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SINBAD as host to ATHENA,_

ATHENA-e: High quality plasma

= electron beams for pilot users A
ARES S!x bﬂnd IlnaC (conventional & advanced beams) >0m Science
(sub-fse-) 2016-2019

] —  User Labs

2015 onwards
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science” with
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structure acc.,
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ATHENA-e: Optical plasma
accelerator (only internal

injection), 50 MeV inj., FEL
SINBAD

Short INovative Bunches and Accelerators at
Desy
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ATHENA_ hosted at DESY
Plasma injector DESY / UHH funds
I_-" >0 MeV H Athena, invest
Medical imaging
Plasma cellH 150 MeV

Plasma FEL / 150 - 1200 MeV
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Direct comparison of performances of
conventional acceleration vs PWFA
(internal + external injection),
both driven by lasers (baseline) and e-beams
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg
- Energy upgrade of linac

« X-band for Transverse Deflecting Structure (TDS)
and Phase Space (PS) linearization

* Timing synchronization upgrade

 Additional undulators
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ARES

ACCELERATOR RESEARCH EXPERIMENT AT SINBAD
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Required Infrastructure

50m

- Modulators, Klystrons, SLEDs (105 mé)

Ground Floor (580m2)
currernitly: ald DORIS coolingplant
- General water conling plant

- Gun water copling plant

- Alrcond, for clean room (150m2h
= Aircond, for Tuninel

space lor later
Laser upgrade
(130m2]

Firsl Flaar (4B0m2)
currantly:
okd DOAIS corverter
EBKR-camputing racks)
- Electronic racks
- PCOs
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ARES linac

« Initial stand-alone goal: acceleration of ultra-short bunches in a conventional
compact linac.

Reaching the sub-fs domain
E-bunch energy (later upgrade to 200 MeV)
Nominal Charge for ultra-short bunches with RF compression:

Maximal Charge that can be extracted from the cathode: 1nC

Energy spread:

Transverse emittance

«  Second stage: ARES in the context of ATHENA

External injection into plasma cell + FEL

. Arrival time jitter (RMS)
. Transverse position jitter

Imaging set-up (Thomson scattering)
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ARES linac baseline layout

Ti:Sa photocathode laser E=100 MeV
Cs2Te cathode

| 12.9m
\(Gun solenoid TW solenoids

REGAE-like LINAC Il —like LINAC Il —like

RF gun Traveling wave Traveling wave

2.998 GHz 2.998 GHz 2.998 GHz

Beam final To be used as RF Total av.

energy~5MeV compressor Gradient~80MV/100MV

Q=0.5 pC, Ne=3.12*1076
Beam at the exit of the linac for 3 different working points

FWHM, Q% in 1 E [MeV] AE/E 0., [mm] | ne, (0 By (I, local, I
[fs] FWHM [mm*mrad] | [m]) 1FWHM)[A]

50.6 0.1% 0.07 -71, 1284 150, 133
2.7 62.2 111 0.1% 0.15 0.05 0.9,79 150, 115
4 70 111 0.3% 0.009 0.05 0.03,0.3 100, 87
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ARES linac baseline layout

Ti:Sa photocathode laser E=100 MeV
Cs2Te cathode

| 12.9m
\(Gun solenoid TW solenoids

REGAE-like LINAC Il —like LINAC Il —like

RF gun Traveling wave Traveling wave

2.998 GHz 2.998 GHz 2.998 GHz

Beam final To be used as RF Total av.

energy~5MeV compressor Gradient~80MV/100MV

Q=0.5 pC, Ne=3.12*1076
Beam at the exit of the linac for 3 different working points

FWHM, Q% in1 E [MeV] AE/E 0,y [mm] ne, , (o, By (1, local, I,
[fs] FWHM [mm*mrad] | [m]) 1FWHM)[A]
2.1 110

