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Focus on WIMPS

@ WIMP relic abundance is driven by
PTOCESSES : [see also G. Gelmini talk]
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PTOCESSES : [see also G. Gelmini talk]
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Annihilation-Scattering and Production

[see also J.D. Pearce, Loer B., Selvi M., Horn M., Farnier C. talks]
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Annihilation-Scattering and Production

[see also J.D. Pearce, Loer B., Selvi M., Horn M., Farnier C. talks]
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Annihilation-Scattering and Production

[see also J.D. Pearce, Loer B., Selvi M., Horn M., Farnier C. talks]
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Annihilation-Scattering and Production

[see also J.D. Pearce, Loer B., Selvi M., Horn M., Farnier C. talks]

Belanger '13

10— f
10 20 30 4 m, (FeV) -
my (Ge X y
= P m% ( \
‘% 10\ u\ ]
é 10" o
- 5 3 DM f
S 1o, Comparison withround-based Teleicopes (i)
e e
10 i v VERITAS Seque | 50 hours
22| HESS Galacl Conter
. Z ¢ B ey >
10 3

0*| Drlica W. Fermi;
Symposium 12 %,

wgXenon 100 '12

‘ z
678910 20 30 4050 100 200
WIMP Mass [GeV/c?) =

'SD WIMP-proton cross section [cm?]

10#
107

ws|  4vears 100 hours
107 s
-  covP , 10*
1 S ) Preliminary
_pxenon 100%13-... .- w7l & T a——
10 10' 10° 10° 10° Mass (GeV)

WIMP Mass [GeV/c?]

Thermal Relic Cross Section

Dark Matter: new ideas? September 20, 2013 3/20




Summarizing : testing WIMPS
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[see also-S. Galli talk & Piseussion]
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Summarizing : testing WIMPS
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[see also-S. Galli talk & Diseussion]
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Summarizing : testing WIMPS
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[see also-S. Gallitalk & Discussion]
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Any (not very new) idea of how to break the links ... ?

Sure!!

We need to break (ov) o> (0V)today > Odirect,coll J

velocity dependent annihilation
richer DM sector with coannihilations (Griest & seckel *90]
annihilation near thresholds and resonances (Griest & Seckel *90]

annihilation into light mediators
(Sommerfeld enhancement (sisano ‘04, cirenti 051, secluded DM (pospelov 077)

@ Non WIMPS : FIMP, asymmetric dark matter, axions
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..but still give to smoking gun evidence for DM ?

[see also M. Taoso talk]

like e.g. sharp spectral features, such as lines, in the gamma ray spectrum :

1 dQ 5 {TVYam de
0 = AN df(w)px(r){[ 2 deyH

Particle physics input
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Introduction

..but still give to smoking gun evidence for DM ?

[see also M. Taoso talk]

like e.g. sharp spectral features, such as lines, in the gamma ray spectrum
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Sharp Spi

Sharp Spectral features

Gamma ray lines & Bremsstrahlung emmission
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Sharp Spi

Gamma ray line : where do we stand ?

Naively neutral DM ~ ~ through radiative X SMox 7
process SM
<O'V> oy «a 2] i X SM X v
~ <_) ~ 10 Tulin*12
(oVv)An 7r
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Sharp Spectral features

Gamma ray line : where do we stand ?
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Sharp Spe

Gamma ray line : where do we stand ?

Naively neutral DM ~ ~ through radiative X SMox 7
process SM
2 X SM X v
ov o}
E i“w ~ (*) ~107° Tulin *12
OV)An m
For WIMPS, one can argue 5 10%
>E HESS Einasto
— — A o Fermi-LAT Einast
(V) an ~ 1072 cm’/s=> (ov) ~ 107 cm’/s 2 S s III
. 1026
Beyond the reach of current experiments ! 3 I
oo
. S0l ii% I
Any idea of how to enhance (ov).~ ? v i !
" i !
. oy e . 1028
@ velocity dependent annihilation 2 " i
@ richer DM sector with coannihilations 102 i_z L L ‘
10 10 1 10 m, (TeV)
@ annihilation near thresholds and resonances w13
€8s
[see e.g. Jackson’09, Lee *12, Tulin *12, Cline "12...]
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Sharp Spectral features

What about Bremsstrahlung ?

