Multiwavelength Astrophysics Laboratory:

High-energy (X-ray) module

A few notes before starting

Differently from the other two labs (optical and radio/mm), students will be in contact with
several staff researchers and PhD students. You will receive a significant amount of inputs
and suggestions by different people — then you will do your own, motivated choices — and
you will be treated as you were part of a research group. This is a fundamental experience
if your goal is to do research in your career.

The X-ray module is thought and ‘built’ differently from the other labs. Tutorials are still
present, but organized in such a way that students should primarily listen and understand
how to reduce and analyze X-ray data without necessarily typing commands on their own
simultaneously with the teacher (this option is, however, available using remote PCs).

Commands can be found in slides/on-line threads and tutorials; it is not mandatory to
remember specific commands but to understand the principles of the analysis and the
fundamental steps.

During data analysis, to ease and speed-up the process, students are suggested to write
in a file all of the commands, including a description of what they are doing. This is helpful
to (i) remember the fundamental steps of the analysis for the final powerpoint presentation
and to (ii) repeat procedures, if needed, using a simple ‘cut & paste’ of the commands.



X-ray laboratory module: Lessons + Tutorials. |

Useful: review some AGN lessons

Under Virtuale

* AGN classification/demography/Unified scheme — lesson 3
« AGN X-ray spectral components — lesson 4

« Radio-jetted AGN (RL-AGN) — lesson 5

« AGN evolution and AGN-galaxy coevolution — lesson 10
 Feedback in AGN — lesson 13

Available on the website

You are supposed to already
know
about these topics from
last/current academic year

r> X-ray surveys and AGN evolution N >

AGN-galaxy coevolution (L. Barchiesi)

» AGN feedback: multi-wavelength

(E. Bertola)

First two days of lab-X

Fundamental parameters of X-ray
(S. Marchesi) telescopes and detectors

> AGN spectral energy distribution and » Pills of statistics and applications to X-rays
» Chandra/ XMM/XSPEC tutorials

indications and X-ray winds/outflows > Presentation of data handling projects




X-ray laboratory module: Lessons + Tutorials. Il

When and where
PERIOD: 17.11 + 18.11, 24.11 + 25.11, 01.12 + 02.12

 Thursday: 14-18 room M
* Friday: all day room M

Lessons
17.11.2022

O Introduction to the X-ray laboratory module: C. Vignali [30 min]

O Fundamental parameters of X-ray telescopes and detectors: M. Dadina [60 min]
O Pills of statistics: C. Vignali [45 min]

O Presentation of data analysis projects [90 min]

18.11.2022 > studentsichoice of the project
Q Chandra tutorial: C. Vignali [120 min] (with some rules)

0 XMM-Newton tutorial: E. Torresi [120 min]
O XSPEC tutorial: C. Vignali [90 min]

Computer/login setup + start of data analysis



Remote computers will be made available to students
Bring also your laptops for remote connection and if you would prefer to work on
your own computer (with software already installed)

Suggestions to all: install the client ThinLinc (https:
www.cendio.com/thinlinc/download) for remote connection
(Linux/Windows/MacOS)

