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Quantum Gravity Phenomenology 
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Multimessenger Astrophysics 

Cowen TAUP 2017 
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How to? 

Nature volume 393, pages763–765 (1998) 
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How to? 

Astronomy and Astrophysics, v.345, p.L32-L34 (1999) 
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How to? 

Phys. Rev. Lett. 83, 2108, 1999 
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How to? 

Astrophys. J. Lett., 518 (1999), pp. L21-L24 
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How to? 

Annals of Physics, Volume 321, Issue 1, p. 150-196. (2006) 
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How to? 

Progress in Particle and Nuclear Physics 
Volume 125, July 2022, 103948 
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Outline 

•  HE and VHE gamma astrophysics 
–  Introduction to Gamma Astrophysics 
–  Few Science Topics 
–  Experiment types 

•  MeV Gamma Ray experiments 
–  BATSE - Swift/BAT - Fermi GBM  
     – AGILE/MCAL 
–  GRB physics  
–  eASTROGAM - HERMES  

•  GeV Gamma Ray experiments 
–  AGILE/GRID – Fermi/LAT 
–  PSR physics  

•  TeV gamma Astrophysics 
–  MAGIC, HESS, VERITAS 
–  HAWC – LHAASO  
–  AGN physics  
–  CTAO –  SWGO  

•  Quantum Gravity searches (just a sample…) 
–  GRB , PSR, AGN …  
–  Other channels ? What about polarimetry -- IXPE?    
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Take home messages 

Daniel – NOW 2014 
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HE Gamma Astrophysics 

Pulsar
Active Galactic Nucleus

Unidentified Source
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HE Gamma Astrophysics 
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HE Gamma-ray Telescopes 
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VHE Gamma-ray telescopes 
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keV/MeV Gamma Ray Astrophysics 
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CGRO-BATSE (1991-2000) 

CGRO/BATSE  (25 keV÷10 MeV) 
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GRB light curves 



•  in 1997, thanks to 
BeppoSAX observations, 
discovery of fading X-ray, 
optical, radio emission 
following the GRB  

 

•  photons received during 
the classical GRB 
phenomenon are then 
called “prompt emission” 
and the subsequent fading 
emission is called “afterglow 
emission”    

prompt 

afterglow 

Adapted from Maiorano et al., 
A&A, 2005 

The GRB phenomenon  
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Gamma-ray Bursts 



 

•  Swift: NASA mission dedicated to GRB 
studies launched 20 Nov. 2004 USA / Italy / 
UK consortium 

Ø  main goals:  afterglow onset, connection 
prompt-afterglow, substantially increase of 
conunterparts detection at all wavelengths 
(and thus of redshift estimates) 

Ø  payload: BAT (CZT+coded mask, 15-350 keV, wide FOV, 
arcmin ang. res.), XRT (X-ray optics, 0.3-10 keV, arcsec 
ang.res.), UVOT (sub-arcsec ang.res. mag 24 in 1000 s)  

Ø  spacecraft: automatic slew to target source in ~1 - 2  min.  

Adding pieces to the puzzle 
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Swift redshift distribution 

Gli afterglow rivelati da 
SWIFT sono deboli 

Towards the High z Universe 
with Swift! 

Record: 
Z = 9.4 !! 

Coward et al. 2013 
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GBM Detectors 
Bismuth Germanate (BGO) 

 Scintillation Detector 

Major Purpose 
–  Provide high-energy spectral 

coverage (150 keV – 25 MeV) to 
overlap LAT range over a wide FoV 

 

(12) Sodium Iodide (NaI) 
 Scintillation Detectors 

Major Purposes 
–  Provide low-energy spectral coverage in 

the typical GRB energy regime over a 
wide FoV (10 keV – 1 MeV) 

–  Provide rough burst locations over a wide 
FoV 

 

Provides spectra for GRB from 10 keV to 30 MeV. 

