Properties of the A(1405) Hyperon Measured at CLAS

Kei Moriya
with
Reinhard Schumacher

Carnegie Mellon University

September 15, 2009



Outline

@ Introduction
@ motivation for the study of the A(1405) — what is it?
o theory of the A(1405)
@ goals of this analysis

© CLAS Analysis
@ the glla data set in CLAS at Jlab
@ cuts to the data
@ background
o fits to the lineshape

© Results

@ lineshape
@ cross section
@ spin-parity

@ Conclusion

K. Moriya (CMU) CLAS A(1405) September 2009 2/22



what is the A(1405) ?

e *¥kk resonance just below INK threshold

P _ 1—
J -2

can only be observed by reconstructing (X7)° spectrum
has always been a puzzle on what the nature of the state is

(experimentally unconfirmed)

e past experiments have found the lineshape (= invariant X7 mass
distribution) to be distorted from a simple Breit-Wigner form
what is the nature of this distorted lineshape?
“normal” gqq-baryon resonance
L =1 SU(3) singlet in constituent quark model
molecular N K bound state
uds singlet coupled to S-wave meson-baryon systems

udsg hybrid, qqqqq
dynamically generated resonance in unitary coupled channel approach
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unitary coupled channel approach
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J. C. Nacher et al., Phys. Lett. B455, 55 (1999)
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difference in lineshape
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J. C. Nacher et al., Nucl. Phys. B455, 55

o difference in lineshapes is due to interference of isospin terms in
calculation (T'D) represents amplitude of isospin I term)
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goals of A(1405) analysis

measure the lineshape in the three 37 channels
(Ztn—, 20720, X—7T)

determine the differential cross section

(what kind of angular/Mandelstam ¢ dependence?)

if distortion of lineshape is observed, this could be the first
observation of a non-gqq baryonic structure

determine the spin and parity
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the glla data set taken at CLAS

ran from May to July 2004

photoproduction experiment on a proton target

photon energies from below A (1405) threshold to 3.84 GeV
large dataset with ~ 20 billion triggers

current estimates of reconstructed A(1405) events: ~ 272K
(from fits shown later)

data is binned in:
e 10 bins of 100 MeV wide
W bins
e ~ 20 bins of t in each W
bin
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reaction of interest

33% 52%
K*+ T =t —— ()

TEPp

33% o
Nt (n)mtm
100%
33% 64%
0770 pr(7°,7)

e 3 X decay channels (2 decay modes for Xtz )
e This will be the first experimental result to compare all 3 37 decay

modes
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decay channel selection cut
example in 1 bin:
e v+p— Ktantn—(n)
e detect KT, 7w+, w—, reconstruct missing neutron
e fit to Gaussian and select 30 around neutron peak

4500
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c
52500
o
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500

2.050 <W< 2.150
-0.270<t<-0.135

L | T o, “ LW I
85 06 07 08 09 1 11 12
MM?
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intermediate ground state hyperon

example in 1 bin:
e neutron combined with % reconstructs X+
e project on each axis, select £20, exclude other hyperon
e diagonal band (K° from m+ 7 ) is also excluded

- > 2.050 <W< 2.150
-0.270<t<-0.135

M(z*,n)
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background (1) — 3(1385)
e close in mass and width to A(1405)
e decays primarily to Aw® (B.R. ~ 88%)
e small B.R. to Z*xF: ~ 6% each

= calculate X(1385) cross section in each bin from A7® channel, then
scale down by B.R. to extract yield in 37 channels

E -0.270<t<-0.135 m
350? total counts: 4565 E
300 E
$R50 E
S — data E
?0(’? ~3(138EMC

150 — K*AMC =

E —— background E

100; — sumof MC 3

50- .
0: hoae 1 L L L]
1. . 19 2

n:%)

