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Positron excess

Secondary

® et from spallation of cosmic ray nuclei on gas
® Energy losses make e® spectrum softer

— Positron fraction e /(e + e~) should
decrease with energy
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. Dark matter
Positron excess

Secondary

Now strongly constrained by v-rays, p, CMB!
Pulsars/PWNe

Abeysekara et al. (2017)

Geminga s

18

Dec. [deg]

® et from spallation of cosmic ray nuclei on gas
® Energy losses make et spectrum softer

— Positron fraction e /(e + e~) should e
decrease with energy

104
RA. [deg]

Must be contributing at some level?!
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Secondaries from the source?

Common belief: secondaries from propagation dominate
since the grammage in the ISM is larger than in the source

(Torc) S Tsnr A 10%° yr (Tism) ~ Tesc ~ 107 yr

-3 -3
nee < 10cm msmv ~ 0.1cm

2 2

= Xae =~ 0.2gcm™ = Xism ~ fewgem™

However, secondaries from source can have a harder spectrum!
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Diffusive shock acceleration with secondaries

Blasi (2009); Blasi & Serpico (2009); Mertsch & Sarkar (2009); Ahlers et al. (2010); Tomassetti & Donato (2012); Cholis & Hooper (2012); Mertsch & Sarkar
(2014); Cholis et al. (2017); Mertsch, Vittino, Sarkar (2021); Kawanaka & Lee (2021)

Primaries
c
5]
S f(p, x)
3
2
i
.
©
°
)
aC
(e}
wn

X

c
.0
S
2 3U
s flix=0,p)xp” withy= "1
5 ( ,P) o< p TEU— G
nel
© = E~2 spectrum
9]
(0]
o
7

Philipp Mertsch 13 September 2023 9



Diffusive shock acceleration with secondaries

Blasi (2009); Blasi & Serpico (2009); Mertsch & Sarkar (2009); Ahlers et al. (2010); Tomassetti & Donato (2012); Cholis & Hooper (2012); Mertsch & Sarkar
(2014); Cholis et al. (2017); Mertsch, Vittino, Sarkar (2021); Kawanaka & Lee (2021)
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Secondary nuclei as a check
Mertsch & Sarkar, PRL 103 (2009) 081104

On 17.03.09 14:47, Subir Sarkar wrote: Tuned to ATIC data:
However one can then ask why other sec- i :
ondary/primary ratios e.g. Li,Be,B/C,N,O in fact de- i
crease with energy [...] So my question would be:
if the same SNRs are also accelerating cosmic ray
nuclei then is the expected secondary/primary ratio
(according to Blasi’s calculation) consistent with the
observations? Bl ]

L 10 10 10° 10¢
energy per nucleon [GeV]

=
15}

Ti/Feratio

week endiny L

PRL 103, 081104 (2009) PHYSICAL REVIEW LETTERS 21 AUGUST 2009

Testing Astrophysical Models for the PAMELA Positron Excess with Cosmic Ray Nuclei

Philipp Mertsch and Subir Sarkar
Rudolf Peierls Centre for Theoretical Physics, University of Oxford, Oxford OX1 3NP. United Kingdom
(Received 21 May 2009; revised manuscript received 9 July 2009; published 21 August 2009)

B/Cratio

‘The excess in the positron fraction measured by PAMELA has been interpreted as due to annihilation or
decay of dark matter in the Galaxy. More prosaically it has been ascribed to direct production of positrons N

by nearby pulsars or due to pion production during diffusive shock acceleration of hadronic cosmic rays in ~
nearby sources. We point out that measurements of secondary cosmic ray nuclei can discriminate between N
these possibilities. New data on the titanium-to-iron ratio support the hadronic source model above and 107
enable a prediction for the boron-to-carbon ratio at energies above 100 GeV.

i maasa

DOL 10.1103/PhysRevLett. 103.081104 PACS numbers: 98.70.52, 96.50:sb, 98.58.Mj 10 107 10° 10¢

energy per nucleon [GeV]

