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Fixed Target experiments, Eyi,~ AGeV

Proton Energy [GeV] 1-4 30
Heavy-Ion Energy [AGeV] 1-2 2-10

AN

HADES
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proton-proton proton-nucleus Heavy-ion Collisions 0 <2-3 Qo

m-nucleus

. 'V}f'v

.

T-proton

Is the contribution from resonances important in the energy
regime around few GeV (up to 10-20 ) ?
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T p+p in the GeV Energy Range 4N

MUNCHEN
Fixed Target experiments, Eyi,~ AGeV

proton-proton ShAn

High Acceptance Di-Electron Spectrometer
Fixed Target Experiment
SIS18, Ekin=1-3 GeV /nucl

Full azimuthal coverage, 18°-85° in polar angle

6p/p ~ 1-3 %

Pre-Shower

LINAC SIS100/300
p-

UNILAC
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Outline ERTES

Exclusive measurement of: Contribution by Heavy Coherent Strangeness

* Resonances accompanying Resonances to Strangeness production
Strangeness Production Production
* Strange Resonances

e Molecular States
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Outer Layer

K% production together with A*
- S*(1385)
* WS A(1405)

Exclusive measurement of :

* Resonances accompaigning
Strangeness Production

* Strange Resonances

* Molecular States

Exclusive or semi-exclusive analysis
Access to the angular distributions

Rafal'Lalik talk‘tomorrow!
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LIl Inclusive Kaon production in elementary 72\

il s
I collisions [.-C. Chen

HADES Coll.], Phys. Rev. C 90, 015202 (2014)

“ Medium effects in proton-induced K° production at 3.5 GeV’
HADES Coll., Phys. Rev. C90 (2014) 054906

Reference Measurement of the K'% production in p+p to
“calibrate” the interpretation of the p+A data, where the
interaction between Kaons and nucleons is studied

New Data Base from our

| experimental data exclusive Measurements

sum of contributions

Reaction: p + p — c,anisotrc)':)i(; [I‘lb]

A+p+mt+K° 2.57 +£0.02%%21 +0.18

A+ AT + KO 29.27 +0.0811¢7 + 2.06

20 + p + 1t + KO 1.35 4 0.027912 + 0.09

$0 4 A++ 4 KO 9.26 + 0.05%3%1 4+ 0.65

S+ +p + KO 26.27 + 0.647237 + 1.84

$(1385)* + p + K® 14.35+0.05%;73 + 1.00
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K* production in p+p collisions i
PP (@ 3:5 GeV ID. Mihayloyv
K*+(892) s Kg' il 7T+ HADES Coll. arXiv:1505.06184

L—)7T+—|—7T_

Two channels model:

p+p—p+A+ KT
Dt Oy TR
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I\(Ka )[,Mch:]
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M ICx* ) Devic?) M ICa* ) Ievic) M Kz ) (Mevic) 0 100 200 300 400 500 600 700

P, [MeV/c]
Fit :Voigt function with fixed width (50.7 MeV)
and phase-space correction factor

o(p+p(3.5GeV) — K*(892)" + X) = 10.3 £ 1.075 £ 0.7ub
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Il Resonances measured in elementary A

TECHNISCHE AABE

UNIVERSITAT

collisions ;
PP (@ 3:5 GeV J: Siebenson

HADES Coll. Phys. Rev. C85 (2012) 035203
PDG Entry 2012

Resonance production
Coupling to different final states

3(1385)" — A + "

m, =1383.2 = 0.9 77 MeV/c?

