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INTRODUCTION

From next generation Lightsource to many applications, e.g. HEP

Compact radiation sources,
nuclear physics

(FEL, inverse Compton sources, next

generation lithography, THz facility,

MESA, Triumf)

Next generation multi-user light source
(e.g XFEL oscillators, multi-ID facility as former
ARC-en-ciel or 4GLS)

Ultra high
luminosity electron —ion collider
(EIC, LHeC)

(ERL serving as high intensity electron factory

for electron
hadron collisions at

High
energy, high luminosity e+e- collider
(Two ERL based ring collider with larger
luminosity than FCCee or ILC
proposal: Physics Letters B 804 (2020)

Reduces ecological footprint of large-scale
science, especially when combining with higher
SREF technology, vision of sustainable large-scale
science driver

Ultra fast electron
diffraction(by injector)

Waste Water Cleaning
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https://arxiv.org/abs/1910.00881

LINEAR ACCELERATOR X-Rays
/ STORAGE -
i ) Source /—_«l
RING B > -t
\ S "
X-Rays
e Beam parameters defined by equilibrium * Beam parameters defined by source
* Many user stations e Low number of user stations
e Limited flexibility — multi-pass * High flexibility — single-pass
* High average beam power (A, few GeV) * Low average beam power (<<mA)
e Typically long bunches (20 ps — 200 ps) * Achievable short bunches (sub ps)
* Bigger areas e Comparable small areas
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LINEAR ACCELERATOR XRays
STORAGE - .
Source e -
° RING v [ e P -
I
e ENERGY RECOVERY LINAC
o .

X-Rays Main Linac

Source

High average beam power (multi GeV @ some 100 mA) for single pass experiments, excellent beam parameters, high flexibility,

multi user facility
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LETTERE ALLA REDAZIONE

(La responsabilila sclentifica degli seritli inserili in questa rubrica ¢ completamente lasciatg
dalla Diresione del periodico ai singoli awlori)

The ERL first proposed in 1965 by Maury Tiger

Tigner, M. A POSSIBLE APPARATUS FOR ELECTRON CLASHING-
BEAM EXPERIMENTS.N. p., 1965. Web. doi:10.1007/
BF02773204.

2.2. ERL Experiments in the early years

The first accelerator that exhibited energy recovery was
the Chalk River Reflexotron, which was a double-pass
linac consisting of an S-band normal conducting
standing wave structure and a reflecting magnet similar
to the apparatus shown in Fig. 3. In the Reflexotron, the
electron beam passed through the S-band accelerating
structure twice achieving second pass energies of 5 to
25 MeV depending on the position of the reflecting
magnet relative to the accelerating structure [3]. The
energy variability down to 5 MeV was obviously
achieved by deceleration of the electron beam in the
second pass, which was energy recovery, although there
was no statement of the term “energy recovery” in the

paper.

A Possible Apparatus for Electron Clashing-Beam Experiments (*).

M. TIGNER
Laboratory of Nuclear Studies, Cornell University - Ithaca, N. Y.

(ricevuto il 2 Febbraio 1965)

interaction

raglons beam path
. bending magnet Q e
% S.W. accelerator section
elec"\m III‘TIIII
Q- EED
beam RF I ﬁ- e
out focusing
POWEr \magnets bending
source magnets
Fig. 3.
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Injector

Recirculation 3}

] w
M ze-ia-s-olodasles—3—s
Do+
SRF Linac \W‘%’iﬂ:;“
Beam Dump

Acceleration

The energy of the beam in
the cavity transfer to the
beam

The energy in the cavities
transfer to the particle
beam

Deceleration

Energy recovered to accelerate the

next particle beam
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bERLinPro: A demonstration facility for ERL suence and technology

,«*‘J/
srf-gun
1.4 cell SRF cavities

A fully funded 42 M€ project (including
completely new building!)

u xrnn -u »y'

’JT::‘-" L r ‘-{" N

merger

modified Cornell booster
3 x 2 cell SRF cavities

|inac module
3 x 7 cell SRF cavities

“1.5-2.3 MeV, single SC solenoid,

Normalized emittance (mm
mrad)

Bunch length (ps)

Beam losses

dogleg 44 MeV
4.5 MeV
Parameter bERLinPro
Beam energy recirculator (MeV) 50
Beam current ERL mode (mA) 100
Frequency RF and Laser (GHz) 1.3

