IRSTI 29.15.17

Omar Zh.

(for the E31 J-PARC collaboration)
Research Center for Nuclear Physics, Osaka University, Osaka, Japan
Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: omar@rcnp.osaka-u.ac.jp

TOWARD A STUDY OF A(1405) VIA THE D(K-, ITIX) REACTION

There is a long-standing argument if A(1405) is a KbarN bound system. Theoretical analyses of
Chiral Unitary model, suggests a double-pole structure of A(1405): Zw and KbarN. The theoretical state-
ment 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). In order to solve above-
mentioned questions, it is necessary to clarify how A(1405) is coupled to KbarN. Therefore, we have
conducted an experiment to study A(1405) in KbarN scattering (E31). Since A (1405) cannot be formed
directly from the K-p reaction in free space, we use the d(K-, n)Zw reactions at a kaon momentum of
1GeV / ¢, where we expect the incident kaon to knock out a neutron in the deuteron and the recoiled
Kbar reacts with the residual nucleon with the formation of A(1405).

We have finished a beam time for the second run of E31 in January and February, 2018. The E31 ex-
periment is performed at the K1.8BR beam line in the Hadron Experiment Hall of J]-PARC. In the second
run, by increasing statistics to several times, we expect to measure A(1405) in the =+ w-/Z-w + invariant
mass spectra in the d(K-, Zm)”n”. In particular, we expect to measure angular dependence of widely
production of A(1405) in the d(K", =@ ) reaction.

Key words: kaon,E31, invariant mass spectrum.
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d(K- ,oX) peakuuscbl apkbiabl A(1405) 3epTTey

A(1405) runeponbl KbarN >xyrecimeH 6aiiAaHbiCTbl AereH GypbiHHAH KeAe KaTKaH Teopus 6ap.
XunpaAbabl >KaAMbl MOAEAb Teopusicbl, A(1405) rvnepoHbl eKiMOACTI KYpblIAbIMFa Me EKEHAIriH
kepceteai: *w u KbarN. Bya Teopus 6oibiHwa, A(1405) Me30H- GapUOHAbI KYMAIH pPE30HAHCbI
PETIHAE >KaHALIbIAABIK, TYAbIpaAbl. JKOFapblaa aTaAbll OTIAFEH CypakTapAblH wWewiMiH Taby yiliH,
A(1405) runeponbl KbarN >kyreciMeH Kaaam GaiiAaHbiCKaHbiH aHbikTay Kaxer. Coa cebenti, KbarN
watblpaybliHAaFbl A(1405)-Tbl 3epTTey YWIH 3KcnepumeHT >Kypri3aik (E31). A(1405) pe3oHaHChl
Kp peakumsacbiHAQ allblk, Hemece 60C KYMAE aAblHOaMTbiHABIKTAH, (K-, N) @ caTblAbl peakumsiCbiH
namAaAaHAbIK,. BbyA aTaAmbill peakumMsAaH, KaOH AEMTPOHHbIH, iLLIHAEr HEMTPOHADI YLIbIM LbIFAPbIM,
aA peakums HaTvxkecHaeri Kbar kaaraH 6ip HykAOHMeH apeketTecin A(1405) pe3oHaHCbIH TYAbIPaAbI.

JKorapblaa aTabin eTiareH E31 akcneprMeH YCTIMI3AETT XKbIAAbIH KAHTap >KaHe aknaH anAapbiHAQ
K1.8BR TisriHiHaeri J-PARC akcnepmMMeHTTIK aAaHbIHAQ XKYPTi3iaai (OKanoHMs). DKCNepuUMEHTTIH eKiHLLi
GeAIriHiH Heri3ri MakcaTtbl, cTaTUCTMKaHbl GipHewe ece ecipin, d (K-, Z®) «n» peakumacbiHAAFbl = + @~/
Y-@ + MHBapPWaHTTbl MACCaHbIH CMEKTPAEPIH aHbiKTay apkbiAbl A (1405)-Tbl 3epTTey. CoHbIMEH KaTap,
A (1405)-TbiH, KaAbINTACYbIHbIH, GYPbILITHIK, TOYEAAIAIrH aHbIKTay.

