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Introduction
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Liquid Argon TPC detection technique

Very well suited for the experimental study of Neutrino Physics, pioneered by the
lcarus Collaboration.

Massive yet homogeneous target, excellent tracking & calorimetric capabilities.

A =128 nm scintillation light:

 ooweimg __%%"-“-‘:‘-“-*-‘-"‘19-—’ 40000 y/MeV wo electric field.
T ~ Response time ~ 6 ns = 1.6 Us.
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seintillationhs

lonisation electrons:
42000 e’ /MeV.
Drifted (E) toward planes of wires on
which they induce a signal.
Response time = drift time (~ ms).

Photomultiplier tubes
(PMTs)

Reconstructed image Signal on wires

3D image reconstruction by combining coordinates
on different wire planes at the same drift time.
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The ICARUS detector in a nutshell

o International Collaboration with 25 participating institutions from Italy, Mexico,
Switzerland, United Kingdom and the United States.

o Far detector in the Short Baseline Neutrino Program (SBN), on-axis on Booster
Neutrino Beam at 600 m from target and 6 degrees off-axis on NuMI beam at 800 m
- Main goal: search for sterile v oscillations with BNB beam

- Rich physics program including study of Neutrino-4 anomaly and v-Ar cross
section measurements with NuMI beam

‘lw”"‘;:::"l’""!\';fi:2: e by ) . LAr-TPC detector:
ik B o

o 760 t of LAr, 476 t active mass, in two
identical cryostats sitting side-by-side.

o 4 TPCs with 1.5 m drift and 3 wire planes.
o 360 8” PMTs coated with TPB.

o almost full Cosmic Ray Tagger (CRT) coverage.

—

!

i
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From overhauling to operation
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From LNGS through CERN to FNAL

o Operated underground in Italy in 2010 1
+ 2012 with CNGS v beam. s o Eerectms

Overhauling at CERN (2015-2016),
including new:

- cryogenic system;

- scintillation light system;

- TPC readout electronics.

o Cryostats containing the detector
moved to Fermilab in Summer 2017.

o Final positioning in the warm box inside
the building in Summer 2018.

o Installation completed in Jan 2020.
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Detector activation

200

o After LAr filling, all the 360 PMTs were .
activated: st |
- 357 PMTs are working fine;
- the 3 not working ones, in 3 different
chambers, were already marked as
“not working” from warm testing.

Slow Component
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o Two steps activation of the TPC:

Time (ns)
1) Beginning of August _ cathodes HV raised to -40 kV and then to -75 kV with
all wires shorted to ground through 50 Q) terminators.
» Stable HV and first tracks recorded on the first induction planes, operating
in semi-collection mode.

2) End of August (Aug 27t™") _ all wire planes taken to the nominal voltages and
cathodes HV raised to the nominal voltage of -75 kV.
* HV has remained stable, without any glitches or issues.
* No significant currents on the wire bias, except for 576 second induction
wires of the West module that remain at 0 V (instead of -30 V).
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Timeline of ICARUS commissioning and operation

o Detector in nominal operating conditions since August 28t 2020, overall excellent stability.

o 24/7 shifts since February 14th 2020, remote only since March 17t 2020.
Run Coordinator and Deputy changing every 2 months, one remote expert per each
subsystem, one remote shift operation expert and one onsite expert.

o Part-time data taking with neutrino beams since mid-March 2021, aside of commissioning.
o First full time (24/7) neutrino beam run May 315t - June 27th2021: “RUN-0".

o 7 pm -7 am weekdays and full weekends minimum time (~ 65%) dedicated to beam data
collection since the restart of beams on Nov 5,

o CRT installation completed on Dec 10t 2021. CRT components in data since Feb 17t 2022.
o 3m thick concrete overburden installation completed on June 7th 2022.
o Second full time (24/7) neutrino beam run since June 9th 2022: “RUN-1".