K. Moriya (CMU) September 2009 11 /22



background (1) — 3(1385)
e close in mass and width to A(1405)
e decays primarily to Aw® (B.R. ~ 88%)
e small B.R. to Z*xF: ~ 6% each
= calculate X(1385) cross section in each bin from A7® channel, then
scale down by B.R. to extract yield in 37 channels
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background (2) - K*X+
e I' ~ 50 MeV
e strong overlap with A(1405) in lower W bins, separated at higher
energies
=> generated MC and subtract off incoherently
(checks need to be done for interference)

low energy bin high energy bin

N
o
n
to R
%j
e
e
N
(o))
o

'
o
N
BN
o
A

-
A

l
(=]

A= U &

ST T [ TTIT T T T TTT T 77T

=

STTTT
9|

of
i

K. Moriya (CMU) CLAS A(1405) September 2009 12 /22



600

500

400

N co(gnts
=}
S

00

100

example of fit to lineshape

— : —
2.050 $W< 2,150 -0.270<t<-0

data

|| — "nominal" A(1405) MC

-~ A(1520) MC
— K%' MC
—— 5(1385) MC
background
sum of MC
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W

e £
4 15 1.6 17
> mtinvariant Mass (GeV)

"nominal” A(1405)

e Monte Carlo generated with PDG values of mass, width

135

‘HHJ:

[Eny
[ee]

reaction:

oy K A9
—[=t|+ 7
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e all Monte Carlo was processed through detector simulation
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example of fit to lineshape

600F T ‘ RBERE
B 2.050 $W< 2.150 -0.270<t<-0.135 |
500 data —
C | — "nominal" A(1405) MC]|
F -~ A(1520) MC ]
400 — K°z*MC =
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e strong overlap with A(1405) due to close mass and width

e A7 decay mode was used to fix yield in X7 decay modes

e Monte Carlo generated with PDG values of mass, width
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600 A ‘ TR
B 2,050 $W< 2.150 -0.270<t<-0.135
500 — data —
C 0 "nominal" A(1405) MC| .
F —— A(1520) MC ] reaction:
400 — K%z mMC 3
o F ——— 5(1385) MC ] n
c - I background B
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o r i ]
B } f ] _
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0, z "
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A(1520)
e Monte Carlo generated with PDG values of mass, width
o well-established Breit-Wigner lineshape
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e strong kinematic overlap with A(1405)

example of fit to lineshape

— : —
2.050 $W< 2,150 -0.270<t<-0

data
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background
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e Monte Carlo generated with PDG values of mass, width

K. Moriya (CMU)

September 2009 13 /22



600

500

400

N co(gnts
=}
S

00

100

example of fit to lineshape

— : —
2.050 $W< 2,150 -0.270<t<-0

data

[y — "nominal" A(1405) MC

-~ A(1520) MC
— K%' MC
—— 5(1385) MC
background
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=> after fitting with the above templates, we subtracted off contributions
from the 3(1385), A(1520) , K*° and assigned the remaining
contribution to the A(1405) .
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acceptance correction

e after subtracting background contributions, we are left with
“residual” spectrum

e to correct for dependence of the lineshape on acceptance, we have
calculated the acceptance as a function of lineshape

e our lineshape results are summed over the t bins in each energy bin
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results of lineshape after acceptance correction
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different lineshapes for each 37 decay mode

e lineshapes do appear different for each X7 decay mode

e Xt~ decay mode has peak at highest mass, most narrow
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results of lineshape after acceptance correction
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different lineshapes for each 37 decay mode

e lineshapes do appear different for each X7 decay mode

e Xt~ decay mode has peak at highest mass, most narrow
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results of lineshape after acceptance correction
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different lineshapes for each 37 decay mode

e lineshapes do appear different for each X7 decay mode

e Xt~ decay mode has peak at highest mass, most narrow
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theory prediction from chiral unitary approach
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J. C. Nacher et al., Nucl. Phys. B455, 55
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e X~ 7T decay mode peaks at highest mass, most narrow

e difference in lineshapes is due to interference of isospin terms in

calculation (T represents amplitude of isospin I term)
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differential cross sections

e summing over the lineshape gives differential cross section
e A(1520) serves as a check of systematics
o at lower energies where lineshapes differ, differences in 5 are

observed

do
dt

do o
E[,ub/GeV ] for 2.050 < W < 2.150 (GeV)
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differential cross sections

e summing over the lineshape gives differential cross section
e A(1520) serves as a check of systematics
e at lower energies where lineshapes differ, differences in SZ are

dt
observed
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differential cross sections

e summing over the lineshape gives differential cross section

e A(1520) serves as a check of systematics

e at lower energies where lineshapes differ, differences in ‘31—‘; are
observed

do o
E[,ub/GeV ] for 2.750 < W < 2.840 (GeV)
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JP of A(1405)

no previous direct experimental evidence for the spin and parity of the
A(1405) (PDG assumes 1/27)
How do we measure these quantities?

