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1. Introduction

Dark Matter @ LHC

. : How to predict the signals and interpret
» We infer the existence of Dark P & P

— Tty
Maiteer (N Bor fodivest the results? Different possibilities have

: ; been studied:
observations (cosmological,

astrophysical). 1. EFT approach.

= Can we probe DM at the LHC? Yes, 2. Dark Matter Simplified Models
if we assume that it couple 3. Complete models (e.g. SUSY).
sufficiently strongly to the SM
(freeze-out points to that). q DM

Unknown: the mass.

= DM searches at the LHC fully
underway.

DM

q D AU

DM
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Approach at the LHC for DMSMs: example for spin-1 mediator

CMS Preliminary ICHEP 2018
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— simplifying assumptions on the Lagrangian (more soon)
— Results for fixed values of mmed, MDM, 9SM: IDM

— overlay results from mono-jet search

— overlay results from di-jet searches
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MasterCode approach

[2019]

Fit to the full Lagrangian (some simplifying assumptions)

@rimental const@

_ Frequentist
fitting

Included into the fit:

— DM relic density

— DM direct detection limits
— LHC mono-jet searches

— LHC di-jet searches

= global picture of status and prospects

( MasterCode |

L framework )

Best fit point

+@ed parameter @

Sven Heinemeyer, 15th MultiDark Consolider Workshop — Zaragoza, 04.04.2019



2. Set-up and validation
LLagrangian according to LHC-DM-WG recommendation:

The Lagrangians

» We consider DMSMs with a spin-1 (Y7) s-channel mediator.
» The dark matter candidate is a Dirac fermion (Xp).
= We use the model files provided by the DMSIMP package for our implementation.

Scenarios
= Leptophobic, g};’j = gf‘ =0 (no

inj
constraints from dilepton searches).

= Flavor diagonal, g:;j_ =8 if izLi}
ioj

Spin-1 mediator
» Interaction Lagrangian mediator-DM
£, =Xo (gED + g’j}D'}’S) XpYy -
» Interaction Lagrangian mediator-quarks VIA _ V/A

= Flavor blind, Bu; — 84
) . ;
[’qaljarks == Z:‘,j [dﬂ'ﬁi (g:.fi.j T gj’f.f%) &

i ’

_ 1. gx, =8&om 8x, =0
s (s, + &l s) | Exp = E0M £xp =0
» Interaction Lagrangian mediator-leptons pure vector.
Y,
e = v v
I —— =
eptons 2. gifp =10 ng = 8DM
i V L S —
Z".J. {F‘f’}/ﬂ. (g-’;_j s 8}?175) {'] ‘Yi gu/d =0 gﬂ/d — ESM»

pure axial-vector.
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MasterCode set-up :

— Frequentist fitting framework written in Python/Cython and C++
— Multinest algorithm is used to sample the parameter space
— udocker used for deployment

Scan ranges:

Parameter Range # of Segments
my (mediator) | (0.1,5) TeV 10
my (DM) (0,2.5) TeV 8
gSM (107°,V4T)
gDOM (107°,V/4m)
Total # of segments 320
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maSTEchneD
DM constraints: Q

— micrOMEGAs for relic density and DD cross sections

1200 0.120
0.105
1000
10.090
800
10.075
=
m :’T"IH_.
O 600 10.060 =
10.045
400
0.030
200
0.015
0 e 0.000
0 500 1000 1500 2000 2500

my- [GeV]

= full agreement with ATLAS/CMS results (here: vector model)
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Non-LHC constraints

1“ 43 -

Dark matter

fr
= Relic density constraints from B jo-ul
Planck. :
: . . S/ _.% 1074 |
s Direct detection constraints on o = g
“*RT 4 T ™ AT 0
from LUX, XENON1T and PANDAX. a, -
E 1046 |
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from PICOGO0. e | . S B
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[1608.07648, 1705.06655, 1708.06917] WIMP mass (GeV/e)
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m, [GeV]

Mono-jet constraints

= MG5 aMC(N)LO, Fastlim approach

1200 DMSIV! spin-1 v:ector: gpu = 1, g,;Ml=(J.25 o) 1200 DMSM s;l)in—l axiall—vector: gpu = 1, gsu =0.25 o)
1000+ z 1000+ z
6 6
800+ 800+
5 % 5
600/ 47 © 600} 43
400} & = 400} &
12 12
200} 15 200} 15
0 —0 0 —0
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
my [GeV] my [GeV]
= full agreement with ATLAS/CMS (red-dashed)
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Di-jet constraints

= MG5 aMC(N)LO, Fastlim approach
MC vs CMS/ATLAS

0.5 '
—— CMS PAS-EX0-16-056
- ATLAS CONF-2016-070 jj+gamma
——— ATLAS TLA dijet
0.44 — CMS JHEP-01-2018-097
—— ATLAS PRD96-052004
~——  ATLAS-CONF-2016-070 jj+jet
CMS 1802.06149
0.3
[,
)
0.2
0.1
0.0
102 10°
my [GEV]

= full agreement with ATLAS/CMS
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3. General Results

— Results for vector mediator model

— Results for axial-vector mediator model

— No restrictions on couplings or masses

— Color coding:

green: annihilation via t-channel y exchange
into pairs of mediator particles Y that subsequently decay
into SM particles

rapid annihilation directly into SM particles
via the
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Vector mediator (I): [PRELIM.]