Philipp Mertsch 13 September 2023



A recent update
Mertsch, Vittino, Sarkar, PRD 104 (2021) 103029
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Further improvements
Ahlers, Mertsch, Sarkar (2009)

Stochasticity Gamma-rays

° IfCR—I—gas—)ei—{—...,
then also CR + gas — v + v

o oF suffer severe energy losses

— Sensitivity to nearby sources

— Predictions are probabilistic
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Exposure
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WMAP haze

Claim by Finkbeiner (2004)

CMB-subtracted synchrotron free-free dust
WMAP K-band

3. spectrum: harder than usual

synchrotron

Dobler & Finkbeiner, ApJ 680 (2008) 1222
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Is the WMAP haze real?

Template subtraction assumes
that morphology
is energy-independent

Counter example

PSR J1826-1334
.

Funk et al., ICRC proceedings (2007)
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Is the WMAP haze real?

Template subtraction assumes

Radial distribution of emissivity
that morphology

. . 4 —— exponential source distribution
is energy-independent o
N e 408 MHz emissivity (scaled)
\\ — — 23 GHz emissivity
Counter example Ay difference in emissivity

PSR J1826-1334
o

Agrees with WMAP haze in ...
® Morphology

® Normalisation

® Spectrum

Funk et al., ICRC proceedings (2007)
Mertsch & Sarkar, JCAP 10 (2010) 019
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The Fermi bubbles

Su et al. (2010); Ackermann et al. (2013)

Fermi-LAT data
//—'—r_w_\

Residual intensity, £ = 3 — 10 GeV

gas-correlated emission

Inverse Compton model

——— SR I [ \|_

\ ) 4 2 0 2 4 6 8 10
107 EO >< F (cﬁzezsr)

some other stuff
: .‘ ® Hard spectrum
(i 18 AN ® Sharp edges

\ ' J

® No spectral variation
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Fermi bubbles

Star formation activity
Crocker & Aharonian (2011)

Tidal disruption events
Cheng et al. (2011)

Previous AGN phase ]
Guo & Mathews, ApJ 756 (2012) 181;
Yang et al., ApJ 761 (2012) 185 l
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Fermi bubbles

Star formation activity
Crocker & Aharonian (2011)

Tidal disruption events
Cheng et al. (2011)

Previous AGN phase
Guo & Mathews, ApJ 756 (2012) 181;
Yang et al., ApJ 761 (2012) 185 ‘

Large-scale turbulence
Mertsch & Sarkar (2011)
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2nd order Fermi acceleration

Mon. Not. R. astr. Soc. (1984) 207, 745775

The evolution of supernova remnants as radio sources

Ramanath Cowsik and Subir Sarkar* rm/mmum.[
Fundamental Research, Homi Bhabha Road, Bombay 400005, I

Received 1983 August 10; i orignal form 1982 July 9

mmary. The acceleration of relativistic electrons by hydromagnetic
turbulence in shell-type supernova remnants (SNRs) is examined in relation
1o their structural development through. interaction with the interstellar
medium. The transport equation governing the energy spectrum of the
electrons is analytically solved, enabling study of the evolution of their
synchrotron radio emission.

‘The sudden emergence of SNRs s long-ived radio sources, several decades
after the supernova event, is then explained. Their subsequent radio
evolution, with spectral changes and structural details as exemplified by the

inferred from extragalactic observations. The collective properties of galactic
SNRs suggest a mild acceleration of electrons throughout the adiabatic phase
of evolution. SNRs may thus contribute significantly to cosmic-say electrons
in the Galaxy.

