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« Short overview: PTC development in Giessen

 Status of two-stage 4 Kelvin PTCs

« Examples of applications (He-liquefaction, magnet cooling, ....)
* Low-temperature limit of PTCs @GHe-PTC with T, =1.27K)

e Cooler-induced vibrations and vibration decoupling

» (Powerful single-stage PTC)

* (Possible problems: -- Orientation dependence of performance

-- Intrinsic temperature oscillations)
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Gifford-McMahon (GM)-type PTCs 1-stage Stirling-type PTCs
f=1-2Hz f=40-60Hz

With 50 - 200 W linear compressors
Cooling power: 0.2-8 W @ 80 K

2-stage PTCs for 1-stage PTCs for

LHe-temperatures cooling at 25-100 K

Input power: 2 — 10 kW Input power: 2 — 12 kW

Cooling power: Cooling power:

0.2-1.1W@4.2K 80 W @ 50 K (6 kW)
30W @ 80 K (2 kW)

With 10 kW linear compressor
Cooling power: 350 W @ 80 K
) . ..

Additionally, under development: 2-stage

STPTC versions for cooling below 20K
ET-Workshop, Jena 03/2010
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) ciesen Working principle of a PTC st

Schematic of single-stage PTC Ideal cooling power
. 1~ .
| | | Buffer Qg igear = §>pdV =—V, p cosf
D Gas 1 2
E n M o [1]
= / Orifice for ideal gas and harmonic p(t)
N
T, N Qh , Th Adjustment of phase angle 6 by use of :
-- Orifice + Buffer volume (Moscow 1984)
~_ -- 24 inlet (Xian 1990): 2" inlet reduces
. Pulse tube "useless" mass flow through regenerator!
O
© _ Net Cooling Power
o —"Gas piston" 5
:JIJ) Q deeal QLosses
id * Regenerator losses (heat capacity, heat transfer, pressure drop)
» Gas mixing in pulse tube
T, Gas 1 » Heat conductance, radiation

Q =Q e Regenerator losses increase with (T,-T.) =2
¢ Teideal Flosses  myyltistage PTC needed for cooling below 10K !
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Efficient regenerator = C, i, >> Cgs,s Must be valid.

Conventional regenerator materials for T, > 15K Rare Earths materials for 4 K (since 1989)
1_6 T T T T T T T T T T T T T T T 10 ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I '
mi Bronze (CuSn6 ) - i C=C* Cotrony * C,

. _ —
o (6, =310K) F s sl d |
e 12} e 1~

S | Lead(6_=88K) ,.** 5

3 10} ° . S 06

208} > 1 5

L r /

§_ Y / Stainless steel | < 04r

2 06| ' =

B (0 =400 K) 3

) ! / D o

> 04F 1 S i 2

L, /\ , L 0.2t
02t S He (16 bar) ]

L/ el ]
0.0 . T T T T T R 0.0 L—1 N TR R SR SRR SR SR T N
"0 10 20 30 40 50 60 70 80 2 4 6 8 10 12 14 16 18 20 22 24

Material geometry: Material geometry:
-~ Screens -- Spheres (lead) spheres or granules ¢ = 0.2 mm
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300 ! | ! 1 1 I 1 I
| Gifford&Longsworth Mikulin -~ 7p,; (Xian i :
(Moscow) ( ) Record low-temperatures:
1004 — & | | lstage PTCs
] ° \.\ Matsubara 12.9 K (Giessen 2002)
_ u, (Funabashi) ] 11.1 K (Hangzhou 2007)
X ® Giessen ]
o o ‘Hangzhou_ 2-stage PTCs
2 \ l 2.23 K, #He (Giessen 1996)
g —m— 1-stage PTC \ o
S 107 | o ostagePTC| V| 7 1.27K, *He (Giessen 2003)
L ] | A 3-stage PTC , | 3stagePTCs
al A Eindhoven, "He ]
3.6 K (Y. Matsubara, 1993)
B . Giessen, "He| 207 K (Giessen 1996)
Giessen
Giessen 1.78 K, 3He (Eindhoven 1999)
1 ' | ' | ' | ' | '
1960 1970 1980 1990 2000 2010
Year

TU Eindhoven 2004
U Giessen 2007
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Buffer volumes
*’ ]

/'% % Rotary valve
NV <
L | f=1.0Hz
e
PT 1 al

Reg 1 —]

RW 6000
Compr.

