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• 2014 beam time 

 

• Absolute momentum 
calibration 
 

Outline 
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2014 beam time 
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Coincident measurement of Spek A & Kaos 
and Spek C & Kaos 
 
• Target 
• Beam energy 
• Beam current 
 

• Spectrometers 
• Kaos angle 
• Spek A angle 
• Spek C angle 

: 9Be, 22 (44) mg/cm2 

: 1.508 GeV 
: 20 - 50 μA 
 

: Kaos with A || C 
: 0° 
: 93.5° 
: 126° 

Decay-pion spectroscopy of Λ-hypernuclei 
in 2014 

Kaos 

A 
C 

π - 

π - 
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• Region of interest is larger than 
spectrometer acceptance 
 

• 4H lying on the upper end was only 
covered by Spek C 

 

 Momentum range is set for both 
spectrometers to cover 4H 

Decay pion momentum [MeV/c] 

Λ 

Λ 

A / C Momentum Acceptance 

Spek A 

Spek C 
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Pion Background 

• Most background from decay of 
coincident quasi-free Λ and Σ- 

 

• Quasi-free hyperons easily escape 
the target 
 

• A collimator can block pions from 
the region behind the target 

preliminary 
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Pion Background 

• Most background from decay of 
coincident quasi-free Λ and Σ- 

 

• Quasi-free hyperons easily escape 
the target 
 

• A collimator can block pions from 
the region behind the target 
 

 According to simulation this can 
reduce the background by more 
than a factor of 2 
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Absorber at Target 

• 2 Tungsten absorber 
 

• Remote controllable 
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Decay-Pion Momentum Straggling 

• Pions scatter and lose energy 
statistically when passing trough 
material 
 

• Replaced all kapton windows with 
direct bellows connections to the 
spectrometer 

 
 This reduces material budget, 

mean energy loss and momentum 
straggling by a factor of 2 
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Further Improvements 
Spectrometer magnetic fields 
 

• Field stabilization of Spek C could 
go out of control range 
 

 Automatic NMR measurements 
every 5 minutes for all 
spectrometers 

Kaos Cherenkov detectors 
 

• Cherenkov detector close to the 
dipol magnet suffered from fringe 
field 
 

 Bucking coils compensating the 
fringe field 
 

• No Cherenkov TDC information,  
ADC problematic 

 
 New ADC and TDC 
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Beam Time Overview 
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Collected Data 

4.8 the statistics of 2012 
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Coincidence Time Spectra 

2012 experiment 2012 experiment 

2014 experiment 2014 experiment 

Spek A: 7.2 times higher signal Spek C: 5.5 times higher signal 
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Absolut momentum 
calibration A / C 



Prague     September 10, 2014 Florian Schulz 

Decay-Pion Spectroscopy of Λ-Hypernuclei at MAMI 2014 

preliminary 

Systematic Error Evaluation 

calibration errors:  
 uncertainty on beam energy 

(dominant) 
 uncertainty on beam position 
 uncertainty on spectrometer angle  
 uncertainty on energy loss 

stability error: 
 magnetic field stability (sub-

dominant) 
 

scale error: 
 momentum acceptance linearity 
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For calibration it is desirable to probe the spectrometer in 
experimental condition with particles of known energy (momentum) 
 
 Elastic electron scattering, expected energy of the scattered 

electron: 
 
 
 
 
 
 
 
 
 
 
 
 

E: electron energy (MAMI measurement) 
 
M: mass of target nuclei (181Ta) 
 
θ: angle of scattered electron 

Elastic Scattering 



Prague     September 10, 2014 Florian Schulz 

Decay-Pion Spectroscopy of Λ-Hypernuclei at MAMI 2014 

Spek A 
pc=194.996 

Spek C 
pc=194.994 

DifferenceA to 
elastic peakcalc 

DifferenceC to 
elastic peakcalc 

Target: 181Tantalum 
Beam energy: 195.17 MeV ± 160 keV 
Spectrometer angle: 52° 

FWHM    
~120 keV/c 

FWHM     
~140 keV/c 

January 2014 calibration 
beam time 
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Correction for Spek A 
   p0

corr = p0 + 0.00080 * p0 = 1.00080 * p0 

 

Correction for Spek C 
   p0

corr = p0 – 0.00125 * p0 = 0.99875 * p0 

Target: 181Tantalum 
Beam energy: 195.17 MeV ± 160 keV 
Spectrometer angle: 52° 

Spek A & C 
momentum 

Spek A & C 
Diffcalc 

160 keV 
syst. error 
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Thank you for your attention 
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