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Overview



● Hadron – subatomic particle  

● Switzerland & France 

● Protons collide with each other at 13.6 TeV

● 27 km long 

Large Hadron Collider



The CMS Detectors is an 

complex apparatus with layers of 

sub-detectors

CMS Detector 



The CMS Phase II Pixel Detector made up of silicon detectors will emit 60 kW of heat

Phase II Pixel Detector Upgrade
Cross section of 
Inner tracker



Thermal Interface Material (TIM)

TIM adhesive is

an important  step

in heat

extraction to

Stay away from thermal

Runaway. We

Want to see if

we can make it

better with a

bimodal

distribution of

diamond!



Progress already Done



Simulation of two-size mixture of spheres

● Georgia Nissen and Souvik found through 
computer simulations that random loose packing 
of spheres maximizes when radius of small sphere 
is ~ 12% the radius of the large sphere

● Therefore, I began preparing such samples for 
experimental measurements of thermal 
conductivity

Georgia Nissen, 
REU student

2D random loose packing 3D random loose packing

Maximum Packing Fraction achieved at radius ratio of 12%



LOCTITE EA 9396 AERO Part A and B

SAND33 Materials  

Synthetic Diamond Powder Left 2.4 um 

right is 20 um



Me mixing Part A and Part B of the Resin

Making SAND33 samples Pt 1

Me Mixing the Resin with the 2.4 and 20 

um Diamonds 



Result of Mixing the all of the 

Materials 

Making SAND33 Samples Pt 2 

Me putting the Newly made glue in 

between two sapphire dics to test the 

samples

The Finished Samples 



Experimental Apparatus at Purdue



SAND33_3 being tested in Apparatus 

Testing SAND33 and Collecting Data

We are trying to get the slope of the hot 

and cold curves as even as possible



Data Analysis of SAND33_5 samples Pt 1

Temperatures measured at the flux meters for SAND33_5.

Graphs to the right is an expanded graph of the stable window

SAND33_5 has a thickness of 253 ± 10 um of material



Data Analysis of SAND33_5 samples Pt 2

Gradient of temperature in hot flux meter Gradient of temperature in cold flux meter 

Heat flow through sample, I = 9.6 ± 0.3 W

Temperature difference across the sample, ΔT = 5.0 ± 0.1 C

Therefore, thermal resistance of the sample, R = ΔT/I = 0.52 ± 0.02 K/W



Data Analysis of SAND33 samples

Inferred thermal conductivity k = 1.06 ± 0.10 W/mK

No appreciable improvement detected. More careful studies may be needed!



Thank you for listening!!! 


