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Deutsches Elektronen-Synchrotron

DESY - Deutsches Elektronen Synchrotron
- founded 1959 -

Mission: Development, construction, operation and scientific
exploitation of accelerators

Provide access and services for national and
international users

Internationally used, nationally funded Research Institute

Base-Budget: 183 MEuro (2007)

Funding source: 90% federal, 10% state

Staff: ~1600 FTE in Hamburg and Zeuthen

Users: ~3000 (1500 from abroad) from 45 nations
920 in particle physics, 2100 in photon science

Frank Lehner, July 2008 2
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DESY in Hamburg und Zeuthen
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DESY DESY

DESY has a long successful history in three
areas of basic science and high tech :

- Particle physics (one of 5 laboratories
world wide),

- Research with Photons (synchrotron
radiation sources and Free-Electron
Lasers) and

- Accelerator development.

These topics stimulate each other, are unique in their
combination in Europe and constitute the basis for the future of
the laboratory.

DESY develops, builds and operates accelerators for research

- about 70% of budget for operation of accelerators and to
provide services for 3000 external users/year

Frank Lehner, July 2008 5
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DESY Management Structure and Advisory Boards

\‘ﬁilml‘; f@

Admin. Council

Directorate
GD,FH,FS, M,V

Scientific Council

PRC: Particle Physics Exp. & Theor.
Research Committee Particle Physics PRC. PSC. and MAC
. review the
MAC: Machine Accelerators respective fields
Advisory Committee + Development advise the |
. Directorate and
PSC: Photon Research with inform the ESC
Science Committee Photons SR, FEL

Frank Lehner, July 2008



DESY RESEARCH

AEXY
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Particle and Astro- Accelerator R&D Research w/

particle physics nd oper'a‘non Pho’rons
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DESY's Accelerators - today

DESY operated until recently 16 km of
accelerators for:

- Particle physics HERA
- photon science

Halle NORD (H1)
Hall NORTH (H1)
Hall nord (H1)

Halle OST (HERMES)
Hall EAST (HERMES)
Hall est (HERMES)

Halle WEST (HERA-B)

Hall WEST (HERA-B) Elektronen / Positronen

Hall ouest (HERA-B) ~— Electrons / Positrons
Electrons/Positon

Protonen
-=— Protons
Protons

Synchrotronstrahlung
= Synchrotron Radiation
Rayonnement Synchrofron

Halle SUD (ZEUS)

Hall SOUTH (ZEUS)
Hall sud (ZEU
PETRA
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Accelerator Development

Strategy:

Further strengthening of know-how in accelerators, driven
by science needs:

- Accelerator technology development (superconducting
RF, electron sources)

- Operation of synchrotron light sources

- Development and operation of Linac driven Light sources
(FLASH, XFEL)

- International Linear Collider development

Exploiting the synergy between projects and technologies

Frank Lehner, July 2008
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Development of superconducting Resonators

Superconducting RF-structures were
developed in many countries

TESLA Collaboration (55 Institutes
from 12 countries), centered at
DESY, bundled ~ worldwide know-
how and achieved signifianct
progess:

>30-fold improvement of
acceleration/cost performance over
10 years

Of large relevance for future
accelerators such as XFELs and
others

Frank Lehner, July 2008
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TESLA Technologie

Frank Lehner, July 2008




The heart of the accelerator
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Niobium

1.9K

Developed for applications in particle physics
Frank Lehner, July 2008
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TESLA Collaboration

TESLA collaboration

Frank Lehner, July 2008

= CANDLE, Yerevan
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1+l
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* Deutsches Elektronen-Synchrotron DEEY
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Hamburg und Zewufhen

* UniversEsi Hamburg

* Forschungszeninum Rossendord

* Universeat Rostock

= Bergische Unhversitt-3H Woppertal

TESLA

Members of the TESLA Technology Collaboration, TTC

Status: 24.05.07
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= Bincrofrone Triesis

* High Energy Accelsrator Ressarch
Organisaticn, KEK
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= The Henryk Niewodniczanskd inst. of Nuclear

