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K—N Interaction
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Lutz, Prog.Part.Nucl.Phys, 53 125-136

K- : Attractive Interaction

C. Sturm, Diss. TUD 2001

Coupling of K to Resonances Resonances close to KN threshold

Y+ m ¢ A(1405) « K + N — Chiral Perturbation cannot be
A+m > X(1385) <+ K+ N applied
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Coupled Channel Calculation

Self Consistent Bethe-Salpeter Equation

Tij(V's) = Vij(Vs) + V;E(\/E)(;E(\/g)ﬂj(\/g)
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T.Hyodo,W.Weise, Phys.Rev.C77 (2008)
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A(1405) Measurements

rt /K induced production

y induced production
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Different initial reactions may couple different to poles of A(1405)
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Kaonic Cluster

N /

Y
Part of the A(1405) Resonance

Theoretical Predictions

Chiral, energy dependent

var. [DHW09, DHW08] Fad. [BO12b, BO12a] var. [BGL12] Fad. [IKS10] Fad. [RS14]
BE 17-23 26-35 16 9-16 32
M 40-70 50 41 34-46 49
Fnm 4-12 30
Non-chiral, static calculations
var. [YA02, AY02] Fad.[SGMO07, SGMR07] Fad. [ISO7,1S09] var. [WG09] var. [FIK"11]
BE 48 50-70 60-95 40-80 40
M 61 90-110 45-80 40-85 64-86
Cnm 12 ~20 ~21
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Binding Energy (BE):
10-100 MeV

Mesonic Decay (I',)
30-110 MeV

Non-Mesonic Decay (I',,,)
4-30 MeV




Experimental Results on ppK-
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Newest J-Parc Results
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Experimental Data
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The FOPI Experiment

S1S18 GSI Darmstadt

Beam Energy: 3.1 GeV

* Fixed-target Setup
* Full azimuthal coverage, 5°- 110° in polar angle
* Momentum resolution = 7% - 15 %

* Particle identification via dE/dx & ToF

Trigger Detector — SiAVIO:
A—Enhancement: 14.1 & 7.9(stat) 32
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The HADES experiment

High Acceptance Di-electron Spectrometer
GSI, Darmstadt

Beam Energy: 3.5 GeV
* Fixed-target Setup
* Full azimuthal coverage, 15°- 185° in polar angle
* Momentum resolution = 1% -5 %

* Particle identification via dE/dx & ToF

HADES Coll. (G. Agakishiev et al.),
Eur. Phys. J. A41 (2009)
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A\(1405)

Hades reconstruction
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l Reaction |I

A\
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Results
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MM(p,K") [MeV/c?]

1.6

MM(p,K") [MeV/c?]

Reaction: Cross section

p+p— A(1405) +p+ K+
p+p— 21385 +p+ KT
p+p— A(1520) +p+ K
x10° p+p— Xt +7 +p+K*

9.24+0.9+0.7732 ub
5.56 + 0.48T 108 b

564 1.1+0.47] 0 ub
54405404730 ub

ptp— ATT(1232) + X7 + KT 7.7+£0.9+£0.5707 ub

HADES coll. (G. Agakishiev et al.) Phys. Rev. C 87, 025201 (2013)




HADES Signal in the Context
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Kaonic Cluster

Is this possible?

N J
Y
Part of the A(1405) Resonance
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Kaonic Cluster

N J
Y
Part of the A(1405) Resonance

N*+ - Resonances

+
p+p— l/\(140,5) tp+ K Mass [GeV/c?] Width [GeV/c?] Tax/Fay %

ppK™ + K* N(1650)S1; 1.655 0.150 3-11

|_> A+p N(1710)Py; 1.710 0.200 5-25

: N(1720)D13 1.720 0.250 1-15
Physical Background: N(1875)D13 1.875 0.220 442
p+p >N\ + p + K N(1880)P1 1.870 0.235 21
N(1895)S11 1.895 0.090 18%5

P+p >N** + p N(1900)P;3 1.900 0.250 0-10

| E J. Beringer
/\ + K+ Phys.Rev. D86 (2012)

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer




Total Data Set

Counts - Normalized

Hades Data E,,,=3.5 GeV

Had. Wall Data E,,,=3.5 GeV

Total Number of exclusive Events: 21000
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FOPI Data E, ., ,=3.1 GeV

Total Number of exclusive Events: 903
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Model Comparison

Phase Space Simulation
Partial Wave Analysis
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Phase Space Simulation

Masses
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+ Experimental Data

== pp— p K* A Phase Space




Phase Space Model

CMS Angle

-J.-Angle

do/dcos® [mb/0.04]

Hel. - Angle

do/dcos® [mb/0.04]

do/dcos® [mb/0.04]

EMMI Workshop — CERN 20-22 July - CERN

0.15- 3 | ¢
* o = 0.2F + +
+%**+++* . p/'e/Im. 02 KN
+ + . *. I”al‘ .’.;:h.
o1 H.O +¢ E y ..-ﬂ* * 4
L * — o *
L) el ) -
‘e ', 2 o A .
| 4 H o S .
0055t g s e
.:.o o: 8 0.05f ..:‘l’ .
OIJ 1 1 Iw 0 1 1 1 :
A 05 0 0.5 1 1 05 0 0.5
cos(65") cos(65M)
x10° 10°
0.3r ‘“ L
H ", 4 o ‘t * .
Y S oa2F oo
0.2k & o, S & ",
ﬂ. - .E. *“ +
A . @ N ¢
R ' @ o .
0.1 .o'“‘ t % 0.1 ’-.' “
*-"'.:"' ‘l.::' _"g' u'...'o..f ()
pagee®™ 3 Poest” "'n-
1 0.5 0 05 1 1 05 0 0.5
cos (87 o) cos (075
10° 10°
$4it - #
o1 +++++ +++ ++ q g +++ ++ 4
AR g § %0 - s °or X
4 .". H'I' ) . ‘E o ++*
LU #o v = R
- ++ I )
0.05p b 0005 4
Ko M T ot
L 5 o
o ;:!"_ »
T 05 6RF 05 1 %5 ) 05
cos(8, pp'\) cos(eEFA"K)

