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BaBar as a Charm Baryon Factory

Excellent

(1]
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High precision studies of charm baryon properties ...
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Charm Baryon Spectroscopy

Observation of new decay modes

g First observation of charm baryon to charm meson decay

Evidence for new states



e Observation of two states decaying to D p

 No evidence in D*p of doubly

charged partners

(5)

Charm Baryon to Charm Meson Decay

- previously observed A_(2880)" (in A, 7" 77) [Q~317 MeV/c¢?]

- BaBar measurements from D% [Q~79 MeV/c? =»much greater precision)]:

M = 2881.940.1(stat)£0.5(syst) MeV/c?

I" = 5.84£1.5(stat)£1.1(syst) MeV  [First measurement]

- new state:

PRL 98, 012001 (2007)

M = 2039.8:1.3(stat)£1.0(syst) MeV/c2 > 3000 | 287 fb!

[ =17.5+5.2(stat)£5.9(syst) MeV

P Iirst observation of a charm baryon

(2.5 M
(]
n
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]

decaying to a charm meson 2000
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\ The Search for charm Cascades Decaying to
AK(Kg) ©0) and A 'K(Kg) nnt Final States

 Confirmation of the existence of the E_(2980)", E.(3077)" and E_(3077)"

* Evidence for the E.(3055)" and E_(3123)"

—> natural widths consistent with strongly decaying states

Excited Cascade charm baryons
EC( ) observed, to decay to

G.S. =, by pion or photon
emission

Y
u u
—+ p— |
e
El s s |2,
C C

= (2980)"| ¢

+
CM
d +
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u

The E.(2980)" and E_(3077)"" seen in decays in which the s and ¢ quark are in separate hadrons

=>» implications for the internal quark interactions inside these states

5. Migura, D. Merten, B. Metsch, and H.R. Petry. Eur.
Phys. J. A 28, 41 (2006).

e predicted excited charm baryons with J¥ =1/2%, 3/2* _ (
H. Garcilazo, J. Vijande, and A. Valcarce, J. Phys. G 34,

o JP =5/2"

¢ radial excitations

961 (2007).

J.L. Rosner, J. Phys. G 34, S127 (2007).
C. Chen, X.L. Chen, X. Liu, W.Z. Deng, and S.L. Zhu,
Phys. Rev. D 75, 094017 (2007).



Results on excited charm Cascades

decayingto A" K«

PHY SICAL REVIEW D 77, 012002 (2008)

i P [ s s B B S S S E— E— — E— — — R R R
=1

5 2.650 =

C

2,601

(Acmt) (GeV/

M
D
L
"))

—>.(2520)**
— A'm’
C

3, (2455)*F 2.45

2.50

1 : --I- ] 1 1 1 1

MA K

) (GeVich)

- It to two-dimensional mvariant mass
distribution M(A. K™ ") versus M(A_" ")
» Incorporate intermediate resonances
2.(2520)" and Z _(2455)"" 1n the fit
» show the M(A " K~ r*) distribution for
M(A," ) ranges w/in 3-G of the 2 _(2455)™"
and 2-c of the X_(2520)""



Results on excited charm Cascades

PHYSICAL REVIEW D 77, 012002 (2008)

A K™ " Results

. " % 2.65]
decayingto A" K« A

= 2.60]

Very close to threshold L
—> very important to take =

account of phase space = 2557
—23.(2520)"" L
2.50

=.(2980)* = _(2980)° > A1 -
Mass (MeV /c?) 20693 £ 22+ 1.7 29729 44+ 1.6 —Ef(2455)++ 245=
Width (MeV) 27T£8+2 3178 — I
Yield 756 £ 178 = 104 67 £33 29 s 902—
Resonant (%) 55£7%13 s E 30
Significance =9.00 1.7¢ § 70;_
=.(3077)F =.(3077)° S 60E
Mass (MeV/¢?) | 3077.0 = 0.4 02| | 30793+ 1.1 +0.2 g 50
Width (MeV) 55513206 53923+ 1.5 E 402_
Yield 403 £ 54 = 27 90 £22 = 15 30
Resonant (%) =80 78 =21 =5 20
>.(2455) (%) 45+5%5 44 =12 £7 102—
Significance =9.00 450 =
= n = L 140

= _(3055) =_(3123)" = O
Mass (MeV/c?) | 30542+ 12 +05 |31229+ 1.3+ 03 < 1200
Width (MeV) 17£6*=11 4434+ 17 % 100
Yield 21853 £ 79 101 34 +9 = -
Significance 640 3.60 (3.00) g 80
B Z 60

e Similar results for M(A_" K¢ ') versus M(A," ") 100
although more statistically limited 2or-

* No evidence for structure in (A K¢ ntn’) n

nor (A /'K~ ")
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The Search for the Q. (Jt=3/2")

e All =0 singly-charm
baryons discovered,
JP=8/2" Q_ (css) state
missing

o Splitting M(QQ.)-M(€2)
predictions range from

70 -100 MeV/c?

