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Introduction
Super
@ KEKB
Accelerator R&D has since a
long time often been driven by

Particle Physics — and will ' FCC

continue to do Sso (F. Gianotti, "b
FRYCAO1)

‘?\:» %,
High 1%&(
Accelerators as enabling Luminosity
technology for a very broad @ LHC R
spectrum of sciences and

applications require a balanced

approach to acc. R&D

o Accel,

« Facility/project-specific « Generic, versatile
* Direct, short-term _ * Visionary, long-term
applicable « High-risk/high

- “guaranteed” success potential
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ARD in Helmholtz Association

Implementation of acc. R&D as an own research topic started in 2011 —
fully integrated in Helmholtz structure for next funding period 2015-19

= Generate improvements and novel concepts for existing facilities and new
projects (e.g. ANKA, BESSY-IIl, ELBE, FLASH, FAIR, EU-XFEL)

= Link to other research fields like Health and to technology transfer and industrial
applications

= Foster generic future oriented research including high-risk/high-impact activities
with ambitious goals

» Strengthen networking and cooperation

= Joint projects between Helmholtz centers, transfer of knowledge and
technologies, joint usage of infrastructure

= Collaboration with universities — improve visibility of our field, attract young
talents

= Basis for large and growing number of international cooperations
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Research field Matter in Helmholtz
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New programme structure in Matter

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

Accelerator

\@nd Development

Detector

Matter and Radiation
from the Universe

Facility Topic:
Research on Matter with
Brilliant Light Sources

Technologies and Systems

LK I

,performance category Il
= user operation of large
scale facilities

Facility Topic:
Neutrons for Research
on Condensed Matter

Evaluation for the
programme oriented

Facility Topic:
Physics and Materials
Science with lon Beams

funding 2015 - 19 in
the research field
Matter was recently

Facility Topic:
Research at Highest
Electromagnetic Fields

completed
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Past and future resources in accelerator R&D

FTEs in Acc R&D Activities at ARD FTEs at Helmholtz centers
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ARD and German Universities
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... + >30 further cooperation partners
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Structure and coordination of ARD
programme

" )
Topic 1: Accelerator Research and Development ARD
Speaker: R. Brinkmann/DESY, co-speaker: A. Jankowiak/HZB
\ y
( 5T1: SRF science and Y4 5T2: concepts & Y4 5T3: ps —fs electron Y4 5T4: Novel
technology techn. for hadron acc. and photon beams acceleration concepts
Coordination: Coordination: Coordination: Coordination:
1. Knobloch/HZB, A. Lehrach/FZ1, H. Schlarb/DESY, U. Schramm/HZDR,
P. Michel/HZDR P. Spiller/GSI A5, Miller/KIT F. Griner/U-Hamburg
VAN VAN VAN J/
g ~
Networking, workshops, joint projects and usage of infrastructure, transfer of new
technologies between centers
N r
Cooperation with German universities, international partners and industry
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ST1: SRF science and
technology

Focus on development of high duty cycle/CW superconducting
accelerators for electron and hadron beams

Pushing the limit (Q,, I,, emittance, ...) of beam sources/injectors

Pushing the limit (E_.., Q,, I,/HOM-damping, ...) of CW acceleration

Towards highly efficient generation of high quality beams for a broad
range of applications

High intensity proton/ion beams
CW FEL

ERLSs for light sources, nucl./particle physics and industry

Storage rings

PAGE 10

Reinhard Brinkmann IPAC2014 FRYBAO1



ST1 SRF gun development (=2 J. Teichert MOZB01)

- 0 v 28 i 3 " i H o

Operation experience at ELBE facility — new gun under test (A. Arnold, MOPRI022)
Explore different photocathode materials (L. Cultrera MOZB02)  saygnetfiing. 7»-“

