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Cooking a Dark Matter model: constraints

“Particle” properties

“Historical’ properties

- feels Gravity
- CMB (& not spoil BBN,...) = non-baryonic

- Invisible now = almost electrically neutral

- stable enough

How much? Qpnv >~ 0.26 (Planck satellite)

Since when?  enough before CMB

How fast? Non-relativistic



Constraints + rules of the game + creativity =

The Standard Model has no DM candidate Beyond the Standard Model!
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Constraints + rules of the game + creativity =

The Standard Model has no DM candidate ====»  Beyond the Standard Model!
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Primordi: f Possibly the “least conventional” candidate
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Apologies for not mentioning all the rest...
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Constraints + rules of the game + creativity =
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Primordial black holes (?)

M Gravity (and nothing else: non baryonic + electrically neutral)
M Stable enough (provided they did not evaporate)

M How to have them? How to have them at BBN??? See e.g. Anne Green 1403.1198

- Large density perturbations from inflation

- Cosmic strings loops



Primordial black holes (?)

M Gravity (and nothing else: non baryonic + electrically neutral)
M Stable enough (provided they did not evaporate)

M How to have them? How to have them at BBN??? See e.g. Anne Green 1403.1198

- Large density perturbations from inflation

- Cosmic strings loops

They all require BSM physics, but likely at scales out of any experimental reach!

What masses can those mechanisms produce? ~ anything (as far as | understand)



Primordial black holes (?)

M Gravity (and nothing else: non baryonic + electrically neutral)
M Stable enough (provided they did not evaporate)

M How to have them? How to have them at BBN??? See e.g. Anne Green 1403.1198

- Large density perturbations from inflation

- Cosmic strings loops

They all require BSM physics, but likely at scales out of any experimental reach!

What masses can those mechanisms produce? ~ anything (as far as | understand)

Still we have gravity to probe them!



Dark Matter detection

I . PBH See e.g. review Carr Kuhnel Sandstad 1607.06077
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Dark Matter deteChOn I PBH See e.g. review Carr Kuhnel Sandstad 1607.06077
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See e.g. Carr et al. 1604.05349

NB: Evaporation peculiar of BH
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http://arxiv.org/abs/arXiv:1604.05349
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I . PBH See e.g. review Carr Kuhnel Sandstad 1607.06077
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Allowed window:

mass < Moon

size < 1 mm

Pani Loeb 1401.3025
Strong claim of exclusions via capture in

(and disruption of) neutron stars

Claim eventually confuted
Capela et al. 1402.4671, ...
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Kepler satellite exoplanet searches
gives photometry of~ 150000 stars

kbounds on PBHSs via microlensinglj
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PBH seed explosion of white dwarves
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Dark Matter detection |: PBH
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NB: Evaporation peculiar of BH

can LIGO have observed Dark Matter?
YES Bird+7 et al. 1603.00464
NQO Sasakiet al. 1603.08338

IF you do not believe CMB constraints on PBH\
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Weakly Interacting Massive Particles

Weak = SM weak force, DM charged under SU(2), x U(1)y

(or = whatever interaction with the SM, provided o« = 1073 — 10~ 1)

Particle properties:  massive U(1)eyneutral stable not a baryon



Weakly Interacting Massive Particles

Weak = SM weak force, DM charged under SU(2), x U(1)y

(or = whatever interaction with the SM, provided o = 1072 — 10™1)

Particle properties:  massive U(1)eyneutral stable not a baryon

T

[Either by symmetry (e.g. SUSY R-parity), or by accident (like proton), or long-lived enough..]

(Stable enough + weakly interacting MET at colliders!)
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Weakly Interacting Massive Particles

Weak = SM weak force, DM charged under SU(2), x U(1)y

(or = whatever interaction with the SM, provided o = 1072 — 10™1)

Particle properties:  massive U(1)eyneutral stable not a baryon

T

[Either by symmetry (e.g. SUSY R-parity), or by accident (like proton), or long-lived enough..]

(Stable enough + weakly interacting —» MET at colliders!)

'/iB
/4&;\‘ Nothing said yet about history: how produced?

\/ how abundant?
how cold?

