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2.2.! .3r56se 69 :;e 'TT0  

T#e a&era(e ima(e +,si.i,/ 0,r ,+.i1a2 a3is +,si.i,/4 ,/ .#e 1,r,/a(ra+#i1 mas5 is a mai/ s+e1i6i1a.i,/ 6,r .#e 789:;: 

i/s.r<me/.. >/?ee?@ .#e +re1ise +,si.i,/i/( a/? re+,si.i,/i/( ,6 .#e ima(e ,/ .#e 1,r,/a(ra+# is 1r<1ia2 6,r .#e 6i/e 

1a2iAra.i,/ ,6 .#e resi?<a2 s+e152es 2e6. </1,rre1.e? Ay .#e CD. T#e a11<ra1y ,6 .#is mea/ +,si.i,/ #as ., Ae Ae..er .#a/ 

0.5 mi22iar1se1,/?s 0masG Hi.# a (,a2 ,6 0.2 mas4. T#e (2,Aa2 err,r ,/ .#e mea/ +,si.i,/ ?e+e/?s ,/  : 

!! T#e resi?<a2 </1,rre1.e? .i+K.i2. 62<1.<a.i,/s a. &ery #i(# 6reL<e/1y 01,/si?ere? #ere as a /,ise4. T#e s.<?ies ,/ 

7CMD #a&e s#,H/ .#a/ s<1# 62<1.<a.i,/s Hi22 Ae 2,Her .#a/ 2 mas i/s.a/.a/e,<s2y@ ass<mi/( a 1 59O 6rame ra.e 6,r 

.#e CD .i+K.i2.. P,/si?eri/( a 1 s i/.e(ra.i,/ .ime@ .#is 2ea?s ., a resi?<a2 err,r ,6 0.06 mas.   

!! T#e ?i66ere/.ia2 re6ra1.i,/ e66e1. 0Ae.Hee/ &isiA2e a/? >; Ha&e2e/(.#s4. 7<1# a/ e66e1. 1a/ Aee/ es.ima.e? ., 0.16 

mas +er se1,/? 02i/ear e&,2<.i,/ Hi.# .ime4 i/ .#e .y+i1a2 1ase ,6 a 45S Te/i.# a/(2e.   

!! T#e ?i66ere/.ia2 .#erma2 ,r me1#a/i1a2 e66e1.s Ae.Hee/ UV7 a/? ima(i/( +a.#. 7<1# a/ e66e1. #as Aee/ es.ima.e? ., 

0.031 mas +er se1,/? 02i/ear e&,2<.i,/ Hi.# .ime4. 

P,/si?eri/( a22 .#e +,ssiA2e +arame.ers i/&,2&e?@ He Ae2ie&e .#a. a s,2<.i,/ Aase? ,/ a/ ,+e/ 2,,+ m,?e2 ,6 ea1# 

?i66ere/.ia2 e&,2<.i,/ Hi22 /,. Ae a11<ra.e e/,<(# ., rea1# .#e aAs,2<.e +,si.i,/ +er6,rma/1e. Cs a/ e3am+2e@ a 10 X 

err,r ,/ .#e m,?e2 Hi22 2ea? ., a resi?<a2 s#i6. ,6 mea/ ima(e +,si.i,/ ,6 0.02 mas +er se1,/? a/? .#e/ i. Hi22 Ae ,&er .#e 

s+e1i6i1a.i,/ 6,r a 25 s ,Aser&a.i,/ .ime. C ?e.ai2e? s.<?y ,6 .#e +,ssiA2e Hays ., meas<re .i+K.i2. ,/ .#e ima(i/( +a.# 

#as 2e? ., .#e 1#,i1e ,6 a/ a<3i2iary se/s,r 2,1a.e? as 12,se as +,ssiA2e ., .#e 1,r,/a(ra+# 6,1a2 +2a/e ?e&i1e. T#is 

i/s.r<me/. 1a22e? Yi66ere/.ia2 Ti+K.i2. 7e/s,r 0YTT74 is a s+e1i6i1 .,,2 ?e&e2,+e? i/si?e 7CMD ., e/s<re .#a. .#e s.ar is 

a2Hays He22 1e/.ere? ,/ .#e 1,r,/a(ra+#.  

