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The pseudo-TES Model in TESSim ODE

In the real detector, all TESs in a channel are in parallel, so the HV100mm PFS1
position of deposits doesn’t matter

Currently, the simulation groups individual TESs into a set of
pseudo-TESs to reduce computation time and memory overhead
in the ODE solver

% The energy in a pseudo-TES at any moment in time is
equal to the sum of the energies in each individual TES
inside the pseudo-TES at that time

% Combines properties of individual TESs into a “big TES”
(e.g. mass and volume)
> (Can be thought of as combining resistances of the
TESs in parallel

Y [mm]

To the right: In the simulation, the TESs are assigned to a S
pseudo-TES based on their ID in the mask file 200

OS2I

o
)

% For HV100mm, PFS1 has 1833 TESs lumped into 49
pseudo-TESs, giving 37-38 TESs per pseudo-TES

TES Lumping for ODE Solver, TESSim Computation Requirements for HV100mm, pseudo-TES Resistance in TESSim ODE
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https://confluence.slac.stanford.edu/spaces/CDMS/pages/314567837/TES+Lumping+for+ODE+Solver

Energy Distribution in pseudo-TESs

By lumping TESs into pseudo-TESs, the energy deposits
are smeared out and averaged across all TESs in the
pseudo-TES

For simplicity, pretend the entire PFS1 channel is one
pseudo-TES:

% Upper right: True energy distribution in the TESs at
an early time

7

% Lower right: Corresponding energy distribution of the
pseudo-TES

Giving away the answer: The channel resistance will be
different for these two scenarios — by how much depends
on how spread out the original energy distribution 1s and
how many TESs are in each pseudo-TES

TES Lumping for ODE Solver
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Calculating the Channel Resistance with pseudo-TESs

Consider a channel with N TESs in it, where the ith TES
has a temperature 7’ and a resistance R .. (T,)
i AR/ \

% The true channel’s resistance is given by
N

1
Rc an — )
" QZ} Rrosi(Ty))

Next, consider the modeling of the channel as having P
pseudo-TESs, each with M TESs in it (MP = N), where the
jth pseudo-TES’s TESs are all at temperature 7; (due to
each TES having the same amount of absorbed energy)

% The jth pseudo-TES’s resistance is given by

Rpseudo i (T7) = Rrps(T;) /M
I.e. A pseudo-TES can be thought of combining the M
TESs’ resistances in parallel

200 A

Single TES Tran5|t|on Curve in HY100mmGe

175 1
150 -

1259 (R, chan = 100.0 mQ]

Tc = 60.0 mK
Tw = 1.0 mK

100

751

Resistance [Q]

50
25 A

56 58 60 62 64
Temperature [mK]

Now, using P pseudo-TESs, the channel
resistance is given by

chan = Z R

pseudog

Z RTES

Note: The pseudo—TES model reproduces truth
only when N =P (M =1)




See Google slides for GIF

Entropy as a Quantifier for Energy Spread

Since we will show that the channel resistance depends on the

spread of energy, we recall the entropy variable! used to quantify 2 T, 10005
the spread of energy in the channel or pseudo-TES: 10+ i ;. 2% Y,
7% Z —
= i 30.00 [
: : : , 7
Entropy = - X p.In(p,) where p.is the fractional energy in the ith E 0 e g
TES (E,/E, ) > "
=10 il
. . 10.00 @
Physical Meaning Value L
—20 0.000
Max Entropy Perfectly uniform energy distribution In(N) nats
Min Entropy Energy only absorbed in one TES 0 nats / """"""""""""""""""""""""""
-t 6 4
©
By definition, the pseudo-TES model maximizes the entropy in the E 7,
pseudo-TES by uniformly spreading the energy across the TESs S ]
=
% This smearing loses important information about how the “o : : : : :
0 20 40 60 80 100
channel should respond Time [s]

> Entropy helps quantify by how much

"ntroduced in this talk
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Entropy Dependence on Number of pseudo-TES

E=N

In TESSim, the number of TESs in each channel is

w
|

determined by the detector itself, but the number of

Possible AEntropy

L

pseudo-TESs is a free parameter set at runtime

N
1

Maximum Entropy [nats]

