-

stairs B H Lift ShS FASER 2 H C SND 2 Mill10an-1ike o LAF TPC H D || 3
S i ‘ = S - |
) ¥ Sunp
- 4 |~
/MI : : : Line of Sight
e R T rdScr? | -
i . = A
o .
SPS SAFETY 4 = 8 / : g o ) ‘4
1.3 |.2 a ™ 1.2 .8 ¢ .5 S .
/M e L — e .
EE cXistin e g8
sing lac 4D ED
proposed B " Plan view - Cavern
R18 g CAVERN

sterile

sectors

0‘(\\ neutrinos
\“Q axion-like
$0 dark Pt universality
photons V non- v £
standard ttaf‘
interactions heutrinos
neutralinos neutrino
. MCs
dark nuclear
PDFs

DM orvariysics mally - e

dynamics
scattering

X X : ]
Inelastic intrinsic %ﬂﬂ,@( low-X
charm . PDFs
DM ¢

forward
hadron
production

inflaton prompt
DM  atmospheric
indirect heutrinos  muon
detection puzzle

FPF6 Workshop
6/6/2023



2 Baseline detector | Geometry Us

UNIVERSITY
OF SUSSEX
Previous
5
Magnet / Decay Volume g
al
Baseline

Calo

‘ Dark Photons 5 Dark Higgs
; NA48 vy BaBar IMW 10 1S \ - -
. 1077 - A Z
» Updated baseline L i g \ S/
, > [ \ -
geometry driven by e e L] TR LN £
w ] *\\\ === R1 L=10m X=3m Y=1m % T \\
S P N U D - B
magnet technology  : e, \@ > B U \, )
L 10 \ x < RN
5 = 107*: '
» Rectangular aperture ¢ \ | %
¢, 0 e 6 | \\,_ | L==5mmD=i\%r;: e
» Comparable sensitivity " B \, S e N
to previous design e / é
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Dark Photon Mass my' [GeV] Dark Higgs Mass my [GeV]
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II Calo ron| Muon

£~ Baseline detector | Geometry ko

Baseline

Tracker
Preshow

» Previous costing

} o

Track.er based on LHCb's SciFi m 10 MCHE
» Calorimeter based on dual-readout

technology - CHEEEE 4-6 MCHF

3 Josh McFayden | FPF6 | 6/6/2023
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2 Baseline detector | Simulation US

Veto system Upstream Magnet Downstream EM Hadronic lron Muon
l ! tracker tracker Calorrmeter Calorlmeter Wall Detector

——

0 10 10.5 13 17 17.5 20.6 21 23 25

» GDML/Geant4 simulation created with pygdometry

4 Josh McFayden | FPF6 | 6/6/2023
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2 Baseline detector | Details US

Upstream Magnet Downstream EM Hadronic lron Muon
tracker tracker Calonmeter Calorimeter Wall Detector

l 1
)T

—— -

Veto system

0 10 10.5 13 17 17.5 20.6 21 23 25
Veto B Tracker I Magnet B EM Calorimeter
. Plastic scintillator-based veto . Silicon photomultiplier and scintillating Redct:Lanfula; ap:(;rture 1 min height, 3 min - Hadronic Calorimeter
: wi m dep
system fiber tracker technology Superconducting magnet technology  Dual-readout calorimetry® technology
. : . e .
Expected to reject muon Based on LFICb's SciFi* tracker - _ - Spatial resolution for particle
rates of ~ 20kHz - Spatial resolution of ~ 100 ym * Based on SAMURAI® experiment magnet identification at ~ 1-10 mm separation
« Each station consists of vertical and * BField 4 Tm bending power for particle « Particle identification capabilities
horizontal SciFi modules separation, momentum resolution, and
charge ID

» Program for BSM and SM physics (main spectrometer to neutrino exps.)
» Currently considering, SciFi tracker and dual-readout calorimetry.

