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Inkroduction

% 'I'he standard model (SM) 1s a highly predictive and well-tested theoretical framework that describes
the electroweak and strong interactions

* However, fundamental questions are left unanswered in the SM
* LExtensions of the SM are commonly referred to as new physics

* As new physics has not been discovered (yet), searching for it becomes more and more challenging...

% ... which boosts the creation of innovating ideas!

LHC experiments has established a rich program for searches for new physics
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(ot exhaustive) Overview of Latest resulks!

* [LQ) pair —> b mu b mu [ GERN-EP-2023-301]

* BSM H/A -> tt [ATLAS-CONF-2024-001]

* 3rd gen. LQ) pair production [GCERN-EP-2023-2388]

* A-> ZH-> lltt [CMS-PAS-B2G-23-006]

* Combination of heavy spin-1 resonances [EXOT-2022-38]

* A->7ZH-> 41+);/MET [https://arxiv.org/abs/2401.04742]
* High-mass reso —> t+MET [EXOT-2018-37]

* H/A -> 4top [ATLAS-CONF-2024-002]

% Search for a resonance decaying to Wy [PAS-EXO-21-017]

* HNL via WW scattering 1n ee, ep final states
[ EXOT-22-019]

% Search for resonances decaying to HH [GERN-
EP-2024-062]

* HNL in final states with e, p, hadronic T [EXOT-22-011]

* Mono-top [EXOT-2022-40]

* Search for heavy long-lived charged particles [GMS-PAS-
EXO-18-002]

* Search for mass-degenerate Higgsinos [2401.14046 |[hep-
ex| |

* light LLLP with displaced vertices [2403.15332 [hep-ex]]

* Model-agnostic search with dijet resonances |GMS-PAS-
EX0O-22-026]
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_— EXO1-2020-25

* Lixtensions to the SM Higgs sector can introduce additional fields that produce
additional Higgs bosons.

¢ Two Higgs Doublet Model (2HDM, e.g. MSSM)

* Large interference etffects with SM background.
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% Reconstructed H/A mass 1s used as the final discrnminator.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-25/

EXO1-2020-25

* Results showed no statistically significant fluctuation away from the SM
expectation.

* Small deviation was observed at 800 GeV with a local significance of 2.30.

* hMSSM exclusion limits range from tan f# at 3.5 to 0.5 for A masses
between 400 GeV and 1.1 'IeV.
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A"‘“? Z,Hm;v LL&& CMS-PAS-B2G-23-006

CR-nj-2b-SB

>2 b-tags CR-nj-2b-SB

* Possible “Smoking gun™ channel for first-order

1b-tag | CR-nj-1b-SB CR-nj-1b-SB
electroweak phase transition in the 2HDM.
O b-tags
&n
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e — e . mz25GeV | M
(HL-)LHC searches for pp — A —= ZH — Zit 1 ‘Hﬁfﬁ with n = 5. >6
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400 500 600 700 800 900 the number of jets and b-jets. 600
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* As a final discriminator, an unrolled distribution 200

Z - . |
Thomas Biekotter et al JCAP03(2023)031 of Pr and Am 1s used. 0 200 400 600

Am = Mgz — My = mp — My
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html#Figure_005-a
https://iopscience.iop.org/article/10.1088/1475-7516/2023/03/031/pdf
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LI E & CMS-PAS-B2G-23-006

* No statistically significant deviation from the SM expectation was B
observed. t
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html#Figure_005-a
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ATLAS - A-> ZH-> 4Ll+]j/ME

https://arxiv.org/abs/2401.04742

* Motivated by the 2HDM and 2HDM+5.

: : : 9 a g /07
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https://arxiv.org/abs/2401.04742

ATLAS-CONF-2024-002 25b
4b Control
: regions
3bH Flavo_ur
t 3py | "escaling Validation regions

2b [ NN kinematic correction ]

* Heavy scalar (H) or pseudo-scalar
(A) predicted by the 'Two-Higgs- 7 J of >0
DOUblCt-MOdGl <2 HDM> ": normalised to total bkg. 350 *: normalised to total bkg.
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https://cds.cern.ch/record/2891814

ATTAS-CONF-2024-002

H/A => 4top

* Limits evaluated with respect to tanff VS m(A/H)

* Results also used to constrain a model predicting pair production of a colour-octet scalar excluding m(1) < 1.5'1eV

* combination with a SSML search published before has been performed : https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICGS/PAPERS/
EXOT-2019-26
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HNL via WW scattering in ee, epm final states

d
. . . . . u
* Neutrino oscillations implies non-zero v masses EXO1-22-019
Wt
* Neutrinoless double [3 decay: probe Majorana mass terms < e
N
* BSM theories: Type-I Seesaw, LRSM, GU'l; dim-5 Weinberg operator . > ot
2 4o T T T + ot
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-16/

EXO1-22-019

ATLAS

ATLAS t-channel
—— This work
Vs =13 TeV, 140 fb™

ATLAS s-channel
—— JHEP 07 (2015) 162
Ys=8TeV, 20.3fb

1 0—2 ATLAS s-channel
—— JHEP 10 (2019) 265
Vs =13 TeV, 36.1 fb™

ATLAS displaced
— PRL 131 (2023) 0611803
Vs =13 TeV, 139 fb

CMS s-channel

HNL via WIW scattering

* No significant excess, imits set on N couplings and masses. Best sensitivity in

the e channel.

* Also, statistical combination of 3 channels performed to constrain e and u

Observed 95% CL Limits on |V [
=
1 |||||||

. . | 1074 b _ arXiv:2403.00100
couplings simultaneously! = \s =13 TeV, 138 fb”
1 - . CMS displaced 3l
~ 1.0 . 5 JHEP 07 (2022) 081
= ATLAS 107 F E \s=13TeV, 138 fb
N _ 1 : - CMS displaced 2|
- Vs =13 TeV, 140 fb N - arXiv:2312.07484
pp = L= L5jj, Venl=IVunl 107 = \s=13TeV, 138 fb
o " = m CMS displaced low-mass
95% CL Limits - - arXiv:2402.18658
10'—7 1 L 1 llllll 1 1 1 llllll 1 1 1 lllllI 1 1 1 llllll E=13Tev, 138fb—1
1 10 102 10° 10*
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T o R R L LA LA AR RN R
%. - ATLAS Observed Limit, my=10TeV
>_ 0.9 = Vs =13 TeV, 140 fo! -----Expected Limit, My =10TeV E
o | BT oo
O . 1 I _ © b 95% CL Limits s My ]

* Limits on the mixing matrix elements
[ Vyl%, | VeNV;Nl and combined with

. Combination

" - Observed Limit Individual channels (observed) - E
- == Expected Limit — €€ =
ExpectedLimit £1 0 eu _ * Limit ObS(EXP)Z |mee | <24.5<23.6),
Expected Limit +2.0 -~ Hu[EPIC 83 (2023) 824] e - |m,, | <12.5(14.8) GeV
102 100  10° TN T TR VR T TR TR TR T
my [GeV] | Venl
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HNL t final states with e, s, hadronic 1

o+ EXO1-22-011
0+ * Heavy N: Majorana (LNV, LNC) or Dirac (LNC) type
0 * Mixing matrix: exclusively to a single generation SM v
Ve % (Channels considering all combination of e, y and 7,
% Region defmed on leptoq Pr> 0-b-tag o [cms | 138 (3 eV N_% 1 oM 13810 (19 TeV)
jets and using BD'T" discriminant > D =" [ Majorana

107 Von: Vin:Vin = 1:0:0

% Limits on mixing matrix elements o
2 2 2 - o
‘ VeN‘ ’ ‘ VMN‘ and ‘ VTN‘ (ﬁrSt tlme 10 : — Observed - QObserved
>y Medianexpected 1 [ =L 4 e Median expected
f()r My > M ) 107 e I 68% expected E B 68% expected 3
N 1% TN 95% expected ] 95% expected i
oSL DELPHI 4 esINe T T ] DELPHI .
o 3? gisp:aceg ] — ~ 3/ prompt (2016) 3
I -t 2¢ displace 1 TR i
* Complementary to other searches, 10°F p - L rchamel vEE
. 2 i i ' ---= 2/ displaced -
improved range of (my, |V, y|" ) T A
exclusion limaits my [GeV. my [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-011/index.html