+1.2 2
I, =40.2 +2.1 *)¢ MeV/c

Non-isotropic angular distribution
-> has to be measured and modelled
correctly to extract the total cross-section
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Our Special Resonance HADES
[] Siebenson, EXEpple

It
kv -l
Vs [MeV] ~ N ’666 \z

N STy v i R0 S v i G R T R A G el et My e B

A(1405)

3.5 GeV

p+p— A(1405) + Kt 4+ p

N

Rl
¢
1.4 1.5

i . .
T +n MM(p,K’) [MeV/c’]

do/dM [ub/MeV/c?]
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Our Special Resonance AT
[] Siebenson, EXEpple

A(1405) : M = 1405 MeV/c

I n Invariant Mass (GeV)
Nucl.Phys. A835 (2010) 325-328

1360 1380 1400 1420 f440 _ P33T 14 145 15

3.5 GeV

p+p— A(1405) + Kt 4+ p

N

s
N
1.4 1.5

s : .
T +n .  MM(p,K’) [MeV/c?]
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do/dM [abr. units]
(3]

Our Special Resonance

Ciral Ansatz

x10°
m Gengetal.

| — [Taqos)
Cp.s.| BW1 Izqc.m.
weeT Cp.s.|BW2|2qc.m.

1.4
M [MeV/c?]

Our Ansatz

T

L —— [TAq405)
Cps|BW, |ZQC.m.

m=-- CszvaﬂZQQqE__

s

|
1.4
- M[MeVic’]

do/dM [ub/(MeV/c2?)]

A\

HADES

J: Siebenson, I Fabbietti

dJ. Siebenson and L. Fabbietti, Phys. Rev. C 88 (2013) 055201

{ ANKE p+p 2.83 GeV1

not eff. corrected

1400

|
1450 1500

sy (Mev/c?]

Xt +XInt

—Sum
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Intermediate Layer TEEES

|

Exclusive measurement of : Contribution by Heavy

* Resonances accompaigning  Resonances to Strangeness
Strangeness Production Production

* Strange Resonances

* Molecular States
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Intermediate Layer

ATT(2000) — 2(1385)" + Kt
NT(2300) > EZ- + KT+ KT

.. and possible implications for
Dileptons too?

Manuel'Lorenz talk tomorrow!

Contribution by Heavy
Resonances to Strangeness
Production
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Il Resonances measured in elementary A
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collisions ,
PHp(@3:5 GeV J: Siebenson

Resonance production
Coupling to different final states

>(1385)" = A + o'

* * m, =1383.2+ 0.9 707 MeV/c?

+1.2 2
* I, =40.2 +2.1 7} 2 MeV/c

,
# te 38 B0 TOPOUL S RN

p+p— ATT +n — $(1385)" + KT +n

A (1900 — 2000)T" — XT(1385) + K
I' = 150 — 200 MeV /c” non. res

~ 30%
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Il Resonances measured in elementary A
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— collisions
p p . (&

. L. Fabbietti C14-09-08.1
Resonance producuon e-Print: arXiv:1503.00616

Coupling to different final states

Experfimentatidatm(4mt corrected)
Phittwmapaletsntnnlaspansethin the
HADES acceptance

Ak
é)(x)

/"

108 06 04 02 0 02 04 06 08 1
W
cos65f
j . . pp
No evidence for a heavy resonance contributing to the 1] or ®

production.... yet.. )
LGS —



https://inspirehep.net/record/1243022
http://arxiv.org/abs/arXiv:1503.00616
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Fog = Production in p+A collisions HADES

MUNCHEN

ptNb @ 3:5 GeV. R: Kotte, C. Wendisch
Phys.Rev.Lett. 114 (2015) 21, 212301

= = (ssd), BR(— Aw) = 99%, ¢t = 4.91cm

p(3.5GeV) + Nb

= signal (+5.0 MeV) =90 + 18
signal/bg = 0.39

significance = 5.0

l .‘ Gauss: integral =91 + 21

iy mean = (1317.4 + 0.6) MeV
ot b1 ++ o = (2.4 +0.5) MeV

|

+ How to produce = ?

NN — NEKK M,, [MeV]
/Sihr = 3.25GeV, Eyp, = 3.74 GeV

TIg e e low cross-section
iy i also below threshold, not enough to explain the measured
i =/A yield

o
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Excess CADES
R: Kotte, C. Wendisch

HindnesiaiyanNUanilioiateland pi N bias S GIeMirE e B e

subthreshold production ]

— (2.0 4 0.4(stat) + 0.3(norm) =+ 0.6(syst)) x 10~*

P_
—
e

o (1.2 & 0.3(stat & 0.4(syst)) x 1072

Excess w.r.t. Thermal hadronization model for
Ar+KC(Cl
-1 0.5 [ 05 1

N* (“2300”)
VSyy - VS, [GEV]
..10 .“1‘02 103 B .

