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Baryons

Big Bang Nucleosynthesis
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Baryons

Blg Bang Nucleosynthesm Lyman & Forrest
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Electroweak Baryogenesis
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Dark Energy
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Dark Energy
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The Cosmic Concordance Model
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Properties of Dark Matter
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The Standard Model
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Supersymmetry
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Why Supersymmetry?
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Gauge Coupling Unification at Mgyr ~ 2 X 10'° GeV

Extension of Space-Time Symmetry

Gauge Coupling Unification :

Hierarchy Stabilization

(Super-) Gravity

Consistent String Theory

Dark Matter
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Conservation of R-Parity
e superpotential:  Wyssm — War + Wag
e non-observation of L & B violating processes (proton stability, ...)

e postulate conservation of R-Parity <+ multiplicative quantum number

(41 for SM, H,, H, )
\(_1 for )A(: — superpartners)

SUSY; / SM|
SUSY, Y, SUSY \
R-Parity ™~ sm i SM;

The lightest supersymmetric particle (LSP) is stable!!!
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Supersymmetric Dark Matter Candiates
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Boltzmann Egs. for WIMP freeze out
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vV LSP Dark Matter: Production, Constraints

LSP interaction production constraints
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LSP Dark Matter: Production, Constraints

LSP interaction production constraints
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X} LSP Dark Matter: Production, Constraints

LSP interaction production constraints

_ N-0h? = meo Y 5(Tp) h?
%1 g, g WIMP « cold X(l)h U, (To) h*/ pe
_ _ )
weak freeze out — .tfn.l.B.T_lo’ A.O__ 0, "> 0
2000 ¢ (03,2 = 0.1057302) ]
1000 | R
500 | 7
U 200} g
Qoo = Qpn 1s possible!!! o /
X1 S i é i
100 ¢ /
50 : 71 LSP
. /g
—HX // E
01 & /&
= I’ =
10 b S S N
10 200 500 1000 2000 5000

mllg [GEV]

Frank D. Steffen (Max-Planck-Institute of Physics, Munich)




Neutralino LSP Case
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Xi LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints experiments
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Cross-section [pb] (normalised to nucleon)

Upper limits on the
neutralino-nucleon
interaction strength
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Xi LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints experiments
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Neutralino DM Production at the LHC

4 )
Neutralino
SM Particles
. Neutralino
SM Particles Reoari .
-parity conserving
The signal : jets + leptons +
[from B. Dutta’s Talk, SUSY 2007]
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Collider Searches
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Warning
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Things might turn out
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Other well-motivated candidates

!

Extremely Weakly Interacting Particles (EWIPs)
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spin 0 1/2 3/2
mass | <I0meV ) eV-TeV
\ int. oc(p/fa)" o<(p/fa)" oc(p/Mp)" )

[Talk by Jihn E. Kim]
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[Raffelt, '06]
Bounds on the Peccei-Quinn Scale

Bounds from Axion Searches
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[Raffelt, '06]
Bounds on the Peccei-Quinn Scale

Bounds from Axion Searches
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Bounds on the Peccei-Quinn Scale
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Bounds on the Peccei-Quinn Scale

Bounds from Axion Searches
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Extremely Weakly Interacting Particles (EWIPs)
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[Brandenburg, FDS, '04]

Thermal Production of

Axino Dark Matter

in the Early Universe
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Axino Number Density for f, > Tp > Tr 2> 10* GeV

e Boltzmann equation: time evolution of axino density n; in the thermal bath

dng dl'; . _ e -
o +3Hn; = C3 = / d>p - generation of a — annihilation of a
dt d3p
e collision term for a(p1)+ b(p2) — c(ps) + a(p): (Cotbscra € Cz)

3 d3
4 ¢4

z:1

X [|Ma—|—b—>c—|—d‘2fafb(1 + fc)(]- _ fd) — ‘Mc+d—>a—|—b|2fcf&(1 + fa)(l + fb)]

e phase space densities: f; — number densities: n; = [ (277)32 £ g: fi(E;)

a,b,and c: f; = ;" = fp/p = exp(Eil/T)qu : axino: fz ~ 0
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[Kim, ’79; Shifman, Vainshtein, Zakharov, ’80]