Provides wide sky coverage (8 sr), enables autonomous repoints to allow for high 
energy afterglow observations with the LAT. 
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GBM light curves 

Troja et al 2012 

Castignani et al 2014 
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HERMES 
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HERMES 

Fiore et al. 2019 



34 

White Book published in arXiv/JHEAP 
Wide interest from the scientific community 

A. De Angelis et al. 

https://arxiv.org/abs/1711.01265 
JHEAP, 2018, 19, 1-106 



•  γ-ray polarization in objects emitting 
jets (GRBs, Blazars, X-ray binaries) 
or with strong magnetic field 
(pulsars, magnetars) ⇒ magnetization 
and content (hadrons, leptons, 
Poynting flux) of the outflows + 
radiation processes 

•  γ-ray polarization from cosmological 
sources (GRBs, Blazars) ⇒ 
fundamental questions of physics 
related to Lorentz Invariance Violation 
(vacuum birefringence) 

ü  e-ASTROGAM will measure the γ-ray 
polarization of ∼ 200 GRBs per year 
(promising candidates for highly γ-ray 
polarized sources) [degree]
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GRB 140206A with e-ASTROGAM 
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Gamma-ray polarization 
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GeV Gamma-ray Astrophysics 
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GRB physics 

•  Fast timing for gamma-ray detection in prompt phase. High energy 
photons 

Delayed Emission (GRB 940217) 

Prompt Emission  (GRB 930131)
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Pulsars Physics 

•  Wide variety of PSR profiles. 
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Pulsars 
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AGN physics 

•  Simultaneous multiwavelength data to study variability and 
emission processes 
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Models of AGN Gamma-ray Production 

(credit:J. Buckley) 
(from Sikora, Begelman, and Rees (1994)) 
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AGN and the Extragalactic Background Light (EBL) 

Look for roll-offs in blazar spectra due to attenuation: 
(Stecker, De Jager & Salamon; Madau & Phinney; Macminn & Primack) 

 the start: A.I. Nikishov, Sov. Phys. JETP 14 (1962) 393. 

If γγ c.m. energy > 2me, pair creation will attenuate flux.   For a flux of   
γ -rays with energy, E,  this cross-section is maximized when the partner, ε, is 
 

   
 
For 10 GeV- 100 GeV γ - rays, this corresponds to a partner photon energy   
in the optical - UV range.  Density is sensitive to time of galaxy formation. 

us source Eγ lower 

us source Eγ higher 
Eγ



46 Picture of the day, Feb. 28, 2011, NASA-HEASARC 

AGILE Fermi 

Gamma-ray astrophysics above 100 MeV  



                                         AGILE 

  

  



AGILE: inside the cube… 

ANTICOINCIDENCE 

INAF-IASF-Mi (F.Perotti) 

HARD X-RAY IMAGER 
(SUPER-AGILE) 

INAF-IASF-Rm (E.Costa, 
M. Feroci) 

GAMMA-RAY IMAGER  

SILICON TRACKER 

INFN-Trieste 

(G.Barbiellini, M. Prest) 

(MINI) CALORIMETER 

INAF-IASF-Bo, Thales-Alenia 
Space (LABEN) 

(G. Di Cocco, C. Labanti) 
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GRB analysis  

Giuliani et al. 2008 
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GRB analysis  

Ursi et al. 2019 

Ursi et al. 2022 
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Pulsar timing 

Pellizzoni  et al. 2009 

High Precision 
Timing (eg. 
Crab PSR) 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       52 

University of Trieste and INFN                                                                        2023, July 14 

AGILE	
  

https://agile.ssdc.asi.it/ 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       53 

University of Trieste and INFN                                                                        2023, July 14 

•  Two instruments: 

–  LAT:  
•  high energy (20 MeV –  >300 GeV) 

–  GBM:  
•  low energy (8 keV – 40 MeV) 

•  Huge field of view 
–  LAT: 20% of the sky at any instant; in sky survey mode, expose all 

parts of sky for ~30 minutes every 3 hours.  GBM: whole unocculted 
sky at any time. 

•   Huge energy range, including largely unexplored band 10 GeV - 
100 GeV 

•   Large leap in all key capabilities.  Great discovery potential. 

