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Fibre coupling efficiency

Laser beam M2 measurements

Control and DAQ



FETS laserwire

Laser characterisation tests at RHUL

Fibre coupling

Beam delivery system

Control and DAQ

Safety

Possible to test at RAL?
Proposed ship date to CERN

Proposed tests at Linac4
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emittance scanner

Task

Power vs duty cycle

Mode quality

Fibre coupling efficiency

Fibre optimization and mode quality
Integration with mechanics

Beam expanded mode quality

Delivery of fibre from Nufern ?
Prepare armoured fibre & termination

Test fibre coupling

Beam expander order completed?
Mechanics design in workshop

Assemble mechanics: stages, optics
Develop translation stage control
Develop beam expander control
Combined test

Interlocked box

Laser safety specification meeting

RAL laser room preparation

Contingency for further tests

A Bosco

Laser-diagnostics schedule

May June July Aug Sept Oct

6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2 9 16 23 30 7 14 21

Last update

this week, now fibre ready
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28



FETS laserwire
emittance scanner

Laser characterisation tests at RHUL

Fibre coupling

Beam delivery system

Control and DAQ

Safety

Possible to test at RAL?
Proposed ship date to CERN

Proposed tests at Linac4
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Laser-diagnostics schedule

May June July Aug Sept Oct

Task 6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2 9 16 23 30 7 14 21 28
Power vs duty cycle T d

Mode quality O ay
Fibre coupling efficiency

Fibre optimization and mode quality

Integration with mechanics

Beam expanded mode quality

Delivery of fibre from Nufern ?
Prepare armoured fibre & termination

Test fibre coupling

Beam expander order completed?
Mechanics design in workshop

Assemble mechanics: stages, optics
Develop translation stage control
Develop beam expander control
Combined test

Interlocked box

Laser safety specification meeting

RAL laser room preparation

Contingency for further tests

A Bosco e oesv

Front End Test Stand




FETS laserwire
emittance scanner S e I‘)’ Of p Fog eSS

Since the last update in early July, the focus was on system tests at RHUL.

Main activities this month:

=2

MoU laserwire drafted together with CERN Linac4: Rhodri Jones, Uli Raich and
Thomas Hofmann during visit to RAL and RHUL.

Thomas stayed on for two weeks at RHUL for laserwire development.
Laser fibre coupling and efficiency
Fibre launch system developed.
Light steered via aspheric lens to fibre and coupling efficiency measured.
Telescope test for improved efficiency.

Laser beam delivery measurements
Alignment of fibre collimation lens, beam expander and focusing optics.
Test of beam expander control and stage movements.

Camera mounted on translation stage and M? measured.

: / Front End Test Stand
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FETS laserwire
emittance scanner

\/

Laser and coupling box

Front End Test Stand

" Manlight Laser replacement:

Original (30 W) laser returned
to France for “repair” - to
improve performance at low
duty cycles.

Meanwhile, have received
equivalent model replacement
laser (10 W) to continue
development.

Enclosure for fibre-coupling optics

Laser head and fibre-coupling
optics will be installed in rack-
mountable optical breadboard.

Ease of installation at Linac4
racks.

John Adams Institute for Accelerator Science



FETS laserwire
Optical fibre coupling

Laser head and fibre-coupling mounted
on optical table, within footprint of
coupling box:

3-axis translation stage to align fibre to
focus of aspheric lens.

el T gy o owmmmEEEe s\ | ® Initially <50% efficient due to divergent
Y s beam.With telescope > 60% coupling
achieved so far...

NanoMax-TS .
ﬁ g
, .
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FETS laserwire .
omittance scanner Beam direct from laserhead

z Delta = 757.6 um Pixel | = 40672 [62.1%

4xSigmala] ’ i i View =-225 : Tilt=-33

Clip[b] 50.0%

Ready USB #1 uCCD.2

Maj-ISO 1924.0 um §

Min-ISO 1629.2 um

ELP 4.2 deg.

Ellip. 1.18

Orient. 4.2 deg.

