (GeVic’)
U PID Information

—Proton

—Kaon dE/dx & .

Lt Cherenkov info (DIRC)
U 3-0 mass cut on intermediate states
O intermd. states mass-constrained [A° , K]

U p*(A.) > 0.5 GeV/c (reduces background)

aL, Lg>+0.25mm [sign = outgoing].

V
\9]
)
o

Entries/5 MeV/c*

—

A — A%KOK® | (A 9Mass-sideband-subtracted -
o f_ Uncorrected — E(1690)0 — A KSO _f
100 ; _i

so[- =
ok vt ]

I
|
I
:
1.621.641.661.68 1.7 1.721.741.7

Low-mass sideband limit «--

22

6
m(A K;) :(GeVIcz)



...towards a measurement of the mass & width of £ (1690)" — A° KJ°

Only “obvious” structure:
Z(1690)° — A9 K°

+

C  Signal Regi
N'gnz_;g‘mfllm e S-Wave Breit-Wigner Function (& Linear bkgr.)
Ng S LT Y RO U B E with resolution “smearing”
¢ I R el Uncorrected
PR E
% MF REEEEHET L E
B o B -
E E“E::DE'.E' _E :\ .\ T 7 \II T T T T T T 1 T I Y I B |:
2'65_ """ 1 & pgop FLParams: / Background-subtracted -
S T S T R T T T R S R v e PR - M: 1684.7 +- 0.9 (stat) T Uncorrected .
mAA° Kg) (GeVIEY - . .
= 150 I+120+-02Mev (Very preliminary)]
o) B + N
100} Y E .
> L | + ]
@D - ]
Q 50: _ 7
p= i Stop fit at 1.76 :
c Ob—l ]
L - +
50— 4
:\ L1 | L1 1 | I | I ‘ I | ‘ I | | I | | I | | L1 1 | I |:
16 162 164 166 168 1.7 172 174 1776 178 1.8

23 m(A K;) (GeV/c)



Spin measurement of Z(1690)° from A_* — E(1690)° K+, £9(1690) — A’K Y decays

A - A°KIK*

N- ]_00 B I T 1 | T 1 1 L 1 I I 1 I T I T 1 T 1 I I T I 1 I I 1 L 1 L 1 L 1 I i
% i . Direct Method:
Q 30 N —| | - Extract signal cos6, distribution
.E B { | - Requires large sideband
LL 601 . subtraction
40P~ o a(1l + 3 cos20) for J=3/2 hypothesis
R . [prob = 0.2]
" | 3 . l | < a(1) for J=1/2 hypothesis
20 S | e . . [prob = 0.9]
0: + '''''' : » Inconclusive
1 1 1 | 1 1 1 | L 1 L I 1 L 1 | L 1 1 | 1 1 L I 1 1 1 I 1 1 L | 1 L 1 | L 1 L
- - - - 02 - 2 .
1 0.8 -06 -04 0.2 0 02 04 06 0.8 1 Spln 1/2 favored
l(.":O:Z!IS'BA
Indirect Method: :.G
350 N L L LA o777
A" signal region Uncorrected -
300 300
Uncorrected

Entries/5 MeV/c2
g
Entries/5 MeV/c?
g

—_
n
(=]
IIIIIIIIIIIIlIIIIl\\\Illllll\lll

—_
o
=]

o TTT T[T T [TT T [T T [TT T T [TTTIT[TTTT]

m(A K) distribution weighted by P,(cos6)

= No cos?0 component anywhere => Spin 1/2

U A signal events

150
100
v" Spin hypothesis: | 50
20 Weight signal events
o Q I T R i— by P,(cos6) I v E— 5 18 s

m(A K,) (GeV/c?)

m(AK,) (GeV/c?)



Entries/5 MeV/c?

Entries/5 MeV/c?