M5

— — > . —_ — — . ———

neutrino exclusion Limits

CMS Preliminary  42-138 fb='(13 TeV)

qV|
Z 10°F Dirac
- (Observed Z - (Observed
--- Expected 10-1L--- Expected
1072
1073
Electron Channel 10-4 Muon Channel
. E'Loen;p(t) 71 (826 gzsigg:aced f ____ Prompt 1¢ + 2 displaced ¢
, JHEP 07(2022) 081
~ Prompt 1¢ + >=1 displaced jet 1 0_5 X ~ Prompt 1¢ + >=1 displaced jet
arXiv:2312.07484 ‘ arXiv:2312.07484
Prompt 1£ + MDS Prompt 1£ + MDS
T arXivi2402.18658 X arXiv:%402.+1 8658
Prompt 3¢ = (e, mu, 1) -6 B-parking 2¢ +
arXiv:2403.00100 1 O ar)‘ziv:2l483.0451;4
~ Same-sign 2t+jet Prompt 3¢ = (e, mu, 1)
JHEP 01 (2019) 122 . arXiv:2403.00100
| 1 O-
109 10’ 102 10° 104 10° 10° 10° 10° 104

My [GeV] My [GGV]

Public page
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Search for heavy long-lived charqed particles

* Signature: An 1solated track of high-p; (p;>55 GeV, || <1) with large dE./dx deposits in the tracker, selected 1n
2017-2018 data (101 fb-1) with muon trigger.

CMS-PAS-EXO-18-002
* Two approaches:

¢ using independence of dE/dx
in Pixel and Strip tracker for - 65!\’,',5/?@{@'",87 ,,,,,,,,, I,,,,_,J,O?pr (13 Teg - EMS Preliminary 101 fb (13 Te \g
.« = 10 200 GeV, FP'XeIS 09 ¢ Data = 5 10°E [Massa roach Signal Region ¢ Data =
o E p_> E e = pproach Signal Reg =
baCkground recognltlon, — 10°E ] Total bkg unc. - — 10*E = Background 3
: . 2 4 — HSCP gluino 1800 GeV - n » HSCP g (m=1600 GeV) =
¢ using the mass spectrum. € 100 T O 10°% HSCP § (m=2000 GeV). ]
) 103 C —— HSCP stau 557 GeV = o) E'. HSCP % (m=557 GeV) =
> = Background = > 102 T HSCP 7 (m=871 GeV) 5§
L 10° = E LLI 10E =
. . . = = —_I—|_ E
* Data-driven estimate 1n both 10 & £ Wi =
- 7 ¢ = “mg |- | 5
cases 10_1 :.—'ﬁ i 0 Lr"FT G E
10°° : 107 = T
° o E
2 o 2 O]Ln_nnﬂ il :
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INFN Matteo Franchini 1% Corfu2024 - Future Accelerators


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Se&r{’:kﬂfarke&vg Lamatwed charqged particles

CMS-PAS-EXO-18-002

* No excess —> Interpretation of many stable signals, considering |Q |=1e

% 'I'he 1onization method provides better limits at low signal masses while the mass method 1s more efficient at large masses

_ QMS, Preliminary 101 fb (13 TeV) CMS Preliminary 101 fb (13 TeV)
_Q o T 11 l | l I | I | I LI I | | I | | I LI I || l | | I LI
2 4 02 95% CL Upper Limits - 'Q& 101 L 95% CL Upper Limits _
5 E —— Observed Limit § S : —— Observed Limit
5 i BEEM Expected Limit +10, =20 S ‘ @ess Expected Limit +10, +20 _
a -3 = oNNLO#NNLL(pph >77)+10 @ N e NNLO+NNLL
107 Ty T t ] ® 1072 N T Ow  (PPEG)lo
2 - ~ - O : N :
O - m‘L‘L/R >0.65 TeV i 6 ! M ass c:::::\ mg~ >2.13 TeV '
N ) " method ’ ‘
107 | | E 107° £ 3
" lonization ] : : :
s method g 8 _ i
107 E 3: 2 S 10* oo E
) I L 1 11 I | . I L1l 11 | L1 11 l | 11 l I l L1 I | . I L1l 11 l | I f :I o I B | Ly I i1 I 'BE I L1 I IC\Jl Ef\l ‘N w l:
02 0.3 04 05 06 0.7 0.8 09 1 1.1 1 12 14 16 18 2 22 24 26
m_[TeV] ae [TeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Se&rckﬂfarke&vgtav\giwed charqged particles

CMS-PAS-EXO-18-002

* No excess —> interpretation of many stable signals, considering |Q |=1e or 2e

% ].mits on the Z° model with Z/ — ¢ (2o .

»« CGMS data do not confirm any claim of signal excess

CMS Preliminary (13 TeV) CMS Preliminary 101 o' (13 TeV)
~ 30-1 T 11 |‘ rrr[rrrr|p T T rr [ T T T T T l- 7)) 700 = < < < " 3 _ —
- H =107 = 2
O C 1 3§ S =
< - x T (557 GeV) 4 = >
> R ' 1 2€ | = E‘ -2 S
o 25 Z' (3 TeV) — t'“° (600 GeV) —{| = = 4102
= [ . Z'(4TeV) — v (600 GeV) Jig10® 5 10
_< i . Z'(6TeV) > v (600GeV) 1| 3 & 1 2
20 — 1 - i N
"4 - Best fit from [2205.04473] S
B i 107 c
15 _—', ] _8
=X =
. W | " 10 2
5‘- L el '_ m= 2000 GeV | £
Data’ B g .:.::.'l.'fi,'.'.'.".‘:::::::.'. O
L & ;"" =557 GeV -
4 * 1 l e I J | I L 1 | I | L 11 1 L1 11 L1 11 L1 11 10—7 ‘
L t . - - A 1| 5 -5
O 500 1000 1500 2000 2500 3000 3500 4000 30000 400 800 300 1000 1200 1400 10
p [GeV] m .. [GeV]
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https://link.springer.com/article/10.1007/JHEP08(2022)012
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Light LL? with displaced vertices ., .0

Pseudoscalar boson (s) Pseudoscalar Axion-Like-Particle (a)

VH and VBF H production Va production tt production

91 a - gluons
‘ -2 c or gluons

VAVAVAVE” '

v*
¢ =u,cb

v =W/Z

o ~
s \
:’: 7’
7
/s
s
s Y
s hS
s ~
I
Ny

%* Signature: 22 displaced jets (| 7] <2.5), with 21 matched to a displaced
vertex (DV), selected in 2015-2018 data (140 tb-1)

* Newly improved displaced track reconstruction 7

INFN Matteo Franchini 21 Corfu2024 - Future Accelerators


https://arxiv.org/abs/2304.12867
https://arxiv.org/abs/2403.15332

Lngl&LL w&kdmpla&ed vertices

2403.15332 [hep-eX]

* Displaced jet tagger
using jet-level features that
discrimate between

prompt and displaced jets

Event-level discriminant

BD'T;0 x BD'T

* Data-driven
background estimate
using the probability of a
jet to be matched to a DV
(depending on its pr,
flavour, BD'l" score) to
determine a per-event

probability

Events / bin

Data / Bkg

10*

10°

107"
1.5
1
0.5

WH, Wa,, tt

ss — 4b) = 1%, [m,, ct] = [55 GeV, 100 mm]
c(qq — ¥a) = 5x10° pb, [m_, ct,] = [55 GeV, 100 mm]

bq) = 0.1%, [, cz.] = [55 GeV, 100 mm]

!s
11
t

ATLAS |
Vs=13TeV, 37.5 -

1-lepton §

1-lepton 2-lepton VBF
Ny = g9 02

Npy Npy Npy 2

AP LELLLE

L 3 @~ ’n‘ow.p a‘-w-.v-ﬁ 7

0.9-1.0 0.7-1.0 0.7-1.0

BDT, xBDT,

0.7-1.0

#HDV »= 2
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https://arxiv.org/abs/2403.15332

Light LL? with Aisplaced vertices

* No excess —> 95% CL Limats:

2403.15332 [hep-ex]

¢ on B( H— ss —=4b) for m; 2 16 GeV and on B( H— ss —=4c) for m, = 5 GeV, improvements by as much

as a factor of 20 tor m, = 55 GeV and ¢z, < 10 mm.
¢ on o(Va) and B(t — aq) for the first time at LHC

- -

.’ Wa, m_= 40 GeV ]

lllll ] Il lllllll

L4

L 4
L4
4
4

— Wa, m_ = 55 GeV
Za, m, = 40 GeV

— Za, m, = 55 GeV -

1 o) AR DL
ATLAS Vs =13 TeV, 37.5 -140fb o
— —rrr T — T — T — — Observed
(@n i i 1 ! .' y ] m
< .- N . ) > = =+ Expected (+ 7o)
1 Y cod T
% . -| ! ,'. "' g A
T ) -‘ ) " " \b/
E Y " ,, " 'l' g
T 10 Lo / _ 210"
< \‘\ " ! .g ‘|
@) ~< R | 3
-— AR o 1
£ e - O
j m,=5GeV - 32
O —m; =16 GeV | 810_2 —
O m, = 40 GeV \
o .
310—2 — mg = 55 GeV_ o)
— Observed R
= == Expected (+10) 1 P N
- = JHEP 11 (2021) 229 _
TR 107
107 107 10~ 1 - i
CTg 5 [M] 107 107

B H— ss —4b)
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R3

107" 1
CTs 2 Im]

95% CL Limit on BR(t — aq)
o

- Observed
= = : Expected (+1o0)

L)
......