* Search for Q. in
e'e” — Q. X processes

Candidates / 5 MeV/c?

(9
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PRL 97, 232001 (2006)
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Candidates / 5 MeV/c®
5

o Splitting M(Q2.")-M(€2))
= 708+10(stat) £11(syst) MeV/c® . iy :

> consistent with pOCD predictions
=>M(Q2,")=2768.3+3.0 MeV/c?

it
.

i

Candidates/ 5 MeV/c’
)

e Ratio of the inclusive

Candidates / 5 MeV/c’
"]
o]

production cross sections .
o a(e*e‘ —>Q X, X (Q > 0.5)) % 100
ole'e” > QX x,(Q° >0.5)) S e
=101+0.23(stat) + 0.11(syst) T




The Search for the Z'” Baryons in the A K- (r")
and E) (") Final States @

Phys. Rev. Lett. 89, 112001 (2002)

o SELEX [using Fermilab 600 GeV/c SELEX Ak
charged hyperon beaml| reported evidence
for ccbaryons with mass 3518.7 MeV/c? , [ WRONG-SIGN cos(8") > -.6

decayingto A,;" K- " and p DK~
and with mass 3460 MeV/c? decaying to
AK m'n" PRL 89, 112001(2002), Phys.Lett. B 628, 18(2005)

* The mass difference 2 -E~60 M eV/c?

measured by SELEX mconsistent with the R .

J=1/2 1sodoublet interpretation E =7 p* >2.3 Gev/c ERD T4 UTTIUS(R) (2006)
* The photoproduction experiment % S0 ' } B
FOCUS observed ~12 X more A_"s than S 60 W =
SELEX and yet did not observe E__ states % 40 ﬁ ﬂ] {ﬂ
Nucl.Phys. B, Proc.Suppl. 115, 33 (2003) SN

* Predicted cross section values for doubly o 20 i
charm production in e+e- collisions at c.m. < e o
energy near 10.58 GeV range from 1 to E 25;— B —
250 b corresponding to rates O(10* - 102 = 20%‘ |\ :
* BaBar scarched for E__ states in 232 fb! s E i |||||h \ll ||H|'H ||||' “‘ Ij
of data and found no ewdence of doubly é 125 - # . ‘.- ;,'| ,"':|:|i::il". I"ﬂ%” ll l"i' i ‘ll. IM
charm baryons  pgpp 74 011103(R) (2006) ; .','[: 'i.-;':.:. - REES o i

) I . . .
@ AM(Z_ A ) (Ge\//c)



Charm Baryon Production

at the Y(4S) Resonance

Production trom B decays

e e~ Continuum Production



Charm Baryon Production at the Y (4S) Resonance

Typical c.m. momentum (p*) distribution

Production from B decays (+some continuum)

Cross Section [tb] /0.5 GeV/e

Continuum production
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Measurements of BR(B’— A.Pp) and BR(B~—— A_"pr)

% and Studies of A"~ Resonances

ddc
B(B~ — ATpr)

=154+18+0.3

B(B~ — X.(2455)p)
B(B~ — Afpr—)
B(B~ — X,(2800)%)
B(B— — Afpr—)
B(B~ — X.(2520))
B(B— — Afpr—)

= (123 +1.240.8) x 1072

= (11.7+2.342.4) x 1072

< 0.9 x1072(90% C.L.)

383 M Y(4S) > BB

Events / ( 0.001 GeV/c?)
e = T o= T 7S T % .
2282823 %

_.
3 8

=

1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
2.43 244 245 246 2.47 248
m, . (GeWcE]

PHYSICAL REVIEW D 78, 112003 (2008)

e Predicted favored B to baryon—anti-
baryon decay rate for baryon and anti-
baryon close 1mn phase space (1.e. 3-body
final state)
W .-S. Hou and A. Soni, Phys. Rev. Lett. 86, 4247 (2001)
 Study of baryon production in B decays
by comparison of (B— A_p)and (B~
— A_p 1) decay rates
* Use of 3-body decay to study A "7~
resonant structures

» mass, width of Z _(245))

» spin of 2 _(245))

