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The presented work focuses on the implementation of tepéscetector arrays in the UHV en-

vironment of a storage ring. The main advantage over thdiegisetups is the ability to place

such telescopes in the storage ring vacuum without the meedose them fully in the standard
pocket using stainless steel window. Our developmentaslithe highly granular entrance Si-
detector as an active window that separates the storagevaiigum from the pocket vacuum

where other detectors unsuitable for the UHV environmentlEaplaced. Design and construc-
tion details of such detector system as well as results dfitteperformance tests are described
in this contribution.
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1. PhysicsMotivation

The concept was conceived when designing the detectioerayfir the upcoming project
“EXotic nuclei studied in Light ion induced reactions (EXI[]] at the New Experimental Storage
Ring (NESR) as a part of the future FAIR facility. By means afdmatically complete mea-
surements in inverse kinematics, EXL provides for studymany physics phenomena in unstable
nuclei (see Ref. [2] for the first feasibility tests of the cept). The crucial part of EXL is ther2
recoil particle detector ESPA. This detector array will sighof telescope-like segments which, de-
pending on the different angular ranges, house pairs ofldesitled silicon strip detectors (DSSDs)
for particle tracking and identification, and the subsedjtieick Si or Si(Li) detectors and/or Csl
scintillator crystals for the spectroscopy and preciskdnergy determination of high-energy par-
ticles. The innermost DSSDs are common for all the segmertsvdll be arranged in a spherical
configuration. The major technical challenge is to instd#irge number of detector channels with
the correlated front-end electronics, connectors andesalaind possibly cooling circuits at the
beam-target interaction region of the NESR where the neeah dfltra-High Vacuum (UHV) be-
low the order of 10%° mbar requires low-outgassing and bakeable materials. e\séme time
the physics program requires measuring some of the regqilmticles with the energies as low
as possible, therefore separating the detector array istélidess steal enclosure is not an option.
For the implementation of all detectors in the NESR envirentna new differential pumping con-
cept was envisaged [3] where the storage ring UHV is maiathinside the innermost sphere of
DSSDs which is acting as a vacuum barrier to an outer volunith, less stringent constraint in
vacuum quality, containing the subsequent layers of dateetnd unbakeable and thus outgassing
electronic components. Since the vacuum barrier servée aame time the purpose of an active
window it enables the detection of recoil particles varyirgm protons to alphas down to about
100 keV energy, as required for the measurement at low mamemansfer.

2. Technical Concept

The DSSD sensor with an active area ofxI® mnt and thickness of 30im used in our
prototype has 64 strips of 19 mm length on each side. Thesgirighe two sides are perpendicular
to each other. This sensor was housed in the Printed Ciraz#td3(PCB) that was manufactured
from aluminum nitride (AIN) ceramic. This material was cbasfor its low outgassing, good
dielectric properties, high thermal conductivity and that expansion coefficient close to that of
silicon. The transmission mount design of the PCB is showhRiin 1. It has 16 printed gold
signal lines for every side of the detector. The signal lifresn the PCB side facing the UHV
pass through the AIN material via laser-drilled holes cedeawith a glass layer to assure vacuum
tightness. This ensures that the UHV side consists entirelyHV compatible materials such as
the AIN board with golden printed lines, the DSSD and the @hurm bonding wires all of which
have low outgassing and can be subjected to baking. The D8&ddiswas hermetically glued in
a laser-cut step, seen in the detail cut of Fig. 1, using adatgassing EPO-TEK H77 [4] two-
component glue which has a total mass loss less than 0.06@JdC 2The detector strips were
manually bonded to the bonding pads printed on the PCB, grgupur neighboring channels to
a single pad.
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Figure 1: Layout of the printed circuit board made
from AIN material. The two horizontal and two ver-

tical rows of the signal pads are bonded to the n-sidgigure 2: Photo of the test flange that separated the
and the p-side of the DSSD, respectively (for clarityyyo vacuum chambers and onto which the ceramic
the DSSD is not shown). The cross-sectional view 0pCB was mounted using the top frame. Theource

the right side shows a detail of an opening onto whicRolder and PEEK connectors with spring pins are
the DSSD sensor is glued. also visible.

Custom made connectors were manufactured using FEBKterial which is well machinable
and can withstand the temperature required for the bak@magedure. They were mechanically
fixed on the stainless steel cover flange rather than on the Pi@Bconnection to the signal traces
on the PCB was accomplished by spring-pin probes [5] thathted the circular printed pads on
the PCB and, on the other side, were glued to the cable lineg EPO-TEK H22 conductive glue.
The minimum contact area to the PCB and the thin walls of thase-like probes minimize the
heat transfer to the connector and subsequent cables dhermke-out process.

