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Outline 

• Gamma-ray telescopes/detector 

• IACT (H.E.S.S.,MAGIC,VERITAS (50 GeV – 

100TeV) 

• Satelite (Fermi, AGILE) (20 MeV – 300 GeV)  

• Fundamental physics probed by gamma-rays 

• Dark mattter search 

• Lorentz inavriance violation 

• Extraglactic background light 

• Origin of cosmics ray 

• Future prospects 

 



Messangers from space 

Gravity wave 

Multimessanger astronomy  is on stage  

LIGO/VIRGO 
GW170817 

Fermi GRB Mon 
GRB 170817A  

IceCube-170922A 

MAGIC VHE flare 
TXS 0506+056 



Fermi (LAT & GRB Monitor) 



Current IACT telecopes for VHE gammas 

http://tevcat.uchicago.edu/ 

MAGIC 

H.E:S.S: 
VERITAS 

VHE gammas - tool to study the most violen proces  and to probe fundamental physics    

1989 Crab nebula, standard candle E > 1TeV, flux=2 × 10-7 m-2 s-1  (“standard candle”) 



Points source sensitivity of gamma detector  

Future detector: CTA very soon, e-ASTROGRAM, HiSCORE 



Imaging Air Cherenkov Tecnque 

• 1989 Whipple Collaboration discovered 1th source of VHE gamma-ray           

• (T. C.Weekes et. al., ApJ 342,(379-395) 1989):  

• Crab nebula, standard candle E > 1TeV, flux=2 × 10-7 m-2 s-1  (“standard candle”) 

 



Hadron Gamma-ray 
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NSB 
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NSB 

NSB 

Muon 

A lot of background 



Generation of VHE gamma ray 
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• Hadronic model of emission 

• Leptonic model of emission 

 Disentangle hadronic from 
leptonic gamma ray origin  

    => shape of  spectrum 

energy E 

0decay 
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GRBs 

AGN Pulsars/PWN 

 
SNRs 

cosmology 

dark matter 

space time 

Scientific scope of VHE gamma astronomy 
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Galactic  Extragalactic    Fundamental 

Binary systems 

   
   Radio galaxy  

Qantum Gravity 
Effect 



Dark matter and VHE gamma ray 



Evidence for DM and search method  

• Overwhelming evidence for a Dark Mater 

component in the Universe 

• Particle candidates in-line with observations: 

Weakly Interacting Massive Particles (WIMPs). 

Several BSM theories predict WIMPs (SUSY, 

Extra dimensions, ...) 

•  WIMPs mass range: O(10) GeV – O(100) TeV 

• Indirect DM searches aimed at detectingng 

secondary SM products (including gamma-

rays) from annihilation or decay of DM particles 

• Gamma-rays as final states are of major 

interest because: 

• trace back to abundance /distributioon of DM  

• show peculiar spectral features (smocking guns) 

• Indirect Dark Matter searches are needed to 

confirm signals in direct and/or accelerator 

searches are THE Dark Matter 

   Last results from the Planck satellite,  

W 
b
 h2  0.022  

W 
DM

 h2  0.12 

confirm that about 85% of the matter in the Universe is dark 

W 
DE

 h2  0.31 

As often remarked, this would lead  
to another Copernican revolution: 
 
We are not the center of the Universe 

                                                     + 
We are not made of what most of the Universe is made of ! 

 Focus on WIMPs

weak-scale mass (~MZ) + weak interactions (~GF)  

→ cold 

→ many candidates in theories which attempt to explain the origin of EW mass 

→ predictive!

A matter  of perspective: plausible mass ranges

DM Candidates

‘only’ 90 orders of magnitude!

credit: M. Cirelli

postmodern view “Like all tyrannies, there is a 

single yoke of control: the one thing we know 

about WIMPs is their relic abundance. We’ve lived 

with this tyranny for a long time. It’s provided all of 

us with jobs... and some of us with tenure.”  

– Neal Weiner, on the ‘tyranny’ of the WIMP 

Miracle paradigm (F. Tanedo, DMNotes)

• Weakly Interacting Massive Particles? 

