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g’ baryon ? Molecular State?
Pentaquark?

q*:
Expected Mass ~ 1700 MeV/c?
Pentaquark:

more observed excited baryons

M = 1406 MeV /c?
I' =50 MeV/c?

IJ7)=0 (1/2)

Decay Channels:
Mt
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Double Pole Structure
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kaonic atoms:

m0,1=Re(z1)=1424+7-23 \% (A%

r0,1=2*1m(Z1)=52+6-28 MeV
m0,2=Re(zz)=1381+18-6 \% (A%
% r0,2=2*1m(Z2)162+38_16 \% (Y

> reactions excite mainly
reactions excite mainly

From calculation constrained by scattering data and

m0,1=Re(z1)=1428+2-1 \% (Y
F0,1=2*Im(z1)=16+4-4 MeV
m0,2=Re(zz)=1497+11-7 \% (A%
F0,2=2*Im(22)150+18-18 \% (A

Experimental A(1405) in X7 spectrum:

r arb. units
- 3]

dc;/d M

— A(1405) correlated with KN dynamics!

A(1405)

—K p-—>n"n’5"

wan M =1395 MeV
g M, =1420 MeV
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iid Effective Hadron-Hadron Interaction @ %

Small Q (~1 GeV)
Large Distances (1 fm)

Q (GeV/c)

Effective Field Theory of interacting Bosons '

® Test-bed of the strong interaction in few body systems
e Strange quarks are intermediate between “light” and “heavy”
-> Interplay between spontaneous and explicit chiral symmetry breaking

in low energy QCD.
® Testing ground: K-N and K-N interactions
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Effective Field Theory of interacting Bosons '

® Test-bed of the strong interaction in few body systems
e Strange quarks are intermediate between “light” and “heavy”
-> Interplay between spontaneous and explicit chiral symmetry breaking

in low energy QCD.
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Antikaon Kaon

ChPT in SU(3) (exact Theory) does
not work for the KN system
based on
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Ex: A(1405) dynamically generated
like 2 QUASI-BOUND K-p (I=0) State
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ChPT in SU(3) (exact Theory) does
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based on

Ex: A(1405) dynamically generated
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Effective' Hadron-Hadron Interaction HADES

Antikaon Kaon

ChPT in SU(3) (exact Theory) does ChPT is used to describe K-N

not work for the KN system interaction since Kaons do not get
based on absorbed generating resonances

Ex: A(1405) dynamically generated
like 2 QUASI-BOUND K-p (I=0) State
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p+p in the GeV Energy Range

Fixed Target experiments, Eyi,~ AGeV

proton-proton
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p+p in the GeV Energy Range apEs

Fixed Target experiments, Eyi,~ AGeV

proton-proton

Plasmaphysik
Atomphysik

HADES
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

SI1S100/300

\ _— Produktion

|
‘

seltener Isotope |
+

4 Super-FRS

N

Produktion
von Antiprotonen

@ existierende Anlage

neue Anlage
® 8 TOFino
W Experimente
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K- “He reactions at Dapne Z2aes

KLOE Experiment

K- Momentum = 127 MeV/c
op/p ~ 0.4 MeV/c
96% geometrical acceptance

Calorimeter for Y¥s: 0m ~ 18 MeV/c?
Vertex resolution: 1 mm

Gas: 90% He, 10% CsHio
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p+p collisions

proton-proton

0(A(1405))/0(Z(1385)%) = 2.8, known from analysis of

neutral decay channels

Conservative estimation: 0(2(1385)")= 0.50(2(1385)"
— 0(A(1405))/0(Z(1385)Y) ) = 1.0 — no influence on

pole mass or line shape of A(1405)

p+p - prK+T+E 0D = PR+

* data * data
— A(1405) + £(1385) — A(1405) + £(1385)
— A(1520) — A(1520)

+ +

— ):_ non. res. — Z_ non. res.
— ¥ non. res. — ¥ non. res.
— misidentification — misidentification
— total fit — total fit

