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• Introduction
COMPASS physics adressed
The COMPASS experiment

• First results using hadron beams (2008/09 proton target data, π−, Κ−, p beams)
PWA method (using published results 2004 data)
Search for spin-exotic mesons (diffractive production: ρπ, η`π−, f1π, …, PWA)
Search for glueballs (central production: (2π)0, (ΚΚ)0 …, PWA)
Further measurements (Primakoff, photo-production, OZI violation …)

• Results using muon beam (2002-06 deuteron, 2007/10 proton target data)
Longitudinal & transverse spin structure of the nucleon (DIS, SIDIS)

• Summary & outlook
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The goal: 
• Study non-pertubative regime of QCD & Probe structure and dynamics of hadrons
• complementary methods:

COMPASS: COMPASS: TheThe facilityfacility to to studystudy QCDQCD
PhysicsPhysics withwith MuonMuon & & HadronHadron beamsbeams

(SI)DIS

µ

Large Q²: 
Nucleon structure:
• Helicitiy, transversity PDFs
• Generalised PDFs (future)

Low Q²: 
Spectroscopy
• Mass spectrum of hadrons
• Gluonic excitations (spin-exotics)

Very low Q²: 
Chiral dynamics
• Pion, Kaon polarisibilities
• Chiral Anomaly F3π  (future)

Diffraction

Central 
Production

Photo 
Production
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Chiral dynamics
• Pion, Kaon polarisibilities
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Main focus in this talk
• Diffractive dissociation
• Longit. & Transversity

Large Q²: 
Nucleon structure:
• Helicitiy, transversity PDFs
• Generalised PDFs (future)

COMPASS: COMPASS: TheThe facilityfacility to to studystudy QCDQCD
PhysicsPhysics withwith MuonMuon & & HadronHadron beamsbeams

The goal: 
• Study non-pertubative regime of QCD & Probe structure and dynamics of hadrons
• complementary methods:
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LHCLHC
SPSSPS

TheThe COMPASS Experiment at CERNCOMPASS Experiment at CERN

luminosity: ~ 5 x 1032 cm-2 s-1 , beam momentum: 160 - 200 GeV (< 400 GeV)
beam intensity: ~ 2 x 108 µ+ / spill (4.8 / 9.6 s) or ~ 5 x 107 π- / spill (9.6 s)

COmmon Muon and Proton Apparatus for Structure and SpectroscopyCOmmon Muon and Proton Apparatus for Structure and Spectroscopy
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COMPASS spectrometer: COMPASS spectrometer: MuonMuon setup setup 
(2002(2002--07, 2010/11) 07, 2010/11) 

a) Nucleon spin structure:
polarised muon beam (160/200 GeV/c µ+)
polarised solid targets (6LiD, NH3)

b) Spectroscopy: Hadron runs:  
• 2004 pilot run (4 days 190 GeV/c π−, Pb target: ~BNL stats.)
• 2008/09 (large statistics, 190 GeV/c LH2 target, π±, Κ ±, p± beam, 

and some data on nuclear targets)
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COMPASS spectrometer: COMPASS spectrometer: HadronHadron setup setup 
(2008/09) (2008/09) ---- main changes main changes w.r.tw.r.t. . muonmuon setupsetup

Recoil detector (RPD) 
to trigger on reactions 

inside target

0.4m  
liquid H2 target 

Electromagnetic calorimeters

ECAL1 
(2°≤ θγ ≤ 12°)

ECAL2  
(0.4°≤ θγ ≤ 2°)

All COMPASS trackers (upgraded close to beam):
SciFi, Si, MM, GEM, DC, Straw, MWPC

(final states involving neutrals,
e.g. π0, η, or η’ )

Beam

(muon or hadron)
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Hybrid candidates (1.3 - 2.2 GeV/c²): 
lightest hybrid predicted: exotic JPC =1−+

• π1(1400): VES, E852, Crystal Barrel −> ηπ
• π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
• π1(2000):  E852 −> f1(1285) π, b1(1235) π
…. still controversial COMPASS

• Glueballs:     gg, ggg
• Hybrids:        qqg
• Tetraquarks: (qq)(qq)

Mesons and Spin Mesons and Spin ExoticExotic StatesStates

QCD: meson states beyondConstituent quark model
• color neutral qq systems
• Quantum numbers IG JPC

