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Dark Matter
Long-standing evidences for Dark Matter (DM) from astronomical observations and gravitational effects:

e (alactic rotation curves

e (Gravitational lensing
e Cosmic Microwave Background anisotropies, ...
The estimated matter-energy content in the universe 1is:
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Dark Matter Detection

DM-SM weak 1nteraction enables different searches:
 Indirect Detection (ID): products from DM annihilation (HESS, IceCube, ..)
e Direct Detection (DD): nuclear recoils from DM-nuclei scattering (XENON, SNOLAB)

e Colliders: DM production in high-energy collisions (LHC) Collider
SM DM

Direct Detection

e Directly probes the DM production mechanism. . .
Indirect Detection

e Complementary to DD and ID searches.
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__Dark Matter Models at the LHC

Simplified models

Mediator

SUSY

Higgs portal

Extended Higgs sector

SM-DM boson mediator:
eSpin-0: Scalar (S) or
pseudo-scalar (a)
eSpin-1:
Vector (V/Z’) or axial-
vector (A)
e Minimal set of parameters:

M)p Mmediatar’ g)p gqa 8¢

eProvides good candidate for
DM

e R-parity conservation

e[Lightest supersymmetric
Particle (LSP)

eModel-dependent limit on
DM candidate

eHiggs boson mediates
DM-SM 1nteraction:

H — invisible
e Parameters: m,,, y spin

eMore complete models (more free parameters

and better sensitivity) involving several Higgs-
like (or scalar) bosons: 2HDMa, Dark Higgs, ..
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ATLAS and CMS
p-p LHC Run 2: Center of mass energy \/E = 13 TeV, integrated luminosity 139 (137) fb~! for ATLAS (CMS)
EmiSS

? ATLAS 46m long, 25m high,

EXPERIMENT Weighs 7000 tonnes
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At the LHC experiments (ATLAS and CMS):

Missing transverse momentum,
inferred from momentum
conservation

e DM makes an important part of the LHC search program

e DM does not interact with the apparatus. Invisible
Dark Matter particle

»

\

e Final states with undetected particles.

e (reates a transverse momentum p; imbalance

Invisible
Dark Matter particle

-V

=> Detected as Missing transverse energy £

e Favourite collider DM candidate: WIMP
e Weakly interacting, heavy, & stable

LHC collision
interaction
O

e Naturally accounts for observed relic density (WIMP Miracle) boint

LHC detector
transverse

a cross-section

pr = Ef=|- ) pr

Visible particles:
photons, jets

ATLAS

EXPERIMENT
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ATLAS and CMS Dark Matter Searches
 Results '






ATLAS

ATLAS: Phys. Rev. D 103 (2021) 112006 !

EXPERIMENT

. LSS
jet + L
Inclusive signature sensitive to a wide range of New Physics theories

Main Backgrounds

v Dominant contribution from Z( — vv) + jets and W( — £v) + jets

= (Constrained in 1/2 £ regions

jet + Ez’f‘i“ events displays

ATLAS .

EXPERIMENT 20'17—1'0

> 1 energetic

@ hadronic et T~
= Shapes modelled by state-of-the-art MC simulation: NNLO QCD+ NLO EW

v 5 Control Regions (CR) in the fit: W(ev), W(uv), Z(ee), Z(up), tt + single t h = VR
v Total background uncertainty: 2-4%

'simplified DM model’

Simultaneous fit to p”ecml

. large missing

E / energy

Limit on Pseudo-scalar mediator
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006

CMS

j el + Eznjl L35 CMS: JHEP 11 (2021) 153 |

Inclusive signature sensitive to a wide range of New Physics theories jet + EJ’Z/’iSS events displays

X M a i n B a c kg ro U n d s S CMS Experiment at the LHC, CERN
DM ( EYIZ’ZZS S ) Data recorded: 2018-Jul-14 21:03:24 EDT

Run / Event / LS: 319639 / 1418428259 / 986

v Dominant contribution: Z( — vv) + jets , W( — £v) + jets and y + jets
=(Constrained in 3 CRs: 17, 2¢ and 1 y.

v QCD Multi-jet: Data-Driven
v Signal includes also V(had) + Eg””'ss

'simplified DM model’

Simultaneous fit to p?iss Limit on Pseudo-scalar mediator

59.7 fo ' (13 TeV)

137 fb~1, 2016-2018 (13 TeV)
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® EYIZ/ZZSS trlggered CVCIltS -'CIC_.)‘ 10°F Top quark QCD 3 g : Bl 68% expected N E E E E E E E NN NN &N & m
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miss 107 ® 10 i : .
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http://dx.doi.org/10.1007/JHEP11(2021)153

ATLAS: Phys. Lett. B 829 (2022) 137066

I&:IE-I!T nﬁ NST o/ CMS: Eur. Phys. J. C 81 (2021) 13

'"2HDM + a, simplified DM model (spin-1 mediator), Higgs-portal’
v Signature: 2 SFOC leptons + E/'*

2HDM + a £~ ¢ simplified model
v Trigger: 1/2 leptons \\
v Dominant background: SM gqg — ZZ. 9 70000 o ?/< r+
e 37, 4¢ CRs used to constrain WZ/ZZ predictions ‘> _____ \
e emu CR to constrain non-resonant (ttbar, WW) processes {7 \QQQQ ! \\< ' /
v SR: |m,, —m,| < 15 GeV, EZ™* > 80 (90) GeV for CMS

(ATLAS), AR < 1.8 and pf"ﬂ > 60 GeV (CMS to reject DY).