• WIMP miracle: 

• Why WIMP? 

• such particle would self-annihilate in the early universe and freeze-out as the 

Universe’s expansion becomes too quick. This thermal decoupling leaves the 

exact observed amount of DM!  

• as a bonus, any theory which tries to explain the origin of EW mass, 

generally introduces new stable EW mass particles. 

• DM with a mass ~M Z clusters in a way 

confirmed by observations.  (true for 

mDM>~ 1 MeV)

Revisiting the WIMP Miracle

Ωdm = 0.23×
10− 26 cm3 ·s− 1

⇥σv⇤

⇥
Dark Matter Abundance from Thermal Production

Cosmological

Measurement
Weak Scale

Physics

A larger cross-section would account for 

PAMELA and a surprise at LHC

The galaxy distribution obtained from 

surveys and from cosmological simulations.γ,  

ν,  

e±,  

p±  

D-

decay            

in astrophysical  

systems - remotely

In the Early Universe: DM kept 

in equilibrium w SM by self-

annihilations σv thermal.  

Today, DM expected to 

annihilate with the same 

σv thermal, in places where 

its density is enhanced!

@ ≤Mz

<σv> ∼10-26 cm3s-1 



Strategy for indirect DM serach 

• Find the source/region of high density dark 

matter  

• As close as possible 

• Low astophycical background 

• Model the measured  gamma-ray flux for the 

selecetd DM anihillation process  in order to be 

able to find out mass of DM if you are lukcy or 

in case of non-detection of gamma rays to put 

the upper limit <σv>   

 

 

Upper limits on Annihilation Crosssection

 

 

 

For Segue, Einasto profile has been chosen

Exclusion curves give us an idea on the 
several range of uncertainities from DM 
models on crosssections   

VERITAS Coll, PRD, (2012)



Particle physics term: 

▪ thermally-averaged velocity-weighted 

annihilation cross section 

▪ mχ-dark matter mass 

▪ Differential gamma ray yield per 

annihilation dN/dE summed over all 

the n possible channels that 

produce photons  

 Dark matter annihilation signal 

with: 

l - position along the 

line of sight, 

Δ𝛀 - observed  solid 

angle, 
𝛒 - DM density profile 

𝛔𝐯 

Particle phsyics  
terma 

Astrophysical  
terma 

Integral flux 



DM density profile 

Line-of-sight integral (J/∆Ω) as a function of 

the angle ψ from the center of the halo. 



1.   Continuum: hadronization and/or decay of W/Z, quarks, leptons… 

2. Line from prompt annihilation in two photons 
not at tree level: suppressed but clear signature  at DM mass ! 

3. Final state radiation 

4.   Virtual internal bremsstrahlung 

Dark matter annihilation signals in gamma-rays 

Thermal relic cross section for WIMPs: 

 

• For the continuum signal : σv ~ 3 × 10−26 cm3s−1 

• For the prompt line signal : σv ~ 10−29cm3s−1 



DM decay to gamma - spectral features 

Line spectral features 
 but loop susspresd 

3

FIG. 1: Types of diagrams that contr ibute to the first or-
der QED corrections to WIMP annihi lations into a pair of

charged particle final states. The leading contr ibutions to di-
agrams (a) and (b) are universal, referred to as final state

radiat ion (FSR), with a spectral distr ibution which only de-
pends slightly on the final state particle spin and has been
calculated, e.g., in [16]. Internal bremsstrahlung from virtual
particles (or virtual internal bremsst rahlung, VIB) as in dia-

gram (c), on the other hand, is strongly dependent on detai ls
of the short-distance physics such as helici ty properties of the
ini tial state and masses of intermediate particles.

mA ≈ 2mχ , where annihilat ions in the early universe
are enhanced by the presence of the near-resonant pseu-
doscalar Higgs boson; the hyperbolic branch or focus
point region where m0 ≫ m1/ 2; the stau coannihilation
region where mχ ≈ m τ̃ ; and finally the stop coannihila-
tion region (arising when A0 ̸= 0) where mχ ≈ m t̃ . The
stau coannihilat ion region has recent ly been not iced to
have favourable propert ies for indirect detect ion rates in
ant iprotons and gamma-rays [24]. In this paper we will
show that , in addit ion, there is a great enhancement of
the high energy gamma-ray signature in this region.

