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. > Deep Underground Neutrino Experiment will be a world-leading <
experiment for neutrino science

Fermilab
Main Injector

\From MI-10

. Proton Beam
9Long -Baseline Neutrino Facility: infrastructure necessary to send "™ Dtraction
. powerful neutrino beam 800 miles through earth & measure them deep
¥ underground at South Dakota S Sanford Underground Research FaC|I|ty
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TPT MuMS

TPT design based on
NuMI experience

HLS

MuMS conceptual design:
NuMI approach

Monitor neutrino beam intensity
& direction during operation

2 Target position thermometer
(TPT): indicates target movement
if position of beam on target
changes w/ no corresponding
change in position on BPMs

zMuon monitor system (MuMS):
¥ HLS conceptual design: inspired by similar CERN system tracks intensity’ beam center &

7 1 width on a spill-by-spill basis

/ HLS pot

zHorn-leveling system (HLS):
independent measurement of
positions of focusing horns

Mechanical
Stand =

Invar rod
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Horn Levelmg System (HLS) —

Laser delivery and signal calibration unit
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Requrrements & Tolerances

¥ Requwe well controlled neutrino beam with minimal systematic errors

£ & No significant contribution to neutrino flux systematic error or impact on physics

measurements

' zSome requirements come from radiation considerations
i1 pAll instruments designed for 1.2 MW operation & should work at 2.4 MW, easily
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upgradable

£

3§ Tolerances:

¢ >Proton beam angle: 70 prad
, & Proton beam position: 0.5 mm, profile: 10%
9 Baffle beam scraping: 1%

b Target and Horn A/B/C dlsplacement (transverse/tllt) 0.5 mm
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(r=2.6 mm, 5.2 mm)

B> HLS monitors vertical shifts of beamline components (pre-target BPMs,
Baffle, Horns)

Uses water level to transfer height between sensors, system based on

/] Frequency Scanning interferometry (FSI)

’ Simultaneously compares multiple interferometers to same reference

Can sustain radiation on top of LBNF module (5 — 50 kilo-rad/year)

B BPMs steer beam on target

Beam-based alignment finds target & other elements within BPM coordinates

B> Cross Hairs/ BLMs

element
Horns B & C

Ha|rs

Prototype Test
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Main components:
¢ Tunable laser source with range: 1530 — 1625 1

3 i> Recently began at Lab 6

Laser wavelength sweep - I "REFERENCE INTERFEROMETER — — — | nm % Will luat divid | i
S Newraces — " ¢ Reference interferometer = constant Iength ‘, Il evaluate individual components
) | L | &

g 151 : T interferometer of 2 fibers. - of overall design
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- ¢ Hydrogen Cyanide (HCN) absorption gas cell 3 ? Will test mechanical design and

- L o = ’mmpm - track “true” frequency of sweeping laser §¢ manufacturing feasibility

k0 1 - ¢ Erbium-Doped Fiber Amplifier (EDFA)—> 11 Gain assembly, installation, and
- e amplify laser signal before transmitting itto §§ operational experience
;| s measurement channels i
E . lfﬁ viessurement module ¢ Measurement channels = each consists of C-#
} i : Dustanceb/wfe;;uleup&wa‘[_N°- of cycles of band optical circulator, measurement optics #§
. surface D = ¢ Llbeat € anm signal measured . K
; om- a . during sweep I with a pot, photodetector. 1
¥ IESo 20000 40000 60000 50000 100000 120000 140000 160000 180385 ,./ Refractive index of medium § 3 PMeasurement steps: ‘\- }
,’ sl chanfge of laser | | . . . 2%
£ frequency .§ #Photodetectors data linearization
during scan = . ) 24
—/% #Sweep speed calculation 2
¢ Detection of the “beat” frequency peaks Moving mirror with
B SO T "f\ ______________ micrometerstage
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NBI Prellmlnary De5|gn Rewew heId b/w May 11 May 12 2022 currently preparlng for ﬁnal de5|gn S
~#On track to have NBI installed and commissioned by 2031, in line with rest of project )
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Beam profile, 1 sigma, 2 sigma

Neutrino Beam Instrumentation (NBI) for LBNF
Sudeshna Ganguly (Fermilab) for the Neutrino Beam Instrumentation (NBI) Group, LBNF

Allgn beamline elements within tolerance

@Beam Based Alignment requires:
- §Beam Position Monitors (BPMs,

- upstream of target) B Y erer
{1§ ¢Hadron Alignment Detector

§7 System (HADeS), in front of

1§ absorber, at end of decay pipe)
¢ &Horn cross-hairs, beam-loss

tt  monitors (BLMs)

¢Heavily rely on NuMI experience
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¢ Horn B & C aligned as part of BBA
¢ Scan beam across known physical features to locate each

87

Insrumentatlon m pstream to Downstream Order

B TPT measures beam on target with full intensity

¢ Use Cross Hairs at upstream & downstream ends of

& Beam loss monitors to detect beam scatter from Cross
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2= Fermilab

CERN

# Fermilab
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Neutrino Beam
From Target Complex &

/. eutrino Beam «—
' to SURF, SD
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Decay Region
Helium Vessel
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PHADeS: array of ionization chamber
¢ Measure centroid position, integrated intensity, RMS change

¢ Inserted only for alignment, retracted during normal operation

BMuMS
¢ Sensitive to beam focusing problems, measure beam centroid

¢ Same technology as HADeS
¢ 3 Stations with muon thresholds at 5, 11, and 15 GeV
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Gas cell scan FFT on Scope
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