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What remains to be
discovered

ith future precisio
measurements/indirect
searches
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What remains to be
discovered

ith direct
searches
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There is no evidence where to search

There is no guarantee to find
it with the next collider(s)...
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The goal : get the full picture of Physics Beyond the Standard Model!
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”Searches at colliders”

e Searches:
e Supersymmetric particles
* New resonances
» [Dark Matter and Long Lived Particles = covered in the next talk]
e [Contact interactions, ... : not covered]
* Focus on sensitivity and not on the characterization

e @colliders:

* Focus on LHC (present) and HL-LHC (imminent future),

with some mentions of other colliders HE-LHC, ILC, FCC, ...
*target of the prospective : 2020-2030*
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Search for supersymmetric particles
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General considerations

1) Limitations of the results:
e Assumptions behind the results (SMS, BR, ...)
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General considerations

1) Limitations of the results:
* Assumptions behind the results (SMS, BR, ...)

* Extrapolations not at the same level:
* Generator, fast simulation like Delphes, full simulation of the detector
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General considerations

1) Limitations of the results:
* Assumptions behind the results (SMS, BR, ...)

* Extrapolations not at the same level:

* Generator, fast simulation like Delphes, full simulation of the detector
* Sometimes extrapolation on a subset of the original analysis only

* Researchers will continue to improve their analyses in the mean time

C. Collard (IPHC) Séminaire thématique GT01, 12-13 mars 2020 12



General considerations

1) Limitations of the results:
* Assumptions behind the results (SMS, BR, ...)

* Extrapolations not at the same level:

* Generator, fast simulation like Delphes, full simulation of the detector
* Sometimes extrapolation on a subset of the original analysis only

* Researchers will continue to improve their analyses in the mean time

2) Some triviality:
* Highest Energy = probe the high mass regime
* Highest Luminosity = probe the low coupling/cross-section regime
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- Hadronic activity + MET in the final state

- @Hadron colliders: Loss of sensitivity at
low Am(g, 77) in what we call the
“compressed” regime even with dedicated

Search for gluinos

Low Am(g, #?)

ossion, 85 > aaroess e selection with a ISR jet
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o e e my [TeV]
g HL-LHC HE-LHC HE-LHC FCC-hh FCC-hh
for m(X1) ~0 (139fb1) | (3abl)[1] | (27 TeV, 15 ab?)[1] | (33 TeV, 3 ab?) [plot [2]] | (3 ab?)[2] (30 ab™?) [3]
Exclusion @95% 2.35 TeV 3.2 TeV 5.7 TeV "5.8 TeV 13.5 TeV 17. TeV
5c discovery 2.9TeV 5.2 TeV 11 TeV

- Lepton colliders are ineffective in the search for gluinos, which are neutral with respect to the EW interaction [3]
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- French interest (related to the
Se a rC h fO r Sto pS ".;?‘ presence of top:t: in the fina! state) P t~1/ : 2

#leptons and #jets depending on -
the top decays ‘t:\ 2
1
pp — tt t—>tx° August 2019 tt—-tt§°5z Olepton ﬂnal state p :
L T ‘ T | T T | T T | T ; ' l T l T l T l ol '_
%J CMS Prellmlnary 137 fb1 (13 TeV) | 8 1400_ ATLAS HL LHC 95% CL exclusion, o, = 16% | t
S, 1000/ 1711.00752, 0-, 1- and 2-ep (stop), 36 Expocted ] — 1200: Simulation Prellm1inary ------ 95% CL exclusion, o, , =30% _
3 [ —1908.04722, O-lep (HT'™) - XSZVZ i [ Vs=14 TeV, 3 ab’ ——— SBodiscovery, o =15% - . .
E | -SUstemsomii) | omseved | X L e - High-energy lepton colliders, e.g.
800~ Low Am(Z, #?) 1 7F 1000} W0 SN - .
- compressed 1 - Sl : CLIC3000, might become
soo [4] / b 800 v 1] competitive with HL-LHC at low
i : 600} - - Am(E, ¥7), as their stop mass reach is
400/~ e aoor- E close to \/s/2 even for low Am [3]
] Highm -
: close o  boosted ) . lepton facilities do not have
W > . . . . .
oS T .1 07400 600 800 10001200 1400 16001800 2000 sufficient kinematic reach [3]
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m; [GeV] m(T) [GeV] A

t LHC HL-LHC HE-LHC LE-FCC FCC-hh CLIC 1500 CLIC 3000
for m(%?) ~0 (139 fb1) | (3abl) | (27 TeV, 15ab?) | (37.5 TeV, 15ab!) | (30ab?) (1.5TeV,2.5ab?)| (3 TeV,5abl)

Exclusion @95% ~1.2TeV 1.7 TeV 3.65 TeV 4.6 TeV 10.8 TeV 0.75 TeV

3]

[the discovery potential in all channels is about 5% lower]
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. [GeV]

X1 X2 X3 Xa
Search for electroweakinos (EWKino) & &%

Electroweakinos (= neutralinos and charginos, which are coming from the mixing of the superpartners of the EW gauge
and Higgs bosons) have cross sections typically much smaller than those of coloured superpartners at hadron colliders.
But if the masses of the gluinos and squarks are beyond 3-4 TeV, the direct production of charginos and neutralinos
through EW interactions may dominate the SUSY production at the LHC.
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Search for electroweakinos (EWKino) ..ig

%X, X > Z0) %, and ¥, = W() %,

Assumptions: 1) ¥ is bino-like and 2) 72 and
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> L I I | | Wi [ i | [3]
~+ . . [} L N LHC 36/fb, 13 TeV ino-like cross-sections
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for m(7?) ~0 (139 fb1) (3 ab?) (15 ab'l) (30 ab?) (0.5 ab?) (1ab?) (2.5 ab) (5 ab?)

