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Concept and Reference Design




FLArE: Forward Liquid Argon Experiment

Broad range of physics topics:

Neutrino physics: high-statistics samples of all flavors, cross-section
measurements, neutrino tridents

QCD physics: accessed both in
production and in DIS at the FPF; can
study small-x proton structure, BFKL
dynamics, intrinsic charm, nuclear
structure functions

BSM physics: light dark matter
scattering (produced by decay of
mesons in forward direction),
complementary with missing
transverse energy collider searches
and with direct detection of relic DM

LArTPC 1.8 x 1.8 x 7.0 m3



Cryostat Reference Design

» Reference design is GTT membrane
cryostat (used in ProtoDUNE, ND-LAr)

*« 80 cm GTT membrane occupies 1.6 m out
of 3.5 m. available

— About 1.9 m x 1.9 m cross section
allowed for detector.

* Is there a compelling reason to use GTT
membrane? Can consider single-wall?
Vacuum-insulated? These options might
decrease the bulk of the cryostat.



TPC Reference Design

3 rows of 7 TPCs
Cathode in center of each TPC — 42 drift volumes

1.8 m 3X 7 modules
. 30 cm drift length (good to minimize space charge)

Pixel size?
 Considering options
for 2 mm., 5 mm.

Muon

1.8m « Studies in progress
to help set
requirements.
1.8 m wide ScmFe, 1+1  t6cmfe+1+
em:3¢ing 1 cm scint
7m 0.8m? planes. 2',"
15 layers S

* Pixel-based anode — very high number of channels. Can reduce channel count by using

strip-based anodes in non-fiducial region.
* Depending on pixel size and fiducialization, anywhere from ~100k to ~20M channels

* A major constraint will be the heat load per channel - need R&D



Engineering Work




Engineering team and goals

* We now have an engineering contractor (Larry Bartoszek) working with us, as well
as some time from two BNL engineers (Connor Miraval and Steve Trabocchi).

* This group has been working toward a conceptual design of the TPC, cryostat, and
installation plan.

* The largest issues remaining to be worked out in detail are the specifics of the
cryogenic system and the plan for installing TPC modules.

* Bartoszek has created a preliminary 3D model for the detector.

* The model was cobbled together from parts of the SBND detector, morphed to fit
around our TPC modules.
* There are significant elements missing, as would be expected of this stage of design
— Seals are not shown

— No HV feedthroughs are shown

— No signal feedthroughs are shown

— Hadron calorimeter, muon tracker not included



Overall outside view of the membrane cryostat




Cross-section using a horizontal cutting plane




One detector module (3 TPCs) hung above the cryostat
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A 3-TPC module

Outer membrane skin
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Stiffening/lifting beam
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Section view through 3 TPC module

Electronic boards, 3X

Cathode planes, 3X <

Field cage boards, 24X <

Anode planes, 6X
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UNIVERSITY OF

FLArE TPC based on ARIADNE optical readout technology uwzgm
D=0

OB noas

At Liverpool a fast 3D optical TPC readout (TPX3CAMs) was
matured with the ARIADNE program, mainly within the
framework of DUNE detectors.

Technology already
demonstrated at large scale.

ARIADNE 1ton LAr ARIADNE" 15ton LAr detector
detector @Liverpool

TPX3Cams capture the S2 light
produced in novel glass
THGEMs

Offers high granularity 3D
reconstruction and low
energy thresholds

75*'/: : \( &) . I

Slide from Kostas Mavrokoridis *

http://hep.ph.liv.ac.uk/

ariadne


http://hep.ph.liv.ac.uk/ariadne
http://hep.ph.liv.ac.uk/ariadne

UNIVERSITY OF

ARIADNE technology can meet the © LIVERPOOL
requirements for a FLArE TPC at Low Cost

A conceptual FLArE LAr TPC using 56 TPX3cams
providing 1.8mm/pixel resolution and 1.6ns time
resolution for the electron drift

CAD by G. Stavrakis

TPX3Cams 1.8 m e drift
0.5kV/cm

SERRRRREREREE R

THGEMs
—— . ——— =4 25-30kV/cm
Extraction grid: 5kV

) 1 Cathode: 95kV
™ In ‘ T .

An opportunity to bring a cost effect innovate fast 3D optical
readout to the FPF.

