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Pseudoscalar mesons:

Nambu-Goldston boson (spontaneous breakdown of chiral symmetry)

7'(958) meson:
exceptionaly large mass

interplay of quark symmetry and gluon dynamics
in connection with the axial anomaly U,(1) problem

a large mass shift in nuclei is theoretically predicted
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7' mesic nuclei:
n' bound state is expected due to
the attractive and small absorption potential
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H. Nagahiro et al., PRC74, 045203 (2006).
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The possible mass shift of ' meson
can be observed as a ' bound state

using (v,p) missing mass
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n' mesic nuclei:

Lay'’

7' bound states obtained by (+,p) missing mass spectra

“C(v,p)",/B spectra
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H. Nagahiro et al., PRC74, 045203 (2006).
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T. Csorgo et al., PRL105, 182301 (2010).
Bose Einstein i (RHIC)
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g9V ORI

M. Nanova et al., PLB 710, 600 (2012).

transparency (CB-ELSA Y24 %)
15~25 MeV DI

RGP BT 5EELE
E. Czerwinski and P. Moskal et al.,
PRL 113, 062004 (201 2).
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D. Jido et al., NPA914, 354 (2013).
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A A Weinberg-Tomozawa

o exchange is dominant in the low energy
B: Us(1) anomaly effect

@ n' AV BT DRERRE

n'N interaction in linear o model:

if mass reduction exists associated with partial restoration of
chiral symmetry,

strong n'N attraction is expected with scalar-isoscalar exchange
(similary to the scalar-isoscalar NN interaction)

n'N bound state is predicted
binding energy ~6 MeV S. Sakai and D. Jido, PRC88, 064906 (2013).
similary to A(1405) as KN bound state
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search for n'n bound state ... N. Muramatsu (LEPS collaboration)
proton is detected at foward angles

1/10 of the data collected in 2006-2007 are analyzed

Optimization of E, & 6" Cuts to minimize 7' recoil momentum,

E.: higher
E,>?GeV &0 <?deg were optimized by varying their cut positions and 6.: smaller
calculatmg 5|gn|f|r:ant:e = #Sig / sqrt(#BG) at each condition, :

Lower bound of E,cut  « #Sig was estimated from MC simulation.

8 21 Stepl: were generated with
= i . .

T8 L 1.8 GeV Fermi motion,

ELE g 3.0 GeV Step2: n'n binding cross section was
w | : 2.1 Gev assumed to form a bump with
s by ['=10 MeV (& no B.E.) in

21.2 :

o step2
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oz [ * #BG under the quasi-free " bump was
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The maximum significance is obtained with
Upper bound of Proton polar angle cut (deg)

E>2.1GeV & Hp'“bfzs =

T. Ishikawa, KEK (i) Wiz
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search for n'n bound state ... N. Muramatsu (LEPS collaboration)
Fitting test using the LD, 1/10 sample

After applying E >2.1 GeV & Ff;ﬂb-crs “to the 1/10 sample of 200-2007 LD, data,
unbinned fits were performed with the 2 assumptions without & with a signal process.

Quasi-free n’, o, & ¢ photoproduction: Template shapes were fixed by MC simulation.

T. Sekihara, ELPH workshop (2014).
5

Non-resonant BG (multi-rts) :
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search for n'p bound state via the n'p—np conversion

cosq: +0.8 .. +1.0 cosq: (0.1 ... +0.1
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@ ' AV VIR PR EB@LEPS2~o0verview bﬁ
EﬁLEPSz beamline

Backward Compton Scattering

= 8 GeV electron 10 times high intensity:
R \ : Multi-laser injection &
: . Recoil electron :
Laser beam shaping

(tagging)

~135 m
LEP

GeV y-ray)

