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1. arouse your interest in DM ID

&. talk to you about the
gory details of DM ID
for 4/4 hour...

3. ...1In order to convince you that
you can forget everything and
trust PPPC4DMID

www.marcocirelli.net/PPPC4ADMID.html



http://www.marcocirelli.net/PPPC4DMID.html

7Y from annihil in galactic center or halo
and from synchrotron emission

Fermi, ICT, radio telescopes...

indirec from annihil in galactic halo or center
PAMELA, Fermi, HESS, AMS, balloons...
from annihil in galactic halo or center

( from annihil in galactic halo or c:enteé’APS

I/, I/ from annihil in galaxy or massive bodies
oK, Icecube, KmdaNet
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So what are the
particle physics 1. Dark Matter mass
parameters? 2. primary channel(s)
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W Zbhamih e D

primary final
channels products
= e )
\'W+,Z,b,7+,t,h.. ei,p7D.“

e™ primary spectra P primary spectra

Mpy = 1000 GeV Mpy = 1000 GeV

dN/d log x

So what are the
particle physics 1. Dark Matter mass
parameters? 2. primary channel(s)







Different hadronic MonteCarlos could give different products
Or: what is the ‘systematic’ uncertainty?

PYTHIA 535 VS HERWIG 510

/ /

e.g. lacks v radiation e.g.lacks £ — [y
from WTW ™ states and v — ff
(added) branchings



Different hadronic MonteCarlos could give different products
Or: what is the ‘systematic’ uncertainty?

PYTHIA s.:35s VS HERWIG 6510

/ / DM DM = ¢ at Mpy = 1 TeV

e.g. lacks v radiation e.g.lacks £ — [y
from WTW ™ states and v — ff
(added) branchings
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calibrated on LEP processes,
good agreement, overall 20%




Different hadronic MonteCarlos could give different products
Or: what is the ‘systematic’ uncertainty?

PYTHIA s.:35s VS HERWIG 6510

/ / DMDM—>T+T_ atMDM: 1 TeV
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big discrepancy in v (%)
fluxes at low energy



Different hadronic MonteCarlos could give different products
Or: what is the ‘systematic’ uncertainty?

PYTHIA s.:35s VS HERWIG 6510

/ / DM DM — gg at Mpy = 1 TeV

e.g. lacks v radiation e.g.lacks £ — [y
from WTW ™ states and v — ff
(added) branchings
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Factor 2: not calibrated on LEP%
Anyway not central for DM



Different hadronic MonteCarlos could give different products
Or: what is the ‘systematic’ uncertainty?

- overall around 20%
- with some surprises

PYTHIA 535 VS HERWIG 510

/ / YN 5 557t M Most =TTeV

e.g. lacks v radiation e.g.lacks £ — [y
from WTW ™ states and v — ff
(added) branchings
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We use (modified) PyTHiA 8 for all computations.
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Ciafaloni et al., JCAP 1103 (2011)
- See also: Serpico et al., Bell et al.




ElectroWeak corrections are important!

- unexpected species

with corrections / - different spectra

ithout
WHHOH (especially at low
energy, but not only)

10

E in GeV



ElectroWeak corrections are important!

- unexpected species

with corrections - different spectra

- - without
== JLhou (especially at low
energy, but not only)

E in GeV



www.marcocirelli.net/PPPC4DMID.html
PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

We provide ingredionfs and recipes for compuiing signols of TeV scale Dok Maitor onnibiTafions and decoys.

Data and Resulls from 1012.4515 [hep-ph] (and 1009.0224 |hep-ph]), from 1212.6408 [hep-ph], 1412.5696 [asiro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

If yau use the dota provided on this site, niease cife:
M.Cirel, G.Corcella, A.Hektor, G.HOt:, M.Kodastik, P.Fanci, M.RGiddl, F.3ala, A.Strumia,
"PPPC 4 DM IC: A Poar Parlicle Physicizt Caokbock for Dark Matter Indiract Datection’,
arXiv 10124515, JCAF 1102 12011 051,
Ematum: JCAF 1210 (201Z2) EOI.
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www.marcocirelli.net/PPPC4DMID.html
PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

Yo previde ingredionfs and recipes for compuiing signols of Te Vo scale Dok Maitor onnibTations and decoys.

Data and Resulls from 1012.4515 [hep-ph] (and 1009.0224 |hep-ph]), from 1312.6408 [hep-ph], 1412.56%6 [asiro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

M.Cirelll, G.Corcella, A Hektor, G. .
"BPPC 4 DM 1D A Poar Pericle Phvell Fluxes at production:

arXiv 10124513, JCAF 1102 12011 B Sk sl EUAP rrvetbare me e o | .
Ematum: JCAF 1210 {2012) EO1. Complele Nuxes ol preduclion, ncluding EW correclions as compuled in 1009.0224:

Mamemonca tuncticrs:  Tna file dINCIXEV/, M provices e s08Cira Log n I N/T Log;q & |. THE notebook Samale.nt snomws how 1o 1oad ond use 1.

Numericel 1ebine Fach tabie pravides 'ns saectre aN/d lag o of stabe SK aartizlas (aasirons, astipratens,, |, nermalizad asr one anshilation,
Tha ColumMnNs are: [ Mgy, Log:o% , AT Log,px or 28 pdmary channss ).
Tha pimary channels ars:
DM DM >, 's cp'ler e'cn m'wh g g a0 00 ' 1 Q. o) B, B WUWE WPWE W 20080 T 2T 98 1 BB e Vb Ve
VY —=da V' -4y V' -4z,

The nor-pelerzed fuxes are ust oblained cs the oporopriote overags of the Le‘t ond Right or Longitudina and Transverss ores.
Tna cnannel inte Higos bosons assumes o Higas mass of 125 Gel.