“classical” Cs,Te
Multi-alkali (M. Schmeisser et al. MOPRI019,

cone for

T. Rao et al. MOPRI059) _postowngs  oiomm e
GaAs (R. Xiang et al. MOPRI024) Bb cathode
s.c. Pb (J. Smedley et al. IPAC2011-THPC109) plug

GunLab for future developments
(J. Voelker et al. MOPRI020)

PAGE 11
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ST1 High beam intensity/ERL (= C. Mayes FRXBBO01)

W bERLInPro HOM damped
beam dump 1.5 MeV
spent beam SRF structures
5-10 MeV main linac booster
, SRF modules b-10 ey ‘
. e e
y! A ‘ﬁﬁk SRF photo
source
merger section

50MeV$ (M. Abo-Bakr et al. |
beam manlpulatlon\%gMOPRO 106) \i
.

/ : recirculation ‘;
" H--
Light sources
y,  XFELO
7 Storage rings

B unc h ed 'b eam Concept study on an accelerator based HZB..
. source for 6.x nm lithography -

electron cooling

MEIC/JLAB (Y. Zhang et al, MOPROO0Q9)

f % Industrial
e , application

(lithography) smes:

V. Yurkow, £ Saicin, M. Weise, ot ot

Acc module design
Industrialization

-
-
-

Nucl. Phys.
MESA

£
I eartier s2agos. DESY Hamtury
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ST1 Minimize cryo losses

@ AC115-AC129  mAC112-AC114 and AC151-AC158

4E+10

3E+10

& 2E+10

1E+10

0

0 10 20 30
Eacc, MV/m

Higher Q, with large-grain cavities
(W. Singer et al.,

Standard “DESY” 4.7 x 1010

L _ (13 ” +
PRST-AB 2013) Test with 8-cav acc module HZB” + slow 3.3 x 1010
transition
o J. Vogt et al.,
Higher Q, with ; f......,, | ea —PRST-AB 2013
N, baking + T zg‘. i 3 Single fine-grain cavity
L e ] > |
few pm P gy * 3
chemistry _ 10"k . & Even cooldown + slow transition
_ (@] i ] g 00 o o °
(A. Grasselino .\. ! g °
I B TE1ACCOO0S - typical electropolished FG
3 TE1 16 - nitrogen trea [ ®
etal., 2013) _ ETE1:E3356-nilffaggntrfaatelngEG Uneven cooldown + fast transition @
¥ TETAESO0S - itogen veated FG 0000 e o 4 ° %
100 1E+10 boiiii— o o o o . .
0 5 10 15 20 25 30 0 c 10 15 20
E,.. (MV/m) Eacc (MV/m)
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ST1 SRF for proton/ion acceleration

s.c. heavy ion linac development
GSI/FAIR (W. Barth et al. THPME004)

MYRRHA (Radioactive waste
transmutation, energy production)

Accelerator Reactor
» Subottical mode (55 100 M)
1000 MaV - 4 mA groton) « Critical mode (=100 MW

-~

CH Structures
F. Dziuba et al., PRST-AB 2010

Multipurpose :
F I:xit:: - N:::on :
leradiation BOUroR . ;

Facility b 4 4 Lead-Bisrmuon

coclant
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ST 2. Concepts & technologies
for hadron accelerators

R&D towards accelerators for ultimate heavy ion
intensities

Crucial for future development of FAIR (P. Spiller
WEOBAO1)

Generic for other applications and projects

(V Kamerdzhiev et al. MOPRIO70,
H. Stockhorst et al. MOPRIO71)

Laser cooling: M-H.
Bussmann et al MOPRI068

MA cavity

PAGE 15
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ST2: Concepts & technologies
for hadron accelerators

N

(

Search for electric dipole moment 2

+—; < +

R&D and precursor exp. at COSY (A. Lehrach et al. 2012) i

Development for dedicated storage ring (9 2019+)

\ magnetic steering

magnetic field (up)
electric defocus (horz)
Hh - electric focus (horz)
electric bend field utility
straight

vertical
tune modulating
electric quad

injection straight

JEDI collaboration

..............

