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From SM to...

- LHC has tested and measured the
properties of SM to a very good degree of
precision:

satisfying but not exhaustive

- we also like to search for what is still
unknown, beyond the SM

how are we looking
for new Physics Phenomena?




The last great discovery: the Higgs
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Is it really the SM Higgs”?

ATLAS Preliminary [_] Obs. 95% CL
Vs =13 TeV, 24.5 - 79.8 fb x  Best Fit Obs.

Everything looks consistent :
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Can be the lightest of a
crowded Higgs sector”?

(.e. 2

DM, MSSM, etc.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/

Significance [o]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-053/

Always looking for more

We should seek all possible evidence for NP




2.2 TeV I+MET Ev

ent!

LHC: the Ideal Machine to Search for Heavy Resonances
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We’ve Done a Lot of Bump Hunts!

e Data
- Background-only fit

Generic signal at2 TeV,I''m = 0%

> 1 ' ' -
G 10° ATLAS 2
o Is=13TeV, 139 fb 3
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=
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Uncertainty
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and SO On (also b S, TS, top, etc)




But Bump-Hunts Are Running Out of Steam

. " = . 105 EI I 1 Tl I I I I I I IE
Probing really high masses: O(10 TeV) g - AR DS L AR A R
; 10° oo :E)f(ggcted limit, 0.1 fb™ -
L : . 3L LB § - 5 b -
- More lumi brings marginal improvements ¢ 19 EF\ %o} 25 E
o 300 fb -
10 \' ad@®  ------ 3000 b’ —=
t ] : A
- Can’t just reload searches: need new ideas 10F :\\ | SRR T
1 3 7"::? ~~~~~~~ rw/ 140 fb-1
10_1 . ST e—w—_r =
examples Mass Lower limit 1 0_2 = .. ST '..,_,_,._.."m“-“,»":‘ _%
_3 __ "*.~ '''''''''''' -
String resonance (jj) ~ 8 TeV 10 = : "‘"u.__ | JE
4 BREE : ~
Excited quark (jj) ~ 6.5 TeV 10 = : :\\ E
5 .' . 4 . . : _
Z’ (SSM) (I) ~5TeV 10 "= ATLAS simulation p.ellmlmary\\ =
—6 _I | | | I . . | [ 111 | L1 | L 111 | [ II I I | |:I [ 11 | L 111 | | | I_
W’ (SSM) (Iv) -6 TeV 10




Example: Dijets Going to Lower Mass with ISR and Substructure

~ High Mass |
| (M > 0.5-1.5 TeV) |

e _

WO high energy jets

No problems with trigger
for M >~ 1.5 TeV

Can go down to ~ 0.5 TeV
with trigger-level analysis

| Intermediate Mass |

(0.2<M < 1.0 TeV) j{‘

i

e e e o

Need hard ISR to trigger
(ohoton or gluon)

Mass ‘heavy enough’
for two resolved jets

| Low Mass
‘» (M <0.3 TeV) ‘

|

e e

Need hard ISR to trigger
(ohoton or gluon)

Light mass: large lboost

Large jet + substructure
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Example: Dijets Going to Lower Mass with ISR and Substructure
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U Collider production ><
= —_—

Dark Matter, anyone? AN
T "+ Atcolliders we can only detect DM after producing that

't means we only probe the SM-DM mediator:

simplified models are guiding us In this search

exploiting complementarity of different signatures:

mono-X: X=jet, ¥, Z, W, h

- di-X: X=leptons, jets, h.f.-jets

13




Dark Matter Searches

m, [TeV]

