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Outline

• Hardware: Turbomolecular pump (E1039)

• Heat transfer simulation (E1039)

• GlueX experiment (PAC/LOI proposal preparation) (GlueX)

• Machine Learning study: Self organizing map (General Analysis)



Turbomolecular Pump



Turbo Molecular Pump
Pre-condition Action Result & Conclusion

Error E006 Set the start-up time Works

Turbo didn’t go to Max speed Set Venting off Works, pump attained Max speed

Set Rotation speed mode ON

Set Stand by mode off

Background He leak = 10^-5 Found leak on the oil place Background He leak = 10^-8

Final P = 1 x 10^-4 Put Heli coil, order new screw P going down to min 7 x 10^-5 then

Put new slot Going up to Final P = 9x10^-5

History: The turbo delivered to UVA after 15 years sitting in LANL. We sent to company twice to fix some problems 
before I come.  



Turbo Molecular Pump

Pre-condition Action Result & Conclusion

Background He leak = 10^-8 Try different vessel & backing pump Nothing change

P going down to min 7 x 10^-5 then Call the company Suggested leak

Going up to Final P = 9x10^-5

Find the leak on venting screw, put Background He leak = 7^-9

Seal tape P going down to min 6 x 10^-8 then

Going up to Final P = 8.2x10^-5

Oscillatory background leak

P proportional to background leak

Leak pop out on small Pressure

Preliminary Conclusion: Either a few more small leak or pump is dirty
Next action: Try the pump for few days



Turbo Molecular Pump: Update 
Pre-condition Action Result & Conclusion

Background He leak = 10^-8 Running for 3 days It doesn’t work

P going down to min 7 x 10^-5 then

Going up to Final P = 9x10^-5 Run leak checker for around 1 
hours

No Luck. See some big peak but 
always failed to reproduce. 
Oscillatory behavior still there. 
Hypothesis: Since the pressure is 
low, the helium accumulated first 
before it “pushed” to detector

Running the turbo after 1 hours run 
leak checker

It works successfully. It went to 
10^-7 Torr. The background rate 
start at 10^-7 (higher than usual)
and slowly going down



Turbo Molecular Pump 
Pre-condition Action Result & Conclusion

Running with mechanic pump. Turn 
ON the turbo after  P = 3X10^-2 
using mechanic pump only. Run 
overnight 

It works. The lowest is 2x10^-7
It reach 10^-7 in 15 minutes

Re do it again to see if it is 
reproducible

It still works

Running the turbo simultaneously
with the mechanic pump

It works

Testing for the real Vessel Still Running

Notes: The manual suggest to turn on the backing pump FIRST before the turbo
Next Plan: Build the remote controller and Lab View (1 week)



Heat Transfer Simulation



Outline

• Geometry

• Process

• Parameter Input

• Result

• Outlook

Goal: Make sure that the temperature in the coil does not 
exceed 9 Kelvin (quench)

Notes: This first (second) iteration used simplified geometry, process and parameter input. Our target -> 
By the end of October make the simulation as realistic as possible



Geometry
• Closest coil to the beam line
• Two surfaces are in contact 

with the Stainless steel
• Other surfaces of stainless 

steel are in contact with the 
liquid-helium bath

• Two surfaces of coil are in 
contact with the liquid-
helium bath



Geometry
The geometry is 
discretized for the Finite 
Element Analysis



Process

• Volumetric heat source: Determine from the MC simulation

• Only 25K events -> Scale to 1e12
• Extreme scenario -> maximum 

heat load (20 GeV)
• Result in 5500 W/m^3 as the 

heat source on both coil and 
stainless steel



Process

• Conductive heat transfer inside coil and stainless steel

• Convective heat transfer for the surface that are in contact with the liquid 
helium bath (Boiling Convection)

• Radiative process is not yet considered

• Kapitza resistance is not yet considered



Parameter Input: specific heat

• Specific heat of NbTi
superconductor

• Specific heat of stainless steel 
316 LN

• Extreme scenario -> T = 4.2 K



Parameter Input: heat conductivity

• Heat conductivity of NbTi
superconductor

• Heat conductivity of stainless 
steel 316 LN

• Extreme scenario -> T = 4.2 K



Parameter Input: Convective heat coefficient

• The real calculation is very 
complex: Need to consider 
laminar vs turbulent flow, etc.

• Extreme scenario -> minimum 
point



Result

• Software: Simscale+FreeCad
• The beam is running for 5 

second then cooling down for 55 
second

• This simulation run for 5 second 
to see the maximum 
Temperature

• With this simplified geometry 
and put the extreme case, the 
maximum temperature is 
10.0756 K

• This means quench !!

Notes: Got a lot of input after I presented this results. The goal -> As realistic as possible simulation 
by the end of this month.



PAC/LOI preparation for 
GlueX

Background: UVA sent an LOI to install the polarized target in Hall-D. Get 
suggestion to wait until we understand the data landscape from GlueX and 
underlined the specific channel of interest.

Goal: Resend LOI for the next PAC.



PAC proposal for GlueX

• First Consideration -> Main GlueX
proposal: Mapping Hybrid Baryon 
(Including exotic)

•

Evidence “claim” but controversial. Evidence based on  
PWA  using cross section data that is model dependent 



• Opportunity for the polarization observables

• Polarization observables are more sensitive than cross section



Benchmarking:

Second consideration : We need specific channel and specific 
observables



• First Challenge -> If we shoot for exotic π, CLAS g12 does not show its evidence. It may 
not produced in photoproduction

• We may shoot for another unobserved exotic



• Third consideration: Is searching for Hybrid Meson require polarized 
target?



Fourth consideration: Statistics is disappointing in GlueX

• Only 453 events J/psi

• Only 1200 Cascades

• Only 50 Exited Cascades



Searching for η1
With current statistics from 200 PAC 
days. It is difficult to sell searching for 
Hybrid with polarized target



Outlook

• Contact some theorist to get some input

• Goal -> By the end of Oct have one or two specific channel and 
observables.



SELF ORGANIZING MAP
SOM Is a type of Machine Learning that has a lot of possible application. One of 
them is to extract small signal from complicated backgrounds



Self organizing map

What we learned so far:

• Running SOM in Amazon (AWS EC2)

• Successfully create clustering for two “distinct” channel with the 
same final state (ΚΣ and pη) photoproduction

• When we have “strong” discriminant variable, clear clustering attined
even with very few events (hundreds), variables (3) and grid (10 x 10)

Next Challenge:

• Try SOM (supervised) for two channel with “not too strong” 
discriminant variable



Channel SOM Setup

• CLAS-g12 MC generated

• 10x10 and 20x20 grid

• About 1000 events

• 4 variables:
• Invariant mass of proton & pions

• Invariant mass of Kaon & pion

• Kaon momentum

• Kaon angle







10 x 10 20 x 20

SOM Results



Self organizing map: Update

• New Channel: photoproduction
of Κ*Λ with K* decay to Κπ
(signal) and Κγ (background)

• 14 Variables, most of the are pull 
distributions for the MC 
reactions fitted to missing π and 
missing γ

• Around 8000 MC events

• 10 x 10 grid 

• On the next 4 slides: 

• The resulting SOM map

• Signal purity map 

• Background purity map

• Efficiency plot



SOM Map



Signal Purity



Background purity



Efficiency Plot



Self Organizing Map: Conclusion & Outlook

• It looks promising

• Keep channel exploring and playing

• Start look into the physics application -> focus on GPD and TMD



More and more interest in particle community



THANK YOU


