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Background of TES Physics coms I B

. " . CDMSLite TES Transition Curve
Superconducting Transition Edge Sensors (TES) help enable us to achieve with Custom Sim Parameters

our low threshold by exploiting the sharpness of the transition region. 600 ]
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Our Best Understanding of the Micro-Physics:
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e Forlarge energy deposits, TESs near the deposit can quickly become saturated
with early-time phonons.
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Te = 76.39 mK
Tw = 0.62 mK
Rn = 660 mQ
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e Since cooling power is proportional to the TES temperature, they will quickly
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“unsaturate”, as they dump heat back into the substrate bath. TEmpEARIEHI)
. _ _ _ Individual TES Temperatures Individual TES Resistances
e Since late-time phonon absorption is 300
typically slow and uniform, all TESs will . 140 - T
exhibit near equivalent response at tails. £ %
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e Keep this behavior in mind, as we will o ]
show that the simulation was not 2 {00 &0
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TES Modeling in Simulation cbwis [ i B

* In simulation, QETs are lumped together into groups of pseudoTES to reduce computational
requirements of solving large systems of differential equations.

« In TESSim ODE, a unitless parameter A is used in place of the pseudoTES temperature to more
efficiently solve the ODE system. See Jon Wilson’s note, Eq 13.

c,eff
a=tihT (g1
T *j = Index of single PseudoTES
. . . T,, = Transition width
» Each pseudoTES resistance (R) is modeled as a tanh function, and T, = PseudoTES temperature
the conductance (G) is 1/R T2 = Effective critical temperature
G, = Conductance
» The temperature (and therefore A by identity) dictates the R, = Normal resistance
conductance of the TES and the cooling power to the substrate. P> = Cooling power from subsirate
K = Heat Capacity
\ 2 \ T, = Substrate temperature

G;i(4;) = o cosh A;e™%, (Eq 14) P’ = K(T} —-T7) (Eq9)


https://confluence.slac.stanford.edu/spaces/CDMS/pages/314567837/TES+Lumping+for+ODE+Solver
https://confluence.slac.stanford.edu/spaces/CDMS/pages/314567837/TES+Lumping+for+ODE+Solver?preview=/120202114/215849202/notes-tes-simulation.pdf

Bug in the Code cbwis [P 1 R

e In TESSim ODE, a “safety feature” was implemented to prevent floating point errors.
It forced limits on the A state values here, to prevent the exponent from blowing up
in Eq 14.
O Lines 193,194,199 in CDMSreadout/G4DMCPulsesTES _ODE.cc :
const realtype MIN_A = -0.5*(DBL_EXPARG_MAX+logRn)/N_eq;
const realtype MAX_A = -0.5%(DBL_EXPARG_MIN+logRn)/N_eq;
A[i] = std::min(std::max(NV_Ith_S(ode_vec,i), MIN_A), MAX_A);
e This feature was improperly implemented, capping off the A state much earlier than

was appropriate.
o N_eq should have been inside of the logarithm, which resulted in a much tighter constraint than
intended.

e For along time the bug disguised itself as TES saturation, when in reality it was an
artificial cap on the temperature for computational purposes.

e See elog/2281 and elog/2284 for more technical and mathematical details.


https://gitlab.com/supercdms/Simulations/supersim/-/blob/3cc3e159af3309bfdc7ca55eca0e80551bbcbc36/CDMSreadout/G4DMCPulsesTES_ODE.cc#L199
https://scdms.slac.stanford.edu/elog/SuperSim/2281
https://scdms.slac.stanford.edu/elog/SuperSim/2284

Bug Symptoms with Default Settings T e

Example Bulk ER event in a CDMSlIite detector with default settings PseudoTES Temperatures
(49 pseudoTESs per channel). — PD.31

- PD.32
— PD.33
— PD.34
— PD.4

Problems:

e Temperature of strongest (lead) pseudoTES gets cut off and
stays elevated. In reality temperature should smoothly
transition to a sharp peak as on P2.

e Cutting off temperature early extends “saturation” time of that 400 600 sc‘mT _ 1(:90 1200 1400
pseudoTES because of reduced cooling power (Eq 9). me bins

PseudoTES Resistances

— PD.31
- PD.32
s PD:33
— PD.34
— PD.3

Since we can change how many QETs are lumped into each
pseudoTES, we will soon show that simulating more pseudoTESs
per channel worsens these effects because of the N_eq term in
bounds on previous slide.

