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Prediction of the ®* Baryon

uudds
0*(1530) D. Diakonov, V. Petrov, and M. Polyakov,
Z.. Phys. A 359 (1997) 305.

N(1710)

NN s

>(1890) e Low mass: 1530 MeV

/\/ \/ e Narrow width: ~ 15 MeV

— 2(2070) ¢ JP=1/2*
ddssu uussd

M =[1890-180*Y] MeV




mS
Important Q.: if N, — o which is smaller, 27 —7

c

the answer:

splitting inside SU(3) multiplets is ~ m, numerically ~140 MeV
splitting between the centers of multiplets is ~ A / NC , humerically ~ 230 MeV.

Hence, m_ < A/ N, meaning that one can first put m = 0, obtain the degenerate SU(3)
multiplets, and only at the final stage account for nonzero m, , leading to splitting
inside multiplets, and mixing of SU(3) multiplets.

mean decuplet mass 1382 MeV

splitting inside decuplet ~ 140 MeV

mean octet mass 1152 MeV

difference from decuplet 230 MeV

(8,1/2) (10,3/2)
Diakonov’ seminar@RCNP, 2012/10/10



. E. Witten
How does baryon spectrum look like at N L T> 09 E Jenkins and A. Manohar

T. Cohen and R. Lebed

(imagine number of colors is not 3 but 1003)

Witten (1979): Nc quarks in a baryon can be considered in a mean field
(like electrons in a large-Z atom or nucleons in a large-A nucleus).

Color field fluctuates strongly and cannot serve as a mean field,

rotational — : : _ _
(collective}——— but color interactions can be Fierz-transformed into quarks
excitationS—— interacting (possibly non-locally) with mesonic fields, whose
quantum fluctuations are suppressed as O(1/N.,)-
O(1/N)
823{ %?glrf Examples: instanton-induced interactions, NJL model,
holographic QCD...
o)
ground — .
state A The mean field is classical

Baryons are heavy objects, with mass O(N,)

OWV) One-particle excitations in the mean field have energy O(1)

Collective excitations of a baryon as a whole have energy O(1/ N,)

Y Splittings inside octets, decuplets are O(m,) 4
Diakonov’ seminar@RCNP, 2012/10/10




Lowest one-quark excitations

The two lowest baryons resonances that do not belong to the ground-state (8, %), (10, 3/2),
are SU(3) singlets  A(1/27,1405), A(3/27,1520).

They can be explained if there are two s-quark levels with j” =1/27 3/2"

Off-diagonal “Gamov — Teller” transitions

P=33 -
" , = JP g A(3/2_,1520) } A = (uds)
\<f JP=12 A(1/27,1405)
KP='t-0-0-07 !
~{====-=- === =0 -==y=o-o-- CTPoyt . + 9
-0-0-0 -0-0-0- ~_ ©7(1/2%,1540)"
ro-o-e- o000 (uudds’)
ud S

In the large Nc limit, these excitations induce two "towers’ or "bands’ of rotational states,
but at Nc = 3 they reduce to two single rotational states: (1, 1/2-) and (1, 3/2-).

Diakonov’ seminar@RCNP, 2012/10/10



There is also a Gamov-Teller-type transition: exotic 5-quark charmed baryons

BZ =cudds  cuuds= B:r(~2420)
_______ c?b)
P+ [ 77777
—H—=K\0*\
St ooeo| | oo | jP=1nt —>
—0-0-0 cddsu ) cuusd
4 S cdssu Y cussd

(15,1/2%)

anti-decapenta-plet

Exotic 5-quark charmed baryons Bc++, B: are light (~2420 MeV) and can decay only weakly:

= “Beta-sub-c”
B™ — pa*, pgr*,...B] — AK",etc. Bc
NB: ©_ =uuddc is another
clear signature, especially in a vertex detector. pentaquark, hypothetized by
Life time 107 g Lipkin and Karliner; in our

approach it must be ~350 Me¥
Diakonov’ seminar@RCNP, 2012/10/10 heavier!



Events/0.00625 GeV/c?

Previous result of the ©* search by LEPS b

1 -Data taken in 2002-2003.

| *2.0<E,<2.4 GeV.

