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injecEon	  scheme:	  SPS+	  →LHC	  →	  VHE-‐LHC	  too	  
expensive	  (50	  MW	  power	  for	  cryo)	  

L.	  Rossi	  

TLEP	  and	  VHE-‐LHC	  in	  80-‐100km	  tunnel	  
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TLEP	  
double	  e+e-‐	  ring	  with	  	  
top-‐up	  injec4on	  
supports	  short	  lifeEme	  &	  high	  luminosity	  

top-‐up	  experience:	  PEP-‐II,	  KEKB,	  light	  sources	  

A.	  Blondel	  
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SuperKEKB	  
beam	  commissioning	  will	  start	  in	  early	  2015	  in	  Japan	  

•  by*=300	  mm	  (TLEP:	  	  1	  mm)	  
•  life4me	  5	  min	  (TLEP:	  ~15min)	  
•  ey/ex=0.25%	  !	  (TLEP:	  0.2%)	  
•  off	  momentum	  acceptance	  (±1.5%,	  
TLEP:	  ±2%)	  

•  e+	  produc4on	  rate	  (2.5x1012/s,	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  TLEP:	  <1x1011/s)	  

–	  a	  TLEP	  demonstrator	  
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Higgs	  Mass	  

5	  Observed	  Hγγ	  Mass	  is	  affected	  by	  interference	  ~150	  MeV	  

Higgs	  Mass	  =	  125.7	  +/-‐	  0.3	  +/-‐	  0.3	  	  
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DissecEng	  the	  126	  GeV	  Resonance	  	  

6	  

LimitaEon	  on	  predicEon	  of	  Hbb	  (b	  mass,	  alphas,	  lacce	  QCD):	  
Width	  cannot	  be	  predicted	  to	  beeer	  than	  4%	  -‐	  no	  discovery	  below	  15-‐20%	  deviaEon	  
unless	  it	  is	  in	  the	  raEo	  of	  branching	  raEos.	  
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Test	  of	  Couplings	  

7	  

Custodial	  Symmetry	   Fermions	  vs.	  Vector	  Bosons	  
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hep://arxiv.org/abs/1305.6498.	  	  
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A	  possible	  TLEP	  running	  	  program	  

1.	  	  	  ZH	  threshold	  scan	  and	  240	  GeV	  running	  	  (200	  GeV	  to	  250	  GeV)	  
	  	  	  	  	  	  	  5+	  years	  @2x1035	  /cm2/s	  	  2x106	  ZH	  events	  	  
	  	  	  	  	  	  	  ++	  returns	  at	  Z	  peak	  with	  TLEP-‐H	  configuraEon	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  detector	  and	  beam	  energy	  calibraEon	  

2.	  	  Top	  threshold	  scan	  and	  (350)	  GeV	  running	  	  
	  	  	  	  	  	  	  5+	  years	  @2x1035	  /cm2/s	  	  106	  ebar	  pairs	  

3.	  Z	  peak	  scan	  and	  peak	  running	  ,	  TLEP-‐Z	  configuraEon	  	  1012	  Z	  decays	  
	  	  	  	  	  	  transverse	  polarizaEon	  of	  	  ‘single’	  bunches	  	  for	  precise	  E_beam	  calibraEon	  
	  	  	  	  	  	  2	  years	  

4.	  WW	  threshold	  scan	  for	  W	  mass	  measurement	  and	  W	  pair	  studies	  	  
	  	  	  	  	  1-‐2	  years	  	  108	  W	  pairs	  

5.	  Polarized	  beams	  (spin	  rotators)	  at	  Z	  peak	  	  
	  	  	  	  	  1	  year	  at	  BBTS=0.01/IP	  	  1011	  Z	  decays	  	  	  	  	  

6.	  Start	  of	  100	  TeV	  pp	  program	  	  	  	  	  	  

Higgs	  boson	  HZ	  studies	  
+	  WW,	  ZZ	  etc..	  

