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The purpose of this thesis is lo search for a hybrid meson state which has an exotic quantum number JPc=1-+ in the 

f (1285) fT system produced in the pp central production process 
f] () _ pp-> pfX p., X f] (1285) ITn, f (1285) - ~ Jr rr~, 

at 450 GeV/c incident proton beam momentum from CERN SPS observed by theWAI 02 experiment. 

The hybrid meson state is a bound system of a qq pair and a valence gluon. The existence of such hadronic stales 

with extra gluonic degree of freedoms is predicted by the presence of tl]e self-interaction of gluons, which is a 

nalural consequence of lhe non-Abelian nature of Quantum Cllromodynamics (QCD). The non-Abelian natu]~e of 

QCD is essential lo a successful explanation for characleristic behavior of the strong force, such as "asy,nptotic 

freedom" and "infrared slaverf', but it has not been proved experimenta]ly so fai~. The observatior] of hybrid slates 

would give a direct proof of this primary of QCD. 

The analysis of the fl (1285) Jr channel is sii'ongly motivated by lhe prediction of the flux tube model: the model 

predicts that the hybrid state with Jl'c=1-' will prefercntially decay inlo the f (1285) 7T channel. The j'c~1-' 

quantum number is not allowcd for ordinary q~pairs, therefore the observation of the resonant state with l-' Ieads to 

confirmation of the existence of the non- q~ state unambiguously. Currently three previous expei'imenls reported tlle 

observation of thc J-' wave through the partial wave analysis in the fl (1285) IT System obtained from the IT~p 

diffractive reaction. They observed that the l-' intensity was distributed around 2.0 GeV/c2, wl]ich ~s in good 

agreement with the modei prediction for lhe hybrid mass. Thus the l-+ wave in the f (1285) Ir channcl is considered 

lo be the best candidate of thc hybrid meson at prcsenL However, its assignment as a hybrid slatc has not been 

confinT]ed because of difficulty to observe the phasc motion ol' Ihe 1-+ wave due to its ralher broad obscrved width 

and a lack of any well-established statc in the f (1285) jT channel which is needed as a refeTence state for the 

observation of ihe phasc motion. In order to disclose lhe natui'e of the I ' wave in the fl (1285) Jr channel, more data 

rrom diffcrent reaclions appear to be needed. 

Thc centrai production process is believed to be one of "gluon rich" processes, where gluonic exotic states are 

expected to bc produced preferer]tial]y. In ll]e reaclion, both of the beam and target proton exchange particles and 

form the neutral meson syslem X('. The subscripls f and s reprcsent tl]at the beam and target proton are scatte]'ed as 
the fastest and slowest pariicle in the laboratory frame, rcspectively. As lhe center-of-mass energy of the reaction 

becomes higher, Pomcron exc]1ange is considered to dominate the reaction and hence formed X(]s are lhought to 

have gluonic content more hopefu]ly. Therefore if the l-' wave observed in the f (1285) 7r channcl is really a hybrid 

state, it is expected to be produced dominantly in the ccntral production process. 

In the experiment, the fast and slow proton and charge pariicles in the final state were measured by lhe Omega 

spectromeler which is composed of a supcrconducting magnet with a central fie]d of 1.35 T, and gammas from 

decays of neutra] particles were detected by the hodoscope e]ectromagnetic ca]orimeter GAMS. GAMS consists of 

64 X 64 Iead glass matrix ce]Is and measures detected positions and energies ofgalT]mas. The experimental trigger 

~ 96 -



was designed to reject the pp elastic scattering and target diffraction process, both of which dominate the central 

production process. Through 90 days in 1995 run and 95 days in 1996 run, total 5 X I08 events were obtained. 
Various offline cuts were applied and final]y total of 1811 events were selected from the 1995 and 1996 data as 

centrally produced fl (1285) Iro candidates. In order to obtain the spin parity of the observed system, the partial 

wave analysis (PWA) based on the maximum likellhood fit method was attempted. The decay amplitude of the 

system was represented by the spin-orbit (LS) scheme using spherical harrnonlcs, assumlng two isobars, f (1285)/ ~ 

(1295) in the ~ 7r lr~ system for the primary decay and at(980) in the ~rr~ system for the secondary decay AII 
decay angles were with respect to the exchanged particle axis. Data samples of the 1995 and 1996 runs were 

combined by taking into account the difference between detector acceptances, and were included in lhe fit 

simultaneously. To stabilize the rit, the combined data sample was divided into three 0.4 GeV/c mass bins from 1.4 

to 2.6 GeV/c . 

The result of the PWA showed that a combination of exotic l~' waves of f (1285) IrO and ~ (1295) ,T(] was besl 
fiLted and gave about 3 (1 Iarger likelihood than other combinations in the 1.8-2.2 and 2.2-2.6 GeV/d regions. On 
the other hand, any combination did noL have a significantly larger likelihood than the others in the 1.4-1.8 GeV/c2 

region. Especially the l" wave, which was observed dominantly at- 1.7 GeV/c2 jn all three previous 7r~p diffractive 
reaction experiments, had only a considerably smaller likelihood in any mass bin. 

In conclusion, only the combination of the exotic f (1285) Jro and ~ (1295) Jro 1-' waves was observed with a 
significant likelihood difference. As it was impossible to see the phase motion of waves due to the limited statistics, 

it cannot be concluded that the 1-+ waves are resonant states. However, it is considered that the clear appearance of 

the exotic 1-' wave in the "gluon rich" central production suggest the hybrid nature of lhe l-' wave in the fl (1285) 7T 

channel. 
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 論文審査の結果の要旨

 量子色力学に於いては基本的な媒介粒子はグルーオンとされている。この粒子は自己相互作用を許さ

 れており,それ自体で束縛状態を構成することが出来る特異な性質を持っている。これをグルーボール

 と呼ぶ。また,クォーク対とグルーオンとで束縛状態をつくるハイブリッド中間子も存在すると考えら

 れている。これらグルーボール,ハイブリッド中間子の存在を探索することは量子色力学に於いては最

 も重要なことである。現在,通常の中間子(碕)でないエキゾチック中間子(ηoη一gσ)の研究が世界的に

 進められており,通常の碕状態では取り得ない量子数を持つものが多数観測されている。中でもJpc=

 r+の量子数を持つエキゾチック中間子候補が1.4GeV/c2～2.OGeV/c2の間で幾つか報告されている。

 本論文は,1一+状態を従来の実験と異なり,グルーオンの寄与がより多いと期待される反応を通して観

 測する目的で研究が行われた。実験はWA102という欧州連合原子核研究機構のスーパーシンクロトロン

 加速器で行われた国際共同研究で,450GeV/cの陽子ビームを使い,pp反応で重心系付近に生成されるXo

 からのηガガπ。系への崩壊をΩ一スペクトロメータ及びGAMSカロリーーメータで測定したものである。
 データ解析によってηπ+ガπ。→プt(1285)π。のイベントを選択し,部分波解析を行った結果,1.8-
 2.6GeV/c2の質量領域に有意なr+波を観測した。また1.4-L8GeV/c2の領域で従来見られた1++波が

 小さな値しか持たないことも分かった。これらは今回測定した反応がグルーオンの寄与が大きい反応で

 あることを示すと共に,1一+波の存在を示す重要な結果である。

 以上本研究はL8-2.6GeV/c2領域にr+波の存在を示し,エキ・ゾチック中間子の探索に重要な新しい知

 見を与えたものであり,著者が自立して研究活動を行うに必要な高度な研究能力と学識を有しているこ

 とを示している。よって,日野哲士提出の論文は博士(理学)の学位論文として合格と認める。
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