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Abstract Long Beam-Loss Monitors (LBLMS)

A 4-GeV superconducting linac has been added to the LCLS x-ray FEL facility at SLAC. Its 120-
kW, 1-MHz beam requires new beam-loss monitors (BLMs) for radiation protection, machine
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diagnostic-waveform output to localize beam losses and to detect wire-scanner signals. m

LBLM System Both fibres are visible during
" Installation cryomodule installation.
o . " Fibre lengths span up to 200 m along the tunnel, starting
Point Beam-Loss Monitors (PBLMs) and ending at a chassis in a rack
"  Cherenkov light is detected by a PMT at the downstream LCLS LBLM GUI R
end of a fibre. T
Cividec B1IHV Diamond Detector " The PMT signal (like the PBLM signal) is integrated over e - —
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" Charge is collected by 250-V bias between electrodes on the two In some regions (e.g., along the linac), we use two fibres to s 7] Toggle Timing Window. | Expert -
faces. improve protection by redundancy and by providing two

Views.
" See the A and B fibres in the plot below.
" Applications
" BCS and MPS: These protection systems use the “slow”
integrated signal from the LBLMs (and the PBLMs).
" Beam diagnostics: The raw PMT waveform—the “fast”
signal”—has two diagnostic uses.
" Finding loss locations by arrival time at the PMT

" 4-mm-square diamond chip, 0.5-mm thick
" Single-crystal diamond is necessary.
" Polycrystalline diamond has charge traps at crystal
boundaries.
" Traps are slow to fill and slow to empty. Signal does not
decay to zero when beam loss stops.

Loss Count

. " At right, beam hits a screen and saturates the
PBLM Electronics waveform digitiser.
" For protection from losses at any beam rate (1 Hz to 1 MHz, or variable), a filter with RC = 500 ms " Numerical integration of the loss peaks from the
integrates the charge arriving from the detector. passage of a wire scanner
" The board includes an adjustable gain, from 1 to 74. ®  Self-check
" Two applications: " An LED at the upstream end emits weak light modulated at | Pause |
" Beam Containment System (BCS) 0.8 Hz
" Ensures that beam stays on desired path and does not pose a risk to people or to safety systems " Detected by a lock-in amplifier circuit implemented in a X Axis: | Time (nanoseconds) |
" Simple analogue comparison of integrated signal to a threshold, done on the board DSP, for a continuous self-check Fast waveform showing the beam hitting a screen, saturating the digitiser.
® Machine Protection System (MPS) " BCS trips if the self-check 1s too small or too large.
" Prevents activation and damage to beamline components
" Integrated signal is buffered and sent to a digitiser ® LBLM:L2B:1587:A:10_LOSS (-3:86mv) M LBLM:L2B:1587:8:10_LOSS (-5:160mV)
" Fast comparison with a threshold in firmware P
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Comparing the responses of A and B
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" The +yjaw (green) of a vertical collimator in the Linac-to-Undulator (LTU) transport line was open. high-power, high-rate losses. ¥1  amg
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o 1l ) Ezjf;zw beamline to the hard x-ray (HXR, south) line. Blue: Rate to SXR. Grey: Rate to HXR. Red: LBLM on SXR
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" The collimator 2.2 km from the gun had a gap of 14 mm. Sl 40 Ci“’ltyi’ lwals Off: com
" The PBLM signal (black) suddenly jumped up to the saturation level of the digitizer. o o0 | _ Izll cly doca.tlcillll)o ermtte}:lr eed
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" The —yjaw was opened by 1.8 mm. LBLM signals from cryomodule field emission. Two fibres span the downstream half of L3B, on the wall . 1 2%=/dn fnelg | Ours.
" The PBLM signal dropped, and the temperatures started to decrease. (red) and ceiling (blue). Both signals suddenly jumped up, and MPS tripped the photocurrent. The gun dark Dlrect.loq 0 lacce .eratlog d;p ends
" The gun solenoid was raised, reducing the dark current. current was low. Cryomodules along this region were cycled off and on, one at a time. Cryomodule 34 on emission location and phase.

" The PBLM signal dropped nearly to zero. cavity 7 (CM34-7, magenta) lowered losses, but turning off CM35-4 (black) drove them nearly to zero.
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