• P = (-1)L+1 C = (-1)L+S G = (-1)I+L+1 

• JPC multiplets:  0 + +   , 0 − + , 1 − − , 1 + − , 1 + + , 2 + + , …
• Forbidden: 0 − −, 0 + − , 1 − + , 2 + − , 3 − +, …

Diffractive scattering
• study of JPC exotic mesons
• t-channel Reggeon exchange
• forward kinematics, target stays intact
• small momentum transfer
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Diffractive pion dissociation
• incoming π−excited to resonance X-

• X- decays into final state, e.g. (3π)−:

Hybrid candidates (1.3 - 2.2 GeV/c²): 
lightest hybrid predicted: exotic JPC =1−+

• π1(1400): VES, E852, Crystal Barrel −> ηπ
• π1(1600): E852, VES −> ρπ, η`π, ηπ, f1π, b1π
• π1(2000):  E852 −> f1(1285) π, b1(1235) π
…. still controversial COMPASS

• Glueballs:     gg, ggg
• Hybrids:        qqg
• Tetraquarks: (qq)(qq)

COMPASS (2004 pilot run) 
• 190 GeV π− beam (Pb target)
• studied ρπ decay channel via

π− Pb −−> π−π+π− Pb

Mesons and Spin Mesons and Spin ExoticExotic StatesStates

Constituent quark model
• color neutral qq systems
• Quantum numbers IG JPC

• P = (-1)L+1 C = (-1)L+S G = (-1)I+L+1 

• JPC multiplets:  0 + +   , 0 − + , 1 − − , 1 + − , 1 + + , 2 + + , …
• Forbidden: 0 − −, 0 + − , 1 − + , 2 + − , 3 − +, …

QCD: meson states beyond
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TheThe ππ11(1600) in (1600) in thethe 11−− ++ partialpartial--wavewave
controversycontroversy ---- somesome historyhistory

π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
…. still controversial COMPASS

[G.S. Adams et al., E852, PRL 81, 5760 (1998)]

BNL/E852:
• 250k events (charged), 18 GeV/c², 21 waves
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TheThe ππ11(1600) in (1600) in thethe 11−− ++ partialpartial--wavewave
controversycontroversy ---- somesome historyhistory

π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
…. still controversial COMPASS

E852-IU re-analysis:
• higher statistics: 3M & 2.6M (neutral & charged)
• extended wave-set (35 waves) => 1−+ object vanished

[G.S. Adams et al., E852, PRL 81, 5760 (1998)] [A.R. Dzierba et al., E852-IU, PRD 73, 072001 (2006)]

BNL/E852:
• 250k events (charged), 18 GeV/c², 21 waves

validated to be leakage from a2(1320)
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TheThe ππ11(1600) in (1600) in thethe 11−− ++ partialpartial--wavewave
controversycontroversy ---- somesome historyhistory

π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
…. still controversial COMPASS

E852-IU re-analysis:
• higher statistics: 3M & 2.6M (neutral & charged)
• extended wave-set (35 waves) => 1−+ object vanished

[G.S. Adams et al., E852, PRL 81, 5760 (1998)] [A.R. Dzierba et al., E852-IU, PRD 73, 072001 (2006)]

validated to be leakage from a2(1320)

1−+ object reproduced
using low wave-set

BNL/E852:
• 250k events (charged), 18 GeV/c², 21 waves
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COMPASS PWA COMPASS PWA methodmethod

Partial wave analysis:
• Isobars: All possible, needed isobars
• Acceptance: corrections included (normalisation integrals )

Step 1) Mass independent PWA:

X- decay described using isobar model:
• Intermediate di-pion resonance (isobar)

• Spin S and rel. orbital angular
momentum L w.r.t bachelor π−

• L+S couple to J
• Partial waves (reflectivity basis): JPC Mε [isobar] L

Step 2) Mass dependent χ2 fit: (to mass independent result)
• Main partial waves chosen, parameterised by Breit-Wigner
• Non-resonant background for some waves
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DiffractiveDiffractive dissociationdissociation intointo 33π π final final statesstates
(2004 (2004 datadata, Pb , Pb targettarget)) [PRL 104 (2010) 241803]