Positrons

Antpratars

GamMMa avs

Eectren Neutincs

Mron Neulrieos

ANScle tarces

al of the onove:  Allthe 7 tables, na snge npoped fe,

Fluxes <l preducton withoul DW corectons (lor comparison wilh previous calculations):

Momemonca turctiors:  The fie dINcixPythia.m srevicies the spechis Log;q & N/a Logn % ).
Tne noteoook Samale ~o snows how ta lcag end use it

Nurmercoel fnbies Same s nbove, bt here the oimaory chaore sk ore the falowing T2
OM DM > ete, ptaus, ¢, 0, cc, bE, 1, 'WHW, T2, ga,  hh.
Positrons
Antgratars
‘.. :l.l"'l"l-l f:-".-:s
Secton Neurincs
Meson Neulrieos
1) NS ";-‘-"\
ANTcie faences

All Ty 7 lebless, i sngles Apzed fike,

Huxas ot preducton n modek with cascadea dacoys in the hidden sactor:

Numercel labies, Malthiemalice and Pyilan funcliors Dawrikoud e,
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Indirect Detection: basics

and from DM annihilations in halo

Galactic Bulge Norma Arm

Sagittarius Arm  °* . ' Local Arm
Sun _



Indirect Detection: basics

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

SPeCtrum Donato, Taillet, Fornengo, Maurin,
8f/ 8 8 Brun...‘90s, ‘00s
— — K(E e b(E A — 210 (2)gpa
It (£) =V aE(( )f)"‘az(vf) inj (2) pallf

diffusion energy loss convective wind source spallations



From N-body numerical simulations:

NEW - DM halo

NFW
Einasto : Einasto
EinastoB
Isothermal : 5 Isothermal
L+ (r/rs) Burkert

Ps Moore
(L+7/rs)(X+ (r/15)?)

Burkert :

Angle from the GC [degrees]
10”7 30”1’ 510" 30’ 1° 2° 5°1020°45°

- I I I I I I I I I I

At small r: p(r) oc 1/r7 = \Moore

Moore :

6 profiles:

CuSpy:
mild:

smooth: :

EinastoB = steepened Einasto
(effect of baryons?)

ppm [GeV/em’]




Indirect Detection: basics

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Spectis Donato, Taillet, Fornengo, Maur
8f/ 8 8 Brun...“90s,‘00s
— _ K(Ee b(E —~—(Vef) = Qini — 2hd(2)Tspa
It (E)-V°f aE(( )f)"‘az(vf) (in; (2)Lspan f

diffusion energy loss convective wind source spallations
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Propagation for antiprotons:

0 0
a{ K(T) . v2f | Oz (Slgﬂ(Z) f‘/conv) o Q = h 5(2) Fannf

diffusion convective wind spallations
K(T) = Kof3 (p/GeV)°
' kinetic energy

Model ) Ko in kpc?/Myr L in kpc  Vieny in km/s

min 0.85 0.0016 1 13.5
med 0.70 0.0112 4 12
max 0.46 0.0765 15 5

Solution: W
dN ;

1
b.(T.7
o\lo) = 4W<A@M) %;2O”de




Propagation for antiprotons:

o0f 0
2 . b e
5 K(T)-V“f - 3, (sign(2) f Veonv) = @ — 2R 0(2) Tann f
diffusion convective wind spallations
K(T) = Ko (p/GeV)°
' kinetic energy
Annihilation
Einasto
Model ) Ko in kpc?/Myr L in kpc  Viony in km/s %g\%‘e
min  0.85 0.0016 1 13.5 — Isothermal
med  0.70 0.0112 4 12 s Burkert
max 0.46 0.0765 15 5 )
>4
g
Solution: 2
%
5 g
(I)ﬁ(T, T@ %
2
oW




Propagation for antiprotons:

o0f 0
2 . e
5, — BT - V7f £ == (81gn(&) f Veonv) = Q — 2110(2) Tann f
diffusion convective wind spallations
K(T) = Ko (p/GeV)°
' kinetic energy
Annihilation
Einasto
Model §  Kpinkpc?/Myr L inkpe Vieny in km/s %g\%‘e
min 0.85 0.0016 1 13.5 — Isothermal
med  0.70 0.0112 4 12 =) Burkert
max  0.46 0.0765 15 5 S
&
g
Solution: 3
i
. E
95(T,70) = B |
S
A

Improvement: added Energy Losses &
Diffusive Reacceleration

Boudaud, Cirelli, Giesen, Salati 1412.5695




Antiprotons
Varying prop parameters Varying halo profile

T I T TTTTI [T TTTTTI T TTTTT [T TTTTT

Ann DM DM - bb - Ann DM DM - bb Mpy = 1000 GeV -
= (ov)=10"%cm’/s - (ov)=10"%cm?’/s

Einasto MAX

Einasto
Moore
NFW
Isothermal
Burkert

d®/(d log K/GeV) [particles/m2 S sr]

=
70}
N
N
£
7}
O
p—
Q
=
<
S
~
>
0]
o
~
e
en
)
L |
o
N
~—
=
o

Almost 2 orders of magnitude Almost 1 order of magnitude

Bottom line: Antiprotons are quite affected by propagation,
but spectral shape somewhat preserved
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PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

Yo previde ingredionfs and recipes for compuiing signols of Te Vo scale Dok Maitor onnibTations and decoys.

