PROBING TRACES OF
INTERGALACTIC MAGNETIC
FIELD FROM GAMMA-RAY BURTS
WITH VERY-HIGH ENERGY
GAMMA-RAY DETECTORS




Magnetic Fields in the Universe

Cosmological .

magnetic fields
1n galaxy and

E : alaxy clusters
Astrophysical galaxy




Probing Intergalactic Magnetic Field (IGMF) in the GeV

tens GeV




Imaging Atmospheric Cherenkov Telescopes (IACTs)

L lllllll I 1 lllllll L lllllll

—e— CTAO Northern Array
—s— CTAO Southern Array

1 TeV
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https://iwww.cta-observatory.org/science/cta-performance (prod5, v0.1)
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Gamma-rays for Intergalactic Magnetic Field (IGMF)
studies

Flux in the VHE band

t

__ Cascade emission in case
<~ of no IGMF

Cascade emission in case of a not
/ negligible IGMF

Flux in the GeV domain
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GRB190114C
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GRB190114C: Simulated echo emission




GRB190114C: Simulated echo emission



https://www.aanda.org/articles/aa/pdf/2019/06/aa35214-19.pdf

GRB190114C: Simulated echo emission
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GRB190114C (z = 0.42)

GRB 190114C, T,pc = 3

—— B=3x10"20G, Epax =10 TeV
1 --= B=3x10"20G, Ejax =50 TeV
—— B=10"20G, E;ax = 10 TeV
~—— B=10"20G, Epax =50 TeV
1 —— B=8x10"21 G, Epax =10 TeV
~—— B=8x10"%21 G, Epnax =50 TeV
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GRB190114C (z = 0.42)



https://www.cta-observatory.org/science/ctao-performance/

GRB190114C-like with higher redshift (z = 1.0)



https://www.cta-observatory.org/science/ctao-performance/
https://www.cta-observatory.org/science/ctao-performance/

GRB190114C-like with lower redshift (z = 0.2)

Scaled GRB 190114C, T,ps = 3h, z=0.2

1 —— B=3%x10"20G, Epax =10 TeV
] === B=3%10"2°G, Epax =50 TeV
i —— B=10"20G, Epax = 10 TeV
| === B=10720G, Emax =50 TeV
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https://www.cta-observatory.org/science/ctao-performance/
https://www.cta-observatory.org/science/ctao-performance/
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GRB221009A (z = 0.151)

TITLE: GCN CIRCULAR

NUMBER:
SUBJECT@ LHAASO observed GRB 221009A with more than 5000 VHE photons up to around 18 TeV
DATE: - c : =

FROM: Judith Racusin at GSFC <judith.racusinénasa.gov>

Yong Huang, Shicong Hu, Songzhan Chen, Min Zha, Cheng Liu, Zhiguo Y &MSomMnﬂwweﬁddGamm&myObwwmoW

Zhen Cao report on behalf of the LHAASO experiment :_—-10_10
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We report the observation of GRB 221009A, which was detected by Swif cy
et al. GCN #32635), Fermi-GBM (Veres et al. GCN #32636, Lesage et al
Fermi-LAT (Bissaldi et al. GCN #32637), IPN (Svinkin et al. GCN #326
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GRB 221009A is detected by LHAASO-WCDA at energy above 500 GeV, cent
RA = 288.3, Dec = 19.7 within 2000 seconds after TO0, with the signif
100 s.d., and is observed as well by LHAASO-KM2A with the significan
where the energy of the highest photon reaches 18 TeV.
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N |
straw :

I IIIIHW
| IlIIH”

RREECR | SR

CTA South, 50h

This represents the first detection of photons above 10 TeV from GRB : e
: .~LHAASO - 1yr

The LHAASO is a multi-purpose experiment for gamma-ray astronomy (in :
band between 10%11 and 10"°15 eV) and cosmic ray measurements.
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Magnetic Fields in the Universe

Where to look for cosmological magnetic fields?

Marinacci et al. 18| -

dynamos
galactic outflows

Halo cores
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Intergalactic Magnetic Field (IGMF) Limits

Gravitational waves?

Evolution LSS, CMB
modelling?

Gamma-ray next generation

Lower Limits!!!

Gamma-ray time delay

1076

Correlation Length Ap
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Lower Limits (LL): the kingdom of gamma rays

...................

106 | Bl Lzl CTAC 2021 g

H.E.S.S. + Fermi,
(this work)

e 4= 10yrs
[T tyax = 10%yrs

tmax = 107 yrs

Previous limits
o Fermi+1ACTS, fmax = 10yrs :
MM HLES.S./ MAGIC, fyyy =107 yrs
I VERITAS, finax = 107 yrs :

Sensitivity Projections
CTA, tmax =107 yrs

CTA

Galactic winds

HESS & MAGIC|

|
Fermi-LAT |







|GMF: Extended emission
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Gamma-rays for Intergalactic Magnetic Field (IGMF) studies
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Gamma-rays for Intergalactic Magnetic Field (IGMF) studies

® Fermi-LAT
B HESS.
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|GMF studies
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|GMF studies




Gamma-Ray Bursts (GRBs)

Too L 7,150 Z Tdelay Eran ge IACT (sign.)
S erg S TeV

shorc160821B 048 12x109 0162 24 055  MAGIC (3.10)
Long 180720B 489 6.0 x 10° 0.654 3.64x10* 0.1-044 H.ESS. (5.30)
Long 190114C 362 2.5 x 10>  0.424 57 03-1 MAGIC (>500)

Long 190829A 582 2.0x10°° 0.079 155x10* 0.1833 HESS. (21.70)

Long 201015A  9.78 1.1x 10 042 33 014  MAGIC 350)

Lng 201216C 48 47 x10% 1.1 56 01  MAGIC (600)

Miceli & Nava, 2022




Gamma-Ray Bursts (GRBs)

y-ray (KW)
y-ray (BAT)
X-ray
Ultraviolet
Optical

GBM photon flux
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XRT+BAT (0.3-10 keV, erg cm™ s71)
LAT energy flux (0.1-100 GeV, ergcm™2 s71)

LAT photon flux (0.1-100 GeV, ph. cm~2 s7!)
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short GRB

compact
merger

collapsar

long GRB

Gamma-Ray Bursts (GRBs)

internal
shocks



IGMF bounds from GRBs
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