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EXPERIMENTAL STUDY
OF A(1405) VIA THE D(K- ,ITX) REACTION AT J-PARC K1.8BR

The A(1405) baryon resonance plays an outstanding role in various aspects of hadron and nuclear
physics. It has been considered that the A(1405) resonance is generated by the attractive interaction of
the antikaon and the nucleon as a quasi-bound state below its threshold decaying into the @wX channel.
Thus, the structure of A(1405) is closely related to KbarN interaction. In this paper, after reviewing the
basic properties of the A(1405) resonance and introduction to the experiment, which is performed at
the K1.8BR beamline in the Hadron Experimental Hall of ]-PARC, Tokai, Japan in January and February
2018, we introduce the spectral shapes which are taken by the data analysis. We have finished a beam
time and data taking for the second run of E31. In the second run, we could increase the statistics several
times. Based on the second run data, we analyzed the £+ - and -w+ invariant mass spectra in the
d(K-, £+ @-)»n» and d(K-, Z-w + )»n» reactions, respectively, where «n» is clearly identified in the missing
mass spectrum of each reaction. Also, we considered the background events to estimate the sideband
and get the correct peak structure of A(1405).

We summarize the recent progress in the investigation of the A(1405) structure and discuss the fu-
ture perspective of the physics of the A(1405) resonance.
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J-PARC K1.8BR- AA d(K- ,mX) peakumsicbl apKblAbl
akcnepmeHTTe A(1405) 3epTTey

Bo BTOpor yactu akcnepumeHTte E31, yBeAnumBas CTaTUCTUKY AO HECKOAbKMX Pa3, Mbl OXXKMAAEM
nsmeperne A(1405) B T+ @-/Z-w+ CnekTp MHBapuaHTHbIX Macc B d(K-, Tw) «n». Kpome TOro, mbi
paccMoTpeAn hOHOBbIE COObITUSI, YTOObI OLIEHUTb GOKOBYIO MOAOCY M MOAYYUMTb MPABUALHYIO CTPYKTYPY
crnekTpaAbHOro nuka (1405).

A (1405) 6aprOHAbI PE30HAHCbI aAPOHAAP XKOHE SIAPOABIK, (PM3MKAHbIH, 8P TYPAI CaAaAapbiHAA
MaHbI3AbI peA aTkapaabl. A (1405) pe3oHaHCbl TAPTbIAY KYLLi apKblAbl aHTMKAOH >K&HE HYKAOH TYpiHAE
KBa3u 0anAaHbICKaAH KYMAIH TOMEHTT TaGaAAbIPbIFbIHAAQ WE-KaHAAbIHA biAblpanAbl. Ocbiraniia, A (1405)
KypbiAbiMbl KbarN acepaecyimeH TbiFbi3 6ariAaHbiCTbl. Bya Makaraaa, A (1405) Heri3ri kacueTTepiHe
>kaHe 2018 KbIAAbIH, KaHTap >keHe aknaH anAapbiHaa K1.8BR TisriHiHAeri J-PARC, Tokai, >Kanonums
3KCMEepPUMEHTAAbABI  aA@HbIHAQ >KYPri3iAreH Taxipubere Kipicre >KacarMmbl3 >XOHe AepeKTepAi
aHaAM3 >kacay 6apbiCblHAQ aAblHFaH CMEKTPAEPMEH TaHbICaMbl3. DKCMEPUMEHTTIH eKiHLi GOAiriHiH
Herisri mMakcaTbl, CTaTUCTUKaHbl OipHele ece ecipin, d(K-, Zm) «n» peakumsacbiHAaFbl X + @- / IZ-@
+ WHBaApMaHTTbl MacCCaHblH CMEKTPAEPIH aHbiKkTay apKbiAbl A (1405)-Tbl 3epTTey. CoHbIMEH KaTap,
OYMipAiK >karaaiAapAbl 6aFasay >keHe AYPbIC CMEKTPAIK WbIHABIK, KYPbIAbIMAbI aAY YLLIH CMIEKTPAEPAETI
OHABIK, >KaraariAapAbl KapacTbipablk, (1405).

