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Status and Science at HED instrument and of 
the HIBEF UC
28 January 2016, DESY campus, Building 90, Seminar Room ZOQ

Organizers: Carsten Bähtz, Ulf Zastrau

The workshop on the HED instrument and the HIBEF UC  is organized as a satellite of the 2016 
European XFEL Users’ Meeting. We will present the c urrent status of the HED instrument with 
emphasis on the expected setups and early user expe riments. Further the status of the HIBEF 
project in general are presented and linked to the schedule of the HED installation. The recent 
activities in the US and at DESY are presented.  Ta lks will give an overview of planned 
instrumentation and science at HED as well as recen t achievements at the LCLS.

Registration at www.xfel.eu/2015-users-meeting
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High-Energy Density instrument 

�Ultrafast dynamics and structural properties of matter at extreme states 

� Highly excited solids� laser processing, dynamic compression, high B-field 

� Near-solid density plasmas� WDM, HDM, rel. laser-matter interaction  

� Quantum states of matter� high field QED (future upgrade) 

 

 

 

 

 

 

 

�Combination of high excitation with various X-ray techniques 

� Use of various pump sources: optical laser, XFEL, B-fields 

� Various X-ray probe techniques: XRD, SAXS, XRTS, hrIXS� �	� �
�� 



European XFEL � HED instrument 

3 

Jan 27, 2016 � DESY/XFEL Users Meeting 

Ulf Zastrau � Group Leader HED 

High energy lasers  
� initially 200 TW/10 Hz & 100 J/10 Hz 

� Future upgrades 

Pulsed magnetic field setup 

Diagnostics, spectrometer, etc. 

Man-power 

Operation 

Spokesman:  T.E. Cowan (HZDR) . Management Board: J. Wark (U Oxford), E. Weckert , C. 

Schroer (DESY), R. Redmer (U Rostock). Coordinator: C. Baehtz (HZDR) 

 
HIBEF User Consortium:  HZDR, DESY, HIJ, CFEL, DLR, FZJ, GFZ, GSI, HZB, MBI, MPIC, MPIK, MPI-S, 

MPQ, MPSD, U Bayreuth, HU Berlin, TU Darmstadt, TU Dresden, U Duisburg, U Frankfurt, U Freiburg, U 

Hamburg, FSU-Jena, LMU-Munich, TU Munchen, U Rostock, U Siegen, U Graz, TU Wien, PSI, EP-

Lausanne, IOP-ASCR, CTU-Prague, CLPU-Salamanca, UPM-Madrid, IRAMIS-CEA, CEA-Arpajon, CELIA-

Bordeaux, ESRF, Jussieu, LULI, UPMC, LNCMI, U Toulouse, U Pecs, U Szeged, Weizmann, U Roma, 

MUT-Warsaw, NCBJ-Swierk, U Wroclaw, IST-Lisbon, JIHT-RAS, Stockholm, Umea, Uppsala, Cambridge, 

Edinburgh, Imperial, QUB, UCL, Oxford, Plymouth, STFC-RAL, SUPA, Strathclyde, Warwick, York, Eu-

XFEL, ELI-DC, EMFL, IOP-CAS, Peking Univ, SIOM, SJTU, Tata IFR, RRCAT, GSE-Osaka, ILE-Osaka, 

KPSI-JAEA, U Kyoto, Alberta, BNL, UC Berkeley, Carnegie Inst. Wash., General Atomics, LANL, LBL, 

LLNL, U. Michigan, ORNL, OSU, U. Penn, Rockefeller U, SLAC, UCSD, UNR, U Texas, WSU 

U�� 1��� �	

HG
-HI�E
� 2��� �	

Oh�rs� 12 �	

HIBEF: Helmholtz International Beamline for Extreme Fields 
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Drive capabilities at HED  
Three optical lasers (2x HIBEF) 

 

DAC set-up (HIBEF): 

� dynamic and double-stage DACs 

Pulsed magnet (HIBEF) 

�~60 Tesla (10 kbar, 1GPa) 

�High-Intensity (HI) >1020 W/cm2 

� ~5 J, ~25 fs, 10 Hz on sample 

�  High-Energy (HE) 

� ~100 J, 2�15 ns, 1-10 Hz 

� ~3x compression, ~10 Mbar 

�t 

�Pump-Probe (PP)  >1017 W/cm2 

� 2 mJ/0.1MHz, 0.08mJ/4.5MHz 15 fs  

� 45mJ/0.1MHz, 1mJ/4.5MHz, 900 fs 

XFEL 

�>1011 phot, <	m, > 1019 W/cm2 
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Final X-ray properties at the HED instrument  

0.6 ms 99.4 ms 

10 Hz burst ��� 

0-2700 pulses/bunch 

220 ns � 4.5 MHz 

Fully tunable between  3 � 25 keV  

(3 � 5 keV with limited performance) 

