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The landscape at the TeV scale

What’s hiding behind/beyond the TeV scale ?

A few crucial questions specific to the TeV scale demand an
answer and require exploration:

® Naturalness
p where is everybody else beyond the Higgs !

® EW dynamics above the symmetry breaking scale
p weakly interacting or strong interacting ?

® Cosmological EW phase transition
p is it responsible for baryogenesis !

® Dark matter
p is TeV-scale dynamics (WIMPs) at the origin of Dark Matter ?



Remarks

® Our field has other open puzzles, associated e.g. to
® neutrinos
® flavour
® axion
®

® These puzzles hint at scales that are typically much larger
than O(TeV), even as large as the GUT scale

® The complete understanding of TeV-scale physics is
necessary to put in perspective and properly interpret the
information about those high scales that may come from
indirect probes (heutrinos, p-decay, coupling unification, ...)



Naturalness



NATURALNESS, CHIRAL SYMMETRY, AND SPONTANEOUS

Naturalness is not a recent “fashion’: it’s an
'HIRAL SYMMETRY BREAKING . e . . . .
{ original sin of the SM itself, first identified by
g s Toodt one of the fathers of the SM
Institute for Theoretical ]"'_'-'.“-it'.“- Aug 1979 3 pp
Utrecht, The Netherlands ;#ro;;v.Study Inst.Ser.B Phys. 59 (1980) 135

o

As we will see, naturalness will put the
severest restriction on the occurrence of scalar particles in
renormalizable theories. In fact we conjecture that this is the

reason why light, weakly interacting scalar particles are not We're ﬁnally
seen.,

there, at | TeV,
Pursuing naturalness beyond 1000 GeV facing the fears

will requ;’.lre thegrie§th3t a}re immensely complex compared with about a |ight
e grand unified schemes. .
some of t g SM nggs
anticipated
A remarkable attempt towards a natural theory was made by
long ago

Dimopoulos and Susskind 2). These authors employ various kinds of
confining gauge forces to obtain scalar bound states which may
substitute the Higgs fields in the conventional schemes. In their
model the observed fermions are still considered to be elementary.
Most likely a complete model of this kind has to be constructed

step by step. One starts with the experimentally accessible aspects
of the Glashow-Weinberg-Salam-Ward model. This model is natural if
one restricts oneself to mass-energy scales below 1000 GeV. Beyond
1000 GeV one has to assume, as Dimopoulos and Susskind do, that

the Higgs field is actually a fermion-antifermion composite field.
CoupIing this Tield to quarks and leptons in order to produce
their mass, requires new scalar fields that cause naturalness to
break down at 30 TeV or so.




® The observation of the Higgs where the SM predicted it
would be, its SM-like properties, and the lack of BSM
phenomena up to the TeV scale, make the naturalness issue as
puzzling as ever

® Whether to keep believing in the MSSM or other specific
BSM theories after LHC@8TeV is a matter of personal
judgement. But the broad issue of naturalness will ultimately
require an understanding.

B The future of accelerator physics should be
tailored to address this question



Way outs
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Way outs

® BSM particles are already being created at the LHC, but are hiding well:

® compressed spectra: low MET, low ET, long lifetime heavy particles, ...
® RPV

® BSM is less “conventional”, fine-tuning or direct search constraints less
tight
e NMSSM

® non-degenerate squarks
o ...

® The scale at which naturalness is restored is higher than the TeV:
acceptable, but becoming less and less “natural” as the scale grows ....