1.4
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Efficiency and Acceptance
Corrected data

—-—data

— A(1405) pK*
— X(1385) pK*
— A(1520) pK*
—XnpK*

— total fit

Channel Cross section
p+p — A(1405)+p+K* 9.2+0.9=0.7% ub
p+p — 2(1385)%+p+K* 5.6+0.52% b

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

p+p — A(1520)+p+K* 5.6+1.1x0.4%) ub

p+p — Z+AT(1232)+K*  7.7+0.9+0.5%3 ub
p+p — Z*++p+K* 54+0.5+0.4%° ub

do/dM [ub/(MeV/c?)]
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Efficiency and Acceptance
Corrected data

—-—data

— A(1405) pK*
— X(1385) pK*
— A(1520) pK*
—XnpK*

— total fit

Channel Cross section
p+p — A(1405)+p+K* 9.2+0.9=0.7% ub
p+p — 2(1385)%+p+K* 5.6+0.52% b

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

p+p — A(1520)+p+K* 5.6+1.1x0.4%) ub

p+p — Z+AT(1232)+K*  7.7+0.9+0.5%3 ub
p+p — Z*++p+K* 54+0.5+0.4%° ub

3.5 GeV

p+p— A(1405) + KT +p
¢
Vhsst e
Ny

7T:|:—|—7”L

do/dM [ub/(MeV/c?)]
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Efficiency and Acceptance
Corrected data

Channel Cross section
p+p — A(1405)+p+K* 9.2+0.9+0.775 ub
p+p — 2(1385)%+p+K* 5.6+0.52% b
p+p — A(1520)+p+K* 561104 ub

p+p — Z+AT(1232)+K*  7.7+0.9+0.5%3 ub
p+p — ZT+x+p+K? 54+05+04"° ub
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Efficiency and Acceptance
Corrected data

Channel Cross section
p+p — A(1405)+p+K* 9.2+0.9=0.7% ub
p+p — 2(1385)%+p+K* 5.6+0.52% b

p+p — A(1520)+p+K* 5.6+1.1£0.4"} ub
p+p — Z+A*(1232)+K*  7.7:0.9+0.5% pb
p+p — SHHm+p+K* 54x0.5+0.4" ub

3.5 GeV

p+p— A(1405) + KT +p
h
Vhsst e
N

Wi—l—n
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Efficiency and Acceptance
Corrected data

Channel Cross section
p+p — A(1405)+p+K* 9.2+0.9=0.7% ub
p+p — 2(1385)%+p+K* 5.6+0.52% b

p+p — A(1520)+p+K* 5.6+1.1x0.4%) ub
p+p — Z+A*(1232)+K*  7.7:0.9+0.5% pb
p+p — Stm+p+K* 54x0.5+0.4" ub
NA(1405)

3.5 GeV

p+p— A(1405) + KT +p
¢
Ve e
h
1.4 1.5

7-‘-3|3 4+ n : MM(p,K") [MeV/c?]

e
-

do/dM [ub/MeV/c?]
o
o
(3]
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Ve e
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o
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HALAOGY A0S e e (7 T = 50 MieVa/er (15— 1S = el )

3.5 GeV

p+p— A(1405) + KT +p
¢
Ve e
Ny

Wi+n

do/dM [ub/MeV/c?]

1.4 1.5
MM(p,K") [MeV/c?]
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3.5 GeV

p+p— A(1405) + KT +p
¢
Ve e
Ny

Wi+n

do/dM [ub/MeV/c?]

