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Where do we stand:
Just a few years agoE
SUSY right around the corner! New WO, zO, multiple Higgses!

Very non-standard Higgs, or even no Higgs!

Dark Matter @ LHC, extra dimensions!



ATLAS EXxotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 [L£dt=(3.2-139) fo? Vs=8,13TeV
Model t,y Jetst ET™ [rdi[] Limit Reference
L] L] L] I L] L] L] L] L] L] L] I L] L] L] L] L] L] LI ) I L] L] L] L]
ADD Gkk +g/q Oe,u 1-4] Yes  36.1 Mp 7.7 TeV n=2 1711.03301
2 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
.S  ADDQBH - 2] - 37.0 M 89TeV n=6 1703.09127
2  ADDBH high ¥ pr >leu > 2] - 3.2 M 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
QE) ADD BH multijet - >3] - 3.6 M, 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
3 RS1 Gk — yy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp; = 0.1 1707.04147
® | Bulk RS Gkx » WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; =1.0 1808.02380
= Bulk RS Gkx — WW — qqqq Oeu 2J - 139 Gk mass 1.6 TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
W Buk RS gk — tt Te,n >1b >1J/2) Yes 361 | &k mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP leug =22b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AWD - tt) =1 1803.09678
SSM Z' — ¢t 2e,p - - 139 Z’ mass 5.1 TeV 1903.06248
» SSMZ" - 17 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z’ — bb - 2b - 36.1 Z' mass 2.1 TeV 1805.09299
8 Leptophobic Z" — tt 1eu >1b,>1J/2j Yes 36.1 Z’ mass 3.0TeV r'm=1% 1804.10823
Q SSM W’ — ¢ty lepu - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SSM W' -1y 17 - Yes 361 | W mass 3.7 TeV 1801.06992
a HVT V' - WZ — qqqq modelB O e, u 2J - 139 V’ mass 3.6 TeV gv =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 Wgr — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wk — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
- Cl gqqq - 2j - 37.0 A 21.8TeV 7, 1703.09127
QO  Clétgq 2epu - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt >1ep 21b,21] Yes 36.1 A 2.57 TeV [Cael = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mped 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 Mued 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
a VVy EFT (Dirac DM) Oeu 1J,<1j  Yes 3.2 M, 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0O-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y =0.4,1=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 15t gen 12e >2j Yes 36.1 LQ mass 1.4 TeV p=1 1902.00377
Q  Scalar LQ 2" gen 1,2 >2j Yes  36.1 LQ mass 1.56 TeV B=1 1902.00377
~ | ScalarLQ 3" gen 27 2b - 36.1 | LQumass 1.03 TeV B(LQY - br) =1 1902.08103
Scalar LQ 3" gen 0-1e,u 2b Yes  36.1 LQg mass 970 GeV B(LQY — t1) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
s o VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
S § VLQ T5/3Ts/3Ts;3 > Wt + X 2(SS)/23epu>1b,21) Yes  36.1 Ts3 mass 1.64 TeV B(Ts3 = Wt)=1, c(Ts;3Wet)=1 1807.11883
:‘,':’ 2 VLAY - Wh+X lepu 21b,>1] Yes  36.1 Y mass 1.85 TeV B(Y — Wh)=1, cr(Wb)=1 1812.07343
VLQ B —» Hb+ X Oeu,2y 21b,>1j Yes 79.8 B mass 1.21 TeV k=05 ATLAS-CONF-2018-024
VLQ QQ —» WqWq Teu z4]  Yes 203 [lQassEeo0Gevl 1509.04261
5 @ Excited quark g — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) ATLAS-CONF-2019-007
Q 8 Excited quark ¢* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
g E Excited quark b* — bg - 1b,1]j - 36.1 | b* mass 2.6 TeV 1805.09299
W & Excited lepton (* 3eu - - 20.3 = A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw 1en >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
S Higgs triplet H** — ¢¢ 2,3,4 e,u (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
= Higgs triplet H** — ¢r et - - 20.3 DY production, B(H;* — 1) = 1 1411.2921
O 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
- ‘/§=13TeV v;=13Tev AN | 1 1 r ol 1 1 1 1 Lol 1 1 1 1
N -1
partial data full data 10 1 10 Mass scale [TeV]

