A Graduate Student’s Life
Building A Novel Dual-mirror
Telescope
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Cherenkov Radiation (200-700 nm)

Atmosphere

Cherenkov Light (optical)

Secondary
Particles

~10-20km

W/ WV

<— Telescopes —» —




Prototype Schwarzschild-Couder Telescope

9.6 m Radius

Primary
Mirror

Segment

Mirror Panel
Edge Sensor
(MPES)
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Prototype Schwarzschild-Couder Telescope

Primary
Mirror

Segment

Maximum allowed Mirror Panel
misalignment Edge Sensor
(MPES)

between panels is
100 microns
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Mirror Panel Edge Sensor
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Alignment

Unaligned
panel




Alignment

Location of
spot when
panel is

aligned




Alignment

Project
requires
0.1pixel
(~4um)
accuracy

How well can we
measure this position?

What are the
calibration methods to
make sure?




Alignment

Project
requires
0.1pixel
(~4um)
accuracy

How well can we
measure this position?

What are the
calibration methods to
make sure?

1. Brightness

2. Lens Distortion




Exposure Control

-20C -10C 0C
Temperature
affects image
intensity.

10 C 20 C Cold - Hot

All same camera exposure setting




Exposure Control

e Camera has manual “Exposure Value” controlled by MPES software

(Best Exposure)=function(Initial image intensity)




Exposure Control

e Camera has manual “Exposure Value” controlled by MPES software

(Best Exposure)=function(Initial image intensity)

SN T

Temperature ke e ity

Laser Circuit
Resistance




Lens Calibration




Lens Calibration
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Lens Calibration
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Lens Calibration

Rotation and
Stretching

up to 2

pixels off!

—
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Rotation and Stretching Method 2
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MPES Assembly

* Small army of undergraduates
e 375 MPES units built

* Calibration over 1.5 years

 Measured FoVin 1 mm and 0.5
mm spacing for every unit

e Generated diagnostic plots
* Found plate scale (19.75 px/mm)

Histogram of Spo

oo

X Spot Width Positions

Histogram of X Spot Width

Intensit
ol

Actstor ¥ positon (mm)

E I

Cleaned Intensity Positions.

it
'
o ;
P
= i 3

Aetustr Y positn (i)

Acuaior X postion (mm)

Histogram of Y Sigmas

Acuator Y postion (mm)

Aetuatr Y poston (i)
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Columbia University's Bridge to the Ph.D. Program in
STEM

The Bridge to the Ph.D. Program in STEM is designed to increase the
participation of students from underrepresented groups in Ph.D. programs
in STEM disciplines. The Bridge Program is an intensive research,
academic, and mentoring experience for post-baccalaureates seeking to

19



Bridge to the Ph.D. Program in STEM Timeline

First Year of Bridge

* Late Summer

e Fall

Arrive at Columbia University
and participate in orientation
and HR onboarding

Meet research advisers, other
Bridge scholars, and Bridge
administration and staff

Register for undergraduate or
graduate courses

Start research project(s)

Take undergraduate or
graduate courses

Participate in professional
development workshops and
seminars

Attend monthly meetings with

Spring

the director

Register for spring semester
courses

Continue research project(s)

Take undergraduate or
graduate courses

Attend professional
development workshops and
seminars

Attend monthly meetings with
the director

Register for fall semester
courses

Participate in the Year-end
Annual Research Symposium

Year-end evaluation

Second Year of Bridge

e  Summer

e Fall

Continue research project(s)

Take a preparatory course for
the GRE General Test

Attend a GRE Physics Subject
Test "boot camp" (for scholars
in the Departments of
Astronomy and Physics)

Develop preliminary lists of
prospective graduate programs

Apply to graduate school open
houses

Begin the second year of
coursework

Take the GRE General and
Subject (if applicable) Tests

Spring

Prepare and submit
applications for graduate
programs and fellowships

Continue the second year of
coursework

Visit graduate programs and go
on graduate interviews (if
applicable)

End of program evaluation




Bridge Symposium

o MC Stardust . 4
8 & @Summer_Ash

From the earth to the Universe, now Deivid Ribeiro talking
about next gen gamma-ray telescopes. #bridgetophd

1:26 PM - Jun 11, 2015 (©)

Q 3 © M Share this Tweet

7/21/21
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Graduate School!

School

* Apply

e Get accepted!

* Begin coursework

* Prep for Qualifying Exam

* At Columbia — this was a brutal 2
week obstacle course during
Winter “break”

* Faculty has received feedback™

Research during first year
* Oversee MPES calibration

* Participate in installation of
Secondary OSS







Stewart Platform

e Actuators on Stewart Platform

® 6 degrees of freedom \ ‘

® Independent motion of each
panel

e Control board for each panel

Figure 20. Mirror mounted to Stewart platform and base

7/21/21 D. Ribeiro Figure 21a. Mirror mounting




UCLA Mirror Lab Calibration

Measure and save |
the alignment
targets!