Fit Parameter Value PDG Value [8]
Yiig 1522 + 149

meg | GU‘%"}’EE} 2.4540 £ 0.0002 2.4538 £+ 0.0002
I'r ( MeV) 2.6 £ 0.5 22104




Spin Measurement of the 2 (2455)" Resonance

angular analysis of the decay B~

450

0.4)

o

350
300
250

Events /

200
150
100

50

EIII|III|III|III|III|III|III|III|III|IIIE
1 -08 -06 -04 -02 -0 02 04 06 08

coSs Bh

assume J(AT) =1/2

dN

dcosfl;

dN
dcos Oy,

— Y.(2455)%

2 .(2455) produced with helicity
+1/2

with much more data can
use joint decay angular
distribution to measure

x 1+ 3cos?6;, the spinof the A " also



e Charm baryons produced

(16)

' Production

Confirmation of CLEO

[0.5b1] observation of Z_

In e‘e” continuum
(p*>2 GeV/c) andin B
decays (p* <2 GeV/c)

Entries per 5 MeV/c* bin

Entries per 5 MeV/cbin
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60

40
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232 fo!
= 1 2.5 Gevie ﬁgﬁfjﬁﬁ E
3 :
' :
Pobgy #,
o AL S

2.55 2.6 2.65 2.7 2.75 2.8 2 85
m(Z T 7T Y - m(E T ) + 2.467 GeV/c?

II|III|III|III|III|III|III|III|IIIL

H. # p*>2 5 GeV/c BaBar

?ﬂ_ﬂ_m||||||||||||||||f

preliminary

h

4 +*+++++ +++.|++++++ ++++ e bt ++++H++
#

§

2

2.55 2.6 2.65 2.7 2.75 2.8 2.85
m(Z T Y) - m(E ) + 2.471 GeV/c’



' Momentum Spectra

Substantial B meson decay to E(:’+’()

- first observation of these decays
- stat. significance > 12 o

Product branching fractions
BF(B > =" X xBF(gf > = 77")
= [1.69+0.17(exp) +0.10(model) |x10™*
BF (B > Z°X )xBF (20 »>= 7
—[0.67 £0.07(exp) +0.03(model)|x10~*
Cross sections at Vs=10.58 GeV
G(e+e_ —>E"X )>< BF (E: — E_7Z'+7Z'+)
= [141+ 24(exp) £19(model) | fb
(e e E H’OX) BF(ES — E‘;z*)
= [70+11(exp) + 6(model) ] fb

efhiciency-corrected
background-subtracted

50000
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30000
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20000

'—l’+
“t

10000

000 T T T T \III\\III!\III|\III|IIII|II\I|IIII‘IIII_

continuum
 distribution  —c

<— fitted region —>

Corrected

=]

o LI NERIREERAN
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”—i—"
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— 0

5000

—ie

0.5 1 1.5 2 2.5 3 3.5 4 4.5
p (GeV/c)
T | TT | T T 1T T
, BABAR
i preliminary
i EE!O
C

Corrected =

=)

0.5 1 1.5 2 2.5 3 35 4 4.5
p* (GeV/c)



Light Quark Spectroscopy

I'xcited Cascades produced 1n

charm baryon decays



m2(= K (GeV/icH’

Resonant Structures in the A;* — & n* K*
Signal Region

. Phys.Rev.D78:034008,2008
Only obvious structure:

= (1 530)0 — =t ! Rectangular Dalitz plot

" BABAR

A" signal region

28 R 1 L5l 152 153 154 L35 1.56
m2(Z ) (GeV/c®) m(Z =) (GeV/c?)

\_ /
e

1
2.2 2.4 2.6

Note: m4(Z-K*) depends linearly on cos6



Us1ng Legendre Polynomlal Moments to Obtain E(1530) Spm Information

N n - L R | : L B
9 - # A szgnal .
% 5000~ \ region ]
= i
< B p—
g o0 W E(1530)F £
= 3000} |
5 - ¢ efficiency-corrected unweighted
- ¢ m(=- n+) distribution in data
2000 . -
B )
- L] ®
1000 o owo.uh..o.l'  10"00%e", ]
C \dad 090050000%00000 o, |
Oi'?'.r.f.l. L1 I I N e =
1.5 1.55 1.6 1.65 1.7 1.75
—- 2
m(Z ©t) GeVic
NU : T T I T T T T | T T | I' I' T T I T T T T | T :
A - + Efficiency-corrected A
% 0001 + P, Moment Dist. =
= - .
< 4000[- w; = V10 P,(cosb)
8 - + Jrom A * signal
= 3000 + region -
c - . .
W 2000} Spin 3/2 Test E
n ’ .
1000 ++ -
S A o .
Oftoggoutes -~~~ - Fuggiogm by o Mg 8 ot e
C ¢ ]
= 1 I 1 I | 1 1 I 1 1 I I | I I 1 1 I 1 I I 1 1 =
1.5 1.55 1.6 1.65 1.7 l.TS

m(Z ©) GeV/c
» Other interesting aspects of Dalitz plot — not as simple as it first appears !

