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[ ] OUTLINE

e a quick journey in theory space

» simplified models (s-channel, t-channel)

e some recommendations & future directions

A. De Simone



[] TO WIMP OR NOT 1TO WIMP... [ ]

thermal

Ultra—light scalars, axion Vs particles

Planck scale

1 10 10% 10° 10%kg

~30 ~20 ~10 20 30
10 10 10 10 107"eV Primordial

Thow weak scale black hole Solar mass

[courtesy A. Strumia]

we are only sure that DM has gravitational interactions

WIMP non-wWIMP
neutralino axion
minimal DM gravitino
heavy neutrino axino
inert Higgs doublet sterile neutrino
LKP techni-baryon,
LTP Q-balls
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THEORY SPACE

More complete/
more parameters

Complete

Models

MSSM, Composite Higgs, Extra-Dim...
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lots of parameters...
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pMSSM scan

Excluded by ID but not DD
Excluded by DD and ID
Excluded by DD but not ID

u. “"
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m(x}) (GeV) [1305.6921]



[ ] THEORY SPACE

More complete/
O more parameters

Complete

Models

Effective
Theories

less complete/
less parameters

A. De Simone



[] EFFECTIVE FIELD THEORY DESCRIPTION []

effective %\
low-energy A el
description
\___~ :
~ say, 10 TeV A‘
M, (A ~1TeV) New States (say )
-ttt +—> E
>
EFT OK
Integrate out the UV physics LHC can access regions beyond

connecting DM-SM and describe the validity of the eff. description
interactions with eff. ops.: ._

%(XFAx)(QFAq)

—— need to use EFT carefully and consistently

the momentum transfer in the relevant process must be ()i, < Med

Y
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[ ] LHC vsS DIRECT DETECTION [ ]

The “money plots”
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[ATLAS - 1502.01518]
m after truncation: theoretically robust limits

a still relevant at low DM masses
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[] EFT DISCOVERY POTENTIAL [ ]

Vs = 14TeV [ =25 fb1 [=300 b’

© 18F = L 22k 3
() = ) ) o ] () C .
% 16:_ ATLAS Simulation Prellmlnal’y —] % 205_ ATLAS Simulation Preliminary_z
2 14:_ s=14 TeV J.Ldt=25fb'1 E 2 18 {s=14 TeV JLdt=300fb'1 =
e 't ] S 160 s
2 1oL D5, m_ =50 GeV = 2 : D5, m, =50 GeV ]
- u :_ <\/g g. <4 _:
101~ "<V < 41 = 12 e =
B o ; ] = 5% systematic E
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[ATL-PHYS-PUB-2014-0087]
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[] WAY OUT? [ ]

“There’s a way to do it better. Find it.”
I.A. Edison

EFT approach

* [imited validity
* not entirely model-independent

How to go beyond that (but keeping generality),
in view of LHC Run 2?

e Simplified Models
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[ ] SIMPLIFIED MODELS [ ]

More complete/
O more parameters

Complete

Q Other

Benchmarks ?
Models

*-{Simplified
Madels

O Effective

Q Theories
less complete/
less parameters D
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[ ] SIMPLIFIED MODELS [ ]

.. Just means extending the SM with:

e 1 Dark Matter particle
e 1 Mediator particle connecting DM-SM

>> just another parametrization of unknown high energy physics <<

q DM

correspondence \ _____ /

eff ops «—— simplified models heavy \
DM

g mediator

X more parameters (g’s) exploit other searches for mediators
(e.g. di-jet), complementary to mono-jet

theoretically consistent,
no worries about EFT, widths, etc.

from DM search to MEDIATOR search

A. De Simone 10



[ ] COMPLEMENTARITY [ ]

3-dimensional
combinations

combine DM +

combine different process mediator searches
involving DM (di-jet...)
(mono-jet+mono-W/Z
+mono-H...)

still, a lot to do here...

[more in Valerio’s talk...]
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[ ] RECOMMENDATIONS

-

.

