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[ Introduction ] N
time window = 4ps
‘ xR ndf 16.54/942

) . s« » E E Prob 1
> sfarfing point: “good runs” list Sel  (drift off) 223120572
. . . . . . . . = c 7.023 £ 0.526

o only runs with stable fields condition (driff, extraction, induction and amplification) e Aws  4.091+0.276

E . 3.814£0.223

o minimum initial number of events (1000 ev) 1; T 53.7 £5.3

£ Agou 26.77 +0.27

o minimum number of averaged waveforms (10 waveforms) E Toow  1406+26.9

> runs with both acquisition windows (4us, 1ms) are included
o fitted with the same model in the same range: gaussian convoluted

with three exponentials up fo 3.5us

i1 e ks i S b o i 1 e
- “phenomenological” model, that adequately reproduce our dafa in this range (Ai are st AR AT AN T P W

normalization consfants, not directly connected with the probability of de-excifafion

from the single or friplet state)
X2/ ndf 18.77 / 942

o sfudy with the foy MC showed that best resulf is obfained from a Likelihood fif instead I Brob /
of a X2 fi B dion) o eumeoas
- the x? fir is used only when the Likelihood fit fails and additional systematic 107 gﬁf‘ ggggi?:%%
uncerfainties are added (more details in next slides) 17 j‘:w 52}?;{%2;
o due fo the digifization sampling (4ns) the fau fast is kept fixed at 6ns 10e
- more details will be given discussing the systematics 102
-
> in runs with amplification (Ims acg.wind.) av. wave. only from ev. with TSZ’Sran>TSl+4ps 1o‘§
Ry e 0 1 8 | Ok

1 Ll L L J L.l Ll
1000 1500 2000 2500 3000
Time [ns]

o in runs with 4us acqg. wind. Included only runs with ampl<=18.0kV/cm but 107,

o
o

(more defails will be given discussing the systematics)




[ Outline ]

:> NO DRIFT FIELD
o moniforing of LAr purity = connection of the fau slow value measured in the 3x1x1 and amount of impurities
© measurement of the tau infermediare
o measurement of the ratio (Af+Ai)/As
— comparison with ofher experiments
— comparison with fQ0O facftor disfribufion

:> EFFECT OF THE DRIFT FIELD ON THE SCINTILLATION LIGHT
o dependence of relative probability amplitudes and ratio (Af+Ai)/As with the drift field
— comparison with fQO factor distributions
o dependence of the tau slow with the drift field
o absence of dependence of the tfau infermediate with the driff dield

> MAIN SOURCES OF SYSTEMATIC UNCERTANTIES



[ Tau slow (E=0) vs time - monitoring of LAr purity ]
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> the red line is the mean of the

fau slow distribution obtained

from all the plotted runs

(the red band is the 1o error)

> agreement within To error

among fhe three channels

slow
PMT 1 1413 + 24
PMT 2 1423 + 28
PMT 5 1443 + 16
[ <T o ne” = (1426 + 40) ns




[ Tau slow (E=0) vs time - monitoring of LAr purity

)

> PB PMTs show consistent results with the NB PMTs
- same stable frend of the fau slow is monitored

> unfortunately, because of the presence of the reflections they cannot be included

:'l'

TANTIES NOT INCLUDED Y

]
A\

SYSTEMATIC UNC

for the following analyses

faul

N

%=/ ndl 14.64 1898
Prob 1
t, -2.334 = 0.573
s 7.24 £ 0.55
A 4.106 = 0.318
A 36112 0.259
Tt 44.58 = 6.05

23.36 = 0.24
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> the red line is the mean of the

fau slow distribution obtained

from all the plotted runs

(the red band is the 1o error)

> agreement within To error

among all the channels

PMT 1

PMT 2

PMT 3

PMT 4

PMT 5

slow

1413 £ 24

1423 + 28

1403 £ 26

1447 £ 19

1443 + 16




[Compaﬁson with the impUﬁﬁeS measured by gas rracerS] info extracted from 3x1x1 technical paper