I I I . I N T ER N A L B R EM SST R A H L U N G FROM

W I M P A N N I H I L AT I ON S

A . T he gener al case

Whenever WIMPs annihilate into pairsof charged par-
t icles X X̄ , this process will with a finite probability au-
tomat ically be accompanied by internal bremsstrahlung
(IB), i.e. the emission of an addit ional photon in the
final state (note that in contrast to ordinary, or exter-
nal, bremsstrahlung no external electromagnet ic field is
required for the emission of the photon). As visualized
in Fig. 1, one may dist inguish between photons direct ly
radiated from the external legs (final state radiation,
FSR) and photonsradiated from virtual charged part icles
(which we will refer to as virtual internal bremsstrahlung,
VIB). So, to be more specific, the IB photons will be the
total contribution from both FSR and VIB photons.

If the charged final states are relat ivist ic, FSR
diagrams are always dominated by photons emit ted
collinearly with X or X̄ . This is a purely kinemat ical
effect and related to the fact that the propagator of the
corresponding outgoing part icle,

D (p) ∝ (k + p)2 − m2
X

− 1
, (2)

diverges in this situat ion. Here, k and p denote the mo-
menta of the photon and the outgoing part icle, respec-
t ively. The result ing photon spectrum turns out to be

of a universal form, almost independent of the underly-
ing part icle physics model [16, 17]. Defining the photon
multiplicity as

dNX X̄

dx
≡

1

σχ χ→X X̄

dσχ χ→ X X̄ γ

dx
, (3)

where x ≡ 2Eγ /
√

s = Eγ / mχ and s is the center-of-mass
energy, it is given by [16]:

dNX X̄

dx
≈

αQ2
X

π
FX (x) log

s(1 − x)

m2
X

. (4)

Here, QX and mX are the elect ric charge and mass of X ;
the split t ing funct ion F (x) depends only on the spin of
the final state part icles and takes the form

F fermion(x) =
1 + (1 − x)2

x
(5)

for fermions and

Fboson(x) =
1 − x

x
(6)

for bosons. Due to the logarithmic enhancement that
becomes apparent in Eq. (4), FSR photons are often the
main source for IB (note that very near the kinemat ical
endpoint , x ∼ 1 − m2

X / s, it is not suf f icient anymore to
only keep leading logarithms and one can thus no longer
expect Eq. (4) to be a good approximat ion for the actual
spectrum). A prominent example where FSR in this uni-
versal form not only dominates IB but in fact the total
gamma-ray spectrum from WIMP annihilat ions, is the
case of Kaluza-Klein dark matter [17].

In general, onecan singleout two situat ionswherepho-
tons emit ted from virtual charged part icles may give an
even more important contribut ion to the total IB spec-
t rum than FSR: i) the three-body final state X X̄ γ sat is-
fies a symmetry of the init ial state that cannot be sat is-
fied by the two-body final state X X̄ or ii) X is a boson
and the annihilat ion into X X̄ is dominated by t-channel
diagrams. To understand that the first case only leads to
an enhancement of VIB, and not of FSR, we recall that
the lat ter is dominated by collinear photons, i.e. the (vir-
tual) final state part icles are almost on mass-shell; the
two- and three-body final states are thus bound to the
same symmetry const raints. The enhancement of the an-
nihilat ion rate in the second case follows from a closer in-
spect ion of the t-channel propagator. For non-relat ivist ic
WIMPs, it takes the form

D t (p) ∝ (l − p)2 − m2

X̃

− 1

≈ m2
χ − m2

eX
+ m2

X + 2mχ EX

− 1

, (7)

where l is the momentum of one of the ingoing WIMPs

and X denotes the part icle that is exchanged in the t-

channel. If χ and X are almost degenerate in mass,
one thus finds an enhancement for small EX which – for