Best e-beam divergence

(12 prad)
- Photon beam
does not spread out BGO EM calorimeter
- Construct experimental Large LEPS2 spectrometer

apparatus outside SR bldg using BNL/E949 magnet
=>»expect better resolutions

T. Ishikawa, KEK (i) Wiz
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@ n'XJ Eﬁ%ﬁ@LEPSzarphoton beam b""

10 tlmES more in phOtOl’l llltﬁllSlty 30

as compared to LEPS: =¥ /

inject 4 laser beams simultaneously 2 s

use higher power laser systems £
355 nm 8 W—16 W, 266 nm 1 W—2 W

adjust the laser beam shape

(biGieV)

ds /di

with a cylindrical expander TETT e AR 3
photon energy E;.g (CieV)
2.4 GeV: 10’ s with 355 nm lasers g Nealum
2.9 GeV: 10° s with 266 nm lasers

UV lasers

"

A
'
aser
AR-coated mirror
w/ stepping motor
T. Isikuwu, | KEK (i) Wiz
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1,320 BGO crystals
polar angles from 24 to 144 deg
60 identical crystals
for each polar angle

ESR reflector

H11334MOD, H6524 PMT's
J 007 - | Energy| 7 - Position: 3 mm~ 1 deg
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005 F *-__ 5 5 E ii §32 peripheral
S 004 F 8 2 4F a-:;j: _—
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l F ] { ] S FEGeV
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f' ! GeV

2000/

07 +0.03)( £/ GeV
— J Jj{ i }

measured for a prototype calorimeter
at the positron beamline for testing detectors at ELPH

T. Ishikawa, KEK (i) Wiz
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@ AV RTBRRFEB@LEPS2~setup  Lay'’

e L precise measurement
n mesons from the n'N—nNj of the proton momentum
conversion are tagged (velocity) withRPC |
with thE BGG Cﬂl(}l‘]meter

photon beam

21 deg

24 degxa

6.8 deg

E949 solenoid magnet

z=3.8 m

Plastic scintillator hodoscope (planned)

zZ=1.6 m

Planar drift chamber Resitive Plate Chamber (RPC)

Plastic Sintillator for neutron (planned)
zZ=12.5 m

z=0.0m
BGO calorimeter
Plastic scintillator hodoscope
Cylindrical drfit chamber
Liquid H,/D, target (under the preparation)

v"C—p",B, n'N—nN
yd—pn'n, nn—nn

KEK (i) W5z

T. Ishikawa,
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@ " AV VR TFBEREB@LEPS2~performance bﬂ
EM calorimeter BGOegg
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@) w2V BT BEKEB@LEPS2~performance by’

Missing energy spectra M,-M,,—M, for v°C— px reaction

n

T: n tagging: 3o | # n tagging: 3o
+f side band: 3~60o > side band: 3~60
14 z L 5 ij-
12 %g)b E 12.5 Cb,%%'
c"j S 10 ‘&
|
g r
=
Q
@

sy 2 Ik
Hnnhﬂ WVW wf W W NJMMW e

—PDEID —BDEI -500 400 -2 600 ao0 1000 —400 200 400

Mlssmg energy (MeV) Mlssmg energy (MeV)

n— w7’ mode n—~~ mode

8
6
4
2

T
n

Counts / 20 MeV
II|III|III|III|IIITIII|III|IIIIII|IIIII|

nIN tagging is also planned to reduce background events
coming from 7 and multi-7 production

T. Ishikawa, KEK (i) Wiz
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hadron properties in the nuclear medium
S is speculated to be the chiral partner of the nucleon

N(938)P,, and N(1535)S: degenerate

T. Hatsuda and M. Prakash, PLB224, 11 (1989);

— 2000 TR TRl C. DeTar and T. Kunihiro, Phys. Rev. D 39, 2805 (1989).
e Naive
s | | m_ : .
= Mirror n photoproduction from nuclei
= . T. Kinoshita et al., PLB639, 429 (2006).
= ; SCISSORS & SCISSORS 11
1000 | o - = | o m,=1435 MeV__m =1535 MeV
2 m, s iy
H;..r d_--'? h‘-‘ -I-E ‘_E 0.6
ol N(938)P11| 2 ¢ s
my =270 k2% % sl "I (Taking
I I 2 I ||:|I|I [:JI::W ‘F'{Jll.ll:le] =
! 50 100 N _ s
Chiral condensate 0 [MeV] o Mok poe
s 2 =
E Lﬁg 0.0
b T e 3000 10 1308 - ]gi:nter c:;f‘:r[ﬁs FE::rgy [h]';:{’] o

