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The existence of Dark Matter is confirmed
by several independent observations at cosmological scale
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The evidence for Dark Matter is a
very appealing argument for BSM
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DM is very appealing even though
we know almost nothing about it!

Yes |.? No | ?

Couplings symmetry behind
gravity \ stability | ?
weak 2
higgs 2
quarksigluons [ Thermal relic
leptons 2] ves [? No [?
New mediators | ?
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How we can decode
the fundamental nature of
Dark Matter?

We need a DM signal first!

But at the moment we can:

0 understand what kind of DM is already excluded
0 explore theory space and prepare ourselves to
0 discovery and decoding of DM
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DM DM

Correct Relic density: efficient

Efficient (co) annihilation at the time
annihilation now: of early Universe
Indirect Detection

Dark Matter
(DM)
Sighatures

Efficient production
at colliders
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Efficient scattering off nuclei: Direct Detection
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Complementarity of DM searches
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me2sA Example of DM interactions with

Efficient scattering off nuclei: .
DM Direct Detection (DD) negligible/suppressed DD rates

Important: there IS no 100%correlation between signhatures above. E.g. the
high rate of annihilation does not always guarantee high rate for DD!

Actually there is a great complementarity in this:
* In case of NO DM Signal — we can efficiently exclude DM models
* In case of DM signhal — we have a way to determine the nature of DM
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Spectrum of Theory Space

Less Complete

universal building
block for complete
models

Effective Field Theories

Models

Simplified
Models

Minimal
Consistent
Models

UV Complete
Models

Little
Higgs More
Complete

Sketches of Models

modification of Tim Tait's sketch
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Minimal Consistent DM (MCDM) Models

Properties
B gauge-invariant
B renormalisable
B anomaly-free
B can also be a building block
of a bigger theory (e.g. SUSY)
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Minimal Consistent DM (MCDM) Models

Properties
B gauge-invariant
B renormalisable
B anomaly-free
B can also be a building block
of a bigger theory (e.g. SUSY)

Classification is important

for systematic DM exploration
® DM is a part of EW multiplet
B at most one mediator multiplet
B very important for consistent
exploration of DM theory space

Z,odd or even

v

' >34 isospin
spin —>Y *
Xy‘ — hypercharge
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Minimal Consistent DM (MCDM) Models

- Spin of
Properties Y
u gaU96'|nvar|ant Matter 0 1/2 1
B renormalisable Spin of
B anomaly-free il
B can also be a building block | _ _ o v i
Of a b|gger theOI‘y (eg SUSY ) spin 0 even mediator Sy Sy Fy Sy Vy Sy
L ] _ ] spin 0 odd mediator g{fgir;r ﬁ{; 5{;, ﬁ{;g{f V{;g{;,
Classification is important
for systematic DM exploration | _
. . spin 1/2 even mediator
® DM is a part of EW multiplet
B at most one mediator multiplet spin 1/2 odd mediator || SLEL, SLFLe| FLFIEY2 | GLEL VIFL
B very important for consistent
exploration of DM theory space . ) }
spin 1 even mediator SN BV V;‘-Vlﬁ‘:
Z,odd or even
+ spin 1 odd mediator g{?;: ﬁ{ V;: ﬁ{vf};{:“ 17;' V;:
Y=< hypercharge G.Cacciapaglia, D.Locke, AB to appear
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L

Cirelli,Fornengo,Strumia hep-ph/0512090 (Minimal Dark Matter) qp —

DM multiplet only
= iy D yip — mpipap

{1,Y}={0,0}, {*~,'~}, {1,0}

Z,forbids yukawa couplings

{0,0} — no gauge-interactions — invisible to direct detection
and collider but over(under) abundant if thermal (non-thermal)
Y 40 (Dirac DM) Is excluded by direct detection or
requires additional sector — which splits the mass of ¥
Radiative mass split — very important for the phenomenology
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The role of loops in DM
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" 1 — n=3,v=0 ' &
10713 ] = n=5,Y=0 = Dirac 3 10—
n=2, Y=1/2 == PseudoDirac i
J =— n=4,vY=12 aaam Pure Majorana }
10714 ——— 1 ————+ 107
101 102 103 10 1 1
MD [GEV] _ .. .
Y=0 minimal candidates may be
G.Cacciapaglia, D.Locke, AB to appear (preliminary) discovered or ruled out at next
generation of DD experiments
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Radiative mass Split
simplest models with Y>1/2 are excluded
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Left: maximum value of m_ above which the lightest particle has charge Q = -1 for various values of Y

Right: spectrum for a generic multiplet with Y = 1/2, with mD < 570 GeV.
The vertical line shows m,~ m_/2, below which the model is excluded by the Z decays
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Long Lived Particles (LLPs)

B || Ps appear in the minimal DM models D™
with DM being the part of the EW D° | — AM=Mp: — Mp ~ My
multiplet: the radiative mass split of D~
charged and neutral components is

amw

N b e 2Y(Q-Q)

of the order of pion mass Mq — Mey| .