DA&i,<s2y@ .#is YTT7 m<s. Ae me1#a/i1a22y s.aA2e Hi.# res+e1. ., .#e 1,r,/a(ra+#. C (2,Aa2 es.ima.i,/ ,6 .#erma2 ?ri6. 

a/? ?y/ami1a2 err,rs #as s#,H/ .#a. .#e YTT7 m<s. Ae s.aA2e ., 0.22 masZ#,<r ., 6<26i22 789:;: reL<ireme/.s i/ .erms 

,6 +er6,rma/1e. T#is 1a/ Ae ?i&i?e? i/ .#e .H, a3is Hi.# a reL<ire? +re1isi,/ Ae..er .#a/ 0.14 masZ#,<rZa3is. V,r .#e 

VZY[40 Aeam ,6 789:;:@ .#is mea/s a s.aAi2i.y ,6 .#e YTT7 meas<reme/. 0i.e. ?e.e1.,r4 1,m+are? ., i.s i/.er6a1e Hi.# 

789:;: Ae/1# Ae..er .#a/ 0.22 !mZ#,<rZa3is. 

2.2.! 'TT0 <es=ri5:i6?  

T#e YTT7 is 2,1a.e? a. .#e s#,r.es. +,ssiA2e ?is.a/1e ,6 .#e 1,r,/a(ra+# ., mi/imiOe ?i66ere/.ia2 m,&eme/. Ae.Hee/ 

A,.# e2eme/.s. T#e YTT7 re1,r?s 6,1a2 +2a/e ima(es i/ .#e >; Hi.# a Aa/?Hi?.# i?e/.i1a2 ., ,/e ,6 789:;: i/6rare? 

6i2.er. T, a&,i? a/y ?i66ere/.ia2 m,&eme/. Ae.Hee/ .#e YTT7 ?e.e1.,r a/? .#e 1,r,/a(ra+#@ .#e /<mAer ,6 ,+.i1a2 

e2eme/.s ,6 .#e YTT7 #as Aee/ 5e+. &ery sma22. C Aeams+2i..er 2,1a.e? a 6eH .e/s ,6 1e/.ime.ers <+s.ream ,6 .#e 

1,r,/a(ra+# 6,1a2 +2a/e re62e1.s 98X ,6 .#e 2i(#. ., .#e >; i/s.r<me/.s 0see Vi(<re 14. T#e resi?<a2 2X are .ra/smi..e? ., 

.#e YTT7. ^e.Hee/ .#e Aeams+2i..er a/? .#e YTT7 ?e.e1.,r@ .#ere is ,/2y .H, ,+.i1a2 re6ra1.i&e e2eme/.s: a 1ry,s.a. 

Hi/?,H a/? a/ >; 1,2? 6i2.er. T#is 6i2.er is 1e/.ere? ,/ !0[1.536 mm Hi.# a Aa/?Hi?.# ,6 50 /m 0!/"![304. C 1,2? s.,+ 

is a2s, i/ser.e? i/si?e .#e 1ry,s.a. ., mi/imiOe .#e >; Aa15(r,</? re1ei&e? Ay .#e ?e.e1.,r a/? 2ea&es a/ </&i(/e..e? 

6ie2? ,6 &ieH ,6 4.2 ar1se1,/?s ,/ .#e VZ40 Aeam ?e2i&ere? Ay 789:;:. 
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The cryostat is a continuous flow cryostat developed at the European Southern Observatory (ESO). Its principle uses the 

over pressure produced by the natural evaporation of the liquid nitrogen tank to circulate the coolant to the cryostat via a 

vacuum insulated line. The coolant is then circulating into a cold plate, which directly cools the chip carrier. The coolant 

continues via a second annular heat exchanger, which surrounds the first one, acts as radiation shield and cools the 

radiation shield of the head. Before leaving the cryostat, the gas turns in a third heat exchanger where it is warmed up 

close to ambient temperature in order to avoid any risk of condensation along the exhaust pipe. A PID controller is used 

to controller the temperature of the cold plate by action on a small electro-magnetic valve which leave coolant circulate 

in the tubing. A second controller is used to control the temperature of the gas in the warm heat exchanger. The detector 

temperature can reach temperature as low as 87 K. A third PID controller is used to stabilized the temperature detector 

plate to 87.5 K  ± 0.005 K. In order to keep a good vacuum over a long period of time the cryostat is also fitted with a 

small sorption pump.  