Incident ~ Energy [MeV ]

enhancement near the threshold .~ vy« — 1
. o . (W2 —mg)* +mgl* N
indication of S,, mass decrease ?

T. Ishikawa, KEK (i) Wiz
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n—mesm nucleus:
nN and S,;,(1535) in the nuclear medium

77 meson in free space  7) meson in a nucleus

N*-N e y
s8Mev attractive repulsive
medium effect
/p D.Jidoetal., v
3 NPAS811, 158 (2008). N*—-N
R O T level Crossin Om%aﬁmiaﬁwr
N B ~ | |
"y 0.8} J
o550k - ---- .t T m - %’30- ; \ e
s 2 e e | £ 0.6 1
S 500 \"-m" 1 T 2
53.-_, T -; 0.4 o
€ 450 | Ex\- E 10} 0.2 |
400 | | 0.0
0.0 'DE 'Dd DE 08 1.0 UI'J 02 04 06 08 1.0 0.0 UE ﬂ4 UE I}B 1.0
P/p, PP, pip,

T. Ishikawa, KEK (i) Wiz
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@ RIYRIFBBATOSBT SRR R

“1-mesic nucleus:
NN and S.,(1535) in the nuclear medium

77 meson in free space eson in a nucleus

N*—N e b, D . T
143 Mev attractive

repulsive

n ium effect

\ D. Jido et al.,
S NPAS811, 158 (20{18) N*—-N
N* level CI‘OSSlllg Dccupatmn factor
550 ————————— : 40
i oo 5 =) e Bl
’ i r % ! 11— " 06} i
S 550 T 20 ¥
=3 % | 0.4
& 500 E 10 ff“‘frzﬁi ,12: /if___ﬁq——-
450 | N & i | ﬂur/ .
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
plp, plp, p/p,

T. Ishikawa, KEK (i) Wiz
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@) AV RTH-BATOS B TR O R EL

Expected spectra
with level crossing  without level crossing
250 - - - - - - - - - -
(a) C=0.2 (b) C=0.0
< 200 bound  resonance E"ta'
2 state ~ state P
& 150} : 1 |
= total ©  (Opse), ® P,
100 } i -
- % 0 1 0 -1
- % (Osi)l ® 8, (0s42), @ S,
| NN
0 —.—""""-.! . i " J . T el
-150 -100 -50 0 20 100 150 -100 -50 0 50 100 150
Eex - Eo [MeV] Eex - Eg [MeV]
bound state:
@
difficult to observe

resonance state:

S.: properties in the nuclear medium

T. Ishikawa, KEK (i) Wiz
XTFE-AILLSn. AV Y/ HTBROWERE, 20 October 2014 K g hoFo g 11



@ RIYRIBBATOSBT SRR R

Mlssmg mass spectra for the A(fy,p) reaction

300 , — - : :
(3) (¢ SHe) /o (b) (.p)
-l"-l""" .... ’! ...'.i _.,..l--""'
-~ ff'!‘ % ..--""'f-.
- % -
o <200f - : |1 5 ,..r*"'.#
% " : '; : X f‘f‘
E | : il_ .'1_?3!".
or | | ‘i '/- .'_*i
100} e .
e ) /
{ : ‘1 ¢
| ) !
” "‘. f'r]
............. .t v,‘ :" m
0 14 0 05 M0 15 20 25 30
Ey [GeV]