AU

o
a
]

- W/

[=]
"
T
e

0.05

do/dcos [mb/0.04]
-

ot L0

do/dcose [mb/0.04]
A

0.15

0.1 1__."-.\#-»-._:11»**

do/dcost [mb/0.04]

cos(eﬁf\"“)

Robert Miinzer

Inside HADES acceptance

® Experimental Data
® pp—p K* A Phase Space




Partial Wave Analysis

Bonn-Gatchina PWA Framework

A. Sarantsev et.al., Eur.Phys J A 25 2005

Cross-section Decomposition

Al

do(P,q4,9-,q9=), P=k,+k
NG ¢(P, q1,92,93) 1 2

A :reaction amplitude Ax A < A%. (s) (Transition amplitude of wave a)

k :3-momentum of the initial particle in the CM
S — PZ: (k1+k2)2
d$(P, q4, q2, q3): invariant three-particle phase space

Parameterization of the Transition

AZ.(s) = (af + ags)e® az
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Constant amplitude
Phase

Energy dependent amp.



Four Best PWA Solutions
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Inside HADES acceptance

Measured Data
PWA solutions




CMS Angle
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+ Experimental Data

=== SOlution A

Solution B
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Four Best PWA Solutions
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Upper Limit of ppK  Contribution
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ppK Upper Limit Determination

-> ppK Waves include in BG-PWA
-> Mass and Width fixed

-> Background for 5 best solution
without ppK-

-> Stepwise increase of Amplitude (a,)
-> Phase Parameter free (a,)

=> Optimal amount of
Interference

Exclusion limit:
Confidence Level (95%) (CL,)
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nation
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Interpolated from literature
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Upper Limit

| Wave A |l Wave B
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Measured total cross-section: o83 <

~o250 2300 2350
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Opk+n = 38.12+ 0.43%3-°> % 2.67(p+ p-error)=2.9(background) ub

Upper limit of ppK~ Cross Section: Production Cross Section A(1405)

I (MeVc2) | Cross Section (pub)

0* 1.9-3.9 9.2+0.9+0.7 *33 _ ub
1 2.1-4.2

HADES coll. (G. Agakishiev et al.)
2* 0.7-2.1 Phys. Rev. C 87, 025201 (2013)
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Summary A(1405)

* A(1405)

Coupling between 2mt and K p: Different Coupling to final state.

First reconstruction of charged decay channel of A(1405) in p + p with HADES
Peak position at 1385 GeV /c?(Best description by according simulation input)
Position comparable to m production, different to K~ /y production

 Kaonic Bound State

Kaon Nucleon Bound States -> Predicted by Theory but not conclusive Properties
Experimental Results show different behavior

No Signal Visible in p + p Reaction data measured at FOPl and HADES

Production Mechanism has to be described by Partial Wave Analysis including Interference
Extraction of Upper Limit: 0.7 - 4.1 pb (HADES) 7.1 -35.7 ub (FOPI)
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Outlook

Improvement of description Background description

Combined Analysis

i O i il
[GeV] Statistics

COSY-TOF
DISTO
COSY-TOF
COSY-TOF
COSY-TOF
COSY-TOF
COSY-TOF
DISTO
DISTO
FOPI
HADES
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PWA Results — COSY@2.16 GeV

(A - Exp. Data + Exp. Data + Exp. Data
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M. Roeder et al., Eur. Phys. J. A49, 157 (2013)
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The ZN Cusp Effect

Coupled Channel:

+Exp. Data
Q1500 *
% * i ~|~ Full PWA
=

:1000
2‘600 21|(JO 22‘(.'!0 23b0
MM, [MeV/c?]
At Threshold : 2130 MeVc?

£ 1o

> 1
3]
Quantum Number of Cusp: 0* / 1*(L=0,2) ."i:iL
=
TIT

Spectral Function:
Breit Wigner
Flatté

T s T T T T

S.Abd El-Samad, Eur.Phys.) A49(2013)
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PWA Results with Cusp — COSY@2.16 GeV
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M. Roeder et al., Eur. Phys. J. A49, 157 (2013)
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Data Sets

Experiment pK*A Statistics Status

COSY-TOF . - In Preparation

COSY-TOF . - In Preparation
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Thank You

ZA\

HADES

Q}éﬁ:

collaboration

HADES Collaboration @ FOPI Collaboration

COSY-TOF Collaboration
J. Ritman, E. Roderburg
F. Hauenstein, D. Gronzka

DISTO Collaboration
M. Maggiora

Petersburg
Nuclear .
@ i Bonn Gatchina Group
A. Sarantsev

K-Cluster — Excellence Cluster Universe — TU Munich
L. Fabbietti, E. Epple, P. Klose, S.Lu, J. Siebenson, D. Soliman
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Backup
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A\

2(1385)*

Hades reconstruction
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Reconstruction

p(3.5GeV) +p — B(1385)T + Kt +n
A+ rt

I—» P+,

10°_ | |
4 ' . —
. A->p+n
1. Reconstrcut charge Particles —_
2. Reconstrcut Lambda Signal % 3l ha 4208
3. Identify Neutron Signal via Missing Mass = b =1115.2 MeV/c?
. . N _
4. Precise Kaon Selection S5 ol M 2.5MeVic™ |
= X
5 ‘ \\._.*_.w
8 1_. ﬂ
0 - | | | | >‘(103
1.1 1.15 1.2 1.25
M(p,r) [MeV/c?]
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2(1385)* Signal

Reaction

p(3.5GeV) +p — B(1385)T + KT 4+ n
A+rt

|—> p+7T .

Background Contribution

e Misidentification

Fixed by K* sideband analysis
* Non resonant background

simultaneous fit
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300

counts/(8MeV/c?)

Robert Miinzer

[

o

o
I

—t

o

o
|

I I
T(1385)" - A +1*

—--data

— A non. res.
—X% non. res.

— misidentification
Breit-Wigner

G. Agakishiev et al.,

1.5 1.6
[MeV/c?]

