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OUTLINE

*x Photon-ALP mixing in astrophysical magnetic fields

* Possible scenarios

~ Mixing in intergalactic magnetic fields (IGMF)
~ Mixing at the source and in the Milky Way
~ Related theoretical predictions

x Opacity anomaly
* EBL measurements

* Constraints



C\/ PHOTON PROPAGATION




IAXO Collaboration, 2014
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GAMMA-RAY SOURCES

A variety of sources is observed in gamma rays
~ Galactic : supernova remnants, pulsar wind nebulae
~ Diffuse emission (induced by cosmic rays)
~ Extragalactic: blazars, starburst galaxies

RADIO JET

HESS. RXJIT13.3946

NARROWLINE
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GAMMA-RAY ABSORPTION

x Gamma rays interact with IR-UV photons

= Pair creation destroy them e, et

Optical photon e
x [wo radiation fields can induce absorption

~ Optical-IR photons near the source (broad line region)
~ Extragalactic light

P. Brun, MADMAX workshop - May 2017



UNIVERSE OPACITY TO Y-RAYS

Background UV/IR photons
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UNIVERSE OPACITY TO Y-RAYS
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UNIVERS

= OPACITY TO y-RAYS
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*x Photons mix with ALPs through

0
M=

* Mixing angle in that case:
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* Probability of transition:
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VVHY SUCH HE SCALES ?

* Amplitude of the oscillation =

*x Therelevantenergy scale

NG5 2

9 ma
A m§>:>ECZQB
© = ok gDy

* With cosmological magnetic fields of B ~ 1 nG

m ~ neV b
" s B, = 2.5 TeV
10-11
GeV—1 )
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OPHYSICAL MAGNETIC FIELDS

STR

A

MF ~ patches of coherent domains

random orientations
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CONVERSION WITHIN MULTIPLE DOMAINS

Effect could have been predictable after
averaging over many domains

Additional ingredients:

* Absorption on the EBL:

(E—ié’zﬁ Ap )(A)IO

AB E—i@z+Aa a

x Account for photon polarizations: use a 3-state system

P. Brun, MADMAX workshop - May 2017 11



CONVERSION WITHIN MULTIPLE DOMAINS

\ 1 2Tz
Ee

with  A(F) =
| gwl (%)’
9 | 2 regimes:
gL "y
Ee. = 90 B ~F < E. nooscillations
i ~E > E. energyindependent oscillations

if many (N) domains : 2 — %(1_6}(]@( 3]\;Po>>

P,y_m%% for NPy > 1
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INFLUENCE OF THE RANDOMNESS

x Prediction has a large variance!

1 b_‘v‘g_‘_.- Z:O 54 2 _._.. Conventional
1 X 3 opacity
10 S
T 5| 2 Average ALP
- @) .
Y 10 | § prediction
-3 3
10 ] r\j; - —— ALP prediction
-4 N envelope
10 —

O 1 2 k,
10g,0(E/GeV)
x Not all realizations lead to a more transparent Universe
x Effect useless to set constraints

x Other problem is IGMF

P. Brun, MADMAX workshop - May 2017 13
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|IGMF probably # O
but much weaker

