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Project Backg

e 2012: completion of the Free Space Trans
with the LMCT laser

e 2013-2014: Center Launch System (CLS) for Keck
(dye laser)

 Next Generation Laser (NGL) system

— Funded by GBMF and WMKF

— Replacement of the dye laser with the TOPTICA laser
— TOPTICA laser developed with consortium (ESO, WMKO, TMT)
ntegration with the completed CLS

paration for future Next Generation Adaptive Optics System
)) with three lasers




System Design Review April 26, 2013
Preliminary Design Review March 25, 2014

Detailed Design Review November 03, 2014

Decision date to decommission dye laser February 01, 2015
Integration of subsystems on the summit February — September 2015
Decommissioning of dye laser September 2015

Installation and commissioning of new laser September 2015 — Jan 2016

NGL system science February 2016
pment Phase (Nov 2014 — Apr 2015)




WMKO Director

Hilton Lewis Project Scientist
Andrea Ghez
—— Science Team
Principal ) .
Investigator |, RII;EI‘IEIFEI Ellis
Peter Wizinowich | | Michael Liu
| Claire Max
AD Operations Broiect Manager I Technical
Manager ——— JIascn Ghing l — 4 Collaborator
Randy Campbell Brent Ellerbroek
I I I | I I I
System Software Mechanical LTE-O-M Electronics Laser
Engineering Enginearing Engineer Engineering Engineering Engineer/Tech
John Fumo Sylvain Cetre Drew Medeiros Kai Wei, Scott Lilley Ed Wetherell {Open)
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Toptica Laser

« Continuous wave (CW); 20W with
optical repumping of D2b.

« Diode pump fiber laser with second
harmonic generation

* Ability to detune off wavelength

o Fast startup (<40 minutes with
calibration)

Continuous and manual health
checks to monitor performance

iIciency; low power usage
ed to existing laser systems

mping (WMKO) vs. local

8% more power
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Toptica Laser S

 Power and wavelength extremely
¢ <2% change in power due to elevatio
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Fluctuations due to manual wavelength changes
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Toptica Laser Syste

* Factory Acceptance Testing completed in O
— Sufficient redundancy in system; power supply an
— Failed diodes did not impact performance

e Laser delivered to WMKO in 10/2014
 Headquarters Acceptance Testing

— Initial setup and tests completed 11/14/2014
(TOPTICA/MPBC personnel)

— Performance tests; Nov 2014 to Jan 2015
vironmental testing; 0°C glycol and <10°C room
Ime on system and diodes

night time observing

12




Lase

Toptica
i Service
| . laptop

NEW LINUX SERVER

" SOLARIS ™

/" CLENTS

Taoptica
Controller Private

EPICS10C

Network
yy Switch
—_—
EPICS
hardwired ( Gateway

User
Interfaces

o

Safety ( safety system (ADDT1Y

System | EFICS IOC ™

PLC
serial
hardwired
Terminal Server
WrxWorks VME
Cther

( Interlocks L~
= ) e LSl
~S- /(" Control EPICS 10C
 \Sequencers
5,
~ PMAC -
T N drver S~

hardwired
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Laser Service

@ TOPAS GSL Service

« Ability to control laser
° P | Ot p e rfo rmance System Status | Health Checks | LU Module Configuration | Configural
 Trigger health checks e, —

MSM
WMM 0d 6h 23m 38s

[ J Load neW firmWare FLPM Pump-Diode .
 Log data

» Troubleshooting R —

« Communicates with internal - e
subsystems |

ernal diagnostics, reference B 0 EEEESE oo

| Oparaton state READY. Fades i s staua
FEALY ta STANDETY. 5H0 - Trameon iem READY b STANCETY

Crperaton state
ETANOBY. FLPHE: Teanadtion Sam FEADY 1a STANDERY

Interiock Status Histary

m‘mﬁ SYSIEM

9 1ORL 0L S ® TOPAS GSL Service

= Laser Unit

M !

