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-
BERLINPRO

bERLinPro - Aiming at high brightness, high average current beams

Beam dump

Recirculator

SRF linac

Parameter

Beam energy recirculator 50 MeV

Photoemission source [1] with drive laser [2].
All acceleration (gun, booster, linac) with SRF,

Beam current ERL mode I/II 5mA /100 mA

L Repetition rate 1.3 GHz
elliptical-shaped, TESLA-style at 1.3 GHz [3].
Normalized emittance 1um
Particulate-free setup for all beam-vacuum components [4]. Bunch length mode /11 100 fs / 2ps

SRF injector Linear, high transmission capable lattice [5] with low wakefields [6]. Beam losses << 10° @ 100 mA

Diagnostics tools for long. and trans. phase space measurements [7]

[1] M. A. H. Schmeisser, J. Kiihn, S. Mistry, PRAB 21, 113401 2018 [5] M. Abo-Bakr, B. Kuske, A. Matveenko, IPAC 2013, IPAC 2018
[2] G. Klemz, I. Will, in preparation [6] H.-W. Glock, IPAC 2015
[3] A. Neumann, SRF 2015 [7] G. Kourkafas, LINAC 2019

[4] E. Sharples, et al., Operating SRF in a ‘dirty’ machine workshop, 2017
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PHOTOINJECTOR@SEALAB

Focal point SRF gun development

-‘_ highl power
| nc cathode - rf coupler
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(cathode side)

helium vessel
with sc solenoa

Photocathode
transfer system
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PHOTOINJECTOR@SEALAB

SRF gun development at HoBiCaT (first beam April 2011) and GunLab
(firstbeam Dec 2018), now moving to SEALab (hope for Oct/Nov 2024)@

see IPAC 2023-TUPL160 and references therein

—
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PHOTOINJECTOR@SEALAB

Setting up the SRF photoinjectorin 2023

&

\ ¢

First cooldown in Oct 2023

SRF gun ready for operation in Sep 2024
First beam with SRF gun in Nov 2024

Complete SRF injector available in 2025
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& Setup a building with infrastructure and radiation
—— protection to run at high average current.
g Developed SRF accelerating systems (gun, booster,
[ linac) and photocathode technology to generate
and accelerate beams.
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The Energy Recovery Linac (ERL) pa
quality with extremely small six-d

digm offers the promise to generate intense electron hea
rensional ph in the phy nces,
emistry, health, information technology rity. Helmholtz-Zentrum Ber! arted
in 2010 an intensive R&D programme to address the challenges related to the ERL as driver for future
light sources by setting up the bERLinPro (Berlin ERL Project) ERL with 50 MeV beam energy and high
average current. The project is close to reach its major milestone in 2020, acceleration and recovery of a high
hrightness electron beam.

The goal of bBERLinProCamp 2019 was to dis
ProCamp 2019

summarizes the 1

s of superior

Putpy

IS

nkl ehechonr

ety Jentatrais

“uss scientific opportunities for BERLinPro 2020+. bERLin-
held on Tue, 17.09.2019 at Helmholtz-Zentrum Berlin, Berlin, Germany. This paper
n themes and output of the workshop.
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Exotics
Multi-color Dark matter search
Isotope production

pilot radiation source EUV facility tests

High quality, high
power radiation
schemes (THz, X-rays,
e- pump/probe)

cw SREF test facility
for modules, cavities,
ERL / Gun test acc auxiliary systems.

for beam tests with
impedance sections,
undulators, ...

Open to ARD, external
users, collaboration
partners, industry
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Training and
education for
accelerator physics
and technology

Compact
accelerator for
high power
electron beam
treatment
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to SEALab
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SCIENCE@SEALAB

Accelerator test facility with pilot application experiments, a multi-science factory

T. Kamps et al., arXiv:1910.00881v2 [physics.acc-ph] 8 Jan 2020
J.-G. Hwangetal., J. Korean Phys. Soc. 77,337-343 (2020). https://doi.org/10.3938/jkps.77.337
A.Neumann et al., IPAC 2022

=z —h——

'

THz undulator

Electron detector

In-air electron beam
water treatment

"\

Multl color laser pump
m

9(0‘0 _
Sample Sustainable
position SRF linac
SRF booster iSAS
SRF gun Multi-color, MeV, MHz

Ultrafast at SEALAB
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ULTRAFAST@SEALAB

Ultrafast scattering experiments with the SEALAB photoinjector

SRF Gun Aperture SRF Booster Beam conditioning Sample Area 4 Imaging and Detector

|

Capabilities of the photoinjector:

1to 6.5 MeV beam energy with variable bunch charge
(1 fC to 100 pC), pulse length (1 fs to 6 ps) and spot size
(10 to 100s um), high stability at MHz repetition rate.