N~—
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https://www.sciencedirect.com/science/article/pii/S0370269322002003
http://dx.doi.org/10.1140/epjc/s10052-020-08739-5

EXPERIMENT

ATLAS S l 14 gl e 1o p -+ E ;’} LSS ATLAS:ATLAS-CONF-2022-036

Simplified DM model
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/

EXPERIMENT

ATLAS T ATLAS:ATLAS-CONF-2022-012

‘2HDM + a, mediator search’
v Trigger: Ez’”i”’iss
v Dominant background:
e 1t, Z/WHjets and tfZ —constrained in CRs
vSR: 0-1 electrons/muons, 1 b-jet, E;’Il"ss > 250 GeV. Large-R jets with W-tagging or two
small-R jets for hadronic W candidate.
v Discriminators depend on the target signature: m, BDT, ..
v6 CRs, 6 VRs: 11 (tW,,, tW, ), single t, V + jets and t1Z

v Fit to data under the background-only hypothesis yields to measure the normalization of the main backgrounds. g W
v' Results provided for separate and combined 0, 1 and 2 lepton selections

Model excluded up to m_= 350 GeV and myx = 1500 GeV

n - - - 1 . ' - T - 1 - - 1 - T . T
c 10° f ATLAS Preliminary e Data &%;'Sl'ota:SM _ _ N —
> E Vs=13TeV, 139 fb" tr ingle ¢ > L 2Eo
O b sne mm Wets mm Z+ets S 1400~ S ATLAS Preliminary _
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- Bkg.-only Post-fit Others . EI Pl \ _ , ]
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- ] 1200:‘\‘\ - - - Expected -
102 E i 10, -
o ——_— 10001 — Obsered
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3 i DMt SRtW j
R co0f oNa Dl
D () fr—i — U N—T S — i m,=10GeV,g =1, tanf =1 i
:"é A fonereeees ............. ............. ............ - Slne 102, mHi_mH_mA |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-012/

EXPERIMENT

ATLAS H ( —> bb) —+ E;} LSS ATLAS: IHEP 11 (2021) 209

"2HDM + a, 2HDM + 7', 7'
v Trigger: E;”’J’iss

v Dominant background: V 4+ (HF) jets (constrained in CR1 (1 muon) and CR2 (2 leptons)) " h
tt (suppressed by a cut on the missing energy significance S<5) 7
A /
csolved topology Merged topology \u X
miss . a1 i
150 < ET < 500 GeV E]rfuss > 500 GeV I I DM
i i mitss
50 GeV < my, <280 GeV 50 GeV < m, < 270 GeV : i (Er)

3 [amas T e on mmsngew ] 3 [amas o e T Limits set on a variety of models: 2HDM+a,
Q] \S@na}% Tev, 139 o' == smvh Z+HF 1 O 0.6F /s=13TeV, 139" == sMvh =1 z:HF . — 2200 [ T o ey
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S 60 Mione: (hmZHralv;Jra(moo 150) GeV 1 W 04} Mono-h 2HDM-a . = = 12 Ggyp ]
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e N1 1200 & ATLAS E
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https://link.springer.com/article/10.1007/JHEP11(2021)209

ATLAS

"“HDM + a'

v Trigger: di-t,, + ES

v Discriminant variable: Sum of t -lepton transverse masse

v Dominant background: VV, VH, tt, V + jets.
e [epton and b-jet veto applied.

e Fake t estimated using the Data-driven fake factor method.

e CRs for Z + jets, tf and 4 VRs.

v Strong kinematics dependence on m,
v DM candidate mass of 10 GeV

n ' ' ' r‘rrr+1r r~rrrr .~~~ 1+ T T T [ 1 T T

§ . —  ATLAS Preliminary ¢ Data —4SM=z10 ]

m ~=  {s=13TeV, 139 fb’ — Lc_vp = ﬁ(f) . =

[ iggs ake Taus -

40 — LOWmP_\ SR Diboson _

- Post-fit = = = = m,=800GeV,m =300GeV,sin@=035 —

30 / m, =400 GeV, m_= 150 GeV, sin® =0.35 —:

s 1 M, =600 GeV, m =250GeV,sin® =0.7 _

20 _:

10 —
Q . . .

% 2_ .................................. .................................... .................................. —

2 - L . —
T O = =
5 : ; :

b SO .................................... .................................. —

100 250 400 550 00

v Model-independent limits on BSM signal for every bin, o,,,< 0.04 — 0.08 1b.

bb annihilation also considered

7/
g X a 7
A //
t A -—==K
\
\
g Q20000000000 t RN
\
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ATLAS:ATLAS-CONF-2022-069

Search for a new charged Higgs decay mode supported by numerous theoretical models.

my; + m? [GeV]

Scans in m, vs m, and tan(f3) vs m,.

| ATLAS Preliminary

Vs=13 TeV, 139 fb
Limits at 95% CL

2HDM-+a model, sin(0) = 0.35, tan(p) = 1

- - - - Expected Limit (10

— (Qbserved limit

10

tan (B)

T T T

exp)

I

150 200 250

15

300 350 400 450

ATLAS Preliminary
Vs=13 TeV, 139 fb™
Limits at 95% CL

2HDM+a model, sin(®) = 0.7, m_ =250 GeV

- - - - Expected Limit (=10,

- (Observed limit

llllllllllllIlllllllllllllllllllllllllllll
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-069/

ehin’ H ( — 7/7/) + Ewal 153 ATLAS: JHEP 10 (2021) 13
2HDM +a, 2HDM + 7., Z) * * R— I
v Signature: 2 photon + EJ/S

