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_Q Introduction

n-mesic nucleus
bound by the strong force alone
NN Interaction a. rix, o. Kolesnikov, PRC97, 044001 (2018).

, [ []
nN-1 MIXING s.p. Bass, P. Moskal, RMP91, 015003 (2019).

N(1535)S:4 in the nuclear medium
D. Jido et al., NPA811, 158 (2008).

experimental hints

steep increase from the threshold

in pd - n 3He B. Mayer et al., PRC53, 2068 (1996).
J. Smyrski et al., PLB 649, 258 (2007).
T. Mersmann et al., PRL98, 242301 (2007).

in y>He - n3He

B. Krusche, and C. Wilkin, PPNP80, 43 (2014).

rather flat angular distribution of n emission

J.-J. Xie . Jido et al., NPA811, 158 (2008).
‘Ecd.convincin, evidence
- LONVINCIng eviaen Mar.10,2021 3




_@ Introduction

S-wave nd system D, g with I = 0,J" = 1
the lightest n-mesic nucleus if bound

Bag model in a g*=q* configuration
M = 2.41 GeV

P.J.G. Mulders, A.Th.M. Aerts, and J.J. de Swart,
PRL40, 1543 (1978).

nd bound state

three-body calculation for the nNN-nNN
coupled channels
M=~M,+M;I=0.01~0.02 GeV
nNN bound State T. Ueda, PRLG66, 297 (1991).
hgzd bound state ?

shikawa Mar. 10,2021 4
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_@ Introduction

coherent yd —» n°nd reaction
provide a low relative-momentum condition between

nandd
produce a possible nd bound state

similar coherent yd - n°r"d reaction

dominant is a sequentlal process
yd - D » Dy, » n'n'd
with a md resonance D4, With
M=2.14GeV,T =0.09GeV,I =1,J" = 2%

T. Ishikawa et al., PLB789, 413 (2019).

sequential processes for yd - n’nd
yd - Dy - n° qu"” nd
h yd — Dy = 1Dq; —» n'nd

- T. Ishikawa Mar. 10, 2021 5
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_@ Accelerator

Electron Beam

LINAC 150 MeV

Booster Ring 1200 MeV (max)
Photon Beam

Bremsstrahlung

Tagged

eV @ 1200 MeV
- ~20 MHz (photon: 10 MHz)
1= =~ W.a=2.50~2.80 GeV
sLiPhoton'Beam' 570~ 890 MeV @ 930 MeV
~2.8 MHz (photon: 1.2 MHz)
W.i=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

T. Ishikawa Mar. 10, 2021 6



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

‘ Target: 45 mm thick LH2 & LD2  ¢glorimeter

T. Ishikawa et al., NIMA 832, 108 (2016).
“T. Ishikawa Mar. 10,2021 7
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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’“““ T. Ishikawa Mar.10,2021 8
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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

=

[ . experiment
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F et i s ' CC ]'h;rg"ll ot
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I

t Perseny, o 00N QF
+ ++‘hH(%\F proton hm++ﬂ*++++++"+++*++++++++++ﬂ++ #
tHi‘ + -|'++#+ Hi-{ + +H H'H++H+++_H++
I F neiltrorj[ t ]ljf]l i #
oL B
b"@ 10 0O 01 02 03 0.&4 0.5 06 07 08 09 1
7 ¢ R " T Ishikawa ¥~ probability
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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
0 500 1000 0 500 1000
Momentum (MeV/c) Momentum (MeV/c)

mlssmg momentum is given for the deuteron in these plots
- - T. Ishikawa Mar. 10, 2021 10
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_@ Total cross section

. : ! A. Kaser et al., PLB748, 244(2015).
excitation function -

dashed curves ok Mainz
impulse ESNN ELPH |, 2l |
solid curves 5 0.1F
including nd final- So0sk =
. . ‘: " | .:
state Interaction > -
two models ; 0.06F _q:f
M. Egorov, A. Fix, = 004 T
PRC88, 054611 (2013). — [ &
S 0.02F
M. Egorov, PRC101, = : /
unified microscopic approach ' 1

U?ﬂ UE 085 [}9 (}95 | I[]ﬁ 1.1 I.];
(GeV)

Both models are based on QF n%n production with deuteron

lcoalescence but different approaches are adopted to

[ncorporate the nd final-state interaction
““T. Ishikawa Mar.10,2021 11
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Q Differential cross sections

mass distributions do/dM,; and do/dM 4
for the first time

E =1.01-1.15 GeV i E =1.01-1.15 GeV
T
ace |
;0.5_
D) L
Q L&
2 OF ; J
i _095101 Gev
% 1
B
o]

0.5F

s V4 V4 $F9 4 ==
/T T T T Y O Y T Y O I Ll 11

24 245 25 255 2.6 2.65 2 2.05 21 215 2.2 2.25
(GeV) (GeV)
—_ T Ishikawa Mar. 10,2021 12