1 =Significance of 5.10 from shape
I analysis.

1 (A(-2InL) with/without signal)
*Maps:1524+2 +3MeV/c2.

If the peak is real,

o O % -‘
14 145 15 155 16 165 17 175 18 185 1.9
M(nK*) GeVIc?

|t should be reproducible.

It should appear in M(nK").

|t should not appear in M(nK") nor in M(pK*).
*Fermi-motion correction should work.




Experiment@SPring-8/LEPS b

8 GeV electron

Collision

Backward-Compton
/ 36m scattering(BCS)

70m

a) SPring-8
SR ring

Upgrade since previous experiment

" *Two laser injection system to increase beam intensity.

*Beam intensity of 1—2Mcps was achieved at the maximum.
= About 2.6 times statistics was collected in 2006-2007.




LEPS forward spectrometer b

Aerogel
Cherenkov
(n=1.03)

Start counter
N\

Liquid hydrogen/deutelium|},
Target (150 mm thick)

Linearly polarized

o

Y

Silicon Verte;(
Detector

Dipole Magnet| Jiify . TOF

0.7 T)

wall

oy

MWDC 3
1m

MWDC 2

*The same setup for Common 2006-2007 data.
-Symrietric acceptance for positive/negative charged particles.

symmetric acceptance for K* and K- from ©*/A(1520) productioh.



Search for ®* in Fermi-motion corrected K- missing massb

A detected
O*: K" missing mass
A(1520) : K* missing mass K-

PN
Y e’
et min
/ \Prec
d
Ppn

missing momentum

Minimum Momentum Spectator
Approximation (MMSA):

Assume possible minimum
momentum configuration for the
spectator.

°
3500
> L
O
3000 -
2500
2000
1500

M(nK*) by MMSA

1000 -

500

L 1 1 1 I
01.4 1.4251.451.475 1.5 1.5251.551.575 1.6 1.6251.65

M(nK*)(GeV/c?)

For the further improvement

Inclusive analysis:
p/n unseparated

!

Exclusive analysis:
p/n separated

In the previous analysis, only inclusive
analysis was carried out.

Separation of the two types of K*K-
events from neutron and proton
largely improves the signal sensitivity.

simple MMn(y,K)X: 30 MeV/c?
:11 MeV/c?
(16 MeV/c? for A(1520))

10



Ly

Inclusive Analysis

*New data was taken in 2006-2007 with almost the same

setup.

*Blind analysis was applied to check the previous result.
(Selection cut is not changed from previous analysis.
calibration fixed before opening the box)

11



Comparison of the A(1520) peak b

“Is there any problems on new data?
“Is it possible to add two data sets?

Previous data New data
— K- t—KTK- 9 100 B g i2 F Eatis s
vn K e K K n % [ <Q> RMS 6453E-01 %225 (b) RMS 6124E:01
“ g0 H Sh g !
K’@ K+ i rﬂt 175 [
: ; 0
60 150 B
nep e mb |
, : iy
vp —K*A(1520) —=K*Kp ”1[” NI
| Iy, AN
20 I T 50 : ‘J
I I.IJ-"U 25 hl..-‘
0, 145 T8 TS5 16 165 17 175 18 185 19 308 RO RSOt OO ‘\1_7\%7\5\ et
ziiﬁion(,\,‘ev) 1517.6x1.6 1517.8+1.0 M M N (v’ K-)X>1 ) GG eV/CZ
Peak width (MeV)  18.5:2.2 16.8416 to keep the condition of the blind analysis.
Peak height 53.045.2 128.3+8.2
S/N ratio 1.74+0.22 1.55+0.15

*\(1520) peak was found to be consistent for two data sets.

