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Measurements

• BCT intensity

– at some time after injection

– discard losses at injection

• long. emittance (PS) from tomoscope

• bunch length at injection

– from PS (BSM at extraction)

– bunch profile, raw (uncorrected) data, FWHM, τi

• bunch peak amplitude at injection

• bunch length at 600 ms, τf , from bunch profile, raw
(uncorrected) data, FWHM, τf = (τmax + τmin)/2 for t > 600 ms

• quadrupole oscillation frequency measurements

– peak detected signal on scope

2007-12-12 Page 3



∗ use cursor functions to measure time between peaks (LPF
recommended)

∗ observation time (how many peaks)

– peak detected signal on LF spectrum analyser
∗ observation several 100 ms after injection (transient)
∗ measures either coh. of incoh. frequency depending on osc.

amplitude

– peak detected signal obtained from bunch profiles (peak
amplitude from simple peak detection of raw data or Gauss fit
after full correction)
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Bunch Length and Peak Amplitude
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fit-Gauss.nb v05.03; 2007-11-30 15:39:23; $f41976
2007-11-01�mr�1�mr233.asc
Version MR-TI 1.07; Date: 2007-11-01; Time: 17:32:38;
Correction: NONE ; Time between traces: 5 turns;
First trigger: 0 ms;
Time interval per data point HsecL: 50.000001E-12;
Number of frames: 1001; Filter: SINX;
Trigger holdoff time: RANDOM;250.0000E-9;
Vertical scale HV�divL: 1.0000; Vertical position HdivL: -3.4800;
Input coupling: DC; Input impedance: 50.0000;
Vertical bandwidth: 2.5000E+9; nTraces: 1001;
original data scaled by: 3.162, mrw.nb v15.04; 2007-11-30 15:37:51;
new horizontal frame length: 499;
pust.nb v09.01; AEW-PU & WC-2 PU Cable Att.; 2007-11-30 15:38:08;
a: 4.5ns; tau1: 40.ns; freq. limit: 2.e9 Hz;
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fit-Gauss.nb v05.03; 2007-11-30 18:23:39; $f42047
2007-11-01�mr�1�mr304.asc
Version MR-TI 1.07; Date: 2007-11-01; Time: 19:05:02;
Correction: NONE ; Time between traces: 5 turns;
First trigger: 0 ms;
Time interval per data point HsecL: 50.000001E-12;
Number of frames: 1001; Filter: SINX;
Trigger holdoff time: RANDOM;250.0000E-9;
Vertical scale HV�divL: 1.0000; Vertical position HdivL: -3.4800;
Input coupling: DC; Input impedance: 50.0000;
Vertical bandwidth: 2.5000E+9; nTraces: 1001;
original data scaled by: 4.467, mrw.nb v15.04; 2007-11-30 18:21:50;
new horizontal frame length: 499;
pust.nb v09.01; AEW-PU & WC-2 PU Cable Att.; 2007-11-30 18:22:05;
a: 4.5ns; tau1: 40.ns; freq. limit: 2.e9 Hz;
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Peak Amplitude and Quadr. Osc. Freq.

f: 305.6 +�- 0.24 Hz
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fit-peakl-syn.nb v02.00; 2007-12-08 23:18:54; $f43625
* File: 2007-11-01�mr�1�bunlpeakl�1�mr225_peaklm.dat
* Version MR-TI 1.07
* Date: 2007-11-01
* Time: 16:44:29
* Correction: NONE
* Time between traces: 5 turns
* First trigger: 0 ms
* Time interval per data point HsecL: 50.000001E-12
* Number of frames: 1001
* Filter: SINX
* Trigger holdoff time: RANDOM;250.0000E-9
* Vertical scale HV�divL: 500.0000E-3
* Vertical position HdivL: -3.4800
* Input coupling: DC
* Input impedance: 50.0000
* Vertical bandwidth: 2.5000E+9
* nTraces: 1001
* original data scaled by: 3.162, mrw.nb v15.04; 2007-11-30 15:20:30
* new horizontal frame length: 499
* pust.nb v09.01; AEW-PU & WC-2 PU Cable Att.; 2007-11-30 15:20:50
* a: 4.5ns; tau1: 40.ns; freq. limit: 2.e9 Hz
* fit-Gauss.nb v05.03; 2007-11-30 15:21:59
* Min. Bunch Number: 1, Max. Bunch Number: 1; stdInfo: SD
* mrw-multi-peakl.nb v01.01; 2007-12-08 23:17:57
y max: 61.31; y min: 48.88; y-mod: 0.113
Hy_max - y_minL�y_mean: 22.6%
model: Ha3**2*SinHa2 + 6.283185307179586*a1*xLL�E**Ha0*xL
a0: 18.3 +�- 1.44;
a1: 306. +�- 0.24;
a2: 0.832 +�- 0.0193;
a3: 0.972 +�- 0.00888;

