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Introduction
• The University of Hamburg is currently preparing applications for excellence clusters in the 

framework of the excellence initiative 
• One in particle physics: The Quantum Universe 

• Helmholtz wants to be part of the Excellence Initiative 
• Call for proposals for „Networks of Excellence“ 
• Support excellence cluster proposals with HGF involvement 

• 1st phase: 
• 80 kEUR for help in preparing pre-proposal 

• happened 2016, money gone 
• 2nd phase: 

• 350 kEUR for support during the main proposal writing 
• Can be spent on almost anything: 

• preparatory scientific work, pre-recruitment, invest/material, coordination, etc. 
• 3rd phase: 

• If UHH main proposal is successful: 
• 500 kEUR per two more years (2018/19), 1 MEUR total 

• If main proposal fails: 
• 150 kEUR in 2019 

• Has to be a common project UHH/DESY
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Ausschreibung vom 14. März 2017 

Helmholtz Exzellenznetzwerke (Säule 2a) 

gefördert aus dem Impuls- und Vernetzungsfonds des Präsidenten  
 
Wissenschaftspolitischer Rahmen und Fokus der Ausschreibung  

Für die Zusammenarbeit mit strategisch wichtigen Partnern wird die Helmholtz-Gemeinschaft künftig 
die effektivsten Kooperationsformate gezielter einsetzten. Hier sind die Universitäten für die Helmholtz-
Gemeinschaft die wichtigsten Partner, neben anderen qualifizierten Institutionen im nationalen und 
internationalen Wissenschaftssystem und aus der Wirtschaft. 

Nachdem die neue Exzellenzstrategie in der Ausschreibung des Bundes und der Länder zur Stärkung der 
universitären Spitzenforschung in Deutschland im Juni 2016 beschlossen wurde, geht es bei der Förde-
rung der Exzellenzcluster darum, im deutschen Wissenschaftssystem die erfolgreiche Entwicklung inter-
national profilierter und wettbewerbsfähiger Forschungscluster fortzuführen und eine längerfristige 
Zukunftsperspektive für bestehende und neue erfolgreiche Projekte der Exzellenzstrategie zu ermögli-
chen.  

Die Helmholtz-Gemeinschaft ist bisher an 18 der 43 bestehenden Exzellenzcluster beteiligt und möchte 
in der neuen Exzellenzstrategie die Zusammenarbeit mit den Universitäten weiter optimieren, um in den 
künftigen Exzellenzclustern die besonderen Stärken der Helmholtz Gemeinschaft und des Helmholtz 
Forschungsportfolios noch gezielter einzubringen. Dazu sollen die an einem Exzellenzclusterantrag be-
teiligten Helmholtz-Zentren zusammen mit den Universitäten sogenannte Helmholtz Exzellenznetzwerke 
etablieren, deren Ziel es ist, die komplementären Kompetenzen und die daraus resultierenden Syner-
gien der Partnerschaft in neu einzurichtenden Exzellenzclustern nachhaltig zur Geltung zu bringen.  

Die Helmholtz Exzellenznetzwerke sind ein Instrument zur Förderung strategischer Partnerschaften, die 
der zweiten Säule des neu aufgestellten Impuls- und Vernetzungsfonds (IVF) zugeordnet sind. Aufbau-
end auf der Ankündigung zur Förderung von Helmholtz Exzellenznetzwerken, vom 03. August 2016 wer-
den bereits seit Oktober 2016 in einer ersten Förderphase dieses Instruments 39 Interessenbekundun-
gen der Helmholtz-Zentren aus dem IVF gefördert. Die Ausschreibung der Helmholtz Exzellenznetzwerke 
erfolgt komplementär zur Förderlinie der DFG-Exzellenzcluster und bezieht sich direkt auf die Auswahl- 
und Entscheidungsstufen der DFG.  

A. Ziel der Förderung 

Die Förderung von Helmholtz Exzellenznetzwerken soll die Helmholtz-Zentren im Zusammenwirken mit 
universitären Partnern bereits in der Antrags- und Startphase der Exzellenzcluster dabei unterstützen, 
sich beim Aufbau international wettbewerbsfähiger Forschungsfelder strategisch zu positionieren. Die 
Anschubförderung aus dem IVF soll ergänzend zur Förderlinie der DFG zusätzliche Synergien sowie einen 
höheren nationalen und internationalen Impakt der Exzellenzcluster generieren. Insbesondere sollen 
Helmholtz-Zentren ihre spezifischen Stärken – wie beispielsweise Beiträge für Systemlösungen entlang 
der Erkenntnis- und Innovationskette oder bei der Forschung an Großgeräten – und die Synergien zwi-
schen den Kooperationspartnern im Exzellenzcluster optimal zur Geltung bringen und diese nachhaltig 
implementieren.  

