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Q Introduction

meson photoproduction

a GeV photon beam has a function to produce
baryon resonances from the nucleon

their excitation spectra are important testing ground
for understanding the non-perturbative domain of

QCD mesﬁ_on

hucleon - © o
o\ _. (®9) -
» " g @
d - \ "‘
baryon resonance :
hot (excited baryon) baryon
% photon
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_@ Introduction

meson photoproduction from a nucleus

baryon resonances are produced from the quasi-free
(QF) nucleon even when a nuclear target is
irradiated with a GeV photon beam.

the QF nucleon iIs a participant, and
the residual nucleus Is a spectator _

coherent meson photoproduction

the same nucleus appears in the final state

expected mechanism YN - mN
coherent sum of the elementary amplitudes
coalescence of the final-state nucleus

b% final-sgﬁiﬁ%interactions oot o1 o0pt 3
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Q Introduction

yd - n’n’d
total cross section as a function of the yd CM energy
(excitation function) atE, < 1.2 GeV

resonance-like behavior peaked at around 2.47 and

2.63 GeV :Tg §_P|_B789, 413 (2019). | PLB772, 395
. . . . : — Fix and Ahrenhovel
similar to the excitation 100 E Egorov and Fix
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function of yN' - n®n®N

naive interpretation is
QF excitation of the
nucleon in the deuteron

Total cross section (nb)
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Q Introduction

yd - n’n’d

the kinematic condition completely differs from QF
process

angular distribution of deuteron emission

12
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do/dQ,, (nb/sr)
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W ~2.70-2.80 GeV

QF Tt productlon

QF T production
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_@ Introduction

yd - n9n'%d [=1,]7 =2
sequential process: M = 2.14 GeV,I' = 0.09 GeV

yd = Dis » n°Dyy » n'n'd
with an I = 0 dibaryon Dyg ,, .
and an I = 1 dibaryon Dyy 1o P-878% 413019, PLB772, 398

100 E — Fix and Ahrenhovel
: Egorov and Fix

dibaryon: B = 2 resonance « — 3BWiphase space

80 g
two DgS are observed 70 E i
' ' ' ' 60 F A W #’}
In the excitation function ; | /?\f/ R

40 ‘ A ; 3 / +\_
. 0 A L " |
How is yd - n’nd ? 0 B
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_@ Experiment & Event selection

1. bremsstrahlung tagged photon beam iIs used
ranging from 0.75to 1.15 GeV at ELPH

2. four photons from the n° and n decays, and a
charged particle are detected with the FOREST
electromagnetic calorimeter

3. kinematic fit is applied to select the yd —» nnd
events
energy and momentum conservation (4)
Yy invariant masses are m_o and m,, (2)

quasifree yp' —» n’np possibility ejeg@ﬂ
= 2 v

another kinematic fit

h‘*‘* L. Ishikawa R Oct. 21,2021 7
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Q Total cross section

excitation function A. Kaser et al., PLB748, 244(2015).
0.14F .
dashed curves : Mainz
oul —~0.12F R
pulse o i I L
. ER e
solid curves 5 O.1F
Including nd final- So0sk 2
state interaction 5 F 2
20.06F 2
two models 2 F =
M. Egorov, A. Fix, S004E =
PRC88, 054611 (2013). = [ E
EU.OE_—
M. Egorov, PRC101, 02
065205 (2020). . A A A 22
unified microscopic approach 0?% 0.8 085 [}9 (}95 I 1.05 1.1 1.15
E (GeV)

Both models are based on QF 7’7 production with deuteron
coalescence but different approaches are adopted to

hiicorporate the meson-deuteron final-state interaction
P . Ishikawa o Oct.21,2021 8
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Q Differential cross sections

anqular distributions do/dQ

for the first time

20 .

++ By=1 0L Ge¥ angular distribution of deuteron
of__ ___ phase space[emissionin the yd CM frame

i +H++++

: does not show a strongly
0 Yo backward-peaking behavior but

levwa a1, |shows a rather flat distribution,
E =0.95-1.01 GeV |suggesting a sequential process
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Q Differential cross sections

mass distributions dao/dM,, d and do/dM .,

T o ov

for the first time

T E =1.01-1.15 GeV - E =1.01-1.15 GeV
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_@ Observed states

yd - ’nd

two Sequentlal Processes.
yd - Dy - n’D, 4T Ond
yd = Dy = 777)12 - m'nd

D,q. S-wave nd system with I =0,J" =1~

Dq,: well-known md resonance with I = 1,J™ = 2%
mass ~2.14 GeV
width ~0.09 GeV

h‘*‘* L. Ishikawa R Oct. 21,2021 11
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Q Observed states

mass distributions do/dM,4 and do/dM 4

'E—lDlllSGeV lSIE—]OlllSGeV

1.5

24 245 2.5 255 2.6 2.65 2 20'3 2] ]5 22 2.25
M ; (GeV) M_ (GeV)