50.6 0.1% 0.6 0.07 -71, 1284 150, 133
2.7 62.2 111 0.1% 0.15 0.05 0.9,79 150, 115
4 70 111 0.3% 0.009 0.05 0.03,0.3 100, 87
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ARES - upgraded layout of the

photoinjector

Xband linearizer
TW
11.9942 GHz
Total av.
Gradient~6MV

E=200-300 MeV

18.3m

-10/10mm (0.2mm)

Dogleg tunable

12.9m

30.2m

To the
medical

+3490 IMaging
beam-line

25 3m To the
plasma
3 €xp. and

it

-3.49°

diagnostics

Bunch compressor
Rse=-10mm

beam-line
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Main extension to ARES through ATHENA

- Energy upgrade of linac

« X-band for TDS and PS linearization
* Timing synchronization upgrade

* Additional undulators

Imaging beam line




328m

0.22m! | 06m g 12m

Bunch Compressor

Ry;=0~ 30 mm
Working point A Working point B
Initial ch C 10 Initial ch C 100
nitial charge (pC) nitial charge (pC) o 020 5 {rma)
Gun gradient (MV/m) 110.0 Gun gradient (MV/m) 110.0
Gun phase (deg) 0.0 Gun phase (deg) 0.0
Laser pulse duration (ps) 3.0 Laser pulse duration (ps) 3.0
TW1 gradient (MV/m) 23.9 TW1 gradient (MV/m) 23.9
TW1 phase (deg) -59.2 TW1 phase (deg) -60.0
TW1 gradient (MV/m) 23.9 TW1 gradient (MV/m) 23.9 =37 00 02 0: 05 0B 10
TW1 phase (deg) -59.2 TW1 phase (deg) -60.0 at (=)
e —0.62 fs (rms)
R56 (mm) 10.0 R56 (mm) 10.0
Slit width (mm) 0.4 Slit width (mm) 0.4
Final charge (pC) 0.38 Final charge (pC) 2.77
€, (um) 0.05 €, (um) 0.24
€, (Um) 0.05 €, (Mm) 0.18
Energy spread 0.0019 Energy spread 0.0022
Current (A) 650 Current (A) 1528
References:
Study and simulations: J. Zhu P. Emma, Phys. Rev. Lett. 92, 074801(2004)  iussvasusvuisnn /2
S. Di Mitri, PRSTAB 16, 042801 (2013) 7 weLmuoLTz
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Dogleg — hybrid compression scheme
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

X-band for TDS and PS linearization
Timing synchronization upgrade

Additional undulators

Imaging beam line




Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

X-band for TDS and PS linearization
Timing synchronization upgrade

Additional undulators

Imagmg beam line One more LINAC ll-like

Traveling wave structure (2.998 GHz),
Total av. Gradient~80MV/100MV

Total energy upgrade:
200 MeV (on-crest) > 300 MeV(on-crest)
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

- Energy upgrade of linac

« X-band for TDS and PS linearization
* Timing synchronization upgrade

* Additional undulators

Imaging beam line
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Xband Transverse Deflecting
Structure for beam diagnostics

Presently Xband RF deflectors are the highest
resolution (~1fs) bunch length diagnostics device.
Cfr: C. Behrens et al., Nat. Commun. 5, 3762
(2014)

Beam parameters:

en, ,=0.1 mm mrad

Ap=r/2 (phase advance between the
cavity and the screen)

RF cavity parameters:
f=11.9920 GHz

VBa5)e,E

Sy V' By(8) By (s0)sin(Ady )ewV

G—yﬂ
Rr.e = =

Cfr: P. Emma et al., LCLS-TN-00-12
M. Réhrs et. al., PRSTAB 12 050704 (2009)

Resolution [fs]
o o =] - — —
w o © N U W

—e— E=200MeV/, 5y5D=1 Om
| —e—E=200MeV, py_,=50m
| —e-E=100MeV, By ,;=10m
~e-E=100MeV, py_,=50m |

Peak \oltage [MV]
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Xband linearizing cavity

> Principle of operation:

No linearizing cavity With linearizing cavity

« If the length of the photo-cathode laser pulse at the cathode is ~ > 2-3ps, the non-linearity
in the phase space of the beam caused by the sinusoidal shape of the RF is not negligible.