5 Josh McFayden | FPF6 | 6/6/2023



2 Magnet | Design us

» SAMURAI Dipole Magnet is a good reference
» Aperture: 88 cm x 340 cm
» Field integral along beam axis: 7.0 Tm

» Estimation with reduced the magnetic
field to 4 Tm

» 3D simulation in progress for various designs with
KEK experts (Naoyuki Sumi and Yasuhiro Makida)

» Also studying further reduced field to e.g. 2 Tm
} COUld pOtenUa”y reduce Item Unit Value Remarks

a lot the magnet cost e cesE— P
. Magnetic field T 2 | /
and complexity W—— N [ ——
B Stored energy M 15 |
- 0y e o0l
U S s - 2000 N

s laperedPole e o a0 Josh McFayden | FPF6 | 6/6/2023



2 Magnet | Logistics
» Assuming the specification of the SAMURAI magnet:

» Crane load capacity (25 T) looks fine - split yoke

» Original SAMURAI magnet would not fit FPF but ¢ >
reduced magnetic field = reduced size

US

UNIVERSITY
OF SUSSEX
K
x »

C-C
» Water circulation to the surface from the FPF is A —= -
preferred to release the heat from cryogenics =, -l IE . m—— -‘iﬂf |
A-A T —
S Curent design | Comments assuming SAMURAI magnet
Shaft transport space 2.2mx8m Sufficient for one coil with cryo
Shaft crane load capacity 30T Sufficient for a 25cm-thick slice of iron yoke
Cavern crane load capacity 30T Sufficient for a 25cm-thick slice of iron yoke
Cavern crane hight 4.1 m 4.6 m + one slice of iron yoke ~25 cm + slack is needed
LoS from floor 1.5m 2.3 m
LoS from the near wall 2.75m 3.35m
Total power consumption 2 MW <100 kW
Ventilation Air circulation Need water circulation to release heat

Josh McFayden | FPF6 | 6/6/2023



OF SUSSEX

2 Magnet | Assembly us

» Discussions with KEK experts about assembly |

eg! [ ii
» Experience from previous SKS (Superconducting = g
Kaon Spectrometer) magnet in KEK. 22 -

} Si m i Ia r a rra ngem ent Of yo ke Sl ices Fig. 3. Schematic drawings of the SKS spectrometer magnet. The rc:;m yoice comprises 18 layers of“i-n_)n plates.

8 Josh McFayden | FPF6 | 6/6/2023



£z Tracker | SciFi technology US

» Based on SciFi detector installed in LHCb in LS2.
» SiPM+scintillating fibre design

mean position

» Fibres 250um diameter => 80um resolution.

signal
amplitude

pos

» Each module consists of a mat of 4 fibres, with
>99% efficiency.

1 5 s ) channel

e :
| fired pixel

___(;:'-/- bhoton

» Costing done by scaling LHCb detector to the
FASER2 design, and includes readout.

vparticle

» Cost could be reduced by re-using tooling from
LHCDb if relevant institutes were involved.

9 Josh McFayden | FPF6 | 6/6/2023



£ Tracker | Layout us

UNIVERSITY
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The upstream tracker The downstream tracker
6 vertical + 2 horizontal modules makes up a station. 7 vertical + 2 horizontal modules makes up a station.
3 stations. 3 stations.

Sune Jakobsen

» The stations should be relatively rotated e.g. 1 degree to maximize
performance for multi tracks etc.

» Cost: ~3.8M CHF

10 Josh McFayden | FPF6 | 6/6/2023



£ Calorimeter | Dual-readout US

UNIVERSITY
OF SUSSEX

» Existing dual-readout prototypes for Higgs factory detectors
» EM prototype exists, construction of hadronic-size prototype ongoing

» FASER2 design and costing based on HiDRa “hadronic size” prototype - INFN
» Spacial Resolution: Tested with fibre diameter of Tmm, 2mm brass collar = ~5 mm resolution
» EM Energy resolution: 15/VE + ~1% constant term
» Particle ID: EM vs Hadronic vs MIP PID possible - best performance with longitudinal information

FERS: readout boards . .  !

Front-End board

Hamamatsu SiPM: N - - : B
S14160-1315 PS - Pttt
Cell size: 15 um =

lacopo Vivarelli

11 Josh McFayden | FPF6 | 6/6/2023
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2 Calorimeter | Design & Simulation US

» Fully segmented design D/ BUE - Em SECTion

» Perpendicular crossing of EM layers K "%

» Geometry implemented as part of a :
simple standalone G4 application

» Heavily based on
the test beam
simulation of the
bucatini
calorimeter.
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£ Calorimeter | Performance US