Simplified Models for Dark Matter and Missing Energy Searches at the LHC

Jalal Abdallah,! Adi Ashkenazi,> Antonio Boveia,? Giorgio Busoni,* Andrea De Simone,*
Caterina Doglioni,® Aielet Efrati,® Erez Etzion,? Johanna Gramling,®> Thomas Jacques,”
Tongyan Lin,” Enrico Morgante,® Michele Papucci,®? Bjoern Penning,® '© Antonio Walter
Riotto,> Thomas Rizzo,"! David Salek,'? Steven Schramm,'® Oren Slone,? Yotam Soreq,’

Alessandro Vichi,®? Tomer Volansky,? Itay Yavin,'*!® Ning Zhou,'¢ and Kathryn Zurek®*

~\

J

[1409.2893] ATLAS/CMS DM Forum

" Interplay and Characterization of Dark Matter
Searches at Colliders and in Direct Detection
Experiments

Sarah A. Malik,® Christopher McCabe,”¢ Henrique Araujo,” Alexander Belyaev,%¢
Céline Beechm,? Jim Brooke,” Oliver Buchmueller,” Gavin Davies,®

Albert De Roeck,?" Kees de Vries,” Matthew J. Dolan,’ John Ellis, 97

Malcolm Fairbairn,” Henning Flaecher,” Loukas Gouskos,” Valentin V. Khoze,’
Greg Landsberg,’ Dave Newbold,” Michele Papucci,™ Timothy Sumner,®

Marc Thomas®¢ and Steven Worm¢

.

[1409.4075]

[1603.04156]

;
Recommendations on presenting LHC
searches for missing transverse energy
signals using simplified s-channel models

of dark matter

Antonio Boveia,'* Oliver Buchmueller,>* Giorgio Busoni,’
Francesco D’Eramo,* Albert De Roeck,'” Andrea De Simone,°
Caterina Doglioni,”* Matthew J. Dolan,> Marie-Helene Genest,®
Kristian Hahn,”* Ulrich Haisch,'%'"* Philip C. Harris,!

Jan Heisig,'? Valerio Ippolito,'® Felix Kahlhoefer,'**

Valentin V. Khoze,!® Suchita Kulkarni,' Greg Landsberg,'"
Steven Lowette,'® Sarah Malik,> Michelangelo Mangano,!!*
Christopher McCabe,!?* Stephen Mrenna,? Priscilla Pani,?!
Tristan du Pree,! Antonio Riotto,!' David Salek,!???

Kai Schmidt-Hoberg,'* William Shepherd,”® Tim M.P. Tait,?**
Lian-Tao Wang,?® Steven Worm?® and Kathryn Zurek?’

LHC DM WG

A. De Simone
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[ ] SIMPLIFIED MODELS OVERVIEW

Mediator spin | Channel | DM spin | Model Name
0 s 0 0s0
0 s % Os%
0 t 0 00
0 { 1 015
1 t 0 110
% BT
1 s 0 150
1 s % ls%
1 t : 1¢5
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[] SIMPLIFIED MODELS OVERVIEW []
Mediator spin | Channel | DM spin | Model Name q .- DM
0 s 0 @c -7,
::>EI / . M
" i % ‘ﬁ q DM
\'___ e
0 t 0 00 5 N pm
1 1 :
’ t 2 o generic
: : s-channel models
7 t 0 110
; t ; 33
J— g _- DM
1 5 0 150 o= > /\/\/\/\ -
q s DM
1 S % ls%
1 t : 1¢5
A. De Simone 14



[ ] S-CHANNEL MODELS [ ]

DM is a Dirac Fermion

Escalar — —gDM ¢>ZX — Yq % Z Yq qq (OSS1 /2)
Scalar and Pseudo-Scalar Models: g=u,d,s,c,b,t

. _ ) _
Lpseudo-scalar = —1gDM PXV5X — 19q /2 E Yq4754 , (OPS1 /2)
q=u,d,s,c,b,t

Lvector — _gDMZIL/ﬂ_(’YuX — Yq Z ZL@Y“Q ) (1 VS1 /2)
. =u,d,s,c,b,t
Vector and Axial-Vector Models: !