Top	  quark	  mass	  	  
Hvv	  Higgs	  boson	  studies	  

Mz,	  ΓZ	  Rb	  	  etc…	  
Precision	  tests	  and	  
rare	  decays	  	  

MW,	  and	  W	  properEes	  	  
etc…	  

ALR,	  AFB
pol	  etc	  
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Light	  Higgs	  is	  produced	  by	  “Higgsstrahlung”	  process	  close	  to	  threshold	  

ProducEon	  cross-‐secEon	  has	  a	  maximum	  of	  ~200	  t	  

TLEP	  (4IP)	  2.	  1035/cm2/s	  	  	  400’000	  HZ	  events/year	  	  (2	  million	  H(126)	  in	  5	  years)	  	  

For	  a	  Higgs	  of	  125GeV,	  a	  centre	  of	  mass	  energy	  of	  240GeV	  is	  opEmal	  	  
	  kinemaEcal	  constraint	  near	  threshold	  for	  high	  precision	  in	  mass,	  width,	  selecEon	  purity	  	  

Z	  –	  tagging	  	  by	  missing	  mass	  
	  	  	  	  a	  beam	  of	  Higgs	  bosons!	  	  

Higgs	  Boson	  ProducEon	  Mechanism	  in	  e+e-‐	  collisions	  

e+	  

e-‐	  

Z*	  

Z	  

H	  

µ+	  

µ-‐	  

?	  

Need	  High	  StaEsEcs	  for	  Z	  boson	  
dilepton	  decay	  mode	  

“Recoil	  mass	  method”	  
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e+	  

e-‐	  

Z*	  

Z	  

H	  

Z	  –	  tagging	  	  by	  missing	  mass	  
total	  rate	  ∝	  gHZZ2	  

ZZZ	  final	  state	  ∝	  gHZZ4/	  ΓH	  
	  measure	  total	  width	  ΓH	  

empty	  recoil	  =	  invisible	  width	  
‘funny	  recoil’	  =	  exoEc	  Higgs	  decay	  
	  	  	  	  	  	  	  easy	  control	  below	  threshold	  	  	  	  

µ+	  

µ-‐	  

?	  

Precision	  of	  0.6%	  	  
on	  Higgs	  total	  width	  
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1.2 Coupling Measurements 13

Facility ILC ILC(LumUp) TLEP (4 IP) CLIC

Energy (GeV) 250 500 1000 250+500+1000 240 350 350 1400 3000R
Ldt (fb�1) 250 +500 +1000 1150+1600+2500 10000 +1400 500 +1500 +2000

��h/�h 11% 6.0% 5.6% 2.7% 1.1% 0.6% 9.2% 8.5% 8.4%

Binv < 0.69% < 0.69% < 0.69% < 0.32% < 0.1% < 0.1% tbd tbd tbd

�g�/g� 18% 8.4% 4.1% 2.4% 1.7% 1.5% � 5.9% <5.9%

�gZ�/gZ� ? ? ? ? ? ? ? ? ?

�gg/gg 6.4% 2.5% 1.8% 0.94% 1.1% 0.8% 4.1% 2.3% 2.2%

�gW /gW 4.8% 1.4% 1.4% 0.65% 0.85% 0.19% 2.6% 2.1% 2.1%

�gZ/gZ 1.3% 1.3% 1.3% 0.61% 0.16% 0.15% 2.1% 2.1% 2.1%

�gµ/gµ � � 16% 10% 6.4% 6.2% � 11% 5.6%

�g⌧/g⌧ 5.7% 2.5% 2.0% 1.0% 0.94% 0.54% 4.0% 2.5% <2.5%

�gc/gc 6.8% 3.0% 2.0% 1.1% 1.0% 0.71% 3.8% 2.4% 2.2%

�gb/gb 5.3% 1.8% 1.5% 0.75% 0.88% 0.42% 2.8% 2.2% 2.1%

�gt/gt � 18% 4.0% 2.5% NA 13% � 4.5% <2.5%

Table 1-10. Couplings as determined in a completely model-independent fit for di↵erent e+e� facilities.
The CLIC numbers are assuming increased WW cross sections above 1 TeV with (�0.8, 0) polarization
of (e�, e+) (a factor of approximately 1.8 above the unpolarized case). To add: model-independent
determination of B(H ! exotic) for decays that are undetectable at the LHC.