The answer to these gquestions is the main classification criterium

Examples: thermal relic freeze-in asymmetric
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Most told WIMP history: thermal relics

| | t(ns) | |
) L a—
(1) Thermal equilibrium DM DM €= SM SM o At
(2) Increasing
- annihilation
(2) Universe cools DM DM === S|\ S|V strength
108 \ l
: Y \
(3) Universe expands DM DM SM SM 10-10 (3)
10-12
Abundance from annihilation cross section! o »
Feng, ARAA (2010) qu
107 T L
10 107
T (GeV)
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Most told WIMP history: thermal relics
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“WIMP miracle’
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. p—
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Most told WIMP history: thermal relics

t(ns)
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(1) Thermal equilibrium DM DM <—> My =100 GeV
(2) Increasing
annihilation
(2) Universe cools DM DM wp- strength
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(3) Universe expands DM DM

(3)

Abundance from annihilation cross section!

Feng, ARAA (2010) Y

eq

.l-l : .
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“WIMP miracle’
a=10"3—-10"1 + Mpy ~ 10— 10% GeV = | |
E WIMP miracle motivates
. cm

the cross section we need! gv ~ 3 x 10726 — BSM at the weak scale!
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WIMPs and theories: one slide overview

\
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and WIMPs came out for free! (:3\3(5’\l ("the original" motivation of WIMPS)

BSM needed at the weak scale to solve other problems
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BSM needed at the weak scale to solve other problems (\e\)\(’&\\
N
and WIMPs came out for free! 5\35 ("the original" motivation of WIMPS)

"The lord of the problems”: ~ The hierarchy problem
Why not MW,Z ~ MBSM? (e.g. MBSM — MPlaan)
: Solution (for 30 years): Naturalness of the Fermi scale :
gimplies BSM (like SUSY) at the weak scale === discoveries at the LHC, WIMP,...
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WIMPs and theories: one slide overview

\
‘(\0‘
BSM needed at the weak scale to solve other problems (\e\)\(@\\
N
and WIMPs came out for free! 5\)5 ("the original" motivation of WIMPSs)

"The lord of the problems”: ~ The hierarchy problem
Why not MW,Z ~ MBSM? (e.g. MBSM — MPlaan)
: Solution (for 30 years): Naturalness of the Fermi scale :
gimplies BSM (like SUSY) at the weak scale === discoveries at the LHC, WIMP.,...
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WIMPs and theories: one slide overview

\
‘(\0‘
BSM needed at the weak scale to solve other problems (\e\)\(’&\\
N
and WIMPs came out for freel! 5\)6 ("the original" motivation of WIMPSs)

"The lord of the problems”: ~ The hierarchy problem
Why not MW,Z ~ MBSM? (e.g. MBSM = MPlaan)
: Solution (for 30 years): Naturalness of the Fermi scale :
gimplies BSM (like SUSY) at the weak scale === discoveries at the LHC, WIMP.,...

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

'* S
ng! "\
~ Naturalness is dead, WIMPs are dead!

—

4The LHC, telescopes, etc they all saw nothi

=== ————
— —
_e— _— ——

Absence of BSM data encourages open mind, sure...but:

1. WIMPs are motivated independently of naturalness!

2. Also models of non-natural SUSY have WIMP candidates!
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OK, how can we probe WIMPs?

More ambitious: can we probe thermal WIMP paradigm?



General strategy: effective field theories?
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General strategy: effective field theories?
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General strategy: effective field theories?

1027

E 10° -28
) Model-independent

) easy comparison collider - direct detection

) too naive for the LHC (especially 13-14 TeV!)

often momentum transfer Q¢ > suppression scale M, Sy«
P
Busoni et al 1307.2253 and 1402.1275, Buchmuller et al 1308.6799, 10

Abdallah et al 1409.2893. Racco Wulzer Zwirner 1502.04701 ... 107

WAYS OUT

1.

Select only those events with Qi < Moeut

You stay general, but lose exclusion power
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General strategy: effective field theories?
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) too naive for the LHC (especially 13-14 TeV!)

often momentum transfer ()¢, > suppression scale M, ; o<l Bt 0010 -
| R10“E gp; i
Busoni et al 1307.2253 and 1402.1275, Buchmuller et al 1308.6799, 10 ~ Spin Dependent i
Abdallah et al 1409.2893, Racco Wulzer Zwirner 1502.04701, ... 107 : S 110 L 1(‘)2 - ““1‘(;3
M, [GeV/c?

WAYS OUT (pursue both!)

