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Introduction




Motivation for pion production

() One and double pion production in N-N collisions are important sources of information for

meson and baryon production (p—nr, A/N*> Nz, A/N*~> N 7w )

) The n* - production channel is particularly interesting for studying the p meson and

double baryon production. 4.0

35-

() Few data for NN—» NNz and no precise differential cross sections 0T LI ;i ﬁ
available around 3.2 GeV. 0
E 2.0
© 15¢L

(V) Available theoretical approaches : ol pp -> pp &'
The effective Lagrangian models (Valencia, modified Valencia, Xu Cao) 45!
Transport models (GiBUU, UrQMD, SMASH) 0.0k

215 | 3?0 | 3:5 | 4i0 | 4.5
and OPER model (based on Nz amplitudes). Vs (GeV)

(v In the context of HADES general program: pion production needed for the interpretation of

the di-electron spectra (baryon resonances + p contribution). (see slide 30)




Study of the channel pp»>ppn+mn- @ E=3.5 GeV

@ One resonance excitation (1R) @ Double resonance excitation (2R) @ Direct p production
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Acceptance:

Azimuthal angles 85% (6 sectors)
Polar angles: 18° - 85°

Detected particles: e*, p, n™ K*
Tracking: MDC

PID: e* with RICH, TOF/PreShower
p, ©*, K* identification TOF-Tracking



@ Data Analysis Method




Data Analysis

() Channel selection: 11+ 11— and 1 proton at least

W
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() Background subtraction.

& Efficiency correction: using efficiency matrices

Efftotar = Effp * Effu+ * Ef fr-

() Normalisation using pp elastic scattering:
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HADES Resonance Model

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 — pm*m (0.04) (6% x 2/3)
N1520 — A™* 17 (0.12) (23% x 1/2)
N1520 — Aot (0.04) (23% x 1/6)
N1520 — pp° (0.003) (1% x 1/3)

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



Simulation (using PLUTO++)

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

N* (1440)

N* (1520) P. i il
N* (1535) i
A* (1620) f“”
N* (1650) l
N* (1675)
N* (1680)
A% (1910)
" N*(1710)
N* (1720)
N* (1875)
~ A* (1880)

1t —=

pKA—=

@ Direct p production simulation

o = 60 pb (from existing data)

@) pp —» RR’ — pp n*n (2R)

(cross sections adjusted to the data)

A**(1232) A°(1232) - Py’
A**(1232) N°(1440) - J/{l
: AT
A*+(1232) N°(1520) .
|
A**(1232) N°(1535) =
A**(1232) A °(1620) :
I RO
AT(1232)N°(1650) Al
\
A**(1232) N°(1680) P, P
A*+(1232) N°(1720)
A**(1232) A °(1700)
R Manger et al. anxiv 170301078 © | HADES data
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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 dt t®

(¥) 1R production:

t =(Py — Pyopm ) if cos By <0

t = (P — Prarge:) if COS 6z >0

1
t, = —

ta
(¥) 2R production:
t = (Pa, = Ppoam) if cOSBg, <0

t = (Pa, = Prayge:) if COSBg, >0

1

W tar a2

*1 m analysis

do/dcos(8) (mb/sr)

2
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Analysis results

« All spectra include systematic errors

« Normalization err: 6.5% (not included).

« Stat.err are negligible



Invariant Mass Spectra
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do/dM (mb/GeV)

Invariant Mass Spectra

| |
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Strong dominance of A**(1232), no significant
contribution of heavier A** resonances.
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Angular Distributions
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The angular distribution model for 1R and 2R production is quite valid.
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Cross Sections

N+(1440) 30% 1.4+ 0.2 1.5+ 0.4 A*+ (1232)A°(1232) 100% 3.2+ 0.2
N+(1520) 30% 1.7+ 0.2 1.8+ 0.3 A+ (1232)N°(1440) 70% 1.5+ 0.2
N*(1535) 10% 0.15+0.05 0.15+0.015 A+ (1232)N°(1520) 5509, 1.5+0.2
+ 0
A*(1620) 70% <0.10 +0.05 <0.10 +0.03 A** (1232)N°(1535) e N
N+(1650) 11% 0.09 + 0.03 <0.81+0.13
A+ (1232) A°(1620) 25% <0.05 +0.02
N*(1675) 45% 0.8+ 0.1 <1.65+ 0.27
A++ (1232)N°(1650) 70% < 0.05 + 0.04
N*(1680) 35% 0.9+0.2 <0.9+0.15
++ o 0 O +0,.

