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Why Michel electrons?!

!  Energy calibration source  
(both TPC and photodetectors)!

!  Measurement of μ- capture 
probability in LAr !

!  Building and testing algorithms 
for finding stopping beam μ’s!
!  μ sign determination!

!  Source of low-E electrons!
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Triggering on Michels in LArIAT!
!  Light system in LArIAT allows for 

real-time triggering on Michel e’s 
from stopping cosmic μ’s!

!  In LArIAT, ~1Hz rate in cosmic 
gate (26s following beam spill)!

μ !

μ !
e !

e !
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Collected data!

!  For this analysis, using 
events obtained during a  
12-day period !
!  Optimal trigger configuration!

!  14842 subruns  
(10.3 days cumulative)!

!  ~400k Michel triggers 
recorded in this timespan!

!  Estimated ~100k analyzable 
Michel electrons!
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PMT waveform analysis!
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Require:!
!  Non beam event (<-BEAMON>)!
!  2 optical hits in 2” ETL PMT!
!



Require:!
!  Non beam event (<-BEAMON>)!
!  2 optical hits in 2” ETL PMT!
!

Optical hit finding and 
integration of 2nd (e-candidate) 
pulses in waveforms!

PMT waveform analysis!

W. Foreman! 6!

0! 10! 20! 28!

Time [μs]!

LArIAT ORR | Oct 13, 2015!



Comparing the two populations…!
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1. Visual inspection!
2. Time spectrum!
3. Average waveforms!

87% fakes !
and BG!

80% Michel 
electrons!

“Decay-like” 
spectrum!

Michel candidates!
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τ = 1350 ns!
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7686 subruns !
(52% full sample)!

LArIAT preliminary!

Fit shown here gives  
τμ- = 526(49) ns!
!
" τcapture = 692 ± 84ns!
" Pcapture = 76.1 ± 2.2%!

Prev. measured values: 
833±55 ns (Bertin et al, 1973)  
709±56 ns (Carboni et al, 1980)!
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Stopping muon decay spectrum  
(with background cut)!



Limited region selection for LY estimation!
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!  Require μ stops in 
central region of TPC 
(sphere, r=10cm) !

!  Rough agreement with 
prediction!
!  MC: 4.8 pe/MeV for  

2” ETL PMT!
!  Eye-balling the data: 

~250 pe ÷ 53 MeV  
= ~4.7 pe/MeV!
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Comparison with ICARUS!
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Light 
signals!

Ionization 
signals!

NOT an apples-to-apples comparison, 
but worth noting the similar smearing…!

arXiv:hep-ex/0311040!
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Tracking and clustering!
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Top-down view!

Side view!
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Tingjun Yang !
Tingjun Yang !

Beginning to optimize track/shower reconstruction of 
Michel events for measurement of energy spectrum!

Reconstructed  
tracks!

Reconstructed  
vertex!



Improvements for Run II!
!  Repair base on Hamamatsu PMT!

!  Coincidence of two PMTs will allow a  
more robust trigger!

!  Additional trigger using a μ “telescope” 
using existing cosmic paddles!
!  Trigger on <COSMIC + LARSCINT> (~1Hz)!
!  Catch both through-going and stopping 

muons without biasing selection toward 
Michel decays!

W. Foreman! LArIAT ORR | Oct 13, 2015! 12!

Hamamatsu PMT 
R-11065  

(3” radius)!

ETL PMT!
D757KFL  
(2” radius)!

TPC!

Cosmic μ 
paddle!

μ !

μ !



Summary!
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!  Analysis of Michel electron properties underway for 
for determination of light yield!

!  Potential for measurement of μ- nuclear capture rate!
!  Beginning reconstruction and calorimetry of Michel 

electron “showers” through TPC ionization  
(" absolute energy calibration)!

!  Paving the way toward in-depth μ sign determination 
studies using stopping beam μ’s!

Exploring new ways to enhance event 
selection, calorimetry, & μ+/- decay 

tagging using PMT signals!
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Towards light-augmented 
calorimetry in LArIAT

 

Pawel Kryczynski Fermilab/IFJ PAN Krakow

LArIAT ORR 10/2015
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Calorimetry in LArTPCs can be 
augmented by light

LArIAT default electric field value – still ~50% of zero-field 
scintillation expected – we should try to use it in calorimetry!

T.Doke, Portgal. Phys. 12 (1981), 9
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Light yield estimate
 In LArIAT we have high and uniform light yield

 We can use this feature for calorimetry 

 Got input from MC simulations (for all photodets)

 Have to find correlation between two essential quantities 
we detect: the charge and light

Est. for ETL
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Charge-length correlation

 MIP-like particles sample passing through our TPC

 Energy well correlated with a reconstructed track 
length – next step is to correlate light likewise
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Light – length correlation
 Light is strongly correlated with a 

reconstructed track length
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Proton and MIP-like samples study

 Selected a sample of proton-like particles 
stopping in the TPC and the MIP-like particles 
passing through it

− Identification using beamline detectors  - LArIAT 
unique feature and essence of a technology 
calibration!

− For stopping proton-like population, selection 
confirmed by dE/dx based PID algorithm in TPC

− Short tracks selected (less than ~35cm) for 
proton-like events and long (over 80cm) for 
crossing MIP-like ones
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Stopping proton-like events
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Stopping MIP-like events
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Light vs. energy reconstructed from 
wires gives us light yield

Part of charge 
left by particle 

incoming in 
 TPC is lost due

 to recombination

Deposit on wires
is corrected wrt.
electron lifetime

Using Box model
or Birks Model

recombination loss 
is compensated and

charge is converted to 
ENERGY

Light produced by
incoming particle

is detected by
PMTs

Single electron calibration
 and Light yield 

->ADCs converted into
photoelectrons and then 

into ENERGY

Can these two elements 
be merged to allow for
 model-independent

 calorimetry?
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Light and charge deposit
 Comparison of charge on wires vs light for 

stopping proton-like events 

Detected 
charge

Reconstructed 
charge

LArIAT 
Preliminary
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Light and charge deposit
 Correlation of charge lost due to 

recombination vs light for stopping proton-like 
events 

LArIAT 
Preliminary
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Thank you
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Backup slides (Michel studies)!
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LArIAT’s light collection system (recap!)!
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Fractional visibility map from MC  
(top-down view of LArIAT TPC)"

TPB-coated PMT scenario (seeing “direct” light)!

Bare PMTs, TPB foils on walls (seeing “reflected” light)!
X 

[m
]!

X 
[m

]!

Z [m]!

Z [m]!

**actual LArIAT setup**"
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Michel electrons vs. muons!
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Preliminary light-to-energy calibration!

Next step: use position 
of e+/- and scale light 
signal based on photon 
visibility at that point 
(from MC)!
!
Requires more advanced 
3D reconstruction  
(in progress)!
!
Preliminary result!
!  Assume uniform visibility, 

no position-dependence!
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Require: !
• Off-beam!
• 2 optical hits (dT > 2)!
• Stopping track, end within 

10cm of TPC center!
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LArIAT preliminary"
!

1961 events!
!

Scaling assumes 
uniform 0.0195%  

photon visibility!
!



Preliminary PSD on MICHEL-triggers!
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PMTs (covered here) 

Antenna   LED 
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Results for an old base 
!  Studies of the overshoot changing with growing light intensity (voltage on LED) 

without an antenna – also probably excluding possibility of cap. Coupling to 
plate as a source of such behavior 
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Results for an new base 
 
!   unipolar signal 
!  Small modulation on antenna – may also be a grounding problem (thanks, 

Will!) 
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