1. Select only those events with Qi < Moeut

A / E(? m

You stay general, but lose exclusion power

2. B9 to benchmark/simplified models’
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Quantum numbers
| SU(2)L, U(1l)y Spin
| 3 0 F |
‘ 5) 0 F

An EW fermion multiplet

Aka the “prototype” of a WIMP

and a good excuse to tell you interesting phenomena & theory

10



Why an EW fermion multiplet? (besides WIMP prototype)
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Why an EW fermion multiplet? (besides WIMP prototype)
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Why an EW fermion multiplet? (besides WIMP prototype)

A

00
A2
et @ scalars
oA Nogmmosheswy Hogees
At Do " T
. ((\a\‘?o((\@(\go F/‘/
W gt 9erig 1,
7
by A
—m,; T
Supersymmetry with heavy scalars James Wells hep-ph/0306127 B
All good SUSY features (DM, unification of gauge couplings,...)
Hierarchy problem? Go anthropic See also  Arkani-Hamed Dimopoulos hep-th/0405159

Giudice Romanino hep-ph/0406088

Wino LSP candidate for Dark Matter!
0LSPca D’Eramo Hall Pappadopulo 1409.5123
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Why an EW fermion multiplet? (besides WIMP prototype)

00
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Supersymmetry with heavy scalars James Wells hep-ph/0306127 e
All good SUSY features (DM, unification of gauge couplings,...)
Hierarchy problem? Go anthropic See also  Arkani-Hamed Dimopoulos hep-th/0405159

Giudice Romanino hep-ph/0406088

Wino LSP candidate for Dark Matter!
0LSPca D’Eramo Hall Pappadopulo 1409.5123

Phenomenology
L=Lsyu+2x(D— M,)x

MX is the only free parameter, fixed to multi-TeV if we impose thermal relic
(we'll keep an open mind on DM mass)
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Phenomenology

Sanford Underground

2% )§ &\D
- B

Rasearch Facility

FILIPPO SALA LPTHE PARIS LHC DAYS IN SPLIT 2016

12



EW multiples at colliders: disappearing tracks

Feng et al 1999,..

M+ 4+ — My, 2 My == lifetime T~ 6cm =~ 0.2ns

Ist a'I_I YT & xFT decayto Xo+ soft pions before reaching the detector

Both ATLAS and CMS performed this analysis N )
current strongest limits on EWmultiplets M, 2 270 GeV o) |

A
<
)
A\&\\\ *
\\'Sb\ NN

13



EW multiples at colliders: disappearing tracks

Feng et al 1999,...

M+ 4+ — My, 2 My == lifetime T~ 6cm =~ 0.2ns

Xi & Xii decay to X0 + soft pions before reaching the detector

£ almost all J

~ -

\

&

AT
\\,5@9\\\ e

+

Both ATLAS and CMS performed this analysis

current strongest limits on EWmultiplets My, 2 270 GeV

Y

FCC-hh will likely probe the 3plet, not the 5plet

Disappearing 'l'r,, Ks
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Direct detection

107,
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Phenomenology

5plet: little hopes to reach Mihermar Pefore DARWIN (= Next Generation in DD, 20257?)

3plet: little hopes before DARWIN or 100 TeV collider (20407)

FILIPPO SALA LPTHE PARIS LHC DAYS IN SPLIT 2016
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https://conferences.pa.ucla.edu/dm16/talks/baudis.pdf

Phenomenology

FILIPPO SALA LPTHE PARIS LHC DAYS IN SPLIT 2016
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Gamma-ray lines

Wino&lines since Cohen et al 1307.4082, Fan Reece 1307.4400

E., = Mpy  uptoafew x 100 GeV

space-based
covers all sky

HESS, CTA
up to afew x 10 TeV,

ground based (Namibia, Chile + Canaries)

need to choose target (Galactic Center?
dwarf galaxies?)
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Gamma-ray lines

Wino&lines since Cohen et al 1307.4082, Fan Reece 1307.4400

FERMI HESS, CTA
E, = Mpn uptoafewx100GeV  uptoafew x 10 TeV.
space-based ground based (Namibia, Chile + Canaries)
covers all sky need to choose target (Galactic Center?

dwarf galaxies?)

