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H. Schlarb, M. Yurkov, E. Schneidmiller, E. Saldin, Task: Responsible for the dipole
magnets of the chicane, Support structures for all magnets and general construction work
such as the building of the laser laboratory where the seed laser will be placed as well as.
Theoretical simulations

S. Khan, Joern Bodewadt, Task: Design and construction of the laser transport line from
the seed laser to the injection of the seed pulse the accelerator vacuum vessel at the

vacuum window at the ‘dog leg’ of FLASH

88Y Atoosa Meseck, Task: Theoretical simulations with MAD and Genesis
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ultrashort relativistic electron bunches

E.L. Saldin, E.A. Schneidmiller, M.V. Yurkov™

Destsciies Elabkoronrs-Symckeoivon ¢ ES Y Nothestronoe 85 dlaribr g 2208 Georarnay

Racsived 3 MAupust 2003: receivad m revised [orm 2 Movember 2004; aecepiad 2 Moveniber 2004
Asiilable onling 2 December 204

Abstract

In this paper we propose a mew method for measurements of the lonpimodinal profle of 108 {5 electron bunches for
X-ray Frae Electron Lasers (™FELs). The method is simply the combination of tao well-known technigues. which
where not previowsly combined w our knowledoe, We wse seed 10-ps 1047 pm guantam laser o produce exact opical
replica of ulirafast eleciron bunches. The replica is generated in an apparatas which consists of an input and ulawgr
fenergy modulbarar]), and the short oatpul andulatos (radiator) separated by a dispersion section, The radiaton in the
ocaulpul und ubiior 13 exciled by the clkedron bunch mesdulited at the opocal wavelengih and rapedly reaches [0 MW -
lewel peak power. We then e the now-standard method of ohrashort laser pulse-shape measurement, a tondom
combinatm of antooormeintor and spectrum (FROG—Mmoquency resobved optical gatmgh The FROMG trwe of the
optical replica of electron bunch gives aoccorate and rmpid clectron bumch shape measurements moa way simdlar fo n
femiosecond oscilloscope. Real-time simgle-shot mensuremenis of the clecizon bunch structure could provide significant
imformation aboul physical oeechanisms responsible for generstion wlirashort deciron bunches in bunch compressos.
The big advanisge of proposed technigue is that it can be wsed w determine the slice energy spread and emifitance in
muu ltishot measuremenis. It s possible (o measure bunch siroc ture complevely, thal s to measure carrent, energy spoead
amd transverse emitbance as a funchon of bme. We illustrate with numencal examples the potential of the proposed
method for dectron beam dingnostics ot the Enropermm MFEL
i MM Ebevaer BV, All nghfs reserved

PACS: 41.60.Cr; 4255 Ve A TAEL; 41 E5 Ew

Kervordr: Frés glectron losecss X-ry lasers Relnuvigie akeioon becans




FIR Undulator VIV Undulator  Off-axis Lazer
soreen  Radiator Modulator

Chicane for
Grenouille ORS and tagging

» Measure the longitudinal bunch profile of the femtosecond long electron
bunches (Saldin, Schneidmiller, Yurkov: NIM A 539 (2005) 499.)

* Energy modulation via (v.E) coupling
 Longitudinal density modulation in chicane

 Cause coherent emission of light pulse 1n radiator that mimics the
longitudinal shape of the electron bunch (optical replica).
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® Chicane In the Tunnel

e Optical stations I and II

e [.aser Transfer Line .
e Seed Laser, Hutch | Out of the Tunnel

e Person-power

e Good-will



Parameter
Value

Type Electromagnetic
Number of undulator 1 (vert £ hotiz
Gap 4() mm
Pole length/width 50/100 mm

i | 5
Number of poles 14
Nomimnal field 01T
Nominal K-Value )T
Maximal field 0427
Maximum K-Value 1
Tron yoke length 1400 mm
Overall length mel. cotls <1500 mm
Ampere-furns per cotl to be decided
Number of turns to be decided
Maximal curren: <400 A, better < 100 A
Number of bastc / end coils 10 mam, 4 end cotls
Vacoum chamber diameter 35 mm
First field integral $x10° T
Second field integral 2% 10° T

n

)1

[

[

ool

{14508

{817







“VERONICA”







Water flow: 6 I/h /ﬂ

velocity < 0.8 m/s

-

Tube SF-Cu 15 x 1

Red bronze nipple

Special hoses
ID 13 mm

demineralised water

* The maximum available pressure
drop in the magnet is 3.7 bar.

* The inlet temperature of the
cooling water is 30°C

* The temperature increase in the
undulator should be at least 10 ° C.