® Naturalness is an ill guided principle = Anthropic principle



EW phase transition and BAU

® Jo generate and maintain a baryon asymmetry at the EWPT we need

® 3 strong |st order phase transition:

® impossible in the SM if my > 60 GeV

® requires modification of Higgs potential, via H interactions with new TeV states
® sufficient CP violation

® not enough through CKM

® need non-CKM CPV in the quark, lepton or Higgs sectors

® most examples engage TeV-scale particles (for V’s could be higher)



Example

2-Higgs double models h° (125), H°, A°, H*
CP=|  CP=l CP=-
= interactions among various H fields can create conditions for strong |st

order transition ( Higgs vev(T.) >T.) - typically favours m(A% > 400 GeV

= mixing of different CP states, even at few % level, is sufficient to induce

enough CPV

Observables:

e additional Higgs states (direct or indirect evidence)
e h%(125) not a CP eigenstate

e electric dipole moments (electron, neutron). Current
EDM(e) close to range of CPV compatible with EWV
baryogenesis

. A°
“h° (125)

L

T A
oA
oY



Dark Matter

Our thinking has shifted ¢ zyrek Aspen 2014

From a single, stable weakly
interacting particle .....

(WIMP, axion)

Models: Supersymmetric light DM sectors,
Secluded WIMPs, WIMPless DM, Asymmetric DM ..
Production: freeze-in, freeze-out and decay,
symmetric abundance, non-thermal mechanicsms ..

..to a hidden world
ith multiple states,
new interactions

Standard Model

ASPEN 2014: https://indico.cern.ch/event/276476/



Evidence building up for self-interacting DM

~ Bullet Cluster « -

® A really large scattering cross section! .
a nuclear-scale cross section

o~ lcm? (mx/g)~2X 10-2* cm? (mx/GeV)

For aWIMP: 0~10-38 cm? (mx/100 GeV)
Hai-BoYu,ASPEN 2014:

SIDM indicates a new mass scale https://indico.cern.ch/event/276476/

More in general, interest is growing in scenarios for EWSB with rich sectors

of states only coupled to the SM particles via weakly interacting “portals”
(see e.g. R.Harnik, BSM@ 100 TeV workshop)




It is appealing to consider that they key to our puzzles lies in a
tighter interplay between the DM sector, EWSB and “naturalness”.

This would be an intellectual revolution without precedents.

Uncovering or disproving a connection between DM and EVSB
should remain a primary target of future programmes



Remarks

Despite the relevance of these questions, and the conviction
that they will find an answer, there is ho guarantee that
such answer will come soon.

There is no absolute no-lose theorem Iin sight, pointing with
absolute certainty to a given experimental facility

The planning of future facilities may need to be driven by
the exploratory spirit that characterized the golden age of
particle physics.

But the directions are clear:

® higher precision studies (of Higgs sector, of EW
interactions)

® higher energy (push the search for “everyone else”)



80-100 km tunnel infrastructure in Geneva area -

design driven by pp-collider requirements
with possibility of e+-e- (TLEP) and p-e (VLHeC)

FCC (Future Circular Colliders)
CDR and cost review

for the next ESU (2013
(including In!ectnrs)

CE/RW
\

N
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Design study for
Future Circular
Colliders

Future Circular Colliders Study

Kickoff Meeting
o UNIVERSITE [E7sY 12-15 February 2014 Search
Q@ DE GENEVE "ﬁ"ﬂ?ﬂ?.'ﬁ.;' FCC University of Geneva, | -

— Geneva
5 'P Europe/Zurich timezone
Webcast: Please note that this event will be available live
via the Webcast Service.

Future Circular Collider Kickoff Meeting



Machines and Technologies Physics

infrastructure R&D activities
conceptual designs Planning

experiments
detectors

Infrastructure High-field magnets Hadron physics ::ICI;'M .
experiments R BIaITOttI
. + interface, integration o
Hadron collider Superconducting
conceptual design | RF systems o* & coll. physics J. Ellis
experiments F. Janot
Hadron injectors Cryogenics interface, integration A.Blondel
) , M. Klein
Lepton collider SN € - p physics and
conceptual design Pe J integration aspects
Safety, operation,
energy management Planning
environmental aspects

Target: conceptual design report (CDR) ready for the next
Strategy Group assessment (~2018)