Resistance (Q)

y . . . 400 6(')0 8(;0 10'00 12'00 14100 5
-Top 5 pseudoTES’s with largest input power color coded for comparison
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Worsening Symptoms with More PseudoTESs (@ i fuco

Astronomy

Hypothetically, modeling more pseudoTESs per channel (pink curves below) should bring

simulation closer to reality. However, for the single BUIkER event in a CDMSIlite detector, the
effects of the bug are enhanced as the number of pseudoTESs goes up.

: Reasonable temperature curves and T vs Ais linear

e Large number of pseudoTESs (pihk):
and T vs A becomes nonlinear sooner.

emperature is cut off earlier, stays cutoff for longer,

ead PseudoTES Temperature for VaryianTES
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-Lead PseudoTES = Individual PseudoTES with largest instantaneous input power Sample Description




Effect on Trace Shapes cms [ [;

« The effect is also clear when looking at the full
channel trace.

*  When the last pseudoTES ceases “saturation”,

there is a visible drop in the channel trace. 10+ 3 Lead Channel Trace for Varying nTES -

o . f‘ - = Default COMSLite 400 QE)

« Issue originally went unnoticed because at the ] s

default number of pseudoTESs for CDMSlite z 10°3 et Mesgo b

(49), the bug presents as a small effect at early Lj . / 5

times. g 10-1-i ‘ / 2005

O >

* Increasing the number of pseudoTES causes ' 100 &

the effects of the bug to be pushed to later times 10_2§ E
and made more severe.

0 2000 4000 6000
Time (us)

Lead Channel = Channel containing energy deposit location Sample Description
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Post-Fix Preliminary Results coms I R

When the A state limiter is removed entirely, allowing the temperature to vary freely,
much more physical-looking results are produced.

Before: Temps are being cutoff non-physically and remain elevated for too long, After: Smooth peak to tail transition as expected

Default A Cutoff No A Cutoff . Lead Channel Trace Comparison
10
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*Peak value here also decreased after removing cutoff,
but it's hard to see on log scale.

-Plots produced here by treating all QETs independently, with no lumping (pink curves in previous slides). o .
-Top 5 pseudoTES’s with largest input power color coded for comparison Sample Description




Technical Details of the Bug Fixes N A

elog/2281 fixed the improper N_eq
scaling in the code, placing it in the
correct location in the expression for
the bounds on A.

elog/2284 replaced the A and T cutoffs
with a conductance cutoff.

— Aand T are now unbounded and allowed to
vary freely according to the various heat
transfers on the TES.

—  To continue avoiding floating point errors, the
conductance is now cutoff to certain values
whenever A crosses a specified threshold.

By leaving A and T untouched,
accurate cooling power of substrate is
preserved.

CDMSLite PseudoTES Temperature Limits

Before Fix
(Hard T, cutoff)

# PseudoTES 49 452

Effective Lower 71.8 75.9
Bound (mK)

Effective Upper  80.9 76.9
Bound (mK)

Range of 9.1 1
Bounds (mK)

After Fix
(Thresholds for
conductivity cutoff)

49 452

-141.7* | -141.0*

295.9 295.9

437.6 436.9

* These are just the tightest, low-end bounds numerically
required to avoid expressions blowing up to infinity errors. No
need to panic, there are not < 0 K temperatures in simulation.



Conclusions cDMs [ R aals

e A Dbug that caused unphysical temperature cutoffs which presents as
increased saturation-like features in the pseudoTES’s has been identified in
TESSim ODE and corrected.

e For devices with large numbers of pseudoTESs, this bug causes too large of a
current in high-energy channels at late times.

e Effects are more significant for greater numbers of pseudoTES’s (fewer QETs
per pseudoTES), but have been observed at default settings for CDMSlite and
HV100mm.

e Afix that preserves an accurate substrate cooling power has now been
implemented in elog/2281 and elog/2284, producing much more physical-looking
results.

e We will use this fix as part of future parameter tuning campaigns, especially as
we investigate other effects from the use of pseudoTESs.
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https://scdms.slac.stanford.edu/elog/SuperSim/2281
https://scdms.slac.stanford.edu/elog/SuperSim/2284
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Why T Appears Cut Off but not A State coivs [ - B

e At Line 861 here, the A-state saved to the root file comes directly from
the ode solver.

