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Introduction

 GARFIELD
 A computer program for the detailed simulation of two-

and three-dimensional drift chambers.

 Garfield input is subdivided in sections:
 CELL
 FIELD
 MAGNETIC
 GAS
 OPTIMISE
 DRIFT
 SIGNAL



Cell section

 Detector geometry

 Tube
 Radius 0.5 cm

 Voltage 0 V

 Wire
 Radius 0.001 cm

 Voltage up to 2000 V

 Position (0,0,0)

-0.55 <x< 0.55
-0.55 <y< 0.55
- 70 <z< 70

0 <V< 2000

D=1 cm

d=20 μm



Field and magnetic section

 Area 

 Components Bx, By, Bz

600 <E< 320000 V/cm



Gas section

 Make a gas file with MAGBOLTZ
 90% Ar, 10% CO2

 Temperature 300 K

 Pressure 2 atm

 Importance of different parameters:
 Electric-field-range

 The number of points with N-E 

 The number of collisions in MONTE-CARLO 
integration



Gas file

 Plot-Gas
 Drift velocity 

 Lorentz angel 

 Longitudinal diffusion

 Transverse diffusion

 Townsend coefficient 

 Attachment coefficient

 Excitation rates

 Ionization rates



Plot-gas



Plot-gas



Drift section

 x-t relation

Bx=By=Bz=0 Bx=By=0

Bz=2 T



Drift path

 Plot drift path

 Avalanche 
measurement for gas 
gain determination
 Different Penning rates

 Electric field range

 Steps N-E



Optimise section

 Setting the Penning 
transfer rates
 Definition: the 

transformation of excitation 
energy to ionization

 By choosing one or more 
excited states and the 
fraction of excited 
molecules that will ionize 
another molecule

Gas gain vs. anode voltage for different Penning rates
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Gas gain

Gain vs. anode voltage
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Signal section

 Output signal of straw 

tube
 Fe-55 X-ray, Energy of 

5.89 keV

 The Transfer Function 
enables us to determine 
the output response to any 
change in an input
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Following works

 Adding noise

 Pulse shaping (various transfer functions)

 Setting the threshold

 Simulation of the central tracker in order to set 
track parameters (requested to the PANDA simulation group)

 Simulation of signals with GARFIELD

 Investigation of TOT (Time-Over-Threshold)

 Identification of particles by TOT technique
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Introduction

		GARFIELD



A computer program for the detailed simulation of two- and three-dimensional drift chambers.

		Garfield input is subdivided in sections:



CELL 

FIELD

MAGNETIC

GAS

OPTIMISE

DRIFT

SIGNAL







Cell section

		Detector geometry

		Tube



Radius 0.5 cm

Voltage 0 V

		Wire



Radius 0.001 cm

Voltage up to 2000 V

Position (0,0,0)

-0.55 <x< 0.55

-0.55 <y< 0.55

  - 70 <z< 70

      0 <V< 2000

D=1 cm

d=20 μm







Field and magnetic section

		Area 

		Components Bx, By, Bz



600 <E< 320000 V/cm







Gas section 

		Make a gas file with MAGBOLTZ



90% Ar, 10% CO2

Temperature 300 K

Pressure 2 atm

		Importance of different parameters:



Electric-field-range

The number of points with N-E 

The number of collisions in MONTE-CARLO integration 







Gas file

		Plot-Gas



Drift velocity 

Lorentz angel 

Longitudinal diffusion

Transverse diffusion

Townsend coefficient 

Attachment coefficient

Excitation rates

Ionization rates 







Plot-gas







Plot-gas















Drift section

		x-t relation



Bx=By=Bz=0

Bx=By=0

Bz=2 T







Drift path

		Plot drift path

		Avalanche measurement for gas gain determination



Different Penning rates

Electric field range

Steps N-E













Optimise section

		Setting the Penning transfer rates



Definition: the transformation of excitation energy to ionization

By choosing one or more excited states and the fraction of excited molecules that will ionize another molecule
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Gain changes with E-range setting
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Gain changes with no. of steps in E-range





			





&C&A


&CPage &P





			





