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Motivation

» Double pion production in NN collisions is one way to obtain information about
the NN,zN andnr interactions.

» Specific interest in pp and pn collisions is the study of excitation of dvasyand

their subsequent decays :
N*(1440)— An, N*(1440)— No, N*(1440)- pN, AA excitation.

» Important to look in parallel ta*n production in pp and np collisiom order to
learn more and understand difference in inclusive spectréeof e
= |in connection to HADES dilepton results.
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World data on the double pion production in NN isodns
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Facilities: CELSIUS, COSY, two-pion production in NN collisions
KEK, PNPI-Gatchina G (after the year 2000Q; T650-1300 MeV )

HADES data allow to test pion production mechanisms and the contributio

of baryonic resonances with a high statistical precision at large pT
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HADES experiment at SI1S18, GSI

Beams from SIS18: pions, protons, nuclei
Spectrometer with high invariant
mass resolution - 2% ptw
Versatile detector for rare particle decays :
dielectrons (ge)

strangenesg\, K0 =
Upgrade(2010): new DAQ, Tof-RPC
((20 KHZ), 0,4 ~80 ps)

Geometry

Full azimuth, polar angles 18° - 85°
e+e- pair acceptance = 0.35

~ 80.000 channels, segmented solid or
LH2 targets
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Experiment conditions for pp and dp reactions

p+p reactions, Apr 2006:
Detector set-up:

e LH2 target

«21 MDC

* No Start detector
Kinematics for pp:

 Kinetic Energy =1.25 GeV

Q

d+p reactions, May 2007 o
Detector set-up: d

» LH2 target

e 24 MDC

* No Start detector

e Forward Wall
Kinematics for np:

 Kinetic Energy = 1.25 GeV

» np selection by detecting
Proton-spectator in FW
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PID and selection of the reaction channels

Time of flight is relative (no START detectoilime of flight reconstructiowas based on
tracking information + hypothesiEach combination must fit into PID cuts. The best
combination (the loweg2) wins.
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Double pion production in np and pp collisions at 1.25 GeV
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Existing models for th&IN—NNnr reactions

» OPER, OPER-2 models: A. Jerusalimov, arXiv: 1203.3330 [ nucl-th]

ar Xiv:1208.3982[ nucl-ex] (reggeized = exchange model, includes one pion + one
baryon exchange diagrams, all possible resonances)

> Valencia moddl : L. Alvarez-Ruso, E. Oset et al.

Nucl. Phys. A 633 (1998) 519-543
(Effective lagrangian model, interference betwermgihms, N*(1440)A(1232) )

» XuCao model : Xu Cao et al. Phys Rev C81, 065201 (2010)
(Effective lagrangian model with less number of diagrams, no interference,
resonances up to 1.72 GeV)

» modified Valencia model : T. Sorodko, et al.,

Physics Letters B 679 (2009)30, Phys.Lett.B695:115-123,2011
(Modification of the partial decay width between the decay N* — No via4 and direct,
Srength of N*(1440), p exchange in double 4 excitation was suppressed by factor of 12)
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Comparison HADES data with Valencia model
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Summary and outlook

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

» New data on doublgion production are important for investigations of
the reaction mechanisms and development the theoretical models.

» Preliminary comparison double-pion production in pp and np @ 1.25

GeV with the theoretical models has been performed
v' Valencia model, modified Valencia model
v Xu Cao et al. model, OPER model

» HADES data for pp>pprn*n-and np—npr*n reactions require further
development of theoretical descriptions of the experimental data.
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Comparison of the models with HADES data

» Data corrected for the tracking and PID efficiency.
e only statistical errors presented
 systematical errors on the order of 10 % (normalization, efécton)

» Models filtered by the acceptance, normalized to the
corresponding cross-sections.

