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Spin cross sections in NN reactions and the
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actual feasibility to determine the parity.
Summary.



MotivationMotivation

The search for narrow resonances, especially the so-called exotic 
resonances has been always of special interest in hadron spectroscopy
[see, e.g., E. Klempt, hep-ph/0404270 for a recent review; see also L. G. Landsberg, 
Phys. Rep. 320, 223(1999)].  Apart from establishing their existence, the 
determination of their basic properties are of extreme importance. 
Among these properties, the parity is of particular importance in 
connection with the substructure of these resonances.

However, contrary to the situations encountered with ordinary 
resonances, it is often the case that no theoretical  predictions can 
provide a conclusive result for the parity and other basic properties of 
these resonances [recent example: the pentaquark Θ+] . 

This calls for a model-independent way of determining these properties. 



     sum of the
 spin-projections
onto the axis ┴ to
the reaction plane

BohrBohr’’s theorem: a general result for spin-paritys theorem: a general result for spin-parity
relation relation (Bohr, NPA(Bohr, NPA’’59,  59,  SatchlerSatchler, Direct Nuclear Reactions, , Direct Nuclear Reactions, ’’83)83)

    

πif  =  (–)Mi -Mf

reflection symmetry in 
   the scattering plane

 product of all 
intrinsic parities

 allows for an unambiguous determination of the parity.
                                                         [see: Nakayama&Love, PRC70, 012201(R)(2004)]

 drawback: requires the measurement of the polarization of all the
                    particles in the initial and final states.



In (In (ps-mesonps-meson) ) photoproductionphotoproduction::
                                                                                                                                                                (Nakayama & Love, PRC70,(Nakayama & Love, PRC70,’’04)04)

A number of spin observables can be directly related to the parity 
of  the resonance:
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# y (i,i) $# y

||
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# y (i,i) +# y
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= $"yy (i,$i) = % (R)⊥

⊥ beam asymmetry (pol.: ε⊥ ,  ε||)
in conjunction with
polarization transfer along the y-axis (i=+,-)
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Kyy = "Kyy

||
= # (R)

⊥ polarization transfer coefficient with the
linearly polarized photon beam
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Kyy = " (R)#
polarization transfer coefficient &
beam asymmetry

•
•
•

the observables require measuring the spin of the produced resonance



In NN In NN  Y YΘΘ+  +  ::

 Pauli principle + parity conservation ⇒ spin-parity relation can pin down
      π(Θ+) in                       .                                         [Thomas, Hicks, Hosaka, PTP111 ’04]

 At threshold:
     π(Θ+) = +  :   Axx = -1                                              [Rekalo&T-Gustafson, PLB591 ’04;

     π(Θ+) = −  :   Αxx ≥ 0                                                                         Uzikov, PLB595 ’04]

 Energy dependence of Axx  in conjuntion with the “naturalness” assumption
                                                                                                [Hanhart et al., PLB590,’04]

 Energy dependence of the spin-triplet cross section:
                                                                           [Hanhart, Haidenbauer, Nakayama, Meiβner,
                                                                                                                                                        PLB606 ’05]
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 π(Θ+) = + :

 π(Θ+) = – :



Pauli Pauli principle + parity conservationprinciple + parity conservation
in NN reactions                       in NN reactions                       (A. Thomas et al., PTP111 (A. Thomas et al., PTP111 ’’04)04)

(2S′+1) L′J
(2S+1) LJ

Pauli principle + parity conservation : 

JB=JR=1/21S0         1S0
3P1       1P1
3P0,1,2   3P0,1,2
3F2       3P2           ·
           ·
           ·

3P0         1S0
3P1       3S1
1S0         3P0
1D2       3P2           ·
           ·
           ·

S=0  L′=even
S=1  L′=odd

S=0  L′=odd
S=1  L′=even

M
p

p

B

R

(-)S+L′+T = +/–1,  πBπR= –/+

πΒπR = + πΒπR = –



Energy dependence of the spin cross section nearEnergy dependence of the spin cross section near
threshold:                                      threshold:                                            ((Hanhart Hanhart et al., PLB606, et al., PLB606, ’’05)05)
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(2S′+1) L′J
(2S+1) LJ

πΒπR = +
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πΒπR = –

Λ2 ~ -t = mp(mB+mR
 - 2mp)

 higher p.w. suppression: (p′/Λ) L′

(e.g., mB~1GeV, mR~1.5GeV
                              Λ~ 900 MeV)

p′2/Λ2 ~ 0.1 ⇒ Q ~ 60 MeV.

sources of energy
dependence of βi

L′ = S,P

phase space factor

centrifugal barrier :  (p′) L′

>

>

● BR fsi
● pp isi
● transition operator

Qp !"2 (excess energy)
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Sources of energy dependence:Sources of energy dependence:
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Hanhart & Nakayama, 
PLB454 ‘99

for heavy particle production (e.g., mB~1GeV, mR~1.5GeV  r ~ 0.2 fm) :



A rough estimate of BR A rough estimate of BR fsi fsi effects :effects :

(phase space)/p′ 2pQ !"

r0 = 1.0 fm

range of V22 ~250 MeV

S-wave



Energy dependence of Energy dependence of 33σσΣΣ  ::
                                        (a model calculation: (a model calculation: Hanhart Hanhart et al., PLB606 et al., PLB606 ‘‘05)05)
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L′ = 0,1 :

πBπR = +

πBπR = –

B = Σ+

R = Θ+ no isi & fsi



Energy dependence ofEnergy dependence of  3  3σσΣΣ  : : (J(Jθθ++=3/2 case)=3/2 case)

2pQ !"



Angular dependence of the spin cross sectionAngular dependence of the spin cross section
near threshold:near threshold:
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only P-waves

only S-waves

L′ = 0,1 :

α1 may be zero
(e.g., JB=JR=1/2: 3P0)

● strong θ dependence ⇒ πBπR = +
● weak θ dependence ⇒ inconclusive 

completely general (may be used for Q < 30 MeV) 



Features of the spin triplet cross sections:Features of the spin triplet cross sections:
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How to measure the spin cross sections ?How to measure the spin cross sections ?
((BilenkyBilenky&&RyndinRyndin, PL6 , PL6 ’’63;  Meyer et al., PRC63 63;  Meyer et al., PRC63 ’’01; 01; Hanhart Hanhart et.al., PLB590 et.al., PLB590 ’’04)04)
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Feasibility to use Feasibility to use 33σσΣΣ for parity determination for parity determination
((RekaloRekalo&&T-GustafssonT-Gustafsson, EPJA22,, EPJA22,’’04; 04; UzikovUzikov, hep-ph/0402216), hep-ph/0402216)
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At threshold (L′=0) :
 πBπR = + :   S = 0    Axx = Ayy = -1  ⇒

 πBπR = – :   S = 1  Axx = Ayy ≥ 0   ⇒
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Conclusion :Conclusion :
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 3σΣ(Q)  and/or d(3σΣ)/dΩ  in
proton-proton collisions offers
a possibility to determine the
parity of a narrow baryon
resonance with an arbitrary
spin and isospin in a model
independent way.
      [Feasible at COSY !!!]

Q~20-30MeV
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The End


