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Center for high power radiation sources M«

New space for - PW DPSSL development
» 500 TW Ti:Sapphire upgrade
» Combined exp. areas with ELBE (compressed)
« Coherent THz lab

status (user facility) ‘
ELBE SRF e-linac | shieldec

(NC /150 fs, 200 KHz) ' combing
exp. are
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upgraded ELBE accelerator

beam enerqy:
up to 40 MeV

three modes of operation:

1. upto 70 pC @ 13 MHz (thermionic gun)
2. uptolnC @ few Hz to 500 kHz (SRF Gun)
3. diagnostic mode (not more than 100 pA): e.g. 100 pc @ 100 kHz

to high-field
optical laboratories laboratory
FELBE
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— i ‘ i sot )
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electron-laser
therm. gun accelerator ] oo
S
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pELBE
radio biology
detector studies _
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upgraded ELBE accelerator

beam enerqy:
up to 40 MeV

three modes of operation:

1. upto 70 pC @ 13 MHz (thermionic gun)
2. uptolnC @ few Hz to 500 kHz (SRF Gun)
3. diagnostic mode (not more than 100 pA): e.g. 100 pc @ 100 kHz
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Opportunities

[ CDR,CTR Beamline
Undulator - {broad band)
Beanjline =
(narfow

barg.d/tun gblo

ARD —test facility for e bunch diagnostic on  Super-radiant THz user facility:
quasi — cw electron beams:

design goals:

* quasi—cw reprates: few Hz to 13 MHz  quasi-cw rep rates: few Hz to 13 MHz
(adjustable) (adjustable)
« e-bunch charge: few pC-1nC * pulsenergies: up to 100 pJ
« diagnostic table in TELBE lab (access to » spectral properties: 0.1 -3 THz
undulator & CTR source + fs laser + narrow band (10-20%) / broad band
FTIR spectrometer) * polarization: linear/radially
* monitor test stand in e-beamline directly  sub 100 fs synchronisation to fs-laser
after THz sources * intrinsic synchonisation CTR<->undulator
-> access via THODIAC collaboration -> commissioning by THODIAC until 20167
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Opportunities: ARD test facility

to high-field

optical laboratories laboratory

I
| :—I ! lji ! 's‘-nvM&,.)\
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|| M v NELBE

fs laser

|

ps — electron bunches fs — electron bunghes electron-laser

therm. gun accelerator TELBE = interaction

RN = : - J—”ﬁ

ik o E

SRFun -+ O

pELBE BJ_D
. radio biology .
TLBIab' - detector studies Monitor test stand:
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Opportunities: ARD test facility

TELBE

(coll. DESY - FSFL, DESY-FLA)

RARARRARRRNAN | Monitor
LLLLLILEL L test stand

® (3g73-U) 82JN0S UOJINBU

‘dxa uoI10BIaIUI UDIIDD|S-IaSe|

BCM & BAM BCM & BAM
(coll. DESY — FLA, DESY-MSK, DESY-MDI)

TEDN

positron
source
(p-ELBE).
'A [ | I
) el
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Opportunities: TELBE A

incoherent

'. . L j j ' ' ' -
hv N ' '
c,>A é -
v=C coherent N e R R
(super-radiant) '| ’ Time/ ps
'

hv N . ]
S [ ---— ANAA NAA

=~ |[JVV VV
o,< A 4 i |

N -
courtesy G. Wiistefeld /HZB o 1 2 s 4 s

Time/ ps

3 THz ~ 100 um ~ 300 fs

hot topic in ultra fast science are THz field driven processes
super-radiant THz sources provide the highest THz peak fields

available to date! S —
ccccc L) Meaedr
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Opportunities: TELBE A

incoherent , , development of peak-field since 2001
I
hv I-N
w FLASHII 2015 100 . . 100
FLUTE 2014 4
TELBE 2013 ¢ *
c,> A FACET 3012 = dipole-potential
| ’ T e ®; - 1" “phospholipid-
vac coherent N USA - * bilayer
L J Q
' ' _ FLASH 2008 i~ 5
(super-radiant) oy © 1l 2 @3_]i (breakdown-
hv |.pf sDL2007 @3 voltage
USA 5 ionic crystals
N
E01b-Ye-------------d01 transmembrane
potential
c. <) Jlab 2002 . o
S N gsa OO0 2005 2010 2015

