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Abstract

We show our exploration of sets of PTC data for different detectors of the LSSTCam,
and inspect how it deviates from polynomial and exponential fits. We present a tu-
torial on how to connect to the Rubin Science Platform and access the notebooks
and other project files. Then we present the approach taken to work with the LSST
Science Pipeline’s linearizer algorithm and the results obtained by varying the pa-
rameters involved in the different fits that can be used.
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Study of the Linearity of the CCDs of the Vera C. Rubin
Observatory

1 Introduction.

The Vera C. Rubin Observatoryﬁ], scheduled to start operations in 2025, hosts the Simonyi
Survey Telescope. With a primary mirror of 8.4 m in diameter, the telescope will conduct the
Legacy Survey of Space and Time by observing the southern night sky for 10 years (lvezi¢
etal., 2019). The survey will focus on monitoring the transient phenomena of the deep sky and
the Solar System, probing dark energy and dark matter, mapping the Milky Way, and more.

The Rubin Observatory is located in Cerro Pachdn, about 100 km from La Serena, Chile, and
it is now in the final stages of construction and setup. One of the most important parts of the
telescope is its camera: the LSSTCam, a mosaic of 189 CCDs with a 3.2 gigapixel resolution
designed and built by the SLAC National Accelerator Laboratory at Stanford University (SLAC
National Accelerator Laboratory & NSF-DOE Vera C. Rubin Observatory, 2025).

In order to process the massive amount of data that the LSST will generate (~ 20 TB per night)
the Rubin Observatory staff have developed the LSST Science Pipelines [PSTN-019] (unoffi-
cialy called ‘The Stack’)g. In this internship we worked using the Stack to process several PTC
data from the LSSTCam’s CCDs (see RTN-056 for a detailed study of the PTC). Our main ob-
jective for this project was to learn how to handle PTC data and try several possible setup
parameters for the linearization algorithm developed in the Stack.

This document is a report of the work we developed during the internship with funding from
the LSSTC Enabling Science Award 2021-51, and presents our main results. In sections
and @ we show our exploration of the first sets of PTC data for detector 22, and inspect how
it deviates from polynomial and exponential fits. In section @ we present a tutorial on how
to connect to the Rubin Science Platform [DMTN-212] and access the notebooks and other
project files. Then in section We present the approach taken to work with the linearizer al-
gorithm and the results obtained by varying the parameters involved in the different fits that

'About the Vera C. Rubin Observatory: https://www.1sst.org/about
2About the Stack: https://pipelines.1sst.io/
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can be used.
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This work was developed as one of the research projects for the RECA Internship Program
20228 funded by the LSST Corporation and under the advice and guidance of Dr. Craig S.

Lage and Dr. Andrés Plazas-Malagon.

LSST Camera Focal Plane Layout
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FIGURE 1: Focal Plane map of all the CCDs on the Rubin Observatory LSST Camera (see also CTN-
001 for more detail). Yellow and green areas show CCDs manufactured by two different vendors.
Our dataset for task 1 comes from a CCD on the third raft at the bottom right corner.

3RECA Internships: https://www.astroreca.org/en/internshig
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2 Getting familiar with LSST Data through NCSA and the RSP work-
flow.

To get familiar with the Photon Transfer Curve (PTC) data, Dr. Lage provided some data sets
with some tasks to start exploring the workflow and to help us get to know the RSP better.
Here we show the statements of the tasks and the results obtained from our exploration.

2.1 Task 1: Exploring PTC Data.

Statement: “This is Photon Transfer Curve (PTC) data for one amplifier from the LSST Camera.
The attached “FP_layout_DM.png" (E|) is @ map of the focal plane. The R refers to which of the
21 "rafts” (modules with 9 CCDS) it came from, and the S refers to which of the 9 CCDs it is.
The C refers to which of the 16 amps it is. See if you can find which CCD this data came from.
Note the yellow and green colors since the CCDs are from two different vendors. The file
“PTC_R03_S11_C06_Det22.txt" is a text file with the measured mean and variance numbers
from one amplifier, and the file “PTC_R03_S11_C06_Det22.png" is a plot of these. See if you
can write a Jupyter notebook to read the .txt file and make a similar plot. Try to understand
where the gain, noise, and AOO numbers come from and the difference between the red and
green lines.”

Plots and fits:
Figures 2 and E show the plots that resulted from solving task 1.

By plotting the PTC (variance vs mean, fig. @) and its residuals from the fit model (see equation
16 from Astier et al) (2019)) wee see how the data presents higher absolute deviation more
severely in the high flux regime. But if we plot the PTC normalized by the mean (fig. E) we see
how the low flux regime also presents high variances compared to the mean value obtained
there. This is expected due to the effects of the reading noise of the detector which add
randomness in the lectures for very low flux.