[
(|

% Changing the number of pseudo-TESs changes the

o

maximum possible entropy in the pseudo-TES

0 20 40 60 80 100
> Max entropy = In(N TES per pseudo) Number of TES per pseudo-TES

Because pseudo-TESs spread the absorbed energy evenly across its TESs, the potential change in
entropy directly depends on the number of pseudo-TESs per channel

% More TESs in a pseudo-TES — Larger possible AEntropy between truth and the pseudo-TES |
model

We now move to comparing a channel’s resistance to show how the pseudo-TES model effects the
response — focusing on a simple channel and minimum & maximum entropy cases of varying energy

TESSim Configuration Commands 8
OGO
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Simple Example: A Single Channel with 2 TESs

Truth

To understand when/how the pseudo-TES model deviates from
truth, we consider 2 models for a single channel with 2 TESs!: TES1

Truth? pseudo-TES Model
TES 2

1 pseudo-TES that

2 TESs contains both TESs

pseudo-TES Model

== pseudo-TES

Methodology moving forward: we show a number of energy e q
deposit examples, comparing each scenario’s channel resistance
. . . |
after an energy impulse is absorbed in one or both TESs '
TES 2
We start by describing two simplifications to ease comparisons

! The maximum entropy of a channel with 2 TESs is In(2) = 0.69 nats — will come back to this shortly
2 In terms of pseudo-TESs, 1 TES per pseudo-TES is equivalent to truth 10




Simplification 1: Linear Transition Curves for Each TES

Assume each TESs has a normal resistance of 200
mQ! and a linear transition curve (roughly fitted to
the tanh curve used in TESSim):

Recall that the resistance of a pseudo-TES with M
TESs can be found with: R,scu40(1;) = Rres(T;)/M

In our case, M = 2, the resulting transition curves for

Individual TES Transition Curve our cases are shown below:

Resistance [mQ]

! Determined by setting the channel’s normal resistance to 100mQ, so R ps = 100mQ * 2 TES/channel

200 -
1754
150 1
125 A
100
75 1
50
25 1

---- TESSim (tanh curve)
—— Simplified (linear curve)

56

58 60 62 64
Temperature [mK]

Resistance [mQ]

200 1
1754
150
125 4
100

75 A

50

25 4

Individual Transition Curves

---- TES1 &2
—— pseudo-TES

56 58

60 62 64

Temperature [mK]

11



Simplification 2: TES & pseudo-TES Response to Energy Impulses

Define the value £__ to be the amount of energy to take  The transition curve of the pseudo-TES will have the

a single TES from operating resistance (R )) to normal same form, but with a different R and AT per eV
resistance (R ) % In our simple case, the pseudo-TES contains 2
. " TESs — thus requiring twice the energy to saturate
Single TES Transition Curve q & &Y
200 1 R, Response to Varying Esat
5] 2007 (2" Single TES R(T) ? S
2 150 - - /
— o pseudo-TES R(T) /
9 AT =1.33mK E 101 o 50%Ec é
£ 1001 ] / v 100% Esat /
@ 0 ¢ 1001 200% E., Y
L 50 - O 5 ° t / /'
o —> L2 i
© 50 /
01 : : ' ‘ | e /
56 58 60 62 64 0-
Temperature [mK] 56 58 60 62 64
. . Temperature [mK]
For HV100mmGe: £ =2.610 ¢V, which raises a

We now move to comparing the channel response for
the two models with various amount of energy

absorbed in one or both TESs in the channel
Energy Required to Saturate a Single TES, Change of Temperature of pseudo-TESs 12

single TES’s temperature by 1.33mK




Scenario 1: 50% ESat in One TES

Start with a simple case: TES 1 absorbs 50% £ _and TES 2 absorbs 0% E__

7
%

the wrong answer for the channel resistance

> Note the different entropy values for each model

Scenario 1 Response

200 fommmmmmmmm e
Il
1751 TES 1 J
— 150 Eabs =50%Esat ,I
(@] i (60.33 mK, 133.33 mQ) i
E- 125 4 \,’
3 TES 2 /
£ 1001 Eabs=0%E, ;
© abs = U0 Lsat pseudo — TES
g 754 (59.67 mK, 66.67 mQ) Eaps=50%E s
@ (60.00 mK, 50.00 mQ)
e 50
25 4 Operating Points
0 -

