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Kaon production by 
electromagnetic interaction

e + p → e’ + Λ+ K　

・Missing Mass
・Cross-section

[KAOS at MAMI 2009: preliminary analysis] 
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Motivation & advantage of KAOS

・be able to create Light Hypernucleus 
with cryo-target. (ex.  He)

・Decay pion spectroscopy

・Flexible beam time 

・ In 2007, MAMI (Minzer Microtron) 
has been upgraded to 1.5GeV electron 
beam energy (MAMI-C), crossing the 
energy threshold for open strangeness 
production.

・MAMI-C is suit for researching low 
momentum transfer in the threshold 
region.

4
Λ

[T. Mart and A. Sulaksono, Phys.Rev.C 74,055203 (2006).]
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KAOS@Mainz, MAMI-C

・Dipole for splitting charged 
   particles and analyzing momentum
・Hadron arm

-two MWPCs for tracking 
-TOF Walls for PID

・Electron arm
-Fiber Scintillation Detector

MAMI(Mainzer Microtron)
At the Institut für Kernphysik in Mainz

MAMI-A MAMI-B

MAMI-C

MAMI-C
max energy 1,508GeV
max current 100μA

Electron Arm

Hadron Arm

Dipole
Target
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Hadron arm - TOF walls, MWPCs

F G

Each wall consists of 
30 plastic scintillators.

TOF: F to G

FWHM 424ps

125mm

F
G

Focal Plane
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Room of improvement in Hadron arm

G Wall: 30segments

・dE/dx resolution
Because of the aging of the material, the absorption of the scintillation 
light inside the scintillator is strong.

・Apertures in F wall
Scintillators are rotated in order to make the pass length the same length,
but particles pass through the apertures.

F Wall: 30 segments
with 45° rotation

upstream

downstream
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Prototype Plastic Scintillator

Scintillator dimensions 380×60×20mm^2
Material Bicron BC-408
Fish tail length 110mm
Fish tail diameter 51mm
PMT type Hamamatsu H1949

Scintillator

Light Guide

2010年9月8日水曜日



Setup of test beam time 
(August 24 - 29, 2010)

Prototype 
Scintillator

cosθ=0.59

Beam energy 510MeV
Beam intensity 0.1-30uA
Target 12C: 45mg/cm^2
KAOS angle 37.5 deg.
magnetic field strength 0.718T
The center mom. 540MeV
HV of Proto Paddle’s PMT -1678V/-1699V

Scintillator
G wall

F G

Focal Plane
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Results
• Trigger: any F & any G & Prototype Scintillator

KAOS_TOF_Wall_F
Entries  23
Mean     19.7
RMS     3.444
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KAOS_TOF_Wall_F
Entries  23
Mean     19.7
RMS     3.444

KAOS/TOF/Wall F KAOS_TOF_Wall_G
Entries  23
Mean    19.42
RMS     2.754
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Entries  23
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KAOS/TOF/Wall G

Counts in F wall
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KAOS_Paddle_TOF_F-Pad_vs_F

Entries  4600
Mean x   19.94
Mean y   0.386
RMS x   2.805
RMS y   1.501

KAOS_Paddle_TOF_F-Pad_vs_F

Entries  4600
Mean x   19.94
Mean y   0.386
RMS x   2.805
RMS y   1.501

KAOS/Paddle/TOF F-Pad vs F
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KAOS_Paddle_TOF_G-Pad_vs_G

Entries  4600
Mean x   19.67
Mean y  0.9067
RMS x   2.096
RMS y   1.172

KAOS_Paddle_TOF_G-Pad_vs_G

Entries  4600
Mean x   19.67
Mean y  0.9067
RMS x   2.096
RMS y   1.172

KAOS/Paddle/TOF G-Pad vs G

TOF: F to Prototype TOF: G to Prototype

Segment# Segment#

Counts in G wall

Segment# Segment#

p

π

p

π

#0

#29

F G

#20

Tracking Simulation
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Results

KAOS_Paddle_G18_TOF
Entries  200
Mean   0.02424
RMS     1.115

 / ndf 2   1514 / 180
p0        11.8± 963.9 
p1        0.002± -0.443 
p2        0.002± 0.192 
p3        9.3± 361.4 
p4        0.002± 2.092 
p5        0.0024± 0.1313 

[ns]
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KAOS/Paddle/G18/TOF KAOS_Paddle_G19_TOF
Entries  200
Mean   0.3976
RMS    0.7914