Parallel activities in the world

Workshop on Physics e

at a 100 T eV C Olli d er Workshop onthed... | LPCmeetingonfu.. |  http://arxiv.org
April 23-25, 2014, SLAC

F d |4 A D»| M = || Filter || iCal export | More «

Workshop Topics LPC meeting on future 100 TeV proton collider
roxe and e chaired by Sanjay Padhi (Univ. of California San Diego (US))

Detector Challenges |

SM at 100 TeV Friday, 31 January 2014 from 08:30 to 15:20 (America/Chicago)
Physics Reach at Fermilab ( Sunrise )

BSM Spectroscop

e 00 1st CFHEP Symposium on circular collider physics (23-February 25, 2014)
. | < | > | | + | @ htp:/findico.ihep.ac.cn/conferenceDisplay. py?ovw=True&confld=4068
& [J] #¥ LPC(9)Y FCCY OSX10.8 events™ Sport¥ Doodlev TMPY LHCC~Y CERN(2)Y CONFY CDFY NEWS(252)~ T

iCal export = More «

Oq_;anizing Committee

Timothy Cohen (SLAC) . . . .
Mike Hance (LBNL) 1st CFHEP Symposium on circular collider physics
Jay Wacker (SLAC)

Michael Peskin (SLAC) 23-25 February 2014

Nima Arkani-Hamed (IAS) IHEP

Asla/Shanghal timezone

www.slac.stanford.edu/th/100TeV.html

+ Fermilab wshop in August



Focus here on pp @ 100 TeV



® Why 100 TeV?

® Need for O(100 TeV) in the cards since the SSC days: fully
explore EWSB, probing in particular unitarization of WW
scattering at m(WW)>TeV, and explore dynamics well above

EVVSB
® Prospects at 100 TeV ?

® Studied in the SSC years, in the framework of what was known at
the time.
® Why we need new studies of “the physics case” ?
® We learned many things since the SSC days.
® Pinned down many unknowns: mep, EWPT, CKM/CPYV and
FCNCs, mH, DM, V masses, gauge couplings (=unification ?), ....

Strongly constrained the options/room for new physics

Developed many new BSM scenarios ...... although with a focus on
the implications for the LHC, ILC, CLIC, TLEP — no thoughts
about 100 TeV !!



There is a strong motivation for a fresh look
at the possible role of phenomena taking
place at the 10 TeV scale

This process is starting now, a lot of work is
required, and it premature to draw conclusions now
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pp at 100 TeV opens three windows:

= Access to new particles in the few—30 TeV
mass range, beyond LHC reach

= |[mmense rates for phenomena in the
sub-TeV mass range =

increased precision w.r.t. LHC

= Access to very rare processes in the sub-TeV
mass range =

search for stealth phenomena, invisible at the LHC
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FCC-hh physics activities documented on:

o http://indico.cern.ch/categoryDisplay.py!categld=5258
o https://twiki.cern.ch/twiki/bin/view/LHCPhysics/FutureHadroncollider

Mailing list exist (see e.g. header of any of the mtgs in the
Indico category above) => register to be kept uptodate

So far:
* 5 preparatory mtgs of the pp WG => sample results

presented in talks in the FCC-hh parallel sessions, Friday

e ) preparatory mtgs of the HI subgroup => sample results
presented in talks in the FCC-hh parallel sessions, Friday

* “BSM opportunities at 100 TeV” Workshop:
e http://indico.cern.ch/event/284800/

PLAN: prepare a report documenting the physics opportunities at
100 TeV, on the time scale of end-2015, ideally in cooperation with
efforts in other regions
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Topics for the forthcoming studies

Extend to 100 TeV discovery-reach studies for high-mass objects
(SUSY, Z’/W’, new fermions, etc.etc.)

