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Key Questions of
Particle Physics

Hesem- -

] SU(3)
e What is mass/matter ? =
?
. = —
why are carriers of weak force so heavy = | suee .
. - =)
while the photon is massless? el
3
L) Gravity
] |

i 1
R 15
e Can the forces be unified? 103 108 10

* Fundamental symmetry of forces and Energy [GeV]
building blocks?

e Can quantum physics and general
relativity be united?

* Do we live in 4 dimensions?

 What happened in the very early
universe ?

e Origin of dark matter
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Hesem- -

e At high energies
Hadron Colliders
- LHC under construction at CERN

e In precision measurements (= high
energy reach through virtual processes)

Electron-Positron Collider
- e.g. TESLA

Detailed analyses and experience teach
us that we need these different tools to
answer the open questions and that they
complement each other
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well defined production
process, simple kinematics

precise knowledge of quantum
numbers in initial state

precise (<%) knowledge of the
cross sections

polarisation of e~ and e* beams
possible

energy and momentum of all
partons known

energy of system can be varied
low background
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The Power of et e-
Colliders
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top mass (GeV)

m+ Test of the SM at the Level

of Quantum Fluctuations

220 : —

Indirect determination of
the top mass

possible due to

e precision measurements

e known higher order
electroweak corrections

i
i
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Proves high energy reach through virtual processes




The Higgs: Key to
Understanding Mass
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Reconstruction in
different channels:

ete-->/ZH ->
M,, = 120 GeV:
a) — bbqq

b) — qqtte

M, =150 GeV:
c) - WrWqq

d) - wtw-—¢t+e-

500 fb-1 at
E= 350 GeV
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Higgs Mass Reconstruction
In exclusive channels
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Wﬁ Higgs Branching Ratios

Branching ratios
measure the
Higgs coupling to
fermions,

a test of the
Higgs mechanism

accuracy a few %

500 fb-1
at 350 GeV
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500 fb-1
m(H) = 120 GeV

Precise measurement
of Higgs BRs probes
non-SM nature of
Higgs:

Is Higgs SM or
MSSM?



o SPS Point 1: typical nSUGRA SUSY Mass Spectra
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Mass spectra depend on choice
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SUSY Higgs Bosons

SUSY extension to SM: additional doublets and singlets: ho,H% A% H*H-
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50 fb-i, E = 800 GeV
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Production and decay of

smuons: —_
-+ ~ — o0+ 20
erel — frflR — MU X]M X

800
160 fb-1

400
Mass errors (MeV):

smuon  c,°
end points: 300 300
threshold: 90 70
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Produced in pairs e TERRE
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cross section for anomalous single

photon production
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L d = # of extra dimensions

100
90

w i oete- > 06

e th o YO

/

400 450 500 550 600 G50

Energy

Albrecht Wagner, RadCor2002

700

750

800

850 200
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Extra Dimensions

In how many dimensions
do we live?

Emission of gravitons into
extra dimensions

+ emission of gor a jet

measurement of cross
sections at different
energies allows to

determine number and scale

of extra dimensions
(500 fb-1 at 500 GeV,
1000 fb-1 at 800 GeV)




ete- Colliders:
The Challenges

T For E > 200
fow f—"fr‘«-" s=_ W)= () source Ge_\/ nged to
build linear
damping — colliders
owGevlf o 7O fnal focus
| 1 Proof of
E.L:::;l}uw] Hanlnac collimation principle:
SLC
The challenges:
Luminosity: high charge density (10%0), > 10,000 bunches/s

very small vertical emittance (damping rings, linac)

tiny beam size (5*500 nm) (final focus)
Energy: high accelerating gradient (> 25 MV/m, 500 - 1000 GeV)

To meet these challenges: A lot of R&D on LC's world-wide
Albrecht Wagner, RadCor2002 15



From SLC to TESLA

weEsea- -

SLC TESLA
Energy E_, 100 500 (® ~1000) GeV
Beam Power  0.04 ~10 MW
Spot size IP 500 (~509) ~5 nm
Luminosity 3%0+4 3 1034 cm=2 st
v

SLC 500 nm
Main challenges: A
¢ LuminOSity > 1000 nm <
i Energy FETB e I 50 nm

Albrecht Wagner, RadCor2002 TESLA T X > nm
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TESLA

International project for
fundamental science:

e Electron-Positron collider
e X-ray laser laboratory

The Technical Design Report was
published in March 2001

33 km

A
v

X-ray laser

linear accelerator linear accelerator

e'l-

=2 I_II.