20/03/2012Frank Nerling Recent results from the COMPASS experiment

DiffractiveDiffractive dissociationdissociation intointo 33π π final final statesstates
(2004 (2004 datadata, Pb , Pb targettarget)) [PRL 104 (2010) 241803]



20/03/2012Frank Nerling Recent results from the COMPASS experiment

DiffractiveDiffractive dissociationdissociation intointo 33π π final final statesstates
(2004 (2004 datadata, Pb , Pb targettarget)) [PRL 104 (2010) 241803]



20/03/2012Frank Nerling Recent results from the COMPASS experiment

Hybrid candidates (1.3 - 2.2 GeV/c²): 
lightest hybrid predicted: exotic JPC =1−+

• π1(1400): VES, E852, Crystal Barrel −> ηπ
• π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
• π1(2000):  E852 −> f1(1285) π, b1(1235) π
…. still controversial COMPASS

access to all decay channels, spin-exotics
were reported in so far ..

COMPASS (2008/09 data), lets focus on:
• 190 GeV π− beam (proton target)

• study of ρπ decay channel via:
a) π− p −−> π−π+π− p (charged mode)
b) π− p −−> π−π0π0 p (neutral mode)

(charged/neutral)

StudyStudy of of thethe exoticexotic 11−− ++ wavewave
---- different different decaydecay channelschannels ……
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Hybrid candidates (1.3 - 2.2 GeV/c²): 
lightest hybrid predicted: exotic JPC =1−+
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• π1(2000):  E852 −> f1(1285) π, b1(1235) π
…. still controversial COMPASS

access to all decay channels, spin-exotics
were reported in so far ..

COMPASS (2008/09 data), lets focus on:
• 190 GeV π− beam (proton target)

• study of ρπ decay channel via:
a) π− p −−> π−π+π− p (charged mode)
b) π− p −−> π−π0π0 p (neutral mode)

StudyStudy of of thethe exoticexotic 11−− ++ wavewave
---- different different decaydecay channelschannels ……

(charged/neutral)

… and further decay channels:

• study of η`π, ηπ decay channel via:
a) π− p −−> π−η p
b) π− p −−> π−η`p

• study of f1π decay channel via:
a) π− p −−> ΚΚππ− p (two modes)

_
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Mass of outgoing 3π system – charged
mode: π− p −−> π−π+π− p 

Mass of outgoing 3π system – neutral 
mode: π− p −−> π−π0π0 p 

DiffractiveDiffractive dissociationdissociation intointo 33π π final final statesstates
(2008 (2008 datadata, , protonproton targettarget))

PWA: ~ 1M eventsPWA: ~ 24M  events

38% of 2008 data

search for π1(1600)
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ComparisonComparison: Neutral vs. : Neutral vs. chargedcharged modemode
TheThe 3 prominent 3 prominent resonancesresonances ---- ConsistencyConsistency of of isospinisospin partnerspartners

aa22(1320) (1320) −−> > ρπρπ aa11(1260) (1260) −−> > ρπρπ ππ22(1670) (1670) −−> > ff22 ππ

Isospin symmetry: neutral / charge mode
• X− decaying into ρ π: 1/1 intensity expected (isovector)
• X− decaying into f2 π: 1/2 intensity expected (isoscalar)

search for π1(1600)
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First First AccCorrAccCorr PWA PWA resultsresults of of ππ−−ππ00ππ00 final final statesstates
IntensitiesIntensities and relative and relative phasephase ---- smallsmall waveswaves

aa44(2040) (2040) −−> > ρπρπ
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First First AccCorrAccCorr PWA PWA resultsresults of of ππ−−ππ00ππ00 final final statesstates
IntensitiesIntensities and relative and relative phasephase ---- smallsmall waveswaves

aa44(2040) (2040) −−> > ρπρπ

ππ11(1600) (1600) −−> > ρπρπ ??????

Before any strong conclusion:

• More systematic studies
(Leakage, Deck,thresholds)

• Mass-dependent fit   

ππ11(1600) (1600) −−> > ρπρπ ??????
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… and further decay channels:

• study of η`π, ηπ decay channel via:
a) π− p −−> π−η p
b) π− p −−> π−η`p

• study of f1π decay channel via:
a) π− p −−> ΚΚππ− p (two modes)

Hybrid candidates (1.3 - 2.2 GeV/c²): 
lightest hybrid predicted: exotic JPC =1−+

• π1(1400): VES, E852, Crystal Barrel −> ηπ
• π1(1600): E852, VES −> ρπ, η`π, f1π, b1π
• π1(2000):  E852 −> f1(1285) π, b1(1235) π
…. still controversial COMPASS

access to all decay channels, spin-exotics
were reported in so far ..