12



Other checks: ¢ events b

P..,for ¢ events

E @
800 R New data
wl - Previous data
(normalized by entry)
W
2000 [ L fE
w4 MR
()-0:3 02 -0l 0 o1 02 03
P (GeV/c)
x?/ndf=96.6/90
K.S test 52.4%

Other distributions are also checked and consistent.
We decided to add two data sets after opening the box. 13



Box open for new data Ley
Zaf L. & N

5 140 7 <O> RMS ””,ﬂ 091481E,6-?)? . f\:(\

120 &Q/
100 -
80 —
60 —
ol

20 |-

P N I VTN RN T B I I S
01.4 145 15 155 16 165 1.7 1.75 1.8 185 1.9
M(nK*")(GeV/c?)

fitting w/o signal fitting w/signal

0 D 100
= t Entries 3026 ( 100
S0l (@) Mean 1.590 /b L s 3026
o | RMS 0.77878-01 . Q 100 - (b) Mean 1590
O L X/ndf 2115 / 31 \ L RMS 0.7787E-01
[ 3} 1231 + 01326 | (0 I /ndf 1690 1 29
1008 + 0.10: Pl 1200 + 0.1385
80 - PE 09431 + 0.39791-:;21{\\\ r ° 0.8912 = 0.1217
r < 80 - 09664 =  0.4274E-01 *
& r P 1482 + 7.158 (
H P n 1513+ 04420802

60} u-q{ .
| A(1520) cut M(pK')>1.55 GeV/c? Q/\s‘\
: 40 - Q’Q

M(nK*")(GeV/c?)

The significance is less than 20 if we perform the same shape analysis
as the previous analysis. o



Consistency check of final M(NK*) spectrurb

New data
previous data

. Q
2 /ndf=56.4/66 &8
L - o
S (@) K.S test 58.8% o (@) oo e
I L g e\
[ \\ L2 o o A<
40 - fb& O o Og ollo
* QS g 0 °30°
o
30 | \'\(0\ 201 o o
N N I % 9
I Q(Q/ I , 00000000000000060000 ©00000° | /0
20 B 15 B o 0000000000000 OOO o00000 o
I 30 00 o 000088800000088 25
00000086 %o
10 | 10155 °o" 882000000 Oooooo
i ooo000000000Oo 000008880800000 Ao
L 1o ° %o
) | S N N S S PR B | 5 ) 8 %o,
14 145 15 155 1.6 1.65 1.7 1.75 1.8 1.85 1.9 T
M(nK*) (GeV /c?) 1.508 1.51 1.512 1.514 1.516 1.518 1.52 1.522 1.524
Mean(GeV /c?)

-Two data sets are normalized by the entry.

The increment of the x? from the best fit in
*In total, two data sets are consistent.

the space of peak height and position of

signal.

—almost 30 deviation from two data sets.
Unlikely to happen — Overestimation of significance by shape analysis.

The background shape must be the same! 15



Exclusive Analysis

SEPARATE

.

'

4
4
- ’ +
'
-7 I
d
. -
. Pid
’ -
’ Pid
4 -
P -

spectator P spectator N

A(1520), b, ... e, ¢, ...

16



Start counter b

ght guide
e
/ 15 mm
94 mm
KK, p
+OI‘_ Plastic scintillato
K™ K,n

Light collection is not good near the edge of the counter.
— Efficiency was estimated by using both LH, and LD, data 1,




p(miss) (GeVic)

LH, p(miss) vs. p(dEdx)

1.2

0.8

0.6

04

0.2

0

8 1 1.2
p(dEdX) (GeV/c)

LD, p(MMSA) vs. p(dEdx)

p(MMSA) (GeVic)

1.2

0.8

0.6

0.4

0.2

0

8 1 1.2
p(dEdX) (GeVic)
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Proton detection by using dE/dx in Start Counter b

p 90 - ) | Pid = (Measured energy loss in SC)
ral o — (Expectation of KK)
K- K- ZZZ — (Half of expectation of proton)
K* K* sl
400 — P
°r “ S
L K+
Proton not tagged |
(Proton rejected id Proton tagged (8 NGO%)
KKp onl
KKn and part of KKp Q ponly
% [ B e %ﬁ > 200 [~ D 100
=250 | e s * . . @ Entries 2785
0} s [l esiza __~\N'Signal enhancement is insg o ] asssorn (\
“am | KQ’\\ seen in proton rejected g 50 -\\(\’b
< \% events. 2 sk Q,\\((
O 150 i 3 f
S — should be associated ¢ M Q(

