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MISSING CASCADES FROM TEV BLAZARS

» TeV emissions from blazars
should be reprocessed
into the GeV band through
inverse-Compton cooling

» Expected GeV cascade

emission suppressed in
the 100 GeV-1 TeV band

» Tension seems to be a
universal trend in blazars

observed with y-ray
telescopes
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AN EMERGING TENSION IN THE GAMMA-RAY SKY?

» Sharp spectral cutoffs at O(TeV) energies are not observed for local blazars

» Isotropic y-ray background (IGRB) measurements + non-observation of pair

halos together imply IGMF is too feeble to prevent bright y-ray cascade
emission through ICS

» IGRB is dominated by contributions from known sources mAGN, SFG etc.

» Diffuse blazar cascade emission <10%, in strong tension with blazar models!



—Resolved blazars + cascades
- - Resolved blazar emission

— Diffuse cascades from resolved blazars

e Fermi—-LAT IGRB \8\ i — lo lower IGRB Model + Blazar cascades
—Model of Known Components (2104.03315) e Fermi—-LAT IGRB



https://arxiv.org/abs/2303.01524
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COLLECTIVE PLASMA EFFECTS: GROWTH OF UNSTABLE MODES

» Instabilities occur when the Langmuir waves undergo Cherenkov resonance

—

w=k-v
» Such excitations in the beam transfer energy through the resonant window

» Spectral energy density in the background of intergalactic medium (IGM)

grows as W(k) = Wo[ e? @) 1t through instability losses of the beam
0

» Dynamics and evolution of the beam-plasma interaction is set by characteristic

length scales related to the background plasma frequency w, = \/47mpez/me

10





https://arxiv.org/abs/2306.16839
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» IGM heating due to a

single blazar
G = g2 f(FgE.2)F
Dpp(EaZ) o .

12
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» IGM heating due to a
single blazar

’—JdE o) f(FpE.2) F
q = D, (E.2) ETsX) UE

» Average heating due to a
population of blazars

| i Q
0 = JdVd log,o Lda'dQ¢pg (z; L, a', Q) Py
s

13
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» IGM heating due to a

single blazar » Incorporating other heating
O(E) mechanisms
= |dE=> D (FpE) Fy
D pp (E ° Z ) Ocanon = QH—I,photo + QHe—I,photo + QHe—II,photo + QH—II,rec + QHe—III,rec + QCOmpton + Ofrec—tfrec

* » Total uniform volumetric

: heating rate O = ( +C
» Average heating due to a 9 Q = Ceanon + Un

population of blazars

. : Q

Q — JdVd lOglo Lda/dQ¢B (Z, L, a', Q) z—q
T

(Broderick et al., 2012)

14
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» IGM heating due to a » Incorporating other heating
single blazar NV ENI J—.
. O(L) R | | S | |
dq B — dE f (F Eo E . Z) F E G = i iigfiaio T D iiras T Lse o T Ui T L e iies T Uammmon T e s
D,(E, z)
. » Total uniform volumetric heating rate
Q — Qcanon T QB
' Average. heating due to 2 » Casting temperature-density-redshift
Populatlon of b|a~zars . relation during2 < 7 < 3.5 as
Op = JdVd log,o Lda'dQ2g (z; L, a’, €2) 2—ﬂq T — TOA},(Z)f_l

(Broderick et al., 2012)

15
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» Effective redshift-dependence of volumetric heating from fitting 40 blazars

QB/nbary ; ,
log,, = 0.0315(1 + 2)° — 0.512(1 + 2)
1eVGyr—! (Chang et al, 2011)

+2.27(1 + 2) = 10810 O'ro

» Degree of blazar heating p = log;y O,

16
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https://arxiv.org/abs/2309.05421
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BLAZAR HEATING: A MODIFIED THERMAL HISTORY

» Void dwarfs are relatively isolated,
with less rich merger and accretion
history

» Worthwhile to explore cosmologies
with various degrees of blazar heating

» Implications for light dark matter
candidates such as axion-like particles

R. Brent Tully et al 2019 ApJ 880 24 21



1021V eV keV  MeV GeV

—_—
T pre-infl. QCD axion general thermal WIMP

post-infl. sterile
fuzzy DM ACD axion neutrino —

ADM
“classica
QCD axion non-thermal WIMP (FIMP)

— M
QCD axion standard

thermal WIMP
(e.g. SUSY neutralino)

III
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LIGHT ALPS AS A SOLUTION TO SMALL-SCALE ANOMALIES

» Cusp-vs.core problem
» Missing satellites problem
» Too-big-to-fail problem

» Rotation curve diversity
problem

23
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LIGHT ALPS AS A SOLUTION TO SMALL-SCALE ANOMALIES

» Light ALPs with mass m, behaves like a fluid and has
k2
dmza?
| k2
I dmza?

