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ArCs: Argon detector with Charge Separation R&D Project

A Liquid Argon Time Projection Chamber in a Magnetic Field [LDRD]

_ In a Test Beam!
Running a

LArTPC inside
a magnetic :;
field =

(upto 0.7T)

/% Reusing the LArIAT TPC
and placing it inside the Jolly
Green Giant magnet at the
Fermilab’s Test Beam Facility.
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A Liquid Argon Time Projection Chamber in a Magnetic Field [LDRD]

Demonstrate charge
sign discrimination for
e and e*

\ Particle momentum

‘ , 92 reconstruction via its
\ J curvature

©B=(0,070T

ha
Determine minimum e rge Separation
3 magnetic field for such Power
measurements
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Internship Activities Overview

ASSEMBLY of
the LArTPC

TESTING the

ELECTRONICS
—
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EXPERIMENTAL SETUP

Cold 10 WRD

Electronics 10 CMB Warm Receiver and Driver
Cold Mother Board I

FT

LArIAT TPC

Warm
a Electronics
£ Each CMB 5 oS
Comprises 3 16- Di_fferentiaITo
channel LArASIC Single-ended
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D2S and one WRD are fixed.

LArIAT Electronics Testing To test the CMBs, one

TITI To test the WRDs, one D2S
and CMB are fixed. Finally,
Sy for the D2S testing, a WRD
v and a CMB are fixed.
WRD J__25 ft long signal cables
(48 x 10 channels)
Microcontroller |
A
Ribbon cabml—l
,_ Voltage D2S
F a” ca Suppy| > (16 x 3 x 10)
araday Cage X3X A
i Waveforms, FFTs, Gain and
CMB
(48 x 10 channels) Voltage  es
Y
ge/?qu < ADC and readout
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Characterization of the CMBs

- or \ 11/576
g %L\BRA‘\'\ON channels have
ch ~ gain issues!

4 out of 11 cold boards show
a sistematic shift in voltage



Q There are different
beam operating

‘ Study on FTBF Simulation S s, |
one considered has a

pion spill of 2.5 x 10°.

o
« Each event simulates a r* from the secondary beam of

the FTBF impinging on a Cu target, thus generating the
tertiary beam (as in LArIAT configuration).

* The beam is defined as a Gaussian-distributed one with

an energy of 64 GeV.
- \

-
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JGG Magnet The previous LArIAT
ON-AXIS configuration was different

he

Start Line
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JGG Magnet PROBLEM from previous LArIAT

ON-AXIS configuration

TOO LITTLE e
ELECTRONS AND
® POSITRONS

.
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My contribution...

* | updated the existing geometry with 2 US detectors
(virtual WCs) to trigger on;

* | added the concrete blocks and the muon range stack
from the FTBF,;

* This detector geometry was used to study 3 main

configurations.
- «
-
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LArIAT Magnets
(B1 and B2)




Muon
Range

\ ‘ ‘Staek
[ A

Ve
<
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JGG Magnet

™~

2

Ve,
£
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Det/

™~

%I performed the triggering upon such detectors!
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3 Main Configurations

JGG Magnet ON JGG Magnet ON JGG Magnet OFF

LArIAT Magnets LArIAT Magnets LArIAT  Magnets
(B1 and B2) OFF (B1 and B2) ON (B1 and B2) OFF
| /
|

« Pos 60 Amps
* Neg 60 Amps

-
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For each configuration...

* | triggered on DetT1, DetT2 (US), and Det7;

| studied the spectra of all particles across such
detectors (momentum, polar and azimuthal angles),
focussing on electrons and positrons;

* | studied the flux characteristics with respect to the
detectors’ surface;

* | counted the occurrences for each particle type.

-
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JGG Magnet ON

LArIAT Magnets
(B1 and B2) OFF

p spectrum for Electrons only Detector: DetT2; Config: configlO

Momentum Range
1000 A N >500 MeV
N 400-500 MeV
B 300-400 MeV
200-300 MeV
100-200 MeV
<100 MeV

800

Particles / 1.8e+08 i on target (11.864 hours of data)

1000 1500 2000

Momentum [Mev]
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o
[=]
)

S
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Example Plot: Momentum Spectra of Electrons

JGG Magnet ON

LArIAT Magnets

pos 60 Amps

p spectrum for Electrons only Detector: DetT2; Config: configl0

1000 1500
Momentum [Mev]