X ɣ, Z H 



Dark matter targets for VHE gamma-ray searches 

Aquarius, Springel et al.  Nature 2008 

▪ DM density profile matters 
▪ Astrophysical background matters as well 

Galactic Centre (GC) o

 Proximity (~8kpc) 

o High DM content 

DM profile : core? cusp? 

o  High astrophysical bck 

/ source confusion 

Galaxy satellites of the Milky Way 

o Many of them within the 100 kpc from GC 

o Low astrophysical background 

o DM dominated 

Substructures in 

the Galactic halo 

o Lower signal 

o Cleaner signal 

(once found) 

Galactic halo 

o Large statistics 

o Galactic diffuse 

background 



Where to look for Dark Matter 

  Galactic centre 

+ Highest J-‐factor 

− High astroph. bkg 

− Uncertainties on inner DM distribution 

 (Southern Hemisphere) 

  DM Clumps 

+ Free from astroph. kg. 

+ Neraby and numerous 

− To be found 

− Bright enough 

  Galactic halo 

+ High J-factor 

− Not fully-free from astro. Bkg. 

− Extended 

(Southern Hemisphere) 

  Dwarf Galaxies 

+ DM dominated (high M/L ratios) 

+ Free from astroph. bkg 

+ Close (<~100 kpc) 

+  Slightly extended at most 
+ ~20 new optimal  dSphs discovered 

+ Less  uncertainties on on J-‐factors 

− J-‐factors ~100 lower than for GC 

 

  Galaxy Clusters?  

+ Huge amount of DM 

− High astroph. bkg 

− Distant 

− Extended 

− Uncertainties J-‐factors Wisely choose /balance between 
pro and contra parameters for DM search 



MAGIC & Fermi Combined analysis 

Due to expected universality of DM properties, a joint likelihood function 𝓛   

can be constructed as a product of the particular likelihood function for each of 

the  data samples and instruments. 

Combination improves sensitivity 
IRF of each experiments and event list do  
not need to be comabined and average 

See also: J. Aleksić, J. Rico, M. Mar=nez JCAP 10 (2012) 032 and M.L. Ahnen et al. JCAP 02 (2016) 039 



FERMI & MAGIC DM for Segue 1 
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F igur e 3: Similar as Figure 2 using Segue 1 observat ions only. The combined limits for the case when the

J-factor is considered as a fixed (no stat ist ical uncertaint ies) parameter are shown as a thin-solid line.

with a maximum improvement of the combined limits with respect to the individual ones by a

factor ⇠2. MAGIC individual limitsshown in thiswork arest ronger by up to a factor ⇠4 than

those presented in Ref. [32], which needs a dedicated explanat ion, provided in Appendix A.

Systemat ic uncertaint ies in the determinat ion of the J-factors would weaken the limits

on hσvi that can be inferred from the MAGIC and Fermi -LAT observat ions. In this work

we take the J-factors and associated uncertaint ies from Ref. [42], which are largely consistent

with the independent analysis of Ref. [43]. The analysis presented in Ref. [44], using a more

flexible parameterizat ion for the stellar velocity dist ribut ions and more st ringent criteria

for stellar membership, produces substant ially larger J-factor uncertaint ies for the ult ra-

faint dSphs used in the present study (0.4–2.0 dex versus 0.2–0.3 dex). They find the J-

– 10 –

No evidence for  

 DM annihilation 

10 GeV – 100 TeV 



FERMI & MAGIC DM from dSphs  
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F igur e 2: 95% CL upper limits on the thermally-averaged cross-sect ion for DM part icles annihilat ing into

b̄b (upper-left ), W + W − (upper-right ), ⌧+⌧− (bot tom-left ) and µ+ µ− (bot tom-right ) pairs. Thick solid lines

show the limits obtained by combining Fermi-LAT observat ions of 15 dSphs with MAGIC observat ions of

Segue 1. Dashed lines show the observed individual MAGIC (short dashes) and Fermi-LAT (long dashes)

limits. J-factor stat ist ical uncertaint ies (Table 1) are considered as described in Sect ion 3.2. T he thin-dot ted

line, green and yellow bands show, respect ively, the median and the symmet rical, two-sided 68% and 95%

containment bands for the dist ribut ion of limit s under the null hypothesis (see main text for more details).