v Trigger: Diphoton h
v Dominant background: SM Higgs boson, QCD-induced non-resonant diphoton (yy, V,,) /
/
v BDT (XGBoost) used to discriminate signal/ non-resonant diphoton background t b A ¢ S
v SRs: 105 < m,, < 160 GeV and E"** > 90 GeV 1 Xl
. a
Category ET"™° requirement BDT score range I 0 DM
High E® BDT tight B2 > 150 GeV  0.950 < BDT score < 1 : N LB
High Errl‘?iss BDT loose E%iss > 150 GeV 0.694 < BDT score < 0.950 P
Low EXss BDT tight  EXsS < 150 GeV 0.864 < BDT score < 1
Low EX'ss BDT loose  EF's < 150 GeV 0.386 < BDT score < 0.864 ZHDM + a
% ' ' ' | ! ' ' | ' ' ' | ' ' o ;1200_ T T T | T T T T T ml ....... T | | T T T T | T T T T _]
St ATLAS - Pae Ly [v+jets ] o F —— Observed limit 1o, ) 3
~ - - . = (5 1100 ATLAS .. eory” —
” s=13TeV,1391" []SM Higgs Boson []vyy vy 3 O, - =
-+ ) _] - -1 —]
§ 10° 7 stat. ® Sys. Unc. = E<‘1 000 "Ef 1t3 T?\éﬁslf’gébl_ ----- Expected limit ¢16,,,) —
i ++ Z-2HDM, m, = 800 GeV, m,= 500 GeV 3 - _'1”0" ?’nea_oss O ey | ]
102 == Z', m = 1000 GeV, m,= 50 GeV = 900;_ =10, s =055 M= 10EY ) + E™, 2HDM+a, Dirac DM
2HDM-+a, tarB=1, sind=0.7, . 800 -
10 "' m,= 300 GeV, m= 250 GeV =D =L =
2HDM+a, tanB=1, sin6=0.35, = 700/ e sSIs el e —
1 4 m,= 600 GeV, m.= 200 GeV — - e Seo =
= eoo-— - R —
107 S = ) IE 500 / “““““ E
P N = . e S -
1072 T e ////% 400 T =
S I Mo M || =l e =
%1.51 ' ¢ " V/%V 7 Ay 300% §
S 0.5 A T sy A A 200t ———— Ll
0 200 400 600 800 m [GeV
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https://link.springer.com/article/10.1007/JHEP10(2021)013

S( W+ W_) + L ;’} LSS CMS: CMS-PAS-EX0-20-013

'Dark Higgs model’

v Signature: s - WW (2 charged leptons DFOC to suppress Drell-Yan) W+
v 3 SRs: SR1 (AR,, < 1.0 high boost), SR2 (1.0 < AR,, < 1.5 medium boost), SR3
(1.5 < AR,, < 2.5 low boost)

v Trigger: 1/2 leptons

v Dominant background: WTW~, ¢ + tW and Drell-Yan (constrained in CRs enriched \ DM
in these events by investing some the SR cuts [N b-jets, AR,, and mTf o YWSS_) :X 0 ( EMZSS)
]

CMS Preliminary 137 fb1 (13 TeV) CMS Preliminary 137 fb (13 TeV) Dark nggs model llmlt ln the (mZ,, ms) plane
C LT T T T T T T T T T T T T T T T T T c ] L L
o) 10 ] Other background I Drell-Yan § O 'IO7 = - Other background I Drell-van = CMS Preliminary 137 fb (13 TeV)
— 5 B Higgs "] Nonprompt ] — - B nggs | Nonprompt - < 300 B o Y I >
% 10 ] ww tW and i = % 10° = [w tWand t E 8 [ - :\(llall_jlo?e?nsa; LZ>M, mljiﬂ 3ooSEaV:\\/N ) ] bé
S s [_Jm=160,m =100,m, =500 [ Total un N ¢ - [_Jm,=160,m =100,m,=500 [\\] Total unc. 3 o | 9,=0.25,g = 1,5in0 = 0.01 L
LL 10 SRI = LL 10° = SR3 E S 280 | e Observed 95% CL —10 ©
AR, <1.0 ] — 1.5< AR;<2.5 3 N
— ] — — Fxpected 95% CL i
_§ 10* %_ o -—0—-+ o L 260 :_ + 1 std. dev. E
E 10° E d |
: 240~
E 10° [
: : 1
= 10 220—
200
g5 OO SO S SO 0 SO 3 |
o o 180
< : < |
a a - I
- e 160 L—— |
0 5 10 [ 20 500 1000 1500 2000 2500
m, - m$T P GeV] m,. [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-013/index.html

EXPERIMENT

ATLAS S( W+ W_) —+ E 7”,1 LSS ATLAS:ATLAS-CONF-2022-029 |

'Dark Higgs two-mediator DM model . )
%4 Ve
v Signature: s - WW — £vgqg (1 charged lepton)
v Trigger: E?i” or single muon g
v Discriminant variable: m " \
v Dominant background: W + jefs (constrained in a CR requiring a large A¢p(W, ., ©)) X -: _DM
tt (constrained in a CR requiring at least two b-quark jets) :X : ( qu/zim)
i

Dark Higgs model limit in the (m,, m,) plane.

—
o
(o))

C = = — o
Q - ATLAS Preliminary [ Wi+jets B Zijets ] > - g o
ReSOIVGd tOpOIOgy 8 105;_ s =13TeV, 139fb~" M Mulboson \\X\ Stat.+Sys. Uncertainty_| o 400 [ ATLAS Prellmlnar31/
miss O == t  Data O, - (s=13 TeV, 139 fb
ET > 250 GeV 9 104l Post-fit B Single Top - Em 3508
- = ' ' = — o
mr > 200 GeV g’ 35 W-jets Control Region E tt Control Region i Signal Region . E === Expected Limit (x10)
At least 2 small-R jets 10 3 | | E 300 =~ = Expected Limit (+20)
102 | R~ —; _ — Observed Limit
10 . ) E 250; DDDDDD Relic Density
Merged topology 109 : ~ 200 - Dark Higgs model
- = 15F — = [ JHEP 04 (2017) 143
Eyiss > 200 GeV o 153 : e
< . ) o - g =u. 9 =1,
myp > 220 GeV % 1.0:W = 150 s?ne=0.01,xmx=200 GeV
At least 1 large-R jet T 5l & e | | | | |
- - 500 1000 1500 2000 2500 3000 3500 4000

