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Motivation behind Extragalactic Observations
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The Extragalactic Sky at VHE CTAD Slicoramon

Try TevCat 2.0 Beta!
QELENCLL G Map Control || Tools | Legend

Table Columns

B TeVCat Name # Name ¥ RA
¥ Dec ¥ Type

M Discoverer

¥ Date ¥ Distance

¥ Catalog

e Total VHE sources: 308

Catalogs

Default Catalog
Newly Announced
Other Sources

Source Candidates

e Extragalactic sources: 98
o AGN (88)
o Starburst galaxies (3)
o GRB(7)

¥ Filter by Catalog

Filter Selected Clear Filters

B Name B BRAR B Dist & B Catalog®
v
0002 07.6 -02 56 06 2019.05 z=0.654 Default Catalog
00 06 26 +72 59 01.0 2011.10 1.4 kpc Default Catalog
0007 26.4 +57 00 00 2024.03 Default Catalog

001352.0 -18 53 29 2010.11 z =0.095 Default Catalog

http://tevcat.uchicago.edu/
Or
http://tevcat2.uchicago.edu/
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The Extragalactic Sky at VHE with CTA-LST CTADO  Shussorsnon
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The Extragalactic Sky at VHE with CTA-LST
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The Large Sized Telescope-1 CTAD  Sliseorron
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The Large Sized Telescope-1 CTAD  Sliseorron
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Mrk 421 (z = 0.031)

=>  Observation time: 31.9 hrs (2020 to 2022)

=>  Detection significance: 530

=>  Bayesian blocks to identify states of activity
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Mrk 421 (z = 0.031)

=>  Observation time: 31.9 hrs (2020 to 2022)
=>  Detection significance: 530
=>  Bayesian blocks to identify states of activity
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Flux / (cm2 s) for E > 100 GeV
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=>  Flare on 2022-05-18 (~3 crabs at >100 GeV)
=>  Fast variability observed during flare.
=>  Rise time: ~10 min, Fall time: ~26 min
-  Compact emission region: 0.2 — 3 x 10> cm
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Mrk 421 (z = 0.031)

=>  Observation time: 31.9 hrs (2020 to 2022)
=>  Detection significance: 530
=>  Bayesian blocks to identify states of activity
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Flux / (cm2 s) for E > 100 GeV
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=>  Flare on 2022-05-18 (~3 crabs at >100 GeV)
=>  Fast variability observed during flare.
=>  Rise time: ~10 min, Fall time: ~26 min
-  Compact emission region: 0.2 — 3 x 10> cm
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Mrk 501 (z = 0.034)

=>  Observation time: 39.7 hrs (2020 to 2022)
=>  Detection significance: 210
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Mrk 501 (z = 0.034)

=>  Observation time: 39.7 hrs (2020 to 2022)
=>  Detection significance: 210
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1ES 1959+650 (Z = 0.048)

_)

e2dnde [ergs~lcm™2]

Observation time: 11.8 hrs (2020 to 2022)
Detection significance: 130

i i Preliminary 4+ LST1(>100GeV)
T3 i Bayesian blocks +‘
ERS : !
Y22 H‘% :
5 |t | x f
=9 : Y 1 :
59100 59200 59300 59400 59500 59600 59760
108 l
Preliminary
t Lower cutoff
107 G energy when
| L brighter flux
16710 g, =
d
10—11_
Fermi-LAT low
LST-1 low
107124 4 Fermi-LAT middle
“# LST-1 middle
+ Fermi-LAT high
# LST-1 high
10713 4 T T . - ;
1074 1073 1072 101 100 10!

Energy [TeV]



CTAO ’ IC-:%-II-.LABORATION
BL Lac (z = 0.07)

166 Fermi/LAT light curve (weekly)
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=>  Two major flares in 2021 and 2022, brightest emission ever observed from BL Lac in VHE.
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BL Lac (z = 0.07) in 2021
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BL Lac (z = 0.07) in 2021
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1ES 0647+250 (z = 0.45)

=>  Observation time: 8.2 hrs (2020 to 2022)

=>  Detection significance: 70

=>  Joint Fermi-LAT + LST1 fit performed
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1ES 0647+250 (z = 0.45)
=>  Observation time: 8.2 hrs (2020 to 2022)
=>  Detection significance: 70
=>  Joint Fermi-LAT + LST1 fit performed
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PG 1553+113 (z = 0.433)

=>  Observation time: 9.9 hrs (2020 to 2022)

=>  Detection significance: 160
=>  Joint Fermi-LAT + LST1 fit performed
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OP 313 (z = 0.997)

The most distant quasar detected in VHE by LST1 (ATel #16381).