» Simulating mM0—=yy from s 70 BRRRSRERRRARRS ARRRE RS 7 g 200 P T
5 ]Yy S %[ OE 1OGev—; E s b OE 10 GeV -
> - - u 4 —
om upstream o X E I S :
calorimeter s E 50 [ E
» Similar topology to signal 15 = S E
- ] -50 - .. —
» X vs z shown (same F * ERY E
information in y vs z 3 1 Lso b -
y ) Of— | | *o*+ +‘#‘¢ +¢ _f 20051..1““1.1.11““1.1,11“1.1,,“1“.E
200 150 —100 ”_5()' o a0 100 iss so0 500 550 600 650 700 750 800 850 900
» 10 GeV: X [mm; 2 fmm!
. S‘400:_'"'I""l'"'l""l""l""l""l""__ ]lllll' l ' —:—
> Width of each peak~2mm 2 "'t z° E=100 GeV- || I £=100 Gev_f -
= - ¢ . -
» 100 GeV: : |“ ' e
: : 250 - =
» Same sampling fraction as 200 | 3 | I | E
- - Il I .
expected 150 F {4 = | E
» Threshold effects on 100 £ L* E I E
50 — -
. - »* ] || -
resolution reduced 0E o el Memws o O -
500 150 100 50 O 50 100 150 200 500 550 600 650 700 750 800 850 900
X[mm] Z[mm]
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£~ Calorimeter | LHCb preshower & SPD US
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> POSS|b|I|ty to reuse old LHCb Preshower and e

boxes ~ Tp= SRR
Scintillating Pad Detector for FASER2 Calo L
OUTER
» Scintillator pads with wavelength shifter embedded. RlielaeT)
» Pad size depends on the location:12, 6 and 4 cm?2 (Cg’l'l'gfggnz)////"u
» Pads supported on “super modules” with an active area of //
INNER
~’| m X 58 m (cell 4x4cm?)
. VFE electronic
» LHCb technical coord e r

indicate they could
store until year end.
» Is slightly activated - some
storage/handling complexity.
» Simulation studies
INn progress to

assess feasibility.
14
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2 Software | ACTS Oiviersain ~~ US
» Using ACTS for track

OF SUSSEX

reconstruction Input : Geometry Material Field
» Modern experiment-
independent tracking toolkit Simulation Reconstruction
based on LHC experience Eventgen [— Eventsim | Digitization {4 Seeding [  Tracks — Vertexing
» Tracking station simulated | | 1
Particle Gun/Pythia  Fatras or Geant4 Kalman Fitter, x? fitting

with homogenous
material with accurate Xo

» Dimension of the tracker:
TmX3MmX4mm

» Tracker resolution digitized
as 100 pm

» Constant BField of 1T in
volume T mX3mX4m 1 | T m

10 10.5 11 125 16.5 19.5 20 20.5

15 Josh McFayden | FPF6 | 6/6/2023
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2 Software | Performance

» Studies of tracking performance

for different metrics:
» Resolution

» momentum >

» Mass
> vertex

» For different detector
configurations:

» Magnetic field strength

rel. momentum resolution (%)

=
Ul

» Magnetic field profile Lo
» Detector resolution 05

» Detector alignment

Momentum resolution for Magnetic field strength (2Tm, 3Tm, 4Tm)

4.0

W
o

N
92

N
o

X Rect magnet B=2Tm N
Rect magnet B= 3 Tm N X
% Rect magnet B= 4 Tm X X
X X
X X
X
X X
X X
X
1000 2000 3000 4000 5000

Truth Momentum (GeV)

Number of Events

12000

10000 -

8000 -

6000 -

4000

2000 1

Olivier Salin

US

Distribution of the fitted Invariant mass for different Magnet shape

UNIVERSITY
OF SUSSEX

Number of Events: 120000

Det resolution o = 100 um

Rectangular magnet Im X 3m X 4m
N= 119876

Mean=8.139e-01
StdDev=8.534e-02

Cylindrical magnet r=1.5m Gap=1m
N= 119973

Mean=8.129e-01
StdDev=2.925e-02

-=- Mass m=0.8128GeV
=1 Rectangular magnet 1m X 3m X 4m
Cylindrical magnet r=1.5m Gap=1m

]

A
i
I
L
'
L
L
i
|
L
L
L
1
'

1

=

N

0.70 0.75 0.80

0.85 0.90 0.95

Invariant mass in GeV

» Scope to reduce magnetic field and keep good performance

16
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Lz Software | Performance oiviersain ~ US

