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LHC Prospects
Already time to think of upgrading the machine

Two options presently discussed/studied
« Higher luminosity ~103°cm-2 s (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.
* Higher energy?
— LHC can reach Vs = 15 TeV with present magnets (9T field)
— s of 28 (25) TeV needs ~17 (15) T magnets = R&D + MCHf needed



Machine Upgrade in Stages

* Push LHC performance without new hardware
— luminosity —2.3x10%* cm=?s, E,=7—7.54 TeV

« LHC IR upgrade

— replace low-3 quadrupoles after ~7 years
peak luminosity —4.6x103* cm-?s-’

* LHC injector upgrade

— peak luminosity —9.2x1034 cm-2s-"

 LHC energy upgrade
— E,—13 -21TeV (15 — 24 T dipole magnets)



Beam-Beam Limit Luminosity Equation

injector upgrade

L= ”7‘ @v Abe\/1

LHC + LHC+
injector IR upgrade injector

changes changes




Summary of Luminosity Upgrade

Scenarios for [ ~10”¢m s~ with acceptable heat load and events/crossing

25-ns: push A" to limit

« Slim magnets inside detector
* Crab Cavities
- High Gradient, Large Aperture Nb,Sn Quads

90-ns: Fewer bunches, higher charge

* Realizable with NpT7
« Beam-Beam tune shift due to large Piwinski angle?
- Luminosity leveling via bunch length and A" tuning



Indicative Physics Reach

Ellis, Gianotti, ADR
hep-ex/0112004+ updates

Units are TeV (except W W, reach)
JLdt correspond to 1 year of running at nominal luminosity for 1 experiment

LHC SLHC SLHC | LinCol LinCol
PROCESS 14TeV 14TeV 28TeV | 0.8 TeV 5 TeV
100 fb-' | 1000 fb' | 100 fb-1 | 500 fb' 100 fb"
Squarks 2.5 3 4 0.4 2.5
W W, 20 40 4.50
Z ) 6 8 8T 8T
Extra Dim (0=2) 9 12 15 5-8.5T 30 - 55T
q 6.5 7.5 9.5 0.8 5
Neomp 30 40 40 100 400
TGC (A) 0.0014 | 0.0006 | 0.0008 | 0.0004 0.00008
/}}aproximaTe mass reach machines:
1 indirect reach s=14 TeV, L=1034(LHC) upto~ 6.5 TeV
(from precision measurements) Vs = 14 TeV, L=10%%(SLHC) : upto~ 8 TeV
Vs = 28 TeV, L=1034 up fo~ 10 TeV
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Fig. 11.5 Maximum allowable fields on a copper surface.
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//j (-DAJ; / /q'xJ}) 4
H(D)

Disruption parameter D
The deflection of the et due Lo the other bunch causes radiation known as

beamstrahlung.

§

beamstraniung




Table 5.2: Parameters of Linear Collider Design

SLC | NLC/JLC | TESLA CLIC
E.n CM Energy[TeV] 0.1 1 0.8 1 5
Luminosity[103*cm™?s™!] .0003 1.3 50| 1.1|14.9
N[10%] 4.2 0.75 1.41| 04| 04
B per train 1 192 4500 | 150 | 150
Rep. Rate[Hz] 120 120 120 | 150 | 50
o [nm] 1400 235 302 | 123 | 27
o [nm] 700 3.9 20| 271045
o [pm] 1100 120 300 50| 29
ve[10~°m-rad] 55 3.6 8| 1.48 | 0.58
ve,[10~°m-rad] 10 0.04 0.01 | 0.07 | 0.01
D, (disruption parameter) 0.91 0.12 0.2 { 0.07 | 0.16
D, (disruption parameter) 1.81 T2 39 |3.40| 9.3
Hp (enhancement factor) 2.1 1.46 1.8 1 1.54 | 1.99
(Y) (beamstrahlung) 0.0016 0.29 0.085 | 0.57 | 27
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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.

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




INTERNMATIonS AL AIVEAR COINMDﬁ@A

— ECM = 500GeV max within a site footprint of ~31km.

— Main Linacs: superconducting cavities

— Eacc = 31.5MV/m (16000 x 9-cell cavities = 2 x ~12km)
— Injectors: Polarized (P~80%) e- source

— 2 damping rings (e- and e+) around interaction region.

~31 Km

Not to Scale

¢
e-/e+ DR ~6.4km

RTML

i

UNDULATOR

' e- Linac

e+ Linac

S R 11.3 Km + ~1.25 Km  — ~4.45 Km —— 1.3Km L ~1.33Km

Schematic Layout of the 500 GeV Machine




The base technology

The core technology for the ILC is 1.3GHz superconducting RF cavity intensely developed in the
TESLA collaboration, which was recommended for the ILC by the ITRP on 2004 August.
The cavities are installed in a long cryostat and cooled at 2k, and operated at gradient 31.5MV/m.

