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Outline 
• Introduction to COMPASS 
• Physics motivation 
• Partial Wave Analysis technique 
• Diffractive Dissociation of pions 
     3π system at high t’ (Pomeron exchange) 
     3π system at “Primakoff region”      
     η’π system 
• Diffractive Dissociation of kaons 
• Other channels 
• Summary 
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COmmon Muon and Proton Apparatus for Structure and Spectroscopy 

LHC 
SPS 

•190GeV secondary hadrons (π, K, p...): 2·107/s 
•160GeV secondary µ (polarized): 4·107/s 

COMPASS at CERN 
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SPS 400 GeV proton beam 



High intensity beam 
High rate Detectors,DAQ 
(LHC technology) 
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Making of COMPASS proposal 
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HMC CHEOPS 
(Charm Experiment with Omni Purpose Setup) 

COMPASS (NA58) 
COmmon Muon and Proton Apparatus for Structure and Spectroscopy 

SMC(NA47) 

GAMS(NA12/2) NMC 

EMC 

GAMS-OMEGA 
(WA102) 

WA89 
(Hyperon beam) 

WA91 
Meson spectroscopy 

Nucleon structure 

Charmed strange 
 baryon, H-dibaryon 

Doubly charm baryon 
postponed Nucleon spin structure + Meson Spectroscopy + Primakoff scattering 

COMPASS-II 

Hadron beam Muon beam 

(Drell-Yan, GPD, Primakoff) 

(Of course I don’t know such an old era…) 



History of COMPASS collaboration 
1997 : COMPASS proposal conditionally approved. 
1998 : MOU signed. 
2001 : technical run. 
2002-2004 : muon beam and  
“ pilot run” with hadron beam (3 weeks plus) in 2004     
 (2005 : beam shutdown.) 
2006-2007 : muon beam.           (LHC accelerator started and broken in 2008) 

2008-2009 : hadron (pion, Kaon, proton) beam. 
2010 : COMPASS-II proposal approved. 
2011 : muon beam. 
2012 : hadron beam for Primakoff reaction and test run of DVCS . 
(2013 : beam will be shutdown.) 
2014- : beam will be back. 
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The COMPASS spectrometer 
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CEDAR 

Identification of  
Kaon beam from  
pion beam. 
 
Differential- or RICH-like 
Cherenkov detector for beam 



TARGET PART  IN  HADRON PROGRAM   
RPD(Recoil Proton Detector) 
Installed in 2007 



PixelGEM detectors: 
• very low mass: 0.2% X0 
• high rates: ~105 mm-2s-1 

• resolution: ~120 µm 

COMPASS in 2008/2009 

ビーム強度分布 
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Ring Imaging CHerenkov Counter  (RICH) 

 
 
 
 

116 VUV mirrors, surface 
area: 21 m2 

Photon detection  
5.3 m2 MWPCs  
16 CsI Photocathodes 
84,000 analog readout channels 

5 m
 

photon  
detectors: 
CsI MWPC 

mirror 
wall 

vessel 

radiator: 
C4F10 

single photon:  s =1 . 2 mrad 
ring:            s =0. 4 mrad 
photons/ring n ~1 4 
3s   p /K sep.  up to 40 GeV/c  

detection of  
VUV photons 
(165-200 nm) 

Single 
event 

+ lens MAPMT 
     at center position 



RICHのperformance 



COMPASS のデータ収集系の構成 

LHCのために開発された技術が活用されている。 
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Typical event size: 
35kB 
 
Design value: 
10 kHz for muon 
100kHz for hadron 

250k detector 
channels 

Record: 
580TB/year 



Trigger components: 
• Beam trigger 
• RPD 
• Cedars 
• Veto: Hodo || Sandwich || BK 
• Mainz Counter 
• Forward Hodoscope 