» Studies of tracking performance
fO r d iffe re nt m et ri CS : Misalignment effect on momentum resolution

X Aligned Detector

Distribution of the fitted Invariant mass for detector resolution 100 um vs 1 um
| [Number of Events: 120000 I _
Misaligned Det o= 0.25 mm 140001 | ] : Mass m=0.8128GeV

} Re S O | u tl O n =3 X Misaligned Det o= 0.75 mm 'Det resolution o= 100 pym [ Det resolution o= 100 pm
N= 119976

isali = Det resolution o= 1 um
X Misaligned Det 0= 1.00 mm Mean—8 263e-01

X —
X 120001 'StdDev=4.066e+00

} momentum y | Ritlrizcgl;gono=lum
» racs : e,
) vertex - 1 ! x % oo
3 X -
> For different detector ) AR
configurations: i Z

» Magnetic field strength [\
» Magnetic field profile . ‘ y 2000

) Detector resolution g < T N

1000 2000 3000 4000 5000 0.78 0.79 0.80 | 0.'81t 0.'82G y 0.83 0.84 0.85
Truth Momentum (GeV) nvariant mass in Ge

X X

» Detector alignment

» Very good performance observed even in conservative scenarios.

17 Josh McFayden | FPF6 | 6/6/2023
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<~ FASER2 Community US

UNIVERSITY
OF SUSSEX

» We are working to build and consolidate the community and possible funding routes
for FASER2:

» Japan: FASER2 & FASERNuUZ2 in process of being included in one of Grand Vision summarised by
Science Council of Japan

» Not directly a budget request, but hoping to broaden funding possibilities
» US: FASER groups to look at applying for NSF funds for FASER2 detector work.
» UCI, Washington, Oregon

» UK: Preparing Statement of Interest with STFC

» Dual Readout/Tracking/Support structures/Simulation and Data analysis
Possible opportunity to exploit overlap with future collider R&D program

» Liverpool, Manchester, Oxford, Sussex. (Interest also from RAL - strong hardware experience)
» Community meeting in July on future prospects for UK PP where FPF will be further discussed.

» Geneva: Investigating options within Switzerland

» Will approach existing LHCb SciFi institutes about joining FASERZ2 studies.

» Expect increased involvement from existing FASER Collaboration
18 Josh McFayden | FPF6 | 6/6/2023



2 Summary US

UNIVERSITY
OF SUSSEX

» Lots of progress made since change in baseline detector layout
» Very comparable sensitivity achievable with new baseline

» Studies on detector/magnet technology ramping up

» Extended discussions with KEK experts on magnet design and construction
» Tracker design and costing advanced building on experience from LHCb SciFi

» Simulation and track reconstruction studies now quite advanced
» Next steps to look at muon reconstruction from neutrino interactions

» Calorimeter design developing with first simulation results
» Possibility to use LHCb pre shower and SPD being investigated

» Several avenues for funding being pursued in Japan/US/UK

19 Josh McFayden | FPF6 | 6/6/2023
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2 Calorimeter design and costing US

Material
e Calorimeter parameters:

e Effective radiation length (brass + fiber + air): 2.47
cm.

External diameter

: * Effective Moliere radius: 1.97 cm.
Internal diameter

* EM section readout: 1 channel per fiber

Cost of fibre per i « Spacial resolution o(1x1x1 mm3)
meter . . _
*Had section: granularity less important. Can
Cost of brass per bundle many fibres in one traditional PMT.
L 0.30 euros
e At this point, cost extrapolated based on
Cost of SIPM (relevant assumed length width/height/depth of EM and
- 7 euros HAD sections
only for EM section)
e Assuming same width/height for EM and HAD
FERS cost 5000 euro/unit section.