Data and Resulls rom 1012.4515 [hep-ph] (and 100%,0224 [hep-ph)), from 1312,6408 [hep-ph), 1412.56%6 [asro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

I yau ute the dala provided on this site, pieqsa cite:
M.Cire

wppc 4l Propagation functions for charged cosmic rays at the location of the Earth:

arXiv T

Erafu Annihilation

Pasitrons: Tma fila ElactronHalec FunctEarnAnnm 2rovides the ndale funcliors
1%, E5enrm) Of the lecotion of the Earn.,

e notebook Somple.nkt shows now 7o load and use it

[oo e of fit coefficients for the reducec hale functhion ((A)
inthe cooreximated formaism  see paper].

Anfiprotors:  Tagle of fii coefficients for the propagction funclion R[T].

Anfide_terors: Taole of fit coefficients for the propagceticr furclion R(T).

Decay

Fosirrors: The file ElacirenHaloFunctEanthDac.m provices the hals functions

I(%.Ecizamn) @t tha location of tha Earin.
The norebook Sample.nk shows how te load ond use it.

Table of fit coaficients for the reduced halo function IfA
I'n tre cpproximated fonmalism - see paper).

Anfipretens: Table of fif cozficienis for the gropageation function R(T).

Anfideuterors: Table of fit cosfficienis for the oropagerion function R(T).

Fluxes of charged cosmic rays at the Earth, after propagation:

Annihilalion

rdathernahca 'unchon: the e Pro onfhuxELDRANNIT orovides he
spectraLogy (d #/d Logp K 1.

Refer o the notebook Sarmple nb for usage.

Anlprolons:

Numerical rable: provides tha scecirc a®/d Leg ;K.

ne columns are: | mpy, halo, propagalion, Log K, adfd Log )oK for
28 primary chonrels |.

The specira are computed ot @ benchmark annihilation Cross of <pv
= 1026 cmifs and renarmnal zad multiplying by (Mg, _,,-‘Gevy?

Units are corticles/(m2 s s

ne fle ExglonFhaAnn.m provices the spectra withcul ELDE (Enavgy
Losses inzivding tarfianes and Diffusive Reaccelargticn, see 1412,05695
for datcik): ~his is now supersanec and nrovided hera anly for the
purgose of comparison with previcus calcu ations.

Decay
Mainematico function: the fle Frola: provices the
spectre Logn € @/d LegiaK .

Refer 1o the notabook Samale.nb for usage,

Anfiorotcns:

Numerical ‘able: orovides he spaca dé/d Log; K.

The columns ara: [ mpu, hala, propagation. [og,€ , dafd Log;K for
28 prmery chanrels 1.

Tha specira ara computad ot a bencamcork decoy lite of .= 1074 ¢ and
renomalized mttiphing by [mpu/GeV|.

Urite are paricias/{m? s ¢).

Tha fis FrolonkF uxDec.m provides tha spechao without ELER [Energy
Losses including terticnes and Diffusive Reaccelerafion, see 14125655
Tor derchs): this s now wwaeneded and crovided here only for the
puposa of comoarison with pravious calculalions,
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Propagation for positrons: conventional treatment

of % 0
ot diffusion OF (b(E)f) - Q

: : energy loss (assumed space indep.)
(in turbulent B ~ uG,
assumed space indep.) b(E ) = gE / GeV)2 / TE
K(E) = Ko(E/GeV)? 75 =10"%s

K(E)-Vf

Al p x i dN*,
Q— 5 (MDM) fmy fmJ—Z<O-'U>k dE

k




Propagation for positrons: conventional treatment

of % 0
ot diffusion OF (b(E)f) - Q

: : energy loss (assumed space indep.)
(in turbulent B ~ uG,
assumed space indep.) b(E ) = gE / GeV)2 / TE
K(E) = Ko(E/GeV)’ 75 =10"%s

K(E) N}

Al p x i dN*,
Q— 5 (MDM) fmy fmJ—Z<O-'U>k dE

k

Model 0 Kpin kpc?/Myr (L in kpc
min (M2) 0.55 0.00595 1
med 0.70 0.0112 4

max (M1) 0.46 0.0765 15



Propagation for positrons: conventional treatment

Of .. 5 .
L K(B) - V*f = == ((E)f) = Q

giffiiﬁ;t B energy loss (assumed space indep.)

assumed space indep.) b(E ) = gE / Gev)z/ TE
K(E) =Ky BIGYT 75 —10""s

Al 0 x i d]\féﬂr
Q—2<MDM) flnj7 fmJ—Z<O-'U>k dE

k

Model 0 Ky in kpc?/Myr L in kpc
min (M2) 0.55 0.00595 |
med 0.70 0.0112 4
max (M1) 0.46 0.0765 15

Solution: W
4 Tp DM

6.8.75)= Berig | 48 QE) T0olBB)

%, = 4KoTE [

(E/GeV)°st — (B Ge
e ]



Propagation for positrons: conventional treatment

of 0
2 245
L K(E) VA o ((E)]) = Q
Q1ffu81on L% energy loss (assumed space indep.)
(in turbulent B ~ uG,
assumed space indep.) b(E) gE / GGV) / TE
K(E) = Ko(E/GeV)® 7g = 10'°
1 = B
Q = 2 (MDM) fmp finj = ;<0-'U> iE :
Model 0  Kpin kpc?/Myr L in kpc Moore
min (M2) 0.55 0.00595 1 3 . Eilg{‘)‘sto
med 0.70 0.0112 4 T Isothermal
max (M1) 0.46 0.0765 15 ‘g Burkert
:
Solution:
T Mpwm
d.+(E,7y) =B 46 i dE' Q(E')-

A2 = 4K,
B 51

[(E/GeV)5—1 - (E’/GeV)5_1]

Diffusion Length A, [kpc]






Propagation for positrons: conventional treatment

of
ot

K(E) N}

diffusion
(in turbulent B ~ uG,
assumed space indep.)