6 T i + Complementary to DD iment
: Ty EDR omplementary to DD experiments
- o - Dijet ¥s = 13 TeV, 37.0 fb”!
- : - PRD 96, 052004 (2017) ' ' '
1 4FA J A e zean - caveats on the assumptions done in ¢ calculation
- - PRL 121 (2018) 0818016
i ] Dijet + ISR ¥5 = 13 TeV, 15.5 fo' _37
1 2 - —_ Preliminary ATLAS-CONF-2016-070 C\El 1 O T T T T T T T T T T T T - Dl]et
_ - o i} y
— S, _38 Dijet f§ = 13 TeV, 37.0 fb
B 7 tt resonance —_ 10 =ATLAS PRD 96, 052004 (2017)
1= — ¥s=13TeV, 36.1 b C
u EPJ; - e o Dijet TLA s = 13 TeV, 29.3 fb™
\‘? (2018) 563 PRL 121 (2018) 0818016
- - D 10°%° (2018)
- Y7 - o O — Dijet + ISR S = 13 TeV, 15.5 b
0.8 L M B8 Dibjet -] —— Preliminary ATLAS-CONF-2016-070
- \@3\\9 7 fs =13 TeV,36.1 b < 40 —
B 6‘6\9 i PRD 98 (2018) 032016 s 10 " E CRESST Il miss -g_riig/n;?f(b??
0.6 '}\\/ -1 Emiss X %) EPJC 78 (2018) 565
_ - + o N W — = 0
T - Do — Dibjet
B - El*+y¥5=13TeV, 361 fb" 1 O 41 o W——. - ot i eV 364 b
0.4 B n Eur. Phys. J. C 77 (2017) 363 :R:D 08 ;0’18)'032016
il ] ET+jet ¥ = 13 TeV, 36.1 fo’ B miss
- _ JHEP 1801 (2018) 126 1 0_42 ET +X
0.2 - ator, Dirac DM - ET+Z() ¥5.= 13 TeV, 36.1 fb” EM4y f5 = 13 TeV, 36.1 fb”
2+ _ _ — PLB 776 (2017) 318 B Eur. Phve. J. G
o | 0, gx =1 - ET**+V(had) ¥5 = 13 TeV, 36.1 fb” 1 0 43 E:irss ,e)tlsr_ 1;?50132 135:2_,
. CL - JHEP 10 (2018) 180 T - T
- JHEP 1801 (2018) 126
PR ] L ] miss -1
—44 ET*+Z(I) fs = 13 TeV, 36.1 fb
1.5 2 2.5 3 3.5 10 PLB 776 (2017) 318
m [TeV] ET*+V(had) fs = 13 TeV, 36.1 fb’
Zy 10_45 JHEP 10 (2018) 180
— CRESST Il
arXiv:1711.07692
—46
10 ~—— XENON1T
. . Xiv:1805.12562
Vector mediator, Dirac DM E:’ ! daX
— anaa
1 O 47 gq = 0.25, gl =0, gx =1 PRL 117, 121303 (2016)
ATLAS limits at 95% CL, direct detection limits at 90% CL = DarkSide-50
|l |l 1 1 1 1 11 I 1 1 1 |l 1 'l 1 1 I 1 1 1 1 1 1 I arXiV:1 802'06994

10748 y
1 10 102 10° — LUX

PRL 118, 021303 (2017)

EXOT_ZO"I 7 _032 mX [GeV] Phys. Rev. Lett. 116, 16130? (2016)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

Mono-X searches in the long run

3
g11400
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Projection from Run-2 data

" 36 b1 /
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36 Tb™ a + 2HDM
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Welrder signatures

Nature sometimes can be different
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Long-Lived Particles and Other Unconventional Signatures

Many extensions of SM predict Long-lived (LL) or unconventional signatures

— phase space In}age. M. Borsato

o) 9) suppressed
F — g | A ‘ - (eg compressed Displaced multitrack H—>y+inv,-': -
/ / M mass spectra) vertex ejz’e
coupling , .
suppressed amplitude Multitrack vertex in
suppressed Muon Spectrometer

Emerging
jet

Typically complicated searches

No reliable BG modelling in MC

Monopoles and

high-e.charge

‘

Trackless displaced jet
with high-CalRatio

Deep understanding of detector needed



Example: Displaced Jets

+ Reconstruction of displaced vertices

in tracker (CMS)
in muon chambers (ATLAS)

UU)) \ IT“IIIIIEJ ‘_‘l 1 IIIIIII 1 1 Illlll] 1 I llllt[y! 1 lllllT"
i 1 = By (125) - ss = 100% E
& - ]
- N ]
I T S O e o B AR A —
X - -
3 - 5
O B > g5 — 1%
% 402 e N\ et Tt ®(125) > 55 = | :
© — =
= N ]
= 10°s E
£ - 3
:I B ATLAS m— P(125) — S8, ms=5GeV _
) 4| N ®d(125) — ss, m_= 8 GeV |
Q. 107" E s=13 TeV, 36.1 fb B(125) = ss, m, =15 GeV =
D) — : T T Y ®(125) — ss,m_=25GeV 7
- - Combined limit . ©(125) — 55, m’ = 40 GeV/
O 10—'5 | | llIIIlI | | IIIIIII | | lIIIIII | | IIIIIII | | IIIIIl“
X 1072 10~ 1 10 10 10°
3 Scalar proper lifetime (ct) [m]
PRD 99, 052005 (2019)

107"

Interpreted in various models (XX—=(j))(j)), GMSB SUSY,

RPV SUSY...)