A\

x10°

Phys. Rev. C 85, 2013




2(1385)* Signal

A\

300 i i .
Relativistic p-wave
Z(1385)" > A + 1" Breit — Wigner
;E 2001 ** m, =13832£0.9 77 Mevic? _ 7 -
=40.2 £2.1 1% Mev/c? . . - oI
= b rmt0zent ey Breit-Wigner o« — ™o s
< oy a3 (m2 — m2)" + m2r
£ 100+ \ - moq®
S 0
9 ++ ) ['=To—= Fi(q),
+++ H mq;
ﬂ#‘l‘* ++.|!+ o L 2
OQleatbgt™® T [ IRk oL T Eac 07 P Il 4+ (goR)
! | | ! x10° File) = Il +(gR 2!
13 14 15 _ 16 +@R)

M(A,Y)  [MeV/c?]

Oy13gsy’ = 2242 £0.99 + 1.575393 ub

# PDG Entry

G. Agakishiev et al., Phys. Rev. C 85, 2013
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Production Mechanism

72\
HADES
One Boson Exchange (OBE) Model

Y N N Y N Y
K K K
K / n / m K
A e Al Gnpm B Al Gmpm | B
p P P p P p
Strange boson Non strange boson Non strange boson
exchange exchange resonance production

E.Ferrari,S.Serio Phys.Rev. 167:1298-1308
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Production Mechanism

Intermediate Resonance 7 A\
HADES

p+p22GV At g
L. s(1385)F + K+

I—»fl + 7t
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Production Mechanism

Intermediate Resonance Helicity Angle 7 A\
HADES
3.5GeV
p+p—— At +n ol D
I_, 2(1385}4- + K—l— — non. res.
-
I—:-p —+ T
N Y
K
. N* )
NGO cos(07.¢:)
66% free production

| | 33% resonant production via A(2050)™**

G. Agakishiev et al., Phys. Rev. C 85, 2013
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Summary 2(1385)*

N\
HADES

* Reconstructed 2(1385)* signal
— m =1383.2+ 0.9%91 MeV /c?
— T =402+2.1%32MeV /c?

Oy13gsy’ = 2242 £0.99 + 1.575393 ub
 |Important role of resonances: 33% from A(2050)**
* Angular distribution extracted

— Input for transport model
 Benchmark for A(1405) analysis
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Spectral Function

Relativistic BW distribution do ~ 1

dmn (M*—s—il'M)

2 NCUSP: AN, 2 N coupled channelinteraction

Flatté approach: do V(T ,4)

ot

f—

dm (ME—S—E(FPA—O—FPZ)M)

—> Separate Analysis
' A=9pa*qpa I',s=9g,s*q,x By Shuna Lu

II.. . 2 2 . - . \2
V((s+(my+m)))*(s—(m,—m,)")) qu=i\'{[s+(m"+m;)}:(j (m,—m,)))
VIS

2+/(s)

qPA =

9, > 9, =iscoupling constant squared . q,, ,,q , = ISc.m.momentum
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Background Discussion Sigma-

Yt4+ a4+ p+ KT
Y4+ KT+ AY(1232) /N (1440) = S+ K+ + (pr7)

St4+p+ K0 5 St 4+ p+ (Ktr) \
150

ﬂ} + + + —» data b} +
R g +

— — A1520 |
100 1520 — 100

——— Emnon. res. +
++ ——— misidentification

— sum

counts

counts
_+_

S0

x10° [T ==
. 600 700 800 900
M[p ) [MeVic? M(K*,m) [MeV/c?

No Signature of Intermediate Resonance Visible
=> Background can be described by Free production
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Interference

Double pole nature of A(1405) and include interference effects with non-

resonant channels

Assumption:

« Parameterize A(1405) as coherent
sum of two Breit-Wigner functions
with

- C, ¢ the available phase space

- (. m the decay momentum for nX

 Constrain mg; and I'y; from latest
Weise calculations
(Nucl.Phys. A881 (2012) 98-114)
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x10~

|
B Geng et al.
— |T..“1405]|2
....... Cps |BW1[2gem.
“eme G |BWo e m

=
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I

do/dM [abr. units]
2

x10°

0 T | |
1.35 1.4 , 1.45
M [MeV/cT]
my I ma I's A1/As @1
1426 28 1375 147 0.23 206

Nucl.Phys. A881 (2012) 98-114

Robert Miinzer




Interference with Background

(

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

do
dm

do

01— I 1 data | = 01— [ [ [
¥+ - -
=) 2 — |Ax1405) T Ag1405)* b) Z E++
_|BWE(‘IB-EIE}|2 —
- |BWA(1520}| N
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0.05— =0.05— B
=
=
= t
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+ I I | x103 | | 1
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arXive - Referene

Robert Miinzer

) L | Ax(1405) Ta1405) + € Ast - Tt }2 + [ BWs (1385)0 |2 + |BW’{"*UE'Q’*:')|2
Xta—
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Could the Signal be Sigma (1385)

3(1385)° —» ArmY

200

150

counts

50—+

1007

—— data
— pKA
___pKzo
— pKZ(1385)0
— pKA(1405)
— pKZOEO

— total fit

G. Agakishiev et al.,

|
100
MM(p,K*,A) [MeV/c?]

0-2(1385)0 = 5.56 i 0.48t%94

Phys Rev C 8

Assumption: Peak Dominated by %(1385)°

— -
200 3

Slides => backup 2(1385)*
300 T | T T
n £(1385) > A+ 7"
a ;‘:" 200 ++* m, =1383.2 £0.9 777 MeVic? _|
% ﬁ Iy =402 2.1 '35 MeVic?
(= o]
| & i
£ 1001 1 -
3 o
] o +++ ++++
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[ 1 1 1 1 X103
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06 Ub

7, 2013
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051385+ = 22.42 +0.99 + 1.57%333

G. Agakishiev et al.,

Phys Rev C 85, 2013

ub




Interference with Background

dm

dm

do - 2 2 ;
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Strangeness in Matter

J. Schaffner and I. N. Mishustin

Phys. Rev. C 53, 3 (1996)
800
—— TMlI, on-shell
------- TM1, off-shell
700 ==== TM2, on-shell
---- TM2, oft-shell
—=— (L85, on-shell
600 K.,_ w=-= GL85, off-shell
e e e \ i,

3

Kaon energy (MeV)
&
=

In case m-* <,
e” =K +Vve
n—-K +p

reduces Fermi pressure and softens EOS
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P. B.

