Near threshold K°A photoproduction on the
neutron studied with an electromagnetic
calorimeter FOREST

@

ForA

Yusuke TSUCHIKAWA
R. Hashimoto, Q. He, T. Ishikawa, S. Masumoto, M. Miyabe,

N. Muramatsu, H. Shimizu, Y. Tajima, H. Yamazaki, R. Yamazaki,
and the FOREST collaboration

Research Center for Electron Photon Science, Tohoku University



The yn — K°A photoproduction studied with an electromagnetic
calorimeter FOREST

Outline

« Motivation and background

« EXxperiment
— ELPH accelerator

— 41 electromagnetic calorimeter FOREST
* Analysis

— Particle identification

— Background subtraction

— Differential cross section
e Summary



Motivation and background

Baryon spectroscopy

One of the useful probes for reveallng the QCD in low energy

scale
Photoproduction case
N, nN channels

— well investigated
KY channel

K*A(D):
recently investigated
(CLAS, LEPS, MAINZ...)
particularly
charged kaon, Sigma
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Motivation and background

K" A

yn — K°A reaction v

Il

— All of the participants are NEUTRAL
-> no charged particle (e.g. K*) can be exchanged

-> Born term contribution is smaller than that of K™ A case
* Previous measurement: one publication for this channel

for E, = [0.9,1.1)GeV and cos 85 = [0.9,1.0)

=l L9F <10 [GeV] 1— Bl LOsF <10 [GeV] ’.’ "ll
:;[_':iE‘I"i":."'}]"‘m -~ 0905l _ <10 D0<cast , <10 i \
S \ 2 b Y j_,-’ "11 The first measurement of
T g B :3'15-;2:2 Pit2 / | yn - K°A photoproduciton
! o, 3 -k ' \ by NKS collaboration
“ gl S . K. Tsukada et al.,
lIIII I II]I.I - 'u:z' - I[I;;::|\If.l:;h:!-'¢:|l ﬂ:.": .Il.ﬁr 0.7 I [I[I I 0.l nz I [}p':: |r.'I:I;|.-£.'¢:|I Iﬂlil - II:I:ErI = IIII.]|I I PhyS. Rev' C 83 039904

May 25-28, 2015 Y. Tsuchikawa 4



N(1685)

Motivation and background

* The prominent structure observed in the yn — nn
— Reported by LNS, ELPH, GRAAL, MAINZ, CB-ELSA/TAPS
— Each results are well agreed with each other:
Observed in n(y, n)n reaction but no such structure in p(y,n)p
* Narrow width (~ 25 MeV) and peak position ~ 1670 MeV

The yd — npn photoproduction cross sections

?

1JF) = 3%

N(1685) 77

OMITTED FROM SUMMARY TABLE
There is a small literature (which we do not try to ¢
possible narrow state. See KUZNETSOV 11A, MAR"
other papers for further references. This state does n =
by being a sought-after member of a baryon anti-dect =-
=]

N(1685) MASS

VALUE (MeV) DOCUMENT 1D TECN  COMMENT

e o ¢ We do not use the following data for averages, fits, limits, et

1670+5 WERTHMUEL.13 CRBT +d — 7nn
~ 1670 JAEGLE 11 CBTP ~d — nn
~ 1685 KUZNETSOV 11 GRAL ~d — 7n
~ 1680 KUZNETSOV 07 GRAL ~d — nn

May 25-28, 2015

25

20

15

10

5

ayd—mpn

nm

Prog. Th. Phys.
Sup 16; 2007 o l.h'lalln.’.

preliminary

e !
> .J."ui- 4

(TR
bl
| i 'P‘il-lfll'rll H‘
, l\ hhny
o . dk

700 800 900 1000 1100 1200

E, [MeV]

Y. Tsuchikawa

Phys. Rev. C 90, 015205

o &y, this wark

» -
14 & .& ® 32« q,, this work
- L] .
12 F LN Lol * McNicall et al
E : E Mg g
10 M I__— L M e
- -

" L]
- i -.‘il..
[+ L]
C* '-l.
L T
4 Yamg .,
r o hjli:ttrthi}rf

b
15EID 1530 1800 165EI 1?':II:I 1?5I:l 1EE-:r 1850
W, IMeV]

 [ub]
oo




Motivation and background

N(1685)

R Z+(1530)
The prominent structure observed inthe yn - nn «« A ©
/ \
. . . / \
Theoretical interpretations N . T
o N¢ (uddss)/(’—g._\ e
— Intrinsic narrow state " P4 \\
— Pentaquark ﬁ/ \){/ ‘\> (150
— Coupled-channel effect / \ o X AR
/ \ // \\\ // \\ =4/2(2070)
— Interference effects VA v, \/ N
Diakonov et al, Z. Phys. A 359, 305-314 (1997)
— KY threshold effect ’
Fl Rl ALARAL IASE A A. Fix et al., Eur. Phys. J. A 32, 311-319 (2007).
2
E 8 1 T 1 T T T
15f vd-=KAp
o [ £ L : ]
°f - X
; 3 4 .
M. Déring and K. Nakayama, — 05f . 2N -
Phys. Lett. B 683, 145 (2010). | : i / ' Bt
07700 800 i ?&({V‘] 1000 1100 1200 “ /a Rl
-> How about in the yn » KYA case? e L{;y e
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Experiment

1.2 GeV Electron Synchrotron and photon beam line
@ Research Center for Electron Photon Science (ELPH)

STretcher_Booster R|ng LayOUt Of ELPH beam |ineS (~2012)
1.2 GeV electron synchrotron ;’-'5. "
E
: | |
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GeV-y Beam line:
0.5-1.2 GeV photon
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Thermal electron gun



Experiment

1.2 GeV Electron Synchrotron and photon beam line
Layout of ELPH beam lines (~2012)

STretcher-Booster Ring: ?
1.2 GeV electron synchrotron - .