: with yn reaction. :
100 - 75

p/n ratio: so b
1.6 before proton rejection .
0.6 after proton rejection

50 -

25 |

0 =l b b b b b b b g I
14 145 15 155 16 1.65M 1.7K1+.75 (1; v1.85 21'9 1.4 1.L1-5 1. 1.%5 116 1.‘65 1. 1."75 118 1.85 19
(nKk?) (Gev/c?) M(nK") (GeV/%)




M(NK*) for exclusive samples

3 %[ e 3 : b
r L Mean 1.643
E 70 | 11;41\648; |_| 0.96121}.36-(3)‘15 %ﬁ W, 50 RMS 1 |_| 0.8392E-01 *
: r ~ r
3 60 . ((\ 2 o)
= B 2 40 .
2 Q/\\ = \Q
S 0F < o \

N . nl
previous : QL

; 20
A

10 10 |

0: T N B N N D T ST [ N = T B T B T B B =
14 145 15 1.55 1.6 1.65 1.7 1-7i 1.8 1.85 21-9 0 4 145 15 155 1.6 165 17 175 1.8 1.85 1.9
M(NK") (GeV/c) M(NK) (GeV/c?)
- Proton rejected < > Proton tagged
§ Entries 3369 % 140 [ D 100
Mean 1.635 Entries 2018
2 175 RMS J_l 0.9502E-01 * E mﬁ o5 Py (*
Z 150 be( = oy H >
] j]
2 X 5100 [
& 2
© AN v © w0
100 (Q/ ’
60 [
75 new ,
: 40 [
50 | I
i 20
25 [ I
0147145 15 155 1.6 165 17 175 1.8 185 1.9

L L b b b b b b b
01.4 145 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9
MK (GeV/c?)

“Peak is seen in tagged events for the previous data while not seen in the new data.
*An enhancement is seen in proton rejected events in the both data.

MK (GeV/c?)
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Counts/12.5 MeV

N
O
(=]

N
S
(=]

—_
(¥
(=]

100

50

ol

Exclusive samples for summed data b

Proton rejected Proton tagged
D 200 > 200 L ID 100
Entries 4645 % i Entries 2785
L Mean 1.641
i 11\{4:4? |_|_, 0.954111'36-3? o 175 - RMS |J_| 0.8336E-01
* Qo Q
i 150
D] L
4 L
125
D] L
B Q r
© 100 |
- 75 —
50|
7 25 +
14145 15 1.55 16 165 17 175 1.8 185 1.9 0, 27145 15 155 1.6 165 17 175 1.8 185 19
M(nK™) (GeV/c?) M(nK"™) (GeV/c?)

“Structure seen in proton tagging becomes much smaller.
Enhancement is seen in proton rejected events.

— Further rejection of the proton events.
21



Efficiency

Neutron enhanced sample b

6000 - STC
3 L

3 | Proton rejection efficiency becomes

5000 —

Y 60%—90% by selecting downstream of target

3000 —
2000 |- LD2

sl MK

v b b By
3200-1150-1100-1050-1000 -950 -900 -850 -800 -750

z—vertex (mm)

v [ 210

= + Entries 1293

L Mean 1.626

8 70 i RMq'rl 0.9453B-01 (*
1 © i .

60 -
09 [ ° r
. ° (b) r
0.8 ;* ° [e) 50 }
07 [ ° r
[ o L
w6l o © = 40 |
05
04 g 30 -
0.3 f 20 }
02 r
01 10 |-
. r

:\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\‘\\\‘\\\ -
-1100-1080-1060-1040-1020-1000-980 -960 -940 -920 -900 0 ‘ |

ot b by b b b b b by 0

14 145 1.5 155 1.6 1.65 1.7 1.75 1.8 1.85 1.9

M(nK™) (GeV/c?)
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Polarization dependence of the M(nK*B

Counts

40 |

20 |

50 |

Horizontal
ID 1200
Entries 790
Mean 1.631
RMS |_ 0.9252E-01

30 |

10 |

. L

I

14 145 1.5 1.55 1.6 165 1.7 175 1.8 1.85 1.9
M(nK™) (GeV/c?)