_@ Observes states

yd - ’nd

two sequential processes:
yd - Dy - n’D, 4T Ond
yd - Dy = 777)12 - n'nd

D,q. S-wave nd system with I =0,J" =1~
mass and width: free parameters

D4, well-known md resonance with I = 1,J™ = 2%
mass 2.14 GeV
width 0.09 GeV

iimultaneous fit of four distributions

o Ishikawa Mar. 10,2021 13
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_@ Observes states

mass distributions de/dM,; and do/dM .4

'v'

ET=1.01—1.15 GeV [ ET-1.01—1.15 GeV

L b/GeV)

—0 95-1.01 GeV

do/dM, , (

T2 T AT T AT T AT AT == L TS TP ITL =i

2.4 2.45 25 555 2.6 265 2 205 21 515 52 205
. (GeV) L (GeV)

dashed. D,q (M ~ 2.40 GeV [ = 0.02 GeV) &
r. Ishikawa dOtted: D12 Mar. 10,2021 14




Q Coherent yd - n’nd

angular distribution & correlation u,, < 2.47 Gev

3N} — 3N} — —
:I'..I.=l.ﬂ]-].l- (e ]'._I,=|.ﬂl-l.]ﬁ{||:"r_+_
.

1 = [LEN]

T
4
>
+
5 ++

[

ib r o .___.-' ffff.ﬂ"

Iﬁ“"LIJIILIJI.ILIJI.IJIII.

- ]':_II:IZI'.'-J.‘:- L.O1 GeV

o s 7z B,
ISLI‘J..LIJL.JIJL.JI.I.IJ

- I':_I_ =(1.95-1.01 GeV

: 4+

Yield (a.u)

}

Yield (an)

S0 = S0

( s A ,,,Ei EP? TP PP Ard CEL L,
= i |
L

'JIlLIJLlJIJLlJIlLIJ lJIILIJI.ILIJI.I]IlI.

-1 1.5 il .5 | =1 A1.5 ih (L5 l
cosh L:l:'lf'iﬂ_ll
Y-t in the yd-CM frame 1t-1 in the nd rest frame
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Q Coherent yd - n’nd

fit of angular distributions w,, < 2.47 Gev
L=12 2/3 L=012 L=0
2/3 d(1%) - Dy (07,1%,2%) - Dpe(17) - d(1H)

L=1 L=1
1/3 d(1+> - ‘Dw<z+> - Dy, (24) - d(1+)

00

Il]]ll’.‘l.-'

0 :‘j'_,_i:q:ﬁ”m W

E I.ﬂl-l.]ﬁ{iu"i+_

[} ”WM 1] 77 T E T T n

il I I A1 1 i I 11 4 i I i1 1 1 T I L b 1 1 I L i 0 1 I 11 1 1
-1 A5 i ] 1 -1 A5 i) [N |
cosfl |.:-:1.~-.1|:|'1II
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Q Coherent yd - n’nd

total cross section A. Kaser et al., PLB748, 244(2015).
0.14F
two models - M_g_inz
M. Egorov, A. Fix, = 0.12F |
PRC88, 054611 (2013). 2 ik T gt
M. Egorov, PRC101, Soo0sf = .
065205 (2020). 5 I 7
unified microscopic approach mﬁ'ﬂf’f =
S004F B
= - F
EG-GE; ,/‘M,,d < 2 47 GeV
0 ;--:--—-F_f —i:li':‘ia ___ﬁ ﬁ“ﬁiﬁ IR
: 075 0.8 0.85 0.9 095 1 1.05 LI LIS
The events with M, ; < 2.47 GeV E, (Gev)

form a bump around 1 GeV
ss NA(1620)S;,, NN(1650)S11, NN(1700)D 5
fOI’ 1)01(1_)~NN(1535)511
NN(1720)P 3, NA(1600)P5; for D1,(27)~NA(1232)P4
hﬁh ss?1%~5% Nn decay

W Ishikawa Mar. 10,2021 17



@ Summary

1. Cross sections are measured at E, <1.15GeV
for yd - n'nd

2. excitation function of o is well-reproduced by the
existing theoretical calculations with nd FSI

3. mass distributions are decomposed to the two
sequential processes

yd - Dy - n’D,, - n'nd

yd - Dy — D1, > n'nd
Dypa- I = 0,J"=1",M=2.40+0.01GeV, T <0.03 GeV
below the nd threshold
Dy,: =1, =2+, M =2.14 GeV,T = 0.09 GeV

4. doorway states for the first Dyy state would be
NN(1650)S,, for n’D,, and
h]YN(1720)P13 for 7]2)12

" T. Ishikawa Mar. 10, 2021 18



_@ Backug

Backup

Mar. 10, 2021 19



Q Differential cross sections

angular distributions do/dQ4 o
_ 101115 Gev for the first time

20 F angular distribution of deuteron

o emission in the yd CM frame
- phase space

}
t

—-_| does not show a strongly

Z, 3__/” ________________ ~ "] backward-peaking behavior but
s A ... 1....|shows arather flat distribution,
g N I E =0.95-1.01 GeV | suggesting a sequential process
S f

10 -+—+

[~

SHEEEEEEEE AN e . Mﬂd<247GeV
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