Constraints from Milky Way, y—ray line
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Gamma-ray lines

Wino&lines since Cohen et al 1307.4082, Fan Reece 1307.4400

HESS, CTA
E, = Mpn uptoafewx100GeV  uptoafew x 10 TeV.
space-based ground based (Namibia, Chile + Canaries)
covers all sky need to choose target (Galactic Center?
. . . dwarf galaxies?)
Constraints from Milky Way, y—ray line =
10_225 ' R T ' IR ' 3 O 10_231 I I T T T T T 77T T T T T T TH —
: 13 = Mpy =29 Te o
- 4 = B 1 9
107k 7 L 10724 % 3 8
§ § D = 3 =
; 13 ——] 5
mz 1024 . . §D _ 10—25 2 DracoSOh " § %
= R e 3
Lo ; ; 8 g 10-26 ; Trlangulum—II‘f‘(?_}‘l _______ ; 5
- 1 T T 1 @
E . § QO—)| 2 0~ E Cored NFW 100h § C;L_)
C 1 I expected mean w/ GDE o %
1027 £ A - CEIJ; 10 § O D 68% Containment i § g
(E) = - 8 B 95% Containment N 3
_ - | o | L | i ) 10—29| L 111111 L I I T I I I N T I Qo
1070 i 10 o 10~ 1 7
Mpy [TeV] Core Radius re [kpc]

Astro input necessary, of interest also for future colliders studies!
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Conclusion: keep exploring!

thermal
Ultra—-light scalars, axion Vs particles

Planck scale

1002 10°% 10 107 1 10° 10 109
Wino-like (minimal 3plet) Dark Matter: | LB B
 summary of constraints (solid edge) and reaches (dashed edge) _ E allowed
| |
Lz ! ! - Cushman+ '13 PBH DM
| |
antiprotons : : - CPST'16 10-! window
GC y-line ][] | - CPST"16
| | >,‘
dwarfs y continuum : : - CPST '16 E
| | "6
| |
=
[ [ S -2 o)
-1 10 .
Mono-jet | 4Tev.@sab - @3ab" S {csTH4 £ g
—————————————————————— =2 =
14 TeV e g §_
L X B '
Mono-photon 100 TeV g CST 14 = d>.)
| ~ |
I 14 Tev T B : 103 -
VBF 100 TeV o coTe =
S N
8 TeV [ \ ]
Disappearing tracks - ! 14 TeV ‘ ‘ - CST "4 |
} "1 100 TeV
10+ e .
10% 100 10% 100 10% 10 10% 103

M, [GeV]
MACHO or PBH mass M in grams

(WARNING: benchmarks are good, but keep giving more info!)
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Back-up slides



Why an EW fermion multiplet?

Minimal Dark Matter Cirelli Fornengo Strumia hep-ph/0512090

Philosophy: focus on DM, and try to preserve SM successes (flavour & CP,...)
, adding the least possible ingredients to the theory

Approach: add to the SM an extra particle

and determine its “good" quantum numbers

‘good" = i) stable i) lightest component neutral iii) allowed

Result:  5plet, 3plet [but add symmetry, like B-L or L or subgroup...]

Other “minimal" virtues =

® Makes SM vacuum stable
Chao et al. 1210.0491 = "'[ "\

0.08 T —

© Helps with gauge coupling unification

[See e.g. “split SUSY without SUSY”
o ... Frigerio Hambye 0912.1545]




Thermal relic WIMPs

Fermion triplet with ¥ =0 (*wino")

Prototypical WIMP candidate —— Mpn ~ TeV "-Zj ' 7]
X A X A

ra

j—l—l
X A X A

0 05 1 15 2 25 3 35

Important to include:

0.20 —~——————————— . .
L ’31
@ Coannihilations ; S
SII
S
0.15} S §
M Sommerfeld enhancement <
&/
. s 0.1188 + 20 1
] Bound states formation (& maybe NLO) EA / |
!

0.05

MZP ~3TeV  MP ~95TeV

hermal — thermal —

MDM 5plet

000kt~ + v 1 v 1
0 2 4 6 8 10 12

Cirelli et al. 1507.05519 DM mass in TeV
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Thermal relic WIMPs

Fermion triplet with ¥ =0 (*wino’)

Prototypical WIMP candidate —— Mpnm ~ TeV 02 ' e
X Y D C— A

X
X D C— A

0 05 1 15 2 25
Cirelli Strumia Tamburini 0706.4071 DM mass in TeV

Important to include:

E’l

M Coannihilations =
@ Sommerfeld enhancement o
&/

/
1

, r0.1188 + 20 !
] Bound states i

0.05

M5plet ~

thermal —

9.5 TeV

MDM Splet

000lelem? o L
o 2 4 6 8 10

Cirelli et al. 1507.05519 DM mass in TeV
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EW multiples at colliders

DM does not interact with detectors: look for missing energy + SM radiation

Pure EW multiplets: Xi & XlLlLadd to the signal!