56 58 60 62 64
Temperature [mK]

As shown below, the resistance from the pseudo-TES modeling gives

Energy in Channel

[:: pseudo-TES

TES 1
50% Esat
|
TES 2
0% Esat
Energy . Energy
Absorbed Resistance Entropy
TES 1 S50%E_ 133.33 mQ -
TES 2 0 66.67 mQ2 -
True Channel S50%E_ 44.44 mQ 0 nats
pseudo-TES 50E_ 50.00 mQ 0.69 nats

Percent difference in R . between pseudo-TES and

truth: 12.50%

13



Scenario 2: 25% ESat in Both TES

The next simple case: TES 1 absorbs 25% E__and TES 2 absorbs 25% E__

7
%

Here we have the same energy as the previous case, but the
pseudo-TES model gives the correct channel response
> Note the entropy is equal in the two cases

Scenario 2 Response

200
175
150 1
125 1
100

75 1

Resistance [mQ]

50 1
25 A

- ———

TES 1 /
Eaps=25%Esat !
(60.00 mK, 100.00 mQ) 1
TES 2

Eabs=25%Esat
(60.00 mK, 100.00 mQ)

pseudo — TES
Eabs =50%Esat
(60.00 mK, 50.00 mQ)

Operating Points

56 58 60 62 64
Temperature [mK]

Energy in Channel

[:: pseudo-TES

TES 1
25% Esat
|
TES 2
25% Esat
Energy . Energy
Absorbed Resistance Entropy
TES 1 25% E_ 100.00 mQ -
TES 2 25% E_ 100.00 mQ -
True Channel S50%E_ 50.00 mQ 0.69 nats
pseudo-TES 50E_ 50.00 mQ 0.69 nats

Percent difference in R . between pseudo-TES and

truth: 0.00%

14



Scenario 3: 150% ESat in One TES

The next simple case: TES 1 absorbs 150% E__and TES 2 absorbs 0%

As seen previously, the resistance from the pseudo-TES modeling
gives the wrong answer for the channel resistance — amplified by the

fact that one of the TESs saturated

Scenario 3 Response

Energy in Channel

\

[:: pseudo-TES

TES 1
150% Esat

200
175

=
~ N !
U u o
1 1

Resistance [mQ]
)
o

N w
w o
! !

o
h

TES 1 /
Eaps = 150% Esat 0
(61.67 mK, 200.00 mQ) /

TES 2 !
Eaps = 0% Esat
(59.67 mK, 66.67 mQ)

pseudo — TES
Eabs = 150% Esat
(60.67 mK, 83.33 mQ)

Operating Points

MES 2
0% Esat
ls'is again different
A];:)EE:%Zd Resistance ézl?tif)iyy
TES 1 150% E_. | 200.00 mQ -
TES 2 0 66.67 mQ -
True Channel | 150% E__ 50.00 mQ 0 nats
pseudo-TES 150% E_ 83.33 mQ2 0.69 nats

56 58 60 62 64
Temperature [mK]

Percent difference in R . between pseudo-TES and
truth: 66.67%

15



Energy in Channel

Scenario 4: 75% E__in Both TES == pseudo-TeS

The last simple case: TES 1 absorbs 75% E__and TES 2 absorbs 75% E_ 7;_5051:—1 .
Sa

DS

% Once again, we have the same energy as the previous case, but the
pseudo-TES model gives the correct channel response

TES 2
> Note the same entropy in both configurations 75% Esat
Scenario 4 Response Energy Energy
200 - TES1  pmmmmemmmmmmmmmmemee Resistance
Eopo= 75%Evs / Absorbed Entropy
M (60.67 mK, 166.67 mQ) ——s
o 150 TES 2 / TES 1 TS%E_ 166.67 mQ2 -
o 125 : Eabs=75%Esat ) II’ 54
= 60.67 mK, 166.67 mQ) i
2 100 T TES 2 75%E_ | 166.67 mQ :
S pseudo - TES
2 757 B o 150% Eici True Channel 150% E_ 83.33 mQ 0.69 nats
£ 504 (60.67 mK, 83.33 mQ)
25 4 Operating Points pseudo-TES 150% Esat 83.33 mQ 0.69 nats
i : : . : : Percent difference in R . between pseudo-TES and
56 58 60 62 64 truthe 0.00%
Temperature [mK] < Y. 0