June 7, 2022

Aug 28, 2020 | Mar 2021 i | June - Oct 2021 1 Dec10, 2021 )
Detector activation | First neutrinos ! | Beam shutdown i CRT installation Completion of
| ! | | overburden
! — 1 complete !
Dec9-11, 2020 June 2021 Nov 5, 2021 Feb 17, 2022
ORR RUN-0 Beginning of CRT components
second beam in data e .
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Evolution of the ICARUS detector

Dec 2021

June 2022
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Technical status of the detector
and its subcomponents
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Cryogenic system

o Cryogenics/purification systems running steadily
since detector activation. Some failures occurred
with no impact on detector operation, thanks to
the high level of redundancy. All functional
parameters meet the design values.

o Substantial upgrades during 2021 summer
shutdown, including improvement of the gas
recirculation system with additional warm filters.

o Free electrons lifetime 7 ~ 3/5 ms in West/East
cryostats. Although better than initial values (7 <
1 ms in Sept 2020) and within the design, lower
than past ICARUS operations at LNGS and
unequal between the two cryostats.

o During this summer shutdown regeneration of
the liquid recirculation filters of the West

, : i _ Installation of warm filters
module, possibly resulting in an improvement during 2021 summer shutdown

and equalization of the purity.
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TPC readout electronics

o Anomalous noise level observed in the ICARUS TPC read-out electronics after
activation. Studies on a dedicated test bench in Padova and several interventions
at FNAL allowed for substantial improvement of the situation.

o Presently uniform noise in all TPCs with the standard baseline setting at ~2020
ADC #: ~ 6 ADC # in Induction 1 and ~ 3.7 # ADC in Induction2/Collection.

o Signal to noise (S/N) for vertical tracks: ~ 7 in Induction 1 and 9 on other planes.

Intrinsic noise for groups of 64 channels (1 board)
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TPC power supply temperatures

o High temperatures on TPC power supplies and front-end boards can impact noise
and baseline, and/or force to switch off TPCs to avoid damage.

o After the installation of the top CRT and
even more after the first overburden layer,
air flow on the ICARUS top strongly
decreased - combined with warmer
weather — resulting in an increase of
several degrees on the TPC-PS (up to 49°C).
o DAQ had to be stopped or ran without a
complete TPC readout in several instances.
o Starting on May 12, situation greatly
improved thanks to lab  support
(rebalancing of building HVAC and
installation of fans). No temperature over
47°C observed since then.

o A more complete HVAC refurbishing will
take place during summer shutdown.

TPC PS temperatures: May 10

Row

Row

Crate
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Scintillation light detection system

o The PMT light detection system is working smoothly since its activation.

o The PMT gains are equalized to G = 0.5x107 with a spread <1%. Set point takes into
account unexpected decrease of the gain with time measured after filling with LAr,
possibly caused by fatigue of the dynodes due to the high current value induced
by the ~250 kHz photon rates produced by cosmic rays at shallow depth and 3°Ar.

o PMT transit time and signal timing can be measured with ~ 1 ns precision.

Distribution of the gain of the 360 PMTs Distribution. of time diffgrence.between
PMT signals and trigger time
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Cosmic Ray Tagger (CRT)

o Side and top CRT have been taking cosmic and neutrino data steadily with TPC and
PMT systems, for over one year for side CRT and four months for top CRT.
Bottom CRT DAQ still not operative.

o Rates without overburden for top CRT: 260/610 Hz for side/top. For side CRT, rates
~ few kHz, except for higher 20 kHz rate for North module, due to interference
with cryogenic pumps.

o Rates for top CRT decreased to 180/330 Hz for side/top with 3 m overburden .

Rates for horizontal modules of top CRT Rates for vertical modules of top CRT
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Data acquisition

o ICARUS DAQ runs using artdaqg software framework developed by Fermilab
Scientific Computing Division (SCD):

- BoardReader applications collect data from PMT, TPC, CRT, trigger front-end;

- EventBuilder applications request, receive, and combine data fragments
together corresponding to the same event number or common time window;

- Dispatcher applications receive data stream for data quality monitoring.

o During periods of steady data taking, DAQ uptime >90%, with excellent stability on
long runs (several days) at BNB rates > 4 Hz.

o High efficiency of event building, issues of empty or missing data fragments largely
mitigated during commissioning and now less than 0.1%.