Infact My=.++ — My, 2 myz ==> lifetime 7~ 6cm ~ 0.2ns
—=> almost all Xi & Xii decay to Xo + soft pions before reaching the detector

SM radiation: - monojet
- monophoton
- (forward) dijets - aka "Vector Boson Fusion'

LHC8: hopeless to get even close to multi-TeV thermal masses

Need higher energies ===> HL-LHC (14 TeV) & FCC-hh (100 TeV)
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Missing energy + SM radiation

Plots for 3plet (Wino) from Cirelli Sala Taoso 1407.7058
see also Low Wang 1404.0682, Berlin et al. 1502.05044

Monojet Monophoton

6 T T - \ ‘ ‘ ‘ ‘ \
I 100 TeV, 30 ab—1 100 TeV, 30 ab—!
5 B o Y e - 100 TeV, 3 ab~1 T TER N N\ T 100 TeV. 3 ab~! ;
4l B eV 3ot i P i4Tev,3ap!
g I ] 3
g - —— 1% syst 5 —— 1 %syst
2 3L ] = ]
‘qé " — 5% SySt 'E — 5% Syst
) r .80
a i 192
2 B B A R R E LR L LR i
1 ]
0 ;‘ ‘ | ‘ ‘ b L. s \ \ ! ‘ ‘ ‘ ‘ ! ‘ ‘ —— ]
500 1000 1500 2000 500 1000 1500 2000
M, [GeV] M, [GeV]

Vector boson fusion

[ M ¢ Will not cover thermal relic masses

100 TeV, 30 ab~ !

100 TeV, 3 ab~!

B e sl ¢ systematics understanding will be crucial
(today we are at ~ 5%, not 1%!)

——— 1% syst

5% syst

38 W S ¢ going from 14 to 100 TeV will increase
] mass reach by a factor of 3 - 4

Significance
W

I | | I I I 1
1500 2000

I | I | ! ! !
500 1000

My [GeV] Same conclusions for 5plet
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Sommerfeld enhancement  sommerfeid 1031

Hisano et al. hep-ph0412403 (first time DM), ....
Arkani-Hamed et al. 0810.0713 for nice explanation

Classical analogous
v oo = mR*

R . .
If slow, gravity becomes important:

,02

o= oo(1+ )
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Sommerfeld enhancement  sommerteid 101,

Hisano et al. hep-ph0412403 (first time DM), ....
Arkani-Hamed et al. 0810.0713 for nice explanation

Classical analogous

v o9 = TR?
E

It slow, gravity becomes important:

U2

o= oo(1+ )

Quantum: like in classical example, to have (Sommerfeld) enhancement requires

» slow particles v <K ¢

» long-range attractive force M ediator < & Mp

DM mass for SM weak force? oy ~ 1/30 Mpwm 2 30 Myy,z ~ 2.5 TeV

A bit more technical:
guantum field theory computations assume particles are “free" (=plain waves) at 1 = +00
BUT: if potential V is important also there (long-range!) you have to solve Schroedinger eq.
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EW multiples in the gamma sky

5plet, xoxo — WW, vy

Sommerfeld enhancement

at low velocities non-relativistic attractive potential

Milky Way v ~ 1072 ¢

(vaarf spheroidals v ~1—5x 107° c)

O saturates at v ~ 1072 ¢ 10-218:_

Mpwm [TeV]
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EW multiples in the gamma sky

5plet, xoxo — WW, vy

Sommerfeld enhancement 10-21

.. . . . . =22
at low velocities non-relativistic attractive potential -

1023L

10724 L

Milky Way v ~ 1072 ¢

ov [cm?/s]

(Dwarf spheroidals v ~1—5x 107° C) 107
10-27L
o0 saturatesat v ~ 1072 ¢ T s
Mpwm [TeV]
v, L
D, et v, o, ... Y -ray lines: smaller cross sections
“‘continuum’ but (features in 7Y-spectrum enhance sensitivitiesD
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A primer on Dwarf Spheroidal Galaxies (dSph)

Gravitationally linked to our galaxy

DM dominated objects this is why they are good targets!

Often member stars (“tracers”) are just a few uncertainties on DM properties

with respect to Milky Way: &) almost no bkg: few stars, ~ no gas

© we are discovering more and more of them! (GC is only one...)