Assess precision reach for Higgs and EVSB studies:

H couplings
WWV scattering at masses >> TeV
Higgs-pair production dynamics and H self-couplings

compare indirect sensitivity of precise measurements in e*e~ with
direct sensitivity to high-mass states at 100 TeV

Study limiting systematics:

define priorities for development of theoretical modeling tools

define programme of ancillary measurements to reduce theoretical/
experimental systematics (e.g. PDF measurements, validation of MC
generators, validation of higher-order calculations)

Examine prospects for improved measurements of SM quantities: W/
Z/, top, b: fundamental EW parameters (sin2Ow, mw, meop), rare decays

|dentify new scenarios and opportunities specific to 100 TeV



In particular:

Focus on exposing what are the qualitative changes brought by the access to the 100
TeV region. Address obvious questions such as:

* if we haven't seen something by 14 Tev, why should it show up by 100 Tev?

* what are the origins and the motivations of mass scales in the range beyond the
LHC, but within the reach of 100 TeV?

* what are the new rare processes that become interesting to explore with the
increased statistics possible at 100 TeV?

* are there BSM scenarios for which one can formulate sort of no-lose theorems at
|00 Tev ? E.g. Is there any conclusive statement that we'll be able to make on DM

after 1-10 ab~! at 100 TeV ?
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In particular:

Focus on exposing what are the qualitative changes brought by the access to the 100
TeV region. Address obvious questions such as:

if we haven't seen something by 14 Tev, why should it show up by 100 Tev?

what are the origins and the motivations of mass scales in the range beyond the
LHC, but within the reach of 100 TeV?

what are the new rare processes that become interesting to explore with the
increased statistics possible at 100 TeV?

are there BSM scenarios for which one can formulate sort of no-lose theorems at
|00 Tev ? E.g. Is there any conclusive statement that we'll be able to make on DM

after 1-10 ab~! at 100 TeV ?

For phenomena that could already be probed at the LHC, which new observables and

states that may open up for exploration at 100 TeV.
How do these interplay with other probes that could be available 30 years from now

(e.g. from the cosmos, from an e+e— collider, etc)!?

Do not feel too constrained by assumed detector performance.We have no clue as to
what the 100 Tev detectors will be like. Ideally the design of the detectors will adapt to
the physics opportunities, so let's not bias ourselves early on with projected detector

performance assumptions.



FHC: physics topics list => WG structure (preliminary)

FHC.1.1 Exploration of EW Symmetry Breaking (EWSB)

FHC.1.1.1 High-mass WW scattering, high mass HH production

FHC.1.1.2 Rare Higgs production/decays and precision studies of Higgs properties
FHC.1.1.3 Additional BSM Higgs bosons: discovery reach and precision physics programme
FHC.1.1.4 New handles on the study of non-SM EWSB dynamics (e.g. dynamical EWSB and

composite H, etc)

FHC.1.2 Exploration of BSM phenomena
FHC.1.2.1 discovery reach for various scenarios (SUSY, new gauge interactions, new quark and
leptons, compositeness, etc.)
FHC.1.2.2 Theoretical implications of discovery/non-discovery of various BSM scenarios,
e.g. address questions such as:
 FHC.1.2.2.1 what remains of Supersymmetry if nothing is seen at the scales accessible at
100 TeV?
 FHC.1.2.2.2 which new opportunities open up at 100 TeV for the detection and study of dark
matter?
 FHC.1.2.2.3 which new BSM frameworks, which are totally outside of the HL-LHC reach,
become accessible/worth-discussing at 100 TeV ?



FHC.1.3 Continued exploration of SM particles

FHC.1.3.1 Physics of the top quark (rare decays, FCNC, anomalous couplings, ...)
FHC.1.3.2 Physics of the bottom quark (rare decays, CPV, ...)

