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Goals:

e identify the occurrence time ty of each interaction inside the TPCs with
O(ns) precision - within 2 ns beam spills

e improve spatial resolution of the events reconstruction along the
longitudinal direction with O(m) precision.
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Waveform analysis enables the extraction of key scintillation parameters, including the fast and slow components and their decay times. This analysis aims both to validate Data—Monte Carlo comparison, investigating current
residual discrepancies, and to measure possible correlations between scintillation timing_and liquid argon purity.

npmt nnmt

variations.

3 | few scintillation | S e = ot e || |
. ) I I VertICC” COSI’T]IC I B r work in progress ’I‘E/‘r;t::s 8.307e;% I
Self-trapped exciton hotons 15 F Mean y 0.07264 I
luminescence '::lc;i‘l'e I P I muon tracks I “F Sddevy o I
e (cathode- | oo |
excitation I I - I . |
I I crossing) e | average SPR |
I from |
I 02? . . I
I Photocqthode $202+5 I ) | C isolated hit |
| #190 MIN. | Selection of the 12 | ofLA ‘ . e — |
ionization recombination I I . | 0 100 200 300 400 500 600 70 |
| Quantum y /,_‘ . \ | brightest PMTs for e Im ]
- |  Efficiency 2 N | each flash;_
Rec?mbmatlon — | | \poTocATHODE | e Alignment of all
luminescence molecule I \ o | g [ i profie_West 11873
| 1 Photoelectron | i waveforms at t,=0; § 3 Workinprogress Eris a7
I | S e Normalization of f gﬂ“’y :}é’:{:
_—_—_—_—_—_—_—_q - 1071:5 ! -
|_|ght with two characteristic | | Gun[ workinprogress Wavefor I | wszs20 I the aligned :
A C Entries 266 i i
- |time constants (tau): || 5.0 Mean 3516 | | waveforms;
5 L | SO APl I ii E et I 1“’”’@“ I Average waveform E
7 state of Ar*, 11 F response fo | Dynodic chain and \&*" s | 9 L
C > | w0l cathode-crossing . over all the flashes :
O] E I C cosmlc muon I EIeCtronIcs I fth | t' J ! ‘500‘ : 10‘00 ; ‘1500‘ : 20‘00 ! ‘2506 : 3(‘)00‘ ‘350(‘) : 4‘000
- of the selection e,
4 E (waveform) | o V17308 |
- C IDecay of the triplet  — Slow component | “F T |
* 200— ot . - - .
B0 <L stateofAr, 1500 -1600 ns (70-75%)| -\ Vg | Single | Fit function +SPR convolution
- _ O R E N V" I +- —» Photoelecton I
c & — Intermediate component A 11 I Response (SPR) I I—““““““““; ———————————————————— |
O . (PMT instrumental effect) : Aj l (o t—tn 1 [ @—=t)\\]i
o— | | | _ i gy by 15 I
P qq_) I | | j=fds <V Tj Tj V2 \7; o |
D fB | K} 8 E
[} - 2 . —— ESTrun 13102 2 r : — ESTrun 12970
.E ; g ! E work in progress ‘:é oo I é- 1 work in progress _ E;runges E C work in progress Tau_slow:npmt {nwfs>0} Tau_slow:npmt {nwfs>0}
= j o » < C - —— WEST run 12970 2 = =
@ E K i s | HEA = ESTani2970 - % ol : RUN 12968_12970 @ 170
m _. Run Data (East and west) ! I : \ B = L RUN 13102 = 1600 ?
-\ I B ,_,1600; . . § 1500:_ .
107" P | L | g S Lo S ol s N A
E; ﬁﬁﬁﬁﬁﬁﬁ I \ 10 E SAME RUN g 1400~ " -‘ . _',:_.'.'_-__'._;. § 1300 "k.n.-': £ byt~ \.a-_ ‘
- I 10— A SAME CRYO N DIFFERENT CRYO 2 s; ah L S o W SET % WooewS
it - DIFFERENT RUNS L , Bl ¥ 2y : "’T-:?' R g
N : C - A T BT ® laof-.RUN 1296812970 -
102 i e - ‘°°°:—.-_ . t I 00 RUN 13102
- RUN Data (Fast and weeey™ineg I | A R | T T o e M e
i ’ I 0 50 100 150 200 Time mcsgo 0 50 100 150 200 2%?“ o (Ticks) Tau_slow:npmt {nwfs>0} Tau_slow:npmt {nwfs>0 && Tau_slow<2000} "
i | - 3 ook : ‘7°°§.RUN 12968_12970
0o e oo feos a0 a0 o000 500 oo | retmems Previous studies have shown that impurities such as O, and N, _ - e Runme
ime (ns Run 12968 6,310 4,656 g c c c 5 c 8 F . S E o ST
I I . ... can affect liquid argon scintillation by reducing the slow- S« niv. - .. b 1o T
. . ' ' 0 . c 3 1300:_.:'.' :- ¥ -'-"'?.." Teiey S 213005":.-.."; ro ke I". Lo ""-' i
Examples of a Data-Monte Carlo comparison showing | runsson 8177 s component decay time and light yield. A e T I A S R
residual discrepancies in the scintillation waveform shape and | : . L I R et R T A TR T
T P T _ _ P I In ICARUS, where electronegative contaminants are maintained at sub-ppb - : * RUN 12968 12970 e L o
timing. The analysis is in progress with different Monte Carlo | e . . e . oo . RUN 13102 oot :
I levels, no significant variations in waveform shape or scintillation timing have i f ]

been observed through this analysis methodology [c].

During ICARUS operations at Fermilab, the Light Detection System exhibited a progressive reduction in PMTs gain under cryogenic conditions. Since stable gain is essential for accurate timing, event reconstruction, and trigger
efficiency, a dedicated R&D campaign was carried out @ INFN Catania (my master thesis!) to investigate the origin of the effect. Laboratory measurements were performed under controlled temperature conditions to
characterize the gain evolution and guide the development of effective mitigation strategies for long-term detector operation.
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