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ContentContent

�� twotwo--pionpion productionproduction in in generalgeneral

�� doubledouble--pionicpionic fusionfusion: : thethe ABC ABC effecteffect

�� fromfrom thethe ABC ABC effecteffect to to thethe ABC ABC resonanceresonance

�� consequencesconsequences

�� whatwhat isis itit??
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NN NN →→→→→→→→ NNNNππππππππππππππππ

�� pure pure isovectorisovector

�� pppp →→ ppppππ00ππ00 / / ππ++ππ−−

�� →→ pnpnππ++ππ00

�� →→ nnnnππ++ππ++

�� ……………………………………

�� →→ d  d  ππ++ππ00

�� pure pure isoscalarisoscalar

………………………………………………..

pnpn →→ d  d  ππ00ππ00

pdpd →→ 33He He ππ00ππ00

dddd →→ 44He He ππ00ππ00 / / ππ++ππ−−

ABC effect
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The ABC Gallery  The ABC Gallery  The ABC Gallery  

WASA-at-COSY:     new exclusive measurements      

over the full ∆∆ region!

WASA-at-COSY:     new exclusive measurements      

over the full ∆∆ region!

pn → d π0π0

@ 1.0 GeV

pn → d π0π0

@ 1.0 GeV

dd → 4He π0π0

@ 1.0 GeV

dd → 4He π0π0

@ 1.0 GeV

pd → 3He π0π0

@ 0.9 GeV

CELSIUS-WASA measurements
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PRL 102 (2009) 052301             PL B 637 (2006) 223           NP A 825 (2009) 71
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The “no-ABC” Gallery  The The ““nono--ABCABC”” Gallery  Gallery  

pp → d π+π0

@ 1.1 GeV

pp → d π+π0

@ 1.1 GeV

pp → „2He“ π0π0

@ 1.3 GeV

pp → „2He“ π0π0

@ 1.3 GeV

pp → pp π0π0

@ 1.3 GeV
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fully described by t-channel ∆∆∆∆∆∆∆∆ process

Phys.Lett. B 684 (2010) 110 Phys. Lett. B 695 (2011) 115
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ABC Conclusions IABC Conclusions I

�� ABC effect occurs only in the production ofABC effect occurs only in the production of

�� an an scalarscalar--isoscalar pionisoscalar pion--pairpair ((σσ))

�� at an at an isoscalar nucleon pairisoscalar nucleon pair,,

�� and correlated with and correlated with ∆∆∆∆ excitationexcitation

⇒⇒ energy dependence ?energy dependence ?
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IsoscalarIsoscalar : Results from WASA at COSY: Results from WASA at COSY

“ABC resonance”

ΓΓΓΓintr∼∼∼∼50 MeV

M ≈≈≈≈ 2.37 GeV

ΓΓΓΓ ≈≈≈≈ 70 MeV

Phys.Rev.Lett.106, 242302 (2011)
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IsovectorIsovector :  Total Cross Sections:  Total Cross Sections

Phys. Lett. B 679 (2009) 30

N*(1440)

∆∆∆∆∆∆∆∆

∆(1600) (?)

isospin 

decomposition

⇒⇒⇒⇒
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Tp = 0.9 GeV Tp = 1.3 GeV

Roper dominated ∆∆∆∆∆∆∆∆ dominated

Isovector :  pp→pp ππππ0ππππ0

phase phase 

spacespace

Eur. Phys. J. A 35 (2008) 317 

Phys. Lett. B 695 (2011) 115
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IsovectorIsovector Fusion  Fusion  (no ABC)(no ABC)

On proton target

On deuteron target with n-spectator

pp →→→→ ∆∆∆∆∆∆∆∆ →→→→ dππππ+ππππ0

t-channel ∆∆∆∆∆∆∆∆

≈≈≈≈ 2ΓΓΓΓ∆∆∆∆

Phys.Lett. B 684 (2010) 110 and 702 (2011) 312
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IsoscalarIsoscalar ChannelsChannels

�� WhichWhich energyenergy dependencedependence do do wewe expectexpect??