> in the 3x1x1 the amount of impurities has been monifored during the purge and cool down phases by three residual gas frace
analysers (RGTA) for O,, N, and H,O — lower minimum detected 50 ppb, 10 ppb, 10 ppb respectively
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[Comparison with the impurities measured by gas rracersJ

> the effect of the presence of (O,, N,) on the = are given in [8], [9], [10]
- for [O,]<10 ppb no effects on the = are expecred

- for [N J<100 ppb no effects on the v are expected

2 -
[] : ;
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> the effect of the presence of H,O has been studied only in GAr — for concentrafions lower then 10 ppb, no effects are expected [12]

[ The average value obtained from the NB PMTs <t > = (1426 £ 40) ns is consistent with all this information ]

, N

> this value is also in agreement within the errors with the other values reported in literature [1], [2], [3]



[ Tav intermediate ]

> fau infermediate disfribution obtained including all the runs

collected in absence of drift field 450
- the error for each value corresponds to the o of the = | mean distribution
disfribution 40— T, = (48 £3) [ns] - PMT 1
- T, =(51+4) [ns] - PMT 2
ol T =(49 % 2) [ns] - PMT 5
T'r r
30—
PMT 1 48 + 3 B m
PMT 2 51+ 4 25
PMT 5 49+ 2 -
201 il
[ < o-93:54m | 15—
10~ Rl
> fau infermediafe has been measured by other experiments - u
[1], 12, [3], 18], [@], [10], [12] using different models, not 5
always the value is given with the errors, its value spans . | . | |
from 20 ns up fo 130 ns 0 20 40 60 80 100 120
- our value is in agreement with the value given in [12], the Ting [0S]

model used in [12] is different from our model



| Ratio (AR+AIM/As and f. factor ]

> the rafio between the probability of Ar de-excifation from the singlet or the triplet sfate (/1) is directly connected with the nature of

fhe particle excited Ar afoms and if can be used for parficle idenfification

— nof always the value reporfed for this rafio is given with the errors

- for the electrons, 0.26 [13], 0.3 [1], 0.35 [8] and as a function of the particle energy from (0.391 + 0.012) ro (0.282 + 0.009) in [2]
> with our model we do nof have direct access to this information; despite that the ratio

(Af+Ai)/As, defined from the normalization constants obtained from the fit, is in the

range of values measured (0.26; 0.39)

(Af+Ai)/As - CRT  (Af+Ai)/As - PMT

PMT 1 0.2681 + 0.0010 0.2889 + 0.0026
PMT 2 0.2747 £ 0.0082 0.2910 + 0.0028
PMT 5 0.2840 + 0.0061 0.2830 + 0.0040

(<(AfAN/As > = (0.2816 = 0.0048) ns)




| Ratio (AR+AIM/As and f. factor ]

> the rafio between the probability of Ar de-excifation from the singlet or the triplet sfate (/1) is directly connected with the nature of

fhe particle excited Ar afoms and if can be used for parficle idenfification
— nof always the value reporfed for this rafio is given with the errors
- for the electrons, 0.26 [13], 0.3 [1], 0.35 [8] and as a function of the particle energy from (0.391 + 0.012) ro (0.282 + 0.009) in [2]

> with our model we do nof have direct access to this information; despite that the ratio

1
=)
o

(Af+Ai)/As, defined from the normalization constants obtained from the fit, is in the

f [P.E.