[Bergstrom’89, Flores et al’89 and also Bringmann *08+, Ciafaloni *11, Garny " 11+ ]

Well known case of a Majorana Fermion xx — ff

° ov=a+h? L . A

A
Yy

e aterm :s-wave spin 0 = =

A. Ibarra Moriond *13
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Sharp Spectral features

What about Bremsstrahlung ?

[Bergstrom’89, Flores et al’89 and also Bringmann *08+, Ciafaloni *11, Garny " 11+ ]

Well known case of a Majorana Fermion xx — ff

e ov=a+ bh?

o aterm :s-wave spin 0 o< (my/m, ) -
e bterm :p-wave spin 1 v

f oo
= =
_h R
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Sharp Spe

What about Bremsstrahlung ?

[Bergstrom’89, Flores et al’89 and also Bringmann *08+, Ciafaloni *11, Garny " 11+ ]

Well known case of a Majorana Fermion xx — ff

e ov=a+ bh?

o aterm :s-wave spin 0 o< (my/m, )
e bterm :p-wave spin 1 v

@ p-wave term seems suppressed today : <

(?)f5 ~ 0.2 while (v?)gc ~ 1076
but dominates over s-wave o (my/m, )

m, = 100 GeV = m ~ 1072 (f=e)
= <O'V>GC ~5- 1076<O'V>f,, ~ 1073 em?/s

hopeless for indirect detection ? ?
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Sharp Spectral features

What about Bremsstrahlung ?

[Bergstrom’89, Flores et al’89 and also Bringmann *08+, Ciafaloni *11, Garny " 11+ ]

Well known case of a Majorana Fermion xx — ff

e ov=a+h? i ] i
o aterm :s-wave spin 0 o< (my/m, ) T = =
e bterm :p-wave spin 1 v —
@ p-wave term seems suppressed today : < % M S T >
(?)f5 ~ 0.2 while (v?)gc ~ 1076 = = =

but dominates over s-wave o (my/m, )

_ a ~ -5 _

my = 100 GeV = b ~ 1075 (f = o)

= <O'V>GC ~5- 1076<O'V>f,, ~ 103 em?/s BRAVAVAVAVAVAV
—

hopeless for indirect detection ? ? = —

A. Ibarra Moriond *13

Not hopeless ! Can get significant signal from yy — ff !
(s-wave spin 0 - but suppressed by 3bdy & extra coupling)
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Models

Simple models
with significant Bremsstrahlung emission
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Models

Significant bremsstrahlung : in which models ?

DM = Majorana x
[Bergstrom *89+]

LD gl(I)TXlR + h.c.

Z i x— —x,®—> -

N
- r=

\—A‘_,_’n

55
It

g? vool+A4

ovitly = e~ ME (T4 72y

p-wave suppressed (o< v? for my — 0)
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Models

Significant bremsstrahlung : in which models ?

DM = Real Scalar S

[Barger’11, Toma ’13, Giacchino, LLH& Tytgat’13]

DM = Majorana x
[Bergstrom *89+]

LD gl(I)TXlR + h.c. LDy S \TJIR + h.c..
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Models

Significant bremsstrahlung : in which models ?

DM = Real Scalar S

[Barger’11, Toma ’13, Giacchino, LLH& Tytgat’13]

DM = Majorana x
[Bergstrom *89+]

LD gl(I)TXlR + h.c. LDy S \TJIR + h.c..
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p-wave suppressed (o< v? for my — 0) d-wave suppressed (o< v* for my — 0)

Laura Lopez Honorez (TENA-VUB) Dark Matter: new ideas? September 20, 2013 11720




Models

Significant bremsstrahlung : in which models ?

DM = Real Scalar S

[Barger’11, Toma ’13, Giacchino, LLH& Tytgat’13]

DM = Majorana x
[Bergstrom *89+]

LD gl(I)TXlR + h.c. LDy S \TJIR + h.c..

Zy i x—=—x,o— -9 Z, : S—= =S¥ — —-"v
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.
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) N I '} s ___1 5
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X7 48n M2 (1+ ) Vils = Gon M2 (1+ )
p-wave suppressed (o< v? for my — 0) d-wave suppressed (o< v* for my — 0)

@ DM DM — Il is chirally (o< (my/Mam)?) or velocity suppressed

@ Annihilation processes show a dependence in r = Mnizp/Mam > 1
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Models

Significant bremsstrahlung : in which models ?