FHC.1.3.2 Physics of the tau lepton (e.g. tau -> 3 mu, tau -> mu gamma and other LFV
decays)

FHC.1.3.2 W/Z physics

FHC.1.3.3 QCD dynamics

FHC.1.4 Opportunities other than pp physics:

FHC.1.4.1 Heavy lon Collisions

FHC.1.4.2 Fixed target experiments:

FHC.1.4.2.1 "Intensity frontier": kaon physics, mu2e conversions, beam dump experiments
and searches for heavy photons, heavy neutrals, and other exotica...

FHC.1.4.2.2 Heavy lon beams for fixed-target experiments

FHC.1.5 Theoretical tools for the study of 100 TeV collisions
FHC.1.5.1 PDFs

FHC.1.5.2 MC generators

FHC.1.5.3 N*nLO calculations

FHC.1.5.4 EW corrections



Few examples



Higgs physics



Higgs rates at high energy

NLO rates R(E) = o(E TeV)/a(14 TeV)
o(14 TeV) R(33) R(40) R(60) R(80) R(100)

ggH 50.4 pb 3.5 4.6 7.8 11.2 14.7
VBF 4.40 pb 3.8 5.2 9.3 13.6 18.6
WH 1.63 pb 2.9 3.6 5.7 7.7 9.7
ZH 0.90 pb 3.3 4.2 6.8 9.6 12.5
ttH 0.62 pb 7.3 11 24 41 61
HH 33.8 fb 6.1 8.8 18 29 42

In several cases, the gains in terms of “useful” rate are much bigger.

E.g. when we are interested in the large-invariant mass behaviour of the

final states:
o(ttH, pr*°P> 500 GeV) = R(100) = 250

Task: explore new opportunities for measurements, to reduce

systematics with independent/complementary kinematics, backgrounds,

etc.etc.

Examples: how much can we reduce jet veto systematics by “measuring” jet
rates/vetoes in “clean” channels like H=2ZZ" ? H—bb & TT tagging ! .....




Additional Higgs bosons

= commonly present in most SM extensions. E.g. at least 2 H doublets
is mandatory in SUSY

= implications for flavour, CPV, EW baryogenesis, ...

Difficult scenarios for searches at LHC:;
- suppressed couplings to W/Z

i Iarge Masses * Problems addressed at 100 TeV
thanks to higher rates, higher

M reach



Additional Higgs bosons

= commonly present in most SM extensions. E.g. at least 2 H doublets
is mandatory in SUSY

= implications for flavour, CPV, EW baryogenesis, ...

Difficult scenarios for searches at LHC:;
- suppressed couplings to W/Z

i Iarge Masses * Problems addressed at 100 TeV
thanks to higher rates, higher

M reach

E.g. 2HDM in SUSY
Mh, MH, MA, Mg+ tan G = (®3)/(P1)

Fine tuning and naturalness: (N.Craig, BSM@ 100 Wshop)

2
A ~ sin2(28) 2 A(tan 8 = 50) < 1 —#mpy < 3.1 TeV
mj,

Extra H can be heavy, well above LHC
reach, but cannot be arbitrarily heavy



Example: associated H* t b production

(N.Craig, BSM@ 100 Wshop)

0 500 1000 1500 2000

Generic features of very heavy H production/decay

Decoupling from W/Z *

- “narrow”’, since [ ¢ my (cfr F'x mi3 when decaying to W/Z)
- H/A —hh, tt dominate (boosted regime)




Interesting questions

= will there be no-lose scenarios ! E.g. for

o MSSM 2HDM

o 2HDM EWV baryogenesis
O ..

= how will, in these scenarios, naturalness constraints from the

stop/gluino sectors compare to those from the Higgs sector?

Studies of such questions and of
discovery reach just starting.

