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Scope of VI Working Group 2

> Design, commissioning and operation of electron beamline at FLASHForward
> Diagnostics of driver and witness beams

> Beam dynamics simulations, optimisation of the driver beam
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FLLASH and FLASHForward
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Energy, GeV | €, Mm | (at plasma) = Bunch Length | Slice energy spread Charge
0.5-1.2 2-5 20 mm ~50-500 fs <0.1% 20 pC-1nC
> Requirements for the FLASHForward beam line:
- achromatic beam translation )
- minimise coherent-synchrotron radiation (CSR) effects > “Pre-plasma”
- tight focus at the plasma entrance )
- capturing and diagnosis of the witness beam after plasma 1 “Post-plasma’”
- transport to the undulators (Phase II) P
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FLASHForward beamline (pre-plasma)

Top-view

> Achromatic beam translation system (4m) with variable longitudinal dispersion (R5 6)

h T v o - [l i — [ [ [ I | I .—1
0 —'~---,_.___. m |_ASHForward
o —— Scraper | . FLASH 2
~ ~° Quadrupole 2x4 —— —— FLASH 1
E Dipole (pulsed) —~
x —10 |- P 0 e iy, \ Plasma
Kicker -0.8 " g . / 1
—-15 | ® Plasma cell 2 x -3.6° _ ."'-"""--_u_l..‘ ce
I | | \ | | | |
— { | | | _ | | | |
E 200 Ba
- — By _ overall small betas
2 beam waist
c . .
9 00| compatible with FLASH-2 fnal focus -
1]
©
0

140 145 150 155 160 165 170 175 180 185 190 195 200 205 210
z (m)
> small B-functions in the dipoles (minimises CSR effects)
> B-functions at the plasma entrance: ~25 mm
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FLASHForward beamline (pre-plasma)
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FLASHForward beamline (post-plasma)

Side-view
Witness parameters:
Energy, GeV | €, um | [ (atplasma) | Bunch Length | Slice energy spread Charge
2 N X,y
1.2-25(5) 0.1-1 1-10 mm ~1 fs 1% 1-500 pC
Broadband spectrometer Lgser _ High-resolution spectrometer
Plasmacell  BLM1 BLM2 diagnostics Distance
I ‘O.Sm .== <0.5m < Tm < n 2.5m (was 3) > 0.5m= | 0.5m| Tm < Tm from axis: 130 mm 220 mm
& L I e | e
«— U UL S coL ® —  BPM-F special i
Io.sm % XQA Quadrapoles (XFEL gtcgﬁgg DORIS dipole 100' 3 BPM.F - TQATQR @ 40.5mm Screen DORIS dipole
(XFEL) @ 40.5 mm Quadrupole Station Rb
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> Witness capturing with a 100 T/m triplet (paired)
> Coarse and fine energy measurement
> Beam position/charge with cavity BPMs

> Emittance (single quadrupole scan planned;
single-shot options are under study)
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B, B, (m)

Beam quality preservation at FLASHForward

J. Tilborg et al., PRL, 115, 184802 (2015)

> Witness beams in plasmas have small beta-function (B~1mm) and large energy spread (op~1%)
— Significant emittance growth

Mitigation strategies at FLASHForward: Assumed plasma lens
> Capturing close to the source with strongest available quadrupoles parameters:
> Tailored plasma-to-vacuum transitions (increasing B) 1600 T/m (R=250um, 500A)
> Beam loading (decreasing op) lﬁicl))me for 2.5 GeV
> Plasma lens — ultrahigh gradients — see talk L. Schaper (WG3) Distaxién from source: 150mm
B-functions 15 Normalised emittance
s, 2.0 ¢
25 <« B"™=2500m | ~ =
without the [ 1.8] [V
20 plasma lens/ T
15 tailoring ~ 1.6
‘o " 14
wa!
S B._,=1mm 1.2
0 / 1.0/ | only 2x growth (cf >20x)
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Transition

radiation (TR) as a longitudinal bunch diagnostic

Intensity [arb. units]

+ Phase —>

— Infinitely short bunch
—Gaussian bunch shape
—Rectangular bunch shape
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Transition radiation (TR) as a longitudinal bunch diagnostic
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o use TR as diagnostics of fs PWFA electron bunch
it must:

> Have spectral sensitivity extending into the visible/UV.