DM = Real Scalar S

[Barger’11, Toma ’13, Giacchino, LLH& Tytgat’13]

DM = Majorana x
[Bergstrom *89+]

LD gl(I)TXlR + h.c. LDy S \TJIR + h.c..
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p-wave suppressed (o< v? for my — 0) d-wave suppressed (o< v* for my — 0)

@ DM DM — Il is chirally (o< (my/Mam)?) or velocity suppressed
@ Annihilation processes show a dependence in r = Mnizp/Mam > 1

@ Atf.o. (ov)uls/{ov)uly <,0.16 ~ larger Yukawas for S to match Qap
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Models

Sharp spectral feature

DM I DM / DM : !
NLZP ‘ ,ZZ NLZP 7 NLZP\‘ 7
DM ‘ /' pum ‘ r\H\' f DM AAAY;
final state radiation final state radiation Virtual Internal

Bremsstrahlung
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Models

Sharp spectral feature
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Sharp spectral feature

DM I DM : / DM : !
‘ | |
NLZP H,’L NLZP V\H\' NLZP| 7
DM ‘ I DM \ fobm [MMV]

final state radiation final state radiation Virtual Internal
Bremsstrahlung

The ~ spectrum NI ' ' '
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dN,yU . Mam dO’wl 3k
dx O'-y[[ dE-y 5 25 F
E M N
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asafnofx—Mdm and r = Mo s
@ peaked at £, ~ Mgy, forr — 1 ik
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[see also Barger’11] 0 . 0‘.1 .
X
~» “v line”-like feature with Bremsstrahlung emission )
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Models

Enhanced (ov).;/(ov), for Scalars
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Models

Enhanced (ov).;/(ov), for Scalars

s a F(r)
(o V>wll X Ydm 3072 Mﬁm

Even at f.o. [Giacchino, LLH & Tytgat’13]
@ Majorana DM : (ov),; < (ov)y
@ Real Scalar DM : (ov) i ~ (ov)y

(av)n/lovin

REAL SCALAR

=4
o

.

At the time of f.o0. assuming (v2) ~ 0.24

Relative enhancement of ~ 50 of the Bremsstrahlung signal for scalar DM ? !
Let us check including v and yZ contributions and relic abundance comput.
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Combine Il with yv,vZ

DM /
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Combine Il with yv,vZ
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Models

Combine Il with yv,vZ

oMo S, .
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Normalized ~y spectrum

Scalar and Majorana DM with Mgy,=100 GeV and r=2.0
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Which configuration is favored by data ?
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Models

Coupling to one single leptonic family
Experimental constraints
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Viable param. space for coupling to eg : Scalar vs Majorana

DM . DM

—e— €
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Models

Viable param. space for coupling to eg : Scalar vs Majorana
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Models

Viable param. space for coupling to eg : Scalar vs Majorana
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Allowed (ov). for relic abundance

1025

1026

1027

1028

ovy [em¥/s]

1020

1030

Scalar DM Majorana DM
Smmana — T ——T T 10'25?-“‘1 — T — .
E 1 102 £ 1
E. » E
E - o 1027
E e E
£~ L2, Fr
L 01 2102 r=1.5 R
E o E r=1
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when ov o y* dominates ~ larger y for S (due to d—wave)
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Models

Allowed (ov). for relic abundance

Scalar DM

Majorana DM
1()'25?HHT T T —TTTTTT 1025 g
1028 1 102 £ 1
» N @ [
o 4927 E o 1927
£ E £
2, F L, F
E‘ 1028 0.1 >§ 10728 0.1
8" ¢ 8 -
[ Fermi LAT GC ——— L r=2 ot
0% F HESS — — 3 0% & HESS — — 3
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F GAMMA-400 — = = F GAMMA-400 — - —
1080 Louul P Ll P 0.01 1090 bviil | P 0.01
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e when ov  y* dominates ~~ larger y for S (due to d—wave)
~ larger (ov).; (modulo the r suppression).

pez Honorez (TENA-VUB) Dark Matter: new ideas? September 20, 2013 17720



Models

Allowed (ov). for relic abundance

oy [em/s]

Scalar DM Majorana DM
1025 T T T T T 1025 T T T T T
/\v
1026 4 1 1028
r g »
10?27 A 4 C‘E 1027
A S
- > 028
1028 E 01 10
o
Fermi LAT GC =———
. 4 29
102 HESS — — 10 E
GAMMA-400 — - —
1090 0.01 10730
102 108 10
Mg [GeV]

@ when ov o y* dominates ~~ larger y for S (due to d—wave)
~ larger (o), (modulo the r suppression).