» Cusp-vs.core problem

) IVIissing satellites problem non-zero sound gpeed CSZ —

» Too-big-to-fail problem

» Rotation curve diversity » This introduceslzn axionic Jeans scale
1/2

problem kj, = (167rG,5) m'?, with p = pya’

24
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LIGHT ALPS AS A SOLUTION TO SMALL-SCALE ANOMALIES

» Cusp-vs.core problem m, behaves like a fluid and has

» Missing satellites problem

¥7ero sound speed ¢? = 5
1 |

I
o
dmzsa

» Too-big-to-fail problem

» This introduces an axionic Jeans scale

K, = (162Gp) " m1”?

da 9

» Rotation curve diversd

problem with p = pya’

25



Void dwarf galaxies, p=5.5 Void dwarf galaxies, p=6
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https://arxiv.org/abs/2309.05421
https://doi.org/10.22323/1.444.1448

Field dwarf galaxies, p=5.5 Field dwarf galaxies, p=6
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KEY TAKEAWAYS

» GeV-TeV tension combined with absence of pair halo and IGRB excess in the gamma-ray sky point
towards collective plasma effects

» While propagating through plasma, pair beams suffer from virulent instabilities, however only
accessible through a narrow resonance window

» In absence of significant inhomogeneities in the IGM, instability losses heat the intergalactic
medium, altering thermal histories locally

» Strongly supported by Lyman-a observations, this raises the entropy floor and modifies the
filtering scale

» In presence of blazar heating, recent void and field dwarf measurements translate to a favoured
axion mass range of m, ~ 10719° — 10732 eV and m, ~ 10719 = 107 eV respectively

28
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Thank you!

oindrila.ghosh@fysik.su.se

29
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BACKUP: MAGNETIC DIFFUSION LEADS TO PAIR BEAM BROADENING

» For a 2D Gaussian pair beam distribution at injection
2
| 0
Jp0(0,p) = gz AP {‘(@) }, 00

» Magnetic diffusion in the beam due to weak tangled IGMF

m,c

2
2 eB
P 3 m,c

AO =

Alawashra & Pohl, 2022

30
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BACKUP SLIDES: REACTIVE GROWTH RATE

» For cold beams propagating through cold plasma growth is reactive

» Hydrodynamic calculation yields

1/3 o) 2
Im(@) \/§ n, k N 1 [ K
mw), = ——w — S— — | —
L 283 P\ e, k vi \ k

31
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BACKUP: MOMENTUM DIFFUSION IN COSMIC PAIR BEAMS

d’N, (a-DL, 0 [ E, \
. Prompt flux = ’ ) : (E ok < By < Ecyt )

_ 4
dEydt 47:D%E% ok E},,p

(1+2)
H

Z —1/2
[ dz/ [Q,,(l + )+ Q (1+2)° + QA]
0

, Luminosity distance Dy (z) =

32



ALPS IN A BLAZAR-HEATED UNIVERSE 0. GHOSH | TEVPA 2023 | 12.09.2023

BACKUP: MOMENTUM DIFFUSION IN COSMIC PAIR BEAMS

» Delayed emission due to pair deflection, ICS and momentum diffusion
2
d Ndelayed Jd dN, 36, d{r) f(x)
— 7/6
dtobs dEy dye 4}/62 dtobs Gy,CMB

[dey,CMBnCMB (Gy,CMB )

» However <6’§mad(6’)> < <6’12C(«9)>, momentum diffusion is not significant for
astrophysical pair beams

<5
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BACKUP: MOMENTUM DIFFUSION IN COSMIC PAIR BEAMS

» Pairs at production travels to the observer at a speed of

d(r) 2c
dtobs (1 + 2) [(92 + ®2/3]

~ 10 kpc (1 +2)~°

, Relevant quantity: IC mean free path g =
oTllcMB

34
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BACKUP: BLAZAR HEATING: A MODIFIED THERMAL RISTORY

» Taking into account pressure dilution owing to Hubble expansion, a filtering
scale A = 2nalk; can be applied

1 1 (! D, (t)+2H({)D_ (¢
L RO 20,0
ke(t)  Dy(1) ), ky (1)
Generally,
. jt dt//
, Cl2 (t//)
y Corresponding filtering mass M = — ,5/12

3

35
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BACKUP: INHOMOGENEITIES IN IGM

» When beam opening angle 6, ~ 1/u/\, instability is weak as resonant modes

are confined within narrow Ak

c_ T
a)pL” 04

, A'is the plasma parameter, and in longitudinal direction y; =

36
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BACKUP: FERMI-LAT + H.E.S.S. COMBINED ANALYSIS, LIMITS ON IGMF

Fermi-LAT Collaboration, 2023
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