Booster Space Charge Study

W. Chou, September 11, 2001, Penthouse

Goals of this study:

· To build several simulation tools;

· To use these tools, together with machine experiments, for studying the space charge and other related effects in the Booster;

· To investigate several possible cures.

At this moment, we have not set a goal for how much beam intensity increase this study could provide. We may be able to do so at some late time when we have a better understanding of the problem.

Purpose of this meeting:

· To start a coordinated effort at Fermilab;

· To start a collaboration with the SNS/ORNL;

· To layout a plan.

Several other laboratories have also shown interest to join this study, including AGS/BNL (T. Roser), PSR/LANL (R. Macek), PPPL/Princeton Univ. (H. Qin), SciDAC/LBL (R. Ryne), and probably some universities as well. There is also an indication that some CDF people may join us at some late time.

Space Charge Effects

Symptoms:
· Emittance dilution (longitudinal and transverse) 

· Beam loss

Physics:

· Resonance due to incoherent and/or coherent tune shift (transverse).

This is closely related to magnet field & alignment errors.

· Instability (negative mass, above transition) due to capacitive impedance.

This is closely related to machine impedance (wall, bellows, kickers, cross section changes, etc.)
· Potential well distortion.

This is closely related to rf.

· Mismatch (orbit and shape) and halo formation.

· Other effects, e.g., longitudinal quadrupole tune shift.

Therefore, a complete space charge code should include impedance models, magnet errors, rf and halo generation in it. The relevant Booster parameters have been or are being measured. This is part of the study.

Furthermore, a complete space charge code should also include the coupling between longitudinal and transverse motion, i.e., should be 3-D. This is where the SciDAC steps in to help.

Once the physics of these symptoms is understood, we will be able to propose remedies to cure them.

Plan for This Study

Simulation tools:

· 1-D ESME (MacLachlan)
· 2-D ORBIT (Galambos, Holmes)
· 2-D SIMPSONS (Machida)
· TRACK1D, TRACK2D (Prior)
· SciDAC for 3-D s.c. code development (Ryne, Spentzouris)
Booster measurements:

· Magnet field measurements (ac, dc, remnant) (DiMarco)
· Magnet lamination impedance measurements (Crisp)
· Beam measurements (Lackey, Tomlin)
· List of Booster diagnostics

· List of Booster knobs

What do we expect to see from Booster simulations?

· Transverse emittance blowup by a factor of 2-3.

·  Large injection losses.

· Explanations of the observed fact that higher Linac beam currents give better Booster performance.

Possible cures:

· Inductive inserts (Wildman)
· Electron beam compensation (Shiltsev)
· Quadrupole mode damper (?)
· Ramped orbit correctors (Prebys)
· Stopband tuner (?)
· Others: working point, injection painting, Linac upgrade, etc.

Booster Beam Measurements 

(Done or to be done, preliminary list)
1. Longitudinal and transverse emittance at injection and top energy.

2. Snapshots of turn-by-turn beam profile, emittance and position in the first 3-5 ms when the loss is substantial.

3. Tune variation during the ramp.

4. Chromaticity variation during the ramp.

5. Dependence of the above measurements on beam intensity and working point.

6. Machine acceptance (longitudinal and transverse).

7. Lattice function measurement.

8. Stopband using pencil beams.

Booster Diagnostics Summary

	Device
	Quantity
	Features
	Parameters & Accuracy

	BPM
	48 x (H + V) in the ring

Also in three beam lines (400 MeV, 8 GeV, MI-8)
	Dual plane, stripline type

Turn-by-turn (orbit, tune)

But not during the first 50 turns
	L = 6-8 in, D = 4 in

19,860 points/cycle

Resolution: a few hundreds μm

Accuracy: 2-3 mm

	BLM
	48 in the ring

5 for extraction (in L3, L13, upstream of the extraction points)

Several in three beamlines
	Ion chamber

Log Amp amplifier (4 decades)
	12.5 kHz

	Multiwire
	12 in 400 MeV line

Several in 8 GeV and MI-8 lines 
	mm wire spacing
	

	Single wire scanner
	3H + 1V on the injection girder

1H in Period 10
	
	

	IPM
	1H + 1V in L5
	Turn-by-turn, including injection

(emittance, width, centroid)
	Centroid position calibrated

Emittance calculation needs to be understood

	Intensity monitor
	3 
	Older one in L20, toroid type

One in L1

New one in Period 11 with wider bandwidth (10 kHz, dc coupled) but not in use
	

	Wall current monitor
	One in L18
	
	Bandwidth 6 GHz

	Scraper
	A pair of primary collimators in Period 5
	Carbon foil (30,000 microg/cm^2)

For collimation (to be installed)
	

	Radiation monitor
	A system outside the enclosure
	Chipmunks
	

	Schottky pickup
	A pair
	Stripline type

(Removed but could be reinstalled)
	Bandwidth 1 GHz

	Pinger
	1H + 1V
	Solid state, 4-5 kV

Vertical one used for notching
	

	Damper
	1H + 1V
	Stripline type
	

	Instruments
	
	Fast scopes, FFT, signal analyzers, etc.
	Bandwidth 1 GHz
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