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Summary
We present a conceptual design for the HV feedthrough (HVFT)  for the MicroBooBNE Liquid Argon Time Projection Chamber  (LAr TPC).

Starting with requirements,  desirable properties, and challenges we proceed to develop a solution based on work by ICARUS and experience with similar feedthroughs we built in the past.

Introduction
The  MicroBooNE experiment is designed to study low energy neutrino oscillations.  The neutrino beam is produced via pions and kaons produced in a target  which is hit by a proton beam from the Fermilab Booster at 8 GeV.  The hadrons are  focused by a horn, and allowed to decay, making a mostly muon neutrino beam after the hadron absorber.

The neutrino interactions are observed in a LAr TPC with a sensitive volume of 2.5 m  x 2.5 m x 10 m.

The ionization electrons in the LAr drift up to a maximum length of 2.5 m . With a design drift field of 500 V/cm this requires a voltage of 125 kV on the cathode.

The HV system consists of a HV power supply,  a noise filter, and a feedthrough through the tank wall into the LAr.

Requirements and Challenges
Power supply requirements:

--provide the required voltage:

--125 kV for operation

-- up to 250 kV for testing
--good Voltage stability (0.01%)
--low noise  (0.01% p-p)
Filter Requirements:

--less than 200 electrons equivalent on sensing wires
We are considering a HV power supply made by Heinzinger:
[image: image1.png]Heinzinger® PNC 250000 - 1 pos. 1
precsion - Hghofage - Power Supsly 2
Posiive cuut polay

1500
39,900

1

Meinzinger® PNC 250000 - 1 neg 1
Precsion - Hgholage - Power Supsly 2
Negatie output polarky

1500~
39,900

-

Output votage: 2pprov. 0 p t 250,000 V DC adjustable
Output currrts approv. 0up t 1 mh adustabe
Input voleage: 230V 410% 47,634

or 110V 10% 47..63k (please specy at order ntake)

Voltage stabilzation
Reproduciiy: 20.1% U
sSabiey: 20.01% Un over 88

Rosle: 0.01%gp U 2507
T, Couficent: 20015 Uu K

Current stabilization

Reproduciiy: 0151
Sabiiy: 20.05% 1., over 8h
Ripple: Z0.05%p L # 5004
Temp. Couficents  20.01% Lo K

Displays: 2.5 digisfor vltage and curren separstly

Setting o ouput vales:
by 10-tum-poteniometes, separssely for votage and curent

Remotsly contolble and exandable:
by means fthe inegrated analog itarface 0...10V.

Voltage and curran:setup 3 well s indicaton and HY ON/OFF.
(digial avaiable 25 opion)

Inc. 10m HV-cable HVC with HV-connector HS.
Endosure: 15-rack 60012,000,800mm (wihed) with casters

Al acher techical deailsconform t Herainge saries C (e datashest).
Units of series PNC feature high predsion in range of 0.01% or beter.

High voltage power supplies with even better accuracy (PNChp), further options and
customers specific equirements are of coursa avallable.

etectronic Gmbt P —. Gompany st sssenem

Heinzinger
“The Power Supply Company. iy Vansons Deecar ttes e
kol S

z SuarrsvaE M1 r0s. Rogetar T 68 16163

502 Rosenheim AN OEG3 7315 0000 000 008450 VAT unbar, DESVEIATERS

»




The following power supply meets only our operating requirements,
It  goes only  to 150 kV for testing:

 

The budgetary number you asked for:
 

Model PS/LX150P012-11 (0 to +150kV max, 12mA max, 1000 Watts max, 115V1PH AC Input, Analog Meters) $11,925.00 each.
 

Model PS/LT150P010-22 (0 to +150kV, 10mA, 1500 Watts, 220V1PH AC Input, Analog Meters) $11,925.00 each.
 

Leadtime for either model is 7-8 weeks ARO.
 

Please let me know if you need a formal quote and I'll prepare and send one.
 

Please contact us if you have any questions or need any additional information.

Best Regards,

Glassman High Voltage, Inc.

Scott Jarmicki

Sales Manager

Glassman High Voltage, Inc. Phone: 908-638-3800, Ext. 228.

P.O. Box 317                              Fax: 908-638-3700.

