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Study of non-strange dibaryon resonances
via coherent double neutral-pion
photoproduction on the deuteron
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Observation of the d*(2380) dibaryon resonance
pn—>7n’w’d reaction (only I=0)
CELCIUS/WASA collaboration
M. Bashkanov et al., PRL102, 052301 (2009).

WASA-at-COSY collabration
P. Adlarson et al., PRL106, 242302 (2011).

peak with a mass m=2.37 GeV and width I'=0.07 GeV

05 ¢ pn —= dm'r’
: | a six-quark state

an isoscalar A A quasi-bound state, Do,
(predicted by Dyson and Xuong)

F.J. Dyson and N.-H. Xuong,
PRL13, 815 (1964).
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@ d*(2380) dibaryon resonance

cher reactions H-Clement etal, Phys. Scr. T 166, 014016 (2015). '
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All the evidences were given in the pn collision
Nearly all the observation was made by the WASA-at-COSY collaboration.

T. Ishikawa, September 28, 2017.
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DlLeptOIl Spectroscopy (DLS) puzzle

1 G. Agakichiev et al.

< gt ;-Pb Au DB AGEY p;m:: (CERES collaboration),

= |} [—f s>3maa | Phys. Lett. B 422, 405 (1998).
%mﬁp +3 4+ {P;T;ﬂ” i 1) medium modification

T RS , “ ] ofvector mesons

gm_?g ’ 1 2) d *(2380) pl‘(ldllCtiOII
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M. Bashkanov and H. Clement,
Eur. Phys. J. A 50, 107 (2014).

s channel photoproductoin of d*(2380) ~ size
—>we study the "d—7°7°d reaction for the first time

T. Ishikawa, September 28, 2017.

04/17



@‘ Accelerator =——u
EPR o ey~
Electron Beam
LINAC 150 MeV

Booster Ring 1200 MeV (max)

Photon Beam
Bremsstrahlung
Tagged

SFOREST

© ’

Experlmental

w'n
Hall e
. 740~115C 1eV @ 1200 MeV

A ~20 MHz (photon: 10 MHz)
bis R W.a=2.50~2.80 GeV
' 'T- Phﬂtﬂﬂ Bcam 570,..,,890 MeV @ 930 MeV
1.3 GeV Booster STorage Ring ~2.8 MHz (photon: 1.2 MHz)
W.a=2.38~2.61 GeV
T. Ishikawa et al., Nucl. Instr. Meth. A 622, 1 (2010);

T. Ishikawa et al., Nucl. Instr. Meth. A 811, 124 (2016).
T. Ishikawa, September 28, 2017. 05/17
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(’} EM calorimeter e o
Backward Gamma St G
SCISSORS II1 SPIDER

LOTUS

Rafflesia 11
<«

» | AN 62 Lead Glasses
192 Csl crystals 55 1,ead/SciFi modules 5% @1GeV
3% @ 1 GeV 7%@1GCV .

Photon
Beam

Phntun
Bea

S TP R . ™8 FOREST electro-magnetic
Target: 45 mm thick LH2 & LD2 calorimeter

T. Ishikawa et al., Nucl. Instr. Meth. A 832, 108 (2016).
T. Ishikawa, September 28, 2017. 06/17




@ Event selection for vd—=>nzw°d ™ =
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1. 4 neutral particles and 1 charged particle

2. each neutral pion: vy decay
time difference is less than 30,
between every 2 neutral clusters out of 4

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

4. sideband background subtraction
to remove accidental coincidence 7Sk
between STB-Tagger II and FORES:

}-:-hnlnnihcam

ii

7 U
s W

T. Ishikawa, September 28, 2017. 07/17
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missing momentum is given for the deuteron in these plots
T. Ishikawa, September 28, 2017. 08/17

Further event selection:

a kinematic fit with 6 constraints is applied
energy and momentum conservation (4)
each v~ invariant mass is m,o (2)

x° probability is higher than 0.4
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Further event selection:
a kinematic fit with 6 constraints is applied
energy and momentum conservation (4)
each v~ invariant mass is m,o (2)

x~ probability is highet;
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T. Ishikawa, September 28, 2017. 09/17