© Majorana DM : (ov)7ji* well beyond current and future experimental

1imits, need extra bOOSt [ see also Bringmann’12,Bergstrom’ 2]

@ Scalar DM : <0v>‘$ﬁx can be larger by up to 2 orders of magnitude
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Worked example - Relevant for E, ~ 130 GeV Fermi-LAT excess ?

e Hint for y-ray signal at E, ~ 130
GeV at the GC could correspond to

o Mgy ~ 130 GeV ~+ signal
[Weniger’12]

o Myy ~ 150 GeV ~ff signal

[Bringmann et al’12]

e First yff analysis concluded that
thermally produced DM could not
account for a signal involving
ov ~ 6107 cm’/s
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Worked example - Relevant for E, ~ 130 GeV Fermi-LAT excess ?

Scalar DM Mg=150 GeV'

1027 T T T T T T

e Hint for y-ray signal at E, ~ 130
GeV at the GC could correspond to

1028 |

o Mgy ~ 130 GeV ~+ signal
[Weniger’12]

o Myy ~ 150 GeV ~ff signal

[Bringmann et al’12]

1090 |

<0v>y dN/JE, [cm?/s/GeV]
%

103!
0 20 40 60 80 100 120 140 160 180

e First yff analysis concluded that (Giacchino, LLH & Tytgat] Ey[GeV]
thermally produced DM could not
account for a signal involving
ov ~ 61072 cm’/s

Fermi data ———

Background
VIB+FSR+Background
VIB+FSR

Y

This is indeed the case for Majorana
DM, but real scalar DM can do the job

[Toma’13, Giacchino, LLH & Tytgat *13 ] 107 0 T
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Conclusion

o WIMP DM models are getting more and more constrained by direct,
indirect and collider searches. Still, using (not very new) ideas such as
velocity dependent ov, coannihilations, etc, there is still room for DM
interesting phenomenology possibly giving rize to smoking gun
evidences for dark matter.

o Of interest for gamma ray searches, simple models involving real scalar
S (or Majorana x) DM coupling to charged SM fermions through :
LDy SWIg+he (or Dg x®lg+ho)
o have a d-wave (p-wave) 2-body (ov) in the chiral limit

e have significant bremsstrahlung emission through s-wave process
especially for ~ degenerate dark sector masses.

In the case of real scalar dark matter (ov);/(ov)y can be ~ O(1) and viable
scenarios accounting for Qqm give (ov).; up to two orders of magnitude
larger than Majorana DM within the reach of present and future experiments.
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Conclusion

Thank you for your attention ! ! ! )
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Enhanced (ov).;/(ov), for Scalars

o F()

0.1
@ the extra v emission lifts the chiral
SUppPIression in S-wave (Bergstrom'so]

F(r)

001}
@ universal F(r) dependence arger11]

0.001

1.0 1.5 20 2.5 3.0
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Enhanced (ov).;/(ov), for Scalars

a F(r)
3272 Mczim

(V)i X Yim

o the extra v emission lifts the chiral

. K 2 oo
SUpPpPression 1 S-wave [Bergstrom’s9] E
g
@ universal F(r) dependence sargeri1
0,001
BUT even at f.o. [Giacchino, LLH & Tytgat’13]
10

@ Majorana DM : (o) < (ov)y
@ Real Scalar DM : (ov) i ~ (ov)y

REAL SCALAR

.

5

At the time of f.0. assuming (v*) ~ 0.24

Relative enhancement of ~ 50 of the Bremsstrahlung signal for scalar DM ? !
Let us check including v and yZ contributions and relic abundance comput.
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CMB constraints on DM
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This is really the end )

Dark Matter: new ideas? September 20, 2013 24 /20



	 Introduction 
	Sharp Spectral features
	Models
	Models
	Conclusion
	Conclusion
	Backup
	Annexe
	Backup


