The A(1405) in p+p collisions at 3.5 GeV
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Nature of the A(1405) AN
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q _
m =~ 1406 MeV/c? () (a’a)

[’ =50 MeV/c?

g3 baryon ?
Pentaquark ? Molecular state ?

A(1405) oscillates mainly between a (K',p) - and a (£,m) — bound state.

— Information about the kaon-nucleon interaction.

But not known is the contribution of the two states to the A(1405).

With this (K',p)- intermediate - bound state, the A(1405) could be a doorway
for the simplest kaonic cluster the ppK-
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Properties of the A(1405)
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Line shape depends on decay products
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Line shape seems to be different
in different decay channels of the

Pole mass seems to be different
when the A(1405) is produced in different

production mechanisms. N\(1405)
— Interference effects with I=1
Could be explained by different states.
coupling strength of the production to the two
poles of the resonance
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HADES at GS| -

Pre-Shower

Beam

* High acceptance for dilepton pairs

* Momentum resolution = 1% -5 %

* Particle identification via dE/dx & Tof
*1.2-10° Eventsin p+patE, . = 3.5 GeV
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Decay channels of /\(1405)_/2(1385)0 -—ﬁﬁ
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Decay channels of /\(1405)_/2(1385)O -—ﬁﬁ
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Decay channels of /\(1405)_/23(1385)0 -—ﬁﬁ
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Decay channels of /\(1405)_/2(1385)0 -—ﬁﬁ
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Decay channels of /\(1405)_/2(1385)O ﬁ@
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Decay channels of /\(1405)_/2(1385)0 HADES
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Analysis of the A(1405)
by its decay into
29O

®: Eliane Epple 11.6.2010 — Krakéw



7 N\
Hades and the Forward Wall ng%?s

p+p 3-5GeV, A(1405) —I—@ @
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Hades and the Forward Wall .,{?E.

p+p SBEEY A(1405) +@ @

On that sample the analysis will proceed

-cuts on A(1116) [mass and track cut]
- cuts on the K* mass
- cuts on missing mass of all charged particles [ > nf]
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Hades and the Forward Wall ufﬁ.

p+p 229V, A(1405) +(& ) p)

|%EO

On that sample the analysis will proceed

-cuts on A(1116) [mass and track cut]
- cuts on the K* mass
- cuts on missing mass of all charged particles [ > ]

®: Eliane Epple 11.6.2010 — Krakéw 5



. w The analysis of the A(1405)

HADES + FW DATA
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w The analysis of the A(1405) - -

HADES + FW DATA after A cut
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w The analysis of the A(1405) - -

HADES + FW DATA

after A cut
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. Experiment %{ Contributing channels
. . /1
300} - Simulation h 0, "Qg —)A+p+K+
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| | I I
800 1000 1200 1400 1600 o o
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Try to describe experimental data:

* Simulate all physical channels containing a real K*.

* Describe misidentification background with sideband
analysis.

* Determine the strengths off all contributions via a
multi-parameter fit to the experimental data.
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) ﬂ Understanding the data AADES

Contributing channels
600 SA+p+K”
@ —A+p+K +1°
S 40
9 +
© —>Y+p+K +1°
200 —5A(1405)+p+K”
—A(1520)+p+K”
0

TR TN S
A M(p.K") [MEVIC ] + K* misidentification
Try to describe experimental data:
* Simulate all physical channels containing a real K*.
* Describe misidentification background with sideband
analysis.
* Determine the strengths off all contributions via a
multi-parameter fit to the experimental data.
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Final A(1405) selection - -

Tim
MU

The A(1405) and X(1385) can be distinguished by investigating
the missing mass of all particles:

p+p — A(1405)+ p+ K™
L, o0
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Final A(1405) selection s

UM

Ol @1

N/ R i e
LMU

The A(1405) and X(1385) can be distinguished by investigating
the missing mass of all particles:

p+p — A(1405)+ p+ K™
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Final A(1405) selection s

S

LMU

+H? Experiment 7 Spectrum still contains other contributions:

150

K™ missidentificaiton

 Subtract misidentification background
(obtained from sideband analysis)
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100
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Final A(1405) selection
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Spectrum still contains other contributions:

 Subtract misidentification background
(obtained from sideband analysis).

