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Outline for Part IV

New bosons
Excited leptons
Extra dimensions
New resonances
Vector-like quarks
Leptoquarks
Other Exotica

/—

“This could be the discovery of the century. Depending,
of course, on how far down it goes.”

Disclaimer: completely unbalanced
set of results from CMS and ATLAS
No attempt to have latest results
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Quarks

Leptons

Some of the open questions
(i.e., the need for new physics)
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Three Generations of Matter

1ers

Force Carr

* Who ordered 3 generations?
o Matter/Anti-Matter ?

* Hierarchy Problem ...
e Unification at Large Scale?
e Dark Matter in the Cosmos?
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Excited Leptons

Composite models try to understand the
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Events / 150 GeV

Significance

Excited quarks g* = qy

Composite models try to understand the
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Extra Dimensions

Alternative to solve
Hierarchy Problem

Extra spatial dimensions
explain the apparent
weakness of Gravity
(relevant scale ~ 1 TeV)

G

mono-jet

- |In which G can propagate

A)D

Arkani-Hamed, Dimopoulos, Dvali,
Phys Lett B429 (98)

Many large compactified EDs
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Randall, Sundrum,
Phys Rev Lett 83 (99)
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Extra spatial dimensions
explain the apparent

/AN &9 weakness of Gravity
N
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Limits on M beyond 5 TeV
(a real challenge of the model validity)
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Number Of Extra Dimensions
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JHEP08(2014)103

JHEP 07 (2015) 032
QBH

(production of Black Holes in models with extra spatial dlmensmns)
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Spectacular Events.. Large Multiplicities of Jets and Leptons.... No surprises'yet
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Events

Data / Bkg

Dileptons @ 13 TeV
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— No real surprises at the edge of the phase space yet
- Limits on Z’ for different models (leading to different couplings)
- Also considering a model with a 20 TeV 2’ (implemented as a contact interaction)
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Dlphotons @ 13 TeV
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Only more data will tell
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Dijets

Phys. Rev. D. 91, 052007 (2015)

Dijet mass spectrum fitted to the functional form
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Early 13 TeV Results
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ATLAS-CONF-2015-042

Early 13 TeV Results
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ATLAS-CONF-2015-046 QBH Search at 13 TeV
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Significance

Excited quarks g* = qy

Composite models try to understand the
Lepton/quark degeneracy and usually
predict the presence of excited states

- Now interpreted as a QBH search...
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High-mass diboson resonances with
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New look @ 13 TeV data

ATLAS-CONF-2015-073
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T z

™. The new data at 13 TeV did not confirm

the 8 TeV result: bad luck...
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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2016 [Ldt=(32-203) b Vs=8,13TeV
Model Ly Jetst ET™ [raifi] Limit Reference
T T — T T T T T T — T T T TTTT T — T
ADD Gkx +&/q - 21 Yes 32 |Mp 6.58 TeV n=2 160407773
ADD non-resonant £ 2epu - - 20.3 n=3HLZ 1407.2410
ADD QBH - (q 1epu 1j - 20.3 n==6 1311.2006
ADD QBH - 2j - 36 8.3 TeV n=6 151201530
ADD BH high Y, pr >lepu >2j - 3.2 8.2 TeV n=6, Mp =3TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
RS1 Gyy — € 2ep - - 20.3 k/Mp = T
RS1 Gkk = vy 2y - - 20.3 k/Mp =
Bulk RS Gkx — WW — qqlv Teu 1J Yes 32 | Gyk mass 1.06 TeV k/Mp = N
Bulk RS Gkx — HH — bbbb - 4b - 32 | Gkk mass 480-770 GeV k/Mp = o
Bulk RS gk — tt le,u >21b>1J2) Yes 203 BR=0.92
2UED/RPP leu 22b,24] Yes 32 | KKmass 1.46 TeV Tier (1), cowee vy o e v v
SSM Z’ — ¢ 2epn - - 32 | Z mass 3.4 TeV ATLAS-CONF-2015-070
SSM Z' - 7t 27 - - 195 |z o2 eV 1502.07177
Leptophobic Z’ — bb - 2b - 32 | Z' mass 1.5 TeV 1603.08791
SSM W’ - tv Teu - Yes 32 | W mass 4.07 TeV 1606.03977
HVT W’ - WZ — gqvvmodel A O e, u 1J Yes 3.2 | W mass 1.6 TeV 8v = ATLAS-CONF-2015-068
HVT W’ —» WZ — qqqq model A~ — 2J - 32 | W mass 1.38-1.6 TeV. gv=1 ATLAS-CONF-2015-073
HVT W’ — WH — tvbbmodelB  1e,u  1-2b,1-0j Yes 3.2 W’ mass 1.62 TeV gv = ATLAS-CONF-2015-074
HVT Z' - ZH - yvbbmodelB Oe,u 1-2b,1-0j Yes 32 | Z mass 1.76 TeV 8v = ATLAS-CONF-2015-074
LRSM W, — tb tep 2b01] Yes 203 1410.4103
Cl gqqq - 2j - 36 |A 175TeV nmu=-1 1512.01530
Cl gqtt 2e,pu - - 32 |A 231TeV nu=-1 ATLAS-CONF-2015-070
Cl uutt 2e,u(SS) 21b,1-4j Yes 203 [NV ICul=1 1504.04605
Axial-vector mediator (Dirac DM) O e, >1j Yes 32 |ma 1.0 TeV 8¢=0.25, g;=1.0, m(y) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) O e, u, 17y 1j Yes 32 |ma 710 GeV 8¢=0.25, g,=1.0, m(x) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,pu 14,1 Yes 3.2 M. 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 15t gen 2e >2j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
Scalar LQ 2™ gen 2u >2j - 32 | LQmass 1.05 TeV p=1 1605.06035
Scalar LQ 3" gen e 21b23] Yes 203 _ p=0 1508.04735
VLQTT - Ht+ X lepu 22b2>3j Yes 20.3 Tin (T,B) doublet 1505.04306
VLQYY - Wh+ X leu 21b2>3j Yes 20.3 Yin (B,Y) doublet 1505.04306
VLQ BB = Hb+ X lepu 22b2>3j Yes 20.3 isospin singlet 1505.04306
VLA BB - Zb+ X 2/>3e,u  22/>1b - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ —» WqWq 1eu 4] Yes  20.3 1509.04261
Tsj3 = Wt leu 21b2>5] Yes 203 1503.05425
Excited quark ¢* — gy 1y 1j - 3.2 | 9" mass 4.4 TeV only u* and d*, A = m(q") 1512.05910
Excited quark ¢* — gg - 2j - 3.6 q* mass 5.2 TeV only u* and d*, A = m(q") 1512.01530
Excited quark b* — bg - 1b,1j - 3.2 | b*mass 1603.08791
Excited quark b* — Wt lor2e,u 1b,20j Yes 20.3 fe=fi=fr=1 1510.02664
Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Se T - - 20.3 A=16TeV 1411.2921
LSTC ar —» Wy 1eu 1y - Yes 203 1407.8150
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H* — (0 2e,u(SS) - - 20.3 DY production, BR(H;* — ££)=1 1412.0237
Higgs triplet H** — ¢ 3eput - - 20.3 DY production, BR(H;* — ¢r)=1 1411.2921
Monotop (non-res prod) 1ep 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = be 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