»Caxial-vector — _gDMZ//LX’Y'u')%X — Jq Z ZLQ7M75Q . (1 AS1 /2)
q=u,d,s,c,b,t

4-dimensional parameter space: {mDM, Mmed7 gDM; gq}

A. De Simone 15



[ ] THE MASS-MASS PLANE [ ]

[1604.04156]
slice of par space with fixed couplings 1000 —m———————————r— N
' @tor, Dirac, g, = 0.25, gpm =>
— ()bservgd 9"5% CL
800} = Expeced 934 CL :
95% CL exclusion contour - o Reliedensiy
2 600f :
9 ' -
> i X i
\
SQ 400_‘ 2 l
off-shell (Mmed < 2Mow) / A :
(use e.g. di-jet) 200/ v -
q q ' e
Suw < YL s
q q 500 1000 1500 2000

Mmed [GCV]
on-shell (Mmed > 2mpwm)

Recommended choices Vector mediator: gpy =1 and g, = 0.25.

. ] - <
of COUp“nQS- Axial-vector mediator: gpy = 1 and g, = 0.25. ensure Fmed/Mmed ~ 10%

Scalar mediator: g, =1 and gpm = 1.

(universal gq) avoid current limits

Pseudo-scalar mediator: g, = 1 and gpy = 1.

A. De Simone 16



ONTO THE DIRECT

DETECTION PLANE

10—342 Al limits at 90% CL Al limits at 90% CL
— Vector, ‘Di‘rac, gg=0.25,gpm =1 10_3 4 _ — Gxialrzv‘ec?or, Dirac, g4 = 0.25, gpm = 1
3 Uncertainties E ncertaimties
s wx o - —— PICO-2L Run—2
g 107°°F —— CRESST-TI = F —— PICO-60
O, i == CDMSLite 9 10—362_ IsceCube;(tt B
—_ === Super—Kamiokande
5 10 g |
3 S 10738}
2 107} =
> > 40}
A 1074} g 10
7 %
10—46§ il R 10—44E Ll e v ]
1 10 10 1 10 107 10°
mpm [GeV] mpm [GeV]
[only for illustration, not real data]
2
(g q gDM) .
0S1,SD X then plug in Mned from the mass-mass plane

4
Mmed

recommend to plot 90% CL (instead of 95% CL) to comply with DD standards
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L] SIMPLIFIED MODELS OVERVIEW L]
Mediator spin | Channel | DM spin y[odel Nami g \ HS .. DM
0 s 0 050 57_/""\ _ _
Y q *bm  Higgs mediator,
1 1 Scalar-Higgs Portal
0 s 5 . Os5 ) % q \{'/,S/ DM
0 t 0 010 TN
1 1
0 f 2 02 s-channel models
special cases
7 t 0 110 ( P )
> t ; 33
B R q \ Z ,» DM
1 s 0 150 || /‘NV\ R
_ Y q ~ DM |
1 ) . ) Z mediator
2 . 2 %q \‘/\K/\ < DM
1 t ! 1l q 7~ DM
‘ A. De Simone 18



1s1/2 MODEL (Z MEDIATOR) []

DI —

[]
Mediator spin | Channel | DM spin | Model Name
0 S 0 0s0
1 1
O S 5 OS 5
0 t 0 0r0
1 1
0 t 5 Ot 5
1 1
3 t 0 QtO
1 1 1,1
2 ! 2 7213
1 Ry 0 150
\_ Y,
1 s 1 )
1 S 5 1S 5
\_ J

model parameters: {mpw, g}

relevant constraints:
- Direct detection ( mpy > mz /2 )

- Z invisible width ( mpym < mz/2 and
SD scattering)

mono-jet searches not competitive

q \ - DM
/ *s DM
q \ Z DM
) vv\ﬁg<
DM
DS, Giudice, Strumia - 1402.6287]

A. De Simone
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[] O0s1/2 MODEL (HIGGS MEDIATOR)

Mediator spin | Channel | DM spin y[odel Nami
0 s 0 0s0

__

0 s % . Os% )
0 t 0 00
0 t 1 015
7 t 0 110
% B Y
1 s 0 150
1 s % 15%
1 t : 1¢5

INC H .- PV

577 Y om
NN H P

a/ 2N DM

Model parameters: {mpwm, Y}

relevant constraints:
- Direct detection ( mpy > mp /2 )

- Higgs invisible width (mpyn < mp/2)

mono-jet searches not competitive

DS, Giudice, Strumia - 1402.6287]

A. De Simone
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DM NEAR Z/H RESONANCE [ ]

DS, Giudice, Strumia - 1402.6287]

Near resonance mpu~Mzn/2, relic density fixed by the width

Curves for correct DM relic abundance:

Invisible BR suggested by DM thermal relic abundance

. o room for improvement,
r . iy X <« e>_<p|or|ng invisible
m = O widths of Z and h
Q §10—3 \\e !
% § TLEP?? =
= 2 4L 47\\ = .
2z ¢ (LHC, future Higgs

1o > DM DM - factories, GigaZ...)