Exclusion@95% 0.74 TeV 1.15 TeV 2.3 TeV 3.3 TeV 0.25 TeV 0.5 TeV 0.75 TeV 1.5 TeV
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Search for electroweakinos (EWKino)

Higgsino-like EWK processes

|l l LI B | I I || l L B l LI B l L B I L B | l T

> | ]
. ~0 ~ ~+ . . . HL-LHC 3/ab, 14 TeV (soft-lepton A) L 413
Assumptions: ¥7, ¥ and i are higgsino-like and the mass R L HL/LHC 3/ab, 14 TeV (softepon B) == wuceedge [3]
o . g ........ HE-LHC 15/ab, 27 TeV (soft-loptpn B) s LHoC monojet-ike (proj)
splitting Am is ~ O(GeV) ™~ W SO0 (A HO tepeck. escaing — o
[if pure higgsino, Am~160 MeV -> disappearing track analyses] ~ G | ... O 1FCC 00, ) T —

. . . . = CLIC, g0, 2.5/ab - -
EWkino production rates are smaller than in the previous case, "} [+ CLIC 50, S/a = rocinmom 3
making dedicated searches more challenging. @ R N S £ S

zl | : :
@HL-LHC: low pT lepton and ISR jet to provide large MET <E] \ Z ; i
CMS Phase-2 Simulation Preliminary 3ab’ (14 Tev) [1] 10 :_ é I I ottt : ?
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@CLIC: results @3TeV rescaled for lower /s, analysis
performed for Am=5 GeV and extrapolated below.
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Search for staus

Particularly challenging at pp facilities due to the complexity of

T, T i? Preliminary Granada 2019

IdentlfYIng Th dand r6ject misidentified candidates! > 1800 T e e 6]
a v - HL-LHC 14 TeV 3/ab, m(E,)=m() .
(O] 1600f— ======= HL-LHC 14 TeV 3/ab, 7, — ~‘) —
— N HE-LHC 15/ab , m(z,)=m(z) ]
it i ~ 53 - ILC500 0.5/ab , %,, % .
The sensitivity depends if the 7 is the susy partner of a 75 or 1. ‘%{ 1400~ el =
¥ > 2x 1 - i L i CLIC 3 TeV 5/ab, % . ) h
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Q . . L. . . E () i - ¥, mg, =mz (YR8 syst. uncert) i - ]
g 700 ATLAS SlmUIatlon‘Pre“mmary Baseline Uncertainies _: % L "’ Expected echZsion 95 % CL [1] 1000 -
— _ - 4 & anal e 1 o uncertainty on exclusion [~ N
i3{600 fs=14Tev, 800017 T 95% CL exclusion (+ 1 Ogyp) : 400 Expected disgmws ‘ i - -
Alllimits at95% CL {Lgs% CL exclusion o) 3 : 800 -
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%, : 50 discovery ] 1 600— -]
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LHC HL-LHC HE-LHC FCC-hh ILC 500 CLIC 3000

(139 fb1) (3 ab?) (27 TeV, 15 ab'1) | (30 ab'l) | (500 GeV, 0.5 ab!) | (3 TeV, 5 ab?)
Exclusion @95% 0.12-0.39TeV [5] 0.73 TeV 1.1 TeV (3-4 TeV) 0.23 TeV 1.25 TeV

3]
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Search for new resonances

Alot of possibilities: Direct high-mass searches: peak vs r- [7]
° N b

(Plots borrowed from J. De Blas)
* L Extra Dimensions

e Lepto-Quarks

> | > " FrryryprTTTTT
b Hed guark ) Q 10° o 10° [
N 2 Z, . (3TeV) N P Z:(3TeV)
. @ z 3 A
10° o.
s
10
10
1000 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
Dielectron Invariant Mass [GeV] Dielectron Invariant Mass [GeV]
Seeing the “peak”. Mass reach: Deviations in high-mass tails:
e mass < Vs for lepton colliders e Better suited for lepton colliders;
e mass < 0.3-0.5 Vs in hadron colliders sensitive to [mass/coupling] > Vs
for couplings ~ weak couplings e Hadron colliders relevant for g,>g,,,
couplings: [mass/coupling] > 0.5Vs
J. Alcaraz, Resonances and EWSB, ESU19 Symposium 9
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% 0.81 .......................
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565007000 2000 — Wea 85TV) (I=eorp) (139 fb1)
Transverse mass [GeV] E ﬁw
W -> | v Dz Exclusion @95% 6.0 TeV 7.9 TeV
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@HL-LHC: Superior energy resolution
of the calorimeter for high-p;
electrons as compared to that of the 1
muon spectrometer for high-p; muons 1
= better sensitivity for electrons
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10° 2x10° 10*

Transverse mass [GeV])

2x10?
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W’ SSM > tv LHC CMS
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Exclusion @95% 4.0 TeV 7.0 TeV
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Events /0.2 TeV

Data / Pred

French interest (related to the presence

Sea rCh for WRI [1I+MET+bb] of a top in the final state) ?

To be sensitive to W/, the search is performed in the tb channel, [1]

with t -> Wb and W-> |v. ) A L L B
M % 10 px ATLAS Simulation Preliminary — - gxpected
) is=14Tev, 30001" [ Expected =10
After having reconstructed the W and t systems, the mass of the ! _ :
, . . . 55 4 W'y = 1b -+ bblv | | Expected =20
reconstructed W’ system is used as discriminant variable. s
© —— NLO W', (ZTOP)
=
- PLB 788 (2019)347] £ 0
- ATLAS ¢ Data - [1] 4
10° Vs=13TeV, 36.1 b — Wi (2.0TeV) x20 __ g
= SR 2-jet 2-tag electron -S_ingle-top quark E % _ . . 2] 2
C B 1 R ATLAS Simulation Preliminary 10
- [ B W+jets 1 o (s = 14 TeV, 3000 fb"
107 i =;*"ﬁf_s’t°'“°°s°" = O SR 2-jet 2-tag electron
B , I ] u ue. 3 =~ . )
: T S - msbewanc 3 OCE N
I - 2 =§;vf&:sdm 1000 2000 3000 4000 5000 6000 __ 7000
E -uﬂ r'\ty m,”n [TOV]
----------- W:.>tb LHC HL-LHC
— 36 fb! 3 ab?!
< ( ) ( )
: Exclusion @95% 3.15TeV 4.9 TeV
55 6 1 2 3 4 5 6 7 8
[TeV] mTeV]
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Search for Z’ [21]

E T l L) A} A Al I |l T L} Al l |l Al T L) l L\l T T L) l A T Ll |l l Ll -
% 10" ATLAS Simulation P:ellmlnary -+ Expected limit [1]
Vs = 14 TeV, 3000 fb Expected + 10 =
Z'=> |l (electron or muon) ° s | — Exgectedzzo .
e e -2
The sensitivity depends on the model 10 —2, E
CMS Preliminary _ 13767 (13TeV) - o 10° -
$1vE  oata oA
;106 |:|Y /Z — e*e” - 105 Din;uon search selection Emu * E 10.4
£10° B tw, Ww, WZ, ZZ, 124 et 3
o 10 [ JJets e e _ .
e i 10
10 =
1 -g 10-6
107"
[EXO-19-019] 1(0):2 [PLB 7.96 (2019) 68] 10.7 [ TR - E’ [T S | [T T | [T T - PRI S R
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Ec» | E\é 1€ 3 BT 11111 R " e
g 0.8 - ".‘v'.¢+#‘+++#j+ﬂ . §1.2 _ IN : mZ [T V]
05F o R SR ﬁ 4 “ e Run2 : ~140 fb!
1] 70 100 200 300 1000 2000 E
] m(ee) [GeV] 2102 0®  2x10° m, [GeV]

Z’ SSM LHC HL-LHC HE-LHC ILC 500 CLIC 3000 FCC-hh
(~140 fb1) (3abl) | (27 TeV,15ab!) | (500 GeV,4 abl) |(3TeV,3ab?l)| (30ab?)