Axino Interactions <— Hadronic (KSVZ) Axion Models

e axino—gluino—gluon interaction:

(g

" 16n(f,/N

Lagg = ya%s [0 57 G,

Frank D. Steffen (Max-Planck-Institute for Physics, Munich) Dark Matter Computations



Thermal Axino Production in SUSY QCD

e A: g +¢° > §°+a

e B: g% + 3 — g° + a (crossing of A)

a
o
g /\
S

¢
a 666
¢ .
g g

e C:qi+9"—q;+a gi

e D: g° 4+ q; — G; + a (crossing of C)
o E: g+ q; — g* + a (crossing of C)
o F: g“+§b—>§C+a

~ ~a

X3

e G:q; +g" = qj+a qi\ a

e H: i+ 3"~ g +a

e I: ¢ + ¢; — g% + a (crossing of G)
e J: i+ "¢ — §* + a (crossing of H)

Frank D. Steffen (Max-Planck-Institute for Physics, Munich)

Axino Production in 2 — 2 Processes

process 1

6
Ml sasrly e

Al g*+¢*—=g+a

4(s + 2t + 25)| fabe)2

B|g¢g*+§"—g°+a

—4(t 4 25 + 25| fobe?

Cl @+g*—q+a | 28T

D | g°+q —q+a | —2T5%

E | G+aq —g*+a | —2t|T5
Flg+g =g +a 8(8 ;S;::) |fabc|2

G ¢ +9° —q; +a

—4(s + )IT5|?

H (ji—l—f]a—)(jj—i—&

2( —|—2s—|—25 )| T a2

| qi+qj—>§a—|—&

—4(t+ BT

J| G+q¢—g*+a

2(5 + 2t + 2L)|T4[?

B, F, G, & H: Logarithmic IR Singularity
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e Separation of Scales:

-

gl < AT +

g <1 [Braaten, Yuan, 1991]

e Soft Part: Axino Self-Energy

— eff. HTL resummed propagator

(e Hard Part: Relativ. Kin. Theory

— bare propagator

dl; Im3(E + ie, p) dr- 1 [+
B = fr(E) o :_/ _IM[*(|p1 — ps| — A
Bp| (27)3 o paln Bp|, . 2 };[1 |M|*O(|p1 3 )
A T
— Asoft + Bln [gT] — Ahard -+ Bln [K]

g AN J
(. Thermal Production Rate: * complete to LO in g , * finite |, * indep. of A A
dl = dl'~ dl = 1
E TG =k 3G + B TG — Asoft + Ahard + Bln [_]
4P |10 in g d°P |of; 4°P |hara g
g J
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AXxino LSP Case

r = _ ~
Thermal a Production
fa/N = 10! GeV
o QI TR? = 0.113T5 515
% (@f
O,
-

excluded

107 107 107

mg [GeV]

[Brandenburg, FDS, ‘04]

see also [Covi et al.,’0l]

and [Strumia,’ 0]
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AXxino LSP Case

~

é ~ .
Thermal a Production

1011

0.021 E
QIPh? = 0.10579030 |

100
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4 Thermal Axino A
Production
g" 2 01 5
%@'§6< + ...
4 b § ~c ~N\
\E2 & Y,
inflation radiation dominated |mat.dom. A\ dom.
Pradoc @™ Pmatx a3 | pacc al
slow reheat e
roll phase
P a°
dark matter
- ’ 20%
o Standard
Model
N X particles
<d> o \
s 100.000 y to=14 Gy t
Te=? 10GeV | MeV leV To=273K T
reheating VVIMP  BBN LHC
temp. freeze CvB CMB ai
\_ out )
Frank D. Steffen (Max-Planck-Institute for Physics, Munich) Dark Matter Computations 4




4 Thermal Axino A
Production
ga 2 01 5
%@'§6< +
4 b & e )
\2 & y,
inflation radiation dominated mat. dom. /A dom.
Pradoc @™ Pmatx a3 | pacc al
- S S————— g
SIOW reheat of [Covi, Kim, Roszkowski, "99] 7 e ::e/rgy
roll phase | ]
0 = 2
pd)m a \:Jgia NLSP — LSP + SM dark matter
v %4 T<10 GeV \ | 20%
o SER ] Standard
PV REE X —
E miTi~ 20‘ \
<> 0 1 Xll B m/T  (time -)
s 100.000y to=14 Gy t
Te=? 10GeV | MeV leV To=273K T
reheating WIMP BBN LHC
temp. freeze CvB CMB a)
\_ out )
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AXxino LSP Case