‘jg - T Bficiency-corrected
% 5000 P, Moment Dist.
= -
< “000F w; = (7/V2) P,(cosb)
g 3000; fror'n At signal
5 20005 Spin 5/2 Test

1000}

0 ; ..... w++ H #ﬁ + ¢ +:+ 2 Mﬂ*ﬂ% ¢ ++¢++.+§+ Mﬂ% # %
1000 ! | ! | |

:Il\\I‘ﬁllll‘\III|IIII|I\II|IIIIIII\\

1.55 1.6 1.65 1.7

* P, moments (L > 6) give no signal

& spin 3/2 clearly established
& spin 5/2 ruled out

1.75

Schlein et al. showed J? =3/2* or JP=5/2-,

and claimed J>3/2 not required.
[Phys.Rev.Lett.!l, 167 (1963), Phys.Rev.142.883 (1966)]

“ Spin-parity 3/2* is favored by the
data” [PDG (2006)]

&> Present analysis by establishing

J=3/2 also establishes positive parity
by implication [i.e. P-wave resonance]

m(Z 7*) GeV/c’



The Z(1690)° from A.;* — (A Kg) K* Decay

m(A Kg) <> A" mass-signal region
O m(A Kg) <> A.f mass-sideband region

m(A Kg) <> (A.") mass-sideband-subtracted |

Nu : T | LI L T LI | T LI | LI | LI | LI L | 1 LI : Nu ]_ED ™ I T T T I T T T I T T T I T T T I T T T I T T T I T T I T T I T |
; - . 5. 14D C (A)Mass- s1deband subtracted__
500+ - - .
@ "BABAR ] & - .
E [ preliminary ] = 120 ]E‘f}lgl‘:}f% —_ 0 u
= o0C N ~2900 events 4 & 100k = E(1690)° — A Kg =
g " HWHM ~ (3.1 +0.5)MeVic] @ [ :
) - 4 = -] -
= 300C 1 & Mw E
RS 1 W sof Ir NG
200 - A0 | N
C N C !
: iy |
100 w . « " D mem e e o et et e e e e imemr e e e e s feeseememen
C : \ 1 : ] RTINS N ST A S S U A A S SN A B SRR A
) T T T T T T T T 0 a2 164 1B6 1.GF 1.7 172 174 '|_':|'$ 178

225 226 227 228 229 2.3 231 232 %.33
m(A K¢ K*) (GeV/c?)

miA K ) [GeVic®

At Low-mass sideband limit <« -~

Note skewing



Using Legendre Polynomial Moments to Obtain 5(1690) Spin Information

— efficiency-corrected, background-subtracted
unweighted m(A Kg) distribution in data

(5] ]_600 _l T T T | T T T | T T ‘ T T | T T T | T T T | T T T | :
S F : BABARS
% 1400:— ; preliminary E
g 1200 5(1690)6? — =
2 1000 : E
S soo =
600 .
400 f— —f
2005 =
0 : | 1 | 1 1 1 | i 1 1 ‘ | 1 1 | é 1 1 | 1 1 1 | 1 1 | :
1.62 1.64 1.66 1.68 1.7 1.72 1.74 l 76
m(A Kg) (GeVlc )
o A e S B S B B B S B
E":! 15000 w, =10 P,(cosé) Efficiency-corrected
Q - from A signal P, Moment Dist.
= | region . /
0 1000} Spin 3/2 Test .
2 C .
= - | | ’
i +++++ --------- H £ o
| BABAR i
Fpreliminary
SO0 v vy | I I R | I I I BT R |—

1.62

(22)

1.64 1.66 1.68 1.7 1.72 1.74 1.76

m(A Kg) (GeV/c?)

Entries/5 MeV/c”

—
LN
=
o

1000

300

j=]

300

)
= (7/2) P,(cosb) Eff' ciency- “corrected]
from A" signal P, Moment Dist.
region 5
i Spin 5/2 Test

BABAR -

preliminary |

| 1 1 1 | ' 1 1 | 1 1 1 | ' 1 1 | 1 1 1 | 1 1 1 | i
1.64 1.66 1.68 1.7 1.72 1.74 1.76

m(A Kg) (GeV/c?)