= = —— DMSM spin-1 vector: 1o, 20, 30

2500 . .
Y
2000
S 1500
a
O
§<1000
500
LT
% 1000 2000 3000 4000 5000

my [GeV]

= Clear separation between s- and t-channel
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Vector mediator (II):

gpy [GeV]
o

[
o
w

104
10

~—— =— —— DMSM spin-1 vector: 1o, 20, 30

F

107

gsn [GeV]

MasTEeRcooe,
10T 100

= large ranges allowed, t-channel only for gpym > gsm

[PRELIM.]
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Vector mediator (III): [PRELIM.]

—— =—— —— DMSM spin-1 vector: 1o, 20, 30
2 s
1030} MasTERcas) -
Lo T
104 L : |
1042 ¢ X |
&~ 1043 | \ |
5 T4 [ \ |
F}bg_l 10-45 | B 2 =
10-‘15 L
1047 |
10'48 L
10-49 L
1050

i

= mixed prospects, both for s- and t-channel case
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Axial-vector mediator (I): [PRELIM.]

= —— DMSM spin-1 axial-vector: 1o, 20, 30

2500 . .

2000}
S 1500}
a
O
§<1000-

500

% 1000 2000 3000 4000 5000

my [GeV]

= Larger s-channel region, continous with t-channel
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Axial-vector mediator (II):

[PRELIM.]
= —— DMSM spin-1 axial-vector: 1o, 20, 30
10° ;
__ 107
>
Q
=
= 107
Q
SN
107
£ MasTeRcoe,
;f’ ,zf iﬁ
s s /!
10‘4_ T L gy oje gkl Spegeps® g o g
10" 10° 10° 10

103 102 10T 100
gsn [GeV]

= t- (s-)channel for ggp < (> )1072

Sven Heinemeyer, 15th MultiDark Consolider Workshop — Zaragoza, 04.04.2019 16



Axial-vector mediator (III): [PRELIM.]

= —— DMSM spin-1 axial-vector: 1o, 20, 30

i

= will not be easy for PICO!
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Axial-vector mediator (III):

—— = —— DMSM spin-1 axial-vector: 1o, 20, 3o
10-3?:""| i T T ] v L LA | Y Tty

10738 v masiéﬁ?\ﬁ

10-39 _ ! _

m, [GeV]

= neither for LZ!

[PRELIM.]
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4. Towards UV completions

So far no UV completion considered!
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4. Towards UV completions

So far no UV completion considered!

In any UV completion the spin-one boson could be expected to have
comparable couplings to SM and DM particles, modulo possible
group-theoretical factors and mixing angles!

gom/gsm = O (1)
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4. Towards UV completions

So far no UV completion considered!

In any UV completion the spin-one boson could be expected to have
comparable couplings to SM and DM particles, modulo possible
group-theoretical factors and mixing angles!

gom/gsm = O (1)

1/3 < gpm/gsm < 3

— dark vellow regions

— s-channel favored!
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Vector mediator: towards UV completions

DMSM spln -1 vector: lar, 20, 30
T 2 e

39| ITIEE/TEH:nne )
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10° 101 102 103

= mixed prospects for discovery

[PRELIM.]
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AXxial-vector mediator: towards UV completions [PRELIM.]
DMSM spin-1 axial-vector: 1o, 20, 30
10-3? TR I L] y BE | ¥ W . v LT | v v il ot AT | o E
| ; MasTERcooe, |
38T i o ]
10 ’4.1 L_é;ej '
103 | v ;
3 L] ]
[ —m T
-40 '
].U 3} &
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~ . 104 &8
~ Lo XENORLT =
o 10-42 \ b i
b \ Wi - A
%E 10743 L i l-ﬁz“ i
b n N :
10-44 \n___,.f ]
- ]
T2 L0y !
107 ry i
Xe neutrino bkgd (neutresg -
1074 B ca
10° 101!
m, [GeV]
= t-channel can fully be probed, s-channel only partially
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5. Conclusions

e EFT vs. DMSM vs. full theories
e Lagrangian for vector or axial-vector mediator

e SO far results presented for fixed values for some of
Ism, 9DM. Mmed, Mpn and other constraints (mono-jet, di-jet) overlaid

e MasterCode approach: full fit of the model, including
— DM relic density
— DM direct detection limits
— LHC mono-jet searches
— LHC di-jet searches

e \VVector mediator: s- and t-channel separated, mixed prospects for DD

e AXialvector: s- and t-channel continous, mixed prospects for DD

e UV-completions: 1/3 < gsm/9pm < 3 = s-channel preferred
= prospects for DD not improved
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