o Online data writing with filtering of files in different streams based on trigger type
and data compression. Total online (RAID-backed) storage volume is 180 TB, with
~11 TB in consistent use: enough space for ~“two weeks of storage.

o File transfer performed steadily during commissioning, with no signs of loss or
corruption of data. Transfer from FNAL offline storage to CNAF regularly
performed, more than 700 TB already replicated.
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Data Quality Monitoring

O Real_time monitoring Of data quality ° Reference
(DQM) from all subdetectors is crucial s — batz
for physics.

rms

o DQM receives data from DAQ,

produces metrics from TPC/PMT/CRT WM‘J“M*M

and plots them on a front-end website:
o Channel status % 200 700

O NOise RMS Local Channel

o Waveforms Example of DQM for TPC: rms of noise

o Higher level (e.g. LAr purity, ...)

o o _ Detector Status
o This information is summarized as a
“ »” . . TPC Status: OK
detector status” with corresponding
alarms. PMT Status: OK
o Recently fully integrated and made Side CRT Status: oK
available to shifter for continuous
. . Top CRT Status: OK
monitoring.
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Trigger and clock distribution system

purpams; e ceccepen - Mlain ICARUS trigger signal generated by majority of
oo e e, the discriminated pairs of PMT signals (LVDS) in
> Ve 2025703 Sl coincidence with the BNB and NuMI beam spill gates,

/" VVVVVVV L SRR 1.6 and 9.5 ps respectively.
%T : ,{,,;;HOLD] o For every global trigger, light and CRT activity occurring
“;:Jn | \/m for 2 ms around the trigger time are also recorded, to

 coEm P recognize and tag cosmics crossing the detector
Lv L\ Majority of NLVDS , . - H H
L’ I e during the 1 ms " drift time.

,_
<

S |9

® (0
o=

] When a trigger primitive is found in

coincidence with the beam gate!
GATE SIGNAL

Example: 1.6 us for BNB

o Additional trigger signals generated in correspondence with a subset of the beam
spills without any request on the scintillation light (Min-Bias), and outside of the
beam spills to detect cosmic ray interactions (Off-Beam).

o The generation of the beam gates is based on “Early Warning” signals distributed
hundreds of pus before the extraction through a White Rabbit network.

o An absolute GPS timing in form of pulse per second (PPS) is used as a reference
for generating phase locked digitization clocks and for time-stamping the beam

gates and trigger signals.
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Trigger performance

o Rates for the main trigger at the current setting of parameters (400 ADC = 13
photoelectrons PMT digitization threshold, majority of 5 PMT LVDS signals) are 164
mHz for BNB and 187 mHz for NuMI without overburden. Corresponding offbeam
rates are 123 and 119 mHz respectively, compatible with ~ 14 kHz cosmic rate.

o Additional 0.2 Hz of minimum-bias triggers, for a total rate < 1 Hz.

o Verification of correct timing of beam signals by looking for excess of PMT light
flashes over the cosmic background rate in minimume-bias runs.

Excess of PMT flashes in the BNB (left) and NuMI (right) gates
BNB (Gate 4 us) NuMI (Gate 14 us)
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(] z @
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g

i J'f]t ICARUS Data PLeIimindry ICARUS Data Prelimin y
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o

2% Fermilab
07/20/22 FERMILAB 2022 SUMMER STUDENT MEETING 21



Trigger efficiency studies

o At the current trigger settings, MonteCarlo simulation predicts > 97% efficiency in
detecting v,CC with deposited energy > 300 MeV.

o Evaluation of trigger efficiency on data started on samples collected with the
Minimum Bias trigger. Cosmic ray W crossing the TPC cathode are selected because
characterized by a well-known time. The response of the Majority trigger logic is
emulated in software, by analyzing the PMT light activity associated to the
selected tracks. Similar ~97% efficiency reached at 300 MeV.