35

30

25

20

15

10

51

ol

Vertical

ID 1100
Entries 503
— Mean 1.617
—I_r RMS 0.9697E-01
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\
14 145 1.5 155 1.6 1.65 1.7 1.75 1.8 1.85 1.9

M(nK™) (GeV/c?)

B.G strength strongly depends on the beam polarization.
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250

Counts/12.5 MeV
N
S

150

100

50

. .

Pol. dependence of inclusive spectra

Ly

Horizontal

Mean 1.640
RMS |_|_ 0.9071E-01

== T AR
14 145 1

Lol
1.55

16 165 17 175 1.8 1.85 1.9
M(nK™) (GeV /c?)

Counts/12.5 MeV
s B &8 3

D
S

40

2.3
(=]
T T

20 |

07 IR BRI B
1.4 145 1.5 1.55

Vertical

Mean 1.637
RMS J_l_, 0.9334E-01

1.6 165 17 175 1.8 185 1.9
M(nK™) (GeV/c?)
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Origin of polarization dependence b

The spectrometer acceptance has approximately rectangular shape.

Vertical
AKY
K < > K*
Horizontal
4
K-

If K* and K prefer to fly parallel to the polarization,
the acceptance difference cause the difference of the strength
— Suggesting non-resonant KK has p-wave component

25



Ley

Schematic explanation of MC-based exclusive analysis

proton “tagged” events proton “leaked” events
P P
K- K-

) u )

Estimation with a help of MC

Note: the fluctuation at 1.53 GeV/c? in M(pK*) in the
previous data is removed.

26



M(pK")

Fitting proton-tagged events b

norm_mc1 = 1062.290 + 24.435

—_ norm_mc2 = 423.679 + 21.359 M(pK-) norm_mc1 = 1062.290 + 24.435
& [ N norm_mc3 = 107.008 + 12.592 1s0F —| norm_mc2 = 423.679+ 21.359
§ 100 [ ‘ § - ‘ oo "ﬂf
=t mﬁﬁ X2/ndf = 33.3/37 S f}l X2/ndf = 34.4/37
i i A Q
- (%,L ........ ﬁ\{, . \(\ 1008 * . ((\\
s {%}% } Q/\\é\ 805 T\ e
- -?.‘.’.’,% 60i g ..--“+ : N
20, »L) ""'1""'.’1 1 Q“Q 40: % j{ ::5‘,""';:: WT \<
: K ‘...»E” 20: [ %".*:':5 ° + s %
|3 A et Y L S e
4 145 15 155 1.6 165 1. 1.7 18 185 19 ?.4 145 15 155 16 165 1.7 175 18 185 19
K'n mass (GeV) K'p mass (GeV)
¢ and non-resonant KK
o S T W S — N\(1520)
g | x*/ndf = 33.9/37 [ N\(1405)
g 807 ( N L
Wy OO Summed
60f -{(‘\\ i L
i kQ>\ jr& fﬂ ! | *Extended maximume-likelihood un-binned fit.
4°+ i 1 . "M(pK*), M(pK'), cos(@) of K* are simultaneously fitted.
. : caag T f«: - Ratio of ¢ to non-resonant KK is determined
\ 4 k
20 Le]
SR L D from M(KK).
okl lawde il = A(1405) to explain threshold enhancement of M(pK’)

cos theta

-x%/ndf is close to one.
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Proton/neutron ratio from two methods b

1. Ratio of estimated proton contribution to the
neutron contribution for the full data sample

— 4616/2831 =1.61

2. Ratio of tagged proton contribution to the neutron
contribution for the sample with vtz cut
(proton tagging efficiency of 0.9 was taken into account)

— 1770/1119=1.58

28



Counts/12.5 MeV

M(nK") distribution b

v'The peak did not appear in M(nK")

n and p(Ieaked) subtracted

> i
[ = 160 |
300 0
- N -
T 140
L }g -
250 = -
[ Qo 120
(&) L
200 | 100 |
[ 80 [
150 i
60 [
100 -
40 i
50 i 20 -
0 [ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 0 g
1.4 145 15 155 1.6 165 1.7 175 1.8 185 1.9 14 145 15 155 16 165 1.7 175 18 185 19
M(nK) or M(pK)) (GeVI/c?) M(nK) (GeVic?)
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Counts/12.5 MeV

M(nK*) distribution b

v'The peak appeared in M(nK*)

n and p(Ieaked) | subtracted

> _IIIIIIIIII IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- ® 180 | .