Technology already well developed and demonstrated.
Liverpool is interested in delivering the light readout plane
and the optical system for FLArE

Slide from Kostas Mavrokoridis



Simulation




Simulation overview

We have a tech note ready for review - comments and suggestions are
welcome: https://www.overleaf.com/1625521614bgrvrfzsgghx#2c82dd

Topics covered in the tech note are:
- Detector geometry (including the whole FPF hall)
- Muon acceptance for FLArE muons in FASER2
- Muon momentum reconstruction
- Tau neutrino identification
- Effects of pixel size on particle ID

| will only cover the first two items here, but for details on the status of each
of these studies, please see the tech note.

Thanks to Matteo and Wenjie, who have done a lot of work on these
studies and provided the next set of slides.


https://www.overleaf.com/1625521614bgrvrfzsgqhx#2c82dd

Simulation framework

— Current working strategy
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FPF cavern in simulation

FASER2 spectrometer

FASER2 (SAMURAl like)
FLArE cryostat decay volume

DUNE-like insulation /Z

80cm thickness I

1.2 m buffer between detectors

||||II‘||I|||

65m cavern, ~3 m gap from front wall.

~10.2m ~5.3m ~8.6m ~10m ~10.2m
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Alternative hall options

o Option 0: Reference hall
S5m
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Y Option 1: FORMOSA off-axis
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Option 2: FASERNu2 first

fn o

Sm S5Sm

Detector | Total length [m]
FLArE 10.2
FORMOSA 5.3
FASER»2 8.6
FASER2 (SAMURAT-like) 10.2
FASER2 (Crystal-pulling) 6.3

Several alternative FPF configurations have been

proposed. Each option can accommodate both

FASER2 magnet designs.

FPF hall configurations
N Cominsnt FLArE FORMOSA FASER»v2 FASER2
(.2) [m]  (g2)[m] (32) [m] (y,2)[m]
Option 0 Reference hall (0,4.3) (0,13.9) (0,22.0)  (0,42.6)
P ...with CrystalPulling magnets (0,4.3) (0,13.9) (0,22.0) (0,40.7)
Ovtion 1a | FORMOSA behind FASER? (0,43)  (0,451)  (0,155)  (0,36.1)
P ...with CrystalPulling magnets (0,4.3) (0,41.1) (0,15.5)  (0,34.1)
Option 1b FORMOSA below decay volume  (0,4.3)  (-2.5,26.0) (0,15.5)  (0,36.1)
ption ...with CrystalPulling magnets ~ (0,4.3) (~25,26.0) (0,15.5)  (0,34.1)
Option 2 | FASERV2 before FLATE (0,141) (-25,260) (0,4.3)  (0,36.1)
Lt ...with CrystalPulling magnets (0,14.1)  (-2.5,26.0) (0,4.3) (0,34.1)

Table 1: Summary of the FPF configurations. The (y, z) positions of the on-axis detector centers are reported. A
1.2m buffer between each experiment is assumed. The center of the coordinate system always corresponds to the
front of the first detector, 3.1 m from the cavern wall. The z-axis represents the line of sight, while y is the vertical

direction. The full length of the cavern is 65m.
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SAMURAI-like magnet

hole for
Y, cryocooler

(@)

Magnet options

hole
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Two magnet designs for the

FASER2 spectrometer magnet

6.7m
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ion

4 Tm, great Pt resolut

Pro

TOSHIBA Crystal-pulling magnets

3
[
(D)
E ¢
e
o o
°
o n
m.m
o n
> 0
v Y
oY0)}
S5 2
I ©
O
[
o_m
Ul S

1)
e
i1
©
>
©
P
i 2
= 0
[T
S o
o ©
)
c
SO
w..
rm_
(& Byal

small and modular.

0.75 Tm each, worse Pt

resolution.

Con

Length Field Field integral

Window

1Ze

Si

| Qnty

Tracking stations | Sets

Magnet option

4Tm
0.75Tm
Spacing

4m 1T
1.25m 0.6T
Gap to magnet

Thickness

3m x 1m
Z1.6m

6m x 5m x 4m
24m x24m x 1.25m

1
3

SAMURAI-like

Crystal-pulling

Size

Number per set
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0.5m
0.1m

0.5m
0.25m

2cm
2cm

3m x 3m
1.6m x 1.6 m

2
4

SAMURAT-like

Crystal-pulling




Muon acceptance vs. distance

Acceptance is mainly driven by the

> | % Crystal-Pulling (Magnet 1)
FLArE-FASER2 distance, which oz & o i
depends on the FPF configuration. 0701 R . ® _ SAMURAI magnet

e Blue: reference option s -

e Orange: option 1a/1b 50_60_ . -

e Green: option 2 g . " .

e Red: option 2 “squeezed” g e ; e
The circular window of the L R R A— [ AL
crystal-pulling magnets works L e s i et Mt S
better. 15 20 25 30 35

FASER?2 - FLATE distance [m]



Summary

* We now have a preliminary version of a 3D design for the TPC.
» Conceptual installation plan and cryogenic design are underway.