The red-dashed-dot ted line shows the thermal relic cross-sect ion from Ref. [54].

this magnitude would be expected in 5% of the experiments under the null hypothesis and

is therefore compat ible with random fluctuat ions.

As expected, limits in the low and high ends of the considered mass range are dominated

by Fermi -LAT and MAGIC observat ions, respect ively, and the combined limits coincide

with the individual ones. The combinat ion provides a significant improvement in the range

between ⇠1 and ⇠100 TeV (for b̄b and W + W − ) or ⇠0.2 and ⇠2 TeV (for ⌧+⌧− and µ+ µ− ),

– 9 –

No evidence for  

DM annihilation 

10 GeV – 100 TeV 

Widest range covered by 

single gamma ray analysis 

 

Combined results provide 

 factor 2  stronge 

constraints 

 

Analysis method is generic 

and can be easily extented 

to include data from more: 

targets, instruments and/or 

messenger 

 

Future: combine DM 

search for dSphs including 

data: Fermi-LAT, MAGIC, 

H.E.E.S., VERITAS, 

HAWC, Antares, IceCube, 

SuperKamiokande 



Current limits on DM annihilation cros section (FERMI 
+ IACT) 

arXiv:1707.06277v1 

GC 



CTA – expected sensitivity 

• Expected CTA DM sensitivity 2023 

Status of Dark Matter Searches Carsten Rott

Figure 7: Expected CTA dark matter sensitivity by 2023. (Details see [16]).

2.2 Neutr inos

Searches for dark matter have been carried out at neutrino telescopes, IceCube, ANTARES,

LakeBaikal, and with theSuper-Kaminokande neutrino detectors. The IceCube neutrino telescope

consistsof morethan 5000 digital optical sensor modules(DOMs) distributed over 86stringsburied

between 1.5 km to 2.5 km depth in the Antarctic ice at the geographic South Pole. The detector

instruments avolume of about 1 gigaton. ANTARESconsists of 12, 450 m long, detector linesat a

depth of 2.5 km. Each linecomprises25 storeyswith three10-inch PMTsper storey. ThePMTsare

housed inside pressure-resistant glass spheres. Neutrinos aredetected through the Cherenkov light

signatures of the relativistic charged particles created in neutrino interactions. Super-Kamiokande

is a 50,000 ton (22,500 ton fiducial) ring-imaging water Cherenkov detector located at a depth of

2.7 km water equivalent in the Kamioka Mozumi mine using 11K 20-inch PMTs.

2.2.1 Dark Matter Annihilation

Latest resultson thesearch for self-annihilating dark matter by IceCube[7] andANTARES[18]

are shown in figure 4. An effort to combine analyses from both experiments is also underway

and has resulted in improved sensitivities [19] for a dark matter mass range of 100 GeV/c2 to

500 GeV/c2.

2.2.2 Dark Matter Decay

Interest in heavy dark matter decay scenarios has grown with the observation of PeV neutrino

events by IceCube and several recent experimental searches have now been conducted. Heavy

decaying dark matter has been suggested to explain the observed events in particular two neutrino

events with PeV energy was intriguing. Such a line feature could be explained in models with

6



Lorentz Invariance Violation 



Lorentz Invariance Violation 

• QG effects may cause violations of Lorentz Invariance (LIV)    

 speed of light in vacuum may acquire a dependence on its    

  energy → vγ(Eγ)=c̸ 

• The Lorentz-Invariance violating terms are typically expanded 

using a series of powers  of the photon energy Eγ over the 

Quantum Gravity mass MQG,n:  

 

 

 

• The Quantum-Gravity Mass MQG  

• Sets the energy (mass) scale at which QG effects become important. 

Is expected to be of the order of the Planck Mass and most likely 

smaller than it  

 

• QG effects may cause violations of Lorentz Invariance (LIV)

→ speed of light in vacuum may acquire a dependence on its energy → υγ(Eγ
)≠c.

• The Lorentz-Invariance violating terms are typically expanded using a series of powers 

of the photon energy E
γ
 over the Quantum Gravity mass M

QG
:

 where s
n
={-1,0,+1} is a model-dependent factor.

