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IntroductionIntroduction

�The purpose of this study is to determine the gas composition for the SuperB DCH.

� We will bench mark Garfield performance against tests done at VUic (UVic set-up 
was shown at last SuperB meeting).

� Test measurements will be used to validate:
- garfield / heed / magboltz gas properties: drift, diffusion, gain. 
- garfield / heed / magboltz cluster simulation.
- garfield / heed / magboltz simulation of cluster counting in DCH sector.

� We are trying to optimize PID using dE/dx and dN/dx.

� Our timeline is to complete (enough) studies this summer to include in our proposal 
for prototype funds to be submitted this fall.
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ProcedureProcedure

The proper gas mixture is very important component  to the detector design.

� Nominally the “optimal gas” should have a minimized Lorentz angle (the angle 
between the drift vector and the electric field) which will  allow to minimize drift      
path curvature and dE/dx calibration problems. 

� We need to maximize drift velocity to have straighter path and less dead time. As 
the Lorentz angle depends on the velocity, the faster the drift, the larger the        
Lorentz angle. 

� We need to maximize energy loss per distance traveled (dE/dx) for a stronger 
pulse and thus greater resolution.

These parameters can be tuned through Garfield simulations to obtain an optimum 
trade-off between conflicting requirements.

In order to optimize the choice of the gas mixture, we have selected some gas 
mixtures and studied their properties.
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Gas Mixtures Gas Mixtures 

In this study as a gas components we used He, C4H10 and CF4

60 / 10 / 30

60 / 20 / 20

60 / 30 / 10

80 / 10 / 10

80 / 15 /  5

80 /  2 / 1870 / 30

80 /  5 / 1580 / 2075 / 25

85 /  2 / 1385 / 1580 / 20

90 /  2 /  890 / 1085 / 15

94 /  2 /  4   95 /  5 90 / 10

He / C4H10 / CF4, %He / CF4, %He / C4H10, %

He / C4H10 (80/20) gas mixture was used for BaBar DCH.
Also we studied CF4 gas component.

Advantages:
� Fast drift velocity
� Small diffusion
� Non-flammable

Gas Temperature and pressure were established 
at the level of 300oK and 1 atm, respectively.
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This  study was performed using the GarfieldGarfield, , MagboltzMagboltz and Heed Heed simulation 
programs for dynamic calculation of gas properties.

We have used the newest Garfield 9 with Magboltz 7.

The gas properties simulation included Drift Velocity, Lorentz Angle, Longitudinal and 
Transverse Diffusion as a functions of electric field. 

Energy loss and Cluster statistics study were performed for pions in energy region 
from 0.2 to 5 GeV. 

Software ToolsSoftware Tools
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Drift Velocity Drift Velocity vsvs E E 

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / CF4

He / C4H10 /CF4 He / C4H10 /CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%
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Drift Velocity @ E=2000 V/cmDrift Velocity @ E=2000 V/cm

6.4660 / 20 / 20

5.3760 / 30 / 10

7.3960 / 10 / 30

5.0780 / 10 / 10

4.2380 / 15 /  5

5.8380 /  5 / 15

He/C4H10/CF4

6.2380 /  2 / 18

5.4185 /  2 / 13

4.2290 /  2 /  8

2.9794 /  2 /  4

He/C4H10/CF4

6.4980 / 20

5.7285 / 15

4.6090 / 10

2.9995 / 5

He / CF4

3.7370 / 30

3.5575 / 25

3.3080 / 20

3.0285 / 15

2.6490 / 10

He / C4H10

Dr. Velocity,
cm/ µµµµsec

Composition
%

Gas Mixture

He / C4H10 He/ CF4 He / C4H10 / CF4
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Lorentz Angle Lorentz Angle vsvs E (E (angle(E,Bangle(E,B) = 90 degree).) = 90 degree).

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / CF4

He / C4H10 /CF4 He / C4H10 /CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%
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Lorentz Angle @ E=2000 V/cmLorentz Angle @ E=2000 V/cm

29.7360 / 20 / 20

25.8060 / 30 / 10

33.5160 / 10 / 30

25.5380 / 10 / 10

22.0580 / 15 /  5

28.5680 /  5 / 15

He/C4H10/CF4

30.0980 /  2 / 18

27.2485 /  2 / 13

22.7890 /  2 /  8

16.6994 /  2 /  4

He/C4H10/CF4

31.2280 / 20

28.6285 / 15

24.5290 / 10

17.0095 / 5

He / CF4

19.3270 / 30

18.7075 / 25

17.4580 / 20

15.7185 / 15

13.4690 / 10

He / C4H10

Lorentz 
Angle, deg.

