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DARK MATTER SIMPLIFIED MODELS

¢ Among DM-related models, these are the simplest
SM extension

e Foreseen the existence of a single mediator and a
DM particle y

e The mediator connects SM and DM particles -
different decays allowed, different signatures

e ‘s-channel’ refers to a specific mediator decay to DM
candidate

e [These models are non-renormalizable, though useful
for the limited number of parameters

e More complex models can produce similar
signatures to the simplified ones for specific
parameter choices

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3




WHICH KIND OF MEDIATOR?

. . - - — 1
. Option 1: Spin-0 mediator ,

Scalar/Pseudoscalar
Yukaawa—L'Llee coupLngs

g Is combined with corresponding Yukawa factor to
determine mediator’'s coupling to each particle 4
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WHICH KIND OF MEDIATOR?

Option 2: Spin-1 mediator

v/V/g X Vector/Axial-Vector
yr/ys couplings
q /
/
V/A
— ul5
Z gpiM,upin pi =
| q /
1=part. —

Free parameters: gq, g1, 9oM, MMed, MDM
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T4+DM AND TT+DM SEARCH
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-014/index.html
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EXOT-2018-62
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/fig_03b.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/

CONSTRAINTS ON PSEUDOSCALAR MEDIATOR
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https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/Scalar_Spin-0-Mediator_DarkSectorPaper_prelim.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-011/index.html
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
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[AXIAL-JVECTOR MEDIATOR SEARCHES

2% JHEP 05 (2020) 033

137 fb"(13T V)
;‘ 3 E T | T T T | T T T | I. IDIatlal T l T TT | TT IIIE @ PLB 796 (201 9) 68
|i) 10 E CMS —— Fit method E > ' ' ' ' L ' ' 7
S 112 x2NDF =36.63/ 38 - 8 10* &= ATLAS __
o 10 E 1 Ratio method E = /s - 13 TeV. 139 fo" =
- - x?NDF =42.04/ 32 - 2 — S= ev, ]
e 10 e - - - gg (2.0 TeV) T -~ 10°E —
S 1 = he qg (4.0 TeV) 3 (2 = =
S~~~ = -."'i: — c L —
o) = .. . - --qq (6.0 TeV) = o) . . ]
B - * = 5 10°E the dilepton =
107 - -+ W = =
.. the highrest dijet b E
102 . = 0 = e Data : =
3 = e = — Background-only fit -
10° E o~ .'\ E 1 = -- Generic signal at 1.34 TeV,I'/m = 0% ' =
4 = R N . = e Generic signal at 2 TeV,I'/m = 0% ," =
10 E m>15TeV -=" NS 10~' &= - - Generic signal at 3 TeV,I'/m = 0% . } { =
10—5 _ | < 2.5, |An| < 1.1 J{ : 4: | G l =
E | | | | | I | | | | 11 1 1 1 1 1 1 | 1 1 | | |: b
=2 20ty 4 -
= 4FE - 7208 R S SR SRS TR SV i ¢ +++ + H + K3 ﬂ___ R LTV S Y N |
_gz,;' g - g**++++++ *++++++ % T -
9 - I ST S N e ". .................. “W‘ ........... /\7__ -'CB' —_
O|g % w mw oo FEs T 4
oz 0 —EE B i % § 3x10° 10° 2x10°  3x10°
N S\ W B A— AN Bt S et .
815 e E M, [GeV]
I _4 S S R SO SR SUUURR ]
D C | | | MR T ] | ] — .
~ 2 3 4 5 6 7 8 )
Dljet mass [TeV ATLAS PRL 121 (201 8) 081 801
& E ATLAS | e— Data, 29.3 b, [y*| <0.6 '
~108 & —— Background flt —
Gs. | SRl 1 53 (9019) 231803 12 10 = the deepeSt ----- BumgHunter interval =
\ /j o — —o— Z', 6 x 500 -
= ( ) 35917 (13Tev) 10" my =750 GeV, g =0.1 =
> B I I I 1 I I | 1 I 1 I 1 I 1 I I 1 I I I 1 1 I I I 1 I I I I I I 1 I l I 1 1 E BH p-Value — 0.44 E
8 . CMS ¢ Data | 106 L x? p-value = 0.13
Total background = BH p-value =0.6 =
<104 = Nonresonant backgrounds  — . %2 p-value = 0.42 _
; - e R'esonant ba_ckgrounds 3 10 '§— —a— Data, 361", y*| < 0.3
c C ] Ziogev 0. 9, = 1/6 N — —— Background fit
o | L5 cev = 90, 9, = 1/6 ] 104 BumpHunter interval
\T 7 Z'sy oy — 0, 9 = 1/6 = —=—Z,6x500 P .
10° = Total background uncertainty __| — — m,. = 550 GeV, 9,= 0.1 : |: o
= = = . . . 15
the lowest mass = g 2E - -
- . c —
: 1 8 2E
102 &8 = 5 2t
= o OF
> i - ' 500 600 700 800 1000 [(320\9]0
4 4 " m. e
Tl 82 4ot +++ !
@ & 9F +-+"Z%+ +++-a+-*-+i ;+-+-++# - + +-++¢+-+-++t ol
o| -4 , . . . . .
© 20 40 60 80 100 120 140 160 180 200