m.. [GeV]
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CMS

A VBF, H —> inViSible A CMS:Phys. Rev. D 105 (2022) 092007 |

Higgs Portal, most sensitive [/ — invisible channel

q
v Signature: Vector-Boson Fusion VBF [large An,; and m;;. Small A¢,] > v
v Dominant background: Z — vv, W — v, multijet
e SR: Two different trigger strategies
MTR: missing momentum triggered region: E?iss > 250 GeV, m; > 200 GeV > X
. . . ; !
VTR: VBF jets triggered region: 160 < E7™* <250 GeV, m; > 900 GeV 9
. 1
CMS 101 b (13 TeV) CMS 96.4 fb' (13 TeV) - 08 19.71b" (8 TeV) + 140 fb™ (13 TeV)
= = 3 > = 7] "~ ]
© [ MTRSR —# Daa | Zwses(stong) 7 @ 4ol VTR SR —#- Dat [ Ztvw)siets (strong) ? - — .
© 10 Z(vv)+jets (VBF) Wivsets stong) 5 O 10 E Z(vv)+jets (VBF) W(v)+jets (strong) 3 2 - CMS Observed ]
% 103 - — W(lv)+jets (VBF) = Other EW - % 102 W(lv)+jets (VBF) [ | Other EW _ E 07 e Median expected -
= HF noise QCD multijet = = || HF noise [ ] QCD muttijet = [ . _
L%J 102 = —— Total bkg. (B-only fit)y === Total bkg. (S+B fit) + 1o _; L?>j 10: —— Total bkg. (B-only fit) 3= Total bkg. (S+B fit) + 1o _; T O 6 [ Run 1 and Runz' - 68% eXpeCted 7
= === VBF — = ggH-+VH+itH 3 ?‘—I_‘—L_.__ - VBF — = ggH+VHxiH E L ~r  Observed (exp ected) 95% expected _
10 = B(H — inv) = 0.07 5 y ,;_ B(H — inv) = 0.07 ?; oM — l. .t th b h. _]
’ B | . _i e Events / 2250 GeV = >b< 05 :_ mit on ¢ ranc lng _:
EE:.T:'__ L =1 Events / 1500 GeV - 0°E T — : _§' - B l‘ath: 0-18 (0-10) _
107 = & =i = . - o2 J B = S 0.4 ]
10—2i— l__l e = 1_'_| Le—————————= I= E E
L E RN ——— 1 = 03F =
" ... P TS TR0 v ewewt vevsrvewtuimc = -
_5 jligz 4 B-only fit -4~ S+B fit \\\ Bkg. uncertainty — Fitted (S+B)/B  — S ]:i_ —4-B-only fit <-S+B fit \\ Bkg. uncertainty — Fitted (S+B)/B | j 0.2 —_
O 13- -1 o 13- | @)
o 11.'2? et R O = + \{\\ S 2 01
B g T R TR B e e
S . 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 E 1000 1500 2000 2500 3000 3500 4000 4500 5000 O
S m; (GeV) S m; (GeV) 2012 - 2016 2017 2018 Combination
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http://dx.doi.org/10.1103/PhysRevD.105.092007

ATLAS VBF,H — invisible

Higgs Portal, most sensitive i — invisible channel

v Signature: Vector-Boson Fusion VBF [large Az; and m;. Small Ag, ] i ,
v SR: E7" > 160 GeV. 2, 3 or 4 jets with pp > 25 GeV.

Leading/Subleading jet: p; > 85/ 50 GeV (A¢;; <2, m; > 0.8 TeV)
v Trigger: E?iSS(SR), 1/2 leptons (V' + jets CR) and single-jet (QCD multi-jet) ; X

v Dominant background: Z — vv, W — £v, multijet

v Strong and ewk V + jets correction: State-of-the art precision achieved thanks to the double ratio R%LIW/RA%/(‘:V

< AL L L e e r— 1 .5 T T | — T T T T T T 1
m 'YF ATLAS Post background-only fit - Q B | .. |
2 | fs=13TeV. 1391 R~ 3;- " Observed (expected) limit ATLAS
C B inv ' 1> N o -1
T : | mswong w o k  on the branching ratio: '5=13TeV. 139
T : . 1 mEW W "k Limits at 95% CL
' . 1 M Strong Z >
102 * L X - L EW Z &5 1 -
i 3 = . 5 P B Other >
_ vy  _“m g ' 8 UL 5 M efakes © B —— Observed

----- Expected
Expected 1o
Expected 2 ¢

. EE '-.' W u-fakes ..
" Muttiet .
1 ---H(B._, =0.15) 0.5—

0.145 (0.103) VBF with SM Higgs couplings__

e
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~
~
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~
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3
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Standard Model predictions
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https://link.springer.com/article/10.1007/JHEP08(2022)104

~ Summary /combination results



ATLAS: ATL-PHYS-PUB-2022-036

ATLAS

EXPERIMENT |

DM Summary Plots _

Simplified DM model

CMS: DM_summary_plots

Vector
— BT T T D CMS Preliminary Moriond 2022
S Or T ] —
() - LAS Prellmm]ary " - 139 b JHEP 03 (2020) 145 ';' 2000 T ' ' : ' T T T T T
=, i 1 1 = Dijet TLA 0 : : | |Exclusion at 95% CL
E 1.41(8 = 13 TeV, 29.3-139 fb o o A (5 1800(— Vector mediator 5 ” —
- Py 2022 1 = Dijet+ ISR ~ Dirac DM : 1 | — ot
1 2 - _ 79.8 fb”'; PLB 795 (2019) 56 0 1600 g = 10 E —
: 7 M Boosted dijet + ISR S g = 0.25 l : |- B
n vV | 36.1 fo"; PLB 788 (2019) 316 1400 q : ' |
N7 ) -0 : : _
1 | &7 7 7] == Boosted di-b + ISR ) g| = : ; | Boosted dijet (77 b
Qe 805 b ATLAS-CONF-2018-052 ® i ' ] [arXiv:1909.04114]
l o : g 1200 ; : .
0.81- @Qf/ _| =ttresonance (1L) ; : < | Diletw/btag (197 "
TF «\(\q\@/ - 36.1fb™; EPJC 78 (2018) 565 GL) 1000 : . — [arXiv:1802.06149]
I 7| ] = ttresonance (OL) % i : 4 | viietw/isRj (183"
06 . v 4 — 139 fb™'; JHEP 10 (2020) 061 800 : : : ] [arXiv:1911.03761]
A | = bb resonance E : . _ Dijet (35.9-137 fo’)
- - 139 1b™; JHEP 03 (2020) 145 X : : : 7 E— [arX/:v.:1806.00843]
0.4 — ErTniss Het g 600 : .MI - . - [;z;nx/v..;j(1q1:))f19:77]fb_1)
I ] 139 fb'; PRD 103 (2021) 112006 : Med = XMpy | 4 | — "%
: : - 400 & — [arXiv:2107.13021]
- Vegtor mediator, Dirac DM 1 = E™4y o N
0.2 ) | g = 0.25,i9 =0, g = 1 B 139be";JHEP 02 (2021) 226 115 o) h? > 0.12 1 | DM+y (3591
P | ! o} o ! 1 EMv(qq) 200 1 A — [arXiv:1810.00196]
0 _ T 4 4 1 B
= e AN TN A | P B P B P 36.1 ™ JHEP 10 (2018) 180 / Li t: ‘ i — DM + Z(Il) (137 fo™)
0 0.5 1 ‘ 2.5 3 3.5 4 —ErT"iSS+Z(||) 0 e 103’ e '104 [arXiv:2008.04735]
mZ'V [TeV] 139 fb"; PLB 829 (2022) 137066 Med|a’[or mass M med [GeV]
More combinations in the backup slides
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots

ATLAS: ATL-PHYS-PUB-2022-036

- DM Summary Plots | cus. oy summary s

Simplified DM model
Pseudo-scalar mediator

ATLAS

EXPERIMENT |/

-1 -
a E | — misls ! ! ! ! ! ! ! | ! ! =] E\ 10 -l_- L | L | L | L I L L | L | L I L | 1 l:
8 - bb+E. ™" OL, [JHEP 05 (2021) 093], (1) ATLAS Prellmlnary = S = e oM We =
= = Monojet, [PRD 103 (2021) 112008], (2) . o - S ~ = ineon ) Pseudoscalar Mediator _
o) i oy All limits at 95% CL i o) N Dirac DM i
B 1 OOO B — tW+E_T 1L, [EPJC 81 (2021) 860], (3) Pseudoscalar a, a_)xx N ~ B —  Observed exclusion 95% CL g = 10 |
= t+E" 1L, [EPUC 81 (2021) 860], (3) g=g=1 E © & =10
- tW4+E™S 2L, [EPJC 81 (2021) 860], (3) q ¥ . 10° = ====e" Expected exclusion 95% CL DM =
- £ g Dirac DM, m_=1GeV 2 - - : Moy = 1 GeV -
| ——— {i+E™° Comb., [ATLAS-CONF-2022-007], (3) rac LUivl, m =11Ge ~ DM +jN(qq) (359" =
T — [arXiv:1712.02345] —
100 & (1) DMbb, (2) j+a, (3) DMt + DMt — - DM+2Z) @590 »
=TT Expected = - [arXiv:1711.00431] e
e Ohcorved e —— 7 DM + tt comb. (35.9 b
i Observed __mmriiieeeee ] 10 = T [EXO-16:049] —
0 = > i
— 1 - oL - ---- ,.- - L S rwwn® ™ ;
0-1 —I ] | | | ] | | ] | ] | — 10—1 | I .| | | I . | | I . . I | I .| | | I .| I | I | I | I .| I | I .| | | I | | | I -
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More combinations in the backup slides
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots

ATLAS DM Summary Plots ATLAS: ATL-PHYS-PUB-2022-036 |
Simplified DM model

Combination with DD experiments

-37
SO P PP " —
ATLAS results are also .S, 138 — 5.3139 b | craivimimmome
used to extract limits on < 1029 T 155 = B e o o 052
the DM-nucleon cross- 2 E S ONAT MIGD tresonance3 = tt resonance
. . _40 miss 36.1fb™"; EPJC 78 (2018) 565
section with a better = 10 Er—+X = bb resonance
. . . >'< 139 fb™'; JHEP 03 (2020) 145
exclusion limits at lower E 1041 E—= — EMsS,X
dark matter masses. e : BB reson et 199 1 PAD 103 2021) 112006
1 0_42 g : T E%‘Ssiv(hgg) %é‘:fb"'\?HéPow)(ZO?S) 180
= Darke_50 D Ijet EMSS.Z(1l), 139 fb"'; PLB 829 (2022) 137066
10_43 L— XENONA1T
§ PRL 121 (2018) 111302
Direct detection has better 1044 ~ PandaX
exclusion limits for the sk T s
C 10 E = = DarkSide-50
Spln-lndependent nUC|eon 5 PRL 121 (2018) 081307
cross-section 107*° ¢ S — XENON1T MIGD
47 - Vector mediator, Dirac DM PRL 123 (2019) 241803
10 g =0.25,gl=0,g =1
E Agl'LAS limits at 95)‘&/0 CL, direct detection limits at 90% CL
10—48 1 L b3 3 3331 L L R R | 1 L 23 3 3.1
1 10 102 10°
m, [GeV]
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Seml-V1s1ble Jets CMS: HEP 06 2022) 156

Strongly-lnteractlng dark sect()r Dark quarks form bound dark hadron states

v Signature: 1 jet aligned to the Eg”” direction — Previous searches for jets+E¥liSS not sensitive.
v The scalar mediator (Z") acts as a SM-DS portal

v Trigger: jet

v BDT used to tag semivisible jets and define a high purity category.

v Sensitive variables: Di-jet transverse mass my and E"S

v Dominant background: QCD multjjet, rejected by Ry = p?i“/ my > 0.15 and this reject t-channel as well
v SR: 2 are defined (low-R;: 0.15 < R; < 0.25 and high-R;: R, > 0.25 ). Focus on s-channel

[%) L A A A B By L e L A Large 1mpr0vement VS analy51s '
= .QCD Slgnal (M, = 20 GeV, : Qo - 95% CL upper limits BDT-based ! . . . . . ]
= W(v)+jets r., =03, a, = o | 5 10 + Observed (o _Theorsicas 3+ without BDT 1dentification of semi-

E" L W Z(vv)+jets ---m, =2.1 TeV _ - . p:ark - highy i . . .

S 1 i =34 Tev ] b ; Exi)ected (o) - Observed (o ﬁ;ﬁk) : visible ] ets

= = 41 TeV : A [J68% expected (of75) - Expected (cgz) .

Qo ! 95% expected (a£) =+ Observed (o2 ) E EXChldlIlg 1.5 S mZ’ S 5 TeV for

< k= M. =20 GeV,r, = 0.3 ---Expected (0" ) -

1y, = 0.3

D
D
D
D
D
‘e
.