Ty#iH ce3aep: kaoH, E31, nHBapmaHTTbl Macca CrieKTpAepi.
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N3yueHune A(1405) c nomotupto peakumnn d(K-, oX)

GywectByeT Teopus, uto A(1405) aBasercs cesizaHHoi ¢ KbarN cucremoit. Teopetmueckuit
aHaAM3 XMPAAbHOM OOLLEN MOAEAM MPEANOAAraeT ABYMOAIOCHYIO CTPYKTYpy A(1405): Tw mn KbarN.
TeopeTnyeckoe yTBEpP)KAEHME O ABYXMOAOCHOM CTpykType A(1405) nokasbiBaeT HOBYIO KapTWHY
A(1405) KaK pe3oHaHCHOE Me30H-GAPMOHHOE COCTOSIHME, KOTOPOE OTAMYAETCSl OT TaK Ha3blBaeMOW
TPAAMUMOHHOM KapTuHbl A (1405). YT0Obl pewmnTb BbILEYNOMSHYTbIE BOMPOCbI, HEOHXOAMMO
BbISICHUTb, KaKk A(1405) cBs3aH ¢ KbarN. [Mo3ToMy Mbl MpoBeAM 3KCMepUMEHT 1o mn3yderuto A(1405) B
paccesHum KbarN (E31). Tak kak A(1405) He MOXeT GbITb 06pa30BaHO HEMOCPEACTBEHHO M3 peakuum
Kp B cBOGOAHOM MPOCTPAHCTBE, Mbl MCMOAb30BaAK peakumio d(K-, n) o npm umnyabce kaoHa 1GeV/c,
FA€ Mbl MpeAnoAaraem, UYTO MHCUMAEHTHbIA KaoH BblOMBaeT HENTPOH M3 AEMTPOHA M otomTbin Kbar
pearvpyiot ¢ APYrMMm HyKAOHOM C o6pasoBaHuem A (1405).

B sHBape-peBpane 2018 roaa ObIA 3aKOHUEH 3KCMEPUMEHT AAS BTOporo 3anycka E31. AaHHbii
akcrnepumMeHT E31 6biA 3anyeH Ha AnmHmm nyydka K1.8BR B akcnepumeHTaabHoM 3aae J-PARC B SnoHmm.
Bo BTOpOW yactm skcnepmmenTta E31, yBeAnuMBag CTaTMCTMKY AO HECKOAbKMX Pa3, Mbl OXKMAAEM
usmeperne A (1405) B £ + -/ T-w + CnekTp MHBapuaHTHbIX Macc B d (K-, ®) «n». B yacTHOCTM Mbl

XOTMM M3MEPUTb YIAOBYIO 3aBUCUMOCTb 0bpasoBaHus A (1405) B peakumm d (K-, Zw).
KAtoueBblie caroBa: kaoH, E31, cnekTp nMHBapraHTHOM Macchl.

Introduction

A(1405) is one of well-known hyperon
resonances, which has a mass, width and spin-parity
of 1405.1+1.3-1.0 MeV/c2, 50+:2MeV, and 1/2-, re-
spectively [1]. But, the review of particle physics
[2] adopted the mass and width of the A(1405) state
obtained by analyzing the invariant mass spectrum
of A(1405) in the final X + 7t- state via the 4.2 Gev/c
K- induced reaction on hydrogen [3, 4]. It has the
lightest mass in negative parity baryons, which is
hardly explained by the simple quark model [5].
Since the A(1405) is located just below the KbarN
threshold, there are longstanding argument if it is a
KbarN bound state. Theoretical analysis of Chiral
Unitary model [6], suggests a double-pole structure
of A(1405): Zn and KbarN [7]. The theoretical state-
ment about the double pole structure of A(1405)
shows a new picture of A(1405) as a resonant me-
son-baryon state, which is different from the so-
called traditional picture of A(1405). Unfortunately,
statistics in experimental data seems poor and 2 n0 in
the final state cannot be distinguished kinematically
each other. Recently, the yp — K+n+X— and K+n—
>+ reactions were measured at LEPS/SPring-8 [8].
Although the statistics is limited, they claimed the
interference between the I=1 and I=0 amplitudes.
The K-d — n+X—n reaction was reported [9], 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 Ist en-
ergy region [10] arises an interesting discussion
of deeply bound kaonic nuclear states [11], where
A (1405) is interpreted as a bound state of KbarN
system with the binding energy of as deep as 27
MeV [12]. On the other hand, a chiral unitary mod-
el calculation claims that A (1405) may consist of
two components in the coupled-channel KbarN-nX
system [13]. Namely, poles coupled to the nX state
and KbarN state are suggested at different positions,
(1390 — 132i) MeV and (1426 —32i) MeV, respec-
tively [14]. 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.