.llllll | |

;cms

LA 1 IIIIIIII

Jet-Jet model

| Illllll

35.9 fb (13 TeV)

llllllll |

LI lllli
95% CL upper limits _

—e— Observed

----- Median expected
g% m, =50 GeV

w my = 100 GeV

m)( =300 Gev

R

II | llllllll L 11l

Ellll | | 1111 ”lll." l‘ 1 lllllll | | llllll¥
1 10 102 10° 104
CT, [mm]

PRD 99, 032011 (2019)

Multitrack vertices in

“. Muon Spectrometer

Displaced multitrack

vertices
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New Opportunities Thanks to Precision Timing in Phase-2

Normalized entries

Long-lived neutral particles

From 4D distance between PV Delayed photons Heavy stable charged particles
and decay vertex — [3(x°) Precise timing significantly Can measure 1/ from track only
Full mass measurement from VO expands small-T sensitivity

CMS pPhase-2 Simulation 14 TeV o CMS Phase-2 Simuatior 14 TeV CMS Phase-2 Simulation 14 TeV

B B R LN I IR RN — = . 2 <t [T T T T T[T T
oL T+t =Z4GZ—TT 7 = 10 : l L no MTDl(BOOfb'1) - S :| | 5w (MTD) | | |

~ M(t) = 1000 GeV, M(x°) = 700 GeV, M(G) = 1 GeV = 10°E GMSB° — v +G ~—— no MTD (1000 fo) o i SM (no MTD) |
0051 - 5 - 1 MTD (1000 fb) = = HSCP % (M = 432 GeV)
L J— y 10*E = S 107 .

i i - ] > - .
021~ B 10° £ = 2 - )

B = mm ] S ; O : :

: ct = 100 ] 1P E . c _ |
0.151 1 — ct =30mm - S : 5

B —ct=10mm i 10? _§ L% 10_2:_ 3
0.1 — : i N :

E |: —ct =3mm E 1§— E - -
0,05} T - 107" E : \ :

- : 10° 300 400 600 800 1000 e T E8 K U

200 500 600 700 800 900 1000 1100 09 1 11 1 2 13 14 15 16 1.7

M(x0) [GeV] A [TeV] .