Fhysics, Follsh Academy of Sciences, Krakow

= AGH - University of 3cience and Technology,

Faculty of Physics and Appiled Compuster
Aclkemice, Krakow

* The Amdrze] Soitan Instisie for Hucear

Btucies = IPJ, Ctwock-2wiert

* Inztibute of Hign Pressure Physics, Foish

Academy of Bclences, Warsaw

= Warsaw University, Depariment of Physks
* TU Lodz, Depariment of Microslecironics

and Computer Ecience

= Warsaw University of Technalogy, WUT, I2E

» Moscow Engineering and Physics
Institute, MEPRI, Moscow

» Budker Institute for Nuclear Physics
BINP, Novosibirsk

+ Institute for High Energy Physics
IHEF, Protvino

« Institute for Muclear Research, INR,
Russian Academy of Sciences, Moscow

= Argonne National Laboratory, ANL,
Argonne IL

+» Brookhaven National Laboratory, BNL

= Fermi Mational Accelerator Laboratory,
FMNAL, Batavia IL

» Comell University, Ithaca NY

+ Jefferson Lab, Newport Mews VA

* SLAC, ILC Division

+» Lawrence Berkeley National Laboratory,
LBML, Berkeley CA

*» Michigan State University (MSU)

= Spallation Neutron Source (SMNS)
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Research with Photons at DESY

-
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Research with X-Rays

1895 Discovery of X-Rays (W.C. Rontgen)
X-Rays can penetrate matter

Applications in medicine, life science, natural

science and in engineering sciences

The Wavelength of X-Rays
fits to the distance of atoms in Matter

“Position of atoms”

A J . Applications in basic applied science

laue - Bovgeng

accelerated electrons
generate radiation
(Bremsstrahlung)

kiighall

Frank Lehner, July 2008



Since 1960 sources became
stronger by factor 1000 every

10 years -> substantial
progress in science

Undulators:

Line spectrum

Higher intensity
Focused in narrow cone

Frank Lehner, July 2008
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PHYSICS TODRY

NOVEMBER 19935

SPECIAL ISSUE: X RAYS 100 YEARS LATER

Frank Lehner, July 2008

Some Applications:

100 um A/
i W
g Ribosom Knee Of Cl Spider

Die “Proteinfabrik”

Detector Insertion

Device o
\
y -

Computed Image of

Atoms in Crystal Crystal

Diffracted
X-Rays
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Examples for Research at DORIS

8 keV at BW2

Volume rendering of the head and
thorax of the sawfly Tenthredo vespa.

F. Friedrich, H.W. Pohl, F. Hiinefeld, F. Beckmann, Painting: van Gogh
J. Herzen and R.G. Beutel (HASYLAB Ann. Rep. 2007) Boerin, Janssens et al. (submitted, 2008)

Frank Lehner, July 2008 19



Strategy for Research with Photons

Strategy:

Make leading edge research possible in physics, chemistry,
material science, biology etc. through unique light sources:

Synchrotron light sources

- DORIS

- PETRA ITIT

Linac driven light sources

- VUV-FEL - FLASH

- Participation in European XFEL

FLASH, PETRA and the XFEL are or will be unique facilities
on a world scale

Frank Lehner, July 2008 20



Photon Science User

Distribution of international users in 2006

2007: about
130 FLASH
Users

other europ.
99, | other abroad

g | 4% Poland
The Ukrame_\ '. 14%

Slovakia | _
2% N

R;fyiia*\
In 2006 at Hasylab: P

Hungary

German Users: 928 3%
Internat. Users: 771 e
No. of Nations: 40 g

4%

Netherlands __/'
4%

Denmark
13%

France
11%

/
Austria |

Frank Lehner, July 2008 i



Distribution among Research Fields (biology included)

instrumentation &

techniques further

environmental applications

science

atoms, molecules,

clusters
life science
40%

interfaces &
surfaces

hard condensed
matter 8%

soft condensed
matter 11%

material science
29%

DORIS

distribution corresponds roughly to "number of experiments
performed”, it does not scale to allocated beam time