16
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Summary of pseudo-TES Mismodeling in the Simple Channel

To the right: The percent difference between truth and the
pseudo-TES model as a function of energy in TES 1 and 2

150

K/

< Bottom line: The pseudo-TES model only gives the
correct channel resistance in the special cases where the

125

[
o
o

TESs have identical energy or everything is saturated

~
w

> The difference in models depends on the number of
pseudo-TESs and the amount of energy absorbed in
the channel ®

% Esat in TES 2

w
o
3
Percent Difference [%]

10

To further quantify when and how big of an effect the A
pseudo-TES model has on total channel resistance, we move

to a channel with 120 TESs with a varying number of

pseudo-TESs and larger range of energies

17



Outline

%  More Complete Quantification of Channel Resistance Mismodeling
> Comparing Larger Channel Response from Different Energy Scenarios

> Comparing Response for Additional Entropy Configurations
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TES Configuration in our Larger Channel

Before beginning, we give the baseline information for our channel:

Number of TESs in Channel Normal Resistance of Channel (R ) | Channel operating Resistance (R )
120 100 mQ 33.33 mQ

Start by considering two simple edge-case events:

2
3
c
3
m
>
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=,
=
=
o
=
<
o
®
o
o
o,

@)
[0}
o
o
@

Mini ropy it . Maximum En it
EEEEEEEEEN EEEEEEEEEN
EEEEEEEEEN EEEEEEEEEE R Event 2
Event 1 EEEEEEEEEN © DoDoEDDEEm i, e
. EEEEEEEEEER S DNDDNEENEDEEM@E S All energy spread
All energy in one EEEEEEEEEE . DoDOoODDEDED 2 : th
TES EEEEEEEEEN DOODOC0OOC0OO) |3 cvenly across the
o EEEEEEEEEN ft NEDEEEEERD £ channel
— Minimum EEEEEEEEEE " DDDODDEEDDD i .
Entro EEEEEEEEEN s DIDDDEEEDEE f§ — Maximum
py EEEEEEEEEE| . CoooooEooo| i Entropy
EEEEEEEEEN EEEEEEEEEE §-
EEEEEEEEEN l EEEEEEEENEN I

Next, we review the transition curves of the pseudo-TESs and then compare the resulting channel
resistance between truth (one TES per pseudo-TES) and the pseudo-TES model (varying number of

TES per pseudo-TES) for both events

19




Different pseudo-TES Resistance vs. Temperature Curves

X/

¢ We start be detailing the transition curves for the pseudo-TESs in our large channel

X/

< Reminder: By assuming each TES has a normal resistance of 12Q!, as the number of
pseudo-TESs changes, the pseudo-TES transition curve changes according to:
Rpseudo,j (T]) — RTES (T7)/M
In this simplified case, we can pick a large number of different M — resulting in the
following transition curves for each pseudo-TES

Individual TES Transition Curve pseudo-TES Transition Curves o

12 —= 12 \
« o]
10 10 100 E
©
= —_ i
S s G s g0
3 3 0
S 6 S 6 60 =
fz % 3

" "
o 41 O 4 3
K 2 w0 g
o
21 ---- TESSim (tanh curve) 21 0 5
o . —— Simplified (linear curve) . = 3
56 58 60 62 64 56 58 60 62 64
Temperature [mK] Temperature [mK]

! Determined by setting the channel’s normal resistance to 100mQ, so R ps = 100mQ * 120 TES/channel




Channel Resistance Comparison: Minimum Entropy Case

For the minimum entropy case, we vary both the number of TESs per pseudo-TES and the impulse energy
and compare the results to truth (Note that we have included saturation effects for all models)