Large Area Telescope (LAT) 

Gamma-ray Burst Monitor (GBM) 

Fermi  Key Features  

Spacecraft Partner: 
General Dynamics 
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Fermi mission 

GBM 
BGO 

Detector 

GBM  
NaI 

Detector 

LAT 
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e+ e– 

γ

Overview of Fermi/LAT 

•  Precision Si-strip Tracker (TKR)             
18 XY tracking planes.  Single-sided 
silicon strip detectors (228 µm pitch) 
Measure the photon direction; gamma 
ID. 

•  Hodoscopic CsI Calorimeter(CAL)      
Array of 1536 CsI(Tl) crystals in 8 
layers.  Measure the photon energy; 
image the shower. 

•  Segmented Anticoincidence Detector 
(ACD)  89 plastic scintillator tiles.     
Reject background of charged cosmic 
rays;  segmentation removes self-veto 
effects at high energy. 

•  Electronics System Includes flexible, 
robust hardware trigger and software 
filters. 

Systems work together to identify and measure the flux of cosmic gamma 
rays with energy 20 MeV -  >300 GeV. 

Calorimeter 

Tracker 

ACD 
[surrounds 4x4 
array of TKR 
towers] 
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q  This GRB is a perfect case for studying 
Lorentz Invariance Violation 
q  z = 0.9 (5.381 Gyr) 
q  Emission of 31 GeV photon after 859 ms 

since the trigger 
q  Only conservative assumption! 

q  the HE photon is not emitted before the 
LE photons, at different events. 

GRB with Fermi/LAT 
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LAT discovers a radio-quiet pulsar! 

P ~ 317 ms 
Pdot ~ 3.6E-13 
Characteristic age ~ 10,000 yrs 

Location of EGRET source 3EG J0010+7309,  
the Fermi-LAT source, and the central X-ray  
source RX J0007.0+7303 
Published in Science Express October 16, 2008 
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Terrestrial γ-ray 
Flashes 

Fermi Reveals the Very High Energy Universe 

GRBs 

Fermi Bubbles 

Nova SNRs & PWN 

Blazars 

Radio Galaxies 

LMC & SMC Starburst Galaxies 

γ-ray Binaries 

Globular Clusters 

Sun: flares & CR interactions 

Pulsars: isolated, binaries, & MSPs 

Unidentified Sources 
(577/1873) 

e+e- spectrum 
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4FGL	
  catalog	
  

ApJ Supplement Series, Volume 247, Issue 1, id.33, 37 pp. (2020) 
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Pulses at 
1/10th true rate 

Pulsars with Fermi/LAT 

Abdo et al..2010 
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PSR light curves 

Venter et al. 2009 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       64 

University of Trieste and INFN                                                                        2023, July 14 

The	
  Extragalac4c	
  Background	
  Light	
  

Abdhollai	
  et	
  al	
  2018	
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Fermi/LAT	
  

https://fermi.gsfc.nasa.gov/ssc/ 
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TeV Gamma-ray Astrophysics 
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HESS 
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MAGIC 
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VERITAS 
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The TeV Catalog 

http://tevcat.uchicago.edu/ 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       73 

University of Trieste and INFN                                                                        2023, July 14 

AGN physics 

Albert et al. 2007 
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AGN physis 

Aleksic et al. 2014 
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AGN physics 

Aharonian et al. 2007 
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EBL measurements 

 Ahnen et al 2016 
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EBL measurements 

 Acciari et al 2019 
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Pulsar physics with IACTs 

Ansoldi et al. 2016 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       82 

University of Trieste and INFN                                                                        2023, July 14 

Pulsar physics with IACTs 

Aliu et al. 2011 
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GRBs 
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MAGIC detection 

 Acciari et al. 2019a GRB 190114C 
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MAGIC detection 

GRB 190114C  Acciari et al. 2019a 
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Northern	
  site:	
  La	
  Palma	
  
Alpha:	
  	
  	
  4	
  Large,	
  9	
  Medium	
  
Omega:	
  4	
  Large,	
  15	
  Medium	
  

Southern	
  Site:	
  Paranal,	
  Chile	
  
Alpha:	
  	
  	
  14	
  Medium,	
  37	
  Small	
  
Omega:	
  4	
  Large,	
  25	
  Medium,	
  70	
  Small	
  

Energy	
  range:	
  30	
  GeV	
  to	
  300	
  TeV	
  
SensiJvity	
  improvement:	
  ⨉5	
  to	
  ⨉20	
  (mCrab)	
  