Exclusion @95% 5.1 TeV 6.5 TeV 12.8 TeV 9.8 TeV (indirect)
5o discovery 6.4 TeV 12.8 TeV 6.2 TeV ~20 TeV 42 TeV
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Search for Z’

Y —Universal Z, 20- [3]
Use of a specific model for sensitivity comparisons, 1.4 HL-LHC oS
with the coupling constant (g,) taken as a free ; A\ o
parameter. 1.2} C\)\C\'
. . 1.0} oS8
Mixing the reaches of direct (round curves at small [ R (%
g,) and indirect (diagonal straight lines at large g,/) g, 0.8 C 0
searches. ; -
0.6 :' (‘\ ‘\( NN
The direct mass reach is inferior to the indirect one 04t
for high g,. I
0.2 :‘ ' / 95(y CL I . European S’lratcg)
12~ 6 CL exclusion .
0.0 i a PR PR [ 2 P 1 a4 PR PP L
20 40 60 80 100
M [TeV]
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The gap in performances between CEPC or FCC-ee with
respect to ILC250 or CLIC380 is most likely due to the lack
of dedicated di-fermion production studies.
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Search for excited leptons [2] + 17]

[1] [1]

I* o> | + CMS 3ab"' (14 TeV) CMS 3ab'(14 TeV)

Y £ L Phase-2 Simulation Preliminary £ L Phase-2 Simulation Préliminary |

q Y = b 95% CL upper limits E ' “, 95% CL upper limits

}) o™ e Median expected ’T roo W Median expected

g’ B 68% expected % - . \ I 68% expected ]

X10"E i 95% expected E x10"E ., 95% expected E

e/u o] F . ] B F . ]

- .~ Theory (NLO, A = m,.)] - . 77 Theory (NLO, A = m,.1

102 102 | -

q ol o

Search for final state with a pair of opposite-sign i
same-flavour leptons and a photon 1056640064500 5306 5500 6000 6500 10550 4000 4500 5060 5500 6000 8500

m,. (GeV) m,. (GeV)

Difficulty to identify which lepton is coming from [|*

[8] 1
|* LHC
(MI* =A) (36fb1)

While the electron channel has a lower signal yield than
the muon channel, it also has lower background, and
the net result is that the excluded cross sections differ

Exclusion @95% 3.9TeV 5.8 TeV only by about 10%, producing a similar exclusion limit
56 discovery 51 TeV on the excited lepton mass.
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h French
3 interest

q'

Search for Randall-Sundrum Gluon

W,

[21]

q

£

grs = tt: Two distinct final states with either a single lepton or no
leptons are considered. Jet substructure techniques and top quark
identification algorithms are used for the object reconstruction.

q'

aq

o

[JHEP 04 (2019) 031] 35.91b" (13 TeV) e [1] 3ab’' (14 TeV) [1] 3ap (14 TeV)
= T vttty rrvvrrrrr1¢ o) —t—r1T rrrfrrrlrrrirrr.t
,‘-3'-: 3 CMS Expected 95% CL limits % 10° CMS Phase-2 - cher g CMS Phase-2 Signal cross section
¥ we e L Dilepton o Simulation Preliminary b = Simulation Preliminary -~ Median expected

g — — Single-lepton P~ 10° RSG (3 TeV) ) 1 I 68% ex
o 10 ——— Hadronic € 10° e u+jets ~—— RSG (6 TeV) pected
Q " —— Combination 4 r - 1ttag —— RSG (12 TeV) 8 ] 95% expected
s 10 G 10 - 1 Bkg uncertainty @

e ; —— g, (LOx13) V' o : 10"
____________________________________ e
10" —— 107 107
102 10°
10°° I | | | 1 ol -3
1 '2' 4 5 104 M 10 —
PreV] 0 8000 10000 2 4 6 8 10 12
M, m,; [GeV] RSG mass [TeV]
RS gluon LHC HL-LHC HE-LHC
tt  k/M, =1 (36 fb1) (3 ab?) (27 TeV, 15 ab™)
Exclusion @95% 4.5 TeV 6.6 TeV 10.7 TeV
50 discovery 5.7 TeV 9.4 TeV
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Events

Pull

) .fj Another interpretation for di-top
Search for Z (2t] Y resonances

[JHEP 04 (2019) 031]

105 |||||||| | |||||||| 35|9|f|b| (1|3|-I:e|\/) 5 [PRD 99 (2019) 092004] [1]
10 LI I |||||||||||||||||||||||||||| I T TT IE
CMS ¢ 832&1 — El—~ SAMELELES B A B LS B B ELELE BLEL LA B
10°E edets, Tttag fo wijets 8 ATLAS =13 TeV, 361" 3 2 ok, Exp. 95% CLs upper it
t . —eo— Observed 95% CL upper limit El = A Exp. 1 o uncertaint
10° Z'4.0 TeV, 1% width (1 pb) 2 N Expected 95% CL upper limit J = - f L dt =3000.0 fb - ’
o 10 BN Expected 95% CLupperlimit=1c 5 *~ 4 Exp. 2 o uncertainty
102 ) Expected 95% CL upper limit +2 ¢ 3 T - ~— Leptophobic Z' cross section
10 ‘3 LO Z', ., I'=1.2% cross—sectionx 1.3—5 .. 4 _
o N e NLO Z'. ., I'=3% cross—section IiN 10 15_ Vs=14TeV
. ! TC2 3 =
10 10 Tl NLO Z', ., I'=1% cross—-section - -
1 - E
E -
107" i E
4r -
PP I EPIPE PP I IR P

Z’ leptophobic LHC ATLAS LHC CMS
tt (36 fb1) (36 fb1)
[0l] [0l, 11, 2I]
Exclusion @95% 3.1 TeV 3.8 TeV 4 TeV 10 TeV 28 TeV
forI'=1% forI'=1% for['=1.2%
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Conclusions

* | try to give you some feeling about what we could expect from direct
searches at colliders, focusing on susy and new resonances only.