D
e
?
e

Excluding 0.01 < rp,, < 0.77 TeV for |
mda,,k — 20 GeV

Small excess around m,, = 3.5 TeV

| with no real significance ( ~ 20 local) |

10—4_ ! : . | ! ! ! | | R ! | ! | I ! ! - | | | | | | | . . ! ! ! ! !
0 0.2 0.4 0.6 0.8 1 2 3 4 5
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https://cds.cern.ch/record/2798628/files/Publication.pdf

EQ:IE'!TNST Semi_visible j ets ATLAS: ATLAS-CONF-2022-038

Strongly-interacting dark sector

v t-channel: to probe a broad class of non-resonant signals and reach higher masses
v Trigger: E;””'SS

1 ‘\Ii\_/ v CR: 1L, 1L1B and 2L control regions

7 v Discriminant variables: p,balance and |®, ,, — D, . |
dark

v SR: 2 semi-visible jets (SVIJs), Leading/sub-leading jet p; > 150/30 GeV
SM-DS portal e >] additional jet to suppress the dominant multijet background

Gdark * Veto e, U, and >2 b-tags to suppress other backgrounds

, High E"* > 600 GeV and H, = ) p; > 600 GeV

q ,
' HV jets
E‘ 1 06 §—F UL I | I. I I. LI | | I | L I | I 1T 1T 1 I LI -l—g
g 10 = EATLAS Prellmmar¥ — Observed 95% CL -
g Preliminar ata ignal M {TeVl, R _ -
S 40 E (5 - 13 TeV, 139 fo” Tl Wide  neee 108 j 10° §_\(g =13 TeV, 139 1b -+ Expected 95% CL
o =~ F SR | Sz e 204 = R, =0.8 I Expected * 1o =
C - H; 2600 GeV, ET™ > 600 GeV B Singletop  mimi 3,0.2 u - +9 .
O {0° [ PostFi ) Diboson =111 3,0.4 S 4 Expected + 26 -
it - S svivw 3 | : W, Theory (LO, A=1) 3
o' b L ey G I v mediator masses up to 2.7 TeV ! = y (LO, A= 5
= _gudad g ’ . 7, Limits on cross-section and T
F 1 | can be excluded 10° ™, . Y, R
10° b0 e e = o . = %//couphng vs. Mgand R, =
s v Upper limits on the coupling 2k i 1
5 ! = '%/”/, iE
= o g strength = i =
N1 . '.‘-“.f,l-“,.' imim R 1 B A I i A A O el s S S M R sl _ =
EIIII-.': |--I |I‘='l-ll'II.I‘III**:ll-.l*''Ii 1 ! 10 | R /////////// ]
. = o= o = - —EWOI Cout SN I T T S S S S U S ) S S N S S S S N S = — W =
2 2 ? E - R i =
9 0 81 W{A/W/f//y//{/j,{//{/%{//ﬁ//‘,/7/-/6‘//./-/‘/"//7/-‘//;‘,/-//‘_é i L1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 I | I I | ///‘I///I//./(/:/'/./:/'/?-
2 06E | | | | | | | , = 11)00 1500 2000 2500 3000 3500 4000 4500 5000
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-038/

™ 090 .. 2 w1+ swrEww | ATLAS:Eur.Phys. L C 82 (2022) 105
ATLAS . | Dark Photons (VBF) CMS: HElj 03 (2021) 011

C . ol miss -1
v Trigger: single-photon (ATLAS, CMS)+ E;** (CMS) B - 130 Ifb| (13 TeV)
v Dominant background: W( — Zv)(+y) + jets and Z( — vv)(+y) + jets = [ CMS — Observed ]
. . . . . miss q oy i _ == 68% expected _
v SR: Selecting events with a photon, two jets with | Az;|> 2.5 and high E = 4L VBFp["wy 4 95% expected  _
= - £ 0.05 X G -
q Y ; ; :
A 10 N ~
X S -
miss 14 1 _ L - N e ]
mt(y, ET ) = \/ZpT ET™® [1 — cos(¢y — qu_rrmss)] ? b@ N e ]
1072 - e e 3
1 q Ya i ‘
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= gL ¢ pata - 200 400 600 800 1000
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—~ B - b L L L L B I L B L — 0 =i T T T T T T T | I — =
9)) - SR W+i6tS — % C ATLAS Post-fit -@- Data \\ Uncertainty i©)] — ! -
c g M <1500GeV Wy -4 O [ (s=13TeV, 139 fb" ew zey [l swong Zy 2 F Observed ATLAS .
g) i -Z»Y : _ 8 10° L SR in B(H—)’Y’Yd) W EW Wy B strong Wxy _ ~ B - Exsee(?[/:d (s=13TeV. 139 b i
LL] — B y+jets — Ew‘ N . Ni§% +et s~ | ====E = /
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https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
http://dx.doi.org/10.1007/JHEP03(2021)011

&I!Thﬁl\%’ Dark PhOtonS (ZH) CMS:JHEP 10 (2019) 139 ‘

v Signal: ZH, Z — ¢"¢~ and H — yy, (undetected dark photon — EY’”i“iSS).

EXPERIMENT

v BDT classifier response (XGBoost) is used to enhance the analysis sensitivity using 6 input variables.

v Background estimation:

Fake E?i“: Zy + jets, Z + jets = Data-driven ABCD

e — y fake: VV, VVV = Data-driven fake rate and probe-electron CR
top: MC, with 20% systematic uncertainty from the zop VR (>=1 b-tag).
MC normalised to data in the VVy CR (enhanced in WZy (3 u + 1y)).