Momentum Range
Em >500 MeV
s 400-500 MeV
s 300-400 MeV
200-300 MeV
100-200 MeV
<100 MeV

2000
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(B1 and B2) ON

=
o
o
(=]

Particles / 1.7e+08 i on target (11.648 hours of data)

neg 60 Amps

p spectrum for Electrons only Detector: DetT2; Config: configl0

®

o

o
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Momentum Range
N >500 MeV
B 400-500 MeV
s 300-400 MeV
200-300 MeV
100-200 MeV
<100 MeV

1000 1500 2000
Momentum [Mev]
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Example Plot: Momentum Spectra of Positrons

JGG Magnet ON JGG Magnet ON

LArlAT Magnets LArlAT Magnets

(B1 and B2) OFF (B1 and B2) ON
pos 60 Amps neg 60 Amps

p spectrum for Positrons only Detector: DetT2; Config: configl0 p spectrum for Positrons only Detector: DetT2; Config: configl0 p spectrum for Positrons only Detector: DetT2; Config: configl0

1000 - Momentum Range
B >500 MeV

B 400-500 MeV
s 300-400 MeV

1000 Momentum Range 1000 Momentum Range
N >500 MeV N >500 MeV

N 400-500 MeV N 400-500 MeV
B 300-400 MeV s 300-400 MeV

800 + 200-300 MeV 800 1 200-300 MeV 800 1 200-300 MeV
100-200 MeV 100-200 MeV 100-200 MeV
<100 MeV

<100 MeV <100 MeV

Particles / 1.8e+08 m on target (11.864 hours of data)

Particles / 1.7e+08 i on target (11.464 hours of data)
Particles / 1.7e+08 i on target (11.648 hours of data)

1000 1500 2000

1000 1500 2000 1000 1500 2000

Momentum [Mev] Momentum [Mev] Momentum [Mev]
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Example Plot: Momentum Spectra of Electrons and of Positrons

JGG Magnet OFF

LArIAT  Magnets
(B1 and B2) OFF

Electrons Positrons

p spectrum for Electrons only Detector: DetT2; Config: configlO p spectrum for Positrons only Detector: DetT2; Config: configl0

Momentum Range
1000 - E >500 MeV

Momentum Range
N >500 MeV

10001 BN 400-500 MeV BN 400-500 MeV

mEE 300-400 MeV == 300-400 MeV

200-300 MeV 200-300 MeV

800 1 100-200 MeV SR04 100-200 MeV
<100 MeV <100 MeV

Particles / 1.8e+08 m on target (11.998 hours of data)
Particles / 1.8e+08 m on target (11.998 hours of data)

1000 1500 2000 0 500 1000 1500 2000 2500
Momentum [Mev] Momentum [Mev]
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JGG Magnet ON

LArlIAT Magnets
(B1 and B2) OFF

Example Plot: Particle ID

5.38%

5.38%

n=, (8.78e+05, 27.0%) 27.01%
p=, (4.60e+03, 0.1%) 7 0.14%
M=, (2.37e+04, 0.7%) 1, 27204
Q
(=8
&1 e J(1.94e+04, 0.6%) { 0.60%
(5}
21 e*)(1.89e+04, 0.6%) { 0.58%
14
a.
K=, (5.92e+03,0.2%) { 0.18%
gamma, (35.4%)
others, (35.4%)
T T T T T T T T
0 5 10 15 20 25 30 35
Particles / 1.8e+08mnon target (11.864 hours of data)
24 9/26/2024

Particle Type

JGG Magnet ON

LArIAT Magnets

(B1 and B2) ON pos 60 Amps
n=, (8.48e+05, 27.0%) 1 27.00%
p=,(4.42e+03, 0.1%) { 0.14%
U=, (2.30e+04, 0.7%) p’ SIrSY
e~ ,[1.88e+04,0.6% ) 0.60%
e* K1.83e+04,0.6%)1 0.58%
K=, (5.76e+03,0.2%) 1 0.18%

gamma, (35.4%)

others, (35.4%)

T T T

0 5 10 15

25 30

5.38%

5.38%

Particles / 1.7e+08non target (11.464 hours of data)
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JGG Magnet ON

LArlIAT Magnets
(B1 and B2) OFF

Example Plot: Particle ID

n=, (8.78e+05, 27.0%)