+  Optimization of the single bunch compression
- Cfr: K. Fléttmann, NIM A 740, p. 34-38 (2014).

+ Compression of train of bunches (total length of the train 3-10 ps)

- Cfr: M. Ferrario et al., Nucl. Instrum. Methods Phys. Res. A 637, S43-S46 (2011).
- E. Chiadroni et al., Rev: Sci. Instrum. 84, 022703 (2013).

->B. Marchetti et al., Proc. of IPAC11, THPS101 (2011).
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

- Energy upgrade of linac

« X-band for TDS and PS linearization
* Timing synchronization upgrade

* Additional undulators

Imaging beam line

Accelerator Research and
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg
- Energy upgrade of linac

« X-band for TDS and PS linearization

 Additional undulators

Imaging beam line

Talk:
,S13: ps and fs electron

and photon beams"
Wed 25/02, 8:30

-> Holger Schlarb

LLRF development (Xband)
Pulsed Optical Synchronization
Klystron ultra-fast stabilization

« Basic system for operation:
<10 fs local RMS jitter

~ 50fs pkpk drift

« Upgrade:

< 5 fs local RMS jitter

<10fs pkpk drift

Accelerator Reseorch and Development ﬁ HELMHOLTZ
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg
- Energy upgrade of linac
« X-band for TDS and PS linearization

* Timing synchronization upgrade

* Imaging beam line




Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

- Energy upgrade of linac

« X-band for TDS and PS linearization
* Timing synchronization upgrade

 Additional undulators - Andreas Maier

* Imaging beam line Talk:
,FEL applications”

Wed 25/02, 15:20

Accelerator Research and
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Main extension to ARES through ATHENA

*  Bunch compressor/ dogleg

- Energy upgrade of linac

« X-band for TDS and PS linearization
* Timing synchronization upgrade

* Additional undulators

Brilliant hard X-rays from laser-driven
° Thomson-source:

image in-vivo medical diagnostic
agents such as anti-bodies coupled to
Gold nano-clusters whose X-ray
fluorescence light is the signal.

The potential is to reach sensitivities
beyond Magnetic Resonance
Tomography.

Accelerator Research and Devel t
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Plasma Acceleration

STABILITY FOR APPLICATIONS




External vs Internal Injection

«  Electrons can be externally injected or internally created

External injection Internal injection

+ Known and controllable (within + More compact/cheaper/simpler
limits) initial beam phase space + Higher plasma densities (= higher
+ Staging is possible / prove of  gradients) can be used

staging - Control over the injected phase-
- Synchronization space volume

- Transverse matching

« ltis clear that staging will be needed
to reach high energy physics
energies. External injection is the
crucial step towards this goal.

Most experiments use internal
injection as it's simpler and cheaper

22 24 26 28 30 32 a4

S
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External Injection at SINBAD

ARES = 100MeV — e- ultra-relativistic — “no” (less) de-phasing issue

Scaling laws:
= Accelerating gradient: Ey[V/m] = 96\/ng[cm 3]
= Plasma bubble length: A, x 1/\/ng
= Acceleration length (depends on diffraction and dephasing): | o Um

Plasma density | Wavelength | Period | Skindepth
[em ]

10" 10.6 ym 35.3 fs 1.68 ym
108 33.4 pm | 101.3fs | 5.31 um
10" 106 um | 353.3fs | 16.8 yum
10 334 um 1.0 ps 53.1 #m
10"° 1.06 mm 3.53 pS | 0.168 mm
10 3.34 mm 10.0 ps | 0.531 mm

Accelerator Reseorch and Development |
HELHHOLTZ
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External Injection at SINBAD