—) Only 10th FSRQ in VHE. le—6

=>  LST-1 observation started on December 9. 1 Nov.  LST H

- Pointing zenith angle >30 deg. Energy threshold 40 GeV. TE figre  ToO ’;SSS;'VO‘R
= iy K W
é 0- '.\M'ﬁ“")‘""‘" b M M' *,ﬁ Y N

2023 10 2023 11 2023 12 2024-01 2024-02 2024-03 2024-04

LST-1Discovers the Most
Distant AGN at Very High

Energies

£ 26 December 2023 = Telescopes, Press Releases, CTAO-North, LST, Science

Credit: Mireia Nievas (TeVPA 2024) 13
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OP 313 (z = 0.997) _ _ -
= The most distant quasar detected in VHE by LST1 (ATel #16381). First Geteciion:of ngflasmwniﬁ't“g:?'ss'°" from FSRQ
=>  Only 10th FSRQ in VHE.

- LST-1 observation started on December 9. ATel #16381; Juan Cortina (CIEMAT) for the CTAO LST collaboration
—_ . on 15 Dec 2023; 14:31 UT
3 g%mtmgtz_emih angjl-: ;30((:)6&. Enilrgy t_hrSShOId SO (33\23) Credential Certification: Juan Cortina (Juan.Cortina@ciemat.es)
servation time: rs (burin are In becember
-> Detection significance: 130 & Subjects: Gamma Ray, >GeV, TeV, VHE, Request for Observations, AGN, Blazar, Quasar
=>  Flux=0.28 Crabs (>100 GeV) T
->  Multiple ongoing projects: variability, EBL, MWL etc. 4000 - Slglnlflcance (LI&Ma): 1290

N ] 2 | E <250 GeV

5. 201 = & =
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=197 Dec 2023 Q 1 1
£ | 820004 #i  Preliminary

5, { bty E&?ws, T 0 HM*H
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iz 0.0 1 : 3 e : : 3 ccliis; X 0- I .+_ 7 +| .** i
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Credit: Mireia Nievas (TeVPA 2024) 14
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CTAO IC-t%-ll-.LABORATION
1ES 1218+304 (z = 0.182)

=>  High-energy peaked BL Lac — TeV discovery by MAGIC on 2006-05 (Albert et al. 2006)
=>  VHE variability observed by VERITAS (Acciari et al. 2010)
=>  Observed spectral index ~3.0 (MAGIC and VERITAS)

75°

60°

® 1ES1218+304

-715°
More details: TeVCat Gamma-Ray Source Summary: 1ES 1218+304
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]_ES 1218 + 304 (Z = 0,182) 035 || == Runs seIectTId bydstandard cuts .
=>  High-energy peaked BL Lac — TeV discovery by MAGIC on 2006-05 (Albert et al. 2006) --- nian)?lr:\nuunr?aallcfv‘\llv:d
->  VHE variability observed by VERITAS (Acciari et al. 2010) B o0
=>  Observed spectral index ~3.0 (MAGIC and VERITAS) §
g 0.15
LST-1 Observation - .
- Period: 2023-02-28 to 2023-04-12 = oan
=>  Duration: 18 hours — 40% in moonlight (Rejected by standard cuts!) E

=>  Tools: Istchain-v0.10.11 (DL1 to DL3) — gammapy-1.1 (post DL3)

|

T T T
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1ES 1218+304 (z = 0.182)

=>  High-energy peaked BL Lac — TeV discovery by MAGIC on 2006-05 (Albert et al. 2006)

=>  VHE variability observed by VERITAS (Acciari et al. 2010)
=>  Observed spectral index ~3.0 (MAGIC and VERITAS)

LST-1 Observation
=>  Period: 2023-02-28 to 2023-04-12
=>  Duration: 18 hours — 40% in moonlight (Rejected by standard cuts!)
=>  Tools: Istchain-v0.10.11 (DL1 to DL3) — gammapy-1.1 (post DL3)
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o
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[ Runs selected by standard cuts M
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|

o_________
==

T T T T
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Source Detection:

-
-

->

Selected duration by quality cuts: 4.4h
Energy-dependent dynamic gammaness
cut with 70% efficiency.

