Ar, N2, Xe interactions and light
emission



Francesco P.

1) the ArAr* excited dimer (AA) disappears by scintillation (at 128 nm), quenching through
nitrogen, and shifting to ArXe* (AX) through the process ArAr* + Xe -> ArXe* + Ar:
FPP:

dAA AA AA AA AA The role of ArXe* may be large,

= — dominant at low Xe doping
dt Ti28 Tnz Tax Tra (never seen/explored before)

2) the ArXe* dimer is formed from ArAr* dimer and disappears through scintillation (at 150
nm) and shifting to XeXe* (XX) through the process ArXe* + Xe -> XeXe* + Ar:

dAX _ AA _AX AX _ A4 AX

dt Tax Tiso Txx Tax Trx

3) the XeXe* dimer is formed from the ArXe* dimer and disappears through scintillation (at
175 nm):

dXX AX XX

dt Txx T175



Photon emission and atomic
collision processes in two-

EPL, 117 (2017) 39002

Same Eqgs. as before (FPP), expressed in terms of Rate Constants and Concentrations

d[Ar¥]y . . .
— = [Ar¥]; — koIN,I[ATE ) — ki, i [ Xel[ArF] [Arfly = [Ar1;(0) in ppm
d 2 0 2 2
l 7128,
d[(ArXe)*] 1 |
— [Arly = [Arfl (D)
= + kg, XellArS ] — —[(ArXe)*] — kg, [ Xel[(ArXe)*] ’ ’
dt T149 [(ArXe)*] = [(ArXe)*](r)
*k
% =4k [Xe] [(AI"X@)*] — L[Xe*] [(ArXe)*] = [(ArXe)*](1)
- EnT?2 2
dt T174 [Xef] = [Xe1()
c R
o o 5
c E o)
Q 55 Parameters:
X S ©
s = - Tip3, = 1.3 ps [Ar2* Triplet Doy Time]
_§ § ;% . kQ = 0.11 ppm_l us~! [N2 Quenching rate Constant] 'I1'he ;:L:mulative Xe concentrations are:
o i

qg’- é 5 « [N,] = 5 ppm [Actual N2 Concentration] 22; _40 ggm
° . 2 B 2 - [Xe] = xx ppm [Dope n] — (3) - 11.6 ppm
S 8 ‘3:- '% 2 « kg,;y = 0.17 ppm~! us™! [Xe En Transfer (1st step) ArXe* formation] (4) - 16.0 ppm
S :..g% g E S « Tg9 = 5.1 ps[(ArXe)* Dcy Time] (5) - 18.8 ppm
§ § § ,_,%i'ﬁ 9 « kgm0 = 0.05 ppm_1 ,us_1 [Xe En Transfer (2nd step) Xez* formation]
S&< &8s « 774 = 0.022 ps [Xeo* Triplet Dey Time]



Parameters:

«fg = 0.25 _ _
T, = 0.010 ps Solution of State Equations
'fT = 0.75

. TIZST = 1.3 ﬂs

<k, = 0.11 ppm~! ps™!
0

C[V] = 5 ppm Dope 1

1.1

- [Xe] = == ppm (Dope 7)

+ kgory = 0.17 ppm~" ps™!

. 1'149 = 5.1 /lS

« kgyrs = 0.05 ppm~! ps7!

. T174 == 0.022 MS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution

Note: ArXe > Xe (not visible)



Parameters:

«fg = 0.25 : ;
T, = 0.010 ps Solution of State Equations
'fT = 0.75

. TIZST = 1.3 ﬂs

<k, = 0.11 ppm~! ps™!
0

‘M) = 5 ppm Dope 2

42

- [Xe] = =5 ppm (Dope 7)

+ kgory = 0.17 ppm~" ps™!

. 1'149 = 5.1 /lS

« kgyrs = 0.05 ppm~! ps7!