32



EW interactions at
high energy




High-energy WW scattering

Example: WW-HH

R.Contino et al, arXiv:1002.101 1v2

, S
1x10 a2.h=1 —
ol W D —
/ .II..IDE —— ~ 'h—D.E
partonic =
cross g £ [ oM —
. = .
sections = . -
1 1x10 1
.g x10% k- 1~ different anomalous
% .- o HHH couplings:
= 4wt F S T~ e
= ‘-" ST invariant mass
12107 F LL = hin (MACMS) spectrum of HH
i s LL = hh (MHCM4) ™"~ ~—._ _ Feeri
_____ TT — hh e ISCriminates
i, -—-Lt=pph 773 among BSM models
500 1000 1500 2000 2500 3000

Vs [GeV]
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EWSB probes: high mass WW/HH in VBF

SM rates at 100 TeV

101 £

'NHDITY

do/dM(WW) (pb/200 GeV)

100 (prfvdiet > 50 GeV)

101

1077 &

5

Q 1000 2000 3000 4000 2000
mWww

100 fb with M(WW) > ~3 TeV

1[}_2 __I I — | | I — | T T 1 | | R | I |__ E
- 18
5 — — =
N do/dM(HH) (pb/200 GeV)
1073 — (prfvdiet > 50 GeV) —
5 —
1074 — —
51— —
1':"_5 E 101 11 | I I | I I | I 1 | N N I
d 1000 2000 3000 4000 S000
I‘nHHr

| fb with M(HH) > ~2 TeV



Exploration of EW interactions at high energy via
Multi-gauge boson production

At 100 TeV:
WW 0=770 pb (no BR included)
WWW o=2 pb
WWZ o=1.6 pb
WWWW o=I15fb
WWWZ o=20 fb
Tasks:

o determine experimental accept/eff’s: how high can we go in multiplicity?
o what can we learn on EW interactions at high energy from these studies?
o which variables/correlations to consider?

o can we use dijet decays at high pt(W)?



WIMP DM search

Can a 100 TeV collider detect or rule out
WIMP scenarios for DM ?



DM overclosure upper limits:
Mwimp < 1.8 TeV (g%/0.3) =

wino: m=3 TeV
higgsino: m=1.1 TeV

In anomaly-mediated SUSY or
split SUSY =

mgluino = |0 Tev

Wino summary CcmA  Hess
6 : :
Wino -100 TeV
50-200% bg. . 14 TeV

L=30001f7 |-

S/6 B

Preliminary

— Main decay mode x* — m* + x?°

%500 1000 1500 2000
: x. mass [GeV] — Charge track = 10(s) cm

In combination with indirect detection, there is
hope to “completely cover” the wino parameter

space.

L.T.Wang, (see also PSchwaller and T.Cohen) BSM@ 100 TeV Workshop



12—

> — 0 _0
E, PF—'—"QQ—*Q@Q@I 8
-+ 10~ 5odiscovery —
é - = 100 TeV, 3000 fb"
gl — 33 TeV, 3000 fb ]
- = 14 TeV, 3000 fb™
[ =—— 14 TeV, 300 fb™
6 -
4l _
of- -
UF | | Ll |
0 2 4 6 8 ' 12

TC, Golling, Hance, Henrichs, Howe, Loyal,
Padhi, Wacker [arXiv:1310.0077]

Snowmass 2013 study

Exclude 13.5 TeV gluino!
(with 60 events)

T T T T | T T T T I
" Pp—39—qT, 9%,
- 95% CL exclusion

el
E:, . = 100 TeV, 3000 fb"
10 — 33TeV, 3000 fb’
— 14 TeV, 3000 fb’

Discover 11 TeV

gluino!

Assuming prompt decays.