@ Total cross section =rrmen
920 MeV acceptance is estimated
o T. Ishikawa et al., using a Monte-Carlo simulation
- PLB772, 398 (2017). here event generation reproduces
+ the differential cross sections
E=“ 80 - *__
’ M+ 7 +%_ 1200 MeV
E. Hl‘“‘*,
Sawr ¢ N
= A, Fix and H. Arenhovel,
20 - / EE’JAZS, 115 (2005).
llJ_JIll_l_ll_l_lrl_lrl;:%::?_ll_l_ll_l_l_l]Ill]]llll]llll

0235{] 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850
CM energy W, (MeV)

No clear resonance-like behavior at W=2.37 GeV.

consistent with existing theoretical calculations
T. Ishikawa, September 28, 2017. 10/17



@ Differential cross section
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T. Ishikawa, September 28, 2017.
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7w 7 invariant mass
monotonically increasing
at low energies
convex upward
at high energies

0 » -
7 d invariant mass
peak at ~2.15 GeV

deuteron emission

backward peaking
at high energies
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g event concentration at
h

2800 &
 W,4=2600 MeV & M-=600 MeV
2750 ».« Cross section drops
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T. Ishikawa, September 28, 2017. 12/17
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T. Ishikawa, September 28, 2017.

I

_ II
it

f
§ Ralaithanca

HADRON—, 2017

event concentration at

M q=2150 MeV & M .=600 MeV
suggesting the relative momentum
between nd and the other 7 is large
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EPH =Tl
I=1 (I=1 for 7, I=0 for d)
225 E W=2749.7 MeV 225 £ W=2679.3 MeV
175 [ 175 E
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Breit-Wigner convoluted with 11-MeV-o Gaussian
mass 2160+3 MeV mass 2146+3 MeV
width 119+6 MeV width 110+3 MeV

mass 2153+2 MeV & width 112+3 MeV
T. Ishikawa, September 28, 2017. 14/17
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7° emission angle
in the 7°d rest frame

Mread
2.05-2.25 GeV

Z axis
opposite direction
of the other «°
momentum

I.=1 fits the distributions
(m=0 & m==%1)

' suggesting O, 17 or 2°

different from two 0~ and 2~ dibaryons reported by the

COSY-ANKE collaboration for the pp —»{pp}s7° reactions
V. Komarov et al., PRC93, 065206 (2016).

T. Ishikawa, September 28, 2017.
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d*(2380)

F.J. Dyson, N.-H. Xuong, Phys. Rev. Lett. 13, 815 (1964). |

Dis Doir Dio |Diz || D21 | Dosg | D3o

BB | NN | NN | AN ||AN AA AA
M A A A+6B |[A+6B | A+10B A+10B

1878 | 1878 | 2160 ||2160 | 2348 | 2348
L M=;1+{I(I+1)+S(S+1)—2}B
A=1878 MeV
B=47 MeV

non-attractive
'So states: pp, pn,nn
deuteron:
attractive °S; state
T. Ishikawa, September 28, 2017. 16/17
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Tﬁtal cross section has been measured at W—}fd—2.38 |
~2.61 GeV for the first time.
No clear resonance-like behavior corresponding to
d*(2380) ~D,; candidate~ is observed.

T. Ishikawa et al., PLB772, 398 (2017).

A peak at M~2.16 GeV ~D,. candidate~ is observed
in the 7°d invariant mass distribution
for the vd—>#°n°d reaction at W 4=2.50~2.80 GeV.
M=2153+2 MeV
I'=112+3 MeV
L=1 for the 7°d decay (0", 1* or 2+)

Similar peaks seem to be observed in the 7~d

invariant mass at JLAB/CLAS and ELPH/NKS2.
T. Ishikawa, September 28, 2017. 17/17
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