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e FES Tuning

Beam Parameter Range
Diagnostic Plate
Warmup

raining and Safety
|ssues beyond FES
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FES Tuning
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e Knobs. b
11 quad (central 6 quadsin 3 families

8 rebuncher (4 amplitude, 4 phase)
12 steering (6 X, 6y steerers)
Chopper target position

® Diagnostics

5 X, 5y profile (wires, non-intercepting later)
6 X, 6y centroid from 6 BPMs

6 phase monitors from same 6 BPMs

2 toroids

Emittance device (very low power)
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MEBT Layout
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Beam properties in the front end:
About 60 mA out of the source

At least 52 mA (peak) out of the RFQ

645 ns on, 300 ns off during mini-pulse, “20 us” ramp of the
pulse width at leading edge of macropulse

Maximum power conditions: 1 ms macropulse length, 60 Hz

Power must be reduced when diagnostic devices are inserted,
typical 10 to 100 uS pulse length, 2 to 10 Hz.

Can run “single turn injection” mode, only a single <645 ns
pulse at up to 60 Hz.

Pulse-on-demand mode is inherently part of ALARA.

Because of thermal conditioning needs (e.g., plasma, acceler-
ating cavities), in many of the reduced power modes, the high
voltage and RF systems will cycle at a steady 6 to 60 Hz rate.
Only the beam will be gated to lower (or even zero) rep rate
with the LEBT chopper.

In MEBT (ignoring the 402.5 MHz RF microstructure):
52 mA - 2.5 MeV = 130 kW peak
52 mA - 2.5 MeV - 0.68 D.F. = 88 kW avg. over 1 ms
52 mA - 2.5 MeV - 0.68 D.F. - .06 D.F. = 5.3 kW thermal



MEBT Beam Envelope
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MEBT Diagnostics
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FES Tuning 2
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e Diagnostics give slightly overdetermined set

o RFQ characteristics assumed known
e fairly independent of ion source emittance

® Redundancy:
e (Quads: mag measurements + beam-based
e (Cavities: r.f. probesand TOF

e MEBT chopper power supply:

® runatlow ord.c.tosetM;=M,z=0
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Beam Parameter Range
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e Full 2 MW operation

e Enhanced, for 2-ring operation
e implications of supercycle interaction

® Reduced Specs

single-turn for ring studies

low current

full current, low duty-factor

other special tuning/operation modes
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Rebuncher Cavity Tuning
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4 Cavities, tune amplitude and phase of each
Use TOF technique with BPMs
Observe 805 MHz beam component

Beam debunches fast: make sure that
enough survives to do a TOF measurement

® Turn on rebuncher in sequence
® No pulse shape monitorsin MEBT
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No rebunchers on
25NS
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Rebuncher 1 on

GN SNS 1-Tank DTL, r-bore=1.25cm, Ep=1.3Ek, -45deg, 2MW pic= -48

2.00000

-2.00000

2.00000

-2.00000

180.0

-180.0

X (cm) vs. cell no.

AN

SPA[LATION NEUTRON SOURCE

-60

-52 -44 -36 -27 -19 -11 -3 5 13 21 29 37 46 54

62

70

Berkeley Lab
J. Saples SNS Commissioning Workshop

Accelerator and Fusion Research Division lon Beam Technology Program

LBNL 6 Oct 2000



Rebunchers 1,2 on
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Rebunchers 1, 2, 3on
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All Rebuncherson
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RM S Phase Spread

RM S Phase Spread vs. Element Number
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RMS Energy Spread
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402,805 Har monic Content
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402, 805 Har monic Content
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Profile Monitors
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® Measurex,y profile at 5 locations
Needed to tune quads
Non-intercepting desired

Will use wiresinitially

Power density significant
e upto 500 kW/cm?
e independent of pulse length
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Beam Power Density
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Beam Size, Continued
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Power Density
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e Power density typically 500 kW/cm?

e Will restrict pulse length to afew
microseconds

® No tuning beam stop possible in MEBT
e MEBT chopper protection will be critical
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Profile Diagnostic
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e Need rapid feedback to operator

® Need ability to do multi-dimensional
display of beam size vs. multiple quad tunes

e Second moment problem: some embedded
software may help sort it all out
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Beam Steering
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® First run-thru: center in BPMs
® Check: check for quad steering

® resolve differences

e Emittance growth reduced when steering
Invoked
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Emittance Device
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e Jlit, followed by collector stack
e 50 dlit positions
® upto 64 collectorsin stack

Resolution modeled with simulator
Power on dlit must be kept very low
Measurement in less than 10 seconds
Short pulse, low duty factor
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Berkeley Lab

Sample Input Data

-0.61cm

5170

51.71]

mrad

mrad

0.61cm
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Emittance Resolution
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5170 mrad

5170 mrad
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Diagnostic Plate
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I
Temporary tuning device

®

o Used on RFQ and MEBT exit
® Requires 2 meter drift
®

Equipment
e fast faraday cup
e expanded beam will debunch
® amittance gear
® |ow power only
® 90 degree spectrometer
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SPALLATION NEUTRON SOURCE
L R \\

e \/oltage condition of

LEBT

RFQ

Rebuncher cavities

May require local 402.5 MHz clock

e Power condition plasma generator

® Beam tuning
e with RFQ on, no convenient beam stop
e may use LEBT chopper target
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|ssues Beyond FES
/=

o Full FES commissioning will becarriedout =" ™
at LBNL:
e Emittance device only at low power
e We need sufficient time to carry this out

o At ORNL.:
e Recommission at 2.5 MeV
e Carry beam through DTL tank 1
e LANL tunes FES
e \What diagnostics, power limitation at 7.5 MeV?

e Continued FES development necessary, especially on
lon source

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
LBNL 6 Oct 2000

J. Saples SNS Commissioning Workshop



SPALLATION NEUMN SOURCE
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e Edtablish agreement on LANL beam
acceptability and requirements for tuning
and commissioning

e |dentify differences between |1&C HW and
SW between LBNL and ORNL

e Edgtablisntrip limitsfor initial beam
commiSssioning
® protect chopper target, emittance box, etc.
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SPALLATION NEUTRON SOURCE
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e \We have sufficient toolsto commission FES
al LBNL at full power.

e FESwill provide wide range of beam
parameters for downstream requirements

® Machine safety requirements must be
carefully spelled out

e Continued FES development essential
during installation phase of rest of
accelerator components
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