Year

courtesy G. Wiistefeld /HZB

hot topic in ultra fast science are THz field driven processes
super-radiant THz sources provide the highest THz peak fields

available to date!
eeeee 'O mMeaed
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Opportunities: TELBE A

incoherent , , development of peak-field since 2001
]
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| N |
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|4 - ---+0 1 ransmembrane
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THz ele
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c 4
]
]
)

courtesy G. Wiistefeld /HZB

hot topic in ultra-fast science have recently become THz field driven processes
super-radiant THz sources provide the highest THz peak fields available to date!

m) UP t0 now record fields at high electron energy linacs
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Challenge: TELBE A

1000 ; s
*design parameters : ‘ 1970°s
100 E—— 3 l FEL technology
(0.1 -B THz) :
3 10 1 FELBE 1 !
~~ ]
> 1 -
X Y VSR* &
GC) 0’1 ANKIA C* upgrade
()
)
1% 0,01 -
S
< 1E-3
alpha ] i J1ab 2001
1E_4 ade rings .., Newport News USA
1 10 100 1k 10k 100k 1M 10M100M 1G ELASH 2007
pulses /s I i
_ ) TELBE 2012
fundamental question: |> l Dresden
Is a super-radiant THz user facility based on a low energy electron ¥ ELHTE 2013

accelerator feasible? vy
‘ N
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THz photondiagnostic collab. (THODIAC) mi<dR

N. Stojanovic / DESY
H.W. Hiubers / TUB, DLR

A. Fisher / SLAC
A.S. Miller / KIT
G.P. Williams / Jlab
G. Ulm /PTB

M. Gensch / HZDR
S. Kovalev / HZDR
G. Geloni / X-FEL

THODIAC — TELBE team
(nightshift 03/2013)

/a0
SY
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kit

Jeff;zon Lab

OThomas Jefferson National Accelerator Facility

PR

Karlsruhe Institute of Technology|

DRESDEN
concept

pilot ,.friendly“

users/advisors:

A.

NOLOLWIOI->>CNA>D < > A

Cavalleri = MPSD
Cowan - HZDR

. Deac - HZDR

. Heberle - FUB

. Helm - HZDR

. Huber — U Regensburg
.Irmann - HZDR

. Kampfrath — FHI

. Kehr/L.M.Eng — TUD

Lindner — HZDR

.Lindenberg - SLAC
. Malnasi — U Budapest

Radu — HZB

. Schneider - HZDR

. Tobey — U Groningen
. Wall - ICFO

. Winnerl - HZDR

. Zvyagin — HZDR

 S= .
Ghe! Frontiers of
THz Science

sy 30-31th 2012
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DESY (FLASH) <-> HZDR (TELBE) ~ H<ZDR

ioint beamtimes: joint developements/ loint projects
know how transfer

100

80|

60 |-

joint experiments @ FELBE 40}

and FLASH

pulse energy [uJ]

20

frequency [THZz]

BMBF projects:

1. PIDID (2010 — 2013)

- EOS at ELBE

- optical afterburner at FLASH
2. High repetion rate THz
sources at FLASH Il

(2012 — 2015)

- CTR/CDR source

1 J |
HZDR — FTIR spectrometer @
FLASH (03/2012)

THODIAC — TELBE team
(nightshift 03/2013)

HGF:
ARD — ST3 (diagnostic/synch)

& = -
el el
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* TELBE

* First results from Commissioning




TELBE facility  PAS [

CDR/CTR source

s,metal® foil  Vacuum

Electron bunch !

S . N 1
F el THZ undulstor e

e, _
beamiing
- 5 “iy

AV

_3,' ‘ .;,., Phusu BRI i /
&% Undutator ' & .

i CTR/CDR quasi-single cycle pulse i

broad band (0.1 -3 THz) |
TELBE lab (table top)

Time/ ps

Undulator 8THzpulse

s If generated by same electron
' } bunch:
_ : -> ntrinsically synchronized

ETHZ / MV/cm

to one another!

