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At a high &£ hadron collider ...

N

@calorimeter showers produced by copious
min-bias events ...

= flood the liquid argon gaps with ionization

= [This ionization Is ...
+ approximately spatially uniform on the scale of the
gap (— 2 mm)
+ approximately uniform in time on the scale of the
time it takes for charges to drift across the gap
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lonization In a liquid argon gap

Typical drift velocities
v, = 4.3x10° mm/s

Vape = 1x102 mm/s

at E = 1000 V/mm

We consider the case

where the rate of
ionization is constant.

This produces a DC
current through the HV

supply.
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Scale of the problem

g
At the HL-LHC . |
Sampling Calorimeter
at I = 5x1034 cm2 st ~15 TeV/crossing deposited
at |n|~4.7 in each FCal

~1 gamma/cm?/crossing

on face of FCal and

at EM shower max

ionization rate is Y
~3x1011 /mm3/s or

~7500 /mm3/crossing

b

Particles from min-bias collisions

IP < ————— DM —
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Critical 1onization rate

Assume Ar* ion drift velocity is proportional to Electric field
V., = u, E Ll . is key to space-charge effects

The critical ionization rate is defined in ferms of this mobility

D = 4V0281Ll+
°© ea
. . T D
Finally define relative ionization rate N = D—
C

If D. > D, ,thenwe are in the space-charge limited regime
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Value of u, (Art mobility in LAr)

Measurements of p, reported in the literature vary by about a
factor 50 from lowest to highest:

0.02 < u, < 1.0 mm2/Vs

Most recent and best-looking technique - Norman Gee et al.,
J.Appl.Phys. 57 (1985) 1097, reading off a plot, gives

0.15 < M+ < 0.18 mmz/vs i 30/0 Temp dependence

Our preliminary result L, = 0.10 £ 0.02 mm4/Vs
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Space-charge effects in LAr gaps

N
N

_EIV la)
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= p+j pc

J .
Our measured observable is the current.

Simplifications allow an analytic solution

. pIp,
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Replicate HL-LHC conditions in the lab

A
Y

L

For details on data-taking see Hot ®°Sr -source deposited on

5 > outer surface of the foil.
NIMA 608 (2009) 238 KE, < 2.28 MeV
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N

External wiring
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Strategy

N

#® |deally we would vary the ionization rate and
measure the current

@ But we have only two 20Sr sources (nominally
50 mCi and 2 mCi)

@ So we vary the critical ionization rate by
varying the potential across the gap

r = Di D i 4V028ﬂ+
— . = -
D. ea
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Three different gaps

Achieved with different
tubes and insulators

One gap is the same as in
the present ATLAS FCall
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Gap (mm) Circum (mm)

0.138 15.24
0.269 15.65
0.899 17.63

rod radius
2.356 mm

0.269 mm 3.255 mm tube

inner radius

2.625 mm tube
inner radius

2.494 mm tube

inner radius

0.138 mm
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~500 fb-t equivalent running

50 mCi 260 Volts
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Close-up of low potential region
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Typical data. This is for 0.268 mm gap
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Ratio of 50 mCi current to 2 mCi current

10 107 10°
Gap Potential (V)
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Ratio of 50 mCi current to 2 mCi current

Gap Potential (V)
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Simulations

N

@®EGSnrc for energy deposit by °Sr betas
= Glves Ionization rate

®Custom simulation for
= Charges drifting in E-field
= Recombination
= Diffusion
#A small amount of O, (< 1 ppm) makes a

big difference In charge density but a small
difference In the measured currents.
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Ratio of 50 mCi current to 2 mCi current
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Conclusions

N

JQLAr calorimeter is stable at 0.1% level for
500 fb* of running

#0n-set of space-charge effects Is
determined by p, = 0.10 mm?/Vs

#No evidence for minority charge carriers
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Critical values for the on-set of
space-charge effects

Charges on the surface of the electrode plates establish the
electric field in the LAr gap.
&V,

— -|E| =
o] =<lg =2

Define critical charge density in the LAr as that which, integrated
over the gap, equals the absolute sum of the charges on the plates

i 2|0 A

0. =en
¢ ©  a a°

Assume Ar* ion drift velocity is proportional to Electric field

V. =, E ML . is key to space-charge effects
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Define characteristic time for Ar* ions to drift out of the gap

a a’

T=—=
2V+ 2V01u+

Define D, as the rate of ion pair creation per unit volume equal to the
rate at which the critical density of positive ions is removed from gap

nC e 4V028/,l+

T ea*

For ionization rates D, above the critical value D, , space-charge
effects are important.

D. =

D.
Finally define relative ionizationrate I = D—'
C
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