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Motivation

» Double pion production in NN collisions is one way to obtain
iInformation about the NN, N and wwt interactions.

» Specific interest in pp and np collisions at 1.25 GeV is the study of
excitation of baryons and their subsequent decays :

A(1232) —Nm, N*(1440)— Am, N*(1440)— No, N*(1440)—>pN, AA
excitation.

» The studies m™n~ production in np collision provide the information on
the reaction amplitudes with the isospin zero NN initial state necessary
for isospin decomposition.
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World data on the double pion production in NN collisions
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HADES experiment at SIS18, GSI

Cut View

 d+p reactions, May 2007:

e LVL1 (MULT >2) && FW
 Detector set-up:

e |_H2 target

« 24 MDC

 No Start detector

* Forward Wall © __ Beam
o
 Kinematics for np: d
* Kinetic Energy =1.25 GeV
e Momentum =1.97 GeVl/c

* np selection by detecting
Proton-spectator in FW
1.6GeV/c<Psp<2.6GeV/c
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PID and selection of the reaction channels

Time of flight is relative (no START detector). Time of flight reconstruction was based on
tracking information + hypothesis. Each combination must fit into PID cuts. The best
combination (the lowest 2) wins.
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Correction of the experimental data

Eff, ., = Eff. n* * Eff. - * Eff. p * Eff.5,;*0.84

do

Normalization:

dN *Gpp

— Scaling *

dMm, - dM N

inv

Scaling=4 (LVL1);
0.84 — FWall correction factor, (K.Lapidus - PhD)

o
2 —(3.85+0.25)%107° mb/events

rp

http://hades-wiki.gsi.de/pub/SimAna/
NormalizationForPpAndDp/pp_elastic260109.pdf
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Comparison n*7 production in np collisions at 1.25 and 1.5 GeV

do/dM,,. [ub/MeV/c?]

do/dMy,., [ub/MeV/c?]

&
§ ® np 1.50 GeV
= 0.3 © np 1.25 GeV
E +
=
Ke)
IE: h + +
02k
o |
E -
3 |
_8 o
0.1+ *+
[ >+
o * : *t#—o
200 300 400 50 500
M, (t'1) [MeV/c]
& F
L sk
% “F -
% o.4t— '+'+
3
= 3 ,+
& 0.3~ &
=~ + ot
E 02 ’
' b
0.1 . %
- ‘+ B{
oF * "M
10007001200 1300 1200
M, (pr) [MeV/c]

o
w
(5

o
o

o o
> o = ©
(321 . O N

o
L I L L L N L M

| l L
1000 1100 1200 1 300 1400
- 2
My, (pr)  [MeVicT]

o

),
1)

I
¥}

e

(=] =
LN L B S B B B B

# :
.ﬁ '.t¢
..0 ’0N
12|00 1 300 1400 1 500 1 600
M, (pr'w) [MeVic’]

Black points are HADES data at 1.25GeV.

Red points are bubble chamber data at 1.5 GeV;
normalized on the area of the HADES data (to be published)

Comparison in HADES acceptance.
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Comparison of the HADES data with theoretical models

» OPER-2 model : A. Jerusalimov, arXiv:1203.3330 [nucl-th]
arXiv:1208.3982[nucl-ex]

» Xu Cao model : Xu Cao et al. Phys Rev C81, 065201 (2010)

» modified Valencia model : T. Skorodko, et al., Physics Letters B 679
(2009)30, Phys.Lett.B695:115-123,(2011)

» Data corrected for the tracking and PID efficiency.
* only statistical errors presented
* systematical errors on the order of 10 % (normalization, eff. correction)
» Models filtered by the acceptance, normalized to the areas of experimental
data.
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Results: double pion production in np @1.25 GeV
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Results: double pion production in np @1.25 GeV
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Predictions of Xu Cao et al., models at different energies.
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%fé\\\x Summary

HADES

» HADES provides high statistics data for double pion production in np
@ 1.25 GeV

» The comparison of two-pion production in np @ 1.25 GeV with the
theoretical models has been performed :

v" modified Valencia model (better agreement with data)

v' Xu Cao et al. model

v" OPER-2 model

» The present models can not reproduce the observed enhancement in
n T spectra in low mass region.

» The deviation for some differential distributions shapes still leave an
opportunity for further optimization of existing model.
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Part 111: Acceptance and Efficiency matrices of m* (Slice - 50 MeV)
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Part I1: Acceptance and Efficiency matrices of 7~ (Slice - 50 MeV)
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Results: angular distribution for np @1.5 GeV
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Results: double pion production in np @1.25 GeV
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Comparison HADES data with OPER model
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~" P Modifications introduced to the Valencia model

i B e

o in collaboration with Tatiana Skorodko

Following modifications have been done to the Valencia code. These changes arebased on WASA
analysis of channel pp = ppa’a?. Events including modifications have been provided by T. Skorodko.

1. Modification of the partial decay width between the decay N* -> No via A and direc

]._I{_,_;IIII* —}ﬂﬂ'} _ ]" m :;!'pl;:-:_-l:';irm {1} T. Skorotlo et al.
['N* - Nag) . al EPJA35 317 (2008)

. Strength of N*(1440)
After 'modification’ the Roper behaves as s-channel

01 10%1)

[

resonance: rises in beginning and decreases later % r op — pprind

"l origimal __, .

3. p exchange in double A excitation m.i 1.5__=h S

Amplrtudefor the Double-A exdtation, consiss of two parts: )}/'<)\
one for m-exchange andsecond forp. The p part hasbeen m; 3 P23
suppress by fact of 12 5 /
{p-exchange 1z not as wel fixed bv exp. observables as m-exchanse.) T .

1o

-:-.rlu|.l*III ‘BB 1 L2 14 14
T._[G--'lul'l

More datails about the chaness tothe model can be found here:
PhysicsLetters B 679 (200930, PhysL ett B695: 115123 2011 15
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ﬂp“ Influence of the modifications of the model
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dEdx, MDC

dEdx, MDC

The dEdx PID cuts for Sim. to Exp. data
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