K(F) = Ko(E/GeV)?®

fenergy 10ss (assumed space indep.) }

{b(E) = gE/GeV)Q /Th
TElo 6AS

- it int spendenent
- it is not simple E=

Gal edge 7 = 20 kpe

107! 1 10 102 10 100 10°

e* energy E [GeV]




Propagation for positrons: improved treatment

Of 0
2 = B
K(E) -V (0(E,7)f) = Q
8t diffusion 8E
: - energy loss function
(in turbulent B ~ uG, : 2 :
K(E) = Ko(E/GeV)?
Model 6  Kpin kpc?/Myr L in kpc
min (M2) 0.55 0.00595 1
med 0.70 0.0112 4
max (Ml) 0.46 0.0765 15

Solution:

¢

1,4 1 VAN,
GilBrl= o dE E

4

-----



Propagation for positrons: improved treatment

O f 0
2 =2 B
K(E) Vg (6(E,7)f) = Q
at diffusion 6E
: - energy loss function
(in turbulent B ~ uG, : 2 :
K(F) = Ko(E/GeV)?®
Model 5§ Kyinkpc?/Myr Link 0 \
il o in kpe®/Myr  Linkpe _ Aun Ein, MED, MFI
min (M2)  0.55 0.00595 1 > ___Dem) \
med 0.70 0.0112 !
max (M1) 0.46 0.0765 15

k

:4
~
<
e
~
e
R
3]
=
&
>
]
s

Solution:

-

o LY
et (£, 7o) = Inh(E )] (MDM> ;<Ov>f

There is now a ‘halo function’ per each positron injection energy

0% 107 10° 10° 104 10° 102 10!

Electron energy fraction x=£,/E;




Positrons
Varying prop parameters Varying halo profile

[ T T TTTT I T T TTTTIT [T TTTTI T TTTTTIT ]

Ann DM DM - bb My = 1000 GeV - Ann DM DM - bb Mpy = 1000 GeV

(ov)=10"0cm’/s ~ (ov)=10"%cm’/s

Einasto -~ : i

VIS
N2

MAX

£
):

9
o
3

=
=
=

e
Ty

E? d®/dE [GeVz/cm2 S sr]

At Earth: (r, z) = (8.33, 0) kpc

L1 L 1111l 11 1 1111 L1 1 11113]

] 10 102

102 103
Electron energy E [GeV]

From factor 10 to no effect From factor 10 to no effect

Electron energy E [GeV]

Bottom line: Positrons are affected by propagation,
mainly at low energy
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Propagation functions for electrons and positrons everywhere in the Galaxy:

Energy loss coefficient lunclion BIE, r, 2] for & ectrans and posifrons 'n the Galaxy: Mathematico functicn bror m, refer ta the notenoak Sanp e.rb forusage.

Annihilation Decay

Fositrens: The file ClactrenHalofunctGalaxyArn.m prevideas the helo functions
Ifx.Eorz) ot o paint fr,2) in ine Galaxy. ‘
The notebook Sample.nb shows how te load end wse it.

“ositrons: The flle ZectrontclofunciGalaxyDac.m orovides the nalc funclons IfX E,rz)
al a point [r.z) in *he Golaxy. VElYy
The notebook Sample.rb shows hew to lead and vse i,

Propagation functions for charged cosmic rays at the location of the Earth:

Annihilation Decay

Positrons: Tha ala ElacthrorHaloF e oiFarthAnn.m orovidas the nalo funactions
I{%.E..Tg~rn) Ot the locaton of the Eorth.

Tha notetock sample . nb shows how 1o [oad and use 1.

Tavle of fit cosfficients for the radoced hale funclion ((2)
lin the approximaled formalism - see paper).

Fluxes of charged cosmic rays at the Earth, after propagation:

Annihilation Decay
Pasitrans:

Log;o [d ®id Llog ;o €|
Reler o lhe noletocs Sampls.nb [or usage.

Numericaol |gble: provides the speciro aa'd Leg £
Tre columns are; [ mnys. hakd, prepagadtion, Logpf . d@/3 LogcE for 28
primary channels |

ne spechra are computec at a cenchmark annihilaticn cross of <ov=
= 1026 cm3/s and renormalized mukiplying By (my,,/GeV)?.
Unils cra particless/(cm? s ),

Sostrors:

Mathematica function: the file EgctronFluxAnn.m provides the spectra Pesitrons:

Tha fila ElacironEakFunciEorthDec.m proviaas tha halo functions
I{X.Ey Fearpn) O The location of the Earin.
Tha rotebock Samale. b shows how 10 Ibad and use (1.

Table of fit coelliciends [or the reduced hale funclon ifa)
[in the approximalad formalism - see paper).

Maoinemalico lunction: the tile FlecronFlixDec, m providas tha snactra
Logp ld oid Logio £ .
Refer to the notebook Sample rt for vzage.

Numarnical fablae: provides tha spacta ddédja Log; k.

The: colurmns are: [ Mgy, halo, propagation, Leg & | dafd Logof for 28
primay channe's |

The specira ara computed at a benchmark cecay life of = 1076 ¢ and
renormalizes muripiying oy (Mpop/Gev).

Urils cares parficias/ |cm? s sr).
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Indirect Detection: basics

v from DM annihilations in galactic center

Galactic Bulge Norma Arm -
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Sagittarius Arm ' ' Local Arm

D LW, Z,b, 7t h.. v e, P D ... and Y
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Indirect Detection: basics

~v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

' SRE)
L LW, Z,b, 77t h...~eF, P, D ... and7y
) b i =) ()
DM \*W+,Z,b,7'+,t,h...wei,(P),D . .