Ty#in ce3aep: kaoH, E31, MHBapMaHTTbI Macca CrieKTpAepi.
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JKcnepumeHTaAbHoe udyyernme A(1405)
c nomouupto peakumuun d(K- ,x) B ]-PARC K1.8BR

BbaproHHbIn pe3oHaHc A(1405) urpaeTt raaBHYIO POAb B Pa3AMUHbIX pa3paeAax hU3MKM aAPOHOB U
aAepHoi prankn. GiMTaAoch, UTo pe3oHaHC A(1405) reHepurpyeTcs NPUTSArMBaOLLMM B3aMMOAENCTBMEM
AQHTMKAOHa M HYKAOHA B BUAE KBA3MCBS3aHHOIO COCTOSHUS HM>XKE ero nopora, pacnaAQioLwerocs B wx-
kaHaae. Taknm 06pasom, cTpyktypa A(1405) TecHo cBs3aHa ¢ B3aumoaerctenem KbarN. B aToi cratbe,
nocAe 0630pa OCHOBHbIX CBOMCTB pe3oHaHca A(1405) n BBeaeHMst B aKcrnepumeHT E31, koTopbin GbiA
3anyuweH Ha AMHUKM nydka K1.8BR B akcnepumeHTasbHOM 3aae J-PARC B r.Tokan, SinoHust B sHBape U
deBpare 2018 roaa v Mbl MO3HAKOMUAUCT CO CreKTPaAbHbIMU (hOPMamm, KOTOPbIE ObIAM MOAyYEHbDI
AQHAAM30M AQHHbIX. Bo BTOpoi vacTm akcnepmumeHTa E31, yBeAnumnBas CTaTMCTUKY AO HECKOAbKMX pas3,
Mbl OXKMAaeM m3meperre A(1405) B T+ o-/Z-w+ CnekTp nHBapuaHTHbix Macc B d(K-, Zm) «n». Kpome
TOr0, Mbl PACCMOTPEAU (DOHOBbIE COObLITUS, UTOObI OLLEHUTL GOKOBYIO MOAOCY M MOAYUUTb MPABUABHYIO

CTPYKTYpY criekTpaAbHoro nuka (1405).

Mbl cymmupyem HeaaBHME MPOrpecchl B MCCAEAOBaHUM CTPYKTYpbl (1405) 1 o6cyamm Gyayiume

nepcrnekTuBbl (PU3MKM pe3oHaHca (1405).

KaroueBble croBa: KaoH, E31, cnekTp MHBApMaHTHOM Macchbl.

Introduction

The A(1405) resonance is a negative parity
baryon resonance with spin 1/2, isospin I = 0, mass
m=1405.1+1.3-1.0 MeV/c2, width 50+2MeV, and
strangeness S = —1 [1]. The resonance is located
slightly below the KbarN threshold and decays into
the X channel through the strong interaction. The
existence of A(1405) was theoretically predicted in
1959 by Dalitz and Tuan [2,3], based on the analy-
sis of the experimental data of the KbarN scatter-
ing length. It is shown that the unitarity in coupled-
channel KbarN—nZ system leads to a resonance pole
in the ¥ amplitude.

There is a long-standing discussion on the inter-
pretation of the A(1405) resonance. It is known to be
difficult to describe A(1405) as an ordinary three-
quark state in simple constituent quark models [4],
because A(1405) has a lighter mass than the nucleon
counterpart, the N(1535) resonance. Moreover, the
mass difference from the A(1520) resonance with J
=3/2—, which is supposed to be the spin—orbit part-
ner ofA(1405), is too large in comparison with the
splitting in the nucleon sector. According to these
difficulties of the simple three-quark picture, the me-
son—baryon quasi-bound picture ofA(1405) attracts
much attention. In fact, the A(1405) resonance can
be naturally described as a quasi-bound KbarN state
embedded in the X continuum in coupled-channel
meson—baryon scattering models, for instance, by
the phenomenological vector meson exchange po-
tential with flavor SU(3) symmetry [5]. Theoreti-
cal analysis of Chiral Unitary model [6], suggests
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a double-pole structure of A(1405): X and KbarN
[7]. The theoretical statement about the double pole
structure of A(1405) shows a new picture of A(1405)
as a resonant meson-baryon state, which is different
from the so-called traditional picture of A(1405).

