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Research field Matter in the Helmholtz Association

elmholtz-Zentrum GEOMAR Helmholiz Cenire

EeesthaCht for Ocean Research Kel
(%]

Centre for Materials and Coastal Research

Alfred Wegener Insfitute for Deutsches Elekironen
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Max Dedbriick Center for
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Helmholtz Centre for
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Research
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HELMHOLTZ (Germany) — Research Field Matter

new programme structure as of 1.1.2015

Matter and From Matter to Matter and
the Universe Materials and Life Technologies

Fundamental In-House Research on the
Particles and Forces Structure, Dynamics and
Function of Matter at \\ %
_ Large Scale Faciltities
Cosmic Matter Detector
in the Laboratory Facility Topic: Technologies and Systems
Research on Matter with
Matter and Radiation Brilliant Light Sources
from the Universe Facility Topic:

Neutrons for Research
on Condensed Matter

Facility Topic:
Physics and Materials
LK Il Science with lon Beams
,performance category II* Facility Topic:

= user operation of large

iy Research at Highest
scale facilities

Electromagnetic Fields et neLmuoLTz

'k'm | GEMEINSCHAFT
smgem b s Helmholtz

assadialion

PAGE 3 Review of the Research Field Matter




HELMHOLTZ ARD (coordinator: R. Brinkmann)

Four Research Sub-Topics:

1.

2
3.
4

SRF Science and Technology

Concepts & Technology for Hadron Acc.

ps-fs Electron and Photon Beams

Novel Acceleration Concepts

Cost per sub-topics

6%

Helmholtz ARD is:

6 Helmholtz centers

4 research themes (ST)

= 32 M€ / year (full cost)

= 160 FTE / year

plus = 6 M€ /year 3" party

(universities + EU grants)

M ST1-SRF tech

M ST2-hadron acc
ST3-ps/fs beams

M ST4-novel acc

MHOLTZ
‘w | GEMEINSCHAFT
g by ossaciofion




Mission: Developing the Future Accelerators for DESY.

Centre for Structural
Systems Biology

2005
4,2nm - 45nm
oy 1,7nm 3 harm .
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SINBAD “Short Innovative Bunches & Accelerators at DESY”

Accelerator Research at DESY 7 st

FEL Seeding SINBAD (ultra-short
(sFLASH, FLASH2 seeding, bunches, LAOLA, proto-

SC Processes ongoing) type table-top FEL, 2017+)

(large series production FLASHForward

& testing of sc cavities - AXSIS (atto-second
(beam-driven plasma bunches, ICS, 2014+)

and modules, AMTF,

. acceleration, 2016+)
ongoing)

SC Technology
(R&D on CW, cryo module
test bench, ongoing)

LAOLA at REGAE

(laser-driven plasma
acceleration, 2013-2016)

Surface Technology
(cavity surfaces, CRISP,
ongoing)

Zeuthen Campus

Photo-Injector
(ongoing)

LAOLA at PITZ

(bunch modulation
in plasma, 2013+)

Haupteingang

2 .
Main Gate c =
_ ] )

Hamburg Campus




LAOLA Collaboration Hamburg

Laser: Ti:Sa 200 TW, 25 fs pulse length, 5 Hz repetition rate

» [nitially: Laser-driven wakefields in REGAE. LUX exp. towards FEL
= [Later: Move to SINBAD facility.

F. Griiner
A. Maier

Beams:

= REGAE: 5 MeV, fC, 7 fs bunch length, 50 Hz

= FLASH: 1.25 GeV, 20 - 500 pC, 20 - 200 fs
bunch length, 10 Hz. FLASHForward»»
Beam-driven plasma wakefields. Beam-driven
plasma wakefields with shaped beams and
innovative injection methods. Helmholtz VI with UK collaboration.

= PITZ: 25 MeV, 100 pC, 20 ps bunch length, 10 Hz.
Beam modulation experiment in a plasma cell,
preparation to CERN experiment AWAKE

= SINBAD: dedicated R&D,
multi purpose, 150 MeV,
0.01 -3 pC, down to
< 1 fs bunch length,

Similarly strong
teams in other

pulse rate 10 — 1000 Hz - - Hceel :][re“r)sltlz
= Home of AXSIS ERC U. Dorda B. Marchetti
Synergy Grant .\./

- Home of ATHENA, D S;
Ralph ABmann | ATS Seminar| 12.3.2015| Page 8
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ANGUS Laser, DESY & Univerisity Hamburg
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Short INnovative Bunches | Desy’s dedicated ARD facility for R&D on innovative,
and Accelerators at Desy novel accelerators for science, health and industry

P = = = = = = = = = = = = = e e = = = g e e e e Em e e e e e e e e e -1 Arcelerator Research and Development