COMPASS (2008/09 data), lets focus on:
• 190 GeV π− beam (proton target)

• study of ρπ decay channel via:
a) π− p −−> π−π+π− p (charged mode)
b) π− p −−> π−π0π0 p (neutral mode)

StudyStudy of of thethe exoticexotic 11−− ++ wavewave
---- different different decaydecay channelschannels ……

(charged/neutral)

_
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Different channel for the search: Different channel for the search: ππ−−++pp −−> > ππ−−ηη + + pp

search for π1(1600)
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Different channel for the search: Different channel for the search: ππ−−++pp −−> > ππ−−ηη + + pp

search for π1(1600)

2++

1− +

∆Φ (1− + − 2++ )

• First prel. mass-dependent
PWA results, ηπ−

• No strong conclusions yet

PRELIMINARY PRELIMINARY

PRELIMINARY
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Different channel for the search: Different channel for the search: ππ−−++pp −−> π> π−− ηη`̀++pp

2++

search for π1(1600)

1− +

∆Φ (1− + − 2++ )

• First prel. mass-dependent
PWA results, η`π−

• No strong conclusions yet

PRELIMINARY PRELIMINARY

PRELIMINARY
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Different channel for the search:Different channel for the search: First First studiesstudies of of 
ΚΚΚΚππ final final statesstates

__

(ΚΚπ)(ΚΚπ)0  0  subsystemsubsystem::

Statistics: 2008 data => ~ factor 10 w.r.t. BNL (~20 for 2008/09)

Physics channel:  π−p −>  ΚΚ π π− p  (two modes)
Motivation:  Search for diffr. X- coupling to ss final states
First preliminary PWA started: Κ0 Κ+ π− π−

_
__

_

search for π1(1600), π1(2000)

__

f1(1420) / η(1405)? 

f1(1285) /
η(1295)?
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PhysicsPhysics withwith thethe kaonkaon beambeam: : KaonKaon diffractiondiffraction

• Statistics ~5 more than WA03
• Several states need confirmation, 

e.g. the K(1460)

• Kaon physics will be an interesting
option for future measurements!

One exemplary partial wave, mas-independent fit:
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First First studiesstudies of Central of Central ProductionProduction of (of (ππ)ππ)00

(ΚΚπ)(ΚΚπ)0  0  subsystemsubsystem::

Search for resonances, CP

__

f1(1420) / η(1405)? 

f1(1285) /
η(1295)?

[Barberis et al. PL B 453 (1999)]
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[hep/ex/1111.5954, PRL accepted (2012)]

First measurement of cross-section in this range:
Reaction:
• Results in agreement with LO ChPT calculations
• More data available from 2009 run (Pb target)

MeasurementMeasurement of of ChiralChiral dynamicsdynamics in 3in 3ππ final final statesstates
((lowlow t′ in t′ in CoulombCoulomb regionregion))

PWA including amplitude from
ChPT calculations substituting
isobaric waves at low masses

Go to very low Q²:
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NucleonNucleon Spin Spin StructureStructure

studied using

PartonParton distributiondistribution functionsfunctions: : 

TheThe spinspin of of thethe nucleonnucleon

accessible via 

transversityhelicityspin-averagedlepton

µ/e
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ResultsResults forfor ∆∆G/G G/G 

∆g/g:
• LO results, high pT hadrons (SMC, HERMES, COMPASS) and open charm
• NLO result, open charm (COMPASS) syst. errors still under investigation
• ∆g/g small around xg ≈ 0.1, node not excluded

.)stat(21.020.0g/g NLO ±−=∆

[subm. PLB]
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• significant signal observed on proton
(was compatible with zero on deuteron )

• confirm at better statistics 2007 data result
(σsys. = 0.5 σstat.)