Angular	
  resoluJon:	
  3	
  arcmin	
  at	
  1	
  TeV	
  
Energy	
  resoluJon:	
  7%	
  at	
  	
  1	
  TeV	
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88 U.Barres – COSPAR 2020 

Small Size 
Telescope  
SST (4 m) 

Medium Size 
Telescope  
MST (12 m) 

Large Size 
Telescope  
LST (23 m) 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       90 

University of Trieste and INFN                                                                        2023, July 14 

CTA performance 

90 

https://www.cta-observatory.org/science/cta-performance/ 
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91 

M                         

adapted from G. Rowell  COSPAR2020 
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92 U.Barres – COSPAR 2020 
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Science with CTA 

93 
https://arxiv.org/abs/1709.07997 



F.Longo                    Quantum Gravity and Gamma Ray Astrophysics                       94 

University of Trieste and INFN                                                                        2023, July 14 

CTAO 

https://www.cta-observatory.org/ 
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Cosmology and Fundamental Physics 

95 
https://arxiv.org/abs/2010.01349 
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Cosmology and Fundamental Physics 

https://arxiv.org/abs/2010.01349 
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HAWC inauguration 
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•  HAWC 3rd catalog of Gamma Ray sources 

HAWC Sky Survey 

Albert et al. 2021 
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HAWC  

https://data.hawc-observatory.org/ 
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LHAASO 

100 
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LHAASO 
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LHAASO 

http://english.ihep.cas.cn/lhaaso/ 
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LHAASO GRB 

https://arxiv.org/abs/2306.06372 
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Geographic distribution 

105 

CTA-­‐N


CTA-­‐S


HAWC


VERITAS


HESS


MAGIC
 LHAASO


Galac5c
 Equator


SWGO


SWGO  visibility,  Pat  Harding,  LANL
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Examples of search of QG  
with the different types of sources 
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GRB with BATSE 

The Astrophysical Journal, Volume 535, Issue 1, pp. 139-151, 2000 
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GRB with Swift 

A&A 607, A121 (2017) 
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GRBs in Fermi/LAT 

Physical Review D, Volume 99, Issue 8, id.083009, 2019 
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GRBs in Fermi/LAT 

Physical Review D, vol. 87, Issue 12, id. 122001 (2013) 
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GRBs in Fermi/LAT 

Astroparticle Physics, Volume 82, p. 72-76, 2016. 
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PSR in VHE detectors 

ApJ Supplement Series, 232,  1, 
article id. 9, 17 pp. (2017). 
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AGN in VHE detectors 

Physics Letters B  668, 4, 2008, 253-257 
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AGN spectra in VHE detectors 

ApJ, 865, 159, 2019 
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GRB with VHE detectors 

Physical Review Letters, Volume 125, Issue 2, article id.021301 
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GRBs at VHE 

Journal of Physics G: Nuclear and Particle Physics, Volume 50, Issue 6, id.06LT01 
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GRBs at VHE 

eprint arXiv:2306.02962 
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Take home messages 

Daniel – NOW 2014 

+ TeV 
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Outline 

•  HE and VHE gamma astrophysics 
–  Introduction to Gamma Astrophysics 
–  Few Science Topics 
–  Experiment types 

•  MeV Gamma Ray experiments 
–  BATSE - Swift/BAT - Fermi GBM  
     – AGILE/MCAL 
–  GRB physics  
–  eASTROGAM - HERMES  

•  GeV Gamma Ray experiments 
–  AGILE/GRID – Fermi/LAT 
–  PSR physics  

•  TeV gamma Astrophysics 
–  MAGIC, HESS, VERITAS 
–  HAWC – LHAASO  
–  AGN physics  
–  CTAO –  SWGO  

•  Quantum Gravity searches  
–  GRB , PSR, AGN …  
–  Other channels ? What about polarimetry -- IXPE?    
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IXPE – Xray polarimetry 
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Conclusions 

•  At the dawn of Quantum Gravity Phenomenology 
•  The future of GeV experiments ! 
•  Joint work of theoreticians and experimental physicists  