1 Introduction

Wl theral emision rom SNRs o optsl and X-ay vavlengl s ressonaly well
understood in terms of shock w the interstellar medium (see Chevalier
19778 Raymand 1979; lch 1983, the shuation rearding nonthenmal radl emisin
less satisfactory. In remnants which resemble the Crab Nebula, a central pulsar may generate
the necessary relativistic electrons and magnetic feld (e.¢. Weiler & Panagia 1978). However,
the majority of SNR are shelllike, suggestive of interaction with the interstellar medium.
In old remnants this presumably happens through compression of the interstellar magnetic
field together with cosmic-ay electrons, in the dense cooling regions behind the associated
slow, radiative shock waves (e.g. Duin & van der Laan 1975). An alterative mechanism is
required for young remnants with adiabatically propagating fast shocks, which cannot
compress by more than a factor of 4.
*Prosently visting Department of Astrophysics, University of Oxford, South Parks Road, Oxford
X1 3kQ.

© Royal Astronomical Society + Provided by the NASA Astrophysics Data System
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medium. The transport equation governing the energy spectrum of the
electrons is analytically solved, enabling study of the evolution of their
synchrotron radio emis

‘The sudden emergence of SNRs s long-ived radio sources, several decades
after the supernova event, is then explained. Their subsequent radio
evolution, with spectral changes and structural details as exemplified by the
young. remnant Cassiopeia A, follows naturally. The absence of younger
fadio_ remnants in the Galaxy implies a supemova rate lower than that
inferred from extragalactic observations. The collective properties of galactic
SNRs suggest a mild acceleration of electrons throughout the adiabatic phase
of evolution. SNRs may thus contribute significantly to cosmic-say electrons
in the Galaxy.

1 Introduction

While thermal emission from SNRs at optical and X-ray wavelengths is reasonably well
understood in terms of shock wave the interstellar medium (see Chevalier
1977a; Reymond 1979; ioh 1983),the siution egading nonhermal radio emisin 5

i electrons and magnetic field (e.g. Weiler & Panagia 1978). However,
the majority of SNRs are shelllike, suggestive of interaction with the interstellar medium.
In old remnants this presumably happens through compression of the interstellar magnetic
field together with cosmic-ay electrons, in the dense cooling regions behind the associated
slow, radiative shock waves (e.g. Duin & van der Laan 1975). An alterative mechanism is
required for young remnants with adiabatically propagating fast shocks, which cannot
compress by more than a factor of 4.

*Prosently visting Department of Astrophysics, University of Oxford, South Parks Road, Oxford
X1 3kQ.

© Royal Astronomical Society + Provided by the NASA Astrophysics Data System
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2nd order Fermi acceleration

Mon. Not. R. ast. Soc. (1984) 207, 745775

H
The evolution of supernova remnants as radio sources
b shock
Ramanath Cowsik and Subir Sarkar* o
~Fundomenta Resach, Homi Bhabh Rocd, Bombay 400005, I
Receved 1983 Augus 10 n oginl form 1982 huly 9
1
1
mmary. The acceleration of relativistic electrons by hydromagnetic |

turbulence in shell-type supernova remnants (SNRs) is examined in relation
1o their structural development through. interaction with the interstellar
medium. The transport equation governing the energy spectrum of the
electrons is analytically solved, enabling study of the evolution of their
synchrotron radio emis

‘The sudden emergence of SNRs s long-ived radio sources, several decades
after the supernova event, is then explained. Their subsequent radio
evolution, with spectral changes and structural details as exemplified by the
young. remnant Cassiopeia A, follows naturally. The absence of younger
fadio_ remnants in the Galaxy implies a supemova rate lower than that
inferred from extragalactic observations. The collective properties of galactic
SNRs suggest a mild acceleration of electrons throughout the adiabatic phase
of evolution. SNRs may thus contribute significantly to cosmic-say electrons
in the Galaxy.