•The Quantum-Gravity Mass M
QG

• Sets the energy (mass) scale at which QG effects become important. 
• Is expected to be of the order of the Planck Mass and most likely smaller than it

Lorentz-Invariance ViolationLorentz-Invariance Violation

• QG effects may cause violations of Lorentz Invariance (LIV)

→ speed of light in vacuum may acquire a dependence on its energy → υγ(Eγ
)≠c.

• The Lorentz-Invariance violating terms are typically expanded using a series of powers 

of the photon energy E
γ
 over the Quantum Gravity mass M

QG
:

 where s
n
={-1,0,+1} is a model-dependent factor.

•The Quantum-Gravity Mass M
QG

• Sets the energy (mass) scale at which QG effects become important. 
• Is expected to be of the order of the Planck Mass and most likely smaller than it

Lorentz-Invariance ViolationLorentz-Invariance Violation

where sn={-1,0,+1} is a  
model-dependent factor 



Lorentz Invariance Violation 

• Since E𝛾 < MQG,nc
2 , the sum is dominated by the lowest-order term (n) with 

sn=0̸, usually n=1 or 2 (“linear” and “quadratic” LIV respectively):  

 

 

 

 

 

• If the speed of light depends on its energy, then two photons with energies 

Eh>El emitted simulatneously will arrive at different times. For sn=+1 (speed 

retardation):  

 

 

 

• We want to constrain LIV -> set lower limit on MQG,n by measuring the 

upper limit of Δt between photons of different energies 

 

 

• Since                                , the sum is dominated by the lowest-order term  (n) 

with s
n
≠ 0, usually n= 1 or 2 (“ linear ”  and “ quadrat ic”  LIV respect ively):

where s
n
= + 1 or -1 for sublum inal and superluminal speeds respect ively.

• There are many models that  allow such LIV violat ions, and some others that  

actually require them (e.g. st ringy-foam model J. Ellis et  al. 2008).

• If the speed of light  depends on its energy, then two photons with energies E
h
> E

l 
 

emit ted together will arrive at  di6erent  t imes. For s
n
= + 1 (speed retardat ion):

• We want  to const raint  LIV → Set  lower lim its on M
QG,n

➢We accomplish that  by set t ing upper lim its on the t ime delay Δt  between photons 

of di6erent  energies.

Lorentz-Invariance ViolationLorentz-Invariance Violation

sn=+1 or -1 is for subluminal and superluminal respectively   

• Since                                , the sum is dominated by the lowest-order term (n) 

with s
n
≠ 0, usually n= 1 or 2 (“ linear ”  and “ quadrat ic”  LIV respect ively):

where s
n
= + 1 or -1 for subluminal and superlum inal speeds respect ively.

• There are many models that  allow such LIV violat ions, and some others that  

actually require them (e.g. st ringy-foam model J. Ellis et  al. 2008).

• If the speed of light  depends on its energy, then two photons with energies E
h
> E
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emit ted together will arrive at  di6erent  t imes. For s
n
= + 1 (speed retardat ion):

• We want  to const raint  LIV → Set  lower lim its on M
QG,n

➢We accomplish that  by set t ing upper lim its on the t ime delay Δt  between photons 

of di6erent  energies.

Lorentz-Invariance ViolationLorentz-Invariance Violation



Phenomenological Approach 

• Need very fast transinet phenomena providing “time stamp” for the 

simultaneous emission of different gamma ray energies 

• Fast GRB 

• AGN flare 

• Regular pulsed emission (Crab pulsar) 

• Figure of merrit: MQG ∼(L ΔE) /(cΔt) 

• ΔE – the lever arm 

• for the instrument (instrumental limit) 

• for the observed energies (observing source) 

• Δt: the time resolution 

• time resolution of the instrument (instrumental limit) 

• the bining  time to have enough statistics (observing source) 

• L: the typical distance of the source  

• Measure ΔE and Δt from data and calculate QG scale EQG 

• The meaning of EQG  is the energy scale at which QG is effective .. 