1.4 1.5
MM(p,K") [MeV/c?]
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o
2

>

Q

=

~

2

=N
Sk
=

E .
o)

T

1.4 1.5
MM(p,K") [MeV/c?]

p+p— A(1405) + KT +p
¢
Ve e
h
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2

>

Q

=

~
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=N
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E .
o)

T

1360 1380 1400 1420 1440

X
14 15 .
MM(p,K") [MeV/c?] M.5 [MeV]

p+p— A(1405) + KT +p
¢
Ve e
Ny

Wi+n
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A(1405) : M = 1405 MeV/c*(?)T' = 50 MeV/c* (B =1, S =

LU B B B N S S B S N B SN S S EN SN S B S BN BN B
4 —e— 1" " weighted avera%e
1.77<E<1.99 ~ "7 ;

PTLS j
?‘e\“‘o\o

do/dM [ub/GeV]

o
2
>
Q
=
~
2
=N
Sk
=
E .
o)
T

1360 1380 1400 1420 1440
14 15 .
MM(p,K") [MeV/c?] M.5 [MeV]

p+p— A(1405) + KT +p
¢
Ve e
Ny

Wi+n
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AGLAOBY - E OB et e (T — S0 MEeYlc (B — il — g il o)

LN A B (N SN S S B N S S S B N SN S S B RN B S
—e— 1" " weighted avera%e

1.77<E<1.99 ~ 575 ;
2 3

do/dM [ub/GeV]

o
2

>

Q

=

~

2

=N
Sk
=

E .
o)

T

o
o

1360 1380 1400 1420 1440

1.4 1.5 .
MM(p,K") [MeV/c?] M5 [MeV]

The spectral shape of the A(1405)
p +p — A(1405) + Kt+p. looks different for different initial
\‘ state reactions.
st T p-l.-p and T+p re:actions look similar
i Different coupling of the 2 poles??

N
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A(1405) : M = 1405 MeV/c*(?)T' = 50 MeV/c* (B =1, S =

—e— 1" " weighted aveta%e
1.77<E<1.99 ~ "7

vl\

do/dM [ub/GeV]

o
2
>
Q
=
~
2
=N
Sk
=
E .
o)
T

1360 1380 1400 1420 1440

14 15 .
MM(p,K") [MeV/c?] M5 [MeV]

-o- A(1405) —>Z+1t'/2'1t+,ThomasetaI. The SpeCtral Shape Of the A(1405)
- A(1405) — X /T wt, Engler et al. e ° ° e o
N e - looks different for different initial
state reactions.

p+p and T+p reactions look similar
Different coupling of the 2 poles??

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

1.5
M(Z,n) [MeV/c?]
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Chiral Ansatz

Geng et al.
— [Taqi40s)

Cp.s.lBW1 |2Ck.m.
weEs Cp.s.|BW2|2C|c.m.

o
-

do/dM [abr. units]
o
o
(3]

do/dM [ub/MeV/c?]

1.4 1.5
MM(p,K") [MeV/c?]

Two poles combined such to
e e reproduce the calculation for p+
Lo =2*Tm (21)=52+6.s McV P b
mo 2=Re(Z2)=1381+18-6 MeV * S.E for the EOTCO decay
[o2=2*Im(22)162+% 1 MeV * lower energy than for HADES

Calculation does not match the HADES data
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m0,1=Re (Z1)=1424+7-23 \% (A%

| S
F0,1=2*Im(Z1)=52+6_28 MeV a ’666&[
T Cing
.

m0,2=Re (Zz) =1381+18-6 \% (A%
r0,2=2*1m(22)162+38_16 \% (A%

Fit to the data leaving the coupling of the two poles free and also width and
mass within the error -> Broader Kp pole and larger amplitude for X7t
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m0,2=Re (Zz) =1381+18_6 \% (A%
r0,2=2*1m(22)162+38_16 \% (A%

—
mo1=Re(z1)=1424*7 53 MeV &[
L01=2*%Im(z1)=52%%2s MeV g ’666 z

N N
gy

Fit to the data leaving the coupling of the two poles free and also width and
mass within the error -> Broader Kp pole and larger amplitude for X7t

Our Ansatz

Cp.s.| BW, |2qc.m.
e Cp.s.| BWZFQCJ{\; .