1 Introduction

While thermal emission from SNRs at optical and X-ray wavelengths is reasonably well
understood in terms of shock wave the interstellar medium (see Chevalier
1977a; Reymond 1979; ioh 1983),the siution egading nonhermal radio emisin 5

ic electrons and magnetic field (e.g. Weiler & Panagia 1978). However,
the majority of SNRs are shell-like, suggestive of interaction with the interstellar medium.
In old remnants this presumably happens through compression of the interstellar magnetic
field together with cosmic-ray electrons, in the dense cooling regions behind the associated .
Wlow, radiative shock waves (6. Duin & van der Laan 1975). An aterative mechanism s distance from shock
Tequired for young remnants with adiabatically propagatng fust shocks, vhich cannot

compress by more than a factor of 4.

by viling Depurimet of Asicophysis, Uity o Onford, Suth Parks Rosd, Ofrd
oxi 80
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Fermi bubbles

Mertsch & Sarkar (2011)
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The elephant in the room
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The elephant in the room

Banksy

]

Mon. Not. R asr Soc. (1982) 199,97-108

Does the galactic synchrotron radio background
originate in old supernova remnants?

Subir Sarkzr rmlnu.....r«»nunaammmmmn Homi Bhabha Road,
‘Bombay 400005,

Received 1981 August 3 in origina form 1981 May 7

. Observations of the galactic_synchrotron radio_background

increase in the energy density of cosmic ray electrons. This possibility is
consistent with recent observations of the interstellar medium that imply the
presence of a large amount of hot, low density gas in the galaxy. In such a
medium superova. remnants would expand to large radii before becoming
radiative.

‘The intensity of the background can then be understood without needing
to evoke higher magnetic fields or cosmic ray electron fluxes than are
obtained from other observations. In this picture, the luctuating component
o the galcic magaeti el res fomthe diontion ofhe gl i by
the sh

oer explanations for the orgin of the background ar briely discussed.
This result casts doubt on the existence of large-scale cosmic ray gradients
inferred from galactic gamma ray observations.

1 Introduction

The santund narprcation of the i gt cachrtson o background o dus Lo
cosmic ray electrons radiating uniform ut the Galaxy leads 10 the well-known
discrepancy between the observed e strength of the emission (cf. Daniel &
Stephens 1975). To reconcile them it appears necessary to postulate either much higher
electron fluxes elsewhere in the Galaxy than observed locally (Setti & Woltjer 1971) or
‘much higher magnetic fields than are obtained from other observations (¢.g. Badhwar, Daniel
& Stephens 1977). As a conceptual way out of this diffculty, Cowsik & Mitteldorf (1974)
have suggested that if Muctuations in the galactic magnetic field arise from compressions of
the average fields by motions of the interstellar gas, then betatron processes induce
corelated increase of the relativsti electron energy density in the high field regions. The
enhanced synchrotron emission from such regions then raises the average. interstellar
emisivity to match the observations.
4

© Royal Astronomical Society + Provided by the NASA Astrophysics Data System
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Where is Loop I7

Are the O(1000) other old supernova remnants visible?

Philipp Mertsch 13 September 2023



Haslam 408 MHz survey

1000 T T T

Haslam (before point source subtraction)
— Haslam (point source subtracted)

I(+1)Cil(21T) [K?]

0.1 .

1 5 10 50

multipole |

Philipp Mertsch

100

Even/odd structure < symmetry of
Galactic disk

On large scales:
less fluctuations

On large scales:
power-law behaviour
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GALPROP + turbulence + free-free + pt. sources

1000 T T T T T T
<
§; ® Synchrotron from turbulent
g B-field
= Haslam (point source subtracted) °
— Large—scale variations
1F — Large/small—scale variations (L = 420 pc)
Free—free P : .
__ Unsubtracted point sources P Unsubtr.acted point sources:
— Tota " shot noise
0.1 L L ! ! . MY |
0.6 T T T T T T
5 o04f ]
B o2 1 L
g oo | Deficit in angular power
2 ook W spectrum
B
T -04f 1
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Modelling shells in harmonic space