I ) , I . | .- D
. SINBAD Linac Ultra-fast science | Accelerator on a Chip | !,!E esY
I S/Xband technology for sub-fs e- bunches (100 MeV) | DESY DSF fund!ng o e oo o= = = -
| { Moore foundation grant application . I
| DESY ARD funds and non-strategic | (decision Aug 2015) Pilot User Labs
I @ investments —_— ERC Synergy |
I Grant I
| 1
I ~ 0 g: 1
| ‘ 1
I RF/plasma combination, = =— =4
| - medical imaging, FEL tests, 1
1 @ . RF Infrastructure S staging for HEP, pilot user tests |
I L I
- -4--1- L R Ccntral AN '(3; 2 I
. . — Laser Ultra-compact electron '
| j ‘ d plasma accelerator :
) - . [ | I
., — T I
; 0 ) siNBAD — |
s [ ] command L AXSIS I
- stand I
- — Atto-second I
|_ science with I

— THz laser

acceleration :
ERC Synergy |
= Grant 1
Existing civil infrastructure I
for 9 GeV electron beams  }\* O _ _ _ _ _ _ _ _ _ _ ___ S Y a4
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European Research Council




SINBAD

Short INnovative Bunches
and Accelerators at Desy

Desy’s dedicated ARD
novel accelerators for

SINBAD Linac Ultra-fast science
S/Xband technology for sub-fs e- bunches (100 MeV)

e

. DESY ARD funds and non-strategic
ﬁm*:; st : ¥ LI ey ——— -

Umbau ist im
vollen Gange... —

HER

: Accelerator on a Chip

ion

I

niauon,
sts,
er tests

0 ) SINBAD

command
stand

Existing civil infrastructure
for 9 GeV electron beams

50m

|
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I ﬂ
1
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SINBAD Beam Infrastructure - SINBAD Linac Phase 1

Ti:Sa photocathode laser E=100 MeV
Cs2Te cathode
Gun solenoid 12.9m

TW solenoids

PlI:
REGAE-like LINAC Il -like LINAC [l —like
B. Mar- : :
. RF gun Traveling wave Traveling wave
chetti 2.998 GHz 2.998 GHz 2.998 GHz
Beam final To be used as RF Total av.
energy~5MeV compressor Gradient~80MV/100MV

Q=0.5 pC, Ne=3.12*10"6
Beam at the exit of the linac for 3 different working points

FWHM, Q% in 1 AE/E o, , [mm] (@, B, (I, local, 1,
[fs] FWHM [m]) 1FWHM)[A]
21

50.6 -1, 1284 150, 133
27 62.2 111 0.1% 0.15 0.05 09,79 150, 115
= 70 111 0.3% 0.009 0.05 0.03,03 100, 87
2>21-4fs
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SINBAD Beam Infrastructure = SINBAD Linac Phase 2

Aband linearizer
T™W
11.9942 GHz 30.2m
Total av.
Gradient~6MV Dogleg tunable To th_e
P medical
Range imaging
~10/10mm (0.2 +3.49° :
mm (0.2mm) beam-line

E=200-300 MeV

18.3m 25 3m To the

plasma
> €Xp. and
diagnostics

Bunch compressor beam-line
Reg= -10mm

H

-3.49°

Discussing collaboration with CLIC on X-band technology for linearizer

and transverse deflecting structure
Ralph ABmann | ATS Seminar| 12.3.2015| Page 15



Bunch Compressor

- 200 atto-s > 620 atto-s
Working point A Working point B
iti Initial ch C 100
Initial charge (pC) 10 nitial charge (pC) o030 e (e
Gun gradient (MV/m) 110.0 Gun gradient (MV/m) 110.0
Gun phase (deg) 0.0 Gun phase (deg) 00
Laser pulse duration (ps) 30 Laser pulse duration (ps) 30
TW1 gradient {(MV/m) 239 TW1 gradient (MVW/m) 239
TW1 phase (deqg) -59.2 TW1 phase (deq) -60.0
TW1 gradient (MV/m) 239 TW1 gradient (MVW/m) 239 o TT ri o% o S
TW1 phase (deg) 592 TW1 phase (deg) 60.0 tt tfe)
———0.62 fs (rms)
R56 (mm) 100 R56 (mm) 100
1.0
Slit width (mm) 0.4 Slit width (mm) 04 0.8
Final charge (pC) 0.38 Final charge (pC) 2.77 - o
g, (um) 0.05 £, (Um) 0.24 - EE
€, (pm) 0.05 €, (um) 0.18 -0.2
-0.4
Energy spread 0.0019 Energy spread 0.0022
Current (A) 650 Current (A) 1528
References:
Study and simulations: J. Zhu P. Emma, Phys. Rev. Lett 92, 074801(2004) et esignss

