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SPEAR3 Accelerator Complex
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Top O6o0ffdo at SPEARS

0 Rebuild SPEAR into SPEAR3 (1999-2003)
0 Operated at 100mA for ~6 years (beam line optics)
0 Recently increased to 200mA
o Chamber components get hot at 500ma (450kW SR, impedance)
0 500mA program suspended because of
power load transient on beam line optics

o Instead worked to top-off mode (beam decay mode, fill-on-fill)

RF system and vacuum chamber rated for 500ma



Present Status

0 13 exit ports taking SR (9 Insertion Device, 4 Dipole)

o7 I D ports ponktskehdlgpen sshutter

0 4 dipole beam lines open shutter injection by end of October 2009

o Last two ID shutters fill-on-fill by June 2010

o Trickle charge 2011



100mA and 500mA Operation
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500mA Injection Scenarios
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A Gun
o higher current
o stablize emission rate
ofil aa®si stedo
A Linac
0 restore 2"d klystron
(higher energy, feedback)
o phase-lock linac and booster rf
A Booster
o improve capture with modified lattice
o0 improve orbit and tune monitors
o develop fast turn-on mode
A BTS
o eliminate vacuum windows (done)
o diagnostics
A SPEAR
o0 add shielding, interlocks
0 improve kicker response
o transverse feedback
A Beamlines
o add shielding, interlocks
0 timing

Hardware Upgrades
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SPEARS3 Injection Notes

A VerticalLambertsorseptum (booster outside ring)
- operates DC, skegquadrupoleadded

A Three magnet bump

A ~15 mm amplitude, ~12mm separation

A Injection across three cellséxtupole}

A Slottedstriplinekickers (DELTA, low impedance)

A Transverse field dependence in K2

Injected beam
S

Stored bea

Plan view Elevation view



Hardware Upgrade: BTS Windows

With windows: ~20% beam loss
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old BTS: rough vacuum + windows

new BTS: high vacuum + no windows
Huang & Safranek




Injected beam profile measurements

Visible diagnostic beam line

150mm lens
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Hardware upgrade: Injection Timing and Energy

A Synchrotron oscillations measured with tupg-turn BPMs:

phase rmotion phase mation
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A Kickers set to dump injected beam each cycle
A Injection energy stable

A Injection time varies over hours
I RF cable temperature

A Develop method to measure timing with stored beam

Huang, Safranek & Sebek



Hardware upgrade: Injection Bump Closure

AKickers can interrupt data acquisition

o What is interruption sequence?
A depends on current ripple, beam lifetime and charge/shot

A bunch train filling needs new booster RF system

o Gated data acquisition
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o Tests with beam lines C no complaints
o Lots of work to match kicker waveforms

Huang & Safranek



Hardware Upgrade: PEP-II Bunch Current Monitor
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Hardware Upgrade:
Thermionic Cathode as a Photo -Emitter

Nominal configuration

1.5 cell RF gun
Tungsten
dispenser-cathode e- beam
(1000 C)

T2.856 GHz (2us)

3 S-band RF gun with thermionic cathode, alpha magnet, and chopper
3 Most charge during the 2 € SRF pulse stopped at the chopper
3 5-6 S-band buckets pass into the linac, single booster bucket

3 SPEARS single bunch injection, 10Hz presently ~50pC/shot
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Laser-driven configuration
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3 high singe-bunch charge for top-off

- reduce beam loading in linac
- eliminate cathode back bombardment

- eliminate chopper

Sara Thorin/MAXLab, EPAC'08
‘Turning the thermionic gun into a photo injector

has been very successful '




The Injected Beam Safety Dilemma

ARadiation Safety: the first hurdle

0 AP studies to demonstrate injected beam can not escape shielding

0 Many clever scenarios (dreams and zebras)

o BL shielding sufficient? (higher average current, more bremsstrahlung)
o PPS/BCS interlock modifications

o Do users wear badges?

A Efficient injection into main ring
o Injection time, charge/shot, repetition rate

Safety Is complicated!




Synchrotron Radiation Exit Ports

SPEARS3 DBA cell

Main Chamber Radiation Slot ~ Ante-Chamber
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Vacuum Chamber Construction
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Photon Beam Exit Channel

outside absorber

inside absorber
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