1 (< 0.6 in simulations)

< 2 (ERL mode), 100 fs @ 10 mA

<< 105 @ 100 mA

beam dump
6.5 MeV, 100 mA
= 650 kW

"%{ - ‘t,/ kﬁ\
rw%; Da resbu%g;

,w



beam dump
BRSC module 6.5 MeV, 100 mA

3 x 7 cell SRF cavities =650 kW
44 MeV

+45 MeV (2x 100 mA,

modified Cornell booster recovered)

; ( 3 x 2 cell SRF cavities
. srr-gun 4.5 MeV

L 1.4 cell SRF cavities
1.5-2.3 MeV, single SC solenoid,

2.3 MeV (100 mA)

+4.5 MeV (100 mA)

H ZB ;'S:Przgﬁltéerlin




Linac section with
coldbox for cryogenics
supplies

- g
A e

\\
\
.

>~ = @ Rail system at ceiling
=——==—" to allow ISO5 flow-
TR boxes everywhere at
the machine to avoid
particulates

Vo=

Ll

Vacuum system complete, realigned with coordinate system
adjusted to building (moved over the years)

Cabling of diagnostics well advanced
11 HZB ;ggh?nltéerlin




1.3 GHz laser is

still in progress!

50 MHz Laser:

MP and CW modes

vngi

Initial Commissioning
parameters for
2024-2025!

1.3 GHz Laser:
MP and CW modes

41) 1)

j ICOLLITTT IJ | 3
el pipeline for Ias; 1 -
Wmibeam transportsTe
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Photocathode Preparation & Analysis System

High QE photocathodes for SEALAB photoinjector:
Explore multi-alkali Cs- and Na-K-Sb systems, from
theoretical modeling (DFG fund), growth and
characterization, towards operation in a SRF gun.The
laboratory contains whole structure of growth and
characterization system and UHV transport vessels.

Courtesy of J. Kiihn and all the cathode team

13

Cathode transfer System (Still ongoing)

Transfer system at the SRF-photoinjector:
The system has been commissioned in the
clean room and is now under UHV at the
photoinjector module
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From bERLinPro to SEALAB (SRF Electron Accelerator

LABoratory)

Initial Goal
Completion of the injector and linac/dump lines: Commissioning
Injector with beam
(up to 5-10 mA, up to few 100 pC, up to 6.5 MeV)

Parameter ERL  Injector/UED

Beam energy (MeV) 50 6.5-10/2 UED experiment
New Development testbed I, (MA) 100 6-10/0.0025

Laser freq. (MHz) 1300 50, 1300
RF freq. (MHz) 1300 1300
€ norm (Mm mrad) 1(0.6) 0.6/0.03
o, (ps) 2(0.1) 0.02-2
Bunch charge (pC) 77 0.05-400

14 HZB ;I;!Tr[]ﬁitéerlin




Operation Modes
Unwanted Beam Studies
MPS system

Beam Loss Detectors

Diag nOStiC SYStem Parameter ERL Injector/UED
Control system Lm0 e toons
Laser freq. (MHz) 1300 50, 1300
Optimization and Surrogate Mode . mm 106 o000
o, (ps) 2(0.1) 0.02-2

UED EXpe riment Bunch charge (pC) 77 0.05-400

15 HZB ;S:Przgwltéerlin



Initial commissioning will be with ~2.5 MeV beam, 50 MHz laser (check the laser slide)

First goal of beam commiissioning is to validate functionality of systems in injector and establish
stable machine set points:

* Checkout of systems and components; dark current studies; test MPS
* Verify laser/RF timing stability checks; cavity phasing
* Cathode studies, beam-based alignment

Next goal is to characterize beam and establish ability to conirol beam parameters in injector:
* 6D phase space measurements in diagnostics line

* Response measurements; model calibration; optics manipulation and correction

* Test of the surrogate models and other machine learning tools

Once stable set points and control of beam are established in injector, we can proceed with higher
currents and with threading beam through banana.