Trigger efficiency on v,CC from MonteCarlo Trigger efficiency measured on crossing cosmic p
g L > 120
3 4 PR S E t::%:‘—{— $ | Data Preliminary
= —— e e &‘:_’ -
17| E w 1 R L AR L e
g L T
2 08— L
2 [ero— 0o Y=
- ICARUS Simul. : :
B imulation 0.6—
_ 1 -e- Majority 1
0.4/— Trigger level —$- TPC 041 mu3 0al Trigger level | o Majority 3
- 4~ TPC 0+1 mult.5 "k \ o
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Data taking
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Data taking with BNB and NuMI beams

NUMI

- NuMI Delivered: 457.6 ELI8 POT et
%1 .... BNB Delivered: 267.0 E18 POT
—— NuMI Collected: 394.4 E18 POT
| == BNB Collected: 233.1 E18 POT

o Average repetition rate 4Hz. Short successful test at 5 Hz on June 379 2022.
o Overall efficiency of beam data collection >86%, despite part-time operation!

o Main trigger: majority of the discriminated pairs of PMT signals (LVDS) in
coincidence with the spill gates of BNB (1.6 ps) and NuMlI (9.5 ps). Additional
triggers: without any request on the scintillation light for a subset of the beam
spills (Min-Bias), and outside of the beam spills (Off-Beam).

o Data collected so far instrumental for calibrating the detector and tuning
simulation and reconstructions tools.
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Sample event displays

“—————— >
720 cm
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Example of BNB v,CC candidate

UoI42241p 4414Q W 90

1ews.

in COLL and IND2 v

o QEv,CC candidate (run #4626, ev #227)

~ 170 MeV

EDEP

Two tracks produced,

o Vertex at 29 cm from the bottom wall

V, stopping after L= 6 cm

~ 70 Me

idate with E

is the proton cand

Track 1

51 cm.

Track 2 is likely the p exiting on bottom wall after L
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0.5 m Drift direction

Example of NuMI v.CC candidate

A :
A coLL - Tnd?2 ,
: < | . A A S Y
N :.g | r‘7)‘- ' jan :
: S -',. S | > § { | ."'-.5 ’_ :‘: ." 1":'
. Electr: 0’7,7'.".4'5: - o E Trdek 2 /’;5:‘" :’/r RiAR?
X > - Fln o~ 23 - e " Electron
\,- ' 1 § [y
. ] g g x ;
~Track1 - (o) -
Q / .
f Beam direction 09 m Wires - Beam direction 10m Wires
< > € >

QE electron neutrino candidate with two particles at the primary vertex (indicated
by red arrows):

Track 1 is the upward going proton candidate stopping inside L= 13 cm

The electron shower is downward going: the beginning of the shower is clearly
visible in particular in Induction 2 view (in Collection the e  and track 1 are

overlapped).
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nspmtvebor art (87265) sec, monitor window = 60.0065 sec, min::max fragnent size = 3.66656: :3.66656
"“‘;‘“’""’* ""“""""*‘""‘ Pt art (92114) Event counts: Run -- 16689 Total, @ Incomplete. Subrun -- © Total, 0 ln(omple(e
Epored (T -(.lmxprmtw\cp()! e - i boardreader (1611)
oot boardreader (1612) Info ( Eventduilerd SharedtenoryEventianager
Epora T pr——— boardreader (1613) 28-3ul-2021 12:12:22
i Srall et N ccme
o covsonenor T BOOTED RUNNING e lovey | | | venthultdr / Tohunta::fumning / Seerce 1o 160 D
ans 3 ventBuilderd statistics:
A sea Tond) Event statistics: 75 events released at 1.24986 events/sec, effective data rate = 4.58084 MB/sec,
8 [PMT. cansptesopdZ, PV e (loaakg | | monitor window = 60.0066 sec, min::max event size = 3.66508: :3.66508 M8
ezt Feir Average tine per event: elapsed tine = 0.800088 sec R
Eporied PMTS, FarspmicepOL, PHTLser o ety hragnent statistics: 1600 frageents received at 20.9967 fragments/sec, effective data rate = 4.58079 9
st N » sec, monitor window = sec, min::max fragment size
ety oS P! STORRINCHFESTERTING boardreader (18318) ot olalniy Total, 6 Incomplete. Subrun -- 0 Tml, . ln(omplete.
Epored (M, cansptentonoZ, P RUN RUN boardreader (16319)
) oardreader
Epored (PHTS, arspnteusocot, PMser boardreader (18321)| | | 3075, { Eventeutders SharedtenoryEventianager scroll to Bottom
Erported (P, pmt.standard, PMserpnt.sandard ) |~ S—— boardreader (18322) | | jcarus-evbol (131.225.250.29)
boardreader (18323) | | oPtiessage 0 / PID 31700 / SharedhenoryEventanager cc:1308
o (s oardreprinr 110221 L e g / Sequence ID 16688
ardre oo
voardre  ACtivity Monitor 75 events released at 1.24387 events/sec, effective data rate = 4.56089 MB/sec, Clear
e boardre, ec, min:max event size - 3.66508::3.66508 B
e Ta e Cuent. 1pead ina) .0 atoesa