: a,ndfy



Ci(1>fy i ;!; o Po
dQOdE 247 \ Mpu

-/ “(a
l.o.s. T®

10810°104 1072 1

Moore
NFW

Einasto
Iso
Burkert

90
6 (degrees)




[steradians]

‘GC 0.1%

‘GC 0.14°

CGC 107

‘GC 2

‘Gal Ridge’ \

‘3 % 3 1 1074107 1074 1072 1

D x5 Moore
‘5 x 30’ NFW
‘10 x 10’

‘10 x 30’ . Eiélasto

Burkert

Spread is very large
for small regions close to GC P



www.marcocirelli.net/PPPC4DMID.html
PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

We provide ingredionfs and recipes for compuiing signols of TeV scale Dok Maitor onnibilations and decoys.

Data and Resulls rom 1012.4515 [hep-ph] (and 100%,0224 [hep-ph)), from 1312,6408 [hep-ph), 1412.56%6 [asro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

If yau ute the dota provided on this site, nieasa cife:
M.Cirell, G.Corcella, AHektor, G.HOt:, M Koaastik, P.Fanci, M.RGidal, F.3aia, A.Strumiaq,
"PPPC 4 DM IC: A Poar Parlicle Physicizt Caokbock for Dark Matter Indiract Datection’,
arXiv 10124513, JCAF 1102 12011 051,
Ematum: JCAF 1210 (2012) EOI.

J factors for prompt gamma rays:

Annihilation Decay
Nothemartica function: the file JAnnum provides Log o W14, Mathematica funcrion: tre file JOoec.m srovides Log ;o J(Y)].
Reler 1o the nolebook Scmole.nb for usage. Refer to the notebook Samals.nh lor usage.
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Indirect Detection: basics

Y from Inverse Comptonon ¢ in halo

- N -
B e
:

[N Norma Arm
e

Crux Arm

Carina Arm

Perseus Arm

Sagittarius Arm °* . ' Local Arm
Sun :

- upscatter of CMB, infrared and starlight photons on energetic ¢~
- probes regions outside of Galactic Center
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Y from Inverse Comptonon ¢ in halo
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Sun .

- upscatter of CMB, infrared and starlight photons on energetic Jia
- probes regions outside of Galactic Center



Indirect Detection: basics

Y from Inverse Comptonon ¢ in halo

St_ggLLght

I—  Norma Arni
&

Crux Arm

Carina Arm

Sagittarius Arm ' : ' Local Arm
Sun :

- upscatter of CMB, infrared and starlight photons on energetic oia
- probes regions outside of Galactic Center



Flux of ICS 7y
from direction 6:

CZ(I)Iny 1 ds /MDM : dnei
= — b, dE, S pi
LwtegmL — —— x e

ovVer S emission from a ‘cell’ tn §



Flux of ICS 7y
from direction @:

AP,

dE,df E,

spectral dens'ities
of emitting €



Flux of ICS 7y
from direction @:

APy 1 ds /MDM
= e dE.
dE,df ~ E, A >

spectral dens'ities
of emitting €

l.o.s. Me

)
power emitted by individual ‘cell’:

30T/1 2( E )"%(Eo(q),f) [ e
= === ! T Rt -l — 2971 — 1—gq
- 42 8 | 49721 —€) q )




Flux of ICS 7y .. 9
from direction 0: B

dP 1 d Mpwm g
1Cy - b i Z.
dE7 dé) E7 G 47 Me spectral dens'ities

2 of emitting €

power emitted by individual ‘cell’:

30‘T/1 2( E., ) Nn; (Eg(q),a_:’) [ R ey
= === Fd( N\ (2¢Ing+qg+1—2¢"+ — 1—gq
4721 /4~ gl q 21—6( )
€ 4EVE, E
: : : . : a2 g
Different windows = different weights of target lights: 3 ¢ ;
IsoThermal Profile m,=3TeV IsoThermal Profile my=3 Te\_fﬂ SpeCtPa;]. deIl81tleS
DM DM - tt1~ ov=2x10"% cm3/sec DMDM =777 ov= 2107 em’/sec Of ta,rget llghtS

_
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FERMI 5 x 30

€% dd/(de AQ) [MeV cm s 'sr™!]
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o
£
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>
=
=
g
<
(V9]
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Photon energy € [MeV] Photon energy € [MeV]



Flux of ICS 7y .. 9
from direction 6: B

dd 1 ds  [Mom i
ICy a3 i Z.
qu, d9 E7 G 47 Me spectral dens’ities

e of emitting €

power emitted by individual ‘cell’:

: h o s BO_T/I ( E ) n; (EO(Q),CE) [ > 1 62

N — —— [ dq | E, — E g g1 — 20"+ li=q

~ e Y 4 1/4~ gl q 21—6( )
e BAEOELOT
B ° 2T E

Different windows = different weights of target lights:

IsoThermal Profile my=3TeV IsoThermal Pfofile my=3 Te\_/ﬂ . SpeCtPa;]. dGIlSltleS
DMDM o 1 ov= 2x1022 em? sec DMDM -1t ov=2x10""" cm’/sec Of ta,I’get llghtS

—

FERMI 5 x 30 FERMI 10°= 20°

—_
o
Y

Everything can
be rearranged
in terms of ICS
halo functions

€% dd/(de AQ) [MeV cm s 'sr™!]
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o
=
=
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10*
Photon energy € [MeV] Photon energy € [MeV]




Varying prop parameters
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<
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- Gal. Poles
- Burkert

=102 sec
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Varying halo profile

