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Lambda Hypernuclei

Attractive AN interaction
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Bound Objects i~y

S in Baryons S in Mesons

Lambda Hypernuclei Kaonic Nuclear Cluster

Attractive AN interaction Attractive KN interaction
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The Smallest Cluster HADES
Property Value
charge +1

strangeness -1

—0
participants ppK~, pnK
\ / jP 0-
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The Smallest Cluster
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KNN
Property Value S 4N + T[}
charge +1 [
strangeness -1 — N+ N+ T m
. —0
participants ppK~, pnK ——— Y+ N
o JP 0~ r
Y — A+ N nm
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The Smallest Cluster HADES

KNN
Property Value
— X +N+7
charge +1 [
strangeness -1 — N+ N+ T m
. —0
= participants ppK~, pnK >+ N
\ / jP 0- r
N —— A+ N nm
ly =1
Chiral, energy dependent Binding Energy (BE):
var. [DHW09, DHW08]  Fad. [BO12b, BO12a] var. [BGL12] Fad. [IKS10] Fad.[Rs14] 10-100 MeV
BE 17-23 26-35 16 9-16 32 Mesonic Decay (I)
Cm 40-70 50 41 34-46 49 30-110 MeV
Cnm 4-12 30 _
Non-chiral, static calculations Non-Mesonic Decay (r“m)
4-30 MeV
var. [YA02, AY02] Fad. [SGM07, SGMRO7] Fad. [ISO7, 1S09] var. [WG09] var. [FIK+11]
BE 48 50-70 60-95 40-80 40
Fm 6l 90-110 45-80 40-85 64-86
Cnm 12 ~20 ~21
®: E. Epple MESON 2014 - Krakow 7
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Is there a KNN? HADES

T. Yamazaki et al. Phys. Rev. lett. 4, (2010
HlntS? e K- +(6LI 7LI 12C) entﬁes10-0175eev ﬂ Maggiora et al. Nucl. Phys. A 835 (2010)

Entries 3432
Broo 200
30__-2|50 200 150 :I1oo -50 e : T)+4He N
Fmeasurec 0 _ P+p
s = acc.; corr, - 25 : ,
< F 5 L a0 M= 2267(2)“ o
3 20 z ! 5 &
o [ @ L _} 2 20 & i
E - o 1}
Q 15 [ -[- @ a
= F : 100 {_ 8 z
E C i + - T -[- = 15k g’ N
§1°__ 22 225 23 235 24 L .[} s S
8 F 5 f I @
C s o
5 H_PT 50— 'I' -H. g 10 NG S YL
I~ B © wn
Z : 1 'l‘-l- s - § ¥
o I B BT I AP il e BV AR | = [l
97 "5 T2z o 23 1es 24 S5 E: Hﬂ'}m % 05l g % ]
p-A invariant mass [GeV/c] [} RS R vl vwel e 00 H (=) g :
M. Agnello et al. Phys. Rev. lLett. 94 (2005) 21 2.2 23 24 25 26 2.7 g s
GeV Il 1 1 1 1 1
P.P.pi 2150 2200 2250 2300 2350 2400 2450
.o Missing M. M(K) [MeV/c?
G. Bendiscioli et al. Nucl. Phys., A 789 (2007) iesing Mass AMIK) [MeVic?]