Remarkable success of SM, through an incredible variety of tests/searches
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CMS (preliminary) May 2019 ATLAS Preliminary
Vs=8,13TeV

Reference

Overview of SUSY results: squark pair production
36/137 fb*! (13 TeV)

1711.03301

pp I Ff- 1707.04147

£1ot49 1708.09127
BH 1606.02265
BH 1512.02586
1707.04147

2" opposite-sign: - arXiv:1711.00752 1808.02350
= e

1804.10823
)=1 1803.09678

1ususae009 @05 1903.06248

1805.09299

['2" opposite-sign: arXiv:1807.07799  z=0.5 1804.10823

CERN-EP-2019-100

1801.06992
ATLAS-CONF-2019-003

1712.06518

AM < 80 GeV (max. exclusion) 1807.10473

8R 1904.12679

t1 bki ! bw k9

t1 (t+9/bEE 1 bW+9)

£1 bfpe

AM < 80 GeV (max. exclusion)

1703.09127
1707.02424

AM < 80 GeV (max. exclusion), z = 0.5 1811.02305

f! b"i ! bfﬂl—?_ AM < 80 GeV (max. exclusion), z = 0.5 VoL

1846 AM < 80 GeV (max. exclusion), z = 0.5 =1GeV 1711.03301
1711.03301

02110,1707.03318M < 80 GeV (max. exclusion) 1608.02372
=10 GeV 1812.09743

! ckd

t1 bEE 1 b#TI b#"?
t1 HEg! Ht4?

to1 ZIHEL ! Z/Ht49
! Z6 ! Zt4?

1902.00377
1902.00377

AM;, = M, BF = 50%, M;, =200 GeV 1902.08103
1902.08103

AM{] = Mt, M{l =200 GeV

AM;I = Miv M{l =200 GeV
1808.02343
1808.02343
= I 53 Wt)=1 1807.11883
bb b)=1 1812.07343
ATLAS-CONF-2018-024
1509.04261

pp !
b1 b9

B! b:3! bH+Y
Bl o471 twW k]
B1 be31 (b"1 b™ED)/ (bZ+9)

AMgg = 130 GeV

) ATLAS-CONF-2019-007
Mgy =50 GeV q°) 1709.10440
1805.09299
1411.2921
1411.2921

pp ! €€l ATLAS-CONF-2018-020
= gr 1809.11105
1710.09748
sir)=1 1411.2921
1812.03673
5, spin 1/2 1905.10130
—

g! gk?

250 500 750 1000 1250 1500 1750
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o
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Remarkable success of SM, through an incredible variety of tests/searches
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Where do we stand:

Just a few years agoE

SUS Y ighistueere=e To ner

Ver

“Higgses!

Da nsions!

Still possible that one of these scenarios is lying just out of reach & will be dug
up with more data. However, mass limits will increase very slowly in next phase
of LHC

- LHC as a precision machine, look for indirect e!ects of new physics

- leave no stone unturned



Go heavy: Elective Field Theory (EFT) Approach

New physics may be too heavy to make on-shell at the LHC
Instead, look for its indirect e"ects on SM processes

5/

5/



Go heavy: Elective Field Theory (EFT) Approach

New physics may be too heavy to make on-shell at the LHC
Instead, look for its indirect e"ects on SM processes
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Go heavy: Elective Field Theory (EFT) Approach

New physics may be too heavy to make on-shell at the LHC
Instead, look for its indirect e"ects on SM processes

5/ 51/ 5/
< = +" (pYIM)
1
>/ p2' M2 5/ Mz 5/

E"ective vertices with only SM particles, expansion in derivatives = SMEFT

; ('I ('I
BSM / SM particles

Program: study SM Pnal states, look for deviations. Clean processes usually the
most sensitive: A # !l pp# 4", dibosonsE
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Go heavy: Elective Field Theory (EFT) Approach

New physics may be too heavy to make on-shell at the LHC
Instead, look for its indirect e"ects on SM processes

5/ 5/ 5/

5/
» Il (p2/M4)
1 1
51/ 5 —

p2! M2 5/ M 2 5/

Including SMEFT terms:
2 E2 E4 2 E4
AIP= Ay "+ —5Re(AG, A+ o7 1A6l” + —-Re(Ag, Ag) %
f AN

interference piece (new physics)?