1) proton is detected at foward angles

to minimize the recoil momentum of n» mesons
2) back-to-back n%(n) and p (n) is detected

to suppress background processes

note that #°N (nN) invariant mass gives N* mass

T. Ishikawa, KEK (i) Wiz
XTE—LICESn. AV Y ETBROHRE, 20 October 2014 Rl phoFa L ifse 110



@ nAV VIR BRI B @ELPH~photon beam

Electron Beam after the earthqus
LINAC 150 MeV—93 MeV

Booster Ring 1200 MeV (max)

Photon Beam 1300 MeV
Bremsstrahlung Photon /Beam

FOREST
R

pa
.w‘ ‘__,‘
T &

. 20 MHz (photon: 10 MHz)
_ Bremsstrahlung Tagged Photon Beam

SIS o : _; 740~1150 MeV @ 1200 MeV
o -. ;amn —810~1250 MeV @ 1300 MeV
- O0E: 1~2 MeV

1.2.GeV Strecher Booster mg T. Ishikawa et al., NIMA622 1]((%%% o

tkawa,

XTE-AICESn, AV VY ETBROHEMR, 20 October 2014 FEBE e hoFa s pfse 1



@ nAV YV BT HEER LB @ELPH~EM calorimeter

LEPS Backward Gamma
SCISSORS I1II SPIDER . LOTUS

Rafflesia 11 e

Beam

” W 62 Lead Glasses
192 Csl crystals 555 1 ead/SciFi modules 5% @ 1GeV
3% @ 1 GeV 7% @ 1 GeV e

FOREST"

KEK (i) Wiz

= Ishlkﬂaléget 45 mm tluck LH2 & LD2

HE—-AIJM n" AV RHTBROER, 20 October 2014 R hoNFa e I



Q) VR THEHREB@ELPH~spectrometer

PS hodoscopes Proton emitted at o deg

| - o
iz

" forward proton spectrometer

OREST

Bendin magnet for KEKB-LER
gap 110 mm
MWDC
determine the momentum and emitted angle of the proton
PS hodoscopes
determine the time of flight (TOF) [start: RF signal]
particle ID and precise determination of the momentum

T. Ishikawa, KEK (i) Wiz
XTE-AICESn, AV VY ETBROHEMR, 20 October 2014 F-EEdE hoFa o iisE 10



Q) AV VBT BERER@ELPH~summary

n-nucleus bound/resonance search is planned
to study S,, properies in the nuclear medium

to minimize the recoil momentum of produced n mesons
1) tagged photon beam around 950 MeV
tagging system (STB-Tagger II)
2) proton is detected at 0 deg
a bending magnet from KEKB-LER
placed at downstream of the FOREST detector

to suppress background events
3) back-to-back n°(n) and N are detected
FOREST detector

T. Ishikawa, KEK (i) Wiz
XTE-AICESn, AV VY ETBROHEMR, 20 October 2014 FEBE e hoFa s pfse 1



@) VYR T BHREB@ELPH-~statistics

Estlmated beamtime

gap of the bending magnet: 110 mm
covered polar angles 0.0-0.6 deg ... 0.38 msr
C target density 1.5 g/cm?®,thickness 20 mm ... 0.15 b™

beam intensity around 950 MeV

total

... 50 kHz for 1 tagging channel
duty factor 50%
. (a) C=02
800 days required 3| |
10 MeV Ex bin Bl

1 counts for 1 nb/sr MeV =

l"'-l

©

I P ]

1/10 ?