&C&A


&CPage &P







Chart1


			10


			15


			20


			30


			35


			40


			50


			60


			70


			100





N-E


Gain


Gain changes with no. of steps in E-range


216163


40826


30340


28058


27131


26999


27429


27864


27310


27421





Sheet1


			voltage			Gain-pen0			Gain-pen10			Gain-pen20			Gain-pen30			Gain-pen40			Gain-pen50			Gain-pen60			Gain-pen70			Gain-pen75			Gain-pen80			experimental			Mc-pen50			Mc-pen75			Mc-pen80			Mc-pen85


			1000			18.0294			20.1846			22.5976			25.2992			28.3239			31.7103			35.5017			39.7462			42.0554			49.8194						26.665			37.495			37.28			42.639


			1100			33.0375			37.676			42.9666			49			55.8808			63.7281			72.6777			82.8844			88.5133			107.8						58.041			80.527			91.476			98.824


			1200			62.7693			72.948			84.7782			98.5276			114.508			133.08			154.665			179.752			193.783			242.796						123.47			178.542			196.25			209.5


			1300			123.218			145.979			172.946			204.898			242.754			287.606			340.746			403.707			439.423			566.682						264.114			386.141			442.783			494.49


			1400			248.943			300.726			363.286			438.865			530.173			640.481			773.751			934.747			1027.4			1364.22			1465			618.972			908.805			1041.33			1072.46


			1500			516.187			635.928			783.517			965.296			1189.26			1465.19			1805.16			2224.05			2468.63			3375.94			3189			1285.23			2333.39			2399.59			2792.86


			1600			1096.4			1377.66			1731.09			2175.21			2733.3			3434.61			4315.87			5423.28			6079.38			8563.54			7586			3132.65			5499.94			6212.68			7234.26


			1700			2379.35			3049.47			3908.36			5009.21			6420.19			8228.67			10546.6			13517.6			15303.5			22206			18533			7873.2			13432			16821.6			17018.4


			1800			5266.62			6884.77			9000.2			11765.8			15381.2			20108			26287			34365.4			39292.6			58733			44824			17815.5			36941			40844			46086


			1900			11871.5			15828.3			21104.3			28139.3			37520			50028			66706			88944			102706			158136			98268			47398			92919			104908			129157


			2000			27194.5			36978.5			50283			68376			92980			126438			171937			233811			272654			432375			193088			111731			250812			282349			330040


			experimental


			1350			1034


			1400			1465


			1450			2069


			1500			3189


			1550			4913


			1600			7586


			1650			11637


			1700			18533


			1750			29049


			1800			44824


			1850			67236


			1900			98268


			1950			137920


			2000			193088


			2050			287908


			2100			493064


			range			gain


			100-100000 (default)			5.00E+05


			100-200000			60530


			600-350000			28200


			100-350000			30340


			n-e


			10			216163


			15			40826


			20			30340


			30			28058


			35			27131


			40			26999


			50			27429


			60			27864


			70			27310


			100			27421





&C&A


&CPage &P





Sheet1


			





Penning 0%


Penning 10%


Penning 20%


Penning 30%


Penning 40%


Penning 50%


Penning 60%


Penning 70%


Penning 80%


Anode voltage (V/cm)


Gas gain


Gas gain vs. anode voltage for different Penning rates





Sheet2


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


						0			0			0


						0			0			0


						0			0			0


						0			0			0





Experimental


Penning 0%


Penning 75%


Penning 85%


Anode voltage (V/cm)


Gain


Gain vs. anode voltage


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





Sheet3


			





E-range (V/cm)


Gain


Gain changes with E-range setting





			





N-E


Gain


Gain changes with no. of steps in E-range





			





&C&A


&CPage &P





			





&C&A


&CPage &P







Chart13


			100-100000 (default)


			100-200000


			600-350000


			100-350000





1: 100-100000 (default)
2: 100-200000
3: 600-350000
4: 100-350000


E-range (V/cm)