Pulse duration   2 � 100 fs 

Number of photons per pulse  ~1010 (25 keV), ~1012 (5 keV) 

Spot size on sample sub-�m (HIBEF, in-chamber focusing), few �m,  

20 �  30 �m, 200 � 300 �m, few mm 

Seeded beam In preparation; installation after initial commissioning 

Repetition rate shot on demand, 10 Hz � 27000 pulses/sec 
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X-ray Monochromator � Split & Delay Line 

� Five different bandwidth levels:  

� �E/E = 10-3: SASE 

� �E/E = 10-4: Si111 monochromator   

� �E/E = 10-4 - 10-5: seeded 

� �E/E = 10-6: at selected x-ray energies

H. Sinn et al., TDR X-Ray Optics and Beam  

Transport  -  XFEL TR-2012-006, 73ff. 

Split & Delay Line (SDL) 

 

Wavefront splitting 
Recombination 

�t 

S. Roling, H. Zacharias, et al.,  

SPIE conf 8504,  850407 (2012)  

BMBF project 05K10PM2 

University of Münster 

� Multi-layer mirrors  

� Variable delay up to  ~23 ps (5 keV), ~4 ps (15 keV), 2 ps (20 keV) 
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Tools: laser-heated mDAC & SR or FEL source 

XRD: Detectors for different repetition rates 

- Perkin Elmer (25 Hz) 

- Jungfrau (2 kHz) 

- AGIPD (4.5 MHz) 

XRF: Fluorescence detector 

Pressure Range: 

mDAC (limit 1.5 Mbar) 

3-4 Mbar up to strain rate 103 

Temperature Range: 

up to 5000 K � 0.5 eV (with laser heating) 

The HED group is involved in the implementation of laser-heated mDAC at the HED instrument 
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The pump-probe (PP) laser concept 

 

Currently being developed by the optical laser group, European XFEL 

  

Accurately aligned with the temporal structure of XFEL,  

up to 4.5 MHz intraburst 

 

 Start operation for users: first half of 2018 

 

 Energy and repetition: 4 working points, 2 lasers  

� �0.8 µm / 15 fs (NOPA):  

 2 mJ / 100 kHz,, 1.7 mJ / 188 kHz,, 330 µJ / 1.1 MHz, 80 µJ / 4.5 MHz   

 � � 1.03 µm / 900 fs (Yb: YAG):  

 45 mJ / 100 kHz,, 25 mJ / 188 kHz,, 4 mJ / 1.1 MHz, 1 mJ / 4.5 MHz   
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High-Energy-Laser Integration 

DiPOLE laser design for XFEL 

(100 J, 2�, 10 Hz, ramped) 

www.hzdr.de/hgfbeamline 

Front-end: 
- Temporally-shaped 1030 nm fibre seed 

- Active spatial shaping (SLM) 
Pre-compensation, Masking 

 

10 J Amplifier: 
4 x square gain slabs 

7-pass extraction architecture 

Relay imaging, 22mm x 22mm beam size 

Pump diodes 

Up to 2 x 400W average power 

 

LN2 based helium cryo-cooler 

Low risk, low cost technology 

 

100 J Amplifier: 

 
Input: 9J @ 10Hz 

Spatially & temporally-shaped 

Feedback isolation, Polarisation controlled 

Position stabilised 

 

Output: 100J @ 10Hz 

Wavefront corrected, Position stabilised Test profile 

Key Parameters 
 

100 J   @ 10 Hz @ 1030 nm 

ns temporal shaping 

cryogenic Yb:YAG  

amplifiers 
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Prep lab  

MID 

control 

hutch 

MID-

EXP 

hutch 

MID-OPT 

hutch 

Common 

PP-Laser 

hutch 

HED-

HPLAS 

hutch 

Rack 

room Rack 

room 

HED 

control 

hutch 

HED-

OPT 

hutch 

Rack 

room 

HED-

EXP 

High-Energy and High-Intensity Lasers (HIBEF) 

RCK2 
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X-ray room layout 

� HED-OPT: X-ray optics hutch � preparation of x-ray FEL beam; diagnostics 

� HED-EXP: Experiment room � User experiments; beam stop 

 

optional laser  

compression 

experiments 

Pulsed magnet  

setup (diffractometer 

& magnet(s)) 

Diamond-Anvil-Cell 

setup  

(dDAC; lhDAC) 
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X-ray transport optics hutch 

12 
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Interaction Chamber 1 

� Huge chamber for flexible scattering setups in vertical plane, high pump power, many ports. 

� Spectrometers, focusing parabola on rail systems, fast sample scanner 

� Pre-defined laser schemes for HI and HE laser. 

