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ATHENA

L2 orbit Ariane V

<5100 kg

power 2500 w

4 (goal 10) year mission
FOR>50%

TOO in 4hrs

The Athena Observatory
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X-ray Integral Field Unit:
AE: 2.5eV

Field of View: 5 arcmin
Operating temp: 50 mk

Wilingale et al, 2013
arXiv1308.6785

Silicon Pore Optics:
1.4m?at 1 keV

S arcsec HEW

Focal length: 12m
Sensitivity: 310" erg cm™s’!

Wide Field Imager:

AE: 125 eV

Field of View: 40 arcmin
High countrate capability

Barret et al., 2013 arXiv:1308.6784

Rau ef al. 2013 arXiv1307.1709



AT

HENA

The first Deep Universe X-ray Observatory

Athena has vastly improved capabilities compared to current or planned facilities, and
will impact on virtually all areas of astrophysics

X-IFU+mirror collecting area

mm Athena/X-IFU = Chandra/HETG ' >
mm XARM/Resolve — XMM-Newton/RGS f * Athena 2m
~ Athena 1.4m’
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X-ray spectroscopy at the peak Deep survey capability info the dark
of the activity of the Universe ages and epoch of reionization



The chemical evolution of hot baryons

EAGLE cosmological simulation
5<T<105¢

T<104° K

10°

K T>10°° K

100 Mpc x 100 Mpc

z=1 galaxy cluster (Athena vs. XMM/Hitomi)

Counts/s/keV

— Athena X-IFU
XMM-Newton EPIC PN
— Hitomi SXS

©DB/X-FIU Energy (keV)

Athena will trace the evolution of heavy
elements from z~2 to the local Universe



The Energetic Universe

AGN Ly versus z plane
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is uncertain at z>3, unknown at z>6

How do black holes grow and shape the Universee




ATHENA
The first stars, the first BH, the first metals

7=1089 | Pop 111
| collapsars?

-




keV? (Photons cm™® s™" keV™')

ATHENA
High-Z GRBs: The first stars and black holes
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When did the first generation of stars explode to form the first seed black holes

and disseminate the first metals in the Universe?

Gamma Ray Burst at z=7

Al X111 1s-2p

Si Xl 1s-2p

Si XIV 1s-2p

Si XIIl 1s-4p

Si XIIl 1s-3p
Si X1V 1s-3p

S XV 1s-2p
S XVI 1s-2p

S XV 1s-3p

T

S XV 1s-4p
Fe XXV 1s-3p

S XVI 1s-3p
Fe XXVI 1s-2p

Ar XVIII 1s-2p
Ca XIX 1s-2p
Fe XXV 1s-2p

Fe XVII-XXIV 1s-2p

| 30+ m class ELTs

1.0

Jonker, O'Brien et al., 2013 arXiv1306.2336

Energy (keV)

How do black holes grow and shape the Universe?



ATHENA

Athena science in context

ATHENA JWST

et I i e

Athena is a crucial part of the suite of large observatories needed to
reach the science objectives of astronomy in the coming decades



Athena —Multimessenger HEA Synergy

Athena as a multimessenger ’rool

» Energetic phenomena => explosions,
accelerations sites, transients

« Athena X-rays probe the above with the
following assets

— fewer field sources (per sgq degree) compared to
lower frequencies

— Wide field (40 arcmin) (+mosaic/raster scan covering
several sgq degrees in few hours)

— qarcsec imaging (location accuracy larcsec)
— sensitivity down to few 107" erg/cm2/s

— Integral field spectroscopy with high spectral
resolution (R=1000@2.5keV)

— Fast Too (4hrs) , large FOR(>50%)

L. Piro, CTA workshop, Bologna, May 7, 2019




Advanced Telescope for High ENergy Astrophysics

Athena and CTA synergies

* Overaching theme: Cosmic Accelerators, Cosmic Ray
Researvoir

— Sources of CR’s
— Hadronic vs Leptonic

e Sources:

_ BlGZG rs Cosmic-ray reservoirs Cosmic-ray accelerators

- SNR
- Sne (v's from CC) i o
- Magnetars Jg

- 1DE

- PWN

- GRBs

- Clusters as CR reservoirs

L. Piro CTA Workshop Bologna May 7, 2019



Advanced Telescope for High ENergy Astrophysics

CTA (and v’s) benefit of
Athena/X-ray observations

e Source identification
¢ Determine what the radiation mechanism is:

pion decay (hadronic) — need local density estimate
Proton sync (hadronic) vs IC (leptonic)

inverse Compton (leptonic) — need local radiation field and
B-field (synchrotron) Lsyn/LIC = UB/Urad

bremsstrahlung (leptonic) — need local density estimate +
B-field (synchrotron)