boardreader (19728) h Fragment statistics: 1800 fragments received at 29:097 fragments/sec, effective data rate = 4.58084
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A shifter’s life ll

w75y|_ || @m|@] 1] 2| 3[4 [ SBN ONLINE | Introduction to Minargon - Mozilla Firefox

@ Shifter DAQ Status - Grafana - Mozilla Firefox |

@ Shifter DAQ Status - Grafana - Mozilla Firefox
1 Shifter DAQ Status - Gr= X | BNB STATUS DISPLAY X

&« c @

15 shifter DAQ Status

NuMI STATUS DISPLAY X | BNB STATUS DISPLAY

© | & icarus-evb06-daq:10080/d/hNjxNryWk/shifter-dag-stat

orgld=1&refres|

@ NewTab @ SBN ONLINE | Intro. @ SBN ONLINE | Intro.

07/20/22

X

EaDistros Bgjicarus @ NuMi STATUS DISP...

FERMILAB 2022 SUMMER STUDENT MEETING

- 0O X |@ SBN ONLINE | Introduction to Minargon - Mozilla Firefox

e 5
SBN ONLINE | Introduction © X | +
67% [OR 4 mn oo =J(e C o © | & https://sbn-online.fnal.gov/cgi-bin/icarus-minargon/i s+ * meo®e =
(® BNB STATUS DISPLAY @ SBN ONLINE | Intro... @ SBNFD Logbook - el... 15 old Shifter DAQ Sta.. 15 Shifter DAQ Status ... @ New Tab @ SBN ONLINE | Intro... @ SBN ONLINE | Intro... B3Distros B3jicarus »

ICARUS Monitt

ICARUS Online Monitoring

Monitoring Status Detector Status

TPC OM: OFF TPC Status: OK
(218169)
PMT Status: OK
PMT OM: OFF
(21295s) Side CRT Status: OK
DAQConsumer: N (4s) Top CRT Status: OK
Archiver: ON (44s) NOTE: The data-quality alarms are being
piloted and may (for now) cause false-
Archived Data OLD (677m) positives. For the interim, you can ignore
Time: them if the data quality is set to NOT OK.
Redis Meomory 7.59GB /
Usage: 58.37%
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A shifter’s life lli

arusdc:

o
@
(x]

File Edit Search CSS Window Help

2000 0 5 .~ 100 2000
o, 19978 2 MR- IS 0, 200281 2

w
©
©

w
©
®

configuration directory /dag/softuare/pl
@ - - -
size of objectList @ @)%
ourc
[icarusdeslicarus-evb06 /1§ Java HotSpot = Primary HV Power Supply (Bertan)
icarusdesBicarus-evb05 /15
icarusdesBicarus-evh6 /15 RIS
sornp1. javazd3) 7.524E4
at
at org.eclipse.equinox. launcher.