e spin — measure distribution into X polarization
e flat distribution is best evidence
possible for J = 1/2

e parity — measure polarization of X
from A(1405)
e Polarization direction as a
function of 3 decay angle will be
determined by JF of A(1405)

polarization
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s-wave, p-wave scenario

L = 0 (s-wave) L =1 (p-wave)
Psy = Py- Py = | Pp+|7(205+)

0 )T ~— 3 (__

A(1405) — X is s-wave A(1405) — X is p-wave
s JP=1/2" < JP=1/2%
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determination of spin of A(1405)

fitstoJ =2 and J = 2
distributions done to

e A(1405) — Ztq—

e 3(1385) — An°

e 3 bins of W centered at
2.6,2.7,2.8 GeV with
forward K Tangles

e selected region has kinematic
separation from K*0 bg

X2ndf for BF, 10x10, accLimit = 1.000, dataLimit = 0

x2ndf

17

"o '\(1405) 1/Z]

= A(1405) 3/2]
_a 3(1385) 1/2]
. 3(1385) 3/2]

with J = 3/2 fit, x2/ndf is reduced for 3(1385),
but almost no reduction for A(1405)
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determination of spin of A(1405)

fitstoJ =2 and J = 2
distributions done to

e A(1405) — Ztq—

e 3(1385) — An°

e 3 bins of W centered at

2.6,2.7,2.8 GeV with
forward K Tangles

e selected region has kinematic
separation from K*0 bg

X2ndf for BF, 10x10, accLimit = 1.000, dataLimit = 0

x2ndf

17

"o '\(1405) 1/Z]

= A(1405) 3/2]
_a 3(1385) 1/2]
. 3(1385) 3/2]

with J = 3/2 fit, x2/ndf is reduced for 3(1385),
but almost no reduction for A(1405)

= best possible evidence for J = 1/2
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determination of parity
polarization of A(1405) in direction _L to production plane is measured

o W = 2.6 GeV b3 e E
o forward KTangles e +\/
e use reaction: o .,,
A(1405) — =F7—, a E
F — pr? : rrrrrrrr s-wave :
e very large hyperon decay v S wave E
parameter ¢ = —0.98 5 : 3

| | | | 1 1 1 1
-0.8-06-04-02 0 02 04 0.6 0.8
coso,
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determination of parity
polarization of A(1405) in direction _L to production plane is measured
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determination of parity
polarization of A(1405) in direction _L to production plane is measured
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determination of parity
polarization of A(1405) in direction _L to production plane is measured

o W = 2.6 GeV b3 e E
o forward KTangles “E +\/
e use reaction: o .,,
A(1405) — =F7—, a E
F — pr? : rrrrrrrr s-wave :
e very large hyperon decay v S wave E
parameter ¢ = —0.98 5 : 3

| | | | 1 1 1 1
-0.8-06-04-02 0 02 04 0.6 0.8
coso,

polarization does not change with =% angle (65+)
= J¥ = 1/27 is confirmed

furthermore, this measured X1 polarization is the A(1405) polarization

= A(1405) is produced with ~ 40% polarization
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conclusion

e high statistics measurement of A(1405) photoproduction has been
done with CLAS at Jlab

o difference in lineshape for different decay modes has been
observed

¢ difference in cross section for different decay modes has been
observed

e spin and parity are experimentally established for the first time

e as a bonus, polarization of A(1405) is found to be ~ 40% at
W ~ 2.6 GeV, forward K tangles

=> best evidence to date of possible deviation from a simple gqg-structure.
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