






Already time to think of upgrading the machine
LHC Prospects

eady e o o upg ad g e ac e

Two options presently discussed/studied
• Higher luminosity ~1035cm-2 s-1 (SLHC)• Higher luminosity  ~1035cm 2 s 1 (SLHC)

– Needs changes in machine and particularly in the detectors
 Start change to SLHC mode some time 2012-2014
 Collect 3000 fb-1/experiment in 3 4 years data taking Collect ~3000 fb-1/experiment in 3-4 years data taking.

• Higher energy? 
– LHC can reach s = 15 TeV with present magnets (9T field)

 f 28 (25) T V d 17 (15) T t R&D MCHf d d– s of 28 (25) TeV needs ~17 (15) T magnets  R&D + MCHf needed



Machine Upgrade in Stagespg g

• Push LHC performance without new hardwarep
– luminosity →2.3x1034 cm-2s-1, Eb=7→7.54 TeV

• LHC IR upgradepg
– replace low- quadrupoles after ~7 years

peak luminosity →4.6x1034 cm-2s-1

• LHC injector upgrade• LHC injector upgrade
– peak luminosity →9.2x1034 cm-2s-1

• LHC energy upgradeLHC energy upgrade
– Eb→13 – 21 TeV (15 → 24 T dipole magnets)



Beam-Beam Limit Luminosity EquationBeam Beam Limit Luminosity Equation
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Summary of Luminosity Upgrade

Scenarios for                           with acceptable heat load and events/crossing 35 2 110L cm s 

*25-ns: push        to limit*

• Slim magnets inside detector
• Crab Cavities• Crab Cavities
• High Gradient, Large Aperture                 Quads 3Nb Sn

50-ns: Fewer bunches, higher charge

• Realizable with              NbTi
• Beam-Beam tune shift due to large Piwinski angle?
• Luminosity leveling via bunch length and        tuning*



Indicative Physics Reach
U it T V ( t W W h)

Ellis, Gianotti, ADR
h /0112004 d tUnits are TeV (except WLWL reach) 

�Ldt  correspond to 1 year of running at nominal luminosity for 1 experiment
hep-ex/0112004+ updates

LHC SLHC SLHC LinCol LinCol
PROCESS 14TeV

100 fb-1

14TeV
1000 fb-1

28TeV
100 fb-1

0.8 TeV
500 fb-1

5 TeV
100 fb-1

Squarks 2.5 3 4 0.4 2.5q
WLWL 2σ 4σ 4.5σ

Z’ 5 6 8 8† 8†

E t Di (δ 2) 9 12 15 5 8 5† 30 55†Extra Dim (δ=2) 9 12 15 5 - 8.5† 30 - 55†

q* 6.5 7.5 9.5 0.8 5
Λcomp 30 40 40 100 400

Approximate mass reach machines:
   14 T V    L 1034 (LHC)         t  6 5 T V

TGC (λγ) 0.0014 0.0006 0.0008 0.0004 0.00008

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

† indirect reach 
(from precision measurements)





























A Primary Cost Driver for  ILC -- Superconducting RF Technology

• 1.3 GHz technology developed by  TESLA Collaboration, 
R&D from 1992 to reduce the cost per MeV by a factor of 20 from current SCRF 
installations (CEBAF). 

• Increased the operating accelerating gradient by a factor of 5 :
~5 MV/m to ~25 MV/m, 

Reduced the cost per meter by a factor of four for large-scale production.

• TESLA cavity R&D based on CERN, CEBAF (JLAB), Cornell University.  
KEK, Saclay and Wuppertal. 

• Basic element of the technology is a nine-cell 1.3 GHz niobium cavity.gy y

• Approximately 160 of these cavities have been fabricated by industry as 
part of R&D program at DESY.







Why  Aim for Higher Gradient ?

45

50

ILC500 L
T
=500E3/(0.7*Eacc)+7

    Fill factor=0.7, BDS=7km

1 14

1.16

1.18

1.2

TESLA

35

40 TESLA

ILC BC 1.08

1.1

1.12

1.14

ve
 C

os
t ILC BC

ILC AC (acceptance)

25

30 ILC AC(acteptance)

1

1.02

1.04

1.06

R
el

at
iv

ILC500 Gradient dependence with tunnel length and cost
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Total cost = Tunnel(1 Eacc)+Cryomodul(1 Eacc)+RF(Eacc)+Cryoplant(Eacc ) Cryo-Operation(Eacc ) Beampower(const)
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ILC500 Gradient dependence with tunnel length and cost
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ILC Main LINAC Cavity BaselineILC Main LINAC Cavity Baseline 

ILC parameters related to SCRF
BCD: ACD:

ILC parameters related to SCRF
Baseline Alternative

Cavity Shape TESLA
Low loss
ReentrantReentrant

Acceptance 
Performance

Gradient 
[MV/m]

35 40

Performance
Qo 0.80E10 0.80E10

Operation 
Performance

Gradient 
[MV/m] 31.5 36

Performance
Qo 1.0E10 1.0E10






















































