DETERMINATION OF THE TOTAL
CAPTURE RATE IN SE/b WITH
ALPACA DATA




DATA SELECTION

e ALPACA run se76-14: from 2/11 19:20 to 4/11 05:55 (about
34.4 h)

e Muon trigger condition:

o One trigger in Cl1l and C2 (-200,800)ns window around
ge—-trigger

o Select |deltaT(C1-C2)|<100ns
o Muon-stop trigger time: twsUm:(tC{qu)/z

o Anticoincidence trigger with CO:
|deltaT (u-stop-CO) | <100 ns

See slides from last meeting for details



https://indico.jinr.ru/event/3525/contributions/19315/attachments/14588/24474/Muon%20trigger%20definition.pdf
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SURFACE PLOTS (MORE IN BACKUP
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TOTAL CAPTURE RATE () DETERMINATION

y 4. Fit simultaneously

1. Fit total energy spectrum: 3. Get dintensity vs intensity vs time of all
gaussian + pol2 background (+ more time for each detector || detectors to extract T
gaussians if needed) - T P ——

: e y - e gE .. gz? .
2. Bin data in time §%j~;wjm§ijéwjm;wjm z X .\\\“_
(40 ns binning) and JWJ”EMJ”ZMJ”:W; """ in“ = )}\ﬁﬁc ;P&&ﬁ‘&ﬁu“
fit each slice: E+jw§ﬁjm§¢JN§&J~§“ﬂ~ R e
mean, width, background e e e e = .
parameters fixed from : ) : ) %%mﬂw E } g } - -
previously determined i Rl s Qo Rl i Gl W = \\\‘-‘~4 -

model, only amplitudes free E 1 i 1 W ,,_JL




Channel 5 - Polynomial background "p(E) = p1 E + p2 E*"
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SIMULTANEQUS FIT
e Exponential function: ; ; — B
Axexp (-t/T)
e Normalization factor A free for = 2
each detector, common fit - 3 i
parameter T o -
e Binned likelihood (40 ns = BEGe
binning, integrate PDF over - EE .
bins) = | SR
e Bin weights given by previous , i - - e
fit results = o et
e Fit range: 200-800 ns for all - SE
detectors but BEGe’s (280-800 < \Wm -

ns, worse time resolution)



RESULTS: 1827 KEV LINE

Energy fit range 170-192 keV
Fit model*: gaussian peak ~183 keV +

T

= (133.8 ¢

pol2 background

0.8) ns

E u

i

,§ 2\\\N*h*uvm - ‘\\\\‘H*Nvm

*Need to fix fit model

to include tails
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= Channel 0 -
RESULTS: 1180 KEV LINE .
e Energy fit range 190-220 keV méugg,éawmm ..... i
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RESULTS: 264.7 KEV & 2175 KEV LINES

Energy fit range 240-290 keV
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Fit model: gaussian peak ~265 keV &
279 keV + pol2 background + 2
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SUMMARY OF PR[UMINARY R[SUHS MIDAS results from 2022

Progress Report

Table 2: Estimations of the muon lifetime in "5Se obtained with different + lines, differ-
ent detectors, and different time binning. The weighted average is also shown,

® onl Y S tatistical uncertain ty s including statistical and systematic uncertainties. (See the text for more expla-

. nation)
need tO evaluate SyStemat-lcs Processed Total muon capture rate, A, ns
~ line, Detector Bin width 2534 ns Bin width 49.64 ns Bin width 12.81 ns
2 keV Value Error Value Error Value Error

L-I ne Ene rgy ( keV) T ( ns ) Gel 135.6 11 1325 1 137.1 11
Ge3 136.9 0.8 1334 0.7 138.1 0.8
182.9 Ged 136 0.8 133.7 0.8 140.3 0.8
182.9 133.8 + 0.8 Ge5 1335 0.7 130.8 0.7 135.1 0.7
Ge7 135.7 0.8 132.3 0.7 137.1 0.8
Gel 136.9 12 135.2 1.1 139.1 13
Ge3 137.1 09 133.8 0.8 138.5 09

198.6 135.7 + 0.9 o Ged 1367 1 1343 09 1385 1
* Ge5 1359 09 1329 09 132.8 0.8

Ge7 139 1 136.6 0.9 141.1 1
2 6 4 7 l 3 2 2 + 0 6 Ge8 141.3 0.7 138.7 0.6 1424 07
° ° - ° Gel 132.6 0.8 130.2 0.7 134.2 0.8
Ge3 133.7 0.6 1315 0.6 135.1 0.6
264.7 Ged 1338 07 131 0.6 135.3 07
279.5 145.9 + 0.8 ‘ Ge5 1336 06 1B12 05 135.1 0.6
Ge7 134 0.6 1312 0.6 135.5 0.6
Ge8 1343 0.5 1315 0.4 135.8 05
Gel 1321 19 130 1.8 1339 18

Ge3 1335 11 1313 1 143.6 11

2795 Ged 1428 11 129 0.9 136.9 1

G Ge5 142 12 135 1.1 134.6 11
Ge7 135.3 1 1319 0.9 1343 09
Ge8 134.2 0.7 1314 0.7 1333 07
_By bin widths 135,9 29 132,6 23 136,9 29

Final result (CL=68%): 135.9 -+ 2.9 (stat) £ 3.5 (sys) = 135.9 = 4.5
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FT UNCERTAINTY

e In the fit of the “intensity vs time” the uncertainty of each bin s
informed by the previous fit-> each bin comes with a weight

e In the presence of weights, the inverse second derivative of the negative
logarithmic likelihood is not representative anymore of the error matrix
(see Ref)

e Asymptotically correct approach to estimate errors in the presence of
weights available in RooFit -> arxiv:1911.01303

Line Energy (keV) T (ns)

182.9 133.8 + 5.2 (0.8)
198.6 135.7 + 6.1 (0.9)
264.7 132.2 + 7.0 (0.6)

+

279.5 145.9 + 8.3 (0.8) 13



https://www.annualreviews.org/doi/pdf/10.1146/annurev.ns.14.120164.002111
https://arxiv.org/pdf/1911.01303.pdf

CONCLUSIONS & NEXT STEPS

First preliminary results on the total capture rate of
Se76 with ALPACA data -> agree with MIDAS results

Need to improve the fit model (tails of Gaussian peaks)
Add all se76 runs into the analysis (need to check energy
stability)

Need to evaluate systematic uncertainties (e.g. fit range
for exponential fit, time binning, ..)
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BACKUP SLIDES

15



MUONIC K-RAYS M-SERTES

8
8 3

Se M(nf-3d)

11568.6 + Kefrom O2

- —g 232.3
: \/\ s 296.3
tyl www/\w

Energy (keV)




ORE SURFACE PLOTS
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ORE SURFACE PLOTS
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18,1 KEV LINE, L0G-SCALE DATA AND RESTDUALS
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118.0 KEV LINE, LOG-SCALE DATA AND RESIDUALS
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