19



SUSY Has Gotten a Beating from LHC... but it’s Still Alive

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2019 Vs =13 TeV
- -1 - -
Model Signature  [£dr [ Mass limit Reference
] L] L] L] L] L] L) L) L) I L] L] L] L] L]
4, 4% Oep 2-6jets EFM 36.1 1.55 m(PY)<100 GeV 1712.02332
7 mono-jet  1-3jets ER™  36.1 0.71 m(g)-m(¥})=5 GeV 1711.03301
(0] ~ . - -
< 33 §—>qc7/\’? Oe.p 2-6jets L™ 36.1 F4 2.0 m(t})<200 GeV 1712.02332
% g Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
]
& oot oo ame L wm |: i === Gluinos excluded up to M ~ 2 TeV
o ee, jijt 2jets  EP™ 36.1 F4 1.2 m(Z)-m(¥1)=50 GeV 1805.11381
§ 28, 8-qqWZX\ Oe.p 7-11jets EMS 361 4 1.8 m(t]) <400 GeV 1708.02794
S 3ep 4 jets 36.1 z 0.98 m(z)-m(¥])=200 GeV 1706.03731
= N .
= g5 ot O-Ten 3b  EP™ 798 |2 2.25 m(¥}) <200 GeV ATLAS-CONF-2018-041
3e.p 4 jets 36.1 F4 1.25 m(z)-m(¥|)=300 GeV 1706.03731
bby, by b /10T Multiple 36.1 | By Forbidden 0.9 m(¥7)=300 GeV, BR(hY})=1 1708.09266, 1711.03301
Multiple 36.1 By Forbidden 0.58-0.82 m(¥})=300 GeV, BR(h])=BR(t{])=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(f})=300 GeV, BR(£(})=1 1706.03731
2§ bbb SbYY - bhY) Oe.p 6b EP™S 139 b Forbidden 0.23-1.35 Am(¥S, ¥1)=130 GeV, m(¥})=100 GeV SUSY-2018-31
§ 2 By 0.23-0.48 AM(¥3.%7)=130 GeV, m(¥})=0 GeV SUSY-2018-31
S _
gg 171, [ —=WbY, or it 0-2e,u 0-2jets/1-2b ER™  36.1 & 1.0 m(t})=1GeV 1506.08616, 1709.04183, 1711.11520
3 8. 7, Well-Tempered LSP Multiple 36.1 | @ 0.48-0.84 m(¥7)=150 GeV, m(¥})-m(¥])=5 GeV, 7, ~ i, 1709.04183,1711.11520 -~ . Sto p GXCI u d ed u p tO M ~ 1 I ev
D8 Ah, =Ty, 116 Tr+leur 2jets b EFMS 361 |7 1.16 m(71)=800 GeV 1803.10178
B §ify, ok | &, ik Oe.p 2¢  BEpe 361 | 0.85 m(P%)=0 GeV 1805.01649
_ f 0.46 m(7, ,&)-m(¥})=50 GeV 1805.01649
Oe.p mono-jet EFM 361 |@ 0.43 m(7, .7)-m(¥})=5GeV 1711.03301
iy, h—if +h 1-2e,pu 4b Eps 36,1 ) 0.32-0.88 m(¥})=0 GeV, m(7, )-m(¥})= 180 GeV 1706.03986
YiXS via wz 23 e.p Emss 3.1 i /X’E 0.6 m(E))=0 1403.5294, 1806.02293
ee, jji >1 EF' 361 X; /%, 017 m(¥7)-m(¥))=10 GeV 1712.08119
TEUT via WW 2e.p Emis 139 | & 0.42 m(¥7)=0 ATLAS-CONF-2019-008
b3 via Wh 0-1epu 2b ERs 364 | XN, 0.68 m(r%)=0 1812.09432
S g Gy e [ AT CONE 20195 - EW SUSY limit hat |
WS OX /0, v, -t 27 1 A P 0.76 m(¥1)=0, m(,7)=0.5(m(¥} )+m(¥})) 1708.07875 l m I S SO m eW a OWG r
© Xy 1X, 0.22 m(¥7)-m(¥})=100 GeV, m(, #)=0.5(m(¥} )+m(t})) 1708.07875
Il (=0 2e.p Ojets  E™> 139 |7 0.7 m(E2)=0 ATLAS-CONF-2019-008
2e,u >1 EPss 361 |7 0.18 m(f)-m(¥})=5 GeV 1712.08119
1H, H—hG [2G Oe.p >3bh EPS 361 i 0.13-0.23 0.29-0.88 BR(Y| — hG)=1 1806.04030
de,p Ojets L™ 36.1 i 0.3 BR(Y] — ZG)=1 1804.03602
® @ Direct ¥1¥] prod., long-lived ¥{ Disapp. trk ~ 1jet  EM* 361 |X 0.46 Pure Wino 1712.02118
é % I’l Pure Higgsino ATL-PHYS-PUB-2017-019 e I S U SY h L [
2%  stable 3 R-hadron Multiple 361 |z 1902.01636,1808.04095 o A SO as a 0 n g L |Ved SeCtO r
S 2 Metastable 2 R-hadron, 3—qg) Multiple 36.1 m(¥%)=100 GeV 1710.04901,1808.04095
LFV pp—Vr + X, Vr—ep/et/ut €, eTUT 3.2 A311=0.11, A132/133/233=0.07 1607.08079
YiXT V3 — Ww/zeeeevy 4ep Ojets  EMss 361 m(¥})=100 GeV 1804.03602
23, g—>qq,{’(|), B - 994 4-5 large-R jets 36.1 Large 17, 1804.03568
o>. Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
@ 77 i), V] = 1bs Multiple 36.1 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
Nni, fj—bs 2jets+25b 36.7 1710.07171
niy, i—ql 2eu 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1u DV 136 BR(7, —qu)=100%, cosé,=1 ATLAS-CONF-2019-006
L L L L L L L L l L L L L L
*Only a selection of the available mass limits on new states or 107! 1
Y . ) ass scale [Te
phenomena is shown. Many of the limits are based on 20

simplified models, c.f. refs. for the assumptions made.



Some Say We're ‘dust Starting’ with the Interesting Regions

Stop-sbottom Searches

pp — bb, b - b X} July 2018 pp — tt, t >t XS July 2018
; 900:| | | L | L l L | L | L I L | I | L | L |: '>' 900 : | | | | | | | | | | | | | | | | | I | | | E
8 800: CMS 35.9 fb' (13 TeV) A 8 800: CMS 35.9 fb' (13 TeV) A
— _ 1707.07274, O-lep sbottom 1] = ~ -=1707.03316, O-lep (stop) ]
&  F —=1704.07781. 0-lep (H'™) wExpected 3 25 E_ 1706.04402, 1-lep (stop) = Expected 3
700[— —1705.04650, O-lep (Mr,) —Observed — 700~ —1711.00752, 2-lep (stop) —Observed]
- —=1802.02110, O-lep (c;) - - —1805.05784, soft 1-lep + O-lep -
- ] C —1805.05784, soft 1-lep (MVA ]
600 __ ] 600 — 50 P ( ) o Q0 ]
R ‘3 SUSY Plenary
4001 - 4001 =
B ] B ] L e == -
200 — 200 —
100F = 100/ E
:I | | | | | [ I | | I | | | I I | | || .:I 1 1 |8l | L I: - kil | | | | | El | | | | | E :

0 | |
400 500 600 700 800 900 1000 1100 1200 1300 200 400 600 80 1000 1200

Combining all searches, in the simplest decay scenarios, it is hard to
avoid the constraints of 700 GeV for bottoms and 550 GeV for stops.
Islands in one search are apparently covered by other searches.