Foas CRT trigger
range of values measured (0.26; 0.39) oal 1
> the empirical f_ factor that can be computed event by event, give similar information 035 Iﬂ . '
~ 03 HI‘ I | 1]
- for the elecrrons 2], [6], [7] f90 ~0.3 025 %\ ruld ""h” ! h’m

- for the muons [3] f90 in the range (0.31; 0.39), no error discussion or plof shown
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[ Effect of the drift field on the scintillation light ]

> (Af+Ai)/As increases as a function of the drift field

- results from CRT fr, PMT fr. or dedicafted driff field scan are analyzed separately

— each poinf af each value of the driff field is the weighted average of all the results available fo fake properly info account the error

corresponding fo each run

iZ E —
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the Af/As ratios are in bkp slides

Reminder of previous resulf
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[ Effect of the drift field on the scintillation light

> a stafistically significant increasing of (Af+Ai)/As as a function of the

driff field is confirmed
- af higher field, a discrepancy between CRT and PMT not

covered by the error bar is visible in PMT1 (but if is in PMT2
or PMTY)
- it seems fo be related with the track direcfion in CRT frigger

(hyp.: aftenuation due fo the Rayleigh Scattering?)

> the same frend is observed considering the ratio Af/As

— the relafive confribution of Al is not affected by the drift field

PMT 5
™y C weighted average (CRT trigger) [— Rel A, M
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(E~0.5 kV/cm) [ <(Af+Ai)/As > = 0.3783 + 0.0221 ]

> the increasing of the rafio <(Af+Ai)/As > at~0.5kV./cm is +34%
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[ Effect of the drift field on the scintillation light

> fo0 factor

- similar effect of the driff field is observed: increasing with the field both in CRT and PMT runs
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| Effect of the drift field

:> decreasing of the fau slow for higher driff field applied
- no dependence with the frigger systems (dafa from CRT or
PMT frigger are in agreement within the errors)
- in PMTT and PMT2 the decreasing is sfafistically significant

T (E~0.5 kV/cm)

PMT 1 1267 + 7
PMT 2 1262 + 7
PMT 5 1304 + 8
[ <Tslow, e (1278 £ 13) ns ]

> the decreasing of the <r_ > af ~0.5kV/cm is -10%

- if we don’t propose an hypothesis for thaf, I'm not sure thaf
evaluate this decreasing is meaningful
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| Effect of the drift field

> no sfafistical variation of the fau infermediate due fo the presence

of the driff field is observed
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[ Main sources of systematic uncertainties ]

> Performing a x2 fit when the Cikelihood fit fails
- comparison of the mean value of each parameter distribufion obfained from the runs without drift and amplification fields

- from the Toy MC i is expected an effect (more details here)

> Fixing tau fast parameter = 6ns
- if it is kept free, the value found from the fit is ~10 ns (Lippincotf found a similar value using a fwo expo model, most of all the other
results given in the literature gave a value in the range (4.5; 7) ns)
- this effect can be evaluated from an optimization grid done with the toy MC
= a similar sfudy is done for the correlation between o and t__, since its pull distribution is the only one that shows an evident bias

> Decreasing of the range fit from 3.5us up to 2.5 us in runs with amplification and 4us time acquisition window (In this case it is nof
possible fo look for S2 starting fime position)

- the S1 signal reaches the pedesfal ~ 10us, if we fit up 10us, the three exponential model is no longer valid since in the NB PMTs
an additional fail is visible that can be fifted by a 4™ exponential (Whittington measured in three over the four light guide installed in
the TallBo sefup)

- in our dafa, the 4™ component is not so clearly visible in the PB PMTs


https://indico.cern.ch/event/814816/contributions/3400350/attachments/1831617/3000213/FitStabilityStudy_Chiara_17042019.pdf

[ Typical relative error assigned to the fit parameters ]

> in the Table is reported the typical relafive error of each fif parameter
- for the PB PMTs are shown only the values related with the parameters not affected by the reflections

Ay [%] mean of Ap

1 mean of p
PMT1 PMT2 PMT3 PMT4 PMT5

At /t ~31 ~29 ~24 ~37 ~36
Ac /o ~13 ~10 ~10 ~15 ~14
Ar [T ~15 ~13 ~17
Ar, /7., ~3 ~2 ~2 ~4 ~4
AA /A ~13 ~11 16
AA /A ~10 -9 ~11
AA /A ~1 -1 >