S. Di Mitri, PRSTAB 16, 042801 (2013) m ﬁ HELMHOLTZ
o s Wkl § iolon.

| GEMEINSCHAFT




Ultra-Precise Timing and Synchronization

75
) \ 1
£60

©

2

LA I

I I
—— out-of-loop timing drift [fs]

/

£
230 A
(@]
9 -\\
515 !
< NGl |361s 2
o 0 M‘W:
0 10 20 50 60 70

30 40
time [h]

Femtosecond Precision in Laser-to-RF
Phase Detection

(from H. Schlarb, T. Lamb, E. Janas et al. Report on DESY Highlights 2013).
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HELMHOLTZ (Germany) — Research Field Matter: new

programme structure, starting 1.1.2015

From Matter to

Matter and
the Universe

Materials and Life

Matter and
Technologies

Fundamental
Particles and Forces

Cosmic Matter
in the Laboratory

In-House Research on the
Structure, Dynamics and
Function of Matter at
Large Scale Faciltities

/
_

Matter and Radiation
from the Universe

Facility Topic:
Research on Matter with
Brilliant Light Sources

Detector
Technologies and Systems

LK I

,performance category II*
= user operation of large
scale facilities

Facility Topic:
Neutrons for Research
on Condensed Matter

Facility Topic:
Physics and Materials
Science with lon Beams

Facility Topic:
Research at Highest
Electromagnetic Fields

RatptrARTTamT—ATS Seminar| 12.3.2015| Page 18

ARD
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ATHENA =

Accelerator Technology
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Plasma Accelerator Project in Helmholtz — Germany

L Beeulke Tl Aoy el
nn -'I"'wh"k

2 l‘.u'l!l"ll.]-u-t
o -4

. Auyabulg| o7

l..l q-

Featl
& TGl rageny

Ralph ABmann | ATS Seminar| 12.3.2015| Page 19




Kompakts
Atto-Sekunden
Lichtquelle

Ultrakurzer
Elsktronenpuls

neder Tachnologre
ARD, DESY, Uni
HH, KIT
weltars Phasen
und Nutzer
" Dritemittel
. Interessonsbe-
“,  kundung ELI
. . ul.
WPIERM  Coordinating Pl = weesomirms (28
#) JULICH

Jiilich Short-Pulse Particle and Radiation Centre

Particle physics

Synchrotron. radiation

Fren)))
PARC

Material researc!

M Biischer

[=]

The LIGHT test-stand at GSI: coupling of laser- Mt
accelerated ions into conventional accelerators

of laser L

- 1. Laser-driven ion acceleration
+ 2. beam conditioning (collimation)
* 3. drift line and phase-space rotation

protan
spoetrum|

to G5I's 515 accelerator
ents (repetition rate and

20

. o
Blelgfeld Brunswick o Magdeburg

Biiren
Jurgo @Essen
SDusseldorf

e
HZentrum ()
’ Horn mit
ot und rahlkipfehen
{h&thta' Frankfurt
Muremberg
L]
DOnaLaneTS
bej Stadkdorf
tuttgart
(o]
o-Aug sl burg
Ulm

bERLInPro = Berlin Energy Recovery Linac Project
00 mA | low emi hnology d

beam dump
\{ MeV, 100 mA = B50 KW

W bERLinPro

Helmholtz-Zentrum Berlin

linac module
44 MoV

h virtual beam power zone
driven

50MeV, 100mA, 2ps (5 MW of virtual beam power)
50MeV, 10mA, <100fs (500kw of virtual beam power)
both modes normalized emittance < 1mm mrad

ELBE center for high power radiation sources

Il

&

Dual beam Petawatt / 150 TW ultrashort pulse laser facility
Diode pumped Petawatt laser development

Synchronized operation with ELBE accelerator

Dedicated shielded target areas (~1000m? laser lab space)
Beam driven sources (THz, FEL, ...) at ELBE |

FLUTE: ARD-Forschung am KIT

B Ultrakurze Elektronenpulse (1 fs bis 300 fs)

B Grosser Bereich an Ladungen (1 pC bis 3 nC)

B Koharente Strahlung fiir Materialwissenschaften und biologische
Anwendungen

B Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung

B Kooperation KIT, PSI, DESY

Ferninfrarot Linac- U

FLUTE, a Linac-Based THz Source at KIT

CCLEC

200 150 100 50 o 50
relative 2 -position (m)

O Development and application of novel
plasma diagnostics:

0 few-fs and 1-pum resolution,

O first direct visualization of the laser-driven
plasma wave in a laser-glectron
accelerator.