7/21/21 D. Ribeiro 26



UCLA Mirror Lab Calibration

7/21/21 D. Ribeiro
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accidents
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Move to AZ for 3 months




Tediously move every
panel to the correct
position using the
Sensors

Some are disabled
due to OSS
interference
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2422+2111
Port 5 (2111)
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oSCT Optics Alignment

Hierarchical numbering scheme

Mirror: : {1 (primary), 2 (secondary)}

Quadrant: {1-4 (Cartesian convention)}

Segment: {1 (inner), 2 (outer)}

Panel: {1-8 (counterclockwise)}

Point of view: back of the mirror

Lot ti
2 s

TS T TS IS TS - B ——
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Methods of alighment

(m)

e Aligning one edge.




Methods of alighment

(m)

* Aligning one wedge. 0




Methods of alighment

(m)

* Aligning arbitrary edges.
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Max ADC - baseline (ADC counts)
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First Light!
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Several strategies later...
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Overall Structure

x2

Positioner

[

-

CCD FP Image Autocollimator _Skycam |

p2pasClient

K{ifé:::?7<;:<://’/;?;;::nﬁnor

PSD Laser

PSD® Hardware device

passerver

7/21/21

D. Ribeiro

49



Software Capabilities

@ Prosys OPC UA Client .
- - e Simple buttons to
‘m ar
e align single edge,
-- urn:f5a007d6ec75:UnifiedAutomation:L ° 1 1
read misalignments,
”—:{—\ 4 . . .
G | search > * move individual panels.
v @ EdgeFolder
Call Method
> @ Edge_221142221+2222 o allieino
Calling|Align|for Edge_2211+2221+2222
v @ Edge_2221+2222 9 e R
: Input Arguments -
Name Description Value Type Input Value
> ErrorState Panel To Move Position # of the panel to move during alignment Ulnt32 Cancel
S @ Errors Panel To Fix Position # of the panel to fix during alignment UInt32
> 8% FindMatri Align Fraction  Fraction of motion to carry out (between 0.0 and 1.0, default = 0.25) Double
wet [N atrix Command Command to run (calculate, setAlignFrac, execute). String
> @ MPES -
= @ Panel Return Values
> Position No Return Values
> Status:
> | State
[ JON ) Call Method
@ C] Call Method Calling|MoveToCoords [for Panel_2211
Calling|Read|for Edge_2211+2221+2222 Input Arguments oG
Name Description Value Type Input Value
Input Arguments _ X Target x-coordinate for the panel (in mm).  Double Cancel
No Input Arguments y Target y-coordinate for the panel (in mm).  Double
AV Cancel z Target z-coordinate for the panel (in mm). Double
Return Values xRot Target x-rotation for the panel (in mm). Double
yRot Target y-rotation for the panel (in mm). Double
No Return Values zRot Target z-rotation for the panel (in mm). Double
Iieturn Values
Status: 'Success No Return Values
Status:

7/21/21 D. Ribeiro



Software Capabilities

7/21/21

&) ® Prosys OPC UA Client
2SRRI 2007d0CT0 ey

-- urn:f5a007d6ec75:UnifiedAutomation:Ua!

=¥ 4
L7 Search >

v @ PrimaryMirror

> 23 AlignSector
> % AlignSequentialRecursive
> ith CheckStatus

> ErrorState

)

@ Errors

7 LoadAlignmentOffset

)
> ' LoadDeltaCoords
> ' LoadPosition
> 23 MoveToCoords
» @ Panel_1001
> Position

> iti ReadPosition
> i ReadSensors

-1 ReadSensorsParallel
SafetyRadius
..# SaveAlignmentOffset

..# SavePosition

.2# SelectAll
SelectedEdges
SelectedMPES
SelectedPanels
SelectedRxRyFixedPanels
SelectedTzFixedPanels
State

> 25 Stop

>
>
)
)
)
)
)
)
)
)
)

> 2f TestActuators

> 2 TestSensors

* Important features:
* Read all sensors in parallel <5mins for >300

sensors!
* Move all panels simultaneously in telescope
reference frame!

e Save any state and reload later, moving all panels
to those coordinates.

| JON

Call Method

Calling|ReadSensorsParallel|for PrimaryMirror

Input Arguments
No Input Argumen

Return Values

No Return Values

S

o @ Call Method

Calling|MoveDeltaCoords|for PrimaryMirror

Status:

Input Arguments

Name Description

Delta x Desired change in x-coordinate for the mirror (in mm).
Delta y Desired change in y-coordinate for the mirror (in mm).
Delta z Desired change in z-coordinate for the mirror (in mm).
Delta xRot Desired change in x-rotation for the mirror (in rad).
Delta yRot Desired change in y-rotation for the mirror (in rad).
Delta zRot Desired change in z-rotation for the mirror (in rad).
Align Fraction Fraction of motion to carry out (between 0.0 and 1.0)
Command Command to run (calculate, setAlignFrac, execute).

re

Return Values

No Return Values

Value Type Input Value
Double

Double

Double

Double

Double

Double

Double

String

Status:

Cancel

D. Ribeiro
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opc.tcp://0.0.0.0:48010 -- urn:117b6¢
opc.tcp://0.0.0.0:48010 -- urn:117b6c opc.tcp://0.0.0.0:48010 ur @_\! Search :
=N <4 — : ? 1
() | Search > @)  search : v @%obalAllgnment
v @ psD v @ cco
= o>
v @ PSD_1001 ® FONioner v @ cco_To1P1
» @ Errors » - Azimuth » @ Errors
» iciRead » 1 Elevation » % Read
> < State » 1 EnergylLevel » 53 Start
» 1 Temperature > @ Errors > & State
> @xl AR pra
. ;:2 » 20 Initialize » % Stop
L fyl » ¥ Move » 55 TurnOff
| noow b R Sehery il
» @ PsD_2001 » 155 Stop » iphi
opc.tcp://0.0.0.0:48010 - urr » _1isMoving > = phiNominal
' : » < psi
@) | search 5 S targetAglmuth » 1 psiNominal
v @ gobalAlignment » “Itheta
[ CCD opc.tcp://0.0.0.0:480 >
=
- _ i 1 thetaNominal
» @ Errors ) | Search 2 [ B4
» @ OpticalAlignment ‘ v @ OpticalTable » 1 xNominal
: g;);:cal‘rable v @ optTable_1 > Ay
‘ > % Align » 1 yNominal
» @ Panel - ke
» @ Positioner g @ Errors _—
» %} StartPSDTrack » ¥ FindMatrix » _1zNominal
o State » @ psD_1001 » @ cco_to1p2
» 2% StopPSDTrack » @ Panel_1001 » @ cco_to1r3
s N = > @ co_To1s1
4 : » %F StepAll » @ cco_toi1s2
econdaryMirror > g OptTable_2 =
i = » @ cco_toi1s3

7/21/21 D. Ribeiro



Optical Alignment Procedure

(A) S1 (B) S1
S2 / S2 /

Focal plane Focal plane

P2 P2

(Radial motion)

P1
(Radial motion)

p2
(Radial motion)

.
e
.
.
*

Focal plane

P1
(Radial motion)

7/21/21 D. Ribeiro
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MPES Aligned State

4oo'ﬁ_.

L

800
1000’%3
1200f
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1250 1500 1750 2000 2250 2500
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Response Matrix
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Optical Motion

MPES Aligned State P1 Ring

400

600

800

1000

1200

1400

1600

_ o Ch 1800
1250 1500 1750 2000 2250 2500 1250 1500 1750 2000 2250 2500




Alignment to Focus

~1.5x camera pixel
PSF




Finding |deal Focal Plane Position

P1 Ring S2 Ring

480 °
1300 A
460 - @
<a 2: 1250 A
X @ g_
2 440 ° =
s o
-4 ]
® " + 1200 ®
o N &] ®
O 420 - i
o @
1150 ~
8 o £ .
8 400 i o
s}
1100 A @
380 - ° °
-4 -3 —2 —1 0 1 2 3 - -4 -3 —2 —1 0 1 2
Focal Plane z-translation(mm) Focal Plane z-transformation (mm)
7/21/21
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Prior to Crab Observations

-200

- 150

100

50




Crab Detection!

Adams, C. B., et al. (2020). Astroparticle Physics,
128, 102562.

Alpha Plot Significance Map

SCT Crab Nebula

Prototype Schwarzschild-Couder Telescope: Crab Nebula (8.30)

200
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1
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© v
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Angle from air shower axis to Crab (degrees)

10 0.5 Q.0 0.5
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18 High Quality Gamma-Rays

Prototype Schwarzschild-Couder Telescope Gamma Rays
Run 328629 Event 085862 (2020-01-28 04:22:10)
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S1 Alignment

S1
(A) 31/ | S1 (B) (Tangential motion)
) ‘ S1 S1

Focal plane

D

Focal plane

P1 /

(Tangential motion) _—

2 pairs of split images

7/21/21 D. Ribeiro
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Using Jupiter to Align S1

400
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800
1000
1200
1400
1600

1800

1500 2000 2500

-250

-200

-150

100

50




Alignment contributions

e Secondary OSS installation * Measurement of PSF per elevation. Creation
e« MPES assembl of de-focused database

: 4 : : * GAS
e Secondary mirror calibration e CCD & LED
e Secondary mirror installation « Commission, inspection, implement software

: : : * Laser + PSD
e Secondary mirror first order alighment - . .

® Comm|55|on, Inspection, |mplement software
* Optical alignment * Find response matrix for OT1 and OT2
* Panel response matrix calibration * Full review of SCT network components

* Assembly of patterns
* Focal plane z-position

* Alignment of mirror optical axes for pattern
symmetry.

» S1 Alignment (special technique)
* First order correction P1 and P2
* |nspection of Off-Axis alignment

* VNC system installation for remote work




Remaining Tasks

e Returning soon to using the
MPES for alignment

* Update MPES target positions
from optical alignment results

* Use improved matrices that
account for torque from MPES

tubes

* Commission and use global
alignment devices

* Measure off-axis PSF
* Draft paper on this work

7/21/21
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As a Graduate Student,

* You get to...
* Work on interesting projects
Build new things
Travel
Present at cool conferences

Explore your interests
Meet great people

7/21/21 D. Ribeiro 67