[ Systematics (based on data) ]

> comparing the mean value of the distribution obtained from a likelihood or a x? fit for all the parameters

> in the Table is reported the discrepancy coming from (b p,)
X

performing a x2 fit w.rt the likelihood fit Ap. [%]- I,

> the systematic uncertfainty is reported in the last column

- for the PM PMTs are reporfed only the parameters thar are nof affected by the reflections

PMT1 PMT2 PMT3 PMT4 PMT5 syst. unc.
(conservative)
Aty -17.84 -11.37 -15.88 -5.58 -10.74 18%
Ao +0.35 +0.71 +0.95 +3.79 +4.44 9%
AT +12.12 +10.16 --- --- +7.80 12%
AT -0.66 -0.03 +0.54 -0.51 -1.09 1%
AA +6.34 +3.37 --- --- +3.63 6%
AA -6.74 -6-62 --- --- -7.98 8%
AA -3.62 -0.68 --- - -3.26 3%
% of runs obtained from x? fir - 35% 53% 75% 33% 30%

319y o|ge|lere s| DW Ao| ayl Wouy paulejqo 4nsal ay)


https://indico.cern.ch/event/814816/contributions/3400350/attachments/1831617/3000213/FitStabilityStudy_Chiara_17042019.pdf

[ Systematics (based on toy MC) ]

> From the toy MC, the sigma pull disfribution is the only one thaf shows a bias

> Goal: sfudy the origin of ifs shiff
- optimization grid considering different inpuf for the sigma and the fau fast
— parametfers input:
ped = 0 ns [fixed] Puill Mean - & Pull Sigma - ¢
fO = random(0,4) ns
oc={3.,4.5,6.,7,8}ns
r.,=0.,06,7,8,9,10}ns [fixed]

a [rg]
o [rs]

r =90ns
T, = 1400 ns
A, =01T

A =011

A =078

8]
T, . [rs]

fast

> from the dafasheeft info, o is expected fo be ~3ns
> the decreasing of the mean of the o pull distribution for higher input values of r__and o in

the foy MC, confirms that the higher value measured is due to the 4ns sampling of the waveforms




[ Systematics (based on toy MC) ]

> To evaluafe the choice of keeping r_ = 6 ns fixed
— optimization grid considering different input for r_and t_

- paramefers input:

T., INpuf = 0 ns and it is kept fixed at the following values

{5,06,7,8,9,10}ns
T =1{45, 50, 55, 60., 65., 70., 75., 80.} ns

int

> The mean of the pull distributions is centered in O only if r__is fixed for

values in the range (5;7)ns for all the other values the bias is much stronger
- 1_ ~10ns refrieved in the data when if is kepf free is an arfifact of the

4ns sampling (similar fo what happen for the o parameter)

> proposal for the paper: fix r_ = Ons is mofivafted

by the 4ns sampling of the waveform and give a Pull Mean - A,
reference for this value (e.g. [Hitachi]) 3

B85
80

a5

5O

the optimization grid for the sigma are in bkp slides
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[ Systematics (based on toy MC) ]

> the S1 durafion is up fo ~10us
© goal: take info account possible effect due fo the decreasing of the fif range from whole S1 (9.5ps) up to 3.5us

(range used in the dafa), or 2.5pus

o this effect tends to be covered by the errors:

- from the toy MC, no shiff in the pull disfribufion —10° = = h_w
3 E i 2
- from the dafa, tau int and fau slow parameters &k Mrggﬁs 5?2%2
fends fo be affected by this decreasing 100 == HEMS 1352
(presumably because of the 4™ component, - }é*rr;t;‘df 21??’@4931
a preliminary check fends to show thar the 10° = b 3.939 + 0.064
chi2/ndf fit value improves - more ongoing) - g 5.091+ 0.046
107 = fast 3.348 + 0.045
= A 3.393 £ 0.043
- Tint 50.64 + 1.09
10 | Agiow 23.8 + 0.1
= 1404 + 3.6
1=
107" = [
10—2 B 1 1 1 l 1 1 l 1 1 |

