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Motivation
● Aim of the Muon Ionization and Cooling Experiment (MICE) is to 
demonstrate transverse beam emittance reduction for a muon beam

● Fast/effective/low cost cooling method is necessary component of 
Neutrino Factory of Muon Collider!

● Data was taken over the summer of 2010 for Step I of MICE, in which 
we altered the configuration of the upstream magnets and measured 
the effects on the beam.

● To ensure stability of the beam line, reference runs were taken 
throughout running period

● Fixed target configuration
● Magnets set to give 6pi-200MeV/c muon beam

● Important to analyze this data to ensure consistency of beam 
dynamics so that further analysis can be carried out and the beam 
prepared for downstream matching and cooling
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Time of Flight Detectors
● 2 planes (X and Y) of fast 1-in 

scintillator counters fitted with R4998 
Hamamatsu fast photomultipliers  

● TOF0

● 40x40 cm coverage

● 10 slabs in each plane – each is 4 
cm wide

● TOF1

● 42x42 cm coverage

● 7 slabs in each plane – each is 6 
cm wide

● TOF2

● 60x60 cm coverage

● 10 slabs in each plane -each is 6 
cm wide

● TDC and ADC signals are read out at 
both ends of each slab 

TOF 0 in the 
beamline 
between Q6 
and Cerekov 
detectors

PMT 0

PMT 1PMT 0

PMT 1
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Delta bravo 10-4, Roger that!
● Some quick definitions so that you don't get lost in the lingo

● A “run” for MICE corresponds to many target actuations (for 
reference runs ~200 pulses into the ISIS beam)

● A “hit” in a TOF corresponds to coincidence between PMT0 and 
PMT1 at EACH end of a slab, in BOTH X and Y planes (see 
previous slide)

● NOTE: when I get to the analysis about specific slab hits, the 
definition of “hit” changes.  In that part of the study, “hit” refers 
to a coincidence between PMT0 and PMT1.  I look at the X and 
Y planes separately for this part of the analysis.

● G4MICE is the analysis software we use – I did not write any of 
the applications used in the analysis, I simply modified them to 
fit my needs



 S. Blot, March 18, 2011 5

Data Quality Check
● G4MICE Application

● Is run ONLINE while taking data – available for off line analysis  (me)
● converts TDC information from TOF detectors to precision timing 

measurements between TOF stations

● Creates ROOT histograms of hits/slab in both X and Y plane

TOF 0-1 e-/e+ μ

Green = slab hit
(pmt coincidence)

PMT 0 vs 1
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Average X and Y Positions
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(Red is positive polarity beamline, Blue is negative)
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<X> for TOF 0
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<X> for TOF 2
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- Separation between 
positive and negative <X> is 

~1.5 cm for TOF0
~1.0 cm for TOF1
~0.2 cm for TOF2

-Overall, great consistency 
among reference runs! 
(Slopes ~0.0, and X^2 ~1.0 
for both <X> and <Y>)
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TDC Hits in Slab
Total TDC hits in plane

Y Plane

Slab Number

(For each run)

- This is slab 4, so it is 
essentially right in the 
middle of TOF1.  Thus, 
we'd expect this slab 
to be highly uniform 
and this is indeed what 
we observe

-Discrepancy between 
positive and negative 
still present
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Slab Hit Results
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Slab Hit Results (cont'd)

● All of the slopes for linear fit are ~0 (largest slope is 10^-3)

● X^2 values are all ~1 → good fit 

● Based on this analysis, there seems to be excellent consistency 
among reference runs, which again is what we would expect given the 
consistency of <X> and <Y>
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PMT0(or 1) TDC counts
Total TDC counts in 0th (or 1) plane

X Plane

Slab Number

+

PMT0 PMT1

- GREEN and BLACK = PMT 0 

- RED and BLUE = PMT 1

(Change of 
color code...)

Positive runs

Negative runs

Reference Runs from 2204   -------> 2873
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PMT coincidence Results

X 
plane

Y 
plane

TOF0
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PMT coincidence Results (cont'd)

X 
plane

Y 
plane

TOF1
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PMT coincidence Results (cont'd)

X 
plane

Y 
plane

TOF2
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Conclusions
● Overall, beamline looks stable – the slopes for linear fits are all approximately 0.0 (indicating 

little fluctuation) and the fits are good (chi-sq values ~1.0)

● There were a few “reference” runs that were outliers in the first round of fitting.  Further 
investigation showed that these were due to

● Improper markings in run summary spreadsheet/logbook

– Runs 2498 and 2500 were ISIS trip – not analyzable

● Low statistics

● UNKNOWN: 2255, 2256

● Not bad, only 2 runs were strange for unaccounted for reasons.  Given the number of 
reference runs, its  likely that something was just not marked in the spreadsheet/logbook

● Difference in PMT0 – PMT 1 was small for most slabs.  However, large discrepancy for:

● Tof0: X plane: slab 4, slab 5, slab 8, slab 9 :: Y plane: none

● Tof1: X plane: none :: Y plane: slab 3, slab 4 (positive runs only), slab 5 (positive only)

● Tof2: X plane: none :: Y plane : none

● Positive vs Negative polarity beam is still not understood.  
Efforts are underway to find the cause
● Personally I am looking at the effect of the proton absorber (only in the beam 

for positive polarity runs) effects the muon/pion/electron populations. 
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Thank you!

R.R. Fletcher (U.C. Riverside)  and I helping take data for Step I of M.I.C.E. during the summer 
2010  (TOF2 can be seen in the background)   
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