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Summary @

. The Cherenkov Telescope Array
. Key Science Topics
. Ongoing work to revise the KSPs
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Science cases and design

Lowest energies (tens of Ge\® deepest sensitivity ever * Precision measurements in
- cosmological sources  * arcmin angular resolution a still little explored energy

o * large FoV range
Deepest sensitivity for

i?l'ri:r:;n:j?r;a;?npuh::xorr;:?j - Surveys & precision studies - 100 TeV range unexplored
P R.Zanin — TeVPa 2019 - precision studies
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Science cases

multi-TeV

Surveys

Precision
morphol.
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Southern hemisphere
preferred

No preferred sky coverage

 Mainly CTA consortium involved in the definition of the

science cases

(Science with CTA, CTA Consortium 2019 - https://doi.orq/10.1142/10986)
R.Zanin — TeVPa 2019







CTA Alpha Layout C a

LEGEND

\ Large-Sized Telescope (LST)
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https://www.cta-observatory.org/ctao-releases-layouts-for-alpha-configuration/




CTA Alpha Layout

Cld

https://www.cta-observatory.org/ctao-releases-layouts-for-alpha-configuration/

|
|
|
|
I
[ ® . © @
) Ao ®
|
|
. @
o © ® J e o o
® ¢ 6 O
————— LAt SHEPS 1 1) SR nRh et
1
: © 0 00 A
+) [ ° <) (&
I
o ..o
® ' [
@) ® ' 0 ©
|
1
B
I
I
® ! ©
© ® ©
|
1
1
LEGEND
Medium-Sized Telescope (MST) ’ Weather Station *
Small-Sized Telescope (SST) @ Stellar Photometer A
Large-Sized Telescope (LST) z Raman LIDAR *
Foundation
Other Calibration Devices a
SST Foundation

10



CTA performance C a
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CTA performance
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CTAOQO Northern Array
— 50 - 80 GeV
------- 0.5-0.8TeV

Point-source flux sensitivity relative to FoV center
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https://www.cta-observatory.org/science/cta-performance/
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CTA performance
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CTA telescopes - first LST ATEL

https://astronomerstelegram.org/?read=14783

Detection of very-high-energy gamma-ray emission
from BL Lac with the LST-1

ATel #14783; Juan Cortina for the CTA LST collaboration
on 13 Jul 2021; 21:03 UT
Credential Certification: Juan Cortina (Juan.Cortina@ciemat.es)

Subjects: TeV, VHE, Request for Observations, AGN, Blazar, Transient

Referred to by ATel #: 14820, 14826, 14839 The LST-1 telescope has observed an increase in the very-high-energy (VHE; >100 GeV)

gamma-ray flux from BL Lacertae (RA=22:02:43.3, DEC=+42:16:40, J2000.0). The
preliminary offline analysis of the LST-1 data taken on 2021/07/11 (MJD 59406), triggered
by an increase of the optical flux (see ATEL #14773 and references therein), has been
detected with a significance of 8 sigma with a differential flux of 1.3 +/- 0.2 10-9 cm-2 s-1
TeV-1 (25% of the Crab Nebula) at 100 GeV. Note though that this is the result of a quick-
look analysis and the data were taken under non-optimal weather conditions (atmospheric
transmission at 9km of ~50-60%), hence this flux measurement is a lower bound on the
true flux. The LST-1 observations were performed during commissioning which began in
2018. LST-1 is a prototype of the Large-Sized Telescope for the Cherenkov Telescope
Array, and is located on the Canary island of La Palma, Spain. The LST-1 is designed to
perform gamma-ray astronomy in the energy range from 20 GeV to 3 TeV. LST-1
observations on BL Lacertae will continue during the next few nights, multi-wavelength
observations are encouraged. The preliminary offline analysis has been performed by
Daniel Morcuende (dmorcuen@ucm.es) and Ruben Lopez-Coto
(ruben.lopezcoto@pd.infn.it). The LST-1 contact persons for these observations are
Masahiro Teshima (mteshima@mpp.mpg.de) and Juan Cortina (juan.cortina@ciemat.es).




CTA telescopes - first LST paper
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https://arxiv.org/pdf/2210.00775.pdf

https://www.cta-observatory.org/Ist-collaboration-publishes-first-scientific-paper/ 20




Astrophysics with IACTs ( cta

« COSMIC PARTICLE ACCELERATION

What are the sites and mechanisms of particle
acceleration in the cosmos?