124 West Main Street               Web: www.glassmanhv.com
High Bridge, NJ  08829-0317

Design Overview
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Sealing Requirements and HC cable Connection
The feedthrough must  prevent outside gas to enter the detector space.

The HVFT must operate with a cold bottom end and a room temperature top end.

The seals are made similar to those  first used by ICARUS.
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We use  a continuous  insulating sleeve made of UHMW-PE (Ultra high molecular weight polyethylene), from top to bottom .

The center conductor has a section  of slightly larger diameter than the bore of the PE tube, and is forced in.  This  section is near the upper end and will remain at room temperature.  The rest of the center conductor of the feedthrough is a thin wall tube (to lower its thermal conductivity), welded to the larger section mentioned above.  It is continuous all the way down to the connection receptacle on the cathode.   

The top   sealing area is about 8  inches long.   
It also has a cavity, about 6 inches deep, and open to the top.

On the outside it has rounded ends to reduce the electric field strength there.

The HV cable (minus its ground braid and outer jacket)  enters this cavity.

A  spring is attached to the center conductor to make contact inside the cavity.  The spring is sized to be compressed when the top flange, with its clamped HV cable, is bolted on the top of the assembly.  

The cavity protects the spring area from breakdown by immersing it in zero electric field.  

The ground braid and outer jacket of the HV cable are  clamped to a stub pipe welded to the top flange.

A  compression  fitting allows nitrogen purge gas to enter the cavity space and the HV cable. 

External Seal of the PE  Sleeve
Adapting  an ICARUS design, the PE Sleeve, with its center conductor already forced in,

Is cooled in a LN2 dewar to shrink the PE diameter, by about ½ mm.

While cold it is inserted into a SS pipe machined to just slightly over the cold diameter of the PE Sleeve.

When the assembly warms up, a vacuum tight fit is achieved.

The compressed section is long enough to suppress plastic creep over the life of the assembly.

The FT will be checked with a helium leak detector.

Installation and Alignment
The  HVFT will be installed after the TPC has been installed.

The internal electrical connection will be made as in the ICARUS design:

A spring loaded receptacle accepts the bottom end of the center conductor.
(We are considering an alternate design where the center rod has a spring loaded tip,

which enters a bowl-shaped receptacle attached to the cathode).
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There is an alignment issue.

We do not count on precision alignment between the HVFT flange and the HV receptacle.

Visual alignment may be  possible  if  the connection point is near the open end at the time of installation.  At the moment we wish to preserve the flexibility in the HVFT position, and take the simple additional alignment steps outlined below :
There we will a two-stage alignment process:

a. We will make a phantom consisting of  a tube mounted (adjustably)  on a flange that mates with the HVFT  flange.   The phantom will be adjusted on a fixture to match the dimensions of the HVFT.   We aim for 3 mm accuracy at the bottom end when the phantom is bolted to the flange.

b. The HVFT flange on the tank is mounted with a bellows insert and can be aimed  using a set of adjustment screws.

c. The phantom allows visual alignment of  its bottom end to the receptacle using the alignment screws on the bellows.  Adjustment is for two angles and depth (if needed).

d. Once  the bellows are well aligned, the HVFT is  inserted and bolted to its flange.

e. The design allows  additional small variations in offset (+- 12 mm) and depth (+- 12 mm).

[image: image5.jpg]Alignment Phantom

Sigment
Soreus forthe Partom ube
o e 1 Shape

o tht ofth feeathough \
|

e
adjstment

Poiting  ——

e

Cuss

Receptace
Opering
[

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Han ot
Novamber 10, 2010





Cold Replacement
This is something we never hope to use.

The HVFT design allows replacing it in case of severe failure.  For  that case, a second HVFT will be pre-aligned to the exact dimensions of the first one.

Replacement would occur with the cryostat under very low positive pressure.

Workers in supplied-air suits  unbolt and pull out  the old HVFT and insert  and bolt on the replacement.

This is a quick operation, with no alignment work needed.

Breakdown Prevention
LAr has an extremely high dielectric strength,  2 MV /cm.

Nonetheless, care must be taken to avoid field concentration near sharp edges.

For a sphere of radius R,  the surface field  from a faraway electrode at potential V  is   V / R.

