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The iso’cropic radio backgrouncl revisited
NF, Lineros, Regjs, Taoso
JCAP 04 (2014) 008

Assessment of the size of the ARCADE excess

Reana/ysfs to include detailed ga/actic [orcgrouna’ moa’e/ing and treatment
07[ IoointJIke ana’ extena’ea’ sources

Galactic sgnchrotron emission from WIMPs at radio Frequencies
NF, Lineros, Regjs, Taoso
JCAPF Ol (ZO]Z} Q05

Bounds on Parﬁc/e DM from diffuse ga/actic radio emission



Total brig|1tncss of extra ga|actic slcg

Collect all radio emission arriving from the 5|<9

Requires subtraction of galactic ?oregouncl

Add up single contributions from all EG sources

lndividua”g resolved sources
Statistical determination from Huctuations below detection

threhold

The two do not match

Faint emitters are requirec]

New Population (s) of astroplﬁgsicsl sources
Dark matter
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Radio Survcys

Requirements

Good coverage of high latitudes
necessary to determine the EG emission

Large fraction of the sky observed

useFu to anclﬂor galactic Foregrouncl moclels

Frequency Angular rms Noise | Calibration | Zero-level | Fraction Survey
[MHz| resolution K] error K] of Sky reference
22 1.1° x 1.7°/ cos Z 3000 5% 5000 73% Roger et al.
45 5° 2300/300 10% 544 96% Guzman et al.
408 0.85° 1.2 10% 3 100% Haslam et al.
820 1.2° 0.5 6% 0.6 51% Berkhuijsen
1420 0.6° 0.017 5% 0.2 (0.5) 100% | Reich et al.
2326 0.33° 0.03 5% 0.08 67% Jonas et al.
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Models

T(l,b) = Tg —I—Ts(l,b) —I—Tg(l,b)

/7

Isotropic EG \ Galactic diffuse

S Discrete sources .
emission (constant) nted emission
(mask or temP ated) (mode)



Galactic diffuse emission

Free-free
Finkaner et al, Ap LS 146 (2003) 407

Traced through Ha line template WithP ree norm
Not that crucial, since we mask the galactic Plane

Sgnchrotron

Primarg electrons
Seconclarg electrons ancl Posi’trons
Most relevant energy range (1-30) GeV



Sgnchrotron source term

Primarg electrons

Radial ﬁarome from SNR distribution
Vertica Prcn[ilez exp(—z/zs) withz.=0.2 Kpc

[a,b]

SCCOﬂClaFH clectrons ancl Positrons
Interactions of Primaxy P and He on ISM

Sources ingection spectra: broken power laws

Spec ral indeces Binjnuc and Binj e
Breaks at 9 GeV/4 GeV for nuclei/electrons

[a] Stronget al, APJ 772 (2010) L58
[b] Lorimeretal, MNRAS 372 (2006) 777



Propagation setup
GALPROP v. 54.1.984

Cylinclrical box:

Radial size: 20 KPC
Vertical halﬁheight: . =1—40 KPC

Pure difusion (no reacceleration)

Reacceleration: increases secondarg et atlow

energies as comParecl to pure difusion: some
tension with low Frequencg radio data

Energg losses



Magnctic fields

ApJ 761 (2012) L1

Reference model: Jansson & Farrar Ap)77 Qo

Large~sca|e regular field
disk coml:)onent
toroidal halo
out~omc~|:>|ane component

Small-scale random field
Striated random field

Constrained on extragalactic l:araclag) rotation measures
and on 22-GHz WMAP7 Polarizecl and total intensity



Magnctic fields

To allow ﬂexibili’cg in the micLhigh latitude emission (relevant
for the determination of the extragalactic backgrouncﬂ) , we let
the ranclom comPonent to be more general:

B(R,z) = Byexp|—(R — Rr)/Rp| exp(—|z|/2p)

R+=85 kpc
Rg =50 KPC
Bo: determined bg the fit

Model a: Zr = L
Model b: Zp =2 ch <L (onlg for L=4,8,16 |<Pc)

The z~scaling rePresents the main source of uncertaintg
related to the magnetic field modeling