—

. \%. Study of the Linearity of the CCDs of the Vera C. Rubin Observatory | RTN-055 | Latest Revision 2025-08-08
+ ° —e
° 4

VERA C.RUBIN
OBSERVATORY

Variance vs Mean
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FIGURE 2: Top: Quadratic and linear fit made with np.polyfit. Quadratic fit made using data points

up to maximum variance. Linear fit made with points with u < 10000 ADU. Bottom: Residuals for
both fits.

2.2 Task 2: Exploring Linearity with Diode Data.

Statement: “Here are the two files, one for each vendor. Each one has the IDs of the exposure
pair, the mean, the variance, the exposure time, and the monitor diode. First, try plotting the
monitor diode reading against the exposure time to see how linear this is. Second, try plotting
the mean against the monitor diode to see how linear the detector response is. Since it will
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FIGURE 3: Variance (calibrated by the mean) vs mean for the first data set.

be quite linear, then try fitting the mean vs monitor diode with a straight line (linear fit) and

plot the departure from the linear fit.”

Plots and fits:

Figures @ and E show the plots that resulted from solving task 2.

In this task we can see how diodes are flux calibrators to check the response of the de-

tectors, since the monitor diodes measure flux by getting charged under a well-known linear
behavior. In figures @ and Ewe see how the linear regime ends when the detectors achieve
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1e—-7 Monitor diede reading vs exposure time - e2V 1e—-7 Monitor diede reading vs exposure time - ITL
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FIGURE 4: Diode readings vs exposure time for two detectors, one E2V and one ITL. The expected
linearity is noted.

fluxes of around 100000 ADUs, getting to the full well capacity of the pixels in the detector.

2.3 Task 3: Connection to RSP

Cisco AnyConnect VPN Service: NCSA requires connection through the Cisco AnyConnect

VPN. Installation can be achieved easily by downloading the installer from the webpage: https://its.gmu.edu/}
base/how-to-install-cisco-anyconnect-on-linux/ (Linux) or https://its.gmu.edu/knowledge-base/how-
to-install-cisco-anyconnect-on-a-windows-computer/ (Windows).

After installation one must connect to the NCSA server as shown in figure E Make sure you
are connecting to “NCSA SSLVPN” with the group “ncsa-vpn-default”, with your assigned NCSA
username and password. For second password you can type “push” to get sent a push notifi-
cation through the Duo App or type in one of your Duo Passcodes (set a Duo account linked to
your NCSA accountifyou have not done italready: https://wiki.ncsa.illinois.edu/display/cybersec/Duo+at+NC

).

After aproving connection via the Duo push notification (or Duo passcode) the status of the
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Mean vs Monitor diode reading - e2V'
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Mean vs Monitor diode reading - ITL
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FIGURE 5: Mean intensity values vs diode readings for both detectors without and with linear fits

until linearity is lost.

VPN should appear as “Connected”.

RSP: To access the Rubin Science Platform follow the link: https://Isst-Isp-stable.ncsa.illinois.edu/,
you should get the page shown in figure ﬂ there we only have access to the “Notebooks” sec-
tion, which will let us work with Notebooks, Terminals and files that we have in our user folder
and the main directories.

Via SSH:

1. Login to NCSA through one of the servers:



https://lsst-lsp-stable.ncsa.illinois.edu/

—

\%. Study of the Linearity of the CCDs of the Vera C. Rubin Observatory | RTN-055 | Latest Revision 2025-08-08
\

..'
+%
VERA C.RUBIN
OBSERVATORY

Cisco AnyConnect Secure Mobility Client - O (X
& VPN 24 ®
i
CISCO
Connect to:  NCSA SSLVPN - e}
Group: ncsa-vpn-default -
Username: myuser|
Password: sesnnnne
Second Password: = seee
Connect

Please enter your username and password.

FIGURE 6: Cisco Anyconnect GUI.

VERA C.RUBIN  Portal

FIGURE 7: Rubin Science Platform login page. Here we only have access to the “Notebooks” section.

ssh myuser@141.142.181.16
lsst-login@1.ncsa.illinois.edu
lsst-login@2.ncsa.illinois.edu

lsst-login@3.ncsa.illinois.edu

2. Login as dev:

ssh 1sst-devl@l.ncsa.illinois.edu
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3. Load LSST: . /software/lsstsw/stack3/loadLSST.bash
4. Setup: setup lsst_distrib

5. Create yaml file for authentication, this is done with a text editor like nano or vi in the
folder: /home/USER/.1sst/db-auth.yaml
- url: "postgresql://lsst-pg-prodl.ncsa.illinois.edu:5432/1sstdb1"
username: "myuser"
password: "mysecretpasswd"
Check that the words “username” and “password” are aligned with the “u” in “url”. Keep
the dash in the beggining.