B The hypercharge of the multiplet

® a) should be zero, otherwise the the model |
is excluded by DM DD constraints from Z- AN — 592, (Mw — ¢4, Mz)
boson exchange 327

® b) or neutral component (DM) of the AB, Cacciapaglia, McKay, Marin, Zerwekh 2018 (vector DM)
multiplet should be split by additional
(e.g.Yukawa) interactions, which eliminate D+ — DO7T+ is the dominant decay, D*is LLP
DM-DM-Z

= ¢) multiplet for non-zero hypercharge can
not be large — negatively charged
component becomes the lightest particle

Cirelli, Fornengo,Strumia 2005 (scalar and femion DM)

This small mass gap
(~ pion mass)
provides
disappearing track
signature
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D* (charged partner of DM multiplet) decay

103 ¢ . . . . —
m Dt life-time should be properly evaluated using ; — VI Vo]
W-pion mixing Vi VOtud|
(otherwise overestimated by factor of 10) D
102 |
+ o ;
D =
g fr w8
,C[,Vﬂ- H?—k otm™ + h.c. o+ S
2\/7 T 101 |
i2HDM g-f _
LCEoN = 4{{}2 (pp — ) ) p—]DTDr” +h.c. o0 | | | | .
W 200 400 600 800 1000
2f My (GeV)
cMFDM 9 m Opp,)p"_D7~+"Dn~ + h.c.
D+ Drw 4\/55\[&? ( 3) T /
LSS y D* [g1y" Py + gy Pr] Dn™ +1
+ Dr— — P g L +grY LR DT 1.C.
DT D 4\/*1\[) T
VDM g 2f i vp ol ot + —
Lpipr =~ T =15 (pp — pp+)' 9" — phy +pD q ]pﬂ_MDV D,m~ +h.c.
AB, Prestel, Rojas, Zurita [arXiv 2008.08581]
Alexander Belyaev  NiE& Towards the Consistent Dark Matter exploration 18




Disappearing track signature (DT) for DM probes

B We reinterpret ATLAS disappearing track search [arXiv:1712.02118] for long-lived charginos

with disappearing-track signature for generic models with DM of different spins: 0O, Y2, 1

®  Our stragegy [arXiv:2008.08581]
m  |LanHEP - CalcHEP (LHE) —» PYTHIA 8.245 (Latest CKK merging) —» Delphes 3.4.1 - analysis code
= LanHEP/CaclHEP: i2HDM, MFDM, VTDM models with the correct W-pion mixing, models are public at
HEPMDB https://hepmdb.soton.ac.uk/ (0820.0330, 0820.0329, 0820.0331)
=  PYTHIA 8.245: improved CKK merging (Stefan Prestel)
= Delphes 3.4.1: ATLAS card, in particular, to simulate correctly MET from visible ET leptons and jets
= analysis code (Felipe Rojas): implements ATLAS cuts and efficiency “heatmap” for tracklet ID,
evaluates efficiencies and limits for general models
®m  Validate our code by comparing with ATLAS limits
®  Find new limits for generic DM models with spin 0, %2, 1
®m  Provide publicly the code and efficiency/limits map in (MDM-t) plane
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Validation of our codel/results against ATLAS for DT

.. 7 Xix?, XixT production tanB=5,u>0
m Total acceptance x efficiency check e %
in MDM-t plane :
Difference between ATLAS and our simulation in % 100
= 10 100 =
- 80 ‘i S
|__,>< ........................ N
60
107t
1_ -- no Matching
: 2 _— CvTiI::S(thEJZf;}ed 95% CL limit
n 107150 200 300 400 500 600 700
107 & my= (GeV)
E 0-10 — MFDM
Higgsino (ATLAS)
=== Higgsino (theory)
0.08
10700 200 300 400 500 600 700 10
Mass (GeV)
— 006~
B Compare Limits in MDM-t plane for =
pure wino and higgsino models 0%
- - - - - 0.02-
B The difference in limits on chargino
mass is less than 5% 0.09 . ‘ . |
00 120 140 160 180 200

my: (GeV)
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Using DT to probe minimal DM models