Several distributions can be presented, according to the models mc
sensitive one are:
e invariant masef nfn (M_, )

e cos of opening angia CM betweem*n (cos@._ .. CM))

T+m-
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Predictions of models for the pgppr*n reactions

Xu Cao et al. Phys Rev C81, 065201 (2010) L. Alvarez-Ruso, E. Oset et al. Nucl. Phys. A 633 (1998)

2.2
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T, [GeV]
full model —— 73,2 b full model 728.86 b
N*(1440) > Ax = = = = - 266.2 ub N1440)->mA 210.60 ub
) N*(1440)->No 170.61 pb
N*(1440)->No---- -~ 219.7 b Ag e & AA 180.08 pb
double-A ——— 183.7 ub non-resonant part 5.66 ub
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Predictions of models for the agnpr*n reactions

Xu Cao et al. Phys Rev C81, 065201 (2010)
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L. Alvarez-Ruso, E. Oset et al. Nucl. Phys. A 633 (1998)
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HADES PROGRAM (SO FAR)

dp reactions (1.25 GeV)

* nucleus + nucleus

C+C, Ar+KCl
Au+Au (2012)

* p + nucleus
(Nb @ 3.5 GeV)

» e+e- production in N+N — reference reactions for A+A
* single and double production (barion resonances in N+N)

* 1, ®, ¢ production- hadr.channels and rear n—e+e- decays (new

UL in PDG)
» /A (1405), 2{1385) (new PDG entry)

* K9 production

low mas e+e- ,,excess” : (DLS puzzle, emissivity,..)
kaon production : K°,

Hyperon production; A, X, =(1321)

¢ production

A-p, p-p, 7, correlations

* p/® mesons in cold nuclear matter
» strangeness production K, ¢
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Existing models for the pp->ppn+n- reactions
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N DL i

d‘ PN Modifications introduced to the Valencia model
oxsaY

in collaboration with Tatiana Skorodko

Following modifications have been done to the Valencia code. Thess changes arebased on WASA
analysis of channel pp -> ppa®=?. Events including modifications have been providad by T. Skorodko.

1. Modification of the partial decay width between the decay N* ->Ng via A and direc
Ve
k=) (1): T. Skorotkoat al.
I'(N*—>No) EPJA35,317 (2008)
4 0.9(1) 1LiX1)
2. Strength of N*(1440)
After'modification’ the Roper behaves as s-channel _
resonance: rises in beginning and decreases later % pp — pprln?

3. p exchange in double A excitation

Amplitude for the Double-A exdtation, consists of two parts.
one forn-exchange andsecond forp. The p part hasbeen
suppressbyfactof 12.

(p-exchange is not as wel fixed by exp. observables as x-exchange.)

More details about the changes tothe modsl can be found hers:
PhysicsLettersB 679 (2009)30, PhysL ett B695:115-123.2011



Influence of the modifications of the model

pp = ppn’n? at T, = 1.2 GeV WASA

do/dcos & [ub] *
&

M. [GeV/c?)
dotted : original model
dashed: (1) N* ->Ax and N* -> Nobranching ratio
dashed-dotted : (2) readjustment of strength of the N*(1440)
red: (3) p exchange in double A excitation 16

23



Model : OPER (A.P.Jerusalimov)
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Experimental distributions for np—npt+m- atp 1.73 GeV/c
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Comparison of the models with HADES data

» Data corrected for the tracking and PID efficiency.
e only statistical errors presented
 systematical errors on the order of 10 % (normalization, efécton)

» Models filtered by the acceptance, normalized to the
corresponding cross-sections.

Several distributions can be presented, according to the models mc
sensitive one are:
* invariant masef n*n (M, )

 cos of opening angia CM betweem*n (cos@._ ... CM))

T+m-
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Predictions of Xu Cao model for

Xu Cao €t al., Phys Rev C81, 065201 (2010)
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Predictions of Valencia model for the NBNN#*n reactions

L.Alvarez-Ruso, E.Oset et al., Nucl. Phys. A633(1988) 519-543
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