0 2000 4000 6000 8000 10000
time [ns]



[ Systematics (based on toy MC)

> Toy MC generation:

- nGenerafions = 250000 entries

- nlterafions = 5000

- parameters inpuf: ped = O ns [fixed]
fO = random(0,4) ns
sigma =9 ns
fau fast = 6 ns [fixed]
fau inf = 50 ns
fau slow = 1400 ns

afast = 0.11
aint=0.11
a slow = 0.78

tO

Fast

Fast

Slow

Slow

fir range = 9.5 ns

fir range = 3.5 ns

fit range = 2.5 ns

Mean = 0.016 && o = 0.92

Mean = 0.010 && o = 0.92

Mean = 0.019 && ¢ = 0.91

Mean = 2.803 && o = 0.92

Mean = 2.822 && o = 0.92

Mean = 2.799 && o = 0.91

Mean = 0.032 && o = 0.82

Mean = 0.030 && o = 0.84

Mean = 0.033 && o = 0.83

fixed

fixed

fixed

Mean = 0.025 && o = 0.93

Mean = 0.024 && o = 0.95

Mean = 0.022 && o = 0.93

Mean = 0.019 && o = 0.87

Mean = 0.009 && o = 0.89

Mean = 0.013 && ¢ = 0.86

Mean = 0.110 && o = 0.58

Mean = 0.105 && o = 0.68

Mean = 0.098 && o = 0.77

Mean = 0.017 && o = 0.98

Mean = -0.010 && ¢ = 1.04

Mean = -0.014 && o = 0.97

> the sigma of the pull distributions tends to be close one in most of the cases

> except the case of the sigma parameter (already expected), all the pull distributions are centered in O

> the mean of all the pull distributions are always compatible with O,[no variation expected due fo the range ﬁr]




[ Systematics (based on data)

)

> comparing the mean disfribufion value obtained fitffing the scintillation fime profile up fo 2.5 us w.rt the fir performed up fo 3.9 us,

fhe parameters whose variation is not within Tsigma are the tau infermediate and the slow

Ay [%]

(u2,5us - M3.5us)

MS Hus

> in the Table is reported the variation of the discrepancy of performing a fit up fo 2.5 us w.rt the fir performed up fo 3.5 us for the

3 NB PMTs, the systematic uncertainty is reported in last column

PMT1 PMT2 PMTH
X2 £ X2 £ X2 £ syst. unc.
(conservative)
ATW S -4.48 - -3.96 -4.06 -4.38 5%
ATS\OW -2.41 -3.01 -3.68 -2.91 -2.87 -3.50 A%
% of runs fitted in2.5 us = 24% 23% 23%

> from the foy MC the decreasing of the fit range should noft affect the fir resulfs

- buf a small shift is visible in the fau inf and tfau slow parameters




[ Systematics

> one explanation of the small shiff measured in the fau inf and fau slow parameters could be because in the Tms runs (clearly evident

in NB PMTs, not so evident in PB PMTs) the three exponential model does not adequately reproduce the dafa in the whole range

and a 4™ exponential is needed to fit the whole range [3]

channel 0
_ %2/ ndf 32.38/1492
2 L Prob 1
a0 e t, _2.121% 0577
= o 7.115 +0.488
. LY. 4,233 £0.267
107 = A 3.872+0.216
E Tt 59.36 = 6.00
= A 27.32£0.28
10° = Totaw 1504 £ 25.2
10
1
w‘_ I T TR N N N N T ST
1000 2000 3000 4000 5000 G000 7000  BOOD _ 8000
Time [ng]
channel 3
_ %2/ ndf 2808 / 1449
=
10¢ Prob 0
4 E i, -2.191+ 4.064
£ o 6.557 £ 4.238
T Ay 4178 £2.125
107 = A 4.26+1.81
E T 57.27 £+ 33.56
E siow 20605
107 Tolaw 1521+ 56.8
10
1=
m'_ T T T P T T A

