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'Low Energy’ Electron-Positron Colliders ¢, -charm region

Goals: Precision measurements in the ; and charm sector
e.g. D-mixing, Search for New Physics in D-decays,...

CESR-c Single ring machine

expected L » 1 j 3£ 1032cmidsil

data taking 2003-2005

¥ Factor 10{300 more data than presently available

BEPC-II Double ring machine
Beam energy range 1{2.8 GeV

design L » 1033cmi?sil at E, = 1.55 GeV
Comissioning expected 2006
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High Energy Frontier:

Electron-Positron Linear Colliders

T Why

T How

T When

T Where
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Why: Complementarity of HADRON and LEPTON colliders

Electron-Positron Linear Collider ofiers

T A well deflned initial state
collision energy p§ well deflned and tuneable
polarisation of e™ and el possible

t Clean environment
collision of pointlike particles ¥ low backgrounds

T Comparable rates for signal and background flnal states
T Additional options: elel, e , collisions

) Machine for

Discoveries and Precision Measurements
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Why: What have we learned from LEP/SLC

Miop 178811 71§ GeV (indir '94) $ 174:58§ 5 GeV (direct)
Myy 80.363 8 0.032 GeV (indir) $5 80.450 8 0.039 GeV (direct)

) |Standard Model tested at the quantum level

800 T T T T T T T T 7T L L

600

95% limit LEPEW fit

| limits for the mass of the Higgs
boson from direct and indirect
. measurements
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Why: Selected Physics Topics

LC-target

(1) Comprehensive and high precision coverage
of energy range from Mz to » 1TeV
{complementary to LHC
{Higgs mechanism
{Supersymmetry
{Precision ew tests

(2) energy frontier and high precision coverage of
multi-TeV range in the area after LHC
{energy range: 3-5 TeV

) Physics program for cms energies from O(500 GeV)
to O(1 TeV) to several TeV
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Standard Model Higgs Mechanism

task:

(1)

(2)

(3)

establish Higgs mechanism for generating
masses of fundamental particles

Higgs excitation = Higgs boson
must be discovered

generating masses by interaction
with Higgs fleld: coupling » mass

Higgs fleld v:p§ generated by spontaneous
symmetry breaking:
reconstruction of Higgs potential

(Tev)
LHC
(LC)

(LHC)
LC

LC
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coil mass distribution
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Accuracy on Higgs Branching Ratios

[EEN

SM Higgs Branching Ratio

i . \\ \
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‘ \ ‘ \ ‘ \ ‘ \
- MSSM prediction: i
(b)

115 | 200GeVAm, A400 GeV —> _

1.1 —

400 GeV Am, A600 GeV %‘
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Reconstruction of Higgs potential >Z )

ZHH ¥ qgbbbb,
Ps = 500Gev, My = 120Gev

0.3

SM Double Higgs-strahlung: €" € — ZHH
o NbN

0 ! ! ! ! ! ! ! ! ! ! ! !
100 120 140 160 180
M, NGeVN

Standa{)d Model:

- ¢, .
My = 2.V, ,HHH = 6.V L =1abil > Thnn o 22%

LC will establish Higgs mechanism In its essential elements
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Supersymmetry Best motivated extension of SM

grand uniflcation, connection to gravity , light Higgs, sin?£yy ...

Fundamental question: How is supersymmetry broken and
In which way iIs this breaking communicated to the parti-
cles?
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Supersymmetry

Sparticle
production
and decay:

Task:
T Reconstruction of kinematically accessible SUSY spectrum
masses (-m=m » 101i3), Xsection, spin-parity
T Extract the basic parameters
gaugino,higgsino,scalar mass parameters, mixings, couplings
t Analysis of SUSY breaking
reconstruction of fundamental theory
¥ extrapolation to high scale
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SUSY | Extrapolation to High Energies

What can be learned from the measured parameters?
{ Generate a set of physical observables from some scenario
{ Reconstruct the mass parameters at the EW scale (with errors)
{ Evolve these parameters to high scales through RGEs

500 ¢
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Precision data ) stable extrapolation beyond kinematic reach
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Precision Measurements

(1L)Giga-Z

Measurement of
Z-boson properties

— 1 i R
ALR = p [+ ¢

{ polarised el and e™
{ 100 £ LEP statistics

+

Csin?£l¢c = :000013

Constrain New Physics above
kinematic reach of the LC
through loop efiects

15

10

0 . . T . . . . Lo
10° 10°

) Consistency Test of the Standard Model
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Precision Measurements

(2) Measurement of Triple Gauge Couplings WW and WWZ

et et
et Wt et Wt et W+
Y _
Y 7.0
e W e W e W e v
W-pair production single W production
5 L =1
7 | sensitivity to 7
’ strong EWSB
10 < 10 F
—>=5 TeV
10} . 10}
| | K&EwsB: :
0™ E 4.v >» 3TeV) 0
LEP TEV LHC TESLA TESLA LEP TEV LHC TESLA TESLA
500 800 500 800
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Conclusion on Physics Aspects

