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he re uIts from “prewou-s it func A .,:"‘f_ oresented without applying any cuts

The new f|t functlon was used after applying the cuts

Discuss the algorithm for automatlcally f|tt|ng peaks from detectors 2-8

* Focus is to reduce entering raw numbers by hand

» Look at the energy resolution of all the detectors
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S RS Erfc+L|n to model flat background W|th linear and Compton scattering with erfc

. Gaus*Erfc to model incomplete charge coIIectlon in Ge detector J—:Z‘,\\
3 . "r \
« Before using the new fit function, we applied some q-uallty cuts to our data )
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CUT ON TR
TIME

Std Dev 1092 * In LLAMA, the position'ef .
reconstructed peak withinthe
waveform is in
“GEMDTrigger_trigger”

Entries 2.782738e+07
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* If a pulse is reconstructed
correctly, the trigger should be
approximately in the middle of the
waveform

* Trigger timing cut for detector #1
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 was applied between 10300 ns
) and 11000 ns

* The boundaries are chosen where
first minima (approximately) on
both sides of the peak is obtained
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Entries 2.782738e+07
Mean 0.9953
Std Dev 0.1377

* When the digitizer gives V-t distribution
within a time window, ideally, there
should be only 1 voltage pulse
reconstructed within the waveform

e Multiple pulses can be sometimes
reconstructed within the waveform, as
seen in plot

 LLAMA saves this information in
“GEMDTrigger_triggerNumber”

* We applied a cut to confine the number
of triggersto 1

* We noticed some discrepancy between
total number of events and the integral of
this histogram, still investigating the issue

MONUMENT biweekly meetings update 1/31/2022 )



CUT ON BASELINE(

Entries 2.782738e+07

Mean 14.75
Std Dev 99.38

* Baseline slope cut within'+100 for
flat/regular events ( det #1)

e Region chosen close to 2 sigma
(sigma ~60) from the mean of
baseline slope

* Need to discuss this in detail with

800 600 400 200 800 1000 TUM group for better
Baseline slope . c
understanding and selecting the
range
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Total data

ntrig cut

ntrig+trig time cut

ntrig+trig time+bslope cut

ON DATA

* Change in energy spectrum with-
each consecutive cut is shown

* Trigger number and trigger timing
cuts do not have huge impact on
the counts

* Baseline slope reduces the counts
by some fraction

e Efficiency of all cuts = 82%
accepted
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* All 12 peaks were fitted to the
same function for detector #1

e Status “CONVERGED” and Error
Matrix “ACCURATE” in all the
peaks

* The range of fitting (left/right
width) is a “hyperparameter” and

000 ¢y 120 1400100 1ee0 needs to be tuned by hand to give

a good fit.
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— Total

-- Tail
Background

- - Gaussaan

 Shows fit of highest.intensity. peak

* Individual functions such as i
Gaussian peak (blue), background
(cyan) and tail portion (green) are
shown along with complete fit
(red)

* The more complicated fit
functions still does not describe
the peaks very well, as there'aré
obvious right tails

* These right tails are seen with

E]:‘%a.u.) trapezoidal filter in Co-60

spectrum, so we should
investigate it further
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Energy Spectrum (#1)

— Tolal

-- Tail
Background

- - Gaussian

e Peak at 1408 keV

1760 1770 1780
Erec (a.U.)
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Energy calibration (#1) ENERGY CAI_|BRAT|
—— p0=0.000+£0.000 keV ,p1=0.796970+0.000004 keV/a.u. C U RV E

e (Calibration constant has changed by a very small’
value (of the order of ~1E-4) compared to
previous fit function
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* In the previous fit, no limit was put on intercept
value, but the parameter limit in this new fit was
set between 0 and 1E5

* Intercept is very small (~¥1E-11) but positive
(negative in earlier case, which makes no sense)

MONUMENT biweekly meetings update 1/31/2022 11



Residuals of D1 3

— with constraint (new fit function) R E S | D U A I—S

—=F without constraint (new fit function)
—J— With constraint (old fit function)
—F . Without constraint (old fit function)

* With constraint on intercept, the resia"Ua_,I_:_s
new peak fitting function are within -1.5 keV.to S
+0.6 keV (black solid line)

» With same constraint, the residuals from previous |
peak fitting function are within -0.9 keV to +0.75
keV (red solid line)

* The residuals become worse with the new fit

function

W a - 00 LA * Error bars show statistical errors onl
W isti
Ecrve (keV) .