] 45 50 s e

DM mass in GeV
DM mass 1 stivation to improve on Z/h invisible BRs

A. De Simone 21



[] O0s1/2 MODEL (SCALAR-HIGGS PORTAL) [ ]

Mediator spin | Channel | DM spin | Model Name
0 s 0 0s0
0 s % [ Os% J
0 t 0 00
0 t 1 015
! t 0 110
% S
1 ) 0 150
1 s % 15%
1 t : 1¢5

)= = - S “talks” to SM only via H

mixing of real scalar mediator S and Higgs
looks like a 2HDM, with <S>=0

I

1
L7 5(8HS) 2m552+x(zc? My )X nyff

~VySXX — UsS|H|* — AsS*|H|*.

Model parameters: {m,,ms, Ag, is}

mp, = mp

hi\ [ cos@ sinB)\ (h :D
(hz) N (—sin@ COS 9) (S) my, ~ \/m2+7tzv2
2 S S

tan(20) = 2vis / (mg — mj, + Asv?)

In the mass-eigenstate basis:

LD (hycosOl hysin 0) Z
«S \/7

Higgs Yukawas reduced by cosf

— (h1sin@ +hycos )y, X x

A. De Simone
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[] Os1/2 MODEL (SCALAR-HIGGS PORTAL) []
Mediator spin | Channel | DM spin | Model Name LHC si gnals
0 ) 0 0s0
mono-jet +
1 1
0 ) 5 [ Os5 j e
mono-W/Z Wz
0 t 0 00 fwiii
0 t : 0t 3 mono-Higgs
X
1 1 229099090, .
5 t 0 510 g%%a - ! : At
hy 7 A
ty TV X
95&9[ t in X
1 ) 0 150
>> combine with inv. width, VBF...
| 1
1 S 5 1S§
| , 1 171 A playground for testing
2 2

complementarity techniques

A. De Simone
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[ ] SIMPLIFIED MODELS OVERVIEW [ ]

Mediator spin | Channel | DM spin | Model Name t_ C h anne | m Od e | S

0 s 0 0s0
Leitmotiv: mediator carries
0 g ! 0s1 no tree-level non-trivial quantum numbers

s
_______
“
.
* s .
-----------------------------------
““““

. o
L ®

s : DM
0 : o || o0 q\/

DM
1 1 q p
2 ! 0 710 \ ;
| | ............ S 'I'
> { 2 i 2l i ’ / N )
........................... o L/ a /" ow
1 ) 0) 150 T ~ 0t1/2
q DM except for ID/DD
| 1 \ / § \ DM
1 s 5 ls3 g

; dim-5 dipole
. | operator

1 : 1 e T "
1 4 § 1t§ ey / \ DM
................................ q ~0t1/2
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[] OT1/2 MODEL ]
Mediator spin | Channel | DM spin | Model Name
0 s 0 050 g \ / DM
» 1) carries color, EW, flavor

0 ¢ L 051 7 (if DM total singlet)

— /\ DM — > squark-like mediator
0 t 0 0¢0 9 .
0 t 1 015

possible to couple n to: ug, dr, QL
: { 0 110 choose Ug:

Zoy > ¥ |5 (Qum)? = 2MPn?+ (gim; 2+ he)
1 1 1,1 2 a2 2
— Z' — _t_ 94y
2 2 272
_ M1 = M2 = M3 =M
1 5 0 150 MFV:
gL =9g2 =0Ggs3 =g

1 S % 15%

Model parameters: {mX, M, g}

1 1

1 t 5 lt5

g is a free parameter (unlike SUSY)