1.2.6 Projections for a muon collider operating on the Higgs resonance

A muon collider can produce the Higgs boson as an s-channel resonace, µ+µ� ! h ! X. By scanning
the beam energy across the resonance, the Higgs total width can be measured directly (see Sec. 1.5.3).
Combinations of production and decay couplings can then be extracted from measurements of the event
rates in various final states.

Sensitivities have been studied for an idealized detector design including full simulation in Ref. [28]. Impor-
tant components of the detector are tungsten shielding cones at high rapidity and precise timing to reduce
beam-related backgrounds.

The studies in [28] simulated Higgs events and Drell-Yan backgrounds for a beam energy scan over a 60 MeV
range centered on the Higgs peak using equal-luminosity scan points separated by 4.2 MeV, for a total
integrated luminosity of 1 fb�1 (⇠ 1 year running at nominal machine parameters). The beam was assumed
to have a 4.2 MeV-wide Gaussian energy spread (the beam energy spread should be measurable to high
precision using muon precession in the accelerator field). Perfect b-tagging e�ciency and purity were assumed.
Precisions on the µµ! h! X rates are given in Table 1-11.

These rates are proportional to BR(h ! µµ) ⇥ BR(h ! X) / 2

µ2

X/�2

h. Products of couplings µX

can be extracted using the direct measurement of the Higgs width �h from the lineshape scan, with an
estimated uncertainty ��h = 3.6–8.3% (see Sec. 1.5.3). Model-independent Higgs coupling measurements
are not possible unless µµ ! h ! µµ / 4

µ/�2

h can be measured. Making the assumption of generation
universality, µ = ⌧ , is not of much help because the uncertainty on the ⌧⌧ final state is O(100%).
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Higgs	  e+e-‐	  Factory	  Comparison	  
Nominal	  Linear	  (ILC	  250-‐500	  GeV)	  vs.	  Circular	  (TLEP	  240-‐350	  GeV)	  	  
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Table 1-10. Couplings as determined in a completely model-independent fit for di↵erent e+e� facilities.
The CLIC numbers are assuming increased WW cross sections above 1 TeV with (�0.8, 0) polarization of
(e�, e+) (a factor of approximately 1.8 above the unpolarized case).

1.2.7 Comparison of Precision at Di↵erent Facilities

We have requested precision on rate measurements from proponents of various facilities. Hopefully we will
receive su�cient information in time so that we can make our own fits. The tables below are place holders.

Production/Decay gg ! H VBF VH ttH gg ! H VBF VH ttH

Luminosity 300 fb�1 3000 fb�1

H ! ��

H ! ZZ

H !WW

H ! ⌧⌧

H ! bb̄

H ! µµ

H ! Z�

Table 1-11. LHC precision of rate measurements.
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x10	  
x7	  

x5	  

x3	  
x7	  
x8	  

TLEP-‐only	  
x4	  
x4	  
x4	  

~Same	  

Improvement	  
Factor	  (Circ/Lin)	  

Improvement	  Factor	  	  
(Circ/Best	  HL-‐LHC)	  

~x1000	  or	  more	  
~x100	  or	  more	  

~Same	  

x3	  
x10	  
x13	  

~Same	  
x3	  

x100	  or	  more	  
x9	  

~Same	  or	  x2	  Worse	  

hep://www.snowmass2013.org/Eki-‐index.php?page=The+Higgs+Boson	  
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Any sign of new strong dynamics?Beamstrahlung	  @TLEP	  is	  important	  for	  machine	  design	  but	  benign	  for	  physics:	  	  
parEcles	  are	  either	  lost	  or	  recycled	  on	  a	  synchrotron	  oscillaEon.	  	  
	  some	  increase	  of	  1-‐2	  10-‐3	  energy	  spread	  but	  no	  change	  of	  average	  energy	  
Liele	  resulEng	  systemaEc	  error	  –	  cross-‐check	  wrt	  orbit	  of	  ‘single’	  bunches	  	  	  

Liele	  EM	  background	  in	  the	  experiment,	  no	  issue	  for	  luminosity	  measurement,	  but	  
shielding	  against	  synchrotron	  radiaEon	  has	  to	  be	  designed.	  	  