Side cut 
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Fixed optical lasers entrance ports 

XFEL beam: fixed 

Optical beams: highly flexible  

VISAR in/out 

Optical probe out 
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X-ray diagnostics 

� Inside vacuum chamber: 

 

� HAPG X-ray spectrometer (�E = 10 eV) 

� High-resolution X-ray scattering 

�      set-up (down to 40 meV) (BMBF?) 

� X-ray diffraction area detectors 

 

� Outside vacuum chamber (Detector Bench), HIBEF: 

 

� X-ray spectrometer for XANES (upstream and downstream) 

� SAXS detector at 2.5 � 6.5 m downstream from sample (HIBEF) 

� Ptychography X-ray detector at 4 m downstream of the sample (HIBEF) 

� Phase contrast imaging detector at 4 m downstream of sample (HIBEF) 

� X-ray diffraction area detector (HIBEF) 

52 

Seeded XFEL 
Sample 

Vertical frame 

15 
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10 Hz sample changer 

� Separated mini-chamber for sample frame reservoir 

� Keep the main chamber in vacuum  

Design ongoing by C. Deiter,  

 Sample environment group 
Current design is for SCS instrument 16 
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X-ray detector choices 

Parameter ePix100 / 10k Jungfrau MPCCD AGIPD 

LCLS PSI SACLA PSI 

Sensor 500 µm Si 450 µm Si 300 µm Si 
500 µm Si or 

GaAs 

Repetition 120 Hz 2000 Hz 60Hz 4.5 MHz 

Pixel size 50/100 µm 75 µm 50 µm 200µm 

Dyn. range  

at 12keV 
102/103 104 103 104 

Vacuum? Yes Maybe Yes Yes 

EMP resistance ? ? Maybe high ? 

Noise ~0.4 keV ~0.4 keV ~ 1.2 keV ~1.5 keV 

Size Small Small Medium  (very) Big 

HED group initiated interational EMP work group 
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Key Milestones and Time Plan 

Q4 2015 Q1 2016 Q2 2016 Q3 2016 Q4 2016 Q1 2017 Q2 2017 Q3 2017 Q4 2017 

Installation of HED  

instrument  components 

Commissioning with x-rays 

Q4 2017 Q1 2018 Q2 2018 Q3 2018 Q4 2018 Q1 2019 Q2 2019 Q3 2019 Q4 2019 

� 

� 

Commissioning of HIBEF lasers 
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Possible day one experiment 

Parameters for first commissioning and early experiments: 

 

 

 

 

 

 

 

 

 

 
PP laser   with x-ray-laser timing tool 

X-ray methods:  IXS with HAPG, XRD,  

   x-ray pump probe with SDL 

DAC experiments:  dynamic DAC and double stage at 8.4 keV 

Note: DAC will benefit from higher photon energies ~25 keV or 3rd harmonic 
 

First  

lasing 

SASE2 

in 2017 
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The current HED group at XFEL 

Motoaki 

Nakatsutsumi 

Ian  

Thorpe 

Thomas Tschentscher 

 
responsible  

scientific director 

Andreas  

Schmidt 

Ulf Zastrau 

 

HED science  
group leader 

 

(since 4/2015) 

Karen  

Appel 
Sebastian  

Göde 

HED Instrument Scientists 

HED Instrument Engineers 

� � 

� � 

Zuzana  

Konôpková (2/2016) 

Konstantin  

Sukharnikov (3/2016) 

Affiliated: 

 

Emma McBride  

(PostDoc) 

 

Nicole Biedermann  

(Ph.D.) 
Alexander Pelka  

(HIBEF 

scientist) 

Gerd Priebe 

(optical laser 

scientist) 

� � 

Carsten Bähtz 

(HIBEF 

coordinator) 

Bolun Chen 

(CAEP guest 

scientist) 

O
th

e
rs

: 
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Thank you 

� HED/HIBEF satellite meeting: Thursday 2pm 

 

� Several posters: Friday afternoon, 

Including:  

� details of the HED instrument 

� details of PP laser at HED 

 

� Open-community workshop for day-1 experiments  

in late 2016 or 2017 (tbd) 

 

� Visit our updated website: 

http://www.xfel.eu/research/instruments/hed 





Member of the Helmholtz AssociationPage 2
Dr. C. Baehtz| Institute of Radiation Physics | www.hzdr.de

Helmholtz International Beamline for Extreme Fields

� 29.1.2015: Last HIBEF Meeting

� 29.1.2015: HGF ranking no. 2.

� 24.6.2015: HIB proposal accepted (HIBEF 20.5 Mio �).

China Academy of Engineering Physics

Formal signing ceremony at the China 
Embassy in Hamburg 29.1.2016.