I+

27.01%

5.38%

5.38%

20 25 30

Particles / 1.8e+08mnon target (11.864 hours of data)

p=,(4.60e+03, 0.1%) | 0.14%
= u=,(2.37e+04, 0.7%) p SERESh
% e~ 1(1.94e+04, 0.6%)) { 0.60%
';: e* )(1.89e+04,0.6%) {1 0.58%
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others, (35.4%)

6 5l lb 15
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Particle Type

JGG Magnet ON

LArIAT Magnets

(B1 and B2) ON neg 60 Amps
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JGG Magnet OFF Example Plot: Particle ID

LArIAT  Magnets
(B1 and B2) OFF

n*, (8.88e+05, 27.1%) 27.08%
p=,(4.62e+03, 0.1%) {1 0.14%

U=, (2.40e+04, 0.7%) 1 0.73%

e~ | (1.95e+04, 0.6%) 4 0.59%

e*](1.92e+04, 0.6%) ) | 0.58%

Particle Type

K=, (6.02e+03, 0.2%) 1 0.18%

gamma, (35.3%) 35.34%

others, (35.3%) 35.34%

0 5 10 15 20 25 30 35
Particles / 1.8e+08mon target (11.998 hours of data)
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Triggering with detectors more US, considering the direction on-axis with the
secondary beam led to...

Rate of detection
=~ 27 electrons/min ~ 19 400 electrons
=~ 26 positrons/min = 18 900 positrons

@ In less than 12 hours
of data-taking
CONSISTENT

through all the
configurations

2= Fermilab
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Y [mm]

28

Flux Characteristics

US

2D Gaussian Fit for Detector DetT1

9/26/2024

JGG Magnet ON

LArlAT Magnets
(B1 and B2) OFF

DS

v

X [mm]

2D Gaussian Fit for Detector DetT2

5000

4000

1000
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Counts

Y [mm]

2D Gaussian Flt for Detector Det7
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LArTPC Assembly

 Removed the WLS foils from the cathode;

* Replaced a faulty resistor in the divider chain;

* Cleaned the chamber;

* Installed wire planes;

» Placed the external frame to tension the wires;

« Soldered different connectors for various purposes (FT,
HV, level probes, bias filter boards);

« Completed wiring for FT and HV.
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The first days... | | The last days...

|
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Conclusions

e Cold and Warm Boards were tested. CMBs are now
properly connected to the LArTPC.

» The detector was cleaned and restored. All the needed
cabling and wiring were completed, although some
cables still need to be connected (shortly!).

« Beam studies proved that a high statistic for electrons
and positrons can be achieved when considering the ‘\
secondary beam.

-

2= Fermilab

31 9/26/2024 Giulia Cicogna | Final Term for the Italian Summer Program at Fermilab 2024



4 )
Also, thank you

Claudio, Marco,
and Angelal!

FUH YUUH
ATTENTION JEReS

.
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Example Plot: Momentum Spectra of All Particles

JGG Magnet ON JGG Magnet ON

LArlAT Magnets LArlAT Magnets
(B1 and B2) OFF (B1 and B2) ON

p >80 MeV Detector: DetT2; Config: configl0 p >80 MeV Detector: DetT2; Config: configl0 p >80 MeV Detector: DetT2; Config: configl0
80000 |
= 64 GeV, +60 Amps K 64 GeV, +60 Amps K 64 GeV, +60 Amps
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- 1 - P
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4 P 4
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3] < o
= 50000 - e*, (1.89e+04, 1.4%) o 50000 § e*, (1.82e+04, 1.4%) o e*, (1.84e+04, 1.4%)
z mm K*, (5.92e+03, 0.5%) = mm K=, (5.76e+03, 0.5%) = mm K*, (5.84e+03, 0.5%)
£ 40000 - mm gamma, (13.7%) £ 40000 4 . gamma, (13.7%) 2 m gamma, (13.7%)
b mEm others, (13.7%) = =l others, (13.7%) = EEm others, (13.7%)
=} =} (=}
& J = 30000 =
& 30000 = ®
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b s s
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- - -
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© © ©
a a a
0- . . : 0- . . : . : .
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Momentum [Mev] Momentum [Mev] Momentum [Mev]
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Example Plot: Angular (polar) Spectra of All Particles

