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Liquid Argon Ion Neutralizer

Abstract

We examine ways to neutralize argon ions in the liquid, made by fluid splashing from the condenser.   We find that ions need to come into close proximity of a grounded conductor  to be removed effectively.  We present  numerical estimates.  Such a device will help determine if the condenser effect is due to ions.

Introduction
In the liquid Argon test cryostat “Luke” at the Proton Assembly building we have observed repeatedly a quick (maybe half hour ) deterioration of the electron lifetime to  about 0.5 msec after turning on the condenser,  which uses LN2 to re-condense Argon that was evaporated by the heat input into the cryostat.  The lifetime never gets much worse, even after running the condenser for days.  When the condenser is stopped (e.g. by allowing it to run out of LN2), the lifetime recovers to the previous value also quite fast (around a half to one hour).

It has been suggested that this pattern can be explained by assuming that the Argon liquefied  by the condenser splashes into the Argon pool and creates Argon ions by friction.  This phenomenon is common when highly insulating fluids (e.g. petroleum products) are allowed to splash.  This is a serious problem for the tanker industry, where the charges may get large enough to cause electric breakdown and sparks.

In a LAr TPC it takes much less charge to cause disruptive effects.  Any positive Ar ion that gets into the drift space (or cathode region) will attract all nearby electrons  and  neutralize.
Once the production of ions has stopped, the remaining ions would be  gradually lost to the walls, mostly by convectional transport.

Ion Neutralization

Ions will neutralize when they are very close to a grounded metal surface. 

Due to their low diffusion rate, they need convection to have a good chance to get close to metal.  In addition  they can use diffusion or drift to reach the metal.

We look here at the drift mechanism, where the electric drift field is due to the mirror charge of the ion.

Drift field as a function of distance

 The field at distance R from an ion  is  

E = Q / (4 Pi  epsilonzero  R^2)

Where 

E is the field in V/m,  and 

1 / (4 pi Epsilonzero)  is  8.987 e^9   kg m^3 / (A^2  *  s^4)
Charge Q = 1.6 e^-19  C

To get the drift field at an Ar ion’s location we use the field created by its mirror charge, which is at distance 2 * R.

As an example,  for an ion-to-metal distance of 20 micron we get

E = 1e-10  V/m

The ion mobility is 1.6 e-7  (m/s )  /  (V/m).

In the example, the ion velocity is E * mobility, or

1.44 e-7 m/s for our example, at that distance.

The ion velocity is 

V =  Q  *  Mobility * (1/ 4 pi epsilonzero)  /  R^2

The transit time to the metal is Integral (R/V) dR,

 from R down to R/2 where the metal is.

The transit time is R^4 / ( 4 *  Q  *  Mobility * (1/ 4 pi epsilonzero)  )

In our example the transit time will be 2.6 msec to the metal.
Examples of Neutralizer Designs
Example A:  Steel wool

We assume a tube packed with SS wool.

We assume a 4” deep packing in a 1.5” diameter tube.

The fibers are about 0.002”, with channels of , maybe, 0.010” (0.25 mm)  width.

The fluid passes through  (4” / 0.010”) = 400 layers of steel wool.

At each passage a fraction of  ( (2 * 20 micron) / 250 micron) = 16% passes within the distance  where the ion neutralizes in 2.6 msec.

In 10 passages the ions will have been reduced to less than 1 ppm of their original number.  Clearly this is somewhat of an overkill, but should be effective.

Example B: Sinter metal

One can also use a disk (or cone) of sinter metal to neutralize the ions.

If we assume sinter metal 2 mm thick, with a pore size of 50 microns,

then there will be about (2mm/ 50 micron) = 40 effective metal layers.

At each layer, a fraction of (2* 20 micron / 50 micron) = 80% will be neutralized in 2.6 msec.   Such an arrangement should be fully effective as well.

Conclusion

It seems fairly easy to make a device to neutralize all ions that may be made by splashing from the condenser.  Initially we probably want to err on the “too effective” side.
It would be good also for someone to check this calculation.
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	Vacuum dielectric constant {epsilonzero}
	8.85E-12
	A^2 s^4 kg^-1 m^-3
	C^2 N^-1 m^-2

	Unit charge  {elch}
	1.60E-19
	C
	

	Ar ion mobility
	1.60E-07
	m^2 / (V s)
	

	1 / (4 pi epsilonzero)
	8.99E+09
	kg m^3 /(A^2 s^4 )
	

	
	
	
	

	
	
	
	

	Distance to metal
	2.00E-05
	m
	

	Distance to mirror charge
	0.00004
	m
	

	Constant K
	2.30E-16
	
	

	field at R
	1.00E-10
	V/m
	

	velocity at R
	1.44E-07
	m/s
	

	time of flight to the mirror charge
	2.78E-03
	s
	

	time of flight to the metal
	2.61E-03
	s
	