« EXTREME ASTROPHYSICAL ENVIRONMENTS

The physics of neutron stars, black holes and their
energetic environments, such as relativistic jets, winds
and stellar explosions.

« FUNDAMENTAL PHYSICS FRONTIERS

Probing the nature of Dark Matter, the existence of
axion-like particles, and Lorentz invariance violation

U.Barres — COSPAR 2020




cherenkov

" The Science of CTA

CTA will target major science questions in high-energy
astrophysics, through a large observational programme.

e Galactic and X-Gal Scan e PeVatrons

e Dark Matter Programme e Star-forming Systems
e Magellanic Clouds e Radio Galaxies & Clusters

U.Barres — COSPAR 2020




all cosmic scales

A Census of particle accelerators across ( Cta

KEY SCIENCE PROJECTS

HERSERS
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Science with CTA

cherenkov :
telescope -
array

Suence

with the

Cherenkov
Telescope

‘ Array

CTA will have important synergies with many of the new generation of major astronomical and astropar-
ticle observatories. Multi-wavelength and multi-messenger approaches combining CTA data with those
from other instruments will lead to a deeper understanding of the broad-band non-thermal properties
of target sources, elucidating the nature, environment, and distance of gamma-ray emitters. Details of
synergies in each waveband are presented.

https://arxiv.org/abs/1709.07997
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CTA performance (around 2017)
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CTA performance (now)
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CTA performance (around 2017) Cta
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CTA performance (now)
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CTA performance (around 2017)

cta

103

o — — — — — —
L © 9 © 9 9 Q9
o [(e] [0 2] ~ [e)] (&) E =N

- —
1
-
-

ifferential Flux Sensitivity (erg cm? s™)

D
—
<

o

—

<
-
w

E

E'w\ 1 hour —— E =25 GeV

- — — E=40GeV

E

;E .............

-

N

E O

:§

-

=

: lIlllIllI llllllllI lllllllll lIllllllI lllllllll lIlllllII lllllllll lllllllll lllllllll L1l
10 10° 10® 10* 10° 10° 10" 10® 10° 10™

Time (s)

29



CTA performance (now)
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The Dark Matter Programme

e Weakly-interacting massive
particles (WIMPs)

Gamma-rays trace
annihilating Dark Matter

e Candidate with masses at TeV-
- scale, ideal for CTA searches
T Galactic Center Milky Way Halo
e Annihilation and decay of DM-
particles to give out spectral
signatures in gamma-rays such

as continuum edges and line-
emissions features

Isotropic contributions

Features in y-ray and

h Galaxy Clusters
cosmic-ray spectra

Dark Matter simulation: Pieri+
2011PhRVD.. 18P

U.Barres — COSPAR 2020




Dark Matter with CTA C a

arXiv:2007.16129v2 [astro-ph.HE] 30 Jan 2021

Sensitivity of the Cherenkov
Telescope Array to a dark matter
signal from the Galactic centre

Abstract. We provide an updated assessment of the power of the Cherenkov Telescope Ar-
ray (CTA) to search for thermally produced dark matter at the TeV scale, via the associated
gamma-ray signal from pair-annihilating dark matter particles in the region around the Galac-
tic centre. We find that CTA will open a new window of discovery potential, significantly
extending the range of robustly testable models given a standard cuspy profile of the dark
matter density distribution. Importantly, even for a cored profile, the projected sensitivity
of CTA will be sufficient to probe various well-motivated models of thermally produced dark
matter at the TeV scale. This is due to CTA’s unprecedented sensitivity, angular and en-
ergy resolutions, and the planned observational strategy. The survey of the inner Galaxy
will cover a much larger region than corresponding previous observational campaigns with
imaging atmospheric Cherenkov telescopes. CTA will map with unprecedented precision the
large-scale diffuse emission in high-energy gamma rays, constituting a background for dark
matter searches for which we adopt state-of-the-art models based on current data. Through-
out our analysis, we use up-to-date event reconstruction Monte Carlo tools developed by the
CTA consortium, and pay special attention to quantifying the level of instrumental systematic
uncertainties, as well as background template systematic errors, required to probe thermally
produced dark matter at these energies.

https://arxiv.org/abs/2007.16129




Dark Matter with CTA
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cherenkov

wescore  CTA Galactic Science

e Survey speed about 300x greater than H.E.S.S.

e Much deeper reach, to scan the entire galaxy for PWNe and
SNRs, as opposed to the few-kpc reach of current instruments.