Very flexible accelerator/lens system: one gun cavity

and three booster cavities, many quadrupoles, done
optimization for bunching/diffraction/imaging schemes,

T. Kamps - Applications of the SRF Photoinjector - 26.09.2024 - ERL Workshop at KEK

Ultrafast science drivers:
fs thermometer for the lattice - study of
functional materials, solar cells, protein imaging

T

Enabling multi-modal capabilities with C g
integration into large scale facility. Availability of =" =
THz sources, sample handling and data analysis ﬁ
workflows.

T. Kamps, B. Alberdi Esuain, S. Barg, A. Neumann, C. T. Kocj, H. Seiler, R. Ernstorfer
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ULTRAFAST@SEALAB

Limits for temporal resolution - can compress dominant jitter by factor 3

Parameter Value

Temporal resolution of our setup is limited by
longitudinal beam dynamics (compression) of the
probe beam at the target and the synchronisation
system between laser and RF (arrival time jitter)
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ULTRAFAST@SEALAB

Capabilities of spatial resolution

Spatial resolution is limited by transverse beam
dynamics (emittance manipulation), ability to focus
and image the beam, and methods to generate
contrast

Preparatory phase modificaitons

51150112204

11100,971pm 121200,115um 13501,312um

Front view

PR SO
s -
5'!'.00 O 2

Back view

Figure 4.5: Collage of the pictures of the new beamline elements. Top side:
the image of the aperture plate with the three aperture holes signaled with red
arrows. On the lower left: front and back views of the sample holder plate. On
the lower right: the normal conducting solenoid installed in the beamline.
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ULTRAFAST@SEALAB

Implementation of diffraction and imaging modalities: a pilot UES beamline
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s PFAS ‘Forever Chemicals’ Are
Pervasive in Water Worldwide, Study
| Finds

A global survey found harmful levels even in water samples taken

far from any obvious source of contamination.
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EBWT@SEALAB

Electron beam treatment with higher power beam from compact SRF accelerator

for water treatment of forever chemicals (PFAS)

BEAM TRUCK

— electron

T. Kamps - Applications of the SRF Photoinjector -26.09.2024 - ERL Workshop at KEK

PFAS st Degradation ¥
With PFAS contaminated water ‘

Water delivery system
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EBWT@SEALAB

Electron beam treatment with higher power beam from compact SRF accelerator
for water treatment of forever chemicals (PFAS)

BEAM TRUCK

electron

Wi assntncc it L7

High-power,
energy-efficient

e o
v
The SEALAB PFAS . °  Degradation ¥
SRF Photoinjector
electron accelerator delivering 650 kW With PEAS contaminated water

Water delivery system
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EBWT@SEALAB

Electron beam treatment with higher power beam from compact SRF accelerator
for water treatment of forever chemicals (PFAS)

Many open points: What is the right dose? What
are suitale beam parameters? How can we fit the
SRF injector of SEALAB into a Beam Truck?

I E
Ve R L S |
u"‘ﬁ: -éf'.a g -Evﬁ 2 2 5 3 F 1‘#“*,
O, wh G s B L Eg £ 5 R,
>, S T8 = 2§ gt O
S, % ¢ B : ¥ s F &4 Je
&, iy 3 a g8 G e
3 e, 1% 4 %%. g § o &
1""‘ S5 g $ Y o "?%c%_-:i‘% '%, gﬁ.ﬁf"umu . N iy 3 % G"'-'ﬁ?" r‘h}_%
FUES e i § a ﬁ-aﬂ‘-?_fg %T‘fa oV " 25 =i % Gl = o
e &5 &, 23&“%33 IELS =y oL e = 2.2 2 = W e e
PRy 8, g8 27 ho% Ceb IS 22 283 Eﬁ Wy . e 00,
& = ) 8 3 5%
3 N & 2 % 3§
%“ﬂf% U §e—+ -a&F] ) P g Sl I IR LR RS 0.0 Qs s ¥y V&
% oot 8 & B =2 g P12g 38
3% 343 E w3 feg3 5 5 5 o5 B Ty %% @i
X f}g L i Rgs SRR BN AR L oy oy sp o S558  sop VAR W
3% 3 £ dacy geozd g i3 3F 38 §5%67 3z -
&% na 05 B --“is L1 oE g5 2% §§ -E',?..s_% ﬂ
% \ 5 & B ] o3 Ds Ds 33 _g‘:f\' -ﬁ_& . Ia;m ] f{'l"‘-u.x;
= 3 85 B3 33 53 g% & g38} HEET g e
£68 g8 gigg Eﬁwgg
] —
FEL
ERe PET
22 3iE
S