The idea of using DSSDs as a vacuum barrier to separate tragstang vacuum from the
auxiliary vacuum was realized in a small test vacuum chamivéted into two parts and separated
by a custom machined CF150 flange with an opening ot £n? in the middle, as shown in
Fig. 2. The PCB was installed over this opening using anattesr top frame and two rings made
of aluminum wires of 1.5 mm diameter. On each side of the PG8Brorg was installed in order
to minimize the mechanical forces acting on the PCB durirgoiking, however only the bottom
one served the purpose of a vacuum seal. A small groove of didieight was machined around
the opening on the CF150 flange, as well as on the top frame|ddioth seals in place.

The top frame was tightened with 16 M5 screws using disc gprashers enabling one to
press the PCB between the aluminum seals with a known fort2462 N per mm of wire length.
The top frame was situated on the Auxiliary Vacuum (AV) sidel attached to it were the con-
nectors to read both sides of the DSSD. The detector wasltasteg ar’*!Am a source also
mounted on the AV side in order to avoid its excessive hediingake-out cycle. It was enclosed
in an aluminum holder screwed onto the CF150 flange.

The vacuum test stand is schematically shown in Fig. 3. Ealshwas equipped with a
TurboMolecular Pump (TMP) with a pumping speed of 250 I/spted through CF100 flanges.
The pre-pump A was a combination of an oil-free membrane pwittpa TMP. The combination
was used as a booster for the next TMP. The pre-pump B was & r@ae pump. First, both
sides were pumped in parallel by pre-pump A with valves 1 ammpéned and valve 3 closed.
After reaching a vacuum of:510~3 mbar valve 2 was closed, valve 3 opened and both sides were
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Figure 3: Block diagram of the setup for the differential vacuum t83te shaded part of the chamber was
wrapped in a heating jacket and baked out at’C5id order to reach UHV.
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pumped separately using their own TMPs. In this configunatiee only interplay between the
two chambers was through the installed PCB holding the tmteéfter that the UHV side was
gradually baked with heating jackets up to 160during a period of 2 days in order to remove
water and other trace gases which were adsorbed on the esidche chamber and the PCB-
DSSD barrier. Following the bake-out the temperature wagpeal down in one day to reach room
temperature.

3. Measurements and Results

Atfter the bake-out, on the UHV side the vacuum reached theeval 1.2<10-1° mbar, which
was the limit of the installed TMP for the given conductanemtgh a CF100 flange. The cor-
responding vacuum on the AV side was 220~ mbar. Using the needle valve (Fig. 3) we in-
troduced an artificial air leak on the AV side to observe ittugnce on the UHV side through
the PCB-DSSD barrier. The results are shown in Fig. 4. Veablstvacuum conditions were
maintained on the UHV side.

169 - ; - 101OF ]
8 H A N2 — 1.22e-10 mbar
- 2 : --- 2.97e-10 mbar
it
- CH
5 4 01k 1
Q @ :
£ = ;
e ° i
| c H
o [s) "
0_9———0——0——/’/'/ =102 i
10710 i
8 :
6 I M Y I" I I I'I:I | I S I I‘
0 4 8 12 16 20 24 28 32 36 40 44 48

1074 m/q lamul

PAV[mbar]
Figure5: Outgassing spectra taken at the UHV side
Figure 4: Dependence of the pressure on the UHWf the chamber with the residual gas analyzer. The
side on the AV side pressure influenced by an asolid curve shows the residual gas spectrum when no
leak artificially introduced through the installed neeleak was present and the dotted curve the one after
dle valve. the leak at the AV side reached its maximum value.
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While the pressure on the AV side increased due to the leakavange greater than four
orders of magnitude, the pressure on the UHV side increagéabb than a factor of three, staying
well within the achieved 10'° mbar range. Thus, we have established that the DSSD, used as
a differential vacuum barrier, can maintain a differencehi@ vacuum between both sides of the
barrier of up to six orders of magnitude.

Outgassing spectra were measured on the UHV side with ausdgjes analyzer for two cases:
before the leak on the AV side was introduced and with a mawxirteak. The results are shown
in Fig. 5. The spectrum has the typical features of an air akit is free of organic compounds.
The most pronounced increase was detected in moleculartamdcanitrogen, molecular oxygen
as well as argon, which are the basic air constituents.