Mmgp(GeV)

12

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-012/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

[AXIAL-JVECTOR MEDIATOR SEARCHES

137 fb™' (13 T V)
;‘ 3 E T | T T T I T T T | T IDI tl T T T l T TT | TT IIIE
® ata
& 10 '§_ CMS —— Fit method _§' %
~~ — 2 - _
5 %2/NDF = 36.63/ 38 41 -
8_10 E "1 Ratio method E G 10 =
— - YNDF=4204/32 1 2 -
E_ 10 E .y - --gg (2.0 TeV) E — 103 L
S - T, qg (4.0 TeV) 1 =
B 1 *e, ~~4q(6.0TeV) = GC) o
O 15 - Teq . b 107 g~
107 . the highrest dijet -
—2 L %e. N 10 g
107 ¢ s E =
= o = =
— B ‘. —
10°E A =
104 E 1.5 TeV M . B
? m” > . e - \\\ ? 10_1 E_
10°5E mi<25, n) < 1.1 J{ =
= | | | | | I | | | | 11 1 1 1 1 1 1 | 1 1 |||-_ \b 4
(- 4_ ........... L P AR PP v Breeenenenns T EITIN — ...T_
2lz ? i
9 -Ié' 2_ ................... Nt ”: .................. M,;.;‘ ............. \ ............ ; ....... _: "CB' -
Y | @ . TN N
18 oF i F ..................... AR Bt S s ]
© (5 ]
B2 A
= 2 3 4 5 6 7 8
Dijet mass [TeV
cms, |
% PRL 123 (2019) 231
= 3 (2019) 231805 35.9 fb (13 TeV)
> _I I I 1 I I | 1 I 1 | 1 I 1 I I 1 I I 1 1 1 I I I 1 I I I I | I 1 I l I 1 1
@ . CMS ¢ Data _
O Total background
<10t e Nonresonant backgrounds — —
; - I Resonant backgrounds 3
= B Z19gev — 9% 9, = 1/6 ]
o i Z 55 Gev — 4T, g'q=1/6 i
\T 77 Ly ey — A0, 9, = 1/6
10° & Total background uncertainty __| —
the lowest mass :
102 & § =
; _
>
S| s 3E | 445
gle2f * by
© 2'0 40 60 80 100 1 2'0 140 160

2% JHEP 05 (2020) 033

) PLB 796 (201 9) 68

ATLAS
Vs =13 TeV, 139 fb

the dilepton

e Data
Background-only fit
- - Generic signal at 1.34 TeV,I'/m = 0%
-------- Generic signal at 2 TeV,I'/m = 0%
- - Generic signal at 3 TeV,I'/m = 0%

n
+++++{+++++ L d ++++++ } +{ +++ +++++~+++ % W +}¢___ LTS S SO

180 200
Mgp(GeV)

3x10? 103 2x10° 3x10°
m, [GeV]

&2 PRL 121 (2018) 081801

ATLAS _e— Data, 29.3 0", |y*| < 0.6
the deepest — Background fit

----- BumpHunter interval

—o— 2, 6 x 500

my =750 GeV, g, = 0.1
BH p-value = 0.44

x? p-value = 0.13

—
o
0
| IIIIIII| [T

Events / Bin

IIIIIII,I] IIIIIIlI] IIIIIIII| m

BH p-value = 0.6
x? p-value = 0.42

—=— Data, 3.6 fb™, |y*| < 0.3
—— Background fit
----- BumpHunter interval
—=— Z’, 6 x 500 : :

m,. = 550 GeV, g, = 0.1 5 l .

—_
o
~

L L II|”"|||||||||||||| ||||||||| ||||||"| |||||||T| I T

o)) 2 -
2 0
8 2
% 5
an 0

—2 . . T B A

500 600 700 800 1000 2000

m; [GeV]

95% CL upper limit

MMed

12

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-012/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

[AXIAL-JVECTOR MEDIATOR SEARCHES

137 fb™' (13 T V)
;‘ 3 E T | T T T I T T T | T IDI tl T T T l T TT | TT IIIE
® ata
& 10 '§_ CMS —— Fit method _§' %
~~ — 2 - _
5 %2/NDF = 36.63/ 38 41 -
8_10 E "1 Ratio method E G 10 =
— - YNDF=4204/32 1 2 -
E_ 10 E .y - --gg (2.0 TeV) E — 103 L
S - T, qg (4.0 TeV) 1 =
B 1 *e, ~~4q(6.0TeV) = GC) o
O 15 - Teq . b 107 g~
107 . the highrest dijet -
—2 L %e. N 10 g
107 ¢ s E =
= o = =
— B ‘. —
10°E A =
104 E 1.5 TeV M . B
? m” > . e - \\\ ? 10_1 E_
10°5E mi<25, n) < 1.1 J{ =
= | | | | | I | | | | 11 1 1 1 1 1 1 | 1 1 |||-_ \b 4
(- 4_ ........... L P AR PP v Breeenenenns T EITIN — ...T_
2lz ? i
9 -Ié' 2_ ................... Nt ”: .................. M,;.;‘ ............. \ ............ ; ....... _: "CB' -
Y | @ . TN N
18 oF i F ..................... AR Bt S s ]
© (5 ]
B2 A
= 2 3 4 5 6 7 8
Dijet mass [TeV
cms, |
% PRL 123 (2019) 231
= 3 (2019) 231805 35.9 fb (13 TeV)
> _I I I 1 I I | 1 I 1 | 1 I 1 I I 1 I I 1 1 1 I I I 1 I I I I | I 1 I l I 1 1
@ . CMS ¢ Data _
O Total background
<10t e Nonresonant backgrounds — —
; - I Resonant backgrounds 3
= B Z19gev — 9% 9, = 1/6 ]
o i Z 55 Gev — 4T, g'q=1/6 i
\T 77 Ly ey — A0, 9, = 1/6
10° & Total background uncertainty __| —
the lowest mass :
102 & § =
; _
>
S| s 3E | 445
gle2f * by
© 2'0 40 60 80 100 1 2'0 140 160