107 1072

- -

m, = 40 GeV
— m, = 55 GeV

107" 1
CTs o Im]
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CERN-EP-2023-301 T

* N
. I e ,LO)
% Full Run -2 search for Scalar/Vector L.Q) pair 9 OOO00000- — > — —LQ v
| 7/
|
* Main bkgs: drell-yan and tt esitmated from MC normalised 1n ALY N
. . ¢ . 99 | \\_
dedicated regions “Control Region”. 9 IO — < — —T0 a LQ
138 fb™' (13 TeV)
* SRs defined for each m (LQ ) hypothesis via cut on a dedicated SRR VP
Q. Y CMS — Scalar LQLQ — pbub (B=1, A=1)
BD'l score. Ql N L U - Vector LQLQ (B=1, A=1, k=0)
L\ % - -Vector LQLQ (B=1, A=1, x=1)
. : - ' O - L 95% CL upper limits
* No significant excess seen, most stringent limits to date! - - = Observed
10~ U Median expected

. B 68% CL expected

! 95% CL expected

2 "‘." N
Scalar LQ Vector LQ (B = 1) 10

m(LQ) upper
bounds [TeV]

= 0.5 Minimal Yang- 107
(0) pt
@957CL Coupling Mills o A .
ATLAS 1.5 1.3 1.5 1.8 =
[arXiv.org:2210.0451/7] 10° > i
CMS (this) 181 154 212 2 46 5001000 1500 2000 2500 3000

m o [GeV]
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https://arxiv.org/abs/2402.08668

* Statistical combination of 9 ATLAS searches (6 LQ

searches and 3 SUSY searches)

* Interpretations;

Scalar/Vector LQs decaying to 314 gen LLQ) or 1st/2nd

gen mix LO)

3rd qen, LQ pair production >w< NS

¢ Limits on m(LQ) and (B) branching fraction to [ *

* Most stringent results to date for majority ot the

models 1 e |
= ATLAS U, pair production
|’D:. 104 L Vs =13TeV, 139fb™! minimal coupling i
oy All Limits at 95% CL —— Combined Analysis ]
T 103t —— Observed Limit Individual Analyses .
& - == Expected Limit — tutv 5
© — tvbTt
102 .
—— btbT E
= Theory (LO)

101

E B(Uy - bT)=0.5=1— B(Uy - tv)

2 I 1 1 I Il 1 1 I 1
197000 1200 1400
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N R N
1600 1800 2000

my, [GeV]

CERN-EP-2023-288 < g <

Interpretation
Search Scalar Vector Signal Region
Final State  Citation  LQY LQY LQv — rLQd —ou™Me ™M N, Ny Nijes
tvbt v v — — v - 0 1 > 2
btbt v - = = v = {0,1} {1,2} {1,2}
1Tt T - v - - - v {1,2,3} > 1 > 1
tvb(t - - v v - - 1 — > 1
btbel - - / - - - 2 - 0,1,2})
tltl (20)) - - - v — — 2 - _
1€t€ (> 30) - - - v - - (3,4} - > 2
tvtv v — v — v - 0 0 > 2
bvbv — v — v - - 0 — > 2
,:;1.0'1 | LN LN LA
3 ! ATLAS
T S=13TeV,139 fb! |
X I
SEQ.8F -
Q d
% LQmix I tIJ/bV
I All contours at 95% CL
—~ 0.6 - (QObserved Limit
1 ——- Expected Limit
= ! Expected 10
T 04 -
.G'E i === Combined Analysis |
C_ID' i Individual Analyses
K 0.2F - tuty -
I e DV ]
! bvbv
O O 1 ' I B

PR T T AT SR S T N SO S | PR N T TN T [N TN TR SN N TR SO N 1
600 800 1000 1200 1400 1600 1800 2000 2200 2400
miqe,, [GeV]
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Combination of heavy spin-1 resonances

T F , .
EXO1-2022-38 = 10°F ATLAS | o Gomoned Bpeces E
S E {s=13TeV, 139 b [ Expected Limit (+ 15)
T 105 L HVT Model A |:|$§pected Limit (£ 26) __
= —_— eory =
* Combination of searches for new heavy spin-1 resonances decaying into different 8 . [=* S W Bpenes
o o . . . —_ o) E e \-\ -4 ll+lv+tv+1t Expected E
pairings of W, Z, or Higgs bosons selecting quark pairs (qq, bb, tt , and tb) or P e -
third-generation leptons (v and 77) 102 F -
10k
* Analyses complementarity increases sensitivity to new physics and makes resulting e _ - ©
constraints stronger 10 e
0 1 2 3 4 5 6
m(V') [TeV]
* Data eXClude: Q_o _I | | 1 | I | | I | I | I | I | I | | I | I [ | T T T T | I_ QO _I LI l LI I | I LI I | l LI I LI I 1T 1T 1 I 1 I_
= - ATLAS l+v+tv+tt HVT 1 = - ATLAS VBF WZ — qqll .
w heavy vector-boson triplet S 10E Vs=13Tev, 139 b" VV+VH HVT = 9 10E Vs=13Tev, 139" VBF WZ - Ivaq =
ith mass below 5.8 TeV 3 = s —— casr T 1 Bz §
W1 I11AasSS Cl1OW . e 111 A L. Model B Combined HVT — — Combined HVT Model C 7
weakly coupled scenario, 1 = 1 =
%« below 4.4 TeV in a strongly AR YA Y ARV s : Y NNy 5 -
coupled scenario, 107 E 107 E
: - 26 1 - yv..vyi Nz 20 A
~ up to 1.5 '1eV 1n the case of e - : -
° * —2 — — —2 — —
production via vector-boson 107 E 10°E e
fusion. i 3 | T
10_3 |-----I--I--I--.I--I--I--I---I--l--l--;--l--l--l---l--I--I--I--.I--I--I--T--I--l--l---l--I--I--I---l---- 10_3 1 1 |-] 1L 1 1 | r I I 1 1 1 1 r | I I | | L1 1 1 T L1 1 1 | I I | .I 1 1
0 1 2 3 4 5 6 0 05 1 15 2 25 3 35 4
m(V") [TeV] m(V’) [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-38/

(\ s
\

EXO1-2018-37

* 7, reconstructed in hadronic decay modes, the total p;{v) inferred from reconstructed missing
transverse momentum

High-mass reso —» T+M

* No excess of events above the Standard Model
~« Heavy W' vector bosons with masses up to 5.0 TeV are excluded

~ Considering non-universal couplings, W' bosons are excluded for masses less than 3.5 -