« Determine how particles are accelerated:

First order Fermi acceleration (shocks)

— — study in detail in radio,optical, X-rays (measure vs, kT (line

broadening) and get acceleration efficiency;

— Second order Fermi acceleration (turbulence) — line broadening

L. Piro CTA Workshop Bologna May 7, 2019



Athena —Multimessenger HEA Synergy

Number of field sources
X_ rays Opt|Ca|
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* a_=1.3 (AGN-like)

* m=26.7-2.5log (F /107'¢)

» m(Fx=10">c.g.s.)=24.2:

« 3000 X-ray vs 100.000 in the opftical per square degree

L. Piro, CTA workshop, Bologna, May 7, 2019




Advanced Telescope for High ENergy Astrophysics

X-ray, VHE and v's synergy
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osmic-ray accelerators

[Science 361 (2018) no.6398, eaat1378]

« |ceCube v'sin TXS 0606+056 => hadronic origin

« Photon SED can be modelled with lepto-hadronic and proton-synchrotron
models.

« Neutrino flux limited by theoretically feasible proton luminosity and X-ray
data.

« Neutrino flares should be accompanied by broadband cascade emission
INn X-ray and y-rays — X-ray observations critical to test hadronic emission
L. Piro CTA Workshop Bologna May 7, 2019




Advanced Telescope for High ENergy Astrophysics

Blazar TXS 0506+0566
X-ray, VHE and v's synergy

Hadronic model
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Keivani et al 2018

L. Piro CTA Workshop Bologna May 7, 2019



Advanced Telescope for High ENergy Astrophysics

Blazar TXS 0506+0566
X-ray, VHE and v's synergy

Leptonic model
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L. Piro CTA Workshop Bologna May 7, 2019



Advanced Telescope for High ENergy Astrophysics

SNR

e l[on temperature + shock velocity
measurements of SNRs with Athena: used

to quantity SNR abllity to accelerate
cosMIC rays

3-D Hydro Simulation : | A | |
o Silicon in Tycho-like SNR | | |

Counts/100 ksec

2600 3dOO
Velocity (km/s)

ATHENA+ XIFU Astro-H SXS XMM-Newton EPIC pn

Athena XIFU simulations Decourchelle et al 2013

L. Piro CTA Workshop Bologna May 7, 2019



Central
angme

Athena: Synergy with CTA

Relaftivistic jets In GRBs

 Beaming angle ~ 1/T’

N. Gehrels, LP & P. Leonard 2004

Jot collicdes with
ambient medium

external shock wave)

Luigi Piro
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Athena: Synergy with CTA

GRB190114C: the First VHE detection

« MAGIC detection at 50-100 sec at 300

GeV (Myrzoyan+19)

* Max Synchrofron energy (Acceleration
scale/Larmor=radiation losses)= m_c?/a_=

/0 MeV
« => |C component

Ravasio et al 19, see also
Wang et al 19)

Log vF, [erg cm™2 s7!]

| |
o)) @)
T 11 T

@0]

\2
| |

— 52

- 51

- 50

- 49

26

CTA workshop Bologna, May 7, 2019

Log vL, [erg s!]

18



Athena: Synergy with CTA

VHE predictions for the afterglow phase

MAGIC can detect HE emission
from the afterglow of a GRB
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Athena: Synergy with CTA

Evidence for IC emission

* Mostly from X-rays and hard X-rays
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Athena: Synergy with CTA

X-ray counterparts of GW mergers

Radio and X-ray light curves
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Troja, LP et al, Nature 2017

Luigi Piro CTA workshop Bologna, May 7, 2019



Athena: Synergy with CTA

X-ray counterparts ot GWs

Athena will see them all
Gaussian Jet 60 =4.3°, E;, =1.9 x 10”erg
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« for any line-of-sight 250 deg
* to sample the most distant
« counterparts sampled by GW facilities

Luigi Piro CTA workshop Bologna, May 7, 2019



Conclusions

« X-rays providing crucial information 1o pin

down origin of VHE emission

« Synergy of Athena with CTA, v's facllities
(lcecube, KM3net), GWs (ALIGO,AVIRGO,+,
LISA) and Transient Universe (Theseus)

« Athena Multimessenger and HE synergy

White Paper, supported by AHEA
IN preparation

L. Piro, CTA workshop, Bologna, May 7, 2019
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