B. Förderkriterien 

Das Thema des Exzellenzclusters muss einen nachweisbaren Bezug zu POF-Themen der Helmholtz-
Gemeinschaft haben und eine langfristige Entwicklungsperspektive aufweisen, die im Sinne der Strate-
gie des beteiligten Helmholtz-Zentrums ist bzw. im Portfolio des Forschungsbereichs oder Forschungs-
bereich übergreifend abgebildet werden kann. Ferner sind folgende Formalkriterien zu berücksichtigen: 
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Network of Excellence for QU
• Discussions between FH and QU members on what could be done 
• Discussed: 

• Detector-related YIG 
• not really unique for the idea of this cluster, fits better into QU main proposal 
• funding scheme problematic, 1y/3y 

• „Big“ infrastructure 
• is a selling point for Helmholtz 
• is something the UHH cannot do so easily 

• Decided on infrastructure: 
• the Cryo Platform at DESY 
• cryogenic infrastructure for QU related experiments 

• linked to ALPS-II (which will happen) 
• liquid He supplies for possible QU experiments 
• create a common platform for „smaller“ in-house experiments with cryogenics
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The Cryo Platform Proposal at DESY
• Centre is the HERA North Hall 

• Location is defined by synergies with ALPS-II 
• ALPS-II has to be in HERA North section because 

• no cryo connection possible to HERA-South anymore 
• in HERA-West ALPS-II would extend to HERA beam dump site - very problematic radiation conditions 

• Re-start the cryo line from the DESY cryo plant (near HERA-West) to HERA-North 
• anyhow needed for ALPS-II 

• Provide distributed cold gas infrastructure in the H1 hall for up to three users: 
• MADMAX (see dedicated talk) 
• cold mirror setup (connected to gravitational wave R&D) 
• other users like KOMAG 5T magnet 

• NB: Platform will only provide cryo connections, not additional user infrastructure 
• Start with liquid He (4K, 2K), maybe other cold gases later 
• Create a common research platform

4
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Proposal
• Edited by Thomas, Marcel, KB 
• Many inputs from UHH and QU workers 
• Letter of support from UHH president 

• Submitted mid of October 
• Approved by Helmholtz first week of November 

• that was fast… 

• Project starts 1.1.2018
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Antrag	auf	Förderung	eines	Helmholtz-Exzellenznetzwerks	

A CRYOGENIC PLATFORM FOR COLD EXPERIMENTS  
AND DETECTOR DEVELOPMENT AT DESY 

 
Associated DFG Cluster of Excellence proposal:  

Quantum Universe 
Understanding mass and gravity at the interface between  

      quantum physics and cosmology 

 

Proposing Helmholtz Center DESY 

Leading University Universität Hamburg (UHH) 

Further Partners of the Cluster - 

Helmholtz Research Area Matter 

Relevant Helmholtz Programs Matter and the Universe, Matter and Technologies 

Names of Helmholtz PIs (see list in section 6) 

5 - 10 Keywords “Quantum Universe”, cryogenic platform, particle 

physics, gravitational waves, particle detector de-

velopment 

Contact Person (Name, Phone , Email) Prof. Dr. Joachim Mnich 

DESY Director for Particle & Astroparticle Physics 

+49 40 8998 1921, joachim.mnich@desy.de  

Cluster of Excellence spokespersons  Prof. Dr. Jan Louis 

Universität Hamburg 

+49 40  42838 4476,�jan.louis@uni-hamburg.de 
�

Prof. Dr. Peter Schleper 

Universität Hamburg 

+49 40 8998 2957, peter.schleper@uni-hamburg.de  

 

Prof. Dr. Géraldine Servant 

DESY and Universität Hamburg 

+49 40 8998 1484, geraldine.servant@desy.de 

Proposal geared towards Phase 2 or 3 Phase 2 
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Cryo Infrastructure
• Existing Cryoplant on DESY site 

• built for HERA 
• then used for FLASH, AMTF 
• re-furbished for XFEL 

• Existing Cryoline to HERA-North
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ALPS-II Cryogenics
• Details being worked out

7

HERA North
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HERA-North Cryogenics
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HERA-North Infrastructure
• HERA-North hosted H1 
• A lot of useful infrastructure still exists: 

• H1 yoke (see MADMAX talk) 
• but magnet will go 

• Counting rooms with electronic racks, etc. 
• Cranes, workshop, cooling water, HVAC, etc.