* The maximum flow velocity of the
water must be below 2 m/s.
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98 A for the ten coils in the middle (KR 120- available at DESY)

25A (HB 25A(HB
available available at

at DESY . O O DESY

) 74A for last two inner cooils (KR 120- available at DESY) )

Task Name Duration Start Finish Resource Names
Design and production of Mechanical Support for the Undulators 44 days Thu 28.12.06 Mon 26.02.07 External Company- Mr. Demker
Sending power supplies from DESY to SCANDITRONIX for field tests of the undulators G days Fri12.01.07 Fri19.01.07 Gergana Angelova
Delivering the Undulators from SWEDEN to DESY A days Sun 25.02.07 Thu 01.03.07 SCANDITRONIX, Sweden
Field Tests of the Undulators at DESY 16 days Mon 19.03.07 Mon 09.04.07 Wr. York Holler
Elzctronics for thermoswitches for the undulators - 4 sicuits per undulator 0 days Tue 00.01.07 Tue 09.01.07 Mr. Mattias Steckel
Installation of Radiator Undulator 2= 179.1m 2 days Mon 14.05.07 Tue 15.05.07 Mr.Sparr, Mr. Damker
Installation of Modulation Undulator z= 167 8m 2 days Thu 17.05.07 Fri 18.06.07 Mr.Sparr, Mr. Damker
Connecting the Water cooling system of the Undulators 3 days Mon 21.05.07 Wed 23.05.07 Frank-Reinhard Ullrich
Power Supply cabling of the Undulators 2 days Mon 28.05.07 Tue 29.05.07 Hans-Joerg Eckoldt
Testing the power supply for the Undulators 2 days Mon 18.06.07 Tue 19.06.07 Hans-Joerg Eckoldt



Hardware:

* Steerer magnets at 171.5, 172.9, 174.8, 175.3m

» Girders for 4 steerer (to form a chicane)

* 1.5 m between dipoles
» Power supplies

Instalation of Y carrectors on the opfical iabe | and |

Instalation of two RY comectors at z= 171m ana 175m

Connection of the HY comeziors

175300

(Q4SUND2+8PM/4SUND2)

40 ETCA/V5SUND23
40 (TCAZHSSUND2

=z

3 {cs) CH-1852-2.02,1437/0.000
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Tue 150507
Wed 10,0507
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£ K = I8 OTR mover,cabling, interlock
= : * OTR frame
& E .
. | - : otrguter
. * Silicon wafers + Ag coating SpecirumData :
s e |E E : : :
;3 : |« (extra pair with Al coating)
s : e
-l.;nm o 'E‘ . 1
4lmm_ =
45 mm
49 mm
OTR stations
Dedvering of the OTR movers from (kaly 1 DESY 10 days Tue =01 07 Kon 22.04.07 kir. Remd=
Design and buliding of CTR frame for safers B0 days Tue 23107 Fri 300307 T
Ordering of Wavers for the two Optical Sations (nsials? ko the OTR wne) L3 o3y Thu 25107 Fri Z3.03.07 T,
Dedvery of view ports OF £3 and &F 16 for OTR simion 35 days Mon 181208 Mon 050207 Mr. van der Meuwen
Leak i=gis of windows £ ays Tue D02 07 Fri 2020w kir Remd=
Construcion of T soresn holder mietal frame arached %0 aoualor for OTR I and 1) £5 o3y Mdon 29.01.07 Fri 300307 Exierrial Compary-T777TT7
rstalation of screens and view ports 0 CTRS from Seedng ssction T days Tue 17.0807 Wed 25,0407 kir. Remdz




* Laser shielding

Optical Station [and Il

Delivering of the Optical tables | and I

Design and huilding of the Mechanical Support for the optical tahles

Design and huilding of the mechanical support for the sterser magnets on the optical table

Design and building of the mechanical support for the 2 ofner stereer magnats on the beam line with out optical table table
Design and huilding of the mechanical support for the OTR's and vacuum beam pipes

Removing of vacuum parts in Seeding section at 173m and 182m (everything should be removed between the quads)

Instalation of Optical Tables I and Il

Instalation of girders for OTR and vacuum beam pipes
Instalation of OTR I'and Il on the beam line

Leak tests of Optical section | and II

Instalation of HV correctors on the opfical table | and 11
Instalafion of two HY comectors at z= 171m and 175m
Connection of the HV correctors

Cabling of the OTRs and Commisioning

Instalation of Safety Tents around Opfical Station | and Il
Laserinterlock Instalation

Instalation of laser componenis and motors

Laser interlock tests

Laser Alignment

45 days
5 days
48 days
64 days
56 days
14 days
G days
6 days
10 days
Jdays
2days
2days
Jdays
Gdays
11 days
5 days
20 days
1 day
O days

Mon 15.01.07
Tue 23.01.07
Tue 23.01.07
Tue 23.01.07
Tue 23.01.07
Tue 27.03.07
Tue 10.04.07
Wed 16.04.07
Kon 20.04.07
Fri11.05.07
Mon 14.05.07
Tue 15.05.07
Mon 21.05.07
Mon 23.04.07
Kon 28.05.07
Tue 12.06.07
Mon 04.06.07
Mon 18.06.07
Tue 19.06.07