The detector is a Hawaii I 1024x1024 array with a detector board designed at ESO. The cryogenic setup consists of a 

detector board and a flex-rigid detector cable with a single vacuum connector. The four quadrants of the detector are read 

by four outputs at a pixel framerate of 250 kHz. A dedicated reading mode has been implemented to allow rapid 

recording of small windows anywhere inside one quadrant. The same window is read in each four quadrants but only one 

is used in our application. The electronics developed by ESO allows Detector Integration Time (DIT) as short as 1ms for 

small windows of 10x10 pixels. This aspect is crucial since SPHERE will observe a large range of stellar magnitude 

(from H=-2 to H=8) and we want to avoid any neutral density filters inside the DTTS to minimize thermal and 

mechanical drift with respect to the coronagraph focal plane. The data acquisition system is based on the New General 

detector Controller developed at ESO. 

2.3. DTTS loop correction  

The DTTS loop works as described below : 

1. Acquisition of star images with speed varying from 1Hz to 1kHz !! (depending on guide star magnitude which 

varies from H=8 to H=-2). 

2. Computation of residual movement from DTTS data with a frame rate of 1Hz 

3. Application of correction on the Differential Tip-Tilt Plate inside the visible wavefront sensor (WFS) arm. This 

plate is a refractive element which can be oriented to introduce small displacements of the optical beam in front 

of the visible WFS. 

3. DTTS TEST RESULTS 

As described in the previous section, the DTTS detector must be stable with respect to its interface with the SPHERE 

bench with an accuracy of 0.14 mas/hour per axis. A study of the different effects that can introduce drifts on the DTTS 

has shown that the main contributor is temperature variation inside and outside the cryostat. The temperature variation of 

SPHERE bench at DTTS location is expected to be lower than 0.25 °C/hour while the detector temperature is well 

stabilized at 87.5 K ± 0.005 K. The detector effects (flat field, background) can potentially introduce drifts but of several 

orders of magnitude lower than temperature variation.  

3.1. Description of the tests set-up 

To verify that the DTTS can reach the expected stability, we implemented a bench to test the movement of the DTTS 

detector with respect to the interface between the SPHERE bench and the DTTS cryostat. We kept the set-up as simple 

as possible to avoid errors from the test apparatus. The mechanical plate that is located on the front side of the cryostat 

defines the interface. To measure the motion of the detector compared to this plate, we installed a mechanical structure in 

front of the cryostat window to hold a light source. The first attempt using an off-the-shelf cemented microlens at the end 

of an optical fiber has failed. Indeed, the structure holding the microlens proved to be very sensitive to temperature. We 

decided to use a dedicated mechanical structure without lenses. The assembly must be as simple as possible to avoid any 

flexure or dependency to temperature. As shown in Figure 2, an IR monomode optical fiber is mounted in a mechanical 

structure attached to the entrance plate of the cryostat. The infrared source is a pigtailed laser fiber at 1.31 !m (the final 

IR filter centred at 1.5 !m is replaced by a similar filter which transmits light at 1.31 !m). On the mechanical structure 



 
 

 

which holds the fiber, a pinhole of 165 !m diameter has been cemented to keep the size of the light beam on the detector 

small enough (roughl< 60 pi>els).  The fiber is off a>is compared to the mechanical structure and compared to the 

detector because the centre of the detector is too nois< for precise centroid measurement. This off-a>is position is ver< 

useful because it allows us to rotate the test apparatus to verif< its sensitivit< to temperature variation and confirm that 

we are not measuring effects from the test source. A picture of the cr<ostat during the test and a schematic view of the 

mechanical structure holding the optical fiber is shown in Figure 2. 

 
Figure 2 : Right: Picture of the DTTS cr<ostat during tests. Left: Schematic view of mechanical structure holding the optical 

fiber used to test the stabilit< of the DTTS 

For a period of 18 da<s, we collected a large set of data with ma>imum temperature variation of 10NC. We tested 3 

orientations of the mechanical structure. The impact of orientation is small compared to the data dispersion and we will 

process the data of all orientations the same wa< in all the following section. The t<pical Detector integration times 

(DIT) were DITS90 ms and the number of DIT (NDIT) was choosen so that the DIT.NDIT was 30 s long. Each 

DIT.NDIT of 30s is recorded on the computer as well as the room temperature. The cr<ostat temperature is stabilized at 

better than 5 mK precision and we assume that this temperature variation is so small compared to room temperature that 

it can be ignored. The center of gravit< is measured (using weighted COG algoritm Z3[) on each image and compared to 

the room temperature. 

 

Figure 3 : Precision of centroid measurement in nm. 
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