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Top
Instrumentation

PICO-40L Experiment

* Bubble chamber detector
« C3F8 as the active fluid > Metastable (superheated, i P)

* Interaction: particle-nucleus—> nuclear recoil >bubble(s)

 Seitz model : localized energy deposit 2 threshold el —

 Collaboration: technological achievement N oo

e Background rejection : insensitive to electron & gamma
* less localized than nuclear recoils> protobubble collapses immediate|u*8

 Acoustic discrimination: Piezo—> distinct sign.; ¢Vs neutron



PICO-40L Experiment

« Camera
* Primary trigger

» Bubble position reconstruction
* Fast pressure transducer : dytran
compressed
» Secondary trigger )
- liquid
» Bubble multiplicity i

» Eventtype: bulk vs wall

Pressure—

Temperature—



Thermal concept

* Warm region: water bath = regulate T

Warm region —

* Transition region: imperfect ~ 13°C
* HDPE sheets & Heater plates

e Thermal simulation & RTD to understand

[ ] [ ] [ ] C Id 1
» Cold region: Cooling coil s e
e

* Need for a cold and warm region: why?

* C5Fgin contract with the bellows

* Nucleation sites: Bellows (presence) vs Glass(~ absence)



Thermal concept

 Question that needed to be answered

W ion —
« P& Te: profile along the Z-axis airqgti%lon
 Threshold = Q(PT)

e No RTDs in the active fluid

Cold region
~-25°C

« COMSOL simulation vs RTD data
* Which model best describes reality



PICO-40L
Thermal model

With Without
Convection Convection

Thermal model : diagram

e Convection

* More realistic regarding the time needed to

reach a steady state

* Boussinesq approximation : velocity field of

the fluid

* No convection

* When the system stabilizes, it is possible that
the convective flow can be neglected.

* Maximum time to reach equilibrium :



PICO-40L
Thermal model

With Without
Convection Convection

Thermal model : diagram

 Transient
T overtime: COMSOLvs RTD

« Compression and expansion cycle

e Steady state
* When the system reaches stability

« 2D

* Reduce computation time but constitutes a simplification

« 3D

* Limits possible errors due to the use of symmetry (2D) &



RTDs : positions
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RTDs: steady-state data

RTD temperature as a function of time
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® RTD 4 median = 13.01, stdev = 0.031
® RTD 5 median = 13.25, stdev = 0.031
® RTD 6 median = 12.94, stdev = 0.035
® RTD 7 median = 11.58, stdev = 0.046
® RTD 9 median = 13.01, stdev = 0.031
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RTD vs COMSOL data

« SS No convection vs

0

R
. i
-1.5 -1 -0.5 0 0.5 1 m

Surface: Temperature (K)

Convection trans

Time=30.4h
m

Surface: Temperature (K)

Slight temperature
difference near the wall
and the bottom of the PV.

**k*k

*k*k

The bottom of the PV is
colderwhen-convection is
taken into account.
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RTD vs COMSOL data

RTD temperature vs. simulated temperature with COMSOL as a function of position : no convection RTD temperature vs. simulated temperature with COMSOL as a function of position : with convection
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Temperature difference
between models

e The model that takes
convection into account
best describes reality.

e Significant change in T

with a slight spatial shift
RTD47, RTD49

Time=30.4 h

surface: Temperature (K)

-0.5 0
Temperature di

0.5 1 m
erence between simulated

* A o 4@ + 010

13

RTD 4 ; delta_T = 4.520168677019591

RTD 5 ; delta_T .759628677019592

RTD 6 ; delta_T .3164827229300506

RTD 7 ; delta_T .128165633370347

RTD 9 ; delta_T = 4.578294522285859

RTD 41 ; delta_T = 2.6044117227885764

RTD 46 ; delta_T = 2.521790152778223

RTD 47 ; delta_T = 6.0376034204613696

RTD 48 ; delta_T = 0.3053136021694609

RTD 49 ; delta_T = 12.970326930628296 !
RTD 4 ; conv delta_T = 0.23205420479009575
RTD 5 ; conv delta_T = 0.47151420479009687
RTD 6 ; conv delta_T = 0.160407053608413
RTD 7 ; conv delta_T = 1.2189512612207771
RTD 9 ; conv delta_T = 0.2549497235994238