 An alternative two-phase design is also being considered (will keep this
as an option in PBC report).

» Simulation now includes the whole FPF, with options for configurations

* Demonstration of bunch separation and beam tagging (see Matteo’s talk
this afternoon in parallel session 1).

* Tech note on simulations is in draft form.
 Tech note on conceptual design is planned.

* The next major effort will be R&D and conceptual design for electronics
readout and photosensors.



Backup



Other detectors near FLArE for scale
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Parts of SBND were used to
construct the FLArE model

/ DUNE ND
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Section view along the vertical mid-plane of the detector




Cross-section transverse to the beam direction




Exploded view of a single TPC module
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Input sample
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Muon acceptance: SAMURAI

Muons is accepted into

FASER2 rectangular SAMURAI-like magnet

FASER2 If: Option | Distance [m] FLAIE volume Total HadCat + MF  FASER2
; All ; 66899 (87.2%) 23760 (31.0%)
1. >0 pre-magn et trackers FLArE +FASERZ only I R fiducial 76699 73486 (95.8%) 30808 (40.2%)
crosse d gptvion 0: R;ij:::lc; Sl:l;:lll | 38.3 fiducial 76699 73486 (95.8%) 30668 (40.0%)

ption la: ] ast - v 3 " 9

2. ) p ost-ma gn et Option 1b: FORMOSA below 31.6 fiducial 76699 73486 (95.8%) 34188 (44.5%)
Option 2: FASER»2 first | 22 fiducial 76699 73461 (95.8%) 41027 (53.5%)
tra C ke r's Ccrosse d Option 2 ”squeezed” | 17 fiducial 76699 73309 (95.6%) 45952 (59.9%)

Table 5: Muon acceptances for the FLArE magnetized spectrometer and the FASER2 "SAMURAI-like” magnet
for different configurations of the FPF cavern. FLArE fiducial volume is 1m x 1 m x 7m. The magnetic field both
in the FLArE spectrometer and in the FASER2 magnet is 1T. The distance is computed from the center of the
FLArE liquid Argon volume to the center of the FASER2 magnet window.
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Full input o Accepted in FASER2: | |f= 1. gcigpteztjllin FASERjEI
sample Option 0 0 _ ption 2 “squeeze

3
3
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# of muons
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Muon acceptance: Crystal-pullers

Muons is accepted into

FASER2 cylindrical crystal-pulling magnets

FASER2 if: Option | Distance [m] Total FASER2 Mag. 1 FASER2 Mag. 2 FASER2 Mag. 3
Option 0: Reference hall | 364 76699 41048 (53.5%) 39645 (51.7%) 38281 (49.9%)
1. >0 pre-magnet trackers Option 1a: FORMOSA last
Option 1b: FORMOSA below 29.8 76699 46077 (60.1%) 44360 (57.8%) 42764 (55.7%)
crossed -
Option 2: FASERv2 first | 20 76699 55689 (72.6%) 53514 (69.8%) 51502 (67.1%)
2. >2 po st-ma gn et Option 2 ”squeezed” | 168 76609 59351 (77.4%) 57001 (74.3%) 54749 (71.4%)
tra C ke 'S Crosse d Table 6: Muon acceptances for the FASER2 ” crystal-pulling” magnets for different configurations of the FPF cavern.

FLArE fiducial volume is 1m x 1 m x 7m. The magnetic field in the FLArE spectrometer is 1T, while the field in
each FASER2 magnet is 0.6 T. The distance is computed from the center of the FLATE liquid Argon volume to the
L center of the FASER2 magnet assembly.
Each magnet is independent.

However mag3 = mag3 && mag1 && mag2

10 90
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Comparison

SAMURAI-like
magnet
(3mx 1m)

Crystal-pulling
magnets
(1.6m
diameter)

Crystal-pullers fully recover
straight-going muons!

Phase space of muons escaping FASER2
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