17000 cavities
~ 3 km LoN
2100 modules
-l
u:::ia:le _\
transportation
beam transfer
hines
7/15/2006 EPACO06 June¢ 3

Figure 3.3.2:  Cross section of eryomodule.
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Why Aim for Higher Gradient ?
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ILC500 Gradient dependence with tunnel length and cost

Total cost = Tunnel(1/Eacc )+Cryomodul(1/Eacc )+RF(Eacc)+Cryoplant(Eacc®) + Cryo-Operation(Eacc® ) + Beampower(const)
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ILC Main LINAC Cavity Baseline

ILC parameters related to SCRF BCD: ACD:
P Baseline Alternative
Cavity Shape TESLA Low loss
g P Reentrant
Gradient 35 40
Acceptance [MV/m]
Performance
Qo 0.80E10 0.80E10
Gradient
Operation IMV/m] 31.5 36
Performance
Qo 1.0E10 1.0E10




TWO BEAM ACCELERATION (TBA)

(4 CAS + 2 TRS)/module

Drive beam with 1856 bunches of 17.5 nC/bunch
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352 klyst
CLIC 3TeV oy Y Y Y w0wsps

2im A | drive beam accelerator
2.37 GeV, 937 MHz

combiner
rings

decelerator, 21 sectors of 669 m
/4

NN

N
o main linac , 30 GHz, 150 MV/m, 14 km IP1&1P2 e* main linac BC2
& 33.6 km >]
train combination
Ag 16 cm— 8cm
booster linac,
9 GeV, 3.75 GHz
e injector et injector,
2.4 GeV 2.4 GeV




Limitations of E ¢

Field emission due to surface electric field

Consequences:
* Local plasma triggered by field emission < RF break down < Erosion of surface

 Break down rate = Operation efficiency

e Dark current capture
— Efficiency reduction+activation+detector backgrounds+wakefields

Surface magnetic field
Pulsed heating = material fatigue = cracks

Dark energy
RF power flow and/or iris aperture apparently have a strong impact on

achievable E,_,and on surface erosion. Mechanism not fully understood.



Gradient Limits

SC cavities = 50 MV/m
90% of theoretical field limit given by critical B field

NC cavities =200 MV/m
5% of theoretical field limit given by Fowler-Nordheim law

Theoretical understanding of NC breakdown insufficient for safe design
guidelines !

= Design of high field NC structures has to rely on extrapolation
of existing data plus extensive prototype power testing !
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Fermilab VLHC

NL.C (0.5-1.0 TeV ete)

© FMC (0.5 TeV ptp”)

P

(4 TeV putu~)

10 Km




Schematics of a Neutrino Factory (US Study 1la)
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Plasma Based Accelerators

vV L
- Laser Wake Field Accelerator ng/\ 4
A single short-pulse of photons /ﬁ X/

* Drive + Trailing beam

beam \
- Plasma Wake Field Accelerator >’\/\\//

A high energy electron bunch



Linear Plasma Wakefield Theory

)2 oy 2 Ny g0 2\/ 2
(dt+a)p)n———a)p(n +k,Vyl+ <a, >)

0 0
Large wake if laser amplitude a_=eE_/mw_c ~ 1 or a beam density n,~ n_

And T, of order w1 ~ 100fs (10'7/n,)!** and spot size c/w,:
=P ~ 15 TW (7,,;,./1001s)’ laser
=Q/ T, = [nCoul/100fs (~10 kA) beam

Ve L =-4men, = ¢eE = " \/1 f” 10GeV/m cosw (t-z/c)

6 .3
n, V10" cm




Plasma Wakefield Accelerators
wout egime

Rosenzweiqg et al. 1990

* Plasma ion channel exerts restoring force => space charge oscillations
Linear focusing force on beams (F/r=2xne2/m)

*Synchrotron radiation
*Scattering

‘Nonlinear Theory : W. Lu et al., PRL 16, 16500 [2006]



Plasma Wakefield Acceleration Experiments @ SLAC

e~ spatial
distribution
optical transition

e~ spectrum radiation (OTR)

X-ray based

notch spectrometer
collimator

spectrometer

? erenkov
plasma magnet

oven cell

e~ beam
from SLAC \ beam
linear accelerator \ ' stoiafr
30-40 GeV w a ™
./
e~ bunch length trapped par?:icleg
autocorrelation of spectro- imaging )
coherent transition graph ?erenkov e~ spectrum
radiation (CTR) monitor  ?erenkov light

in air gap

10-100 GeV
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42GeV e-beam energy doubled by
PLASMA WAKEFIELD ACCELERATOR

|. Blumenfeld et al., Nature 455, 741, 2007

Plasma wakefield in the “bubble” regime

a) dispersion (mm)
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From Science to a Collider
Requirements for High Energy Physics

High Energy

High Luminosity (event rate)
L=f,N*/4no,0,

rep

High Beam Power
~20 MW

High Beam Quality
Energy spread oy/y ~ .1 - 10%
Low emittance: €, ~ yo, 0, << 1 mm-mrad

Reasonable Cost : less than $5 B for 1 TeV CM
Gradients > 100 MeV/m
Efficiency > few %