PT2 —]

3 Pb—"" "sandwich" filling of
e | ~ErNi—— regenerator

"ErNig ¢Coy ;

\

=2.23K,Q,=370 mW @ 4.2 K with P, ~ 6 kW

Radiation shield

T

2,min
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« Pressure waveform (Timing of r.v.) - Control of unidirectional flow ("DC-flow")

through 2" inlet

Dead i
|<— Intake ——l / cad tme \ Q 2nd inlet introduces closed flow loop
T|me :,.-" L— Exhaust X bC

Pressure (bar)

i :_:: —_>
1 i ] Compressor
Mpc ~ <P¢-P~
6] C,°m:$“csy“f5°°° , | | ' Improper DC-flow introduces high heat load
0.0 05 Time s) 10 1.5 2.0 to the cold stage !
T= 4K, f=1Hz, Ap =12 bar, 6 kW-compressor -> Use of needle valve arrangement
with adjustable flow symmetry
-- pV-power
-- DC-flow

ET-Workshop, Jena 03/2010
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Rotary valve
HP- and LP-Connections

"Split-Design”

Flexible pressure line
(0.5-1m)

- Reduction of vibrations
from rotary valve

5

TransMIT

Tehnologietrar: ter mbl

- Makes possible the
positioning of the
rotary valve in low
stray field (<20 mT)

. T,

ww 0Ly

Pb
. Antiferromagnetic
Er,N
"3~ Rare Earth-
HoCu, compounds
T2

PTD406/404
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10

2" stage temperature (K)

PTD406 / Leybold CP6000 compressor (6 kW nom.)

46 | | [LEN DL L LA LD L L DL | | | | LA L |
441 e 1T, =221K
42 ewd \-\\?/T _______________________ 1 JSimultaneous
4.0 /\. s ——=u | Icooling powers:
] oswm | | :
3.8 / m .//| 1 |2nd stage:
361 oaws— | _///T 1 lo,=071w@4.2kK
44 -
32 - 03\/\/./\.’ .///. 1st stage:
3-0 ] / ///. Q,=10W @46.6K
] 02w N S D S j —
58] o = " . 1 |at P;, =5.6 kW
2.6 //-// ]
{1 01wm m / m
2.4 Q,= / //.%5W ] | Cool down time to
2.2 OWQ.—OW e\ 10W 1 | 4.2 K: = 65 minutes
2.0 1 - -
rFrrrrrrtrrrrrr-trr-rrrrort ot Tt
28 30 32 34 36 38 40 42 44 46 48 50 52 54 5

1% stage temperature (K)
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Giessen 2007
6 kW-compressor CP6000 with 6 L-Buffer at LP-inlet

2nd stage

48 1000mwWe—_ o
T e

] ®
444 750 mW o\./ I
e

407 500 mw — o /
1 ®

¥ 3.6+ /'
I—N
32 | 250 mWO\. . :
26- /
244 0OmW e ® ® o
] aw 10W 20 W 30 W
1st stage
2.0 — 71 - r - r - r - 1 - 1 1 1T 1 °
36 39 42 45 48 51 54 57 60 63 66
T, (K) PTD406¢: concentric cold platforms

Phase shifters optimized for high cooling power
at 15t stage - increased cooling power at 1st stage
30 W @ 61.5K and 750 mW @ 4.2 K with P;, = 6.0 kW
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) PTD411: increased tube diameters
Glessen 2006

Cooling load map PTD411

5.0 1 L L L L L L S e e T ]
4.8 - CP6000 + CP4000, 1.2 Hz _
1 1.25W m _ i
4.6 P_=8.9-10kW _
4.4 1w l\'\ N
4 4 - i
4.2 4 ’ \l \ -
40 0.75W m n h
3.8 '\'\ |3
o - l\
_ 3.6 05W m i
< 34 B RN A S .
= 3.2- _
] 0.25 W ]
3.0 ] '\. -/I
2.8 - i
2.6 5 o
2.4 - Q,= . m AW
4 0 —n .
2.2 - (31:0W 15 W oW .
2.0 LA L I I LA I RNLE LA EENLE B B ""-._" L
20 24 28 32 36 40 44 48 52 56 60 64 .68 72 76

T, (K)
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PTD 4200 48 Compressor CP2000, air-cooled
46- _’,,,,,,—»””f
1 -
4.4- — / il
1 250mw®
42 - ./.
4ol 20mwe .- .//
" 367, 100 le/./, .
3.4 _8 I/l/
30f somwe— | / '
IR _— 3w
.U - -/.
307 OomWe——" 1w zhd
2.8—_ ow 1% stage
2.6 —71r r r r 1 r 1 - 1 1 - 1 T T ' 1