Go heavy: SMEFT

(* also CP structure)
Higher dimensional operators can have di"erent Lorentz/derivative structure than SM!

g5 CHw a \asau! , CH!
eX.) I—EFT ' 2 H HWM!W + T2 H H! (H H)
| | PGY OQOGF
W+ P FGRGPFGF

5/ VGTO
2m\2N’ I CH 1 V& 8 CcHw

\q Anw (p)W (q) a1l 1+ 4'|2 t(paqqu " qup)—

For more handles to tease out new physics e"ects, look to di"erential distributions:
Higgs distributions are a natural target

SM fMeEFT
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Go heavy: SMEFT

Well dePned mapping from UV theory # EFT# comparison with data

Models

G

Cse = (4?5)2 %

CGW - (4?2)2 %

Cc = %5210

Cow = (4?2)2 %

CB = (4g!!§2 210
Vu

EFT

[Gaillard O86,Henning et al !
1412.1837,1604.01019,!
de Blas et al1711.10391]

Ratio w/ default MC + XH

—

L PR R T
0 50

#j# '
- “ < XH = VBF+VH+ttH+bbH

1% : - $
14 2
C. = h{ 3 1+ ;glzczl + 19 % 7 X¢ 1+ L(92+2 g'%)ca + 7 X¢
H (41)2 4 3 h? 12 hf 6 m?2 14 h? 30 m2
Ill # n t- # $ t-
4 2 2 2 2 4
C. = hi 1 1+1902! | 1X¢ 1+;902! +th
T = @)Za 27h7 ° 2mZ 2 h? 10m?
. !n , #2 ) n ) 2 # 4$
Co = hy 1 94 19 ¢ 1 3X{ 14 1 B9°*+g%)ca 4 3 X¢
R (41)2 2 h? : 2m§ 12 h?2 10 m:}_
2 2
Cn = Nt 1X{
D (41)2 20 m?2
S’ [ LI T ' T T l.l .I 1 17 l LI B B I LI B B l LI B R I LB l-
> | ATLAS Preliminary H-yy, Vs =13 TeV, 36.1 fb" |
:?9_2 -4 data, tot. unc. syst. unc.

m,, =125.09 GeV
£ gg—H default MC + XH

Il 99H RadISH+NNLOJet + XH]

|

| 1

100

" PR PO SR TR T SN TR T ST T N TR S ST
150 200 250 300 350
Ge

Torr



Go heavy: SMEFT

Recent results: global bts to Higgs data + LEP I/l

[Ellis et al 1803.03252]

0.1 . ]
I , [Plehn et al 1812.07587]%
"] 1 a2 95%CL 1
-2 ' ' ' ' ' ' ' ' ' '
0.05 - - [TeV™] — Runl | ['
i i 10 F . — Runl+ll
k‘ T ‘ - 1 ' - T — B . -- |
0.1l ¢ } I { } ’ 6 i > ¢ | } 1 )
: ® ¢ ¢ 7 3
V : } : NEH | ¢, | :
R ] 1 ] 1 1 ol 3
005 - R i ST T I |
I | « pre-LHC Run 2 only | -10 F
01 All data ] | )
0.1 | | | | | | | | | | | | | | | | 1 | | _1 5 Q[t’@f
T 3 3 0 5 8 8 geossEscSSes 2 oE 28 ¢ o% ok
CESSOSOgURNTUSE EP TP W
lE \2 '2 = ‘2 '2 = % e,é/ % 4 ¢ 4> @k 6 2

What®s next? [see talk by Tian ]

& = NP scale = where you want to put the next collider, so knowing the uncertainty is
important

May require EFT + NLO SM, or dim-8 EFT

9



Go heavy: SMEFT

Recent results: global bts to Higgs data + LEP I/l

[Ellis et al 1803.03252]

01 ‘ i [Plehn et al 1812.07587]3
i 2 95% CL
| ) T r'rff.l\\l'21| I I I I I I [
0.05 - 1
Nl l [1803.03252, using de Blas et al 1711.10391] _
oLl ¢ % ? Model X2 | x%/ng Coupling Mass / TeV ‘} 1 ]
* E 157 | 0.993 INe|? < 1.2410 2 Mg > 9.2 H t 4]
o5l IS " 156 | 0.990 I\ < 1.9410' 2 M., > 7.3 | 1
o # 157 | 0.992 I\ |* < 2.9410' 2 My > 5.9
: Qs 156 | 0.990 |Aos|” < 0.18 Mo, > 2.4
-0~ T, 157 | 0.992 |Ar,|” < 7.1410' 2 Mr, > 3.8
[:Q s Q (S}
P § 7

| \ i I/“ I/'
| L4, ¢
7,

What®s next? [see talk by Tian ]