Circa 1600 hours
About 500 sources




PeVatrons: the extreme energy frontier ( Cta

LHAA ky @ >100 TeV

—10

- Ultrahigh-energy
s photons up to 1.4
~ petaelectronvolts
o from 12 y-ray

Galactic sources |

'

LHAASO
(Nature 2021)

70 60
Galactic longitude (deg)




The 15t LHAASO catalog

10

Significance

>100 TeV

https://arxiv.org/pdf/2305.17030.pdf
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CTA Pevatrons KSP Cta

Sensitivity of the Cherenkov Telescope Array to spectral signatures of hadronic PeVatrons
with application to Galactic Supernova Remnants

Abstract

The local Cosmic Ray (CR) energy spectrum exhibits a spectral softening at energies around 3 PeV. Sources which are capable
of accelerating hadrons to such energies are called hadronic PeVatrons. However, hadronic PeVatrons have not yet been firmly
identified within the Galaxy. Several source classes, including Galactic Supernova Remnants (SNRs), have been proposed as
PeVatron candidates. The potential to search for hadronic PeVatrons with the Cherenkov Telescope Array (CTA) is assessed. The
focus is on the usage of very high energy y-ray spectral signatures for the identification of PeVatrons. Assuming that SNRs can
accelerate CRs up to knee energies, the number of Galactic SNRs which can be identified as PeVatrons with CTA is estimated within

"a model for the evolution of SNRs. Additionally, the potential of a follow-up observation strategy under moonlight conditions for
PeVatron searches is investigated. Statistical methods for the identification of PeVatrons are introduced, and realistic Monte—Carlo
simulations of the response of the CTA observatory to the emission spectra from hadronic PeVatrons are performed. Based on
simulations of a simplified model for the evolution for SNRs, the detection of a y-ray signal from in average 9 Galactic PeVatron

“<SNRs is expected to result from the scan of the Galactic plane with CTA after 10 hours of exposure. CTA is also shown to have
excellent potential to confirm these sources as PeVatrons in deep observations with O (100) hours of exposure per source.

Keywords: Gamma rays: general, Cosmic rays, Galactic PeVatrons, (Stars:) supernovae: general, Methods: data analysis,

Methods: statistical
d

https://arxiv.org/pdf/2303.15007 .pdf 4




CTA Pevatrons KSP
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Extragalactic SWG ‘ Cta

Four task forces

- AGN variability: consortium paper in prep
The goal is to test the CTA's potential to discriminate between different
particle acceleration and emission scenarios
- Theoretical models
- AGN long-term monitoring
- How many flares CTA will see?
- MWL support data

- AGN Population: consortium paper in prep
The goal is to quantify CTA'’s ability to conduct source population studies
of gamma-ray emitting, jetted AGNs



Extragalactic SWG Cta

Journal of Cosmology and Astroparticle Physics

- Gamma-ray propagation: consortium paper

pu blished Sensitivity of the Cherenkov Telescope Array for probing
cosmology and fundamental physics with gamma-ray
propagation
H. Abdalla’, H. Abe?, F. Acero®, A. Acharyya®, R. Adam3, I. Aqudo®, A. Aguirre-Santaella’,
R. Alfaro®, J. Alfaro®, C. Alispach® + Show full author list
Published 23 February 2021 « © 202110P Publishing Ltd and Sissa Medialab
Journal of Cosmology and Astroparticle Physics, Volume 2021, February 2021
Citation H. Abdalla et al JCAP02(2021)048
DOI 10.1088/1475-7516/2021/02/048

- AGN Redshift determination:

2 non-consortium papers (spectroscopy, imaging)
The goal is to measure the redshift of blazars taking advantage of large and small
worldwide facilities

- Preparing a database



Cosmology and Fundamental Physics Cta

arXiv:2010.01349v2 [astro-ph.HE] 26 Feb 2021

Sensitivity of the Cherenkov
Telescope Array for probing
cosmology and fundamental physics
with gamma-ray propagation