A Concept for a
Plasma Wakefield Accelerator Based Linear Collider

* TeV CM Energy
* 10's MW Beam Power for Luminosity A Tminetmin 29E10e-bunch mini-train 20 |
» Positron Acceleration |
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Drive beam distribution

Beam Delivery and IR

PWFA cells @ PWFA cells

FACET Program will demonstrate most of a single stage
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FACET: Facility for Advanced Accelerator
Experimental Tests

* Use the SLAC injector complex and 2/3 of the SLAC
linac to deliver electrons and positrons

— Compressed 25 GeV beams = ~20 kA peak current
— Small spots necessary for plasma acceleration studies

* Two separate installations

— Final bunch compression and focusing system in Sector 20
— Expanded Sector 10 bunch compressor for positrons

- -

— = o
LCLS Undulator 2 _»~—— ,
North Dampin Pasitron Bunch ’ % / ’ Erid
Ri e Compressor Positron Source _Dam / _ = \ \
ma s \ 2N \ Switch Yard “\ ' / Station A \
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=

’\l Channel guided laser-plasma (-P“'“"”’
recreerc] .
”\‘accelerator has produced GeV beams hysics

= Higher power laser AW[GeV]~ I[W/cm ]/ n[CIIl-3]

= | ower density, longer plasma

Capillary '

40 TW, 37 fs

003 0415 0175 03 04 06 08 10
W.P. Leemans et. al, Nature Physics 2 (2008?[696



.y

‘/\l ‘.’ii‘ 10 GeV module is suitable building block

for an LPLC

Electron Positron

200-500 m, ]DO stages
Laser 1Te 1TeV

e

200-500 m, 100 stages

* Production of quality injector beams 10 GeV

+
.e-ande+ *.I,Bo_.e

= Linac structure: length, density, channel shape, collisions, emittance,...

* Power source: wavelength, pulse energy, pulse duration, pulse shape, focal
spot size and shape, rep rate,...

* How to handle all this power?
= How to focus the beams?

= And many more questions... 2



Frrerrrr
BERKEELEY LADB

ﬁ BELLA Project scope

* High rep rate (1 Hz), Petawatt class laser (>40 J in < 40 fs)
* Laser bay and target area

= | aser diagnostics to verify CD-4 goals




-~ ]

Frerrrer
ERKELE

A Example of R&D with
W BELLA -- 10 GeV module Multi-GeV beams

= Two-stage design
= Need 40 J in 40 fs laser pulse %

= BELLA Project: 1 PW, 1 Hz laser

"+

1000 TW
40fs

= Will be followed by staging at multi-GeV energies with
BELLA

= 10 GeV beam will allow positron production experiments



1 GeV capillary accelerator experiment at LBNL/Oxford U.
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Laser-driven table-top X-ray Free Electron Laser

4m
200TW 30fs 10Hz
CPA laser system

Kilometer-scale X-ray FE

SLAC Linac
0 km

Linac Coherent >
SRS

Photon
Beam Lines

Zone plate




The dream of realizing accelerator driven (subcritical reactor) system and

nuclear waste transmutation system comes true with
high power superconducting linacs !

Subcritical reactor alone

Proton Beam

Electric power generation

& nuclear transmutation

Beam channg|——=

1 U ‘\' Collimator

Accelerator-driven System (ADS)

S Pedicated Transmutation System

=1
Heat Heat High-intensity proton accelerator
Exchanger Exchanger il 8
o= O —
y l I l To accelerator Proton b
Baam To orid roton beam

window Liquid Lead

Fuel

Extended lead
molted medium

..........

Breading

Spallation BT E)

Fission

Pop - Fuel: Thorium
(*°"U — Fission Fragments)

Electricity
generation
250MWe

s

-High-intensity prot

spallation reactic Wasted nuclear fuels
-Spallation neutrons vause nsswn v ma.,

-A fission reaction of MA produces a few neutrons.

-Fission neutrons also cause fission of MA (chain reaction)
-Fission energy is used to supply accelerator power

k_y* : Effective multiplication factor (k_,=1 at critical )

Energy : 0.6-1.5GeV
Current : 20-30mA

i,

)

= ;Spallation target

IH |
\. !

LA

MA, subcritical core
k. : about 0.95
Fower : 800MWth

MA: minor actinide



Idea of Proton Driven Inertial Fusion : Down

Driver for Heavy lon Inertial Fusion Program in US-VNL

Induction Linac

0.73A ‘(_ 50 MV V - 100 MV (150 a 36 X drift compressor

20 usec in neutralizing plasma
=1 Z=9
Hot-plate

1-2m
radius

50 MeV' ststipper ~ 4 GeV 2nd Li stripper A target
source Z=+1 -> +9 Z=+9 -> +35

+ Elagjron tgps ‘r ‘\# Elpctron trap l [ \ Chambp&l'
oo

-

7.4kJ

Driver configuration (Horizontal) per
beam

.': % —': Isn m ta:t; et
- <S> -

G.B.Logan (VNL), presented at HIF2008, Tokyo Japan