> Measure the spectrum across a broad frequency range.

> Be capable of capturing this broad spectrum within a single shot.
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Currently available spectrometers

CRISP4:
MIR-FIR spectrometer

> Two possible configurations:
5—44 um
45 — 430 pum

> Multi-stage grating spectrometer.
> Used as a standard tool at FLASH.

polarizer

G4 absorber

S. Wesch et al. NIM A 665, 40-47 (2011)

Double prism:
NIR-MIR spectrometer

> Sensitive to:

2 — 18 um

> Dispersion in two ZnSe prisms.
> High sensitivity HgCdTe detector.
> Recently callbrated durlng beam time in the Netherlands.

S. Wunderlich et al. Proc. IBIC2014
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Currently available spectrometers

Two stage prism: Beamsplitters,

Mi -
VIS N'(?;ge::rmeter e.g. Indium Tin Oxide:
> Two [ > Setup combining beamsplitters and two w‘mm
prisms_ Incoming TR
1.1 mm glass
substrate
_ > Flexible configuration to enable TR Ve ~
> Multi- spectral measurements and beamsplitter Ro05 300 - 1000 nm erlands
> Used calibration. T>70% |
FLASH 260 nm ITO
coating

> Currently under construction.

, =

G

Grating beamsplitter:
{ ?.,/ Grating

absorber

Parabolic TS
mirror ‘;" N : 'm.

Detector
plane
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Imperial College _ Royal Holloway IVERSITY OF
London ;

University of London

Phase-Constrained Iterative Algorithm (PCID)
F. Taheri et al. PRSTAB 19 (2016) 032801
> Reconstruction of the longitudinal profile (phase retrieval) is a fundamental problem
for “radiation-based” diagnostics (transition radiation, Smith-Purcell radiation)
> A new technique (PCI) was proposed

Simulations
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Betatron radiation

Properties of the radiation needed to design the diagnostics: PIC simulations (HiPACE)

Driver: Y,~2000, Q~500 pC, witness: Y, ~2000, Q~13.5 pC
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> Similar spectra — difficult to distinguish driver/witness
> Spectra peak at few keV — can use a direct detection device

> Experimental setup in progress (ordering an X-ray CCD camera etc.)
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Inverse Compton Scattering (ICS)

> Laser pulse scattered from e beam produces y-rays whose spectrum/
divergence are related to those of e beam
— might be used as a diagnostic tool
> In transverse geometry also sensitive to longitudinal structure of e beam

e- spectrometer

e - beam

\ M f DeteCtO r arXiv:1406.1832
dagne
TS Laser J > For a given 6, w depends only on'y_
. . — reconstruct e energy distribution by
different a ng les POSSI ble measuring the photon spectrum

> Opening angle ~ 1/y_ (GX,=O) and related
too ifo, >>1/y,

— reconstruct e divergence by measuring
Y-beam divergence

Setup ready to be tested in the BOND lab
(scintillator array as y-detector)

See talk C. Palmer
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Beam dynamics simulations

Soft X-ray
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< 315 m >

The global goal: start-to-end simulations
Gun — FLASH - FLASHForward - PLASMA — Undulator

> Which beam parameters are realistic?
> typically high currents, ramped profile, small spot, ... are desired for PWFA

> What are the accelerator settings to achieve them?
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Coherent synchrotron radiation (CSR)

> CSR is a limiting factor for high-current electron beams See talk
> Centroid offsets are developed during compression in chicanes = hosing instability A. Martinez

2000
after ACC7
’g 1,04 SR
- 1500}
' —_
5 < 1000|
0
0 500}
Q
3: f 0o 0
-5,0+10® 0 5,040 1,0+104 ' , . . .
¢, Location (m) -5.0%1 0 0 5.0¢105  1.0x10

. . . o ¢ (m)
> Work is ongoing to define a mitigation strategy

> Options: beam optics; tailored beam profiles; transverse-longitudinal mixing; emittance spoiling
> Beam time at FLASH later this year
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Summary and Outlook

> WG2 is a platform to discuss beam dynamics and instrumentation for FLASHForward

> Pre-plasma beam line is in advanced state, started installations end of 2015, will continue in 2016
— Commissioning expected to start in July 2017

> Technical design of the post-plasma beamline in progress

> Standard diagnostics ordered or delivered
— Beam position monitors, charge monitors, profiling screens
> Special diagnostics design in progress
— Transition radiation, betatron radiation, inverse Compton scattering

> Beamline simulations including FLASH linac show strong CSR effects
- concentrating now on mitigation CSR while maintaining high current



Thanks for your attention!