But, the review of particle physics [8] adopted
the mass and width of the A(1405) state obtained by
analyzing the invariant mass spectrum of A(1405) in
the final X + 7- state via the 4.2 Gev/c K- induced re-
action on hydrogen [9,10]. It has the lightest mass in
negative parity baryons, which is hardly explained
by the simple quark model [11]. Unfortunately, sta-
tistics in experimental data seems poor and 2 n0 in
the final state cannot be distinguished kinematically
each other. Recently, the yp — K+n+2— and K+n—
>+ reactions were measured at LEPS/SPring-8 [12].
Although the statistics is limited, they claimed the
interference between the =1 and =0 amplitudes.
The K-d — n+X—n reaction was reported [ 13], which
shows a clear peak at the A(1405) mass region. This
reaction seems promising to study A(1405). In ex-
perimental situation, some reports about A(1405)
show its spectrum shape depending on the reaction
process. Therefore experimental study of KbarN
coupled to the A(1405) is desired.

A repulsive shift of K-p atomic state at 1st en-
ergy region [114] arises an interesting discussion
of deeply bound kaonic nuclear states [15], where
A (1405) is interpreted as a bound state of KbarN
system with the binding energy of as deep as 27
MeV [16]. On the other hand, a chiral unitary mod-
el calculation claims that A (1405) may consist of
two components in the coupled-channel KbarN-zX
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system [17]. Namely, poles coupled to the nX state
and KbarN state are suggested at different positions,
(1390 — 132i) MeV and (1426 —32i) MeV, respec-
tively [18]. As a consequence, the resonance posi-
tion of the KbarN — X channel sits at about 1420
MeV and the binding energy is as shallow as 15
MeV. This situation obviously affects the property
of the deeply bound kaonic nuclear states. In order
to clarify which picture is valid, decomposition of
A (1405) states coupled to KbarN is of essentially
importance. Since A (1405) lies below the KbarN
threshold and has no decaying channel coupled to
KbarN, it is vital to investigate a KbarN collision
process in a virtual state.

K- o a-lwt
0\ T+ [E
d n-/ nt

.11 "

Figure 1 — (K-,n) Reaction Diagram

The E31 experiment is performed at the K1.8BR
beam line in the Hadron Experiment Hall of J-
PARC [19,20]. Since A (1405) cannot be formed

directly from the K-p reaction in free space, we used
the KbarN scattering process [21] as a d(K-, n)Xn
one step reactions at a kaon momentum of 1GeV /c,
where the incident kaon knock-out a bound nucleon
in the deuteron, become to be an off-shell Kbar and
forms A(1405) followed by a Zr decay (Fig. 1). We
will measure the A(1405) spectrum shape in a X +
n- / -1 + invariant mass spectrum of the d (K-, Xm)
«ny reaction.

E31 experimental setup

The E31 experiment is performed at the K1.8BR
beamline in the Hadron Experiment Hall of the J-
PARC. The schematic drawing of the KI1.8BR
spectrometer and E31 setup is shown in Fig. 2 [22].
The beam momentum is analyzed by a beam-line
spectrometer with a resolution of 2.2 MeV/c at 1.0
GeV/c. Decay charged particles associated with the
d(Kbar ,n) reaction are measured by the cylindrical
detector system (CDS) surrounding the target to ob-
tain those of momentum and TOF, which also make
it’s particle identification possible. CDS operates
in a magnetic field of 0.7 T. The Neutron Counter
(NC) and Proton Counter (PC) which detects for-
ward scattered neutron and proton are placed 15
m ahead in the forward direction. Since A(1405)
is recoiled backward, the decay proton from X0n0
mode ( X0n0 — Ayn0 — pn-yn0 ) [23] is emitted
backward, which is detected by backward proton
detector (BPD) and chamber (BPC) placed in the
upstream of the target.

10 m
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-
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DT Trajectory
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Figure 2 — Schematic view of the K1.8BR spectrometer
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Preliminary results

The second E31 physics run was performed in
January and February, 2018. About 40GeV kaons
were used. -/t + and neutrons particles are detected
by CDS and NC, respectively (Fig. 3). Among these
events X="n”" is identified in the missing-mass

CDS_IM_pipi
Entries 6710643

spectrum of the d (K-, £m) «X» reaction, as shown
in Fig.4.

Also, for investigation of A(1405), we have to
identify X+ and X-. By using the information and
data, which mentioned in the Fig. 3 and Fig. 4., we
can easily define X+ and X- spectrums, as shown in
Fig. 5.

