
MEBT BPM Stripline CDR 

24 May 2017, ESS ERIC, Lund

Presenter: Seadat Varnasseri, Bilbao

On behalf of the team: A. Ortega, A. Zugazaga, I. Rueda, I. Bustinduy, J. 
Martin, A. Conde, D. Fernandez, S. Varnasseri 

MEBT BPM CDR, May 24



Outlines:

• BPM Stripline Interfaces
• Design process (History behind), 3D Low β simulations
• BPM strips expected multi-bunch voltage in time domain
• Electronics specs
• BPM various types
• Short cable to patch panel
• MEBT BPM Stripline Status
• BPM Stripline measurements
• Electrical parameters sensitivity to temperatura variation
• Verifications
• Pieces production plan
• Fabrication and delivery schedule

MEBT BPM CDR, May 24



Electronics

Mechanical

Vacuum

BPM 
Stripline

Environment

• Matching to electronics
• Processing  fre: 704 MHz

Beam 
Parameters

•Beam Energy
•Beam Current
• Bunch length

Magnetic 
specs

•Integration in MEBT: variation in 
flange-flange length, bellows
•Installed in Quadruple magnets

ESS standards 
compatibility

Non magnetic 
materials and 

welding

• Fire resistance cable
• Halogen free cable

BPM Stripline Interfaces
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Transfer Impedance variation with MEBT BPM Strip length

 

 

L: 42 mm

L: 35 mm

L: 30 mm

L: 24 mm

Design process (History behind)
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MEBT BPM pick up analysis

 

 

Termination 50 

Termination Short

Button PU :7.6mm

3D Low β simulations
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Bunch frequency spectrum seens by BPM electrodes
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: 3.5 mm: 4.2 mm

: 3.2 mm : 2.8 mm

Termination 50 Ω
Termination short

Termination 50 Ω
Termination short

Termination 50 Ω
Termination short

Termination 50 Ω
Termination short

Single 
Bunch 

Response 
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BPM strips expected multi-bunch voltage in time domain
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Parameter Value Comments

Max input Power 20 dBm Input absolute limit

Center Frequency 352 / 704 MHz Configurable

Bandwidth ( 3dB) 1 MHz

Bandwidth (60 dB) 35 MHz

Crosstalk <-60 dB

SNR ˜ 60 dB

Input Power range -60 dBm to 5 dBm

SFDR 60 dBc

Nonlinearity <0.1 dB Over the Dynamic range

Noise Figure 10 dB

The electronics specification requirement by ESS ERIC

Electronics specs
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Short cable to patch panel

BPM supported by yoke

BPM Stripline location and positioning 
between yoke
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BPM1 BPM2
BPM3

BPM4
BPM5 BPM6

BPM7
BPM8

Whole MEBT and locations of 8 BPMs
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One identical BPM core design , but 5 different BPM sets based on the 
mechanical integration limitations (variation in tube and bellow lengths).

Type 1 Type 2 Type 3 

Type 4 Type 5 

143.9 mm 129.8 mm 100 mm

143.9 mm 133 mm

BPM various types
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Type 3 dimensions
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1m Short cable between BPM stripline and patch panel: ECO142, fire 
resistant, Halogen free, Outer diameter< 5 mm



MEBT BPM Stripline Status

✓ 3D Electromagnetic and mechanical Design: Finished February 
2016

✓ Prototype fabrication process started: April 2016
✓ Finished first prototype: April 2017
✓ RF measurements of prototype finished: April 2017
✓ Magnetic checks finished: May 2017
➢ Mechanical needs some improvements in the welding 

auxiliaries.
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Vacuum tests Magnetic 
permeability tests Cleaning and treatments

Metrology
Fabrication pieces

Failures!!
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Fabrication process: e-beam welding

November 2016
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MEBT BPM prototype, April 2017
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SL Box

SL Tube

Feedthrough
Strip Rot. Flange

Spacer

Various parts:

•SL Box (8x4)
•SL Tube
•Feedthrough (8x8)
•Strip (8x4)
•Spacer (8x8)
•Rot. Flange
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BPM Stripline measurements

• Signal transmission and matching to electronics 

• Coupling between electrodes
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Measurement setup for high frequency checks
Transmission and reflection : Reflection < -20 dB, Transmission> -0.5 dB

BPM ut

Port A

Port B

April 2017
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Matching and Coupling for adjacent pick ups (I)



Matching and Coupling for opposite pick ups (II)



Matching of pick ups (III)



Thermal effects on BPM HF characteristics

Temp: 32.8 °C
S11(704 MHz): -22.71
S12(704 MHz): -50.59

Temp: 52.6 °C
S11(704 MHz): -22.86
S12(704 MHz): -50.28

MEBT BPM CDR, May 24



Strips S21
Adjacent Strips (Strip1, 
Strip2)

-50.26

Opposite Strips (Strip1, 
Strip3)

-58.10

T: 32.8 °C T: 52.6 °C ~∆/°C
S11 (@704 MHz) -22.71 -22.86 -0.0075 dB/°C

Coupling adjacent (@704 
MHz)

-50.59 -50.28 0.0156 dB/°C

Measured strips coupling

Measured temperature sensitivity

Coupling and temperature sensitivity checks
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A

B

D EC

Measured Magnetic permeability values (µr< 1.1)

Points µr

A 1.02

B 1.05

C 1.02

D 1.01

E 1.01

F,G 1.05

FG
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Verifications (series 8 BPMs):

Pieces verification
• Metrology
• Magnetic properties

Fabrication process verifications
• Metrology
• Vacuum leakage tests
• rf measurements

Acceptance tests
• rf measurements
• Magnetic permeability
• Metrology
• Vacuum leakage tests

Verifications (prototype):

Pieces verification
• Metrology
• Magnetic properties

Fabrication process verifications
• Metrology
• Vacuum leakage tests
• rf measurements

Acceptance tests
• rf measurements
• Magnetic permeability
• Metrology
• Vacuum leakage tests

 Lesson learnt: Needs improvement in 
welding auxiliaries
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BPM required pieces to 
fabricate/order

Piece
Absolute 
Quantity

Ordering 
Quantity BPM nº Lead time Recieve Periority

Start order
2017

1 Feedthrough SMA, W-NM 64 75 1-8 ~2.5 Months High (Aug-17)
May

2 MEBT-BP-0102-ESS.00-MEC 64 75 1-8 ~ 2 Months High(Aug-17)
May

3 MEBT‐BP‐0101‐ESS.03‐MEC 32 40 1-8 ~ 3 Months High(Aug-17)
May

4 MEBT‐BP‐0103‐ESS.02‐MEC 32 50 1-8 ~ 3 months High(Aug-17)
May

5 MEBT‐BP‐0201‐ESS.03‐MEC
is in

progress MI
is in

progress MI 1-8 ~ 3 Months High(Sep-17)
June

6 Rotating CF Flange 16 20 1-8 ~ 2 Months Medium(Oct-17) June

7 Bellow type1 (short) 1 5 ~ 2 Months Medium(Nov-17) July

8 Bellow type2 (long) 5 1,2,3,6,8 ~2 Months Medium(Nov-17) July

Pieces production plan
Before welding process



BPM provisional schedule

• April- 2016: Finish design (electromagnetic and mechanical)

• April- 2017: First prortotype ready

• June- 2017: Long lead components production to be started (see

previous page)

• June-2017: Verification tests of BPM#P finished

• Sep-2017: Series production ready to start (BPM#1-8)

• Nov-2017: Main rf checks

• March-2018: BPM#1-8 production finished

• May- 2018: BPM#1-8 Measurements and Verifications finished
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