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Weak Iron-55 Source (Activity~300 kBq) + Strong Iron-55 Source (Activity~160MBq).
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V). 
MESH signal read by a preamplifier which has an input impedance of 100 MOhm.
• MESH current read by Power Supply I_mon (Offset -0,3 nA).
• Rate measurements through MESH signal (discriminator+scaler).
• Pad current measurements through picoammeter.
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Measurements with 55Fe Sources

Paddy in a horizontal position
Paddy in an vertical position
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Measurements with 55Fe Sources
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Conclusion

The calibration system of the muon g-2 experiment has been described in this thesis.
During the Test Beam performed in Frascati, it was verified that the calibration system
is presently able to monitor and correct for laser intensity variations to 0.01%, and it
has been proven that 6 lasers will be su�cient to illuminate all 24 calorimeters with an
equivalent energy of at least 10 GeV per laser pulse.
Variations in the distribution chain can be corrected by the Local Monitor at the same
level on a longer timescale: correction factors that could be applied during data analysis
were obtained looking at Local Monitor signals.
Comparing two di↵erent Source Monitor configurations no significative di↵erence was ob-
served but for a slightly smaller e�ciency for the sphere solution.
Possible temperature-related fluctuations in the Source Monitor and Local Monitor pho-
tomultipliers (PMT) were not relevant because only the ratios of simultaneous or nearly
simultaneous signals from the same PMTs were necessary for the corrections.
Additional tests on the Local Monitor system proved that there is no evidence of a dif-
ferent PMT response varying the laser repetition rate; the output pulse height of a PMT
increases according to a power law with increasing supply voltages, even if the light level
is kept constant, as it is expected.
With regard to the right PMT working point, it is clear that every PMT has its own
plateau region, which seems to extend for ⇠ 50 V, thus this kind of tests should be per-
formed over all PMTs to have right working points necessary to a stable PMT response.
However, plateau regions are surely not placed under 1100 V: since the operating sup-
ply voltages used for the Test Beam were 900 � 950 V, chosen in order not to have too
much light, the insertion of a light filter, which should be placed before the Local Monitor
PMTs, is being planned; thus PMT features could be fully exploited.
The task of understanding how to disconnect two fibers without losing in intensity or
stability led to tests concerning the connection of fibers. It was proven that both spliced
fibers and connectors have high light losses, ⇠ 30% of transmitted light for spliced fibers
and ⇠ 25% for connectors; in order to choose the best solution for the experiment, the
key element would be the stability in time of the two options; tests concerning this issue
are in progress.
Finally, the stability and recovery time of the bias voltage of the Silicon photomultipliers
(SiPM) has been studied. The bias voltage oscillates at a few mV level; this oscillation
increases considering a higher number of SiPMs; alternative supply voltage systems are
being tested in order to minimize this kind of oscillation.

G =
I

npeR
(7.1)
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Measurements with 55Fe Sources
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Measurements with 55Fe Sources

mca chan
0 1000 2000 3000 4000 5000 6000 7000 8000 90000

50

100

150

200

250

Horizontal Weak 55Fe HV=540-740 V

0 1000 2000 3000 4000 5000 6000 7000 8000 90000

20

40

60

80

100

120

140

160

180

200

220

Vertical Weak 55Fe HV=500-700 V

mca chan
0 1000 2000 3000 4000 5000 6000 7000 8000 90000

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

24000

Horizontal Strong 55Fe HV=530-730 V



Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.

                                          PREAMPLIFIER USED
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Measurements with X-rays  Source

