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Analysis plans
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Analysis of 185,187Re data towards the extraction of the nuclear charge radius

★ Master thesis of Jeremy (till mid February) 
★ Further analysis will be needed to publish these data

Analysis of the 2p-1s 248Cm data

★ We had first calculations from Natalia  I checked whether they fit to the spectrum→

What about 226Ra?

★ Last check on the data (after finalised energy calibration) is ongoing

Final energy calibration of 2019 data is finished

★ 248Cm, 226Ra (weak), 226Ra (strong) histograms and trees have been produced with the finalised energy 

calibration, baseline correction (by Alex) and ELET values (by Alex).



Energy calibration results: calibration in 
run-packages
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Cm-248 target

color: final energy calibration

gray: “expected” energy calibration



Energy calibration results: summed 
data in each detector
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Cm-248: 13192-15122 (red)

Ra-226 (weak): 16816-18752 (black)

Ra-226 (strong): 15159-16784 (cyan)



Analysis plans
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Analysis of 185,187Re data towards the extraction of the nuclear charge radius

★ Master thesis of Jeremy (till mid February) 
★ Further analysis will be needed to publish these data

Analysis of the 2p-1s 248Cm data

★ We had first calculations from Natalia  I checked whether they fit to the spectrum→

What about 226Ra?

★ Last check on the data (after finalised energy calibration) is ongoing

Final energy calibration of 2019 data is finished

★ 248Cm, 226Ra (weak), 226Ra (strong) histograms and trees have been produced with the finalised energy 

calibration, baseline correction (by Alex) and ELET values (by Alex).



Reminder of 185Re 2p-1s fit in 185Re
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Analysis of 185,187Re data towards the extraction of the nuclear charge radius

★ Master thesis of Jeremy (till mid February) 
★ Further analysis will be needed to publish these data

Analysis of the 2p-1s 248Cm data

★ We had first calculations from Natalia  I checked whether they fit to the spectrum→

What about 226Ra?

★ Last check on the data (after finalised energy calibration) is ongoing

Final energy calibration of 2019 data is finished

★ 248Cm, 226Ra (weak), 226Ra (strong) histograms and trees have been produced with the finalised energy 

calibration, baseline correction (by Alex) and ELET values (by Alex).



Do theoretical predictions overlap with 
the peaks in the experimental spectrum?

8

Energy (keV)
5800 6000 6200 6400 6600 6800 7000

C
ou

nt
s 

(a
.u

.)

1500

2000

2500

3000

3500

4000

4500

5000

5500

Energy (keV)
5800 6000 6200 6400 6600 6800 7000

C
ou

nt
s 

(a
.u

.)

1500

2000

2500

3000

3500

4000

4500

5000

5500

After lead subtraction

solid lines: FE 248Cm

dashed lines: SE 248Cm
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Fit results after putting everything 
together

9

• lead subtracted data 

• fix line-shape from 208Pb peaks 

• fit FE & SE peaks of 248Cm 

• fix the 6.3 MeV capture line 

• fix the unknown line at ~6.45 MeV 

• fit FE & SE peaks of 246Cm (mCm-246 ~ 5% x mCm-248)

Results

Original values of Natalia  
+ global shift 
+ shift of -62 keV for higher-energy transitions only 

(fitted here)

Preliminary
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Analysis of 185,187Re data towards the extraction of the nuclear charge radius

★ Master thesis of Jeremy (till mid February) 
★ Further analysis will be needed to publish these data

Analysis of the 2p-1s 248Cm data

★ We had first calculations from Natalia  I checked whether they fit to the spectrum→

What about 226Ra?

★ Last check on the data (after finalised energy calibration) is ongoing

Final energy calibration of 2019 data is finished

★ 248Cm, 226Ra (weak), 226Ra (strong) histograms and trees have been produced with the finalised energy 

calibration, baseline correction (by Alex) and ELET values (by Alex).



Timeline of Natalia’s calculations:

A. First Ra-226 calculations — fine splitting at the order of 700 keV — too big 

compared to Cm-248 and U-238 spectra (expected: ~300 keV)

B. Found bug in code — corrected U-238 and Ra-226 calculations — U-238 

predictions now are ~matching with data

Radium theoretical calculations

11

(B)

Ra-226 — 29.01.2021

Preliminary

Preliminary
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Figure 16: Summed muonic X-ray spectrum from the uranium dioxide measurement taken
during 20 h. The figure shows the 2p� 1s transition region.

performed a series of measurements in our gas cell where we compared the resulting muonic
X-ray spectra for pure argon, krypton and xenon fillings with the ones where we prepared a
mixture of the noble gas with hydrogen. We did not yet quantify the e↵ect, but the corre-
sponding spectra are shown in Fig. 17 which clearly indicate that the higher np�1s transitions
are also enhanced in the high-Z case.

5.6 Measurements with high-activity source

As detailed in last year’s progress report, the measurement with a 5 µg radium source will
result – in equilibrium – in a total gamma activity of 500 kHz (for E� > 100 keV) from the
full radium decay chain. As the build up of the decay chain is governed by the volatile 222Rn
isotope with a half-life of 3.8 days, there might be a possibility to reduce the gamma activity
by regularly pumping out the gas cell.

Nevertheless, we have measured the ability of our detectors to handle 500 kHz gamma rates
by using strong calibration sources. We have shown in 2016 that even with that gamma load
we were able to perform muonic X-ray measurements and by o✏ine analysis of our recorded
waveforms recover good energy and timing resolution.

Also in 2017 we have performed a measurement run with a 210 kBq 88Y source that yields
420 kHz of gammas and results in detected rates in the di↵erent detectors of 2 to 5 kHz
depending on distance and crystal size. In contrast to last year, we have in the meantime
refined our o✏ine waveform analysis such that we can recover under high-rate conditions the
full energy resolution. For this we look at the absolute level of the baseline of our recorded
waveforms. This level basically encodes how close in time and how energetic the previous
gamma pulse was. It turns out that there is a linear dependence between that level and the
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(B)

U-238 — 29.01.2021

Preliminary

(A)

Ra-226 — 18.01.2021

Preliminary
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Subtract too much lead
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Subtract too much lead

Radium experimental spectrum
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~all working detectors — no finalised energy calibration — no baseline correction — tDiff -50 to 250 ns — 
lead subtraction — electron veto and muon entrance cuts
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Check overlap between 2p-1s Cm-248 
and Pb-208 peaks
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