. pure MC.
£ 10° E-ATLAS Preliminary e D MARERRRRREaanssprs Sann B L PR P
§ oFATA S'Pre .n];n;:)x é,?vw %Evcﬁyimg.et | =, 10|~ ATLAS Preliminary  obeenad Observed (expected) exclusion limits z}t
= SR, eepp — e Zriery) TS s =139 fp" 95% CL on the BR(H — yy,) as a function
Postfit L Ys=13TeV,L=1391b d
104 p-Postf %gwq{gt; 20 GeV ZH(yy}) 40 GeVs £ gy H—)W Expected of the dark photon mass:
10° = o = T 8 Expected + 1o i '
- = % - Dark photon mass Exgectedizﬁ are found to be within the [2.19-2.52]%
L = [ Observed (expected) LHC Limits on
1o e t\ﬁ e BR(H — yy4) for massless dark photons:
1072 = — L0 L ‘ ]
I ::ees!asaa!essa!!!e:!H::!H!:!:H!!::!!!::!!!!!!i @ e PrOCUCtlon ZH VBF
% 1_5f_ ............................................................................................................................................ _i ‘_ ’ e
- SN 2F ATLAS |23(22.8)% 18 (1.7)%
0.5 :_ ............................................................................................................................................ - B
E ------------------------------------------------- E O_I L1 1 I| ] | ] L1 11 I| | | ] L1 11 II | | ] CMS 406 (3 06)% 305 (208)%
0) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-1
Hassnae El Jarrari BDT classifier response 10 29 1 10 mYd [GGV] DISCRETE 20292


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-064/
https://arxiv.org/pdf/1908.02699.pdf

sm/ SUSY

_SUSY as a DM generator

Remember that supersymmetry can be a dark matter model as well.

R-parity conservation requires an even number of SUSY particles in each interaction.
Therefore, Lightest Supersymmetric Particles (LSP) must be stable => DM candidate!

May induce non-trivial signals in detectors



EQ:I;!T@NST Electrowe ak di_tau ATLAS:ATLAS-CONF-2022-042

e Chargino/neutralino pair production decaying to LSP via stau using > 2 tau final states

e (Categorised into chargino-chargino(C1C1)/ chargino-neutralino(CIN2), same-sign(SS)/ opposite-sign(OS) and high-mass(HM)/ low-mass(LM) channels

fo(: —2 X (V1) > 2 X rv')Z:’ 40 ~0 ~ 7(70 = Wh+2x X
_ 800 XX, — TVIT(VV) Tv'm:(vv)—wwx 'c’t(vv)x xx—>2>< 'tv(v'c)—>2><'wx —_ 250
= - ATLAS Prelimi - >’ 12007 e [ ATLAS Preliminary SR-Wh-combined
8 :_ re Imlnary SR-C1C1-combined O | ATLAS Pre"minary = = =~ Expected comb. limit (£1 6,;) - 9 : y
= 700 ys-13Tev, 139 o™ 2 " s=13 TeV. 139 fb" . Combined observed (+163%%Y) | o - - Vs=13TeV, 139 b -
F . | Expected Limit (+1 G,y,) %< 1000 Vs=1= 1€V, o e @200 0 e Expected Limit (+1 G,,,)
E 600 me(m m,)2 = Cmy =, oocerved } CoMem susy
C Al jmis at 95% CL = Observed Limit (t1 0,5, 300 - ()2 o oeeee - - Alllimits at 95% CL == Observed Limit (£10,,,,)
500__ Al Ilmlts at 95 % CL s | 150_
— | expected _ -
400;— 600 g ] -
- : _ 1001~
300 - . i N
2001 ! 1 [ 50/ i
100 200 | - B \‘
. - :é""'- i N T PR I | L D
O_ L [ ' T ' a il p T T ' B || ] O 1 1 2 2 4 4
0 200 400 600 800 1000 00 200 400 600 800 1000 1200 1400 00 150 200 250300 350, SO0, 070
m~+ [GGV x1 pi .
M., M, [GeV] 2
x2 (]
C1C1/CIN2: Charglno/neutrahno mass < ~1 TeV is excluded Wh: <~300 GeV is excluded

= Using as assumption: m; = (m +m; )/ 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042/

t()p Squ ark di-tau CMS: CMS-PAS-SUS-21-004

e Highly sensitive to high tan(f) and higgsino-like scenarios.

e Exclusion limits on top squark and lightest neutrino masses under the assumption of simplified models.

Results also available for x=0.25 and x=0.75
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-004/index.html

ATLAS

EXPERIMENT

Electroweak 172J

ATLAS:ATLAS-CONF-2022-059

v Trigger: single lepton
v  Dominant background: W + jets and VV

v Signature: single 1solated lepton, at least two jet, and missing transverse energy.
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v " WW: chargino masses 260-520 GeV can be excluded (for a massless neutralino).

v ' WZ: degenerate chargino/neutralino masses 260-420 GeV can be excluded (for a massless neutralino).

Best sensitivity in 11.2]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-059/

 top squark in 172J [ osowsnsssam

o Four-body decay of the 7: bff’)&)

jet

e Signature: high p-.

, significant E7**° and low pﬁ' I

e Signal selected based on a multivariate approach (BDT) adapted to the

m(t;) — m( );?) mass difference that should not exceed the W boson mass.

e [eading background processes (W + jets, tf) are determined from data.

59.8 fo! (13 TeV) CMS Preliminary 138 fb™ (13 TeV) 7
2] e B L B L L L
— - ¢ Data W + jet PR Y,
o CMS —Eibff'x(:(soo,mo)-tf - %) 100| PP = t;t, t, > b1t X? NNLOappré’&El?lungbqu
Lﬁ 1()3 = Preliminar —1, - b ff %3 (600,520) Nonprompt — (D .
= y B Single t 1 = —Observed + 10,
- miDiboson 4 ~—~ 90f .- y MVA 1= e Exclusion limits on the production cross
- - 1 or - +1.+
- = tz&y cets 7 o ===Expected £ 1, £ 2 S eriment approach g, N
= h section as a function of the 7, and )(? Mmasses

10
under the assumption of simplified models.

e top squark masses excluded depending on

95% CL upper limit on cross section [pb]

. — 1 the Am = m(#;) — m( )(?) mass difference.
5 2F B e e 30 . e Am =10 GeV => up to 480 GeV excluded,
2 1'51 3 + 20 Am =80 GeV =>up to 700 GeV
(qv) x IR
g O 5 E_ 00000 y
T E ] T I N T . ! i —1 L B °
19300 400 500 600 700 800 O Best sensitivity for such signal model
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-003/index.html

ATLAS Electroweak 2-SS-lepton [ smasamas-conrznzos |

v Trigger: di-lepton+ Ez’”fli”
v  Dominant background: WW and WZ
v’ Signature: Wino-bino production with Wh or W Z bosons (a pair of isolated light leptons (same sign), m;; < 350 GeV (to reduce WW))

l
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1

~0~0
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v wino masses up to 525 GeV and 260 GeV are excluded (for Wh and WZ respectively).

v Higgsino masses smaller than 440 GeV are excluded L.
58 Best sensitivity in 2-SSL
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057/

ATLAS and CMS Dark Matter SearcheS°
Future Oortunltle
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ATLAS The LHC Tlmehnes

LHC \/_ = 13 6 TeV RUN3 1S ongoing.

