Matter and

Technologies

Concepts and technologies for
ultra-short beams

A.-S. Muller for the sub-topic 3 participants
DESY, FZJ, HZB, HZDR, KIT
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Sub-topic 3 in short...

(_ ultimate brilliances ) (  highest intensities )

( ultra-short pulse lengths )

ﬁ HELMHOLTZ
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Sub-topic 3 within ARD

4 ™
Topic 1: Accelerator Research and Development ARD
Speaker: R. Brinkmann/DESY, co-speaker: A. Jankowiak/HZB
\ J
(STI: SRF science and\ (" ST2: concepts & \ (STS: g§—§§electron\ ( ST4: Novel
technology techn. for hadron acc. and photon beams acceleration concepts
Coordination: Coordination: Coordination: Coordination:
J. Knobloch/HZB, A. Lehrach/FZJ, H. Schlarb/DESY, U. Schramm/HZDR,
P. Michel/HZDR P. Spiller/GSI A.-S. Miller/KIT F. Griiner/U-Hamburg
‘
Networking, workshops, joint projects and usage of infrastructure, transfer of new
technologies between centers
L J
Cooperation with German universities, international cooperation partners and industry

ﬁ HELMHOLTZ
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Sub-topic 3 within ARD

4 y — - ™
pic 1: Accelerator Resear opment ARL
Speaker: R. Brinkmann/DESY,_c
k -
(" ST1: SRF science and [ ST2: concepts & \ ST3: ps —fs electron X ST4: Novel R
technology techn. for hadron acc. and photon beams acceleration concepts
Coordination: Coordination: Coordination: Coordination:
J. Knobloch/HZB, A. Lehrach/FZJ, H. Schlarb/DESY, U. Schramm/HZDR,
P. Michel/HZDR P. Spiller/GSI J A.-S. Maller/KIT F. Griner/U-Hamburg
g, workshops, joint projects an ructure, transfer w
technologies be
. = " - J
—
Cooperation .. ~~an univer~>’ _rnational coopera “artne- 4 industry

ﬁ HELMHOLTZ
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73 TECHNISCHE
/=) UNIVERSITAT
%) DARMSTADT

technische universitat
dortmund

TECHNISCHE
- @ UNIVERSITAT
DRESDEN
B. ‘h NATIONAL
Gl-ﬂ\o LABORATORY

~

/—\l /\
frreeeee

JE—

BERKELEY LAB

BROOKHFAAVEN

NATIONAL LABORATORY

w

ﬁ HELMHOLTZ
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Science with short pulses

» Short pulses of electrons and photons (X-ray to THz)

} App“CathnS IﬂClUde t'?s" femtosecond ariab'®
rigger alschion um:_":‘,“
-l Ve B femtosecond
= ultra-short pulse spectroscopy to study W | laser
\ .4 Nl ! pulse
= catalytic reactions \/
compact /
= phase transitions in solids e utathi
go

diffraction pattern
carrying atomic structural
information of the sample

sample

= coherent imaging to:
= make the molecular movie

= extend protein crystallography to small
crystals and individual molecules X-ay Probe

Undulator

Detector

= follow nonlinear dynamics on the nanoscale A v

=» enabling the world-leading research in the MML program # neLmmoLtz

| ASSOCIATION




Challenges & concepts

» Short-pulse accelerators

= tailored THz - mid-IR pulses with high peak and average power
= fully coherent XUV and X-ray light with (sub-) fs pulse duration
= injectors to plasma wakefield accelerators (= ST4)

» Short-pulse beams require

= precise and fast controls with high demands on diagnostics and
instrumentation (= DTS)

= a deep understanding of the complex beam dynamics
= careful numerical simulations benchmarked by experimental results

ST3: ps-fs electron and photon beams
m dynamics s-fs bea abi
oton Sources iagnostics & Syn
n
I rs

» Activities structured into three major research areas

* beam dynamics & photon sources
= ps-fs beam diagnostics

= stability, controls & synchronization

c HELMHOLTZ
I ASSOCIATION



Our sub-topic at work...

ST3: ps-fs electron and photon beams

Beam dynamics & ps-fs beam Stability, Controls
Photon Sources diagnostics & Synchronization

_Short bunches in e Synchronization
linear accelerators References

C_:Oh' r_adiation s t_\igh Frequency domain RF Controls
fields in storage rings

Custom bear_ns: bt_mch BlECh e e Control System
shape manipulation Advances

Advanced photon Photon beams Coherence control

sources development XUV Seeding

Technology transfer & Networking & Test Facilities

» strong emphasis on
= education and exchange of technology & people
= sharing of test facilities (free access for students/young researchers)

= information exchange / decision taking in topical workshops ﬁ HELMHOLTZ
| ASSOCIATION



Our sub-topic at work...