J1903+0327

Demorest et al.,

Nature 467 (2010)
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Current Data Set

Photoprod UCtiON b.keller (cLaS) Phys.Rev. D78
i K'p Baubilier - Z.Phys.C (1984) / Agulier Benitz - Ann.Fis A 77 (1981)

® PP skiein Phys.RecD1

Production Mechanismus in p-p
One Boson Exchange Model

Y N N Y N Y
K K K
K n b /
Al (B Al empw B Al Gmpm | B
p p p P p p
Strange Boson Non strange Boson  Non strange Boson
Exchange Exchange Resonance Production

E.Ferrari,S.Serio Phys.Rev. 167:1298-1308
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The Smallest Cluster

KNN
Propert Value
bery I N+ T\
charge +1 m
strangeness -1 — N+ N+ 1
. —0
participants ppK~, pnK ——— >. + N
F 0~
— > A+ N rnm
Chiral, energy dependent _ _
var. [DHWO09, DHWO08]  Fad. [BO12b, BO12a] var. [BGL12] Fad. [ksi0] Fad.[rs14] Binding Energy (BE):
BE 17-23 26-35 16 9-16 32 10-100 MeV
Mm 40-70 50 41 34-46 49 :
- ts o Mesonic Decay (I',,)
Non-chiral, static calculations 30-110 MeV
var. [YA02, AY02] Fad. [SGM07, SGMR07] Fad. [1S07, 1S09]  var. [wGo9] var. [Fk*11;  NON-Mesonic Decay (rnm)
BE 48 50-70 60-95 40-80 40 4-30 MeV
M 61 90-110 45-80 40-85 64-86
Mom 12 ~20 ~21
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Trigger Detector - SIAVIO

Silicon A-Vertexing and Identification Online

7 Siod Silvio B

Trigger conditions:
LVL1 : Multiplicty(ToF) > 1
LVL2 : LVL1 + SiAVIO

A — Enhancement:

R. Minzer et.

Events
e

Inclusive A\ Reconstruction

woo=1.112 Geve™

. Y ¢ =5
L 5/B =013

g =53Meve?

'l i L L -
108 1.1 1.12 1.14 L16

18
InvM(r",p) [Gevc']’)

LO8 1.1 L12 1.14 L16
InvM(r',p) (GeVc’

14.1 £ 7.9(stat) 53

al. NIM A 745 (2014) 38-49
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Reconstruction of exclusive
Reactions

p+p—->p+K+A
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Inclusive Reconstruction
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Exclusive Data Sample

Primary K* Selection

Kaon Candidates in RPC and CDC

2
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Exclusive Data Sample

Primary K* Selection

A Selection

A Candidates in all sub detector Combinations
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Events
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Exclusive Reconstruction

3.1GeV
p+p——

p + T

Primary K* Selection

4

A ldentification
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Exclusive Reconstruction

3.1GeV
p+p—""-— A+ p+ KT

p + T

Primary K* Selection

2

A ldentification

4

Exclusive Selection
by Kinematical Refit

4

Secondary K* Selection
Sideband Analysis
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Exclusive Data Sample

Primary K* Selection Kinematical Refit

l Variation of Track parameters with error

2 - — vTyr—1;= —
A Selection X" = (@ —ao0) Vg (@ —ao)

' pralue = / f,,(xg)dxg.
X?f-ir.

Exclusive Selection
by kinemetical refit
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Different Kaon selection
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Backup
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p > 0.6 GeV/c

+ X/ndf =174




Sideband Analysis
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N\ / 2 Separation

) )
*g- 400 + + ‘g‘ 140 \
S 350 +Data S 120 I
— Sd. Bkgr. Sum ‘|II
300 ~—— p < 0.5 Ceve™ 100 |
— 0.5GeVe™ < p < 0.6 Geve™ |||I
250 — 0.6Ceve™ < p + + 80 ‘IIIII
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150 J}T
40 .‘
100
20
50
A 0 L —+ —+
0 02 04 06 08 1 12 14, 0 02 04 06 08 i 12 14
MM(pK )  GeVc MMpK ) GeVc
Particle Mass | Fit o Fit ¢ Fit Amplitude
A 11158 | 1.1171  0.07 136.35
0 1192.1 | 1185 0.06 11.277
higher Resonance contribution 1.32 0.05 28.8
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Remaining Background

1/14.8.
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Exclusive Data Sample

Sideband Background
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Exclusive Data Sample
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Angular Distributions
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Simulation Packages

Phase Space Simulation Transport Modell - UrQMD

Incoherent Cocktail

p+p—p+KT+A

Quantum Molecular Dynamics

p+p—p+ *N—i_*(_} KT T A) Description of all
Angular Distribution ZSuiciecs. particle correlations
....................................... xA0°
. 1.5+ umm H +
+ pin CMS AR, Production of p K* A
41 o

N*{1900) +

N*(1710)+ -' via Resonances (N**)
N*(1720)+

counts

The UrQ"D Mdel,
http://urgnd.org/ 2013

do/dQ (ub/sr)
+
+
_ﬂ_
-
-

0
0 IIIIIIIII -1 0.5 6 0.5 1
ol
I -05 0 0.5 1 cos(6;")
M. Abdel-Bary et al., E. Ecple,
Eur.Phys.J A46(2010) Diss. TUM (2014)
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http://urqmd.org/
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Phase Space Simulation
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Experimental Data
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Phase Space Simulation

Counts-normalized
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Phase Space Simulation

Counts-normalized
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Phase Space Simulation
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Phase Space Simulation
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Phase Space Simulation
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== UrQMD Simulations
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PWA Results in 4t
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ppK Upper Limit Determination

Exclusion limit:
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Bonn-Gatchina PWA

Cross Section for the production of three particles out of a collision of two particle

(2m)*|AJ?
do = Wd‘ﬁa(ﬂ q1,92,q3) . P=Fk+k;
http://pwa.hiskp.uni-bonn.de/
_ . . A.V. Anisovich, V.V. Anisovich, E. Klenpt,
A - reaction amp litude o . . V.A. Nikonov and A.V. Sarantsev
k — 3-momentum of the initial particle in the CM Fur. Phys. J. A 34, 129152 (2007)

d®,(Pq,q,495) —invariant three-particles phase space

The decomposition of the scattering amplitude into partial waves can be written as follows:

A=) AX($)Q . (SLI)Agy(i,SoLaJo)(si) x QA" ., (,92L2J2S'L'T) . (2)

S,LL]  —spin, orbital mom. and total angular momentum of the pp system
S,,L,J, = spin, orbital mom. and total angular momentum of the two particle system in fin. state

S,”  —spin, orbital mom. between the two particle system and the third particle with four mom. g,
multiindex a — possible combinations of the S, L,J, S,, L,, J,, S, L and i
A% (s) - transition Amplitude

A, (i,S,,L,,J,) — rescattering process in he final two-particle channel (e.g. production of A)
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Fitting Procedure

The transition Amplitude is parameterized as follows

() = (af +a5v/5) 2

This is a log-likelihood minimization on an event-by-event base

What we included to model the PK*A process:
N* Resonances in the PDG with measured decay into K*A

Notation in PDG Old notation Mass [GeV/c?] Width [GeV/c?] T[ak/Tau %
N(1650) £~ N(1650)S;; 1.655 0.150 3-11
N(1710) 3 N(1710)P4 1.710 0.200 5-25
N(1720) 2 N(1720)D13 1.720 0.250 1-15
N(1875) 3~ N(1875)D13 1.875 0.220 4% 2
N(1880) 1° N(1880)P;; 1.870 0.235 241
N(1895) 3 N(1895)S11 1.895 0.090 18%5
N(1900) 3" N(1900)P;3 1.900 0.250 0-10

And the production of pK*A via non resonant waves
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Systematic

N* content

Combination

non-resonant content

Z
o]

N(1650),
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N(1710),
N(1710),
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SCwWwowo~NOOUM~WDNPELO

=

N(1720)

N(1720), N(1900)
N(1720), N(1895)
N(1720), N(1880)
N(1720), N(1875)

N(1720), N(1900), N(1880)
N(1720), N(1900), N(1895)
N(1720), N(1900), N(1875)
N(1720), N(1895), N(1880)
N(1720), N(1895), N(1875)
N(1720), N(1880), N(1875)

Combination

©oOo~NOOUThS,WNEO

No non-resonant waves

(PL)(*So) = K

previous wave + (pL)(3S1) - K

previous waves + (pL)(*Py) - K
previous waves + (pL)(3Pg) = K
previous waves + (pL)(3P1) - K
previous waves + (pL)(3P;) - K
previous waves + (pL)(!D3) - K
previous waves + (pL)(3D1) = K
previous waves + (pL)(3D2) - K

No. of N* combination No. of non-res. waves Log-likelih.
0 7 -2415.74

1 8 -2708.49

Best Solutions 2 8  -2524.59
3 8 -2712.49

4 4 -2671.05

5 8 -2310.4

6 9 -2754.37

7 8 -2657.77

8 8 -2734.97

9 6 -2698.86

10 4 -2642.58
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Solution inside WALL acceptance
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400

200

4

-

1
1600

1 1 Py
1800 2000 2200

M, [MeV/c?]

dN/dM [events/(14 MeV/c?)]

o}

400

200

++

y

*
*
*

o,
2000

1®
1400

1600 1800
M, [MeV/c?]

dN/dM [events/(14 MeV/c)]

Sagt

2800

L 1 L e
2200 2400 2600

M, [MeV/c®]

Figure 2.18: Two-particle masses for the HA DES data set (black points) shown
with the four be st PWA solutions (gray band), obtained by a ?t
to the HADES and WALL data.
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Figure 2.19: Two-particle ma sses for the WALL data set (black points) shown
with the four be st PWA solutions (gray band), obtained by a ?t
to the HADES and WALL data.
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Masses
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+ Experimental Data

== SoOlution A

Solution B
=== Solution C
=== Solution D
=== Solution E




PWA Results
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+ Experimental Data

=== SOlution A

Solution B
=== Solution C
=== Solution D

=== Solution E
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pPpPK Upper Limit

p+p->p+K+A
Total Cross Section

Upper Limit Cross Section

=1~ am) (asem)
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. Abd El-Samed et al. Phys.lett B688 (2010)
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7.6+1.2°3> -224+36°107
6.3+1.7°96 -95+2,609
10.2+1.8°4°> - 11.6+3.4-06
11.2+1.9->0 - 33.8+5.2-169
11.4+2.7-38 - 359+57-174

High production cross section
even though no peak is visible

Peak structure suppressed
due to interference
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Cross Check
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Cross Check

1oHADES acceptance 10°

0. 0.
$Exp Data $Exp Data
— ¢ Orig. PWA Solution — # Orig. PWA Solution
> # PWA Solution w/o = # PWA Solution wio
[0} 2200-2300 MeV/c2 0} 2200-2300 MeV/c?
= # PWA Solution w/o = & PWA Solution w/o —4-
o 0. 2300-2400 MeV/c? o O 2300-2400 MeV/c? _+__
o ©
< v
— A
3 % 3
E 0. +* .E, 0.
= =
5 ke
5 * 5
S o
] | L W, 1 L L L
20 2200 2400 2600 2250 2300 2350 2400
IMDA[MeV/C?‘] IMDA[MeV/C‘?]

x10° 10°
04 .-I. » G 0. # Exp Data
. $ Orig. PWA Solution . 4 Orig PWA Solution
E ' Smiﬂ Lnltnt(;OMn e“fﬁ“a % t S%Ao-szﬂéggﬂmn ew\'.’lf[::g
= 0. 4 PWA Solution w/o = # PWA Solution w/o
o 2300-2400 MeV/c? o 0 2300-2400 MeV/c?
o o
< 0 <
3 S
£ £
= o = 0.
2 2
8 3
| | (LS | | |
20 2200 2400 2600 2200 2250 2300 2350 2400
IM_, [MeV/c?] IM_, [MeV/c?]
p/A pA

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

Good consistency among
the results.