1.4
M [MeV/c?]
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m0,2=Re (Zz) =1381+18_6 \% (A%
r0,2=2*1m(22)162+38_16 \% (A%

—
mo =Re(21)=1424"72; MeV 3[
L01=2*%Im(z1)=52%%2s MeV g ’666 z
\\ -
o

Fit to the data leaving the coupling of the two poles free and also width and
mass within the error -> Broader Kp pole and larger amplitude for X7t

Our Ansatz

Xt +Xnt
80— — [Taq4os)? . — (do/dm)z+z-

1.4
M [MeV/c?]
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mo1=Re(z1)=1428"%1 MeV ~ N 3 \z
~

I’o,1:2*Im(z1):16+4_4 \% (A%
m0,2=Re(zz)=1497+11-7 \% (A%
r0,2=2*1m(Z2)150+18-18 \% (DAY

Assuming these two poles the data cannot be reproduced even
if advocating interferences with the non resonant part

——data

- |T.v\(14os)|2

_ |BW2(1 385) P
A(1520)|2

do/dM [ub/(MeV/c?)]
do/dM [ub/(MeV/c?)]
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D. Riley et al., Phys. Rev. D 11(1975) 3065 } )
Esmaili et al., Phys. Lett B686 (2010) 23-28 Previous data at rest with T2 mass below the

kinematical limit

Theoretical interpretation of the A(1405) as
a pure Kp pole

Best fit
1405.2-23.3 : X*=11 ___

1432-34 : %2 =77

-> Data for in-flight processes have access
to the high mass region

oo pe e Kmom™~ 100 MeB -> Mz up to 1425 MeV/c?

g. 6. Detailed differences in My, spectra among the Hyodo-Weise prediction and
e present._model predictions

IR E e e LA L D
L+Zm+ﬁ

LA+7+W+V

3 ¥s have to be detected in the calorimeter
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D. Riley et al., Phys. Rev. D 11(1975) 3065 } )
Esmaili et al., Phys. Lett B686 (2010) 23-28 Previous data at rest with T2 mass below the

kinematical limit

Theoretical interpretation of the A(1405) as
a pure Kp pole

Best fit
1405.2-23.3 : X*=11 ___

1432-34 : %2 =77

-> Data for in-flight processes have access
to the high mass region

BT e Kmom™~ 100 MeB -> Mz up to 1425 MeV/c?

g. 6. Detailed differences in My, spectra among the Hyodo-Weise prediction and
e present._model predictions

IR E e e LA L D

L
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2 s have to be detected in the calorimeter
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D. Riley et al., Phys. Rev. D 11(1975) 3065 } )
Esmaili et al., Phys. Lett B686 (2010) 23-28 Previous data at rest with T2 mass below the

kinematical limit

- ; Theoretical interpretation of the A(1405) as
1405.2-23.3 : X =11 _ a pure K_p p()]e

1432-34 : %2 =77

H-W: X*= 103

-> Data for in-flight processes have access
to the high mass region

T Komom~ 100 MeB -> Mz up to 1425 MeV/c?

s [MeV]

g. 6. Detailed differences in My, spectra among the Hyodo-Weise prediction and
present.model predictions
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2 s have to be detected in the calorimeter




TECHNISCHE
UNIVERSITAT K_ 4He HAI)I'
MUNCHEN

D. Riley et al., Phys. Rev. D 11(1975) 3065 } )
Esmaili et al., Phys. Lett B686 (2010) 23-28 Previous data at rest with T2 mass below the

kinematical limit

- ; Theoretical interpretation of the A(1405) as
1405.2-23.3 : X*=11 _ a pure K_p p()]e

1432-34 : %2 =77

-> Data for in-flight processes have access
to the high mass region

R Kinom™~ 100 MeB -> Mgz up to 1425 MeV/c?

s [MeV]

g. 6. Detailed differences in My, spectra among the Hyodo-Weise prediction and
pre ode edictions
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After the A selection..
0

3/ ndf 9541 | 8 L m m
Constant 191.7 L y1y3 7/ v2y3

Mean 1193.
Sigma 15.65

mv1v2 ¢ mvlv3 ’ mv2v3

)

OMeV/c
N
o
(=]

=9
~
[3)]

counts/(1

[ Entries

mylyZ 4 my1y3 4 my2y3

m yly3 / m v2y3

L L L L ‘ ‘
1150

1200 1250 1300
m(MeV/c?)

