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Temperature stability

Temperature monitoring

● End of January to beginning of March (2014)
● All installed mounting boards
● Temperature stable over time within 0.1°C

Pedestal spectrum of an SiPM

Gain determination and stability
Methods of gain determination

● Use the dark noise spectrum (called PED method)
→ Gain is proportional to the distance between the peaks
→ Gauss fit to first three peaks

● Short light pulses from an LED
→ N photons give signal of mean = N x gain
→ Poisson distribution of photons gives sigma = √N x gain
→ gain = sigma²/mean

Stability over time

● Middle of February to beginning 
of March (2014)

● Relative variation of gain with 
PED method

● Example for one mounting board 
in one readout module (RM)

→ Stable within 2%
● Distribution for all SiPMs

→ Contained within 3%
→ Sigma of the distribution 0.5%

Breakdown voltage determination and stability

Methods of breakdown voltage 
(BV) determination

● Using dark noise spectrum at 
different bias voltages (PED 
method)

→ Linear fit to gain vs. bias 
voltage

→ Extrapolate to gain of 0 
(where the breakdown is 
about to start)

● Short light pulses from an LED 
at different bias voltages

→ Measure signal and calculate 
relative slope dS/(SdV)

→ The peak is at the maximum 
relative change in signal

→ Used as breakdown voltage

Stability over time

● Middle of February to beginning 
of March (2014)

● Variation of breakdown voltage 
with LED method

● Example for one mounting 
board with one readout module 
(RM)

→ Breakdown voltage variation 
over time stable within 50mV

Correlation between different methods

Gain correlation

● Plot gain from LED method against gain from 
PED method

● Values centralized around certain gain value
● Observe offset between LED method and 

pedestal method
→ Explained by the fact that SiPM signal 

distribution for LED method has a non-
Gaussian shape

→ Compared to PED method the results are 
systematically shifted 

Breakdown voltage correlation

● Plot breakdown voltage from LED method 
against breakdown voltage from PED method

● Straight line expected
→ Not all SiPMs have the same breakdown 

voltage
● Observe offset between the two methods

→ Different definitions of breakdown voltages 
for the two methods

→ LED method yields systematically higher 
values

→ The offset can be used to correct the 
breakdown voltage from the LED method
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Position of the Outer HCAL (HO) 
in CMS
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What HO is used for:

● Tail catcher behind the solenoid
● Improve ET measurement of jets leaking through the magnet
● Eventually useful for muon tagging

Detector technology:

● Scintillator with wavelength shifting (WLS) fibers in grooves with 
sigma shape

● Tile geometry matches the projected HCAL tower geometry
● Newly installed SiPMs replace the old HPDs

→ Readout chain remains untouched
● One mounting board comprises 18 SiPMs
● Peltier element on the backside of the PCB for temperature 

stabilization

● In ring 0 two layers of scintillator
→ More fibers
→ Not all fibers fit on the SiPM surface

● Light mixer with specular surface distributes light over whole SiPM 
surface

→ Prevents loss of light at the SiPM sides
→ Increases dynamic range of the SiPM

The installed SiPMs:

● Hamamatsu Multi-Pixel Photon Counter (MPPC)
● (3 x 3)mm² active area
● 50µm cell pitch
● SMD type
● Operating voltage O(70 V)
● Change of gain with temperature at foreseen operating point: -8%/K
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