Conclusion

The calibration system of the muon g-2 experiment has been described in this thesis.
During the Test Beam performed in Frascati, it was verified that the calibration system
is presently able to monitor and correct for laser intensity variations to 0.01%, and it
has been proven that 6 lasers will be su�cient to illuminate all 24 calorimeters with an
equivalent energy of at least 10 GeV per laser pulse.
Variations in the distribution chain can be corrected by the Local Monitor at the same
level on a longer timescale: correction factors that could be applied during data analysis
were obtained looking at Local Monitor signals.
Comparing two di↵erent Source Monitor configurations no significative di↵erence was ob-
served but for a slightly smaller e�ciency for the sphere solution.
Possible temperature-related fluctuations in the Source Monitor and Local Monitor pho-
tomultipliers (PMT) were not relevant because only the ratios of simultaneous or nearly
simultaneous signals from the same PMTs were necessary for the corrections.
Additional tests on the Local Monitor system proved that there is no evidence of a dif-
ferent PMT response varying the laser repetition rate; the output pulse height of a PMT
increases according to a power law with increasing supply voltages, even if the light level
is kept constant, as it is expected.
With regard to the right PMT working point, it is clear that every PMT has its own
plateau region, which seems to extend for ⇠ 50 V, thus this kind of tests should be per-
formed over all PMTs to have right working points necessary to a stable PMT response.
However, plateau regions are surely not placed under 1100 V: since the operating sup-
ply voltages used for the Test Beam were 900 � 950 V, chosen in order not to have too
much light, the insertion of a light filter, which should be placed before the Local Monitor
PMTs, is being planned; thus PMT features could be fully exploited.
The task of understanding how to disconnect two fibers without losing in intensity or
stability led to tests concerning the connection of fibers. It was proven that both spliced
fibers and connectors have high light losses, ⇠ 30% of transmitted light for spliced fibers
and ⇠ 25% for connectors; in order to choose the best solution for the experiment, the
key element would be the stability in time of the two options; tests concerning this issue
are in progress.
Finally, the stability and recovery time of the bias voltage of the Silicon photomultipliers
(SiPM) has been studied. The bias voltage oscillates at a few mV level; this oscillation
increases considering a higher number of SiPMs; alternative supply voltage systems are
being tested in order to minimize this kind of oscillation.

Rate P ile� up probability = (1� e�) (7.1)
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Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
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Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
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Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
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Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source

 I_xrays [mA]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

 R
at

e 
[H

z]

0

20

40

60

80

100

120

140

160

180

200

220

240

310×

 / ndf 2χ  0.347 / 5
p0         1872±  2186 
p1         9164± 1.605e+05 

 / ndf 2χ  0.347 / 5
p0         1872±  2186 
p1         9164± 1.605e+05 

Measured
Correct

Rate vs I_xrays HV=530-730 V

Line from the fit 
excluding low current 

points (1-2)



11

 I_xrays [mA]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

 I_
m

on
 [n

A]

0

10

20

30

40

50 HV=490-690 V
HV=500-700 V
HV=510-710 V
HV=530-730 V

I_mon vs I_xrays

Misure con X-raysMeasurements with X-rays  Source
Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.

                                          PREAMPLIFIER USED

Conclusion

The calibration system of the muon g-2 experiment has been described in this thesis.
During the Test Beam performed in Frascati, it was verified that the calibration system
is presently able to monitor and correct for laser intensity variations to 0.01%, and it
has been proven that 6 lasers will be su�cient to illuminate all 24 calorimeters with an
equivalent energy of at least 10 GeV per laser pulse.
Variations in the distribution chain can be corrected by the Local Monitor at the same
level on a longer timescale: correction factors that could be applied during data analysis
were obtained looking at Local Monitor signals.
Comparing two di↵erent Source Monitor configurations no significative di↵erence was ob-
served but for a slightly smaller e�ciency for the sphere solution.
Possible temperature-related fluctuations in the Source Monitor and Local Monitor pho-
tomultipliers (PMT) were not relevant because only the ratios of simultaneous or nearly
simultaneous signals from the same PMTs were necessary for the corrections.
Additional tests on the Local Monitor system proved that there is no evidence of a dif-
ferent PMT response varying the laser repetition rate; the output pulse height of a PMT
increases according to a power law with increasing supply voltages, even if the light level
is kept constant, as it is expected.
With regard to the right PMT working point, it is clear that every PMT has its own
plateau region, which seems to extend for ⇠ 50 V, thus this kind of tests should be per-
formed over all PMTs to have right working points necessary to a stable PMT response.
However, plateau regions are surely not placed under 1100 V: since the operating sup-
ply voltages used for the Test Beam were 900 � 950 V, chosen in order not to have too
much light, the insertion of a light filter, which should be placed before the Local Monitor
PMTs, is being planned; thus PMT features could be fully exploited.
The task of understanding how to disconnect two fibers without losing in intensity or
stability led to tests concerning the connection of fibers. It was proven that both spliced
fibers and connectors have high light losses, ⇠ 30% of transmitted light for spliced fibers
and ⇠ 25% for connectors; in order to choose the best solution for the experiment, the
key element would be the stability in time of the two options; tests concerning this issue
are in progress.
Finally, the stability and recovery time of the bias voltage of the Silicon photomultipliers
(SiPM) has been studied. The bias voltage oscillates at a few mV level; this oscillation
increases considering a higher number of SiPMs; alternative supply voltage systems are
being tested in order to minimize this kind of oscillation.