I Crosshair 4.2 deg.
Xc -577.4 um Relative Power: 0.00 Full Range = 2
Ye 490.5 um '__[Triglger off] delay = 0.000 ms
1 Toggle Centroid: [absolute] = _"j'f;““ Gain=1.0 =
| Peak % 88.5% L
Exposure time = 16.70 ms [Auto]

Image zoom 1 - =4 i
2Wua @ 4Sigma 1912.2 um 2Wva @ 4Sigma 1910.1 um
2Wub @ 50.0 % 1137.8 um 2Wvb @ 50.0 % 883.8 um

Scale = 1300.0 um{div | ]Peék =771.3% B=12% Scale = 1000.0 um{div |Peak =73.4%, B=1.2%

John Adams Institute for Accelerator Science F ro nt E n d Te St Sta n d



FETS laserwir . ’
emittance scanner Beam after fibre (no collimation)

4xSigmaL_a_] Delta = 587.3 um Pixel | = 55843 852° S e s
Clip_[_lz_]_ 50.0%
_Ready USB #1 ucCD.2.
Maj-ISO 6377.2 um
Min-ISO 5944.7 um
ELP -9.6 deg.
Ellip. 0.93
| Orient, -9.6 deg.
Crosshair -9.6 deq.
Xc -480.0 um Relative Power: 0.00 Full Range = 2
| Ye 338.5 um | | '——[Tri—g}ger off] delay = 0.000 ms

1 Toggle Centroid: [absolute] = __I_lm_aner e

‘ o
| Peak % 87.0% | L
t Exposure time = 53.54 ms [Auto]
Image zoom 1 =t . g
2Wua @ 4Sigma 8608.0 um 2Wva @ 4Sigma 8074.6 um

2Wub @ 50.0 % 4237.8 um 2Wvb @ 50.0 % 4201.5 um

Scale = 1300.0 um{div |Peak = 85.2%, B=1.4 % Scale = 1000.0 um{div [Peak = 84.8%, B=1.4%

j / Front End Test Stand
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FETS laserwire .
Beam delivery M2 measurement

focusing . camera and filter wheel
:f"s for on translation stage
alignment around beam focus

collimating motorized

. Lens lens
Fibre A beam expander £=500mm
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BE control
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FETS laserwir .
emittance scanmer Beam delivery M2 measurement

‘l®=  Camera scanned through +/- 75 mm to
measure beam varlatlon around focus.

® Beam waist 2 2f

Wq :EMZF

® Rayleigh length
TW,*
AM?

ZR:

® Beam transverse size (l/e?):

2
w(z) =wy [1+ (Z/ZR)

Johﬁ ;4dams Institute for Accelerator Science F ro nt En d TeSt Stan d



FETS laserwire
omittance scanner M2 measurement: -75mm

Camera 1: Delta = 662.7 um Pixel | = 39197 (59.8%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1 ccd _23.2

Maj-1SO 610.2 um
Min-ISO 564.7 um
ELP 167.5 deg.

Ellip.

Orient. -12.5 deg.

Crosshair 0.0 deg.

Xc -503.6 um

Yc -430.8 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 67.6%

(Ejrgaer offl delay = 0.061 ms _1|

GFit 84.1%
Exposure time = 11.25 ms
Image zoom 1 = = =1
2Wua @ 13.5 % 573.9 um 2Wva @ 13.5 % 552.6 um
2Wub @ 4Sigma 622.8 um 2Wvb @ 4Sigma 598.1 um

Scale = 3500 umldiv Peak-67.2% B-02% Scale = 350.0 um/div Peak=65.6% B=-0.2%

: / Front End Test Stand
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FETS laserwire
emittancesscanner MZ mMmeasu I“ementt ‘45mm

Camera 1: Delta = 528.3 um Pixel | = 44623 (68.1%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1ccd 23.2

Maj-1SO 434.7 um
Min-ISO 414.2 um
ELP 166.2 deg.

Ellip.

Orient. -13.8 deg.

Crosshair 0.0 deg.

Xc -434.0 um

Yc -301.3 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 71.1%

(Ejrgaer offl delay = 0.061 ms _‘|

GFit 83.9%
Exposure time = 5.560 ms
Image zoom 1 = = =1
2Wua @ 13.5 % 416.8 um 2Wva @ 13.5 % 391.3 um
2Wub @ 4Sigma 436.7 um 2Wvb @ 4Sigma 417.2 um

Scale = 350.0 um{div . |[Peak =69.0%, B=0.2% Scale = 350.0 um{div |Peak =69.1%, B=0.2%

/ Front End Test Stand
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FETS laserwire
emittancesscanner MZ mMmeasu I“ementt - I Smm

Camera 1: Delta = 401.7 um Pixel | = 44707 (68.2%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1ccd 23.2

Maj-1SO 349.0 um
Min-ISO 332.0 um
ELP 162.5 deg.

Ellip.

Orient. -17.5 deg.

Crosshair 0.0 deg.