T LI ‘ LI T | T T | T T | T LI | LI T | T T | T T T | T LI
" efficiency-corrected, bckgr.-subtracted

T dist. in data for 1.665<m(A Kg)<1.705 GeV/c?

++++

— BABAR]

r | | | | | | prehmma.ry j

1 -0.8 -0.6 -04 0.2 -0 0.2 04 0 6 0 8 1
cos0,

..however cos0, clearly not flat

as expected ford =1/2
WHY?



Dalitz plot for

3.3_IIII|IIIIIIIII|I:II|IIII|IIII|IIII|IIII
' BABAR

prehmma.ry

3.2¢

m2(A K*) (GeV/c2)2

_U‘J IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII

.LJ‘I IIII|IIII|IIII|IIII|IIII|IIII|III

.3. L L .3|2. L
m2(A Ko) (GeV/c )

3

N

c0s0,

1.72
m(A Kg) (GeV/c?)

174 176 1.78

Z(1 690)0

+ +

A > AKgK
Accumulation of events in K¢K*
near threshold & evidence of

a,(980)*

m =1682.9 + 0.9(stat) + 0.8(syst) MeV/c’
' =9.372)(stat) +0.4(syst) MeV
J=1/2 favored

® Background-subtracted, efficiency-corrected

data

— Integrated signal function smeared by mass
resolution [Histogram]|

— Signal function with no resolution smearing

— | A(ay(980)|? contribution

— | A(E(1690)|? contribution

— Interference term contribution

- BABAR

— preliminary

[am—

| For J(E[1690]) = 1/2

38538

Entries/ 5 MeV/c?
g f— o
LI | L B | 1T | L | L | LI

| Il.?EI | Il.?4l -
m(A Kg) (Gev/c’)



Evidence for the Z(1690) m A" — = 7 K©

Efficiency-corrected P;(cosf) moment
I

S 200 | ! | | o E =(1690) seen 1n mclusive
2 1500 H ! ! + E ; tin h b ¢
3 + + ! Hﬁ + ! ++H ’ E environment 1 hyperon beam expt.
3 {M } | + Hﬂ HM ++ H-m i M.1. Adamovich ef al. Eur.Phys.J. (3, 621 (1998)
L L B | |
132 . * #Hﬁ ! E S-P interference - dip at 1690 MeV/c
-100F- # ! -
150E- | ! = 4Im A
200 BABAT H | :
250 :1|55 Y 165 :1|7 I ;
: m(= ) GeV/c
Y
=(1530)° =(1690)°
T _I IIIII DI ;]I) IIIIIIIIIIIIIIIII Speculation: I/I non-resonant
E(1530) 714000 Dip (~1680 MeV/ ) (oherent S-wave
‘f?i 30 {13000 may be due to superposition L.e. slowly-varying amplitudes & phase
3 112000 resonant Z(1690)° of resonant
< oL S-wave S-wave Re A
s 2(1690)° AERLAMALAAREA PP
s Y % %‘} ) 3 =5 negative parity for =(1690)
S 10} i || 1
! ﬁ . . . .
ﬁ%&? %ﬁ Implications for Lattice calculations and

14 15 16 1.7 1.8 16 165 1.7 1.75
m(="n*) (GeV/c?)

models of level structure of = excited states




Concluding Remarks

e Lots of progress in charm
baryon spectroscopy

 Insight into charm baryon
production

 Measurements of charm
baryon spin from exclusive
B decay processes

e Insight into hght quark
spectroscopy from hyperon
resonances produced 1n
charm baryon decay

(25)

(GeV)

Charmed baryon mass
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/5_.-'2+
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32~
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1/27

e
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Concluding Remarks

e Future experiments expected to provide large
charm baryon samples to turther our
understanding of heavy tlavor baryons

- LHCD
- Super-B
- GlueX |associated production; e.g. yp—>A+CI_)O]
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BaBar-GlueX Comparisons

Detector q_ Instrumented Reminder:
Flux Return (IFR))
o Scale Am I.P. Barrel

BABAR Coordinate System -10150= 1749 rcggﬁiucting = top0|ogy Dlagram

y Electromagnetic
Cryogenic ]4/:" [ 4050 Calorimeter (EMC)
Chimney R - —370 i
~ — i Dnft Chamber
T~ (DCH)
C[t)lgtrggtléorv ’ ‘ : Silicon Vertex P
) | Tracker (SVT)
(DIRC) i . Y
1 T .
I Ve e
— . IFR / 1"\0’/" ///
Magnetic Shield ~ Endcap / o / -
or ’ = ' ~ | Forward e
S\ End Plug 204° / L
Bucking Cail "-——._I.‘i;'-», N\ et — i i______:':‘
E - e ] 1375 &
Support - = —— . ¥
Tubo \—L\. A 810
E__,, H = T = i I 471 e
- o P — = | Tl 1
M e ) >™ (*) Would also like to reconstruct Z°.
iy = I
Zal LN Note: [t Q~ event in B was Q- — Z0 =~
a1 : AL LIS
a1 ~_ 3500
N
N |l = T LI
Floor i 1 1 1 i 1
32001
8583A50