Vs [GeV]

P

The possible contribution of a very heavy resonance produced in p+A reactions exploring
the energy “reservoir” provided by the tail of the Fermi-Momentum distribution.
This might explain also the excess in Ar+KCl ! j. Steinheimer and M. Bleicher arXiv:1503.07305
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https://inspirehep.net/record/1243022
http://arxiv.org/abs/arXiv:1503.00616
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Exclusive measurement of :

* Resonances accompaigning
Strangeness Production

* Strange Resonances

* Molecular States

2

Contribution by Heavy
Resonances to Strangeness
Production

Coherent Strangeness
production
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Inner Layer ZZpES

Interference of N* resonances coupling to
Strangeness and Partial Wave Analysis

Coherent Strangeness
production
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pEp=opK T+ K+ S p A K

How many N* do exist?

Can these interfere with each others?
Interference: Coherent some of the different
amplitudes contributing to the same final state
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o Interferences among Resonances

[E. Epple, R Muenzer

BIORORSROTON N* Resonances in the PDG with measured decay
into K*A

proton-proton

N*

Q Non Resonant final states
p (PA)(>H'Ly)-K+

Given the transition amplitude for 1 possible wave

One has to sum all the possible contributing waves to get the total amplitude

i
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22l The Partial Wave Analysis Framework [m=
[E. Epple, R Muenzer

http://pwa.hiskp.uni-bonn.de/

A.V. Anisovich, V.V. Anisovich, E. Klempt, V.A. Nikonov and A.V. Sarantsev
Eur. Phys. J. A 34, 129152 (2007)

A total Amplitude is fitted event-by-event to the data and it includes:
N(1650), N(1710), N(1720), N(1875), N(1880), IN(1895), N(1900)

Non-resonant PK*A production waves

H Interferences

110 different solutions have been tested to the p+p at 3.5 GeV data
+ 4 best solutions are identified on the base of the likelihood of the fit




PWA Results EZpES

proton-proton Angular Distributions of the pK*A final state

HADES Coll., Phys.Lett. B742 (2015) 242-248

ﬂﬁ*.m i T ++++
++++,-+ “, Data within acceptance '
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PWA Results
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proton-proton

N* combination
N(1650), N(1710), N(1720), N(1900)
N(1650), N(1710), N(1720), N(1880)
N(1650), N(1710), N(1720), N(1900), N(1895)
N(1650), N(1710), N(1720), N(1895), N(1880)

Ambiguity in the determination of
the N* contribution

Currently a global PWA analysis
of all the available data for p+p ->

pKA is carried out !!
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[E. Epple, R Muenzer

Angular Distributions of the pK*A final state

HADES Coll., Phys.Lett. B742 (R015) 242-248

05 0 05
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PWA Results HADES

r R. Muenzer, S. LLu
R

DFG FA 898/2-1: Global PWA Analysis, TUM
Experiment | E; [GeV] | pK*A Statistics

proton-proton

COSY-TOF

DISTO

COSY-TOF - Single PWA
COSY-TOF - Single PWA

COSY-TOF

COSY-TOF ; Single PWA

COSY-TOF . Single PWA

DISTO - Single PWA
DISTO
FOPI ; Single PWA

HADES : Single PWA

Ambiguity in the determination of the N* contribution

Currently a global PWA analysis of all the available data for p+p -> pKA is
7 going on!!
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* Exclusive analysis of p+p to extract resonances

1.Yield

2.Angular Distributions

3.Decay Chains from heavy resonances to lighter one

4.Possible implications for “Excesses” seen in the strange and non-strange
sector

5.Molecular states

* Partial Wave Analysis to evaluate interferences among resonances
1.How this all effects the interpretation of heavy ion collisions in the GeV
energy range?

pp, pd measurements needed for FAIR and NICA as a reference