f: 299.5 +�- 0.78 Hz
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fit-peakl-syn.nb v02.00; 2007-12-08 21:24:58; $f43481
* File: 2007-11-01�mr�1�bunlpeakl�1�mr170_peaklm.dat
* Version MR-TI 1.07
* Date: 2007-11-01
* Time: 15:11:31
* Correction: NONE
* Time between traces: 5 turns
* First trigger: 0 ms
* Time interval per data point HsecL: 50.000001E-12
* Number of frames: 1001
* Filter: SINX
* Trigger holdoff time: RANDOM;250.0000E-9
* Vertical scale HV�divL: 100.0000E-3
* Vertical position HdivL: -3.4800
* Input coupling: DC
* Input impedance: 50.0000
* Vertical bandwidth: 2.5000E+9
* nTraces: 1001
* original data scaled by: 3.162, mrw.nb v15.04; 2007-11-30 13:04:52
*
* new horizontal frame length: 499
* pust.nb v09.0; AEW-PU & WC-2 PU Cable Att.; 2007-11-30 13:05:11
* a: 4.5ns; tau1: 40.ns; freq. limit: 2.e9 Hz
*
* fit-Gauss.nb v05.03; 2007-11-30 13:06:13
* Min. Bunch Number: 1, Max. Bunch Number: 1; stdInfo: SD
* Data Format: Time HturnHsLL, Mean Peak Amplitude Ha.u.L, Std. Peak Amplitude Ha.u.L
* mrw-multi-peakl.nb v01.00; 2007-12-08 21:24:43
y max: 12.57; y min: 5.842; y-mod: 0.365
Hy_max - y_minL�y_mean: 82.5%
model: Ha3**2*SinHa2 + 6.283185307179586*a1*xLL�E**Ha0*xL
a0: 99.7 +�- 4.92;
a1: 300. +�- 0.784;
a2: 4.91 +�- 0.0326;
a3: 0.924 +�- 0.0151;
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Measurement History

1 1999-11-15

2 1999-11-25

3 2001-08-07 1

4 2001-08-07 2

5 2003-09-04

6 2006-10-27 1

7 2006-10-27 2

8 2006-11-17

9 2007-07-20

10 2007-11-01 1

11 2007-11-01 2

12 2007-11-01 3

13 2007-11-01 4
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Peak Amplitude
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Peak Amplitude

• 2006-11-17
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Bunch Length at Injection

• bad conditions: 6, 11, 12(?) (bunch length); 5, 7 (bunch length
excursion)
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Bunch Length at injection and after 600 ms

• if ε indep. of intensity, then τf at low intensity is a measure of it

• scale: 0 to 19× 109, 1.0 ns to 2.9 ns
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Bunch Length Ratio

• τf/τi; scale: 0 to 19× 109, 0.0 to 1.45

• considered bad (from injection conditions): 5, 6, 7, 11
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Bunch Length after 600 ms

• blue: 1999-11-25, red: 2001-08-07 2, yellow: 2007-11-01 3
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Frequency Measurements

• 2006-11-17: m = −2.5± 0.5
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108; 114; 115; 117; 119; 120; 121; 122; 132;
133; 140; 141; 144; 145; 151; 153; 154; 157;
162; 165; 166; 168; 172; 174; 177; 178; 179;

model: a0 + a1*x
a0: 309.325 ± 2.45529 Hz
a1: -2.51278 ± 0.464104 Hz
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Frequency Measurements