The solution is not

biased by a possible signal
in the excluded mass range




Result

dN/dM [events/(14 MeV/c?)]

Topet s

Mo, [MeV/c?]

| |
2200 2400

Local pull value [o]

| I
2200 2400

IM_ 5 [MeV/c?]

Ny

i — A
oull ~ Z (m | )

1=1

m,; are the number of measured events in the bin i
Ai number of expected events in the bin according to the model

Ny is the number of bins
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The best solution
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Four Best PWA Solutions
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Name N* combination

1/8 N(1650), N(1710), N(1720), N(1900)

3/8 N(1650), N(1710), N(1720), N(1880)

6/9 | N(1650), N(1710), N(1720), N(1900), N(1895)
8/8 | N(1650), N(1710), N(1720), N(1895), N(1880)
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Test of the Null Hypothesis
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Test of the Null Hypothesis
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Test of the Null Hypothesis
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Test of the Null Hypothesis

dN/dM [events/(14 MeV/c?)]

Combined result
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We found no new signal in the data
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Test of the Null Hypothesis

dN/dM [events/(14 MeV/c?)]
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Combined result
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Test of the Signal Hypothesis
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Inclusion of a new State
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Feature of a PWA

.. Interferences
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Upper limit at CL, 95%

These waves are included into the four best solutions of the PWA
ZS+1L

WaveA: p+p 1Sy— ppK(2250)-K IS,
WaveB: p+p 3P;— 'ppK(2250)-K 1P,
WaveC: p+p D, — 'ppK(2250)-K D,

Scanned masses:

2220 — 2370 MeV/c? (in steps of 10 MeV/c?)
Scanned widths:

30 MeV, 50 MeV, and 70 MeV
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Combined Analysis of HADES and FOPI
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Combined Analysis of HADES and FOPI

4 Best HADES Solutions 4 Best HADES Solutions
HADES-FOPI (ene-fix) HADES+FOPI (ene_dep)
1 8(s=-0.8310°) N 1 8(s=-0.73 10°)
8 8(s=-0.8210°) 8 8(s=-0.76 10°)
3 8(s=-0.98 10°) 3 8(s=-0.70 10°)
6_9(s=-0.78 10°) 6_9(s=-0.62 10°)

s:-( Log Likely hood ) of PWA

Energy dependent coefficient fitted

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer




Results HADES

counts

600

200

1_8_non_dep
(83436.115)

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
8_8_non_dep
T (82131.633)
___1_8 _ena_dep
(73608.743)
___3_8 ena_dep
(70486.704)
al  6_9_ene_dep
i (62198.933)
8_8_ene_dep

— (76283.828)

600

400

200

| 1 |
1800 2000 2200

MM, [MeV/c?]

1600

1_8_non_dep
(B3436.115)

3_8_non_dep
(98524.389)

8_8_non_dep
T (82131.633)
1_8 ene_dep
T (73608.743)
3_8_ene_dep
T (70486.704)
S\l €_9 ene_dep
i! (62198.933)

| 8_8_sene_dep

— (76283.828

I 1 1
1800 2000 2200

IM, . [MeV/c?]

1600

counts

counts

600

400

200

1_8_non_dep
(83436.115)

3_8_non_dep
(98524.389)

____6_9_non_dep
(78373.554)

8_8_non_dep
T (82131.833)

N ___ 1.8 ene_dep
(73608.743)

___ 3 8 ene_dep
(70486.704)

____6_9_ene_dep
(62198.933)

88 ene_dep
(76283.828)

600

400

200

16b0 1850
MM, [MeV/c?]

2000

1_8_non_dep
(83436.115)

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
____ 88 non_dep
(82131.833)
N 1_8 ene_dep
(73608.743)
3_8_ene_dep
T (70486.704)
____6_9_ene_dep
(62198.933)
____8_8 ene_dep
76283.828)

| |
1600 1800
IM_c [MeV/c?]

2000

counts

counts

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

1_8_non_dep
(83436.115)

600

400

200

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
8_8_non_dep
T (82131.633)
____1_8_ene_dep
(73608.743)
___3_8 ene_dep
(70486.704)
____6_9_ene_dep
(62198.933)
88 ene_dep
(76283.828)

Doo

1 1 1
2200 2400 2600

MM, [MeV/c?]

1_8_non_dep
(83436.115)

600~

400

200

3_8_non_dep
(98624.389)

____ 6_9_non_dep
(78373.554)

____ 88 non_dep
A (82131.833)

. 1_8_ene_dep
(73608.743)

3_8_ene_dep
T (70486.704)

____6_9_ene_dep
(62198.933)

____ 88 ene_dep
76283.828]

fBOOV

1 1 1
2200 2400 2600

IM,,, [MeV/c?]




esults HADES

counts

counts

counts

600

400

200

counts

104

1000

500

500

counts

400

300

200

100

400

counts

200

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

800

600

400

200

1_8_non_dep

counts

T_8_non_dep

1000

counts

cos(6

T_8_non_dep
T (B3aae.118)
2_8_non_dep

0.5

400

counts

K-)

T_8_mon_dep
- J83438.118)
Sy
o
T (82131.633) -
____1_8_ena_d ' =
%R 1
ey,
i (‘ez?::fsa)
____(7e2e3.62¢
200
1 1 1
-1 -0.56 o 0.5 1
cos(ez'i")
&
L By’ )
500
I I I
0-1 -0.5 ORF 0.5 1
PA.
cos(ep err )
T8 won dep

1 -0.5 o

cos(057 "4




Results WALL

counts

counts

1_8_non_dep
(83436.116)

600

400

200

600

400

200

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
8_8_non_dep
T (82131.633)
____1_8 ene_dep
(73608.743)
____3_8_ene_dep
(704886.704)
____6_9 _ene_dep
(62198.933)
8_8_ene_dep

~— (76283.828)

| | |
1800 2000 2200

MM, [MeV/c?]

1600

1_8_non_dep
(83436.115)

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
____ 88 non_dep
(82131.833)
o 1_8 ene_dep
(73608.743)
3_8_ene_dep
T (70486.704)
____6_9 ene_dep
(62198.933)
____8_8 ene_dep

76283.828

7.