MOUs

� LANL, LLNL (US); SIOM (CN), 

� HIB-MOU DESY, xFEL and HZDR

� University of Oxford (HIBEF-UK leading Institute)

� �����	
����
� 	������ ���� ��� ����� �
�����



Member of the Helmholtz AssociationPage 3
Dr. C. Baehtz| Institute of Radiation Physics | www.hzdr.de

Helmholtz International Beamline for Extreme Fields

�High pressure sciences

�High magnetic fields

�Plasma physics

��� ��� ����� �	 
�� �� ����
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Helmholtz International Beamline for Extreme Fields

HIBEF � Personal (HZDR)

� 2 Laser scientists

� 2 Laser technician

� Scientist in the field of pulsed magnetic fields

� Scientist in the field of high pressure experiments

� Plasma physicist

� Technician

� Project Manager, controlling; coordination of in-
���� ���	
���	��� 

www.hibef.eu

 ��
 ����	
��	��� ��� ���
�	����
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Diamond Anvil Cell setup for HIBEF at HED/xFEL

Workshop at the 26.1.2016 @ DESY / xFEL-UM

���������	
 d��g� o� t�� �AC-��t�� at ������

by H���s�Pe�e� L�e� ��� D!SY

1. HIBEF - Workshop about instrumentation
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X-Ray Instrumentation

�Exchange of the different experimental setups

�Manually movable DAC setup and goniometer

�Motorized detector bench

DAC-setup

Detector bench

Goniometer

X-Rays in
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X-Ray Instrumentation � Rail system

�Rails in different high

�DAC setup and goniometer - interrupted rails

�Motorized detector bench � unbroken rail system

�Detector bench rails at ground level
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X-Ray Instrumentation � Detector bench

Detector Sensor Pixel Repetion Misc. Method
AG�P� G�A� ���� 200 µ	 4.5M
z 300kg� �n v�a. X��� h�gh Q-r�nge

P 0822 �	�rph. � � 200 µ	 25-100 
z �noy 2.2 a	 th�ak X��� h�gh Q-r�nge

�peatr�	eter "�he ��ngoe-�h�t �na��ent �peatr�	eter �t 
�" B�oun Chen CAP

Jungfr�u � � 75 µ	 2k
z PC�/X��

F�� � ��O ��*�� ��� 9 �� ��� H� ���

P �X�� 2048b 2k�2k 13 µ	 0.3 
z PC� / �AX

 2 Positions for detector

 Travel range perp. beam ca. 140 mm

 AGIPD permanently

 Second position is flexible equipped.

 Second table behind the detector bench
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High Energy Laser

T. Butcher

HIBEF-UK !!!
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Pulsed Magnetic fields

Pulser

�1 MJ � 100kA � 24kV

�20*0.175 mF capacitors

XRD

�Heavy load 6-circle goniometer

�AGIPD-Module

�Fast APD or similar

�Phase retarder

Cryo

�2-300K sample temperature
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HIBEF Building

�Laser room for future upgrade

�Clean room

�Pulser

�Offices





This work was performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Security, LLC, Lawrence Livermore National Laboratory 
under Contract DE-AC52-07NA27344.

HIBEF: US Constortium

Robert Cauble

Jupiter Laser Facility Director

LLNL

28 January 2016

LLNL-PRES-681209



US partners

� ��� �� ���	�
��� �	 �
���
�������� ������� ��� 	���� ��������

� ��	 �����	 �������� ����
���
� ��	 	����� �� ��� ���� �� !

� ���
���� ����
��
� �������� ����
���
� ��	 	����� �� ��� ���� �� !

� ���� ����� �����
	��� ���� ��
�������� "���#

� ����$�
� �����
 ������
���
 ����
���
� ���� ��
�������� "���	�%� ���� ���#

& '()*+,-+ .+*/+0+1 2(345,(0 '(65*(35*1 +78+-39 35 8(*34-48(3+

� ����
���
� $�
 ��	�
 :��
�����	 "!����	��
# �	 	���� �� ��	�		���

Most of these institutions are funded by the US Department of Energy

US DOE has confirmed that participation in HIBEF is appropriate



LANL has a keen and focused interest in HED XFEL 
experiments 

MOU 0081 with HZDR to collaborate on Extreme-Matter Research

Parallels scientific mission of MaRIE: Matter and Radiation In Extremes
- MaRIE is $2B LANL signature facility proposed to DOE
- CD0 (mission need) approval imminent
- Study materials in extremes

Scientific topics include:
- High Energy Density Physics

including Warm Dense Matter and mix at interfaces
- Dynamic materials including phase transitions
- Magnetic phenomena, including functional magnetic materials and

f-electron phenomena

Courtesy Juan Fernandez



LANL has a keen and focused interest in HED XFEL 
experiments; MaRIE plans to include an XFEL 