&

» strong emphasis on
= education and exchange of technology & people
= sharing of test facilities (free access for students/young researchers)

= information exchange / decision taking in topical workshops ﬁ HELMHOLTZ
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Beam dynamics & photon sources
- achievements

S— o » long. phase space manipulation
eam dynamics . :
Photon Sources In storage rings

.\ Rev. Accl. Sci. Tech., (03)165 (2010)

6 (a.u.)

O S SO VO e

| » world-wide first fully synch.
THz pump X-ray probe facility

Nature Photon. 3(2009), 623
Nature Photon. 5(2011), 162

002 -
E :

» tape stacked undulator
development (HTS)

=" o0.005-
=

T. Holubek et al., IEEE Trans. ... WU\
on Appl. Supercond. H 1 U H |
4602204 Vol. 23-3 (2013) oot VT ] ﬁ HELMHOLTZ
-60 -40 -20 0 20 40 60 |ASSOC|ATION
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Beam dynamics & photon sources @

- goals

» Precise modeling of collective instabilities
=% understand and control underlying physics processes

2000

-0.10 T T T
-2000 -1000 0 1000
Relative longitudinal position [fs]

/\|

» Femtosecond control of longitudinal bunch form
F S

i3 \8 3( Q‘e
/“‘ ©

=3 emittance improvement by factor > 2
=3 femtosecond pulse compression

)
V4 ‘ SUPERCONDUCTING
CAVITIES

.-
» High charge short bunches for multi-user operation &7
In circular accelerators —_— ?‘ e
=) stable user operation with ultra-short bunches .. grcoyygp “Mescin =
Helmholtz-Zentrum Berlin
cHELMHOLTZ
| ASSOCIATION
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ps-fs beam diagnostics
- achievements

» first electro-optic single-
ps-fs beam shot measurements in a
diagnostics .
, 1 storage ring

N. Hiller, PhD Thesis (2013)

» low charge electron bunch
arrival time measurements 4
at quasi-cw accelerators

/o

N w
o

o

signa
ignal / nom. —

C. Kaya et al., Appl. Phys. Lett. (2012)

© Sk

10+

6420246 |
. .. tmedsisyips

0 5 10 15 20 25 30 35 40 45 50

» ultra-fast detectors & high data throughput DAQ systems  bunchcharge/pc
=% opens new window to beam dynamics
=» DTS

P. Thoma et al., Appl. Phys. Lett. 101,

142601 (2012) % neLumoLrz
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ps-fs beam diagnostics
- goals

» Online femtosecond arrival time diagnostics

=) electron and photon arrival monitors suitable for
low charge and high repetition rate

» Online femtosecond bunch profile diagnostics

=3 frequency domain approaches
=P laser based monitor systems

absorber

» High data rate detector systems for high repetition rate accelerators

=3 high speed 1D and 2D beam monitoring
systems for fast transient phenomena

ﬁ HELMHOLTZ

= strong connection to sub-topic 4 and DTS | ASSOCIATION
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Stability, controls & synchronization &g
- achievements

"2 B..ﬂ \
Stability, Controls » femtosecond arrival monitors
& Synchronization 40GHz pickup
A

F. L6hl et al.,
Phys. Rev. Lett. (2010)

Uncorrelated jitter

05; 8.4 fs (rms)

arrival time BAM2 (ps)
o

“ World record!

-0.5 0 0.5
arrival time BAM1 (ps)

50 bunches with repetition rate of 500 kHz

» ultra-fast feedback e.g. on o T T
. . feedback 60fs :
arrival time R feedb: -

m m AN FLASH 1 l - Wof'ld'r'e'c‘dr'd'
S. Pfeiffer, PhD bﬂ [ e with feedback 12f=§

TheSIS (2014) Fast feedback 9S-I-4! FLASH 3 FLASH 2 % 5 1:0 1‘5 2‘0 25 30 3.5 40 45 50

Bunch number

Arrival time jltter (tA) [fs]

» RF stabilization to femtosecond optical reference

Front-end optics

T T
Burn-in
phase

\ T T
—— out-of-loop timing drift [fs]

out gf IooB)timirLQ drigt’[fs] -
o [6)] o [6)] o [6)]
T T T /

World record!