16 HZB



Effects which typically generate unwanted

beam in ERLSs:

 Field emission from SRF cavites and cathode

(“dark current %)

« Unwanted photons from laser
« Stray light arriving at cathode out of phase
* Incompletely blocked laser pulses (“ghost pulses™)

* Nonlinear dynamics within bunch

Losses from cavity dark current

0.1,
l |
e
_ 0.0
)
< —0.1
-0.2
-0.3
0 2 4 6
z [m]

Dark current losses along injector

M. Abo-Bakr, M. McAteer, J. Volker
B. Kuske, M. Matveenko, E. Panofski et al.

Power deposited on aperture from DC from cathode

oy
'z 10
—§ £ 1
=z 0.1
2 =) (™ 1.
2 0.001
@ Aperture Aperture
L=
*é S " v Merger
g 2| \ . &
g3 h Aot ~.V \
£  Gun ’ -
0 2 4 6 8 10
Power Z(m)
lost
(arb. log
scale)
- % of e- P (W) I (UA)
-‘ 0.8 . .
N Lost in gun cavity (1.8K) 15% 0.5
N Strikes cathode 12% 0.4
i (o]
hote PO A Lost in gun module (4K) 5% 0.12
Lost in gun cavity (1.8K) 94% 2.0 Exiting gun module 80% 3.6
Strikes cathode 2% 0.03
Passes merger 17% 0.8
Lost in gun module (4K) 3% 0.16
Exiting gun module 3% 0.085
Passes merger 0.1% 0.003 HZB




* Machine modes determine the path of the
beam through the accelerator
* Current for each Machine Mode is limited by

how much power can safely be deposited in

each beam dumpTwo beam modes:

*  Diagnostics mode - 0.5 yA current limit
(limited by FOM)

Mode 1: Gun Mode 4: Banana
Mode 2: Diagn. Spectrometer Mode 5: Recirculator

*  Full-current mode -5 mA Mode 3: Diagn. Straight Mode 6: ERL
# Name Dump Pmc|x (Kw) Ekin (MeV) Imax (mA)
1 G Farad 0.3 2.7 0.1
Beam Mode Current Limit VN araday cup
2 Diagn. Spectr. Faraday cup 0.3 6.5 0.045
BM1: Diagnostics Mode 0.5 A 3 Diagn. Straight  LEMP dump 35 6.5 5
BM2: High-current 5 mA 4 Banana LEHP dump 650 6.5 100
5 Recirculator HELP absorber 0.050 50 0.001
6 ERL LEHP dump 650 6.5 100

18 HZB



I N
4 N\
Laser SRF
e
b ] W
I
inhibit 3040

% ~
Outputs <£ Beam Loss Monitors

1
fast <7L(

Stripline
1
‘H Fast Valve
MPS []
FPGA 1
fast logic Status Inputs Faraday Cup
(online fixed)
(offline configurable) 1 I I
‘H Sweeper PS
[ 1

1
slow ‘st FOM / Collimator

1
47L(sps Temp Interlock

7 [

SPs Vacuum Interlock
\ J N

— S S

_ STATUS
ON/OFF
K status
Beam Mode A
1< STATUS

MPS-Master-Application

EPICS

S— 1)

systerra NS
Abaco XVB6085;
Debian Linux

Streamdevice
Socket

EtherCAT line

Mode Config

Line to additional

:I Machine Mode (MM) / Beam Mode (BM) ‘:
[ beam path cw / pulsed 4
[} avail. diag. current / charge 4

Operation Master
SOFTWARE
slow logic

.................................

Control System

Courtesy of Thomas Birke

13 Channef
MPS Unit &

RS485 MPS inputs
from sensors

Cascade units

1

TTL/RS485
converter -

Option for

TTLinputs  TTL inputs

\AAAAL
RS485
MPS outputs

The MPS aims to detect beam
losses using beam loss monitors
and analyzing the signals with set
thresholds. When the signal
exceeds the threshold, it sends a
signal to the relevant components
to stop the beam.

The MPS main board takes signals
from BLMs and other tools and
processes the signal according to
the configuration files, and sends
an output signal to the laser
shutter or LLRF.

The main board is an FPGA unit that digitally checks
every input signal (0 or 1).