 / ndf 2   3402 / 187
Prob       0
p0        20.0±  2828 
p1        0.0011± 0.1717 
p2        0.0008± 0.1848 
p3        11.7± 571.4 
p4        0.002± 2.224 
p5        0.0019± 0.1326 
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Prob       0
p0        20.0±  2828 
p1        0.0011± 0.1717 
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p5        0.0019± 0.1326 

KAOS/Paddle/G19/TOF

KAOS_Paddle_G20_TOF
Entries  200
Mean   0.9977
RMS    0.6785

 / ndf 2   2001 / 70
Prob       0
p0        24.5±  3535 
p1        0.0008± 0.8384 
p2        0.0007± 0.1567 
p3        11.2± 540.7 
p4        0.002± 2.422 
p5        0.0023± 0.1501 
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KAOS/Paddle/G20/TOF

KAOS_Paddle_G21_TOF
Entries  200
Mean    1.428
RMS    0.7008

 / ndf 2   3286 / 190
Prob       0
p0        21.2±  2573 
p1        0.001± 1.301 
p2        0.0008± 0.1561 
p3        11.2± 597.1 
p4        0.002± 2.576 
p5        0.0020± 0.1491 
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Mean    1.428
RMS    0.7008

 / ndf 2   3286 / 190
Prob       0
p0        21.2±  2573 
p1        0.001± 1.301 
p2        0.0008± 0.1561 
p3        11.2± 597.1 
p4        0.002± 2.576 
p5        0.0020± 0.1491 

KAOS/Paddle/G21/TOF

TOF:  each G segments to the Prototype Scintillator

p

π

FWHM=450ps

FWHM=307ps FWHM=401ps FWHM=309ps

FWHM=365ps FWHM=351ps FWHM=365ps
FWHM=349ps

#18 #19

#21
#20

No time-walk corrections were applied yet.
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Results
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KAOS_Paddle_pi_TOF_G-Pad_vs_G

Entries  4600
Mean x   20.12
Mean y   2.249
RMS x    3.11
RMS y  0.9468

KAOS_Paddle_pi_TOF_G-Pad_vs_G

Entries  4600
Mean x   20.12
Mean y   2.249
RMS x    3.11
RMS y  0.9468

KAOS/Paddle/pi/TOF G-Pad vs G
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KAOS_Paddle_p_TOF_G-Pad_vs_G

Entries  4600
Mean x    19.6
Mean y  0.4759
RMS x   1.182
RMS y  0.8366

KAOS_Paddle_p_TOF_G-Pad_vs_G

Entries  4600
Mean x    19.6
Mean y  0.4759
RMS x   1.182
RMS y  0.8366

KAOS/Paddle/p/TOF G-Pad vs G
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KAOS_Paddle_G18_TOF_vs_dEdx_G

Entries  30000
Mean x   9.766
Mean y  0.05507
RMS x   2.934
RMS y   1.041

KAOS_Paddle_G18_TOF_vs_dEdx_G

Entries  30000
Mean x   9.766
Mean y  0.05507
RMS x   2.934
RMS y   1.041

KAOS/Paddle/G18/TOF vs dEdx G

p

separated π and p

p cut by dE/dx
π cut by dE/dx

Segment# Segment#

dE/dx inG dE/dx in G

π
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Summary ＆ TO DO

• We successfully curried out detectors test beam for 
improving KAOS detectors. 

• The result shows good resolution of prototype scintillator and　 
complete separation of π and p.

• Plans  

• September: To order the mass production 

• December:  To construct new Scintillation wall.

• Winter: KAOS spectrometer test at zero degree with 
chicane
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END
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Back up

2010年9月8日水曜日



Test beam analysis
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 Specification of KAOS dipole
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Installation of a beam chicane for 
the zero degrees operation 

beam exit
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Hadron arm
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Trigger Rates
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Run summary
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Plans for the future

Possibility for in-beam tests of new scintillator wall elements. 
Elementary kaon electro-production measurements with the 
KAOS spectrometer at zero degree.

2010/2011 winter:

2011 spring: First decay pion spectroscopy experiment using the new scintillator wall in the 
KAOS spectrometer as kaon tagger(?)

First hypernuclear spectroscopy experiment using the KAOS 
spectrometer at zero degree and the electron arm detector for 
small angle electron tagging(?)

2011 summer:
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