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Why are high-redshift blazars interesting?

High-redshift blazars

Loot.> 10 erg s™ Strong Compton
Mah = 10° Mgoiar dominance

[e.g., Ghisellini+10,
Ajello+16, Paliya+16]
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Why are high-redshift blazars interesting?

High-redshift blazars

Loot.> 10 erg s™ Strong Compton

Magh = 10° Motar dominance

[e.g., Ghisellini+10,
Ajello+16, Paliya+16]

e High-energy hump peaks in MeV band
— simultaneous X-ray and gamma-ray data
necessary
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Why are high-redshift blazars interesting?

High-redshift blazars

Strong Compton

Loot.> 10 erg s™
dominance

MBH 2 109 Msolar

[e.g., Ghisellini+10,
Ajello+16, Paliya+16]

e High-energy hump peaks in MeV band
— simultaneous X-ray and gamma-ray data

necessary
e Accretion disk emission redshifted to optical/UV
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Why are high-redshift blazars interesting?
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Why are high-redshift blazars interesting?
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» High redshift = probing regions closer to SMBH with radio observations Credit: Marcotulli+20
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs
Monitoring daily sky (LAT Flare advocates) — Real-time flare alerts
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs Works for
Monitoring daily sky (LAT Flare advocates) — Real-time Fflare alerts most sources

BUT high-redshift blazars = on average very faint with regard to LAT sensitivity
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs Works for
Monitoring daily sky (LAT Flare advocates) — Real-time Fflare alerts most sources

BUT high-redshift blazars = on average very faint with regard to LAT sensitivity

Real-time search for signal by z> 3 blazars listed in BZCAT
on monthly time scales [after Kreter+20]
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs Works for
Monitoring daily sky (LAT Flare advocates) — Real-time Fflare alerts most sources

BUT high-redshift blazars = on average very faint with regard to LAT sensitivity

Real-time search for signal by z> 3 blazars listed in BZCAT
on monthly time scales [after Kreter+20]
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs Works for
Monitoring daily sky (LAT Flare advocates) — Real-time Fflare alerts most sources

BUT high-redshift blazars = on average very faint with regard to LAT sensitivity

Real-time search for signal by z> 3 blazars listed in BZCAT
on monthly time scales [after Kreter+20]
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Search for gamma rays from high-z sources

Accumulating (Fermi-LAT) data over time — Catalogs Works for
Monitoring daily sky (LAT Flare advocates) — Real-time Fflare alerts most sources

BUT high-redshift blazars = on average very faint with regard to LAT sensitivity

Real-time search for signal by z> 3 blazars listed in BZCAT
on monthly time scales [after Kreter+20]
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Flare of TXS 1508+572 (z=4.31)

[ Previous | Next | [EBH )

Gamma-ray flare of high-redshift blazar GB 1508+5714
e Other source names: detected by FermilLAT

4FGL J1510.1+5702, GB 1508+5714
e Flare detection: February 2022

L Re pO rt i n Atel # 1 5 202 : Credential Certification: Andrea Gcrku-s (andrea.gokus @fau.de)
5 -d ay ave ra ged ﬂ U X ~25X 4FG L ﬂ UX Subjects: Gamma Ray, »GeV, Request for Observations, AGN, Blazar, Quasar
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Flare of TXS 1508+572 (z=4.31)

[ Previous | Next | [EBH )

Gamma-ray flare of high-redshift blazar GB 1508+5714
e Other source names: detected by FermilLAT

4FGL J1510.1+5702, GB 1508+5714
e Flare detection: February 2022
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Long-term 30-day binned light curve (100 MeV - 300 GeV)
with upper limits for TS < 9:
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Broadband SED of TXS 1508+572

Quiescent state: blue

Flaring state: red
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Broadband SED of TXS 1508+572

Quiescent state: blue
Flaring state: red

* During flare: increase of

1077

10"

near-IR and y-ray emission
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Broadband SED of TXS 1508+572

Quiescent state: blue

Flaring state: red

* During flare: increase of
near-IR and y-ray emission

* Single-zone leptonic
model sufficient
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Broadband SED of TXS 1508+572

-10
Quiescent state: blue 10

Flaring state: red
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Broadband SED of TXS 1508+572
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Radio images of TXS 1508+572

144 MHz

1071
a H 10 kpc
41 =
]
5 0= E
2 5 g
E >
3, =
O Z
g @ 2
) 3
2 X
E -2 1 :1073 E
g [ -4
=
4 =
rgo™!
e .