~6.4m

e Large acceptance, multi-pupose detector
= Acceptance: -0.92 < cos06* < 0.85 (6 : c.m.s. polar angle w.r.t. collision axis)

e Excellent charged particle tracking (SVT & Drift Chamber) and P.I.D. (& DIRC)

e Excellent y measurement (i.e. i® — yy, n — v v, etc.) in EMC



Excellent Vertex Reconstruction Capability (1)
?_B___ABAR
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Excellent Vertex Reconstruction Capability (2)

BABAR

Inner SVT rf. shield SVT Layer 1
|
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Excellent Vertex Reconstruction Capability (3)

i BABAR IR |
Radial Distribution for Be—water Region
].EUU B T [ T | [ T [ T [ [ T [ T | T T [ T | [ [ [ ]
: Ni (10 um) Ni (10 um) :
1000 — —
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Chew-Low Plot Acceptance

Kp— XA
-u<2(GeV/c)?

X =mn"r"

(11 GeV/c)

LASS %

K p— XA

Yp—XDp
X=nrt

(11 GeV/c)
(9 GeV/c)

[(GeV/e)?
o

T T T

(~34 k events)
SLAC-R-421

1 1
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Baryan exchange
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1.

Possible = Studies with GlueX

Survey Processes to Provide an Overview of Z(*) Photoproduction
e Inclusive = (E° ?) Production
— Feynman x and p;? distributions
— Chew-Low plot(s)
— Polarization measurements
-  Etc...

 Similar Studies for Cascade Resonance Production (e.g.
Z(1530)—E7") and Associated Spectra
— Note: In the LASS search for Q* states, the inclusive mass
distribution for (2 n*K") showed nothing; however when the
(Zn*) was selected to correspond to the Z£(1530)°, a signal for
the Q(2250)" was observed.



Possible = Studies with GlueX (ctd.)

2. Exclusive t-channel (i.e. meson exchange) Processes
e Production of two-body systems with a =
e.g.yp — K (E K

— K+ (E°KY) K p — K* X

12— X =EK*
S o
would enable the study 3 |
. ~ s
of high mass A* and Z* " F
-
states decaying via these B
2_

= modes. N — \l“
0 2 22 24 26 28 3 32 34 3.
m, (GeVic?)

¥ f\m-w-l—R K
E(*)—exchange

p E_ A #+ *
T Pt } A

L



Possible = Studies with GlueX (ctd.)

. Production of three-body systems with a =, or a Z*
system with two-body decay:

¥ £
. K- exchange
with a forward K°: S, As [ I e

e.g. vy p — KS|(= nf) K, K’ (E°nY) K+, K (E° K")

States analyzed A(A K%) K+ m;

»

nA decay - can observe in a totally different context

L
[1
1

2

-t (GeV/c)

with a forward K*:

e.g.yp — K (2 n") KO, K* (2 ) Kt R
— K+ (EO TC_) K+, K+ (EO T[O) KO - ' " my (GeVic?)
— K (AK) K —

»

w
o

P .
R L L L

preliminary

m(A° %) (GeVic?)?

. Interesting four-body possibilities
when add pion
€g.vYp — K* (A K- TC+) K+, (1385

1.=_n sl i Y L FELNSNUS I L L.y oy V;.' = 1
- accessible at BaBar via 2.— AK-n*, complicated Dalitz plot 211 g ek,
B(1690)  E(1820)° Ke(s90)

N
12
T




K*) (GeV/c®)?

