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I. Introduction

This note describes the bunch length measurements made in the Booster at injection and extraction.  Section II derives the formula for determining bunch length as a function of the signal power at a fundamental frequency and the third harmonic of this frequency.

Section III provides a description of the measurement is made in general terms.  Section IV gives more specific information on how the signals for the Injection bunch length are processed and details such as ACNET device names and calculations.

II. The Bunch Length Formula

The protons in the beam are assumed to be in bunches with a Gaussian longitudinal distribution, separated by a fixed interval (
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 is 200 MHz and at extraction it is 52 MHz.  The signal produced by such a train of bunches is expressed as
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Eq. 1

where,
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T. Leiri and G. Jackson describe the determination of the bunch length in Fermi TM-1600.  The Fourier transform of Eq. 1 is
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Eq. 2

where 
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 is the error function.  The beam spectrum is dominated by harmonics of the RF frequency, 
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.  Therefore the magnitude of 
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 is evaluated at those frequencies.  This becomes



[image: image9.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

-

T

-

F

×

=

å

=

T

-

2

2

2

2

0

1

2

0

2

0

2

2

2

t

t

n

N

n

m

j

n

I

e

S

m

V

t

ws

s

p

w

s

p


Eq. 3

For the region of interest where 
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  Eq. 3 reduces to 
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Eq. 4

Consider the ratio 
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Eq. 5

Solving for 
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 we have,
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Eq.6

The bunch length measurement in the Booster is made using tunnel diode detectors.  These devices produce an output voltage proportional to the power of a signal in dBm.  Using some math identities and some algebra we can derive
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Eq.7

For 
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Eq.7

III. The Bunch Length Analog Signal Measurement

As mentioned previously, the power of the beam pickup signal is measured using tunnel diode detectors, at the fundamental frequency of the beam signal and the third harmonic of the fundamental.  Figure 1 illustrates the analog signal processing that is performed.

[image: image18.png]BandPass Diode Low Pass
Fc =38"Fo Detector Fc =1.9MHz
= ==
2-Way, 0 Deg ' ‘” —~Z ARG
Splitter
E‘egamri‘ ‘PTCELom BandPass Diode Low Pass
P Fc=Fo Detector Fc =1.9MHz
== pl == ADC
X N





Figure 1  Block diagram of the analog signal processing.

As illustrated, the signal is split and the power of the two frequency components, 
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 and 
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, are measured by the tunnel diode detectors.  The transfer function of the detectors is shown in Figure 2.
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Figure 2  Plot of the response of the tunnel diode detector at four frequencies.
The curves in Figure 2 are those for the four frequencies of interest in the Booster.  Frequencies 200 MHz and 600 MHz are 
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 and 
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 for the bunch length measurement at injection.  Frequencies 52 MHz and 156 MHz are 
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 and 
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 for the bunch length measurement at extraction.  We can also see that the Volts output of the detectors is most linear with respect to power between -15 dBm and –5 dBm.  A line fit through this range gives that
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Eq. 8

This simple fit may not provide sufficient precision, but it allows us to begin considering the range of the measurement.

At injection 
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Eq. 9

At extraction 
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Eq. 10

For a maximum 
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At injection 
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At extraction 
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Figure 3  Extraction Bunch Length Measurement Assembly (not actually implemented).
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Figure 4  Injection Bunch Length Measurement Assembly.
IV. Injection Bunch Length Measurement Details

The Injection bunch length is currently measured from an RF signal generated by the “Griffin” detector in the 400 MeV beam line (Booster side) connecting the Linac to the Booster.  The connection to this RF signal is in Rack G24-RR6-3 at a BNC feedthru labeled “Booster Griffin Cable #4 Output”.
Note: This Griffin detector output cable cannot be left un terminated.

The power diode circuit is in a NIM module in Rack G24-RR6-2.  The power diode output voltages are digitized by a Comet VME, 5 MHz digitizer module like those used to digitize BPM position voltages.  Digitization is triggered by a signal from the Linac chopper, “400 MeV Gate”.
The ACNET names associated with this measurement are

B:INJBL1 Voltage between 0 and -0.2 Volts, proportional to the power in the fundamental (~200 MHz).  This isdigitized by a 10 MHz Comet Digitizer (Sharon Lackey). 