The E31 experiment is performed at the K1.8BR
beam line in the Hadron Experiment Hall of J-PARC
[15, 16]. Since A (1405) cannot be formed directly
from the K-p reaction in free space, we used the
KbarN scattering process [17] as a d(K-, n)Xn two
steps reactions at a kaon momentum of 1GeV / c,
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Omar Zh.

where we expect the incident kaon to knock out a
neutron in the deuteron and the recoiled Kbar re-
acts with the residual nucleon with the formation

of A(1405) (Fig. 1). We will measure the A(1405)
spectrum shape in a ¥ + n- / -1 + invariant mass
spectrum of the d (K-, Xm) «n» reaction.

10m

-

RIIRIE IS

~7~s Trajectory of

I

‘the beam center

Figure 2 — Schematic view of the K1.8BR spectrometer

E31 experimental setup

The E31 experiment is performed at the K1.§BR
beamline in the Hadron Experiment Hall of the J-
PARC. The schematic drawing of the K1.8BR spec-
trometer and E31 setup is shown in Fig. 2 [18].
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 forward
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 ( 00

ISSN 1563-0315

— Ayn0 — pr-yn0) [19] is emitted backward, which
is detected by backward proton detector (BPD) and
chamber (BPC) placed in the upstream of the target.

Preliminary results

The second E31 physics run was performed in
January and February, 2018. About 40GeV kaons
were used. - / T + and neutrons particles are detect-
ed by CDS and NC, respectively (Fig. 3). Among
these events X="n" is identified in the missing-mass
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 £+ and X- spectrums, as shown in
Fig. 5.
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Toward a study of A(1405) via the d(K-, nX) reaction

We decomposed the d (K™, Xm)’n” spectrum into
d (K7, 2+n-)"n” and d (K~, Z-n+)’n”. The decom-
posed Invariant Mass of the X-n" and Z+=n ~ in the
d (K=, Zm)”n” reaction are shown in Fig. 6. The dif-

we can clearly see the peaks, which correspond to
A(1405) and A(1520).

But, we have to noticed that A(1520) is used
as a reference, actually we are interested in

ference of the two spectra is observed clearly. Also,  A(1405).
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The strong focusing cross-image corresponds to X-decay event

Invariant Mass of nn™ (GeV/c?)

Figure 5 — Invariant Mass of nt* and nm.
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Conclusion the K1.8BR beamline in the Hadron Experiment

The J-PARC E31 experiment was performed
to investigate the spectrum shape of A(1405) di-
rectly generated in KbarN — Xrm by the d (K7,
Xm)’n” reaction at the incident kaon momentum of
1.0 GeV/c. The second E31 physics run was per-
formed in January and February, 2018. The experi-
ment for E31 second physics run is performed at

Hall of the J-PARC [20]. About 40GeV kaons were
used. The difference of the d (K°, ¥+n-)"n” and d
(K=, Z-n+)’n” spectrums shown clearly. We have to
noticed that these preliminary results based on the
first E31 physics run. We could increase 10 times
more statistics and measure angular dependence of
widely production of A(1405) in the d (K™, Xrt)”’n”
reaction.
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