2nd Exp. Hole

GeV-y Beam line:
0.5-1.2 GeV photon
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Motivation and background

FOREST: 4 i electromagnetic calorimeter complex
252 Lead/SciFi mod.s

LEPS Backward G X
192 Pure Csl pg 24 x 3layers = ammas.  BCx 18 P5X 12 €5 Lead/Glass
SCISSORS III SPIDER vy LOTUS

Rafflesia I1

(Forward)

AR

=t :E:' ¢ (Backward)

~5%

Energy
resolution ~3 %
(for 1 GeV y)

Target: liquid H2/D2 target
(45mm thick)

Y

E, = 750 — 1150 MeV
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Analysis — particle identification

Focusing on the following decay chains:

30.69% 63.9%

4 photons and 2 charged particles in the final state

[\

yd > KdAp > (r°7) (o )p -» (4y)(pr)

Proton in the deuteron is assumed as a spectator
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Analysis — particle identification

yd > K§Ap > (°n®) (0 Jp > (1) (o)

m 0 2 mbo
2 T x 10
4 photon search x10r E
0 (neutral cluster) 10000 — Py 10000 &
2T - Y1 &Y, - Y3 &Y,
->Then check the i 5000
yy invarlant masses 07 E\ | \ I I | I 0: E\ L | | I | I
0 200 400 600 0 200 400 600

¥y invariant mass (MeV/cz)

. The event timing criterion:
X 1v average timing of 4 photons

L :‘ | | o b by LT P SRR
..@ 04270 24 6 810 12 14
; t - t; (ns)

remaining

< 8
p, T g 7
~h 2000 |
% 6 & E Neutral cluster
o5 = 1500 - Charged cluster
o -
B4 @ = 1000 ©
= = i
T3 2 500
g2 &)
€ 1
20

0 100 200 300 400 _
E (forward calorimeter) (MeV) No other neutral particles but more 2
charged particles are required both of

hodoscope and calorimeter
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Counts / 0.1 ns

Kinematic fit with 3 constraints

" . H - ”
YY Invariant mass = mo

1. M?(yq,v,) = 2E,E,(1 — sin 0, sinf, cos(¢,

2. M%(y3,v,4) = 2E3E,(1 — sin 05 sind, cos(¢p3 —

“4y missing mass = m,”

-Xi Ei)z

13 variables:
y; energy, polar,and azimuthal angles: E;, 6;, ¢;
(i =1,...,4) and Photon beam energy: E,

—¢,) —cosf,cosb,) = mfro

¢,) —cosB;cosb,) = mfro

— P)?(Ei, 0, di, Ey) = m12\

w970 invariant masses of prompt and
0
accidental background region (Ey > Eﬁer)

x 102
i I . 0
2500 - _ i - e K
- Prompt Region ] o 5000 - -
i ) Accidental events were = I -
2000  Accidental v i )
i BG Region subtracted by means of = L=
1500: sideband R % ?00 250 300 350 400 450 500 550 600 650 700
, 5 2000 e
1000 | 3 : - -
I 1000~ - .
500, :\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\*\
?OO 50 300 350 400 450 500 550 600 650 700
7°n’ Invariant Mass (MeV/c )
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Background subtraction

Candidates of background events in the M (7°n?)
distribution

Candidate reactions for t°7 %7 ~p final state

Counts / 5 MeV/c?

yn— tX(A, N* pN) = 7 a'n"

T —F OO p.

Real Data yno>m A p
3000 =
2000 — 3
1000|- =
- L ‘ | | = (I ‘ |
80 400 600 200 400 600

P, | Now checking
:yn—)nop'p yn—)nonon'p
B || ‘ L1 | | . 1 ‘ I |
200 400 600 200 400 600

7° 7’ Invariant Mass (MeV/cz)

Only this is used for
yield extraction in this
time



Acceptance and Yields
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Differential Cross Sections

Arbitrary Unit

Yield (E,, cos 6g")

o X
NtargNyr]accBRS
10 - - - -
Si Ey=925.0 MeV - EY=975.0 MeVﬁ Ev=1025'0 MeV = Ey=1075.0 MeV - Ey=1125.0 MeV
- - s < -
6 — + + + 7
- i+++++ ++: +++++ ++ +
L : e\ AN IS
/| SRAARASLELI S ® 4 € =2 & = SN ARE I
:\\H‘HH‘HH‘HH:\\H‘HH‘HH‘HH:HH‘HH‘HH‘HH:\H\‘HH‘HH‘HH:HH‘HH‘HH‘HH
017205 0 05 41 05 0 05 4 05 0 05 4 -05 0 05 4 -05 0 05 1
CM
cos Oy

Theoretical curve: Kaon-MAID

This result supports the experimental remark in the previous
measurement for the yn — K°A reaction reported bv K. Tsukada et al.

K. Tsukada et al.,
Phys. Rev. C 83 039904
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Summary

The yd — KYAp photoproduction reaction is studied with an
electromagnetic calorimeter complex FOREST at ELPH, Sendai

KO signals are well confirmed in the yd — KJAp —

() (pr™)p — (4y)(pm~)p reaction with an exclusive analysis

Shape of the background in the m°r® invariant mass distribution is

enoughlly reproduced by the yn - %77~ p non-resonant
reaction

Differential cross sections showed backward enhanced structures
in high E,, regions

The results supports the remark of the previous measurement