5.0 1eV
% — | | | | | | | | | | | | | | .| E)a‘ltal | | | | | | - E‘ = I I | I I I | I l = %) _N [ | I. | I | | | | | | |
o 103 ~ AsTfl?gTev 130 1 ] Worey _ 3 = ATLAS Wigyy — TV . T | on—pertuatlve regime i
~ = Validation Reaion [ Jet background = = 10°5 [5_13Tev 1391 95% CL limits E S i 2 ATLAS |
..g , 9 [ Other background - b -e- Observed . 5 :ig'a s =13 TeV. 139 b’ —
— / i — — N - ’: ”« S = e ’
o 107 777 Uncertainty - T 10 - - Expected . ] NG w 95% CL limits _
i ; - S - +1o : B N\ Nu =2 TV 99T ]
10 ~ = | 20 — NN NUGIM :
: - @ 1 — Wy, E IS\ ATLAS 7v[139 b7
L i N x A ; 4o : T A N\ N\ ATLAS 77[36.1 07
= & - > B 2 N = ; \\\ % . LI
= E 107'% 45 ATLAS 7v[36.1 0] = 1 0 ] 38 4o ATLAS Iv 139107
e an2 ] N AN ; PRL 120 (2018) 161802 ] TN &% ATLAS v [36.1 o)
- T, = q02k ~ SEbs B 8 ——ndrectEWPT)
- 0 . T - 120,54, 3 | \ ¢ :%;'? :g% ----- Indirect (LFV) _
10° s L - Q 4oL - 3 -\ &+ — - Indirect (CKM) .
oo e b L1 T R R % 0 § g - > _,90"‘? 2— \\ .: igig,// ..... Indirect (Z-pole) N
E L |+ T ,| 7 T |/ T | N B | T T T 7 B ‘_ __ '.' ’:?i« __
1 2 e b @A AL T ) ,// 1117777 A ] _4 i ] '_- ‘:i:i‘
ci) 1 e B ;;g%%éy / / Z 7 10 = E i \\ ! '
S - 7 7 ' 7 - . r& % T
8 0.8 M L I///é T (05 | | I | | | I | | | 1_ | "'_.\\ . 5, | -
Q100 200 300 400 500 600 500 2000 4000 6000 2000 4000 6000
pThad-vis [GeV] my, [GeV m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-37

Search for a resonance decaying to Wy

PAS-EXO-21-017

* W boson decays leptonically (e or p)

q' e or
* Bump hunt in the transverse mass m'l’ spectrum
: e - v — mMissing energy
(my)” = (Et (7) + Ex (€) + pT°)" = |pr(7) + pr(€) + pT°|
* Parametric fit to the data using signal shape templates q
S CMS Preliminary 138 b (13 TeV) - CMS Preliminary 138 fb' (13 TeV)
1)) [45)
010“ ¢ Data ~——— 500GeV, I'y/my=0.01% (9104 ¢ Data e 500G@V, T'y/ My =0.01%
8 — Bkg. fit - === 500GeV, I'y/m,=5° 8 — Bkag. fit - === 500GeV, I'y/m=5%
— [ Fitunc. 68% CL  ——— 1400GeV, I'y/m,=0.01% — [ Fitunc. 68% CL  —— 1400GeV, I'y/m,=0.01%
3103 . [CJFitunc. 95% CL - --- 1400GeV, I',/m,=5% @01 03 . [ JFitunc. 95% CL - --- 1400GeV, I'y/m,=5%
c c
) (1))
> >
402 Muon Channel w402 Electron Channel
10 10
, u wm | N |f|
o o I 10" ~ |.'Imnm.
- = 2F -
E % ok } * [ o8 A Bttt .
oo L ’ T T TR W ST IOMIIN NN -
-2f I ' ' e
1 | 10° 210° 3x10° 10° 210°
3X 02 0 )l('ng[GeV: . . _ . ?ﬂl [GeV]
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http://cds.cern.ch/record/2893032?ln=en

Search for a resonance decaying to Wy

PAS-EXO-21-017

* No significant deviation from the background-only expectation is 1CMS Preliminary 138 fb' (13 TeV)
observed g =
v u
? -
* Combination with search using hadronic channel doi:10.1016/ Q10"
1.physleth.2022.136888 S F
Q -
-2 L
* Most stringent limits to date in the probed mass range 10 =
107° = °
— 10" 138 fb”' (13 TeV) o 138 fb”' (13 TeV) = I,/m,=5%
8 'V F 2 'V 5 Leptonic (Wy — lvy)
= | CMS Preliminary SRy = | CMS Preliminary ik o4l —— Hadronic (Wy — qqY)
= 10° | Wy Iy = Median expected = 10° | X Wy — Median expected - ——— Combination
0 E I'y/my = 5% 1 E I/m, = 5% o 4sd.
v : - 68% expected v : . - 68% expected B
: ] 95°/o ted : I 9°o -51|||1||||||||||||||||||||1||1
R 107 i R 107 Ve expecied 10 800 1000 1200 1400 1600 1800 2000
B E - : my [GeV]
10F 10§
1 1: Local excess of 3.10 in the hadronic
3 : . .
: | : analysis reduced to 2.50 with the two
Leptonic channel . Leptonic+hadronic channels combined h 1 bined
1 [ B T — L [ B T E—T CLAnnELs combine
my [GeV] my [GeV]
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https://doi.org/10.1016/j.physletb.2022.136888
https://doi.org/10.1016/j.physletb.2022.136888
http://cds.cern.ch/record/2893032?ln=en

Search

— . e e . —_

* Resonances decaying to 2-Higgs bosons predicted in many new physics models (extended Higgs

sector, extra dimensions, etc )

* Several searches have been performed with different final states (all summarised in the review paper!)

* X—HH searches are statistically
combined

« | For both cases where X 1s a
spin 0 or spin 2 particle

w | Best limits for masses below

320 GeV and above 800 GeV

p—
<

95% CL upper limit on o (pp — X — HH) [pb]

138 fb' (13 TeV)

-
S
-
-
-

Spin 0, ggF production

Il] I | I 1 l-‘

-e~ HH Combination -
—— HH — 4W/4T2W27 —» 22|
HH — bb.WW — > 1l (resoived) 1
—e= HH — Db, WW — 2 1| (merged-jet) i
~+— HH — bb, 11
HH — bb.yy
-+ HH — bb,bb (morgod-jet)

Narrow Width Approximation

10 CMS

M_‘ - HH — bb.bb (merged-jet

10°° E Spin 2, ggF production

138 fb' (13 TeV)

-~ HH Combination .
~—HH — 4W/4U2W21 22|
HH — bb,WW — 2 1l (resoiveq)
~o= HH — bb,WW = 2 1l (mergedje)

HH — bb,yy :

Narrow Width Approximation -

95% CL upper limit on ¢ (pp — G — HH) [pb]

Observed Observed
Expected Expected
10_4 3 ] . ] | | 1 1? 10 4 | | | | . 1 | ! ' 1
3x10”" 1 2 3 4 5686 3x10”" 1 2 3 4 56
CERN-EP-2024-062 my [TeV] mg [TeV]
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EXOT—QOQQ 40

q
* New particles in final states with a boosted top+MET )
q
* Results are interpreted 1n the context ot ssmplified models for
Dark Matter particle production and the single production .
of a vector-like T quark e a
P il B - q
o Y oy e MOt - -y
) ~ VVR Scalar — Pre-Fit Bkg. - / ~
2 - Post-Fit 1 !
2 10° = _
. ;__ _§ q,
105— ] = _
SROb XGB > 0.5 - ; W 7
o 1W T 1
5 1.25F , E
X D 125 t
A GES) & 072‘%‘%/%///%%///%%%%% ’ ’
08505 0.1 0.15 02 025 03 035 04 045 05 Ut
XGBgyq .. b !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-40

* Production of single vector-like T quark excluded for masses below 1.8 '1eV

k

o(pp — ty) [fb]

Dark Matter particles + single top quark excluded for masses of a scalar (vector) mediator up to 4.3 (2.3) '1leV

Exclusion limits on the 1" quark mass 1n the singlet SU(2) scenario

10° ATLAS —— Theory (LO)

Vs =13 TeV, 139 fb' — 95% C.L. Obs. Limit

103 Scalar DM mediator 7 95% C.L. Exp. Limit
95% C.L. Exp. 1o
Aq=0.6,y =04 ] p
95% C.L. Exp. +26

m, =1 GeV

102

10

| IIIIIIII
| IIIIIII| I IIIIIII| l IIIIIIII ] IIIIIIII ] lIIIIIII | 117

—1 L1 1 I | I | I 11 1 1 I L1 1 1 I L1 1 1 I | I | I L1 1 1 I | I | I L1
10775500 3000 3500 4000 4500 5000 5500 6000

m, [GeV]

o(pp —» T — Zt) [fb]

10°

10*

10°

10?