Assumption: flux from one shell factorises into angular part and frequency

part, -
Jona (1€, b) = ()i (£, b) q-

Frequency part &;(v):
1000

® Magpnetic field compressed in SNR shell 500

® Electrons get betatron accelerated & o
o

® Emissivity increased with respect to ISM = &0
o

. I 10

Angular part gi(¢, b): =

Assume constant emissivity in thin shell:

N 1
i) ~ew) [ a7 P)e(2)
—il

Philipp Mertsch
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20 50
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Modelling shells in harmonic space

-
Assumption: flux from one shell factorises into angular part and frequency PR ”
part, Le &
Jenein,i(v, £, b) = €i(v)gi(£, b) < 4
Frequency part &;(v):
1000 "
® Magnetic field compressed in SNR shell 500 NV AN
® Electrons get betatron accelerated & i /,r-'\//\" J\‘l
7 / \
® Emissivity increased with respect to ISM = 50 v \
@) = v
. SO (1 ‘
Angular part gi(¢, b): = g A
Assume constant emissivity in thin shell:
l .~ - At N
Gy’ 1 , , , 1 2 5 10 20 50 100
1
i) ~ew) [ a7 P)e(2) ,
=il
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GALPROP + turbulence + free-free + pt. sources + shells

I(1+1)Ci/(27) [K?]

relative deviation

1000

100

10

0.1

— Haslam (point source subtracted)
— All shells
Total

0.6

04F

0.0

-0.2F
-04F
-0.6

2 5 10 20

multipole|
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® Synchrotron from turbulent
B-field

® Unsubtracted point sources:
shot noise

O(1000) shells of old
supernova remnants

Contribute on exactly the right
angular scales
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GALPROP + turbulence + free-free + pt.

sources + shells
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® Unsubtracted point sources:
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angular scales

13 September 2023 9



CMB contamination at high latitudes?

-0.780 I I 0,888

® Correlation between Faraday depth and WMAP7 ILC
® MC simulations: standard deviation of correlation anomalous with p-value < 5 x 10~*

Hansen et al., MNRAS 426 (2012) 57; Dineen & Coles, MNRAS 347 (2004) 52
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Anomalies in ILC9 (¢ < 20)

Liu, Mertsch & Sarkar, ApJL 789 (2014) 29

<G>

0 ‘ ‘ ‘
-50 0 50
T (uK)

e Distance of clusters from ring: p-value 10~*

128 THK) 128

® Black: Loops I-IV Berkhuijsen, Salter (1971)

® Avergae temperature and skewness:
p-values at 1072 level
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BICEP2

In early March 2014, a man knocked on a
door somewhere in Silicon Valley ...
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BICEP2

In early March 2014, a man knocked on a
door somewhere in Silicon Valley ...

BICEP2: B signal

\0.3pK 0.3
— =50
=
3
= 551
£ 0%
£ -60f
S
a
65}
-0.3
50 0 -50

Right ascension [deg.]
Ade et al., PRL 112 (2014) 241101

® Observation of B-mode polarisation of the CMB,
r =0.2 at 2 50 significance

® Evidence for cosmological inflation

® Foreground contamination excluded
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Anomalies in ILC9 (¢ < 20)

Liu, Mertsch & Sarkar, ApJL 789 (2014) 29

[ —— ]
128 T(K) 128

® Black: Loops I-IV Berkhuijsen, Salter (1971)
® White: S1 wolleben (2007) and BICEP2 field
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Anomalies in ILC9 (¢ < 20)

Liu, Mertsch & Sarkar, ApJL 789 (2014) 29

Added an innocent comment to last paragraph:
® Wolleben loop S1 goes through BICEP field

® Radio loops usually not modelled

® This can affect the significance

[ —— ]
128 T(K) 128

® Black: Loops I-IV Berkhuijsen, Salter (1971)
® White: S1 wolleben (2007) and BICEP2 field
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10 minutes in the (cosmo) spot light