Thermal a Production

10° fa/N = 10" GeV 3
10 2
@ -
w J
B 6 By
~ 10 excluded §
10° i i E
| | -
hot : warm : cold ]
4
10 1 1 ||||II= 1 1 ||||||l 1 1 ||||II= 1 1 ||||||l 1 1 ||||||l 1 L1111
107 107 107
mg [GeV]

[Brandenburg, FDS, ‘04]

see also [Covi et al.,’0l]

and [Strumia,’ 0]

~

~

FNLSP — a + 7

10 20 50 100 200 500 1000

my [GeV]

Frank D. Steffen (Max-Planck-Institute for Physics, Munich)

Dark Matter Computations



Probing axinos
experimentally 2?

l

If we are lucky ...




[Freitas, Tajuddin, FDS, Wyler, '09]

Stau Decays into Axinos
N [

mx [TGV]

TR e

Wpo=y®Q1Q2 Mg, =Mq =y(¢) = yfa/vV2 ]“tgl%%]“(fR%‘L'a)LL
Chiral multiplet U(T)pq (SUB)c, SUR)L)y
4 4 - m2 2\ 2
= ¢+/240+ Fob8 1 (1,1 B 8l € MM, g In2 Vfa
Q1=Q1+x/§Q19+F199 _1/2 (3a1)+€Q — 1287-[5(:0589 2 2~ .
Q2= Q2+ 2026 + F29 -1/2 (3,1, W fa mf ﬁmr
\Z ~ L J
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2010
LHC particle detector stau

proton proton

stau
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“Stable” Charged Massive Particle @ LHC

Long-Lived Stau NLSP
[from P. Zalewski’s Talk, SUSY 2007]
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2010 202? particle detector

LHC i ILC axino
particle detector stau ,\tau —
proton proton electron | [ /A\ positron
vV \V)
\ / / stau

. tau
additional %on
ctau detector

material axino

Probing f. @ Colliders

[Brandenburg et al.,’05]
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[Raffelt,'06]
Bounds on the Peccei-Quinn Scale

Is the value of
the Peccei-Quinn scale
inferred from axino
searches consistent
with astrophysical axion
bounds and results from
axion searches?

meV

’ Globularclusterstars(photons)

’ Excessradiation

z-
()
<

Laboratory

DN 1111100110111 1
@ E
< <
HotDM | ColdDM |
‘ < >
‘ ’ Burstduration ‘
4 )
\_ J

3
Q
SN 1987A’ Toomanyevents
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[Raffelt,'06]
Bounds on the Peccei-Quinn Scale

Agreement between
Axion & Axino Searches

meV

Strong Hint for the
Axino LSP

X
o
<

L0111 1L 1 L L
) =
< z
Telescope  [J) ADMX
HotDM | ColdDM |
| < >
‘ ’ Burstduration ‘
4 N
\_

Laboratory

’ Globularclusterstars(photons)

’ Excessradiation

SN 1987A’ Toomanyevents
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[Raffelt,'06]
Bounds on the Peccei-Quinn Scale

Agreement between
Axion & Axino Searches

meV

Strong Hint for the
Axino LSP

Axion DM & Axino DM
might coexist!

’ Globularclusterstars(photons)

’ Excessradiation

z-
()
<

Laboratory

-
ueV '
i
=
=
\ J
eV
3
3

SN 1987A’ Toomanyevents ‘ ’ Burstduration

3
)

Frank D. Steffen (Max-Planck-Institute for Physics, Munich) Dark Matter Computations