9



SlideThe Cryo-Platform at DESY | Karsten Buesser | 05. December 2017

Cryo Platform User Examples: MADMAX
• MADMAX Magnet Infrastructure
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5.c Description of the Activity 
This proposal aims at improving existing and creating new cryogenic infrastructure at DESY for 
experiments and detector tests. Key projects of the Quantum Universe cluster rely on cryogenic 
infrastructure for new experiments and detector developments. Examples are:  

• The WISP- and axion-search experiments planned at DESY in collaboration with UHH 
and within the framework of the „Quantum Universe“ Cluster of Excellence rely on liquid 
Helium supplies for superconducting magnets. Examples are the ALPS II experiment 
and the MADMAX experiment.  

• Studies for cryogenically cooled mirrors for future gravitational wave experiments (ex-
tensions of LIGO and others) rely on cryogenic infrastructure. 

• Future detector developments will use test environments with high magnetic fields gene-
rated, e.g., by an existing 5T superconducting magnet.  

• Similarly, the cryogenic infrastructure can play a crucial role in advanced detector R&D.   
 
Despite its orientation towards Cluster of Excellence projects, the platform is conceived as a 
general-purpose infrastructure that can be used by all activities on the Bahrenfeld campus; it will 
therefore become an important asset for DESY and UHH that could easily be extended to serve 
the needs of other future on-site experiments. In its initial form, the platform will deliver liquid 
helium (LHe) at 4 K.  
 
The scenario for the suggested cryogenic platform relies on the existing three (formerly HERA) 
cold boxes at DESY (“cryo plant”) and on the former HERA hall north (DESY building 51), in 
which the ALPS II experiment is being installed. The same area is planned to host the MAD-
MAX experiment and cryogenic setups for R&D on future Gravitational Wave experiments. 
 

 
 

Figure 1: Schematics of cryogenics connections and installations  
for an example experiment (“MADMAX”). 

Erika Garutti / 1510-11/05/2017 - Saclay 

The H1 magnet yoke

7

3.3	m	

~	7	m	

• MADMAX	must	be	installed	on	a	support	plaVorm	
• the	beam	pipe	opening	in	the	yoke	can	be	enlarged	
• the	L	piece	hos8ng	the	antenna	will	be	outside	the	yoke

Madmax Collaboration Meeting – 19/10/2017 8W. Abdel Maksoud

First evaluations: 4 racetracks actively shielded dipole

Field specification + +

Peak field - 15.7 T is quite high Æ should be optimized
Stress analysis +
Conductor design +

Mechanical layout + +
Superconductor - Only feasible with Nb3Sn due to high peak field
Stray field + +

Compatibility H1 yoke - - Useless yoke / Could be too big for the H1 yoke (already 4mx3m 
with no layout, shields and cryostat) / Shielding coils contribute to 
40 % of the main field so cannot be just taken off from the design

Magnet volume +

Field lines

Stray field 
(0.5 T – 25 mT)

E. Garutti
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Cryo Platform User Examples: 
Cold Mirrors

• Thermal noise of mirrors and suspensions is a large 
source of systematic errors in gravitational wave 
experiments 

• R&D on cryogenic mirrors is being pushed forward 
for LIGO upgrades, Einstein Telescope, KAGRA, etc. 

• Problems: cold mirrors in vacuum being heated by 
powerful lasers…

11
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FIG. 3. The displacement sensitivity of the Advanced LIGO
detector in Hanford during the first observation run O1; the
Livingston detector has a similar sensitivity, as shown in Fig-
ure 1. The sum of all known noise sources accounts for most
of the observed noise with the exception of the frequency band
between 20Hz and 100Hz. This will be the focus of future
commissioning to full sensitivity. The quantum noise includes
both shot noise and radiation pressure noise. Thermal noise
includes terms due to the suspensions, the test masses and
the coatings. Seismic noise is the ground displacement atten-
uated through the seismic isolation system and the suspen-
sions. Cross couplings from the auto-alignment system and
from the auxiliary lengths are combined into the trace labelled
“other DOF” (degrees-of-freedom). Newtonian gravitational
noise is estimated from density perturbations due to surface
ground motion. The strong line features are due to the violin
modes of the suspension wires, the roll and bounce modes of
the suspensions, the AC power line and its harmonics, and
the calibration lines. Not shown are numerous noise sources
that don’t contribute significantly—such as laser frequency,
intensity and beam jitter noise, sensor and actuation noise,
and Rayleigh scattering by the residual gas [34].

computed in real-time with less than 10% uncertainty in
amplitude. The overall variability of the detector’s sen-
sitivity was about ±10%.

The main light source is a pre-stabilized 1064-nm wave-
length Nd:YAG laser. It is followed by a high power am-
plifier stage, capable of generating a maximum output
power of 180W [44]. During the first observation run,
only 20W were injected into the interferometer. A tri-
angular optical resonator of 32.9m round-trip length is
placed between the laser source and the interferometer to
reject higher order transverse optical modes and to stabi-
lize the laser frequency further [45]. At the output port,
a bow-tie optical resonator of 1.3m round-trip length is
used to reject unwanted frequency components on the
light. Optical curvature mismatch of the interferometer
mirrors is caused by manufacturing imperfections and by
thermal lensing due to heating from the main laser beam.
A thermal compensation system provides active correc-
tion by means of ring heaters arranged around the test
masses and a set of CO2 lasers for central heating [46].