2% JHEP 05 (2020) 033

) PLB 796 (201 9) 68

ATLAS
Vs =13 TeV, 139 fb

the dilepton

e Data
Background-only fit
- - Generic signal at 1.34 TeV,I'/m = 0%
-------- Generic signal at 2 TeV,I'/m = 0%
- - Generic signal at 3 TeV,I'/m = 0%

n
+++++{+++++ L d ++++++ } +{ +++ +++++~+++ % W +}¢___ LTS S SO

180 200
Mgp(GeV)

3x10? 103 2x10° 3x10°
m, [GeV]

&2 PRL 121 (2018) 081801

ATLAS _e— Data, 29.3 0", |y*| < 0.6
the deepest — Background fit

----- BumpHunter interval

—o— 2, 6 x 500

my =750 GeV, g, = 0.1
BH p-value = 0.44

x? p-value = 0.13

my

—
o
0
| IIIIIII| [T

Events / Bin

IIIIIII,I] IIIIIIlI] IIIIIIII| m

BH p-value = 0.6
x? p-value = 0.42

—=— Data, 3.6 fb™, |y*| < 0.3
—— Background fit
----- BumpHunter interval
—=— Z’, 6 x 500 : :

m,. = 550 GeV, g, = 0.1 5 l .

—_
o
~

L L II|”"|||||||||||||| ||||||||| ||||||"| |||||||T| I T

o)) 2 -
2 0
8 2
% 5
an 0

—2 . . T B A

500 600 700 800 1000 2000

m; [GeV]

95% CL upper limit

95% CL exclusion contours

MMed

MMed

12

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-012/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

INVISIBLE MEDIATOR DECAYS

--------- Y

£) PRD 103 (2021) 112006
IATILAIS S I{ IDataI -
{s = 13 TeV, 139 fb™ “332 Standard Model w. unc.

_ ) 0 Z(> vv) +ets
Signal Region VBF Z(— Il / vv) + jets

pT(j1) > 150 GeV 0 W(= Iv) +jets

VBF W(— Iv) + jets

tt + single top

Diboson
" Multijet + NCB
== m(, %) = (600, 580) GeV
== = m(Y, ZA) = (1, 2000) GeV
==== DE, M, = 1486 GeV

Events / GeV
50)

IIIIII,III IIII|_|,|,|I IIII|,|,||I IIII|_|,||I lIII|,|,|,[I IIII|_|,[|| 1 11

Data/SM

¢ Data/SM after CRfit ¢ Data/SM after SR+CR fit [ || Total Uncertainty

1 I [
1200
prrecoﬂ [G ev]

CMS

JHEP 11 (2021) 153

415" (13 TeV)
> I 1 | I I | I | I 1 I 1 I | I I | | I 1 I 1

8 1 05 CMS —+— Data . Z(vv)+jets
~~ H .
o 10 gﬂoﬂr;qet I:IW(IV)ﬂets .WW/ZZ/WZ
c Top quark QCD
Q100 ] ]
LU —— H(inv), B = 25%
102 _
Axial, M o= 2TeV
10 - mx =1 GeV
1
107"
102
1 | I 1 1 | I | 1 |
-o' 14 I 1 I I I | | I I 1 | 1 I I I I I I 1 I 1
212
S 08 iy
08 Post-fit 4 Pre-fi
é‘i 06 | | I—¢-l 0IStI Itl -ﬁ rIe llt I | | | I | | | | | | |
-8 2 I T | I I | l I I I I T I T I I I I l I I I
5 _2 | 1 I 1 | | l | 1 1 I 1 | | I 1 | | I 1 | 1

400 600 800 1000 1200 1400
pres (GeV)

59.7 fb'' (13 TeV)

> I I | | I | I | | | | I | | I | | | I | | |
8 1 05 CMS —+— Data . Z(vv)+jets
\ H .
10 4 gﬂoc;nSolet I:IW(Iv)ﬂets .WW/ZZ/WZ
S T
o op quark QCD
> 10° D D
LU —— H(inv), B = 25%
10? .
Axial, M o= 2TeV
1 =
107"
102}
E | 1 I | | | I | 1 1 I 1 I
'd 14 I I | I I I | I I | | I 1 I | I | I I I I |
212
= - F‘%ﬁ:%: ----- -
T 08 Post-fit 4 Pre-fi
9“‘\ 06 | 1 I+I ?Stl Itl -ﬁ r;e Ilt I 1 | | I | | | | | | |
.E:; 2 I T I I T I l T T T I T I I I I T I I I T T
Tlo 0 W
LD‘,, _2 | 1 I | | | I | | | I 1 | | l | | | | | | |

400 600 800 1000 1200 1400
pres (GeV)

13

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/

INVISIBLE MEDIATOR DECAYS

--------- Y

£ PRD 103 (2021) 112006

ATLAS
\s =13 TeV, 139 b’
Signal Region

p_() > 150 GeV

Events / GeV
50)

I L] 1 1 I
¢ Data
S\o0% Standard Model w. unc.