51 52 53 54 55 56 57 58 59 60 61
T, (K)

1

Simultaneous cooling powers:

200mW @ 4.16 K and 1.0 W @ 55.6 K
with 2 kW electric input (air-cooled compressor)

Cold head volume ~ (PTD4200 with 4 KW compressor = next table)
0.6 x cold head volume of PTD406
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. @ Performance data of TransMIT 4 K PTCs A s
Model Pi, Typical cooling Tin Cool down
(steady state) power to 4.2K?
PTD4200 2.0 kW 0.21W@4.2K <3.0K < 120 min
1W @ 56 K
PTD4200-4kW 3.8 kW 0.45W @ 4.2K <2.6K <75 min
1I0W @ 53K
PTD404 3.8 kW 0.6W@4.2K <25K <75 min
10W @ 53K
PTD406 5.7 KW 0.7W@4.2K <24K < 65 min
1I0W@ 49K
PTD406¢c™ 6.0 kW 0.75W @ 4.2 K <25K < 65 min
20W @ 52K
PTD411 10 kW 1.1W@4.2K <24K < 65 min
30 W @ 53K

14

**) Prototype with 6 L-Buffer volume at LP-side

of compressor

*) With standard copper radiation shield installed

ET-Workshop, Jena 03/2010
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Cryomech PT407 Sumitomo-APD
' ' SHI SRP-052

n’[H

MK [

I * Integral-Design
!l c0.7TW@4.2K
i 30 W@ 55 K
* Input: ~ 7 kW

Split-Design
05W@4.2K
20W @ 45K
Input: ~ 7.5 KW

15 ET-Workshop, Jena 03/2010
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&/ Coefficient Of Performance of 4 K GM- and PT-Coolers
X COP,,. ., = 42K 44102
295K -4.2K

3x10™

PTR (Giessen 2006, 4 kW)
PTR Cryomech 2001, 8 kW
PTR (Giessen 2001, 1.8 kW

GM, Sumitomo SRDK-415D, 7.5 kW
/GM, Leybold 1996 (prototype, 6 kW)

GM, Toshiba 1994 (prototype, 7 kW)

PTR (Giessen 1997)
PTR (Giessen 1996)

10° +

T * Increase of COP @ 4.2 K
PTR, 3-stage (Nihon Univ.1994)\; @

COEFFICIENT OF COP — Cooling power
PERFORMANCE @ 4.2 K " El.input power

I by a factor of 45 within 12 years for the PTC

PTR, 2-stage+LN, (Glessen 1995)— 4 - Nowadays: COP(PTC) ~ COP(GM) @ 4.2 K

3x10° +

16 ET-Workshop, Jena 03/2010



JUSTUS-LIEBIG- A 4
UNIVERSITAT
TransMIT

, L Some Applications of 4 K PTCs (Giessen)

Small scale Helium-liquefaction (0.15 L/h, 1997)
(0.3 - 0.7 L/h, 2005)

"Dry" superconducting magnet cooling
-3 T (120 A) Nb,Sn-magnet - First PT-cooled SC-magnet (1998)

- 5.5 T NbTi-magnet with persistent mode switch (2002)
- 5 T NbTi-magnet with top-loading system (2007)

"Dry" cooling of Josephson voltage standards (since 2002)
Co-operation with: IPHT Jena, PTB Braunschweig

« "Dry" precooling of sub-Kelvin cooling stages
- ADR with 5 T NbTi-magnet (2000) = T, = 96 mK (with CSP, Ismaning)

- Miniature 3He/*He-dilution refrigerator with T . = 50 mK

min

Co-operation with: Institute of Applied Photonics e. V., Berlin (2006)

17 ET-Workshop, Jena 03/2010
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@G'E“E” First small-scale He-liquefier with PTC (Giessen 1997)  -=ib

T beniig letrarnier moH

He- inlet
(1 bar)

— 2
dmi/dt | ©
Precooling to 60 K He -
st b compressor
at 1st stage 2
15
1
: 16
Continuous He-
precooling along gas | 2
regenerator to
7 K.
19
— Vacuum vessel