I

= (oVv)= 1072%cm3sec™

I T TTTTTI T

- 5° x 5° Region Mpy=10 TeV .
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Secondary emission

soft gammas from bremsstrahlung of ¢ on ISM

Galactic Bulge Norma Arm -

Scutum Arm
Crux Arm

Quter Arm Carina Arm

|-

s

Sagittarius Arm ' : ' Local Arm
Sun .
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Emission of bremsstrahlung -
from a, cell located in 7 :

dé ,brem(f) o =5
el = Yoo

bremsstrahlung
differential cross section:

3 Ao OT - T 2] . % E ! .
i O 1 1 3t ol 7 7
= 2 /




Emission of bremsstrahlung -

from a cell located in T :

dgv brem (f)

7dE7 :an(f)/

bremsstrahlung

differential cross section:

3 XAemOT

8t k.,

on ionized gas:

on neutral gas: ¢'(A=0)

|

Ly

1 1y
+(1-3

= @1 o = 45.79, 5 (A =

65 °(A

eT

0) =

=0) =

;

i

2

3

$ (B, By) = ¢5(E.s, >=4<Z2+Z>{1og{

= qbgss o 44 46 qb{le(
B, = 131.40, ¢ %5 (A = 0) = 267} 5y

\

(1-5) )
(2]

=0) =

i — 1860

R E me
d0em b (B x — E,)



Secondary emission

radio-waves from synchro radiation of ¢ in GC

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm  * : ' Local Arm
Sun .



Secondary emission

radio-waves from synchro radiation of ¢ in GC

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

/

Quter Arm

\

Carina Arm

4

Perseus Arm

Sagittarius Arm  °* . ' Local Arm
- Sun .

- compute the population of ¢
from DM annihilations in the GC

- compute the synchrotron emitted power
for different configurations of galactic /5

(assuming ‘scrambled’ B;in principle, directionality
could focus emission, lift bounds by O(some))
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Spectrum of sync
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magnetic field [uG]

Spectrum of synchrotron emission
from region AQ :

synchr power emitted by individual electron:

R /338 ,

Om M, L

\“xq\quipartitinn B (energy in B ~ kinetic energy)

.,
,
™
T,
.,
.,
.
.
N

constant B

B in Gauss

= ds | dFE, Al
dvdS) = 4 . T

spectral dens'ities
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i 8T
e — F(—) F(z) = x/ Ks/3(£)ds = —=0¢
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Spectrurp of synchrotron emission E dens.ities
from region AQ :

of emitting €
dWsyn 2 : / V svi
= — ds | dE.

synchr power emitted by individual electron:
dEA 3B >

dv 67 m %

3
dTrm?

Vsyn —

[ J
“\“\iiiluipartitinn B (energy in B ~ kinetic energy) RU]'e Of thumb o

\
\\
\\
\\

\\
\\
,

constant B ‘\\‘\\‘ p e i Vsy 1l / 3

B in Gauss

B 2
Voyn = 4.2 MHz ( - )
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Spectrum of synchrotron emission
from region AQ :

Rule of thumb:

B in Gauss

et Vsyn/g
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=
o
)
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=
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=
O
a
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<
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B 2
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PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

We provide ingredionfs and recipes for compuiing signols of TeV scale Dok Maitor onnibilations and decoys.
Data and Resulls rom 1012.4515 [hep-ph] (and 100%,0224 [hep-ph)), from 1312,6408 [hep-ph), 1412.56%6 [asro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

If yau ute the dota provided on this site, nieasa cife:
M.Cirell, G.Corcella, A Hoktor, G.HOt:, M Koaastik, P.Fanci, M.RGiddl, F.3aia, A.Strumiaq,
"‘Dnm ~ ™~ ") ™ " - -
arXiv I8 Fluxes of Inverse Compton gamma rays:
E.mfu

Annihilation Decay
NMoihemarnico function: the file ICA D prevides the hverse Compron nalo functions  Mathematica function: the fle ICRec . m provides the Inverse Compton hale funclions
h{E;E Lb). hofEE D).

rRefer to tne notebook 3amale rb for usage. Reier to the notebock Sgmeole.ns for uscge.

Such notenoak contains alse a Mothematica code bite o campute the resuling K Such natebook cantains also o Mathematica code bite to camaute the resulting 1C
flue. flux.

Fluxes of bremsstrahlung gamma rays:

Annihilation Decay

Mcihemarico function: the file [BremAnagr srovides the sremsstrehiung halo Mathematica function: the file BremPRec.m provides the bremsstrahlung halo
unctions lbem(EgE, D). tuNCtions IemiEs E,hD).

Refer to the notebook Sample.~b fer usage. Reier to the rotebock Scmole.n for uscge.

Fluxes of synchrotron radiation:

Annihilafion Decay

Maithemarico function: the file BynAnaur provides the synchrotron hale functions Mathematica function: the fle SynDec m provides the synchrofron nalo functions
lynfEe, vi D). leremiEs Vil L.

Refer o e nalabook Samala.rb for usaga. Ralar lo Iha rolebock Sumuole.no for uscge.
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7Y from outside the Galaxy
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Indirect Detection: basics

7Y from outside the Galaxy
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7Y from outside the Galaxy

- isotropic flux of prompt and ICS gamma rays, integrated over z and r
- depends strongly on halo formation details and history






@
M
=
G
@)
z
P~







Flux of ExGal 7:
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Flux of ExGal 7:

dq)Eny e /
R
0

emissivities:
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Flux of ExGal 7:

dq)Eny e /
R
0

emissivities:

o
——5

P

cluster boost

C

3,577’1,,0

(ﬁ(Z)

Mpwm
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(1 + 2/)* A
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dEe Ne iy
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Flux of ExGal 7:

dorey L
B H(z 1—|—z) A
0
emissivities: ; N f
) QQ(MDM) > g
Mp
PI%MB E’ ~d 1 p(z") 2
) - / o, el gy (7)),
E. i
cluster boost i