Dy (M ~ 2. 42 GeV,I'~0.03 GeV) &1)12(M 2.15 GeV,I' ~ 0.11 GeV)
consistent with isoscalar nN N state ()NN-mtNN coupled channel

calculatlon) M M,7 + M4 T =0.01~0.02 GeV
T. Ishikawa _ T. Ueda, PRLG6, 297 (1991). Oct. 21,2021 12
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Q Angular correlations

angular distribution & correlation

400 FE,=1.01-1.15 GeV 400 FE,=1.01-1.15 GeV
C a - a
300 o0 e S00F ot e
100 :-_,L- _;_:;:-:_*:':_';':;:-—--::"_::::h_- 100 f
“;:’ 0 fh_‘rr"”’. = E” 0 2 | | 1
%200 EE,=0.95-1.01 GeV %200 FE,=0.95-1.01 GeV
2 - all B g - all B
s 150 E_ :-_—_-;1]::} b0 ——iqn{tiél!f;rzence s 150 E_ :.___.23' L0 ——ﬂftiél!f‘;rzence
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cosO_ cosﬁn
Y-t in the yd-CM frame 1t-7 in the nd rest frame
(opposite sign)
h‘k M,q < 2.47 GeV
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_@ Observed states

angular distribution & correlation

L=12 L=012 L=02
d(1*) » Dy (07,1%,2%) > D, 4(17) - d(17)
47%

d(17) - Dy (2%) » D12(27) - d(17)
L=12 L=1 L=1

The major 0~ contribution suggests that nota NA* buta NN~
molecule-like state plays a role as a doorway.

This seems inconsistent with the fact that the A(1700)3/2" is
the main contributor for the elementary mn photoproduction

M. Doring et al., PRC73, 045209 (2006); J. Ajaka et al., PRL100, 052003 (2008);
A.Fix et al., PRC82, 035207 (2010); E. Gutz et al., EPJAS0, 74 (2014);
V. Sokhoyan et al., PRC97, 055212 (2018).
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@ Summary

1. neither yd - n°w%d nor yd —» nnd is described by a
coherent sum of the elementary amplitudes with deuteron
coalescence

2. asequential process in yd - m'n'd
yd —» D5 » D¢, » n’nd
Dyp: [=1,J% =2+, M = 2.14 GeV,T = 0.09 GeV

3. two sequential processes in yd - n'nd
yd -» Dy - n° Dnd—wt nd
yd - Dy — 1D, — n'nd
Dyg: 1 =0,J" =17,M~2.42 GeV,I'~0.03 GeV consistent

with a theoretical prediction:
three-body calculation for the nNN-nNN coupled channels
M=>=M,+M;T=0.01~0.02 GeV T. Ueda, PRL66, 297 (1991).

also interpreted as an nd virtual state

4. the N* contribution appears in yN —» n'nyN

Detalled dwsmn can be found in arXiv: 2105.10887
“T. Ishikawa Wor—e Oct. 21 2021 15
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_@ Accelerator

Electron Beam

LINAC 150 MeV

Booster Ring 1200 MeV (max)
Photon Beam

Bremsstrahlung

Tagged

eV @ 1200

00 MeV
~20 MHz (photon: 10 MHz)
W.,a=2.50~2.80 GeV

b Phn ton'Beam' 570~890 MeV @ 930 MeV
~2.8 MHz (photon: 1.2 MHz)
W.a=2.38~2.61 GeV

T. Ishikawa et al., NIMA 622, 1 (2010); T. Ishikawa et al., NIMA 811, 124 (2016);
' Y. Matsumura et al., NIMA 902, 103 (2018); Y. Obara et al., NIMA 922, 108 (2019).

1. EGEV Booster STraga ng

SPIN2021
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Q EM calorimeter

Backward Gamma
SCISSORS III SPIDER

Rafflesia I1 Photon

Beam

oy 62 Lead Glasses
192 CsIcrystals 5.5 1 eag /SciFi modules 5% @ 1GeV
3% @ 1 GeV 7% @ 1 GeV )

Phutun

PBea
.. "o }n FOREST elec ro-magnetic

l Target: 45 mm thick LH2 & LD2 calorimeter

T. Ishikawa et al., NIMA 832, 108 (2016).
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_@ Event selection (yd — n"ndz

1. 4 neutral particles and 1 charged particle

2. w' and n: yy decay
time difference is less than 3o,
between every 2 neutral clusters out of 4

3. dis detected with SPIDER
(response of SCISSORS lll is not required)
time delay is larger than 1 ns wrt average yyyy time
energy deposit is higher than 2E,;,

4. sideband background subtraction
to remove accidental coincidence
between STB-Tagger Il and FORESTS

phmnn‘!u: am

b-\m s ETJIW Oct.21,2021 19
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_@ Event selection (yd — n"ndz

Further event selection

a kinematic fit (KF) with 6 constraints is applied
energy and momentum conservation (4)
Yy invariant masses are m_o and m,, (2)
x% probability is higher than 0.2

QF yp' » n’npis rejected using another KF
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_@ Event selection (yd — n(’ndz

Further event selection

a kinematic fit (KF) with 6 constraints is applied
energy and momentum conservation (4)
yy invariant masses are m_o and m,, (2)
)( probablllty IS higher than 0.2

QF yp' - n’np is rejected using another KF

proton deuteron proton deuteron

) - 2000 6 100
QFYP 1T nNp I 1750 4 93
8

1500 1 70

1250 = 0 60

1000 = g 50

750 o g iﬂ

500 4 '?g

250 2 10

0 0 0

1000 0 500 1000

Momentum (MeV/c)

Momentum (MeV/c)
mlssmg m&%mum IS given for the deuteron in these plots
- T. Ishikawa o Oct. 21,2021 21




@ Correlation plot

2.7

E =0.85-0.94 GeV : E =0.85-0.94 GeV

2 2.1 22 07 08 09 07 08 09

M_, (GeV) M, (GeV) M, (GeV)
hm . Ishikawa Oct. 21,2021 22
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