We are just starting to explore the mass region suggested by the Higgs mass determination !
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SUSY Production at 13 TeV

PP, VS = 13 TeV, NLONLL - NNLO+NNLL Strong production: gluinos and squarks
_ — 4§ —— Xix3 (wino) _argest cross section
107 ; G4 —— Xi X1 (wing i
; nclusive searches
Strong limits from Run-2
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Inclusive Searches: Small Improvements from Increase in Statistics

pp — gg, g — qgx’

Dec 2015
;‘ [ [ [ | | | [ | | | | | [ | | | [ [ [ | I [ [ | | [ :
8 1600 _—CMS Preliminary — Observed ---- Expected —
= _ [ =SUS-15-002 (KA,), 2.2 fb" (13 TeV) ’
e 1400~ - SUS-15-003 (My,), 2.2 fb (13 TeV) ]
- —SUS-15-004 (Razor), 2.1 fb™ (13 TeV) .
1200— —SUS-15-005 (ai7), 2.2 b (13 TeV) —
[ —SUS-13-019 (M), 19.5fb™ (8 TeV) _
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HL-LHC: First Real Sensitivity to Electroweak SUSY

+ Most current limits are very weak: reach can be ~doubled with HL-LHC

- Discovery potential for some mass regions (currently ~none)
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|s this the end?

+ Yes, it’s the end of the talk:

-+ though we know we missed a lot of nice
searches

- No, it’'s not the end of LHC search
program:

- collecting more data will not do all the
work

- we need to be clever and explore what
still we miss/forgot to look for
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BACKUP

“you never know what you might need”
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Dark Photon Models with Kinetic Mixing

| The € Parameter g?

i = - N I

Mediator A’
Standard M e 0
idate - arXiv: . |
MOdeI candida | ) |
‘Dark Photon’ | A\
10+ “ .
{ Displaced
Dark photon: an additional U(1), connected to SM U(1) through kinetic mixing E
<L C L e (0"AY — 0"AF)(0"BY — 0”B*) e: kinetic mixing parameter
2 cos® P D | 0 Prompt
Y A’ |
1
AVAVAVAVAVAVSTAVAVAVAVAY 0. 1 10 100
mz, (GeV)
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LHCb Search for Dark Photons in Dimuon Channel

™ 7

< 10 ' B T, ' ' LA AL L ' ' T T T T ]

T; 10° LHCDb = isolat.;ion prompt-like sample

Y Vs =13TeV : applied .': pr(p) > 1GeV,p(p) > 20 GeV

< 10t | C Bl o

§ . B hh+ huo

< 10

£ &

= 10° E . . \-"ﬁ |
| | | | T

10° 10° 10°
m(p ) [MeV]

L.ooking for A"—=pp + Excluding € > 10-2-10-° (depending on M)

Sump hunt in dimuon spectrum
from M ~ 2my to 70 GeV
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Look for any kind of DM, in any place

of |

0.5

0.4
0.3

0.2

0.1

0.05
0.04

0.03.

_ ATLAS

Axial vector mediator

Dirac DM
_ m, =10 TeV, gx= 1.0

I I || I L lIIIIIIIIIIIIIIIIIIIIIIIIlIl
1}

Vs =13 TeV, 3.6-37.0fb"

’

EXOT-2017-032

1000 2000

m,. [GeV]

q v/V /g X

95% CL upper limits
Observed

- == Expected

Dijet 8 TeV

203fb "
Phys. Rev. D 91, 052007 (2015)

—— Boosted dijet + ISR

36.1fb "
arXiv: 1801.08769

—— Resolved dijet + ISR ()

Preliminary, 15.5 fbo '
ATLAS-CONF-2016-070

—— Resolved dijet + ISR (j)

Preliminary, 15.5 fb ™'
ATLAS-CONF-2016-070

—— Dibjet

243&36.1fb "
Phys. Rev. D 98 (2018) 032016

—— Dijet TLA

368&29.7f "
Phys. Rev. Lett. 121 (2018) 081801

— tt resonances

36.1fb
Eur. Phys. J. C 78 (2018) 565

Dijet
37.0f "
Phys. Rev. D 96, 052004 (2017)

Dijet angular

37.0fb "
Phys. Rev. D 96, 052004 (2017)

Spanned a large range of simplified model

with different mediator assumptions

ATLAS
Vs =13 TeV, 36.1 fb

Limits at 95% CL
— Observed
-= Expected

2HDM-+a, Dirac DM

m, =10GeV,g =1

m, = my,=m_ = 600 GeV
sin@ = 0.35

I'/m, > 20%

b/t

JHEP 09 (2017) 088

= EMs Z(1l)
PLB 776 (2017) 318

==E"**+h(bb)
PRL 119 (2017) 181804

=E7*+h(y7)
PRD 96 (2017) 112004

—E.Tiss+ﬂ
EPJC 78 (2018) 18
JHEP 06 (2018) 108

== N(INV) ys=7,8 Tev:4.7203 1"

| SéO 4(I)O 4éo 560 550 JHEP 11 (2015) 206,
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