. Things you do when you're in an all-day meeting: | grabbed Fig. 24, bottom left
panel, from the BICEP2 instrument paper, reprojected it from Cartesian

. projection to Healpix pixelization, and overlaid it on Fig. 2 from 1404.1899. The
L Some coverage by the Washi ngton POSt, full BICEP2 region just barely touches the loop, and the main, high-N_obs
. . . . . region is never less than 10 degrees away. Put more simply, Loop 1 extends to
New SCIentISt, P hySICS World ) Die Zeit galactic latitude of about -40, while the important BICEP2 region is never

higher than -50.

® From the facebook thread “Live

. . "

Discussion of BICEP Press Conference”: ¢

Scott Dodelson

Admin -8 April 2014 - @ Like oy ©2

Any thoughts about htty ) ! »
i A
Arman Shflu

‘ornell U #avore o Philipp Mertsch
# [1404.1899] Fingerprints of Galactic Loop | on the Cosmic Like 9y

Ilt,ra_r}] Microwave Background ' Philipp Mertsch
g

Sorry, just catching up with this now:

Hans Kristian, we have studied the Planck SMICA map, also the map by Starck

Q27 38 comments etal. (arXiv:1401.6016 [astro-ph.CO]), but this part of the analysis didn’t make
itinto the final paper. I'm confident that whoever repeats our analysis with
o Like () Comment @ send those maps will find largely the same results.

Tom, please note that we did not claim a systematic in the BICEP2
measurement, but instead pointed out that the foreground models they refer to
lack an ingredient that we know must be there: radio loops. If it turns out it's

. S negligible: fine, but don't you think it's worth checking?

These guys need to analyze the foreground cleaned Planck CMB maps, not just

the WMAP ILC map. The spurs are known to have steeper spectral indices than

the average synchrotron, and the ILC method cannot account for this.

However, other methods do, so it's critical to check that this isn't just an ILC

issue. Quite surprised they didn't already present those results, actually...

Finally, thanks, Dave and Colin, for emphasising that in our conclusion we were
mainly referring to Wolleben’s “New Loop". It is shown together with Loops I-IV
(as defined by Berkhuijsen et al. in the early 70ies) and the variance-weighted
BICEP? field in this figure. The upper large loop roughly around the Galactic
D centre is Loop |, the lower one (cutting right through the BICEP?2 field) is
Like 9y Wolleben's “New Loop".
I strongly dislike papers that throw out a line at the end like: "this is a potential

X or Y" with zero backing to

that statement.

Oh, and the 150x100 correlation in the bicep2 paper is with bicep1 data; the
correlation with keck is all at 150.

lke oy o
lke oy o

T

tember 2023




How this got resolved

® BICEP2 used some preliminary Planck
polarisation fractions for foreground model

® Some ambiguity as to zero-levels
and cosmic infrared background (CIB)

® |ikely some underestimate of foregrounds

DDMI1P
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%
= 004
Q
g . W
< 003
z
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. » +
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0,00 b

50 100 150 200 250 300 350
3

R. Flauger, “Simplicity” workshop (2014)
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How this got resolved

® BICEP2 used some preliminary Planck
polarisation fractions for foreground model

® Some ambiguity as to zero-levels
and cosmic infrared background (CIB)

® |ikely some underestimate of foregrounds

DDMI1P+lensing
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R. Flauger, “Simplicity” workshop (2014)
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How this got resolved

® BICEP2 used some preliminary Planck
polarisation fractions for foreground model Planck view of

® Some ambiguity as to zero-levels BICEP?2 field:
and cosmic infrared background (CIB)

® | jkely some underestimate of foregrounds

DDM1P+lensing
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“r < 0.12 at 95 % confidence”
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Thank you, Subir,

® for giving me the freedom to choose my own projects,
® for giving me exposure with the community,

® for instilling critical thinking in me!

Philipp Mertsch
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