 



LIV & FERMI GRB 090510 
• Even a tiny variation in photon speed, when accumulated over cosmological light-

travel times, may be revealed by observing sharp features in γ-ray burst (GRB) 

light-curves 

• FERMI GRB 090510 emission up to ∼31 GeV from the distant and short 

GRB 090510. 

• No evidence for the LIV,  a lower limit of 1.2EPlanck on the scale of a linear energy 

dependence is set  

 

 

 

 

 

 

 

• These results support Lorentz invariance and disfavor models in which a quantum 

nature of space-time alters the speed of light, giving it a linear dependence on 

photon energy 

 

 

● We const rained sm all changes in the speed of light  caused by linear and quadrat ic 
perturbat ions in (E

γ
/M

QG
). 

● Using two independent  techniques, we have placed st rong lim its on linear 
perturbat ions for both super- and sub-lum inal speeds that  were all higher than the 
Planck Mass.

● Our results support  Lorentz invariance and disfavor m odels in which a quantum 
nature of space-t ime alters the speed of light , giving it  a linear dependence on 
photon energy.

Initial results on GRB 090510Initial results on GRB 090510

Abdo et al. 2009, Nature 462, 331

Abdo et al. 2009, Nature 462, 331  



LIV & Crab Pulsar 

• MAGIC has detected emission from the Crab Pulsar up to 0.5 

TeV for the main pulse P1, and up to 1.5 TeV for the inter-

pulse P2 

• The spectrum of both pulses is consistent with a power-law, 

however a significant difference was found between the 

reconstructed spectral indices of P1 and P2, the latter being 

harder 

• Maximum likelihood method is constructed  containing two 

parameters  

• LIV produces mean phase delay 

c- speed of light, dCrab- pulsar disatnce, PCrab-pulsar period 



LIV & Crab pulsar 
Data samples used:  

• 19 observation periods. 

• 19 different IRFs 

• Systematic uncertanity 
studied and included in 
the limits  

 

A profile likehood analysis of  
pulsar events reconstructed 
for energies above 400 GeV 
finds no signficant variation 
in arrival time as the energy 
increase. 

 

95 % CL lower limits are 
obatined on LIV energy scale 
are obatined (linear and 
quadratic) 

 

Pulsar are useful to study 
time of flight diferences of 
energetic photons. Stable 
and continum emission 
ensure limits improvement 
over time. 

 

 

 

 

 

 

55 Gev < E < 100 GeV 600 Gev < E < 1200 GeV 

400 Gev < E < 600 GeV 600 Gev < E < 1200 GeV 



Caveat in LIV search 

 How to disentangle propagation delays 

from source intrinsic delay? 

 

 observe sources at different redshifts and   

check delay proportional to distance. 

 

 use geometrical time stamps (pulsars). 



 CTA – LST (23 m diameter) 
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Summary 

• There is a clear interplay between gamma ray 
astrophysics and fundemental physics 
• Study the progattion of phootns over cosmological 

distances 

• Search for dark matter and new particles in phootn 
spectrum 

• Study physics of extreme enviroemnts  

• VHE gamma ray astrophysics is exploring regions 
beyond the reach of accelerators 

• CTA  with factor ten better sensitivity than current 
IACTs is just around corner  

• New instruments are planed (e-ASTROGRAM, 
COMPAIR)  or going to be upgarde (HAWC, 
LHASSO) ... 



Thanks  



Indircet DM search 

The gamma- ray flux from WIMP annihilation is proportional to: 

• The number density squared of particles, i.e., ρ2; 

 • The WIMP annihilation cross section today, σ; 

• The mean WIMP velocity v; 

• Volume of the sky observed within a solid angle Ω; 

• Number of gamma-rays produced per annihilation at a given energy, also 

known 

as the energy spectrum (dN/dE) 

Therefore, after measuring the flux in gamma-rays from a given source, we 

compare that with background expectations. If no excess is observed, we can 

choose a DM density profile and select an annihilation final state needed for     

dN/dE, and then derive a limit on the ratio <σv>/mχ
2 according to equation above. 

This is the basic idea behind experimental limits.  