MONUMENT biweekly meetings update 1/31/2022 12



— fit: considering errors
-=~ fit: excluding errors

i
o

3.8

*When including errors, the fit ignores points at
higher energies (solid line)

o
o
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*This means that these points have much larger
errors, but here we include only statistical error

3
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S
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w
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*We should consider systematic errors in future

*For now, we fit the data without taking errors into

account (dashed line)
800 1000 1200 1400

E true ( kev)
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Etrue (keV)
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ENERGY RESOLUT!

*The energy resolution obtained from the fitis3,9
keV at 1.3 MeV

*Comparable to the value obtained from MIDAS (~
5.7 keV Co-60 at 1.1 MeV)

*Fit function used is FWHM = 2.355:-va + bE

*Need to try a different fit function for resolution [to
include more physics

1/31/2022 14
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O

= dr?fere [ :,_1_ . eaks /dlffeFé‘n:ce between location of first two peaks in a.u.

s JTCa‘Iq late he apprommate location of other 10 peaks, we call it E,,

- AR, S . g | | ||' ."
* Etry Etrue/prellm slope v . ARR N

-

+ Tofind the exact location of peaks, find the Ieft/rlght bins using E,-10*widthO and E,,,+10*widthO,
respectlvely a

* Set the axis range within this region and get the maximum bin within this range
* Obtain E e

* This E,.q4 becomes the energy parameter we set for our fit function
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DETECTOR #2

Energy Spectrum (#2)

—— Total fit
Tail
Background
----- Gaussian
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e Peak at 1408 keV

3000 3010 3020 3030 3040 3050 3060 3070 3080 3090
Erec (a..)
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Energy calibration (#2)
- p0=0.16844+0.00002 keV ,p1=0.461+0.003 keV/a.u. D ET E CTO R #2
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e Status “CONVERGED” and Error
Matrix “ACCURATE” in all the
peaks

800 1200 1600 2000 2400 2800 3200
Eqi: (a.u.) 1/31/2022 18




Energy Spectrum (#3) DETECTOR #3

—— Total fit

---- Tail
Background

---- Gaussian

e Peak at 1408 keV
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Energy calibration (#3)

—— p0=0.000+0.000 keV ,p1=0.784551+0.000005 keV/a.u. D ET E CTO R # 3

A few peaks do not give a good fit,
Error Matrix has some uncertainty,
or it is not positive-definite

Etrue (keV)

* Look at every fit and exclude those
MES

* Lines excluded: 778.904 keV,
1112.074 keV, 1212.948 keV

* Fit rest of the lines, status
“CONVERGED” and Error Matrix
“ACCURATE”

* Interceptis very small (~¥1E-11)
1/31/2022 20




Energy Spectrum (#4)

—— Total fit
Tail
Background
Gaussian
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1550 1555 1560 1565 1570 1575 1580 1585 1590 1595
E.e (a.u.)
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DETECTOR #4

e Peak at 1408 keV
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Energy calibration (#4)

—— p0=0.083+0.004 keV ,p1=0.892584+0.000009 keV/a.u. D ET E CTO R #4

=
o
o
o

—
>
Q
=
L
IS
Wy

* Among all the detectors, had to
exclude 5 lines (maximum)

* Lines excluded: 244.6975 keV,
411.1163 keV, 778.904 keV,
867.378 keV, 1112.074 keV

Etrue — Erie (keV)
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Energy Spectrum (#5) D ETECTO R #5

—— Total fit
Tail
Background
----- (Gaussian
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e Peak at 1408 keV

3480 3500 3520
Erec (@.U.)
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Energy calibration (det #5)
—— p0=0.065+0.002 keV ,p1=0.400009+0.000001 keV/a.u. D ET E CTO R #5

=
o
o
o

—
>
Q
= 800
~

]

S
w

e Lines excluded: 1212.948 keV

800 1200 1600 2000 2400 2800 3200 3600
Efi (a.u.)
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Energy Spectrum (#6) D ETECTO R #6

otal fit
Tail
Background
---- ([Faussian
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e Peak at 1408 keV