250 = i :’b‘(*
- & 160 [ QN
< 5 \¥
I 2 [ '\((\ ]
200 S 140 | Q,\ ]

i 8 Q\

120 - ]
150 | 100 [ ]
[ 80 [ ]
100 i ]
i 60 - .
[ 40 [ ]
50 X ]
20 [ .
0 0 ) . ]
1.4 145 1.5 155 1.6 1.65 1.7 175 1.8 1.85 1.9 14 145 15 155 16 1.65 1.7 175 1.8 185 1.9
M(nK") (GeV/c?) M(nK") (GeVic?)
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Counts/12.5 MeV

Downstream(vtz>-980 mm)

v'The peak appear in low proton-leakage

reg lon,
n and p(Ieaked)
100-— f;‘*
_ '\{\f:>
40 -
o f ]

0
14 145 1.5 155 16 165 1.7 1.75 1.8 185 19
M(nK*) (GeV/c?)

Counts/12.5 MeV

-
(=4
o

80

60

40

20

0 I TSI T T T T T T T N L1l
14 145 15 155 16 165 1.7 1.75 1.8 1.85 1.9

subtracted

M(nK") (GeV/c?)
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Counts/12.5 MeV

Upstream (vtz<-980 mm)

v'The peak appear in high proton-leakage region.

n and p(Ieaked) | subtracted

160 | > 100
[ :\\\ =
i 0
140 o i
- . 2 80
120 3 [
[ (3
100 | 60
80 |
[ 40
60
40 | -
- 20
20 |
0 0, |
14 145 15 155 16 165 1.7 1.75 1.8 1.85 19 14 145 15 155 16 1.65 1.7 1.75 1;8 1.85 21.9
M(nK") (GeV/c?) M(nK") (GeVic®)

The number of neutron events is consistent with the
acceptance. 32



Counts/12.5 MeV

Fermi-motion correction by MMSA b
v’  MMSA worked for A(1520)

w/o correction w/ correctlon

225 [ ] > i
] \\ = 300
X T i
200 p o
] =
n . ? [
175 | £ 250
[ [o]
B O i
150 | 200
125 |
- 150
100 | s
75 | 100 |
50 [ [
X 50
25 |
LLAL. 1 LAL ALl LL L1 LAL ALl L1 L LAL ALl L L LAL L1 I el IIII- 0
01.4 145 15 155 16 1.65 1.7 1.75 1.8 1.85 1.9 14 145 15 155 16 165 1.7 175 1.8 185 19
M(pK)) (GeVI/c?) M(pK) (GeVic?)
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Counts/12.5 MeV

225
200
175
150
125

100 |

75 |
50 |

25 |

0 = LI L 1 L L L LA L 1 L L1 L L L L L 1 L1
14 145 15 155 16 165 1.7 1.75 1.8 1.85 1.9

Fermi-motion correction by MMSA b

w/0 correction

1 3

3 EN:
aox

. (Q\(\z 3

NN I

M(nK") (GeV/c?)

250
200
150
100

50

w/ correctlon

0 | ]
14 145 15 155 16 165 17 175 1.8 185 1.9

M(nK") (GeV/c?)
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Counts/12.5 MeV

Fermi-motion correction by MMSA b

v MMSA worked for

w/0 correction

i 1 2
[ ] =
140 [ ,.\* s
: RO
120 | ) ((\\ J 8
' SER
100 — ( N o
80 — —
60 — —
40 F .
20 — —

0 -
14 145 15 155 16 165 1.7 175 1.8 185 1.9
M(nK") (GeV/c?)