Diffractive Trigger=BT∧RPD∧!Veto 

COMPASS in 2008/2009 

例えば、KEK PS E179実験(1990年）では0.1～
0.2k/spillであった。ちなみに繰り返しは4.2s。 
上の例ではMain trigger(DT0)では270k/spill 
くらいか。1000倍以上。但し、繰り返しはsuper  
Cycleでは40sあまりなので、実際は100倍くらい。 15 



Physics motivation of hadron exp. 
Quark model: bound states of qq-bar 
Quantum numbers: IG (JPC) JPC=0-+, 0++, 1--, 1+-, 1++, 2++, … 
                                    P=(-1)l+1, C=(-1)l+s, G=(-1)I+l+s 

0)( qq

QCD: other color-neutral configurations (exotic states) 
           same quantum numbers with qq-bar   mixing 
           exotic quantum numbers uniquely determined 

= 

+ 

+ 

+ 

))(( qqqq

gqq 8)(

gg

+ ... 

Hybrids 

Glueballs 

,...2,1,0,0 −++−−+−−

So far exotic state candidates were reported,  
but they are still disputed and no clear evidence  
is confirmed yet. (maybe…) 
Still new precise data and new ideas are needed 
to solve this problem. 

16 



Physics motivation cont’d 

In the light quark meson spectrum 
 
(Hybrid or tetraquark candidates) 
   low mass states with spin parity exotic quantum number JPC=1-+ predicted 
 π1(1400) : VES,  E852, Crystal Barrel, KEK 
 π1(1600) : E852, VES 
     Resonance interpretation still disputed 
 
(Glueball candidates) 
   lowest states with JPC=0++ and/or JPC=0-+ predicted. But the quantum     
  number is the same as the ordinary Quark Model state.  
      f0(1370), f0(1500), f0(1700) with JPC=0++   (at least one of them) 
      η(1405) with JPC=0-+  

  Their interpretations are still disputed too. 
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The Goal 

Scattering at very low Q2: 
 Polarizabilities of π, K 
 Chiral anomaly: F3π 

Spectroscopy: 
 Hadron mass spectrum 
 Gluonic excitations 
 Multi-quark systems 

Hard processes: 
 Nucleon structure 

• Helicity 
• Transversity 
• GPDs 

Structure and dynamics of hadrons   
       non-perturbative regime of QCD 

Theory: 
• Models: QM, bag, flux tube, ... 
• Effective theories: χPT, ... 
• Lattice-QCD 

Q2 

Physics of the COMPASS experiment 
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• X carries nearly all energy 
• High t’ (0.01<t’<0.1) 
• Large cross section (~mb) 
• X decay particles at small  
 angles 
• Study of JPC-exotic mesons 

• Rapidity gap 
• X carries ~10% of incoming  
 energy 
• cross section small (~10µb) 
• X decay particles at large  
 angles 
• Possible source of glueballs 

• X carries nearly all energy 
• low t’ (0.001<t’, 0.001<t’<0.1) 
• Large cross section (~mb) 
• X decay particles at small  
 angles 
• Test of ChPT 
• Radiative widths 
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• t-channel Reggeon exchange 
• Reflectivity basis in G-J frame 
• At high s: ε = η of Regge trajectory 
• Isobar model 

1. Mass-independent PWA of angular distributions in 40 MeV mass bins 
   MIPWA is very powerful tool because each waves can be extracted  
   in model independent way. 

 2. Mass-dependent χ2 fit to results of step 1 
• Parameterized by BW 
• Coherent background for some waves 
(But anyway we must know the origin and nature of background,,,)  

PWA Technique of Diffractive dissociation 
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(Example) Waves used in MIPWA  
42 waves 
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Low t’ region 
0.001<t’<0.1GeV2 

High t’ region 
0.1<t’<1.0GeV2 

Including “Primakoff” region 
t’<0.001GeV2 
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High t’ region 
0.1<t’<1.0GeV2 

(Pomeron exchange dominates) 
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(2 weeks run!) 
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Presented at Hadron 2011 conf. 
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1++ wave 
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“Primakoff” region 
t’<0.001GeV2 

(Primakoff reaction(M=1) and Pomeron exchange) 
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? 
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M=1がPrimakoff反応に対応 
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38 Published at PRL108,192001(2012). 