Channel Response - Minimum Entropy

~
o
L

—— 1 TES/ pseudo
—— 2 TES / pseudo
—— 3 TES/ pseudo
4 TES / pseudo
5 TES / pseudo
10 TES / pseudo
20 TES / pseudo
30 TES / pseudo
—— 40 TES / pseudo

—— 60 TES / pseudo
0 1000 2000 3000 4000 0 1000 2000 3000 4000 —— 120 TES / pseudo
% of Saturation Energy % of Saturation Energy

00ss|  Truth shown here —
quickly saturates

Truth shown here —
quickly saturates

(=2}
o
L

. 0.050

w
o
L

B
o

0.045 |

Rchan [Q
o

0.040

Percent Difference [%]

= N w
o o
L h

0.035

o
L

% The amount of mismodeling is a function of both M (number of TES in the pseudo-TES) and energy —
with the modeling getting worse as we increase either

At early times in real events, where absorbed phonon energy is large and localized, the pseudo-TES model
produces an incorrect channel response due to the assumption that energy is evenly spread across the TESs

Note that the pseudo-TES response is shown in backups 21



Channel Resistance Comparison: Maximum Entropy Case

For the maximum entropy case, we follow the same procedure and vary the number of TES per pseudo-TES
and impulse energy and compare the results to truth

% The pseudo-TES model correctly reproduces the channel response for all configurations to within

rounding error
Channel Response - Maximum Entropy

le-12

=
(=}

—— 1 TES / pseudo
—— 2 TES / pseudo
—— 3 TES / pseudo

4 TES / pseudo

5 TES / pseudo

10 TES / pseudo

20 TES / pseudo

30 TES / pseudo
—— 40 TES / pseudo
—— 60 TES / pseudo
—— 120 TES / pseudo

0.055 |

o
@

— 0.050

[
o

0.045

Rchan [Q

o
»

0.040

o
N

Percent Difference [%]

0.035

©
=}

0 1000 2000 3000 4000 0 1000 2000 3000 4000
% of Saturation Energy % of Saturation Energy

At later times in real events, where absorbed phonon energy is generally uniformly distributed, the
pseudo-TES model will typically produce the correct channel response as the true energy distribution aligns
with the pseudo-TES assumption that energy is evenly spread across the TES in the pseudo-TES

Note that the pseudo-TES resistance does vary from truth due to the increased specific heat (shown in backups) 22
OGO



Channel Percent Difference

Final Comparison for Min/Max Entropy Minimum Entropy

100 1 I l 140

60 -

=
(=2
o

[%]

Shown to the right is the percent difference of the

o
N
o
e

[y
o
o

Percent Differenc

pseudo-TES model channel resistance to the true channel

T
(]
(=]

resistance — interpolating between points for clarity

T
(=2
o

40

Number of TES / pseudo-TES
N
o

K/

% Minimum entropy case (top): the pseudo-TES model

o N
s 8

o
L

performs worse at high energy and a large number of 0 2500 5000 7500 10000

% of Saturation Energy

TES per pseudo-TES Channel Percent Difference
Maximum Entropy ie_13

% Maximum entropy case (bottom): the pseudo-TES 120

100

model always reproduces the correct channel resistance,

80

T
(o)}

Percent Difference [%]

regardless of the energy or number of TES/pseudo-TES

60 -

£

40

Next, we comment on additional configurations of entropy,

N

20 A

as the minimum and maximum entropy cases are highly

Number of TES / pseudo-TES

unlikely in real events

0 2000 4000 6000 8000 10000
% of Saturation Energy




Additional Entropy Configurations

pseudo-TES w/ 40 TES per pseudo-TES
Total Energy = Esat

Now considering a single pseudo-TES with 40 TESs, we use 0.1050]

a set of toy events where the fraction of total energy absorbed ~ ****]

0.1040

in each TES is randomized e

Rpseudo [Q]

0.1030 -

% Said differently, the entropy of each event is randomized = .