I 1 e
1800 2000 2200

IM,c [MeV/c?]

|
1600

1000

1000

1_8_non_dep
(83436.118)

3_8 non_dep
{98524.389)
____6_9 non_dep
(78373.554)
___8_8 non_dep
(82131.633)
___1_8_ene_dep
(73608.743)
38 ene_dep
(70486.704)
6_9_ene_dap
(62198.833)
8_8_ene_dep

geisa.szsz

T

16b0 1850
MM, [MeV/c?]

1
1400

1_8_non_dep

|7 (83436.115)

1
2000

3 8 non_dep
I (886524.389)
____6_9_non_dep
(78373.554)
8_8_non_dep
T (82131.633)
____ 1.8 ene_dep
(73608.743)
___3_8_ene_dep
(70486.704)
6_9 ene_dep
H™ (62198.9233)
8_8_ene_dep

ﬂszaa.szsl

| |
1600 1800
IM_« [MeV/c?]

I
1400

I
2000

counts

counts

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

1_8_non_dep
(83436.115)

400

200

3_8_non_dep
(98524.389)
____6_9_non_dep
(78373.554)
8_8_non_dep
T (82131.633)
____1_8_ene_dep
(73608.743)
___3_8 ene_dep
(70486.704)
____6_9_ene_dep
(62198.933)
88 ene_dep
(76283.828)

oo

1
2200

1 1
2400 2600

MM, [MeV/c?]

1_8_non_dep
(83436.115)

4001

200

3_8_non_dep
(98524.389)
___6_9_non_dep
(78373.554)
8.8 non_dep
(82131.833)
. 1_8_ene_dep
(73608.743)
3_8_ene_dep
T (70486.704)
____6_9_sne_dep
(62198.933)
____8_8 sne_dep
76283.828)

ﬁ%OO

L
2200

1 1
2400 2600

IM,,, [MeV/c?]




Results WALL

1000

counts

500

1_8_non_de|
;masn 18)
I_8_non_dep
68824.389)
8_non_dep

_6_cne_dep
J79488.704)
_5_ene_dep
Je2198.933)
one_dep

{7e283.628)

counts

-0.5

cos(eS™M)

800

600

400

counts

200

counts

cos(

[+]
RF PK;
9K B/T

)

0.5

1000

500

counts

counts

300

200

100

-0.5

cos(eg™)

T_8_non_dep

800
600
400
200
1 ! 1
0-1 -0.5 [+] 0.5 1
RF KA.
cos(0, 1)
T_8_wion_dep
T (83436.118)
2_8_non_dep
Lt ar- a8
I é-_us'rs.s_cq
300 i 8_non_dop

200

100

(1] 1 1 1
-1 -0.5 [ 0.5 1
RF pK,
cos(0,c Ap

counts

counts

counts

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

T_8_non_dep
83426.116)
_8_non_dep
©8524.380)
_9_non_dep

400 1 - (35321 :E.a)
T (73608.743)
3 8 eno_dop
70486.704)
300 — LERrd.
____ 8_8_ene_dep
76283.828
200
100
RX] 0.5 o 0.5 1
cos(ez'i")
——m
£reene)
BeEaE,
1000} & B nom dep
(82131.633)
_8_ene_dep
T (73608.743)
____3_8 _eno_dop
_ dTBASRI,
62158.833)
500 B o_dep
o 1 1
-1 -0.5 _F 0.5 1
PA.
cos(ep err )
1000
500

K-]

()
cos(057 "4




Results FOPI

counts

counts

80

60

40

20

1_8_non_dep
(83438.115)
3_8_non_dep
(98524.389)
€_9 non_dep
(78373.554)
8_8_non_dep
(82131.633)
1_8_ena_dep
(73608.743)
3_8_ena_dep
(70486.704)
6_9_ene_dep
(62198.933)
8_8_ene_dep

~ (76283.828

80

60

40

20

1600

|
1800

|
2000

=
2200

MM, [MeV/c?]

___1_8_non_dep
(83436.115)
3 8 non_dep
(98524.389)
___6_9_non_dep
(78373.554)
8.8 non_dep
(82131.633)
____1_8_ene_dep
(73608.743)

1600

I
1800

I
2000

I
2200

IM, . [MeV/c?]

counts

counts

80

60

40

20

18 _non_dep

T (83436.115)
3_8_non_dep
(98524.389)
____6_9 _non_dep
(78373.554)
____8_8 non_dep
(82131.633)
1.8 ene_dep
(73608.743)
___3_8 ene_dep
(70486.704)

8_8_ene_dep
6283.828]

| |
1600 1800
MM, [MeV/c?]

1400

80

60

40

20

|
2000

1_8_non_dep

(83436.115)
3_8_non_dep
(98524.389)

8_9_non_dep

(78373.554)
B8_8_non_dep
(82131.833)
1_B_ene_dep
(73608.743)
3_8_ene_dep

(70486.704)

B8_B_ene_dep
(76283.828)

| |
1600 1800
IM_c [MeV/c?]

1400

|
2000

counts

counts

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

1_8_non_dep

150F

100

50

T (83436.116)
3_8_non_dep
(98524.389)

____6_9_non_dep
(78373.554)
8_8_non_dep

T (82131.633)

____1_8_ene_dep
(73608.743)

___3_8 ene_dep
(70486.704)

____6_9_ene_dep
(62198.933)

88 ene_dep
(76283.828)

%000

1L ]
2200 2400
MM, [MeV/c?]

|
2600

150F

100

50

1_8_non_dep
(83436.115)
3_8 non_dep
(98524.389)
6_9_non_dep
(78373.554)
8_8 non_dep
(82131.633)
1_8_ene_dep
(73608.743)
3_8_ene_dep
(70486.704)
6_9_ene_dep
(62198.933)
8_8_ene_dep
(76283.828)

%500

L !
2200 2400
IM,,, [MeV/c?]