e The A-state that was cut off at Line 199 was a local copy that did not
propagate to the ode solver.

e The cut off local A-state was then used to calculate the T value that

was saved to the root file as well as used to determine the cooling
power.
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https://gitlab.com/supercdms/Simulations/supersim/-/blob/master/CDMSreadout/G4DMCPulsesTES_ODE.cc?ref_type=heads#L861
https://gitlab.com/supercdms/Simulations/supersim/-/blob/3cc3e159af3309bfdc7ca55eca0e80551bbcbc36/CDMSreadout/G4DMCPulsesTES_ODE.cc#L199
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Sample Description cbwis I i B

» Asingle 10 keV BulkER event at the “centroid” of PD (r,phi = 20mm, 30°)
* Full phonon statistics (maxLukePhonons = -1)

* Sampling energy = 200 eV CDMSLite TES Transition Curve

e Z=7.709 mm with Custom Sim Parameters
600 -
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=
= 400
@
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= Tce = 7639 mK
100 1 Tw = 0.62 mK
Rn = 660 mQ
0 -
70 75 80
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Lead Channel Trace Comparison

Lead PseudoTES A State Comparison 10!
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Temperature

eDMS
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Physics and
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Temperature (mK)

CDMSLite PseudoTES Temperature for 452 Pseudos

Default A Cutoff No A Cutoff
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A State cbis [ 1SR

CDMSLite PseudoTES A State for 452 Pseudos

Default A Cutoff No A Cutoff
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Resistance
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CDMSLite PseudoTES Resistance for 452 Pseudos
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Tests During Elog/2284
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Resistance Tests With if statement Limiters @8 T

Astronomy

Using code from elog/2284

Elog/2284 PseudoTES Tests

Tw 0.05 Rn 0.001

300 A .
a T
< 200 - 2 ;
9 | |
i e J |
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. L4 Ul
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400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
Time Bins Time Bins
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Still Hitting Limit for Small Tw cbwis [ i B

Temperature (mK)

MAX_A ~354 (i.e., 354 T 's away from the critical temp)

Small T ’s during tuning processes can cause the limit to be reached for large
energy geposits.

Limit was hit below for a T,=0.15 mK, where 0.5 mK'is CDMSilite default.

Lead PseudoTES Temperature for Varying Tw Lead PseudoTES A State for Varying Tw

8
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0 1000 2000 3000 4000 0 1000 2000 3000 4000

Timebins Timebins
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Temperature Tests With if statement Limiter L [ S

Using code from elog/2284

Elog/2284 PseudoTES Tests

Tw 0.05 Rn 0.001

S 140 4 |
£ .

5120 §
-

2 100 - 1
2 80 - -
&

© 60 |

0 1000 2000 3000 4000 O 1000 2000 3000 4000

Time Bins Time Bins
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R vs T With if statement Limiters comis [ SRl

Astronomy

Using code from elog/2284

Elog/2284 PseudoTES Tests
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300 A . ]
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A vs T With if statement Limiters comis [ - Bkl

Using code from elog/2284
Elog/2284 PseudoTES Tests

Tw 0.05 Rn 0.001
2000 A /,-"' J . Lead PseudoTES
2 1500 A -
£
n 1000 - i
<
500 - i
sl | m
60 80 100 120 140 60 80 100 120 140

Temperature (mK) Temperature (mK)
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Temperature Post-ComputeVG coms

A

Physics and
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Elog/2284 PseudoTES Tests After ComputeVG Function

Tw 0.63 Tw 0.05
76.380 -
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et
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Resistance Post-ComputeVG cowis [ A

Astronomy

Resistance (Q)

Elog/2284 PseudoTES Tests After ComputeVG Function

Tw 0.63 Tw 0.05
140 140 -
120 - 120
100 - 100
0 1000 2000 3000 4000 0 1000 2000 3000 4000
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Avs T Post-ComputeVG coms

A State

Elog/2284 PseudoTES Tests

Tw 0.63 Tw 0.05
2000 A -
Lead PseudoTES
1500 A E
1000 4 E
500 A E
0- L = 'I
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Physics and
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