L LA | -

if we loose the beam energy
condition

T. Ishikawa,
XTE-AICESn, AV VY ETBROHEMR, 20 October 2014
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@) VYR T BHREB@ELPH-~statistics

Expected missing mass resolution: 3.8~ 6.1 MeV
tagging energy: 0.5~2.5 MeV
emitted protons:
uncertainty of the vertex z point
8 ps(o) for 20 mm target thickness
time resolution of PS hodoscopes 50~100 ps
flight length ~5 m giving 4~8 MeV/c
No structure is expected in the missing energy
spectra for the A(v,p) reaction

2000 2000
1750 1750
> 1500 - > 1500 -
S 1250 & S 1250 F
| |
~ 1000 E % 1000 £
5 150 PP 5 750 F
“ 500 & “ 500 & PR
[~ —
250 E- 250 O Y LI Ll
(= L o 0 1 0 M‘M
200 -100 0 100 200 2200 -100 0 100 200

T. Ishikawa, E.-E, (MeV) E-E,(MeV)  KEK (i) W72
R TFU—AIcESn. 0’2V YR THOEE, 20 October 2014 F R ho N Fua v iFge 111



Q) AV VEBT ORI @ELPH

Pilot experiment with the deteron target

-~ ”
” -
— n - p
d=< d %

I p n
suppressed because p is suppressed when p at o0 deg and
detected at o0 deg back-to-back n-n are detected

i N
T n j P
‘f:( n, d % n,
1 N* | N*
_Tp _F\-. H
~ - n Ly "
suppressed because p is E -

detected at 0 deg

precise determination of 7n scattering length

T. Ishikawa, KEK (i) Wiz
XTE—LICESn. AV Y ETBROHRE, 20 October 2014 Rl phoFa L ifse 110



(a} nAV Y EBTF ORI A @ELPH
P110t experiment with the deteron target

<02 proton scattering angle

45(1)

45

BTN

relative momentum of n and n
distorted by 7-n FSI

A5(H)
?iHK]

Ci 1U|I['~.|’LIL1:
Pt
]
7

]
=
=
Counts £ MeW
- |
> |

]ﬁH[I

(i i 2000 40

forward ‘§cattering proton§™ """

AWl

350

invariant mass
30
o corresponging to 3 month experiments

20

150

Counts £ 10 bMeV

with the same condition in 2009

10k

ail]

Rea =04~1.1fm

1H

i,

0 200 4K LY LY

M_ (MeV) 2 Im {.’IW — 025 5 035 ﬁTl

An enhancement ' is expected

—1/a, —ik
T. Ishikawa, J KEK (i) Wiz
XTE—LICESn. AV Y ETBROHRE, 20 October 2014 Rl phoFa L ifse 110




@) o D BRI LS AV RT BORKLE

leferentlal cross section: ~10 pb/sr-MeV @ 1.24 GeV
M. Miyatani [(y,d)KR5i=&5n'958) Ml 7 — T BHMRBOER |
ELPHTHIRAIRBZET E—ATRHBITERBEA...

X BRI SV BT SLiT-J
IS - 3 GeV
SPring-8 II
6 GeV
XD
B RO Mk
ARENENZETERIrOEHE AN

IFT—REDNFERTHDE

SPring-8 booster ring 1-3 G?V UL S
8 GeV THhiX
PIFIN/FLDRBEFD
8 GeV X TE—20DH )%

$3i2 BST ring @ ELPH

Primakoff SR K5~y y ERiTTTAX) VDA O ATE —
T. Ishikawa, KEK (i) Wiz
XTE—LICESn. AV Y ETBROHRE, 20 October 2014 Rl phoFa L ifse 110



@) o D BRI LS AV RT BORKLE
T XMOBCSBALICEZRTL—A

r — Y, -~ &0
| | L i— 70 1.6 keV
“TH- B _::!: I 60 - 20keV

TR L
4 S 1[ _.I--.;HI.“-TL.J_..,..._L_:_L jg

.:":I':||1 H-HHH
L B 30
20
10
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80
() 1.6 keV
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XERDART PN 1.2 GeV P LT 2.0~2.2 MHz [50 %]
2= T 10 fEHWVWOHPENVHR?

T. Ishikawa, KEK (W) Wiz
XTE-AICESn, AV VY ETBROHEMR, 20 October 2014 F-EEdE hoFa o iisE 10
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n' A VR
n'XV VO
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