= 1 g i ]
= p S
e
@ damping ring @ HEP \ @ dariBinG i 2
experiments
positron pre- positron electron

accelerator source sources




Members of the TESLA Collaboration |

Yaravan Physics Institute

IHEP
Aeademia Sinica, Baijing

Tsinghua-Universily, Beijing

Institute of Physics,
+ Halaink
: CEA/DEM
(DAPMIA, CE-Saclay)

INZP3
{IPM Orsay + LAL Orsay]

- RWTH Aachen

N aaraet

BESSY Berlin
Hahn-beitner-Institut, Berlin
TU Berlin

TU Darmstadt

TU Dresden

Universitat Frankfurt

GKES, Geesthacht

DESY, Hamburg und Zeuthen

Univarsitat Hamburg
FZ Karlsruhe
Universitdt Rostock
Universitat Wuppertal

o | =5 CCLRC-Daresbury and
Rutherford Appleton Lab,,

e = Cheshire

INFM Frascati
INFN Legnaro
IMFM Milano

INFMN and Univ. Roma [l

Folish Academy of Science
- Institute of Physics, Warsaw

University of Warsaw

Institute of Nuclear Physics,

GCracow

Univ. of Mining & Metallurgy

Polish Atomic Energy
Agancy

Soltan Insl for Muclear
Studies, Otwock-Swierk

IHEF Protving
- BINF Protvino

MEPFHI, Moscow

BINF Movosibirsk

INR Traitsk

n PE1 Villigen

AML
Argonne IL

——
—

Cornell University,
fthaca WY

FMAL,
Batavia IL

LUCLA
Los Angales CA

JLAB

A 2002

The TESLA Collaboration

« The TESLA Collaboration:

- 44 Institutes in 11 countries
(still growing)
UK (CCLRC) has just joined

- major hardware contributions from
abroad by France, Italy, USA

e Co-operation with CERN and KEK on
SC cavities
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The Choice of Technology

The TESLA collaboration, led by B.
Wiik, has selected in 1991 the
Superconducting Linac Technology
for its high potential:

high luminosity
high power efficiency
relatively relaxed tolerances

Challenges:

high acceleration gradients
cost effective realisation

Superconducting solid Nb cavities
T=2K

19



m~ Preparation of TESLA Cavities




m+ Accelerator Milestones

Since 1992 the TESLA Collaboration was able to
increase the performance of SC cavities by a factor 4-5, while
reducing the cost by a factor 4

* Routine production of cavities
exceeding 25 MV/m

 New surface treatment, gradients of

>40 MV/m -> clear energy upgrade
9y Upd cavity performance per module

B Emay of vertical test
O Eace at 100 % o 2 MW'm b= ke the quanch

30,00

Successful development of other bttt il k. "
components like klystrons and RF couplers ::: W T ¥ —8
Built so far: éw.ﬂb_@_ J{ N LS
~100 9-cell cavities il lipl ERE
22  1-cell cavities ol M | N S
6  7-cell cavites 000 L .
etc 1 h Mud‘uln# | Jr
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Improvement of surface quality with electro-polishing

m The Way to 35 MV/m - and 800 GeV

fSingIe cell cavities, EP

l{:l'JJJ_;.J.-.!J.L'._I.I..-.IlLIJ.i.I.IJ.J.IJJ.J.J_-_JI.J

TR O T T

0 3 10 13 0 25 35
E_ [MVim] 30

40 MV/m

CERN/KEK/Saclay/DESY

Unloaded Quality Factor Q,

107

101

First TESLA 9-cell

1

cavities above 35
MVim
L4
#ﬂ LAAR L
|—i—|
|_f_.
8 ACT2 | TTESLA 800 goal
* ACT3
TESLA 800
nACTE
goal
T T T T T ]
0 10 20 30

Accelerating Gradient ( MV/m )

a0

collaboration

Transition from single-cell
results to multi-cell results
has again been successful

Albrecht Wagner, RadCor2002
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TDR (March 2001) Assuming that cavities will reach

Base line design for 500 35 Mv/m:

GeV, upgrade possibility

) TESLA luminosity vs. cm-energy, baseline & upgrade
outlined

 initially operate at an

energy of about 500 GeV, to
explore the Higgs and

& no add. cost

? 3 ? 3 @ RF & cryo upgrade

related phenomena, and then

L/10734 cm”-2 sh-1

S P N W A~ 00 o N

e increasing the energy to
800-1,000 GeV, to more ‘ ‘ ‘ ‘ ‘
fu“y explore the TeV energy 300 400 500 600 700 800 900
Scale. E cm/GeV
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Basic Unit of the Main
Linac (5 - 250 GeV)

Chyomodule 1 Cryomodule 2 Crwomodile 3

4%%%%%%%%%%%%&&%&%&%}%&}}%

Hybrid Coupler BF Distrbution

RF from Klystron

one 10 MW Kklystron

3 modules with 12 9-cell cavities each

length per module 16.0 m (16.8 m)

per linac:
858 modules (12 cavities)
286 klystrons, providing 2% energy overhead @23.4MV/m
total length 14.4km (fill factor 74%)

Albrecht Wagner, RadCor2002 24



W{ Fast Feedback Kicker

Long bunch trains, large time gap between bunches:

Feedback system within bunch train to stabilise the luminosity

(a) Separation Response (b) Angle Response
W00 | 10ll4 Jowrl 1 1 ]
= \ 2 P
o] _ = f LT r‘ ;
3 offset feedback OFF | = 8 *
= Z angle feedback OFF
g 60 'fffset feedback ON 2 6
<
40 = 4 angle feedback ON
£ = | |
g 20 g = / |
0 20 40 60 BDT 100 0 50 100 150 200 250 300

Bunch # Bunch #

3%
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m{ The TESLA Test Facility

Construction of a prototype

245 MeV 130 MeV 16 MeV 4 MV
_ accelerator:
Laser getriebene
Diagnose ‘ Diagnosa Elektronen-Quelle
k .. &= Strahl Bunch-Kompressor .. @-Strahl
. N
i i " T P
L B———2C = e +&——=18
Diagnose Undulator Supraleitender Beschleuniger Vorbeschlauniger
Photonenstrahl
Tasks:

Test of all components
Operation for > 13 000 h
Base for costing

Proof of laser

Conclusion:

The technical
readiness has been

demonstrated ,
Albrecht Wagner, RadCor2002 26




TTF Operation for

W Experiments and Beam Studies

Overview of TTF Operation from August 2001 to May 2002:
Total hours of operation: 4080

Beam Uptime = hours allocated to the users, accelerator studies,
and overall tuning: 89% (after October 2001)

OFF USERS
8% 0%

OFF

DOWN 6% DOWN
8% 6%

TUNING
19% TUNING
25%

USERS

0
STUDIES 63%

4%

FEL experiments Linac studies

14.01.02 - 20.01.02 11.02.02 - 17.02.02

Albrecht Wagner, RadCor2002
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SC Linac as Base for an
X-FEL

Self
Amplified
phaton Spontaneous
— B
Ream Emission
(Kondratenko,
beam Saldin 1980)

e Spont. Emission

e for certain wave lenghts,
fulfilling a resonance condition

mm) lasing
distance

i @ ¢ 1| requires small emittance electron
+————— | beam

Albrecht W




W% Properties of the X-ray Laser

All

- mm” - 0.1% bandw.)]

7

[Phot. /(sec - mrad”

Peak Brilliance

g 034
1 []30
1 025
1 022
1 D] 8

1014

101(3

XFEL

Grd

generation

ESEF 2. upgrade
|i ESREF 1. upgrade

ESEF proposed

2nd generation of
synchrotron light sources

st generation

X-ray tubes

=

1900 1950 2000

Years

 Wavelength of atomic dimensions
>0.1 nm
e Highest brilliance

~ 10° times that of sources of the 3.
generation

e Very short pulselength
100 fs

e Tunable in wavelength

e Coherence

Synchrotron radiation power P of an
incoherent electron distribution: P ~ N,

Radiation from a point charge (bunch length
< radiation): P~ Ne2

Gain: ~N_,=10°9..1010
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Hesem- -