A
i

m?2(

Fit Results: (K" K¢) & (A Kg) Mass Projections
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introduces a kink
because of restricted
range of (A K*) helicity
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Comparison of Max. Likelihood Fit Result to the Signal Projections

Under the assumption of spin 3/2 for the =(1690):

3cos @, +1
I — cos-f, )

pg C {pﬁfl ( 1

-+

V2

.
Iizxc 2

2

(COEEA)FDQR'K'I]_IZ [(ﬂ’_{lﬂ'fj + G]_GZ)COStE + (G]_Mg - G’le)SJIlfj]

v YNDF = 234.3/192
C.L -19%

1400f BABAR
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Lineshape skewing not reproduced!
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Comparison of Max. Likelihood Fit Result to the Signal Projections
Under the assumption of spin 5/2 for the =(1690):

Scost@y — 2cos 8, + l) 4 5’?{':{13
8 2

I = pq@{ﬁﬁx’ﬁ(

3k . .
+ V/_T [SCO‘-" ﬁ'j_ — l) FPodi K Ilfﬂ [[:ﬂflﬂfj -+ G1G3§]CDSI§ —+ (G—lf"w“.[j — Gnglsmtﬂ
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Net interference term very small
& Equiv. to incoherent superposition of amplitudes

Lineshape skewing not reproduced!




H Summary of Results & Systematic Uncertainties H

55

Source Estimated Systematic Uncertainty Spin 1/2
Background Normalization and =(1690)° Mass [MeV /c?] 0.0
Parametrization =(1690)° Width [MeV] +0.2
Resolution Function =(1690)° Mass [MeV /c?] 0.0
Lineshape =(1690)° Width [MeV] +0.1
Efficiency =(1690)° Mass [MeV /c?] +0.1
Parametrization =(1690)° Width [MeV] +0.1
Orbital Ang. Momentum =(1690)° Mass [MeV /c?] +0.2
Variation =(1690)° Width [MeV] +0.1
ag(980)" Parameter =(1690)° Mass [MeV /c?] +0.1
Values =(1690)° Width [MeV] +0.3
Detector =(1690)° Mass [MeV /c?] +0.1
Effects =(1690)° Width [MeV] 0.0
Total Systematic =(1690)° Mass [MeV /c?] +0.3
Uncertainty =(1690)° Width [MeV] +0.4
Z(1690) | Z'(1690) Mass | =(1690) Width k d */NDF | C.L.

Spin [MeV /] [MeV] [rad] (%)

1/2 16829+ 0.9 93x19 04+02| 03405 |18384/192 | 564

3/2 | 16840408 | 88+21 |02+02| 27+11]2343/100] Lo er

5/2 1684.9+0.8 9.0x£20 00£02| 24£02 |210.3/192 | 174 Agclt_ept.

Fail to reproduce skewed lineshape; fit mass value moves higher in attempt to compensate



MIGRAD FIT PARAMETER VALUES

Fit Parameter Value Neg. Error Pos. Error
=(1690) Ampl. Rel. Strength [MeV] (ng) 24 + 8 — —
=(1690) Mass [MeV /c?] 1682.9 + 0.9 -0.9 +0.9
=(16320) Width [MeV] 9.3+ 1.9 -1.7 +2.0
Effective Phase ¢ |rad. | 0.3 £ 0.5 -0.4 +0.6
Effective Scale k 0.4+ 0.2 -0.2 +0.3
Owverall Normalization Factor 1205 £+ 726 — —
9rr [MeV] 349 4+ 136 — —
Coupling Ratio Squared (7?) 0.5+ 04 - -

Fit y2/NDF = 188.4/192
Prob. = 56.4%

SLAC-R-863




Very uniform At — A K° K* Dalitz Plot Acceptance
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Isobar Model Description of the A_;* — A K° K* Dalitz Plot

F Y

J— —_— pL. ql
A(Z]1690]) = (mg — m2) — imol'(m)
N )
[(m) = I'{mo)— g0

Fit for m, & I'(m,) with L=0, [=0

Alag980)) = ———HKE

Mo~ Mgg ~ Wgk (PR’K T ﬁpnﬂ)

m, = 999 MeV/c* pim) = 2q/m
r= QRK/QW

Fit for ggx & r with m, fixed

9, =324 £ 15 MeV Jix = 473 £ 49 MeV
|Crystal Barrel Exp.| [BaBar Exp.|
A. Abele ef al., Phys. Rev. D57, 3860 (1998). B. Aubert ef al., Phys. Rev. D72, 052008 (2005)



Isobar Model Description of the A, — A K° K* Dalitz Plot

—
’__—
-

§~-
—_—

Tellative strength Under the assumption of spin 1/2 for the =(1690):

r

’Z*?Z 11 + gg— 12 Aay(980)* - =(1690)°K* Interference
L0 KK

—

+ QPUQK'KIIIZ}CJ(JWIJWQ + GlGQ)COSé‘d— (Glhlg — GZI\II)SE}&”

—— o
—
—

Weak decay

amplitude and phase
Hence define:

e
e o m—

—

~ -

-

~ ~
,’yields 4 terms with same structure but different \\\ \

7/
-~ effective scale effective phase

P + PRIIR K
(mg —m”°)
moL'(m)

1 N
M+ G}
1

M3 + G3
J

A 4

Mg = \/m%, + m3 + 2 (E g Ex — gpcosfa)

where p’'= momentum of K*'in |<-
(A Kg) rest-frame.