R B ~ - .
time / ps DREE:'E&EP“" w ™ ‘i 'R
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TELBE facility

intrinsically synchronized!

100k TELBE / HZDR

: *Spectral range: 3-0.1 THz
= 80T 0 *Spectral bandwidth: 11% (undulator), 100% (CTR)
g col *Reprate: 100 kHz/13 MHz
o | *Pulse energy: 100 uJ/ 1 uJ
o Of | el 1 eAverage power: 10 W
2 ol spolarization linear (undulator), radial (CTR)

*Pulse duration: 8*t;,(undulator), <1 ps (CDR/CTR)

0.1 L 10 o TN e |
frequency [THz]  conce 2
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TELBE facility: timeline (status 08/2012)  PAS [

* first sub ps electron bunches
* first bunches from SRF Gun

* first beam in THz laboratory until 2016 only comissioning
but if possible:

™ Pilotexperiments with
“friendly” users

* 100 1o /100 kHz @ 3 THz for 12h
1 ud/ 13 MHz @ 3 THz for 12h
* sub 100 fs timing and diagnostics for 12h_|

In the meantime TELBE serves as HGF test facility for diagnostic on
guasi-cw electron beams

Mitglied der Helmholtz-Gemeinschaft
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« TELBE

* First results (commissioning)




THz photon diagnostic for first MD shifts

Balanced
Detection 1265mm
Beam
\r\_:\:icélrlgstonl/4 Splitter ZnTe tO EOS GT Prism
90 40 Yaveq / 70 190 |
) 90 \ 800 nm
15 78 MHz
GT Pri in
D e ch?ergrt'lsator 380 100 fS

Crossed
Polarization

Wire grid polarizer,

Bruker FTIR

550

«—
135

+various pulse energy meters/detectors/cameras
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1365mm
to FTIR /“30 e
0 =5 N Beamsplitter—

30

Wire grid polarizer

— time-domain

frequency
-domain

e () HZDR
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Results of first few MD shifts

CDR/CTR source THz undulator

beam profile

14 28.03.2013 —17cm?
64 sc)ans —_2 cm'l
lcm re I 8 —30 cm'l
. . N —— stahiliz 20 32 cm™
i e water absorption lines E =
S « . @185,25,33,37 06 /1 cm” [
f y \\(po.‘sf‘)., <lsoat14.4 cm™) %
Frequency- z ~ | =
c (B} =
- E o m
domain £ 2
E
10 15 20 25 30 35 40 45 50
Wavenumber / cm™
=
<
=
g 5 |
. . 2 S [~8ps
Time-domain 0 3 feor-sooms
O S \ (} ~ 14 ps
L %) .
. corr. ~20 cm
£ @ Y
2 o
0 2 4 6 8 10 0 10 20 30 40
time / ps :
Time / ps
Pulse energy: few nJ to few 10 n,.... /™ . .
concept "‘
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Summary & Outlook

“a long and winding road”
low pulse energies

110 —

 bunch duration still long 100/ ~ messss ms s TELBE
(sub ps?) oo design -
i parameters-
 spectral bw of undulator g OF 7, ]
not yet understood = 50f
- jitter and drift on few ps timescale e o S :
* low energy electrons <-> high THz fields? 8 ig \-
2 1
ol
- coherent radiation clearly observed 0,000 LS e
* real time FTIR + EOS available frequency [THz]

in control room
* single shot EOS (at 40 Hz reprate)
under development

problems:
« calibrated power measurements between 0.1 — 1 THz?
« operate with new SRF Gun

« electron beam dynamics (optimize bunch compression)
Next THODIAC comissioning shifts -> october/november 20184sne~ ) .—iZDR
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THODIAC — TELBE team
(nightshift 03/2013)

m! l %)
| DESY |
’ 1 . " 3
3 48 il .
e
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. 4% s |
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Thank you for
your attention
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