Luminosity	  E	  spectrum	   Effect	  on	  top	  threshold	  	  

	  

BEAMSTRAHLUNG	  and	  energy	  definiEon	  
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	  Beam	  polarizaEon	  and	  E-‐calibraEon	  @	  TLEP	  
Precise	  measurement	  of	  Ebeam	  by	  resonant	  depolarizaEon	  	  
~100	  keV	  each	  ,me	  the	  measurement	  is	  made	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  LEP	  	  

At	  LEP	  transverse	  polarizaEon	  was	  achieved	  rouEnely	  at	  Z	  peak.	  
instrumental	  in	  10-‐3	  measurement	  of	  the	  Z	  width	  in	  1993	  	  
led	  to	  predic,on	  of	  top	  quark	  mass	  (179+-‐	  20	  GeV)	  in	  Mar’94	  

PolarizaEon	  in	  collisions	  was	  observed	  (40%	  at	  BBTS	  =	  0.04)	  

At	  LEP,	  beam	  energy	  spread	  destroyed	  polarizaEon	  above	  61	  GeV	  
	  	  σE	  ∝	  E2/√ρ	  	  At	  TLEP	  transverse	  polariza,on	  for	  calibra,on	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  up	  to	  at	  least	  81	  GeV	  (WW	  )	  

TLEP:	  use	  ‘single’	  bunches	  to	  measure	  the	  beam	  energy	  conEnuously	  	  
	  	  	  no	  interpola,on	  errors	  due	  to	  ,des,	  ground	  mo,on	  or	  trains	  etc…	  

<<	  100	  keV	  beam	  energy	  calibraEon	  around	  Z	  peak	  and	  W	  pair	  threshold.	  	  	  
	  	  	  	  	  ΔmZ	  <0.1	  MeV,	  ΔΓZ	  <0.1	  MeV,	  	  ΔmW	  <	  0.5	  MeV	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Precision	  tests	  of	  EWSB	  

15	  

Z	  pole	  asymmetries,	  lineshape	   WW	  threshold	  scan	   e	  threshold	  scan	  

TLEP	  :	  Repeat	  the	  LEP1	  physics	  program	  every	  15	  mn	  
	  	  	  	  	  	  	  Transverse	  polarizaEon	  up	  to	  the	  WW	  threshold	  

  Exquisite	  beam	  energy	  determinaEon	  (10	  keV)	  	  
	  	  	  	  	  	  	  Longitudinal	  polarizaEon	  at	  the	  Z	  pole	  

  Measure	  sin2θW	  to	  2.10-‐6	  from	  ALR	  
  StaEsEcs,	  staEsEcs:	  1010	  tau	  pairs,	  1011	  bb	  pairs,	  QCD	  and	  QED	  studies	  etc…	  	  

-‐	  
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High	  Precision	  Program	  (Some	  Examples)	  
X	   Physics	   Present	  

precision	  
TLEP	  target	  
Precision	  –TBS	  

TLEP	  key	   Challenge	  

MZ	  
MeV/c2	  

Input	   91187.5	  
±2.1	  

Z	  Line	  shape	  
scan	  

<±0.1	  MeV/c2	   E_cal	   QED	  
correcEons	  

ΓZ	  
MeV/c2	  

Δρ	  (T)	  
(no	  Δα!)	  

2495.2	  	  
±2.3	  

Z	  Line	  shape	  
scan	  

<±0.1	  MeV/c2	   E_cal	   QED	  
correcEons	  

R	   αs	  ,	  δb	  	  	   20.767	  	  
±	  0.025	  

Z	  Peak	  	   ±	  	  0.002	  
	  	  	  -‐	  	  	  0.0002	  	  

StaEsEcs	   QED	  
correcEons	  

Nν	   Unitarity	  of	  
PMNS,	  
sterile	  ν’s	  

2.984	  
±0.008	  

Z	  Peak	   ±0.001	  (?)	   environment	  
-‐>lumi	  meast	  

QED	  
correc4ons	  to	  
Bhabha	  scat.	  