A. De Simone
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[] OT1/2 MODEL []

b X i X Best Exclusion limit from jets+MET on gy for I'sq=I"min

1000- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Y ‘ 33 35

M ET+1 j F 32 28 29 34

' L 27 | 21 | 26 52

| 8 TeV d ata 24 26 27 26 3.1

: 800 - 24 24 25 24 | 30
:
|
|

. 6
ui |
L 24 22 22 19 23 29
H 18 20 21 20 2.1 27 5
. L 19 19 20 18 2.1 26
; |
600 - 18 17 18 17 17 20 26 A »
L 15 14 16 12 15 14 19 25
L 14 15 15 14 13 15 19 24

@)
7 9 X 9 u X S -3
i i 13 13 14 13 12 12 13 18 23
u; X 400 - 12 12 11 11 10 11 12 17 22 A
| . . . . L,
\/ i 097 10 10 095 077 097 10 13 17 21 1
- 090 079 084 082 083 089 096 13 17 20 A
I . L
| - 070 056 058 073 075 082 091 13 16 20
| |
| 200+ 071 059 087 12 15 19 A l
I [ 0
- 066 073 085 12 15 18
4 i g |
Us : 0.63 0.82 1.1 14 18
[ 060 069 0381 10 14 16
| g
|

7 /\ excluded by QCD E)O?Od My w -
X X [Papucci, Vichi, Zurek - 1402.2285]

MET+2j

\
\
=<

-

relative importance
can be upset by
value of g

Q
/N
/N
\
S
=
\
\
\
\
\
<
~
A
S
7/ \
3 /N
/ \
/ \
/ \
/ \
/ \
|
L 4
=
3
S
gw
~

Uy

N
" Yn e e s Em=

(7 - ’

. DM exchang,e'

h_‘ ,—‘

Dl SRS
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] OT1/2 MODEL [ ]
‘ Dirac DM (0t1/2p) Majorana DM (Ot1/2)

\ ||:..;||_ (\'1_'10_ TTT] T T TTTT] T |||E|
773
— =
— B AR E
N 1 O WPECTEL i T -
""""""""""""""""""""""""""""""" l 5
Q(/ 104 +
—— LUX 2013 <$0 = = —— XENON100 neutron 3
—— SuperCDMS 2014 E I R VE B 7. M.=800 GeV .
45 CDMS 68% C.L. 0 10" 8 TeV LHC o =
10 = CDMS 90% C.L. 7’ E - ;T M,=800 GeV (squark) 3
C CoGeNT 90% C.L. ] - -
10746 ----- MZ:SGOO GeV 8 TeV LHC - 1045;— 19.5 b —— M=1.2TeV E
% ==== M,=800 GeV (squark) % - — — M.=1.2 TeV (squark) 3
47— " M=12TeV 19.5 fb-1 46| _ ¢ ]
107" £ — - M;=12TeV (squark) ' E 107 —— contact operator 3
= contact operator = C -
-48 [ 1 Lol L Lol 1 Lol 470 I Lol I Ll I NIRRT
10, 10 100 1900 1074 10 100 1000
M, GeV/c M, GeV/c

[An, Wang, Zhang - 1308.0592]
iImpossible for Dirac DM
LHC + Direct Detection + Relic density:

still viable for Majorana DM (with mpm >~100 GeV)
Models with 3rd generation quarks

DM . .
g . < exploit b-tagging
b and squark searches
e.g. sbottom-like mediator £ > —\Bbpy + h.c. :
B
g

........ < b
DM [also 2-tops]
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[ ] CONCLUSIONS & OUTLOOK

a In s-channel models: play with Scalar-Higgs Portal model

a In t-channel models: the mediator typically carries charges
(QCD, EW produciton possible)
Next-in-line to be explored

a >> Fully exploit complementarity <<

a then what? simplified models v. 2.07?

- guided by new hints/excesses/discoveries in future data
new collider signatures, different from mono-X ?