Frank Lehner, July 2008
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PETRA IIT

Originally built for particle [ —— S ——
physics end of 1970ies 3

- Discovery of gluon
- Later, injector fir HERA

nhow being refurbished to
worldbest source for hard X-ray
- PETRA IIT

- ver'y hlgh br'illiance 0 10 20 30 40 50 60 70 80 9. 10;0
. Photon energy [keV]
- very low emittance

a new high performance light
source for European users,
nationally financed

—
m
[N
-

1E20 |

1E19 ¢

ESRF ID16 (5m)

Brilliance [s ' mm™“mrad”0.1%BW ]

1/8 of ring completely new assembled
7/8 of ring refurbished

14 beamlines (some of them together
w/ other institutes, e.g. EMBL)

Frank Lehner, July 2008 23



PETRA IIT

- begin construction: July 2007 . i
» laying of founding stone: September 2007
* roof construction: November 2007

* monolithic concrete slab (280 m long, 24 m
wide) poured: December 2007

Expect user operation mid 2009

------

i S
.........

Frank Lehne



PETRA IIT

Status July 2008:
PETRA III-Hall
- Outside finished

- Installation of
equipment/beam line in hall
has started

Refurbishment of PETRA ring
finished

Expect user operation mid
2009

Frank Lehner, July 2008



Principle of a Free-Electron laser

Free-Electron Laser FEL is
very long undulator so
radiation field is strong

enough to introduce periodic

microbunches inside bunch
and hence a resonance with
undulator.

The “Supertandem”: ' A
“all move in sync”

Frank Lehner, July 2008

LINAC driven
SASE free-electron laser

I accelerating
cavities

undulator

experiment &

FEL radiation electron

dump

laser
electron
gun

- :
111
]
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Properties of FEL radiation

X-ray FEL radiation (0.2 - 14.4 keV)
<100 fs (rms)
1012-10% ph
x10°
x104
Spontaneous radiation (20-100 keV)
- ultrashort pulse duration <100 fs (rms)
- high brilliance

100 ms 100 ms

~ i, ll

X-ray photons

e

FEL
process

+

v
A
Y

600 ps

A

A

Peak Brilliance [Photons/(s mrad” mm’ 0.1% BW)]

35

1033

11:131

1U29

102?

10%°

10%

1021

18

FLASH

XFEL

FLASH -

PETRA Il 20m ID

10°
Energy [eV]

FELs deliver in 10 Femtoseconds so much light

Frank Lehner, July 2008

as today’s best X-ray sources in 1 second.
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Diffraction: From Static to Dynamics

Realtime holograms of
: motion of atoms, molecules
vy and electrons

N
2. Laser flash 15-3kes

i oh nature's time scale

incident X-ray beam

detector

Frank Lehner, July 2008 28



The FLASH FEL as Prototype for the XFEL

RF gun accelerator modules

collimator

bunch
compressor

4 MeV 150 MeV

Frank Lehner, July 2008

compressor

450 MeV

undulators

1000 MeV

FLASH:

VUV free electron laser
electron energy: 1 GeV
wavelength: 6.5-47 nm

average pulse energy: 2-70 pyJ
peak pulse energy: 170 pJ

pulse duration: 10-25fs
average power

(700 pulses /s ): 20 mw
peak power: 3-10 GW
peak brilliance 1-10 = 1029
divergence (@13nm): 90 prad
spectral width: 0.7-1%

29



FLASH - lasing towards shorter wavelength

Lasing at 6.5 nm 10/2007 @ 1GeV

Proof-of-Principle for SASE in the VUV
First Lasing 2/2001, Saturation 9/2002

1000
S
< Lasing at 13 nm 4/20086,
800} Saturation 8/2006
>
c Y Lasing at 25 nm 12/2005

600

- & .
3 Lasing at 32 nm 1/2005
c s _ FEL radiation: »
LO— 400 + FEL at TTF 1 (1999 " 2002) measured diffraction pattern of a double slit
o)
LL

200

20 40 60 80 100 120 140 160 180 400 800
FEL Wavelength (nm)

Courtesy: Sigfried Schreiber

Frank Lehner, July 2008 30



Ultrashort times

Light travels a distance of 30
micrometers in 100
femtoseconds.