We apply our validated analysis to minimal consistent models
B Scalar: Inert two-Higgs doublet model (iZHDM)
®  Minimal Fermion Dark Matter model (MFDM)
B Vector: Minimal Vector Triplet Dark Matter model (VTDM)

B Two classes of processes: D*D- and D*D° D D° production
mediated by s-channel Z/y and W*/W- respectively

(a) pp — XTYJ (b) pp — xixTJ
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Using DT to probe minimal DM models

We apply our validated analysis to minimal consistent models

Scalar: Inert two-Higgs doublet model (i2ZHDM)

Minimal Fermion Dark Matter model (MFDM)

Vector: Minimal Vector Triplet Dark Matter model (VTDM)

Cross section and Transverse momentum distribution hierarchy: VIDM - MFDM - i2HDM
defines the respective hierarchy of the efficiencies and the LHC sensitivity

—_ -+ - -
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The power of DT for DM probe versus mono-jet limits

D*D° D*D¥ production

B New DT limits for DM models with 101
different spin

®  The limits are well beyond those
from mono-jet signature analysis for

0
t~1ns _ 0
g
Models Mass (GeV) |tau (ns) é w000 s 300 152
2HDM| 237 0.5 10-) ot
MEDM| 436 0.9 A
VIDM| 822 0.7 . 2HDM
WINO 587 1.0 o
—_— \VTDM
® VTDM - MFDM - i2HDM 107100 260 360 400 500 660 700 860 900 1000
hierarchy is defined by CS and PT Mp- (GeV)

AB, Prestel, Rojas, Zurita [arXiv 2008.08581]
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1/2M0

1/2

Z2 odd

. 4 isospin

o y\
hypercharge

 ILC:
D.Locke,
A.Freegard,
|.Ginzburg, T.Hosken,
A.Pukhov, AB (to appear)

* Drell Yan, VBF:
U.Blumenschein,
A.Freegard, S.Moretti, AB
(to appear)

Minimal fermion DM model

+Mediator

Spin of
Dark

Matter 0 1/2 1
Spin of
Mediator
spin 0 even mediator g{/S‘pf ﬁ{;SO’ 171581”;
spin 0 odd mediator g{,.g;{;; ﬁi{gf;, ﬁ{;ggf ﬁg‘;gg,
spin 1/2 even mediator
spin 1/2 odd mediator g{/ﬁi’: g{/ﬁl‘;‘f Fl F;:illx; i}{;ﬁl‘; f’ﬁ,‘:ﬁ{,ﬂc
spin 1 even mediator g{, V()P ﬁ'}‘; VDP ‘:}JV}‘:
spin 1 odd mediator SLVE By Py Vs
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1/2 0
1/2M

Minimal fermion DM model (MFDM)
gives 2/3 -lepton signatures at the LHC

Lrpy = Lsyr + (D — my)

1

+ =x0(id — ms)Xy — (Y ($@x5) + h.c.)

2

= (L (X’{lﬁﬁxg)) . additional Majorana singlet
V2

fermion xg

Z
D3 /D

wt

D, /Dg

D1/D3/Dg 77" <91/D3

[Mp1, AMp., AMps]

only three parameters (effectively two for the LHC)
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FY2 070 Minimal fermion DM model (MFDM)

1/2 gives 2/3 -lepton signatures at the LHC
Lrpy = LiSM + (i) — my)y
+ 5x3(id — mo)xs — (Y (92x;) + h.c)

X
Y= ( i ) i ) additional Majorana singlet
L _|_ 12 ’
V2 b+ ixz) fermion Xg

Z
D3 /D

D, /Dg

wt
D1/Do/Dq  ~ 7777
1/D2/D3 <DI/D3

[Mp1,AMpy, AMps3]

only three parameters (effectively two for the LHC)
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F1/2 370 Minimal fermion DM model (MFDM)

