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and some opinions and conclusion
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The physics case for the LHC is very strong:

• Find the Higgs or what is taking its role

• In any case: the SM should fail around o(TeV)
Find the new physics

The NLC is motivated as a complementary tool for
the same energy range

The problem is: can we afford it?
which technology?
where?
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LHC Perspective
L. Maiani, Sept. 13, ‘03
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Upgrading the LHC

Cost: ~0.4B$
 (~0.25B$ SPL)

Cost: ~1-2 B$
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Summary
           The LHC luminosity upgrade to 1035 cm-2s-1   (SLHC)
•  Allows to extend the LHC discovery mass/scale range by 25-30%
•  Could allow the first measurement of Higgs self-coupling (20-30%)
•  Allows further access to rear decays such as H→µµ, γZ, rare top decay
•  Improved precision on TGCs, Higgs branching ratios,É

It will be a challenge for the experiments/needs detector R&D starting n
especially if one wants to be ready to ÒgoÓ soon after 2013-2014

   In general: SLHC looks like giving a good physics return for modest cos
           ⇒  Get the maximum out of the (by then) existing machine

                         An LHC energy upgrade to √s ~ 28 TeV 
•  Will extend the LHC mass range by factor 1.5
•  Will be easier to exploit experimentally (at 1034 cm-2s-1) 
•  Is generally more powerful than a luminosity upgrade
•  Needs a new machine, magnet& machine R&D, and will not be cheap

A. De Roeck
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The case for the VLHC1,2 is clearly more difficult to be
formulated now 

The main argument is:
it is not conceivable that the desert is so close that
the LHC will solve all questions (a bit too generic)

Certainly the LHC will clarify the issue of where to go next

Before the LHC, we can only take models of new physics
and for each of them say what the LHC can do and
what will be left for the VLHC
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Physics at 10 TeV
• Possible Views from (1 TeV)-1

– SUSY      I. Hinchliffe

– Strong Dynamics/Technicolor        K. Lane

– Composite/Little Higgs     G. Kribs, U. Heintz

– Extra Dimensions     G. Giudice, T.Rizzo, S. Nandi
• AdS/CFT: the desert blooms

cf. talk by Tao Han

S.Chivukula

Also: D.Rainwater, A.Ringwald

T. Han, S. Dawson

EW Instanton
scaleHiggs at S/VLHC
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LHC is the machine to study the scale of EW breaking

NEW THEORY

Desert, e.g. conventional susy _need for precision

New thresholds around 10 TeV _need for energy increase
to make next step of discoveries

Multi-TeV linear collider?

VLHC ?

m < TeV           measurements after LHC

VLHC not meant to push new-physics limits by an
order of magnitude, but to explore a well-motivated

(after some LHC discoveries) energy region

e.g Extra Dim.
Little Higgs

G. Giudice
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SUSY is the most “desertic” option 

Sofar the most complete scenario

Well compatible, actually 
supported by GUT’s

Well defined and computable 
up to MGUT

G. Giudice

Even in this case it is difficult
to imagine that the LHC can
finish the job

T. Han, I. Hinchliffe, S. Dawson

M. Turner
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TeV Scale SUSY likely to be discovered at
the Tevatron or LHC

CMS

tanβ=10

5σ contours

SLHC increases discovery reach
by ≈ 500 GeV

SUSY can be found with low
luminosityÉ.but what is it?

S.Dawson

Squarks and gluinos up to 3 TeV
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I. Hinchliffe
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T. HanTo improve naturalness:

Many models have
heavy particles, beyond LHC range
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What can the VLHC do for SUSY ? 2 ÒcompellingÓ  examples É

� LHC finds  GMSB SUSY : 

F  ≡ SUSY breaking scale (hidden sector)
M ≡ Messenger scale 
SUGRA    :     M=MPl
GMSB      :     M ~ 10-100 TeV possible

�  Inverted hierarchy models :      of first 2 families  heavy (m up to ~ 20 TeV) q~

→ LHC+ LC observe  only part of SUSY spectrum
→ VLHC can observe heavy squarks 

GMSB G
~

  LSP ≡ NLSP : G
~

   1
0 γχ →  non-pointing photons

G
~

   
~

ll → kinks / displaced vertices in tracker
4 5

NLSP
NLSP TeV 100

F

m

GeV 100
 m100  c 













≈ µτ F can be measured   from 

→ together with sparticle spectroscopy can constrain M  to ≈%-30%  (LC or LHC)

If M < 20 TeV → VLHC can observe GMSB Messenger fields Φ (e.g. Φ → W/Z/γ + ET
miss)   

VLHC L upgrade 
to 1035 useful

Need good calorimetry (granularity, compensation), b-tag of high-pT (dense) jets

F.Gianotti
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Strong Dynamics/Technicolor

cf. talk by Ken Lane

We know too much … this simplest theory is ruled out!

S.Chivukula
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In modern versions of technicolor theories
(walking technicolor, topcolor…)

LHC: lowest fringes of the spectrum
technipions, lightest technirho….