Further instructions later


http://www.cendio.com/thinlinc/download

X-ray laboratory: groups and projects

Last Name First Name Email # Matricola | VLAJALMA | Group
AGATI EMMANUEL emmanuel.agati@studio.unibo.it 1038274 A
ARYAN KUMAR kumar.aryan@studio.unibo.it 1025332 A
BARBA ALESSANDRA alessandra.barba@studio.unibo.it 1058895 A
BENATI ALESSANDRO alessandro.benati3@studio.unibo.it 1037534 A
BIANCO FILIPPO filippo.bianco@studio.unibo.it 1032831 \
BOSI CORRADO corrado.bosi@studio.unibo.it 1055507 \
BRANDOLI FRANCESCO francesco.brandoli6 @studio.unibo.it 1049170 \
BRUNELLI GIULIA giulia.brunelli6@studio.unibo.it 1027925 \
BUGIANI LETIZIA letizia.bugiani@studio.unibo.it 1043064 A
BUSHI ARDIANA ardiana.bushi@studio.unibo.it 1035367 \
COSTA MICHELE michele.costa9@studio.unibo.it 1056428 A
DELLA CHIESA MAICOL maicol.dellachiesa@studio.unibo.it 1026537 A
FORNASIERO ILARIA ilaria.fornasiero@studio.unibo.it 1032685 \
FREDIANI JENNY jenny.frediani@studio.unibo.it 1025640 Vv
GUGLIELMI LUCA luca.guglielmi3@studio.unibo.it 1051220 A
IANNELLI FEDERICA federica.iannelli2@studio.unibo.it 1000737 \4
LORIGA MARTINA martina.loriga@studio.unibo.it 1032549 \
MAGNANI RICCARDO riccardo.magnani@studio.unibo.it 1034950 \
MALVOLTI FILIPPO filippo.malvolti2@studio.unibo.it 1058615 A
MARTINELLI LORENZO lorenzo.martinelli3@studio.unibo.it 1040283 \
MATTIOLI GIULIA giulia.mattioli9@studio.unibo.it 1046936 \4
MILAZZO GIUSEPPE giuseppe.milazzo3@studio.unibo.it 1046241 \
MUNAGALA REDDY CHARAN REDDY [reddycharan.munagala@studio.unibo.it 1047583 A
NAYAK SARTHAK sarthak.nayak@studio.unibo.it 1033724 A
OLMI SIMONE simone.olmi@studio.unibo.it 1032594 A
ou YU yu.ou@studio.unibo.it 1025407 \
PASSALEVA NICCOLO' niccolo.passaleva@studio.unibo.it 1056825 A
PASSAPONTI LEONARDO leonardo.passaponti@studio.unibo.it 1042202 A
PENG JIACHENG jiacheng.peng@studio.unibo.it 1033915 \
PENNA LEONARDO leonardo.penna@studio.unibo.it 1059151 \
PINELLI DANIELE daniele.pinelli@studio.unibo.it 1055777 \4
PISAPIA ALFONSO alfonso.pisapia@studio.unibo.it 1059082 \
PRINCIPI NICOLA nicola.principi@studio.unibo.it 1053446 A
PURUSHOTHAMAN ARCHANA archan.purushothaman@studio.unibo.it 1025263 \
ROTELLA NICOLO nicolo.rotella@studio.unibo.it 1045500 \
SAPORI MATTEO matteo.sapori@studio.unibo.it 1039523 A
SRIKANTH KOUSHIKA SRILAKSHMI  [koushikasri.srikanth@studio.unibo.it 1035753 V
TAMBURRI DANIELE daniele.tamburri@studio.unibo.it 1054917 V
VANNINI LORENZO lorenzo.vannini5@studio.unibo.it 1059723 V
VERALDI ENRICO enrico.veraldi@studio.unibo.it 1035226 Y
VINCETTI LETIZIA letizia.vincetti@studio.unibo.it 1047388 V
ZERBINATI CHIARA chiara.zerbinati@studio.unibo.it 1037683 A

Group
number

42 students - 14 groups
of 3 students each




X-ray laboratory: groups and projects

Mandatory; [...] optional part

B T ™ N

Pictor A Nucleus
[Eastern Lobe + B]

2 Pictor A Jet & Hotspot Chandra
(knot + SED)
3 NGC 3783 Nucleus XMM
[other obs.]
4 NGC 5135 Nucleus + SFG Chandra
[NUSTAR spectra] [NUSTAR]
5 CDF-S Catalog build-up + plots + comparison +  Chandra

obscured AGN spectral analysis
[CR = Flux conversion; other X-ray spectra]

1. Each X-ray lab test consists of a mandatory and an optional part

2. Each group choses one X-ray lab test. At least two groups on the same
data, and not more than three groups on the same topic



X-ray laboratory webpage

Lessons, Tutorials, Bibliography, threads, links to X-ray software + useful stuff...

X-Ray Laboratory Fall 2022

November 17, 2022 to December 2, 2022

Europe/Rome timezone

Overview

TIMETABLE

LESSONS

TUTORIALS

X-RAY PROJECTS
CONFIGURATION/SETUP
SOFTWARE

USEFUL LINKS
TEACHERS
BIBLIOGRAPHY

EXAMS

*+ WELCOME TO THE X-RAY LABORATORY Fall 2022 **

In collaboration with the Department of Physics and Astronomy of the
University of Bologna (DIFA), OAS-Bologna organizes combined
seminars/laboratories, investigating Active Galactic Nuclei (AGN) through the
analysis of their X-ray emission.

