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Project Overview

* Revived 2017 idealized geometry simulation
» Updated with current 2020 geometry

* Implemented preliminary geometry for 2.4MW beam upgrade

 Studying effects of single parameter changes on flux and CP
* Length and radius of horn A

* G4 LBNF (v3r5p7) simulation with ~250 million PoT



Motivation
 Plan to upgrade the beam from 1.2 MW to 2.4 MW
* First estimate of required changes from Cory Crowley
« Study effects of these changes

 Potential geometry modifications to improve physics goals



Horn A Evolution

* Horns B and C unchanged
» Using Engineered target etc.

 Cross-sectional geometry diagrams
« 2017 Ildealized
» 2020 Idealized
« 2.4MW Upgrade



2017 ldealized

2017 Idealized Design:
» Cylinder (polycone)
» First half tapered




2020 ldealized Design:
« Narrower cylinder

* Initial opening

« Second half tapered




2.4MW Upgrade
2.4 MW Upgrade Idealized Design:
 Removed inner radius tapering



Flux Comparison

* Energy spectra of v, at FD

« Gray = standard for beamline

focusing uncertainty studies

e Jan2020_OptEngNov2017_igocmTargetCone

* Red = Idealized 2020 design
* Blue = 2.4 MW Design

« Corresponding color ratio below
* Change over engineered geometry

* Gray dotted line at 1 (same flux)
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CP violation sensitivity

CP Comparison _
—— Engineered Geometry

— 2020 Idealized

« Gray = standard for beamline
— 2.4MW Upgrade

focusing uncertainty studies

* Jan2o020_OptEngNov2o17_igocmTargetCone

* Red = Idealized 2020 design

* Blue = 2.4 MW Design

. Assumlng running for ~7 years -1 -08 06 04 02 0 02 04 06 08 1




24 MW Length FD Numu Flux | 2.4MW Horn A Length Study

Study (Flux)

* Energy spectra of v, at FD

S 10"
e F
» Varying the length of horn A Y
in the 2.4MW design A
« From1.9mto25m g 10"

e 2.5mis allowed maximum

e Nominal =2.219 m

Nominal 2.4MW (2.22 m) [2.962]
2 4AMW Length 1.9 m [2.408]

2 4MW Length 2.0 m [2.504]

2. 4MW Length 2.1 m [2.603]
2 AMW Length 2.2 m [2.702]
2 AMW Length 2.3 m [2.798]
2 4AMW Length 2.4 m [2.888]
2 AMW Length 2.5 m [2.976]
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2.4 MW Length CP violation sensitivity

ZpalW LA _1p8

Study (CP) m—eE
2p4MW_LA_2p2
2p4MW LA 2p3

- Same as previous: W Ln o

« Varying the length of horn A
in the 2.4MW design

e From1.9mto2.5m
e 2.5m is allowed maximum

e Nominal =2.219 m
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FD Numu Flux | 2.4MW Horn A Radius Study

2.4 MW Radius

Study (Flux)

« Varying the main radius of
horn A in the 2.4MW design

From 43 mm to 163 mm

e Nominal is 43 mm

Unoscv,s/GeV/ m?/ POT

Nominal 2.4MW (43 mm) [2.962]
2.4MW Radius 63 mm [2.493]

2.4MW Radius 83 mm [2.235]

2.4MW Radius 103 mm [2.128]
2.4MW Radius 123 mm [2.069]
2.4MW Radius 143 mm [2.034]
2.4MW Radius 163 mm [2.013]

L= g

Minimum allowed radius
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2.4 MW Radius CP violation sensitivity
StUdy (CP) ———— 2pAMW RA 43

e 2D4MW_RA_63
— 2p4MW_RA_83
« Varying the main radius of
horn A in the 2.4MW design

2p4MW_RA_103
e From 43 mm to 163 mm

2p4MW_RA 123
' 2pAMW_RA 143
———— 2p4MW_RA_163

e Nominal is 43 mm
* Minimum allowed radius
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Preliminary Results

» 2.4 MW has modest impact on physics goals
« Room for re-optimization

 Horn A beneficial modifications:

* Increasing the length to 2.3 m (from 2.2) improves CP sensitivity
* Further increases only benefit positive CP sensitivity

« Minimum radius has best results

* Other parameter modifications to study?
 Varying multiple parameters simultaneously
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Horn A
Designs

2017 Design




Idealized 2017 Idealized 2020 2.4 MW Upgrade

roA 43 mm 140 mm 140 mm
riA N/A 43 mm 43 mm
r2A 33 Mm 33 Mm 43 Mm

rOCA 369 mm 220 mm 220 mm

OCAWall Thickness 15 Mm 19 mm 19 mm

FoA N/A 400 mMm 400 mMm
FiA 1169 mm 1176 mm (53%) 1176 mm (400-2100)

LA 2221 mMm 2219 mMm 2219 mm (2500 Max)

Inner Conductor A Wall
Thickness 2.5 mm 2.5 mm




|dealized 2017 |dealized 2020 2.4 MW Upgrade

Horn B Position 2957 mMm 2957 mMm 2957 Mm

riB 159 mm 159 mm 159 mm
81mm 81 mm 81mm

r3B 225 mMm 225 mm 225 mm

rOCB 634 mm 570 mm 570 mm

OCB Wall Thickness 15mm 25.4 mm 25.4 Mm

FiB 1222 mm (31.2%) 1229 mm (31%) 1219 mm (31%)
F2B 2080 mm (21.8%) 2084 mm (22%) 2084 mm (22%)
F3B 2175 mm (2.4%) 2163 mm (2%) 2163 mm (2%)

F4B 2818 mm (16.3%) 2792 mm (16%) 2792 mm (16%)

LB 3934 mm 3932 mm 3932 mm

Inner Conductor BWall Thickness 2 mm 3mm 3 mm



|dealized 2017 |dealized 2020 2.4 MW Upgrade

Horn C Position 17807 mm 17477 mm 17477 mm

raC 284 mm 270 mm 270 mm
131 mm 131 mm 131 mm

r3C 362 mm 362 mm 362 mm

rOCC 634 mm 570 mMm 570 mm

OCCWall Thickness 15mm 25.4 mm 25.4 Mm

F1C 436 mm (20%) 437 mm (20%) 437 mm (20%)
F2C 640 mm (9.3%) 633 mm (9%) 633 mm (9%)
F3C 802 mm (7.4%) 786 mm (7%) 786 mm (7%)
F4C 1572 mm (35.2%) 1551 mm (35%) 1551 mm (35%)

LC 2186 mm 2184 mm 2184 mm

Inner Conductor CWall Thickness 4 mm 4 mm 4 mm



Miscellaneous (not applied yet)

Parameter

Horn Current

Target Length

Target Core Diameter

Proton Beam Sigma

Proton Beam Momentum

|dealized 2017

294.31 kA
1999.1 mm
13.36 mm
1.62mm

106.9 GeV

|dealized 2020

300 kA
1500 mMm
16 mm
1.7 mm

120 GeV

2.4 MW Upgrade

300 kA
2500 Mm
16 mm

4 mm (1.7 mm used)

120 GeV
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