Thu15.03.07
Mon 02.04.07
Thu29.03.07
Thu19.04.07
Mon 09.04.07
Fri13.0407
Tug 17.04.07
Wed 25.04.07
Fri11.05.07
Tue 15.05.07
Tue 12.05.07
Wed 16.05.07
Wed 23.05.07
Mon 30.04.07
Mon 11.06.07
Mon 18.08.07
Fri 20.06.07
Mon 18.06.07
Fri29.06.07
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&

Mirror, motorized

&

\Mirror, motorized

Beamsplitter
- Lens <P Lens <
S X Filter - Filter
55 Ll Ll
3 :
& ;;) CCD Fast Photodiode
or Quadrant Photodiode




Mirror, motorized < AN Mirror, motorized
ﬁ Telescope, beamshaper

Beamdump |— GL Polariser, adjustable
<X Filter, adjustable
Radiation — Ir1s, adjustable
shielding ™~~~ 1 Shutter

Grenouille
8-50USB/&-500USB
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End of work scheduled for March 2007 !!! Tnetnigme




- Waveleng 50U

- Pulse dation : 150 fs
- Pump:YAG Laser operating at 10W of 532 nm

e Seed Laser with:
— Length = 2 ps (for stable overlap between the el bunch and laser pulse)
— Energy/pulse=0.25 mJ, Peak field = 1.8 108 V/m

— Width = 0.75 mm (FWHM)

Schedule:

1) Building seed laser and oscillator, shipping the oscillator and testing it- Ready 13/03/07
2) Interfacing the Oscillator- Ready 13/04/07, Transportation of the Seed laser- 20/04.07
3) Work in Laser hutch including Laser tests (optical tables, water connections etc.) — Ready 04/05/07




Sketch of the ORS laser transport (SK 06.11.06) preliminary

6 dielectric mirrors

2 lenses (Galilei telescope)

17 remotely controlled stepper motors:
5 x 2 mirvor angles
1 x 1 mirror transkation

—<

y

2 x 3 lens translations
6 IR-sensitive CCI) cameras with lamp:
lamp off: scattered laser light
lamp on: mirror/lens surface
1 PSD using residual light behind mirror
air-tight tubes and boxes from laser hutch to
vacuum window, doors with laser interlock

2. Design, ordering parts,
assembly and cabling of
motorized mirror holders

Y
3;1 3M ?fr @

fi
S
RIS

v

3. Design, assembly and
installation of the telescope

4. Design and installation of
tables and transport tubes

Additional tunnel into the beam tunnel will be drilled
near the dogleg



The influence of the el. beam properties on the ORS- output

) G2/030T 181144
, -
r

@

* What are the tolerance limits (which beta- Y
amplitude, energy chirp and so on, breaks the process?
« Can we implement an additional angle in the T T T s
o o o g o o a “pomido.dal” u (§1-2):(sqn{§2) 2.65)
dispersive section to separate the seeding radiation. 00 "
Electron beam properties E|
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Additional info: Atoosa Meseck- BESSY



4. Optical Stations elements - Ready 09/04/07, Installation- Ready 30/04/07
5. Stereer magnets for Chicane- Prepared, Installation- Ready 23/05/07

6. Laser Building- Ready 30/03/07

7. Seed laser, oscilloscope, tests- Ready 04/05/07

8. Laser Transfer line- Ready 30/05/07

9. Theoretical simulations- In progress

10. Commissioning - July-August 2007







® Chicane 171.5,172.9, 174.8, 175.3
e Radiator start 178.2

e Existing OTR screens
— 7match 165.8 (overlap)
— 3sundl 168.9 (overlap)
—2sund3 177.9 (CTR)

— Sseed 186.9 (extract)

— 14seed 195.8

— Q4sund2 175.7
— Q3seed 184.7
— Q12seed 193.
— Q20seed 201.7

e Existing steering magnets
— 3match 161.5 (modulator)
— 6match 165.0 (into modulator)
— 5sund2 176.3 (into radiator)
— 3seed 185.3 (out radiator)
— 12seed 194.3
— 19seed 200.6



~1530

Sheet piling

~1000

5400

tunnel wall

electron beam

location for telescope

~1200

3670

2?7

1920




e Orthogonal polarization from crossed undulators.

e Modulator vertically polarized. (Separation of the spontaneous radiation from dog-leg
dipole with horizontal polarization)

e Radiator horizontally polarized.
e Absorb the seed laser in the chicane.

e Higher harmonics problematic: The TiSa 800 nm has 2nd harmonic 400 nm, which
cannot be phasematched in the BBO.
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