Key processes in nature proceed
on such ultra-short time scales

-.‘/‘). \

W AccV SpotMagn  Det WD Exp f———————f 100m
“150kv 30 331x GSE 1021 Haar
ko ?F

Frank Lehner, July 2008
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First X-ray imaging of biological cells (free fall)

2 & g

Resolution length (nm)

(0)]
Q

30

Image of Picoplankton (most abundant
photosynthetic cells) recorded with ~10 fs light
pulse at FLASH, wave length 13.5 nm.

S tanford

Linear
ccelerator

Scattering intensity

Ostreococcus TEM section
(Wenche Eikrem and Jahn Throndsen,
University of Oslo)

32



Ultrafast coherent diffraction at 32 nm

FEL-Pulse at FLASH:

30 fs, 32 nm, 3 x 1013 W/cm? breakthrough with
respect to XFEL

1012 photons/s in one pulse
Probe heats up to 60’000C and

evaporates
Take single shot image before

probe gets destroyed

Reconstructed
Image

......

Diffraction pattern

Diffraction pattern
Of| 2. Pulse

of 1. Pulse H. Chapman, J. Hajdu et al.

Frank Lehner, July 2008 33



Frank Lehner, July 2008

The European XFEL Project

< 3.4km '

. W“‘m_ A N\
== The European X-ray laser project XFEL  ~

=== XFEL site *50 m
===+ Options for expansion

Planning status October, 2003 i

34



Status of the European XFEL Project

» 14 countries have signed Memorandum of
Understanding for the preparatory
phase

» Construction Phase officially launched on
5 June 2007

* Prep. Phase support by European Funds Civil construction
- 12 countries ready to sign convention tenders out
* Funding of phase 1 assured First Beam: 2013

Complete Operation
with up to 10 Exp.
Stations: 2015

e | DS — ] S

CH CN DE DK ES FR GB GR HU IT PL RU SE SKR




XFEL - Official Launch
- XFEL Launch on 5 June 2007

First beam in 2013,
all beamlines operational in
2015

Frank Lehner, July 2008



MPG

Advanced
Study
Group |

Ullrich
Rost
Struder
Schlichting

Techert

Approach to FEL science in Germany

Center for Free-Electron Laser Science (CFEL)

MPG, DESY, and University of Hamburg

MPG/Uni MPG/Uni DESY DESY DESY
Core Core Core Core Core
Group | Group |l Group Il Group IV Group V
Experim. Experim. Theory Experim. Experim.

Junior Junior Junior
Research Research Research
Group | Group I Group Il
Max-Planck “Forschungsgruppe” of HH University
UH [
e DESY |
il RO

Univ. HH

Advanced
Study
Group Il

Wurth
Johnson
Drescher

Klanner

Ribhausen

RoRbach
Khan

In 2010 a new building available for ~300 people, annual budget ~15 M€
Frank Lehner, July 2008
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What do we know about Particle Physics?

The elementary
particles:
z ..

Understanding of the elementary particles
and interactions

The forces:

\Gluons

strong forces

Photon

Higgs field?

Higgs

38




7
Particle Physics - open questions? 'E\ET_E;ZE/'

What generates Mass? Do we understand the
Search for the "Higgs". ﬂlV |

Particles “

Is there a ,shadow V A
o

world" of new Q\.
particles? 9 é
Oog ‘

<« 5u mmetric
Frank Lehnel", JUIY 2008 k ”51’1’;?11‘32{;” partld

In how many
. dimensions




String theory

| JUsT HAD AN AWESOME |IDEA.
SUPPOSE ALL MATTER AND ENERGY
IS MADE OF TINY VIBRATING STRINGS.