\ Individual Breit-Wigner
Intensity Contributions

J



Partial wave amplitude description of the (En*) system
produced in the decay At —[1 En*t K*

| /\\4
- 7
Al o

>
cuantization axis

(=) rest-frame

b o

Amplitudes of the (== n*) system: Ajflz (£(1530)) & AXZ (non-resonant)

Angular distribution of the = produced in the decay of the (2~ n*) system:

=3 p,|D}% (#,0,0)A)* + D} (4,0,0A)
A =i1/2,
A =t1/2

p, (i=x1/2) — density matrix elements describing thespin populationof the A|
where, A = helicity of (E‘ 7r+) system = A (A})
A=A A=A



= > p,

}"i :ill 2,
//{,f :ill 2

4 OA a2 )R] Helicity Formalism

= | [0 OV + Q3 OO 4] 17 (O A + 0372, OV

TP 1/2“d 11/2 12(6) 1//22 T dflllzz 12(0) 3/2‘ + ‘d 11/2 12(0) Ali/zz +d 31//22 12(0) A31//22‘ }

Relationship between
|L, S> states & helicity
states

[M. Jacob & C.G. Wick

On the General Theory of Collisions
Jor Particles with Spin

Annals of Physics 7, 401 (1959)]

A’; in terms of

S, P, D waves

|IM, 44,) =D Bis|IM,LS); Bs =(IM,LS|IM, 4 4,), where 4, = A(E) and 2, = A(r) =0,

2L+1
2J +1

[81/2 ) Pl/Z]

(L0;S, A — 4 |3, 4 = 2, )81, 443855 S, 2 = 2

= A, =|1/21/2,1/2 0)=

Tl

= Ay, = |1/2 -1/2, 1/20 1 [51/2 Pl/z]
— AY? = |3/2 1/2,1/2 0 1 [P3/2 Da/z]

A31//22 |3/2 1/2,1/2 O 1 [p3/2 D3/2]

J=1/7 J=3/1 Interference

(Assuming (1, 102 2(1+3cos? 6
pum P v o o [ 00 )L refs P eos 1+ Pt
dN 12 B
Cannot distinguish dcosé 1 2 2(1+3c0s* 0 . .
¢ —‘P”Z‘ +‘D3’2‘ 7 +\/§RG(P1/2D3/2 )cos@ > P-0 interf.
between (S'2 + P32) i 4 |
nor between (P%2 + D¥2)  ~however strong P¥2wave suggests term containing $'2, P¥2 amplitudes dominates

[ Minami ambiguity ]

Try simple model assuming only 8”2 and P32 amplitudes



Amplitude Analysis Assuming S and P Waves
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= need more than S and P waves



Implication of Fits to the &

Efﬁc1ency corrected P,(cos6) moment

BABAR

=(1530)° Lineshape
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Spin measurement of Q- from
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Fxclusive B Decay Processes

Measurements of BF(B’— = A -) and BF(B’— A_"A_~ K)

PHYSICAL REVIEW D 77, 031101(R) (2008)

* Predictions for B decays to final states with 2 charm baryons 0(109)
* Belle measurement for BF(B2>E_ A ) of ~1% comparable with predictions

Belle Collaboration, R. Chistov et al., Phys. Rev. D 74,
111105 (2006).

Belle Collaboration, N. Gabyshev et al., Phys. Rev. Lett.
97, 202003 (2006).

e B decays to final states with only singly-charm final states ~©(10~)
Belle Collaboration, N. Gabyshev et al., Phys. Rev. Lett.
90, 121802 (2003).
e Rate difference due to final state mteractions or mtermediate charmonium
resonances » o
* Use of 3-body decay to study A_"A_~ K to mnvestigate resonant structures
» BF measurement consistent with predictions

» 2-body mass projections indicative of Z " resonant decay contribution



Using low Q-value decay modes

A Precision Measurement of the A" Mass

2286.501+ 0.042(stat) + 0.144(syst) MeVi/c?

Combined measuremen t

m(A}) = 2286.46+0.14 MeV/c?
PDG 2004: 2284.9+0.6 MeV/c?
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2286.303+0.181(stat) = 0.126(syst) MeV/c?

Baryon (decaying to a A_") masses estimated as mass differences w.r.t. the A" with PDG A"
mass added = more precise A" mass measurement affects these baryon mass measurements
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