M T174 == 0.022 MS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution

Note: ArXe > Xe



Parameters:

«fg = 0.25 : ;
T, = 0.010 ps Solution of State Equations
'fT = 0.75

. TIZST == 1.3 ﬂs

<k, = 0.11 ppm~! ps™!
(%

‘[V] = 5 ppm Dope 5

18.8

. [Xe] = <5 Ppm (Dope 1)

+ kgory = 0.17 ppm~" ps™!

. 1'149 - 5.1 /lS

« kgyrs = 0.05 ppm~! ps7!

. T174 == 0.022 MS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution



dlArfl;

dt 7128,

[Arik]T - kQ[Nz] [Argk]T - kEI’lTl [Xe] [A}’Ek]T [Ar¥]y = [Arfl7() in ppm

d[(ArXe)* 1 ] = (AP
O]+ kgl XellArfly — ——[(ArKey*] — kol Xell(Arxeys] 1
dt T149 [(ArXe)*] = [(ArXe)*](1)
d[Xe¥ 1
[—2 = + k[ Xe][(ArXe)*] — _[Xezk] [(ArXe)*] = [(ArXe)*](1)
dt f174 [Xey] = [XeF 1)
Parameters:

. T128T =13 Hs

- ko = 0.11 ppm~! ps~! The cumulative Xe concentrations are:
. [N2] =5 ppm (1)-1.1 ppm
2) - 4.2 ppm
- [Xe] = xx ppm (Dope n) » 53; i 11.6pgpm
« kg, free parameter (4) - 16.0 ppm
c Tiyg = 5.1 pus (5) - 18.8 ppm

« kg, free parameter
*Ti7g = 0022 HUS



Parameters:

«fs = 025 Solution of State Equations
. T128s == 0.010 ,uS
'fT = 0.75

. T128T = 1.3 HUS

kg = 0.11 ppm~" ps~!
1 = 3pom

.[Xe] = 12 ppm (Dope 1)

Dope 1

O Increase kg, and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ pus™
. T149 - 5.]. ﬂS

« kgyo = 0.05%x5 ppm~! ps”!
. 7174 = 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution
Note: ArXe > Xe



Parameters:

«fs = 025 Solution of State Equations
. T128s == 0.010 ,uS
'fT = 0.75

. T128T = 1.3 ﬂS

kg = 0.11 ppm~" ps~!

- [M;] = 5 ppm

. [Xe] = 35 ppm (Dope 2)

Dope 2

7 Increase kg, and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ pus™
. T149 - 5.]. ﬂS

« kgyo = 0.05%x5 ppm~! ps”!
. 7174 = 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution



Parameters:

«fg = 025 Solution of State Equations
. T128s - 0.010 ,uS
'fT == 0.75

o 11287‘ = 1.3 HUS

+ko = 0.1 ppm~" ps”! Dope 3
%) = 4 gom

- [Xe] = === ppm (DOP(Ie 3) 1 Increase kg, 7 and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ ps™
. T149 == 5.1 ﬂS

« kgyro = 0.05x 5 ppm~! ps™!
. 1'174 == 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution



Parameters:

«fg = 025 Solution of State Equations
. T128s - 0.010 ,uS
'fT == 0.75

o 11287‘ = 1.3 HUS

+hg = 011 ppm™" s Dope 4
1) = 4 gom

- [Xe] = === ppm (DOP(Ie 4) 1 Increase kg, 7 and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ ps™
. T149 == 5.1 ﬂS

« kgyro = 0.05x 5 ppm~! ps™!
. 1'174 == 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution



Parameters:

«fs = 025 Solution of State Equations
. T128s == 0.010 ,uS
'fT = 0.75

. T128T = 1.3 ﬂS

kg = 0.11 ppm~" ps~!