nnnnnnnnnnnnnnnnnn

3.6fs

T. Lamb, IBIC 2013 e




Stability, controls & synchronization gt
- goals o

» Optical synchronization with femtosecond accuracy

=P two approaches: accuracy vs cost efficiency

» Modern crate system MicroTCA.4 for precision controls in accelerators
=3 establish technology, make us of high speed detectors = DTS

=3 adapted software & firmware to specific facility control architecture

» Establish femtosecond RF controls for normal and sc accelerators
=P precision phase and amplitude stability for ps-fs beam controls

=P typical goals 1..10fs (depending on facility layout)

» Seeding at XUV wavelength at FLASH and DELTA established

c HELMHOLTZ
| ASSOCIATION



Available test facilities

» complementary infrastructures

» preparing the technology for
next generation accelerators

to high-field
laboratory

development and testing of ultra-
short bunch diagnostics with large
dynamic range

optical laboratories
FELBE

{4 cw instrumentation with high data
throughput closes the link from
£ {linacs to storage ring

nELBE

k electron-laser
Cee interaction

ps

SRF gun

YELBE

J
Yol N® pELBE

radio biology
detector studies

understanding and control of longitudinal
and transverse phase space

N

ASSOCIATION
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Test facilities & outlook

Test Facility (+ PHELIX and
JUSPARC in ST4)

SINBAD

WA VAW \J

(FLUTE upgrade)

ﬁ HELMHOLTZ
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Summary

» Short electron & photon pulses
= enable the world-leading research in the MNL program (e.g. FLASH, X-FEL)

» Short-pulse research in ARD aims at:
= precise and fast controls, diagnostics and instrumentation = DTS
= understanding of the beam dynamics
= complimentary test facilities

» Sub-topic 3 developments have strong impact on:

= plasma acceleration research = ST4
= SRF developments =» ST1

= future user facilities = MML & MU

» Paving the way for the future .... @ weLmnoLTz
| ASSOCIATION




Backup slides

ﬁ HELMHOLTZ
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FLUTE (Ferninfrarot Linac- Und
o TestExperiment): n
Core test faCI | ities * test facility for single-shot

TELBE (THz Electron Linac for diagnostics
beams with high Brilliance and low * few pC to 3 nC bunch charge
Emittance): * repetition rate of 10 Hz L
 test facility for quasi-cw electron * achieve bunch lengths down to 1 fs F

beams * diagnostics & dynamics for future
« pC to 1nC bunch charge plasma wakefield injectors
* Europe’s only quasi-cw electron

beams with repetition rate of up to -

1 3 MHZ ron bun E|"IeS ?Let(étrr;g—;ser

PITZ (Photo Injector Test Facility at il
the DESY location in Zeuthen):

* test facility for electron beams in
the burst mode

* exact same burst mode pattern as
== FLASH and European XFEL

o ) e ;
T = . ° unique photo-injector laser which

1 | .

gt for longitudinal bunch shaping
~=xrmm ° {ransverse deflecting cavity




Funding and research areas

Research areas

ST3: ps-fs electron and photon beams

Beam dynamics & ps-fs beam Stability, Controls
Photon Sources diagnostics & Synchronization

_Short bunches in Time domain Synchronization
linear accelerators References

Coh. radiation & high

Frequency domain
fields in storage rings q y RF Controls

Custom bear_ns: bt_lnch T [ Control System
shape manipulation Advances

Advanced photon Coherence control
Photon b
sources development SIOBERNS XUV Seeding

Technology transfer & Networking & Test Facilities

@® beam dynamics & photon sources
@® ps-fs beam diagnostics
@ stability, controls & synchronization

ﬁ HELMHOLTZ
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Funding and work packages

Work packages

ST3: ps-fs electron and photon beams
Beam dynamics &

ps-fs beam Stability, Controls
Photon Sources diagnostics & Synchronization
_Short bunches in eI omain Synchronization
linear accelerators References
(_:oh. r_adiation & '.“gh Frequency domain
fields in storage rings
Custom bear_'ns: bl_mch Electron beams Control System
shape manipulation Advances
Advanced photon Coherence control
sources development Flioton beams XUV Seeding

Technology transfer & Networking & Test Facilities

Precise modelling of collective instabilities
Femtosecond control of longitudinal bunch form
Beam studies with high charge (circular acc.)
Online fs arrival diagnostics

Online fs bunch profile diagnostics

High data rate fast beam monitoring detectors
uTCA high speed precision control systems

Fs RF control systems

Optical synchronisation with fs accuracy

Seeding at short wavelength at FLASH and DELTA

ﬁ HELMHOLTZ
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