150

100

50

[a—

...towards an U.L. on BR(E (1690)’ — & ") /BR(E (1690)" — A° KS°)

e | B | B R
. Al = A°KL K S
- Background-subtracted A
- 1 Uncorrected (A° K¢¥) invariant mass
f_ | t E [A,t — AOKLO K" |
3 +|—|__ Clear signal for E (1690)? — A° KO
i . E
:_ | ] | | | ] | | | +;+:
6 162 164 166 168 17 172 174 176 178 18
m(A K) (GeVic?)
S| S S E

R —
AS - E "K'
Background-subtracted

Uncorrected (E- w*) invariant mass
[AS — & " K]

No signal for Z (1690)" — Z- w+

TI IIIIIIIIIIII IIIIIIIIIIIIIIIIII|IIII|IIIII

IIIIIIIIIIlIIIlIIIlIIIIIII 1 L 1 1 1 |
1.62 1.64 1.66 168 1.7 172 1.74 1.76 1.78 1.8 25
—- 2
m(Z ) (GeV/c))

.o\_llIIIIIIIIIIIIIIIIIIIIIIIII




Investigation of E_*° Decays
to 3-body Final States

>

(x]

+ —_ ot ot
c T T T

» 5 —> AP KL nt (if time permits)

» EV > APK nt  (if time permits)
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—_ 4 - ot ot - -
Reconstructed &, " nt, &= — AY 1= Events
NU 2000 i L L AL L L L L L § )
S ]8002_ Data Q PID Information
= 1600 Uncorrected ~230 b —Proton ) .. Jdx &
N 1400 = —>Kaor_1 Cherenkov info (DIRC)
a = = -7, T
-= 1200 = =
E 1000 — U 3-0 mass cut on intermediate states
223__ --------------- O intermd. states mass-constrained [A, 5]
4002— —i O p*(E.") > 1.8 GeV/c (reduces background)
200;_ | . | | | ’ | | _; Q L, >+1.5 mm [sign & outgoing|.
07338 2.4 242 244 246 248 2.5 252 254 2.56

Signal Region

LN
Ln

T

Uncorrected

=
Ln
I

35 MeV?/c*
£y

)

,_
=

—

—_—
=

m?(

5 .
L LB I

!\.)
L
T T T

III|||IIII|IIII|IIII|IIII|IIII|IIII
% v25 3 35 4 45 5 535

o7 =(1530)  m2(=" 1*)/35 MeV2/c*

m(= ©* *) (GeV/c?)

ik
Ln
TT

Lh

:lh
_n
T T T

=" n*)/35 MeV*/c*
+=

m?(

High-mass Sideband

O r. > +1.5 mm [sign & outgoing|.

Low-mass Sideband

IIII|IIII|IIII|IIII|IIII|IIIIjI ?“-9-545:III!IlIIIIlIIII|IIII|IIII|IIII|IIIIjI
' i m ™~ B
A T > b
: Uncorrected; g s 1 Uncorrected ]
- .h
34.5:— 1
T or ]
Foar
i
E3sk ]
31
25—— :
e = A — =F — [ _-
_III;IlIIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII
22 VZAS 3 3.5 4 4.5 5 5.5 22 3.5 4 4.5 5 5.5
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Entries/4 MeV/c?

Using the angular structure of Z(1530)°

— &~ " candidates to show the presence of

large Z(1530)° background
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=0 Production in A_* & E_>* Decays

At > BT K"
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... Reconstructing £+ — A° K n" Events

Reconstructed Uncorrected A° K3 =* Mass Spectrum

= TTTI
N
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At — AP KO " Dalitz Plot Analysis
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— A% KO t* Dalitz Plot Analysis

No “obvious” resonant structures
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Reconstructed £° — A° K-* Events

O Particle Indentification

—Proton dE/dx &
—)K?OT} Cherenkov info (DIRC)
—T, T

O 3-0 mass cut on intermediate state [A°]

Q p*(E.0) > 2.25 GeV/c [reduces background]

Q L, > +0.9 mm [sign = outgoing].
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2V mode seems to be as
large as A° mode
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¢ Possible Hyperon Resonant Structures:

Entries/10 MeV/c?
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SUMMARY(1)