* My conclusion is that future colliders will allow us to probe new physics in
a very powerful way. Lepton and hadronic colliders would bring

complementarity.
* Beyond that, | personally think that our future success will be based on

* Hard work on detectors,
* Creative interactions between theory and experiments,
 Complementary searches performed in different experiments (not only in particle physics ‘I] ),

* Testing new ideas/approaches/analysis techniques/...
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Additional information...
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More on Susy...

Séminaire thématique GT01, 12-13 mars 2020

32



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

C. Collard (IPHC)

Séminaire thématique GT01, 12-13 mars 2020

October 2019 Vs=13TeV
Model Signature  [Ldr ('] Mass limit Reference
3 §-gt) Oepu 26 jets Eif“ 139 |4 [10x Degen) 1.9 m(¥})<400 GeV ATLAS-CONF-2019-040
mono-jet  1-3jets  EP  36.1 0.71 m(g)-m(F})=5GeV 1711.03301
28, 3-aqa¥) Oeu  26jets EP™ 139 |g m(¥})=0GeV ATLAS-CONF-2019-040
I3 Forbidden 1.15-1.95 m(¥})=1000GeV ATLAS-CONF-2019-040
8, §-qa(cOY] 3eu 4jets ) 361 | & 1.85 m(¥})<800 GeV 1706.03731
e, 2jets  EP™ 361 | & 1.2 m(g)-m(¥!)=50 GeV 1805.11381
28, §-qqWZe) Oeu  7T-iljets EF™ 361 |% 1.8 m(¥}) <400 GeV 1708.02794
SSe,u 6 jets 139 | & 1.15 m(Z)-m(¥;)=200 GeV 1909.08457
28, g1t 0-1e,u 3b  EP™ 798 |% 2.25 m(E})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 | & 1.25 m(2)-m(¥})=300 GeV ATLAS-CONF-2019-015
by, by —b¥! X7 Multiple 361 | Forbidden 0.9 m(¥})=300 GeV, BR(bY)=1 1708.09266, 1711.03301
Multiple 36.1 By Forbidden 0.58-0.82 m(¥)=300 GeV, BR(6¥))=BR(t¥; )=0.5 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥} )=300 GeV, BR(£k} )=1 ATLAS-CONF-2019-015
Biby, By —b%2 — bhi 0e,u 6b  EFS 139 | Forbidden 0.23-1.35 Am(E3,%0)=130 GeV, m(¥})=100GeV 1908.03122
By 0.23-0.48 Am(%3,¥))=130GeV, m(¥')=0 GeV 1908.03122
i\i, i > Wb} or i) 0-2e,u O2jets/-2bEM 361 |# 1.0 m())=1GeV 1506.08616, 1709.04183, 1711.11520
) #1f, fi—>WbY) Teu Bjets/tb EMs 139 |7 0.44-0.59 m(¥})=400 GeV ATLAS-CONF-2019-017
ES fift, iT1by, 116 tretleur 2jetsnb EP™ 361 |G 116 m(r1)=800 GeV 1803.10178
L& Ahh ek | &2, erck) Oe,u 2¢  EMs 361 |z 0.85 m(¥})=0GeV 1805.01649
. i 0.46 mF; &)-m(E})=50 GeV 1805.01649
Oe,u  monojet EMS 361 [# 0.43 m(f, &)-m(¥;)=5GeV 1711.03301
By, i) +h 1-2e,u 4b  EF™ 861 [0 0.32-0.88 m(E?)=0 GeV, m(7; )-m(¥})= 180 GeV 1706.03986
nh, h-h +2Z 3eu 1b EP™ 139 | & Forbidden 0.86 m(¥})=360GeV, m(7)-m(¢!)= 40 GeV ATLAS-CONF-2019-016
Xib) viawz 2-3epu ERs 361 | ¥/ 0.6 mE)=0 1403.5294, 1806.02293
ee, i =21 Eﬁ"“ 139 ,t% /ﬁf 0.205 m{¥)-m(¥})=5 GeV ATLAS-CONF-2019-014
XiXT viaww 2eu EPs 139 | & 0.42 mi})=0 1908.08215
Xi¥3 via Wh 0-1e,u 2bl2y EP* 139 | /%) Forbidden 0.74 m(E})=70 Gev ATLAS-CONF-2019-019, 1909.09226
E XX via by 2eu EPs 139 | & 1.0 m(,7)=0.5(m(¥; }+m(¥)) ATLAS-CONF-2019-008
##, Ttk 27 ERs 39 |7 [fL fRL] N0HE0E! 0.12-0.39 miE})=0 ATLAS-CONF-2019-018
b rbLg, EeX] 2e,u 0jets Em“f“ 139 |# 0.7 mi))=0 ATLAS-CONF-2019-008
2eu =21 E;™ 139 | ¥ 0.256 m(é)-m(¥})=10 GeV ATLAS-CONF-2019-014
AH, H-hG |26 Oe,u >3b EM 361 |@ 0.13-0.23 0.29-0.88 BR{} — hG)=1 1806.04030
d4epu 0 jets 361 i BR(Y! — ZG)=1 1804.03602
Direct ¥{ X, prod., long-lived X7 Disapp. trk  1jet  EF 361 |} 0.46 Pure Wino 1712.02118
b T 015 Pure Higgsino ATL-PHYS-PUB-2017-019
Stable g R-hadron Multiple 36.1 z 20 1902.01636,1808.04095
Metastable g R-hadron, §—qq¥| Multiple 36.1 24 m(!)=100 GeV 1710.04901,1808.04095
LFV pp—¥: + X, Vr—eu/et/ur ep.etT.ut 3.2 A3y =011, Ai2j133/225=0.07 1607.08079
dep Ojets  EFs  36.1 m(¥;)=100 GeV 1804.03602
28, 300, X} - qqq 4-5large-R jets 36.1 Large &), 1804.03568
n>. Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
77 i &) ths Multiple 36.1 m@¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
fify, ij—bs 2jets+2b 36.7 1710.07171
iy, fi—qt 2eu 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1u DV 136 BR(f; —qu)=100%, cos6,=1 ATLAS-CONF-2019-006
N N . M | N . PR
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

[5]



Susy results from CMS

g — ttx)

g — tt — tt59

g — tt — tcy?
g — thbyi — tbff’{?

g — (tt59/bbxy/tbiy — tbff'{})

g — bb?
g — qax}
g — qa(¥1/X9) = aa(W/Z)5?

g — qq¥i = qqW{}

g — qq¥3 — qqH{}
g — qq¥3 — qqH/Z3}

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.

