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U ] Cup

corrector pair slit 1 corrector pair slit 2
“scanner 1” “scanner 2"

Leave the slits stationary and scan the beam across them. Using a faraday cup
gives very wide dynamic range, no concerns about saturation. Can measure

charge ranges from 0.1 pC to > 100 pC.

We scan the correctors at several kHz rates and can get a good measurements in
a few seconds.

This turns our injector into an analog computer for performing multi-parameter
optimizations.
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Fast scanning magnet pairs

H & V slits

* The slits can absorb ~ 1kW of power, and the slit opening is 20 um.
e For 77 pC bunch charge, a charge amplifier is connected to the faraday cup and
scan rates up to 2 kHz are used (limited by the magnets).

* For low bunch charges, a picoammeter or SRS current preamplifier is used, but
at lower acquisition rates.

e Lead shielding is needed to reduce radiation for personnel safety reasons.
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| Emittance Measurement AdY

all server properties |

| This GUI performs 1D and 2D

[ Main : raw data : raw phase space : configuration

start () stop (N [+ auto update scan ranges for next scan M
seamer 1[0 [ a0 parameter scans and displays an
scanner 2 O.UGSj 0.264— data path: ST o
points per scanner 100 [rnfsterirerp/aatajemitae_Y 12012/ April 201204 -06_L Tha8m193_EDT/ H
start measurement | B l::ll‘ll! machine m g: | load | e m Itta n C e p I Ot .

100 % beam intensity

centroid y = -0.540 mm
centroid y ' = 1.038 mrad
sigma y = L790 mm
sigma y ' = 0.111 mrad
<yy' > =0176 mm mrad
macro-pulse charge = 1089.3 pC
alpha = -1.913
beta = 34.797 m
norm. rms emittance = 1L038 mm mrad

ready for next measurement

E= 5270 MeV¥

Q= 72.6 pC

100 x 100 points
ROl size: 6.0 filter: 3
# bunches: 15.0

90.0 % beam intensity

centroid y = -0.518 mm
centroid y ' = 1.040 mrad
sigma y = L626 mm
sigma y " = 0,103 mrad
<yy' > =0157 mm mrad

macro-pulse charge = 980.1 pC

alpha = -2.688
beta = 45.185 m

— settings
2D scan - start  stop  points
scan IL0.BEAM/SLOW_ORBIT _FB/A | | |
scan |LO.BEAM/ SLOW_ORBIT_FB/A | | {
measurement A4 horizontal -

pause after parameter change (s}

10 |
=

averages per setting

W adjust scan range each time
_Ishow contour plot

norm. rms emittance = 0.660 mm mrad

W show 100% emittance

ER
60 |

points per scanner (pre-scan)

points per scanner (main scan)

start smn] [Ioad scan_l

print j

Z0120406T172402-2D

MATSLADT_cmd
MA1SLADZ_cmd
LO.BEAM/EMIT_MEASURE/A4_Y/ 100% emittance
T T T T T 241

— 1.8
This GUI allows single emittance £ 73
scans z g
il 93
%. 1.4

-3.65 -3.6 -3.95 -3.5

-38 -3.75 37
MATSLADT cmd (Amps)
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beam dumps

YAG screens
vertical

dipole magnets

CCD

Deflecting cavity

Silicon mirror

deflecting cavity

e

Slice Emittance

EMS slits

magnet scanners

\

1%t slit

nd |;
A4 YAG screen 2" slit
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5-cell srf cryomodule buncher DCgun

solenoids

Transverse phase space:
two-slits method
Temporal profile: the
deflector + viewscreen
30-60 minutes per scan
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Vertical slice emittance

0.70 mm-mrad (100%),
slice emittance

The slice emittance rotates
55 degrees from head to
tail.

Accomplished by setting
the first cavity 30 degrees
off crest.
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beam dumps

YAG screens

EMS slits
vertical
deflecting cavity

5-cell srf cryomodule buncher DCgun

N —

dipole magnets magnet scanners solenoids

Easy to get a direct measurement of energy spread vs time
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Time-of-Flight

Synthesizer
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gun HV (kV)

Example: gun HV calibration
using TOF difference
between 2 bpms

Mar

We can extract phase information from our bpm’s
and use them as TOF/phase detectors.

Applications. . .

-cavity phasing

-voltage calibration for cavities and gun HV
-laser phase monitoring (first bpm after the gun)
-working on synchronous phase wobble
measurements for beam diagnostics and setup
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What is important for running high currents?

*Halo is a major problem (tuning, radiation shielding and machine
protection)

*Beam dump monitoring and protection

eFast shutdown — want to block the laser before anything else trips . . .
eCatching transients (due to FE, ions, scattering, . . .) for troubleshooting
*RF trips (mostly due to coupler arcs)

*Feedback for bunch charge, laser position and beam orbit

*Current measurement

*Measurements of RF response to the beam, HOM’s

*Monitoring HV power supply ripple and frequency response

*VVacuum monitoring, fast and slow

*Personnel protection

*Overall machine stability
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field emission from the cathode
field emission from the gun electrodes
edischarges from the gun insulator
estray light reaching the cathode (big problem for high QE
cathodes)

eroom lights, scattered laser light

ex-rays/UV light from SRF cavities

ex-rays/UV from gun electrode discharges
field emission from SRF cavities space charge
eaberrations
enon-uniform laser which makes long tails in time or space
eghost pulses from the laser,
ecathode response time too long which produces tails in time
eelectron scattering
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A viewer with a hole for imaging halo Arrays of PMTs and GM tubes