10

1

3 AL IR IR B L B B E
E ATLAS —— Theory (NLO) E
= (s=13TeV, 139 fb' — 95% C.L. Obs. Limit E
- Single-T Producton 77 95% C.L. Exp. Limit -
- 05, singlet [ 95% C.L. Exp. t1o _
= BR(T 71) = 0.25 95% C.L. Exp. +26 E
I§ | 11 1 I 1 1 1 I 11 1 | 11 | I 1 1 1 I 1 1 1 I 11 1 I 1 1 1 I 11 1 | §|

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

m; [GeV]

ATLAS Largest excluded mass at 95% CL
ls=13TeV,139fb"  —oObserved ---Expected

—1800

—1600

I
||||||||‘|||

1400

Observed mass limit [GeV]

1200
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-40

Search for mass—deqenerate Hiqqsinos

* RPC SUSY: higgsino-ike DM can be almost mass degenerate with charged NLSP ( A(mg:, myo)~ 250—400 MeV) — disappearing track signature

* For Am of few GeV — prompt soft lepton searches via mg: — Z*(£¢)my are sensitive

X

* “Mildly” displaced soft track (hit in first layer, 2 GeV < pr <5 GeV) targets mass gap from 0.3 to 1 GeV (veto if track compatible with K

or A decay)

* No excess over bkg prediction — limits exceeding LEP results for first time

2401.14046 [hep-eX]
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Data / SM

L I 1 I 1 1 I 1 I 1 I I Ll Ll l 1 1 I 1 I I Ll 1 Ll I

1 T 1 T 1 I 1 1 I I
¢ Data \ Total SM
ATLAS iy
1 QCD track Wijets (4 track)
\s=13 TeV, 140 fb
Wijets (z,, track) Other
CR-07%* . ~0
....... (Signal m(x1), Am)=(125, 1.0) GeV
.... o - == - (Signal m(¥.), Am)=(150, 0.5) GeV
(Signal m(i1), Am)=(125, 0.35) GeV
....... | > SR-Low <
T
- \\\\\‘\\\\\\\ : —> SR_HI h
f-l l- - -I .- : \\\\\\#\\\\\ L saan i g
: re~~*t=-===-_ r}\\_\\\_\\E\\E\\}t\_\\\_\\i\\}\\}\\:\\}\\A\X\\;\\;\;\“\“\\}\:
l I 1 I .I- ....... I--I.-I.-I-.l.-i Jl—dh—J b~ I_ | o— LE

e PR \M\m =
0 5 B .1'0. B 15 B 20 B 25 B I3IO‘ B 35 40
S(d)

36

0.2

I

prompt
searches

I I I I 1 1 I I I I

ATLAS l

v/s=13TeV, 136—-140 fb~ :

PP — X9X1, XoX 3, X4 X7, X5 X3 (Higgsino)

m(x8) = m(x9) +2Am(¥%, X9) -
3/ + Soft 2/

Disappearing track, m(x3) = m(x3)
LEP2 X7 excluded
 Theoretical prediction for pure Higgsino

lllll

All limits at 95% CL

=== Observed Limit (+10325Y)

|

o

250
m(x7) [GeV]

200
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https://arxiv.org/abs/2401.14046

Model-aqunostic search with dijet resonances

CMS-PAS-EXO-22-026

% Search for new physics 1n di-jet final states in a model-agnostic manner p Jet

% 0(100 GeV)
* Based on anomaly detection \ A .
« ldentity jets with non-QCD-like substructure / Fase

~ Maximisation of the sensitivity to unknown new physics signatures P

Jet
% First results derived with anomaly detection at GCMS! CMS Simulation Preliminary
.y
3 | S—— T p-; .
g < N B\ S—————— e, "
Q. N « R N ; N * .
103 W = BB -b2) \\ = ‘e | 4— evidence
* F1ve machine learning methods designed to 1dentity Y WaNES \ -S>
. +- CWola Hunting | — |  4e
anomalous jets 10-5|-* [ e ’
+ CATHODE "
o » » -~ CATHODE-b _ .
~ Unsuperwvised algorithm | o i o\ 5o |¢— discovery
. 1 . ° G *
« Weakly-supervised algorithms ke Mol Bsaclls 3
. S . . d 1 . h ( “« 121 <0.4 & mgp > S0 GeV
w demi-supervised algorithm 10-9 t15 < 0.65 & Meo > 50 GeV
-®- Inclusive
* Signal injection studies show the promising discovery 10" .
power of the methods |
-20 0 20 40 60 80 100

Cross Section (fb)
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https://cds.cern.ch/record/2892677?ln=en

Moc&etagmos&r: : SQ&T’&!A wikh dijet resonances

CMS-PAS-EX0-22-026
CMS Preliminary 138fb~! (13 TeV)

* Lvents selected based on the anomaly score 3 10F Limits on A oBC. m(A) = 3 TeV _
. o O $ Expected +10 » = VAE-QR :
* Bump hunt 1n the di-jet mass spectrum S 4051 = Observed # » CWola Hunting i}
e - ® % |nclusive % TNT :
- # = 2-prong (T2\, Mgp) » » CATHODE
_B\ — 104 3-prong (a2, X1sp) ® = CATHODE-b _
 m— O Dedicated Wyxgearch, QUAK - General =
2 o | *  PRD 106 (2022)
+ M|
3 ]
J — 0% 24 prong model + :
Ce QL O .
%* Sensitivity evaluated on benchmark models n 2 102
A . - | ©!'%%
« For most of the models, these are the first limaits Q o
>
ever presented o 101k
Q.
* Sensitivity improved up to a factor 4 compared to E Q[
. . 2
"Inclusive" case (no cut on anomaly score) 24
< L
§ L
* Sensitivity not as good as a dedicated search, but the =2
. . O
range of models constrained 1s broader E |
> l l
0 XYY 54 WoBIoDZt WwoWR-3W  Y—HH-4t
I= (2+2) (3+3) (2+4) (6+6)
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Sunmmary

* LExtensive and diverse research program from both ATLAS and GMS

* New taggers, triggers and techniques to improve sensitivity and constrain previously
non-accessible parameter space

* So tar, no conclusive hints tfor physics Beyond the SM at the current energy

Much more results sti” to come From RunZ ancl

Run? and waiting for High~Luminosit3 | HC
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2023 [Ldt=(3.6-139) fb! Vs =13TeV
Model t,y Jetst ET™ [Ldt[fb™] Limit Reference
T T T T — T T T T — T T T T T T —T

ADD Gk +g/q Oe w7,y 1-4] Yes 139 n= 2102.10874
ADD non-resonant yy 2y - - 36.7 n=3HLZNLO 1707.04147
ADD QBH - 2j - 139 n=6 1910.08447
ADD BH multijet - >3j - 3.6 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
RS1 Gkk — vy 2y - - 139 k/Mp =0.1 2102.13405
Bulk RS Gk » WW/ZZ multi-channel 36.1 Ggk mass k/Mp; =1.0 1808.02380
Bulk RS gkx — tt 1eu =21b21J/2) Yes 36.1 8kk Mass . r/m=15% 1804.10823
2UED / RPP 1eu >2b, >3] Yes 36.1 KK mass Tier (1,1), B(ALYD - tt) =1 1803.09678
SSM Z’ — ¢t 2epu - - 139 1903.06248
SSM Z" - 17 27 - - 36.1 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 1805.09299
Leptophobic Z’ — tt Oe,p >1b,>2J Yes 139 r/m=12% 2005.05138
SSM W’ — ¢v len - Yes 139 1906.05609
SSM W’ — 1v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - >1b >1J - 139 ATLAS-CONF-2021-043
HVT W’ — WZ model B 0-2epu 2j/1J Yes 139 gv =3 2004.14636
HVT W — WZ — ¢v{'¢’ modelC 3 e,u 2j(VBF) Yes 139 gven=1,g=0 2207.03925
HVT ZZ - WW model B leu 2j/1J Yes 139 gv =3 2004.14636
LRSM Wg — uNg 2u 1J - 80 m(Ng) = 0.5TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 21.8TeV 7, 1703.09127
Clttqq 2epu - - 139 m 2006.12946
Cl eebs 2e 1b - 139 2105.13847
Cl pubs 2u 1b - 139 g =1 2105.13847
Cl tttt >tep 21b>1j Yes 36.1 2.57 TeV |Cae| = 4m 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 84=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4j Yes 139 8q=1, g¢=1, m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 tanp=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a ~ multi-channel 139 tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1%t gen 2e >2j Yes 139 =1 2006.05872
Scalar LQ 2™ gen 2pu >2] Yes 139 p=1 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 B(LQ§ — br) =1 2303.01294
Scalar LQ 3" gen Oepu  >2j,>2b Yes 139 BLQY - tv) =1 2004.14060
Scalar LQ 3" gen >2e,u,21721j,21b - 139 BLQY - tr) =1 2101.11582
Scalar LQ 3™ gen Oeu,>17 0-2},2b Yes 139 BLQY - bv) =1 2101.12527
Vector LQ mix gen multi-channel >1j,>1b  Yes 139 B(0y — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2e,u,T >1b Yes 139 3(LQ‘¥ — br) =1, Y-M coupl. 2303.01294
VLQ TT - Zt + X 2e/2u/>3eu 21b,>1) - 139 SU(2) doublet 2210.15413
VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass SU(2) doublet 1808.02343
VLQ T5/3Ts/3|Ts;3 » Wt + X 2(SS)/>3eu>1b,>1] Yes 36.1 Ts/3 mass B(Tsj3 = Wt)=1, c(Ts;3Wt)=1 1807.11883
VLQ T — Ht/Zt leu >1b,>3] Yes 139 SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
vLQ Y - Wb leu >1b,>1] Yes 36.1 B(Y - Wh)=1, cg(Wh)=1 1812.07343
VLQ B — Hb Oeu >2b,>1j,>1J - 139 SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7" = Zt/Ht multi-channel  >1]j Yes 139 SU(2) doublet 2303.05441
Excited quark ¢* — qg - 2j - 139 only u* and d*, A = m(q") 1910.08447
Excited quark ¢* — gy 1y 1j - 36.7 only u* and d*, A = m(q*) 1709.10440
Excited quark b* — bg - 1b1j - 139 1910.08447
Excited lepton 7* 27 >2j - 139 AN=46TeV 2303.09444
Type Ill Seesaw 2,34e 1 >2j Yes 139 2202.02039
LRSM Majorana v 2u 2j - 36.1 Ngr mass m(Wg) =4.1TeV, gL = gr 1809.11105
Higgs triplet H** - W*W#* 2,34 e, (SS) various  Yes 139 DY production 2101.11961
Higgs triplet H** — ¢¢ 2,34 e,u (SS) - - 139 DY production 2211.07505
Multi-charged particles - - - 139 DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