6 4 2 0 =2 -4 -6
Relative RA [arcsec]

LOFAR image
(Kappes et al., 2022, A&A 663, A44)

R. Gokus - Uncovering extreme blazar flares at cosmic dawn - Fermi Symposium 2024



Radio images of TXS 1508+572
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Radio images of TXS 1508+572

144 MHz 1.4 GHz
a H 10 kpC M GB 15OB+58 —— 10 kpC
i 1072 E
_4 = ;60_4 o |
. . Chandra—VLA
Relative RA [arcs-ezc] - -
LOFAR image VLA contours with
(Kappes et al., 2022, A&A 663, Ad4) Chandra image

(Cheung, 2004, ApJ 600, L23)

R. Gokus - Uncovering extreme blazar flares at cosmic dawn - Fermi Symposium 2024

86 GHz

0.5 0.0 —0.5 1.0
Relative R.A. (mas)

VLBA + Effelsberg + Greenbank

Telescope image
(Benke et al., 2024, A&A, 689, A43)

m.Jy/beam



VLBl monitoring of TXS 1508+572 ..
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VLBl monitoring of TXS 1508+572 ..
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VLBI monitoring of TXS 1508+572 . m—_
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Flare of B3 1428+422 (z=4.72)

e Other source name: 5BZQ J1430+4204
e Flare detection: December 2023

e Source not listed in 4FGL, but reported as
y-ray emitter by Liao+18 and Kreter+20
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Flare of B3 1428+422 (z=4.72)

Other source name: 5BZQ J1430+4204

Flare detection: December 2023

neighbouring sources

Source not listed in 4FGL, but reported as
y-ray emitter by Liao+18 and Kreter+20

Tested that emission is not coming from

DEC

TS map for B3 1428+422, with the emission from the
source visible in the center
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Flare of B3 1428+422 (z=4.72)

« Other source name: 5BZQ 1143044204 TS map for B3 1428+422, with the emission from the

source visible in the center

e Flare detection: December 2023

e Source not listed in 4FGL, but reported as
y-ray emitter by Liao+18 and Kreter+20

45°
e Tested that emission is not coming from
neighbouring sources
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compared to previous observation 40°

DEC

4FGL J1439.3+3932

4FGL J1506.1+3731

4FGL J]1438.9+3710
4FGlH41444.8+3645

4FGL J1448.0+3608 4FGL J1425.0+3615

4FGL )1418.4+3543

© 4FGL J1453.5+3505
35 y

25" 220° la®

R. Gokus - Uncovering extreme blazar flares at cosmic dawn - Fermi Symposium 2024

| 4FGL11503.5+4759 Prelimina ry

—5




Flare of B3 1428+422 (z=4.72)

« Other source name: 5BZQ 1143044204 TS map for B3 1428+422, with the emission from the

source visible in the center

e Flare detection: December 2023

e Source not listed in 4FGL, but reported as
y-ray emitter by Liao+18 and Kreter+20
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e Tested that emission is not coming from
neighbouring sources
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Flare of B3 1428+422 (z=4.72)

« Other source name: 5BZQ 1143044204 TS map for B3 1428+422, with the emission from the

source visible in the center

e Flare detection: December 2023

e Source not listed in 4FGL, but reported as
y-ray emitter by Liao+18 and Kreter+20

45°
e Tested that emission is not coming from
neighbouring sources
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summary & Conclusions

* High-redshift blazar flares rare (on average 1 per 14 months)

* We can observe very luminous gamma-ray flares from
the early Universe

* VLBI monitoring allows us to probe high-zjets at
much higher frequencies

Postdoc for Hire:

Looking for a
new position starting
end of 2025
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summary & Conclusions

* High-redshift blazar flares rare (on average 1 per 14 months)

* We can observe very luminous gamma-ray flares from
the early Universe

* VLBI monitoring allows us to probe high-zjets at
much higher frequencies

e Status of high-z blazar projects:

> Both papers about TXS 1508+572 in press at ApJ / A&A:
Gokus A. et al., 2024, (MWL analysis)
(VLBI campaign)

Postdoc for Hire:

Looking for a

> B3 1428+422 showed brief flare, coincides with increase new position starting

in hard X-ray emission

R. Gokus - Uncovering extreme blazar flares at cosmic dawn - Fermi Symposium 2024

end of 2025


https://arxiv.org/abs/2406.07635
https://doi.org/10.1051/0004-6361/202450153
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