(Hadron2011 conference talk) 
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qq-bar exotic 
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a2 

? Almost flat 
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Kaon diffraction dissociation  
K-p→K-π+π-p 

• COMPASS has taken kaon beam data by tagging incoming  
 kaons as well as pions and proton/anti-protons. 
• Until now most results of this channel came from the WA03  
 experiment (ACCMOR) . 
• The results should be confirmed by other experiments. 
• COMPASS provides more precise data with a few times the 
 statistics and can give the opportunity to check and confirm  
 the WA03 results. 
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ACCMOR experiment COMPASS 

48 



Mass Independent PWA was performed. 

K1(1270) & K1(1400) ? 
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K (1460) ? 
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K2 (1430) ? 
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11 グルーオン偏極度測定 
Ｈ２３ 

Ｈ２４ 

Ｈ２５ 

Ｈ２６ 

ＧＰＤ実験（大型水素標的） 

偏極Drell-Yan実験（偏極ターゲット） 

中間子分極率測定 
（ＱＣＤ有効理論の検証） 

Ｈ２７ 

大型水素ターゲットR&D 

解析 

解析 

1６ 
Ｈ２８ 

COMPASS 次期計画 

CERN加速器 
シャットダウン 

Drell-Yan 
偏極ターゲット R&D 

偏極ターゲット設置 

ＧＰＤビームテスト 

大型水素ターゲット設置 

大型水素ターゲット建設 

ＧＰＤ実験（大型水素標的） 

本研究課題
申請期間 

偏極ドレルヤン実験 
偏極ＧＰＤ実験 

1７ 
Ｈ２９ 

COMPASS国際共同研究 研究計画予定 

ＣＥＲＮ 
（ＳＰＳＣ） 
承認済み 

解析 

解析 

解析 

Hadron run 
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2012年のPrimakoff reactionのデータ収集をつい先日終了した。 
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π中間子の電気、磁気分極率 

• Primakoff reactionは系統誤差で、π
中間子の分極率を与えると考えて
いる。 

• カイラル摂動論は電気分極率と磁
気分極率の差がゼロでない値を与
えており、COMPASSの結果でχPT
の確認ができると期待している。 

これまでの測定結果 



Summary 
 COMPASS light meson spectroscopy 実験を開始 

 高エネルギービームによってフラットで、広いアクセプタンスを獲得し、 
 荷電粒子、ガンマ線検出および粒子識別を同時に可能とし、 
 新しい飛跡検出器と新しいエレキ、新しいデータ収集システムなどで、 

 高統計実験を可能とし、 
 ビーム粒子の同定も行い、異なった反応チャンネルを同時に収集できる 

 ようになった。 
 Hadron Beamで2004年に”Pilot run”を行い、 

さらに、 
Hadron beam 液体水素標的を用いて、2008/2009でデータ収集した。 

 diffractive running with π- beam 2008/2009 
 Central production running with positive hadron beam 2009 
 Diffractive reactions: 10× world statistics in ~35 days 
 Central production: 10× world statistics in ~60 days 

のデータを収集し、その結果、 
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Summary cont’d 
• COMPASS is accessing 3 different production mechanisms: 
        diffraction dissociation,  
        Central production,  
        Coulomb production. (Primakoff scattering) 
•  π-Pb→π−π+π−Pb  data are analyzed at three different regions (low t’, mid t’ and 

high t’) 
• COMPASS has confirmed π1(1600)  (JPC=1-+ )  from 2004 pilot run. 
• Low t’ data provide test of  ChPT –first results agree with LO predictions. 
• The analysese of π-p→π−π+π−p,  π−π0π0p , η’p,  ηp, ΚΚππp are ongoing. 
• The analysis of K-p→Κ−π+π−p is also ongoing. 
• COMPASS also studies Baryon spectroscopy. 
• And COMPASS has still more data to be analyze…. 
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