Abstract. The Cherenkov Telescope Array (CTA), the new-generation ground-based obser-
vatory for y-ray astronomy, provides unique capabilities to address significant open questions
in astrophysics, cosmology, and fundamental physics. We study some of the salient areas of
~-ray cosmology that can be explored as part of the Key Science Projects of CTA, through
simulated observations of active galactic nuclei (AGN) and of their relativistic jets. Observa-
tions of AGN with CTA will enable a measurement of y-ray absorption on the extragalactic
background light with a statistical uncertainty below 15% up to a redshift z = 2 and to
constrain or detect y-ray halos up to intergalactic-magnetic-field strengths of at least 0.3 pG.
Extragalactic observations with CTA also show promising potential to probe physics beyond
the Standard Model. The best limits on Lorentz invariance violation from v-ray astronomy
will be improved by a factor of at least two to three. CTA will also probe the parameter space
in which axion-like particles could constitute a significant fraction, if not all, of dark matter.
We conclude on the synergies between CTA and other upcoming facilities that will foster the
growth of y-ray cosmology.

https://arxiv.org/abs/2010.01349




Cosmology and Fundamental Physics Cta
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Ct ;gg;g;«;v The new window of VHE
Gamma-ray Bursts

array

First time detection of a GRB at sub-TeV .
energies; MAGIC detects the GRB 190114C Three long GRBs detections

ATel #12390; Razmik Mirzoyan on behalf of the MAGIC Collaboration an nou nced In the paSt tWO yea'rS

on 15 Jan 2019; 01:03 UT
Credential Certification: Razmik Mirzoyan (Razmik.Mirzoyan@mpp.mpg.de)

gﬁl;i(tects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, Gamma-Ray G R B 1 807 2 O B ( Z=O - 6 5)

Referred to by ATel #: 12395, 12475
17 GRB 190114C (z=0.42)
Tweet
The MAGIC telescopes performed a rapid follow-up observation of GRB Afterglow deteCted > 300 Gev
190114C (G t al., GCN 23688; Tyuri t al., GCN 23690, de Ugart 1t
Postigo et all..(fngeN a23692, Lipunov et}rlzlill?nggN a23693, Selsing eteal. g{BEICI?I Huge StatIStICS (1 OOOS gammaS)
23ARA5) Thic nhecervation wac triaadered hv the Swift-RAT alert: we ctarted E E
Sub-minute timescale spectra
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Transients & Variable Sources: CTA Sensitivity vs. Time
CTA Collab 2019)
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Transients CP ‘ Cta

Coordinators: Thierry Stolarczyk and Elisabetta Bissaldi

Neutrino paper:
» under SWG review, implementing comments

Galactic transients:
« draft under final revision by authors, to be circulated in the SWG soon

GRB
* paper to be drafted soon with preliminary results — large simulation
starting

GW
* results almost final + cross check on few events

CCSNe (TRANS+CRs)
 Discussions on-going with CRs SWG



Transients — CCSNe Cta

Coordinators: Thierry Stolarczyk and Elisabetta Bissaldi

Spectral evolution of an SN93-like object at 2.5 Mpc P.Cristofari and F.Acero

Differential gamma-ray spectrum of SN 1993]
from day 1 to day 300 after the SN explosion

107" + An SN93J-like @ 2 Mpc SN can be detected in the first weeks

after the explosion both with CTA-N & CTA-S.
oot * However deep exposures (50 h over ~2 weeks) are needed.
+ For this specific case best observation window is : 5-20 days
* Type lIn : monsters like SN201jl (~1-2 evt/year R< 200 Mpc)
- High kinetic energy & velocity but high absorption
- At50 Mpc (1 evt/decade ?) : > 10o every night for 6 months

10—13

E2dN/dE [TeV cm 2s7 1]

10-16 + - - T
107! 10° 10! 102 . . .
Energies [TeV] « Complex modeling depending on system geometry, progenitor,
photosphere T° time evolution, etc

+ Lowest energies < 100 GeV seem to be key in detection

+ CTA-North/South complementarity for follow-up at early/late times



Updates on Scientific Cases

- Critical check of assumptions on Science topics
— Check with updated physics cases
— Check with alpha configuration characteristics

— Consider also Beta configuration - Omega Science o
with the
. Cherenkov |
- Planned strategies: Telescope
— Creation of task forces inside each SWG: | Arrgyf'.” /e
« Contact people involved in the “Science with CTA” e