New physics searches overview (ATLAS

ATLAS Preliminary

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

Status: March 2019

ATLAS Preliminary
[Ldt=(34-36.1)fb! s=8,13TeV

Status: May 2019 fL dt = (3.2 — 139) fo1 \/_ =8,13 TeV
Model ty  Jetst ET° [Ldt] Limit Reference
L] L] LI | I T L] L] Ll L] L] LI ) l L] L] L] L] L] L] LI ) I L] L] L] L]

ADD Gk + g/q Oe u 1-4] Yes 361 |Mp 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH - 2j - 370 |Mu 89TeV n=6 1703.09127
ADD BH high ¥, pr >leu >2j - 3.2 Min 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 M 955TeV n=6, Mp=23TeV,rotBH 1512.02586
RS1 GKK - 7YY 2 Y - - 36.7 Gkk mass 4.1 TeV k/ﬁpy =0.1 1707.04147
Bulk RS Gkx —» WW /ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp = 1.0 1808.02380
Bulk RS Gk — WW — qqqq Oe,u 2J - 139 | Gkkmass  16TeV k/Mp = 1.0 ATLAS-CONF-2019-003
Bulk RS gkk — tt leu >1b,>1J/2) Yes  36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP e,y >2b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1.1), B(AMY - tr) =1 1803.09678
SSM Z' — ¢t 2e,u - - 139 [Zfmass e e 1903.06248
SSM Z' — 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
Leptophobic Z” — tt leu 21b,>212) Yes  36.1 Z' mass 3.0 TeV r/m=1% 1804.10823
SSM W’ — (v 1eu - Yes 139 CERN-EP-2019-100
SSM W’ - 1v it - Yes 36.1 W’ mass 3.7TeV 1801.06992
HVT V' - WZ — qqqq model B O e, u 2J - 139 [Wfmass L se ey gv=3 ATLAS-CONF-2019-003
HVT V' - WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv =3 1712.06518
LRSM Wy — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 W mass 5.0 TeV m(Ng) = 0.5 TeV, g = gr 1904.12679
Cl gqqq = 2] - 37.0 A 21.8TeV 1703.09127

. Clttqq 2epu - - 361 |A 400 TeV 1707.02424
Cl tttt >teu =1b,>1] VYes 36.1 A 2.57 TeV [Cael = 4m 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(y) = 1 GeV 1711.03301
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
VVyy EFT (Dirac DM) Oe,u 14,21  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 mg 3.4 TeV y=0.4,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 1°* gen 1,2e >2j Yes 36.1 LQ mass 1.4 TeV p=1 1902.00377
Scalar LQ 29 gen 1,2 2] Yes  36.1 LQ mass 1.56 TeV p=1 1902.00377
Scalar LQ 3 gen 2r 2b - 36.1 | LQ;mass 1.03 TeV B(LQy = br) =1 1902.08103
Scalar LQ 3" gen 0-1e,u 2b Yes  36.1 |LQjmass 970 GeV B(LQY - tr) =0 1902.08103
VLQTT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 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
VLQ Ts/3 Ts3| Tsj3 > Wt + X 2(SS)/>3eu =1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 = Wt)=1, c(Ts;3 Wt)=1 1807.11883
VLQY —» Wh+ X 1eu =1b,=1] Yes  36.1 Y mass 1.85 TeV B(Y — Wh)=1, cg(Wh)=1 1812.07343
VLQ B - Hb+ X Oeu,2y =1b,21j Yes 798 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWq 1eu >4 Yes  20.3 _ 1509.04261
Excited quark ¢* — qg - 2j - 139 | S e Te V! only u* and d*, A = m(q") ATLAS-CONF-2019-007
Excited quark ¢* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b, 1] - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* e urt - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw 1eu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2] - 36.1 Ng mass 3.2 TeV m(Wg)=4.1TeV, g, = gr 1809.11105
Higgs triplet H** — (¢ 234e,u(SS) - - 36.1 H%t mass 870 GeV DY production 1710.09748
Higgs triplet H** — (7 3epurt - - 203 |H¥mass 400 GeV DY production, B(H;* — (r) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

v; = 13 Tev 1 L Ll I 1 L L 1 L L L1 l L L L 1 L 1 Ll I 1 L L 1
partial data 107t 1

*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).