The Advanced LIGO detector uses coupled optical res-
onators to maximize the sensitivity of the interferometric
transducer. These optical resonators enhance the light
power circulating in each arm while simultaneously opti-
mizing the e↵ective antenna length and the gravitational-
wave signal bandwidth [47–51]. As the interferometer is
held near a dark fringe, most of the light is reflected
back to the laser source. Adding a partially transmissive
mirror at the interferometer input forms an optical res-
onator, leading to a power gain of 35 to 40 at the beam-
splitter. The optical resonator in the interferometer arms
enhances the circulating power by another factor of 300.
Thus, 20W of laser power entering the interferometer
results in nearly 100 kW circulating in each arm. A par-
tially reflective mirror is also placed at the output port to
enhance the signal extraction and to increase the detec-
tor bandwidth. The resulting di↵erential pole frequency
or detector bandwidth is ' 335Hz (H1) and ' 390Hz
(L1) [34].
All of these coupled optical resonators require servo

controls to be brought and held on resonance [52]. The
lengths of the optical resonators in the interferometer
arms are stabilized to less than 100 fm, whereas the
lengths of the other coupled resonators are kept within
1 to 10 pm [34]. Similarly, the interferometer test masses
are aligned within tens of nanoradians relative to the op-
tical axis for optimal performance. The noise arising from
sensing and control of these extra degrees-of-freedom are
combined together in the curve labeled “other DOF”
in Figure 3. The Pound-Drever-Hall reflection lock-
ing technique is used to sense the auxiliary longitudi-
nal degrees-of-freedom [53, 54], while an interferometric
wavefront sensing scheme is deployed for the alignment
system [55, 56]. Digital servo systems are used to feed
control signals back to actuators which steer the rela-
tive longitudinal positions and orientations of the inter-
ferometer mirrors. To prevent reintroducing ground mo-
tion onto the test masses, electrostatic actuators [57] are
mounted to a second quadruple pendulum known as the
reaction chain. Only test masses use reaction chains; all
other interferometer mirrors use coil actuators mounted
on a rigid structure surrounding the suspensions.
Servo controls are also necessary for damping the

plethora of normal modes of the pendular suspensions
and for stabilizing the seismic isolation system to an in-
ertial reference frame. Moreover, at high laser power,
optical springs introduce angular instabilities due to pho-
ton radiation pressure-induced torques acting on the mir-
rors [58, 59], while the mirror acoustic modes introduce
parametric instabilities [60, 61]. At the current laser
power only one acoustic mode is unstable which can be
tuned away by the ring heaters. Together with thermal
heating, angular optical springs and multiple paramet-
ric instabilities are the main challenges that need to be
overcome to increase the circulating laser power; both
will require active damping for stable operations.
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FIG. 2. Interferometer configuration and test mass setup.
Each arm of the Michelson interferometer includes two sus-
pended test masses. The two test masses are placed 4 km
apart and form an optical resonator with a gain of 300. The
suspension system is shown on the right, each test mass is at
the bottom of a quadruple pendulum. It provides high isola-
tion above the resonance frequencies which range from 0.4 Hz
to 13 Hz. The test mass is attached to the penultimate mass
through fused silica fibers providing a high mechanical qual-
ity factor which lowers the thermal noise. The other stages
use steel wire. The attachment point to the seismic isolation
system as well as stages 1 and 2 implement cantilever springs
for vertical isolation. Each test mass is accompanied by its
own reaction chain to minimize actuation noise. Coil actu-
ators are mounted to the upper stages of the reaction chain
and an electrostatic actuator is implemented at the bottom
stage. Shown on the left are the other optics of the Michelson
interferometer with the beamsplitter and the perpendicular
arm. The two optics at the interferometer input and output
port comprise the coupled resonator system which amplifies
the response of the optical transducer.

source possibly becomes relevant below 20Hz, and might
require active cancellation [24, 25].

Thermally driven motion is another important source
of displacement noise. It includes the Brownian motion of
the suspension system [26] as well as the test masses [27],
and mechanical loss in the mirror optical coatings [28].
The mirror coatings, a dielectric multilayer of silica and
titania-doped tantala [29, 30], were developed to provide
the required high reflectivity while minimizing coating
thermal noise [31–33]; it limits the design sensitivity in
the central frequency band [3].