« Those currently working on the topic v ¥l A
— Dedicated calls to review & update topics

« Discussion in SWGs on-going CTA Consortiun, 2018
— Goal: Update scientific cases by fall General Meeting ~ 2rXiv:1709.07997
— Preparation of an internal document



Updates on Scientific Cases - Transients

Some topics for the future studies

' Arrays 224 3, E>30GeV, 0.1 sec time bin SCience '- "
*  Address the various increments (Alpha, Beta, and +5CT) 8 with the
» Usage of sub-arrays; Divergent pointing (Serendipitous sources) § Cherenkov
d ;
» First data - which (early) Science can enter KSPs ? Telescope
s T A

» Sinergy/complementarity with HAWC and LHASSO (+IACTSs) Time from GRB [sec)

Figure 1.5 - Simulated CTA gamma-ray burst light curve, based on the Fermi-LAT-detected GRB 080916C at
43, See Figure .1 for more detais.

» External alerts

Array 7,
Wy

* Triggers from Swift/GBM/SVOM and later (Theseus)
» What can be expected from LIGO/VIRGO 04 (Should start soon ? [ink)

» High luminosity events : Real-time analysis - High frequency time analysis (variabilty)

» Other WG
* Moonlight versus SII: conflicts? Thierry Stolarczyk CTA Consortium. 2018
*  DMEP: Cosmic voids (EBL, IGMF) and Cosmology (high z values) arXiv:1709. 07967

* GAL / EGAL transients

» Note: The Consortium science return is not only KSPs : We should be prepared to Open Time observations

} 5 Th. Stolarczyk - Beyond the present KSPs April 24th, 2023




Updates on Scientific Cases - EGAL

Cta dereior . . .
= §cience perspectives: discussion

Science -

Contents Time has passed since the Science with CTA book. with the
PR We have been asked by the Science coordinators to Cherenkov
start a discussion on the science perspectives with B - Telescope
1. Introduction to CTA SGionce — JA Hiton, RA Ong B TameS ... 12 the goal Of makmg an Updated statement about . v‘»w -\
2 0SSt A A U e B gjance prospectives for CTA compared to what s in A"‘?!{ . S
et it arsseie—— 10 CTA stlon08 book. L.
5. KSP: Galactic Centre - G. Farmior, K. Kosack, R. Torrier 59
616 ooy cuminion 10 D€ considered:

7. KSP: LMC Survey = P Martin, C.-C. Lu, H. Voelk, M. Renaud, M. FIDOVC .uuvvsssen

8. KSP: Extragalactic Survey = 0. Mazin, L. Gerard, J.E. Ward, P, Giommi, AM, Brown .

Alpha configuration

9. KSP: Transients — S, inous, M. Ribd, E. Bernardiny, V. Connaughton, J. Granot, S. Markoft, P O Brion, F. Schussier . 110

10. KSP: Cosmic Ray PeVatrons — R.C.G. Chaves, E De Oiia Wilkelmi, S Gabici, M. Renaud 181 N New |nformatlon Slnce the publlcatlon Of the

11. KSP: Star Forming Systems = S Casanova, S MM, L TOA00 ....eemvcvvrsesssssmsns 138 SCIGHCG book (eg . neW Fefml Cata|OgS, enW

12. KSP: Active Galactic Nuclei = A. Zech, 0. Mazin, J. Bloau, M. Danief, . Hassan, €. Lindlors, M. Meyer v 149 .

13. KSP: Clusters of Galaxies — . Zandans), M Fornasa 175 deteCtlonS o ) .

14. Capabilities beyond Gamma Rays = R. Bahier. D. Dravins, K. Egberts, JA. Hinton, RD. Parsons .................. 185 CTA co n S 0 rt l um l 2018

R ——— w o Commentsintoday's TF reports arXiv:1709.07997
‘ w o Discussion in the Science session at 6 PM

o Dedicated EGAL call
9 Elisa Prandini & Elisa Pueschel

©
&
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Updates on Scientific Cases - GAL/CR Cta