'
Dlagnostlc PMT Monitors _ E| X
PMT (Set #1) . PMT (Set #2) GM Tubes
32 33 34 35 36 37 38 4 5 6 7 8 ¥
0 - 250 mehr
1 Before Sol1 31 Deflector HY #12 *0 - 10,000 mRfhr
2  Before Buncher 32 After FC HY #8 1 0.26 mRfh After Gun
3 After Buncher 33 Quadasd HY #13 2 944 mRfh 1CH exit
4 After Sol2 34  Before Last Dipole HY #3 3 1720.00 mR/h A4 Guad
5 A3 Viewer 35 rack R717 HY #15 4 5150 mRih keithley meter by dump
B A3 Gale 36 A5 gate HY #14 5 852 mR/h Kly Mezzanine railing
7 After first dipole 37 Quc HY #10 6 47.30 mRih After A3 gate
G Ad-2 Slit 38 bflast quad HY #16 7 019 mRfh Catwalk
- 8  1200.00 mRfh Dump North side
3 1360.00 mRih 4% o

Can be confusing as we can get
radiation from the dump, which
is close by

But a little dangerous for high
currents.. ..

Simple! ~10° range
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ERL LO Vacuum — High Current Run (Feb 15, 2012)

35674

A5

16671 Lk

021412 2340 02-15-12 00:00 02-15-1200-:20 02-15-12 0040 02-15-12 0100 021512 01:20 0215120140 021512 02:00
Main Time Axis [EST)

Vacuum pressure near the gun is
one of the most sensitive
measurements of halo (and
cathode lifetime)

Extractor gauge for very low
pressures.

Working on a fast (sub-msec)
response ion gauge to look for
transients

Granville-Phillips now has a new
type of residual gas analyzer with
very fast scan times (10s of ms)
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This is an ion clearing electrode we
designed for the main ERL loop, and
tested in the injector (the coatings
were done at KEK).

With a voltage applied across the electrodes, it functions as a
clearing electrode.

We also used it to measure halo by connecting a picoammeter
to each electrode -> see ~50 pA on a 30 cm electrode.

Note: all diagnostics are designed to minimize wakefields (that
is, no discontinuities)
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BEAM PROFILE SCANNER

forXorYorXandY

Ldmet

Jg
COMPLETE SYSTEMS OR COMPONENTS

for ion or electron beams from the low
eV to 60 MeV. Radiation cooled, scan
amplitude controllable from 1 to 6 inch
maximum; neutral center without inter-
ference, absolute calibration and stabil-
ity. Electronics operate 2 scanners
simultaneously and independently.
Additional scanners can be addded
through a selector station.

Available with or without vacuum hous-
ings, 2-point calibration markers, line
drive amplifiers.

Available from

« ' Danfysik A/S

Jyllinge pr Roskilde 4000, D
Physicon Corporation
P.0.Box 9186, Boston 02114, Mass. USA

We have built a compact flying wire for high current beam profile
measurements. Using an offset cam, a 9 um carbon fiber passes

through the beam a 20 m/s, and can accelerate/coast/decelerate
in two rotations, intercepting the beam only once. The x-rays

generated by the scattered electrons are detected with a PMT or
MPPC.
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Assembled Device Offset Gear Assembly

Carbon fiber is
glued to the large
disk
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Results with a 35 mA beam. The profile matches a viewscreen
profile in pulsed mode.

| | | | | |
800 |- ——— wire scanner]
viewscreen

2 600
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-2 -1 0 1 2 3
Vertical coordinate (mm)

We will use this to study the effects of ions and ion instabilities on the
electron beam.

This flying wire is very cheap and easy to use (it was designed and built by
one of our technicians!)
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e S ®
:::wut'w 9.982e-008
i Introduce nitrogen gas at ~107 torr.
et The gas is ionized by the electron
n A\ P beam, emitting ~400 nm photons.
™ / k\-;-\_ The fluorescence is imaged onto at
.,*\mz@'-"fw . \’\\ P ﬂ’.W-z o standayrd CCD camera, producing
0s 1 15 2 .2“; 3 5 4 45 5 .F.“me B these ImageS.
Accumulate IJ _'J 1 Size feciie plzels 20 o

With our high beam currents, there is adequate
signal to obtain nice images in a few seconds. This

is a great, inexpensive diagnostic, and is also very
inexpensive.

Bruce Dunham Cornell University



Cornell Laboratory for

2 : ggﬁils;iﬁligﬁiessﬁé?enceu and Ot h e r P roj e CtS

We are developing and testing a transverse ‘laser wire’ profile monitor
using Compton scattering (with Radiabeam Technologies LLC). During
initial tests, the Compton signal was too low (compared to the x-ray
background from halo). We will try again soon with a higher power laser.

If you have any ideas for diagnostics for high power beams, or to

measure halo distributions — we are interested in trying them out in our
injector
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For future high-brightness, high-power electron
injectors, a wide range of diagnostics are necessary for
testing, optimization and operations.

Important items:

Halo measurement and halo reduction
Wide dynamic ranges

Fast, accurate phase space measurements
Non-intercepting diagnostics

If you have any good ideas, let’s talk . . .
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