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DARK MAITER @ LHC



WHAT DO WE
KNOW SO FAR?




HINTS FROM ASTROPHYSICS
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(DARK) MATTER POWER SPECTRUM

Current power spectrum P(k) [(h=! Mpc)3]

NASA/IPAC Extragalactic Database (NED)
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HOW TO CALCULATE THE RELIC DENSITY?
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LOOKING FOR DM WINDS: DIRECT DETECTION
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LOOKING FOR LINES IN THE SKY: INDIRECT DETECTION
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WHY USE
COLLIDERS?

IT TURNS OUT, COLLIDERS CAN DO THINGS OTHER
EXPERIMENTS CAN'T — BETTER SPIN DEPENDENT
SENSITIVITY + CONSTRAIN LOW RECOIL REGION +
LOOK FOR ACCOMPANYING PARTICLES



T0 MODEL DM WE NEED TO KNOW:

Does it couple directly to some SM particle?

If there is a mediator, how does the mediator couple to SM? to DM?
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Goodman et al. (2010)

COLLIDER SEARCHES: A COMPLEMENTARY VIEW

Name| Operator |Coefficient
D1 X4 mg/M;
D2 XV°xqq | img/M;
D3 XXqv’q | img/M;
D4 | xV°x@°q | me/M;
D5 | XY*X@Vud 1/M;
D6 | XY xqyuq | 1/M:
D7 | Xxv"xqvuy°q | 1/M:
D8 |XY*v°xqvuy’q| 1/M;
D9 | xo"xqo,.q 1/]\4*2
D10 )_(JW*y5ana5q Z/M*2
D11 | xxG..G"* o /AM
D12 | xv°xGuwG* | i /AM
D13 | xxGuwG" | ias/4M3
D14 | x7°xG WG | as/4M3

Name| Operator |Coefficient
Cl | x'xqg | mg/M;
C2 | x'x@v°q | img/M
C3 | x'Ouxaryq | 1/M;
C4 (xT0uxar"v°q| 1/M:?
C5 | xIxGWGH | as/4M?
C6 | xT\G WG | ias/4M?
R1 X*qq mg/2M;
R2 Y2q7°q img/2M?
R3 | X*GG" | «as/8M?
R4 | x°GG" | iay/8M?
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ATLAS LIMITS ON EFT OPERATORS

T T 1T |
=== expected limit (£10+20)
= observed limit

'ATLAS
(s=8 TeV, 20.3 b

ET"°>500 GeV

(o2}
o
TT]T

— Thermal relic
- - - truncated, max coupling

(=)

w
o

Suppression Scale M, [GeV]

N
o

10 —
0 1 1 1 1 1 1 11 I 1 1 1 1 1 11 1 I :
10 10 10°
WIMP mass m, [GeV]
-/ _I I T T T T T 1T I T T T T T 1T I ]
%) 1600 C ATLAS === expected limit (£10£20) 7
(-2; 1400 §=;IE¥X2?(?(Z’Z1 —— observed limit ]
= I u —— Thermal relic ]
o2 1200 E;>500GeV — - truncated, coupling=1, _]
8 B - - - truncated, max coupling ]
(D - -
” 1000 =
9 ]
3 800 .
o - .
% - i
2 e0Op- -
wn C — .
400~ ]
200
: 1 | I I - | 1 1 1 1 1111 |

o

10°
WIMP mass m, [GeV]

10?