M. Lorentz, PB., in prep.

A. Taylor et al., A&A 20171
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MIXING WITH MAGNETIC FI

=l

~~~~~~

P. Brun, MADMAX workshop - May 2017

Mixing can occur

*

(B~1G

Within the source (jet) { L ~ 0.1 pc

\ )\a ~ (.01 pcC

(B ~ uG

In the surrounding cluster < L ~ 500 kpc

In the inter-galactic medium {

B ~5uG
In the Milky Way ¢ L ~ 10 kpc
Ag ~ O kpc

K)\a B 25 kpC

B <1nG
L ~ 500 Mpc
Ag ~ 25 Mpc
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ENARIO

conversion in the
source region

EALING SC

Propagation of
the mixed beam

Attenuation

of vy

' ]nbdtlgpectnuﬂ: r=2

with ALPs

10—10_

10_12 1 1 1

\.
\0

~.
-~
-~
-

0.1

P. Brun, MADMAX workshop - May 20

8007 'Qeld

'021013S o 7% 48dOOH (] 1WIS "IN

: ”‘—%;ck—conversion ofy

in the Galactic
magnetic field

ZLOT d¥d 'l]]2pbouoy ‘OuIuDIUO|N
"1ZZIINN 42K3|n DUOIDIDIN ‘SUIOH

19



PREDICTION

OR MULTIPL

= SOURCES

The opacity effect would depend on position

. FVHE_ FHE

P. Brun,

MADMAX workshop - May 2017

D. Wouters & PB., JCAP 2014
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SPECIFIC PREDICTIONS

Source magnetic field configuration unknown: variance of the prediction
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ABSORPTION WITHIN THE SOURC

x One class of AGN was not expected to shineiny

~

~

-lat-spectrum radio quasars (FSRQs)

mportant opacity due to IR-optical photons

x At least 5 FSRQs discovered in the last few years

~ Gamma rays observed above 100 GeV

~7>0.3

P. Brun, MADMAX workshop - May 2017
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PKS 1424-240

x Another FSQR : axions allow to keep spectrum concave

— ——— — <
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LL‘“) o —— Fermi-LAT power-law fit w
W 10 “F mmm Fermi-LAT extrapolation
- —e— VERITAS spectrum, observed
- —e— VERITAS spectrum, deabsorbed w/o ALPs

VERITAS spectrum, deabsorbed w/ ALPs (median),
9oy =5 x107!! GeV ! |

10’ 10°
Energy (GeV)

x Same for PKS 12224216 (F. Tavecchio et al, PRD 2072)
x Can be explained with non-minimal conventional models
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PKS 1510-089

*x Example of a FSRQ with y-ray emission
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Note the HE
spectrum
always concave
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CEXTRAGALACTIC TRANSPARE
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D. Horns, M. Meyer, JCAP 2012
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EXTRAGALACTIC TRANSPAR
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AN OPACITY ANOMALY 7

* 2006 HESS observations of z=0.165 and z= 0.186 AGNs

Observed spectra too hard

Not compatible with source models

900¢ 24NMbN U01LI0qL||0D SSIH

« 2008: 2=0.531 AGN (MAGIC), 2010: z =0.61 (HESS)

Universe was bit more transparent than expected

P. Brun, MADMAX workshop - May 2017 29



TOFT

= EBL

=NS
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the EBL model fitted on data
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FCENT UPDATE

Energy [eV]
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RECENT UPDATE

[1.11,4.94] um

1ES 0414+009 [o—
1ES 0347-121
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1ES 0229+200
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T 70,77
=
H
H

- = = = Franceschini ¢ 8. 2008

= Dominguez et al. 2011

------- Finke et al. 2010

Gilmore et al. 2012 (Fiouoal)
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HESS Collaboration, M. Lorentz, PB. , submitted
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CONSTRAINTS ON THIS SCENARIO




ASTROPHYSICAL MAGNETIC FIELDS

Astrophysical MF = always turbulent

MF ~ patches of coherent domains

Out of the sourceregion:
a photon-ALP mix
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random orientations
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CLUSTER MAGNETIC FIELDS

* Smooth radio halos observed on scales of Mpc (100 x galaxy)
* Equipartition assumption sets a minimal strength of T uG

* Field is turbulent, described by its power spectrum

10

10

B — By +oD g .,
5B 2 2 Ry ‘o®
( ) X O 1—|—(kLC)7 y

0.1 1 10 100 1000

wavenumber, k L
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¥ SURVIVAL PROBABILITY IN 1 DOMAIN

Mixing induces spatial and spectral oscillations

P'y—m, a

1 domain, g=8x10""GeV', m =2neV,E_=1TeV
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=SULTS FOR SINGLE SOURCES
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* ALPs: noise around E,
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field turbulence

*» New effectindependent
of opacity issue
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ALPS IN PKS 2155-304

Example of 1 realization as Energy spectrum from
would be seen by HESS HESS observations
. | o o '
K g 107 ! . - |
w 107 S |
§, 10" " . 1
R, 2 107 . :
- |
Energy | TeV) " -*7 - B
Energy [ TeV |
5 o
How much irregularities can || . | . PR SR ST L T
be accomodated by the data? 4 -
Encfg; [TeV]

HESS collaboration (D. Wouters, PB.), PRD 2013
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FERMI ANALYSIS

*x Same analysis conducted at lower energies

» Data fromm NGC 1275 (Perseus cluster)
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REMAINING PARAMETER SPAC
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CONCLUSIONS

*x ALPs can influence gamma-ray observations

x Opacity anomaly is subject to debate

~ Specific cases can be explained with conventional
~ Global fit might include unclear error combination

* Most recent EBL measurements do not show issues

~ Systematic uncertainties too large to be conclusive

Personal opinion:
Opacity is more a search channel than a hint
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