19
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Si-PIN-diode
VBPW34

3 ®
S A

There is two types of Diode BLMs: Circular(Three to four rings longitudinally unequal distances
mounted on the vacuum chambers with 4 sensors each are connected in series a BLM) and
Stripline(Four strips, each with 4 sensors, are evenly distributed around the circumference so

that they can provide a very good beam position at low current via the losses.) HZB
20 ?eenrpn}ﬁwtéerlin



Sensitivity : 13 mV /0.35 nC =37 uyV / pC o
Decay time:~32ns I———v—ﬁ————

) = x )

(
Beam loss criterion : 5 yJA/m (@ 50 MeV) Yaltnafor 1011 (CEETEN)

MPS working time : <1 ys

Processing time for MPS
— diode rise time (< 200 ns) + 80 m cable (270ns) +
electronics (100 ns) <600 ns



Scintillator-PMT based Scintillating fiber

Photo-multiplier Scintillator rod .. Incident  Scintillation

Interfaces ™., particle photon o
Fitting holder \ l l ‘ Scintillation 2
A core
ul_ S —
——i/
Scintillation
()plic_ul photon
e 4 BLMs with readout system were ordered for the high loss cladding

expected areas

e The PMT calibration tests were performed with radiation
sources

e The EPIICS control interface is ready

e The Scintillating fibers will be replaced four sides
throughout the accelerator.

e 4 PMTs with readout system were ordered.

e The suitable scintillating fiber research is ongoing
due the low attenuation length of the fiber

22 HZB



FCUPZZZAF
BPMZ1MAF
BPMZlZAF

H)QLM3MAF FOMZZZAF
|/ (V)QLMAMAF | HBM1MAF | | HBMAMAF || QLM1ZAF | | QLMZZAF | l

Solenoid

- - BPMZ1GAF
| Cavity | Solenoid :

QEM1MAF/ QEM2MAF/ QEM3MAF/
Steerer Steerer Steerer

L]

(H)QLM1MAF

COLHZ3MAF | |

Kicker Kicker | FOMZIGAF " FOMZ2GAF CUMZIMAF | | FOMZIMAF | ‘ TCAVZAZAF/ | BM1ZAF || Fomzizar || DUMPRZ2AF
(thin) (thick) Passage, Soft  cathcam, FCUP, | TCAVIZAZAF zggggggt
OUT, Soft IN Collimator. :
Passage, Soft
OUT, Soft IN,

Vertical position

monitor
Location Beam conditions __ Position measurement Current measurement

. . 1st meter 7 pC-77 pC macropulse 2.7 MeV ~0.5 pA Cathode Current
4 Screen Monitors (|.e FOMZZGAF) BPMs (?) (to be tested) Measurement, First Meter
. Faraday Cup
1 Spectrometer Dipole
) . 1st meter CW, 7 pC or ramped 2.7 MeV 0-5 mA FOM (1<~0.5 pA) Cathode Current M.
1 Transverse deflecting cavity(bunch length m.) from 0-77 pC BPM (1> mA) Faraday Cup (I<~100 pA)
3 BPM for position measurements
7 pC macro pulse 2.7 MeV ~0.5 pA FOM Cathode Current M.
1 ICT for current measurements BPMs (?)(to be tested)  Faraday Cup
ICT
3 Fa raday cu pS( 1 Inserted 2 at the d um pS) Injector/ 77 pC macro pulse at 6.5 MeV ~0.5 A FOM Cathode Current M.
Diagn. line BPMs (?) (to be tested) Faraday Cup
ICT
Injector/ 7 pC or ramped from 6.5 MeV 0-5 mA FOM (I<~0.5 pA) Cathode Current M.

Diagn. line 0-77 pC, CW BPM (I>1 mA) Faraday Cup (I<~45 pA)



File Session

SEALab-Launch @ ctl-srv2:10.0

A - X

SEALab Search Help

Synoptics /
Main Panels Gun Booster ERL
Generic Data Alarm . )
Applications ~ Handling Handlers Diagnostics
Physics ~ Commissioning .
Applications Tools misc. Logs/Info
Status:|

e EPICS based control system

V.3.00000 R/O.01

Control System Structure

[ ] [ Operator Consoles Files, Archiver, EPICS
Operation, Panels/Displays, Jupyter Notebooks, |_|
L A L \ SaveRestore, Alarm, CSS

elog, trac, wiki, . CA-Clients
A Channel Access

10Cs on 10C-Servers EPICS

/ — 1 ) CA-Server
/ Network switches

asyn

EtherCAN OPCUA VME

WTCA

modbus I/ O
(Y [e1 o] (8] 3lige] I Stepper Motors (Phytron)
MPI
CA
CAN-bus EtherCAT m Diagnostics PXI/PC
n* ADA16 . _m Remote Console (RDP),
later: connected to control system
Power Supplies PersSafety, RF, Valves... MPS LLRF, Timing

courtesy of T. Birke

* Most of the devices are connected(expected to test in July)
e General list of the panels were prepared and overview panels are still on progress.
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Normalised field profile