0 Z(> vv) +ets

VBF Z(— Il / vv) + jets
L W(— v) +ets

VBF W(— Iv) + jets

tt + single top

Diboson
" Multijet + NCB
== m(, %) = (600, 580) GeV
== = m(Y, ZA) = (1, 2000) GeV
==== DE, M, = 1486 GeV

IIIIII,III IIII|_|,|,|I IIII|,|,||I IIII|_|,||I lIII|,|,|,[I IIII|_|,[|| 1 11

Data/SM

¢ Data/SM after CR fit

¢ Data/SM after SR+CR fit

[I] Total Uncertainty

JHEP 11 (2021) 153

08 ....I .................... | ....................... i : | | | | | i .
200 400 600 800 1000 re1C 500
p; " [GeV]
the monojets
CMS
4157 (13 TeV)
> I 1 | I I | I | I 1 I 1 I | I I | | I 1 I 1
8 105 CMS —+— Data .Z(vv)+jets
~ Monojet +
% 10 20o1n701e I:lwuv) jets .WW/ZZ/WZ
Top quark QCD
Q108 i l
LU —— H(inv), B = 25%
10? _
Axial, M o= 2TeV
10 - mx =1 GeV
’
107
1072
1 | I 1 1 | I | 1 |
-qo; 14 | 1 I I 1 | | | | 1 | 1 1 I I I | | 1 | 1
1.2 i
% 0-3 4 Post-fit. 4 Pre-fit -
9\ 06 | | I | | | I | | | I | | | I | | | I | | |
.8 2 I T | I I | I I I I I T I T I I I I I I I I
o&-j (o) Oﬁ_,_—_—_-______F_
5 _2 | 1 I 1 | | I | 1 1 I 1 | | I 1 | | I 1 | 1

400 600 800 1000 1200 1400
pres (GeV)

59.7 fb'' (13 TeV)

> | I | | | | I | | | | I I | I | | | I | | |
8 1 05 CMS —+— Data . Z(vv)+jets
~~ H .
10 4 gﬂoc;nSolet I:IW(Iv)ﬂets .WW/ZZ/WZ
c
o Top quark QCD
> 10° D D
LU —— H(inv), B = 25%
10? .
Axial, M o= 2TeV
1 E
107
102
E | 1 I | | | I | 1 1 I 1 I
'd 14 I I | I I I | I I | | I 1 I | I | I I I I |
212
= - F‘%ﬁ:%: ----- -
T 08 Post-fit 4 Pre-fi
9“1 06 1 1 I+I ?Stl Itl -ﬁ r;e llt I | | | I | ] | | 1 | |
8 2 LI I L I l I T I I LI I I T I I I T I
Tlo 0 W
év, _2 | 1 I | | | I | | | I 1 | | l | | | | | | |

400 600 800 1000 1200 1400
pres (GeV)

my

95% CL exclusion contours

MMed

13

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/

CONSTRAINTS ON MEDIATOR COUPLINGS

0.05
0.04

O'OSW

£ EXOT-2018-62

ATLAS

__Dm 015 .

ii+Y/]
Axial-vector mediator
m, =10 TeV, gx =1.0

Vs=13TeV, 3.6-140 fo’’

o jet trigger

"N

lyiol < 0.6

I | I IIIIIIIIIIIIIIIIIIIIIIIIIlIIj

~1000 2000
my.

[GeV

95% CL upper limits
Observed
--- Expected

| —— Resolved dijet + ISR

140 fo™
arXiv:2403.08547

1 —— Boosted dijet + ISR

36.1fb™
PLB 788 (2019) 316

—— Dijet TLA
3.6 & 29.3 b
PRL 121 (2018) 081801

~——— Di-b-jet
24.3 & 139 fo'
PRD 98 (2018) 032016
JHEP 03 (2020) 145
Dijet
139 b
JHEP 03 (2020) 145

Dijet angular
37.0 fo!
PRD 96 (2017) 052004

— tf resonance (1L)
36.1 fb!
EPJC 78 (2018) 565

—— tf resonance (OL)
139 fb”
JHEP 10 (2020) 61

— Dijet + lepton
139 fb™'
JHEP 06 (2020) 151

O)D-

C

@)

=

o

o

(@}

)

-

@

o

X 107"
1072

FM% CMS DM Summary

| —

T, /m,=100% 7T -
S Lo =
— T/my25% T TTTTTTTT -
— T,im,=10% 7T R
RN N N
TN U A

I, /m,= --.—~\k S W, AR Jre) S AN A SLEEEE
[ \, 1
| QN |

L1 1 I 1 1 1 | | I 1 1 | | I 1 11 1
710 20 100 200 10002000

m,. [GeV]