ARES = 100MeV — e- ultra-relativistic — “no” (less) de-phasing issue

«  Scaling laws:
= Accelerating gradient: Ey[V/m] = 96+/ng[cm 3]
= Plasma bubble length: A, o 1/,/ng
= Acceleration length (depends on diffraction and dephasing): | le

Plasma density | Wavelength | Period | Skindepth
[em 3]

10" 10.6 ym 35.3fs | 1.68 ym
1018 334 pm | 101.3fs | 5.31 um
10V 106 um 353.3fs | 16.8 um
10 334 ¥m 10ps | 531 um
10" 1.06 mm 3.53 ps | 0.168 mm
101 3334 mm | 10.0ps | 0.531 mm

L
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SINBAD/LAOLA Stages — 200 MeV beam

Study and simulations:
Example: Simulations at n =10""

J. Grebenyuk
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2 - L = UCLA
poe T ] 1 E L Lt L 3
% & 8 § W 1 100 120 140 160 180 200 220 240 260 280 300

Bunch length [pm] Offset [fs]

Energy spread after 10.0 mm [%]

* Laser guiding to achieve high energies at low densities is needed

* Driver-bunch RMS synchronization jitter requirements: 5 - 30 fs

* With good synchronization & ultra-short injected bunches, a single-shot
energy spread below 1% is achievable

* Bunch length with RMS < 5 fs bunches desirable

* When matched, no emittance degradation - matching to small beta
required (optics + adiabatic density transitions)
* |nitial stage at n = 10'® has “relaxed” requirements

Aceelerator Reseorch and Development
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SINBAD/LAOLA Stages — 1 GeV beam

Study and simulations:

J. Grebenyuk

Plasma density [em ™3] 1018 1017 1010 0.5 X 1016

Skindepth, k! [pm] 5.31 16.8 53.1 75.2
Plasma wavelength, A, [pm] 33.4 106 334 472
Injection beam energy [MeV] 100 100 100 100
Laser pulse duration [fs] 25 25 25 25
Field gradient (OSIRIS) [GV /m] 62 7.58 0.46 0.21
Accelerating region, Ay /4 [pum] 8.35 26.5 83.5 118
200 MeV stage length [m] 1.6X10 ° 13.2X 10 ° | 0.22 0.48

1 GeV stage length [m] 16X10 5 0.13 2.2 1.8
Matched p |mm)] 0.1 0.3 1 1.5

@'HELHHOLTZ
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SINBAD/LAOLA Stages — 1 GeV beam

Study and simulations:

J. Grebenyuk

Plasma density [em ™3] 1018 1017 101 | o. 5 X 1016
Skindepth, k! [pm] 5.31 16.8 53.1 75.2
Plasma wavelength, A, [pm] 33.4 106 334 472
Injection beam energy [MeV] 100 100 100 100
Laser pulse duration [fs] 25 25 25 25
Field gradient (OSIRIS) [GV /m] 62 7.58 0.46 0.21
Accelerating region, Ay /4 [pum] 8.35 26.5 83.5 118
200 MeV stage length [m] 1.6X10 7 | 13.2X 10 ° | 0.22 0.48
1 GeV stage length [m] 16X10 0.13 2.2 1.8
Matched p |mm)] 0.1 0.3 1 1.5

That's about It...

L

(o

-+ Hebmholtz ossaciation

 hecelerator Research and Development
/ﬁ' HELMHOLTZ
| GEMEINSCHAFT



Aknowledgments

 ATHENA preparation team !
« LAOLA team'!
* All involved DESY groups !

... Thank you for the attention!

AS YOU CAN % i
CLEARLY SEE H H e
g’;.‘?"‘lm i : i POTSONING. |
' g
1 ; (LT
~0) i g u g 4'-.;. v&
m % |i *' t 1 h Y ‘
fhin i : ﬂ‘i J -