-
o

(c)

Suppression Scale M, [GeV]

Suppression Scale M_[GeV]

1600
1400

1200

400
200

T I T
L ATLAS === expected limit (+10+20)
[ Vs=8TeV, 20.3fb™

D57y g
C ET*>500GeV

= observed limit

— Thermal relic
— - truncated, coupling=1
- - - truncated, max coupling

:I 1 1 1 1 1 111 I 1 1 1 1 1 111 I :
10 10? 10°
WIMP mass m, [GeV]
_I I T T T T T 1T I T T T T T 1T I ]
- ATLAS === expected limit (x10+20)

[ Vs=8TeV, 20.3fb™
. D9l: )'co“vxqowq
- ET*°5700 GeV

observed limit

Thermal relic

— - truncated, coupling=1

- - - truncated, max coupling

10°
WIMP mass m, [GeV]

102

(d)

Suppression Scale M_[GeV]

ion Scale M_[GeV]

Suppr

E==1 expected limit (x10+20)
= observed limit

700

ATLAS
{s=8TeV, 20.3fb™
600=D11: %G G”

L ET™°>700GeV

—— Thermal relic
- - - truncated, max coupling

e

a

200

100

0 1 1 1 Lol
10 10? 10°
WIMP mass m, [GeV]
400 —— I T T T T T 1T I T T T T T T 1T I —]
E ATLAS === expected limit (+10+20) E
350 gS;;S TTeg 2(;-? for — observed limit =
. — Thermal relic .
30("_ Er >700GeV — - truncated, coupling=1 T
- - - - truncated, max coupling -
250§ =
P00 — — =
— ’ -------- — :
150F -
100 =
50 :
0 :I 1 1 1 1 1 111 | 1 1 1 1 1 11 1 |

10°
WIMP mass m, [GeV]

102

—_
o

11



ATLAS LIMITS

spin-dependent
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v-Nucleon Cross Section [cm
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Original idea of “EFT":
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Original idea of “EFT":
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So how does one live with:
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Original idea of “EFT":
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Original idea of “EFT":

So how does one live with:
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SIMPLIFIED MODELS FOR THE LHC
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EXAMINING THE EFT-SIMP LINK MORE CLOSELY

arXiv:1308.6799 Buchmueller et al.
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LOOKING FOR THE MEDIATOR

B

Coupling g

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
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HVT W’ - WZ - ggqqq model A : 2J . 32 | W mass 1.38-1.6 TeV gv =1 ATLAS CONF-2015-073
HVT W’ < WH —» tvbbmodolB Te.n  1-2b1-0) Yes 32 1.62 TeV gv=3 ATLAS-CONF-2015-074
HVT Z' - ZH - vwbbmodelB Oepx 12b1-0j Yes 32 1.76 TeV gv=3 ATLAS-CONF-2015.074
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LRASM W, - tb e 21B1J - 203 1408 0686
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MONO-X SEARCHES

MONO-PHOTON
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GOING BOSONIC: SCALAR/VECTOR DM

HIGGS PORTAL DM
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EXAMPLE OF A UV-COMPLETE MODEL: SUSY

¢ What kinds of gZX(l)y(l — 2COgSH (|N13|2 o |N14|2)
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Ihiog0 = (gN11 — ¢'N12) (sina Nyz + cos o Nig)
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*r
¢ Direct detection
constraints

3+

* Indirect detection
constraints |
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OBSERVING LSP PRODUCTION AT THE LHC: JETS + MET
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(POTENTIAL) COLLIDER SEARCHES
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PUTTING IT ALL TOGETHER
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COANNIHILATION WITH SFERMIONS (STAUS)

0.1 < Q%h2 <03 {1 weuse:

0.115 < Q,h% < 0.125

XENONI100 (2012)

e obscrved limit (90% CL)
Expected limit of this run:

B = | o expected

o
W~ :\ EDELWEISS (201 O

Ve TR s

3

pe

WIMP-Nucleon Cross Section [cm’]
3

5

TN
20 30 40 50 1

WIMP Mass [Ge¥/c’]

s o

Ll‘ll
6 78910

http://www.nevis.columbia.edu/~mcooke/susy_page/susy.html

25



LIMITS FOR THE STAU-COANNIHILATION REGION
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IN SUMMARY

eYou can (and should) look for DM at the LHC

oEFT approach simple but not wholly unambiguous, tread
with care.

eSimplified models are useful as a first strike, but also
quite simplistic.

eReal UV complete theories may have more particles in
the Dark Sector that one can probe.

eMuch more to come in future ...
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