& = NP scale = where you want to put the next collider, so knowing the uncertainty is
important

May require EFT + NLO SM, or dim-8 EFT

9



Go color neutral:

LHC is great at producing of colored states = bt well with naturalness solutions
with colored top-partnersO, etc. close to TeV scale

Much weaker limits for uncolored states: squark limits ~ 1.5 TeV vs. electroweakino
limits ~ 300 GeV)



Go color neutral:

Much weaker limits for uncolored states: squark limits ~ 1.5 TeV vs. electroweakino
limits ~ 300 GeV)

Lots of model building recently working to solve hierarchy problem using color
neutral partners = neutral naturalnessO.

Scalar Top Partner Fermionic Top Partner

Colored
Top Partner

Compositeness/VWarped

Supersymmetr - :
persy Y Extra Dimensions

EWV-charged
Top Partner

Folded SUSY Quirky Little Higgs

[Chacko, Harnik, Goh, Burdman] [Cai, Cheng, Terning]

Hyperbolic Higgs

[Cohen, Craig, Giudice, McCullough]

Neutral Top
Partner Trlpled TOP

[Cheng, Li, Salvioni, Verhaaren]

Twin Higgs
[Chacko, Harnik,Goh]
[Barbieri, Gregoire, Hall]

Table from B. Batell [Table inspiration from Curtin,Verhaaren]



Go color neutral:

Much weaker limits for uncolored states: squark limits ~ 1.5 TeV vs. electroweakino
limits ~ 300 GeV)

Lots of model building recently working to solve hierarchy problem using color
neutral partners = neutral naturalnessO.

Scalar Top Partner Fermionic Top Partner

Colored

Top Partner Supersymmetry

EWV-charged

Top Partner Folded SUSY Quirky Little Higgs

[Chacko, Harnik, Goh, Burdman] [Cai, Cheng, Terning]

Hyperbolic Higgs

[Cohen, Craig, Giudice, McCullough]

Neutral Top
Partner Trlpled TOP

[Cheng, Li, Salvioni, Verhaaren]

Twin Higgs
[Chacko, Harnik,Goh]
[Barbieri, Gregoire, Hall]

Table from B. Batell [Table inspiration from Curtin,Verhaaren]



Go color neutral:

Much weaker limits for uncolored states: squark limits ~ 1.5 TeV vs. electroweakino
limits ~ 300 GeV)

Lots of model building recently working to solve hierarchy problem using color
neutral partners = neutral naturalnessO.

Scalar Top Partner Fermionic Top Partner

Colored

Top Partner Supersymmetry

EWV-charged

Top Partner Folded SUSY Quirky Little Higgs +

[Chacko, Harnik, Goh, Burdman] [Cai, Cheng, Terning]

tr, IR
' -
Hyperbolic Higgs P \i
Neutral TOP [Cohen, Craig, Giudice, McCullough] Twi . ‘
: win Higgs
Partner Tripled Top 8 o ¢
[Chacko, Harnik,Goh] e O .. _

[Cheng, Li, Salvioni, Verhaaren]

[Barbieri, Gregoire, Hall]

+ extra Higgs, mixes
Table from B. Bate” [Table inspiration from Curtin,Verhaaren] W|th SM nggs

YaQaHaUA + YgQgHpUs + #| H |i| Hg °



Go color neutral:

LHC limits weaken even further if we have no BSM MET

ex.) new lepton with vector-like charge assignments under U(1) v, talks primarily to tau

[Bhattiprolu, S. Martin 1905.00498]

'L’/ v
1 A
2/l W
4
e Y7 >
% /2 Z/h '\/\/ Best limit: LEP Il
‘f/ ‘/‘6

Could be: the lightest stu" from heavy SUSY/compositeness
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Go color neutral:

ex .) new SU(2)y triplet scalar, talks to SM fermions via higher dimensional operators