M. Schwab et al., Applied Phys. Lett (2013)

A. Sévert f al,, submitted (2013)

| of diode-

Ser systems

if broad-band
r 166 J @




time-resolved

p/ions for
plasma diagnostics

\ plasma
 C collder ' plasma medicine .
FEL biology material research
| g S ]
pasma S o 3 ,
S S @ o polarized
Injector g medical neUtmnS' g g? protons l
g imaging 5o
Ifg \l__'b<\6 S\:}
SO
@é" ©
- DOy
Flagship N Flagship

ATHENA_

ATHENA_

DRESDEN

hadron
plasma
accelerator

electron
JECIE]
accelerator

FLUTE SINBAD LIGHT ELBE
BERLinPRO JENA JUSPARC

ARD research infrastructures connected to ATHENA

AITICINA. LV IO — LVUZL T, plUpUOdl LU VvC suwviiilucu, U CCIILGIo ™ | [HIDUULG ™
universities + international collaborators, using infrastructures together, 2 future

technologies for the Helmholtz strategy, high relevance for applications in
Ralph ABmann | ATS Seminar| 12.3.2015| Page 21
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Proposal for a H2020 Design Study “European Plasma
Research Accelerator with eXcellence In Applications”
(EuPRAXIA")

Collaborative Project

" In Greek mythology, Eupraxia was the personification of well-being. In medicine the term Eupraxia

describes the normal ability to perform coordinated movements.

INNOVATION ot ) SCIENCE
GeV femfo-sec FEL EP

Peta
Woatt

I\

European design study for a "European Plasma Research
Accelerator with eXcellence In Applications”




Strategy European Network Novel Accelerators

Conventional 5 GeV
FEL: 500 — 1000 m

operation, ultra-fast
science, ...

Multi GeV e- bunches
in plasma acc. (30 m)

EuPRAXIA Research
Infrastructure
5 GeV FEL & HEP
250 m

Today 2020’s 2030’s
HEP collider, e.g. ILC,
FCC, Higgs factory,
HEP collider, e.g. 50— 100 km
27 km LHC
Conventional FEL’s HEP Plasma Linear
towards CW

Collider 3 -5 km

Ultra-Compact FEL
10-100 m

Proposal: EU
Design Study

Ultra-Compact e-

medical accelerator

Ay



EuPRAXIA - Connected Labs and Institutes

List of participants:

Associated partner organisation name Short Country
Participant Participant organisation name Short Country name
no. name Jiaotong-Universitdt Shanghai JUS China
1 (Coordina- Stiftung Deutsches Elektronen Synchrotron DESY Germany - - - -
tor) Tsingua University Beijing TUB China
2 Istituto Nazionale di Fisica Nucleare INFN Ttaly Extreme Light Infrastructures - Beams ELI-B Czech Rept
3 Consiglio Nazionale delle Ricerche CNR Ttaly Lille University PHLAM France
4 Centre National de la Recherche Scientifique CNRS France
. . Helmholtz Institute Jena HU Germany
5 University of Strathclyde USTRAH UK
G Tnstifuto Superior Técmico ST Portugal Helmholtz-Zentrum Dresden-Rossendorf HZDR Germany
7 Science & Technology Facilities Council STEC UK Ludwig-Maximillians-Universitat Miinchen LMU Germany
8 Synchrotron SOLEIL — French National Syn- SOLEIL France Wigner Research Center of the Hungarian Academy | WIGNER Hungary
5 fjhf_ot“m_ Y e of Science
ter UMAN
niversity of Manchester European Organization for Nuclear Research CERN IEIO"
10 University of Liverpool ULIV UK
. . . High Energy Accelerator Research Organization KEK Japan
11 Agenzia nazionale per le nuove tecnologie, ENEA Ttaly
I’energia e lo sviluppo economico sostenible Kansai Photon Science Institute, Japan Atomic KPSI-JAEA | Japan
12 Commissariat a 1'Energie Atomique et aux CEA France Energy Agency
énergies alternatives ” - -
13 Sapienza Universita di Roma UROM Ttaly Osaka University ou Japan
14 Universitit Hansestadt Hamburg UHH Germany RIKEN SPring-8 Center RSC Japan
15 University of Oxford UOXF UK Lund University LU Sweden
16 Imperial College London ICL UK Center for Accelerator Science and Education at CASE USA
Stony Brook U & BNL
1 6 b f .. f 5 E U b tat Lawrence Berkeley National Laboratory LBNL USA
enefticiaries rrom memoper states
SLAC National Accelerator Laboratory SLAC USA
University of California, Los Angeles UCLA USA

plus 18 associated partners
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pump Laser(s)
Laser Transport

Laser

20m
_'
RF Photogun In'-Matching Out-Matching
Diagnostics Diagnostics
Bc?oster Linac or Plasma
Drive Beam Linac Accelerator{s}

Beam Widening User —

Momentum Cut Area “ 4’|
Collimation

Diagnostics

Undulator Section
Photon Pulse Generation

FEL
User
Area

5 Milliarden Elektronen-Volit und
zwei Nutzergebiete