A
G- /.dM M-f e(M,2)

minima1 Nalo mass fct

halo (number of halos
mass with mass M
at redshift z)



Flux of ExGal 7:

X9
dPrGy :i/dzl 1 —B—T(E’wz’)
dE., B H(z")(1+ 2')* A7
0
emissivities:
CEED - @ (1)) s
= = o
2 Mpu) & 1 dE,
MDM MDM
PRIB(EL _ dN, 1 p(z)\’

— 92 dE. g / = ( ) ov
D - | iy | g () Y
cluster boost
G - - (R £ (01, 2)

concen-
minimal halo mass fct tration
halo (number of halos fllIlCtiOI‘l
mass with mass M

at redshift z)




absorption

Flux of ExGal 7:

D - @ () S
—r ov
2 Mpwm 7 / dE!
Mpm Mpum
PCMB E,,Ee,zl i A 9
G- | oDt [ iy ()Y s,
& bIC (Eevz ) e dFE. 2 Mpn
cluster boost A A
i 1 —|_ 0 C / dM/\/- :éi
- 31077?/,0 Mo - 3
concen- E
minima1 2alo Mass fet  tration
halo (number of halos function U
mass with mass M

at redshift z)

Redshift z



Varying:
minimal halo mass

Ann DM DM - bb Mpy = 100 GeV

(ov)=10"2%cm’/s
C(M) = Maccio

UVbkg = realistic

£}
»
~
=
L2
>
(D]
<)
82}
2
=)
o
]
)

10—10
104 1073 1072 107! 1

Gamma ray energy E [GeV]

£
7]
&
=]
O
~
>
L
O
e
53|
)
=
=
o
(e}
Ey

concentration param

Anmn DM DM - %7~
(ov)=10"2%cm’/s
UVbkg = realistic

—_10-6
1‘4min_10 MO

C(M) = powerlaw
— — — CMM) = Maccio

102 107! ! 10 10
Gamma ray energy E [GeV]

B}
%)
a
=
2
>
(]
<)
5
=
=
o
N
53]

UV absorption

€ Dec DM - it i3
1075 D ——

MDM =100 TeV

D UVbkg = no UV

UVbkg = realistic

10 102 103 10* 10°

Gamma ray energy E [GeV]

Bottom line: ExGal gamma rays are affected by uncertainties
of a few order orders of magnitude due to cosmic

history, for annihilations.

Much less for decay.
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PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

We provide ingredionfs and recipes for compuiing signols of TeV scale Dok Maitor onnibilations and decoys.

Data and Resulls from 1012.4515 [hep-ph] (and 1009.0224 |hep-ph)), from 1212.6408 [hep-ph], 1412.56%6 [asiro-ph.HE], from 1505.0104% [hep-ph] and from 1511.08787 [hep-ph]
If yau use the dota provided on this site, niease cife:

M.Cirel, G.Corcella, A.Hektor, G.HOt:, M.Kodastik, P.Fanci, M.RGiddl, F.3ala, A.Strumia,

"PPPC 4 DM IC: A Poar Parlicle Physicizt Caokbock for Dark Matter Indiract Datection’,

arXav 10124515, JCAF 1102 12011 051,

Ematum: JCAF 1210 (2012) EOI.

Fluxes of extragalactic gamma rays:

Cosmological Boost focior B: Mathemaotico tunclion Aonstbm, rater ta the notebaok Sample.nb tor usage.

Optical Depth of the Universe: fransparency factor Exp|[-r] fox gomma rays: Mothemaotico function Dol colDephom, refer io the notenook Somple.nb for usage.
Annihilation

Decay
Moithemanca lunclion: the fils EGganmalluxane.m pravides the specha Log)e [d

Mathemaltico funclion: ihe file EGgommaliuxDec.m provides tha spacira Log)p 4
dldlecginE . id Logn £ ].
Refer 10 Ina notebook Scmple.rt for uscge. Refer 1o the rotebcok Sample.na for usage.
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i, HESS, radio telescopes













)

s W Z bt h. &y D L.

”

primary final
channels products
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V. primary spectra v, primary spectra V¢ primary spectra
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SO What are the 1. Dark Matter mass
particle physics 2. primary channel(s)
parameters? 3. annihilation cross section o,




7 from DM annihilations in the Sun

Earth

Include oscillations + interactions:

- reshuffling of the 3 flavors
- distortions the spectra
- attenuations of the fluxes
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basics: DM particle scatters with nuclei and loses energy
if vy < vesc Particle is gravitationally trapped
it spirals to center of body and accumulates

annihilates
Vhalo =~ 270 km /s

Vesc.0 = 620 km/s
Vese. =~ 12 km /s
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basics: DM particle scatters with nuclei and loses energy
if vy < vesc Particle is gravitationally trapped
it spirals to center of body and accumulates

annihilates
Vhalo =~ 270 km /s
Vesc.0 = 620 km/s

Vese. =~ 12 km /s

/ Ca/ 5 Oann 75 <UU> (GN MDM /0®>3/2

i I‘(:apt N nn 1 Vi
0
12 t
alf) = 4f ™ tanh | - i
Cann T \/Fcapt Oann
I' t
Cann(t) = =22 tanh? ( =

The main physical parameter is: O )y (DM-nucleon scattering cross section)



basics: DM particle scatters with nuclei and loses energy
if vy < vesc Particle is gravitationally trapped
it spirals to center of body and accumulates

annihilates
Vhalo =~ 270 km /s
Vesc.0 = 620 km/s

Vese. =~ 12 km /s

equilibrium attained: / /
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<UU> GN MDM 5 -
i