Cooling Status ' Module Temperatures | Calibration

Instaliation date Hardware-Yarsion _
Modules FLPM Cold Plates FLPM Pump Combiners

WM 1 252°C 1 19.6°C

2 2
15.7°C 212°C 3 203°C

EC Intemal 186°C 5

EC Extemnal 20.3°C 6







Platform L&
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Platform next s

» Platform current being fabricated; completion in Jan
* Installation Jan-Mar 2015
« |&T challenge; to install platform without any observing down

18




Laser Room on




% waveplate &TFP
&Beam dump & % \

P

LTE Output to

waveplate

Beam quality PACq, Tl Fast shutter &
Measurement | | \, @\ & U Power Meter
LCM
. Surrogate
LiM1 Laser
SM1
Optical
Table

Laser
Head 1
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LTE Optical Ben




LTE Optical Bench E




HQ LTE Te

Align LTE with TOPTICA laser

Integrate LTE components with electronics a
system

Verify all LTE functionality

Use LTE components to verify laser performance (WFS,

power heads, PSD)
Integrate LTE with mounting frame
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LTE Device

Connector Fanel —— LChAL Camera — LChAL Stage

—— Diagnostic Camera — L1M3 PSD — |TE Shutter — Power Meter Connector Panel

Surrogate Laser

24




LTE Devi

— Shack-Hartmann Diagnostic Camera (Thorla
— WP1 and WP2 (control power and polarization)
 Newport PR50CC
— Position Sensing Diodes
 On-Trak OT-301
« Position and power
LCM1
* OIM-101 voice coil stage
» Account for telescope flexure and vibration
ge driven ¥, span - 0.2 urad/bit or 4.8um/bit 12 meters
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LTE Devic

— LCM1 Camera
« AVT GC-1290
» GigE interface, SW configurable gain/exposure

o 48px/mm plate scale; ~150 illuminated px w/ 3mm lase
beam

— LTE shutter
o Custom built EOPC shutter with position feedback
— Power Measurement
» Coherent PowerMax series thermopile
iquid cooled with remote measurement

ate green laser
e compact laser modules (adjustable power)
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Challenges

« PSD stray light

— Working with leakage signal through
highly reflective optic

— Implement Shrouds and blacked areas
of uncoated optic

— Leakage dependent on polarization (10x
change S vs P)

— 532nm (surrogate) leakage quite
different than 589nm




Safety Syst

* Allen Bradley SLC500 series PLC
« Used on the Keck | Safety System




PLC Pro

° R L - RSLogix 500 - K1_LGS_SAFETY_SMT_2013_10_1
OgIX File Edit YView Search Comms Tools Window Help

D= HE & & B&E o o|Bisins FlagMmyF&an) e e

Programming =y

Driver KILGSSafety Node: 0d [4]» D\User LBt £ TimeriCourter £ InputiOutput £ Compare

Environment W

=] Project =
-] Help

e Similar to Keck | for e e

%) Processor Status
A 1o configuration
launch system < K oty
[ muttipoint Moritor
[=-{_] Program Files Shutter Local Fault DCS and Spotters Beam Aligrument
. . SYS0- latched; fandt:1 Penuissive Permissive Permssive
Main differences are i -
4 LAD2-man 0001 =3
4 LAD16-SYS 2 [ 2 %
ser related 4o
Spotter Boxes
4 LAD 18- LASER Comected,
4§ Lap19-BTOB Bypass 1; Active:]  Comnected:1
4 LAD 20- EPCS INF | BYPASS1SW
4§ LAD 21 - SHUT PERM
& Lap22-131 20
§ LaD23- suxLaRY | 1746-1B32 1746-1B32
& Lap24-BTO
&-{E] Data Fles Fast Shutter
Cross Reference Fioal Pernissinn
[ co-ourput
[ - mput
[ sz2-status 2
[ e3-BINaRY
[ 74 - TiMER BTOB Fast Shtter Laser Shutter Status Pmyaguiuousky;
[ cs- couner Closed: Close=1 % Laser Status ON Active:1
[ Rre - conTrROL
[ N7 - NTEGER 0002
[ Fs-FLoAT
[ ne-erics

M Ain-nsr et Timer for 2 seconds .
| | »[ / [RIFTNMAN \BT0B / Il | »
For Help, press F1 19:0000 [APP [READ [Dissbled

E'«Erae-woa:-wmm EI

D 19 -- BTOB -- BTOB Control

3

mo
L
me

(ANT-.)