1/2 gives 2/3 -lepton signatures at the LHC
Lrpym = LiSM + (i) — my)Y

+ 5X9(id — ms)x; — (Y ($2x;) + hoc.)
pp - £/24/30 + DM, DM, £=13.3 fb~!
X+ MFDM 13TeV: p,p,L* 4~ + EP™S, AMps = 10 GeV
Y= 1 ( 0 5 a , additional Majorana singlet C
5 \X1 ‘|‘3X2) . 0 -~ LEP: M, =100
fermion X ; ol

ams

nuu

s
13!
731
&

R

BP 88 BP PR EB BEHEE
B g &85 ¥8 HO -Ei -Ei

B
FEaA

D
Z 2 Z
D3/ D1
W+ D+ DI/D3
Dsd DDy THWwRe
1/D2/D3 <Dl/D3

[MDlv AMD-I-;AMDS]

b Eﬂﬂ FHTEE"ER B8 BB RS e R
BE E U EC HE BT BEGE S 8B EE
BB

aTed
it
st

AMp, (GeV)
r= opm/Tos

gae)

0.5

e kT e S - - i - g 0.0
40 50 60 70 80 90 100110120130140150160170180

only three parameters (effectively two for the LHC) Mo, (GeV) U.Blumenschein, A.Freegard,
S.Moretti, AB (to appear)
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F1/2 370 Minimal fermion DM model (MFDM)

1/2 gives 2/3 -lepton signatures at the LHC
Lrpym = LiSM + (i) — my)Y

+ 5X9(id — ms)x; — (Y ($2x;) + hoc.)
pp - £/24/30 + DM, DM, £=13.3 fb~!
X+ MFDM 13TeV: p,p,L* 4~ + EP™S, AMps = 10 GeV
Y= 1 ( 0 5 a , additional Majorana singlet C
5 \X1 ‘|‘3X2) . 0 -~ LEP: M, =100
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s
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B
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D D D e
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[MDlv AMD-I-;AMDS]

b Eﬂﬂ FHTEE"ER B8 BB RS e R
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aTed
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0.5

R T By s e e - = = o 0-0
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only three parameters (effectively two for the LHC) Mo, (GeV) U.Blumenschein, A.Freegard,
S.Moretti, AB (to appear)
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MFDM Results

pp—4/21/31+ DM, DM, £=133 ! pp —4/22/3¢ + DM, DM, £=13.3 fb~!
MFDM 13TeV: p,p,f*1~ + E™SS, AMp3 = 10 GeV MFDM 13TeV: p,p,L*{~ + EJS, AMp3 = 10 GeV
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15
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e As AMp3 increases. coupling between D1 — = increases, while heavy D3 leads to suppressed
production cross-section - ‘no-lose’ theorem
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MFDM Results

pp - £/2L/3f + DM,DM, £=133 fb!
MFDM 13TeV: p,p, £ *1~ + EMs, AMps = 100 GeV

pp = 1/20/31 + DM, DM, £=13.3 fb~!

40
! g o W 2
g 1 u wooEr = 30
220 e s e L
210 ¥ i35 T S
200 ae HE e oM s
190 e e g 3 B 25 L 15
— 180 i uE Al o] B2 - 1.5 . > oA
> s e a1 s P o 1} |s]
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O 160 = B B8 5 B = = 20 3
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40 50 60 70 80 90 100110120130 140150160170 180 Mp1 (GeV)
Mp1 (GeV)
e With increasing AM p3, Higgs to invisible limit covers larger M p1 upto Mp1= Mp/2
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EYSY(CP — odd)

Minimal fermion DM model
with pseudo-scalar mediator

new model, has not been explored previously

Z2 odd
% two-component DM model (pseudoscalar is accidentally stable)
Y o isospin
(2
X Spin of
/( y\ Dark
spin hypercharge Matter 0 1/2 1
Spin of
Mediator
spin 0 even mediator g{,S{;, R‘;S@F ?{;S{/’,
spin 0 odd mediator g{,g{;, F{:gfj, ﬁ'ﬁﬂgﬂf ?ﬁgff’,
spin 1/2 even mediator
spin 1/2 odd mediator g{;ﬁ}‘:’, :S'U{;ﬁ{:f ﬁ;ﬁ;ill//é I‘%{F‘{T/Z ﬁ{ﬁéf;c
spin 1 even mediator g{/ VOI j ﬁ){ VD‘]r ’ I?;V)f:
spin 1 odd mediator 5{ 173‘;: F{ 175: ﬁéﬁ;:r ?;‘7;:
G.Cacciapaglia, D.Locke, AB arXiv:2104.xXxXxXxx
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EYSY(CP — odd)