Courtesy Juan Fernandez



LANL plans in-kind contributions to HIBEF aimed at a 
program to explore extreme matter with x-rays 

Courtesy Juan Fernandez

� Advancing scientific program with x-ray probing
� X-ray Thomson scattering (XRTS) development

� Warm-dense matter characterization 
� Bulk probing (e.g., temperature) of dynamic materials

� Coherent & high-resolution imaging
� Dynamic materials (e.g., phase transitions)

� Interface mix in WDM and plasmas

� Contributions in kind
� X-ray spectrometer for 1D spatially resolved XRTS

� $1M+ in development & commissioning @ Trident and Omega

� Postdoc + 0.25 Mentor, physically @ HIBEF part-time to commission & use
� $300k / year



LANL plans in-kind contributions to HIBEF aimed at a 
program to explore extreme matter with x-rays 

Courtesy Juan Fernandez

�������� �-��	 
����� �������������������� ����� ��� ��������������

E.J. Gamboa et al., Rev. Sci. Instrum. 83, 10E108 (2012).

C

Ni He-� at 7.8-keV



LANL anticipates capabilities and conditions of 
extreme matter worth investigating on E-XFEL

Courtesy Juan Fernandez

� Isochoric heating
� Create WDM and sharp plasma interfaces

� Subject materials to off-Hugoniot loading paths

� Study phase-transition dynamics, etc.

� High-pressure dynamic loading
� Up to ~ 1 Mbar

� Strain rates ~ 106 � 109

� Warm-dense matter conditions
� Quasi-homogeneous, ~ solid density

� Few � tens of eV

� Area ~ (100mm)2, thickness ~ 10mm



LLNL understands that XFELs offer a new window into 
extreme science

Unlike LANL, LLNL has no plans to build an XFEL but LLNL scientists have 
and will continue to find enormous utility in XFELs
- Collaborating with LCLS from its design stage
- Signed MOU with HZDR

Scientific topics include:
- High Energy Density Physics in all regimes
- Dynamic materials including phase transitions
- Effects of strong magnetic fields on plasma, and vice versa



LLNL in-kind contributions are geared toward making 
HIBEF/E-XFEL more viable for all users

� ������������	 
�� �������

- LPOM-lite for DiPOLE (pulseshaping)
- T-REX sub-1-ps resolution x-ray streak camera + 0.5 postdoc in place at 

E-XFEL
- dynamic DAC + postdoc in place at E-XFEL
- 0.5 FTE to assess long-pulse beam transport, liaise with HIBEF/E-XFEL, 
- frequency doubling crystal for DiPOLE

� �������
��� �� ���� ��� ��� ���� �� 
��-years. We think we can 
������ �  ����! ���	��� ��� 	
����� ��	��	

" #-ray streak camera is a several-$M effort

� �-DAC development is a several man-year effort



Laser Performance Optimization Module - LPOM
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Laser Performance Optimization Module - LPOM

� ���������� �	 
	���� ���� ����� �� ������ ��� 	� ��� ���

� ����� ����� �����
 ��	
 ��	�������� � ��
����� ����

� ���� �������� � ��!" #��$-off optics and software for backward prediction

� % &�� ���� �	 ��'��	� ��	
 ������� ()*-LPOM configuration

� +��,����-�� �	� .�/&01





Dynamic diamond anvil cell

� ������ ���	
� �� 	�� ������ 
����

� ������ �� ����� � ������� �� ���� ��� ��� �����



Ohio State will contribute an on-demand device for 
solid, variable-thickness targets at high-rep-rate

� ���� ����� ��	 
��� ���������� �� � �������� ��� �������� ������ ���	���

targets with thicknesses of 50 to 5000 nm

� ������� � �!"#$�%�" � "� & '-Z only, with a rep-rate of ~ 1/minute

� (�)-rate is up-scaleable, certainly to 0.1-1 Hz. Looking at ways to incorporate 
higher-Z components

*+ ,+ *--./ /0 1 .+2 3 ,45647 89:;01 . <4.=; 1; ->-demand variable thickness (50-?@@@ >=A 019B/0; <-9 4>0/>;/ .1;/9;2C *D:;+
Plasmas 21, 063109 (2014) 

Courtesy Douglass Schumacher





LBNL in-kind contributions are being discussed

� ���� ��� ���� 	
�	����

- x-ray spectrometers developed at the Advance Light Source

- spectroscopic analysis codes

- 0.5 postdoc situated at E-XFEL

� �� ��� ���� ��
���� ���� �����
���� �� ������
��� ������� �� 	
������

expected.



