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Townsend’s Equation with GEMs
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Generalizing the Townsend Coefficient

Q E
K=
N N

* General interpretation allows the interaction cross section to depend
on fractional powers of the reduced field

* This manifests into the Townsend coefficient dependence
* Where0<m<1

* We will consider two cases:
m=1
m=0
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Generalizing the Townsend Coefficient; m=1

fm=1:
a~E
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Generalizing the Townsend Coefficient; m=1

f m=1:| Recall:
a~E [In(G)=at
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Generalizing the Townsend Coefficient; m=1

m 1—m

If m=1:] Recall: o V. —V7)/V-

Operationally useful
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HeCO, — Double Thin GEMs
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HeCO, — Triple Thin GEMs
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HeCO, — Single THGEM
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HeCO, — Double THGEM
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Gain Per GEM - Before

Consider multiple GEMs - Micro - double thin GEMs

If the total voltage is - Millil - triple thin GEMs

evenly divided among Milli2 - double thin GEMs
them then the log of the
gain should be as well

n is the number GEMs

* quantities are per GEM
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Gain Per GEM - After

Consider multiple GEMs

Micro - double thin GEMs

If the total voltage is Milli1 - triple thin GEMs
evenly divided among Milli2 - double thin GEMs

them then the log of the
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Gain Per GEM - After

Consider multiple GEMs

If the total voltage is
evenly divided among
them then the log of the
gain should be as well
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Generalizing the Townsend Coefficient; m =0

m 1—m
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Generalizing the Townsend Coefficient; m =0

m 1—m

So if In(G) = nat
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Generalizing the Townsend Coefficient; m =0

m 1—m

So if In(G) = nat
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Combining All HeCO, Data

In(G) — Aexp| — B npt
npt VeEMm

—h

* Multiple detector setups
over many years

a ~ E would be a straight
line on this plot

Over large reduced field
ranges the Townsend
coefficient's dependence
on the field is not linear

At high reduced fields the 10
slope is higher than this
would predict
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22-10-2019 Tom Thorpe — RD51 Collaboration Meeting - CERN




Combining All HeCO, Data
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ArCO, — Double Thin GEMs

ArCO, (70:30)
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ArCO, Gas Gain
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ArCO, Gas Gain

G = 10VeEm—V1)/V2
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SF¢ - Negative lon (NI) Gas — Single THGEM

Why NI gas?
Diffusion destroys recoil tracks

lons have much more mass
Less diffusion (thermal limit?)
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SF. - Negative lon (NI) Gas Gain

G = 10VeEM—V1)/V2
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SF. - Negative lon (NI) Gas Gain
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Conclusion

* Working on getting this in a publishable form; comments are encouraged
* Goal was to describe different GEM data together, fundamentally
* Simple closed form description

* Over a large reduced field range, the field dependence of the Townsend
coefficient is not simply linear

* Large systematics between setups that are not possible to account for
* Original model is naive about the gain process itself

* Smaller effects

* Gain fluctuations during measurements; hard to account for
* Error on voltage between GEMs; likely has larger effect on the gain itself

e Gain resolution is another talk...
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Thank you!
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Combining All HeCO, Data - Individual Fits

npt

In(G)
— Aexp| — B
npt P Vaem

Data set B/A
@ Double thin GEMs (D?® - Micro) 32.9 £0.7
@ Double thin GEMs (D? - Milli2) 27.240.5
© Triple thin GEMs 29.3 £ 0.6
@ THGEM - 1.0 atm 12.5+0.3
©® THGEM - 0.75 atm 34.7+0.7
® THGEM - 0.5 atm 20.2 + 0.4
@ Double THGEMSs 29.6 + 0.6

Combined 37.0+0.7

) (1/cm/torr)

X
=
@
O)
~—"
k=

* Denotes quantities are per GEM

 More general interpretation
« W =34.4¢V forinitial gain values
* B/A gives back an “effective” ionization potential
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GEM dimensions

Table 3.1: GEMs used in D3 prototypes.

GEM type Thickness (cm) Active area (cm) Hole Diameter (cm) Pitch (cm)
Thin GEM 0.005 D X D 0.007 0.0014
THGEM 0.04 5 X D 0.03 0.05
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