OKAY. WHAT wouLD
THHT IMPLY 7

| DUNNO

H

GTRING THEORY GUMMARIZED:

Frank Lehner, July 2008
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Particle Physics as telescope to the early universe




Particle/Astroparticle Physics (20

| DESY |
\ J..f’ ‘. |

- rich program pursued at DESY - N4

HERA unique ep-facility, leading physics analyses,
combined results, HERA -> LHC HERA Analysis
centre at DESY

LHC involvement in ATLAS and CMS, commissioning and
physics,
detector R&D towards possible upgrade (sLHC)

Linear Collider central role in all aspects and through all phases
towards Technical Design Phase in 2012

TceCube complete installation, R&D on acoustic detectors,
leading analysis contributions (-> multimessenger),
prepare for the future (CTA)

Theory keep balanced excellence in phenomenology, string
theory, cosmology and astroparticle physics, lattice

gauge theory (incl. hardware)
Frank Lehner, July 2008 42



HERA

HERA: Microscope - unique world-wide - with a resolution of

1/1000 of proton radius (10-18 m)

Questions:

Run 224888 Evart 9004 Cloger 26

Date 18,10/ 1998

How big are electron and quark
What is the proton made of

Which properties do the
fundamental forces have

What is the origin of spin

Are there new phenomena

First collisions in 1992

Qi3 = 32068 GeVitd v =074

End of Operation 30 June 2007

Frank Lehner, July 2008
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Particle Physics Users

Malaysia Slovenia— South Korea Mongolia Ukrain
Kasachstan Serbia Sweden Greece
Bulgaria Montenegro Danmark

Mexico— Norway

Slovakia

Portugal
China

Spain
Israel
Czechia

Netherlands

Armenia

rman
Japan Germany

Canada

Switzerland

Belgium

France

Poland

Russia

@ Germany

m Russia

O Italy

OUK

B USA

@ Poland

m France

0 Belgium

m Switzerland
m Canada

O Japan

@ Armenia

m Netherlands
m Czechia

m Israel

m Spain

@ China

O Slovakia

0O Mexico

0O Bulgaria

O Kasachstan
O Malaysia

O Montenegro
0O Serbia

@ Slovenia

@ South Korea
@ Sweden

0 Mongolia

@ Ukrain

m Greece

= Norway

@ Danmark

m Portugal
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HERA Fest

Highly

Exceptional

Hesearch
chievement

Ry More than 1,000 Physiker
ERMES™, - ~ 1,000 Ph.D.’s
- ~ 400 publications

sl ZEUS




DESY in post-HERA era - participation at LHC

- expect scientific breakthroughs
- strong link to HERA program
- preparation of ILC

March 26-27 2004
MidtermPeetimg™—
Final Meeting
March 21-24

DESY, Hamburg

o,

Frank Lehner, July 46
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Large Hadron Collider LHC

—_—

Large Hadron Collider LHC at
CERN/Geneva

circular machine

27 km circumference
proton-proton collisions at
14 TeV energy

- 800 million quark/gluon
collisions per second

- 15 Petabyte of data/year
(GRID)

LHC will start by mid 2008
and is our essential tool to
explore the Terascale

HERA results are vital for LHC predictions

Frank Lehner, July 2008 47



HEP in Germany - Future Challenges

- End of HERA: -> turning point for HEP in
Germany

- Particle physics at the energy frontier is
becoming global in all its areas

- Stay competitive with high impact >
restructure HEP in D

Join all forces of complementary excellence in
all areas (analysis, computing, detector,
accelerator) in a long-lasting structure and
strong sustained infrastructures:

Alliance: a Network of
complementary excellence
between
2 Helmholtz Centres
17 Universities
1 Max Planck Institute

Frank Lehner, July 2008




= Start July 2007 for 5

Physics at the Terascale

yvears duration

= all structures set up and most positions filled

= Analysis Centre and Virtual Theory Institute constituted
= NAF prototype operational
= Jecture and school programme in full swing, e.g.:

Kick-off workshop
=~ 350 particpants

Kick-off Workshop .Eé.@

PHYSICS AT THE T

Sirainglc Helmholiz Alllancs
""'"ﬂ"“"—ﬂ..._ﬂ!;"'m 'm_“;;;‘_w‘ﬂ

|

35 Decemher 2007, DESY |

+ university lectures on

Accelerator school
- = 35 students

Terascale Abcﬂerntur School

PHYSICS AT THE |

Strategic Helm holiz Al 1nDe
P T

. - 10-14 mnmhfmpa,
el - DESY Hamburg
o - "'._. %

By T b B e L . . -y s pe e
hittp: | www to r;;ﬁfﬁ_ \

= Planned:

Monte Carlo school
=~ 85 students

Monte Carlo School i

PHYSICS AT THE T

Strafegie Holmbaliz &llancs

. T

21-24 April 2008,
DESY Hamburg

Toplcs:
< Woake Earla Ao riquen and pRFMEN L Lemind
YT M ——

hittp:TTwww tor ASERln

Heraeus seminar
=~ 60 students

PEYS AL U TR

PHYSICS AT THE TERASCALE

= Sep 2008 Statistical Methods
= Nov 2008 Parton Density

» Dec 2009 Annual Workshop (Aachen) !

accelerator physics
+ teaching buy out



International Linear Collider H l N

o

International consensus: Linear Collider as next large-scale facility in
particle physics

Worldwide technology decision in 2004: TESLA (SCRF) Technology

.Baseline" Design Configuration

- Many elements of the Main Linac correspond to the XFEL design
(except gradient)

- FLASH and XFEL experience and future work (industrialization)

DESY actively involved in ILC Global Design
Effort

Reference Design Report including costs were
presented in February 2007

Now strong international effort towards
engineering design to be completed by 2012

Frank Lehner, July 2008 50



Which ILC questions are answered by XFEL?

* how to build a 100 accelerator module linac using superconducting
RF (SCRF) Technology

- how to industrialize the SCRF on a 5% ILC scale

* how to extrapolate from FLASH by a factor of 20
Remark: ILC ~ 20 x XFEL

* how to start and organize an international project based on in-kind
contributions

Frank Lehner, July 2008
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Strategy for Astroparticle Physics

Strategy:

Experimental Scientific Focus: Origin of high energy cosmic
rays, through neutrino messengers

* Analysis of data from Baikal and Amanda
- deployment of Icecube until 2011

New: Combination of neutrino and high energy photon signals
(multi-messenger principle)

Close collaboration with German universities

Experimental astroparticle activities are presently mainly
located in Zeuthen

Frank Lehner, July 2008
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Neutrino Astrophysics

Icecube
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Year'
2005 1 4

2006 8 12

ICECUBE will i 2007 12-14 10
antarctic ice t

2011 Sum 70-80 70-80
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ALPS - ,Axion like particle search™
Elementary particle physics at very low energies :

Search for particles which are 1.000.000 times lighter than
electrons. Hints from:

- Masses of neutrinos,
- Dark energy

New very light particles can be easily intfegrated in extensions of
the SM

Experimental searches for light particles would
- test String-Theories,
- Provide indirect access to extremely high energies
- Complement experiments at LHC and ILC.
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The ALPS-Experiment at DESY

DESY, Hamburger Sternwarte, Laser Zentrum Hannover,

MPI fir Gravitationsphysik (Albert Einstein Institut)

search for .Light shining through the wall".
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Skivie 1983, Ansel‘m 1985, VVan Bibber et al. 1987

Frank Lehner, July 2008
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The ALPS-Experiment
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50 Years of DESY

in 2009:
we celebrate 50 years of DESY

start planning for

a series of events, from spring
2009 onwards
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First operation of DESY in 1964

Minister Balke Max Brauer

18.12.1959
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Summary

Particle- and
Astropart.-physics

Accelerators
Develop./Operation

Research with
Photons

The scientific focus of the research at DESY is the
understanding of the structure of matter at different length

and time scales

In its three areas of key competence DESY is a world leading

institution

Science driven technology developments have led to a major
new research possibilities for photon science and particle
physics, such as FLASH, XFEL and ILC

Frank Lehner, July 2008
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Finally ...

Enjoy your stay at DESY
and in Hamburg ...

Frank Lehner, July 2008 59
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