CMS (preliminary)

May 2019

Overview of SUSY results: gluino pair production

36/137 fb~' (13 TeV)

PP — 88

AM; = 20 GeV

AM_+ =5 GeV
Xi

BF(XF:%9) = 2:1, 2= 0.5

AM; = My, Mgy =400 GeV

500

1000 1500
mass scale [GeV]

2000

The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.

C. Collard (IPHC)
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CMS (preliminary) May 2019
Overview of SUSY results: squark pair production
36/137 fb~! (13 TeV)
pp — tt
T —tx?
t = by - bW
20 opposite-sign: XivITILO0T 1 05
[2C opposite-sign: arXiviiso707799 =05
£ (¢X3/bT; — bWKY)
t — bff'5? AM < 80 GeV (max. exclusion)
AM <80 GeV (max. exclusion)
t = bi; — b’ AM < 80 GeV (max. exclusion), = = 0.5
AM <80 GeV (max. exclusion), @ = 0.5
846 AM <80 GeV (max. exclusion), z = 0.5
t— eyl 0,1707.03316  AM < 80 GeV (max. exclusion)
t = bx§ — bl — bty
2 — HE; — Ht5Y AM;, = My, My, = 200 GeV.
t2 — Z/Ht; — Z/Ht{ AM;, = My, BF = 50%, M;, =200 GeV
T — 2t — Zt{Q AM;, = My, M;, =200 GeV
pp — bb
b — by}
b — by — bHY? AMgy =130 GeV
b — t{F — tW=(? Mgy = 50 GeV.
b — bx3 = (b7 — bet7?)/(bZFY
PP — 4q
G- ai}
0 250 500 750 1000 1250 1500 1750

mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate

sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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US

C. Collard (IPHC)

results from CMS (2)

CMS July 2018
Overview of SUSY results: electroweak production
36 th™! (13 TeV)
S0+
PP — X2X1
PP — XINE — 0 — (wiiROR9
PP — X9XF — vl — TR0
PP — XX+ — 7T — TvrTRS
PP — 9% — WHI? me-sign: arXiv:1709.05406
Lot arivarKiv706 1933
709.00384
84
pp — BTG — WZH)
46 AM = 20 GeV
pPp — )Zg)ﬁ - WZ/Hf(?f(? BF = 50%
PP — W/ W/X8 — (W28 801.01846 higgsino simplified model, AM = 15-20 GeV
Sttt
PP — X1 X1
PP — ViXi G — Wl [20/6pposite-sign: arXiv:1807.07799 Mg = 1 Gev
PP — GG X — (/o) — i
PP — i\h, 4 — (Fv/70) - v}
pp — U
pp — (L/rlLr. ( — (X8
pp — (Ll { — (7%
PP — ZRZR, Z—i Z)_(ll) 4
0 200 100 600 800 1000 1200

mass scale [GeV]
Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.

The quantities AM and & represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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Summary plot for gluino searches

Hadron Colliders: gluino projections
(R-parity conserving SUSY, prompt searches)

Model
iR, Bqat)
. krqqt)

HL-LHC

iR, il
&R, gk
&R, Bqat]
iR, B-2qat|
NUHM2, §-»tf
it 2qak!
B8, Bqat!
TR, i
ik, 2qat!
ik, 2qat!
&R, i

HE-LHC

LE-FCC FCC-hh

JLdtlab™"] ¥5(TeV]

3

3

3

3

15

15

15

30

30

30

15

15

15

14

14

14

14

27

27

27

100

100

100

ars

ars

ars

Mass limit (95% CL exclusion)

T

{*): extrapolated from HL- or HE-LHC studies

{**): extrapolated from FCC-hh prospects
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T

M

T T T T T

' 3.2'Tov
1.5 TeV
25TeV
2.6 TeV
5.7 TeV
2.6 TeV
5.9 TeV

17.0 TeV
7.5 TeV
11.0 TeV
7.4 TeV

3.6 TeV

. 71.6TeV
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Mass scale [TeV]

)
European Strat

Conditions
m(¥)=0
m(g) ~ m(¥])+10 GeV
mu') .')-0
m({¥})=500 GeV
mﬁ" .')-0
m(g) ~ m(¥])+10 GeV
m(k"? )=0
m(,?‘.' )=0
m(E) ~ m(E))+10 GeV (*)
m(¥))=0
m{E1)=0 (**)
m(E) ~ m{F1)+10 GeV (**)

mE))=0 (*)

36

3]



Summary plot for squarks of 15t and 2"9 generations

All Colliders: squark projections A
(R-parity conserving SUSY, prompt searches) ot
Model JLdtiab") V5 [TeV) Mass limit (95% CL exclusion) Conditions
O gt 3 14 3.1 TeV me¥i)=0 (*)
g 30, §-q¥, 3 14 1.85 TeV m(@) ~ m(¥})+5 GeV ()
© gt 15 27 6.2 TeV me)=0 (*)
; 30, §-q¥, 15 27 3.7 TeV mig) ~ m(¥)+5 GeV (*)
g M gt 15 375 8.0 TeV m)=0 (*)
E 30, §-q¥, 15 37.5 4.1 TeV mig) ~ m(¥})+5 GeV ()
g 30, §-gt) 30 100 10.0 TeV mty)=0
e ggt: 30 100 4.2 TeV m(g) ~ m(¥;)+10 GeV (**)
g 3, §-qt. 5 3.0 1.45 TeV mi¥y)=0

§ 3, §-gt) 5 3.0 1.1 TeV m(@) ~ m(¥))+50 GeV

(*): extrapolated from Run 2, 36/fb studies MLO“ scale [TeV)

(**): monojet results not included [3]
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Summary plot for stops

All Colliders: Top squark projections L w\)

(R-parity conserving SUSY, prompt searches)

Model JLdetab") Vi [TeV) Mass limit (95% CL exclusion) Conditions
1, ) 3 14 - 1.7 TeV mit))=0
§ 1fy, fy—»2k}/3 body 3 14 0.85 TeV Amif, &)~ mpy)
= B, h—ckl/abody 3 14 095TeV | Amif,, £})~ 5 GeV, monojet (*)
Ty, h—b¥" k) 8] 15 27 385 TeV miE))=0
g By, h—k)3-body 15 27 18TeV Amii,, £)~ miy ()
E By, f—ck!/a-body 15 27 20TeV | Amif,, £})~ 5 GeV, monojet (*)
iy, k) 15 375 46TeV miE})=0 (**)
§ hi, h—o)3-body 15 375 4.1 TeV m(f’) upt0 3.5 TeV (**)
= iy, i—scki/abody 15 375 227eV | Amii., &)~ 5 GeV, monojet (**)
g fha-atd] 25 18 1 pp—— T
S— Wi h-bU ] 25 15 0.75 TeV Am(f, £ mi)
© Qi bt ] 25 15 (0.75- ) TeV Amfi, £1)~ 50 GeV
g fify, bt /o] 5 30 15Tev m(¥|)~350 GeV
g' fify, bt /] 5 30 15TeV Amff, £~ miy)
e Ry, bt ] 5 30 (15-¢) TeV Am(, F))~ 50 GeV
£ iy, -tk 30 100 108 TeV mi¥’)=0
§ R hofi3body 30 100 10.0 TeV mi3) up to 4 TeV
Qi fi—ctl/4-body 30 100 50TeV | Am(i, £1)~ 5 GeV, monojet ()
10 1 Mass scale [TeV]
“ p of experimental searches
(**) extrapolated from FCC-hh prospects ILC 500: discovery in all scenarios up to kinematic limit /5/2
€ ap loss in sensitivity