Detailing now a beam experiment with a new in-
air beamline at SEALAB to work on the dose and
beam parameters.

T. Spohr, T. Kamps, B. Alberdi Esuain, J. Knobloch, A. Neumann, P. Menzenes, B. Schroder, S. Specks, C. Walter, S. Lederer, V. Dirr, H. Huck
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EBWT@SEALAB

Electron beam treatment with higher power beam from compact SRF accelerator

for water treatment of forever chemicals (PFAS)

Assume that we need 1000 kGy source for
a Beam Truck, what can do with our
injector beam at low current?

With diagnostics beam scenario of 2.5 MeV
and 0.5 uA -> generate dose rates of D =
0.2 kGy/s, good for tests!

Establish water pipeline for contaminated
water and water analysis with partners at
TU Berlin (C. Walter, P. Menzenes) and
Berliner Wasserbetriebe.

HiacTs T

T. Kamps - Applications of the SRF Photoinjector -26.09.2024 - ERL Workshop at KEK

T. Spohr, T. Kamps, B. Alberdi Esuain, J. Knobloch, A. Neumann, P. Menzenes, B. Schroder, S. Specks, C. Walter, S. Lederer, V. Diirr, H. Huck

7 . — ,‘::* A ) A
FLUKA simulation for dose depostition for
2.5 MeV energy beam on Ti window and

into water container. Combined with
thermal analysis (Courtesy T. Spohr)
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SUSTAINABILITY@SEALAB

Sustainable SRF technology for future accelerators

SRF technology as found in SEALAB and many other accelerator
has a large sustainability potential for future accelerators.

iSAS sets out to unlock this potential and implement innovations
in SRF and cryogenics.

Saving by power by beam, ERL at PERLE.
Solutions to RF power by de-tuning control. Include smart LLRF
control and fast reactive tuner technology -> see poster session

and talk by Nic Shipman later today.

Should be tested under high power beam conditions, at SEALAB.

> e T
A 2 L - A
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HV

FE-FRT

< RF Power

l. Ben-2vi, et al., PRAB 27, 052001, 2024

Cryomodule

A. Neumann, J. Knobloch, N. Shipman

25



APPLICATIONS@SEALAB

The future of SEALAB is bright, smart
and ultrafast

The SRF gun of SEALAB starts operation
in Oct/Nov 2024.

First beam time used to understand
limits in parameter space. Demonstrate
versatility in various operation modes
for ERL with sustainable SRF, ultrafast

(UED), and electron beam water
treatment (EBWT).

ZHESLWI—TY gy Z2zHEDhE S,
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Thorsten Kamps (HZB)

Applications of the SRF Photoinjector of SEALAB [THO06]

11:00 - 11:25

Kobayashi Hall, High Energy Accelerator Research Organization (KEK)

-
APPLICATIONS@SEALAB

The future of SEALAB is

bright, smart and ultrafast:

Accelerator test facility with pilot application experiments, a multi-science factory

.‘1!=0= —

Laser

position

SRF booster

| SRF gun Multi-color, MeV, MHz
Ultrafast at SEALAB

The SRF gun of SEALAB starts
operation in Oct/Nov 2024.

T. Kamps - Applications of the SRF Photoinjector - 26.09.2024 - ERL Workshop at KEK

THz undulator

Electron detector

—= =g v:.:'l

In-air
water treatment | X

Sustainable
SRF linac

iSAS

First beam time used to understand limits in parameter
space to benefit from versatility in various operation modes
for ERL with sustainable SRF, ultrafast (UED), and electron
beam water treatment (EBWT)
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