B:INJBL2 Voltage between 0 and -0.2 Volts, proportional to the power in the 3rd Harmonic (~600 MHz).  This isdigitized by a 10 MHz Comet Digitizer (Sharon Lackey).

B:AVEXT1 Average voltage over a beam pulse between 0 and-0.2 Volts, proportional to the power in the fundamental (~200 MHz).

B:AVEXT2 Average voltage over a beam pulse between 0 and-0.2 Volts, proportional to the power in the 3rd Harmonic (~600 MHz).
 B:BL400M This is a calculated value derived from an ACNET MACALC OAC process that employs the measured voltage averages B:AVEXT1 and B:AVEXT2.  Dennis Nicklaus from AD/Controls (x6410) manages the OAC processes. 
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Eq. 11

Measurements on the power diodes in use are shown below.
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Figure 5  Data from October 2009 Calibration.
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Figure 6  ACNET Plot after installing the new module in October 2009.
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Low Level Input

		

		Test of Diode DT0510P  s/n 268337

		Freq, MHz		Ampl, dBm		Vdc Out, mV		Recalc Watts		Recalc dBm		Dev from Nom., dB				Freq, MHz		Ampl, dBm		Vdc Out, mV

		190		-20.9				0.000E+00		0.000E+00		0.0000				200		-20

		191		-20.9				0.000E+00		0.000E+00		0.0000				200		-22

		192		-20.9				0.000E+00		0.000E+00		0.0000				200		-24

		193		-20.9				0.000E+00		0.000E+00		0.0000				200		-26

		194		-20.9				0.000E+00		0.000E+00		0.0000				200		-28

		195		-20.9				0.000E+00		0.000E+00		0.0000				200		-30

		196		-20.9				0.000E+00		0.000E+00		0.0000				200		-32

		197		-20.9				0.000E+00		0.000E+00		0.0000				200		-34

		198		-20.9				0.000E+00		0.000E+00		0.0000				200		-36

		199		-20.9				0.000E+00		0.000E+00		0.0000				200		-38

		200		-20.9				0.000E+00		0.000E+00		0.0000				200		-40

		201		-20.9				0.000E+00		0.000E+00		0.0000

		202		-20.9				0.000E+00		0.000E+00		0.0000

		203		-20.9				0.000E+00		0.000E+00		0.0000

		204		-20.9				0.000E+00		0.000E+00		0.0000

		205		-20.9				0.000E+00		0.000E+00		0.0000

		206		-20.9				0.000E+00		0.000E+00		0.0000

		207		-20.9				0.000E+00		0.000E+00		0.0000

		208		-20.9				0.000E+00		0.000E+00		0.0000

		209		-20.9				0.000E+00		0.000E+00		0.0000

		210		-20.9				0.000E+00		0.000E+00		0.0000

				Watts In		Mean V out		mV/mW

				0.0000081283		0.000000		0.000E+00

		Freq, MHz		Ampl, dBm		Vdc Out, mV		Recalc Watts		Recalc dBm		Dev from Nom.				Freq, MHz		Ampl, dBm		Vdc Out, mV

		595		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-20

		596		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-22

		597		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-24

		598		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-26

		599		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-28

		600		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-30

		601		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-32

		602		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-34

		603		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-36

		604		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-38

		605		-20.9				0.000E+00		0.000E+00		0.000E+00				600		-40

				Watts In		Mean V out		mV/mW

				0.0000081283		0.00		0.000E+00





High Level Input

		

						Volts measured on DMM

		Test of Diode DT0110  s/n 271959

		Freq, MHz		Ampl, dBm		Vdc Out, V		Recalc Watts		Recalc dBm		Dev from Nom., dB						Freq, MHz		Ampl, dBm		Pwr, Watts		V Out, 200Mhz		mV/mW