LC with Ps S 1 TeV and high Luminosity allows

T most stringent test of electroweak Standard Model

T to establish Higgs mechanism in the essential elements

T to explore SUSY-sector with high accuracy, model independent

T extrapolations beyond kinematically accessible region

Consensus on physics case:
ACFA, ECFA-report, Snowmass recommendations

LP0O1 R.-D. Heuer - e*ei Colliders 17



How: Technologies General Layout of a Linear Collider

it’s not only a linear accelerator...

pre- accelerator

proof
| of
extraction r|nC|p|e
find focus P
SLC
main linac N
compressor collimation
some of the many challenges:
source... polarised positrons
damping ring very small vertical emittance ATF
main linac... high accelerating gradient TTF, NLCTA
flnal focus... tiny beamsize FFTB

LPO1 R.-D. Heuer - e*ei Colliders 18



Technologies Energy | $ Gradient Gacc

T Up to » 1TeV  Normalconducting Cavities:
NLC: X-band (11.4 GHz) (Report for Snowmass: SLAC-R-571)
JLC: X-band and/or C-band (5.7 GHz) (Report next year)
maximum achievable Ggcc roughly proportional frg

Superconducting Cauvities:
TESLA: Standing wave cavities (1.3 GHz)

(Technical Design Report: DESY2001-011 t ECFA2001-209)
Fundamental limit for todays Nb-Cavities » 55 MV/m

T Up to » 5TeV  Two-Beam-Acceleration:
Use of relativistic drive beam as power source
CLIC: normal conducting cavities (30 GHz)
(Report CERN2000-008)

nb. Tolerances for adjusting components / 1:f|§,: ...2 to 500 ,,m

LP0O1 R.-D. Heuer - e*ei Colliders 19



NNZFrep

Luminosity L A== Hp
1 X y
/ - -
() horiz. (vert.) beamsize
beamstrahlung: -g = €E , __1
! $ETE LGy

o
t at spotsize ) -g » 1/-%2 independent of {/ Tyﬂy/

T small emittance , small emittance dilution ¢t/ / fSF ~y&

T average beam power Pg = p§ NpNefrep = - Pac
S
Y High Luminosity L / ﬁ%%‘—c % requires

{ high e—ciency -
{ high beam quality (+ and & t/1 small)

LP0O1 R.-D. Heuer - e*ei Colliders
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Comparison of some crucial parameters at 500 GeV

TESLA [NLC [ JLC-X [ JLC-C [ SLC
Gacc [MV/m] 23.5 48 50.2 36 17
Ny 2820 190 190 142
CTy [ns] 337 1.4 1.4 2.8

head on angle angle angle
Ne=bunch[1019] 2 75 0.7 1.11
/X:y[nm] 553/5 245/2.7 | 239/2.57 | 318/4.3 | ./500
- [%0] 3.2 4.7 5.3 3.9 0.03
L[10%%cmi“sil] | 3.4 2 2.64 1.3 31014
Pheam[MW ] 22.6 13.2 17.6 12.6 .04
Pac (linacs)[MW1] | 97 132 141 220
Ltot [KM] 33 30 16 linac 19
Upgrade path Gradient | double | double double
to .8-1 TeV 35 MV/m | cavities | length length

Path to energies beyond 1 TeV:
Increase length or develop difierent technology

LP0O1 R.-D. Heuer - e*ei Colliders
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NC-Cavities: Erosion problem at high gradients:

NLC -The Next Linear Collider Project

Operational History of Test Structures

g (| D are umsclcted and intense R&D
‘0 of operating conditions. S I_ A C
/\é 70 AL “ N KEK
> ] ‘W “r‘w”ur Ml T
s . s LT Tl CERN
~ i
jL! + :
phr, 50 T T -
2 | improvement
40 i
% H\ by short
7 00 structures
o
= 20 and low
o 1.8 meter 0.5 meter 1 meter 0.5 meter group VE'OCity
Vg=12%c Veg=5%c Vg=5%c Veg=3%c&5%c
0
1500 hrs 1700 hrs 500 hrs 500 hrs

- InP
Hours of Operation at 60 Hz (In Progress)

D. L. Burke NLC Report

Time estimate: 1{3 years
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Q

damping ring

positron
preaccelerator

electron-positron collision
high energy physics experiments

positron source

aux. positron and
2nd electron source

Q

damping ring

s

\&

linear accelerator

&

X-ray laser

linear
accelerator

:I electron sources
i (HEP and x-ray laser)

33 km

TESLA no Xing angle, positron source position (pol e* poss)

TESLA on HERA: ep collisions possible

Integrated X-FEL for e.g. solid state physics, chemistry, biology
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Development of superconducting cavities

acc. gradient [MV/m]

N
[$)]

Superconducting Cavity Performance
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Gradients » 25 MV/m
industrially reached

TESLA:
500GeV In hands (industrially)

2001
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electropolishing
(KEK,CERN,Saclay,DESY))
single cells

gradients = 40 MV/m
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800GeV: prototypes
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Examples for Achievements at Test Facilities

T TESLA Test Facility and NLCTest Accelerator

accelerated beams with parameters (Gradient, beam intensity, pulse
length...) su—-cient for 500 GeV Collider

T Accelerator Test Facility at KEK
emittances within a factor (2{5) of damping ring design
T Final Focus Test Beam at SLAC

Demagniflication proven:
spot sizes measured in good agreement with theory

Excellent progress within international collaborations
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