Composition
%

Gas Mixture

He / C4H10 He/ CF4 He / C4H10 / CF4
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Longitudinal Diffusion Longitudinal Diffusion vsvs EE

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / CF4

He / C4H10 /CF4 He / C4H10 /CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%
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Transverse Diffusion Transverse Diffusion vsvs EE

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / CF4

He / C4H10 /CF4 He / C4H10 /CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%
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Longitudinal & Transverse Diffusion @ 2000 V/cmLongitudinal & Transverse Diffusion @ 2000 V/cm

80.41

92.57

78.03

87.40

103.51

86.08

81.16

88.05

97.72

140.85

83.21

83.78

95.75

132.02

116.65

113.77

130.75

140.14

163.58

Long. Diff.
µµµµm/cm1/2

111.5560 / 20 / 20

124.6860 / 30 / 10

104.2760 / 10 / 30

164.0380 / 10 / 10

171.9780 / 15 /  5

134.3080 /  5 / 15

He/C4H10/CF4

129.6680 /  2 / 18

150.2085 /  2 / 13

208.6990 /  2 /  8

275.3494 /  2 /  4

He/C4H10/CF4

120.7580 / 20

152.3885 / 15

186.2490 / 10

280.2195 / 5

He / CF4

182.2670 / 30

198.8275 / 25

211.7680 / 20

219.8385 / 15

274.8990 / 10

He / C4H10

Trans.Diff.
µµµµm/cm1/2

Composition
%

Gas Mixture

He / C4H10 He/ CF4 He / C4H10 / CF4
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Energy Loss Distributions  (He / CEnergy Loss Distributions  (He / C44HH1010,, 80% / 20%) 80% / 20%) 

0.2 GeV Pions 0.4 GeV Pions 1.0 GeV Pions

Energy Loss, keV Energy Loss, keV Energy Loss, keV
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Energy Loss Energy Loss vsvs Particle (Particle (ππππππππ) Energy) Energy

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / CF4

He / C4H10 /CF4 He / C4H10 /CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%
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Energy Loss for Minimum Ionizing Energy Loss for Minimum Ionizing ππππππππ

2353.6360 / 20 / 20

2400.8560 / 30 / 10

2413.1860 / 10 / 30

1205.4080 / 10 / 10

1183.3480 / 15 /  5

1224.4980 /  5 / 15

He/C4H10/CF4

1262.6980 /  2 / 18

938.6785 /  2 / 13

691.5690 /  2 /  8

475.0794 /  2 /  4

He/C4H10/CF4

1296.9680 / 20

991.3585 / 15

719.9190 / 10

431.2095 / 5

He / CF4

1695.1070 / 30

1488.6075 / 25

1140.7080 / 20

959.5985 / 15

733.1990 / 10

He / C4H10

Energy loss
eV

Composition
%

Gas Mixture

He / C4H10 He/ CF4 He / C4H10 / CF4
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N Cluster Distributions  (He / CN Cluster Distributions  (He / C44HH1010,, 90% / 10%) 90% / 10%) 

0.2 GeV Pions 0.4 GeV Pions 1.0 GeV Pions

Number of Clusters Number of Clusters Number of Clusters
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Mean  Number of Clusters & RMS Mean  Number of Clusters & RMS vsvs Particle (Particle (ππππππππ) Energy) Energy

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

90%/10%
85%/15%
80%/20%
75%/25%
70%/30%

He / C4H10 He / C4H10

He / CF4 He / CF4

95%/ 5%
90%/10%
85%/15%
80%/20%

95%/ 5%
90%/10%
85%/15%
80%/20%
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He / C4H10 /CF4 He / C4H10 /CF4

He / C4H10 /CF4 He / C4H10 /CF4

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

94%/2%/ 4%
90%/2%/ 8%
85%/2%/13%
80%/2%/18%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%