- [M,] = 5 ppm

. [Xe] = % ppm (Dope 5)

Dope S5

T Increase kg, and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ pus™
. T149 - 5.]. ﬂS

« kgyo = 0.05%x5 ppm~! ps”!
. 7174 = 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution



dlArfl;

% — . [Arj]T — kQ[Nz] [Arj]T — kg, [ Xe] [Argk]T [Ar#1; = [Ar¥1,() in ppm
128,
d[(ArXe)*] 1 [Ar¥], = [Ar¥],(0)
= + kg, [ XellArS ] — —[(ArXe)*] — kg, [Xe][(ArXe)*] ’ ’
dt T149 [(ArXe)*] = [(ArXe)*](1)

d[Xe¥] 1 . .
— 2 = + k[ Xe][(ArXe)*] — _[Xezk] [(ArXe)*] = [(ArXe)*](1)

dt 7174

[Xey] = [Xez1(1)

Parameters:
. T128T = 13 Hs

- ko = 0.11 ppm~! ps~! The cumulative Xe concentrations are:
. [N2] =5 ppm (1) - 1.1 ppm
. (2) - 4.2 ppm
[Xe] = xx ppm (Dope n) » (3) - 11.6 ppm
« kg, free parameter (4) - 16.0 ppm
* T)49 free parameter (5) - 18.8 ppm

« kg, free parameter
*Ti7g = 0022 HUS



Parameters:

«fs = 025 Solution of State Equations
. T128s == 0.010 ,uS
'fT = 0.75

. T128T - 1.3 ﬂS

kg = 0.11 ppm~" ps~!
el = 3pom

. [Xe] = E ppm (Dope 7)

Dope 1

O Increase kg, and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ pus™
. T149 - = 5.1 ’uS

« kgyo = 0.05%x5 ppm~! ps”!
. 7174 = 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution

Note: ArXe > Xe



Parameters:

fy = 025
. 1128S = 0.010 ﬂs
fr = 075

. 11287‘ = 1.3 ﬂs

kg = 0.11 ppm~" ps~!

- [N,] = 5 ppm

. [Xe] = % ppm (Dope 1)

« kg = 0.17x5 ppm~! ps~!

. 7149 = 5.].)(% ﬂS

« kgyro = 0.05x 5 ppm~! ps™!

. T174 = 0.022 ﬂS

Solution of State Equations

Dope 1

Increase kg, and kg, by (arbitrary) factor x5

And
Decrease 7,49 by (arbitrary) factor x%

Ars, Art, ArXe, Xe Scintillation Light Time Distribution Fcn’s

Note: ArXe >> Xe

No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution



Parameters:

«fs = 025 Solution of State Equations
. T128s == 0.010 ,uS
'fT = 0.75

. T128T = 1.3 ﬂS

kg = 0.11 ppm~" ps~!

- [M,] = 5 ppm

. [Xe] = % ppm (Dope 1)

Dope S5

o Increase kg, and kg, by (arbitrary) factor x5
« kg,;p = 0.17X5 ppm™ pus™
. T149 - = 5.1 ’uS

« kgyo = 0.05%x5 ppm~! ps”!
. 7174 = 0.022 ﬂS

Ars, Arr, ArXe, Xe Scintillation Light Time Distribution Fcn’s No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)

detectable Light Time Distribution Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio

detectable Light Time Distribution



Parameters:

fy = 025
. 1128S = 0.010 ﬂs
fr = 075

. 11287‘ = 1.3 ﬂs
kg = 0.11 ppm~" ps~!

- [NM,] = 5 ppm
. [Xe] = 1838 ppm (Dope 1)

« kg = 0.17x5 ppm~! ps~!

. 7149 = 5.1 X% /JS

« kgyro = 0.05x 5 ppm~! ps™!

. T174 = 0.022 ﬂS

Solution of State Equations

Dope S5

Increase kg, and kg, by (arbitrary) factor x5

And
Decrease 7,49 by (arbitrary) factor x%

Ars, Art, ArXe, Xe Scintillation Light Time Distribution Fcn’s

No Quartz (Ars, Arr+ArXe+Xe) & Quartz (Xe)
detectable Light Time Distribution

Quartz (Xe) / No Quartz (Arr+ArXe+Xe) Ratio
detectable Light Time Distribution