		195		0				0.000E+00		0.000E+00		0.0000						200		-21		7.943E-06		0.005951		749.19

		196		0				0.000E+00		0.000E+00		0.0000						200		-20		1.000E-05		0.007755		775.50

		197		0				0.000E+00		0.000E+00		0.0000						200		-19		1.259E-05		0.010198		810.06

		198		0				0.000E+00		0.000E+00		0.0000						200		-18		1.585E-05		0.013844		873.50

		199		0				0.000E+00		0.000E+00		0.0000						200		-17		1.995E-05		0.019075		956.01

		200		0				0.000E+00		0.000E+00		0.0000						200		-16		2.512E-05		0.027138		1080.38

		201		0				0.000E+00		0.000E+00		0.0000						200		-15		3.162E-05		0.038991		1233.00

		202		0				0.000E+00		0.000E+00		0.0000						200		-14		3.981E-05		0.053881		1353.43

		203		0				0.000E+00		0.000E+00		0.0000						200		-13		5.012E-05		0.071242		1421.46

		204		0				0.000E+00		0.000E+00		0.0000						200		-12		6.310E-05		0.089549		1419.26

		205		0				0.000E+00		0.000E+00		0.0000						200		-11		7.943E-05		0.109540		1379.03

																		200		-10		1.000E-04		0.130950		1309.50

				Watts In		Mean V out		mV/mW										200		-9		1.259E-04		0.153250		1217.31

				0.001		0.000000		0.00										200		-8		1.585E-04		0.176800		1115.53

																		200		-7		1.995E-04		0.196710		985.89

																		200		-6		2.512E-04		0.211650		842.59

		Freq, MHz		Ampl, dBm		Vdc Out, V		Recalc Watts		Recalc dBm		Dev from Nom., dB						200		-5		3.162E-04		0.221230		699.59

		595		0				0.000E+00		0.000E+00		0.0000						200		-4		3.981E-04		0.227350		571.08

		596		0				0.000E+00		0.000E+00		0.0000						200		-3		5.012E-04		0.230950		460.81

		597		0				0.000E+00		0.000E+00		0.0000						200		-2		6.310E-04		0.233060		369.38

		598		0				0.000E+00		0.000E+00		0.0000						200		-1		7.943E-04		0.234050		294.65

		599		0				0.000E+00		0.000E+00		0.0000						200		0		1.000E-03		0.234200		234.20

		600		0				0.000E+00		0.000E+00		0.0000						200		1		1.259E-03		0.233720		185.65

		601		0				0.000E+00		0.000E+00		0.0000						200		2		1.585E-03		0.232760		146.86

		602		0				0.000E+00		0.000E+00		0.0000						200		3		1.995E-03		0.231250		115.90

		603		0				0.000E+00		0.000E+00		0.0000						200		4		2.512E-03		0.229250		91.27

		604		0				0.000E+00		0.000E+00		0.0000						200		5		3.162E-03		0.226860		71.74

		605		0				0.000E+00		0.000E+00		0.0000

				Watts In		Mean V out		mV/mW										Freq, MHz		Ampl, dBm		Pwr, Watts		V Out, 600Mhz		mV/mW

				0.001		0.000000		0.00										600		-21		7.943E-06		0.005339		672.14

																		600		-20		1.000E-05		0.006901		690.10

																		600		-19		1.259E-05		0.009003		715.13

																		600		-18		1.585E-05		0.012200		769.77

																		600		-17		1.995E-05		0.016573		830.62

																		600		-16		2.512E-05		0.023106		919.87

																		600		-15		3.162E-05		0.032922		1041.09

																		600		-14		3.981E-05		0.046377		1164.94

																		600		-13		5.012E-05		0.064241		1281.78

																		600		-12		6.310E-05		0.081505		1291.77

																		600		-11		7.943E-05		0.100292		1262.60

																		600		-10		1.000E-04		0.120820		1208.20

																		600		-9		1.259E-04		0.142900		1135.10

																		600		-8		1.585E-04		0.166180		1048.52

																		600		-7		1.995E-04		0.187940		941.93

																		600		-6		2.512E-04		0.205320		817.39

																		600		-5		3.162E-04		0.217010		686.25

																		600		-4		3.981E-04		0.224320		563.47

																		600		-3		5.012E-04		0.228730		456.38

																		600		-2		6.310E-04		0.231760		367.31

																		600		-1		7.943E-04		0.233490		293.95

																		600		0		1.000E-03		0.234290		234.29

																		600		1		1.259E-03		0.234410		186.20

																		600		2		1.585E-03		0.234360		147.87

																		600		3		1.995E-03		0.233470		117.01

																		600		4		2.512E-03		0.232120		92.41

																		600		5		3.162E-03		0.230320		72.83
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						Volts measured on DMM

		Test of Diode DT0110  s/n 271959

		Freq, MHz		Ampl, dBm		Vdc Out, V		Recalc Watts		Recalc dBm		Dev from Nom., dB						Freq, MHz		Ampl, dBm		Pwr, Watts		V Out, 52Mhz		mV/mW