80%/5%/15%
80%/15%/5%

80%/10%/10%
60%/10%/30%
60%/30%/10%
60%/20%/20%

Mean  Number of Clusters & RMS Mean  Number of Clusters & RMS vsvs Particle (Particle (ππππππππ) Energy) Energy
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66.5660 / 20 / 20

74.2260 / 30 / 10

59.6560 / 10 / 30

37.1780 / 10 / 10

40.6680 / 15 /  5

33.7680 /  5 / 15

He/C4H10/CF4

31.4380 /  2 / 18

25.7885 /  2 / 13

20.1190 /  2 /  8

15.9494 /  2 /  4

He/C4H10/CF4

30.2780 / 20

24.7585 / 15

19.0590 / 10

13.3695 / 5

He / CF4

62.9470 / 30

53.2475 / 25

44.6080 / 20

36.2485 / 15

26.4490 / 10

He / C4H10

N Clust /
1 cm

Composition
%

Gas Mixture

He / C4H10 He/ CF4 He / C4H10 / CF4

Mean  Number of Clusters for Minimum Ionizing Mean  Number of Clusters for Minimum Ionizing ππππππππ
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Summary TableSummary Table

66.56

74.22

59.65

37.17

40.66

33.76

31.43

25.78

20.11

15.94

30.27

24.75

19.05

13.36

62.94

53.24

44.6044.60

36.24

26.44

N Clust /
1 cm

2353.63

2400.85

2413.18

1205.40

1183.34

1224.49

1262.69

938.67

691.56

475.07

1296.96

991.35

719.91

431.20

1695.10

1488.60

1140.701140.70

959.59

733.19

Energy loss
eV

6.46

5.37

7.39

5.07

4.23

5.83

6.23

5.41

4.22

2.97

6.49

5.72

4.60

2.99

3.73

3.55

3.303.30

3.02

2.64

Dr. Velocity,
cm/ µµµµsec

80.41

92.57

78.03

87.40

103.51

86.08

81.16

88.05

97.72

140.85

83.21

83.78

95.75

132.02

116.65

113.77

130.75130.75

140.14

163.58

Long. Diff.
µµµµm/cm1/2

111.55

124.68

104.27

164.03

171.97

134.30

129.66

150.20

208.69

275.34

120.75

152.38

186.24

280.21

182.26

198.82

211.76211.76

219.83

274.89

Trans.Diff.
µµµµm/cm1/2

29.73

25.80

33.51

25.53

22.05

28.56

30.09

27.24

22.78

16.69

31.22

28.62

24.52

17.00

19.32

18.70

17.4517.45

15.71

13.46

Lorentz 
Angle, deg.

60 / 20 / 20

60 / 30 / 10

60 / 10 / 30

80 / 10 / 10

80 / 15 /  5

80 /  5 / 15

He/C4H10/CF4

80 /  2 / 18

85 /  2 / 13

90 /  2 /  8

94 /  2 /  4

He/C4H10/CF4

80 / 20

85 / 15

90 / 10

95 / 5

He / CF4

70 / 30

75 / 25

80 / 2080 / 20

85 / 15

90 / 10

He / C4H10

Composit.
%

Gas Mixture
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CELL STRUCTURECELL STRUCTURE

Currently we are using the honeycomb (“infinite”, with periodicity), each sense 
wire (potential ~2000V ) is surrounded by 6 wires, which are also part of the 
neighbouring cell . 
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Specifies the kind of particle and the place where it traverses the chamber. 

In this analysis we are using 500 MeV ππππ traversing cells:
(X=-1cm,Y=0cm; X=1cm, Y=0cm)

TRACKTRACK

SIGNALSIGNAL

The probability distribution used for the avalanche multiplication factor: 
POLYA-FIXED.

The Polya distribution is a gamma distribution that matches reasonably well the 
fluctuations in a cylindrically symmetric amplication region.

The current induced by avalanche ions, computed signal according to a simplified 
model (GARFIELD Option: “ion-tail”).  
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44.60

N Clust /
1 cm

1140.70

Energy loss
eV

3.30

Dr. Velocity,
cm/ µµµµsec

130.75

Long. Diff.
µµµµm/cm1/2

211.76

Trans.Diff.
µµµµm/cm1/2

17.45

Lorentz 
Angle, deg.