Benchmark Propagation models
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1 D(p) =

] lnclex below/above break at 9 GeV
]

]

Do (p/4GV)**

Model a

or

Index below/ above break at 4 GeV
Model a/Model b

Tuned on CR data

code name L DO Binj,nuc Bin; e By color coding

[kpc] | [10%® cm?s™] (1G]

L1 1 0.75 1.80/2.3 | 1.20/2.3 12 red

L2 2 1.7 1.80/2.3 | 1.20/2.35 8.0 blue

L4 4 3.4 1.80/2.3 | 1.20/2.35 | 6.0/7.0 green

L8 8 5.8 1.80/2.3 | 1.20/2.35 | 4.6/4.7 orange

L16 16 8.0 1.80/2.3 | 0.5/2.35 | 4.0/4.7 cyan

L25 25 8.1 1.80/2.3 | 0.5/2.35 3.9 maroon

L40 40 8.3 1.80/2.3 | 0.5/2.35 3.8 brown

[1] 2] [3] [4]




0.4

0.3

0.1

Comparison with CR data

no solar modulation

n O® »rOa4De

AMS-02
Mahel 1977
Voyager
ACE
Ulysse
HEAQ-3
CREAM
ATIC

CRN

IllIlII 1 IllllllI 1 llllllll | Illlllll

L1111l

0.1

1

10
E [GeV/n]

100

1000

Boron/Carbon



0.4

0.3

0.1

Comparison with CR data
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Comparison with CR data
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Fitting Proc:cclurc of radio maps

CMbB monopole is subtracted: T = (2.72548 = 0.00057) K

Radio maps averagecl over 15 cleg scale <Nside =4)
The GMF comPonents have 2 different scales
Regular: O (kpc)
Random: O 100 Pc)

Stocasticit9 due to the random component
introduces variance on the scale of its coherence
Iengt

Better to compare emission averagecl on this scale
Best angular scale not obvious, due to LOS effect
15 cleg as a conservative assumption



Fitting Proccclurc of radio maps

(Tidata L Timode1)2
X = Z 2

g;

1=pixels

model gal,synch gal,brem
Ti — TE + CgalTi + CbremTi

o = (0B) + (o7

O'ib : Variance induced bg turbulence (clata variance in Pixel D)

GiCXP: Experimental uncertaintg



Extended sources

Galactic disk mask: |b] <10 cleg
| ntercepts galactic: Points sources and low lat sources

Extended local sources (like radio loops)
Hithat sources

Masks
Mocleling



Masks — Take1

lterative method:
I. Fitof the map (out of the |bl<]O cleg mask) with model

model gal,synch gal,brem
qu — TE + CgalTZ‘ + CbremTz‘

2. Compute residuals R; — Tdata _ qBFmodel
(] 1 1

5. Compute mean Ty ; and Og; 1IN 50 cleg regions around the Pixel |
4. Mask defined as R; > TR+ 90R,
5. Repeat, with masked Pixel excluded

[teration stops when masks stabilises

The model fit is then Pemcormecl onN . =4 clowngraclecl maps



lterative masks




Masks — Take 2 and b,

In order to cross-check and/or improve the imPac’c of masks, we
Pemcorm two additional trials:

WMAP mask at 22 GHz

SExtractor to determine masks at different Frequencies

Analgze original maps on 50 deg scale: mean, std deviation, detection
threshold at 50

Similar to the iterative method: difference stags in Hlat local
backgroucl, while with iterative method galactic Foregroucl
variafions are taken into account

Sliglﬂtelg larger masks



WmaP mask

SExtractor masks
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Tcrnp'atcs

Polarization tem[:)late to intercept the most intense sgnchro
sources

Template: DRAO +VillaElisa  T>50 0 =45 mK

(noise: 15mK
zero level accuracy: 30mK (

Polarization map at 1420 MHz Template

T I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

model __ gal,synch gal,brem gal,pol
Tq; — TE + CgaleI; + CbremTi + Cpoltrq;
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Results

lsotrol:)ic emission sgstematicauy in excess oF what inferred
from number counts

Results appear sta]:)le against:

Galactic halo modeling

Galactic magnetic fields

Spatial distribution of cosmic rays sources
Ditferent resolution of maps

Results From number counts

Frequency [MHz| T [K] Tnc [K] | zero-level [K| | Ttoldspot [K]
22 (1.04 £ 0.24) x 10* | 6.92 x 10? 5000 1.80 x 10
45 (2.95£0.34) x 10° | 1.0 x 107 544 3.84 x 10°

408 11.8 £1.1 2.61 3 12.14

820 2.21 £0.39 0.39 0.6 2.91

1420 0.580 £0.025 0.09 0.2 0.589

2326 0.073 £0.013 0.024 0.08 0.098
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Overall signiﬁcance of the excess: 4 .50



Galactic sgnchrotron emission from WIMPs at radio ?requencies



Electron number clcnsity

Source term

1

a6, = Sow) (L)

Mpy ) dE

Electron / Positron Propagation

— Diffusion

— E‘nergg |osses

— Sgnchrotron emission

B(r,z) = By exp <_r _ o _ & )

R, L,
GMF Model Parameters
Ly, [kpc] | R, [kpc]
I oL, R,
IT L, R,
I11 1 R,
IV constant

disk dark matter halo

diffusive halo
BO =06 ,uG

Y — (l_l,ch, 47, W+W_,GG,HH)had — v, U, et ., D

dec



Morphologg of radio s|<3 at ?WMHZ

MIN propag params

observed

7.2 74 76 78 8 8.2 8.4 8.6 8.8 9 9.2 72 7.4 76 78 8 8.2 8.4 8.6 8.8 9 9.2

NFW
MED propag params

NFW
MAX propag params

72 7.4 76 7.8 8 8.2 8.4 8.6 8.8 9 9.2 7.2 7.4 76 7.8 8 8.2 8.4 8.6 8.8 9 9.2

10 GeV DM
Annihilation into muon with thermal cross section
Exp decaying B(r,z) with B;o1 = 6 microG (GMF 1)

NFW tuned to Via Lactea Il
No substructures included



Galactic radio sig\al

45 MHz

Data: |I| < 3
DM models: | =0

DM could substantialgj
contribute to the radio flux

MED, MAX: allow to search for
DM outside the GC region
(while form MIN is too
concentrated)
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820 MHz

820 MHz

72 74 76 78 8 82 84 86 88 9 92

1420 MHz

408 MHz

1420 MHz

Fornengo, Lineros, Regis, Taoso (2011)
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Galactic racllo slgnal bounds

R egis, Taoso (2011)

Bounds from combination of 02l b | o moda
all Frequencg~s|<9maps Mﬁfp
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Galactic radio signal: bounds

Fornengo, Lineros, Regis, Taoso (2011)

Not strong dependence of
bound on magnetic field
because the most constraining
atches are those at low
Eti’cude, where the various

B(r,2) do not sizeablg differ

ntu™  GMF model I

MIN
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NFW
Isothermal

102
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MIN
MED

MAX ——

NFW
Isothermal

u*u” GMF modelI Gut |b|>15 degrees

102
Mpy [GeV]

Bounds from all sky

Fornengo, Lineros, Regis, Taoso (2011)

Bounds excluding GC region |



Bounds from other tccl'miqus

T T T

. 15 dSphs, 6 yrs bb
| ---- 30 dSphs, 6 yrs |
t ---- 45 dSphs, 6 yrs
e 60 dSphs, 6 yrs
. —— dSphs: Ackermann+ (2015)
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Galactic radio sig,nal: bounds

Fornengo, Lineros, Regis, Taoso (2011)
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Lower Frequencies better for ligl’uter DM

Constraining power also depends on skg%overage and sensitivitg of the
survey



Conclusions

lsotrol:)ic radio emission sgstematicaug in excess of what
inferred from number counts: about a factor of 3 =6

Results appear stable against:

Galactic halo modeling (mild clepencﬂence on the resulting T
Galactic magnetic fields

Spatial distribution of cosmic rays sources

Ditferent resolution of maps

Radio bounds on dark matter from our own galaxg Pro‘ﬁclc
relevant bounds, comparable to what obtained from other
indirect detection signals



