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Nb-Cu Cavities for Neutrino Factories and 
Muon Colliders
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Vibration Mode
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Lorentz-Force 
detuning:
∆∆∆∆f = K⋅⋅⋅⋅E2

= many bandwidths!
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Add 
Microphonics !

• Run cavity at highest possible loaded 
Q for Energy recovery linac mode, i.e. 
without beam loading

• But: The higher the loaded Q, the 
maller the cavity bandwidth!
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Other SRF studies
Cornell has expertise and interest in other SRF 

studies of long ranging relevance that could be 
pursued with adequate funding:

• Crab cavities: 1st design at Cornell, relevant for 
LHC upgrade,

• light sources, and any high luminosity future collider
with crossing angle.

• New materials for SRF: Nb3Sn, NbN, Nb3Al, HiTSC
• Films on substrates, bonds on substrates
• Relates to all future uses of SRF

Higher Order Mode damping
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RF cavity 
Inside He vessel

HOM absorber
ðððð Damp Higher-
Order Modes

Frequency tuner
ðððð Adjust cavity 
frequency 

Input Coupler
ðððð Couple RF 
power into cavity

Cryogenic system
ðððð Bring cavity to 2K

15 feet

From Cavity to Cyromodule
e.g. The Cornell x-ray ERL injector linac
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l Only wiggler dominated storage ring, 90% radiation from wigglers
Requires advanced simulation of beam dynamics with nonlinearities, beam-beam 
force, …

l Advanced interaction regions require accurate accelerator simulation benchmarked 
against measurements, e.g. beam-based alignment

Collider developments
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Bunch Instrumentation and DAQ Development

• Instrumentation Support
– General digitizer backbone for multiple 

instrumentation types
• 72 MHz digitizers
• On-board DSP for data processing

• CESR Field Bus and Ethernet 
communications

• I/O ports for custom hardware interfaces
– Multiple Front-End Options

• Beam Position Monitors
• Synchrotron Light Beam Profile Monitors

– Visible light

– X-ray

• Fast Luminosity Monitor
– Core Capabilities

• Parallel digitization of bunches

• Turn-by-turn operation
• >10K turn memory buffer for each bunch
• Tight integration to CESR timing system 

(eg, multi-module synchronization, 
triggering, shaker phase information, etc)

• Data Acquisition System

– Large data sizes require on-board 
processing capability

• High level language (C or C++) 
programming of DSPs

• Memory mapping of DSP memory to 
control system for debugging and 
monitoring utilizing dual-ported 
memory chips

– Detector operation utilizes on-board 
processing capability

• Calibration
• Gain and timing control
• Extensive data processing 

implemented, eg:
– Local betatron phase calculation
– Bunch tunes (FFT)
– Timing scans

– User interface
• Flexible multi-user interface so that 

many different programs can operate 
devices

• Device/system-level locking to prevent 
collisions between multiple requests
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid
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Inter action region optimization

Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad
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Complete modeling of collision mode

1.89GeV
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• Damping ring to main linac design

• Low emittance transport & preservation studies

• Damping ring optimization: 

• studies of wigglers: electromagnetic design, impact 

on ring dynamic aperture

• studies of fast kickers

• Positron source 

• undulator design

• E166 participation

• Study of the use of CESR as an ILC positron damping 

ring test facility (after 2007)

Cornell LEPP ILC accelerator physics activities
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l Rearrangement of CESR wigglers

l North and South Interaction Regions
– South IR provides dispersion-free 

insertion region in standard 
optics

• Remove CLEO � South IR 
provides ~18 m of “free” space

• Cryogenic support locally 
available

– North IR can be configured 
similarly

• Also ~18 m insert region
• No cryogenic support so far

l εεεεx=2.5nm, εεεεy=5pm

l Disp and coupling correction

l Analysis of adequate wigglers.

ILC damping ring studies at CESR
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Wigger studies
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Ideal Non-Linear Wiggler
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Results from PAC2005 showed the TESLA 
TDR wiggler was unsatisfactory.  All wiggler 
studies performed with the CESR-c wiggler.

The CESR-c wiggler has a large aperture 
which produces fields well approximated 
by the Ideal Non-Linear Wiggler Model = 
Single Mode Wiggler Model. 
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Micro-bunching: Longitudinal 
Bunch Profile Measurements 

at TTF

1 picosecond
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500-750 kV Photoemission 
Gun with preparation, cleaning,  
and load lock chambers

Emittances: 
down to 
0.1mm mrad

Current: up to 
100mA

DC, 1.3GHz
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Q2 Q1 PM

CLEO solenoid

Compensating
solenoid

Skew quad

Horizontal pseudo phase space at  ν = 2/3.
Position at 10W vs position at 8W

Unique course of USPAS 2006 at 
Cornell University:
Experimental Accelerator Physics 
With Control Room Experiences

Homework:
e.g. Phase space measurements
in CESR
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Homework:
Horizontal and vertical
pseudo phase space dynamics
with
• damping
• tune shifts
• nonlinearities

Position   at   BPM 10 West
vs position at BPM   8 West
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Gun
BuncherDump with quadrupole

optic
Main linac

Injector
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main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV
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