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*  What is the pp(¹S₀)={pn}_s diproton?

*  T20 problem and pd → {pp}_s n   instead of pd → 
dp (180⁰)

*  “Soft”  charge-exchange  dp → {pp}_s n 

*   Charge-exchange with ∆:  dp → {pp}_s X and
NN→N∆  spin-structure

*  Other    reactions

* SUMMARY
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S.Dymov et al, PRL 102  (2009) 192301
1.1-2.0 GeV

S.Dymov et al. Phys. Lett B (2012); D.Tsirkov et al. Phys. Lett. B (2012)

(noncomplete list)with diproton

; and  dp→{pp}_sn



Diproton pp(¹S₀) , Epp< 3 MeV

¹S₀  pp    phase shifts

T=1,J=0,L=0  Anti-bound (virtual) state ,  zero width

E=-65 keV for  the pn (¹S₀)

Y.Ikeda et al, arxiv:1101.5190 [nucl-th]



¹S₀  t(q,k) half-off-shell and ONE for the pd → {pp}n 

Eᵖᵖ = k²/2m=0.1 - 5 MeV

Node at q=0.4 GeV/c

caused by the  repulsive core 

Similar to  s-wave  of the d.w.f. u(q)
ONE nucleon exchange 

d³k=k²dk dΩ K → 0

p+d → {pp}s+n



T20 puzzle 

+  ∆,N*,…

?

IA

dp→ pd, dp → p(0⁰)X



To compare: T20 in ed-elastic, IA +MEC

R.Gilman, F. Gross. G.Phys.G:Part.Nucl. B13 (2002)



1. pd →{pp}_s n  reaction in kinematics of
pd → dp (an attempt to solve T_20 problem) 



ONE+SS+Delta model

=3NF
Fijita-
Miyazawa



SS+∆+ONE : J. Haidenbauer, Yu.N. Uzikov, PLB 562 (2003) 227

Paris

Cd Bonn

Cd Bonn

Paris-

Soft NN potential 
like the Cd Bonn 
is  preferable!

Data – V.Komarov et al., PL B (2003)

S.Dymov et al., PRC (2010)



Meson Exchange Currents
3NF  N-∆-N

Mathiot J.F. Phys.Rep. 173 (1989)

J.Haidenbauer, Yu.N.U, PLB (2003)



-SS

SS + Delta + ONE

ONE-

3NF  of the N-Delta-N type dominates at 0.7- 0.9 GeV

q - internal momentum in the deuteron  for the ONE

T20 is not
measured!



2.  Soft charge-exchange  d+p→{pp}_s+n

I.Ya. Pomeranchuk, Dokl. AN SSSR (1951 )

3S1 - >1S0  Spin-flip in the  pn->np transition
D.Dean (1973) ,
D.Bugg, C. Wilkin (1986)



The pn → pn data has to
be corrected !

Soft charge-exchange

See talks by V. Glagolev and R. Shindin
at this conference  



3. Deuteron charge-exchange with the 
∆(1232)-isobar formation

→               →

Spin transfer  np ->  p ∆

Direct Exchange

n

p

p



Vertexes and parameters



V.F. Dmitriev et al, 
Nucl.Phys.A(1986)
NN-N∆

O.Imambekov,
Yu.N. Uzikov Yad. Fiz.
(1988)
pp → p+n+π⁺





dp → {pp}_sX

data - D. Mchledlishvili et al., 
PLB (2013)

Theory: D-mechanism (full line)
E- mechanism (dashed)

λ=0.5 GeV/c  (πNN)

Without normalization factor!



OPE:

q _t=0

ρ-exchange

DIRECT MECHANISM:

q|| p_d, λ_d=0



dp →{pp}_s+N+π

D-mechanism , OPE (full line)

T_22=(A_xx-A_yy)/(2 3)



dp →{pp}_s +N+π

T_20=(A_xx+A_yy)/ 2

Failure of the OPE and π+ρ
models

A new T_20 problem, at low q

A_xx
⤡A_yy

OPE: A_yy – dashed;
A_xx – full

Data: A_yy –blue (∆);
A_xx - red  (□)

↙

↖



4. Formation  of  the 1S0 diproton in
pp→{pp}_s π and pp→{pp}_s 𝛾𝛾

T=1/2,3/2

T=1/2

OPE model
Yu.N.U. , 19 th Baldin ISHEP (2008)



SUMMARY
● Reactions  with formation of the ¹S₀-diproton give more insight  into 

dynamics   of  ordinary reactions with the deuteron

*  р+d →{pp}_s(180⁰)+n  : 
(i) dominance of the 3NF (N-∆-N)  at 0.7-1.0 GeV,
(ii) soft NN-potential is more preferable than hard RSC, Paris

* pp →{pp}_s π⁰, pp →{pp}_s𝛾𝛾:
The  OPE model is surprisingly successful.  
∆- isobar  dominates  in spite of its  strong suppression by spin-parity and statistics
Is it an indication to softness of the NN -interaction potential at short distances?

● The dp->{pp}_s ∆ data  on  d σ/dt , A_xx and A_yy at 1-2 GeV and  our ∆-
analysis  clearly shows that π+ρ exchange  in NN → N∆ is NOT sufficient to
resolve the old T20 problem. Additional  spin structure is required.



THANK YOU FOR YOUR    
ATTENTION!
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OPE- model
Yu. N.U. , 19th Baldin ISHEP (2008)
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