80% efficiency for X7’
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A(1405) -> °X°

At rest Data

In-flight + at Rest Data
In-flight: larger masses are accessible

LR ECN Preliminary 2005 data
2012 data 2012 data

Mass limit
on 12C at rest

%300 1350 1400 1450 1500 1550 _ 1600

T 00 (MGV/C2)

Mass resolution ¢, = 32MeV /c?

Momentum tesolution o, = 20 MeV /c
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A(1405) > °X°

At rest Data
In-flight + at Rest Data
In-flight: larger masses are accessible

Nominal mass for X° and

n.u./(10MeVic)

JEEEE Preliminary
2012 data

Mass limit
on 12C at rest

%300 1350 1400 1450 1500 1550 _ 1600

Mmoxo(MeV /c?) Mmoo (MeV /c?)
Mass resolution ¢, = 32MeV /c?

3 Momentum tesolution o, = 20 MeV /c
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Fit Components

* Resonant component K- +C/*He at-rest/in-flight (M,I')= (1390- 1430, 5-52
MeV/c?)

* Non resonant X'’ K- +H production in-flight

* Non resonant X' K- +C/*H production at-rest/in-flight

AN o

* misidentification background
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e I (pﬂ'o)ﬂ'_

K- 2C absorption in-flight (

s Rest+|n-flght Data
- S

Momentum resolution T -< 1 MeV

This channel offers a bench mark for the K-~+H contribution

i
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Shifted-Resonance or Quasi-free? HADES

e e —

Invariant Mass in O P

Entries Entries 1275
Mean Mean 1411
RMS 15.39

RMS 16.43

Counts / 5 MeV/c*2

1 1 ]
1360 1380 1400 1420 1440 1460 1380 1400 1420 1440 1460
Sig+ Pi- Invariant Mass (MeV/c"2) Sig+ Pi- Invariant Mass (MeV/c"2)

IF/AR = 1.16 £ 0.05 IF/AR = 2.94+0.3

The in-flight X% invariant mass distribution reaches out to 1420 MeV/c?
Is that the A(1405) or a quasi-free process?

i
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Conclusions and Summary

A(1405) measured in p+p at 3.5 GeV with HADES in the charged
decay channel. Shift to lower masses

Theoretical calculations unable to explain this data
Interferences? Different coupling of the two poles?

A(1405) measured in K- + 4He/C with KLOE in the neutral and 1
charged channel

at-rest and in-flight component

Different contributions not disentangled yet

In-flight component shifted?? or Quasi-free?

Calculations are needed

-

A\

HADES
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Total Cross-section

/p+p > p+KF+A(1405)

—— HADES
—&— ANKE.

Pp+p op+K +A

—e— COSY-11
—¥— COSY-TOF
—&— COSY-TOF
—a— ANKE
—x— Fickinger

A\

HADES
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Non resonant Contribution HADES

o

2(1385)
— — A(1520)

" +++ H’ — %305)

——— ITNnon.res.
+ ———— misidentification
—— sum

——— XTnon.res.
——— misidentification

M(p.r) [MeVic] M(p,T*) [MeV/c?]
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s data
— A(1405) — A(1405)
—X(1385) —X(1385)
—A(1520) —A(1520)
—1%" non. res. — X" non. res.
— misidentification — misidentification

total fit total fit _+_+

20 20
O(p,A(1405)) [°] O(p,A(1409)) [°]
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Interference with non resonant HADES

+o Yt
QX M+ T — (do/dm)gen.

—Sum

0.1

o
=)
a

NA
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=
8
3
Rd
=
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©
°

1.4 .15
MM(p,K*) [MeV/c?]

A (1405)
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Interference with non resonant