partial data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
‘+Small-radius (large-radius) jets are denoted by the letter j (J).

https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
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Typedll Seesam Hoavy Formicos 8, = 1.0, 8, =8, =00
WMEN, Ve’ =10, W' =00

OI=128TeW 190410095 (= 1) + 23
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 [Ldt=(3.6-139) b} Vs=13TeV
Model t,y Jetst ET™ [Ldt[fb™] Limit Reference
T T — T T T T T T T —TT
. ADDGkk +g/q Oeu7y 1-4j Yes 139 |Mp 11.2TeV. n=2 2102.10874
§  ADD non-resonant yy 2y - - 36.7 | Ms 86TeV  n=3HLZNLO 1707.04147
IS ADD QBH - 2j - 139 M, 94TeV n=6 1910.08447
S ADD BH multijet - >3] - 3.6 My, 9.55TeV n=6, Mp =3TeV, rot BH 1512.02586
©  RS1Gkk —»yy 2y - - 139 | Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405
E>] Bulk RS Gkx » WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mpi = 1.0 1808.02380
W BukRS gkk — tt Tepu >1b>102 Yes 361 | &k mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP le,u 22b,>3) Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALYD - tt) =1 1803.09678
SSM Z’ — ¢t 2epu - - 139 Z’ mass 5.1 TeV 1903.06248
@ SSM Z" - 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
S Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
9, Leptophobic Z’ — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV r/'m=12% 2005.05138
S  ssMW v Tepu - Yes 139 | W/mass 6.0 TeV 1906.05609
o) SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
S  SSMW’ - th - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
I HVT W’ — WZ model B 02e,u  2j/1J  Yes 139 | W’ mass 4.3 TeV gv=3 2004.14636
G HVT W — WZ — ¢v {'¢’ modelC 3 e,u 2j(VBF) Yes 139 | W’ mass 340 GeV gven=1,g =0 2207.03925
HVT Z/ —» WW model B leu 2j/1J  Yes 139 Z’ mass 3.9 TeV gv =3 2004.14636
LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) =0.5TeV, g = g 1904.12679
Cl gqqq - 2j - 370 |A 21.8TeV 7, 1703.09127
— Clttqq 2epu - - 139 A 35.8 TeV m 2006.12946
O Cleebs 2e 1b - 139 |a 1.8 TeV g =1 2105.13847
Cl pubs 2u 1b - 139 A 2.0Tev g =1 2105.13847
Cl tttt >teu 21b2>1) Yes 36.1 A 2.57 TeV |Cae| = 4m 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 | Mmed 3.8 TeV 84=0.25, g,=1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4]j Yes 139 Mmed 376 GeV gq=1, g=1, m(x)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (DiracDM) O e, u 2b Yes 139 mz/ 3.0 TeV tanp=1, gz=0.8, m(y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 | ma 800 GeV tanB=1, g, =1, m(y)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1%t gen 2e >2] Yes 139 LQ mass 1.8 TeV p=1 2006.05872
Scalar LQ 2™ gen 2pu >2] Yes 139 | LQmass 1.7 TeV p=1 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 | LQ; mass 1.49 TeV B(LQS — br) =1 2303.01294
O | SscalarLQ 3 gen Oepu  >2j,>2b Yes 139 | LQS mass 1.24 TeV BLQ; —» tv) =1 2004.14060
=] Scalar LQ 3" gen >2eu, 217 21),21b - 139 LQ; mass 1.43 TeV B(LQ§ - tr) =1 2101.11582
Scalar LQ 3" gen Oe,u, 217 0-2},2b  Yes 139 LQS mass 1.26 TeV B(LQY — bv) =1 2101.12527
Vector LQ mix gen multi-channel 21, >1b  Yes 139 LQ@ mass 2.0TeV B(0y — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3™ gen 2eu1 >1b Yes 139 | LQ] mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
® VLIQTT - Zt+ X 2e/2u/>3eu 21 b,21j - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
X g VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
TS VLQTs3Tss3lTez > WE+ X 2(SS)/23eu>1b>1j Yes  36.1 Ts/3 mass 1.64 TeV B(Ts/3 = Wi)=1, c(Ts;3Wi)=1 1807.11883
S g VLQ T — Ht/Zt leu >1b,>3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
88 VY- Wwh Teu >1b>1j Yes 361 |Ymass 1.85 TeV BY - Wh)=1, cp(Wh)= 1 1812.07343
> VLQ B > Hb Oepu >2b,>1j,>1J - 139 B mass 2.0 TeV SU(2) doublet, k5= 0.3 ATLAS-CONF-2021-018
VLL 7 — Z7/Ht multi-channel ~ >1]j Yes 139 | 7/ mass 898 GeV SU(2) doublet 2303.05441
© . Excitedquark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
S € Excitedquark * - qy 1y 1] - 36.7 | q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
ﬁ O Excited quark b* — bg - 1b1j - 139 b* mass 3.2TeV 1910.08447
Excited lepton 7* 27 >2]j - 139 7* mass 4.6 TeV A=46TeV 2303.09444
Type Ill Seesaw 234 e >2]j Yes 139 N mass 910 GeV 2202.02039
LRSM Majorana v 2u 2j - 36.1 Nr mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
S Higgs triplet H** — W*W#* 2,34 e, (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
S Higgs triplet H** — ££ 234eu(SS) - - 139 | H** mass 1.08 TeV DY production 2211.07505
6 Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |q| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
f=13TeV V§=13Tev r a3l - " 1 PR SR A | " L 3o oa gl 1 " PR
partial data full data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).