Extremely Weakly Interacting Particles (EWIPs)

g Extensions of the Standard Model )
Peccei-Quinn Symmetry & Supersymmetry
Ax‘fns \ AXxinos / G\m;vitinos
f.>10° GeV f.>10° GeV Mp =2.4x10'8 GeV
spin 0 1/2 3/2
mass | <I0meV ) eV-TeV
\ int. oc(p/fa)" o<(p/fa)" oc(p/Mp)" )
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Extremely Weakly Interacting Particles (EWIPs)

g Extensions of the Standard Model )
Peccei-Quinn Symmetry & Supersymmetry
Ax‘fns \ AXxinos / G\r:;vitinos
f.>10° GeV f.>10° GeV Mp =2.4x10'8 GeV
spin 0 1/2 3/2
mass | <I0meV ) eV-TeV
\ int. oc(p/fa)" o<(p/fa)" oc(p/Mp)" )
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Thermal Gravitino
Production
ga 2 01 é
%@'§6< +
4 b & e )
\2 & Y,
inflation radiation dominated mat. dom. /A dom.
Pradoc @™ Pmatx a3 | pacc al
e —————S——— g
SIOW reheat o [Covi, Kim, Roszkowski, "99] 7 e ::e/rgy
roll phase | ]
0 T |
pd)m a \:Jgia - NLSP — LSP + SM dark matter
» §4 T <10 GeV \ ’ % 20%
o SER ] Standard
VARG X —
E miTi~ 20‘ \
<> 0 1 Xll B m/T  (time -)
s 100.000y =14 Gy t
Te=? 10GeV | MeV leV To=273K T
reheating WIMP BBN LHC
temp. freeze CvB CMB a)
\_ out )
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Gravitino LSP Case

~ N — ~ ™
Thermal G Production 7 NLSP — G + T
100 R ———_atsl = 51
QIR = 0H05HG:025
=
9, 10°% |
107 -
105 7 \ T B B I 5 10 20 50 100 200 500 1000
0.1 1 10 100 1000
mg [GeV] mg [GeV]
[Pradler, FDS, ‘07] [FDS "06]
see also [Moroi, Murayama, Yamguchi, ’93, see also [Borgani, Masiero, Yamguchi, ’96,
Asaka, Hamaguchi, Suzuki, ’00, Roszkowski et al., ’05, Asaka, Hamaguchi, Suzuki, ’00, Ellis et al., ’04,
Cerdeno et al.,’06, FDS ’06, Rychkov, Strumia, ‘07]) k Feng, Su, Takayama, '04] y

-
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Probing gravitinos
experimentally 2?

l

If we are lucky ...




FNLSP — G + T

long-lived NLSP | €—

5 10 20 50 100 200 500 1000
mg [GeV]
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Signatures of Gravitinos in Experiments

— Direct Detection of G

— Direct Production of G

% “stable” charged sparticles % long-lived charged sparticles

2010 20??  particle detector
LHC particle detector /' stau ILC ’\ gravitino
tauy Stau
proton proton electron A\ A\ positron
vV vV
\ / / stau
additional i Shoton
stau detector —
material gravitino

... ; Buchmiiller et al., ’04; Hamaguchi et al., ’04; Feng, Smith, '05; Martyn, ’06; ...]
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sSummary - Well-motivated DM Candidates

candidate identity mass interactions production constraints experiments
<0.01eV  (p/fa)" misalign. mech. < cold direct searches with

(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/
P(Q) symm. break. CMB

Y1 LSP  lightest neutralino DO(100 GeV) g, g, v therm. relic + cold indirect searches
spin 1/2 weak G decay + warm/hot  direct searches
mixture of Myy ~ 100 GeV collider searches
é, W, ﬁIS, I:jg BBN = My, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
spin 3/2) extremely weak ~ NLSP decay + warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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sSummary - Well-motivated DM Candidates

candidate identity mass interactions production constraints experiments

The European Physical Journal C volume 59 - number 2 - january - 2009

For a review (including an EP]
@ extensive list of references),

Supersymmetry at the dawn of the LHC

see

c1sp|l [FDS, Dark Matter Candidates,
Eur. Phys. J. C59 (2009) 557,
arXiv:0811.3347]

a LSP in
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sSummary - Well-motivated DM Candidates

candidate identity mass interactions production constraints experiments
<0.01eV  (p/fa)" misalign. mech. < cold direct searches with