10 Mass scale [TeV]

Model Signature  [Ldt [fb7] Lifetime limit Reference
RPV x§ — eev/euv/uuv  displaced lepton pair ~ 20.3 | x? Iife;ime' m Sm— " rzaomm ) o m(é)= ;-;ITP-V, mtlr?)='1-f;Te'V' 1504.05162
GGM X‘l’ —27G displaced vtx + jets 20.3 X‘l) lifetime m(g)=1.1TeV, m(x?)= 1.0 TeV 1504.05162
GGM X? - 2G displaced dimuon 32.9 X‘l) lifetime 0.029-18.0 m m(g)=1.1TeV, m(y})= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 20.3 x‘l’ lifetime — SPS8 with A= 200 TeV 1409.5542
AMSB pp — xix3.x{x]  disappearing track 20.3 Xf lifetime _ m(xy)= 450 GeV 1310.3675
AMSB pp — xix9.x) x;  disappearing track 36.1  [xj lifetime 0.057-1.53 m m(x;)= 450 GeV 1712.02118
AMSB pp - i3 xfx;  largepixel dE/dx  18.4 [ x7 lifetime . 131:90m m(xi)= 450 GeV 1506.05332
Stealth SUSY 2 ID/MS vertices 19.5 | § lifetime 0208 M m(2)=500GeV 1504.03634
Split SUSY large pixel dE/dx 36.1 g lifetime >09m m(g)= 1.8 TeV, m(y?)= 100 GeV 1808.04095
Split SUSY displaced vtx + E}“‘“ 32.8 g lifetime 0.03-13.2 m m(g)= 1.8 TeV, m(y})= 100 GeV 1710.04901
Split SUSY 0(,2-6jets +EM 361 g lifetime 0.0-2.1 m m(g)= 1.8 TeV, m(y?)= 100 GeV | ATLAS-CONF-2018-003
H-—ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.18-120.0 m m(s)= 25 GeV 1902.03094
FRVZ H — 2y4 + X 2 e, pu-jets 203  |alieline 0-3 mm m(yq)= 400 MeV 1511.05542
FRVZH - 2yy + X 2 e—, u—, n—jets 3.4 vd lifetime 0.022-1.113 m m(ya)= 400 MeV ATLAS-CONF-2016-042
FRVZH — 4yqg + X 2 e—, u—, n—jets 3.4 vd lifetime 0.038-1.63 m m(yq)= 400 MeV ATLAS-CONF-2016-042
H— ZyZy4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H— ZZ4 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.22-5.3 m m(Zy)= 10 GeV 1811.02542
VHwith H — ss — bbbb 1 -2(+ multi-b-jets  36.1 |slifetime 0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
$(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o xB=1pb, m(s)= 50 GeV 1902.03094
$(600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5 m o xB=1pb, m(s)= 50 GeV 1902.03094
d(1TeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o xB=1pb, m(s)= 150 GeV 1902.03094
HV Z'(1 TeV) — qvqv 2 |D/MS vertices 20.3 s lifetime o x B=1pb, m(s)= 50 GeV 1504.03634
I HV Z'(2 TeV) — q,q, 2 |D/MS vertices 20.3 s lifetime | oxB=1 plb, m(s)= 50 GeV 1504.03634
0.01 0.1 1 10 100 cT [m]
a1l r 0 3l r gl M AR 1 r a3 s aaaal PR B S AT
*Only a selection of the available lifetime limits is shown. 0.01 0.1 1 10 100 T [nS]
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New physics searches overview (ATLAS)
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e Z(VV )X [arxiv:1705.10751]
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Leptoquarks Heavy Gauge Bosons

Excited
ns Fermions

Contact
Interacti

Extra Dimensions

Dark Matter

New physics searches overview (CMS

SSM Z'(11)

SSM Z'(q3)

LFVZ', BR(eu) = 10%

SSM W'(fv)

SSMW'(q3)

SSMW'(tv)

LRSM Wz(INz), My, = 0.5M,,
LRSM Wz(tNz), My, =0.5M,,
Axigluon, Coloron, cotd =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 =05
scalar LQ (pair prod.), coupling to 3 gen. fermions, =1
scalar LQ (single prod.), coup. to 3™ gen. fem_, B =1,A=1

excited light quark (gg), A=m,

excited light quark (gy), fe=f=F=1,A=m_
excited b quark, fo=f=f=1, A=m,

excited electron, fe=f=Ff =1, A=m_
excited muon, fe=f=Ff=1LA=m_

quark compositeness (gg), nuse=1
quark compositeness (), Nues=1
quark compositeness (9§), Nuss= —1
quark compositeness (), Nues= -1