VLHC: the bulk of the spectrum up to ~100 TeV

Interesting new perspective:
connection AdS/CFT walking technicolor

K. Lane
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Composite/Little Higgs

cf. talk by Graham Kribs
From M.Schmaltz hep-ph/0210415

S.Chivukula

LHC

VLHC
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Extra Dimensions

cf. talk by Gian Giudice

As inspired by AdS/CFT conjecture: 
    a weakly coupled QFT in this space 
       dual to one in 4-d coupled to a large-N 
         strongly-coupled conformal field theory…. 

“Higgless” Symmetry Breaking = Walking Technicolor

Csaki, et. al. hep-ph/0305237, 0308038 

S.Chivukula



G. Altarelli H

QUANTUM GRAVITY AT LHCQUANTUM GRAVITY AT LHC

Graviton emission
Missing energy (flat)

Resonances (warped)

µν
µνTT4

1

Λ

( )252

1
ff γγµΛ

Contact interactions
(loop dominates over
tree if gravity is strong)

Higgs-radion mixing

G. Giudice
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2-jets with large Minv and ∆η
Black holes

Jets + missing ET

2-leptons

QUANTUM GRAVITY

Semi-classical
approximation

Linearized
gravity

Transplanckian

Cisplanckian

VLHC

LHC

G. Giudice
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Very interesting ideas:

Symmetry breaking from extra dimensions:
SUSY breaking
The Higgs as fifth component of gauge field

G. Giudice

Extra dimensions could be an ingredient of a 
complex picture
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5D SM compactified on S1/(Z2_Z2)

¥Different susy breaking at each boundary

geffective theory non-susy

 (susy recovered at d<R-1)

¥ Higgs boson mass (rather) insensitive to UV

     mH  = 127 ± 10 GeV

SUPERSYMMETRY BREAKING:
AN INTERESTING EXAMPLE Barbieri-Hall-Nomura

G. Giudice
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¥ Extra dimensions ubiquitous ingredient in
non-desert scenarios

¥ Physics goals of VLHC quite distinct from
those of LHC

 Examples:

¥ ÒNeed to test the theory well above the EW
breaking scaleÓ

 Transplanckian physics: new energy regime
to test extra-dim gravity

¥ ÒExistence of new thresholds (new physics,
not just some more KK) in the 10 TeV regionÓ

 Extra-dim theories of EW breaking require
UV completion at a scale not far from EW

CONCLUSIONS
G. Giudice
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A

M. Mangano
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Summary of reach and comparison of various machines 

Approximate mass reach of pp machines:
  √s = 14 TeV,   L=1034 (LHC)           :   up to ≈ 6.5 TeV
 √s = 14 TeV,   L=1035 (SLHC)         :   up to ≈  8 TeV
 √s = 28 TeV,   L=1034                    :   up to ≈ 10 TeV 
 √s = 40 TeV,   L=1034 (VLHC-I)     :   up to ≈ 13 TeV 
 √s = 200 TeV, L=1034 (VLHC-II)   :   up to ≈ 75 TeV

Only a few examples É.
In many cases numbers are just indications É.  

Units are TeV (except WLWL reach) 
ΙLdt  correspond to 1 year of running at nominal luminosity for 1 experiment

  indirect reach (from precision measurements)

PROCESS               LHC           SLHC                           VLHC       VLHC           LC               LC
                             14 TeV       14 TeV       28 TeV       40 TeV    200 TeV     0.8 TeV     5 TeV
                             100 fb-1     1000 fb-1    100 fb-1     100 fb-1     100 fb-1      500 fb-1    1000 fb-1

Squarks                   2.5             3                4                 5             20             0.4             2.5 
WLWL                       2σ             4σ             4.5σ             7σ           18σ            6σ              90σ
ZÕ                              5               6                8                11            35                      8                 30  
Extra-dim (δ=2)        9              12                     15               25            65                  5-8.5             30-55 

q*                            6.5            7.5             9.5               13            75             0.8              5
Λ compositeness      30             40              40               50           100            100            400

probes indirectly 
up to ~1000 TeV
with ultimate
luminosity 

probes directly 
up to ~100 TeV 
with ultimate 
luminosity

F. Gianotti
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    LHC finds some SUSY particles but no squarks of first two generations (as in inverted
  hierarchy models) 
  → VLHC would observe heaviest part of the spectrum

  LHC finds  GMSB SUSY with Messenger scale M < 20 TeV
  → VLHC would probe directly scale M and observe Messenger fields

  LHC finds contact interactions  → Λ < 60 TeV 
  → VLHC would probe directly scale Λ  and  observe  e.g.   q* 

  LHC finds ADD Extra-dimensions → MD ≤ 10 TeV 
  → VLHC would probe directly gravity scale MD and  above (e.g. observe black holes) 

  LHC finds hints of strong EWSB 
  → VLHC would see a clear signal and could observe massive particles associated with
      new dynamics
 
 

Examples of  possible  compelling  scenarios  for a VLHC emerging 
from LHC data  ÉÉ. 