As an example, a 1.2 mm  diameter sphere at a potential of 125 kV (the operating design voltage) has a surface field of  2.08  MV/cm, i.e. it can initiate breakdown.

In another example, the field on the surface of a slender long cylinder of radius R, at potential V, and  at a distance D from a grounded surface is   V / ( R  * ln (D/R))
A cylinder of radius 0.1  mm at 125 kV at a distance of 10cm from ground has a surface field of 1.8 MV/cm, nearly enough to initiate breakdown.

Therefore, all edges inside the tank and out will have smooth rounded edges and corners.
Parts having rough edges will be placed inside of well rounded corona shields.

High electric fields attract small debris.  

Sharp filings are particularly effective in causing breakdown.

Cleanliness of the tank and all its content  is  critically important 

Gas breakdown can occur inside the tank  if Ar gas (e.g. bubbles) passes through high electric field areas.

Ar boiling can occur where the UHWPE sleeve and the center conductor of the HVFT enter the liquid.

This point is just below the ground grid of the TPC.

To prevent gas to enter the high field area there will be an opening in the tube surrounding the lower end of the FT, to direct the gas away .  A short stub pipe may need to be added there to deliver the potential gas to a point above the liquid surface.

Outside the tank, breakdown can also occur outside from the cable connection point along the insulated cable end to ground.  To help prevent this breakdown, the path will be quite long  (  30 cm ) and this space  will be continuously purged with nitrogen gas.  The gas purge will also remove any water in the gas and on the surfaces to an extremely low level,  thus inhibiting flash-overs and micro discharges.

Noise reduction
The selected power supply is of the switching type (30 kHz)  and has ripple  noise  of 0.01%, i.e.12.5 V p-p at 125 kV.    Noise on the cathode potential  couples  into the sensing wires, although it will be attenuated by the internal grid.

The sensing system is most sensitive to noise in the frequency range from 10 kHz to 10 MHz.

We find (subject to checking) that the 12.5 V ripple  is unacceptable. 

We will use a passive external low pass  RC filter ,  where the capacitance is provided by lengths of HV cable, provided by the power supply manufacturer, and the resistors are inside a Faraday capsule in an  oil filled pot.   

The filter resistors 9qwe will test super-Mox resistors from Ohmite)  must have a resistance low enough so as not to impair the DC voltage regulation, and large enough to provide a suitably low bandwidth cutoff for the low pass filter. 

We estimate (subject to verification)  that a 2-stage RC filter will be needed to bring the ripple noise down to well below the amplifier noise.

HV Noise Monitoring
The power supplies can be ordered with an optional scope output for noise monitoring.

However we need to see the noise that gets to the cathode.

To this end we are considering using the ground sheath of the last HV cable as a capacitive voltage sensing electrode.

If necessary an extra length of the HV cable can instead be integrated into the filter can to serve as a HV capacitor for the same purpose.

The sheath would have to be safely grounded, of course, but normally the grounding path would include a resistor across which one can monitor even very small noise superimposed on the DC voltage.

This arrangement can also detect micro discharges, both outside and inside the Detector.

Choice of the Field Cage Divider Current
The total cosmic rate current within the active volume of MicrobooNE   (see the paper by Gerstle and Pordes in the LArTPC –DocDB)  is  0.8 nA.   If we assume current from the total LAr volume ends up on the cathode we double the current estimate to 1.6 nA.

Any additional leakage currents must be small, else they could create unacceptable noise if they are of a non-ohmic nature, e.g. act like micro discharges.

In order to overcome unknown leakage currents, we design for a current that is 100 times larger than that, i.e. 160 nA Amperes.
If we want the DC regulation to be impacted by less that 1/1000 of the drift voltage 

 We can use total resistance iin the two filter stages of (125 V/160 nA) = 800 MOhm.
Production plans
We expect to produce  the following items:

One 
HV supply, 250 kV, 1 mA, from Heinzinger, for testing and operation, with matching HV cable

One 
HV supply 150 kV, 12 mA, from Glassman, as a spare for operation only,  with matching HV cable

Two 
HV feedthroughs for R&D and testing

Two 
HV production feedthroughs, one for operations and one as a spare

Two
HV filter pots, one for operation and one as a spare

Two
Sets of HV cable; each set has one cable that connects the filter pot to the FT, 

and another that serves as capacitor between the two filter stages.