Gain


Gain changes with E-range setting


500000


60530


28200


30340





Sheet1


			voltage			Gain-pen0			Gain-pen10			Gain-pen20			Gain-pen30			Gain-pen40			Gain-pen50			Gain-pen60			Gain-pen70			Gain-pen75			Gain-pen80			experimental			Mc-pen50			Mc-pen75			Mc-pen80			Mc-pen85


			1000			18.0294			20.1846			22.5976			25.2992			28.3239			31.7103			35.5017			39.7462			42.0554			49.8194						26.665			37.495			37.28			42.639


			1100			33.0375			37.676			42.9666			49			55.8808			63.7281			72.6777			82.8844			88.5133			107.8						58.041			80.527			91.476			98.824


			1200			62.7693			72.948			84.7782			98.5276			114.508			133.08			154.665			179.752			193.783			242.796						123.47			178.542			196.25			209.5


			1300			123.218			145.979			172.946			204.898			242.754			287.606			340.746			403.707			439.423			566.682						264.114			386.141			442.783			494.49


			1400			248.943			300.726			363.286			438.865			530.173			640.481			773.751			934.747			1027.4			1364.22			1465			618.972			908.805			1041.33			1072.46


			1500			516.187			635.928			783.517			965.296			1189.26			1465.19			1805.16			2224.05			2468.63			3375.94			3189			1285.23			2333.39			2399.59			2792.86


			1600			1096.4			1377.66			1731.09			2175.21			2733.3			3434.61			4315.87			5423.28			6079.38			8563.54			7586			3132.65			5499.94			6212.68			7234.26


			1700			2379.35			3049.47			3908.36			5009.21			6420.19			8228.67			10546.6			13517.6			15303.5			22206			18533			7873.2			13432			16821.6			17018.4


			1800			5266.62			6884.77			9000.2			11765.8			15381.2			20108			26287			34365.4			39292.6			58733			44824			17815.5			36941			40844			46086


			1900			11871.5			15828.3			21104.3			28139.3			37520			50028			66706			88944			102706			158136			98268			47398			92919			104908			129157


			2000			27194.5			36978.5			50283			68376			92980			126438			171937			233811			272654			432375			193088			111731			250812			282349			330040


			experimental


			1350			1034


			1400			1465


			1450			2069


			1500			3189


			1550			4913


			1600			7586


			1650			11637


			1700			18533


			1750			29049


			1800			44824


			1850			67236


			1900			98268


			1950			137920


			2000			193088


			2050			287908


			2100			493064


			range			gain


			100-100000 (default)			5.00E+05


			100-200000			60530


			600-350000			28200


			100-350000			30340


			n-e


			10			216163


			15			40826


			20			30340


			30			28058


			35			27131


			40			26999


			50			27429


			60			27864


			70			27310


			100			27421





&C&A


&CPage &P





Sheet1


			





Penning 0%


Penning 10%


Penning 20%


Penning 30%


Penning 40%


Penning 50%


Penning 60%


Penning 70%


Penning 80%


Anode voltage (V/cm)


Gas gain


Gas gain vs. anode voltage for different Penning rates





Sheet2


			





Experimental


Penning 0%


Penning 75%


Penning 85%


Anode voltage (V/cm)


Gain


Gain vs. anode voltage





Sheet3


			





1: 100-100000 (default)
2: 100-200000
3: 600-350000
4: 100-350000


E-range (V/cm)


Gain


Gain changes with E-range setting





			





N-E


Gain


Gain changes with no. of steps in E-range





			





&C&A


&CPage &P





			





&C&A


&CPage &P









Signal section

		Output signal of straw tube 



Fe-55 X-ray, Energy of 5.89 keV

		The Transfer Function enables us to determine the output response to any change in an input











C1=15 pF



C2=100 pF



C3=75 pF







Output signal



TF

by Oscope







Following works

		Adding noise

		Pulse shaping (various transfer functions)

		Setting the threshold

		Simulation of the central tracker in order to set track parameters (requested to the PANDA simulation group)

		Simulation of signals with GARFIELD

		Investigation of TOT (Time-Over-Threshold)

		Identification of particles by TOT technique









Thank you for attention
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Gas gain vs. anode voltage for different Penning rates
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