https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
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CMS Preliminary March 2024
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» 27=12.8 Gy CMS-PAS-EXD-21-013 (1, = 1)
” 13-2.6 GV CMS-PAS-EXD-22-017 (@ 4 MDS)
» 13-2.7 GeV CVS-PAS-EXD-22017 (g + MDS|
¥l 18=18Ge CNS-PASEXD-22-017 [mip + MDS)
” 14529 4w CMSPAS-EX0-22-01T (@ + MDS|
- 145-3.1 GV CMSPASEXO.22.017 ( + MDS|
" 13-216GV CMS-PAS-EXD-22-017 (@i} + MPS|
L 41-13GeY CMS-PAS-EXO-21-011 (e, 30
» SESISEOEY  CMSPAS-EXO-21-011 (24, 1)
" HESLRLGE  CMSPAS EXD 21011 (2¢, 1)
» E=IGSGA  CMS-PAS-EXD-21-911 12 1))
» 1.1=-3Gey 2403 04584 (BParking)
» DOS=ZITEY] 2205.08956 (2 + 20
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ATLAS Heavy Particle Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2023 fl: dt = (3.6 — 139) fo? Vs =13 TeV
Model t,y Jetst EI™ [rat[b™] Limit Reference
L 1 L] ] I L] L] L] L] 1 1 1 ] I L] 1 L} Ll L] L] 1 1 I L] L} L] L]
. ADD Gkk + g/q Oe,u, 1,7y 1-4] Yes 139 Mp 11.2TeV n=2 2102.10874
% ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n =3 HLZNLO 1707.04147
& ADDQBH - 2] - 139 | Mw 94TeV n=6 1910.08447
S ADD BH multijet - >3] - 3.6 | M 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
© RS1 Gk — vy 2y - - 139 Gkk mass 4.5 TeV k/Mp, = 0.1 2102.13405
b Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
w Bulk RS gxi — tt 1e,u >1Db,>1J/2] Yes 36.1 gkk mass 3.8 TeV F/m=15% 1804.10823
2UED / RPP 1eu >2b, >3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMD - tt) =1 1803.09678
SSM Z’ — ¢¢ 2epu - - 139 Z’ mass 5.1 TeV 1903.06248
- SSMZ’ - 17 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
c Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
@  Leptophobic Z’ — tt Oe,u  >1b,>2J Yes 139 | Z’ mass 4.1 TeV M/m=1.2% 2005.05138
S SSMW’ ¢y Teu - Yes 139 | W’mass 6.0 TeV 1906.05609
® SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 Tev ATLAS-CONF-2021-025
S SSMW’' - tb - >1b>1J - 139 | W’ mass 4.4 TeV ATLAS-CONF-2021-043
© HVT W’ — WZ model B 0-2e,u 2j/1d Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
) HVT W - WZ — ¢v ¢’ modelC 3 e, pu 2j(VBF) Yes 139 W'’ mass 340 GeV gven=1,8 =0 2207.03925
HVT Z/ - WW model B 1eu 2j/1d Yes 139 Z’ mass 3.9 TeV gv =3 2004.14636
LRSM Wg — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g1 = gr 1904.12679
Cl qqqq - 2] - 37.0 A 21.8TeV 7, 1703.09127
- Clttqq 2e,u - - 139 A 35.8 TeV um 2006.12946
O  Cleebs 2e 1b - 139 | A 1.8 TeV g =1 2105.13847
Cl uubs 2 p 1b - 139 A 2.0 TeV g =1 2105.13847
Cl tttt >1leu 21b>1] Yes 36.1 A 2.57 TeV |Cat| = 4n 1811.02305
Axial-vector med. (Dirac DM) - 2] - 139 Mpyed 3.8 TeV 84=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
S Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mped 376 GeV gq=1, g,=1, m(y)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 mz/ 3.0 TeV tanB=1, gz=0.8, m(y)=100 GeV 2108.13391
h . 1 h Pseudo-scalar med. 2HDM+a ~ multi-channel 139 | ma 800 GeV tanB=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
ttps:/ /atlas.web.cern.ch/ oo L 7 gon v 2 e 1eo |uames — =
- Scalar LQ 2™ gen 2pu >2]j Yes 139 | LQmass 1.7 TeV B=1 2006.05872
l z Scalar LQ 3" gen 17 2b Yes 139 | LQj mass 1.49 TeV B(LQY — br) =1 2303.01294
Atlas / G O [ ] PS / G Scalar LQ 3™ gen Oeu  22j,22b  Yes 139 | LQf mass 1.24 TeV B(LQS »tv) =1 2004.14060
~ Scalar LQ 3 gen >2e,u, 217t 21j,>21b - 139 LQg mass 1.43 TeV B(LQY — tr) =1 2101.11582
Scalar LQ 3 gen Oepu,217 0-2j,2b Yes 139 LO\,,I mass 1.26 TeV B(LQY — byv) =1 2101.12527
PHYSIC S / P l l B | \| OTE S / Vector LQ mix gen multi-channel >1j,>1b  Yes 139 LO‘,7 mass 2.0 TeV B(U, — tu) =1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3" gen 2e,,T >1b Yes 139 LQ3 mass 1.96 TeV B(LQ;’ — bt) =1, Y-M coupl. 2303.01294
- VLQTT - Zt + X 2e/2u/>3eu >1b,>1j] - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
ATL—P I I YS- = 2 VLQBB - Wt/zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
o« O VLQ Ts53T53|Ts3 > Wt + X 2(SS)/>3epu>1Db,>1) Yes 36.1 Ts/3 mass 1.64 TeV B(Ts;3 = Wi)=1, c(Ts3Wt)=1 1807.11883
S E VLQT - Ht/Zt 1eu >1b, >3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
Pl I B_QOQ?)_OOS/ 8 ® VLQY - Wh 1eu >1b,>1)] Yes 36.1 Y mass 1.85 TeV B(Y — Whb)=1, cg(Whb)=1 1812.07343
== VLQB - Hb Oeu 22b, >1j,21J - 139 B mass 2.0 TeV SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
VLL 7 — Z7/H7 multi-channel ~ >1]j Yes 139 7/ mass 898 GeV SU(2) doublet 2303.05441
© . Excitedquark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
(3] § Excited quark g* — qy 1y 1] - 36.7 qQ* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
0 & Excited quark b* — bg - 1b,1j - 139 | b* mass 3.2 TeV 1910.08447
Excited lepton 7* 27 >2] - 139 T* mass 4.6 TeV A =4.6TeV 2303.09444
Type Il Seesaw 2,34e,u >2] Yes 139 N° mass 910 GeV 2202.02039
LRSM Majorana v 2u 2] - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
& Higgs triplet H** - W*W=* 23,4 e,u (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢¢ 23,4e,u(SS) - - 139 H** mass 1.08 TeV DY production 2211.07505
o Multi-charged particles - - — 139 multi-charged particle mass 1.59 TeV DY production, |q| = 5e ATLAS-CONF-2022-034
Magnetic monopoles — - — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
v-=13TeV V§=13Tev I . | l 1 1 1 1 L1 1.1 I 1 1 1 1 I . | I 1 1 1 1
partial data full data 1071 1

10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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sulks overview

Overview of CMS HNL results

CMS Preliminary March 2024

WMSN, Wl =10, Wul'=10 w M TeV 130810005 (= 1) + 23) 36 -t

Wpedll Seesaw Heavy Fermiore, Flavor Democratic - 20208000 (3, a8, v+ 30,2420, v+ U Av+ 20, 2v+ M) 137 b~}
Typedll Seesaw Heavy Fermions. B, = 1.0, B, =5, = 0.0 ) 220203676 (3, w4, 0v 4 30, 204 20,30 4 20, Ay e 20, Qv L0) 137 fb~!?
Typedll Seesaw Menvy Fermions, 0, = 1.0, 0, = 0, =0.0 w STEN 2202.08676 (3, =44, 17+ 3, 2v + 20, 30+ 14, 1T 4 24, 27 + 1D) 137 i~
Typedll Seesam Howvy Formicas, 8, = 1.0, 8, =8, = 0.0 v 220200870130, 2 AL AT+IL 2T+, ITH UL AT+ 2L, 274+ 1) 137 !
N, Nﬂ" =14 ~u|r =00 v 24U 10U (3e) 138 fb-)
LRSM Walahy), Ma, <My | = 200G v 211209539 (20 + 2)| 137 !
SN W, M . . DR o e 137
LRSM Wi}, M, < Mo | = 200G) v S T 2112.03940 (204 2 137 fo?
LRSM W), My, = 0.5V, " LS AT 2112.03549 (24 20 137 fo?
LRSN Zyleti). Mz, <0 Wi | = 100Ge) v 210700999 12, 2 4)) 137 b
S Lt 035 . e s 201 oo e, 137
LRSM Zylufi. M, <0 5y (= 103GeV] v IR 2307.05955 (2, = 4] 137 o)
LRSM Zulufl. My, = D25M, " 0 LT 2307.06553 (20, 2 4 137 i~
Componite Fermions K. My, <A & 221003082 121+ 2p 137 !
Compodte e <A " e e 137
LRSN Wity ), My, = 0.BNy, e : 1-352TeV 18110020627+ 2)) 36 fb~!