Extra material



Where we are (milestones)

Q3 2015 Conceptual design for transition radiation diagnostics
Q3 2015 Concept for betatron-radiation diagnostics
Q4 2015 Technical design of the post-plasma beamline, including all diagnostics
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Beam optics

-functions :
p ' ' 8, o ¢-06 RMS beam size
: : . : . o
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> Electromagnetic quadrupoles, g"*=100 T/m > Beam size below several hundred micron
> Pairing to achieve stronger focusing > Minimum at 2™ dipole — precise energy measurement

> Designed for energies of up to 2.5 GeV
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Chromatic and higher-order effects
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> Bunch elongation due to 2™-order geometric effects
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Quality preservation

> Initial Courant-Snyder parameters are important for beam transport
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> much more severe growth
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Quality preservation

> Initial Courant-Snyder parameters are important for beam transport
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> Controlled release essential, pursued in WG3
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What about the driver?

> Assuming a linear chirp 0-1 GeV

O, et Oy Moxixl, moxiyl (m)
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moxl ~
0,010 _moxif £ 0000l R
XQ_A ™ 0.008] R 1200
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> Eventually fills the available aperture > A collimator helps to remove most of the residual driver (~80%)

> Shielding required
(predominantly vertical plane)
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Energy measurement (witness)

y (m)
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400 um/0.08m=0.005 = 0.5%
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Emittance measurement
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Emittance measurement

> Single quadrupole scan
> Special optics setting: waist at the screen in both planes — simultaneous measurement

x10° x10°
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£ 14 — E 14 Fitted . .18 —
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08— _ B ]
B 7 0.8— ]
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> Excellent match between fitted and “true” emittance
> Note: emittance at the plasma exit is 0.5 um
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Energy measurement (witness)
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— Resolution ~1%o
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Transition radiation (TR) as a longitudinal bunch diagnostic

INCOHERENT TR: COHERENT TR:
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TR for ultra-short electron bunches from PWFA

b= 120 %100 cm® ;10 E.C_)
. c
10 Eo
1 -3 > Size of accelerating structure in PWFAis ~ 10s-100s
0 & microns (scaling with plasma electron density).
1 &
> Witness bunch duration typically limited by wakefield
200 £  size. '
>
0 o Intrinsically short (fs) electron bunches.
200 1"
40 20 0 20
C [um]
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TR for ultra-short electron bunches from PWFA

b o= 1,20 %100 onr® - =
10 |
E o
= OF >WFA is ~ 10s-100s
10} > Have spectral sensitivity extending into the visible/UV. >N density).
' > Measure the spectrum across a broad frequency range. limited by wakefield
> Be capable of capturing this broad spectrum within a single shot.
\/ iron bunches.
L | L . L | L L L | L L L | !-
-40 20 0 20
C [um]
HIiPACE. I

I. Konoplev, V. Libov for the WG2 | Helmholtz VI Annual Meeting | September 13, 2015 | page 16



HiPACE simulations — angular distributions
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Indirect detection of hard x-rays

> Above ~10 keV - scintillator + camera

defelected electron beam

magnet
X-rays

’ Lhs
il
3 T'g ety
e -
2 v £ )
[
: i

mirror

/‘

filter array

. objective lens

CCD camera

> Scintillator options:
- CsI(T]) (Hamamatsu), testing at REGAE
- Lanex
- FastLanex
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Imperial College _ Royal Holloway IVERSITY OF

University of London

London
Smith-Purcell radiation monitor
g | 1#,.---‘5'“]Irt Sl b Reconstructed bunch profile (FACET)
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£ : ..
5 0.2 -"-; electromagnetic radiation
ol tetmyy o o > Spectrum depends on the bunch longitudinal profile
] o 10 15 20

Frequency (THz)

— diagnostics tool
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Imperial College . Royal Holloway NIVERSITY OF
London :

University of London ‘)X 1_11 ()1{

Development of a single-shot Smith-Purcell Monitor

> Grating step defines the wavelength range
> For a single-shot measurement, need several gratings
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