Rb	   δb	  	   0.21629	  	  
±0.00066	  

Z	  Peak	   ±0.00002	  -‐	  5	   StaEsEcs,	  
small	  IP	  

Hemisphere	  
correlaEons	  

ALR	   Δρ,	  ε3	  ,Δα	  
(T,	  S	  )	  

0.1514	  
±0.0022	  

Z	  peak,	  
polarized	  

±0.000015	   4	  bunch	  
scheme	  

Design	  
experiment	  

MW	  
MeV/c2	  

Δρ,	  ε3	  ,	  ε2,	  Δα	  
(T,	  S,	  U)	  	  

80385	  
	  ±	  15	  

Threshold	  
scan	  

0.5	  MeV/c2	   E_cal	  &	  
StaEsEcs	  

mtop	  
MeV/c2	  

Input	   173200	  
	  ±	  900	  

Threshold	  
scan	  

10	  MeV/c2	   E_cal	  &	  
StaEsEcs	  

Theory	  limit	  
at	  100	  MeV?	  
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Precision	  on	  W,	  t,	  H	  Masses	  

17	  
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EW	  Vacuum	  

18	  
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Development	  of	  the	  100	  TeV	  pp	  Collider	  
•  	  	  	  	  	  	  TLEP	  step	  towards	  VHE-‐LHC	  

–  80-‐100	  TeV	  pp	  collisions	  

–  Need	  to	  develop	  15+	  T	  SC	  magnets	  

•  Needs	  R&D	  and	  Eme	  (TLEP	  won’t	  delay	  VHE-‐LHC)	  

L.	  Rossi	  	  

M. Mangano 

H H 

H 

HE-LHC VHE-LHC 

 High	  staEsEcs	  studies	  of	  	  eH	  	  and	  HHH	  couplings	  
Highest	  mass	  reach	  for	  an	  extended	  Higgs	  sector	  

Push	  eH	  precision	  to	  sub-‐percent	  –	  most	  important	  Yukawa	  coupling	  in	  the	  SM	  
Highest	  potenEal	  for	  precision	  self-‐coupling	  measurement	  (limited	  to	  16-‐30%	  at	  ILC/LHC)	  

Improvement	  of	  ~x50	  
in	  producEon	  
cross-‐secEon	  
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4π	  Detectors	  (e+e-‐	  Program)	  
•  ExciEng	  path	  to	  create	  infrastructure	  where	  the	  experimental	  halls	  

are	  designed	  for	  planned	  intervenEon	  and	  transiEons	  to	  different	  
physics	  programs	  

BARREL	  
TK-‐I	  

ECAL	  

HCAL	  

INST.YOKE	  
BARREL	  MUON	  

INST.	  
YOKE/	  
ENDCAP	  
MUON	  

FFQ	  

SC	  SOLENOID	  @	  2T	  

BHABHACAL	  

ECAP	  
TK-‐I	  

TOP-‐UP	  
RING	  INSERT	  
(dipole?)	  

FT
K	  
I	  

TPC	  

VERTEX	  
DET	  

20	  
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4π	  Detectors	  (pp	  Program)	  
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BARREL	  
TK-‐II	  

ECAL	  

HCAL	  

INST.YOKE	  
BARREL	  MUON	  

INST.	  YOKE/	  
ENDCAP	  
MUON	  

SC	  SOLENOID	  @	  4T	  

OTK-‐II	  
FT
K	  
II	  

TAILCATCHER	  

ECAP	  
TK-‐II	  

LUMICAL	  

VFCAL	  
(size	  and	  
posiEon	  
not	  to	  
scale)	  

VERTEX	  DET	  

•  ExciEng	  path	  to	  create	  infrastructure	  where	  the	  experimental	  halls	  
are	  designed	  for	  planned	  intervenEon	  and	  transiEons	  to	  different	  
physics	  programs	  
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Design	  Study	  :	  	  hep://tlep.web.cern.ch	  	  	  	  