Fig. 8.8: Top squark exclusion reach of different hadron and lepton colliders. All references
are reported in the text. Results for CLIC have been communicated privately by the authors. [3]
Results for LE-FCC are extrapolated from HL- and HE-LHC studies.
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Summary plot for HL/HE-LHC SUSY Searches

HL/HE-LHC SUSY Searches

HLLHC, JLdr = 3b”': Sr iscovery (95% CL oxciusion)

HE-LHC, [Ldr = 15ab™": 5 discovery (95% CL exclusion)

Simulation Preliminary
Vs =14,27 TeV

Model e U, T, Y Jets Mass limit Section

28, 3-qaX" 0 4 jets 2.9 (3.2) TeV m(¥7)=0 211
2&, k"‘l@i'(l’ 0 4 jets 5.2 (5.7) TeV m(,f'?):o 211

§ 2, Bt 0 Multiple 2.3 (2.5) TeM miE)=0 213
) 28, Bo12k) 0 Multiple 2.4 (2.6) TeM m{E})=500 GeV 213
NUHM2, g i 0 Multiple/2b 5.5 (5.9) TeM 242

B, ) 0 Multiple/2b 1.4 (1.7) TeV m(¥})=0 212,213

§- i\i, ] 0 Multiple/2h 0.6 (0.85) TeM| Am(i,, £))~ m(t) 2.1.2
i, —sb® JR 2 0 Multiple/2b i 3.16 (3.65) TeM 242
R KW 2e.pu 0-1 jets 0.66 (0.84) TeM| mi£))=0 221
g _g B via Wz Se.u 0-1 jets 0.92 (1.15) TeV m(£)=0 222
§§ X% via Wh, WhEvbb 1eu 2.3 jets/2b 1.08 (1.28) TeM m(¥))=0 223
HiweXiwek! 2eu 7 0.9 TeV m(¥1)=150, 250 GeV 224

8 R+ RaR, 2R X W 2eu 1 jet 0.25 (0.36) TeM mit)=15 GeV 2251

g BR 4 R, Bzt X wi 2e.u 1jet 0.42 (0.55) TeV miE])=15 GeV 2251

- T 24 1 jot 0.21 (0.35) TeV Am({¥s, ¥))=5GeV 2252
§ ¥iF) via same-sign WW 2eu 0 0.86 (1.08) TeM 242
Fontin, Ptk 2+ 0.53 (0.73) TeM m(£?)=0 231
g # 2r, e, 4) 0.47 (0.65) TeM miE])=0, m(F)=m(#x) 232
7 2r, te, u) 0.81 (1.15) TeV m(¥1)=0, m(f;)=m(z) 234

. a0 P arXiv:1812.07831

C. Collard (IPHC)
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Phenomenology 6)

Mass and hierarchy of the four neutralinos and the two charginos, as well as their production cross
sections and decay modes, depend on the M, M, n (bino, wino, higgsino) values and hierarchy

EWK phenomenology broadly driven by the LSP and Next-LSP nature

Examples of classifications (cf: arXiVv: 1309.5966)
P ( Used as benchmarks:

e ™ <Seemrion:Mi <, + Bino LSP, wino-bino cross sections
xt e (1) Mass(x*;) = Mass (x°)
| | %w xI | /w, Bino LSP (2) x*1x~1and x*x% processes
—— ow(x*1x"2)~2 owlr 1)
X — x* | » Scenario B: M, < M, |y
o — W xW « Higgsino-LSP, higgsino-like cross sections
x| ez \eew xen| peez N/ xenf (xez | Wino LSP (1) Small mass splitting ¥  x*1. x%
. (2) Consider triplets for cross sections
i ) (e =5 d (3) Role of high-multiplicity neutralinos and
Case CI . e .1+ ScenarioC: i e charginos also relevant
< 0.7 ow(x*1x")

X*

[depending on collider type and masses!] "
17 SUSY Experimental prospects, Monica D'Onofrio 14/5/19



Actual limit from

LHC for ewkino

}/ p p
R Xg ----- 0 ) e 2 X{
7 e 0 e »
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— Ao X3 July 2018
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- —1801.03957, comb. (WH) - Expected ] % 300 -~, [5]
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All limits at 95% CL

= =+ Expected limits
== Observed limits
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Actual limit from LHC for ewkino
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All limits at 95% CL
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Characterization

[7]

e Well studied at ILC/CLIC for resonance masses below the center-of-mass energy,
and also above Vs for the characterization of spin/couplings/deviations:

02

"0 = 5" (V'3 23000 GeV)

arXiv:1202.5940
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02

02 0.1 01 02
b

e Also possible at hadron colliders. Example: Z' resonance of 6 TeV seen at HL-LHC
and “characterized” at HE-LHC via cross sections, AFB and central/forward ratios:
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Exo Results from CMS

SSM Z'(28)

SSM Z'(qq)

LFV Z', BR(eu) = 10%

SSM W'(£v)

SSM W'(qq)

SSM W'(Tv)

LRSM WR(ENR), My, = 0.5My,
LRSM Wg(TNg), My, = 0.5Myy,
Axigluon, Coloron, cotf =1

scalar LQ (pair prod.), coupling to 1% gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 1% gen. fermions, 8 = 0.5
scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1
scalar LQ (pair prod.), coupling to 2" gen. fermions, B =0.
scalar LQ (pair prod.), coupling to 3 gen. fermions, =1
scalar LQ (single prod.), coup. to 3" gen. ferm., f=1,A=1

excited light quark (gg), A=mg

excited light quark (qy), fs=f=f=1,A= mq‘
excited b quark, fs 1,A=mq
excited electron, fs LA=m;
excited muon, fs=f=f=1,A=m{

quark compositeness (qqg), Nusr =1
quark compositeness (££), Nure =1
quark compositeness (qqg), Numr = — 1
quark compositeness (£), nurr = — 1