Mpy =Mz /3, 9., =1.0

I',/m,

Relic density (Q, h® = 0.12)

<~10%

I',/m,

Boosted Dijet+y, 35.9 o' (13 TeV)
Phys. Rev. Lett. 123 (2019) 23
Boosted Dijet, 77.0 fb'' (13 TeV)
Phys. Rev. D 100 (2019) 11
Dijet+ISR jet, 18.3 fb™ (13 TeV)
Phys. Lett. B 805 (2020) 135448
Dijet b-tagged, 19.7 o' (8 TeV)
Phys. Rev. Lett. 120 (2018) 20
Dijet scouting, 35.9 fb™' (13 TeV)
JHEP 08 (2018) 130

Monojet (vector), 137 fb™" (13 TeV)
JHEP 11 (2021) 153

< ~50%

I,/ m,

Dijet, 137 fb™" (13 TeV)
JHEP 05 (2020) 033

<~100%

Dijet angular, 35.9 b (13 TeV)
Eur. Phys. J. C 78 (2018) 9

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/

CONSTRAINTS ON MEDIATOR COUPLINGS

1|3|7 f|b_|1’ 291 |6-291 8 (13 TeV)
ATLAS EXOT 2018-62 |

o 1 | T T T T T T T [ T T T T TTTTT[TTITTITIT[Timmm 959% CL upper limits

_ ATLAS Vs=13TeV, 3.6-140fb"' ;/ /] — Observed
] --- Expected

—i
o
o

 T/m,=015_ ...

- Resolved dijet + ISR
140 fb™
arXiv:2403.08547

—— Boosted dijet + ISR
36.1fb"
PLB 788 (2019) 316

—— Dijet TLA
3.6 & 29.3 b
PRL 121 (2018) 081801

—h
<

. JHEP 11 (2021) 153

-o- Median expected Axial mediator
PRD 98 (2018) 032016
JHEP 03 (2020) 145 oo e P |
e Bl 68% expected MpM = Mmed / 3

139 fb”
JHEP 03 (2020) 145 95% expected

. —2 L | | L | | | Il | | | | | | | | | | | | | | | |
Dijet angular 10 0 500 1000 1500 2000 2500

37.0 fo-
PRD 96 (2017) 052004 Mmed (GeV)

— tf resonance (1L) CMS uv% CMS DM Summarv

36.1 b
EPJC 78 (2018) 565

~——— Di-b-jet
24.3 & 139 fo'

95% CL upper limit on the coupling gy

q

0.05 jj+Y/j ) . tt 1 1 LI lll 1 1 1 1 LI lll 1 1 1 I I mDM=mZ'/3’gM=1-O
. . K et trigger

O O 4 | Axial-vector mediator " J 99 - — t1f3r9efig1nance (OL)

m,=10TeV,g =1.0 Y12l <0.6 JHEP 10 (2020) 61

O 03 I ] ] ] ] 1 1 1 I 1 1 1 111 IIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|III||
. — Dijet + lepton

100 200 ~1000 2000 139
mZ'A [GeV] JHEP 06 (2020) 151

. Relic density (Q, h® = 0.12)

| 1,/ m,<~10%

Boosted Dijet+y, 35.9 o' (13 TeV)
N Phys. Rev. Lett. 123 (2019) 23

________ Boosted Dijet, 77.0 fb™ (13 TeV)
— Phys. Rev. D 100 (2019) 11

Dijet+ISR jet, 18.3 fb™ (13 TeV)
Phys. Lett. B 805 (2020) 135448
Dijet b-tagged, 19.7 o' (8 TeV)
Phys. Rev. Lett. 120 (2018) 20

Dijet scouting, 35.9 fb™' (13 TeV)
JHEP 08 (2018) 130

Monojet (vector), 137 fb™" (13 TeV)
JHEP 11 (2021) 153

I',/m, <~50%

95% CL upper limit on g
o

constraint also from
monojet analysis |qg

— Dijet, 137 fb™" (13 TeV)
JHEP 05 (2020) 033

I,/ m,<~100%

—2 IIlI 1 lllllll 1 lllllll L1 11
1 O 7 1 O 20 1 OO 200 1 OOO 2000 Dijet angular, 35.9 b (13 TeV)

Eur. Phys. J. C 78 (2018) 9
m,. [GeV]

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/

CONSTRAINTS ON MEDIATOR COUPLINGS

0.05
0.04

O'OSW

£ EXOT-2018-62

I I | I I L | | I IIIIIIIIIIIIIIIIIIIIIIIIIlIIj

.—I I
- ATLAS

 T/m,=015 ...

i+ '
| Axial-vector mediator n' jet trigger _

m, =10TeV,g =1.0 lyi,| < 0.6

1000 2000
m, [GeV

95% CL upper limits
Observed
--- Expected

- Resolved dijet + ISR
140 fb™
arXiv:2403.08547

—— Boosted dijet + ISR
36.1fb"
PLB 788 (2019) 316

—— Dijet TLA
3.6 & 29.3 b
PRL 121 (2018) 081801

~——— Di-b-jet
24.3 & 139 fo'
PRD 98 (2018) 032016
JHEP 03 (2020) 145
Dijet
139 b
JHEP 03 (2020) 145