-| e Spin dynam|CS (S. Chekmeniev
Polarized source THPROO056)
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ST3: ps and fs electron and photon beams

Beam dynamics & photon sources @ SRF

Short bunches in storage rings and linacs

Coherent radiation, bunch
shaping/seeding

Magnetic & Compton radiators
ps-fs beam diagnostics

THz spectrometry

Femtosecond resolution timing & profile
Plasma acc.
Stability, controls and synchronization

Femtosecond optical & rf synchronization

Precision LLRF control & stabilization m SRF
High-performance electronics

PAGE 17
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ST3 Storage rings

L ANKA Preliminary

o o e
o w IS

Relative modulation

o
-

Time in ps

hort& long bunches
an

I\ sum voltage "7y

0 0.5 Y 1.% 3 Z.5 :l/:l.u d
- " & ' -
17ps 2ps 17ps 2ps 17ps

(G. Wustefeld et al. IPAC2011)
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Low = zero|s
a. long. zj
dynamics '

El.-optical
single-shot
bunch profile

ongltudlnal phase space with a buckets and

2.5

i o (r)

CSR/THz radiation

(A.-S. Muller et al.
MOPROO063)

. BESSY VSR (HZB)

\§
Ft
SUPERCONDUCTING
CAVITIES

r
’ﬁ
20 MV @ 1.5 GHz and m

17 MV @ 1.75 GHz

Y i
4\"

IPAC2014 FRYBAO1

Seeding/CHG at
DELTA/TU-Dortmund

1

e o =
I~ (=] o)

CHG signal (a.u)

o
)

OO 20 40 60 80

e (M)

(M. Huck et al.
WEOAAOQ03)




ST3 Linac-driven sources

1o high-field
faboratory
optical laboratories I’E‘ ” H .
T 2 i
T'=,:D e = e
— "1 [
.—I : n: : L_' ( 4--'=: :.]ﬂ‘:g-xﬂglt(
H free-electron lasers

eul
i 1
Therm.gun 2cceleraicrhall ,.?iz By .-'d”.*s
I z > - o

Q OF i
SRF gun ‘J
| -
———————

J .
= spectros- Ti:Sa laser Oraco
@ accelerator electronics 2 radiation physics Xorsy rasihcn [—\—I
o laboratony] laboratory

\ J
r

IR-FEL, THz and inv-Compton sources at ELBE facility/HZDR
(P. Michel et al. WEPRO113)

PW DPSSL Penelope |
[
FLUTE/PICCOLO (KIT) = 1fs bunches
ksl (M. Schwarz et al. MOPROOG66) 242
: ”s ,
TE_ze..a V/\::e/;:\
& _ '\“eio‘“‘)‘e
i " Longrtudinl coordinate, mm_

Optimized bunch shaping at RF
15t synchronized THZ-pump/X-ray probe at gun (PITZ/DESY) (M. Kojoyan,
FLASH/DESY (Nat. Phot. 2009, 2011) this conf. THPROO043)
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ST3 Femtosecond technologies

Bunch nember

» RF stabilization to femtosecond optleal reference

Front-end optics _,?5 I L out-cl-loop Itir'rung| drift |1=]
£ Burn-in
=80 -
E phase
£45 [
£ World record!
§30
i —T 3.6fs
= I B v
o | i
(T Lamb IB |C2013) o 10 20 0 e 4O 50 B0 70

new beam arrival monitor

fs resolution bunch profile (coop. TU- Darmstadt)

(pioneered at SLAC) HHG seeding at 38nm (DESY, U-

Hamburg Phys Rev Lett 111, 2013)