ADD (jj) HLZ, nep =3

ADD (yy, ) HLZ, ngp =3
ADD Ggk emission, n =2
ADD QBH (jj), nep =6
ADD QBH (eu), nep =6

RS Gkk(qd, 9g). kiMpi = 0.1
RS Gx(£8), k/Mp=0.1

RS Gyx(yy), kiMpi = 0.1

RS QBH (jj), neo =1

RS QBH (ep), nep=1
non-rotating BH, Mp = 4 TeV, ngp = 6
split-UED, =4 TeV

(axial-)vector mediator (xx), gq = 0.25, gom =1, my =1 GeV
(axial-)vector mediator (qg), gq =0.. ,my=1GeV
scalar mediator (+t/tt), gq=1,gom =1, m, =1 GeV
pseudoscalar mediator (+t/tf), go =1, gom =1, my =1 GeV
scalar mediator (fermion portal), A, =1, my =1 GeV
complex sc. med. (dark QCD), My, =5 GeV, CTx,, =25 mm

Type lll Seesaw, Be =B, = Br
string resonance

- - _ - - feptoauaries _

Mo

Msigma
Ms.

Overview of CMS EXO results
CMS

[8]

36 fb~! (13 TeV)

1811.01197 (2e + 2j) H
1811.01197 (2e + 2j; e + 2j + EF'ss) 1.27
1808.05082 (2p + 2j) i
1808.05082 (21 + 2j; 1 + 2j + EF'*s) 1.29
1811.00806 (27 + 2j) 1.02
1806.03472 (2T + b) 0.74

0.1 1.0
mass scale [TeV]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

C. Collard (IPHC)

10.0

January 2019

Overview of CMS B2G results
CMS Prelimi y

[10]

35.9 - 77.3 fb~1 (13 TeV)

W'SWZ-qdqd, HVT model B My
W'-WZ-vvqg, HVT model B My
W'-WZ-2vqq, HVT model B My
W'-WZ-#qd, HVT model B My
W'-WH-qGbb, HVT model B My
W/SWH-{vbb, HVT model B My
W'-WH-qGTT, HVT model B My
W' combination (2016), HVT model B My
Z'5WW-qdqd, HVT model B My
Z'~ZH-qgbb, HVT model B Mgz
2Z/»ZH-vwbb, HVT model B Mz
Z'~ZH~{tbb, HVT model B M
Z'>ZH-qgTT, HVT model B My
Z' combination (2016), HVT model B My
V/-VH-qgbb, HVT model B My
V/=VH-(v, v, 2£)bb, HVT model B My
V/-VH=qGTT, HVT model B My
V' combination (2016), HVT model B My
GWW-£vqd, Bulk G, k/Fp = 0.5 Me
G-ZZ-1fw, Bulk G, k/Mp = 0.5 M
G combination (2016), Bulk G, k/Mp = 0.5 Mo
R-HH-qGTT, Radion, A= 1TeV' My
R-HH-bbbb, Radion, A = 3TeV My
R-HH-£vgGbb, Radion, A = 3TeV Mg
2Z'~tE, B(Z~tD=100%, [/Mz=1% Mz
Z/-tE, B(Z-tH)=100%, [/Mz=10% Mz
Z/-tf, B(Z/-tF)=100%, [/Mz=30% My
Gixortt, Kaluza-Klein Gy Mg
W'stb-bbv, My < M,,, right-handed W M,
Z/tT-(EZt, tHE) 1w + jets, B(T-tZ)=B(T-tH)=50% Mz
W'=(tB, bT)~tHb-bqGbbb, B(W'-bT)=100% My
LQLQ-stutu—p* 11~ b + jets, B(LQ-tu)=100% Mo
LQLQ-tTtT-ILT + jets, B(LQ-tT)=100% Mo
LQLQ-bubu- * 11~ b + jets, B(LQ-bv)=100% Mo
t" & stgtg-Lubb + jets, B(t " -tg)=100% My

YY-bWbW-£vqdqd, B(Y-bW)
TT-bWbW-£vgdqd, B(T-bW,
TT-HZZ-(0=, 0505, L= *17) + jets, B(T-tZ)=100%

00% My
My
My
TT->tHtH-bqgbbbadbb, B(T-tH)=100% My
My
My

00%

TT-(0*,0%0*,0*L*17) +jets, TT singlet
TT-(E*,£%0%,0£1%07) + jets, TT doublet

BB-tWEW—(£ =, £ 1=, 0 =L *17) + jets, B(B-tW)=100% Mg
BB-bZbZ-bqgbqq, B(B-tZ)=100% Ma
BB-bHbH, B(B~bH)=100% Mg
BB-(L%,050%, 1201 %) + jets, BB singlet My
BB-(L%,£20%, 0201 ) + jets, BB doublet My

XsaXszotWHW- (£ %, 10 %) + jets, B(Xs3-tW)=100%, RH My
XsaXsaotWHW- (L%, 10 %) + jets, B(Xsp-tW)=100%, LH My

TrutZ-bqdt * £~ , narrow T Mr,,
bTL-btZ-bbadt £ -, narrow T M,
B-bH-bbb, narrow B Me
B-tW-Lv + jets, narrow B Me

1

mass scale [TeV]
Selection of observed exclusion limits at 95% CL (theory uncertainties are not included).
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C. Coll