- more degrees of freedom/more parameters? loop mediation?
-9

A. De Simone
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EFFECT OF THE EFT CUTOFF

_ Oeff ’Qtr<Mmed

fraction of events at low momentum

transfer (valid events)

mpyv = 90 GeV i

| ATLAS Simulation
_ Preliminary

Vs = 8TeV

Vs=8TeV 4
m, = 50 GeV I'—=2Ofb
— ET™ > 400 GeV

— ET™* > 600 GeV

— ET™° > 800 GeV

— —

2.5 3

Vs =8TeV 4
m, = 400 GeV I L=20fb
— ET™° > 400 GeV

— ET™* > 600 GeV

— ET™°> 800 GeV

15
= L
= 190°AT1.AS Simulation
g8s [ Preliminary
T 8o
- \/g = 8TeV
60_—
40
Qir > 2mpwm :
201
|

—h

mpmM — 400 GeV

1 1 | 1 1 1
2.5 3
9sm%om

XY x)(@vu9)

[ ATLAS Simulation
_ Preliminary

Vs =14 TeVE

40 _
B Vs = 14 TeV 4]
- m, = 50 GeV J'—=25fb i
201 — Ef™>400GeV
- — ET™ > 600 GeV i
B — E™° 5 800 GeV -
O --l L I PR N T T SR S N
1 1.5 2 2.5 3
gSMgDM
'@‘ -_|_ T T T T T T T T T T T I
= 10017471 AS Simulation — -
8= [ Preliminary .
i
80— _
sol Vs =14TeV -
40— ]
N Vs =14 TeV 4]
- mx=4QOGeVJL=25fb i
201 — ET**>400GeV ]
- — ET™* > 600 GeV ]
- — E™° > 800 GeV -
O l . L L L I L L L I | L L

1 15 2
[ATL-PHYS-PUB-2014-0087]

L
2.5

3
9sm%om
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[] 1s1/2 MODEL (Z MEDIATOR) []

. DM DS, Giudice, Strumia - 1402.6287]

a/ DM '/ *s DM

O - ‘
g2 3 f : "
L=-2Z, § f’)/,u(;gv +759Ajf |+ § 9sls™(i0,8) — (10,8")s]
cos Ow o
f / e \ i
Fermion DM coupled to the Z Fermion DM coupled to the Z Scalar DM coupled to the Z
10:\\\\\\ T T \,\_\\\H T \/\\\\\HE lol\\\\ T T T 1 T T 1711 T \/\\\\\H P
E V S = 8 TeV // E E /_ 8 TeV / P2 -
- fLdt =195 <~ - . )
- - Ldt=195fb""" -~ . /\/__14TV
E@ i S5 = 14TV 2 - J ~ s =14 TeV | fLdt = 300 fo-!
S 77 fLa—sont 4 % - Jrae=300f67" 4 2
PO / I “'SD scatt K
g NI scatteri =
g @ g
s 107 e LUX 2013 2
o — Jnv
2 r tgherdmal S %" ltt)herdmal
8 = Z.inv abundance - -1 abundance
2 102 % 0 S 107 e(/
& LUX 2013 &) LUX 2013
B thermal abundance i
1073 - ) 1077 ¢
L | | ) S Y | | N S B | 10_1\\\\ | | [l | | | [ A EL I I [ B R I I [ A |
10 102 10° 10 102 10° 10 10 10°
DM mass in GeV DM mass in GeV DM mass in GeV
some regions still allowed for
axial couplings of fermion DM (not much to say for LHC...)
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[] O0s1/2 MODEL (HIGGS MEDIATOR) [ ]

DM q \ H .- DM [DS, Giudice, Strumia - 1402.6287]

-
Now i " DM

] I T ADMU 5
V3 | 2 rF o Po(yoni + dpuds)vom + =T sbu

L /

Scalar DM coupled to the Higgs

Fermion DM coupled to the Higgs Fermion DM coupled to the Higgs
10 s =8Tev 100 Vs =8Tev ‘§D scattering- 10 f«/_ =8TeV /
=19.5fb~! - ~19.5fb! ] - JLdt=195fb"
- : JLdt=195b ﬁff;‘offfvb-l E JLdt=1951b Ve e ey = - T = 14TV
5 I | ) = fLdt =300 b~ : fLdt =300 b~
& 1t 20 25
T - T =~ LUX 2013
8 e 8
o0 T} o
£ gL 2 2
3 107! =y 107! & 107! E thermal
S S S -\~ T~ abundance
= = thermal =
A A abuflggﬁce A
107 ¢ 10~ 107
10 10° 103 10? 10° 10 10° 103
DM mass in GeV DM mass in GeV DM mass in GeV
still allowed: scalar DM (mpy> 100 GeV) LHC: improve on Higgs BRinv.
and fermion DM with axial couplings (not much else...)
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1/72TO MODEL []