The applications make use of the
different features of the laser

Atomic and molecular physics

Biology

Chemistry

Material science

High field- and plasma physics

movies of chemical reactions

real-time studies of formation of
condensed matter

imaging of bio-molecular assemblies

with atomic resolution
Albrecht Wagner, RadCor2002

Scientific Applications of
a 0.1 nm Laser

Key role for pump-and-probe
experiments

30



m{ Tunability and Coherence

Lasing at the TESLA Test Facility

T T T T T T T T

aoo L

&
Intensity

3. March
(spont, emission)

Electron Beam Energy [MeV)
o

Wi :I- """ G 107 s 10 o
i i 19. April Wavelength [nm)|

. '
I [ i

4 il Hil 1%} B20 (T 160

FEL Wavelength [nm]

| u1/E?
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(=21
|

-9
1

[p* ]
1

Intensity [arb.units]

X [mm] X [mm]

—-> Transverse coherence

Also seen in opening angle of

radiation at saturation

Slit distance: 3 mm
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TTF2 VUV FEL

Freie-Elektronen Laser ; : TTF1 will be extended to
Experimentierhalle 2| # ——= reach 1 GeV in 2003
—r T

5 and become a user facility
— — 1n 200

-

e _'r..r- 3 S

“ Transport Tunnel

TTF1
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e SN Ol B i + Site Planning Status

.} Agreement between the states

[

=~ Schleswig-Holstein and Hamburg for

F i o it DT,

} joint legal procedure

g% Environmental impact study is

it

R q._ completed. It includes evaluations of
. - noise protection

& /i Y electromagnetic pollution

7 -_ - - radiological risks

~ - hydro-geology

El

Campus Ellerhogpes.

TS s, ™. T B ey -
e e TR L

e g PSS We prepare to start the legal

XML TP SN . procedure required for an

.. Implementation at the site in

* November 02, as part of the overall
. feasibility study
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Other Linear Collider
Projects

Hesem- -

The following other collider projects are in under study:
At Stanford Linear Accelerator Centre: NLC
At KEK: JLC

Both use higher RF frequencies operated at room temperature.

Technical Review Board is active

Goal:

e critical review of all features of the
different technologies

 No recommendation on technology

e Experts learn details about alternate
designs (basis for collaboration)

Oral report due in Oct 2002

Albrecht Wagner, RadCor2002 34



How to Realise Big
Accelerator Projects?

Heshem- -

Global Accelerator Network

e Collaboration of interested accelerator laboratories and
Institutes world-wide with the goal to build, operate and utilise
large new accelerators

e Follows major detector collaboration in particle physics

e Partners contribute in full responsibility through components or
subsystems

« Facility is common property Important to work out
« Responsibility, cost are shared the detailed management
e Remote operation ISSUES

Project of limited duration (~ 25 years)

Albrecht Wagner, RadCor2002 35



m Enabling Future Large Projects

- make best use of world-wide competence, ideas, resources

- make projects part of the national programs of the
participating countries

- create a visible presence of activities in all participating
countries

- keep culture of accelerator development (scientific and
technical) alive In laboratories and universities

- make new projects attractive for young scientists, who can
contribute to and participate in large, unigue projects make site
selection less important and controversial

- make site selection less important and controversial

Albrecht Wagner, RadCor2002 36



Workshop on
Enabling the Global Accelerator Network GAN

www.Ins.cornell. edu/ganwkshp/

Announcing the first of
two workshops examining
the implications of a
Contrel System fer an

internationally designed, Remote operation will very likely be
constructed, and operated ]
frontler accelerator. of key importance for the future

WORKING GROUPS: . ege g -
STk o Trplarestin i operation of large facilities.
= Communication and Community

Building
March 21-23, 2002
* 1 L]
Cornell l,l.:‘lllill.l'vertsi'l-y-Ir Key |SSU€S
Ithaca, New York, USA _
To promote focused discussion, ® SOCIaI aspects

ottendonce will be limited to 40,
firet coma, finsr samed,

Hore et s e identify exciting issues, challenges

Mareh 5. 2002

Cantact Infermation
Roy Helmke [chair] < 407 255 8688

. reh 18 rell 2du

. tanica Wes Jﬂé&ﬂéﬁﬂ?ﬁﬁﬂ?ﬁz . . .
i Tests in this area are ongoing or
s ek planned (TTF, AO, LINX, P13..)

The GAN workshop series is an important start for an in-depth
study of the critical issues and for real experiments

Albrecht Wagner, RadCor2002 37



m The Road Map towards the LC

We must keep the time line in mind in our next steps:

2000 2005 2010 2015 2020

coF & Do NI
H1 & Zeus NN
LHC I

ENERGY FROMTIER LHE Upgrades | T
WLHC |
—> Linear Collider (. |

CLIC
Muen Collider

The synergy between
the LHC and the linear
collider argues for an
early start. The linear
collider should be ready
to begin construction in
2005.

