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Pion production motivation at HADES

() Hadron spectroscopy:

Standard Hadrons

Mesons: p—>nn , W—IAT ...
Baryons: A/N*> N, A/N*~> N nrn

@ Reaction mechanism.

pp — npn*and pp — ppn® @ E=3.5 GeV

Meson

®

baryon

G. Agakishiev et al.
Eur.Phys.J. A50 (2014) 8

(A IN* = N 7)

Cocktall of baryonic resonances obtained from the 1 =n production
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Pion production motivation at HADES
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Study of the channel pp-»ppm+m- @ E=3.5 GeV

@ One resonance excitation (1R) @ Double resonance excitation (2R) @ Direct p production
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() Channel selection: 11+ 11— and 1 proton at least - Data
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PLUTO++ Simulations
*PLUTO is a Monte Carlo simulation framework developed by the

HADES collaboration for heavy ion and hadronic-physics reactions.

PDecayChannel (PLUTO Class)
BR x |
N1520 — pmr*tm  (0.04) (6% x 2/3)
N1520 — A*™ 1 (0.12) (23% x 1/2)
N1520 — Aotr* (0.04) (23% x 1/6)
N1520 — pp° (0.003) (1% x 1/3)

* |. Frolich et al. PoS ACAT2007 (2006)



Simulation (using PLUTO++)

@) pp — pR — pp n*(1R)
(Using known cross sections from 17* and
pKA** analysis)

N* (1440)

N* (1520) P.

N* (1535) i
A* (1620) f””
N* (1650) l
N* (1675)
N* (1680)
A" (1910)
" N* (1710)
N* (1720)
N* (1875)
~ A*(1880)

R+ A++

1m —=

pKA—=

@ Direct p production
PP —>PP P

) pp = RR’ = pp n*n (2R)

(cross sections adjusted to the data)
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A
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*G. Agakishiev et al. Eur.Phys.J. A50 (2014) 8
** R. Munzer et al. Phy. Lett. B 785 (2018) 574-580
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Angular Distribution Model

Angular distributions need to be implemented (PLUTO = phase space)

Assuming anisotropic emission in the p-p CM depending on the four momentum transfer
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 Model validated in 1 © analysis.
« Extended to 2R production

*1 m analysis:G. Agakishiev et al. Eur.Phys.J. A50 (2014) 8
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Analysis results

All spectra include systematic errors
Normalization err : 6.5% (not included).

o Stat.err are negligible



Invariant Mass Spectra
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Angular Distributions

CosOcy(pm™) CosOcy(pm™)
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The angular distribution model for 1R and 2R production is quite valid.
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N*+(1440) 30% 1.4+ 0.2 1.5 + 0.4
N*+(1520) 30% 1.8+0.2 1.8+0.3
N*+(1535) 10% 0.15 + 0.05 0.15 + 0.015
A*(1620) 70% < 0.05 + 0.02 <0.10 + 0.03
N*+(1650) 11% < 0.05 +0.03 <0.81+0.13
N*+(1675) 45% 1.05+ 0.1 <1.65+ 0.27
N*+(1680) 35% 0.78 + 0.1 <0.9 +0.15
N*+(1720) 80% 0.05 + 0.01 <4.4+0.7
A*(1700) 55% 0.45 + 0.1 0.45 + 0.16
A*(1910) 90% <0.15 + 0.05 <0.85+0.53

Updated Cross Sections

A+ (1232)A°(1232)
A** (1232)N°(1440)
A+ (1232)N°(1520)
A** (1232)N°(1535)
A+ (1232) A°(1620)
A** (1232)N°(1650)
A** (1232)N°(1680)
A+ (1232)N°(1720)

A** (1232) A°(1700)

N*(1650)
N*(1710)

N*(1720)
N*+(1875)
N*+(1880)

38%
23%
80%
70%
63%

0.09 £0.03
0.05 £0.02
0.05 +£0.01
0.038 £ 0.02

0.36x 0.1

0.12 £ 0.06
0.078 £ 0.05
0.06% 0.015
0.038 £0.018

0.74 +£0.37

100%

70%
55%
46%
25%
70%
65%
15%

15%

4.0 +£0.1

0.8+0.1

1.4 +0.1

0.49 + 0.1
<0.02 £0.02
<0.05+0.04
0.8+0.1
<0.02 £0.02

<0.04 +0.02

*G. Agakishiev et al.

Eur.Phys.J. A50 (2014) 8
** R. Munzer et al. Phys. Lett. B785 (2018) 574




Comparing to Existing Data

HADES
pp->ppr'm
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J. Aichelin, Nucl. Phys. A573, (1994) 587.
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Comparing to Theoretical Models

OPER: One Pion Exchange Reggiezed

A.P Jerusalimov et al. ArXiv:1203.3330v1 [nucl-th]
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 Cross section adjusted to measured
yield.