At the end of the bake-out and vacuum tests a measuremen¢ @3$D performance was
done using injection of**Am a particles. The idea was to check whether the PCB-DSSD system
can withstand the bake-out procedure and the mechaniaa@dantroduced by the temperature
change and to evaluate their influence on the spectroscepiocrmance. The injection from the
n' side was chosen since tlesource could not be placed in the baked environment of the UHV
chamber. Because injection af particles from the h side results in a degraded resolution for
our type of DSSD compared to injection from thé pide, only a basic functionality check was
done proving that all 16+16 channels were fully operatiotébwever, two supplementary mea-
surements, one before and one after the bake-out and vaestsnwere performed in a different
non-UHV chamber using the"pinjection to investigate the influence of the bake-out cyriehe
DSSD performance. The moderate vacuum conditior-dfo—* mbar, sufficient for such spec-
troscopy tests, were used in both measurements with noypeeddference between the two faces
of the DSSD. The results show that the basic detector piepestich as the detector leakage cur-
rent, in our case of the order of few tens of pA, as well as digea time and amplitude after
the preamplifier remained unchanged within the margin ofettygerimental error. Therefore, we
claim that the DSSD characteristics were not influenced bybtke-out cycle and the energy res-
olution values for the p injection achieved before and after the bake-out cycleadéwithin the
uncertainty of the measurement.

4. Future Per spectives

The EXL collaboration plans to perform the experiments vegithble and close to stability
radioactive beams such &Ni and *®Ni already at the present storage ring, as described in the
accepted experimental proposal E105 for the existing géorang at GSI. For this experiment
planned at the end of 2012 we constructed a new detector-dd44nnt active area with 128 and
64 strips on p and n" side, respectively, on a corresponding AIN PCB as seen inG-ighe size
and number of strips of this DSSD represent the detectoruadedor the final EXL design. In
order to guarantee the mechanical stability, to minimizesistress and to use even lower pressing
power we intend to use high quality Helicoff@}6] rings that lack the welded joint of the currently
used aluminum rings, are very planar and have small anddeéited contact surface. The surface
guality of the PCBs is also improved to have surface smoasthmmm the order of 0.5m and
planarity of 50um compared to the guaranteed values of da®and 250um, respectively, for the
present PCB.
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Figure7: Clamped PCB for the improved version of
Figure 6: Clamped PCB of the 12864 strip DSSD. the 64x64 strip DSSD.

In order to investigate the mechanical stability we stattexinew set of tests using the im-
proved PCB for the 1919 mn? DSSD shown in Fig. 7 and such tests will be done with the bigger
64x 64 mnt strip DSSD of Fig. 6 as well. The first set of experiments wittarporate also Si(Li)
detectors stacked as seen in Fig. 8 inside the AV of the po&iece the experimental chamber
and the pocket on the outside have to be backed, the Si(ldytbes must be cooled during this pe-
riod to a reasonable temperature of aboltG(rhis development still needs to be performed with
respect to proper thermal simulations and also tested wslislymmy" Si(Li) detector to ensure
both heating of the outside of the pocket and at the same t@apiig the detector temperature at
the reasonable value. This work should result in the final B8¢ket construction and tests by the
middle of 2012.

Figure8: Schematic view of the ESR experimental chamber for the deddsvn version of the EXL project.
On the left, the placement of various detector arrays is &@ed 1-4. On the right, the closeup view of the
assembly "1" is shown, currently under construction.
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5. Conclusions

The aforementioned prototyping was done in the frame of R&Dtlie EXL project in order
to insure that the experimental concept, namely using & sfeaetectors in the UHV environment,
is feasible. Our test results demonstrate the possibilipperating a differential vacuum system in
the storage ring environment using DSSDs as a vacuum bdtrieas shown that the PCB-DSSD
system withstands the bake-out cycle and the mechanical skesses connected with the ther-
mal expansion with unchanged spectroscopy performanteinvihe experimental errors. Chosen
materials facing the UHV environment proved to be clean gf dAlV disturbing contaminants.
The achieved vacuum difference ranged over more than ser®af magnitude with the vacuum
on the UHV side staying well within the 1&° mbar range, which is an acceptable vacuum for the
interaction region with internal target at the storage.ring

It should be noted that the concept of this development camobentially applied outside of
the EXL project for experiments at storage rings requiring tisage of DSSDs in UHV. Due to
the fact that the entrance detector serves the purpose dftiaa window, telescope-like detector
configurations used in the UHV can measure low-energy pestiof about 100 keV as well as
penetrating particles with energies of several hundreddedf stopped in subsequent detectors.
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