] 1000 2000 3000 4000 5000 6000 7000 BOOO 9000

Time [ns]

channel 0

(VERY) PR

E VIR I S T N N R IO SR O |

%27 ndf

3048 /3981

1

-2.652 £ 1.000
6.383 £0.915
3.845 £0.782
4116 £0.438
47.42 £20.51
243+94
1332 £ 548.3
5.064 £ 9.424
5532 + §726.6

0 2000 4000 6000 &000 10000 14000
Time [ng]
channel 3
_ %27 ndf 30.8 / 3946
210 rrob 1
= \/ERV) DREL A ADY | L ~1.983 £ 0.506
E(VERY) PRELIMIIARY | & 1989 = 0596
10 Ay 4272 +0.272
A, 3.825 + 0.298
12 T 57.69  6.55
A 16,51 2.02
10 ow 1344 £ 105.7
Ay 4388 £2.223
Tan 2500 + 719.9

IR B

a | 1
1075 2000 4000 6000 8000

L
10000

L N
14000
Time [ns]

-
12000



[ Systematics ]

> a detailed and conclusive study of the 4™ component is complicated by the fact that we have very few runs taken without amplification
with and/or without drift field

- in presence of amplification field is too complicate disentangle the effect of the S2 confamination from a possible 4™ component

— addifional complication is to separafe if from pedesfal fluctuafions af the end of the S1 signal

> despite that, there are few runs with and without drift field that can be compared

- the effect of the driff field on the waveform is still visible

channel 4 channel 4
— 10g = 10g
s — drift = 0.00 kV/cm s E drift = 0.00 kV/cm
1 B — drift = 0.48 kV/cm 1 B drift = 0.49 kV/cm
= (CRT trigger) - (PMT trigger)
101 :_ here there is a minimum of 107
= amplification (runs without - =
- not available) and very low ~
107 =3 statistics 10 E_
107 = 107 =
E PREL M ARY c PRELIMIIIARY
10—4 N 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 10—4 i | | 1 1 I 1 1 1 | 1 1 1 |
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

Time [ns]

Time [ns]



[ Conclusions ]

> the final summary of the results obfained from the scinfillation light fit has been presented

> the average value of the fau slow measured in absence of the driff field has been presented

- if is consistent with the amount of impurifies measured in the 3x1x1 (no significant variafions during the demonstrator operation have
been reqistered) and with values reported in literature <T e = (1426 + 40) ns
- the presence of the drift field caused a decreasing of this value which is sfafistically significant

- measurement of the <T = (50.3 £ 6.4) ns, not affected by the drift field

- sfudy of the effect of the drift field on the relafive amplitudes (Af, Ai, As) has been presented considering the ratio (Af+Ai)/As o
include the contribution of the intermediafe component
— the drift field causes a stafisfically significanf increasing of this ratio

- the same effect has been confirmed considering the fQ0 factor measured event by event
- in absence of drift field the value found in the 3x1x1 is <(Af+Ai)/AsNB> = (0.2816 + 0.0048) ns and it is consistent with the value

obfained from the fQ0 distribution

> fhe main sources of been systematics have been shown

— for runs fitted with a x2 fit, systematics uncertainfies will be added
- for runs faken with amplification field >18kV/cm with 4us fime window, systematic uncertainties will be added due fo decreasing of

the range fif from 3.5 us = 2.5 us
- from toy MC studies, the decreasing of the range should nof affect the fit; a possible explanation for this effect can be found in

the presence of a 4™ component visible in NB PMT after ~bus
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