LREN Walthyh My, = 02Ny, - g 1=373TEV 101100806 127+ 2) 6wt

Displacnd Majerans HNL, Vealé = 1.0 x 107 v D AEESEESEGR] 220105576 (20 4 10) 137 fo~?
Displacod Majecana HNL, Vs = Lo x 107 " P e 220105578 (2 + 1) 137 fo~?
Displaced Dirac HNL, [Viel' = 1.0 x 107 - 220103578 (20 + 10) 137 !
Displaced Dirac ML [Vl = 10 x 107 > ‘ 2201.05576 (23 ¢ U} 137 fb?
Displacnd Majrans HNL, Vol = 1.0 x 10 v P e OMSPASEXD21013 (1, = 1j) 137 fo~!
Displacod Majerana HNL, [Vaf® = 1.0 x 10 w CNS-PASEX0-21-013 |1, 2 1)) 137 fb~?
Displaced Dirac HNL, [Vl = 1.0 x 10~ - — CNSPASEX0-23-013 (1e, » 1)) 137 v~
Displaced CAroc ML, [Vl = 10 x 107 w P Is0e  Cvs-PAS-EXD-21013 (1, & 1)) 137 b~
Disglacad Majerans HNL, Vel w50 x 167 v 13266 CMS-PAS-EXD-22-017 (@ + MDS) 137 o~
Displaced Majorana HNL, [Vl = 5.0 x 10~° » CMS-PAS-EXD-22-017 ( + MDS| 137 fio~?
Displaced Majorana HNL, Vs = 1.0 %107 ¥l 1 r CNS-PASEXD-22-01) |wip + MDS) 137
Displaced Dirnc ML, [Viul' =50 x 10 w 142940 CMEPAS-EX0-22-017 (@ + MDS| 137 v~
Displaced Dirae HNL, [Vial' = 5.0 x 105 " C 1A5-11GV CMS-PASEX0.22.017 ( + MDS| 137 fo~!
Displacod Dirac HNL, |Vrgf' = 1.0 x 10 w 13-2.16V CMS-PAS-EXD-22-017 (@i + MDS) 137 v~
Displaced Majorana HNL Ve l” = 1.0 %107 5 PG CmS-paS-EX0-21-011 (2e, 3D 138 1!
Desplaced Majorans MNL [Vial = 1.0 x 10~ v D= CMSPAS-EXO-21-011 (29, 1) 138 o™}
Displacnd Dirie HNL, Vil = 1.0 x 30=5 v P SSGe CMSPAS.EXD.21-011 (2e, 1P 138 fo?
Displacod Dirac HNL, [V = 1.0 x 10~ w CMS-PAS-EXD-21-911 12 1)) 138 fi~?
Displaced HNL from B meson decary, Vs l” =50 x 107 | L1=3Gey 2403 4584 (BParking) 42 -t

Type | Soasim VEF SSAW, |V =10 -I 220608956 (2p + 20 |l37 il

- A A WS S —— a
10= 10— 10! 10° 10*

Selection of cbserved exclusion limits at 95% C.L. [thecry uncertainties are not Inchuded).

Mass Scale [TeV)

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO /
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e K2y and k) remain experimentally less constrained

« Di-Higgs final states depend also on kv and «;

* Dedicated search for H — bbbb using large-R jets aiming to
* constrain K2
e and search for new heavy scalar mediator

 H(bb) candidates identified by dedicated NN double-b tagging for
large-R jets

15
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« Bkg. from events with 1 double-b tag

- 1@rvevrrrrrvccrrryrverrrrrovecyy [rrerr vy e 10{ I T e e S T A 2 T ST T T TSI
. . . L I e j;";"" ¢ O | - ATLAS protminsry — Cbeerved :
normalised in CR with 2 double-b tags g - |  VE=13TeV, 108" - Epocnaimt -
121 SR €, 0 VEF :?me :W::ﬂﬂ ‘
L PostFa Boca U arow mm  Fepocted s10
« BDT trained to separate sig. (x2y=0) from bkg. = O

« No, excess — combination with resolved result -

[PRD 108 (052003)]: ;

95% CL Limit on oyae(X—HH) [b]

~ 7 Q (7 \ 0
Koy = 0 excluded with 3.8 ¢ (3.3 o) g 4
0.6 <iov=<1.5(04 <xov<1.7)at95% CL & 07 62 63 64 06 o4 67 08 08 1 1000 1600 2000 2600 3000 3600 4000 4500 6000
e (Cross section limits on heavy scalar mediator
«10°%
; vvvvvvvvv g 'g ; NL AN Sumn BN AU Sman SUE Su SN U AT SN Sua DR Sm awm 50 c s. vvvvvvvvv T A 3.0 c
3 250 _ATI.ASsmuuon Prelminary I B2 8 =0 _‘msw ) L 3 20 _ATLASMmim . &
= - VS=13TeV, 140 "', VBF HH bbbb . 8 o V5 =13 TeV, 140 ™', VBF HH bbbb | B £ = - Vs =13 TeV, 140 o', VBF HH bbb | W25 g
" my=1.0 TeV (namow width) 2Pass - B I L ¥ [* Data 2Pass
g ™ " ) signal - ® E S E FE T 2.double b- taq g 2
200 p— ettt T - ne | 6 W - 200 b=~ ettt e, o 20 W
» 9. . 30 . v, -
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\ ‘ x E- ) :
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o Target: Z’ from U(1)1,-1r only coupling to 2nd and 34 gen. leptons
* Dominant bkg: gf — W(Z/y*) — (Tyet et

 Single parameterised Deep NN trained for various mass hypotheses |,

« Combination with ATLAS result from 4-lep (slightly better limits for mz < 65 GeV)
[JHEPO7 (2023) 090] — most stringent limits on U(1)L-1- models

Combination of 31+41

i vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 51@:’7’1'77’YT'Y'YT’YY'T'YY’TY'Y’TY’Y?'Y’YY‘? & - T —
g B=13ToV, 140M" W = 2\ (m =19 GeV, g =0.0085) x 50 3 e . - s  ATLAS ]
Past-Fit B 4q5 fog — T - s=13TeV, 140 L »
w 10° WA — o "1102 Zyv—3uv Wew s o EIO" {s=13TeV, 140 '
1 Non-prompt background " : - Ex.+ 20 3 E
.0" Uncertaity T Al s e 85 L v 3 | —ATLAS combined cbs.
' O
N 32
_t 10 3
L, -
"
1; :
g’ T 1
g O% OA1 0:2 0:3 0:4‘ oAsA O‘B OA7A b:a AO:QAA1 | P T TR B PR SR P e P
.. %0 20 30 40 50 60 70 80 e
m;. [GeV] m, [GeV] 14

INFN Matteo Franchini 4-& Corfu2024 - Future Accelerators



Mono Sbb) -

e Target: DM production via Z’ (couplings g,
and g¢,) mediator in association with scalar s
(with mixing sin 6 to SM-like Higgs)
decaying to bb

¢ Resolved (150 < MET < 500 GeV) and merged
(MET =500 GeV) SRs

-= 107 ‘ . Z'*HS Y ATLAS ;’f'O“lﬂll'Y\W 1
. " n ’ o 0 Waiets BN Dboson W f+singletop =13 TeV, 1401b"
e Using optimised X — bb tagging [ATL- o6E SN Uncertainy Backiucond Coly M

o
PHYS-PUB-2020-019] in boosted SR (for mus > % 105y 2 Conirol Region '
50 GeV) ... and DLI1r for resolved and 1

boosted SR (mu < 50 GeV) 102

1u Control Region

Signal Region

e Control bkgs in 1- and 2-lepton CRs .
. 1.30
« No excess: Limits in three different scenarios g_‘-‘s T e 1 B §
Sioof g N S I ‘T‘\
& 085 — : : —
MET bi 8 L "00\‘:0" 50200 3506“’\ 3‘-'° 5°°',oo16°\ 5o¢\
| \‘ e \ \
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Scenario 1 (“conventional”) Scenario 2 Scenario 3

e mz-nis plane e mz-ms plane e mz-m, plane

o my=200GeV(nos— xXX) e my =900 GeV e ms=70GeV

¢ 9,=025¢,=1 ¢ ¢,=0.25;sin 0=0.01 e ¢;=0.25;sin 0 =0.01

* sin 6 =0.01 Tune g, to get Qh2 =0.12

< T - g 220 ;T & 1800 T ]
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