= Higgs production rate (¢ * L) 7% larger than Run2.
= Total ~50M Higgs to be produced by the end of RUN3.
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ATLAS: ATL-PHYS-PUB-2018-043

ATLAS! S I - Future improvement | = o cuseisrrrasos

» Extrapolation from current results to 300 tb-! (Run2+Run3) and 3000 tb-! (HL-LHC) show the reach in DM searches
» Impact of different systematic uncertainties scenarios was investigated

VBF, H — invisible
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Mono-jet search (one of the most systematic-limited DM analyses):
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Expected 3o (solid) and 5o (dashed) discovery contours on the (m,,mza)

|
95% CL upper limit on ¢ x B(H— inv)/c
o


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-043/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-016/index.html

ATLAS Future improvement in HL-LHC [struvspuouzos

10738

= ATLAS Limit Run 2

s=13 TeV, 36.1 fb’
Scalar mediator, Dirac DM, g =1.0

Eur. Phys. J. C 78 (2018) 18

independent DM-nucleon DarkSide-50

Ccross-section as a function
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/

~ Conclusion

 Both astrophysical and terrestrial searches are needed to uncover a complete dark matter model.

e Many signatures were explored thanks to excellent detector performance

 Wide range of parameter space investigated by ATLAS and CMS, no hint so far

e No significant excess of events above SM background prediction with the current LHC Run 2 data.
 Observed complementarity with non-collider DM searches.

e ATLAS and CMS ATLAS underwent several upgrades during the Long Shutdown 2.

e All legacy and upgraded components (re)commissioned using splashes and pp collision data

e The LHC delivered the stable proton-proton collisions at 13.6 TeV, on July 5, starting Run 3

e Stay tuned for new Run 3 ATLAS and CMS results
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- DarkMatter | Dark Matter Detection
Gravitationql lensing _

Range of momenta probed in DD,
ID experiments and LHC searches

momentum transfer

What do we know about DM ? |MeV 10MeV 100MeV | GeV 10GeV 100GeV ITeV  10TeV
direct indirect LHC
° St abl e detection detection searches

e Massive

* Non-baryonic

* Electrically neutral . y y - .
e No SM candidate q>'<q X>"ﬁ:7
e 85% of all matter in the Universe N 4 G

e Sensitive to gravitational interactions arXiv:1810.09420
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https://arxiv.org/pdf/1810.09420.pdf

DM-SM weak interaction enables different searches:

* Indirect Detection (ID): products from DM annihilation

SOUTH FOLE NEUTRING OBESERVATLORY
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bedrock
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Hassnae El Jarrari 43

Direct Detection

Collider

Indirect Detection

DISCRETE 2022



DM-SM weak interaction enables different searches:

* Direct Detection (DD): nuclear recoils from DM-nucle1 scattering
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By Tim Tait Particle

_Dark Matter Models
Theories of Dark Matter

Axion-like Standard Sterile
Particles Model v neutrinos

QCD

Axions

Light bosons Neutrinos

Super- Extra-
symmetry dimensions

Dark Matter Weak Scale

Effective
Field

Theory

Simplified
Models

Macroscopic Ol WIMPzilla

Primordial . Self-
BHs MaCHOs Superfluid

interacting

Perhaps a new dark sector consisting of many DM particles
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At the LHC

Less complete

Interactions

“Sketches of models”

complete
Dark
Photon

Minimal
Supersymmetric
Standard Model

Dark Matter
Effective Field Theories

Simplified
Dark Matter
Models

Contact
Interactions

Complete
Dark Matter
Models

Higgs
Portal

Universal
Extra
Dimensions

arXiv:1506.03116

Little
Higgs

Most models provide some kind of WIMPs
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https://faculty.sites.uci.edu/tait/author/ttait/
http://arxiv.org/abs/arXiv:1506.03116

ATLAS

EXPERIMENT |

jet + Epis
v Additional background from ¢, ¢f, VV and Multijet (data-driven jet-smearing)
v CMS: Additional background from ¢, ¢, VV (MC simulation)
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ATLAS: Phys. Rev. D 103 (2021) 112006

CMS: JHEP 11 (2021) 153
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006
http://dx.doi.org/10.1007/JHEP11(2021)153

H( — bb) -+ E;’:liss CMS: EPIC 79 (2019) 280
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http://dx.doi.org/10.1140/epjc/s10052-019-6730-7

ATLAS

EXPERIMENT

DM Summary Plots

ATLAS: ATL-PHYS-PUB-2022-036
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/

DM Summary Plots

CMS: DM_summary_plots
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Simplitied DM model
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ATLAS DM Summary Plots CMS: DM summary plots |
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Simplified model
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ATLAS Semi_visible jets * ATLAS:ATLAS-CONF-2022038
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Improvements in Run-3 trlgger ATL-PHYS-PUB-2022:018
e LL1Calo: Fmer-gularlty LAr Calorimeter B e
e New ATCA-based Feature Extractors:

===> better resolutlon and background rejection

v eFEX: sophisticated clustering algorithms and i1solation ===> Better ¢, y, tau 1D

v JFEX : jet reconstruction algorithms jet, ETmiss, had-decaying taus
e L1Muon
v New Small Wheel (1.3<n|<2.7)
v New RPC detectors: RPC-BIS78 (1.0<|n|<1.3)
v Coincidences between TGC and NSW/RPC-BIS78. New L1 Muon endcap logic

e HLT: Large radius tracking, Faster track reconstruction, Better pile-up suppression, New triggers for unconventional signatures.

===> 1mprove fake muons rejection

===> between barrel and endcap
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