6. Data example:
pipetask run -j 32 -d "detector IN (@) AND instrument='LATISS' AND exposure IN
(2022050500251. .2022050500290) AND exposure.observation_type='flat'" -b /repo/main
-c isr:doFlat=False -i LATISS/raw/all,LATISS/calib -o u/jcalderong/test.1 -p
$CP_PIPE_DIR/pipelines/Latiss/cpPtc.yaml --register-dataset-types
This runs for a couple of minutes and creates the file ‘test.1".

-d: Which CCDs to run and which
exposures to use

pipetask run -j 2 -d "detector IN (55, 74) AND \ *—
sure IN (3021120600560..3021120600571) \

AND instrument='LSSTCam' " . :
-j: Number of b ;repo/main/butler.yaml t < -b: Main repository of data
CPU cores —i LSSTCam/raw/all,LSSTCam/calib \ <4— -i: Location of input data within main repository

-0 u/cslage/reca/bias_13144 \ €——— -o: Where to put the output data

—-p $CP_PIPE_DIR/pipelines/cpBias.yaml \ < -p: File with commands to run
—c isr:doDefect=False \ €——— -c: Overrides to what’s in the command file
——register-dataset-types

FIGURE 8: Explanation of the pipetask commandes.

3 Running the Stack’s Linearizer.

We worked with the Stack’s linearization algorithm as shown in the notebook attached in the
link https://github.com/jerocalderong/LinearityRubinObservatoryCCDs. Here we see the ob-
tained results.

In figure E we show a comparison for detector 74 without and with linearization for the de-
fault settings (10 uniformly distributed spline knots). We see how the deviation from linearity
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gets significantly reduced, but we want to explore different values that may improve the PTC
residual curve.
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FIGURE 9: Top: Non-linearized data. Bottom: Linearized data with 10 Spline knots (default setting).

Figure @ shows the linearization plots obtained with 11 Spline knots for the same detec-
tor. Here we see in the top row the same plots we generated for fig. E but also in the bottom
row we plot the knot distribution and the fit residual for the two iterations of the fit that the
linearizer runs.

10
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FIGURE 10: Linearizer ran using 11 Spline knots. From top to bottom and from left to right we see
the plots for: Non-linearized PTC, non-linearized PTC residuals from fit, linearized PTC, linearized
PTC residuals from fit, spline knots used with the obtained deviation on the first fit, residual from
first spline fit, spline knots used with the obtained deviation on the second fit, and residual from

second spline fit.

In figure [11] we show a comparison of the linearization with different number of Spline
knots. We notice how the same detector gets different PTC residuals from fitting splines of
different number of knots. By inspecting the scattered points we see that 12 knots seems to
give the best result, but we analyze this in further detail in section .

11
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FIGURE 11: Deviation from linearity using different amount of knots.

3.1 Changing the knot distribution

A final test we ran was trying to fit the PTC using a non-uniform distribution of the Spline
knots. With the help of Dr. Lage we ran the linearizer so that it used 10 evenly-spaced knots
and around the 50000 ADU bump it added 5 extra knots between the others. Figure @
shows the results obtained and figures B and [14 show the deviation from linearity for all 16
amplifiers for 4 different detectors.
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FIGURE 12: Linearized PTC data for 10 equally spaced knots and 5 extra knots around the 50000

ADU bump.
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FIGURE 14: Deviation from linearity for the 16 amplifiers of detectors E2V 55 and ITL 74.

3.2 Results and Conclusions

If we determine the average residual of the deviation from linearity in each case (no lineariza-
tion, several spline knots with even spacing, and not evenly spaced knots) we can make plots
like the ones shown in figures @ and @ in which we see how 12 Spline knots seems to be
the right configuration for best linearization in both E2V and ITL detectors. Although we see
that the difference between the 12-knot case and the others is not very significant, and mainly
we can conclude that just applying the linearizer with any of this configurations is much
better than not linearizing at all.
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FIGURE 16: Average deviation for different fit types for detector ITL 74.

We also note that the way we ran the linearizer with not-evenly-spaced knots resulted in over-
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fitting and seems to have affected the quality of the linearization, we suggest this approach to
be tested using maybe more sofisticated algorithms that can optimize the position of the
knots to get below the 0.01% deviation mark. One possibility would be to explore algorithms
like LOESSH that use weight functions to smooth data with noise and get better fits.

During the presentation of this results to the DESC-SAWG meeting of the Rubin Observatory
scientific team, Dr. Dan Weatherill pointed out an open problem about the fit residual plots
(seefig. ) where indifferent laboratories, using different detectors a bimodal behavior has
been observed consistently and is still not very well understood. This could be another in-
teresting topic or future research in linearity for the LSSTCam.
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