TIMOTHY COHEN [SLAC]

1 | —— 14 TeV, 300 fb"
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T.Cohen, BSM@ 100 TeV Workshop,
http://indico.cern.ch/event/284800/



Production and study of
SM particles and
processes



10 ab~! at 100 TeV imply:

= precision measurements

10'% Higgs bosons => 10% x today
= rare decays, FCNC probes

10'2 top quarks =>5 10% x today (H—™ep, t=cV (V=24gY), t=cH, ...
= CP violation
=>10'2W bosons from top decays

=>10'2 b hadrons from top decays (particle/antiparticle tagged)
=>|0!'t > W — taus = rare decays T— 3, MY, CPV

=> few x|10!' t > W — charm hadrons
= rare decays DU, ..., CPV

The possibility of detectors dedicated to final states in
the 0.1 - | TeV region deserves very serious thinking:

focus on Higgs, DM and weakly interacting new particles, top, W



W decays
o W mass !

o SM rare decays -- Examples:

WE=STTE Y BRsm ~ 10~?, CDF< 6.4 x 10>
WE=oDty BRsm ~ 107, CDF< 1.2 x 102

What is the theoretical interest in measuring these rates? VWhat else ?

o SM inclusive decays -- Examples:

R = BRhad / BRiept : What do we learn ? Achievable precision
for CKM, s, ...?

o_BSM decays -- Are there interesting channels to consider?
-- Example

BNL-HET-06/9
OITS-784

Majorana neutrinos and lepton-number-violating signals in top-quark and W-boson
rare decays

Shaouly Bar-Shalom?¥ Nilendra G. Deshpandet|| Gad Eilam®|¥ Jing Jiang?[§ and Amarijit Soniq




Inclusive t-tbar production: distributions

R T T 1 R T T 1 R E T T , — — , E
h '-I--:I :E-ﬁ |'_|'_‘_'|
ixf e 4 T — /=
10 — = 1= =
. g
B O [ pr(top) > pr™" ] (pb) ] C % 0 [ M(t-tbar) > M™" ] (pb) I
o A ] s
10 o ol I -
9 10
1072 — i
i 10-2
10~% — I
I T I || L1 1 | L1 1 1 | L1 1 || L1 1 1 ] 1ﬂ_4 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1
Q =000 4000 &0a0 AQ0a 10000 d 2000 10000 15000 20000
ptmin M min
Tasks:

o explore tagging of multi-TeV tops
o study mass resolution for resonance searches, define search potential

(OBsm VS MgsmM)
o explore opportunities for top coupling studies at large Q

Example: what can we learn from
10* pp = W — top+ bottom with M(tb) > 7 TeV ?



Top decays and interactions

Rare decays:t ?=W Z b, ...
FCNC probes: t—cV (V=24,g,Y), t—cH
CP violation: spin/momentum correlations of decay products, ...

BSM@100:
Zupan (FCNC top int’s)
Kamenik (CPV top int’s)

Top as a tool for BSM searches

Tasks:
o quantitative exploration of measurement potential (statistics,
systematics, dedicated detector/trigger requirements)



* Off-shell W/Z production above 10 TeV DY mass. E.g.

- measure the running of EW couplings, sensitive to new
weakly-interacting particles, possibly hidden from direct
discovery (= Rudermann at BSM@ 100 TeV wshop)

-10* pp = W* — top+ bottom with M(tb) > 7 TeV

* QCD jets up to 25-30TeV = running of s, ...

* SM violation of B+L via EW anomaly (not viable below 30 TeV)
(= Khoze and Ringwald at BSM@ 100 TeV wshop)

* Growth of heavy flavour densities inside proton (c, b and ultimately
top) =>new opportunities for studies within and beyond the SM (=

Perez at BSM@ 100 TeV wshop)

Plenty of room for new ideas
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scenario to move beyond the SM: the community must prepare itself, and find
motivation, to face the challenge of such a long enterprise

The thorough exploration of the TeV scale is essential, as it uniquely addresses
key questions of our field, and provides the necessary landscape to interpret any
other indication of new physics

A whole spectrum of discoveries may be waiting for us at LHC@14 TeV ....or it
may be years before the next big discovery !

In either case, the LHC can meanwhile deliver a rich programme of
measurements, from precision studies of Higgs and top properties, to QCD
studies at extreme energies, to the search for very rare phenomena. Don’t forget
the Tevatron was about to deliver its biggest result, the Higgs discovery, over 25
years after start up !