2 I3
o

=

(1 P

E
=
11

Bl5:2
3

Bls:1 Bl5:1 Bl5:2
JE 1E S
=

11

1
3
r g =N =
12 3

ERNP

1746-]

B32
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Safety System Indicators a

Existing indicator panels

Keyswitch panels to tag out system as
well as for maintenance

— Disable shutters

— In dome propagation

A

' <l L A -
2PDO ©
i ' - M;GN ME.PROP = ~ d
O CENTER LAUNCH SYSTEM

'KECK LASER OPERATE /INTERLO!
LASER SHUTTER

e P ‘,-"=.. v
B! AR ! J 03 /242013

v ol DG T

30




Software A

e EPICS based; =
Experimental Physics
Industrial Control System

e Laser Controller (Linux .. -
Server) |

Laser Safety System (Linux
OC via server) |

Steering Interface for
ntrol (PMAC with




Laser Controller

e Laser Controller Interface

— Laser Epics Interface (lei)

» Ethernet based, EPICS asyn eth
interface and stream device

» Solution validated using TOPTICA
Simulator

EREF

leiGeneral.adl Al

lazer unit Li;

system type "Laser 1 zecond -l|

system features  scheme interpreter

system label "GSL MSH" [5,000000000000000;

system-tine " 2014-07-26T0Z327:36"

serial-number "SIH_00001" 10 second -l|

firmgare vers "1,2,2"

harduare vers "
decof wers "2,3,999"
ipAddr "192,168,17,100"
netmask "20G, 255, 255,0"
macAddr  "50;2D;F4;08;49;AC"
dhcp  #f

laser status

laser status text
lazer status history
laser op state

lazer trans timer
laser trans text
laser oper mode
laser sim mode

lazer power

laser power setpt
laser wawvelength

=er wavelenght loop on
wavelength stabilized
detuned

spectrum

repLmper

repumper amplitude
FEPUMPEr amp setpt
shutter status
interlock status
health check: laser

Toplika L
Laser TP P
Cor ks Private
Hatanik
Swatch
leiOpParms.adl o PN =
laser unit Loz
Reset Commsl
0
g
"2014-02-18T15:26:59. 9832 Warning: 5024
OBSERY (OBSERVATION ~ |
0
"Operation state OBSERWATION,"
Mormal nta =
#t
16, 000H00
16,00 EE.OO W €1E-22)
0, 0OGOH0
#t

Error: —3 no such parameter

#

0, 000000

#f

Error: —1 Repumper is switched of f,
10,00 00 % (0-10}
open

0x202

Error: —22 no access

MEW LIMUE SERVER
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Control Syste

Solaris machine
hosting the user
tools.

device controllers and
high level control loops.

User workstation
ao==—
=]
°
Client
VxWorks machine
hosting the CLS EPIcs | K2laserserver

The laser2 Linux server provides EPICS
interface to safety system and laser unit. It
also hosts the laser EPICS gateway

k2laserserver2 n

#

store log files and

Nightly data disk to

EPICS archives.
(temporary storage)

Client

ightly k2aoserver

Keck Intr_anet

k2laser-steering

The Laser
Safety System
hardware

PLC.

WFC
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Commnandsa Fle GUls Scripts Terms 15:13:44 HST

-
."" ==z Contrel |sertion of ¥ wavepGduencer $tate: STEY

|Sequencer Statu jEEEEE RS TRl T =
| Uninitialized AT

string
string h

calibrate / L

=) G O H o e

Shift Tune r
OFF | OFF | EMi1 Fozrs

Wavelength Statu

oo INITIALIZE
°

Phase Relation

PMAC ) lasex2 (LSS) ) EZAR

OA Permissive

Permissives
Ccurrent |Latched
[:H
LTCS:
East (K2) Spotter:
West (K1) Spotter:
DCS:
b TBAD Health:
»TBAD detection:
Spotter Packs:
Satellites Pern:
BTO0 Track:

phase up error

phase down error

153:13:32 - THWZ flexure correction loop open.

15:13:32 - ""WARHMING: UTT CLMP loop is open.

15:13:32 - BM5 coordinated motion loop open.

15:13:32 - BTOB Focus tracking loop open.

15:13:42 - WARHIMG: One or more CLS EZAR archives not running.

0
0
0
0
0
0
0
0

| oK ||moT| Faults

Laser Key O0ff

Key Switches: grant

Final Permissive: .