Liquefaction rate:
0.13-0.16 L/h “He

Radiation shield

18 ET-Workshop, Jena 03/2010



JUSTUS-LIEBIG-

A 4

~ [mgem] UNIVERSITAT i
@G'EEEE” Current He-liguefier with PTC (Giessen 2005) Eﬂfgﬂf

Inlet of He-gas
1 bar

19

He EinlaB, Kapillare

He EinlaB, frei

LHe—Badkryostat

Vakuummantel
mit Super—
isolation

7,07 Liter

-400.0

l w = m

Levelmeter- | = = =
\ m Eom

] m ® u

| = = =

5,3 Liter

-300.0

|

21,21 Liter

-300.0

» Operation of cold head in He-gas !
* 6 KW compressor (Leybold CP6000)

* Helium inlet through capillary:
-> liquefaction rate: 0.50 L/h

* Free inlet of helium gas:
-> liquefaction rate: 0.46 L/h

-> Rather efficient precooling
already by contact of the gas
with the cold head parts

» Disadvantage of capillary: Risk of
plugging by the freezing of gas
impurities !

ET-Workshop, Jena 03/2010
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“Dry” Cryostat with 5 T Magnet and Top-loader

B 4
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ettty far
TP |

Schleuse l )

M

Schieber DN50 KF

Frequenzumrichter
(Toshiba)

E 162.00 thJr‘H AR
i A
= —

CP6000

670

4 K
Kaltfldche

202,50 + 1mm

635

Strahlungsschild

Vaokuumgefdss

anschluss

Giessen 2006-2007

20

* Cooldown time to 4 K: 7 hours
(Extra mass =~ 8 kg)

A

.52 mm
Sample stick @ ¢'

top-loading insert * Base temperature with

sample holder inserted: 3 K

* Magnet sweep to 5T: 7 min

* Changing of samples and cooling
back to 4 K within <2 hours

Optional 3He-sorption
cooler insert:

T-min =407 mK
Hold time: 6 hours

Q = 60 uyW

AR
Institute f. Applied *———

Photonics e.V. Berlin (2007)

- ?

User: IMS, University of Karlsruhe

ET-Workshop, Jena 03/2010
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1V and 10 V Josephson voltage standards L JENA

Application: Primary voltage standards in industry and metrological institutes l’:g$I

PTD402s with 2 kW
compressor

¢Q,=150 MW @ 4.2 K

e Cool down time to O - Electrical insulator
4.2 K: 160 min e for reduction

| of noise from r.v.
I

—/ 7 I 7|

% N1|IZINNNj] L

Dielectric waveguide Heat load from
(70 GHz) ~—~—1__|

% voltage standard:

70 mW on 2"d stage
5 0.3 W on 1st stage

38

New system with
PTD4200 / CP2000A

Q,=200mMW @ 4.2 K
(Giessen 2009)

Achieved accuracy

Josephson chip___
in Cryoperm shield e
cooled to 3.8 K — 6 x 1010

same as in LHe:

21 ET-Workshop, Jena 03/2010
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Institute of Applied Photonics e.V.
Berlin (2005) *\/®

PTDA404 3He-sorption pump

T, prc = 2.46 K (PTD404 with 4 kW compressor)

EAT

Precooling of the 3He-*He-stage only by

! PTC (2.46 K) and one 3He-sorption stage (0.4 K)

| 3 ;
e U He condenser of DR: 0.4 K

3He-evaporator of 3He sorption stage

9213.0

Mixing chamber: 50 mK

Still 0.7 K
Continuous HX

22 ET-Workshop, Jena 03/2010
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i Peslog e

Phase diagrams and a, = 0 - line for “He und 3He
*He data from Sherman & Edeskuty (1960)

50 . , . , , . ; Dynamic T-oscillation in He-gas
(adiabatic):
40 "He melting curve *He melting curve AT = o, <T>/(pc,) Ap
‘He | | AT > Ofora, >0
. Cooling power = 0 for AT 2> 0
~ 30 ‘o (He)=0 ] _
8 Conclusions:
o

= A-line cannot be reached with 4He,

\e— | since a,= 0 for T>T, !

« With 3He, temperatures well
below 2 K could be achieved.