To conclude, what we plan to provide

� ����� ����	�
 	�����
� 	��������� ������

� ����-lite pulse-shaping capability (LLNL)
� �-REX sub-ps resolution streak camera (LLNL)
� ��
���� ��� ������

� �� !"#�$ %& operation for DiPOLE
� ��'(�) ���	�*+ ����-rep-rate target mechanism (OSU)
� ,����(	 	���������	 ��-���

� ������	����� �
�*�	�	 ��)�	 ��-���

� ������
�� .2 jet system (SLAC)
� /� � 0 ��	)��	 �
-site (LANL, LLNL, LBNL) + 0.5-0.75 senior personnel 
(LANL,LLNL)

Still under discussion
� 1 2#34 56"#478 9: #74; :"9; <<�
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Summary of the Workshop

“Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

H. P. Liermann, H. Damker, Z. Konôpková, K. Appel, A. Schropp, C. Baehtz

IA1 IA2

Top view of the HED Hutch Side view of the DAC Chamber  at HED
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Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

Task of the Workshop

1st Part => Sharpened the Science Case

� Reiterated and expanded the science case

� Identified priority experiments

� Identified ultimate experiments

=> to be able optimize experimental setup

2nd Part => Review technical plans of a DAC setup at the HED

� Status of the DAC, mDAC, dDAC and dsDAC in conjunction with pulsed laser and 
resistive heating

� Identified the limits of “dynamic” DAC experiments at 3rd generation sources

� Experimental concept to conducted DAC experiments at the HED

� Discussed limitation of the DAC experiments at the XFEL

� Talked about the current design of the DAC setup

o Vacuum Chamber

o Detectors and access to reciprocal space

o Time Line mDAC

dDAC

dsDAC

Dubrovinsky et al. 2012, 2015 & submitted.

Sinogeikin et al. 2015
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Sharpen existing science cases and add new once

� Exploration of physical properties and stabilities of phases at the pressure/temperature/strain
rate condition of the interior of extrasolar planets

� Exploration of compression rate dependence on physical properties and stability of phases in
the strain rate regime above 10-1/s to 104/s

� Study of electron ion relaxation in the pulse laser heated or isochoric heated DAC

� Study of early stages of crystallization or phase separation by means of phase contrast
Imaging in normal and radial geometry

� Study of thermal transport properties (diffusion) in the DAC at high P and T

� Determination of strain distribution using coherent imaging and characterization of nano
particle systems

� Study of phase transition kinetics and intermediate states on the ps time scale

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

Ice Giant Planet like Uranus 
(courtesy of N. Nettelmann)
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Priority Experiments
(feasible & major impact)

� Study melt relations and kinetics of Na and Fe at P > 2 Mbar in the 
convention DAC with pulsed laser heating

� Physical properties & stability fields of H2O above 1 Mbar with the 
dDAC

� Structure and phase stability of Fe, (Mg, Fe)O, & Si-PPv at pressures 
above 4 Mbar within the pulsed laser heated dsDAC

� Ps shocks and heating on Bi (going from iii to V) in the DAC

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

Phase Diagram of Fe (Anzellini et al., 2013)

Phase Diagram of Na (McMahon et al., 2007)

Phase Diagram of H2O (Redmer et al, 2011)

Phase Diagram of MgSiO3 PPv (Umemoto et al. 2011)

Phase Diagram of Bi (
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Time (�s)

Heating Laser Pulse

Material Response

(Temperature)

XFEL Pulses

(4.5 MHz, 222 ns)

Total of 25 XFEL Pulses

A.U.

0 2 4 6

Experimental Concept of dDAC and dsDAC Experiments at HED

Time (�s)

Pressure Response

(over 600 �s)

XFEL Pulses

(583 kHz, 1.7 �s)

Total of 350 XFEL Pulses (detector limited)

A.U.

0 200 400 600

dsDAC Experiments dDAC Experiments 

For dsDAC experiments:

� Fastes scenario get 25 pulses with rep.
of 4.5 MHz (every 222 ns) over 6 �s

� Can always go slower with less pulses

For dDAC experiments:

� Slowest possible scenario get 350 pulses with
rep. of 583 kHz (every 1.7 �s) over 600 �s

� Can always go faster (less time covered)

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”
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AGIPD

Vacuum
Chamber

dDAC

Sample Alignment
Stack

Function Alignment of 

Rotation Center into 

XFEL beam

Vertical Alignment Rotation Sample alignment 

into rotation center

Component Huber XY 5102.30 Micos NPE-200 Micos PRS-200 Micos LS-110

Weight (kg) 15 9.2 8 2.7

Load Capacity (kg) 200 30 50 10

Travel (mm) 15 13 360 degrees 26

Resolution (µm) 0.1 0.05 0.001 degrees 0.05

Bi-directional

Repeatability (µm)

0.1 +/- 0.04 +/- 0.001 degrees 0.1

Wobble (�rad) n.a. n.a. ± 17.5 n.a.