180 |
160
140
120 |
100 |
80 |

60 |

w/ correctlon

40 |
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0 (', . 1
14 145 15 155 16 165 1.7 1.75 18 1.85 1.9

M(nK") (GeV/c?)
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Counts/12.5 MeV

200 |
175
150 |
125

100 |

50 |

25 |

0
14 145 15 155 16 165 1.7 175 1.8 1.85 19

75 |

New data (2006-07)

v'The peak appeared in the new data.

n and p(Ieaked)

;\\\

M(nK*) (GeV/c?)

\')

Counts/12.5 Me

e
B
o

120 :
100 :
80 :
60 :
o |
20 |

0

subtracted
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Counts/12.5 MeV

8o [

20 |

0
14 145 15 155 16 165 1.7 175 1.8 185 1.9

705
605
0 |

30 |

10 |

Previous data (2002-03)

v'The neutron spectrum is not much
different from that of the new data.

n and p(Ieaked)

Eb‘\\

M(nK*) (GeV/c?)

Counts/12.5 MeV

0 1 1 1 1 L1l L1 11 L1l L1 11 11 1 L1l
14 145 15 155 16 165 1.7 175 18 185 1.9
M(nK*) (GeV/c?)

subtracted
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Comparison of the previous

and new results

Counts/12.5 MeV

M(nK*) (GeV/c?)
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M(nK*) distribution of b
the summed data

180 [ -
5 ; Q@‘*
160 N\

140 [ Q/\ .

Counts/12.5 MeV

120 | -

100 [ -

80 [ -
60 [ -

40 [ -

20 [ -

0 | ) . |
14 145 15 155 16 165 1.7 175 18 185 1.9
M(nK*) (GeV/c?)

* We are now trying to understand background processes.

* Data taking with a large start counter is on going. 2
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v'The large polarization dependence of
the S/N ratio was seen.
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MC (black) vs. Data (red): b
All (left column) — After cuts (right column)

K+ K- events in the f tail region are polarized
and probably in p-wave.



LEPS2 Facility b

Backward Compton Scattering

w electron

10 times high intensity:
- Multi laser injection &
(Tagging) Laser beam shaping

Recoil electron

Beét emittance
= photon beam o7 o
does not spread

Large 4n spectrometer based on
BNL-E949 detector system. 6121‘(3 /
Better resolutions are expected. 6/(760

Beam dump
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LEPS2 Detector b

B=1T:Ap/p~1%for 0 >7°

residual (self) htemp
Entries 20428
— Mean  0.002395
1400 RMS _ 0.1168
1200
: RMS=117 pm
1000~
8001
600
400
200~
) S A S (S T B |
08 06 04 02 0 0.2 04 0.6 0.
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RPC ToF time distribution
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60!

40 L

200 0 = 49 B #\1.3 ps
0600 400 200 O 200 400 600

>30 K/m separation @1.1 GeV/c?
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Ly

Comparison of LEPS and LEPS2

Beam Intensity (~2.4 GeV) 2~3x10° (2 lasers) <107 (4 high-power lasers)
Beam Intensity (~2.9 GeV) 2~3x10° (2 lasers) <10° (4 high-power lasers)
Polarization Linear/Circular Linear/Circular
Detector Area 42m? x 3m(h) 198m?2 x 10m(h)
Charged Particle Acceptance 0~30 degrees 77120 degrees
Momentum Resolution 0.5% (for 1-GeV kaon) 1~1.5% (for 1-GeV kaon)
Photon Coverage none 30~110 degrees

We expect to have the first beam at LEPS2
on January 27,



Summary Ley

*The O* is studied via yd—K*Kpn reaction with high statistics data at
SPring-8/LEPS.2.6 times higher statistics compared with previous data
are collected.

*The inclusive M(NK*) spectrum for new data does not show a strong
narrow peak, which is inconsistent with the previous shape analysis.
-The significance of the peak in new data is less than 2 o by the

shape analysis.

¢ The background shapes were not the same.

¢ A fluctuation was seen in proton tagged events of the previous
data.
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Summary Ley

*Exclusive analysis is performed by identifying the proton contribution
using energy loss in SC.

-A part of the inconsistency was due to fluctuation in proton
tagged events.

-Enhancement of events are seen in the region of

1.5<M(nK*)<1.55 GeV/c? for proton rejected events.