€ < [Kribs, AM, Ostdiek, Tong 1809.10184]
/
{ c?f i« b Y
/ . YuQ$HUY v L He %'

& decay $ + %

1 v v *(pp# %% too)

Could beE a remnant from solutions to other SM shortcoming (DM)

8 TeV limits > 13 TeV limits, as 13 TeV analyses focus on heavier stu! with BSM MET

Model independent, multi-lepton searches at 8 TeV (ATLAS 1411.2921, CMS
1404.5801) are great & extremely powerful N would be great to have 13 TeV versions

13



(SM)(BSM)

Go long lived: & (x

I\/Imediator
A ) t t
Even weaker connections: Higgs OportalO, photon portal, heavy mediator portal, etc.
o
#|H |°9%

SM BSM

hidden by weak
coupling rather than
high mass

\ L=

Portal

If SM <-> BSM connection is su%ciently weak # long lived particles (LLP) !!
Show up as exotic decays of SM particles and/or displaced vertices.

b

o) /kb
{ i S0 G,.

9

Neutral
naturalness signal!

14



Go long lived:

LLPs are an ingredient in many motivated' UV scenarios

Motivation | Top-down Theory IR LLP Scenario
RPV SUSY
GMSB
mini-split SUS Y= a
Stealth SUS¥ BSM=/t LLP
. (direct production of BSM state at
Naturalness AXinos _ LHC that is or decays to LLP)
Sgoldstinos

Dark Matter

Baryogenesis

Neutrino
Masses

UV theory

Composite Higgs

Relaxiori

Asymmetric DM
Freeze-In DM

Hidden Valley ==

confining
sectors

Co-Decay

Co-Annihilation

Dynamical DM
|

WIMP BaryogeneSis————————

SM+S

SM+V (+Se=1.. exotic Z!
' decays

Exotic Baryon Oscillations
Leptogenesis
|

i\/linimal RH Neutrine

with UL ZO
with SU(2k Wk

long-lived scalars

exotic Higgs

with Higgs portat
from ERS

Discrete Symmetries

decays

exotic Hadron
decays

table from D. Curtin

15



95% CL Upper Limiton o x B, _, . [pb]

Go long lived:

Neutral LLPs: often di%cult to trigger on and with hard to predict backgrounds, but
lots of attention recently

(see talks by Pro%tt, Adams, Rifki, Gan,..)
ex.)
ATLAS VH, H-> 2a -> 4b$
ATLAS displaced jets 1811.07370 1806.07355 CMS non-prompt jets 1906.06441

p f

W
\!
.\H |
o]

2 e 137 b (13 TeV)
10°E T E 10
E ", E g | é ‘ :J ] e E TTT | T T T TTTT I T T T T 1T IjE:
B ' 1 = s5LB: ATLAS F ] - F CMS 95 % CL upper limits ]
- 1 = C 2 ] ; S . A ~ |
10 — :tr - g Vs=13TeV, 36.1fb™ 510°= PP—> 90, 9—>9g+G —— Observed —=
g I 9 y o E = 3
E E © 4 - o — m, =20 GeV —e- Observed 3 - m; = 2400 GeV - Expected median + 16, ..o :
L 1 ¥ i —m,=60GeV -o&- Expected ] B 102 & Exocted median + 2 _
Pt L | e = -- Expected median +2 6., . imen 3
1 - o B %u(Pp# VH) i o = periment 3
- 3 ¥ 3Le: — c r _ , » ]
C . = - m @) CMS displaced jets (36 fb™)
- 1 X - B = 10 E
| I 1 5 - o | g e NLO+NLL Gy (PP — § ) 3
10° 5_m¢=200 GeV . - E % 25 - 5 -
F —m,=8GeV el . 1 € - e Q 1 2
- aeeemg =25 GeV ATLAS i f - e i g_ = / s
B m, = 50 GeV (s=13TeV,36.1fb" 4 @ 1 N > -~ - 3
10—2 Lol Lol Lol Lol & - o B O . o — "
-2 o 2 =] - . 107" & -
10 10 1 10 10 2 L i 32 = E
Scalar proper lifetime (ct) [m] g ol \ \ ] 8 - :
S "1
2 10 1 102 |2 .|3 |4 ]
CT, (Mm)
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e diee o sruks 1.

