Signal Response to Pions in Testbeam Measurements and Geant Simulation

Carla M. Vale Collaboration Meeting April 16, 1999

Event #37450

Run12: 1GeV pions, reconstructed

0 1 2 3 4 5 6 7 8 9 0

5000

10000

15000

20000

25000

Track Nent = 39072 Mean = 0.347588 RMS = 0.628782

Number of Entries/Track_{Track}

-10 -8 -6 -4 -2 0 2 4 6 8 10 -3

-2

-1

0

1

2

3 X-Y Nent = 41736 Mean x = -0.628891 Mean y = -0.0694652 RMS x = 3.13016 RMS y = 0.627937

X-Y hit distribution_{X-Y}

-10 -8 -6 -4 -2 0 2 4 6 8 10 0

100

200

300

400

500

600 X Nent = 41736 Mean = -0.628891 RMS = 3.13016

X hit distribution_X

Signal: 1 GeV, Planes 1 and 2

-50 0 50 100 150 200 250 300 0 20 40 60 80 100 120 140 160 180 Hits0

Nent = 2091

Mean = 95.8469

RMS = 32.8826

Chi2 / ndf = 43.2333 / 42

Width = 5.77211 +- 0.341651

MP = 77.7854 +- 0.439394

Area = 6960.69 +- 158.21

GSigma = 8.41345 +- 0.651673

Hits0^{Hits0}

-50 0 50 100 150 200 250 300 0

50

100

150

200

250

Hits1

Nent = 3237

Mean = 95.8046

RMS = 33.3364

Chi2 / ndf = 65.0536 / 42

Width = 5.31481 +- 0.259516

MP = 77.6626 +- 0.336619

Area = 10698.6 +- 195.429

GSigma = 8.39556 +- 0.480323

Hits1 Hits1

-50 0 50 100 150 200 250 300 0 20 40 60 80 100 120 140 160 180 Hits2

Nent = 2089

Mean = 96.2892

RMS = 34.089

Chi2 / ndf = 53.2861 / 42

Width = 5.46327 +- 0.297473

MP = 78.2812 +- 0.403219

Area = 6861.6 +- 156.465

GSigma = 7.11433 +- 0.490766

Hits2 Hits2^{Nent = 2089}

-50 0 50 100 150 200 250 300 0

50

100

150

200

250 Hits3

Nent = 3239

Mean = 97.6062

RMS = 34.9656

Chi2 / ndf = 52.6734 / 42

Width = 5.84644 +- 0.282048

MP = 79.1532 +- 0.354654

Area = 10638.9 +- 195.909

GSigma = 8.27978 +- 0.518794

Hits3 Hits3^{Nent = 3239}

Signal: 1 GeV, Planes 3 and 4

-50 0 50 100 150 200 250 300 0 20 40 60 80 100 120 140

Hits4

Nent = 1787

Mean = 101.44

RMS = 34.961

Chi2 / ndf = 43.632 / 41

Width = 6.21293 +- 0.376634

MP = 82.3153 +- 0.44946

Area = 5878.73 +- 146.153

GSigma = 7.65511 +- 0.74001

Hits4 Hits4

-50 0 50 100 150 200 250 300 0

50

100

150

200

250

Hits5

Nent = 3541

Mean = 101.575

RMS = 35.2324

Chi2 / ndf = 31.4789 / 42

Width = 6.7515 +- 0.287708

MP = 82.0218 +- 0.341997

Area = 11926.5 +- 209.321

GSigma = 7.4508 +- 0.508413

Hits5 Hits5

-50 0 50 100 150 200 250 300 0

20

40

60

80

100

120 Hits6

Nent = 1788

Mean = 102.548

RMS = 37.7536

Chi2 / ndf = 46.9215 / 42

Width = 6.2509 +- 0.421213

MP = 83.2387 +- 0.558314

Area = 5760.8 +- 145.145

GSigma = 9.48236 +- 0.773602

Hits6 Hits6^{Nent = 1788}

-50 0 50 100 150 200 250 300 0

50

100

150

200

250

Hits7

Nent = 3540

Mean = 102.846

RMS = 35.4117

Chi2 / ndf = 57.2174 / 42

Width = 6.1522 +- 0.287932

MP = 83.4464 +- 0.344192

Area = 11760.9 +- 207.217

GSigma = 8.44077 +- 0.554674

Hits7 Hits7^{Nent = 3540}

5

Signal Distribution, All Sensors

keV 0 50 100 150 200 250 300 350 400 450 500 0 500 1000