Final Shutter: @ notOpen
Fast Shutter: @& notOpen
Satellite Window: @ closed

Final Shtr Cmd: SEEN| S506s

LIB Interface

PXI Heartbeat
Shutter Open Failure
Shutter Close Failure

System Temperature
Zero Diode Current

Wavelength Shift Failed L=

CGurrent Gontrol

Vavelength Shift DOR
Gondensation Center Wavelength 0O0R
SFG Tenp OOR Low/high Coolant Temp [Modes | Interlocks Over-Ride Panel

Diode Tewp OOR Wavelength Returm Fail

Laser Tining
Wavequide Tewp Wavelength Shift
Systen Tanp

Wavelength Stat
L
| YES | HO | aser

= raLSE TRUE

Wavequide Temp DOR
High Coolant Tewp

Contrel

LTCS
. aa Permissi
Start Pointing Control
Sats
Permi=si
Control

g g
2 ]
g g
) 8
El

ON

(W ook | TEAD
Bypaso
Control




Startup/Shutdow

* Pre-req: LEI IOC on, LSS IOC on, EPICS gateway on, LSI-Crate on,
on, run the red lines

— From k2laserserver2 (Linux IOC)
1. Start LEI IOC (2 sec)
Start LSS 10C (2 sec)
Start EPICS gateway (2 sec)
Start LEI GUI (2 sec)
Go to OBS mode with the following sequence (99 sec , source KAON 1051)
1. STANDBY -> READY (6 sec)
2 READY -> ON (85 sec)
3. ON -> (OBS 8sec)
— From k2laserserver or k2laserver2
L Boot LSI crate (240 sec)
2 Power On CLS device (~30 sec, see CLS TWIKI page)
Start k2clsSequencer.py GUI (5 sec)
From menu, run Start Of Night script (10 sec)
Push INITIALIZE button (worth case, after a reboot of the crate: 180 sec, normal operation, less than 60 sec)

SIRE W N

TANDBY with LEI GUI (70 sec , source KAON 1051)

py menu, run End Of Night script (10 sec)
STARTUP TIME <572 sec

OWN TIME = 80 sec 35




Teleme

« (EPICS logging) ezar files

— IsPointingDiag.ezar, IsTemps.ezar, IsFlexDiag.ezar,
be updated by adding new TOPTICA channels and rem
old laser channels

« TOPTICA independent data logging by laser
« TOPTICA independent data logging by service software laptop
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Laser Power R

4 Location Clean Power Usage (W) Commercial Power Usage (W)
Single Laser Three Laser Single Laser Three Laser
1 Laser Table 50 50 100 100
2 Right Nasmyth Laser 1400 4200 2500 2500
Platform
3 AO Electronics Vault 300 300 0 0
Net Total 1750 4550 2600 2600

Scaled up to account for aging of diodes
aser system feeds limited to 10A breakers for laser safety
ared to existing K2 dye laser system (55kW)
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Cooling Syst

Right Nasmyth Laser Platform _ _ _ _ _ _
(——- = R
I i
| {5 -
| | I~
I I |
RNLP RNLP I '
FRIMARY HEX SECONDARY [~ | I
COOLANT COOLANT  fa =" | |
MANIFOLD PANTL ANITOLD PANTL L e o
1480-CI- 7318 Meo-cm-rate | |
Right Fronl Elevation Ring
Bevaton /T4 ILRA3
wee T (=== LH_3_L_
LIE T
oot =21 r - ..l LH-2 |
MANIFOLD = = = = e - 1

PaneL [ I
eyl :';l: LH-1
T30 _—

|

— —

near 0°C

at 15°C
event heat from going into the dome
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LGS AO

e Current Systems
— CLS commissioning
KECK 1 KECK 2
LCMT Laser LLNL Dye Laser

Free Space Transport
OSIRIS Spectrograph

NIRC2 Imager
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LGS AO

e 2015 and beyond

K1/2 Project Completion
1 NIR Tip-Tilt Sensor 2015
1/2  On-axis PSF-R Demo 2015
1/2  Off-axis PSF-R Demo 2015
1  OSIRIS IFS Upgrade 2015
1 Enhanced NIR Tip-Tilt Sensor 2015
2 TOPTICA Laser 2016
1  OSIRIS Imager Upgrade 2016
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