G. Bendiscioli et al. Eur.Phys.J., A 40 (2009)
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s there a KNN? HADES

T. Yamazakl et al. Phys. Rev. lett. 164, (2010;

H ? ) o entries/0.0175 GeV ﬂ Maggiora et al. Nucl. Phys. A 835 (2010)
Hlnts . By, [MeV] K +(6L|’7L|’12C) 200; Entries 3432
250 200 150 _ 100 50 O _ I — .4
F : )| 150 -100 -50 | i p+ He -
Fnmeasurec : 0 I p+p
o5 £€||aCC. COrr, . e — :
— F : g’ L 150 M= 2267 (2) § o
S 200 £ ) l 8
2 s _} 3 20f 3 & ]
2 F } bt 100 {'{ é g
gmf_ 22 225 23 2?35 2.4 'I' .[} é 5r g ]
sf- H_I_IT 50:— | er (g) 10f s m‘}fléu% :
: 4 t g it I
81 5w 22 bm 23 0% 24 245 25 E; Hﬂ'}m 2 osh B = ]
p-A invariant mass [GeV/c] gl PN PR BT TN B 8 g :
M. Agnello et al. Phys. Rev. lLett. 94 (2005) 21 2.2 23 24 25 26 2.7 g s
P.p.pi eV 2150 5200 2250 2300 2350 2400 5450
G. Bendiscioli et al. Nucl. Phys., A 789 (2007) Missing Mass AMIK) [MeV/c?]
G. Bendiscioli et al. Eur.Phys.J., A 40 (2009)
M(ppk) = 2.267 GeV/c? M(ppk) = 2.212 GeV/c? M(ppk) = 2.255 GeV/c?
B(ppk) = 103 MeV B(pok) = 158 MeV B(ppk) = 115 MeV
r(ppK') =118 MeV/c2 r(ppK') =<24.4 |\/|€V/C2 r(ppK') =67 MeV/c2
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Is there a KNN?

N\

HADIES

B,y [MeV] K_+(6Li,7Li,12C)
0

o220 200 150 100 .50 _
“measured F80 100 50
25 £||aCC. corr,
— F >
1Y - o L H
S 2o : M
S 15 t
EE C } ; * "
€ of 22 225 2.3 2.35 2.4
> — : :
Q I { f
S
IS \
937515 22 225 23 035 24 545 25

p-A invariant mass [GeV/cz]
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Exclusions
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The HADES experiment HADES

High Acceptance Di-electron Spectrometer
GSI, Darmstadt

Accelerator
SIS18 at GSI
Colliding system

p+p at 3.5GeV

HADES Coll. (G. Agakishiev et al.),
FEur. Phys. J. A41 (2009)

* Fixed-target experiment
* Full azimuthal coverage, 15°- 85" in polar angle
* Momentum resolution = 1% - 5%
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The Data
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Data Sample

N\

HADIES

HADES data
13,000 events of pK*A
Background from wrong PID =6%

Background from pK*2°

Pre-Shower

=1%

| 1 meter |

WALL Dataset

‘EQ‘—‘T.@

Pre-Shower

Forward Wall

\
\
\
‘\
I
‘.
(T

| 1 meter |

WALL data
8000 events of pK*A
Background from wrong PID =11.7%

Background from pK*2° = 3%

®: E. Epple

MESON 2014 - Krakow 13




ZA\

A Model for the Process
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Bonn-Gatchina PWA HADES

3.5GeV
N** +p p+p 25

3.5GeV
p+pDp+ KT+ A

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

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

What we included to model the PK*A process:

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

N(1650), N(1710), N(1720), N(1875), N(1880), N(1895), N(1900)
Non-resonant PK*A production waves
Interferences

®: E. Epple MESON 2014 - Krakéw 15



The best solution overs
x10°® x10°° x10°® "
0.4 ® Data 4 §
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. 0.4F
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© o | ] ] ] | © o 1 ] , * © X ] ] ]
1600 1800 2000 2200 1400 1600 1800 2000 Moo 2200 2400 2600
IM, . [MeV/c?] IM_, [MeV/c*] M, [MeV/c?]

included resonances:

Non-resonant waves:

N(1650), N(1710), N(1720), N(1900), N(1895)
(PL)(*So) =K (pL)CS1) =K (pL)(*P1)—K
(PLYCPo) =K  (pL)CP2) =K (pL)(P1)-K

(PLYCD1) —K (pL)(*D2)—K (pL)(?D2)—K
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Four Best PWA Solutions
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HADIES

[<2]
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dN/dM [events/(14 MeV/c?)]

o

1 | |
1600 1800 2000

2200

M, [MeV/c?]

