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Recollection of conditions 

History… 
 
 Configuration momenta “names” only approximate 

 
 21 optimized cryounit settings were determined 

 
 6 cryounit settings used for PEPPo experiment 

 
 
 
 
 
 

 e- beam defined momentum, even for e+ collection 
 

 A formula between momentum and dipole current was used during the experiment 
 

 A more detailed analysis is presented now 

 Mott Electron Polarimetry (5.5) 
 Compton Analyzing Power Calibration (3.2, 4.2, 5.5, 6.3, 7.3) 
 Positron Production (8.2) 
 Positron Polarimetry (3.2, 4.2, 5.5, 6.3) twice 



Beam line elements - photo 



Beam line elements - layout 

0L STRAIGHT = IPM0L02-IPM0L03 

DIPOLE 
 
BPM 
 
VIEWER 

Earth’s field 



1. Dipole magnetic field 
• model 
• current dependence 
• spatial uniformity 
• settling time and reproducibility 

 
2. Dipole magnet power supplies 

• field mapping 
• tunnel operation 
 

3. Alignment of elements 
• surveys 
• BPM calibration 

 
4. Diagnostic accuracy 

• BPM vs. viewer 
 

5. Stray magnetic fields 
• (un)shielded beam line 
• fixed steering coils 

Momentum analysis – contributing factors 



Pointwise 
(Dz) = 0.001cm 
(B) = 0.05 Gauss 

Leff = 12.599 ± 0.031 cm 
Leff = 12.588 ± 0.031 cm  
Leff = 12.565 ± 0.031 cm 

Leff = 12.584 ± 0.018 cm Leff/Leff = 0.14% 

Dipole magnetic field – model 



B = U0 + U1  I1 + U2  I2 + U3  I3 
B/B < 0.2% 

Dipole magnetic field – current dependence 

Hysteresis Map 
(±3.5A top down) 

U0 =  6.5659 ± 0.0737 
U1 =  339.78 ± 0.06 
U2 = -0.47767 ± 0.01222  
U3 = -0.19932 ± 0.00672 



Spectrometer a = -30 deg 
r = Leff/sin(a) = 25.2 cm 
Dx = r (1-cos(a)) = -3.4 cm 
 
PEPPo a = 25 deg 
r = Leff/sin(a) = 29.8 cm 
Dx = r (1-cos(a)) = +2.8 cm 

Dipole magnetic field – spatial dependence 

x=  0.0cm 

x=±1.5cm 

x=±3.0cm 

BPM’s Y <0.15mm 

HORIZONTAL 

VERTICAL 

BL/BL < 0.5% 



Dipole magnetic field – settling time and reproducibility 

SETTLING TIME REPRODUCIBILITY 

B/B < 0.1% 



Field Mapping 
• Magnet was mapped in 2008 with 10 Amp power supply 
• Reported power supply accuracy <1mA 

 

Tunnel Operation 
• Standard 10 Amp trim power supply used (IN02B26-9) 
• Typical accuracy of most recent calibration <5mA 

Dipole magnet power supplies 

I/I = 0.05% 



Alignment of elements – surveys and BPM calibration 

0L STRAIGHT = IPM0L02-IPM0L03 

DIPOLE 
 
BPM 
 
VIEWER 
 
QUAD 

Element Transmittal 

5 MeV Dipole L1462 (Jan, 2013) 

0L/5D Quads L1456 (May, 2012) 

2D BPM/Viewer L1507 (May, 2013) 

 Elements are surveyed to < 0.2mm 
 BPM’s are calibrated to upstream quad 
 BPM resolution is <0.02mm; typical beam jitter <0.05mm 
 Viewer resolution estimated at 2.5mm 



Stray magnetic fields - issues 

DIPOLE 
 
BPM 
 
VIEWER 
 
STEERING COIL 

m m 

Earth’s field 
• By = 0.7 +/- 0.1 G (into page) 
• Bx = 0.3 +/- 0.1 G (in page    ) 
• Length in centimeters 

 3 steering coils remained ON and fixed throughout e- momentum measurements 
 The purpose of the coils is to compensate the Earth’s field over long distance 

The stray magnetic fields represent the largest factor in the momentum analysis  



Stray magnetic fields – straight section 

Element Field [G] Region 

Earth 0.7 ± 1 globally 

m metal <0.1 => 0 2 spans 

MHB0L02AH -23.15 + E 7cm 

MHB0L02BH -13.86 + E 7cm 

MBH0L03H -1.05 + E 11cm 

DIPOLE @ 0A +6.356 13cm 

1. Divide 584cm distance between IPM0L02 and IPM0L03 into 1cm steps 
 

2. Assign fixed stray magnetic field into each 1cm step according to table 

MHB0L02AH MHB0L02BH MBH0L03H 

DIPOLE @ 0A m metal Earth 

Note: integrated Earth and steering coils fields are 400G-cm and -271 G-cm respectively 



Stray magnetic fields – straight section 

3. Assuming  a normal launch (x0 = x’0 = 0) calculate trajectory from 2-9 MeV/c 
 

4. Experimentally both x0 and xF were zero within <0.02 cm 
 

5. This was achieved by variable “allowed” steering coils upstream of IPM0L02 

9 MeV/c 



5. Applying the calculated steering correction achieves measured BPM values 
 

6. The relevant values for momentum calculation are xdipole and x’dipole at z=141cm 

Stray magnetic fields – straight section 

9 MeV/c 

Application of Steering 

Position and Angle at Dipole 



Stray magnetic fields – straight section 

Position and Angle at Dipole 

1. Calculations are accurate to 10% 
2. Position correction < -0.7cm improves spatial uncertainty 
3. Angle correction <0.1% so added as uncertainty 

BL/BL < 0.3% 



Stray magnetic fields – PEPPo section 

IPM5D00 IPM5D01 



Momentum analysis  - parameters 

Parameter Correction Uncertainty 

Dipole – Leff no Leff/Leff = 0.14% 

Dipole – field map no B/B < 0.2% 

Dipole – spatial no BL/BL < 0.3% 

Dipole – settle/reproduce no B/B < 0.1% 

Dipole – power supplies no I/I < 0.05% 

Position - beam no <0.25 mm 

Stray magnetic field yes 10% of correction 



Momentum analysis  - typical calculation @ “5.5MeV/c” 

STRAIGHT 
PEPPO 

D(BL) = (BDIPOLELeff)PEPPO 

DQ =  (QPEPPO-MEAS –  QPEPPO-CORR –  QSTRAIGHT CALCULATED )  

p [MeV/c] = 2.9980E-4  D(BL[G-cm]) / sin(DQ)  



Momentum analysis  - results 

Name              Cryounit Gradients & Phases                         BL ± BL                        Q ± Q                        P ± P                      P/P 
                                     (MV & deg)                                        (Gauss-cm)                       (deg)                          (MeV/c)                    (%) 

Experiment formula 

Final analysis 



Momentum analysis  - connection to collection magnets 

During Experiment Present Analysis 



Summary 

Momenta for Mott polarimetry, Compton electron calibration, positron 
production and positron collection determined with uncertainty < 0.5% 
 
There appears to be no significant conflict with collection magnet settings 
 
Recommendations for future momentum measurements… 
 

 shield stray magnetic field 
 eliminate steering coils 
 improve model or dipole with regard to spatial profile 
 remember to null spectrometer dipole magnet for straight-ahead 
 add BPM and means for beam calibration to spectrometer line 

 
I did not complete the cryounit momentum calibration analysis 