Detection with 5.80 significance.
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Significance map

].ES 1218"‘304 (Z = 0.182) Excess map

6
e PRELIMINARY — PRELIMINARY
- Flux (> 100 GeV) = 12 % Crab .
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=>  VHE spectral slope is comparable to s s
literature. £ £ . 4
Flux variability study is not possible. 8 8
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1ES 1218+304 (z = 0.182)
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Multi-wavelength lightcurves

° 10 Swift observations.

e  Optical-UV data from Swift-UVOT filters.
0  Galactic reddening and extinction correction

e  Swift-XRT (0.3 to 10 keV)
o  Corrected for pile-up effect.
o  Correction for neutral Hydrogen column density
during modelling.

e  Fermi-LAT (100 MeV to 500 GeV)
0  Low emission state
o Kept 1ES 1215+303 free during modelling
o  Spectral index ~1.59

e No significant variability observed in gamma-rays

o No time-resolved SED study
©  Oneoverall average SED

18
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1ES 1218+304 (z = 0.182)
Quasi-simultaneous Swift-UVOT, Swift-XRT and Fermi-LAT data. ’\
—) Leptonic Synchrotron Self-Compton model with a spherical emission zone. —— R o 04 PC
>t <1day[Sato et al. 2008, Acciari et al. 2010]. T A "
=>  Log-parabolic particle energy distribution BLR:.*". |_Gelto
g 5—|—f lo .'".' .~’.'.' shoc
f (f}/) (A//q/()) g(W/ /() -'..: 0':' accr‘regli(on .
-  Fixed parameters: R = 2.5 X 10'®cm; d = 20 ¥4 R, e =01 PL
=>  EBL absorption: Franceschini et al. 2008 ——
region

BH
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https://arxiv.org/pdf/0804.2529
http://adsabs.harvard.edu/abs/2010ApJ...709L.163A
https://arxiv.org/pdf/0805.1841

CTAO IC-t%)-ll-.LABORATION
1ES 1218+304 (z = 0.182)

0!
Quasi-simultaneous Swift-UVOT, Swift-XRT and Fermi-LAT data. I
—) Leptonic Synchrotron Self-Compton model with a spherical emission zone. o b, ,‘f.;;\ pe 04 pe
> t_ S1day[Satoetal. 2008, Acciari et al. 2010]. P ",
= Log-parabolic particle energy distribution BLR & o |_Getto
5"—7 lo .'".' .~’...’ shoc
f(fy) (A//IY()) g(,}/ )“ -"! .":. acc.hregli(on S
-  Fixed parameters: R = 2.5 X 10'®cm; d = 20 i R,y 01 pc %
=>  EBL absorption: Franceschini et al. 2008 ——
region
e Swift-UvVOT
1071°§ e  Swift-XRT .
e Fermi-LAT Red. chisq=0.8
o LST1 I BH
Synchrotron "
o~ 10711y ---- SSC
0 Host galaxy
T —— Fitted model SED model parameters:
5 Lo (EBL-absorbed) Particle density, N =12.7+1.9cm?3
= Magnetic field, B =0.09+0.01G
> Index, s =2.17 £ 0.04
107134 Curvature parameter, r =0.13 £0.02
Minimum Lorentz factor,y . =44+7
Model fit: JetSet v1.3.0 (Andrea Tramacere) Maximum Lorentz factor, Yooy = (9+1)x10°
1074 d

. . : : : . - 4
Ton 0% 07 0% 105 e Reference Lorentz factor, y, =(1.0+0.1) x 101 .
v (Hz)


https://jetset.readthedocs.io/en/latest/change_log_specs/v1.3.0.html
https://arxiv.org/pdf/0804.2529
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https://arxiv.org/pdf/0805.1841

1ES 1218+304 (z = 0.182)

Quasi-simultaneous Swift-UVOT, Swift-XRT and Fermi-LAT data.