* Subtract all other contributing channels
(obtained from simulations).
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ﬂ Final A(1405) selection
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Spectrum still contains other contributions:
 Subtract misidentification background
(obtained from sideband analysis).

* Subtract all other contributing channels

(obtained from simulations).
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Analysis of the A(1405)
by its decay into
Xt/ 2t
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Analysis of the A(1405)

NA(14095) in the charged decay channels:
ot 3.5GeV A(1405)+K+ o
_— Z— _|_7r+

n—+m
—— Yt 4~

n+mt

Steps of the Analysis:

|dentify the four charged patrticles (p, K*, 7", 1)

Use kinematic refit on the neutron

Apply different cuts to optimize signal to background ratio
Cut on the neutron and X" or ¥ [mass cuts]

Modeling of the remaining background
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Analysis of the A(1405)

NA(14095) in the charged decay channels:

p+p =29V, A(1405) +@+@
— 27+
n )
ﬁzqk_l_@

—n+@)
Steps of the Analysis:

|dentify the four charged patrticles (p, K*, ", 11°)
Use kinematic refit on the neutron
Apply different cuts to optimize signal to background ratio
Cut on the neutron and X" or ¥ [mass cuts]

Modeling of the remaining background
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Analysis of the A(1405)

NA(14095) in the charged decay channels:
g 3.5GeV A(1405)+@+@
—> 2_ _|_@
@+
>yt +@
b@_y@

Steps of the Analysis:

|dentify the four charged patrticles (p, K*, ", 11°)
Use kinematic refit on the_neutron
Apply different cuts to optimize signal to background ratio
Cut on the neutron and X" or ¥ [mass cuts]

Modeling of the remaining background
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7\
Neutron AABER

After mass cut on the K* (350 MeV/c2< m .+ < 650 MeV/c?):

Clear neutron peak on top of
large background. This is only
misidentification of a proton or
a pion as a K*.

p+p — p+K T+ +X

(%]

= L Signal=3976 | Cut on the gray shaded area

S e to extract A(1405) and apply
o = 13.0 MeV/c> kinematic refit.

| | x10°
0 0.5 1 1.5

MM(p,K*,mt*, ") [MeV/c?]
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> and X T
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pD+p — A(1405)/>(1385)+p+ K* ‘

L, z+/— n TC_/+
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> and X

A
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s*and 5 s

P+p—> A(1520)+p+K* ‘
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s*and 5 s

P+p—> A(1520)+p+K* ‘
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s*and 5 .
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T A(1405) in X" and X" channel ufﬁ.

>* channel

S ¥ channel =,
AM/A N \O/'L
| | Ork 150 T T p
p+p—p+K +X InP,- p+pep+K++M)
100 * data ress * data "@ss
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0 E , el x10° 0 s ., [X10°
1.3 1.4 1.5 1.6 1.3 1.4 1.5 1.6
MM(p,K*) [MeV/c?] MM(p,K*) [MeV/c?]

Besides the fit to the 2* and 2" resonances, also the mass range above the
vertical dashed line is simultaneously fitted with the different contributions.
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Summary -

Reconstruction of the A(1405) in the neutral decay channel was shown.

* The intermediate A(1116) can be reconstructed and improves the K* purity remarkably
* The contribution of the background can be extracted from multi parameter fit
* The FW hodoscope increases our acceptance for the investigation of

the A(1405) decaying into 2°m°

Reconstruction of the A(1405) in the charged decay channels was shown.

* The kinematic refit is essential for an optimized background suppression.

* The total background below the A(1405) is well understood.