Chamber and Sample Stack requirements

- Alignment  of dsDAC and dDAC requires:

� high stability of support with respect to incident beam => 
decoupling of vacuum chamber from sample support and stack 
(100 nm or less)

� small step size for sample stack (100 nm)

� for fast turn around use turret with 4-6 DAC => high stability 
required (100 nm or less)

Pinhole and Beamstop

- Pinhole necessary to clean tails => working on 
concept

- Beamstop at the end of HED Hutch => low scattering

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”
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Detectors for Different Repetition Rates

Specification:

GaAs sensor (100 % QE @ 25 keV)
Single photon counting up to ~104 ph/pixel/frame
Pixel 0. 2 x 0.2 mm2 pixel size
Size: 1024 × 1024 (200 x 200 mm active area)
Max frame rate: 4.5 MHz (burst mode)
Vacuum Compatible

Specification

ScI sensor (max sensitivity @ 60keV)
Pixel: 0. 2 x 0.2 mm2

Size: 1024 × 1024 (200 x 200 mm active area)
Max frame rate: 25 Hz (full resolution)
Vacuum Incompatible

XRD 0822 from Perkin Elmer

Specification:

Si sensor (15% QE @ 45 keV)
Pixel: 75 �m x 75 �m
Size: 2048 x 2048 (153 x 153 mm)
Max frame rate: 2.7 kHz (MHz ??)
Vacuum Compatible

AGIPD 
(Adaptive Gain Integrating Pixel Detector)

Jungfrau from PSI
(adJUstiNg Gain detector FoR the Aramis User station)

may be
funded

not funded

Funded through HIBEF

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”
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Proposed Detector Bench for AGIPD (& other Detectors)

AGIPD Dimension
- 1M is 500 kg heavy
- Dimensions ca. 1 x 1 x 1.5 m3

- Requires 3 Crates => underneath Main part of Detector
- Extra Oil Cooling away from detector location

Detectors Positioning
- On motorized rails � beam
- On motorized rails � beam
- No motorized vertical system for AGIPD

� Can be flanged to DAC Vacuum Chamber
� Can be flanged to IA1 Vacuum Chamber
� Can be positioned to other setup with a X-ray trans. Window
� Can be changed reproducible during experiment

- � Detector Rail System submerged in floor 
=> plated covered => no obstruction

- � Detector Rail System on top of bench
=> no obstruction

- Bench can be moved all the way back
=> Out of the way from other setups

Beam

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”
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Requirements

- 4� angle limited by DAC opening (90o)

- 4� � 90o covers d = 0.648 Å or Q = 9.7 Å-1

@25 keV

- To cover 90o opening with a PE or AGIPD
SDD = 200mm

- Difficult when DAC in the center => move
DAC 300 mm from the center

Design Established

� AGIPD can reach SDD = 200 mm

� PE XRD 0822 cannot => vacuum
incompatible => 4� = 60o => Q = 6.56 Å-1

@ 25 keV

Access to Reciprocal Space in the DAC Vacuum Chamber

Envisioned Flange 

Window for PE XRD 0822

Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”
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Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

14-16th of September 2016 in Hamburg on DESY Grounds

(jointly organized by European XFEL and DESY)

5th Joint Workshop on High Pressure, Planetary, and Plasma Physics (HP4)
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Summary Workshop “Conceptual Design Report (CDR)

Diamond Anvil Cell Setup for HIBEF at the HED/XFEL”

Workshop on the Conceptual Design of the 

Shock Compression Setup for HIBEF at the HED/XFEL

13th of September 2016 in Hamburg on DESY Grounds

(jointly organized by HZDR and DESY)
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Thank you for your Attention!!!!

Thank you for contributing

Z. Konopkova J. Eggert

C. Baehtz W. Evans

H. Damker R. Redmer

K. Appel W. Morgenroth

U. Zastrau L. Dubrovinsky

T. Tschentscher H. Marquardt

E. McBride A. Goncharov

S. McWilliams …

(sorry if I forgot someone)

Diamond Anvil Setup for HIBEF at the HED of the XFEL



The single-shot incident spectrometer 
at HED 

Bolun Chen 

Laser Fusion Research Center, CAEP 

2016 European XFEL Users Meeting in Hamburg 

Workshop on the HED instrument and the HIBEF UC 



Presentation Outline 

� Introduction 

� Conceptual design 

� Technical design 

� Acknowledgement 





Principle of Operation 

� A defocusing geometry using convex 
crystals 
� Crystal membrane of 10 micron in 

thickness 

� An update using a grating in front of the 
spectrometer is considered for low photon 
energies 

D. Zhu et al., APL. 101 034103 (2012) 

� The crystal curvature 
and detector distance 
impact energy range, 
sensitivity, and 
resolution 
� Idea already realized at 