(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/
P(Q) symm. break. CMB

Y1 LSP  lightest neutralino DO(100 GeV) g, g, v therm. relic + cold indirect searches
spin 1/2 weak G decay + warm/hot  direct searches
mixture of Myy ~ 100 GeV collider searches
é, W, ﬁIS, I:jg BBN = My, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
spin 3/2) extremely weak ~ NLSP decay + warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario | - Axion CDM (+ SUSY DM)

candidate identity mass interactions production constraints experiments events

a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold flirect searches wit!
(spin 0) extremely weak nicrowave cavities
N.-Goldst. boson fa > 6% 108 Gev < My, fay Jayy
P(Q) symm. break. CMB

Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches
(spin 1/2) weak G decay + warm/hot  direct searches
mixture of My ~ 100 GeV collider searches
é, W, ﬁ[ﬁ, ﬁg BBN = My, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario | - Axion CDM (+ SUSY DM)

candidate identity mass interactions production constraints experiments events

a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold flirect searches wit!
(spin 0) extremely weak nicrowave cavities
N.-Goldst. boson fa > 6% 108 Gev < My, fay Jayy
P(Q) symm. break. CMB

Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches
(spin 1/2) weak G decay + warm/hot  direct searches
mixture of My ~ 100 GeV collider searches
é, W, ﬁ[ﬁ, ﬁg BBN = My, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario 2 - WIMP DM (+ Axion DM)

candidate identity mass interactions production constraints experiments

a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold direct searches with
(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/

P(Q) symm. break. CMB
Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches ¢
~ events
(spin 1/2) weak G decay + warm /hot
mixture of Myy ~ 100 GeV collider searches
B,W,H H BBN = Mg, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario 2 - WIMP DM (+ Axion DM)

candidate identity mass interactions production constraints experiments

a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold direct searches with
(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/

P(Q) symm. break. CMB
Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches ¢
~ events
(spin 1/2) weak G decay + warm /hot
mixture of Myy ~ 100 GeV collider searches
B,W,H H BBN = Mg, Y1 coupl.

G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr

a LSP axino eV-GeV (p/fa)" therm. prod. « cold/warm 7 prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay < warm/hot 4 71 collection
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario 3 - EWIP DM (+ Axion DM)

candidate identity mass interactions production constraints experiments
a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold direct searches with
(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/
P(Q) symm. break. CMB
Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches
(spin 1/2) weak G decay + warm/hot  direct searches
mixture of Myy ~ 100 GeV collider searches
B, W, H, HY BBN < Moo, ¥1 coupl.
! b A1 events
G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr
a LSP axino eV-GeV (p/fa)" therm. prod. + cold/warm€_7; prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay « warm/hot 4 71 collection EVENTS
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Scenario 3 - EWIP DM (+ Axion DM)

candidate identity mass interactions production constraints experiments
a axion <0.01eV  (p/fa)" misalign. mech. ¢« cold direct searches with
(spin 0) extremely weak microwave cavities
N.'GOldSt- bOSOIl fa Z 6 X 108 GeV <_> ma, faj ga/yf}/
P(Q) symm. break. CMB
Xi LSP  lightest neutralino  O(100 GeV) g, g, v; therm. relic + cold indirect searches
(spin 1/2) weak G decay + warm/hot  direct searches
mixture of Myy ~ 100 GeV collider searches
B, W, H, HY BBN < Moo, ¥1 coupl.
! b A1 events
G LSP gravitino eV-TeV (p/Mp)" therm. prod. + cold 71 prod. at colliders
(spin 3/2) extremely weak  NLSP decay  warm + 71 collection
superpartner Mp = 2.4x1018 Gev + 71 decay analysis
of the graviton BBN < mg, Mp (7), Tr
a LSP axino eV-GeV (p/fa)" therm. prod. + cold/warm€_7; prod. at colliders
(spin 1/2) extremely weak ~ NLSP decay « warm/hot 4 71 collection EVENTS
superpartner fa > 6 x 108 Gev + 71 decay analysis
of the axion BBN < mz (7), fa, T (7)
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Conclusion

To clarify the (particle ?) identity
of dark matter,
it will be crucial to have

experimental & obs. data from the
many complementary approaches:
direct, indirect & collider dm searches
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