[]
Mediator spin | Channel | DM spin | Model Name
0 S 0 0s0
1 1
O S 5 OS 5
0 t 0 0r0
1 1
0 t 5 m§
1 1
3 t 0 52‘0
1 1 1,1
2 ! 2 7213
1 Ry 0 150
1 1
1 S 5 1S 5
1 1
1 t 5 1t5

mediator ¢ is a vector-like fermion
Tiﬁ carrying color, EW and flavor

g / " o (if DM total singlet)

possible to couple to: gr, QL

choose gg:
1 1 _ . _
L1102 5 (0u8)* = 3me¢> + Y — My) ¥+ (y9 Par + h.c.)

pretty much the same story as 0t1/2
(for LHC)

different results for (in)direct detection

e.g. (o V) is d-wave suppressed (v4)

A. De Simone



N 1/2TO MODEL u

M o y?: :QS
|

¥

e

Coupling to ug Coupling to dg

I~

10

0.1

0 N R N | | 0.01 | I
5 10 102 103 10 5 10 102 103 10

m m™m
r = mw/m(ﬁ qzs[Gre\/'] | | ¢[Ge\/] |
[Giacchino, Ibarra, Honorez, Tytgat, Wild -1511.04452]

0.01

Xenon-1T will probe TeV region of DM mass

A. De Simone



1/2T1/2 MODEL []

[]
Mediator spin | Channel | DM spin | Model Name
0 s 0 0s0
1 1
0) \) 5 Os 5
0 t 0 00
1 1
0 t 5 Ot 5
1 1
3 t 0 510
1 1 1,1
2 f 2 . 22
1 s 0 150
1 1
1 \) 5 s 5
1 1
1 t 5 lt5

g DM
% / 1y fermion color-octet
hb (gluino-like)

@3\ pw In SUSY: gluon-gluino-bino
g

L1,y D WD~ M)y + %GZV(WG“Ver h.c.)

dimension-5 dipole operator

DI —

!

weak signals for LHC, maybe future colliders...

[details not worked out]

A. De Simone



[] 1T1/2 MODEL []

Mediator spin | Channel | DM spin | Model Name
0 s 0 0s0

q DM
\/

0 ) % Os% ;

0 t 0 0t0 aw//\\ DM

vector mediator carries color, EW and flavor

0 t 1 015

" | similar story as 0t1/2 (squark-like mediator)
3 t 0 110

1 , 1 1.1 [details not worked out]

2 2 272

1 ) 0) 150

1 ) % 15%

1 t : 1¢5

A. De Simone



[ ] LoOoOP MEDIATION [ ]

Beyond tree-level mediation?

2 a model for scalar DM interacting with gluons Godbole, Mendiratta, Tait - 1506.01408]
X
g X m\
Qo 9 . S
1z XPGLL G (C5 operator) %.;' —> L
& T x
g 2999900)
X

X : DM, complex scalar, gauge singlet

®i : scalar mediator, color-triplet, EM charged, flavour triplet
[other color reps. (e.g. octet) not explored]

£ 9ux*0"x = miIx|* + (Dy¢) D¢ — mif|¢|
[neglected mixing with Hj
+ A [XIP|6° + inter. with quarks

€ijkPill; Uk ——> Y1 (p1cr — P2ur)tr + Y2 $3uURCR
(flavour singlet, MFV)

A. De Simone



[ ] LooP MEDIATION [ ]

[Godbole, Mendiratta, Tait - 1506.01408]

C5 op. 1o < (
J X t 4 t
LHC pheno: g __C_él_a2<
X q
mono-jet tt4+ 2 Jets tt+1jet

0.0

400 600 800 1000 1200 1400 1600

m¢1,2 ( GeV )

[Godbole, Mendiratta, Tait - 1506.01408]
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[ ] LooP MEDIATION [ ]

2 dark penguins

BH

q—

\pj X3 \pj X4

[Weiner, Yavin - 1209.1093]
[Primulando, Salvioni, Tsai - 1503.04204]

2 color-octet scalar mediator (0t1/2)
g , DM

... ow

71 interaction with DM is not renormalizable

n:m
@)% 1 interaction with gluons: only in pairs ~ NG, nnGG
g

7 interaction with quarks: suppressed by mq

[not worked out]
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