ADD (jj) HLZ, nen=

ADD (yy. #) HLZ, nec, =3
ADD Gux emission,n =2
ADD QBH (jj), nen=

ADD QBH (ep), nen =6

RS Gux(93. 99). kiMz= 0.1
RS Gux(28), k/M, =01

RS Gl yy), kiMe; =0.1
RSQBH (jj), nen =1

RS QBH (ep), new =
non-rotating BH, M, = 4 TeV, nep, = 6
split-UED, u=4 TeV

(axial)vector mediator (yx), 9:=0.25, gom =1, m, =1 GeV
(axial)vector mediator (9G), 9, =0.25, gom=1,m, =1 GeV
scalar mediator (+t/th), 9.=1.9cu=1.m, =1GeV
pseudoscalar mediator (+t/tt), 9. =1, goy= 1. m, =1 GeV
scalar mediator (fermion portal), A.=1,m, =1 GeV
complex sc. med. (dark QCD), m,, =5GeV,cty, =25mm

Type lll Seesaw, B, =8,.=8.
string resonance

M.

MiSoma

Mraa
M,.

1“_1 -

n“;

Overview of CMS EXO results

CMS

36 fb~! (13 TeV)
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1806.00843 (2j)
1802.01122 (ep)
1803.11133 (£ + EF™)
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1811.00806 (27 + 2j)
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1811.01197 (2e + 2j)
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1812.10443 (21)
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1809.00327 (2y)
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1805.06013 ( = 7j(£, y))
1803.11133 (£ + E7™)
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56
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36
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82
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1712.02345 (= 1j + E7™)

1806.00843 (2j)

1901.01553 (0,1 + =3j +EF™) 029
1901.01553 (0, 1+ =3j +EF™) 03
1712.02345 (= 1j + E7™)
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26

1708.07962 (= 31)
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

10

mass scale [TeV]

10.0

January 2019

RPV SUSY, T — bl, m{t) = 420 GeV
8 TeV, 19.7 fb" (displaced leptons)

H— XX (10%), X — ee, m(H) = 125 GeV, m(X) = 20 GeV
8 TeV, 19.6 fb™' (displaced leptons)

H— XX (109%), X — uw, m(H) = 125 GeV, m(X) = 20 GeV
8 TeV, 205 fb" (displaced leptons)

GMSB SPS8, 7. — Gy, m@%)) = 250 GeV
8 TeV, 19.7 fb” (disp. photon conv.)

GMSB SPS8, %, — Gy, m( ) = 250 GeV
8 TeV, 19.1 fb”" (disp. photon timing)

RPV SUSY, m(@) = 1000 GeV, m(%,) = 150 GeV
8 TeV, 185fb" (displaced dijets)

RPV SUSY, m(@) = 1000 GeV, m(3.) = 500 GeV
8 TeV, 185 fb" (displaced dijets)

~

AMSB ¥, % — %, + =, m() = 200 GeV
8 TeV, 19.5fb" (disappearing tracks)

cloud model R-hadron, m(@) = 1000 GeV
8 TeV, 18.6fb" (stopped particle)

AMSB 7, tan(B) =5, u >0, m('i:) = 800 GeV
8 TeV, 18.8fb" (tracker + TOF)

AMSB i. tan(p) = 5, u >0, m(% ) = 200 GeV
8 TeV, 18.8fb" (tracker + TOF)

CMS long-lived particle searches, lifetime exclusions at 95% CL

10 102 1

10'°

10'2
ct [m]
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May 2018

LQ (ej) x 2
LQ(ej)+LQ(vj), F=0.5
Single LQ (ej),A=1

LQ (v j) x 2

LQ (1 j) x 2

LQ (uj) +LQ(vj), =0.5
Single LQ (1 j),A=1
LQ(vt)x2

LQ(Ttt)x2

LQ(vb)x2

LQ (Tt b)x2

Single LQ (tb),A=1

Scalar LQ

LQ(vj)x2
LQ (v b) x 2

LQ(vt)x2

(LQ model used: 1801.07641)

Vector LQ

LQ = 1st gen. 2nd. gen. Full 2016 dataset
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LeptoQuark mass (TeV)

CMS Preliminary
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95% CL exclusions

/S

Observed

Expected
I,/ M, <~5%

tt resonance, [arXiv:1810.05905]
35.9 b, 13 TeV

T,/ M, <~10%

Boosted Dijet+y [EXO-17-027]
35.91fb", 13 TeV

Boosted Dijet [EXO-18-012]
77.0fb", 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.7 b, 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7 b, 8 TeV

Dijet scouting [arXiv:1806.00843]
35.9fb", 13 TeV

Dijet [EXO-17-026]

77.8 b7, 13 TeV

I,/ My, <~30%

Broad Dijet [arXiv:1806.00843]
35.9 b, 13 TeV

T,/ M, <~100%

Dijet x [arXiv:1803.08030]
35.9fb" 13 TeV
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