Measured data
PWA solutions

dN/dM [events/(14 MeV/c?2)]
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200} \
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®
c Le® 1 1 .\ o
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Inside HADES acceptance
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9
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s

<

—

= 400F

)

C

Q

>

2, 200}

2

% "0"."":‘ 1 1

oo 2200 2400 2600

IM_, [MeV/c?®]

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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Four Best PWA Solutions

N\

[<2]

o

(=]
1

400

200

dN/dM [events/(14 MeV/c2)]

2ed oo

o

1 | |
1600 1800 2000

2200

M, [MeV/c?]

Measured data
PWA solutions

dN/dM [events/(14 MeV/c?)]
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400+ '
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Inside HADES acceptance

600

400

200

dN/dM [events/(14 MeV/c2)]

™

2200 é460
2
IM_, [MeV/c?]

1

2600

éBOO

mass of A+p =2053.96 MeV/c?
mass of 2%+p = 2130.82 MeV/c?
mass of p+p+K =2370.22 MeV/c?

®: E. Epple

MESON 2014 - Krakow 18




72\
Four Best PWA Solutions HADES
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Phase Space Model HADES
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Test of the Null Hypothesis
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Test of the Null Hypothesis HADES
2 goo| HADES x?*ﬁ'fre/im’har [ WALL M,
= i b 3 4o Ty 2
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S, 400 hy # < § b X =
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§ [] é e
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Q 107 9 0%
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Test of the Null Hypothesis HADES
— Mpr 7 o I ¢l
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Test of the Null Hypothesis HADES
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Test of the Signal Hypothesis
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Inclusion of a new State

ZA\

HADIES
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Feature of a PWA... T
... Interferences
1200 === - Prefimm—
’27: S s m e m— o - Y 600} ary
= 1000F o $
z:. : =
= 800 /- SN S 400
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'S 600/ b 3
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: . Nr. 2
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The minimum has to be found

by the fit
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Upper limit at CL. 95% HADES

These waves are included into the four best solutions of the PWA
25+1
+ Lj

WaveA: ‘p+p’ 1Sqo— ’ppK(2250)-K’ 1Sq
WaveB: ‘p+p’ 3P1 — ’'ppK(2250)—K’ P,
WaveC: ‘p+p’ D, —» ‘ppK(2250)—K’ 1D,

Scanned masses:

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

30 MeV, 50 MeV, and 70 MeV

®: E. Epple MESON 2014 - Krakéw 28
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Upper Limit HADES

| Wave A | Wave B | Wave C Sol Nr. 1/8

soine 38| [(ppK)=50 MeV
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250 5300 2350 5250 2300 2350 5250 2300 2350
'ppK™" mass [MeV/c?] 'PpK™ mass [MeV/c?] 'PpK™' mass [MeV/c?]
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Upper Limit HADES

| Wave C Sol Nr. 1/8

soine 38| [(ppK)=50 MeV

Sol Nr. 6/9
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o

% of a(pp = pK*A)

[$)]

% of o(pp = pK*A)
i

% of o(pp = pK*A)
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Upper Limit HADES

| Wave A | Wave B | Wave C Sol Nr. 1/8
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Sol Nr. 8/8

=y
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Upper Limit HADES

re/; .. -
w 2 8/”77”70
10k ave A R 10_WaveB ['y . 10_WaveC Sol Nr. 1/8 )
~ = soine 38| [(ppK)=50 MeV
J& & & Sol Nr. 6/9
T ) T
2 5 2 5 2 5
© © ©
Y— Y— Y—
o o o
R R R
c. PEETEETEE RS TS T SRS TR R 0. PN RS TS SRS TR R 0 .................
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Exclusion of a ‘ppK~ at a sensitivity level of 95% (CL,)
This means in 95% of the experiments we would be
sensitive to a kaonic cluster of that strength

Opk+n = 38.12£0.43732> + 2.67(p+p-error)—2.9(background) ub

- 12% = 4ub
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Summary and Outlook HADES

First PWA of pK*A production with Bonn-Gatchina-PWA
First coherent description of a “ppK™” production

The PWA fit yields an excellent description of the data
- no new signal needed

The Upper limit for a broad KNN is in the order
of <12% (I' = 70MeV) of the total pK*A cross section = 4ub

Outlook:

More experimental data at J-Parc, KLOE, LEPS and BELLEIl coming up
A combined PWA of several pK*A data is currently prepared
(different energies, Experiments, polarization)

DFG Proposal: "Partialwellenanalyse von Ereignissen in Proton-Proton
Reaktionen fiir Energien zwischen 1.9 und 3.5 GeV.” FA 898/2-1
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Figure 6.10: a) IM g+, b) IMpa,c) MMg+ and d) MM, fitted with the sum of the four N**-
resonances from table 6.2 and the simulation of a direct pK ™A production.
Master Thesis A. Solaguren-Beascoa Negre

®: E. Epple

MESON 2014 - Krakow 39




. 7 A\
Bonn-Gatchina PWA HADES

Cross Section for the production of three particles out of a collision of two particle
(2m)*|AJ?
Alk[Vs

A - reaction amplitude

k — 3-momentum of the initial particle in the CM

s — P?=(k +k,)?

d®,(P,q,,9,q;) — invariant three-particles phase space

do = d®s(P,q1,92,93) , P=ki+ky

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

A=) A%(s)Qi ., (SLJI)Agy(i, SaLaJa)(si) x Qui" ., (i,S2L2J2S'L'T) . (2)

o 1

S,L,J —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. q;
multiindex o¢ — possible combinations of the S, L,J, S,, L,, J,, S’, L and i
A% (s) - transition Amplitude

A2 (i,S,L,d,) — rescattering process in he final two-particle channel (e.g. production of A)

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

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

N

HADIES

The transition Amplitude is parameterized as follows

o(s) = (af +a5Vs) e faz

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/c2] Width [GeV/c2] Tax/Tay %

N(1650) 3~ N(1650)S1; 1.655 0.150 3-11
N(1710) 37 N(1710)Py; 1.710 0.200 5-25
N(1720) 37 N(1720)D;3 1.720 0.250 1-15
N(1875) 3~ N(1875)Da3 1.875 0.220 42
N(1880) 2" N(1880)P1; 1.870 0.235 2+1
N(1895) 2~ N(1895)S1y 1.895 0.090 1845
N(1900) 27 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 AADES

non-resonant content

No. Combination

N* content
No. Combination
0 N(1650), N(1710), N(1720)
1 N(1650), N(1710), N(1720),
2 N(1650), N(1710), N(1720),
3 N(1650), N(1710), N(1720),
4 N(1650), N(1710), N(1720),
5 N(1650), N(1710), N(1720),
6 N(1650), N(1710), N(1720),
7 N(1650), N(1710), N(1720),
8 N(1650), N(1710), N(1720),
9 N(1650), N(1710), N(1720),
10 N(1650), N(1710), N(1720),

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

)
)
)
)
)
N(1880), N(1875)

no non-resonant waves
(PL)(*So) - K

previous wave + (pL)(351) — K
previous waves + (pL)(*P1) — K
previous waves + (pL)(3Po) — K
previous waves + (pL)(3P1) — K
previous waves + (pL)(3P3) — K
previous waves + (pL)(1D2) — K
previous waves + (pL)(3D1) — K
previous waves + (pL)(3Dz) — K

OoNOYUL DS WNPEFO

No. of N* combination No. of non-res. waves

Log-likelih.

Best Solutions

cwoHNOOUPM~WNKRO

=

7 -2415.74
8 -2708.49
8 -2524.59
8 -2712.49
4 -2671.05
8 -2310.4
9 -2754.37
8 -2657.77
8 -2734.97
6 -2698.86
4 -2642.58
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Solution inside WALL acceptance
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Figure 2.18: Two-particle masses for the HADES data set (black points) shown
with the four best PWA solutions (gray band), obtained by a fit
to the HADES and WALL data.
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Figure 2.19: Two-particle masses for the WALL data set (black points) shown
with the four best PWA solutions (gray band), obtained by a fit
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Solution inside WALL acceptance
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Test of the Null Hypothesis HADES
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Values are rejected in a test if CLs < a.

pu=<a-(1-po).
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Definition of Angles HADES
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[1) Jackson Angle
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Is there a KNN?
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0.5-5% of the cross section of
typical hadron photo-production
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