® Shown examples: GC, GPS,

| . cta PeVatrons...
Science with CTA @ Contacted some people

involved in Science with

1. Introduction to CTA Science — JA. Hinton, RA. Ong, D. Torres 12
. 2. Synergies — S. Markof, J.A. Hinton, RA. Ong, D. T 28 CTA
Joint CR/GAL/DMEP = >Yeraes = Mol JA tinon, BA Org. 0 Tores . .
3. Core Progranme Overview — JA Hok RA O . Tores 0 ® Dedicated meetin gs for
4. Dark Matter Programme - E. Mouiin, J. Car, J. Gaskins, M. Doro, C. Farnier, M. Wood, H. Zechlin h K P
CR/DMEP _ eac S

5. KSP: Galactic Centre = C. Farnier, K. Kosack, R. Terrier 59

6. KSP: Galactic Plane Survey - R.C.G. Chaves, R. Mukherjee, RA. Ong n

7. KSP: LMC Survey - P. Martin, C.-C. Lu, H. Voelk, M. Renaud, M. Fiipovic 86

8. KSP: Extragalactic Survey - . Mazin, L. Gerard, J.E. Ward, P. Giommi, AM. BIOWN .c.ovsvsssssssssssssa 97

9. KSP: Transients - S. Inoue, M. Ribé, E. Bernardini, V. Connaughton, J. Granot, S. Markoff, P. O Brien, F. Schussler . 110

Science =

Charsnkor 10. KSP: Cosmic Ray PeVatrons = R.C.G. Chaves, E. De Oria Wilhelm, S. Gabici, M. ReNaUG ......vvvsvens 131

Telescope ~ * ;

Ay ¢ - 11. KSP: Star Forming Systems — S. Casanova, $. Ohm, L. Tibaldo 138
%

12. KSP: Active Galactic Nuclei - A. Zech, . Mazin, J. Biteau, M. Daniel, T, Hassan, E. Lindfors, M. Meyer ........... 149

13. KSP: Clusters of Galaxies - £ Zandanel, M Fornasa 175

Heide Costantini and Quentin Remy
Kathrin Egberts and Pierre Cristofari

14. Capabilities beyond Gamma Rays — R. Bihler, D. Dravins, K. Egberts, J.A. Hinton, R.D. Parsons ... 185




Updates on Scientific Cases - DMEP ‘ Cta

@® Updated Science cases: Consortium publications submitted/
under SAPO review & many non-consortium publications
@ Starting point for document



MWL synergies (~2017)

> © A b 9 N AS YV %) S

SR ) I NS S Lol (A (LG (S L
MWA [ MWA (upgrade) ) :
(_VLITE on JVLA —> (20182 LOBO) ):
( FAST ):
JVLA, VLBA, eMerlin, ATCA, EVN, JVN, KVN, VERA, LBA, GBT.. gman% other smaller fauhtles) )
ASKAP :
Kat7 > MeerKAT > SKA Phase 1 ) : : :
[(sub Millimeter Radio | ' - [ SKALAR CoMdD) ; }
JCMT, LLAMA, LMT, IRAM, NOEMA SMA, SMT SPT, N 2, Mopra, Nobey ... (many other ller facilities) )]
(_ALMA )
(CEHT ___(prototype —> full ops) )
(Optical Transient Factories/Transient Finders | : : : :
&Palomm' Transient Factory —> (~2017) Zwicky TF )(TSST (build ; to full survey mode) }

C PanSTARRSl —> PanSTARRS2

)

Optical/IR Lare Facilities

( BlackGEM (Meerhcht single dlsh prototype in 2016)

Y WFIRST
L

[ VLT, Keck, GTC, Gemini, Magellan...(many olhersmllerfncilities
- {JWST
[X-ray | (GELT (full operation 2024) & TMT (timeline less clear)? )
)
);
EEE W ) ~
T 7D
) H H
%
y + optical ground elements) )
)
) . Tmadil
— )
i 20 B et TIGO Tndia—) ~Binstein Tel.?)
Neutrinos |: )

[UHE COSmlc Rays [

TceCube (SINCE 2011) i
ANTARES TKM3NET-1 YXM3NET-2 (ARCA)

TceCube-Gen2? ?:»

Telescope Arra = upgrade to TAx4
! Pierre Auger Observatory = upgrade to Auger Prime

)|
)
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Conclusions ‘ Cta

« CTA will open a new era in VHE astrophysics
— Arich science program to answer key scientific questions
— A VHE observatory !

« Clear MM and MWL synergies
— Fermiis crucial !
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