G(V ) = e�6.038+0.0029V (7.1)
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Conclusion

The calibration system of the muon g-2 experiment has been described in this thesis.
During the Test Beam performed in Frascati, it was verified that the calibration system
is presently able to monitor and correct for laser intensity variations to 0.01%, and it
has been proven that 6 lasers will be su�cient to illuminate all 24 calorimeters with an
equivalent energy of at least 10 GeV per laser pulse.
Variations in the distribution chain can be corrected by the Local Monitor at the same
level on a longer timescale: correction factors that could be applied during data analysis
were obtained looking at Local Monitor signals.
Comparing two di↵erent Source Monitor configurations no significative di↵erence was ob-
served but for a slightly smaller e�ciency for the sphere solution.
Possible temperature-related fluctuations in the Source Monitor and Local Monitor pho-
tomultipliers (PMT) were not relevant because only the ratios of simultaneous or nearly
simultaneous signals from the same PMTs were necessary for the corrections.
Additional tests on the Local Monitor system proved that there is no evidence of a dif-
ferent PMT response varying the laser repetition rate; the output pulse height of a PMT
increases according to a power law with increasing supply voltages, even if the light level
is kept constant, as it is expected.
With regard to the right PMT working point, it is clear that every PMT has its own
plateau region, which seems to extend for ⇠ 50 V, thus this kind of tests should be per-
formed over all PMTs to have right working points necessary to a stable PMT response.
However, plateau regions are surely not placed under 1100 V: since the operating sup-
ply voltages used for the Test Beam were 900 � 950 V, chosen in order not to have too
much light, the insertion of a light filter, which should be placed before the Local Monitor
PMTs, is being planned; thus PMT features could be fully exploited.
The task of understanding how to disconnect two fibers without losing in intensity or
stability led to tests concerning the connection of fibers. It was proven that both spliced
fibers and connectors have high light losses, ⇠ 30% of transmitted light for spliced fibers
and ⇠ 25% for connectors; in order to choose the best solution for the experiment, the
key element would be the stability in time of the two options; tests concerning this issue
are in progress.
Finally, the stability and recovery time of the bias voltage of the Silicon photomultipliers
(SiPM) has been studied. The bias voltage oscillates at a few mV level; this oscillation
increases considering a higher number of SiPMs; alternative supply voltage systems are
being tested in order to minimize this kind of oscillation.

Vdrop = Imon ⇥ 100M⌦ (7.1)
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Line from the fit 
excluding low current 

points (1-2)
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Measurements with X-rays  Source
Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Measurements with X-rays  Source
Data taken using a 1 mm2 collimator. 
Gain scan as a function of HV applied to the MESH (Vdrift - Vmesh = 200 V) varying the filament current.
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Misure con X-raysMeasurements with X-rays  Source

Rate [Hz]
0 50 100 150 200

310×

 G
ai

n

1000

2000

3000

4000

5000

6000

HV=490-690 V
HV=500-700 V
HV=510-710 V
HV=530-730 V
Correct

Gain vs Rate



17

Misure con X-raysMeasurements with X-rays  Source
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Measurements with X-rays  Source
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Measurements without collimator varying the number of copper foils. HV applied to the MESH is HV=530 V (Vdrift -
Vmesh = 200 V). PREAMPLIFIER USED. 
The attenuation factor used to extrapolate the rate is R= 3,46 (average of three measurements).
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Misure con X-raysMeasurements with X-rays  Source
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Measurements without collimator varying the number of copper foils. HV applied to the MESH is 
HV=530 V (Vdrift - Vmesh = 200 V).PREAMPLIFIER USED.
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Misure con X-raysMeasurements with X-rays  Source
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Measurements without collimator varying the number of copper foils on a known surface (small plate with a
diameter of 11,2 mm). HV applied to the MESH is HV=530 V (Vdrift - Vmesh = 200 V). PREAMPLIFIER USED.
The attenuation factor used to extrapolate the rate is R= 3,46 (average of three measurements). 
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Misure con X-raysMeasurements with X-rays  Source
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Measurements without collimator varying the number of copper foils on a known surface (small plate with a
diameter of 11,2 mm). HV applied to the MESH is HV=530 V (Vdrift - Vmesh = 200 V); with and without 