N*(1720) 80% 0.06 + 0.03 <4.4+0.7 A™ (1232)N°(1680) S5 0.9+0.1
A*(1700) 55% 0.45+0.1 0.45+0.16 A** (1232)N°(1720) 15% <0.02 +0.02
A*(1910) 90% <0.01+£0.01 <0.85+0.53 A** (1232) A°(1700) 15% <0.04 £0.02
N+ (1650) 38% 0.09 + 0.03 0.12 + 0.06

N+(1710) 23% 0.05 +0.02 0.078 + 0.05

N+(1720) 80% 0.06 +0.01 0.06+ 0.015

N*(1875) 70% 0.038 +0.02 0.038 +0.018

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

N*(1880) 63% 0.4+0.1 0.74+£0.37 ** R. Munzer et al. arXiv:1703.01978




Comparing to Existing Data

ol

HADES
pp->ppr'm

2.5 3.0 3.5 4.0 4.5
Vs (GeV)

S. Teis et al. Z. Phys. A 356, 421 (1997)

= T [ | H B B B IE
- ppo-attal
T
T 3

— 0OBE — Model

T exp. Daten
] i ] 1 ) 1 .1 1
1 i0

5
Prap 10 GeV/c

J. Aichelin, Nucl. Phys. A573, (1994) 587.
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Resonance

N*(1440)
N*(1520)
N*(1535)
A*(1620)
N*(1650)
N*(1675)
N*(1680)
N*(1720)
A*(1700)
A*(1910)

UrQMD model underestimates the double A(1232)
production but overestimates the heavy resonances

production |
= GiBUU model underestimates the N(1520) 2"
production but overestimates N(1440) T e
0.6 + * N
UrQMD: S.A. Bass et al. Nuc. Phy. 642, 121-129 (1998) Z:

Comparing to other models

or (2 anal.) op GiBUU

2 Resonances o (27 anal.)
1.4+0.2 3.63 1.15
A*+ (1232)A°(1232) 3.2+0.2 1.5
1.7 +£0.2 0.27 1.7
++ %k . + . )
0.15+0.05 0.53 0.8 A (s DAL BibE U
<0.10 = 0.05 0.10 0.2 A** (1232)N* 4.5+0.1 5.8
0.09 + 0.03 0.24 0.4 pA* 0.6 0.1 1.3
0.8+ 0.1 0.94 1.2 pN* 58+0.2 8.3
0.9+0.2 0.22 1.2
2.0 - T T
0.06 £ 0.03 0.14 0.68 N i o o
16 L P+P —PP 1420 | P+P —PP 1520 |
0.45+0.1 0.06 0.35
HADES
<0.01+0.01 0.14 0.08

25 3.0 35 40 45 50 55 6.0 65 25 3.0 35 40 45 50 55 6.0 65 7.0

GiBUU: Weil, J., van Hees, H. & Mosel, U. Eur. Phys. J. A (2012) Ecm / GeV Ecm / GeV
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Tracking the

O meson




Apply kinematical cuts to reduce the baryonic resonance excitation background.

M(p) = 775 MeV
[(p) = 149 MeV

Search for the direct “p”

do/dM (mb/GeV)

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

8.

m I|I||||||‘||I|||I|I||I|I‘I|I|||I|I||I|I‘

03 04 05 08 07 08 08 T
M.

|nv(

) (GeV)
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Search for the direct “p”

Data p simulation

; 22 %-. 2.2_
é ) 250
E 2 5000 E 2
EE 4000 EE 20
16 3000 16 10 Miﬂ.l,(’pﬂ'l'] = 1.3 GeV
—_—
14 2000 14 100 Mim,{-_pir_:} = 1.3 GelV
% Suppress A(1232)A(1232)
| | | | M,..(P7*) (Gevi | | | | M. (pn*) (Gevz)'2
g’ 55 3 555— ®
resonances ° " " .
a0l 40% — Elﬂ.ﬁ{r:} = 3!]”
N X Suppress remaining
_: resonances
2(:1.3 0.4 - 0.5 0.6 0.7 0.8 o. A o420 2(:1.3 ' ] . ] . ] . )
M, . (") (GeV) M, (n'1) (GeV)
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Search for the direct “p”

Before kinematical cuts After kinematical cu

— 1T 1T 1 | [ | L | L | [ | L | L | [ | L L= —— N | L | L | (L | L | L | [
> 0.8 — > - -
[ . g . . _ ] — o - ---\--.f"’r R -
I ~,  Preliminary | ¥ oosf  F7 Tt o ~+ Data
= - ’} - . S o07h T ‘,\1 phase space
= 06 E T - S O — Direct p
= - {1 = 006 e N —
© - - v 0.05— | S — Double Resonance
O 04 -4 T -y ' — . Total
. 35_ E 0.04 —- One Resonance p
F - 0.03F |/ ~—=——==_ =
02 E 0.02] s =
0‘1;_ E 0.01F =
e I e et i, S A e ]
82 03 04 05 06 07 0.8 09 1 11 1.2 82 0.3 04 05 06 07 08 09 1 1.1 1.2
+ = -
M_ () (GeV) M_(n'T) (GeV)
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“p" Angular Distribution