The predicted levels for seismic, thermal and Newto-
nian noise sources are summarized in Figure 3 and com-
pared to the total measured displacement noise. They are
currently not limiting the sensitivity due to the presence
of other technical noise sources, as detailed in Ref. [34].

Quantum noise in the interferometer arises from the
discrete nature of photons and their Poisson-distributed
arrival rate [35–37]. The momentum transfer of individ-
ual photons hitting a test mass gives rise to radiation

pressure noise. Quantum radiation pressure noise scales
as 1/mf2, where m is the mass of the mirror and f the
frequency, and therefore it is most significant at lower
frequencies.
Photon shot noise arises from statistical fluctuations

in the photon arrival time at the interferometer output,
and it is a fundamental limit of the transducer in sensing
changes of the di↵erential arm length. The importance of
shot noise decreases as the inverse square-root of the laser
power circulating in the interferometer arms. During the
first observing run, Advanced LIGO was operating with
100 kW of circulating laser power. The corresponding
quantum noise curve, comprising both low frequency ra-
diation pressure noise and high frequency shot noise, is
shown in Figure 3; it is limiting at frequencies above
100Hz. In the upcoming years, we plan to increase the
circulating laser power up to 750 kW, and thus reducing
the shot noise contribution.
Coincident detection between the two LIGO obser-

vatories is used to reject transient environmental dis-
turbances. Both observatory sites deploy seismometers,
accelerometers, microphones, magnetometers, radio re-
ceivers, weather sensors, AC-power line monitors, and
a cosmic ray detector for vetoes and characterization of
couplings [38].
Interferometric Transducer — The Advanced LIGO

detector uses a modified Michelson laser interferometer to
translate strain into an optical phase shift [3]. Similar to
an electromagnetic receiver, the optimal antenna length
for a gravitational-wave detector is a quarter wavelength.
For a gravitational wave at 100Hz this is 750 km. The
Advanced LIGO interferometer arms are 4 km long and
employ an optical resonator between the input and end
test masses that multiplies the physical length by the ef-
fective number of round-trips of the light. However, the
physical length cannot be arbitrarily short, because test
mass displacement noises are multiplied by the same fac-
tor.
The output port of the Michelson interferometer is

held at an o↵set from a dark fringe, resulting in a small
amount of light leaving the output port [39]. A di↵eren-
tial optical phase shift will then decrease or increase the
amount of light, depending which interferometer arm is
momentarily stretched or squeezed by a passing gravita-
tional wave. This light signal is measured by a photode-
tector, digitized and calibrated [40], before being sent to
the analysis pipelines [41, 42].
The calibration factor that converts detected laser light

power to mirror displacement is measured by applying
a known force to a test mass [43]. An auxiliary 1047-
nm wavelength laser is reflected o↵ the end test mass
and modulated in intensity to generate a varying force.
The response of the optical transducer is measured by
sweeping the modulation frequency through the entire
detection band. It is also tracked by a set of fixed fre-
quency lines. This way, the calibrated strain readout is

Fig. 1 shows a prediction for the displacement noise perfor-
mance for a possible LIGO Voyager interferometer in black. For ref-
erence, the Advanced LIGO design is shown as the dashed cyan
curve. The other curves show the contributions to the total LIGO
Voyager noise. The mirror thermal noise, in yellow, is achieved
by utilizing 124 K silicon mirrors. The precise values of the LIGO
Voyager curves will depend somewhat on design choices still to
be made, but these curves are a good representation for the work
presented here.

The mirror’s low temperature must be achieved without
increasing its mechanical vibration, i.e. without increasing the blue
curve in Fig. 1. Additionally, any cryogenic components near the
mirror must also have low mechanical vibration due to noise cou-
pling through scattered laser light. Small components of the inter-
ferometer laser will scatter off the mirrors, hit nearby surfaces, and
then recombine back into the interferometer. If these surfaces are
vibrating they will impose both a phase shift on the light, and also
cause disturbances in the light’s radiation pressure on the mirror.
Both effects will cause increased noise to appear in the
interferometer.

Other future gravitational wave observatories such as KAGRA in
Japan [7] and The Einstein Telescope (ET) in Europe [8] plan to use
cryogenic mirrors as well, but at the colder temperatures of 20 K
and 10 K respectively. ET, uniquely, plans to use both 10 K and
room temperature mirrors. The different temperature regimes
emphasize different frequency bands of performance and different
engineering challenges. The lower temperatures help further
reduce thermal noise, visible below about 100 Hz. However, high
laser power on the mirror to help reduce shot noise above
100 Hz is not feasible at these temperatures. Lower temperatures
do permit smaller mirrors, since a large laser radius is not needed
to average out thermally induced oscillations seen in the mirror
coating and since the laser’s radiation pressure noise will be
weaker (low frequency quantum noise). Cooling the mirrors this
low does require building a conductive heat path into the mirror’s
vibration isolation system, which imposes a significant design
challenge, as the heat path can compromise the vibration.