[t uas remcved in 8.0 e e ESEEHV
|| kel ]| mldk |2 & || @f % | S]e|| @]«
icarusdes@icarus-evb06 /1% '
\ 60.* . ,100
icarusdes@icarus-evb06 /1§ 400
. Larg.reFlect. Hethod, invol = HV Distribution (CAEN SY1527)
$7.522€4 4
at org.eclipse,equinox, launcher.|

§& pmt_monitor.opi 3 | & west_pmt_hvDistributor_monitor.opi (& east_pmt_hvDistributor_monitor.opi & VME_monitor.opi = G
10-2,17/configuration/services/pvarpc HE J = o] J & B =
2021-06-11 00:52:29,706 CONFIG [Thread 1 | x i
J L monitor
e.rcp
[icarusdcs@icarus-evb06 /1§ cssexp
2]+ Tone
icarusdes@icarus-evb06 /5 QUL LS 2B
4 v
e ashpibted 7.528E4 4 Voltage [V] Current [mA] Voltage [V] Current [mA]
at org.eclipse, equinox, Launcher. |
& ~West PMT ~East PMT
§7.52E4
=
Caused by: java, lang,Nul IPointerExceptiol

tudioPYARPCServiceFactory (getPYARPCSery|
nunber of widgets in the ADLFile 0 | Al j 2 | o~ | fa- §- i =l o
TeSourcePlugin (start) - ResourceHelper
[2] 58106 £ [ElADL Parser |[JshiftviewerPerspective {2/Data Browser [&OPI Runtime &
usdes/css-uorkspace/cssexp/
icarusdes@icarus-evb06 /1§
a == 1 7.526E4 ]
at org.eclipse.,equinox, launcher.
bk has no value,

r/current
w
8
2

3 57.518e4 —All Channels —Network——— —All Channels Network

Fonnected ‘ connected
ClF, OFF

w
©
-3

at java.util.Objects.requireNont

57.516E4
at org.csstudio,opibuilder . scrip

18 7.514€4
J£7.512e4

—Epics Server——— Epics Servet———
ol Monitor — Monitor -
C751E0 ] running running
o

w_
©
@

8)
at org.csstudio,opibuilder.scripi
at sun.reflect.|

w
©
2

a
icarus_tpeps_ewl3 not on netuork, ping fi 4 3
icarus_tpeps_euld not on netuork, ping F ,2,7'5085“
icarus_tpcps_ewlS not on network, ping fi 27 506E4 ]
Learon toens a3 o, on neteork: birg 4 i,
icarus_tpops_ewl? not on netuark, ping . 7.504€4 ] 9

icarus_tpps_eu13 rot on netuork, ping /| oo 1 7
icarus_tpeps_eu1d not on netuork, ping f: 7.502€4 ] VME Crat
icarus_tpeps_ew0lt not on network, ping &
icarus_tpcps_ew0in not, on network, ping { | 300

icarus_tpops_eu0b not on netuork, ping HZ_EL Crate monitor all crates ok

icarus_tpeps_eu20t not on netuork, ping
388.9 7 7.4969E4

icarus_tpcps_ew20m not on network, ping - T . T - - - 1
b 20b not on netuork, pi

oo uat oo a0 ot on nosuGek’ pung | 2021-07-28  09:40  10:00  10:220  10:40  11:00  11:220  11: 2021-07-28
icarus_tpeps_e=03 not on netuork, ping 1 09:15:29 12:15:29
icarus_tpcps_ee04 not on netuork, ping f) Time

icarus_tpeps_ee05 not on netuork, ping f.

icarus_tpcps_ee0 not on netuork, ping f: |——icarus_cathodehv_monitor/volt ”—ucarus cathodehv, monltor/:urrent‘
icarus_tpcps_ee07 not on network, ping f. = =t =t =