�

F. Gianotti
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Conclusions (1)
• A staged VLHC starting with 40 TeV and upgrading to 200

TeV in the same tunnel is, technically, completely feasible.

• There are no serious technical obstacles to the Stage-1 VLHC
at 40 TeV and 1034 luminosity.
– The existing Fermilab accelerator complex is an adequate injector for

the Stage-1 VLHC, but lower emittance would be better. (We should
take this into account if Fermilab builds a high-power injector. Low
emittance is important!)

– VLHC operating cost is moderate, using only 20 MW of refrigeration
power, comparable to the Tevatron.

– Improvements and cost savings can be gained through a vigorous R&D
program in magnets and underground construction.

P. Limon
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Conclusions (2)
• The construction cost of the first stage of a VLHC is

comparable to that of a linear electron collider,
~ $4 billion using “European” accounting.
– From this and previous studies, we note that the cost of a

collider of energy near 40 TeV is almost independent of
magnetic field.

– A total construction time of 10 years for Stage-1 is feasible,
but the logistics will be complex.

– Making a large tunnel is possible in the Fermilab area.
Managing such a large construction project will be a
challenge.

– Building the VLHC at an existing hadron accelerator lab
saves significant money and time.

P. Limon
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Conclusions (3)

• The Stage 2 VLHC can reach 200 TeV and 2x1034

or possibly significantly more in the 233 km
tunnel.
– A large-circumference ring is a great advantage for the

high-energy Stage-2 collider. A small-circumference
high-energy VLHC may not be realistic.

– There is the need for magnet and vacuum R&D to
demonstrate feasibility and to reduce cost.

• Result of work completed after the “Study.”
– For very high energy colliders, very high magnetic

fields (B>12T) are not the best solution.

P. Limon
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Not the right environment!
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‘03     ‘05      ‘07     ‘09      ‘11     ‘13     ‘15     ‘17     ‘19      ‘21     ‘23

LHC

SLHC

CLIC

NLC

VLHC-1

LHCx2

An (optimistic) sketch of time scales

construction
run

year
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Money constraints

The total money spent at present in hep labs in the world
is ~ 2-2.5 B$/year (~3 CERN budgets)

Money that can be invested in new machines is ~30% 

~ 6-7.5 B$/10 years

Cost of NLC ~ CLIC ~ VLHC-1 ~ 4-4.5 B$, EU accounting,
no detectors, no contingency (for comparison LHC~2.5 B$)

Considering
 • R&D, detectors, computing,….
 • LHC is being paid till ‘10
 • other physics (neutrinos ,p-decay, factories …), 

Either a problem of compatibility or
long time scales ≥ 25 years
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With tight resources and long time scales an efficient
decision making would be needed.

But the large dimension of the projects need a world-wide
collaboration which is difficult to aggregate

e.g. the slow evolution of the NLC case: 
it is vital to reach a consensus fast 
(or everything else will be blocked) 

Lack of adequate R&D funding is also a serious problem
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M. Whiterell
ICFA-CERN Oct.’02

A year ago:
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M. Whiterell
ICFA-CERN Oct.’02
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The HEP Plan
• We do not have a viable strategy for the survival

of HEP.
– A global scrap over a linear collider does not

constitute a strategy.
• There has been some recent progress in formulating a path to a linear

collider technology decision.

• We do not even have a plan to make a plan.
– In the U.S., for example, the HEPAP

recommendation to create a mechanism to
formulate a coherent strategy has become the
narrowly-focused P5.

• HEP must change the way it does things if it is
going to survive!

P. Limon
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A Word About R&D

• The machines we are talking about are very
costly and very complex.
– Mistakes and delays are potentially very

damaging financially, politically and
scientifically.

– It takes longer than you think to develop the
components of a cutting-edge collider.

• The R&D investment for future HEP
instruments will be much greater than we
are accustomed to.

P. Limon
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Europe has a roadmap L. Maiani, Sept ‘03
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i.e. Maiani’s
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Europe and CERN have perhaps a clear road map

The US should decide their way

CERN:  LHC, CLIC
US: NLC, VLHC ?

Japan is investing on neutrinos

e.g. clarify the future of Fermilab
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M. Whiterell
Oct.’02

It is urgent to 
decide the 
future of
Fermilab!!
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My personal roadmap:
to live long enough to see the VLHC start

I think that a big project in the US is crucial for  the 
continuation of particle physics (also in Europe)

I hope that a strategy on the NLC, on the future of
Fermilab will soon be formulated

A vigorous R&D programme should be continued 
and funded adequately

Finally I think that the case for fundamental physics
(particle physics & cosmology) is strong beyond
fashion and that we should defend it proudly and
confidently
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On behalf of all the partecipants:

I thank the Organisers of this 
very stimulating Workshop