JGG Magnet ON JGG Magnet ON

LArlAT Magnets LArlAT Magnets
(B1 and B2) OFF (B1 and B2) ON

p>80 MeV Detector: DetT2; Config: configl0 p >80 MeV Detector: DetT2; Config: configlO p >80 MeV Detector: DetT2; Config: configl0
1e6 1e6 1e6
s 64 GeV, +60 Amps ] 64 GeV, +60 Amps s 64 GeV, +60 Amps
| 55 n*, (8.78e+05, 67.1%) 8 121 n*, (8.48e+05, 67.1%) 3 121 n*, (8.62e+05, 67.2%)
& 124 s -
; p*, (4.60e+03, 0.4%) g p=, (4.42e+03, 0.3%) g p=, (4.50e+03, 0.4%)
3 - 3 & 3 +
2 104 U=, (2.37e+04, 1.8%) 2 104 U=, (2.30e+04, 1.8%) 2 o u*, (2.33e+04, 1.8%)
§ e”, (1.93e+04, 1.5%) § e”, (1.87e+04, 1.5%) E e”, (1.88e+04, 1.5%)
- e*, (1.89e+04, 1.4%) = e*, (1.82e+04, 1.4%) = e*, (1.84e+04, 1.4%)
2 o084 o 0.8+ 2 0.8
g mmm K=, (5.92e+03, 0.5%) P = K=, (5.76e+03, 0.5%) o = K*, (5.84e+03, 0.5%)
=4 . gamma, (13.7%) = = gamma, (13.7%) e mm gamma, (13.7%)
t 064 = others, (13.7%) = 0.6 EEE others, (13.7%) = 0.6 mEm others, (13.7%)
[ e o o
1S5 = =
§ 3 3
v 0.4 $ 0.4 $ 0.4
@ ~ ~
- — -
z al &
3 02 8 0.2 8 021
2 e £
£ £ g
a. g a
0.0 L . - - v v T r 0.0 L : . : : . : - 0.0 L—F . - - " r : :
0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
Theta [deg] Theta [deg] Theta [deg]
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Example Plot: Angular (azimuthal) Spectra of All Particles

JGG Magnet ON JGG Magnet ON

LArlAT Magnets LArlAT Magnets
(B1 and B2) OFF 00s 60 AMps (B1 and B2) ON neg 60 Amps

p >80 MeV Detector: DetT2; Config: configl0 p>80 MeV Detector: DetT2; Config: configl0 p>80 MeV Detector: DetT2; Config: configl0
T 35000 A 64 GeV, +60 Amps il 350001 64 GeV, +60 Amps © 350001 64 GeV, +60 Amps
3 n*, (8.78e+05, 67.1%) S n*, (8.48e+05, 67.1%) S n*, (8.62e+05, 67.2%)
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3 U, (2.37e+04, 1.8%) 2 U, (2.30e+04, 1.8%) 2 u%, (2.33e+04, 1.8%)
3 25000 e”, (1.93e+04, 1.5%) S 250001 e”, (1.87e+04, 1.5%) 2 25000 e”, (1.88e+04, 1.5%)
© s ©o
o e*, (1.89e+04, 1.4%) o e*, (1.82e+04, 1.4%) o e*, (1.84e+04, 1.4%)
2 200004 mmm K=, (5.92e+03, 0.5%) % 20000 = K=, (5.76e+03, 0.5%) % 20000 1 mmm K=, (5.84e+03, 0.5%)
g B gamma, (13.7%) g B gamma, (13.7%) g B gamma, (13.7%)
= EEE others, (13.7%) = = others, (13.7%) = mE others, (13.7%)
S 15000 S 15000 S 15000 -
= = =
© «© ©
o o o
+ e +
1 ﬂl L
@ ~ ~
— — —
< < =
w w w
< < K
&2 &2 &2
£ £ £
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o o a

-150 -100 =50 0 -150 -100 =50 0 =50 0
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Example Plot: Angular Spectra of Electrons

JGG ON LArlAT OFF

Theta distribution for Electrons only Detector: Det7; Config: configl0 Phi distribution for Electrons only Detector: Det7; Config: configl0
2 Momentum Range R Momentum Range
T N >500 MeV T N >500 MeV
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Example Plot: Angular Spectra of Positrons

JGG ON LArIAT OFF

Theta distribution for Positrons only Detector: Det7; Config: configl0 Phi distribution for Positrons only Detector: Det7; Config: configl0
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Detector: DetT2

Flux Characteristics

Detector: DetT2 - Electrons + Positrons

JGG ON LArIAT OFF

Detector: DetT2 - Electrons + Positrons, p > 100 MeV
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