Need to converge towards one project soon to meet challenges

International technical review helps to clarify issues, but will

not provide a recommendation

What can we do to be able to begin construction in 2005?

Albrecht Wagner, RadCor2002
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m+ OECD Consultative Group

Principal Conclusions Regarding the Road Map:

e The Consultative Group concurs with the world-wide consensus ...
that a high-energy electron-positron linear collider is the next
facility.

e There should be a significant period of concurrent running of the
LHC and the LC, requiring the LC to start operating before 2015.
Given the long lead times for decision-making and for construction,
consultations among interested countries should begin at a suitably-
chosen time in the near future.

e The cost of the LC will be broadly comparable to that of the LHC,
and can be accommodated if the historical pattern of expenditure on

particle physics| proposal by GSF to continue the group in one |l
resources that | form or the other after summer 2002 ide.

Albrecht Wagner, RadCor2002 39



Hesem- -

ICFA Initiative:

LC Steering Groups

4

Asian SG US SG European SG
Gov > Gov Gov > ECFA

International SC

Albrecht Wagner, RadCor2002
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m WR-Statements concerning the LC

Evaluation of TESLA by the German Science Council (Wissenschaftsrat)

The scientific questions addressed by the Linear Collider TESLA promise an
exceptionally high gain in knowledge for fundamental questions of the micro-
and macro cosmos. ...

... The general feasibility of the superconducting accelerator technology has
been convincingly demonstrated by the TSLA Test Facility, operated at DESY.

The Wissenschaftsrat asks the Federal Government,
after the submission of a project proposal which is more concrete in
terms of international financing and international cooperation

to make as soon as possible a binding commitment for a German contribution

Albrecht Wagner, RadCor2002 41



m WR-Statements concerning the X-FEL

Due to the high brilliance and time resolution of the X-FEL one can
expect a new quality of experiments in many fields of natural
sciences, life science, geo-science and material science. The high
coherence of the photon beam allows for the first time the
complete analysis of structural and dynamic properties of matter ...

... Key theoretical and experimental developments as well as major
technological innovations have been made at the TESLA Test
Facility and more are to be expected.

The Wissenschaftsrat asks the Federal Government,
after the submission of a revised project proposal

to make as soon as possible a binding commitment for a German
participation in the TESLA X-FEL.

Albrecht Wagner, RadCor2002 42



Hesem- -

TDR:

Collider and FEL use
jointly the first
section of the SC
linac.

Following the
recommendation by
the Science Council,
the planning is
based on separate
linac for X-FEL,
using same
technology and
iInfrastructure

Albrecht Wagner, RadCor2002

The X-FEL

e'-e

Zzone

Cryohalls

Interaction-16.8 km —» W

Main tunnel

20.5km —»

Laser Laboratory

12.3km —» @] FEL electron
transfer lines

75km > @

L 4

>

Main tunnel

400 m

FEL : e-energy
£ 50 GeV

New scheme for
iImplementation
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Conclusions X-FEL

Hesem- -

A new laser principle has been fully verified down to 80 nm, an
Important step towards X-ray lasers (0.1 nm) with very high peak
brilliance, < 100 fs pulse duration

Many fields of science will enormously benefit

Superconducting technology is very well suited to serve as driver
for an X-FEL laboratory

There will be more than one X-FEL facility around the world,
probably one per region

Close collaboration between US and Europe, will expand much
further

A German international review (German Science Council) gives the
project very good marks
In Germany:. Scientific recommendation on XFEL in 2002/3

olitical decision expected in 2003 »

Albrecht Wagner, RadCorJ:())



In particle physics a world consensus has emerged that a LC has
the highest priority and should overlap with the LHC

As a result of a strong international collaboration, superconducting
technology provides excellent experimental conditions and is
mature and cost effective, an international Technical Review is
looking at all LC technologies

The international community has set up a LC steering committee

New concepts of international collaboration and joint partnership
have been developed and are being analysed

A German international review (German Science Council) gives the
project very good marks

In Germany: Scientific recommendation on LC in 2002/3
Political decision expected in 2003

Albrecht Wagner, RadCor2002 45