FERS readout 512 SiPM

21 Josh McFayden | FPF6 | 6/6/2023
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2 Calorimeter design and costing US

» Costing Option 1
P EM section2mx2mx37cm (15 X0) (1.85e5 2 m elements)
» Cost of brass + fibers: 380 k euros
» Cost of SiPM (1 per element): 1.3 M euros
» (Cost of FERS: 12.7 M - will need optimisation)
p HAD sectionZ2mx2mx2.5m(1e6 elements)

» Cost of brass + fibers: 3.2 M euros
» (Readout cost small w.r.t. EM section)

» Total (excluding EM FE and HAD readout): ~4.8 M euros

22 Josh McFayden | FPF6 | 6/6/2023



2 Calorimeter design and costing US

» Option 2

p EM section 1.5 mx 1.5 mx 37 cm (15 X0) (1.39e5 1.5 m elements):

» Cost of brass + fibers: 260 k euros
» Cost of SiPM (1 per element): 970 k euros
» (Cost of FERS: 9 M - will need optimisation)

» HAD section 1.5 mx 1.5 m x 2.5 m (5.6e5 elements)

» Cost of brass + fibers: 1.8 M euros
» (Readout cost small w.r.t. EM section)

» Total (excluding EM FE and HAD readout): ~3.0 M euros

23 Josh McFayden | FPF6 | 6/6/2023



<~ Tracker design and costing US

» Based on SciFi detector installed in LHCb in LS2.
» SiPM+scintillating fibre design

mean position

» Fibres 250um diamater => 80um resolution.

signal
amplitude

pos

» Each module consists of a mat of 4 fibres, with
>99% efficiency.

1 v e == M channel

| fired pixel

__(_(':'{'- ~ ph oton

» Costing done by scaling LHCb detector to the
FASER2 design, and includes readout.

\
\
J

f

t particle

» Cost could be reduced by re-using tooling from
LHCDb if relevant institutes were involved.

24 Josh McFayden | FPF6 | 6/6/2023



£ SciFi design and costing w

The upstream tracker The downstream tracker
6 vertical + 2 horizontal modules makes up a station. 7 vertical + 2 horizontal modules makes up a station.
3 stations. 3 stations.

Sune Jakobsen

» The stations should be relatively rotated e.g. 1 degree to maximize
performance for multi tracks etc.

» Cost: ~3.8M CHF

25 Josh McFayden | FPF6 | 6/6/2023



£ SciFi design and costing w

The upstream tracker The downstream tracker
6 vertical + 2 horizontal modules makes up a station. 7 vertical + 2 horizontal modules makes up a station.
6 stations. 6 stations.

Sune Jakobsen

» The stations should be relatively rotated e.g. 1 degree to maximize
performance for multi tracks etc.

» Cost: ~6./M CHF

26 Josh McFayden | FPF6 | 6/6/2023



£ SciFi design and costing w

The upstream tracker The downstream tracker
6 vertical + 2 horizontal modules makes up a station. 7 vertical + 2 horizontal modules makes up a station.
3 stations. 3 stations, Aperture covered: 3.5 mx 1 m.
2 extra station with only vertical modules. 2 extra station with only vertical modules.

Sune Jakobsen

» The stations should be relatively rotated e.g. 1 degree to maximize
performance for multi tracks etc.

» Cost: ~6.3M CHF

27 Josh McFayden | FPF6 | 6/6/2023



UNIVERSITY
OF SUSSEX

£~ Calorimeter | Dual-readout US

» Design based on Dual Readout calorimeter design
» Being studied in context of e+e- Higgs factories Scintilation

» Spacial Resolution:
» Tested with fibre diameter of Tmm. 2mm brass collar.
» SO0 ~5 mm resolution possible.

» EM Energy resolution: 15/VE + ~1% constant term iR

»
.........
.........

» Particle ID

» EM vs Hadronic vs MIP PID possible - best
performance would need longitudinal information.

28 Josh McFayden | FPF6 | 6/6/2023



= ‘ ' UusS
2 Calorimeter design s
» Costing from existing prototypes

» EM prototype exists, construction of hadronic-size prototype ongoing

» Costing based on HiDRa “hadronic size” prototype - INFN

» 65x65x250 cm (presentation)
» Aiming for 2023 construction and test beam

Front-End board

Hamamatsu SiPM:
S14160-1315 PS
Cell size: 15 um
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lacopo Vivarelli
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https://indico.cern.ch/event/847884/contributions/4833179/attachments/2445325/4191419/santoro_Calor2022.pdf

7

2 Calorimeter design and costing

OF SUSSEX

» Fully segmented design
» Perpendicular crossing of EM layers
» Don't need dual readout - no Cherenkov fibres
» Very preliminary costing for 2m and 1.5m diameter aperture