6 * timing scan 1 (started 03:37 am)
* timing scan 2 (started 04:55 am)
S = —-——trend line
— 3 5t .
T g
=
3 =9 .
'o —
g; - Uncorrelated jitter K E . oo
2 N& 0.5 8.4 fs (rms) v a3 . f/.' \ .
s = | .9 \\
LIJ - q —_ . ! .,
TDS measurement of a o 5o T e .
. . L ]
microbunching 2 & e ce e W% e e g e
. L P 4 gt 0
= 3] e v % . * 8
; T 05 - S e v gt °, o T
Time £ World record! = :
m
-0.5 o 0.5 00 1 2 3 4 5
arrival time BAM1 (ps) Scanning Time [ps]

(F. Lohl et al., PRL 104, 2010)
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ST3 B eam S t a.b I | I Za.t I O n 50 bunches with repetition rate of 500 kHz

I T T
: : : —o—BAM4 w/fo BBF

Intra bunch train feedback in s.c.
FLASH linac using B.A.M. - 12fs rms

_ worldrecord

High precision LLRF control with new

: |witnteedback126s
mMTCA electronics standard | |

Arrival time jitter o(t, ) [fs]
oy
o

y

| i | i ! | i |
0 5 10 15 20 25 30 35 40 45 50
Bunch number

(M. Hoffmann et al.

WEPMEOQG7) HIILFA

TEWSs & Feinstleitertechnik

rrrrrrrrrr

. Instrumentation
@/ Technologies

MTCA becomes widely used at different
_ _ Cryoelectra
laboratories and projects (ESS, ITER,
SLAC, HEP experiments,...) M
Successful technology transfer project ponede 4 A non e

supported by Helmholtz SIEMENS Schroff® /A~
(T. Walter et al. WEPMEO081)
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ST4: Novel acceleration concepts

Focus on usable electron and ion beams from (R. Assmann TUOBBO1)
beam- and laser-driven plasma-wakefields -
“From acceleration to accelerators”

Laser-PWA of ions

Generation &

: transport of ion _
ll.f G-hf beam from - RPA studies Target
. S ———— =TT ; : (P. Schmidt et al.
(M. Roth et al. WEXBO01) TUPMEO31)
ion beam profile
20 irradiation site: = L = reference protons
94MeV@212m : dosimetry and cell sample §14 *_laser protons
o 12} v =
10 . 'y
g 8r I—‘ f‘ rel;tivedose uncertainty for 1
E O ] ol iy’ each irradiated cell sample.
£ g, L onsfe | ADIDT009400%8
s BT XN P L
a Ht s
C0 1 2 3 4 5
=0 ‘ Dose [Gy]
-20.° : N
-20 -10 0 10 20 towards medical applications (L. Obst et al. TUPMEO033)

mm
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ST 4 Laser-driven PWA of electrons

Plasma cell technology

Advanced simulation capability

Next generation laser development

Beam extraction from plasma &

transport without spoiling emittance

- towards demonstration of (T. Seggebrock et al., PRST-AB 16, 2013
M. Bussmann et al., WEPROO053,

usable, compact x-ray SOUrces  y afonso Rodriguez et al. WEPROO36)

PAGE 23
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ST 4 Laser-driven PWA of electrons

Merging of PWA expertise with conventional high-level capabilities,
technology & infrastructure

Femtosecond technologies

External injection of fs-bunches into plasma wakefield from e-beam

source (REGAE, ELBE, FLASH, SINBAD) (R. Assmann et al TUPME047)

(J. Grebenyuk et al., { i 000 s R -
AAC Austin 2012) -

PAGE 24
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ST 4 Beam-driven PWA of electrons

Pioneered at SLAC (I. Blumenfeld et al. Nature 544, 2007)

Experiments at FACET with new concepts (2" gas with higher
lonization level) for controlled internal probe-bunch injection (Trojan
horse laser pulse G. wittig et al. TUPMEO072, field-induced A. Martinez de
la Ossa et al. Phys. Rev. Lett. 111, 2013)

Beam driven plasma acceleration in FLASH (FLASHforward

experiment)