The 3 MW of power LIGO Voyager intends to use is much
greater than the 400 kW for KAGRA’s and 18 kW for ET’s cryogenic
mirrors. This higher laser power permits lower shot noise. Addi-
tionally, the warmer cryogenic temperatures in LIGO Voyager per-
mit radiative cooling of the mirrors, so a conductive heat path does

not need to be integrated into the vibration isolation system. Lar-
ger diameter and more massive mirrors are needed, however, to
help minimize the effect of mirror thermal noise and radiation
pressure. The high laser power does increase the potential for light
scattering noise, so engineering work is required to keep this under
control.

The contribution of this paper is to propose for the first time a
sufficiently low vibration cryogenic system for the 124 K silicon
mirrors intended for future LIGO Voyager interferometers. Sec-
tion 2 describes the proposed cryogenic layout. Section 3 describes
the experimental setup at Stanford, used to demonstrate that suf-
ficiently low levels of vibration are feasible. Section 4 presents and
analyses the results from this experiment. Finally, Section 5 pre-
sents concluding remarks.

2. Proposed LIGO voyager cryogenic layout

2.1. Overview

Fig. 2 illustrates the layout of a LIGO mirror vacuum chamber
with the proposed cryogenic infrastructure. The vacuum enclosure
and the vibration isolation table will be reused from Advanced
LIGO. The layout of the cryogenic components is intended to be
general in scope. Details such as the precise dimensions of the
shields and the materials used will be determined in future work.

The mirrors are between 150 kg and 200 kg of 124 K ! 2 K sili-
con. To provide the necessary vibration isolation, the mirrors are
the bottom stage of a four stage suspension, which hangs from
an actively controlled vibration isolation table. The isolation table
is a two stage mass-spring system that feeds back on-board inertial
sensor signals to actuators in order to achieve favorable isolation
performance below 10 Hz. The four stage suspension is a passive
isolation system providing isolation above 10 Hz.

To achieve the desired mirror temperature without compromis-
ing this vibration isolation system, the cryogenic system and vibra-
tion systems are physically separate. As shown in Fig. 2, the
cryogenic system consists of a dual heat shield system that sur-
rounds the lower part of the suspension with a non-contacting
inner shield at 83 K and an outer shield at 80 K. The inner shield
maintains the mirror temperature purely by radiatively absorbing
about 5 W. 5 W is the expected steady state heat load on the mir-
ror, primarily due to absorption of the interferometer laser into the
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Fig. 1. The primary contributing noise sources for a possible LIGO Voyager interferometer design. Black, the predicted total displacement noise. Yellow, the thermal noise of
the mirror surface. Red, the thermal noise associated with the suspension elements supporting the mirror. Blue, the transmission of ground displacements. Purple, quantum
noise: high frequencies are shot noise, low frequencies are radiation pressure noise from photons bouncing off the mirror surfaces. Dashed cyan, a reference curve of the
Advanced LIGO design noise. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

84 B. Shapiro et al. / Cryogenics 81 (2017) 83–92

Ligo noise budget

Predicted Ligo Voyager noise budget

B. Shapiro et al., Cryogenics 81 (2017) 83-92

B.P. Abbott et al., PRL 116, 061102 (2016)

B.P. Abbott et al., arXiv 1602.03838
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Cold Mirror R&D
• R&D on cold mirrors is being pursued, e.g. at Stanford 
• Biggest challenges: 

• keep vibration from cryogenic infrastructure under control 
• vacuum system design (laser/cryo) 
• cool-down times 

• UHH (Roman Schnabel) plans cold mirror R&D in QU 
propsal 

• Cryo Platform would provide the infrastructure 
• DESY plans to start a modest involvement in the science as 
well (YIG, if QU is successful)
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mirror coating. If this cooling is greater than the heat load of the
laser, a heating source will be used to maintain the mirror’s tem-
perature within a couple of degrees of 124 K. This heating source
will either be an auxiliary laser, or nearby non-contacting heating
element. If the cooling power is less, the power of the interferom-
eter laser can be adjusted to keep the temperature within toler-
ance. Conductive heat transfer through the mirror’s supporting
wires is negligible given the wires’ long length and small cross-
section. Although the inner shield is not in direct contact with
any part of the vibration isolation system, it must also be well iso-
lated, though not to the same extent as the mirror itself. Its isola-
tion requirement is dominated by noise couplings resulting from
scattered laser light.

