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1. Introduction
A dibaryon, which is an object with baryon number 2 (B=2), has been studied for a long time
as a candidate of an exotic hadron with a compositeness of six constituent quarks. Dyson and
Zuon classified six dibaryon states without strangeness based on SU(6) symmetry in 1960’s
[PRL13(1964)815]. One of the predicted dibaryon named s (dibaryon with isospin 0, spin
3) was reported by the CELSIUS/WASA and WASA-at-COSY collaboration, recently
[PRL102(2009)052301] [PRL106(2011)242302]. That interesting result triggered lots of
experimental studies of other dibaryon states in the world. In 2019, an isovector dibaryon
were found in the dm® system of the yd — dn°m® reaction [PLB789(2019)413]. They
separated dibaryon production process from conventional pion production process using
angular distribution of deuteron. The mass and width of the reported isovector dibaryon are
2.14 4+ 0.01 GeV and 0.09 + 0.01 GeV, respectively. The isovector dibaryon was regarded as
one of predicted N A dibaryon Dhs.
In this thesis, we investigated other charge states of an isovector NA dibaryon (Di2) in
dnt system via the yd —» dn*n~ reaction.
2. Experiment
The experiment was performed at 2nd experimental hall of the Research Center of ELectron
and PHoton science (ELPH), Tohoku University, in October 2010. In this experiment, tagged
photon (timing and energy of the photon were tagged event by event) in the energy region
of 0.78 < E, < 1.08 GeV was irradiated to the liquid deuterium target with a thickness of
516 mg/cm2. The number of irradiated tagged photon was ~ 3 x 102,

The charged particles in the final state of the yd - dn*n~ reaction were detected and
analyzed by a magnetic spectrometer, Neutral Kaon Spectrometer 2 (NKS2). NKS2 covered
a solid angle of ~ 25% in total for a single charged particle and had capabilities of p/m
separation and multi-track vertex reconstruction. NKS2 detectors consisted of 2 drift
chambers for momentum analysis, 2 layers of plastic scintillator hodoscopes for the Time-
of-Flight measurement, and additional plastic scintillator bars to reject e*e~ background
events.

3. Analysis and Results
The yd —» dn*n~ reaction events were identified by analysis of NKS2. We reconstructed
vertices of multi-track and extracted the yd - dn*m~ reaction events from information of
the vertices and tracks. We analyzed data by using two different methods, 2-track analysis
and 3-track analysis.

In the 3-track analysis, we extract the events in which all final state particles (d,n*,



Gl 5)

4.

5.

and t~) were detected by NKS2. From the conservation laws in the four kinematic variables,

momentum of each axis (p,, Py,p;) and total energy (E), we defined likelihood as a weighted
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where AX and gy represent a residual of the initial state and final state and resolution of a

sum of variable as,

kinematic variable X, respectively. The event with a condition of LH < 20 was selected as
the yd - dn*n~ event.

In the 2-track analysis, we extract the events in which a deuteron and a charged pion (r®)
were detected by NKS2. The other pion (7¥) was identified using a missing mass method.
In the 2-track analysis, the missing mass of the yd —» dntX reaction was calculated and
the region of 0.05 < My < 0.20 GeV/c? was selected.

After the background estimation and subtraction, the number of the yd —» dn*n~ events
were ~15000 and ~2000 for 2-track analysis and 3-track analysis, respectively. In both 2-
track and 3-track analysis, enhancements of dr® invariant mass spectra were consistently
observed around 2.13 GeV with a width of ~0.1 GeV.

The differential and total cross section were derived for 2-track analysis which had higher
statistics. The acceptance of NKS2 was estimated by a Monte-Carlo simulation based on
GEANT4.

The total cross section in the region of |t| > 0.15 GeV? was also derived for 12 energy
regions, where t is a Mandelstam variable defined as t = (Py - P,m)2 . B, and P,
represent four vectors of an incident photon and 2-pion system, respectively. The obtained
cross section was almost flat around 2 pb in the measured energy region.