Problem: Regenerator efficiency
below 2 K

24

a, = Volume expansion coefficient

23 ET-Workshop, Jena 03/2010
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Lab model: 2-stage PTC with separate gas circuits (Giessen 2003)

RV1 RV2 ® r;__..._l :
—_ 1st stage
= — ,
_—
z : 2"d stage
........................... 1st stage: “He
L PTe
RG2H
L —PT2
RG1
& Record low
cP1 ;’ temperature:
Ro2—ks 2nd stage: 3He Thin = 1.27 K
5 % Cooling power:
I 30 MW @ 2.0 K
cP2 N 4 Pinz = 1.2 kW

1st stage: 6 KW-compressor

2nd stage: 2 kW-compressor
24 ET-Workshop, Jena 03/2010
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Acceleration-spectra of PTD406, f = 1.5 Hz,

' 2
6 kW-compressor, Ap = 13 bar, T, ~ 0 °C Giessen 2006

Pulse tube 2" stage

a
T2
Acceleration__— y
sensor
S _
> 8.0x10° - PTC-induced acceleration (PTD406):
9 ]
< 4.0x10'5—_ X: 8, = 1.2x10%g (n=1)
0.0 Y:ams = 0.14 x10%g (n =1)
4] T T T T z:a.,. = 061x10%g(n=1)
= 1.2x10 ) rms
% 8.0x10° Compare: agy. cooler le'Zg
o -
< 4.OX10-5_’LLNMULLW~ Origin: Elastic deformation of the stainless
0.0 Jrdbalonndlodboon b B el steel tubes due to pressure oscillation
0 2 4 6 8 10 12 14 16 18 20 22 AL/L ~ EL (1/s) Ap

f [Hz] . ,
r =tube radius s = wall thickness

25 ET-Workshop, Jena 03/2010
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Further reduction of vibrations:

* by increasing the wall thickness s of the tubes:
AL/L ~ E-' (r/s) Ap

* by decreasing the compressor input power, i.e. Ap
* by mechanical decoupling of the cold platform
(all measures at the cost of available cooling power !)

@ETQE’EE?W : : : : TransMIT
Displacement from residual vibrations (6 kW) e
Diplacement-spectra of PTD406, f = 1.5 Hz,

6 kW-compressor, Ap = 13 bar, T,=0 °C 20
1E-3+ — — : - X Y Z  6KkW
] 16
1E4 12
- 1E—5—§ S 4]
£ ] £ 0
§ 1E-6 8
o ] 2 4
2 ] 2
D 1E-74 8 7
2 E
S : 12 4
1E-8 16 ] K
: -20 T T T T T T T T T T
1E-9 S — i 00 05 10 15 20 25 30

6 kW compressor:
X :+16 um (background ?)
y:+1.8um

Z:x6.7um

ET-Workshop, Jena 03/2010
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ity

2 S
i Pshog letrarnier mbH

PTD4200, f=1.44Hz, T,=0 °C

1E-4 | |
£ 1ES; \
g ] 3 z-axis 3
5 - VXY 3
€ 1E-63 -\ :
g Aol ™
—_— 4 X :
& BT z o
b4 ; |
2 1 | 2 kW compressor

B85 | Ap =6.5bar

13 S —

0.1 1 f(Hz)

1E-4 5

-_—

n

a1
1

rms-displacement (m)
m
i

4 KW compressor

1585 Ap = 9.3 bar
1E-9 ——r ———rrr —
0.1 1 f (Hz) 10 20

27

Displacement (um)

Displacement (um)

0.5

25

3.0

4 kW

0.5

2.5

3.0

2 kW compressor:
X:£1.6pum
y:+1.8um

z: £ 3.4 um

4 KW compressor:
X £2.3um
y:x2.7um

Z. 4.4 pum

ET-Workshop, Jena 03/2010
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@ Damping of vibrations: small 1-stage PTC et
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Giessen 1999 1-stage PTC for HTS-SQUID cooling:
Accelerometer 2 KW compressor, f =4.6 Hz

10- L L L L L B L DL - G
9 i Z - axIs /
. | | | ]
Cu-braid 8 Stainless steel tubes m g /'/A
s 7 =0.3mm \ :
A \ E
N 6 F Titanium alloy tubes b /./
< C o /
W Cod = 5fE _g=04mm X t /
¥ platform GE) : V
4
[«B]
(&)
= 3 //IQ,/ Rigid halfshells %
n i : J
A 2t ot » Rigid G-10 tube | .
1} ¢ / 5 :
0: i mmmm TS ST T P ........-
o 1 2 3 4 5 6 7 8 9 10 11 1z
Peak-to-peak pressure variation Ap (bar)
G10-support Titanium tubes: Az = 5 ym at cold platform

- Az <1 ym with vibration reduction

at typical operating condition of Ap = 7 bar

28 ET-Workshop, Jena 03/2010
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@ Damping of vibrations: small 1-stage PTC o