* The subtraction of the different background sources requires more systematic studies
and careful investigations.
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Outlook HADES

Improve the quality of the multi parameter fit

The final aim is to compare the A(1405) line shapes of all
three decay channels to compare with various theories

Search for Kaonic Bound states in the HADES data

Search for the A(1405) in pion induced reactions =
planned with HADES
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=4 3(1385) candidate in comparison  mzoEs

-
S

(1385 in WALL Reconstructed 2(1385)° max. 350 counts.
S IHADES | \Wjth a first estimation this results to
538 600 produced £(1385)°

100

counts

—>2(1385)° decay ino Z*rt /Zt* with
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* Eff and acc 1.035*103 %
there are expected max. 17 / 33
counts in the A(1405) spectrum

| |
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5(1385)* —

| /"k\ p+pn+K+

'Qly/}h//?
L .
300 + $(1385) = A + 1N AN+ B
+ + L P+
+ ¢ data
+ === A non. res.
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c |L sum .-
o e I
S ++ + I p+po>A+n+K +x* :
h __________
1001~ ++++ t - and due to:
++Y+ I_T+t¢++f+ s
. | | et |03 misidentification of p or n* as K*
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M(A, ) [MeV/c?]

Subtract gray histogram in order to obtain a pure X(1385)* .
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pure £(1385)*
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HADIES
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AN
S13851 o5 A +2 % 72(136_35)+ Is a P4 State, there_fo_re_ it sho_uld b(_e
described by a p-wave relativistic Breit —Wigner
_ = p- wave fit — function:
M, =1383.7 £1.1 MeV/c*
T, =38.5+2.8 MeV/c’ 2 PR
L 1.6 data +error = A[ d j MOEO
B i G) (M2=M2f +M2I?
|\/| 21+1
with r:ro( Oj[ij =1
++ M qO
.w#ﬂ .................... +.+ }i #**#*;#*”*f”*"‘ 3
X10
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Comparison to other spectra HATES

>(1385)* not corrected for efficiency and acceptance.

Lrg

300 | w’/;b%\
| _ HADEN? ¥(1385)* of HADES (with a total
@ e Baubillier 84 yield of = 1500 entries) fits quite well
2001~ || —~Borenstein74  —|  into other spectra, which were used
L # to determine the nominal quantities
L of this resonance.

counts

100

7.4 1.5 1.6
M(A, ) [MeV/c?]

PDG Entries
- M. Baubillier et al., Z. Phy. C23 213 (1984)
- S.R. Borenstein et al., Phys. Rev. D 9 3006 (1974)
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Sideband Analysis
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w The analysis of the A(1405) pan

HADES + FW DATA

after A cut
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multi parameter fit HADES
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multi parameter fit HADES
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multi parameter fit HADES
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Missing Neutron HADES
x10° . e
4l Q(@\\ ]
The misidentification background can be
% modeled with a sophisticated sideband
s 1 analysis on the K*- mass
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Missing Neutron HADES

The misidentification background can be
%, modeled with a sophisticated sideband
C .
= analysis on the K*- mass
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Missing Neutron HADES

The misidentification background can be
%, modeled with a sophisticated sideband
C .
= analysis on the K*- mass
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. + _
A(1405) in X" and ¥ channel HADES
+ -
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Lray, oY,
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Besides the fit to the 2* and 2" resonances, also the mass range above the
vertical dashed line is simultaneously fitted with the different contributions.
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~&dil  Different decay channels of the A(1405) ﬁg

vy +p — A(1405) + K* : Final states:
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BN | 1
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v . .
—0 — A(1405) Different cross sections:
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Hadron identification with HADES HADES
Energy loss Time-of-flight
dE/dx and p are measured AT and p are measured

10

10?

TOFINO dE/dx

0E - = = '
0 ) 0.4 0.6 0.8 1 . 1 500 1000 1500 2000 2500

polarity * momentum [MeV/c] Momentum MeV/c

NO start detector in pp
‘2‘ -
dE_ 4m  n2 ( ¢ ) . [ln( 2mec " ) — 32| Time -of — flight reconstruction

dr  m.® 5 \dme 1-(1- )
B=v/c Identify p and mt via energy loss in MDC
I mean excitation potential of the target > assign mass
x distance travelled by the particle recalculate average start time of event

n electron density of the target
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