By the fitting of the three invariant mass spectra (dnt,dn~,and t*n~), we derived mass
and width as,
Mg,y = 2.1329 + 0.0008(stat.) + 0.0085(syst.) GeV,
Ty = 0.1033 + 0.0021(stat.) + 0.0092(syst.) GeV.
The obtained mass was lower than the NA threshold (~2.17 GeV) and width was narrower
than that of a single A particle (~0.12 GeV). The results were consistent with the mass and
width of Di2 obtained by the yd — dn’n® reaction [PLB789(2019)413].
Discussions
The production mechanism was discussed based on the angular distribution of deuteron in
the center of mass system of an incident photon and deuteron because the peak structures in
the dm invariant mass spectra do not always mean resonance. However, the obtained
differential cross section in the forward deuteron emission region was too large to explain by
the conventional quasi-free 2m production process. That indicates there are some
unconventional processes like dibaryon production.

Summary and Conclusion
In this thesis, the yd — dn*tn~ reaction was measured by using NKS2, a magnetic
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spectrometer with a large acceptance. We have shown the total cross section, the differential
cross sections of the yd —» dn*n~ reaction in the region of | £]>0.15 GeVz2.
The total cross section showed flat distribution around 2 pb within the measured energy
range.
Peak structures interpreted as isovector dibaryons were observed below the NA threshold
in the invariant mass spectra of dm®.
The mass and width obtained as fitted parameters of BW function were
Mg,y = 2.1329 + 0.0008(stat.) + 0.0085(syst.) GeV,
Ty = 0.1033 + 0.0021(stat.) + 0.0092(syst.) GeV.
They were consistent of Di2 measured via the yd — dn°n® reaction in [PLB789(2019)413].
The angular distribution also indicated unconventional processes like dibaryon production
process.
Finally, we noted that this measurement provided the world's first cross section of this

reaction in this kinematic region.
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o XD Rk, 2000 AT O CELSIUS/WASA, WASA-at-COSY FEBRIZ K U Dy,
ERFIEALD AA HISRIEN A INDHZ LICLY —E L, 61T 2019 FlZyd - d n'n° Kt
Z H VT ELPH FOREST ZZBRIZ L U NA LIERRAEICHH Y T DD ¥ A N U A U BWPE I NI Z LT
XViEHE, REQREHZED DL LI T T,

SR IE ELPH I W T, 0.78-1.08 GeV DAEFRAL LT 2 HEIG FAERNIC AN L, RISH%AE LT
of BRI - & RALARA (msr) D NKS2 By Kz WD Z LI XV HIE Lyd » dnte ik % i
JeL7c, ZAUZ KD | FOREST HEBRELIXRRDMET ¥ FNMICEBIT DD X A N v 2 HR%E
L. drtd KRG 8534 O NABE LL T IZ & #2.1329 £ 0.0008 (stat.) £+ 0.0085(syst.) GeV. &
0.1033 + 0.0021 (stat.) £ 0.0092(syst.) GeV DILIREAZ A Lo, Z OF5HEIL FOREST EHR N
yd > dn'n RIS TRO DL, REE BT JETHDH, I HIT, |t] > 0.15GeV? FHIKIZ BV Tyd -
drtn BSOS ROEWIHE Z RO, T O XX —RFEN/ NI N & B HRHA D
HPENCH T oM T D &, B ST REDOIED B 72 Ak 1 X 0 53 X %20 MeV i
ZEERWE L, Zo X0 REBITEE OMEE Bah MO AER S TIEBB R D v,
DOFED, ARFEICBWTHMLUEKIZMEIRE 0 & 20DDL,F A0 4O TOBRNT KD
L, AN AU geicxt L CBHEREMEZ Lz,

yd > dntn IS EIT ANAILIS OB A ZFAIT L, DX AN A ZmET ¥ 1/ T
WEST D2 IR LIAMURIZBN LI ICE RSN mE R ER ) &L FiE A L
TWd, koW —KREHOMEGwm X4, MLt (HY) OFPfifmX e LTHEKLED D,
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