TP et rariier moH

Giessen 1999

o o

1E-10 - ___+—nDirect connection to cold tip
Resonator ]
Teflon cylinder —_ - With vibration-compensation
e T ' - F t| 4@f=46H
21E'115 actor4 @ f=4.6 Hz
Sapphire cylinder — ]
7 S |
S 1E-124 |
S i
AR VIV PN :
< 1E-13
) - ] el E
L ] / -
JLN2 ]
YBCO-rf-SQUID (FZ Jillich) 1 10 100 1000 10000

Frequency ( Hz )
LN2 (77 K): 45 fT/NHz above 100 Hz

PTC (70 K): white noise 35 fT/vHz

29 ET-Workshop, Jena 03/2010



JUSTUS-LIEBIG-

UNIVERSITAT
GIESSEN

Cryogenic Laser Interferometer Observatory (CLIO-100)

End Tank Station

"Vibration-free" 4 K PTC
for CLIO, T. Tomaru et al.,
Cryocoolers 13 (2004), p. 695

Y. Matsubara, WEH-Workshop
"Applied Cryoelectrics" (2006)

Y. lkushima et al. , Cryogenics 48 (2008)

p. 406
30

Laser Strainmeter

Kamioka Mine

. ¥
Advanced vibration isolation for 4 K PTCs (CLIO-100) TransMiT

A 4

Gttty far
Tedbribig letrarnier moH

-

Specification for the CLIO cryocooler system

requirement

Vibration Isolation System

| Cryostat
. : 5K
Vibration Isolater —
(Pendulum)
Vibration Isolatep
for Heat Link
\ " Hear Flow ||| J
Heat Link Wire
Mirror Vacuum
20K
Laser Power Absorption Radiation Shicl

4 K cryocooler unit 80 K cryocooler unit
Number of cryocoolers 4 units B units
SERERUESENTT Basic cryocooler Two stages pulse tube Single stage pulse tube
cryocooler cryocooler
¢ | Compressor power 7kW TkW
! consumption
_ | Power frequency 50 Hz 60 Hz
& | Cold stages 2nd stage 1st stage 80K stage
Objects to be cooled Mirror and inner Outer Laser-beam duct shield
shield shield
Cooling performance 05Wat5K 20W at 50W at 80 K
requirement 50K
Vibration amplitude <t]1 pum <+1 um <+1 pum

Heat Conductor

“Vibration-Free’
Cryocoler
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Vibration reduction of Sumitomo 4 K PTC S

Y. lkushima et al. , Cryogenics 48 (2008) p. 406
R. Li et al., Cryocoolers 13 (2004), p. 695

Cold head flange Flexible heat links
supporting frame gﬁ Valve unit
—+ I =
___——Valve unit
— = — table
] 1
17
—cC ryostat flange :f;f‘:::g:
supporting frame T
Displacement
Sensor|] T — |:|
@ °1

‘ z // 7 // pata logger

4 K PTC: Sumitomo SRP-052A (7 kW compressor) Remark: A PTC system with active

O5W@4.2Kand 20 W @ 42 K vibration compensation was built
and tested by the group of Fulvio
Ricci (Rome)

with 40 cm line from rotary valve to cold head
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Vibration of Sumitomo 4 K PTC

A 4
TransMIT
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R. Li et al., Cryocoolers 13 (2004), p. 695 and Y. Ikushima et al. , Cryogenics 48 (2008) p. 406
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(a) x direction (b) y direction (c) z direction
Displacements of 2"d stage with Flexible heat links X y z
vibration isolation: OFHC-Cu +1.2um | £1.5pum | £0.2 um

Requirement of amplitude < 1 pm High-purity Al +0.2 um | £0.1 um | £0.02 pm
for CLIO fulfilled -
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« Nowadays, 4 K PTCs have proven to be reliable cryocoolers
with low intrinsic vibration level.

e Cooling powers range from 200 mW to morethan 1W @ 4.2 K

* By use of special set-ups for vibration isolation the residual
vibration amplitudes can be reduced to a "tolerable" level of
<1um, as shown for example by the Cryogenics Group of CLIO-100.

Present scientific/technical staff at "Low Power Cryocooler
Group" of IAP and of TransMIT-Center :

Kai Allweins Benjamin Blenn Marc Dietrich Andreas Euler
Yusuf Kictukkaplan Gunter Thummes
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