@
©
w

icarus_cathodehv_monito

w
©
N

icarus_tpcps_se08 not on netuork, ping f
icarus_tpcps_ee03 not on network, ping f:
icarus._tpeps_se10 not on netuork, ping f
icarus_tpeps_eell ot on netusrk, ping Flrrous o .
icarus_tpcps_ee12 not on netuork, ping failed, Check pouer button on front of unit.
icarus_tpops_eel3 not on netuork, ping failed, Check pover button on front of unit.
icarus._tpops_eeld ot on netuork, ping failed, Check pouer button on front of unit.
icarus_tpops_eelS not on netuork, ping failed, Check pover button on front of unit.
icarus_tpcps_eel6 not on network, ping failed, Check pouer button on front of unit,
icarus_tpcps_se1? not on netuork, ping failed. Check pouer button on front of unit.
icarus_tpops_ee18 not on netuork, ping Failed. Check pouer button on front of unit.
icarus._tpeps_se1d not on netuork, ping failed, Check pouer button on front of unit,
icarus_tpops_ce0t not. on netuork, ping failed. Check pouer button on front of unit.
icarus_tpops_ee0ln not on netuork, ping failed, Check pouer button on front of unit.
icarus_tpops_ee01b not on netuork, ping failed. Check pouer button on front of unit.
icarus_tpops_ee20t not on netuork, ping failed, Check pouer button on front of unit.
icarus_tpops_ee20n not. on netuork, ping failed. Check pouer button on front of unit.
icarus_tpcps_ee20b not on network, ping failed, Check pouer button on front of unit.
There are 48 ualues out of range.

Seript done.

BT carusdes@icarus-evbos ~15 ]

%@E 6 |T‘ 2‘ SH 4‘ Eicarusdcs@ic

[EVE TaCK, FIU BaNK 27 UH

(py3.6.8) [icarusdes@icarus-evb0B pdu_check]$ bash runCheckEvbPdu,sh
B == Checking Event Builder rack PDU ----- —
Run At Wed Jul 28 00303322 CDT 2021

EVB rack, PDU Barnk 1: 13,3 A
EVB rack, PDU Bank 2: 0 A

11/(py3.6.8) [icarusdes@icarus-evb0 pdu_check]s []

BEicarusdcs@icarus-evb06:/ | ¢ Cs-Studio Bicarusdcs@icarus-evb06:/

icarusdcs@icarus-evb06:~
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Initial calibration studies
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Electron lifetime (purity) measurement

Free electron lifetime 7, measured by the attenuation along the drift path of the
electron ionization signals generated by cosmic ray tracks crossing both the
cathode and anode.

Two complementary procedures developed and tested on MonteCarlo.

- Method presently applied based on simplified physical signals and track
reconstruction in 2D and measurement of the attenuation on each track. 7%
total statistical + systematic uncertainty.

Attenuation of ionization along p track Electron Lifetime 1,

- = 5.5
KSRV SN Run NomMC, EE TPC  Elec. Lifetime: 3.52 *°% ms E =
[&] I~ : ° 5F [l
- it i
<, 1200 — S 45E 1+l
3 C | - l
S 1000 [ 4f--East cryosta
800 :— 3.5
: 3 I FH-T nink | L]
001~ 1t 1 IR A
- 2.5F
a0~ - West cryost
= 2
200 — 3
- 1.5 1 1 1 1 1 1 1 1 1 1 1 L L 1 L
Drift Distance [erm] 2021 2022 2022 2022 2022 pate
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TPC wire signal gain calibration

o Calibration chain based on the study of ionization vs @4—522&9

residual range for cosmic p crossing the cathode,
stopping/decaying in the active LAr and identified by the Stopping Muon Event

. (First Induction Plane)
reconstruction program.

o Goals: calibrate the absolute energy scale, equalize the individual wire electronic
response, improve the modeling of recombination, diffusion and space charge
effects, and measure detector properties like drift velocity and wire response.

o This study is meant to tune and quantify the performance of the PID algorithm
based on the measurement of dQ/dx Vs residual range for stopping particles.
dQ/dx MPV vs. Residual Range

2000

1800 Stopping Muon 6000 1400 —— Calibrated Prediction
g dQ/dx vs. Residual Range T D meayrad BN
5000 < 1200
O
T 1400 o Cal: 82.78 + 0.89 electrons/ADDC
g 1000 2 1000 a = 0.9313 + 0.0050
g 1200 5 \ BJE = 0.3705 + 0.0125
< 2 3
% G 800 (g/cm?)(cm/MeV)
x 1000 8 3000 g Sz
S 800 600
. 2000 5 5
o
55 1000 :
8
© —2
200 2] - ' - o - - ; - ;
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200

Residual Range [cm] Residual Range [cm]
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Improved data-driven TPC noise modeling

o Update to TPC noise model in simulation to better match data, applying scale
factors scale factors plane by plane. Much better agreement.