80 / 20He/C4H10

Composit.
%

Gas Mixture

““BasicBasic”” Gas Mixture (He/CGas Mixture (He/C44HH10 10 (80%/20%) )(80%/20%) )

Drift Time ~ 0.16 Drift Time ~ 0.16 µµµµµµµµsecsec
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““BasicBasic”” Gas MixtureGas Mixture
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62.941695.10182.26116.6519.323.7370 / 30

He/C4H10

+41%

44.60

N Clust /
1 cm

+49%

1140.70

Energy loss
eV

+13%

3.30

Dr. Velocity,
cm/ µµµµsec

-11%

130.75

Long. Diff.
µµµµm/cm1/2

-14%

211.76

Trans.Diff.
µµµµm/cm1/2

+11%

17.45

Lorentz 
Angle, deg.

80 / 20

Difference

Composit.
%

Gas Mixture

Comparison 1: He/CComparison 1: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CHe/C44HH10 10 (70%/30%) (70%/30%) 

Drift Time ~ 0.15 Drift Time ~ 0.15 µµµµµµµµsecsec

He/CHe/C44HH10 10 (80%/20%)(80%/20%) He/CHe/C44HH10 10 (70%/30%)(70%/30%)

Drift time decreased by ~6% 
N Clusters increased by ~40% 
Looks like that ππππ/K separation power for 
P > 1 GeV region increased too. 
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Comparison 1: He/CComparison 1: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CHe/C44HH10 10 (70%/30%) (70%/30%) 
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80 / 20 30.271296.96120.7583.2131.226.49He/CF4

-32%+14%-43%-36%+79%+97%Difference

44.60

N Clust /
1 cm

1140.70

Energy loss
eV

3.30

Dr. Velocity,
cm/ µµµµsec

130.75

Long. Diff.
µµµµm/cm1/2

211.76

Trans.Diff.
µµµµm/cm1/2

17.45

Lorentz 
Angle, deg.

80 / 20He/C4H10

Composit.
%

Gas Mixture

Comparison 2: He/CComparison 2: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CFHe/CF4 4 (80%/20%) (80%/20%) 

Drift Time ~ 0.11 Drift Time ~ 0.11 µµµµµµµµsecsec

He/CHe/C44HH10 10 (80%/20%)(80%/20%) He/CFHe/CF44(80%/20%)(80%/20%)

Drift time decreased by ~31% 
Lorentz Angle Increased from 18 to 31 degree. 
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Comparison 2: He/CComparison 2: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CFHe/CF4 4 (80%/20%) (80%/20%) 
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80 / 10 / 10 37.171205.40164.0387.4025.535.07He/C4H10/CF4

-17%+6%-23%-33%+46%+54%Difference

44.60

N Clust /
1 cm

1140.70

Energy loss
eV

3.30

Dr. Velocity,
cm/ µµµµsec

130.75

Long. Diff.
µµµµm/cm1/2

211.76

Trans.Diff.
µµµµm/cm1/2

17.45

Lorentz 
Angle, deg.

80 / 20He/C4H10

Composit.
%

Gas Mixture

Comparison 3: He/CComparison 3: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CHe/C44HH1010/CF/CF4 4 (80%/10%/10%) (80%/10%/10%) 

Drift Time ~ 0.13 Drift Time ~ 0.13 µµµµµµµµsecsec

He/CHe/C44HH10 10 (80%/20%)(80%/20%) He/CHe/C44HH1010/CF/CF44 (80%/10%/10%)(80%/10%/10%)

Drift time decreased by ~19% 
Lorentz Angle Increased by from 18 to 26 degree.  
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Comparison 3: He/CComparison 3: He/C44HH10 10 (80%/20%)  (80%/20%)  vsvs He/CHe/C44HH1010/CF/CF4 4 (80%/10%/10%) (80%/10%/10%) 
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ConclusionConclusion

� The Garfield simulation study of 19 different gas compositions was performed.

� The simulation results fit with the expected properties of the selected gas 
compositions.

� Obtained results indicate possible advantage in using of gas mixtures with CF4 gas.

� We plan to continue study of the Garfield simulation to determine the gas 
composition that will  yield optimal performance for the SuperB DCH.