 Minv(prt*r) distribution shows a too
large production of A(1600) and
resonances with mass > 1.7 GeV
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Comparing to Theoretical Models

Cao effective Lagrangian model:
X. Cao, B.-S. Zou and H.-S. Xu, Phys. Rev. C81 (2010) 12
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Tracking the

O meson




Search for the direct “p”

Apply kinematical cuts to reduce the baryonic resonance excitation background.
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Search for the direct “

Data p Simulation

S—. 2.2 S- 2.2_
g‘i é 250
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3 55 3 553— »
Resonances ° ” " _
cut — O (p) < 30°
" " Suppress remaining
: resonances
0.3 0.4 - 0.5 0.6 0.7 0.8 o. A o420 03 ] . ] . ] . )
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Search for the direct “p”

Before kinematical cuts After kinematical cuts
- R R R R R RN RN R RN RN -3
% 0'85_ _E c\'g' id 0 | ¥ | | F —4— Dﬁlta
- 1 O = | | phase space
Q o7 4 = 9 Gy b — Direct p
le) - . O g5 ¥ by b y s
E 06 - O -
~ - . S = —= One Resonance
= 50 E= - — Double Resonance
_8 04 1 3 - —- One Resonance p
- . © = -
0.3 — © = E
0.2F - 3 E
0.1F- - - E
82703 04 05 06 07 08 08 1 14 12 5 _ | | —1 75
M (') (GeV) (n*m) [GeV/c?)

After kinematical cuts the p peak shows up
Resonance cocktail includes R—> N p

Direct p adjusted to the data
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Experimental extraction of the “p” cross section

« Simulation without resonance decay to Np

 pp—ppp contribution adjusted to data.

x107°
L | —— data
§ ﬁ””}{ ¥IN ——- One R sum
Q g0l ,{:\i‘"‘ﬁm”"ﬁ,;.\“H,H N — Double R sum
g ﬁ :"\ e 1R + 2R sum
£ f el BwWo
— 60— | *\ . — — Total sim. sum
2 , ’z“i‘,
©
S 40
20
0
- 2
Minv(n+n) [GeV/C ]

do/dM [mb/GeV/c?]

x10~°

— B-Wp

———" Resonances p
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Experimental extraction of the “p” cross section
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“0” Angular Distribution

v’ Breit-Wigner p extraction is model independent.

v" The angular distribution was fitted with Legendre polynomials.

----- mesonic current (MC)

------ nucleonic current (NC)
total

Calculation for pp—ppo

P, T P
1 «— 2 o
1/ < 2/ oo
o
p s p
b)

G i .
% — ~] K. Nakayama et al., Phys. Rev. C57 (1998) 1580.
© - 2 8.0
n | _ 60 MC > NC
| _ ;é 40
6:_ _: 3 WL
4: —s— Breit-Wigner p j 00 o= ——— B kit
f : INZIEN NC > MC -
21 — .___g
i ] g
| I | I __| B
0—1 —0.5 0 0.5 1 B
COSq,(0) (' TT)
G'GO 0 60|.0 126.0
6. [ded]
do
— =998P,+396P, — 157 P, p NC s
d() % %
o 11'*0' T P;
_ ‘ G,D — 124 i 5 ub i uip,n i § +[
a)
do . . . .
) consistent with dominant nucleonic current (NC)
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‘0" Cross Section

Results from this analysis:
R - Np 160x40 ub

s[mb]

pp—ppp 124 +5ub
Results from other analysis at 3.5 GeV:
pp = ppe*e”, o, =1/,0, 120 £ 60 ub

pp — ppeTe” X (PYTHIA) 233 + 60 pb HADES: pppX
HADES: pp—ppp
O p+p -> p+X
® P+P -> p+pP+p
--OBE

0 2 4 6 8 10
s!2[GeV]

HADES: pp—ppp from 2 1 analysis is compatible with the analysis pp — ppe*e™ were op
was extracted following the hypothesis op =1/2 cw
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Dibaryon investigation

6 Non-strange B=2 states

L
deuteron\ 1] _ NN ES|
Do1 Do <«
q M=1.88 GeV
Arndt > D, D,, < n-DCE
NA state M=2.15 GeV NA state
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Conclusion

(v This analysis confirms the presence of three channels:
One and double baryonic resonance production, direct p production. Contributions are

extracted.

@ The results show consistency between 1, 2 mand KA within the “HADES resonance

model” (input for e+e- production interpretation).

@ p meson signal was extracted by applying the necessary kinematical cuts — anisotropic

angular distribution.

() The results present valuable inputs for theoretical models (comparison with Cao

Lagrangian Model and SMASH ongoing).
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