• 2007-07-20: m = −4.5± 0.1, m = −4.2± 0.1 (τi selection)
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115; 116; 117; 118; 119; 120; 121; 122; 123;
124; 125; 126; 127; 128; 129; 130; 131; 132;

model: a0 + a1*x
a0: 311.456 ± 0.258793 Hz
a1: -4.5449 ± 0.0656611 Hz
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model: a0 + a1*x
a0: 309.952 ± 0.4521 Hz
a1: -4.22217 ± 0.101489 Hz
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Frequency Measurements

• 2007-11-01: freq. error typical 1 Hz
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analysis_2007-11-01_4.nb v00.01; 2007-12-10 11:19:07; $f43715
2007-11-01�intBCT_1.dat
2007-11-01�mr�1�bunlpeakl�1�fosc_2.exp
upper f_Limit @HzD: 400.
category: 1
175; 176; 177; 178; 179; 180; 182; 183; 184;
185; 186; 187; 188; 189; 205; 206; 208; 209;
210; 249; 250; 251; 252; 253; 254; 255; 256;
257; 258; 259; 260; 261; 284; 285; 286; 288;
289; 290; 291;
model: a0 + a1*x
a0: 297.997 ± 2.2478 Hz
a1: -2.16414 ± 0.267097 Hz
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analysis_2007-11-01_4.nb v00.01; 2007-12-10 11:20:17; $f43720
2007-11-01�intBCT_1.dat
2007-11-01�mr�1�bunlpeakl�1�fosc_2.exp
upper f_Limit @HzD: 400.
category: 2
170; 171; 172; 173; 174; 190; 191; 192; 193;
211; 212; 213; 214; 215; 244; 245; 246; 247;
248; 262; 263; 264; 265; 266; 267; 292; 293;
294; 295; 296; 297;
model: a0 + a1*x
a0: 302.259 ± 0.664784 Hz
a1: -3.07145 ± 0.0735803 Hz
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analysis_2007-11-01_4.nb v00.01; 2007-12-10 11:22:35; $f43730
2007-11-01�intBCT_1.dat
2007-11-01�mr�1�bunlpeakl�1�fosc_2.exp
upper f_Limit @HzD: 400.
category: 3
155; 156; 157; 158; 159; 194; 195; 196; 197;
198; 199; 221; 222; 223; 224; 225; 226; 228;
229; 230; 231; 232; 233; 234; 235; 236; 237;
238; 274; 275; 276; 277; 278; 279; 280; 281;
282; 283; 305; 306; 307; 308; 309; 310;
model: a0 + a1*x
a0: 314.45 ± 1.08241 Hz
a1: -3.44859 ± 0.204698 Hz
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analysis_2007-11-01_4.nb v00.01; 2007-12-10 11:23:46; $f43735
2007-11-01�intBCT_1.dat
2007-11-01�mr�1�bunlpeakl�1�fosc_2.exp
upper f_Limit @HzD: 400.
category: 4
200; 201; 202; 203; 204; 216; 217; 218; 219;
220; 221; 239; 240; 241; 242; 243; 268; 269;
270; 271; 272; 273; 298; 299; 300; 301; 303;
304;
model: a0 + a1*x
a0: 314.168 ± 0.775077 Hz
a1: -4.10007 ± 0.136365 Hz
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Frequency Measurements

Meas. Date τi m Remarks

1 1999-11-15 2.0 tobs too short

2 1999-11-25 1.6 tobs very short

3 2001-08-07 1 2.0 no 2fs data yet

4 2001-08-07 2 1.6 no 2fs data yet

5 2003-09-04 1.9 no 2fs data yet

6 2006-10-27 1 2.6 −3.0± 0.2

7 2006-10-27 2 1.8 −2.7± 0.6

8 2006-11-17 2.1 −2.7± 0.4

9 2007-07-20 2.1 −4.5± 0.1

10 2007-11-01 1 1.9 −2.2± 0.3 2x80MHz, shaving off

11 2007-11-01 2 2.6 −3.1± 0.1 1x80MHz, shaving off

12 2007-11-01 3 1.4 −3.4± 0.2 2x80MHz, shaving on

13 2007-11-01 4 2.0 −4.1± 0.1 1x80MHz, shaving on
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Outstanding

• longitudinal emittance

• quadrupole oscillation amplitude vs intensity

• fs data for early machine developments

• stable phase measurements
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Conclusions

• difficulty of comparison

• importance of initial bunch length and longitudinal emittance

• for comparison with the past, a comparative set of τi and ε is
needed in each case
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