Dijet angular
37.0 fo!
PRD 96 (2017) 052004

— tf resonance (1L)
36.1 fb!
EPJC 78 (2018) 565
(
)

—— tf resonance (OL)
139 fb”
JHEP 10 (2020) 61

— Dijet + lepton
139 fb™'
JHEP 06 (2020) 151

> i ' ' 3
S 10 ATLAS _
e F Is=13TeV, 139" =
s 10 E
10 é— e Data : é
— Background-only fit iy -
1 = -- Generic signal at 1.34 TeV,I'/m = 0% =
= e Generic signal at 2 TeV,I'/m = 0% 9 -
—1 -+ Generic signal at 3 TeV,I'/m = 0% '
10 ; ° SR
o 4 :
:.E g,H, +++++{+++*+ ++§+ + ++*+++ _+ +{ ++* ﬁhﬁ,ﬂ K3 #H' ﬂ___ R VO S SR -
g -
ST 10° 2x10°  3x10°
M. [GeV] |
0_7 ' ' ' ' L L L L
0.1 ATLAS Vs = 13 TeV, 139 fb™
_ More dilepton searches E
0.05 : : —
- can contribute in -
003~ different mass ranges 4
0.01 —
0.005 —
0.002 —
Axial-vector mediator
m, =10 TeV, g,=0.1, g9, =1.0
\ \ \ \ ! ' R A I I N EE R R RN RN FRRTETTIT ITTITIT
250 1000 2000 3000 _
mz, [GeV]

95% CL upper limit

= = = Dilepton Expected

—_— D|Iepton Observed
1391b™
PLB 796 (2019) 68

15

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/

MASS-MASS PLANE EXPLORATION

m, [TeV]

ATLAS EXOT 201 8 62

1.61 — -
1.4F-8 = 13 TeV, 29 35‘;%’40 i’ h
1.215 -
15 h
0.8) n
0.6H | o -
0.4K [& -
- Axial-vektor mediator, Dirac DM -
0-2‘ gq=0' ’gl=0’gx=1 H
) Al limits gt 95% GL -

0 05 1 15 2 25 3 35 4

m, [TeV]

during the LHC Run 2 a large
range of the m,-mwmeq plane has

been explored

—— Dijet
139 fb’'; JHEP 03 (2020) 145

— Dijet TLA
29.3fb™; PRL 121 (2018) 081801

- Dijet Low Mass
140 fb; arXiv:2403.08547

— Dijet Lep
139 fb’'; JHEP 06 (2020) 151

— Boosted dijet + ISR
36.1 fb'; PLB 788 (2019) 316

— tf resonance (1L)
36.1 fb"; EPJC 78 (2018) 565

— tfresonance (OL)
139 fb"; JHEP 10 (2020) 061

— bb resonance
139 fb'; JHEP 03 (2020) 145

— T4t

139 fb"; PRD 103 (2021) 112006
[ Emlss+,y

139 fb'; JHEP 02 (2021) 226

miss )
Er ™ +V(qq)
36.1 fb"; JHEP 10 (2018) 180

= ET™%Z(ll
140 fb"; PLB 829 (2022) 137066

CMS Pre//m/nary

CI\/IS DI\/I Summarv

< 2000 - —T; ]
) — : —
(5 1800 : —
= 1600 & : —
- — . ' _
¢ 1400 : f —
— 1 /] —
g 1200 : B —
: i / 1 ]
| - | 1 / 1 —_
g 1000 [— . / : —_
m : | / o [ :
800 YL 7
E — ' / / ?: /v ]
pr 600 | y 4 y : ]
CU — | / :: 1 —
A — / 7 _
400 |- L Al —
200 = [" i K =
- 7 ‘ 3 A ] _—

T - - -

= - ] . N e 1M L | . L PR T T A

10
Mediator mass m__, [GeV

04

95% CL exclusions

= QObserved — = Mg =2 Mpy

2>
= = = Expected —44//9 h®=0.12

Boosted dijet (77 fb™)
Phys. Rev. D 100 (2019) 112007

Dijet w/ btag (19.7 fb™)
Phys. Rev. Lett. 120 (2018) 201801

Dijet w/ISRj (18.3 fb™)
Phys. Lett. B 805 (2020) 135448

Dijet (35.9-137 fb™)
e JHEP 08 (2018) 130
JHEP 05 (2020) 033

DM + j/V(qq) (137 fb™
)

JHEP 11 (2021) 153 Vector mediator

Dirac DM
DM +y (35.9 fb™)
JHEP 02 (2019) 074 9oy =10
9, = 0.25

DM + Z(ll) (137 fb™)
Eur. Phys. J. C 81 (2021) 13 g =0

16

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots

m, [TeV]

