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Tevatron Schottky Signals 1992 Bunched Beam Cooling Attemp
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Tune, momentum spread, chromaticity derived from frequency domain

frev
ν =

Δft
Coherent Revolution Harmonics (n x frev)

Incoherent Transverse
Sidebands

ΔfupΔflow

Δft

frev

frev2
ξ = Δfup Δflow-

Δp
p

x x

η

Δp
p

Δflow + Δfup

frev2 x
=

x



Microwave Schottky Beam Diagnostics

May 2012 IPAC 12, New Orleans, LA R. J. Pasquinelli

Planar Pickup Arrays

4-8 GHz Planar Loop Pickups 
for

Tevatron Bunched Beam 
Cooling
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Gating is Essential & Allows Single/Multiple Bunch Monitoring
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Slotted Waveguide Pickup
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Accumulator Core Cooling
3 Bands 4-8 GHz

2002

Debuncher Cooling
8 Bands 4-8 GHz

1999
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1.7 GHz Array Assembly Summer 2002
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Measured Pickup Sensitivity in Recycler 2003

Sum Mode Difference Mode

Directivity Measured at 12-15 dB
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Beam Centering Reduces Common Mode

Recycler Horizontal Pickup 1 x 1011 Protons

Not an Option
for the Tevatron
with Protons &

Antiprotons
on Helical Orbits
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E 17

Location of Tevatron Schottky Pickups
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Recycler Installation

Tevatron Installation

January 2003
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Bunch by Bunch
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Tevatron Schottky Signal Processing
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Single Sideband Demodulation Preserves Chromaticity
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Tevatron Schottky Signal
Large Common Mode Signal Requires High Dynamic Range
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1.7 GHz Tevatron Single Bunch Horizontal Protons
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LARP LHC Collaboration
Propose Schottky system for LHC, Fall 2004
Schottky accepted as part of LARP, Summer 2005
Pickup design complete, plans sent to CERN, construction begins, Spring 2006
Design of analog processing electronics with prototype, Fall 2006
Installation of pickups and processor hardware at CERN, Spring 2007
Installation of control interface hardware at CERN, Spring 2008
Initial commissioning with beam 2009
Turn over operation to CERN 2010
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Location of LHC Schottky Pickups

Point 4
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LHC 4.8 GHz Schottky Pickup 
( BP 60x60, WG 47.549x22.149, SLOT 20.52x2.032, mm,  246 Slots) 
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Figure 2. Impedance of LHC Schottky pickup
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Pickups Assembly
at CERN Autumn 2006
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Tight Squeeze
LHC Beam Pipes Separated by

194 millimeters
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LHC Schottky Triple Heterodyne Block Diagram 
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System Noise Analysis
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Pickup tanks installed 
at Point 4, Spring 2007
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Hardware Test Set UP @ Fermilab
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Triple Conversion
Electronics Installed in
Tevatron at E17
June 2007
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Test in the Tevatron - 400 MHz IF

Importance of Low 
Phase Noise 

Local Oscillators
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Test in the Tevatron - Baseband output

Different Widths
of Sidebands

allows
Chromaticity
Measurement
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10.000 MHz Output

400.78897 MHz RF to 10 MHz
Reference Divider for LO sync



Microwave Schottky Beam Diagnostics

May 2012 IPAC 12, New Orleans, LA R. J. Pasquinelli

Signal Processing Chassis
Spring 2007
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LHC Pickup Plate Hardware
Switches, Variable Attenuator and
Phase Shifter allow for Calibration & 
Common Mode Rejection
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Crated up and on its way to CERN April 2007!
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Point 4
Alcove 
Hardware
May 2007
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Cable plant alcove point 4
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LHC Pickup Hardware
Installed May 2007
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Touring Final Installation
May 2007
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Tevatron Schottky Comfort Displays

Protons Antiprotons
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Tevatron Tune Plot and Gate Monitor Comfort Displays
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Tevatron Antiproton 
Beam-Beam
Tune shift 

Before and After
Correction 
based on  

Schottky Measurement
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Measured Beam Beam Tevatron Tune Shift

SBD=sampled bunch display
SL=synchrotron light monitor
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Tevatron Individual Antiproton
Bunch Tunes & Chromaticity
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Commissioning Spring and Fall 2010
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LHC Schottky Comparison Protons and Ions
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LHC Schottky Protons @ 3.5 TeV

B1H

B1V

B2H

B2V
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LHC Schottky Chromaticity Injection thru Ramp
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Summary
H & V Pbar Schottky in Recyler 2003-2011
H & V Proton + Pbar Schottky in Tevatron 2003- 2011
H & V Proton + Proton Schottky in LHC 2009-Present
Ability to measure tune, chromaticity, momentum spread
Gating allows measurment of individual and any combination of bunches
Emittance can be measured when calibrated
100 dB of dynamic range
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Thank You!