95% CL Upper Ling

Go long lived:

Neutral LLPs: often di%cult to trigger on and with hard to predict backgrounds, but
lots of attention recently

(see talks by Pro%tt, Adams, Rifki, Gan,..)

ex.)
ATLAS VH, H-> 2a -> 4b$

ATLAS displaced jets 1811.07370 1806.07355 CMS non-prompt jets 1906.06441

|i
g
p f : Q>
5 Q
. _ q Ve p & > a
S I %
(7 2z2%" f W b ‘éb""

— /.‘ " = _ ,,A./,Ai‘e‘ﬁ.,‘ e :

LHC upgrades to trigger/timing could have a big impact N see 1903.04497
(talk by Flowers)

)
Complementarity between ATLAS/CMS detectors & new dedicated LLP experiments/
proposals: MATHUSLA, CODEX-B, FASERE E
I i Il SIS "ﬂ"'“ Al et 59 s s S 5P S .4. = " . ) MSdisplaciets(sé") E
v . 1 X - : ; . = 10 = —=
107" E m, =200 GeV : —: 5 zio E E = NLOANLL Goear (PP > § ) i
g f_z::ifgjv T Tias 1E | . E [ ) ] 2 e / £
m, = 50 GeV (s =13TeV, 36.1 fb" - g 1 ’ N j -~ - ]
Lo S —— S Toila T—— — . O gt b S -
10 10 1 10 10 3 LT e 10 E 5
Scalar proper lifetime (ct) [m] ; oL L ' s F §

L 10t 1 102 | Ll |

¢! [mm] 10° 10° 10* 10°

: ct, (mm)
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Conclusions

& SUSY/Composite Higgs extensions of SM still well motivated, worth pursuing
with full force .. however increasingly strained by null results

& SMEFT: model independent parameterization of physics too heavy to make on
shell. Well debPned, systematic. Lots of directions to pursue, power in di"erential
distributions

" Keep the net wide:

Color neutral states, especially with no BSM MET could still be lurking at light scales.
Keep the model independent searches coming!

Long lived particles: generic feature in many models, including “neutral naturalO
setups. New frontier! Many innovative ideas but lots of space left to explore

Looking forward to more data & results! Thank you!
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t Go compressed:

Yo

Yo

mass Hiding spot as the decay products of the ## )+ SM process are soft

14
14

—

-
—

’ production,?1—> t 'Z? / ‘tz—) Wb i? / Y1—) c )Z? Status: Moriond 2014
I

L I LI | L L | LI I LI [ I | I LI I —

ATLAS Preliminary L,=20-211b"1s=8TeV L, =4.7f"1s=7 TeV_T]

1]

X EEoLtot s oL CONF-2013-024 oL [1208.1447)

=HiLt-ty 1L CONF-2013-037 1L [1208.2590]

350 B 2Lty 2L [1403.4853) 2L [1209.4186)
BEEaoLt->Wb )“cf 2L [1403.4853)

. N ~0 ’
£ OL mono-jetc-tag,t,— ¢ X, OLmono-jet/c-tag CONF-2013-068 -

Illllllllllllllllllllllll]ll

300 CDF 2.6 b [1203.4171]
—— Observed limits === Expected limits
250 [ Alllimits at 9?% CL
&4y
200 /
150
100f

Plenty of other examples, e.qg.
degenerate chargino-neutralio

IllIlIIIIIIIIIIIIlIllIlIIlIIIIIlIIIIII
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Using a wider range of search strategies (monojets, monotop, etc.),
parameter space has really been Plled in with the last few years
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Hiding spots remain, but itOs getting a lot tougher

(talk by Chen)



Twin Higgs done more correctlyE

—— hot SM colored

yt QA HA UA + yt QB HB UB A <-> B related by Z>

Combine Ha, Hg, they have a SU(4) global symmetry that breaks at f

SM h is Goldstone from SU(4) breaking
e O

Y Qahuy ! thBTuB



Chase the anomalies!

&For the theorists: OmotivatedO models havenOt shown up, so keep broadening our scope

&For the experimenters: DonOt let Ono theory paper exists with that particle/bnal stateO
stop you

Even if anomaly fades, creative e"orts lead to new models/revitalize old models/
point out issues In search strategies!
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