new model, has not been explored previously

Minimal fermion DM model
with pseudo-scalar mediator

Z2 odd
% _ _ two-component DM model (pseudoscalar is accidentally stable)
Y 4 Isospin
3
X Spin of
/_( y\ Dark
spin hypercharge Matter 0 1/2 1
Spin of
)\ H -I- Mediator
. 7.0 a 2
L: D ZYID ij’)/ /L’b 4 |a ‘ ¢I{ ¢<_I spin 0 even mediator §{,S{:, ﬁ’}fS{ f’E{S{/’,
Fermion DM ? SM nggs spin 0 odd mediator gfzg{:, Fég{j, ﬁi{gy-{f ‘7}{5:{/’,
. pseudoscalar
Singlet doublet
* a does not acquire VEV — no linear coupling to Higgs | spin 1/2 even mediator
e M,y < 2m¢, - “secluded DM" spin 1/2 odd mediator 5{,&{1 §{;ﬁ§f,€ ﬁ‘;ﬁ;fl//; I‘}fﬁ’{’, ﬁ{ﬁéic
* Model implemented in LanHEP, and numerical scan
performed using micrOMEGAs. ; _ _— i —
spin 1 even mediator S{- VDI F)‘L VD‘r V)ftV)f,
4 relevant parameters: spin 1 odd mediator SLVL v v Ve
M, Yoy, Mg, AgH
G.Cacciapaglia, D.Locke, AB arXiv:2104.xXxXxXxx
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Minimal fermion DM model with pseudo-scalar mediator:
rich phenomenology: relic density, DD, colliders

(co)Annihilation channels

Mg +mp - 3My
> a > ~
my = 9 ~ A 90GeV
/
y >
h} "4» ﬁ)\b\’{}_--;- ma wa %mH
e Y
e .‘o TN §
o7 i v /\(EIP~~ H T Yl \
e i " b"“‘rh-"'(fn— | aa - WW
)
— . I . eemmzs | Ma>B0GeV
a ' T i* a
a s“’[)/\[;gH - " Ks" s~~&§ﬂ"o H . : 'U%LL aa - ZZ
T 1, IRl Ty ma>90GeV
a . i Y o" ~‘~ (% _— p
" C) 2 ______ \é (I”O QI{ L—’—HL\ aa. - tt
k d) ¢) f) ma>173GeV

Ogassf U~ 5 22 2 12
(4mz — m%;)* + myy)
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Minimal fermion DM model with pseudo-scalar mediator:
rich phenomenology: relic density, DD, colliders

Qroth? <0.12 & XenonlT

2
Qioth < 0.12 b

10! s 10° 10"
T z (b) g
'vi' " % 100:— %
--_ -1 £ -1
107 I { 1070 o
2 10! 8§ o
8] : o
a T a
c ~< C
— —
& 102 F o
—10—2G : 10—2G
1073 | .
; i —— BR(H=inv) <11%
g —— BR(H=inv) < 3.8%
e BR(H—iNV) < 0.4%
T T
ma[GeV] m;[GeV]
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Minimal fermion DM model with pseudo-scalar mediator:

XenonlT vs LZ exclusion

Qth?2<0.12 & XenonlT & BR(H-inv) <11% Qith? <0.12 & XenonlT & BR(H=inv) <11%
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Minimal fermion DM model with pseudo-scalar mediator:
XenonlT vs LZ exclusion

Qwth? <0.12 & LZ & BR(H~inv) <11%

Qioth? < 0.12 & LZ & BR(H—inv) <11%
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Minimal fermion DM
non-thermal ¢

model with pseudo-scalar mediator:

m, < 2.

10t Orach? <0.12 100 10t Qeorh? = 0.12 & T 0or/Dpianck < oZF™MT 100
£ 4
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Decoding the nature of DM at the ILC

muon spectrum from the models with scalar and fermion DM

101 3

100

T Onshell (BP1) Signal (SDM)
1l z;e = 500fb 1 Signal (FDM)
[—1 BG1
i S  — BG2+BG3 (SDM)
BG2+BG3 (FDM)
E 1 BG4
1 -

—_ Benchmarks

e+e- » D+ D- -~ DM DM W+ W- — DM DM jj u v

Parameters . BPI
Mp 60
My 160
Mp, 160.85
[2HDM parameters
/\345 6.5 x 10_4
A2 1.0
DM observables
)2 SDM 0.111
FDM 0.108
o% [pb] SDM G.lz X l(}:i
FDM 1.67 x 10