ResultsResults TransversityTransversity: Collins : Collins asymmetryasymmetry
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ResultsResults TransversityTransversity: Collins : Collins asymmetryasymmetry

result also compatible with HERMES (at same quality)

x > 0.032 region – for comparison with HERMES
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• confirm positive signal for positive hadrons
first found by HERMES  
(was compatible with zero on deuteron)

• confirm at better statistics 2007 data result
(σsys. = 0.5 σstat. in 2010)

ResultsResults transvtransv. pol. . pol. datadata: : SiversSivers asymmetryasymmetry
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x > 0.032 region – for comparison with HERMES

result compatible with HERMES for neg.  hadrons, but
smaller effects for pos. hadrons (at same quality)
under study …

ResultsResults transvtransv. pol. . pol. datadata: : SiversSivers asymmetryasymmetry
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• Primakoff:
Measurement of fundamental pion / kaon polarisibility
scheduled for 2012 (1 year of data taking)

=> experimentally demanding, systematics precisely to be controlled

• Drell-Yan
Theor. expectation that Sivers fctn. has opposite sign as in SIDIS
scheduled for 2014 (1 year of data taking)

=> few, very basic assumptions only

• GPDs
Complete picture of nucleon structure, from 2D to 3D picture
scheduled for 2015/16 (2 year of data taking)

=> accessible via hard exclusive reaction (DVCS, HEMP)

Future:    Future:    COMPASS IICOMPASS II
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SummarySummary & & conclusionsconclusions

• COMPASS: high potential for spin-exotic search
2008/09: Very high statistics taken (hadron beams, proton & nuclear targets)
COMPASS measures Neutral & Charged channels

=> all relevant channels for spin-exotic search feasible
=> and many other analysis topics (OZI, ChPT, Baryon spectroscopy …)

• Nucleon spin structure, traditional PDFs nearly finished
Longitudinal (quark & gluon helicities)
Transversity (Collins & Sivers)
Unpolarised physics (fragm. fctns. from mutiplicites)

=> analysis of new 2011 longitudinal data, extension to NLO calculations

• COMPASS II
Primakoff (polarisibilities)
Drell Yan (fundamental check of Sievers fctn.)
GPDs (2D 3D picture of the nucleon)

Many results already, more to come soon, 
very active in the fields involved …

(outlook)
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_

COMPASS very active, much more contributions (µ/hadron.physics & hardware)
than possible to cover / refer to in this overview … 

List cnts. next page
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SummarySummary & & conclusionsconclusions

_
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SummarySummary & & conclusionsconclusions

_

StayStay tunedtuned forfor moremore interesting
interesting COMPASS 

COMPASS resultsresults ……

ThanksThanks forfor youryour attentionattention!!



20/03/2012Frank Nerling Recent results from the COMPASS experiment

Additional materialAdditional material
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SummarySummary & & conclusionsconclusions

• COMPASS: high potential for spin-exotic search
2008/09: Very high statistics taken (hadron beams, proton & nuclear targets)
COMPASS measures Neutral & Charged channels

=> all relevant channels for spin-exotic search feasible

• New physics results presented (incl. exotic signals):
(3π)− system studied in both decay modes: charged & neutral (consistent results)

=> Independent confirmation of new states within same experiment!

(η´π)− system shows large intensity in exotic wave (high mass range, to be understood)
(ΚΚππ)− system: feasibility shown for f1π decay channel(s)! 

exemplarily, further kaonic channels, also: Kaon diffraction (using Kaon beam) 

Outlook:
• More systematic studies, PWA model, Mass-dependent PWA more work ahead 

Not discussed: Low t’, Primakoff, Central production, Baryon spectroscopy, OZI violation
Quite rich physics programme: various further ongoing analsyes & results!

_

THANK YOU !!!THANK YOU !!!

StayStay tunedtuned forfor moremore interesting
interesting COMPASS 

COMPASS resultsresults ……COMPASS 2008/09: 
=> 10-100 times „world statistics“ 
=> additional data with pos.beam

& nuclear targets
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ResultsResults unpolarisedunpolarised: : 
Quasi real Quasi real photoproductionphotoproduction of of hadronshadrons (PGF)(PGF)

new

• independent  cross-check of leading
order calculations

• high pt (unpolarised) cross-section
measurement, compared to pQCD
prediction

• shapes already fine, but offset still to 
be imporved

• as soon as improved, NLO possible,
and can trust also unpol. physics

Asymm. using single hadrons


