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PolariX TDS PRroJecT - AbDVANCED DiAGNosTICS FOR fs BUNCHES

Novel design of TDS with tunable

direction of streaking field invented at

CERN (Alexej Grudiev)

Cavity design matches specifications of
4 experiments: FLASHForward,
FLASH2, SINBAD/ARES at DESY and
ATHOS beamline at PSI.

The cavity has been manufactured at
PSI using the tunning free assembly
procedure

Device prototyped at FLASHForward

Achievable time resolutions at FFWD
on>1fs

Collaboration between:

PAUL SCHERRER INSTITUT Au

Coordinated by:
A. Grudiev (CERN), P. Craievich (PSlI),
B. Marchetti (DESY)
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X-BAND TDS PRrINCIPLES OF OPERATION
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X-BAND TDS PRrINCIPLES OF OPERATION
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X-BAND TDS RESOLUTION

Time resolution Screen 2
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X-BAND TDS RESOLUTION

Time resolution

Screen 2

tly)

B.os ~ 100 m

wTDS-SCR

~ 90 deg.

—_— gp=2um, pc=1.0 GeV
=== gy=2um, pc=1.5 GeV
— &, =10 um, pc=1.0 GeV
== &,=10 um, pc=1.5 GeV

~ -~
-~
-~
-~
-
=
-
iy
-~

Screen 1
X-Band
S ty) 4
O—»# .......... / .................. A
S0 X
El 101-_
R, — 9yB _ €y 1 __Dbc =
¢ 5y B(sg) sin AW, eVyk
100
0

DESY. | EAAC 2019, Isola d’Elba, Italy — WG5 | P. Gonzélez Caminal | 19" Septemb

5

10

15
Vrps [MV]

20 25 30



X-BAND TDS RESOLUTION

Theoretical energy resolution Screen 2
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X-BAND TDS RESOLUTION

Theoretical energy resolution
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X-BAND TDS RESOLUTION

Real energy resolution Screen 2
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X-BAND TDS RESOLUTION

Real energy resolution Screen 2
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FLASH BEAMLINE LAYOUT

= Three independent beamlines LOLA TDS (~ 3 GH2)
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FLASH BEAMLINE LAYOUT
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FLASHForward»» BEAMLINE LAYOUT

= Post-plasma beamline layout
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~42 m

diagnostics:
e-Spectrometer

Plasma Chamber
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Design constraints:
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1) TDS position —» shared hardware with FLASH2 (minimise waveguide losses and also costs)

2) Before the TDS - future installation of 3 undulators for FEL generation

3) Before & after the TDS - optimisation of time and energy resolution with appropriate optics.
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Design constraints:
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Beamline commissioning finished 1% week of September!

1) TDS position —» shared hardware with FLASH2 (minimise waveguide losses and also costs)

2) Before the TDS - future installation of 3 undulators for FEL generation

3) Before & after the TDS - optimisation of time and energy resolution with appropriate optics.
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X-BAND TDS CoOMMISSIONING (80 hours, 6-10.09.2019)

Goals:

* Commission LLRF system

1% world wide demonstration of variable polarization streaking

Benchmark the PolariX against the LOLA-TDS

Take data for tomographic reconstruction

Bonus: slice emittance scan

Bunch properties:
* charge =600 pC
* energy = 1.1 GeV

normalized emittance ~ 2 ym

* compression settings: MES / ~ 500 fs / ~ 200 fs (~ linear chirp)
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Optics for variable polarization (e.g. tomographic studies)

X-Band TDS
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Optics for longitudinal phase space screen
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X-BAnND TDS CoOMMISSIONING SUMMARY

LLRF works fine at its current max. power of ~ 6 MW

Demonstrated variable streak polarization at full power in all streaking directions
Achieved resolutions of < 10 fs without too much effort on optics optimizations
Jitter has not been a critical issue

Completed data taking for:

* tomographic studies (Daniel Marx, DESY)
* comparative studies between X-Band TDS and LOLA-TDS - Data analysis ongoing

* slice emittance scan
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SIMULATIONS AND LONGITUDINAL PHASE SPACE RECONSTRUCTION

Realistic case: start-to-end simulations for externally injected withess bunch
20F

Boundary conditions:

* scraped 1 GeV FLASH-type bunch

ok ] * linear chirp, energy spread ~ 0.5 %, ~ 200 fs

' e plasma: L =20cm, n_=5-10 cm? (B ~ 2 mm),
50 mm exponentially decreasing taper

HiPACE |
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6/107°
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000
Zfmm

~0.02 ~0.01 0.01 0.02 Start to end scheme:

* Bunch generation - ASTRA

* Tracking - elegant

* Double bunch generation - Geant4
* Plasma - HIiPACE

- elegant
(long. phase-space screen)

Accelerated withess bunch
* acc. gradient ~ 2.6 GeV/m

* final energy ~ 1.5 GeV
- length ~20fs, B, ~20mm, a ~ 0.1
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R. D’Arcy, A. Aschikhin, P. Gonzalez, J. Osterhoff, V. Libov,
Proc. of IPAC 2018, TUPMLO017
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SIMULATIONS AND LONGITUDINAL PHASE SPACE RECONSTRUCTION

Realistic case: start-to-end simulations for externally injected withess bunch
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SUMMARY AND OUTLOOK

A PolariX TDS (variable polarization X-Band TDS) has been installed and
successfully commissioned at FLASHForward

Time resolutions below 10 fs have been easily achieved and the ability to streak
at any directions has been demonstrated

With this diagnostics tool, FLASHForward is the first PWFA facility in the world
able to provide phase space information with an unprecedented time resolution
on the 1 fs time scale

In the present, preparations are ongoing for the upcomming beamtimes to
perform diagnostics on PWFA electron bunches

Studies are ongoing to further assess the adverse effects of induced energy
spread, coherent synchrotron radiation, different sources of jitter and beam
transport of PWFA electron bunches for both external and internal injection
schemes
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Thank you



Contact

DESY. peutsches Gonzalez Caminal, Pau

Elektronen-Synchrotron FLA — Linear Accelerator Technologies
pau.gonzalez@desy.de

www.desy.de +49 (0)40 8998 4960



X-BAnD TDS RESsoOLUTION
ReEAL ENERGY RESOLUTION: INDUCED ENERGY SPREAD
“Parasitic” longitudinal force depending on vy:

=10
F, = eEysin ® Ao =
F,=eEgcosP - ky

cAp _ Ap,

1 1
= Kyo+ =KLy)+ ~K2Lz  with K —
cp cp 2 6 pe
1% and 2" moments
X
e uncorrelated energy spread (0,55 = oA ):

1 \2 1, \?
o2y = K202 + (QKL) 02, + (j: 6K2L) o?

z

* linear energy correlation along the bunch:

(A8) = Kyo) + 5 KL{yh) + < K2L(z)

DESY. | EAAC 2019, Isola d’Elba, Italy — WG5 | P. Gonzélez Caminal | 19" September 2019 Page 28



X-BAnD TDS RESsoOLUTION
ReEAL ENERGY RESOLUTION: INDUCED ENERGY SPREAD
“Parasitic” longitudinal force depending on vy:

Ea—10

cAp  Ap 1 1
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0.004 -
v 1, 0, ~0.0
UQA(S — KQUSO ””””””””””””””””””””””””””””””””””””””””””””””””” > g 0.003 -
S
* linear energy correlation along the bunch: 0.002 -
1 , L,
(Ad) = K(y0> =+ iKL@o) + EK L<Z> 0.001 4
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