|
2600




esults FOPI

1_8_non_de
T R
(98624.389
— .(7".5'1‘:.'2';;" .
:2:27.':;37" Ad
1000[-| — ‘sietnray”
£ -
= ‘(52155.932)
o R _ene_dep
o 500 ‘1.253..25‘
o3 0.5 o 0.5 g
cos(eS™M)
800
€00
«
s
2 400
(=]
200
1 1 1
o3 0.5 ) 0.5 1
RF PK,
cos(O g1)
1000
“
=
3 500
[ =]
o3 1

counts

counts

counts

300
200
100
o3 0.5 o 0.5 1
cos(eg™)
1_8_non_dep
800
600
400
200
1 1 1
o3 0.5 0] 0.5 1
RF KA
cos(0, 1)
o
(83436.118)
3_8_non_dep
28534358
- é-_us'rs.s_cq
300 i 8_non_dop
200
100
o 1

cos(0

RF pK.
KA

[]

o
Y

counts

counts

counts

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer

T_8_non_dep
83426.116)
_8_non_dep
©8524.380)
_9_non_dep

8 _8_non_dep
400 n (5z131.633)
T (73608.743)
3_8_ene_dep
70486.704)
300 e
I_8_sne_dep
76283.828
200
100
2 ©5 o 0.5 1
cos (9‘;2")
T S ReR Ak
e
S,
1000/ a7 o non dap
(82131.833)
_8_ene_dep
T (73608.743)
I_8_eno_dap
78488 e
62168.833)
500 1o_dep
1 1 1
0-1 -0.5 _F 0.5 1
PA.
cos(0 p BT )
1000
500

K-]

()
cos(057 "4




4 Pl —param 3 8 ene dep

counts

counts

0.06 -+-@3.5 GeV
++#++ + @ 3.1 GeV
0.04- ¢ 0%
$
*+ﬁ +§+¢
* Y.
% Sole.
o.02- ¢ s
. Vo,
8 .. ...
1 1 1 1
1600 1800 2000 2200
MM, [MeV/c?]
+ #+ —+— @ 3.5 GeV
™,
0.04f + +++++ + @ 3.1 GeV
LAY
A
B M
002 ¢ %‘\'.
¢ :"’0..
1600 1800 2000 2200

IM, . [MeV/c?]

-+- @3.5GeV

0.04F o
ﬁﬁ#ﬁ ‘ # @3.1GeV
0.03 ++ + +4.,,++¢#¢ +
¢ ’
¢bé .
Ly " Py
0.02 Ry ¢ e
o o %
¢. ° O.
0.01 " .
1400 1600 1800 2000
MM, [MeV/c?]
-+- @ 3.5 GeV
0.04
ot
+ﬁ++m+#;m +@3.1 GeV
0.03 + %
/ ++++$+ % ¢¢’¢
0.02 ' 3“ . *o
oy o %
¢‘ * 0.
0.01- e R
1400 1600 1800 2000

IM_ [MeV/c?]

@ 3.5 GeV
0.03( . Mtk +H+
#ﬁm W
+++¢ ++ (] +@3.1 GeV
38 0.02} ~ ,*’# 1
£ oy
8 * :
o* ' +
0.01 o
'.
®
®
| | 1
Doo 2200 2400 2600
MM, [MeV/c?]
@ 3.5 GeV
0.03\ . ++++i+ ++'|+
)
(3 ++++ @ 3.1 GeV
& +
8 0.02+ e 7
5 o
8 * :
Pod “’ +
0.01 e
’.
° *
| | 1
Moo 2200 2400 2600
IM,, [MeV/c?]

EMMI Workshop — CERN 20-22 July - CERN Robert Minzer




4 Pl - param_3 8 ene_dep
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Legendre Fits
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Contributions
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PWA without Interference
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Combined Analysis of HADES and FOPI

With Interference: Without Interference:
>
1. cfgg=2 cp * tensor 1. cfgg=2 (cp * tensor) * (cp * tensor)*
2. Cross section = X cfgg * cfgg* 2. Cross section =2 cfgg
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Results of 3 8 wo int (not fitted)
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Results of 3 8 wo _int (

not fitted)
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Results of 3 8 wo int (100 iter)
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Results of 3 8 wo int (100 iter)
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Contribution of
Production Channels
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PWA Results — Relative Contribution

X2/ ndf | Direct | N™* N* N* N* N* N*
pK*A (1650) | (1710) | (1720) (1880) | (1895) | (1900)

0% 113% 524% 11.8% 6.3 %
B 1.09 16.6 % 94% 423% 141% 0%
C 1.10 0% 111% 495% 7.5% 0%
D 1.12 13.9% 6.8% 438% 119% 53%
E 1.15 21.1% 86% 419% 17.6% 0%
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PWA Results — Relative Contribution

X2/ ndf | Direct | N™ N™ N
(1650) | (1710) | (1720)
A

1.09 11.3% 524% 11.8%
B 1.09 94% 423% 141%
C 1.10 11.1% 495 % 7.5%
D 1.12 6.8% 438% 119%
E 1.15 86% 419% 17.6%
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PWA Results — Relative Contribution

A
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S. Aod El-Samad et al.
Phys.lett B688 (2010)
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PWA Results — Relative Contribution

1.09 0% 113% 524% 11.8% 6.3 % 10.9 % 0%

X?/ ndf | Direct | N*™* N™ N N™ N N™
(1650) | (1710) | (1720) (1880) | (1895) | (1900)
: | %

B 1.09 16.6 % 94% 423% 141% 0% 9.7 % 0%

C 1.10 0% 111% 495% 7.5% 0% 14.1% 9.3%
D 1.12 13.9% 6.8% 438% 119% 53% 9.4 % 0%

E 1.15 21.1% 86% 419% 17.6% 0% 0% 0%
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PWA Results — Relative Contribution

X2/ ndf | Direct | N™* N* N* N* N*
pK*A (1650) | (1710) (1880) | (1895) | (1900)

0% 113% 524% 11.8% 6.3 % 10.9 % 0% 7.3 %
B 1.09 16.6 % 94% 423% 141% 0% 9.7 % 0% 7.9%
C 1.10 0% 111% 495% 7.5% 0% 14.1% 9.3% 8.5%
D 1.12 13.9% 6.8% 438% 119% 53% 9.4 % 0% 8.9 %
E 1.15 21.1% 86% 419% 17.6% 0% 0% 0% 10.8 %

Experimental Data can be described
by known sources

Counts-normalized
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