1
: \/Fcapt Cann
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The main physical parameter is: O )y (DM-nucleon scattering cross section)
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A.Gould 1987, 1988, 1990
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A.Gould 1987, 1988, 1990

number
density

scattering probability:
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A.Gould 1987, 1988, 1990
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scattering probability:
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Spin Independent DM capture rate in the Sun
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Effects of the medium:

1) light hadrons (r, K...) and leptons (u) are stopped and decay at rest
&) heavy hadrons/leptons lose some energy before decaying
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1) light hadrons (r, K...) and leptons (u) are stopped and decay at rest
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vacuum mixing:
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vacuum mixing: matter effect (MSW):
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NC scatterings




www.marcocirelli.net/PPPC4DMID.html

PPPC 4 DM ID - A Poor Particle Physicist Cookbook for Dark Matter Indirect Detection

We provide ingredionfs and recipes for compuiing signols of TeV scale Dok Maitor onnibilations and decoys.

Data and Resulls from 1012.4515 [hep-ph] (and 1009.0224 |hep-ph]), from 1312.6408 [hep-ph], 1412.56%6 [asiro-ph.HE], from 1505.01049 [hep-ph] and from 1511.08787 [hep-ph].

If yau use the dota provided on this site, nieass cite:
M.Cirell, G.Corcella, AHektor, G.HOt:, M Koaastik, P.Fanci, M.RGidal, F.3aia, A.Strumiaq,
"PPPC 4 DM IC: A Poar Parlicle Physicizt Caokbock for Dark Matter Indiract Datection’,
arXav 10124515, JCAF 1102 2011, 051,
Ematum: JCAF 1210 (201Z2) EOI.

DMy ; Nevutrinos from the Sun:

DM annihilation raie in the Sun: rMathematico funchion SammaAnn.m, refer o the norebock Sampla rb for usnge.

Neulrino energy specira al production: Mathematica funclion dirnudixEw,, refer to the netebeox Samplens “or wsage.
(03 jon 2005) Warning: some BEoas an these lies have D2en Srought 'o our oltenton, we are working 'o bx therr

Neukino energy specihra at detection: Molhiemalizo funclicn diNoad xEasihum, r2'an te ine notebook Somale b for usage.
(63 jun 2015] Wamning: some Buas in these flies have been brought 1o our oftention, we are waorking to fix them. Scrry for the incanvenience.

ooy for the noconvaenence.



http://www.marcocirelli.net/PPPC4DMID.html
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Indirect Detection: basics

d from DM annihilations in halo




Indirect Detection: basics

d from DM annihilations in halo




Indirect Detection: basics

d from DM annihilations in halo
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Indirect Detection: basics

d from DM annihilations in halo
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You need a quick reference for formulsee and methods
to compute indirect detection signals?

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, Samma rays...
but you don’t want to mess around with astrophysics?



You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

‘The Poor Particle Physicist Cookbook
for Dark Matter Indirect Direction’

PPPC 4 DM ID

We provide ingredients and recipes for computing signals of TeV-scale
Dark Matter annihilations and decays in the Galaxy and beyond.

Cirelli, Corcella, Hektor,
Hutsi, Kadastik, Panci,
Raidal, Sala, Strumia 1012.4515 [hep-ph]

www.marcocirelli.net/PPPC4DMID.html



http://www.marcocirelli.net/PPPC4DMID.html
http://arXiv.org/abs/1012.4515

You want to compute all signatures of your DM model in

positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

Propagation functions for electrons and positrons everywhere in the Galaxy:

Energy loss coelfficient funclion b[E, v, 2] “or c'ecrons and posit-ons in the Galexy: Mathemonca funclion b.m, refer 7o the notekbock Sap cnb for usege.

Annihilation Decay

Postrons: The fle ElecronHo oFunctGalexyAnn.m provides the halofunctions Positrons: The file ElectronHaloFunc GalaxyDec. m provides the halo funcions
I'%.Eo.r.z) at apant frz) in tha Galaxy. Ifx.Fyrz) atapaint (0,2] In the Galaxy
“he notebock Samp =2.nb shews how ¢ oed ond use it, Ihe nerebeok Sample.nk shows how lo load and uze i,

Propagation functions for charged cosmic rays at the location of the Earth:

Annihilation Decay

m provaes he hale lunciens Fosit-ons. hete | clEarthDecamn provicdes ‘he hale tunchions
'%.Eerzorg] ot the location of the Earth.
The notetook Sample.nb shows how 7o locd and use 't

Positrens: The e nHD “tre
i%.Eerzonn) a7 The location of the Earth.

The notebook Sample.nb shows how to load and use: it

leble o ir coetcients tor the reduced halo tunclion ifA)

leble o it coetlicents tor the reducee hale tunclion ifA)
(0 he copradmeted formalism  see pager).

(n “he epproximated formalism  see paper).
Antiprotens: Ieble ¢ it coetlicents tor the progagetion uncicen R{T). Antprerens:  Ieble o it coetoients o the propegaton tuncien R{T).

Anlidautarons: Table of it coafficants for tha propaaation ‘uncian R[T). Antdeutarons: Table of /it coaffziants for tha propagaton functian RT).

Fluxes of charged cosmic rays at the Earth, after propagation:

Annihilation Decay
Postrons: Mathemadhice ‘uncion: the filg Elect-onFluxAnn.m provices the Fositrons: Mathemafica funcion: the fle ElecronFluxDec.m provides -he

www.marcocirelli net/PPPCADMID html



http://www.marcocirelli.net/PPPC4DMID.html

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

Main added value features:

compare different MCs

include EW corrections

improved e~ propagation


http://www.marcocirelli.net/PPPC4DMID.html