RTD 41 ; conv delta_T = 3.5631607070745517
RTD 46 ; conv delta_T = 1.1066732132257329 |
RTD 47 ; conv delta_T = 7.1786400623515085
RTD 48 ; conv delta_T = 19.09364279989356
RTD 49 ; conv delta_T = 12.995913724445934



Initial & Boundaries condition

Water Tank Wall & Heater plate Ti =293 15 K Vgi’;e;gaélk FAerOOCr

286.15K.; 139C




Surface of the function Q(PIn,TIn)

Seitz Threshold : C,Fg

Q(PT) = 5.7447 + 0.2538*P -0.7725*T +
0.0086*p*2 + 0.0695*TA2 -0.0468*p*T -
0.0018*pA2*T+0.0047*p*TA2 + 0.0002*p"3
-0.0046*T"3 +0.0002*p 2*TA2 -
0.0002*p*TA3 -4.1545e-05*pA3* T+
3.9234e-06*p™4 + 0.0002*TA4 + 4.7669e-
06*x*y**4 -4.5610e-07*p 4*T -4.0602e-
06*pA2*7A3 + 1.8094€-06*pr3*TA2 +
6.35986-08*pA5 -2.4525e-06*pA5
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Pressure

* \Water Bath

Pvsyforx <=0.05m

—— y =-0.5020353*P + 13.81 :R?=1.00

e Pressure Vessel

e Fused Quartz




Qvsyforx <=0.05m
I hre S h Ol d s : —_y= 228.42 * exp(-1.84*Q) + 1.28:R2 =1.00

Contour Plot of Q

e The correction

Tvsyforx <=0.05m

onTand Q(PT) B i B
in C5Fg, Is |
defined by the

equations
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Conclusion

Done

* Models considered: with and without convection ; Steady state and
transient

* Strong correlation between simulated and real RTDs

Need to be done

 Final check : values implemented = pressure, temperature

0



COMSOL: RTDs temperature as a function of time

Annex

* .

.03 * exp( -1.81*) +12.8

.03 * exp(-1.81%) +12.8

.00 * exp( -1.484) +12.8

.15 * exp( -3.74%) + 12,82 R

.04 * exp(-1.78%) +12.7

32.10 * exp( -0.41%t) +-22.80
RTD 46 ; T = 40.42 * exp( -0.11#1) +-15.19: R*
RTD 47 ; T = 13.83 * exp( -0.75%t) +4.92: R* =
RTD 48 : T = 48.08 * exp( -5.41*t) + -28.13: R*

Temperature

e Bellows

* Bellows & cycle

e [ vst

~ 200 PSIA

Distance (in)
1. Compressed @
2. Expanding
3.Expanded @

60
Elapsed time (s)




Annex : Seitz model

« Conditions for nucleation (Q_s > =W_min)
e W_min=4pi/3*sigma *r_c"2
e Er>Q s
* Energy must be deposited within r_c ~ 25 nm at 30 psiaand 13 C

E,=W,+ W, + W, + Wi
e Qs

» Contain three principal terms

Jdo

L Am oo . 5.
)+ 5 rin(h(T) = () + 4120 = Tol) + Wi

* W_c: combat the pressure of the liquid to allow the protobubble to expand
* W_v :to evaporate the liquid and transform it into gas
* W_s: Energy to form the surface of the critical sphere

« W_irr : irreversible processes such as acoustic wave emission (about 2%)

21



Annex : heat transfer = advection-
diffusion equation

10T (r,zt) .= 9%T(r,zt) 62T(r,z,t)| pCpVr dT(r,z,t)  PCpvz AT(r,z,t)] |J |pCp OT(1,z,t)
‘| - + 2 + 2 - - 1
L ar 2z | k ar k k I k at

* where v, and v, are given by the Boussinesq approximation of the Navier-Stokes equations;

* Where, C, is the Heat capacity

* p the density

* k the thermal conductivity

* g heat generation term

* v, and v, are the velocity components

« Tthetemperature
« The velocity u (v,,v,) is given by the Navier-Stokes (N-S) equation or the approxi. choosen

* Ignored terms

 Friction u¢, ~ dilatation BT ap(ar;z’t) and compressibility fluid Sfv - Vp, radiation term 29
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