ATLAS EXxotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 f.l: dt = (3.2 - 139) fo? \s=8,13 TeV
Model ty Jetst ET™ [rdim] Limit Reference
T T T r T T T T T —T
ADD Gkk +g/q Oeu 1-4j  Yes 36.1 Mp 7.7 TeV n=2 1711.03301
'é’ ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
i} ADD QBH - 2j - 37.0 My 89TeV n=6 1703.09127
€ | ADDBHhigh ¥ pr >lepn >2j - 32 | M 8.2 TeV n=6,Mp = 3TeV, rot BH 1606.02265
°E’ ADD BH multijet - >3] - 3.6 My, 9.55TeV n=6Mp=3TeV,rotBH 1512.02586
3 RS1 Gkx — vy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp; =0.1 1707.04147
©  BukRS Gk - WW/ZZ multi-channel 36.1 | Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
g Bulk RS Gxx —» WW — qqqq Oe,u 2J - 139 Gkk mass 1.6 TeV k/Mp; =1.0 ATLAS-CONF-2019-003
w Bulk RS gkk — tt le,u >1b,>1J/2) Yes 36.1 8kk Mass 3.8 TeV F/m=15% 1804.10823
2UED / RPP ey 22b>3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALD - tt) =1 1803.09678
SSM Z" — ¢t 2epu - - 139 2’ mass 5.1 TeV 1903.06248
» SSM Z" - 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
(%) Leptophobic Z" — tt le,u 21b,>1J2) Yes 36.1 Z’ mass 3.0 TeV rm=1% 1804.10823
-8 SSM W’ — v leu - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SSMW -1y 17 - Yes 361 | W’ mass 3.7 TeV 1801.06992
% HVT V' - WZ — qqqqg modelB O e, u 2J - 139 V’ mass 3.6 TeV gy =3 ATLAS-CONF-2019-003
(O] HVT V' - WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
LRSM Wg — tb multi-channel 36.1 Wpg mass 3.25 TeV 1807.10473
LRSM Wk — uNg 2u 1J - 80 Wpg mass 5.0 TeV m(Ng) = 0.5TeV, g, = gr 1904.12679
- Cl qqqq - 2j - 37.0 A 21.8TeV u, 1703.09127
O  Clttgq 2epu - - 36.1 A 40.0 TeV 1, 1707.02424
Cl tttt 21 epu 21b,21) Yes 36.1 A 2.57 TeV [Cat| = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(x) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q Wy EFT (Dirac DM) Oeu 14,<1) Yes 32 |m, 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes  36.1 my 3.4 TeV y =0.4,1=02, m(x) = 10 GeV 1812.09743
Scalar LQ 15t gen 12e >2j Yes 36.1 LQ mass 1.4 TeV p=1 1902.00377
(¢} Scalar LQ 2"4 gen 1,2u >2]j Yes 36.1 LQ mass 1.56 TeV =1 1902.00377
= Scalar LQ 3" gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQ§ — br) =1 1902.08103
Scalar LQ 39 gen 0-1e,u 2b Yes 36.1 LQ‘; mass 970 GeV B(LQ{ - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 361 | Tmass 1.37 TeV SU(2) doublet 1808.02343
§§ VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
© a VLQ T5/3 53| Ts;3 = Wt + X 2(SS)/>28eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Tsi3 > Wt)=1, c(Ts;3Wt)=1 1807.11883
g g_ VLQY - Wh+ X leu 21b 21 Yes 36.1 Y mass 1.85 TeV B(Y - Wb)=1, cg(Wb)=1 1812.07343
VLQB - Hb+ X Oep,2y =21b,>1j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWq leu >4j Yes  20.3 1509.04261
«» Excited quark g* — qg - 2j - 139 q* mass 6.7 TeV only u” and d*, A = m(q") ATLAS-CONF-2019-007
E S Excited quark g* — gy 1y 1j - 36.7 | g mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
S '€ Excited quark b — bg - 1b,1j - 361 |b*mass 2.6 TeV 1805.09299
W @ Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 AN=1.6TeV 1411.2921
Type 1l Seesaw 1epu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, g, = gr 1809.11105
S Higgs triplet H** — ¢ 2,34 e,u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
Sy Higgs triplet H** — {1 3eput - - 20.3 DY production, B(H}* — (1) =1 1411.2921
O | Multi-charged particles - - - 36.1 | multicharged particle mass 1.22 TeV DY production, |g] = Se 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
‘/_=13TeV ‘/-=13TeV PEETEE | PR R S R | 1 1 MR S R | L ! PR
partial data full data 1 0_1 1 1 0 MaSS Sca|e [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).
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Summary plot for HL/HE-LHC resonances Searches

Section

Model spin 95% CL Limit (solid), 5 o Discovery (dash) HL/HE-LHC
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FCC-hh / HE-LHC Simulation (Delphes)

| O S B I L B B | I L N B | I A N A I LI B B |

Q* —jj

fs =100 TeV

fs =27 TeV
Lo, ot
s =100 TeV

fs =27 TeV
L'y =1t
fs = 100 TeV

fs =27 TeV
G, 2 WW
fs =100 TeV

fs =27 TeV
Poss 1T
s =100 TeV

Vs =27 TeV
L'y = TT

e I
G-Z7Tev 1 l 1 1 1 1 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 10 20 30 40 50
C. Collard (IPHC) Ma$ Sca|e [TeV] 48
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Search for excited quarks [2jets]

Study of di-jet production g [ p | e [7]
o 10 J Ldt= 3ab = Expected 95% CL
” pp Vs=14 TeV B 16
q g 10’ 2 B t2¢
102 Dijets Limits @HL-LHC: by
qt Z' — Jets comparing estimated
10 limits with precise cross
1 section predictions for
g Y e 14 TeV (~0.2 fb for 7.5
107! : TeV mass)
1072 I
1073 bl U T P | I T P
1 2 3 4 5 6 7 8 9 10
M, [TeV]
[8] [9]
Q* LHC CMS LHC ATLAS HL-LHC HE-LHC FCC-hh
(36 fb1) (139 fb1) (3ab?) | (27 TeV, 15 ab?) | (30 ab?)

Exclusion @95% 6 TeV 6.7 TeV 7.5 TeV 14 TeV 43 TeV
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Search for Randall-Sundrum Graviton [2wW]

a Osgl'"'I""l""I""l""l""I""l""l""lg

3% 102% ?_'I:'l;:ies\llmulatlon ------- ExpectedQS%CLleltm‘_%

C . ggF G, — WW —— — Expected 95% CL Limit 3000fb" 7

% 10? e [ Expected Limit 3000b" (+ 16)

ogg 1%_ [ ] Expected Limit 30001t (+ 20) _%

g R L

° 107 3

= .

1808.02380 05 1 18 2 29 3 35 4 475 O

mass [TeV]

RS graviton LHC HL-LHC HE-LHC FCC-hh [7]
WW (36fb1) (3 ab?) (27 TeV, 15 ab?) (30 ab?)
Exclusion @95% k/M,, =1 1.7 TeV [0, 1, 2] 3.3 TeV [11]

k/M,, =0.1 8 TeV 28 TeV
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Search for Vector-Like Quark (VLQ) Xs 3 [tW]

e @HL-LHC: search for same-sign di-lepton in the final state when pair production
* Analysis strategies currently in use at LHC, including identification of particles in boosted topologies
e @FCC-hh: the single production should be dominant at very high energy, although production rate is model dependent

t,b w

x5/3 ’T2/3

[8,9]
Xs/3 LHC HE-LHC FCC-hh
tw (36 fb1) (27 TeV, 15 ab1) | (30 ab?)
(pair production)
Exclusion @95%  1.3-1.6 TeV 1.8 TeV i i [7]
50 discovery 1.6 TeV 2 TeV 4.7 TeV
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