107! 1

10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
‘+Small-radius (large-radius) jets are denoted by the letter j (J).

int for BSM ?
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Only time will tell.....



FCC (pp and ee) @ CERN

Quasi-circular tunneliof 80 to'100'km perimeter

Ain Department

Canton of Geneva

. e+ e- collider
Collision energy 90 to 350 GeV
Very high luminosity

“Savoie Department AQJ
2

Hadron collider Schematic of o3
16 T=>100 TeV for 100 km 8_0-1?0 l;m Ionlg
20 T=100TeV for 80 km

Key technologies are high-field magnets for the hadron collider

and an efficient high-power superconducting RF (SRF) system for the lepton collider. B
Aravis




Snowmass report: arXiv:1310.5189

100 TeV pp collisions
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10— e e 10° Process | o (100 TeV)/c (14 TeV)
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It really opens a new energy frontier--- 5



FCC-pp at 100 TeV and considering a

total integrated luminosity of 3 ab-1 Discovery reach

4.5 TeV @ 14 TeV LHC, 300 fb-1

D rEI I-Ya N 5.5TeV @ 14 TeV LHC, 3 ab-1

28 TeV @ 100 TeV, 3 ab-1
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FCC-pp at 100 TeV and considering a
total integrated luminosity of 3 ab-1

Dijets and W’

w
VAVAVA

JATLAS
A EXPERIMENT

| ' ' ' ' | ' ' ' ' ].03 El LI LI I LI I LI I B | I LI I LI l§

U(ij>Mmin) (fb) il .

jet ] I 7

pr > 500 GeV, [nj[<R.5 102 £ M(W)=46.5TeV @ 100ab™* =

‘njetl_njet2‘<1'5 | - .

| ! M(W')=39TeV @ 10ab™* -

] 100 | M(W)=31.5TeV @ 1ab™* -

I 107! E

| 3 W' production, SM-like couplings to quarks 3

Int Lum (ab'l) for 100 Events at 100 TeV ]

...................................................... _ 0_2 L I L I Ly I Ly I Ly I L
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To recover LHC-HL sensitivity
would take 1 pb-1 (1 day operations)

(TeV)

min

M(W") [GeV]

Assuming SM couplings... FCC-pp

could exclude a W’ of 32 TeV
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SUSY Reach for pp @ 100 TeV

100 TeV vs 14 TeV PDF Luminosities, NNPDF2.3 NNLO
108 - ——— T .

------- 40 events in 3 ab™
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M_o [TeV]
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SUSY Reach for pp @ 100 TeV

In terms of Higgs/EWK p ) 1 ﬁ
hierarchy problem t_- X1

[ - { T
p

CL, Exclusion

This scenario implies
a tuning of the level of 0.05%
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» . Dark Matter

1 77/2/ Dark Energy
_ QX X ~ [f(
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Dark Matter @ 100 TeV
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wino | _~ ollider Limits
N\ @) 100 TeV
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Multi-Lepton Limits
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A 100 TeV pp collider would probe the multi TeV WIMP mass [TeV] 44



End Part IV

Thanks for your attention