In order to reach its vibration requirement, the inner shield is
suspended from the ground and actively controlled to follow the
position of the well isolated vibration isolation table. In this way,
the shield can achieve low frequency isolation similar to that of
the vibration isolation table without the need to mount any cryo-
genics on the table itself. The inner shield is then cooled conduc-
tively from the outer shield by copper ropes flexible enough to
not compromise the inner shield’s vibration isolation.

The flexibility of these copper ropes limits their heat transfer
capabilities to about 100W. These 100W consist of about 5 W of
heat from the mirror, 50 W from scattered laser light, and the
remainder from the conductive heat load from the surrounding
environment. Therefore, the outer shield’s primary role is to limit
the heat load on the inner shield by shielding it from radiation
emitted by the surrounding room temperature environment. Since
scattered interferometer light cannot reach the outer shield, the
outer shield’s isolation requirement is relaxed enough that it does
not need isolation from the ground. Consequently, it can be cooled
directly with liquid nitrogen pipes or thick heat links.

In order to get the interferometer’s laser beam through both
heat shields without causing a large heat leak, a shield is used
inside the laser’s beam tube. This beam tube shield extends
through the first 10 m of the 4 km long beam tube and has an inner
diameter greater than or equal to that of the mirror, about 44 cm.
At this diameter, 10 m is long enough to reduce the heat leak
through the hole to 0.5 W, 10% of the laser heat load [9]. Conical
baffles, shown by the slanted lines inside the shield in Fig. 2, block
small angle specular reflection from funneling warm light towards

the mirror. Measurements done at the KAGRA interferometer
under construction in Japan show that these baffles improve the
shields performance by a factor of 1000 [10,11]. The beam tube
shield is suspended from the beam tube to provide a nominal
amount of vibration isolation, but it is not actively controlled.
Being further from the mirror, its vibration isolation requirements
are not as strict as the inner shield.

For each shield, all surfaces except those exposed directly to the
warm environment are coated black to improve the absorption of
heat radiation. Radiative heat transport is particularly important
for the mirror, since this is the only mechanism for maintaining
the mirror’s steady state temperature. The cylindrical barrel of
the mirror is also coated black. The shield surfaces directly exposed
to the environment have multiple layers of low emissivity shield-
ing to reduce their ambient heat load.

2.2. Initial cool-down

While radiative heat transfer alone is sufficient to maintain the
mirror at 124 K, it is not sufficient for reaching that temperature in
a reasonable amount of time. It can be estimated that with radia-
tive cooling alone, a 200 kg silicon mirror will take about 1 month
to reach this temperature from room temperature. Cooling times
on the order of days are more desirable for maximizing the duty
cycle of a cryogenic observatory.

To achieve faster cooling rates, a movable heat link (not shown
in Fig. 2) will come into contact with the mirror during the cool-
down period. It will then move away during the operation of the
interferometer. The thermal conductivity of this contact will be
enhanced through the application of mechanical pressure and/or
exchange gas.

2.3. Shield vibration isolation

As mentioned previously, the inner shield requires isolation
from ground displacements to minimize noise couplings to the
interferometer through scattered laser light. This light scatters
from the mirror, to the inner shield, and then back to the mirror.
Along the way, the light picks up signals from the shield’s vibra-
tion, which are then deposited into the interferometer as ampli-
tude and phase noise. This noise is minimized by coating the
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a schematic of this setup and Fig. 6 shows a photograph. The con-
figuration is very similar to that proposed in Fig. 2. Both have a
two-stage active feedback vibration isolation table, a suspended
silicon mirror, and a dual heat shield system.

The setup at Stanford does have some differences, in part to
simplify the experiment and reduce its scale, and in part due to
the differences between the facilities at Stanford and the LIGO
sites. First, the vibration isolation table sits underneath the mirror
rather than above and faces up rather than down. The reason for
this is historical, but the table functions in a nearly identical man-
ner. Second, the cryogenic system is smaller than it would be at the
LIGO sites. The mirror is 1 kg and 15.2 cm (6 in.) in diameter rather
than between 150 kg and 200 kg and 44 cm in diameter. The inner
shield is designed to handle heat loads of 10–15W rather than
100W. This smaller size reduces the cost and cycle time of this
experiment. Third, the mirror hangs as a single stage suspension
rather than a four stage suspension. This also reduces the cost
and complexity of the experiment, and keeps it to a size that fits
in the smaller Stanford chamber. The complexity of the suspension
is not important for this experiment since we are not testing the
isolation of the mirror itself, but rather that of the inner shield
and the isolation table. Fourth, the Stanford mirror has no heat load

on it. Adding a heat load to simulate the expected 5 W from the
laser is planned for future work. Fifth, there is no beam tube shield.
The heat shields fully enclose the mirror at Stanford. A beam tube
shield is also planned in future work. These differences do not pre-
vent this experiment from exploring the possibility of simultane-
ously achieving a cold mirror with a sufficiently low vibration
inner shield and a low vibration isolation table.