Xc -362.6 um

Yc -172.8 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 69.7%

(Ejrgaer offl delay = 0.061 ms _‘|

GFit 78.0%
Exposure time = 3.185 ms
Image zoom 1 = = =1
2Wua @ 13.5 % 320.7 um 2Wva @ 13.5 % 297.5 um
2Wub @ 4Sigma 242.6 um 2Wvb @ 4Sigma 321.2 um

Scale = 3500 umldiv [Peak-68.2% B-02% Scale = 350.0 umjdiv Peak=69.1% B -02%

/ Front End Test Stand

John Adams Institute for Accelerator Science




FETS laserwire
emittance scanner M2 measurement: +15mm

Camera 1: Delta = 294.9 um Pixel | = 43493 (66.4%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1ccd 23.2

Maj-1SO 402.4 um
Min-ISO 386.4 um
ELP 159.7 deg.

Ellip.

Orient. -20.3 deg.

Crosshair 0.0 deg.

Xc -291.6 um

Yc -43.8 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 70.0%

(Ejrgaer offl delay = 0.061 ms _‘|

GFit 81.5%
Exposure time = 4.286 ms
Image zoom 1 = = =1
2Wua @ 13.5 % 379.1 um 2Wva @ 13.5 % 355.4 um
2Wub @ 4Sigma 2985.6 um 2Wvb @ 4Sigma 382.1 um

Scale = 350.0 um{div |Peak =67.2%, B=0.2% Scale = 350.0 um{div |Peak =68.9%, B=0.2%

/ Front End Test Stand
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FETS laserwire
omittance scanner M2 measurement: +45mm

Camera 1: Delta = 240.3 um Pixel | = 41039 (62.6%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1 ccd _23.2

Maj-1SO 535.4 um
Min-ISO 516.9 um
ELP 165.1 deg.

Ellip.

Orient. -14.9 deg.

Crosshair 0.0 deg.

Xc -223.9 um

Yc 87.3 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 63.6%

(Ejrgaer offl delay = 0.061 ms _1|

GFit 87.7%
Exposure time = 7.195 ms
Image zoom 1 = — =1
2Wua @ 13.5 % 503.7 um 2Wva @ 13.5 % 489.5 um
2Wub @ 4Sigma 535.0 um 2Wvb @ 4Sigma 519.0 um

Scale = 350.0 um{div |Peak =62.3%, B=0.2% Scale = 350.0 um{div . |Peak =62.7%, B=0.2%

: / Front End Test Stand
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FETS laserwire
omittance scanner M2 measurement: +75mm

Camera 1: Delta = 266.6 um Pixel | = 44525 (67.9%)

Clip[a] 13.5%
4xSigma(b]

_Ready #1 ccd _23.2

Maj-1SO 701.2 um
Min-ISO 664.1 um
ELP 168.0 deg.

Ellip.

Orient. -12.0 deg.

Crosshair 0.0 deg.

Xc -156.3 um

Yc 216.1 um Relative Power: 0.00 Full Range = 2

Centroid: [absolute]
ADC Peak % 68.1%

(Ejrgaer offl delay = 0.061 ms _1|

GFit 88.0%
Exposure time = 12.56 ms
Image zoom 1 = = =1
2Wua @ 13.5 % 663.4 um 2Wva @ 13.5 % 638.3 um
2Wub @ 4Sigma 700.4 um 2Wvb @ 4Sigma 671.8 um

Scale = 350.0 um{div |[Peak =67.6%, B=0.2% Scale = 350.0 um{div |Peak =68.0%, B=0.2%

: / Front End Test Stand
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FETS laserwire
emittance scanner MZ measurement reSU|tS

M2_4Sigma (U C|Ip2U _ | C||p2V
Model + . M2_4Sigma (U
] =) - —— M2_4Sigma (User Mosel  sen M2_4Sigma (User
= (((1**‘(((2-20) 2)* (M2 - W=2"WO*((1+(((z-20)2) (M2 —
*2)*((lambda*0.000001)"2))/(( 2)*((lambda*0.000001 )A2))/((
0.00070 Equation PI2)*(WO0"4)))"(0.5)) 0.00070 4 . pin2)*(WOA4))N(0.5))
quation
0.00065 Reduced 645853 0.00065 — Reduced 3733324
Chi-Sqr Chi-Sqr
. Adj. R-Square 0.99774 - Adj. R-Square 0.99545
Value Standard Error Value Standard Error
0.00060 i) 175536E4  1.42101E-6 0.00060 — W0 174242E-4  1.69419E-6
J Clip2u 20 -0.01349|  3.92256E4 G2y 20 001415 5.84763E-4
lambda 1.064 0 T ! ambda X
0.00055 — M2 1.75614 001226 0.00055 - IMz > 1.7152?3 0.01813
-] T > 4
S 0.00050 4 S 0.00050 -
O - O .
0.00045 0.00045 —
0.00040 0.00040 —
0.00035 0.00035 —
0-00030 I L) I L) I L) I L) I L) I L] I L] I L I 1 0-00030 I L) I L) I L) I L) I L) I L) I L) I L) I L]
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08
Positions Positions

Horizontal M? = |.756 +/- 0.012 Vertical M? = 1.756 +/- 0.018
Horizontal wy (20) = 176 +/- 1.4 um Horizontal w, (20) = 174 +/- 1.7 um
® Reasonable M? for first measurement after beam expander. Negligible astigmatism.