�� pnpn →→ d   d   ππ00ππ00

�� pdpd →→ 33He He ππ00ππ00

�� dddd →→ 44He He ππ00ππ00 / / ππ++ππ−−

  ⇒⇒ fromfrom isospinisospin decomposition decomposition wewe maymay expectexpect ……
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IsoscalarIsoscalar :: …… this is what we expect !this is what we expect !
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IsoscalarIsoscalar :: …… and this is what we find and this is what we find 

experimentallyexperimentally

Phys.Rev.Lett.102, 052301 (2009) 

CELSIUS/WASA
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IsoscalarIsoscalar :: …… and these are the new and these are the new 

measurementsmeasurements

m = 2.37 GeV

Γ  Γ  Γ  Γ  =    70 MeV

Phys.Rev.Lett.106, 242302 (2011)

WASA@COSY
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Dalitz plots Dalitz plots 

Phys.Rev.Lett.106, 

242302 (2011)
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t-channel ∆∆∆∆∆∆∆∆

“ABC effect”

ππππππππππππππππ--invariant mass Minvariant mass Mππππππππππππππππ

Phys.Rev.Lett.106, 

242302 (2011)
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ddππππππππ00000000 ––invariant mass Minvariant mass Mddππππππππ00

MMddππππππππ00MMddππππππππ00 MMddππππππππ00

Phys.Rev.Lett.106, 

242302 (2011)
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Angular distributionsAngular distributions

Phys.Rev.Lett.106, 

242302 (2011)
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Angular distribution at the peak cross sectionAngular distribution at the peak cross section
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PDσ

J=1

J=3
Phys.Rev.Lett.106, 242302 (2011)
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Quantum numbers of the structureQuantum numbers of the structure

Antisymmetrization:  Antisymmetrization:  JJPP=1=1+  +  or  3or  3++ : if  L: if  L∆∆∆∆=0=0

pn pn →→→→→→→→ ““RR””→→→→→→→→ ∆∆ ∆∆ ∆∆ ∆∆ ∆∆ ∆∆ ∆∆ ∆∆ →→→→→→→→ d d ππππππππ00ππππππππ00

pn    pn    →→→→→→→→ d   d   ππππππππ00ππππππππ00

I=    0,1               0        0,2
I=0

11++

33++

66442200

*
)(cos PDPDPDPD

d
+++=Θσ

Isospin :

Spin-Parity:       JP =
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Assume pn Assume pn →→→→→→→→ R R →→→→→→→→ ∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆∆ →→→→→→→→ ddππππππππ00000000ππππππππ00000000

∆

∆

d

π

πp

n

I(JP) = 0(3+)

M, Γ, ΓΓ, ΓΓ, ΓΓ, Γi ∗ Γ∗ Γ∗ Γ∗ Γf , F(q∆∆∆∆∆∆∆∆)

Mππππππππ Mdππππ0000 ΘΘΘΘd
*

model

Phys.Rev.Lett.106, 242302 (2011)
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Conclusions IIConclusions II

�� TwoTwo--pion production in pion production in pppp collisions: collisions: 
�� basically understood by tbasically understood by t--channel excitations of channel excitations of 

N*, N*, ∆∆∆∆ and and ∆∆(1600)(1600)

�� TwoTwo--pion production in pion production in pnpn collisions:collisions:
�� ABC: ABC: 

low mass enhancement in Mlow mass enhancement in Mππππ ⇔⇔ resonance resonance strcuturestrcuture in in σσtottot

�� I(JI(JPP) = 0(3) = 0(3++))

�� M M ≈≈≈≈≈≈≈≈ 2370 MeV = 2M2370 MeV = 2M∆∆∆∆∆∆∆∆ -- 80 MeV80 MeV

�� ΓΓΓΓΓΓΓΓ ≈≈≈≈≈≈≈≈ 70 MeV << 2 70 MeV << 2 ΓΓΓΓΓΓΓΓ∆∆∆∆∆∆∆∆ ≈≈≈≈≈≈≈≈ 230 MeV230 MeV

…… and and 



…… survives even in heavier nuclei!survives even in heavier nuclei!

t-channel ∆∆
[arb. units]

ππ threshold

dd → 4He ππππ0000ππππ0000

preliminary

4He

d
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ConsequencesConsequences and Outlookand Outlook

�� ToTo--dodo list:list:

�� SearchSearch forfor resonanceresonance effectseffects inin

�� pnpn scatteringscattering

�� pnpn →→ d d ππ++ππ−−

�� pnpn →→ pnpn ππ00ππ00

�� pnpn →→ pppp ππ00ππ−−

�� Polarisation Polarisation measurementsmeasurements
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ResonanceResonance EffectsEffects in in pnpn ScatteringScattering

�� Total cross Total cross sectionssections
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…… so so whatwhat isis itit??