The heat shields, mirror, actuators, and sensors are pictured in
Figs. 7–9. The outer shield is made of 1.6 mm (1/16 in.) copper
sheet, and is about 35 cm tall and 28 cm wide. It is cooled by a
1 cm (3/8 in.) liquid nitrogen copper pipe soldered directly to its
outer surface. Copper was chosen for its high thermal conductivity
and for the ease of soldering copper pipe.

The inner shield is made of 0.635 cm (1/4 in.) aluminum 1100
plate. Here, this nearly pure aluminum alloy was chosen over cop-
per primarily because the ratio of its Young’s Modulus to its den-
sity is higher. This maximizes the shield’s internal resonant
frequencies, which is important for good feedback control. Addi-
tionally, this alloy’s thermal conductivity, being half that of cop-
per’s, is still high. Also, since it is lighter than copper, a thicker
wall can be used to get similar conductivity with about the same
weight. The aluminum alloy also costs less than copper.
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Fig. 5. A schematic of the experimental setup at Stanford. This schematic is similar to that in Fig. 2, where in this case the vibration isolation table is underneath the mirror.
The inner shield and the inner shield control platform are a single rigid unit suspended from the ground with 7–10 Hz resonant frequencies. The inner shield’s displacement is
controlled through this platform utilizing displacement sensors referenced to the vibration isolation table and actuators reacting against the ground.
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Fig. 6. A photograph of the cryogenic setup inside the vacuum chamber at Stanford University. Here, the vibration isolation table is below the cryogenics. No part of the
cryogenic system touches the vibration isolation table, but rather the system merely hangs above the table through a structure that is bolted to the ground. The roof of the
chamber has been removed in order to install the cryogenic system over the vibration isolation table.
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laser is planned for future work. Fifth, there is no beam tube shield.
The heat shields fully enclose the mirror at Stanford. A beam tube
shield is also planned in future work. These differences do not pre-
vent this experiment from exploring the possibility of simultane-
ously achieving a cold mirror with a sufficiently low vibration
inner shield and a low vibration isolation table.

The heat shields, mirror, actuators, and sensors are pictured in
Figs. 7–9. The outer shield is made of 1.6 mm (1/16 in.) copper
sheet, and is about 35 cm tall and 28 cm wide. It is cooled by a
1 cm (3/8 in.) liquid nitrogen copper pipe soldered directly to its
outer surface. Copper was chosen for its high thermal conductivity
and for the ease of soldering copper pipe.

The inner shield is made of 0.635 cm (1/4 in.) aluminum 1100
plate. Here, this nearly pure aluminum alloy was chosen over cop-
per primarily because the ratio of its Young’s Modulus to its den-
sity is higher. This maximizes the shield’s internal resonant
frequencies, which is important for good feedback control. Addi-
tionally, this alloy’s thermal conductivity, being half that of cop-
per’s, is still high. Also, since it is lighter than copper, a thicker
wall can be used to get similar conductivity with about the same
weight. The aluminum alloy also costs less than copper.
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Cryo Platform User Examples: KOMAG
• 5T Magnet KOMAG 
• Was used for ILC detector R&D in the DESY cryo hall (building 54) 
• Could get a new life in HERA-North 

• is there demand?
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Cryo Platform Budget and Timeline
• 2nd Phase (2018) 
• Helmholtz-Money: 
• DESY: 250 kEUR, all in Invest 

• matched with Personnel and Invest 
• UHH: 100 kEUR, all in Personnel 

• matched with Personnel 
• 3rd Phase (2019/20) (if QU successful!) 

• DESY: 800 kEUR Invest 
• matched with Personnel and Invest 

• UHH: 200 kEUR Personnel 
• matched with Personnel 

• Total invest in cryo platform 
• 1050 kEUR HGF 
• 400 kEUR DESY (own money) 

• If QU not succesful: 
• make sure all work in 2018 is applicable for 
ALPS-II and MADMAX
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What is in for FLC?
• No direct benefits at this time? 
• The idea of a common detector R&D area with cryogenics is charming 

• if we would need cryogenics at some point 
• The possibility to revive the KOMAG 5T magnet might be interesting 

• power-pulsing tests still on the table? 

• Participating in the creation of R&D infrastructure itself is a value 
• fits to Matter&Technology and Helmholtz portfolio 
• in line with support work for DAF, testbeam, TPC fieldcage, AIDA infrastructure etc. 
• could be seen in a broader framework of a detector R&D, assembly and testing infrastructure 

• If we would decide to join MADMAX, ALPS or Cold Mirror R&D, direct impact guaranteed 
• if… 

• Any ideas of what we could do with the platform?
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