(V. Libov et al TUPMEO66) fs timing stability with sc linac, beam
diagnostics, synchronization

oo
Helmholtz Q\P?k = -
Virtual Institute e
with SLAC o AT B Lapn v
J e Extraction ™ . . photon diagnostics dumg
. -y Diffarential
LBNL, JA|, U- /@\ ...-"“-p.. pumping E Undulator (phase 2) /’
Hamburg, = -

TDS {optional)

. Dirrver du
MPP-Munich -
+ m Beam matching and foCussing saction Boam diagnostics section ¥-ray diagnostics

Probasonization lasers
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Upgrade of research infrastructure: Distributed
ARD test facility ST1-ST3-ST4

Proposal for strategic investment

funds will be submitted in 2015
Preparation team:

R. Assmann (DESY), V. Bagnoud (GSI),
M. Buscher (FZJ), A. Jankowiak (HZB),
M. Kaluza (H1J), A.-S. Muller (KIT),

U. Schramm (HZDR)
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» Collaboration

= Networking of research
infrastructures and platform for
national and international cooperation

» Synergy

= Extension of facilities for joint usage
by participating centers

» Leadership

= [nternational leading flagship projects
towards ultra-compact accelerators
and radiation sources




bERLInPro centre for high power cw beams

- ::::ﬁ:P;:);Berlln Energy Recov:yry Linac Project W bERLInPfO .
feaming up for the DTF T B
45 MeV
o linac module w 03
- e s,
roposa g -
£ b3
&

igh virtual beam power zone
%. microwave instability driven radiation generation)

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

#) jOLICH

Jiilich Short-Pulse Particle and Radiation Centre

Kompakte
Atto-Sekunden

ELBE center for high power radiation sources

Dual beam Petawatt / 150 TW ultrashort pulse laser facility .
Diode pumped Petawatt laser development =
2 B
tha

Grant, DESY, — o Particle physics
Uni HH, Arizona ™~ struktur

Synchrotron radiation

Ultrakurzer

Eloktronenpuis Synchronized operation with ELBE accelerator

Dedicated shielded target areas (~1000m? laser lab space)

Nutzbarkeltsstudien Plasma-
beschieuniger, Skallerbarieit

"A‘:E(),“Dné”;?l:ni v IAS"LX'"Am SEsgy,Tfr:“:HFeu o Beam driven sources (THz, FEL, ...) at ELBE *
) .
HH, KIT = ..-° .')»)) ;
—
_ PARC
weltere Phasen
- und Nutzer
" Drittmittel
1 Interessensbe-
\ kundung ELI 3
Material research
9.
BPIERE [r——— e (ST s .

The LIGHT test-stand at GSI: coupling of laser-
ﬁ{m:t:oleﬂmd ions into conventional accelerators

FLUTE: ARD-Forschung am KIT ﬁsu:
s

W Ultrakurze Elektronenpulse (1 fs bis 300 fs)
B Grosser Bereich an Ladungen (1 pC bis 3 nC)

: 1. Laser-driven lon scosleration B Koharente Strahlung fiir Materialwissenschaften und biologische
2. beam conditioning (collimation) Anwendungen
3. driftline and phase-space rotation B Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung

® Kooperation KIT, PSI, DESY

of of principle done

} f
s duration (high peak current) : kY

1 of diode-
ser systems
if broad-band
r 166 J @

200 150 100 50 o 50
relative z -position (um)

O Development and application of novel
plasma diagnostics:

QO few-fs and 1-pum resolution,

Q first direct visualization of the laser-driven
plasma wave in a laser-electron
accelerator.

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

!
i
K proon
-
to GSl's SIS accelerator % X e
i A. Sévert et al,, submitted (2013)

ents (repetition rate and
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Conclusion

The implementation phase of ARD as an own research topic in the
Helmholtz portfolio since 2011 has already proven extremely
valuable and a healthy development for our field

Realization of synergies and new joint activities
Attracting students and young scientists to our field

Strengthening and launching new international co-operations

We are looking forward to a rich and exciting accelerator research
programme for the next five years and beyond
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