Dark Matter annihilation from dSph |
Hayashi et al 1603.08046

24 § Our work (Non-Spherical)

. [ Geringer-Sameth+ 2015 (Spehrical)
Slgnal OC J — / / dg dQ p2 (67 Q) i Bonniv ard+ 2015 (Spehrical)
AQ) J].o.s.

22 Achermann+ 2015 (Spehrical)
I Simon+ 2015 (Spehrical)

First estimates of J-factors didn’t include

- systematics (i.e. stellar foregrounds)
- non-sphericity

[Jo.5/(GeViem™)
>

log

But interesting progress in recent months!

See also Ullio Valli 1603.07721

Evans et al. 1604.05599, 1604.05493 10 S
Genina Fairbairn 1604.00838, ...




Continuum from dSphs

FERMI: 15 dwarves, assumes AJ < 40%
HESS: subset of 4, plus Sagittarius
MAGIC: only Seguel (large uncertainties!)

Constraints from dwarf spheroidals, y—ray continuum
10—20 _ _

10—21

10—22

[E—

<
[\
W

(ovyyy [cm?/s]

T T TTTTIT T TTTTIT T T TTTIT T TTTTTT T T TTTIIT

MDM 3plet

10-! 1 10

10—27 ! L1 I

M DM [TGV
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Constraints from dwarf spheroidals, y—ray continuum




Hayashi et al 1603.08046

Continuum from dSphs
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Gamma-ray lines from dSphs

Only performed this analysis, and was unlucky...

Constraints from dwarf spheroidals, y—ray line Constraints from dwarf spheroidals, y—ray line
10_22: T T T T T 11T I;_%”I T E 10_22: T T T T T TJT[TT [T T T A T T 3
~23 ) i 23 ]
10 L/{AGI\C—/ 3 10 = e
T 102 T 1024
2 § . = § s
2, B i =2 B i
N 10725 ] N 10725 :
¥ = : F = E
2 B ] & : ]
\g/ 1026 1 - \g/ 10-26 : .
= $ E = E
- = ] - ]
- LHC ] - LHC ]
107%7¢ = 3 10727 & =
- 2 E - =
- = ] - ]

—28 | | | I T I | | | | I T I | | —28 | | | I | | | | I T I I I | |
10 10-1 1 10 10 10! 1 10
MDM [TGV] MDM [TGV]

What about the future? How long should Cherenkov telescopes point dwarves?



Continuum with FERMI

O FERMI measures 7Y fluxes from all sky
O We “conservatively" estimate astrophysical backgrounds

O We divide the sky into regions, and extract bounds from each one



Continuum with FERMI

O FERMI measures 7Y fluxes from all sky
O We “conservatively" estimate astrophysical backgrounds

O We divide the sky into regions, and extract bounds from each one

NFW profile, including background NFW profile, bounds including background
longitude / [degrees]

i L i | 3 ’,’: +9_d 80 -80 —?_0 -5 0 +5 +_:'3_0 +80
1021 L 257 7
E /’E +45-
i . &
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10724 k= 220 £
o] = - -90°
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101 1 10

M DM [TeV]
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Continuum with FERMI

O FERMI measures 7Y fluxes from all sky
O We “conservatively" estimate astrophysical backgrounds

O We divide the sky into regions, and extract bounds from each one

Burkert profile, including background Burkert profile, bounds including background
longitude / [degrees]
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Comparing WIMP searches with benchmark models

Example: EW fermion (Minimal Dark Matter, Wino of split-Supersymmetry;,...)

Wino-like (minimal 3plet) Dark Matter:
summary of constraints (solid edge) and reaches (dashed edge)
r— T | T 1 T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T T T T T 1

________ | |
Lz g | | - Cushman+ "13
| |
antiprotons | | - CPST'16
| |
GC y-line | | | | | | - CPST '16
| |
dwarfs y continuum |- | | - CPST'16
| |
| |
| |
. 14 TeV @ 3 ab™’ | | :
MonO—Jet I @ 100 TeV @ 3 ab—‘] | | - CST'"14
I =
=
Mono-photon - - CST'14
o
| ~ |
S|
VBF - E - CST 14
| D) |
= =T
| |
Disappearing tracks | | - CST"14
THN T I T N T T SO T T TN S A T A TN HO A SO SN N SN S RO N O S B ; TER S Y N R DR N R
500 1000 1500 2000 2500 3000 3500 4000

M, [GeV]

Astrophysical inputs could help set the strategy of telescopes, and of colliders too!