300 REES T

di_ 21

280
200f
150

100

Invariant Mass of m'n~ (GeV/ ¢?) 1/

Figure 3 — (left) Identification of n-/z + by using CDS detector. (right) 1/p distribution
of the forward neutral particles detected with the NC
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Figure 4 — Missing Mass of d(K", nz'n")”X” (GeV/c?).
The fitted region between 0.9 and
0.98 is selected as a neutron mass
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Figure 5 — Invariant Mass of nt* and nrx .
The strong focusing cross-image corresponds
to X-decay event
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We decomposed the d (K™, Xm)’n” spectrum into  the selected Sigma mass peak window, as shown in
d (K7, Z+n-)"n” and d (K~, Z-n+)"n”. To evaluate  Fig 6.
the background distribution in the piSigma, we de- Then, by using the side- and events and calculate
fined sideband region in the n n-/n n+ IM spectrums.  the event number of each side, we reconstruct the
“Side-band” is taken as a mass region just beside  follwing histograms. Fig. 7.
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Figure 6 — Invariant Mass of nn* and nn ~. The Z- and X+ selections are shown with black hatch,
while sideband regions are defined as the red and the blue hatches
1000 E_E-;‘m_ﬂm_lld E_F B Sorra_pia 1ol
1 [Erwes 2222t Erios 1814
500 Wean 1527 = Mean 153
|- AMS D144 Z AMS 0112
5 700 =
= 500 f 2
= 500 ++ : i
= i 3
= # Jr{--L}{-Jr : 3
- 400 i =
= tt B : ++ b fe +J'
= 3 Hy : § s P + i
é 200 AL by = Pl s+Tin F ottt .
t 4 ! + : EE I L Y
1I)|] * ++++'|‘+++++ ++ + :— + + .++ .,,.|_+-|-+H-l- l'.1- &
b BT AN + I i T ot ¥ e "‘+
e S EPCCT Y PR B |'] S 1“".""1'"1--**..1_.L'H-=.-_ L
?.3 1.5 1.6 1.7 1.8 1.9 ] 1.4 1.5 1.6 1.7 1.4 1.8
. * : 2
Invariant Mass of -1 *{(GeVic”) Invariant Mass of Z+a-(GeV/c”)

Figure 7 — Invariant Mass of Z+n- and Z-n+ with side- band events.
The black histogram represents the X+n- and X-n+ and the red and the blue histograms represent sideband events
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Then, compare the “side-band” spectra and IM(Xm)
spectra by normalizing the vertical scales. The normal-
ization can be done by the following formulas: b/(a+c).
Finally, we got the decomposed Invariant Mass of the
>-t"and X+ in the d (K7, ¥m)’n” reaction are shown

in Fig. 8. The difference of the two spectra is observed
clearly. Also, we can clearly see the peaks, which cor-
respond to A(1405) and A(1520). But, we have to no-
ticed that A(1520) is used as a reference, actually we
are interested in A(1405).
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Figure 8 — Subtruction between two histograms of invariant Mass

of 2-n" and Z+n (GeV/c?) in the d (K~, Zm)"n”

Conclusion

The J-PARC E31 experiment was performed to
investigate the spectrum shape of A(1405) directly
generated in KbarN — Xr by the d (K™, m)”n” reac-
tion at the incident kaon momentum of 1.0 GeV/c.
The second E31 physics run was performed in Janu-
ary and February, 2018. The experiment for E31 sec-
ond physics run is performed at the K1.8BR beamline
in the Hadron Experiment Hall of the J-PARC [24].
About 40GeV kaons were used. The difference of
the d (K7, Z+n-)"n” and d (K", Z-n+)”"n” spectrums
shown clearly. We have to noticed that these very

reaction

preliminary results based on the second E31 physics
run. All the related behaviors of the d(K-, m)’n” re-
action are explained by one step process. By using
background estimation we have obtained the clear
A(1405) peak position. The next step of the analysis
will be Monte Carlo simulation. Monte Carlo simula-
tions will be performed by using Geant4.9.5.p01 tool-
kit [25]. The purposes of the Monte Carlo simulations
were to produce dummy data with speci_c¢ processes
and to evaluate all the detector effects, such as energy
losses of particles, multiple scatterings, the detector
acceptance, and the tracking performance with the
chamber position resolution.
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