-1.00 -0.75 -0.50 -0.25 0.00
cosBj

0.25 0.50 0.75 1.00

AB, Ginzburg, Locke, Freegard,

Pukhov preliminary

Alexander Belyaev  NiE&

Towards the Consistent Dark Matter exploration

38




Decoding Problem: Data - Theory link

B probably the most challenging problem to solve — the inverse problem of

decoding of the underlying theory from signal
* requires database of models, database of signatures
* requires smart procedure based on machine learning of matching signal from data with
the pattern of the signal from data
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Decoding Problem: Data - Theory link

B probably the most challenging problem to solve — the inverse problem of

decoding of the underlying theory from signal
* requires database of models, database of signatures
* requires smart procedure based on machine learning of matching signal from data with
the pattern of the signal from data

B HEPMDB (High Energy Physics Model Database) was created in 2011

hepmdb.soton.ac.uk
* convenient centralized storage environment for HEP models
* it allows to evaluate the LHC predictions and perform event generation using CalcHEP,
Madgraph for any model stored in the database
* you can upload there your own model and perform simulation
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Conclusions and Outlook

= To decode the nature of DM we need a signal first! But at the moment we can
= understand what kind of DM is already excluded
= systematically explore theory/parameter space and prepare to DM decoding
= MCDM models: consistent but simple — one can explore the entire parameter space

= Systematic classification is suggested: new models can be found even for simplest
cases, e.g. 2-component DM with pseudoscalar mediator in £ S0 (CP — odd) model

= Probing DM space
= non-singlets can be probed via DT searches or multi-lepton signatures at colliders.
= DM DD is sensitive to the loop-induced diagrams but not exclude all models
= sensitivity is highly dependent on mass-split
= rich phenomenology

= HEPMDB (hepmdb.soton.ac.uk): the database for BSM models, including DM
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Thank you!
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Backup slides
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Details on DT studies

Alexander Belyaev
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Public source for the interpretation

B The reinterpretation code is public at https://github.com/lIprecasting/recastingCodes/
[reads root file after LHE -~ PYTHIA - Delphes simulation]

B Tables of efficiencies and limits in MDM-t plane allow to quickly find the reach for your own
model in a simple code

tau Mass (GeV) tau Mass (GeV)

(ns) | 100 200 300 400 500 600 700 (ns) [ 91 200 300 400 500 600 700 800
0.01 1.37e-06 1.90e-07 5.64e-08 1.86e-08 1.17e-08 2.59¢-11 2.41e-09 0.01 |968.4 1(}396 63800 318700 1.44(:3'—06 4.17e+06 2.08e+07 1.993e+09
0.02 |2.31e-05 9.19¢-06 4.13¢-06 2.26e-06 1.46e-06 6.29¢-07 3.84e-07 g-gi ;S‘Oé ;)2; é:;% ‘jﬁié 1;;2340 33192;(? Gfozaf 1-21 ‘1?;60')

E - = - =4 = < |=¢ y — 5 (I =i - s U6 206, +d. 230 2 - U b
0.03 |8.67e-05 5.20e-05 3.1;09.—00 Z.E)f}e—[]-: i.—iSe O-:) 8.99¢ 0? G.;f Ze—O(: 0.04 |70.91 1425 203.7 4825 768.2 1179 1908 2814
0.04 |1.90e-04 1.43e-04 1.02e-04 7.52e-05 5.61e-05 4.06e-05 3.24e-05 0.05 158.26 97.35 173.7 250.1  377.6 538 7979 1107
0.05 |3.19e-04 2.83e-04 2.27e-04 1.77e-04 1.42e-04 1.10e-04 9.33e-05 0.06 [51.03 74.99 120.8 167.5 2973 305.9 4278 568.8
efficiencies Limits in fb

= available at zenodo https://zenodo.org/record/4288736
(thanks to Sabine for idea about zenodo)

= efficiencies for separate channels of D*D- and D*D%DD° production
are important for more general interpretation — being produced now
(thanks to Felipe Rojas)
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Minimal fermion DM model with pseudo-scalar mediator:
rich phenomenology: relic density, DD, colliders

Owih?<0.12 & XenonlT & BR[H—rmv} <11% Qroth?<0.12 & Xenon1T
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MFDM parameter space: the current status
MO =1 QeV M° =100 GeV

102 102
DD Not Allowed DD Not Allowed
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