-The enhancement is seen in the both new and previous data.

-S/N ratio strongly depends on the beam polarization.
* These results are checked and confirmed by MC-based exclusive
analysis.

* Mass and significance estimation of the enhancement is underway.
* LEPS collaboration just started new experiment with a large SC.
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Comparison of data and MC with loose ¢ cut b

Data
- +
I\/I(pK) MC M(nK )
200 F
o 5
i = 120 |
o175 | ~
o\ E o\
150 | o100 |
N = 1% |
T 125 F s f
D) L B 80?
O : O
© 100 | O I
; 60 -
75
L 40 -
50 [
; 20 |-
25
I T Oiu AN RN NN AVAVATIVIN PSRN AFRAVAIN VARV AP — S
014 145 15 1.55 1.6 165 17 175 1.8 185 1.9 14 14515 155 16 165 17 175 18 185 19
M(pK™) (GeV /c?) M(nK") (GeVv/c%)

- events are excluded by M(KK)>1.03 GeV/c?
- z-vertex, proton tagging cut is applied 49
* Good consistency between data and MC



Counts/12.5 MeV
— [} [5]

dE/dX based and MC based M(nK+) with constant ¢ cut b

i
t er
y f N

Counts/12.5 MeV

Counts/12.5 MeV

6 165 1.7 175 1.8 1.85 1.9
M(nK") (GeV/c?)

M(KK)>1.03 GeV/c?

M(KK)>1.04 GeV/c?

M(KK)>1.05 GeV/c?



Expected mass resolution for O* b

Signal MC with realistic DC and E, resolution

Previous data 10.9+0.1 MeV/c? New data 10.8+0.1 MeV/c?
0p) Y°/hdf 2137 | 37 (/)1800 L X°/ndf 2038 / 37
= L Constant 1439, + 13.44 = Constant 1511 + 1337
51600 - Me 1:523 +0:4720E-04 51600 | Mez 1523+ 0.3088E-04
O I <Q> Sig:!L' .1085E-01 +  0.8826E-04 O i (b Sigga .1080E-0L +  0.6701E-04
01400 : 01400 i /\]
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Couns

Check the bias of proton tagging by LH2 dab

MMy (p,K")X MMy(p,K*)X

25 [ D 100 b 2 o | | D O |
S EwRs om0 C ogs o |Ewes |
Mean | 1630 : = : Mean 1580
[N S [T N S S S 30 o ]
- Proton detected S N N U T U T O
1. Proton not detected
] i i 20 S PRI PR Bt ! SO S T et St s
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 15 | A 1
10 |- JJ rrrrrr :

1.4 145 15 155 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.4 145 15 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9
MMy (p,KT)X(GeV /c?) MMy (p, KX (GeV /c?)

0

*No significant structure for un-tagged events
*Number of events are actually very small 23



Subtract proton contribution for previous data b

M(pK) M(nK*)
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Subtract proton contribution for 06-07 data b

M(pK") 7 M(nK*)
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Real data
Proton events from MC
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counts

counts

Comparison of the missing mass spectrum for LH2 datb
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Fitting new data only
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Subtract proton contribution from full data sample (B.G from new

M(NK) ’b(*
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Simple K" missing mass for proton rejected sampb
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Photon energy spectrum b
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¢ exclusion cut b

E,=f VS M(nK?)

M(K*K") for real data
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Randomized minimum momentum method for BG estimationb
P..n VS MMy(n,K)X

signal MC non-resonant KKN MC
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Application of the RMM to previous data b
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*RMM spectrum is divided into three regions.
=Significance is obtained from A-2In(L) with and without the Gaussian
*The peak height is 27.5+5.0, Ax2/ndf=30.4/2 = 5.10. peak position 1524.+2 +3MeV
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KKID
Vertex
DIF
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P
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¢
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New data
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1.003
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K- missing mass with all cuts

50;

Counts

a0

30

20

10

014 145 1.5 155 16 1.65 1.7 1.75 1.8 1.85 1.9

M(pK™) (GeV/c?)

x?/ndf=53.9/62
K.S test 57.6%

65