Welcome	  new	  people	  interested	  in	  contribuEng:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  collaborators	  from	  all	  over	  the	  world	  
Next	  events:	  TLEP	  workshops	  25-‐26	  	  	  July	  	  	  	  	  	  	  2013,	  	  Fermilab	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  16-‐18	  October	  2013,	  	  	  	  	  CERN	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  	  	  Joint	  VHE-‐LHC+	  TLEP	  	  kick-‐off	  meeEng	  in	  February	  2014	  
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The	  distribuEon	  of	  the	  country	  of	  origin	  reflects	  the	  youth	  of	  
the	  TLEP	  project	  and	  the	  very	  different	  levels	  of	  awareness	  in	  
the	  different	  countries.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  The	  first	  270	  subscribers	  (full	  nominaEve	  list	  can	  be	  found	  from	  TLEP	  web	  site)	  	  	  

The	  audience	  is	  remarkably	  well	  balanced	  between	  Accelerator,	  Experiment,	  
and	  Phenomenology	  
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Major	  Challenges	  for	  Higgs	  Physics	  

•  The	  LHC	  at	  14	  TeV	  will	  probe	  new	  physics	  at	  and	  
above	  the	  TeV	  scale	  in	  a	  broad	  sweep	  
–  Beyond	  the	  LHC,	  the	  most	  promising	  avenue	  for	  future	  
exploraEon	  is	  via	  the	  Higgs	  boson	  properEes	  through	  high	  
precision	  measurement.	  

•  What	  precision	  needs	  to	  be	  achieved	  to	  challenge	  our	  
understanding	  of	  the	  universe	  and	  the	  laws	  of	  physics?	  	  	  

•  The	  Higgs	  boson	  and	  the	  top	  quark	  were	  guaranteed	  
discoveries	  based	  on	  exactly	  this	  strategy	  
–  The	  basis	  for	  the	  high	  precision	  measurements	  came	  from	  
the	  Z	  factories	  (over	  106	  Z	  bosons	  produced	  on	  resonance	  
and	  studied	  with	  polarized	  beams).	  	  

24	  
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TLEP	  in	  	  
80	  km	  tunnel	  

LEP/LHC	  

Linear	  Colliders	  	  
(ILC,	  CLIC)	  

γγ	  Colliders	  	  
(SAPPHIRE,	  SILC,	  CLICHE,	  HFiTT	  )	  

Muon	  Colliders	  
(ν-‐Fact.	  as	  possible	  1st	  step)	  	  

Circular	  e+e-‐	  Colliders	  	  
(TLEP,	  super	  TRISTAN,	  IHEP…)	  

Roy	  Aleksan	  	  
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VHE-‐LHC	  in	  	  
80	  km	  tunnel	  

LEP/LHC	  

Linear	  Colliders	  	  
(CLIC)	  

pp	  Colliders	  	  
(HE-‐LHC,	  VHE-‐LHC,…)	  

Muon	  Colliders	  
3-‐10	  TeV	  Plasma	  Colliders	  

Roy	  Aleksan	  	  
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A	  Future	  with	  TLEP	  
•  A	  precision	  Higgs	  physics	  program	  is	  compelling	  
because	  the	  Standard	  Model	  precisely	  predicts	  all	  
Higgs	  boson	  couplings	  and	  properEes	  with	  no	  free	  
parameters,	  now	  that	  the	  Higgs	  mass	  is	  known.	  
–  There	  is	  a	  vision	  for	  a	  precision	  Higgs	  program:	  

•  An	  order	  of	  magnitude	  increase	  in	  precision	  on	  fundamental	  
parameters	  at	  the	  EW	  scale	  –	  and	  corresponding	  improvements	  
in	  theory	  predicEons	  

•  High	  staEsEcs	  Higgs	  producEon	  in	  the	  ZH	  process	  to	  achieve	  
push	  make	  a	  model	  sub-‐percent	  precision	  on	  the	  total	  width	  

–  100	  TeV	  pp	  collider	  is	  central	  to	  the	  long-‐term	  vision	  for	  
the	  field:	  

•  The	  potenEal	  to	  go	  a�er	  high-‐pT	  physics	  by	  embracing	  the	  
largest	  technology	  challenges	  and	  energizing	  the	  next	  generaEon	  
to	  move	  orders	  of	  magnitude	  beyond	  what	  we	  can	  do	  today	  	  
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