After coherent noise removal

ICARUS Data vs. MC (Intrinsic Noise)

Induction 1
14 1200
12 1000 L
gn _ 800
2 g
2, 3 600
s
. 400
> 200
0 o
0 500 1000 1500 2000 00 25 50 75 100 125 150
Channel ID RMS [ADC]
Induction 2
4000
14
3500
12
3000
— 10
g _ 2500
< s S 2000
] 8
26 1500
o meledes g g W 1000
2 i NSl T 500
. 3000 4000 5000 6000 7000 8000 %o 25 s0 75 100 15 10
Channel ID RMS [ADC]
Collection
14
4000
12
gl 3000
(=] )
<8 S
2 8 2000
o
4
1000
2
® 5000 9000 10000 11000 12000 13000 14000 %o 25 50 75 100 15 150
Channel ID RMS [ADCI
07/20/22 FERMILAB 2022 SUMMER STUDENT MEETING

—— Data

— MC after tuning

Plane

Scale Factor

Ind1

1.151

Ind2

1.152

Coll

1.096
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First look at TPC wire signal response

o Average waveform at anode across many
anode-cathode-crossing tracks: signal adds,
noise cancels out

o Drift coordinates: [2 cm, 5 cm] away from
anode (minimizes diffusion)

o Some data/MC discrepancy for induction plane
response — will improve once we move to
Wire-Cell (2D) signal simulation

2 01— Collection wire
= [ signal response —MC
S 008— —Data
0.06:—
0.04:—
0.02:—
ol_llllllllllllll[|l|l|l||||||l|||lll|Il|l|
-20 -15 -10 -5 0 5 10 15 20
Time Offset [us]
07/20/22 FERMILAB 2022 SUMMER STUDENT MEETING

Arb. Units
o
o
[\¥]

-0.02

-0.04

-0.06

Arb. Units
o
R

0.02

-0.02

|II[|III|III|1II|III

Induction 1 wire
signal response

—MC
—Data

IIIIIIIIII

Induction 2 wire
signal response

Time Offset [us]

—MC
— Data

20
Time Offset [us]
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First look at TPC performance

Spatial distortions in drift direction due to space charge Drift velocity in West cryostat

E‘ C v
12— —— EE TPC Data
. — EW TPC Data 1 TPCW
< . ——— WE TPC Data 15000 [—1 TPC E Data
s - —— WW TPC Data :
2 C Calculation for Simulation TPCW '_:'t
9 0.8_— T TPC E F|t
S L 10000 -
3 osf- TPC E Drift V:
w UL
= C 0.1572 cm/us
S t
g ™[ 5000 TPC W Drift V:
5 F 0.1573 cm/us
= 0.2_—
a r oL : , , : . .
T R T R[] 2200 2250 2300 2350 2400 2450 2500
Drift Coordinate X [cm] Track Hit Time Difference [ticks]

o Space charge effects (SCE) measured using anode-cathode-crossing cosmic muon
tracks, looking at spatial distortions in drift direction. Good agreement with
simulation, apart from one TPC where E field distortions associated with a possible
field cage short are being investigated.

o Same track sample used to measure drift velocity by maximum drift time of charge
associated with tracks - results in line with previous ICARUS measurements.
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Summary
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The ICARUS detector has continued to operate with excellent stability since its
activation in August 2020, taking data with BNB and NuMI beams part-time as
installation/commissioning progressed.

From the technical point of view, all sub-components are now in steady
operational state and have for the most part met, if not exceeded, the expected
performance.

Installation and commissioning can be considered completed. Improvements will
continue opportunistically, compatible with maximizing beam data collection.

Two full time beam runs were performed for ¥~ 1 month in 2021 and 2022.
Currently the ICARUS detector is collecting cosmic ray data during the summer
shutdown of the Fermilab accelerator complex.

The data collected so far with both cosmic rays and neutrinos from BNB and
NuMI have been instrumental for calibrating the detector and tuning simulation
and reconstructions tools.

The ICARUS detector is well on its way for intriguing physics searches in the SBN
Program and beyond!
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