-
=

Ll

Cathode ', Solenoid

100 - |

Cavitv exit

- Solenoid B field

075 - E flgun

050 - i ! /. 3

025 L1 \, L2 L3

ooovll

025 - g / S \ { / = Cavity E field
| '
|

Follows principles from:
[1] T. Rao and D. H. Dowell, ‘An Engineering Guide To Photoinjectors’
[2] K.-J. Kim, ‘Rf and space-charge effects in laser-driven rf electron guns’

200cm
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[ &rf 1 —-\]11 ;\112 ;’U]g 1\11_1 0 0 €X;
.I’/f -\121 4\]22 1’\123 1\12.1 0 0 I:
Yys Mz, M3y M3z Mz 0 0 Yi
-l//f My Myo Myzs My 0 0 y;

dF; 0 0 0 0 M g;—) M .‘;;2(} dFE;
| dt ;| 0 0 0 0 M M| |dt

Model the gun as a drift space and an exit lens, and
split the solenoid into slices

Analytical models provide fast insights into beam
dynamics and derive dependencies between input
parameters and observations

Considerations:

« Higher order effects are neglected (including
space charge)

e All components are considered independent

e Assume constant momentum at relativistic speed
(does not hold since particles startﬁiﬁear-rest)

« All fields are axisymmetric



Neural networks
Inputs/outputs Hidden layers Outputs/inputs

Train on a set of solutions from simulations
or outputs from machine operation

0
4(4
|

Considerations:
e Learning rate
« Solver structure/loss function
« Training/validation set sizes
e Architecture for specific problem
e Complexity of problem
e Available data
Knobs Observables ) Compl.Jti-ng power
Linear functions » Overfitting

Y

o
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Vi
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Current architecture comes from previous work:
[3] D. Meier et al., ‘Reconstruction of offsets of an electron gun using deep learning and an optimization algorithm’
My model now uses 11 inputs, 4 hidden layers (sizes = 2002, 447, 100, 22), Sgd 19 outputs (more NN optimisations to come)
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offspring

objectives :
solutions

to population size:n<n,,,

S Best solutions
Initialize 3
- Evaluate from population
population

—— Real function

size: nygp

" N/

Best prediction (1.06)
X Best point (1.125)
«+++ Next point

MOGA = Multi-Objective Generic Algorithm ‘

New population
for next generation

Acquisition [
= < function ‘A’ \;\
New population = 000 - - ~ - . ; -

MOGA from: S Pareto Front, Iteration 5
[4] E. Panofski, ‘Beam dynamics and limits for high brightness’ ] ;
Both algorithms can be run with either ASTRA or a A *
look-up to the surrogate model each iteration, and : | :
both aim to find the true Pareto front % . '
MOGA takes points and modifies them slightly with a 8 « )
variator to improve diversity, MOBO has an acquisition . +  AllSamples
function which can be defined to balance exploitation-vs- 1] % e ¥X ot o Front
exploration o 2 4 6 : 10

Objective 1



—
Ultra-fast Electron Diffraction (UED) can provide of real-time imaging of structural changes in atomic scales. Pump photon pulse excites the
target structure, while a consequent probe electron bunch generates the diffraction pattern.
diffraction pattern
_ in transmission
e nieke Spatial resolution is ultimately limited by the wavelength of
the probing radiation — Visible light is not enough to reach Electron energy (KeV)
pump pulse 1010 ol —l[ IIO 1?2 ]? 10
(vis/IR light) atomic scales.
10° —
Neutrons N sckor

inelastic

* High penetration depth due to small cross section.