LCLS and SwissFEL  



Conceptual design 

� Four different cuts of silicon crystals are used 

� The Bragg angles are set to vary in a small range for 
different crystals to keep the spectrometer compact  

� Gotthard and CCD detector will be used 

� The RoC is set to 200mm. The distance between the 
detectors and the surface of the bent crystal is ~850mm 
 
 

crystal 2d�Å� energy�keV� Bragg��� 

Si (1 1 1) 6.27 3~5.5 41.23�~21.07� 

Si (2 2 0) 3.84 5.4~9 36.72�~21.02� 

Si (4 0 0) 2.72 8.85~11.9 31.06�~22.56� 

Si (4 4 4) 1.57 11.7~25 42.53�~18.44� 



Requirements 

� Photon energy: 3~25keV 

� �������	 ��
�	����� �������10-5 
(3~15keV) 

� Energy coverage: �E/E>10-3 

� The transmission is only 3 % to 30 % 
for 3-5keV 

Spectral coverage collimated with CRL1 

Spectral coverage focused with CRL1 

Spectral resolution of the spectrometer 



Consideration of the update design 

� For lower photon energy 
� Add a diamond grating mounted on the position monitor located at 

the beginning of the HED-OPT 

� The distance will be about 7m  

3keV 4keV 5keV 6keV 7keV 8keV
150nm 19.29 14.47 11.57 9.64 8.27 7.23
200nm 14.47 10.85 8.68 7.23 6.20 5.42
250nm 11.57 8.68 6.94 5.79 4.96 4.34

spectrometer Pop in monitor 

HED- 
EXP 



First Technical Design 

Detector 

assembly 

Be window 

Flight pipe 

View port 

Ion pump 

Detector  
arm 

assembly 

Support 
stand and 

alignment 

plate  

Chamber 

assembly 



Layout 

� Located at HED optics 
hutch 

� ~985m from the source 

� 400mm from one  side 
wall 

� The length should be 
less than 0.9m 





Crystal stage assembly 

� Put the complete mechanics in to 
vacuum 

� The assembly carries up to four 
crystals benders 

� The X axis allows one of the crystals 
to be brought into the beam 





Detector assembly 

� The detectors are positioned 
at a distance of 850mm 

� Rotated about the X axis by a 
large high precision 
goniometer 

� the detector X stage carrying 
the Gotthard and YAG/ CCD 



Collaboration 

� On 26 March, 2015, representatives of CAEP signed a 
framework collaboration agreement with European XFEL 
at the Consulate of the P. R. China in Hamburg. 

� The agreement formalizes 
������ �	
	�� ���������


in the X-ray free-electron 
laser facility and is intended 
to provide the basis for 
future exchange of staff and 
students and the 
development of 
instrumentation for 
European XFEL.  
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CAEP introduction 

� China Academy of Engineering Physics (CAEP) is a major 
research centre that operates 12 research institutes and  
15 national laboratories across China. 

Thank you for your kind attention 
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Motivation | Warm dense matter

What	do	we	need?

• Equation	of	State

• Energy	absorption	rates

• Relaxation	rates

• Response	functions

Underlying	physics

• Strong	interactions	(ions)

• Bound	states	/	ionization	balance

• Quantum	degeneracy

• Structure

Measurements	are	usually	not	“theory-free”

• “Over-diagnose”	experiments

• Homogeneous	samples

• High	temporal	resolution

• Cover	broad	parameter	space
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- High	porosity	samples	 à liquid

- Low	porosity	samples	 à liquid	(but	cooler)

- Pyrolytic graphite à solid,	close	to	melting

LCLS experiment | Solid and liquid structure at ~180 GPa

slide	removed
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LCLS experiment | Diffraction + Absorption

B.	Barbrel,	UC	Berkeley

F.	Albert,	LLNL

W.	Schumaker,	SLAC

…

Spectrally	resolved	X-ray	scattering	was	also	

anticipated,	but	no	space	left	in	target	chamber

slide	removed
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LCLS experiment | Diffraction + Absorption

slide	removed
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LCLS experiment | CH phase separation
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Elastic	scattering	amplitude	 is	very	sensitive

for	de-mixing	 (especially	at	small	k).

Will	use	large	k	for	normalization.

picture	removed



01/28/16   |   Dominik Kraus   |   European XFEL User Meeting, Hamburg, 2016 |   15

LCLS experiment | CH phase separation - DFT-MD simulations

J.	Vorberger,

HZDR

150	GPa

5000	K

slide	removed
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NIF experiments  | Measurements approaching 1 Gbar

slide	removed
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HED at XFEL / HIBEF | Anticipated future experiments

European

XFEL beam

sample

non-collective XRTS

absorption spectroscopy

collective XRTS

emission

spectroscopy

energy

inelastic elastic
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Thanks






























