—) Leptonic Synchrotron Self-Compton model with a spherical emission zone.
> t_ S1day[Satoetal. 2008, Acciari et al. 2010].
=>  Log-parabolic particle energy distribution
(s+rlo
f(v) = (/o) st ioelr/0))
-  Fixed parameters: R = 2.5 X 10®cm; & = 20
=>  EBL absorption: Franceschini et al. 2008
e Swift-UVOT
10-1°4 e  Swift-XRT .
8 EarraT Red. chisq=0.8
o LST1
Synchrotron & trinsic 2
~ 10711§ --—- SSC
0 Host galaxy
TE —— Fitted model
v (EBL-absorbed)
S 1072
10713_
Model fit: JetSet v1.3.0 (Andreg Tramacere)
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0]
......';.. ................... R est. BLR =0.4 pe
BLR g 8 i | Getto
d ’.".. shock
._-" & acc. region L
i Rm BLR =0.1 p:-'-,_ ‘.'.
emitting
region
BH
SED model parameters:
Particle density, N =12.7+19cm3
Magnetic field, B =0.09+0.01G
Index, s =2.17£0.04
Curvature parameter, r =0.13+£0.02
Minimum Lorentz factor,y . =44+7
Maximum Lorentz factor, y__ =(9 £1) x 10°

Reference Lorentz factor, y, =(1.0%0.1) x 10%
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CTAO IC-t%)-ll-_LABORATION
1ES 1959+650 (Z = 0.048)

-> LST1 observations since May, 2022.
> Standard data quality cut: 5.63 hrs (total obs = 20 hrs).
-> Detection significance 130.

Energy 0.10:10.00 TeV Significance map 50

Significance = 13.06 0

¢ ONdata s
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18500 - 65°30°

c

o

£ 2

5 | =
3 18000 - g—) 00"
17500 - 64°30'

17000 -
00!
0.00 0.05 010 015 020 025 030 035 0.40 20"06™ oo™ 19h54m
62 [deg?] Right Ascension
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1ES 1959+650 (Z = 0.048)

LST1 observations since May, 2022.

> Standard data quality cut: 5.63 hrs (total obs = 20 hrs).
-> Detection significance 130.
> Similar flux level as 2020 — 2022 period (~40% Crab).
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Significance map

1ES 1959+650 (Z = 0.048)

i
1
LST1 observations since May, 2022. e f | S becugun 66°00"
! 15:
> Standard data quality cut: 5.63 hrs (total obs = 20 hrs). |
-> Detection significance 130. 18500 1 + | L
i o
-  Similar flux level as 2020 — 2022 period (~40% Crab). 2 | 8 10
. . . . S 18000 | =5 00'
-> Hint of intraday variability. E _ H: + 7 2
> Shortest flux doubling timescale, t =26 min 1700 1T LTS 4030 P
-> Assuming ® = 10 — 50, emission region size, R<
(04 - 2) X 1015 cm. 17000 1 00" 0
=>  Time-resolved broadband SED might be interesting. 000 05 Oh0 OiS 1050 oS hm 0in 040 2006™  oom  19"54m
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Summary CT.I\‘O IC-%]I-.LABORATION

=>  Spectral variability study of well-known AGN with LST1 data in 2020 -
2022.

=>  Good agreement between simultaneous Fermi-LAT and LST-1
spectrum.

=>  Sensitive to variable gamma-ray sources above 25 GeV for low zenith
observations.

Looking forward...

B TR ] AL R . =
= Detection of OP 313, the highest redshift (z = 0.997) FSRQ till date. 107° = : 2128 zortt:]em ,:«ray EE
€  Several projects on OP 313 are ongoing. - - B | . %
o L e ~E
->  Detection of 1ES 1218+304 with 4.4 hours of LST1 observation i 101 ' — E;
€ Comparable VHE spectral index o = e 'l —— 3
€  Multiwavelength SED modelling £ . g “ -;'-;;(‘:““: t
€ Diffusive shock acceleration is viable i i e S AT d
3 107" e —— e " __::._' ._._._.-_E 8
- Ongoing projects: E 5 e s e 14
@ Bl Lac: LST-1 observation of flares in 2021 and 2022. = [ o .~ G 1%
@  OP 313: VHE flux variability, MWL SED, BLR study, EBL W el i 3
€ PG 1553+113:IDV = =k
C IDiffclsrelntliall lfllulxI sensitlivit;: (E:Olhl) il v Ly e | ]
=> My involvements: 102 107 1 10 10?
€  MAGIC + LST1 joint observations of 1ES 1218+304 Reconstructed Gamma-ray Energy E_ (TeV)

€  Multiwavelength study of 1ES 1959+650

=>  Future: 4 LSTs coming soon — new EGAL sources. 23
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