EY/ BLUE - Em SECTion
BLACK HAD SECTion/

.\---

ol

» Costing Option 1:
» EM section2mx2mx37cm (15 X0) (1.85e5 2 m elements)
» HAD section2mx2mx2.5m(1e6 elements)
» Total (excluding EM FE and HAD readout): ~4.8 M euros
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» Costing Option 2:
» EM section 1.5mx1.5mx 37 cm (15 X0) (1.39e5 1.5 m elements):
» HAD section 1.5mx 1.5 m x 2.5 m (5.6e5 elements)

» Total (excluding EM FE and HAD readout): ~3.0 M euros lacopo Vivarelll
30 Josh McFayden | FPF6 | 6/6/2023



2 Track momentum resolution

» Studying track momentum resolution and charge misconstruction rate

US

UNIVERSITY
OF SUSSEX

» Based on sampling assuming 100um resolution using analytic calculation
for particle propagation in field

p Early studies encouraging
» Further studies on alignment
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2 Track momentum resolution US

» Studying track momentum resolution and charge misconstruction rate

» Based on sampling assuming 100um resolution using analytic calculation
for particle propagation in field

: : [ = 50 cm 1/, v.s. momentum Momentum resolution Wrong charge rate
» Early studies encouraging = S R
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2 Track momentum resolution

» Studying track momentum resolution and charge misconstruction rate
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UNIVERSITY
OF SUSSEX

» Based on sampling assuming 100um resolution using analytic calculation

for particle propagation in field

- - (= 50 cm 1/, vs. t
» Early studies encouraging gl B/ hdeiiiion
E 2 5__ o ST E-100l;m. ST_4i+100um
» Further studies on alignment e o
planned Y ﬁ{
o
N0 il s 4l a1 Sfd ) ﬁﬂ
0.5"
o it
e 051152253354 45
i aim= PtueT V
| | ¢ =100 cm e
E s % - : :I 00(;“ :Tsu o 1nc;o um
225:— A ST1=-250um, ST4 = +250 um
T -
0 £ 20 20F20 Q020tmeg) || @t20wa cm £t
+20 (2E+20+M%uuﬂ+20+28 [ {{ii
+20+0 05: {ﬁii**iii{iiﬁ
005 115255335445
4 Tm P"e[TeV]
- Yosuke Takubo

P"e[TeV]/P*[TeV]

P"e[TeV]/P*[TeV]

Momentum resolution

® ST1 =-0um, ST4 = +0um
] ST1=-100um, ST4 = +100 um
— A ST1 =-250um, ST4 = +250 um

: .iiﬁii**&i*&%ﬁ%ﬁﬁ%ﬁﬁ

llllllllllllllllllllllllllllllllllllllllllll

05 1 15225335445
P"¢[TeV]

® ST1 =-0um, ST4 = +0 um
1 ST1=-100um, ST4 = +100 um
— A ST1 =-250um, ST4 = +250 um

i ;;-lcl(iiiiiiiii{*§*

-

b

05115225335 4 45
Pre[TeV,

Wrong Q rate

Wrong Q rate

1.2r

0.8
0.6
0.4
0.2

1.2r

0.8
0.6
0.4
0.2

Wrong charge rate

__ A ST1 =-250 um, ST4 = +250 um

PR pp—— T}
05115225335445

* ST1 =-0um, ST4 = +0um
I ST1 =-100um, ST4 = +100 um

99!“".'

P"¢[TeV]

Lgedesessessadslansss .
05115225 335445

® ST1=-0um, ST4 = +0 um
] ST1=-100um, ST4 = +100 um
A ST1 =-250um, ST4 = +250 um

P"¢[TeV]

Josh McFayden | FPF6 | 6/6/2023



2 ACTs implementation

» Need more study on FASER2 mass and pointing
reconstruction capabilities

» Starting to implement more sophisticated
reconstruction framework based on ACTS

» Used in LHC experiments including FASER, well supported.