® Expect further improvement from: better coupling, improved alighment of beam
expander etc...

® Beam spot mode quality looks most Gaussian at centre of focus.

John ‘Adams Institute for Accelerator Science F ro nt En d TeSt Stan d



FETS laserwire " N
- Effect of lens f and BE magnification

1000
x|
X2 B
E Y
£ 3
« Collimating
= x4 lens f
(oT1]
= O\
g W ©6.4
< x5
‘0 — H11
= x6
(L]
o x/ @ 18.4
x8 L -
a 1U
—
=
L
s
™
1
0.01 0.1 1
Beam waist at focus, w0 (mm)

, / Front End Test Stand
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FETS laserwir . o .
emittance scanner Plan view of FETS diagnostic

Johr; ;4dams Institute for Accelerator Science F ro nt En d TeSt Stan d



FETS laserwire

emittance scanner Beam Delivery System CAD

John iddams Institute for Accelerator Science F ro nt En d TeSt Stan d



FETS laserwire

emittance scanner Beam Delivery System

\/
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FETS laserwire
emittance scanner Interlocked enclosure

» o | RHUL wSrI<sh0p
Beam delivery system enclosed in aluminum box, on 450x450mm breadboard.

The top and two side panels are removable for access.

Opening the box breaks the interlock and dumps the laser beam.

Key to override interlock for exceptional access / alignment.

John ‘Adams Institute for Accelerator Science F ro nt En d TeSt Stan d



FETS laserwire
emittance scanner CO ntr0| and DAQ

Detailed discussions with Gary and
Thomas this week at RHUL.

Outline of data acquisition for
FETS and LINAC4 Laser
Scanning completed.

Thomas Hofmann agreed to draft a
DAQ document for Gary / FETS to
check.

Based on:

PXI crate with cards for trigger,
digitization and timing/counter.

LabView control of motion stages,
beam expander and camera.

T

m«‘f

il

1

Data archived and published via
EPICS server for easy online
monitoring.

i

. / Front End Test Stand
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FETS laserwire
emittance scanner

From ion
source

Control and DAQ

LASER

Serial

¢
¢

PXI

Triggers
Digitizer

Time/Cnt

Camera

y

Movers

\/

—

Beam
Expander

Firewire/USB/enet

Front End Test Stand
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Beam Position Monitors BPM pI’OCeSSi n g

Summary from Gary Boorman:

BPM Processing
The FPGA and Digitizer have been delivered to RHUL, but awaiting the breakout box.

The FPGA code has been developed for the BPM processing, and tested using simulated signals on a
PC. Once the breakout box has arrived testing of the code using emulated signals can start
(hopefully the week after next).

CERN are happy to loan us both a button and stripline BPM for testing — there is a test jig at CERN
(contact Jocelyn Tan) we could use. CERN will soon be manufacturing the final version of the front-
end electronics PCB — Rhodri says a few extra PCBs could be made for FETS, although we would have
to populate them ourselves.

i / Front End Test Stand

John Adams Institute for Accelerator Science




FETS laserwire
emittance scanner BaCk Up
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FETS laserwir :
emittance scanner Project Safety Procedure

Safety discussed and essential plan agreed with Steve Warner and Duncan Francis on
Monday. Brief summary below, being written up in Project Safety Procedure:

Swipe card access to outer door, with competent person list maintained by LRO.

Keypad on inner door, code only given by LRO after explaining local procedures
and checking safety training.

Breaking the door interlock either stops laser via interlock (to be checked) or
IEC lead to cut mains. Gravity fed safety shutter on output beam.

Red/green laser signage on outer door and inner door.

Interlock wire in armoured fibre to interlocked laser box within the radiation
shielding. Cutting the fibre or opening laser box breaks the interlock and drops
the shutter in laser room.

For exceptional maintenance / alignment with laser box open within the radiation
shielding, a castell double key on outer door us used for an override key on the
interlocked laser box, so that particle beam is off while personnel are working in
the radiation shielded area.

Three level signage on outer shielding door. e _
LASER OFF

\/
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