The laboratory runs from 17 November to 2
December.

Students are introduced to the current
problematics of supermassive black holes to
contextualize their data analysis projects. At
the end of the laboratory, students
summarize their experience in a power-point
presentation organized as a professional
communication at an Astrophysical
Conference.

X-ray Lab is part of
the Multiwavelength Astrophysics
Laboratory course of DIFA Bologna.

Image credit: Dana Berry

Design: E. Torresi

4

INAF

OAS BOLOGNA

L 4

Starts Nov 17,2022, 12:00 PM
Ends Dec 2, 2022, 2:00 PM

https://indico.ict.inaf.it/event/2195/




| week: Tutorials
TIMETABLE + Data Analysis Projects

17/11: h 14-18 - AULAM

e C.Vignali Introduction to the X-ray laboratory module (30m)
e M.Dadina Fundamental parameters of X-ray telescopes (60m)
e C.Vignali Pills of statistics (45m)
e Presentation of available X-ray projects (90 min)

1. PICTOR A XMM-Newton

2. PICTOR A Chandra

3. NGC3783

4. NGC5135
5. Chandra Deep Field-South (CDFS)

18/11: h 09-18 - AULAM

e C.Vignali Tutorial Chandra (120m)
e E. Torresi Tutorial XMM-Newton (120m)
e C.Vignali Tutorial XSPEC (90m)

e Computer/login setup



Link to useful links with guides, threads, tutorials

US

EFUL LINKS

XMM-Newton (SAS)

XMM-Newton ABC Guide

SAS Users Guide
XMM-Newton threads
XMM-Newton Users Handbook
XMM-Newton pile up:

Chandra (CIAO)

Introduction to CIAO
Science Threads
The Chandra ABC Guide to Pileup

NuSTAR

ds9

NuSTAR link

SAOImage DS9 Users Manual

XSPEC

XSPEC on-line manual

Other useful links

N =

4

. Conversion table
. Energy conversion
. F-test

. DeltaChi square distribution for a given number of dof and a given value of P

. Calculation of the logarithmic error bars



Presentation of students’ work and Exams. |

Evaluation for each lab expressed in XX/30

Evaluation criteria: commitment to the joint work, content of the
presentation, quality of the oral discussion, use of appropriate language

Communication of the results/vote at the end of the three labs.

Students can either accept the vote (‘average’ of the three votes,
corresponding to the three labs) or have an oral examination (in such a
case, previous votes are not considered anymore) - the ‘classic exam
at the end of the entire course is then optional (students’ choice)

EXAMS for this module: January 10t-11th-12th

In case you will decide to re-do the exam for all the modules: February
16th-17t



il
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Presentation of students’ work and Exams. |l

About 10 minutes/student. Questions are typically at the end of each of
the sub-parts of your presentation

The number of slides is indicatively 1 slide/minute. You must select what
you want to show us and your main results (not everything!)

Prepare your presentation in such a way that it can be easily sub-divided
into 3 sub-parts

We will randomly decide who is presenting what in each presentation
You can prepare hidden slides to be used just in case you want to
properly answer to one of our questions

Avoid too many animations

It is fundamental that you introduce the source in a broad scientific
context (i.e., what is the principal science problem that you may want to
address), identify the main points of the process of data analysis
and interpretation (within the available time) and that you are fully
prepared on these issues



Presentation of students’ work and Exams. |l

RECAP
« Scientific problem and goals of the project
* Presentation of the source and its main properties
« Data available (having in mind the main characteristics of the adopted
instruments)
« Data analysis
* Presentation of the results and discussion

Remember: Each student should have all the presentation clear in his/her mind

We will decide who (within each group) is presenting each sub-part of the
presentation



Web page — Multiwavelength Astrophysics Lab course

https://www.unibo.it/sitoweb/cristian.vignali/en

- Teaching # 96385 — Multiwavelength Astrophysics Laboratory

Please check the latest news/announcements for all updates

Lessons

Virtual Learning Environment
=4

https://indico.ict.inaf.it/event/2195/

Please, COMMUNICATE WITH TEACHERS USING YOUR UNIBO EMAILS



https://indico.ict.inaf.it/event/2195/