Assuming A, & "0 and Q_° have spin 1/2:

used the decay modes = ° — Q" K"and Q° — Q 7w+
to show that the - has spin 3/2; spin 1/2 and 5/2 are ruled out.

used the decay mode At — &+ K*
o to show that the spin of the Z(1530)is 3/2

o to extract the =(1530) lineshape almost free of
background; should give high quality (M, I') measurements

o to demonstrate Z(1530) Breit-Wigner phase motion for the first time
o to show the presence of an S-wave & " amplitude
and the possibility of a & * amplitude analysis.

used the decay mode A_* — AY KLOK*

a to show the presence of a clear £(1690) — A® K0 signal;
should yield quality (M, I') measurements

o to show that spin 1/2 is slightly favored for =(1690) (cos6 distribution)

and that spin = 3/2 is strongly disfavored for the =(1690)
(P,(cosB)-weighted mass distributions)

a to show that the BR(EZ(1690) — &~ ©t*)/BR(Z(1690) — A I@) is small;
should be able to obtain U.L. estimate 35



SUMMARY(2)

" used the decay mode X_* — & ©t* ©t*
o to show the absence of any significant Z(1530) signal; but large =(1530)
background in the X_* sidebands = careful analysis; ongoing.

* used the decay mode A_* — AC KO nt*
a to show first evidence for the C.S. decay A_;* — A® K(892)°

= used the decay mode Z_* — A° KO r*

a to search for E(1690) — A° K9; no signal apparent;
Dalitz plot very different from A_* — A° KOK*

" used the decay mode E° — A® K &

a to show evidence for Z(1690)" — A° K- and indications for Z(1820) and

2(1385) signals; however the Dalitz plot exhibits complicated
interference patterns, and analysis will be difficult.

36



1.

0)!

FUTURE PLANS & POSSIBILITIES

Obtain efficiency-corrected distributions and complete the analyses of
the =(1530) and E(1690) signals; carry out the (Z° T*) amplitude analysis to
separate S and P wave amplitudes and demonstrate P-wave Breit-Wigner
phase motion.

. Use the decay chain (1530) - & %, & — A", A’ — p 7" to measure

the parity of the Z(1530) by using the complete decay angular correlations
(cf. Byers-Fenster spin-parity test)

. Investigate the A final states from A_* decays when A° < X° to look for

=(1690) — X0 KO, ¥0 K- [Thresholds 1690.2, 1686.3 MeV];
signal at threshold would favor S-wave = negative parity

le.g. A;f — X0 KL K" from BaBar in PRD72, 052006(2005)]

. “Reverse-engineer” Z(1530) and {2~ analyses to measure the charm baryon

spin; the decay At — n X(1385)", X(1385)" — A’ wt might be helpful in
this regard.

. Incorporate available Run 5 data into the analyses

. Perhaps extend approach to higher multiplicity decays

e.g. A(1115)° — A(1520)° — K- p 37



BACKUP SLIDES
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sample of (K'Y, p) vertices

39



“Reverse” Engineering

& allow for higher charm baryon spins

B Q- 1/2 3/2 5/2
1/2 x v x
3/2 ? x x

5/2

?
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Entries/0.1

Polarization Study

mo C LI T T LI I LI LI I LI LI I LI I LI I T ]
500 —
400 —
o t ++++ + i :
E+= """" L . T s = The efficiency corrected cosf,(£2) distribution in data; the dashed line corresponds to a
200 ++T T ++ = slope parameter of —6.9 & 16, while the solid line corresponds to the slope of zero.
- + 1 ~flat ® parent baryon sample unpolarized
100 3
0 : 11 1 I 1 11 | 11 1 I 11 | | 1 1 1 I 11 | | 1 11 I 11 1 I 1 11 I 1 11 :
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s - o o 7 (red); superimposed are the corresponding moments for truth-masched Signal MC (blue circles).
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Efficiency loss at small angles
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Figure 9: The reconstructed (red lines) and gemerated (black dots) MC distributions satisfying
(C') cosdy <2 0.98 and cosapy < 0.99.