» Working on implement SciFi tracker geometry
and interfacing with FORESEE outputs

—

Geometry

Material Field

Event gen

34
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- Eventsim ~—— Digitization — Seeding —

Tracks

Vertexing
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-« =
2m

SciFi tracker

Olivier Salin
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<z Summary of detector costings US

10 MCHF

» Very preliminary overall
costing of FASER2

Tracker (SciFi) 4-6 MCHF
» Cost driven by magnet

1
2500 L

_ — Sunp
ir=l
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2 Magnets | Split solenoid dipole
» Split solenoid

» Simplest design for superconducting dipole

» Design for CMB experiment at FAIR

» Use single strand superconductor

» Easier thermal properties and available on market

» 1TM bending power, aperture ~1x1x1m (TBC), stored energy 5l

» Cost from industry (Bilfinger):
» 3MCHF bare magnet, 4-4. 5SMCHF with PS/controls (not cryo)

» Much more expensive for much less performance than wi
planning for

36
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type

H-type, SC magnet

Number of turns per coil

1749

Windings of coil

Impregnated

close coiling
Maximum current 686 A
Magnetomotive force 1.2 MA turns/coil
Current density, 58 A/mm?*
Maximum field at coil 325T
Central field 1.08 T
Field integral 1 Tm
Inductance 33-19 H
Stored energy S.A5MJ
Coil cross section (at 4K) | 158.8x131.1 mm?*
Yoke (widh/depth/height) | 4.4/2.0/3.7 m
Pole type Tapered
Pole sizes (Rout/Rin/H) 1200/800/500 mm

Josh McFayden | FPF6 | 6/6/2023




37

2 FASER2 Reach
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https://arxiv.org/abs/1811.12522
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2 FASER2 Reach US
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2 FASER2 Design US

» Design considerations for FASER2

» Larger radius — Being on-axis less important
» More decay channels — Need for particle ID

» Larger detector — Larger background rate
— Different/cheaper technology

» Link to FASERV2 — Measure y charge (and momentum)
from (Tt and p) neutrino interactions

» Planned to be similar in
philosophy to FASER...

» Still much to be studied in
terms of possible detector
configurations and

technologies.
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£ Simulation | FORESEE US

Dark Photons

OF SUSSEX

» Starting to use FORESEE ar NAGS BaBar |
: : h 103 - () ’\""
investigate reac Sy \
: 64
» Production modes rather diff - LHCE
» Pion decay at low mass 4 N
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<z Simulation | FORESEE US

Dark Photons

OF SUSSEX

» Starting to use FORESEE ar NAGS saBar ]
. o -3 _ ;
investigate reach 1077 1 y WYY \
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2 Questions to ask
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To see a signal...

Translates to requirements in detector

Translates to detector technologies

- Generic S/B

- Magnet strength and length ??

- Pointing / z measurements

- Tracker resolution ?? Alignment
requirements?? Timing?

- Pixels vs SciFi or a combination

* Mass reconstruction for “bump hunt”?
Out of time signal?

- Track / Calorimeter resolution ?? Timing?

- High granularity calo vs Dual Calo
read-out

- Track separation from what station?

- Photon ID and separation?

- Calorimeter / preshower resolution?

- Can we do anything with MET..?

To characterise signal if you see it...

To characterise signal if you see it...

To characterise signal if you see it...

- PID ?

- Timing ?7?

* CMOS with timing

- Mass measurements

- Tracker resolution ??

Backgrounds

- Trigger rates?

- # Scintillator layers??

Anna Sfyrla (UniGe)
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2 Benchmark models?
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2 Benchmark models?

45

Model

Dark Photons

B-L Gauge bosons
Dark Higgs Bosons
HNLs with e

HNLs with p

HNLs with 1

ALPs in photons
ALPs in fermions
ALPs in gluons

Dark pseudoscalars

OTHER???

Unique In
FASER2

X

Decay mode in Decay mode in FASER 2

FASER

ee

ee

YY

€e, , MM

ee, , Ui, MET (dom low mass)
ee, pions, MM, kaons, jets

MET + ee, MET (dom low mass),

MET + ee, MET (dom low mass),

MET + ee, MET (dom low mass),

YY

ee, UM, jels

YY,

YY, €€, hu, , jets

Unique coverage

++
++

+++

+++
++

+++

++

Josh McFayden

US

UNIVERSITY
OF SUSSEX

| FPF6 | 6/6/2023



2 Benchmark models?
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Model
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2 Benchmark models?
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» Select benchmark model points that can be used as “representative” of the

physics cases we want to study.

» That cover various final states of interest
» Cover different decay modes

» That have “large enough” cross sections that are not hopeless

» Scan mass range accessible in current reach estimates

» But also look at phase-space outside top of existing
excluded region

» Also consider different kinematic regions
» Higher and lower LLP energies
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<~ Benchmark models? us
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<~z Benchmark models?
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2 Benchmark models?
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