3260 3270 3280 3290 3300 3310 3320 3330

E. (a.u.)
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Energy calibration (det #6)
——— p0=0.000+0.000 keV ,p1=0.424169+0.000001 keV/a.u. D ET E CTO R #6

—
?
N 800
S
Q
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* Lines excluded: 244.6975 keV

* Intercept is very small (~1E-11)

800 1200 1600 2000 2400 2800 3200
Eqi (a.u.) 1/31/2022 26




Energy Spectrum (#7) D ETECTO R #7

—— Total fit
Tail
Background
----- Gaussian
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e Peak at 1408 keV
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Energy calibration (#7)
~——— p0=0.098+0.001 keV ,p1=0.442743+0.000002 keV/a.u. D ET E CTO R #7
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e Lines excluded: 1212.948 keV

800 1200 1600 2000 2400 2800 3200
Eqi: (a.u.) 1/31/2022 28




Energy Spectrum (#8) D ETECTO R #8

—— Total fit
Tail
Background
----- Gaussian

e Peak at 1408 keV

1910 1920 1930 ‘ 1940 1950 1960 1970
E.e (a.u.)
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Energy calibration (#8)
—— p0=0.507+0.001 keV ,p1=0.724628+0.000003 keV/a.u. D ET E CTO R #8
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e Lines excluded: 1212.948 keV
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Residuals with Gaus+Lin+Erfc+Gaus*Erfc) peak fit function

RESIDUALS

* For different detectors, range of residuals variegin -
different ranges

* We need to look in detail at det #6 and
understand why the residuals are worse than
usual here

600 800 1000 1200 1400
Eq: (keV)
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Energy resolution (#2)

Energy resolution (#3)

Energy resolution (#4)

Energy resolution (#5)

—— fit: a=0.3+0.1 keV?, b=0.0032+0.0001 keV

FWHM (keV)
8 E B ¥ B B
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FWHM (keV)
P

— fit: a=3.4+0.2 keV?, b=0.0044+0.0003 keV

p N
[N] kN
N L

FWHM (keV)

1
[S)
L

200 400 600 800 1000 1200
Etrue (keV)

Energy resolution (#6)

400 600 800 1000 1200
Etrue (keV)

Energy resolution (#7)

—— fit: a=2.6+0.2 keV/2, b=0.0032+0.0002 keV

FWHM (keV)
oS8

— fit: a=2.5+0.3 keV?, b=0.0063+0.0004 keV

—— fit: a=0.1+0.1 keV?, b=0.0038+0.0002 keV

=

~

v
L

FWHM (keV)

FWHM (keV)
NN W W

—— fit: a=2.7+0.4 keV?, b=0.0075+0.0006 keV

400 600 800 1000 1200
Etrue (keV)

Energy resolution (#8)

N
<

N

FWHM (keV)

N

{ — fit: a=1.8+0.2 keV2, b=0.0066+0.0003 keV

Etrue (keV)

400 600 800 1000 1200

200 400 600 800 1000 1200

Etrue (keV)

200 400 600 800 1000 1200
Etrue (keV)

400 600 800 1000 1200 1400
Etrue (keV)

*Fit function

used is
FWHM =

2.355-va+b
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ALL PARAMETERS IN TABLE

Energy calibration

Detector #

Slope (m) (keV/a.u.)

MONUMENT biweekly meetings update

Fit func. y = m*x+c

Intercept (c) (keV)

Residuals

Etrue - Efit

(-1.5)- (0.6)
(-0.24)- (0.26)
(-0.38)- (1.47)
(-0.36)- (0.38)
(-0.16)- (0.22)
(-0.21)- (4.69)

(-0.35)- (0.32)

(-0.89)- (0.61)

Energy resolution
FWHM @1.3 MeV

Fit func. y= (a+b*x)"0.5

a (kev)r2 b (keV)

1/31/2022
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etector #1 and <4keV for other detectors

by
l

A algorlthm to ?lt peak he energy spect '*4" as applled which seems to work very well to a
first approximation

Q

-

"Not all peaks were included for energy calibration

In the final study, this technique could help us understand how the results change when we change our
approach
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| e call ation ta ‘ om caIJbratlon runs on different days |

I d T -

A ,4 fother cuts to data after further d|sc SSIO ) L pcommg LLAMA analysis meetings

-

+ Redo the entire process with trape20|dal filter :
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