MASS-MASS PLANE EXPLORATION

£ EXOT-2018-62
= 113 [TeV, 2934140 fo

f

1.6

1.4

1.2

0.8

0.6

0.4

l||Illlllllllllllllllllllll

0.2

gq=0' !gl=0!gx=1

Axial-vector rr#ediator, Dirac DM

All limits gt 95% GL
|

0 05 1 15 2 25 3 35
mZ.A[TeV]

during the LHC Run 2 a large
range of the m,-mwmeq plane has
been explored
things are changing, as
soon as you change the
coupling parameters

Dark matter mass m,,, [GeV]

—— Dijet

139 fb’'; JHEP 03 (2020) 145

— Dijet TLA

29.3 fb'; PRL 121 (2018) 081801

- Dijet Low Mass

140 fb™'; arXiv:2403.08547

— Dijet Lep

139 fb’'; JHEP 06 (2020) 151

— Boosted dijet + ISR

36.1 fb'; PLB 788 (2019) 316

— tf resonance (1L)

36.1 fb’; EPJC 78 (2018) 565

— tfresonance (OL)

139 fb"; JHEP 10 (2020) 061

— bb resonance

139 fb'; JHEP 03 (2020) 145

— ET% et

139 fb'; PRD 103 (2021) 112006

j— E?iss +Y

139 fb'; JHEP 02 (2021) 226

miss )
Er +V(aq')
36.1 fb'; JHEP 10 (2018) 180

— ET®%Z(ll)

m, [TeV]

1.6

1.4

1.2

0.8

0.6

0.4

0.2

-

l..llllIIIIIIIIIIIlIIIIIIIIIII

Axial-vector mediator, Dir
gq=0.1, g|=0.1, g = 1
Al limits at 95% CL

———

05 1 15 2 25 3 135
mz [TeV]

140 fb'; PLB 829 (2022) 137066
” ” MS/
CMS Preliminary - CMS DM Summary
} | - . P — 95% CL exclusions
1800 (+ : ' p T
} ‘ : / : — — Observed
1600 i ‘ : : 7 —
I 1 p g _ = = = Expected
1400 B / o —
{ ‘ . & — Dilepton (137 b
1200 [ . 7 JHEP 07 (2021) 208
{ ‘ . _] Dijet (35.9-137 fb’)
— —— JHEP 08 (2018) 130
1000 - — JHEP05§2020§033
800 i ‘ . _ ____ Boosted dijet (77 fb’)
1 ‘ ]
1 —
I —
600 f+ —
| _
400 i ‘ —_ Vector mediator
: ‘ g — Dirac DM
200 i // | ' —_ gDM=1.0
=] =0.1
L“._. l‘ll TEEEE R T I A B e gqom
0 500 1500 2000 2500 3000 3500 4000 4500 9=%

Mediator mass m__,[GeV]

- Dilepton

139 fb™"; PLB 796 (2019) 68

— Dijet

139 fb’'; JHEP 03 (2020) 145

— Dijet TLA

29.3 fb'; PRL 121 (2018) 081801

— Dijet + ISR

140 fb™'; arXiv:2403.08547

— bb resonance

139 fb’'; JHEP 03 (2020) 145

— 7ot

139 fb'; PRD 103 (2021) 112006

j— Emiss +Y

139 fb'; JHEP 02 (2021) 226

Phys. Rev. D 100 (2019) 112007

16

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots

HOW ARE THING EVOLVING?

MASS-MASS

m., [TeV]

£ EXOT-2018-62

L L DL L L DL L L DL L L DL L L DL L L L DL L L L ;‘ e R
- ) © ATLAS g,—0.200 mmmmg-—0030 | 7
?_T’-AS . 9q=0.25 WS g, =0.10 o Vs =13 TeV, 139 fb™! g, = 0.100 mmmmm g — 0.020 thawnks to
s =13TeV, 3.6-140 fb g, =020 mmmm g =005 e | — o — 0,050 | Xiv:2203.12035
| g —0.15 i g =0 Al AlV. .
I B Boosted di-b-jet + ISR coverage
| * m,-Mued plane , _
ol _
coverage for variable
15] 1 couplings 15 :
N possible to appreciate . ]
sensitivity trends
05T Dijetand X + E™ss |imit - 05 )
. n miss imis a . .
- A;l(?al-a\‘lector r:r'l-ediTator, Dirac DM R;:iea?-t\?gcltlg:'lﬁediator Dirac DM
- 9=0.0,9,=1.0 9.=0.1,9 =10
i All limits at 95% CL ATI limits ;f[ 95% CL
0 S EEE— PR TR TR RN [ TN TR T T [N T R T W N W TN TN T SN TN T S T S N
0 05 1 s 2 25 3 35 4 07575 3 325 35 375 4 4.25
mz  [TeV] mz [TeV]
= T hadronic dijets and 3 ATLAS g =0.020 mmmm g —0.002
=, %T':‘:‘g TeV. 3.6-140 fb- 9y =0.25 W= g,=0. X+MET . Vs =13 TeV, 139 fb! g,=0.010 e g =0.001
E = , 3. g, =020 W g =0.05 : = s, — 0.005
_ W g, =0.15
i @ Boosted di-b-jet + ISR coverage
N ] i
1.5 - |
i | i
05F 7 7
L Dii dX Emiss limi . A
V%iioarmmegia-:or, Birat;rgﬁ \ng’g? Ir11lclerc?il;[:\?or, Dirac DM
9,=0.0,9,=1.0 9,=0.1,9_=1.0
I All limits at 95% CL ATI limits a)i 95% CL
O PR T T T N T