« Interaction mostly with atomic nucleus and magnetic structure of

107

108 \

Electron
elastic

\

300

KeV

F
:
_ the sample. g 10
D. Zahn, et al., arXiv:2008.04611 (2020) 3 |
(a) Elastic scattering ' X-rays 2% IOS Y o\Xmy ]
1.00 raa (400 £ -
. . §= 10
_ zigzag (400) + Interact mostly with electron clouds surrounding the atoms. 2
5 0.96 v armchair (004) A -
) . . . . . . . . . 2 0
\% (1),85 - . | . + Diffraction is possible, but imaging is not (only shadow imaging). g o A
2 " l(b)_Inelastic scattering . g o
5 A N
€ L o g ™ Neutron___|
o 1o ] Electrons P e SRSt
E . . . . L Neutron X-ray \
2102} i + Interact with atomic nuclei of the target material. capture \ Compton
< O by 'H, "N, \
107! L& —
1.00 * Both diffraction and imaging are possible with appropriate lenses. \ fasti{
80 100 10! 1 1 102 1073

«  Due to the higher cross section than neutrons and X-rays, a lower incident P o
flux is required — Radiation damage is then reduced.

Time (pS) Wavelength (A)

R. Henderson, Q. Rev. Biophys. 28.2, 1995

28 HZB
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For the MeV scattering experiments we need:

Emittance reduction from 1uym to below 100nm to
make sure we have enough spatial resolution.

Target station for samples and diagnostics.

Focusing element to control transverse beam size
at target.

- . Alperture

Ultrafast Electron
Diffraction modifications

SRF Gun FCUPZGAF SRF Booster

The photoinjector has:

1 to 3.5 MeV beam energy with variable bunch
charge (1 fC to 100 pC), pulse length (10 fs to 6 ps)
and spot size (10 to 100s um), high stability at MHz
repetition rate.

Very flexible longitudinal accelerator/lens system:
one gun cavity and three booster cavities, done
optimization for bunching scheme.

FOMZ1MAF at 7.64 4 FOMZ1ZAF at 12.69
UED Target & Viewscreen UED Detector
‘ { B

WA % 3

HZB
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ELECTRON OPTICS BASED ON QUADRUPOLE
MULTIPLETS FOR DARK FIELD IMAGING AND
DIFFRACTION WITH MEV ELECTRON BEAMS

The phot
1t03.5M

www.nature.com/scientificreports

For the MeV scattering experimente wa nead-

. Emittance reduction fronr

THE SEALAB QUADRUPOLES LENS QUALITY COMPARISON
Make Sure we nave enol e 4 —— ot s oty can bl
parameters ta perform UED with 6 quadrupales arranged i a Rumian
wever, the requid electran

Sextuplet ar 2 appasite onaxs field salenoids.
tamget unscatered

. Target station for sample
‘ M) Check for updates ‘ :E%g;‘:‘:s't‘e‘:gxz’:‘u;g

. Focusing element to con _
at targe’g OPEN Novel approach to push the limit SHRETRR R

JEITT)
of temporal resolution in ultrafast
electron diffraction accelerators cjfes. =

®\We campare $em by calculating the aberrasian
caefficients (6] with Astra (7]

Aberration Quad.  Sel  Quad Sel.

Coellichent DAL DML D besap

Befat Alberdi Esuain®?**, Ji-Gwang Hwang®?, Axel Neumann® & Thorsten Kamps? R el o
= — |1 .
Ultrafast electron diffraction techniques that employ relativistic electrons as a probe have been e e ron . 2
in the spotlight as a key technology for visualizing structural dynamics which take place on a time ol e e —
scale of a few femtoseconds to hundreds femtoseconds. These applications highly demand not R B el | .

only extreme beam quality in 6-D phase space such as a few nanometer transverse emittances and
femtosecond duration but also equivalent beam stability. Although these utmost requirements have
been demonstrated by a compact setup with a high-gradient electron gun with state-of-the-art laser
technologies, this approach is fundamentally restricted by its nature for compressing the electrons in
ashort distance by a ballistic bunching method. Here, we propose a new methodology that pushes
the limit of timing jitter beyond the state-of-the-art by utilizing consecutive RF cavities. This layout
already exists in reality for energy recovery linear accelerator demonstrators. Furthermore, the

demonstrators are able to provide MHz repetition rates, which are out of reach for most conventional
hinh_aradiant alartran aiine ._ -

MORE INFORMATION

Q-
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. Near Far TR
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eser - Sample Detector }@»