—+- Data / ,hi

phase space /73
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“p" Angular Distribution

g = 1 ' 1 ' B
Q § do . . .
E E 0 expected to be isotropic for mesonic current (MC)
St - .
S [ - - and forward/backward peaked for nucleonic current (NC)
3 71 -
- - p NC p MC
:_ _: Py % *~— -~ % P, P, r— P
5_ x2 I ndf 0.7325/5 i ﬂ-:g : n I;H 2)‘] H1 p
E po 7.089 +0.153 i w o7 | 1o 2 1 100000
4 p1 2.473 + 0.421 7 Py ———— ———P, P, 4 P,
- p2 ~0.01486 + 0.48130 : a) b)
- p3 ~0.7483 + 0.5645 - |
3_ L N L | I ] dc)-
—1 —0.5 0 0.5 R — consistent with dominant nucleonic current (NC)
COS,(0)(T' ) d)
8.0 . . . . . ,
_ 60| MC > NC :
;5 40 + 2
g 20 | | - mesonic current (MC)
-------------------------------- nucleonic current (NC)
00— e e T total
=0 NC > MC = -
2o c /1 Calculation for pp—ppw
g
g
K. Nakayama et al., Phys. Rev. C57 (1998) 1580. ”
ﬂ'ﬂﬂ.ﬁ o 6[;.0 o 126.0 T 1800



“p" Angular Distribution

;_ _; do
- - d—é) = (7.08 + 0.15)P, + (2.47 + 0.48 )P, — (0.74 + 0.56 )P,
51 2 -
x2/ ndf 0.7325/5
: pO 7.089 +0.153 - = ‘O'p =8945 p.b‘
4__ p1 2.473 +0.421 _
B p2 -0.01486 +0.48130 _
- p3 —0.7483 + 0.5645 .
3 A N R R
1 —0.5 0 0.5 1
COS,(0)(T'm)
. O : = New measurement of pp—ppp by HADES.
®
3 = Consistent with previous data and much
Q ﬁ ‘ 3 more precise.
’T ? = Consistent with OBE model b P
.._‘_‘“‘ ] < p
,# RN Based on mtp — pp T
: HADES: pp—pX : P ’ p
5 HADES: pp—ppp
: Op+p->p+X  _
: ® P+P -> P+P+P
; --OBE ]
: G. Agakishiev et al. EPJ A48 (2012) 64
2 4 6 8 10

s”z[GeV] 25



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 1w, 2 mand KA within the “HADES resonance
model” (input for e+e- production interpretation).

(v p meson signal was extracted by applying the necessary kinematical cuts — anisotropic
angular distribution.

() The results present valuable inputs for theoretical models.
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Pion production Motivation

Standard Hadrons

@ Hadron spectroscopy:
Mesons: p—>nar , W—IAT ... |
Baryons: A/N*> N, A/N*~> N nw w
@ Reaction mechanism.

®

Meson Baryon

G. Agakishiev et al.

pp — npn* and pp — ppn® @ E=3.5 GeV Eur.Phys.J. A50 (2014) 8

Cocktalil of baryonic resonances obtained from the 1 © production (A /IN* > N n)

7
—o-(ata 16— Nt N
—-simulaton ~ — - i{ ; =% ppm°
— A(1232) o F A\ Q o 11 R T
..... N(1440) > M _ > p —_ N
""" N*(1520) 9‘-::‘10:_ W?# \ % T I p E N
----- N*(15395) 'g 8 ' é 3:_ |
----- N*(1680)  — | L : M
— A(1620) = % \ % 2 \?’"
— A(1700) B 3
—A(1910) x| A F A
o} 12 __-,__'-=— . o ”n” 18 2 22
M [GeV/c?] M [GeV/c?]
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Pion production Motivation

10

- « Experiment i

N - —-sum

-l % ppe+e ..... n—ye'e 1

1 —enee j

— P
"N } E } } —im—rp*a*er ‘,‘r : Effect of the e’ ©
D B hY f — R—pe'e - [ I
Z . _ l coupling to P * )
;—. B xﬁ""'-., lk w * - e Y c
. HH } * il R ‘Y R ’ ’
% _ I'.'h'"n-.,.r ff 1 R pimupvmg--o
109 ' 4
[ o, s |QED: point-like R-y" vertex | |EM time-like form factor
| I i I | T I 1

|IIIIIIIII|I‘r"LII I T |
02 03 04 05 06 07 08

M [GeV/c?]
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