T35 4
m. [TeV]

O 05 1 15 2 25 3

1.5

2

17
mg, [TeV]

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://arxiv.org/abs/2203.12035

MEDIATOR MASS REACH

1 I L L} L) Ll I L L} L] 1 I L L} 1 1 l L L} Ll Ll l L L} Ll 1 l L

ATLAS
Ys = 13 TeV, 139 fbl

Dijet
Vector mediator
m, =100 GeV

All limits at 95% CL

99
If gq and g are varying together?

shows the lowest mueq unexcluded

>5.0

01 02 03 04 05 06 07

3.2

N
©

N
o

2.2

1.9

EXOT-2018-62

thanks to
arXiv:2203.12035
dijet searches
>
-,
£
_— §
§ dilepton
@)
-
wn
G >4.5
2 | 1 1 1 1 1 - T.
> ATLAS
N Vs = 13 TeV, 139 fb! - 4.3
0—3 0.2 37 39 4.3 b
TeV TeV TeV Dilepton - 4.1
Axial-vector mediator
m, =100 GeV —_—
All limits at 95% CL - 3.0 %
=,
0.15 3.7 E
E
35 2
@)
-
0.1 3.3 @
S
3.1 &J
0.05 >
2.7
<2.5

18

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://arxiv.org/abs/2203.12035

DIRECT DETECTION COMPARISON

[en ]

e

Ogp (X-proton

£ EXOT-2018-62

10°%7 g
ATL \

1078 Vs = 18 TeV, 29.3-140 1’
107 ,
[ _ —60 Cq 8
107 ‘
1074 \
10742
: e
107 < =
10744 k
1 0—45 Xifl(—)v --. ! irac DM —é
10 46 [ ATLAS I|m|ts at 95% CL dlrect detectlon |Iml'[S at 90% CL i
1 ¢y 10 107 10?
m, [GeV]

equally coupled to
leptons and hadrons

le,oto,ohobc scenario

Dilepton
e 139 b’

Limits on cross sections given by:

PLB 796 (2019) 68

2 2
— Dijet resonance 3
Diet resona f2(8,)8; iy (808 My
JHEP 03 (2020) 145 Osp = 4 Og1 = 4
« Dijet TLA, 29.3 6’ TMyr, My, q

PRL 121 (2018) 081801
e Dijet+ISR, 140 fb'
arXiv:2403.08547

EmISS X

E:"'S%y 139 fb!

JHEP 02 (2021) 226
o ET+jet, 139 fb”

— bb resonance
139 fb'; JHEP 03 (2020) 145

LHC searches largely exceeded Direct
Detection constraints according to this
models’ reinterpretation

PRD 103 (2021) 112006

— PICO-60 C,F

PRD 100 (2079) 022001

90% CL upper limit on oo [6M?]

CMS observed exclusion 90% CL

C MS Pre//m/nary

T T T 11 T
/
/

I 1 I 1T 1T 11
Boosted dijet (77 fb™)
10°%

% Dijet+ISR j (18.3 fb™)
e

/

/
/

107%
b-tagged dijet (19.7 fb)

Dijet (137 fb™)
JHEP 05 (2020) 033

S— ///// DM +Z, (137 fb™)
~///_ Eur. Phys. J. C 81 (2021) 13
,/_;; DM + y (35.9 fb™)
JHEP 02 (2019) 074

a4 / .
__ DM+jNV_ (137 fo’)
T JHEP 11 (2021) 153

DD/ID observed exclusion 90% CL

11 II|| IIIIIIIll IIIIIIII| L 11

1073

IIIIIII|| IIIIIII|'| IIIIIIII| Tl

AN

~—

S — )
,ﬂl 7

10742 =

10740

\

/
/
/

SIS TSI S S S

oSS L PICASSO

1 0_43 S
Astropart. Phys. 90 (2017) 85

1 O_44 PICO-60

] lIIIII[I ] IIIIII|| ] IIIIII|,| ] IIIIIM ] IIIIIIII

I IIIIII|'| I \'

10—45 1 ] ||||||| 1 ] ||||||| ] ] ||||||| IceCube(tf)
10 102 103 JCAP 04 (2016) 022

Dark matter mass m,, [GeV] @

/
i e
lﬁ—;]

—

Y

Axial-vector med., Dirac DM; gq =0.25,¢ om = 1.0

Phys. Rev. D 100 (2019) 112007
Phys. Lett. B 805 (2020) 135448

Phys. Rev. Lett. 120 (2018) 201801

Phys. Rev. Lett. 118 (2017) 251301

¥ CMS DM Summary

19

M. Bauce - ATLAS & CMS Legacy s-channel results - Roadmap of DM Models for Run 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots

CONCLUSIONS

o Still a about Dark Matter,
unfortunately still unobserved at colliders

e Simplified models have been during the
LHC Run 2

o Difficult to span the entire , but

we did out best
o Effort in place to make ATLAS and CMS constraints

e Maybe the can bring some good news on
this topic
Matter Dark Energy

see Yow at the )
end of Run =
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