PREAMPLIFIER.
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Measurements with X-rays  Source
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Misure con X-rays
Measurements without collimator varying the number of copper foils on a known surface (small plate with a
diameter of 11,2 mm). HV applied to the MESH is HV=530 V (Vdrift - Vmesh = 200 V); without PREAMPLIFIER.
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Misure con X-raysMeasurements with X-rays  Source
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X Scan (100 micron) using small plate. PREAMPLIFIER used.
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Misure con X-raysMeasurements with X-rays  Source

pos [mm]
0 0.5 1 1.5 2 2.5 3

G
ai

n

4300

4350

4400

4450

4500

4550

4600

4650

Gain vs pos_scanx (100 micron)

pos [mm]
0 0.5 1 1.5 2 2.5 3

Ik
ei

 [n
A]

5.6

5.65

5.7

5.75

5.8

5.85

5.9

5.95

6

IKeithley vs pos_scanx



X Scan (100 micron) using small plate. PREAMPLIFIER used.
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Misure con X-raysMeasurements with X-rays  Source
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Y Scan (150 micron) using small plate. PREAMPLIFIER used.
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Y Scan (150 micron) using small plate. PREAMPLIFIER used.
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Charge up
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HV applied to the MESH is HV=536 V, V_drift=740 V. Ratio=Imeas/Imax.
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Charge up
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HV applied to the MESH is HV=536 V, V_drift=740 V. Ratio=Imeas/Imax
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Measurements of Linearity vs High Rate
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Conclusion

The calibration system of the muon g-2 experiment has been described in this thesis.
During the Test Beam performed in Frascati, it was verified that the calibration system
is presently able to monitor and correct for laser intensity variations to 0.01%, and it
has been proven that 6 lasers will be su�cient to illuminate all 24 calorimeters with an
equivalent energy of at least 10 GeV per laser pulse.
Variations in the distribution chain can be corrected by the Local Monitor at the same
level on a longer timescale: correction factors that could be applied during data analysis
were obtained looking at Local Monitor signals.
Comparing two di↵erent Source Monitor configurations no significative di↵erence was ob-
served but for a slightly smaller e�ciency for the sphere solution.
Possible temperature-related fluctuations in the Source Monitor and Local Monitor pho-
tomultipliers (PMT) were not relevant because only the ratios of simultaneous or nearly
simultaneous signals from the same PMTs were necessary for the corrections.
Additional tests on the Local Monitor system proved that there is no evidence of a dif-
ferent PMT response varying the laser repetition rate; the output pulse height of a PMT
increases according to a power law with increasing supply voltages, even if the light level
is kept constant, as it is expected.
With regard to the right PMT working point, it is clear that every PMT has its own
plateau region, which seems to extend for ⇠ 50 V, thus this kind of tests should be per-
formed over all PMTs to have right working points necessary to a stable PMT response.
However, plateau regions are surely not placed under 1100 V: since the operating sup-
ply voltages used for the Test Beam were 900 � 950 V, chosen in order not to have too
much light, the insertion of a light filter, which should be placed before the Local Monitor
PMTs, is being planned; thus PMT features could be fully exploited.
The task of understanding how to disconnect two fibers without losing in intensity or
stability led to tests concerning the connection of fibers. It was proven that both spliced
fibers and connectors have high light losses, ⇠ 30% of transmitted light for spliced fibers
and ⇠ 25% for connectors; in order to choose the best solution for the experiment, the
key element would be the stability in time of the two options; tests concerning this issue
are in progress.
Finally, the stability and recovery time of the bias voltage of the Silicon photomultipliers
(SiPM) has been studied. The bias voltage oscillates at a few mV level; this oscillation
increases considering a higher number of SiPMs; alternative supply voltage systems are
being tested in order to minimize this kind of oscillation.

Rateextr =
Rcollimator ⇥ 100

attenuation factor
(7.1)
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