Figure 8: The scatter plots of the cosine of the angle between the K~ and the lab z-axis () versus
the opening cosine of the angle between the {2~ and its decay kaon (cosars).



..towards a measurement of the mass & width of £9(1690) — A° K°

S-Wave Br&nt ngner Function (E Linear bkgr.)

AE o A KK SmnaIME Resolution Function: 20— N
% 2200 T T = 3 MINUIT Fit Params:
> 2000} "G, = [0BMeV = e Mean:1684.7 +- 0.9 (stat.)
E 180OF- "G, = 763 MeV 160F- Width:12.0 +- 0.2 MeV
o 1000 E 140F =
S 1400F- _ = F E
E 1000 = lgg;_ —
800F- = 3 E
600 E 60 Intensity/Slice =
3 3 40 =
o3 E ok 8 (mo) = BWF(my) x 0.1 MeV 3
= i Ly ' oy 168' T 1
T 0L S0.005 0 0.005 00T 00T 002

/
m(A K,) Resolution (GeV/c?) +6 0
Determine the range of of mass bins
receiving contributions over +6 ¢
from this slice (for each Gaussian
AF > A°KEK* contribution separately).
. U L L B B B BN BN I BB b

Background-subtracted ]
Uncorrected

Smear & (m,) over the relevant bins of the
£(1690) mass distribution separately for the core
& wide Gaussian of the resolution function:

5 MeV/c?

» Signal contribution for core Gaussian [c, = ¢,]:
Z, & (my) x (1 =N,/N,) x (erf(h,) —erf(L))/2

Z‘..|...‘|....|‘...

E » Signal contribution for wide Gaussian [c, = G,):
E \ X & (mg) x (N,/N,) x (erf(h.) —erf(L.))/2
50 ++ Accumulate “smeared” contributions
16162 L6 166 168 17 173 174 176 178 18 for each bin. 43
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The E°(1530) parity ambiguity
Amplitudes describing the (& %) system if the X=*(1530) has negative parity:

S, &1=0, j=1/2 ny =" ==1
P, e l=1, j=1-1/2=1/2 7, = (=" =1
D, & 1=2, j=1-1/2=3/2 7, =D =—1

‘2

= Total Intensity ~ 3 £|Pi3 0.60)8, +D} 0608, + D)% 0.00D;,
Ay =£1/2

=25 (p1/2+p—1/2) 4

1

2
8. +[ 0 +{oraf 25

+H?2 Re(Pl;2 D1_/*2 )cos Bﬂ- P--D- interference

s .Y 3cos’@—1
+ 2(:01/2 - ,0_1/2) Re(Sl,ZPl,z)COSQ + Re(Sl/le/z{#j}

« If |P,,,| ~ 0 observed cos® dist. = positive parity, else no conclusion can be drawn re. parity.
* Angular dist. result® from amplitude combinations [S, ,, P, ,*| & [P,,,7, D, ,,7] {both, [=1/2, j=3/2]}
are indistinguishable [eq. Minami Ambiguity in © p elastic scatt. {S. Minami, Prog. Theor. Phys. 11, 213(1954)}

G do/dQ depends only on j, not on 1|

44
@ Detailed study of £-, A° decay correlation required (eg. Byers & Fenster)



The moments of the angular distribution for the (E- ) system

Assuming that the X*(1530) has positive parity:

P (cosf)=—

o 7

3
P (cos@)=,/—cosb
2 —

Pz(cose)z é(%)

dN 1 2 2 N
dCOSHZx/EUSm‘ +‘P1/2‘ +B),

dN

dcosé@

+
Pl/2

\

(051/2\2 +J>§f+

cos(@s —@Pp) = \/

+
1)1/2

2) _
= 3R

2 2
)PO (cos@)+ \/;

+
1)1/2

=(P,)P,(cos ) +(P,)P,(cos ) +(P,) P, (cos B)

2 2
P,(cosf)+ 2\/;\&,2\

+
131/2

cos(@, — @, )P, (cos )
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