@ True Resistance

0.1020 pseudo-TES Model Resistance

)

% Shown for two different total energies in the

0.0 05 10 15 2.0 25 3.0 35

pseudo-TES: £ (top) and 45 x E__(bottom) pseudo-TES Entropy [nats]
pseudo-TES w/ 40 TES per pseudo-TES
At all entropies, other than max entropy (red circle), the Total Energy = 45 X Esat -
0.300 - J

pseudo-TES model does not equal the true response 0275 ]
0.250 -
0.225 -
0.200 -

O

% The response gets worse at both lower entropy and

@ True Resistance
pseudo-TES Model Resistance

0.175 -
0.150
The correlation between resistance and entropy is quite tight — 0125

0.100 -

potentially making it useful (more in a later talk) 0o 05 10 15 20 25 30 35
pseudo-TES Entropy [nats]

Rpseudo [Q]

higher total absorbed energy

24
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Outline

< Conclusions
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Conclusions

% We have presented some simple quantifications of how poorly the pseudo-TES model
does as a function of energy, entropy, and the number of TES per pseudo-TES

>

%  While the pseudo-TES model works well when the energy is nearly uniformly
distributed, it does poorly when it is localized

>  We expect the pseudo-TES model to do well at late times, but very poorly at
early times

> For localized distributions (small entropy) the amount of mismodeling goes up
both as a function of energy and the number of TESs per pseudo-TES

¢ We observe that the correlation between mismodeling and entropy for a specific
number of TESs per pseudo-TES appears to be quite tight, which potentially makes it
useful

> We will come back to this in a later talk to describe how we use this to correct

the TESSim response throughout time
26
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TESSim Computation Requirements for HV100mm (1 Event)

CPU Time vs Number of TES per pseudo Memory vs Number of TES per pseudo
p p
1 &
102{ ¢ =
—_ (e
£ S
E 2100 |
2 104 >
£ ;]
= S
=) Q
® i %
1074 =
[
A =
0 250 500 750 1000 1250 1500 1750 0 250 500 750 1000 1250 1500 1750
Number of TES per pseudo-TES Number of TES per pseudo-TES
N Pseudo 1 3 13 39 47 141 611 1833

CPU Time 00:00:17 00:00:16 00:00:21 00:00:38 00:00:45 00:03:16 01:47:45 04:51:46

Memory

[MB] 202.04 202.41 213.05 388.81 387.93 518.59 1130.0 2980.0
MTES / 1833 611 141 47 39 13 3 1
pseudo

28
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Change of Temperature of pseudo-TESs

Recall: when adding energy to TESs, we use the
value % of Saturation Energy which is the % of
energy required to raise a single TES’s resistance

from operating (R ) to normal (R )

Single TES Transition Curve

R,
’ Rn

Rn/2
Ro

Resistance [mQ]

=

>

AT=1.33mK

/

56 58 60 62 64

Temperature [mK]

While 100% saturation energy will raise a single
TES’s temperature by 1.33mK, a pseudo-TES will

not always be heated the same amount

—— 1 TES per pesudo-TES
6 1|—— 2 TES per pesudo-TES
—— 3 TES per pesudo-TES
5 1 4 TES per pesudo-TES
— —— 5 TES per pesudo-TES
¥ 4|--- Saturation Temp
=
I W
<

0 100 200 300 400 500
% of Saturation Energy

Shown above: The number of TESs per pseudo-TES
affects the temperature gained from energy impulses

% A pseudo-TES with M TESs will require
M*100% saturation energy to reach normal

resistance due to the increased mass of the

pseudo-TES
29




Energy Required to Saturate a Single TES

From the simplified TES transition curve below,
we note that a TES will become saturated if an
energy deposit raises its temperature by 1.33mK

Single TES Transition Curve
Rn

Rn 1

Rn/2 1

Ro AT=1.33mK
Losr=®

Resistance [mQ]

e

B

56 58 60 62 64
Temperature [mK]

We can find the energy corresponding to this
temperature change with:

E=CSAT

Note that ¢_is the super conducting specific heat
given by:

¢, = 2.43c, = 2.43(V, )J(W)(T)

Using the following from the HV100mm TES
constants file:

Wthick TESlength TEswidth Wy Tc
40 nm 208 um 2.4 um 108 60 mK
J/(m’K?)