107 Torr 10%Torr b Detector

Differential Pumping spectiometer
Quad. Quad. . . Quad. Quad. g . Quad. Quad. Quad. Quad. .
.......................................................... B esasaabanna srasasaas .....I aaa . assssans . lesesssssssassasssssassnsassasansansnnansannnnnnns DIreCt e’
Detector
Mirror
10 Torr YAG
Vacuum
P
@/ T svstem screen
Image / Diffraction x20 Magnifier
-« Sample > < Zooming Lens > <€ Lens >
tion ~2. ~2. ,
Sviczrg 2.5m 2.5m P .
<€ Total length ~7m e/ '
Diffraction / Imaging
LONG OPTION o mesniestion \.M. e e
speetlocdon oleple
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sCMOS ' ' iy
camera %"
Near w
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107 Torr 10° Torr ’ Sampe e scr:een Screen

Detector
Differential Pumping i

Spectrometer i

Quad.  Quad. Quad. Quad.

Quad.  Quad. Quad. Quad. Quad.  Quad. Quad. Quad

Direct
------------------------------------------------ [

Diffraction / Imaging

x20 Magnifier x20 Magnifier x20 Magnifier
< Sample > < Zooming Lens Lens i Lens > < Lens >
Section ~2.5m ~2.5m ~2.5m ~2.5m
~2m
- Total length ~12m

\

Diffraction / Imaging
x8000 magnification

Helmholtz
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OPERATIONS CONCEPT HZB Helmholtz

Zentrum Berlin

« SRF photo-injector and diagnostics ready for

Installed: 10-mA SRF gun + merger + recirculation + dump commissioning
Installed: Proof-of-principle UED experiment « Final preparation of cathode-laser beam
Planned: Waster water treatment demonstrator transport
: Booster module. Produced but assembly required ¢ 1.3 GHz laser demonstrated 23 W CW —
Not funded: LINAC module sufficient for 100 mA @ 2.5% QE
Not funded: 100-mA class photoinjector  Beam operating permit expected Q3 2024 >

First beam from SRF Gun around 10-11/2024



CURRENT STATUS

rad. Dose (uSv/h)

CW field ramps of SRF gun cavity 1.1 at SEALAB
I T I T T

I I
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_®1 3.14K 15Yield rise
_=1 314K 2"%ield rise
2.09K 1%t field rise

=4 2.09K 2"%ield rise
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107

=4 2.09 K Final day ey Factor 82 3
- o reduction
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s M =
e ]
),4/\/
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. " " Onsetfrom 7 MV/m to ~12.5 MV/m 4
. e g E
L ;
o+ ---tef e - natural background
| | | I | | I
2 4 10 12 14 16 18

20

HZB

Successful RF test, beam energies up to 2.1 MeV
- there is room for progress

Laser system, diagnostics, beam transport optics,
beam loss monitoring (several systems) installed
and ready

Cathode transfer system ongoing



2024 HZB

RF operation permit

Cooldown 2K RF:est 2K Dry run injector
e LLRF ready Readiness cathode transfer
e High power RF ready system, cathode laser
e Cryoready e Beamline magnets, steerer magnets
* Setup Laser e Module diagnostics « Diagnostics: FOMs, Faraday Cups > Ongoing
+ Setup e PSl operational Camera tools, beam loss monitoring
transfer « Tcav ready « Control system fully implemented for
System Beam operation permit needed devices, MPS functional )
Check for

Beam operation injector

beam

condition: July September October November December
FOMS,

magnets,...

e« Commissioning program beam ready, first measurement applications



Many thanks to:

HZB bERLinPro Team & friends
former colleagues
Team Sealab

Thank you for you attention!

HZB

Helmholtz
Zentrum Berlin
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Backups



ACHIEVEMENTS

80K

helium
shield

2nd magnetic

........
- A, BB W

shield
é-ii _ -?I?i:.
Beam  [THEACIT
1. 1T .
i = -
4K cooling: '

e Solenoid
« HOM load
 FPCs

4K filling line cavity

1.8 KJT line cavity

80K FPC and HOM

80 K shield and cathode

External Solenoid hexaat-)ooi mover with feedthroughs

Holders and bellows for alignment

Both doors can be opened

Modified: Issue
with thermal short

Cathode transfer
system port

Solenoid shielding:

Cryoperm around solenoid
might saturate

Replaced by Nb disc
between Solenoid

and cavity outer shield,
efficiency factor 5-8

to be published by

J. Volker et al.
HZB



PARAMETERS
Twin CW-modified Stuppfrt
TTF-1Il coupler SHUETE  thode tube
Parameter Design  As built Gate valvc? . up to 20 kW with tuner (HZDR)
: and transition X, y steerer
TMo0 freq. (MHz) 1300 1300 ’
R/Q(Q) B = 1 150 132.5 to 300K
G(Q) 174 154 p ,
Prorwarg max. (kW) 20 20 ; : , 4 ‘ 5 T |‘\,‘-‘
Epeax/Eo 1.45 1.66 = § , U R s e T2 L B W “:u
Bpear/Epeax (MTMV~Im)  2.27 2.18 AR B OB AT W e
Eyiy (MeV) 3.5 2.5-3

1.4x)\/2 cells + Choke cell

18K  Cavity+LHe vessel

SC solenoid

(HZB, JLab),
absorber (Cornell) Cornell-type blade tuner,
2 layer magnetic shielding
% * =
Parameter VTA JLab HTA HZB Cold string HZB
: *15-20% higher
_ Eo (MVm™) 34.9 34.5 28.5 o o b
Prototype designed by HZB Epeax (MVm~!) 58 57.3 47.3 ener Y
manufactured by JLab Bpea. (mT) [11.8 110.4 91.2 BY .
low field Q, 1.2:1010 1.1-101° 9.6-10° Mmeasurements
Af/AE? (HzMV~'m)? 4.7 -3.7 34

Af /APy pe (Hzmbar™!) -561 150 33 HZB =05




Coldpartj(vac ) Warmpart (atm) Parameter at 100 mA at 6 mA
Wmdow Doorknob
29 coupler - —_— Loaded Q 1.05 - 10° 1.74 - 10°
port fin 6.2kHz 374 Hz
wotercouing Watercoalngace Vace 0.56,2.1MV  0.56, 2.1 MV
o REmodHied  deevecoramic Ovterconductoruam part Ey (MV/m) 4.833, 19 4.833, 19
= Dy 90, 0 deg -90, 0 deg
Penetration depth 2 mm —18 mm
e 3x2cell Cornell style cavities Piorward TW 3.4,220kW 0.2, 13.8kW
2-cell Booster cavity « Modified coupler section to Prorwara SW 3.4,54kW  0.2,3.45kW
o o o house a redesigned version of the I
j KEK CERL couplers L A B

] Lgn

. I
e LW WU

Cornell style SiC beamtube HOM
absorber

I/\.—
M
mrwl—i—ﬂ—d{—i—ﬂ—‘-’-’ﬂ

Loadi
e

oHho

e 120 kW travelling wave per coupler

at 100 mA

For first stage, loaded Q is increased

to be optimized for max. current

of SRF gun

e Coupler tip optimized for improved
coupling, low penetration depth,

)‘F

INQW kick and emittance dilution

39
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BOOSTER

Xelera Research

HOM absorber
parts

VTA JLab 1.8K|

* HTAHZB 1.8K| |
HTABT 1.8K
< HTABT 2 1.8K|
« * Target
<
* <
hd *
‘ L
1 | |
10 15 20
E__(MV/m)
acc
40

25

Cavities outperform
specs

Coupler are being
conditioned

One cavity has been
tested with tuner
and magnetic

shielding
HOM arrival last
winter—=> all parts for

cold string in house
HZB ;;I]qm?nltéerlin



HIGH QE CATHODE

Photocathode preparation and analysis
laboratory up and running since 2015

- insight into growth process with material science
studies in parallel
- achieved quantum efficiency of 16.8% at
515 nm (specs 1%)
- successful transfer from cathode lab to SRF gun
- demonstrated, that cooling of cathode to
120 K do not harm quantum efficiency
(unlike prediction by other researchers!)

10—1 4

QE

10—2 N

-+ after growth
-+ Dbefore transfer

1.8 20 22 24 26 28 30 32 34
photon energy (eV)

© Last evidence of
cathode being alive

We were close to
operate this record
” . | cathode in Gunlab.......

...cathode holder

heating and shock
experiments, Na based
cathodes.....and the cavity?

41 HZB ;;I]rghfnltéerlin



