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Abstract: An electroweak singlet coupling through the Higgs portal has a natural mass scale $m_Ssim m_h$. In this mass range its annihilation cross
section is dominated by proximity to the $W$, $Z$ and Higgs peaks. Analysis of the $gammas$ ray signal from electroweak singlet annihilation in
the mass range $80,mathrm{ GeV}<m_S<1,mathrm{ TeV}$ indicates that it can reach the per mil level of the EGRET diffuse $gamma$ ray flux,
providing a potential new test of dark matter.

Pirsa: 08060152 Page 1/35



Electroweak Singlets

l s e l O ) 1
L= —:;(-’)_“b{-')}ib ~= SI??’_;*b_ =3 DJ”H'D'“H

2

\ P
—HHH—(HH—)
4 ),

W
Higgs // 7 Standarg
Portal ?L Model
N .
N\ T
b




Flux from the Galactic

Halo

Majorana S
Counﬁ:.,g factor B dN(E. L E;,.) 1 do fragmenta
numbe / 5o ,
dFE odE functio
' ' 3 I/r'z_z('f') d_\.'( E.2mg) ov — annihilation cross-sect
= 35 = 5 X times relative speeq
dr|ry — 72 dE 47 st




Flux from the Galactic

Halo

Majorana

counting factor number density / s ?EE n) _ 1 rj; Frn?urr::r::
(1 a0 (
' ; 3 ,{/n_z('F) d_'\;r( E.2mg) ov — annihilation cross-sec
7] = arT = = A _ times relative spee(
diry — 7? dE 47 sr :

( Te'\') > dN(E,2ms) ov
- X
me

dFE cm® Sr




Flux from the Galactic

Halo

Majorana NI ¥
counting factor number density b ) L Fmg'“'z“fﬂ
##,ff’”* dE odE functio
: ‘ o oo Vr“e‘:(??) {L'\{'( E an.s) Ol — annihilation cross-sec
X = a’r —lT'l[,F P X J1E P times relative speef
i o ;
!—' isothermal core
"TeV X2  dNCE Bne £ x 10
(Tﬂ\' dN (E,2mg) ov X 1.20 X
B p. 4 - ;
\ Mg dE cm® ST x1.95 x 10**

NFW profile




Flux from the Galactic

Halo

Majorana

é i 5 "l . T 1 (4
counting factor number density / N J?EE 2 ij_; Frugun:-:::
(1 a0
: ; 3= vn? () dN (E,2ms) ov — annihilation cross-sec
7] = F = X _ times relative spee
| ot i dE 47t st :

I—' isothermal core
( TC-Y) : dN (E,2mgs) ov x1.20 x 10**
> % : | |
dE cm® Sr %1.95 x 10+

. Mg

NFW profile

D 4




Model-independent

Bounds
Unitarity B> ok” < 47




Model-independent

Bounds
Unitarity B> ok” < 4w

:> < 440 x 107 cm? ( TeV )J 100 km /s
ov < 4.40 x " — _ 1

> § nmng , l




Model-independent
Bounds

> ok’ < 4n

:> ov < 4.40 x 1(

Unitarity

EGRET

Diffuse photon
background

J

o
_1g€m

TeV

S

|

ms

) - 100 km /s



Model-independent

Bounds
Unitarity B> ok* < 4w

:> < 4.40 x 10~ l{m (It\) 100 km /s

-

EGRET

Diffuse photon vl =
background

. - — 2535 10,21 W) (TeX




Model-independent
Bounds
Unitarity BB> ok? < 47

:r> < AAD > 1= cm® ( TeV )J 100 km /s
av = +3U X =i o

m {

EGRET

Diffuse photon y O o i
background

— \
( 100 GeV /




0 G

Cross-Sections



nh 0O onh O

(N

Cross-Sections

- H } VOSS—hh
P

Jj

5 T
> VMg — Mmp“
5

16mms:
> Y 9\ 9
(2ms +m;)”°
i - '

(dms? — mp?)? + mp2T,2



Cross-Sections

nh 0 nh O

. H
.“‘."‘ H 9 \r’ f.?.,.h:.'j — I?ihi
VOSS—hh = N : 3
H 16mmg3
'..._. [ ¢ 2 272
H (4ms? — mp?2)? + mp?Th>

| o o
I TR — M
>V S W/Z

i VOSSW/ZW) =N :
S o i W,Z SS—W/ZW|Z ] Arm3.
i"-_l s g

~=3 2.4 2 2 :
> WLZ Sy, 7 — Ay, ;M + dmg

X

)

7 ] 0y \ ) o |
(4mg — m )~ + r??};r.ﬁe'

(N
|




Cross-Sections

U0ssS—hh —

VoSS W/ZW)
~W.,Z SS—W/ZW/Z
- WLZ

o
| |
. Il s
= 3
- 5
&

y )
2 vV f?i:_,_‘h = frih-
3

dj . -
16mms

3 9\ D
(2ms +my )”

X : =TT . =
(dms? — mp2)? + mp2L2

y - >3
vV mg — My,
== :
4171?1‘;}

& » “y {
._imtii- 7 — 4mg,  ,ms +4mg

p

f . ¥y g 0y
(dmg — my )= + my'i-
- S
. N.m7%

Armg”

o)

\ <= —'H}{:




Annihilation Signals
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> Enhancement of Signal due to
a) W,Z channels
b) Proximity to Higgs mass
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Photon Flux
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Freeze-out Criteria
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Summary

Intermediate-mass electroweak singlet dark matter
yields potentially interesting modifications to the
cosmic-ray flux

Leading-order annihilation cross-section enhanced due
to proximity of W, Z, and Higgs masses (>20% of EGRET
if all dark matter is in a single electroweak state)

Few parts per 1000 enhancement due fo thermal
creation if there are enough species of electroweak
singlefs

Signature is the excess photon flux over expected
cosmological background correlated with galactic halo