The specific heat for a single TES is:
c. = 3.144e-16 J/K = 1962.64 eV/K

Thus, the energy required to saturate a single TES
is 2.610 eV 30




pseudo-TES Response for Minimum and Maximum Entropy Cases

pseudo-TES Response - Minimum Entropy

121 1001 &
—— 1 TES / pseudo
10 2 ool N —— 2 TES / pseudo
o /\ —— 3 TES / pseudo
c 8 S 60 /\ —— 4TES/ pseudo
g 6 & 5 TES / pseudo
& O 40 10 TES / pseudo
=SS < 20 TES / pseudo
5 5 20 A 30 TES / pseudo
o —— 40 TES / pseudo
0 04 —— 60 TES / pseudo
0 1000 2000 3000 4000 0 1000 2000 3000 4000 —— 120 TES / pseudo
% of Saturation Energy % of Saturation Energy
pseudo-TES Response - Maximum Entropy
7 100
_ —— 1 TES / pseudo
61 X g0l —— 2 TES/ pseudo
51 9 —— 3 TES/ pseudo
c il g 601 —— 4 TES/ pseudo
8 g 5 TES / pseudo
& 37 O 401 10 TES / pseudo
o g 20 TES / pseudo
2 20 30 TES / pseudo
1 & —— 40 TES / pseudo
0 04 —— 60 TES / pseudo
0 1000 2000 3000 4000 0 1000 2000 3000 4000 —— 120 TES / pseudo
% of Saturation Energy % of Saturation Energy 31




pseudo-TES Resistance in TESSim ODE

Note: T_ is replaced by

Recall that TESSim ODE uses pseudo-TESs — not individual TESs Tl — T, (’1 _ %)m
According to Jon Wilson’s notes, the transition curve for the single ith TES is given by:
1 Rn Tz o T(1=\
Ri(Ti) = = — |1+ tanh —)
Gi(T) 2 i
In TESSim, since individual TESs aren’t used, values for the above are derived from channel
quantities configured in TESConstants file(s) (e.g. R__ , T ,T_,etc.)

n,chan

% Because a channel is M pseudo-TESs in parallel: Rnpseu 5w =MxR
> Now subbing R pseudo in for R, the same transition curve can be used for each
pseudo-TES in TESSim ODE

This is effectively what was described on P11 and P20 — where one can think of a pseudo-TES

as individual TESs in parallel
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https://confluence.slac.stanford.edu/spaces/CDMS/pages/326526446/G4DMC+TES+ODE+Solver+Model?preview=/120202114/215849202/notes-tes-simulation.pdf

See Google slides for GIF

Energy Dependence on Rpse , Vs Entropy
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https://docs.google.com/presentation/d/1Bzg6bgJHc4sMQLVk-o1t0y4zE6n-8N322jdqPXW33q0/edit?usp=sharing

See Google slides for GIF

Energy Dependence on Rpse vs Entropy

udo

pseudo-TES w/ 40 TES per pseudo-TES
Total Energy = Esat

IS
S

To the right: pseudo-TES effective resistance as a function of - s
entropy with varying amounts of total energy deposited g oz =3
Key features: < oo w
% Minimum entropy is constant R R
Entropy [nats]
> No Change 1n resistance fOI' E>F pseudo-TES w/ 40 TES per pseudo-TES
sat Total Energy = 45 X Esat
% Maximum entropy is “tied” to the pseudo-TES model
. . a 0:225
> Increases as total energy increases, until the whole 3 ool @ TR estonce
pseudo-TES is saturated (E'/ E > nTES per pseudo) = 0
For energies above E_ : One can think of the orange line
stretching the points upwards with energy, as the max entropy point pseudo-TES Entropy [nats]
always resides on that line. However, the min entropy point remains P e By
constant, and the intermediate points cap off due to saturation,
causing the curved shape shown in the middle o
=)
For energies below E_ : One can think about the orange line Fow
compressing the pomts “and the higher entropy points start flattening s e

0.1020

pseudo-TES Model Resistance

out to the pseudo-TES model resistance
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https://docs.google.com/presentation/d/1Bzg6bgJHc4sMQLVk-o1t0y4zE6n-8N322jdqPXW33q0/edit?usp=sharing