1500

2000

2500

3000

3500

4000

4500

HitsAll Nent = 48480 Mean = 100.787 RMS = 43.553 Chi2 / ndf = 62.4331 / 35 Width = 6.19011 +- 0.0735412 MP = 79.4198 +- 0.0880042 Area = 195727 +- 922.8 GSigma = 7.88438 +- 0.133682

HitsAll:1 GeV HitsAll_{Nent = 48480}

�

Each sensor is normalized to 300μm thickness � Planes 3 and 4 corrected for overdepletion of modules

Geant Simulation

�

16000 π tracks per energy point � Control Parameters:

� MULS=1:

Multiple scattering according to MoliŁre theory � DCAY=1:

Decay in flight with generation of secondaries � HADR=1:

Hadronic interactions with generation of secondaries � LOSS=1:

and restricted Landau fluctuations below DCUTE (=1MeV) � PAIR=1:

Pair production � BREM=1:

Bremsstrahlung � COMP=1:

Compton scattering � PHOT=1:

Photo-electric effect with generation of the electron � DRAY=1:

� ANNI=1:

Positron annihilation with generation of photons

6

Data + Geant - I

keV 0 50 100 150 200 250 300 350 400 450 500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 HitsAll:1 GeV; Data+Geant

l

Geant

Data

Data + Geant - II

keV 0 50 100 150 200 250 300 350 400 450 500 1

10

10_2

10_3

HitsAll:1 GeV; Data+Geant

7

Momentum Dependence:

Data + Geant

Momentum [GeV/c]

0 1 2 3 4 5 6 7 8

DeltaE

78

79

80

81

82

83

84

Data l

Geant

Energy Loss

� Energy loss by charged particles in matter is primarily due to ionization. � The momentum dependence of the mean energy loss for moderately relativistic particles is described by

Bethe-Bloch formula

� MIP:

minimum ionizing particles

, with momentum corresponding to the Bethe-Bloch function minimum. � In thin detectors, not all the energy lost is deposited

, remaining is carried away by energetic knock-on electrons (δ-rays) ⇒ Energy loss

Restricted Energy loss

8

Data + Bethe-Bloch - I

Momentum [GeV/c] 0 1 2 3 4 5 6 7 8

Mean

95 100 105 110 115 120 125 130 Graph

Bethe-Bloch without escaping δ-rays

Bethe-Bloch with escaping δ-rays, k^{tresh}=0.1,0.2,0.3

Data + Bethe-Bloch - II

Momentum [GeV/c] 0 1 2 3 4 5 6 7 8

Mean

96 98 100 102 104 106 108 110 112 Graph

9

Conclusions - I

�

Primary aim:

to measure our detectors� signal response and compare it to simulation with the final Phobos detector

�

Additional major benefit:

preparation of the full raw signal processing for Phat data analysis (mainly by Cracow group)

Conclusions - The Results

� We achieved extremely high precision � Mapped the dE/dx log rise:

MIP~800-1000MeV

,

ΔEr_{el}/ΔE_{MIP} = 4%

� Geant is able to accurately describe the dE/dx gain and straggling when the electronics noise and Gaussian modifications (�Shulek�) are taken into account. � Bethe-Bloch gives a reasonable approximation when restricted energy loss is considered (~10%) �

MIP point is higher than predicted by pure Bethe- Bloch

�

Log rise is overestimated by pure Bethe-Bloch