		195		0				0.000E+00		0.000E+00		0.0000						52		-21		7.943E-06		0.006115		769.83

		196		0				0.000E+00		0.000E+00		0.0000						52		-20		1.000E-05		0.007993		799.30

		197		0				0.000E+00		0.000E+00		0.0000						52		-19		1.259E-05		0.010582		840.56

		198		0				0.000E+00		0.000E+00		0.0000						52		-18		1.585E-05		0.014308		902.77

		199		0				0.000E+00		0.000E+00		0.0000						52		-17		1.995E-05		0.019801		992.40

		200		0				0.000E+00		0.000E+00		0.0000						52		-16		2.512E-05		0.028330		1127.84

		201		0				0.000E+00		0.000E+00		0.0000						52		-15		3.162E-05		0.040785		1289.73

		202		0				0.000E+00		0.000E+00		0.0000						52		-14		3.981E-05		0.056190		1411.43

		203		0				0.000E+00		0.000E+00		0.0000						52		-13		5.012E-05		0.074096		1478.41

		204		0				0.000E+00		0.000E+00		0.0000						52		-12		6.310E-05		0.092552		1466.85

		205		0				0.000E+00		0.000E+00		0.0000						52		-11		7.943E-05		0.113123		1424.13

																		52		-10		1.000E-04		0.134600		1346.00

				Watts In		Mean V out		mV/mW										52		-9		1.259E-04		0.157590		1251.78

				0.001		0.000000		0.00										52		-8		1.585E-04		0.180080		1136.23

																		52		-7		1.995E-04		0.199450		999.62

																		52		-6		2.512E-04		0.213260		849.00

		Freq, MHz		Ampl, dBm		Vdc Out, V		Recalc Watts		Recalc dBm		Dev from Nom., dB						52		-5		3.162E-04		0.227810		720.40

		595		0				0.000E+00		0.000E+00		0.0000						52		-4		3.981E-04		0.231990		582.73

		596		0				0.000E+00		0.000E+00		0.0000						52		-3		5.012E-04		0.234240		467.37

		597		0				0.000E+00		0.000E+00		0.0000						52		-2		6.310E-04		0.235280		372.89

		598		0				0.000E+00		0.000E+00		0.0000						52		-1		7.943E-04		0.235420		296.38

		599		0				0.000E+00		0.000E+00		0.0000						52		0		1.000E-03		0.234900		234.90

		600		0				0.000E+00		0.000E+00		0.0000

		601		0				0.000E+00		0.000E+00		0.0000

		602		0				0.000E+00		0.000E+00		0.0000

		603		0				0.000E+00		0.000E+00		0.0000

		604		0				0.000E+00		0.000E+00		0.0000

		605		0				0.000E+00		0.000E+00		0.0000

				Watts In		Mean V out		mV/mW										Freq, MHz		Ampl, dBm		Pwr, Watts		V Out, 156Mhz		mV/mW

				0.001		0.000000		0.00										156		-21		7.943E-06		0.006054		762.15

																		156		-20		1.000E-05		0.007880		788.00

																		156		-19		1.259E-05		0.010425		828.09

																		156		-18		1.585E-05		0.013941		879.62

																		156		-17		1.995E-05		0.019035		954.01

																		156		-16		2.512E-05		0.026952		1072.98

																		156		-15		3.162E-05		0.037592		1188.76

																		156		-14		3.981E-05		0.053401		1341.37

																		156		-13		5.012E-05		0.070933		1415.30

																		156		-12		6.310E-05		0.089458		1417.81

																		156		-11		7.943E-05		0.109248		1375.35

																		156		-10		1.000E-04		0.130540		1305.40

																		156		-9		1.259E-04		0.152910		1214.61

																		156		-8		1.585E-04		0.175940		1110.11

																		156		-7		1.995E-04		0.196450		984.58

																		156		-6		2.512E-04		0.212220		844.86

																		156		-5		3.162E-04		0.225670		713.63

																		156		-4		3.981E-04		0.230860		579.89

																		156		-3		5.012E-04		0.233740		466.37

																		156		-2		6.310E-04		0.235160		372.70

																		156		-1		7.943E-04		0.235580		296.58

																		156		0		1.000E-03		0.235330		235.33
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