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Introduction

Benefits of a Muon Storage Ring for Neutrino Physics

Produce multiple high quality beams of different flavours
@ ut decay produces v and 77, in equal quantities

@ v, beam from 7 decay (specific to nuSTORM and MOMENT)

Excellent energy range for interaction studies
@ All neutrino beam energies between 0 and 4 GeV.

@ Equal shares of QES and DIS interactions in this region.

Strong control over systematic effects

@ Muon-decay beam energy and content precisely known.

@ Pion beam flux with low contamination.
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The nuSTORM Facility

@ 120 GeV proton beam incident on a graphite target produce pions.
@ Pions are horn captured, transported, and injected into ring.
@ 52% of pions decay to muons before first turn

@ Muons within momentum acceptance circulate in ring.
@ Muon lifetime is 27 orbits of decay ring.

Target
Neutrino Beam Muon Decay Ring @
| 226 m >

@ Schematic representation of nuUSTORM
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Flux from Muon Decay in a Muon Storage Ring

Neutrino distributions from

unpolarized muon decays at rest 27 ::u
@ Inthe SM v, appear in the gish°
distribution, >
.
ﬂ — m GF 2(1 y) < os[
dy 16773 :
. C %~ 0z 04 06 08
o vy appear in a d|$tr|but|0n, Reduced Energy
ar  mbG2 @ The reduced energy
F
d_y 1;2 3 2( _2y) y:2El//mp,
@ Muon decays are subject to a boost in the z-direction
-, — _1 — - = -
P, = Py + %Q )(pu -B)B+BE,
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Angular Spread of » Beam from a Muon Storage Ring

@ For nuSTORM; E,=3.8 GeV

o 3=0.99963
o + =36.968

@ From p decay 0 < p, < 52.828 MeV/c
@ Two extreme cases of interest:

Pl B
- \/n B~ (B RE, K VB 2+ (B
(B, - k)P, k) (Bu )
B, Lj3 @ Fixed component from beam
Y B acceleration.
0, ~ P ~ 1 = 0.028 @ Need simulation of muon

VBE, ~ By beam to determine p; and p;.

Ryan Bayes (University of Glasgow) nuSTORM Flux Nulnt Workshop 6/19




Muon Momentum from Full Simulation

@ Full simulation of FODO run developed with G4beamline
@ Tracks secondaries (K*, n+, u*) and scales yield to 102" POT.
@ Precise profiles of momentum beam extracted.
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Beam structure from Full Simulation

Time distribution Beam Profile
bt lot fo Gid: -13
1 The Histogram of Time of Arrval (ns) for PDGd: ~13 The Real Spagfe ,\ﬁﬁ;‘ge'ﬂ%;ﬁ&;’ PDGid: -1 10
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@ Beam structure well defined @ Uniform decays in straight.
@ Time given from the target to @ Integrate over decay positions
the end of first straight. to produce v beams.

4
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nuSTORM Rate Calculations from Muon Decay

@ For 1020 POT we expect 2.6x10"7 ;.
@ Flux calculated from simulations and studies of ring performance,
target capture, and particle transport (summarized below).

pT Decay Flux at Near Detector

Xl[)]z nue (black) numubar (red)

Parameter Values 180(

Relative p yield for FODO ring

E =
Lstraighl (m) 185 g)ijzi
Circumference (m) 480 S120F
Dynamic aperture Aay, 0.6 g o0f

Momentum acceptance + 20%
m/POT in momentum acc. | 0.094

2

-3
=}
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Fraction of = decays in 0.52 20

straight (Fs) om0 zoéo ( Mzoé;) 20005000
. v Energy (Me

Ratio of Lgaign: 10 0.39

circumference () @ Assume a 3 m radius.

Agyn x 7/POT x Fg x Q 0.011

y @ 50 m distance from straight.
&
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Beam Line Instrumentation’

@ Rates and beam characteristics in the ring well known from
instrumentation

@ Should lead to precise knowledge of the integrated neutrino rate
and average beam dispersion.

Quantity

Planned Detectors

Comment

Intensity

Beam Position
Beam Profile
Energy
Energy Spread

Beam loss

Beam Current Trans-
former

Button BPM

Scintillating screens
Polarimeter

Beam Profile measure-
ment in Arcs

lonization or Diamond
Detectors

0.1% resolution realistic

1 cm resolution expected
Destructive, 1 cm resolution

order of 0.1% resolution

Tadopted from presentation by Lars Soby, 26/03/2013
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Beam Uncertainty Study

@ Generated muon beam with

Bin errors from 2% divergence error

dispersion inflated by 2%. 9000E. ——
@ ;. beam uncertainty of 1%. 3332* R oose1
. eoooé
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A oty M 002 001 0 00l 002
£ oj*; Ve ~’.-“’~..~o“~...,..s’»,-f‘,"“: v Divergence (1.02 - 1.00/ 1.02)
g-o0sf- @ RMS of bin-to-bin change less
g L than 0.6%
Ol | | | | .
0 1000 2000 3000 4000 @ Expect less than 0.3% uncertainty
Energy MeV
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Pion Beams at nuSTORM

Pion Transport Line

FODO start

Decay Straight

@ 50% of pions decay in straight.

@ Injection produces a v, flash of 7™ — u*v, decays.

@ For 10%° POT we expect 8.6x10'® 7+ decays.

@ Target not aligned with detectors; no neutral beam contamination.
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Simulations for FODO Ring

Neutrino Flux from Pion Flash
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o VH @ All secondaries from
0wt production target

- tracked into decay

e straight

o @ Integrated flux from first
: _ pass through decay

=

straight after injection.

@ Pion v flux much greater than muon v flux.
o mt — y, flux is 6.27x10'® v/m? at 50 m

o ut — v fluxis 2.95x10™ v/

m? at50 m

o K* -, fluxis 3.78x10" v/m? at 50 m

@ Can be used for short baseline
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Sterile Neutrino Oscillation Sensitivity

Ve

@ Studies of sterile neutrino discovery potential completed?

@ Assume sample of 1x10'8 useful u* decays.
@ 1.3 kTon iron-scinitillator calorimeter detector.

@ Assume a 0.5% rate and 0.5% cross-sectional systematic.

— v, Appearance Search

10
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2D Adey of. al. Phys. Rev. D 89, 071301 (R
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Potential for Cross-Section Measurement
Event Rate per 102" POT, 100 tonnes at 50 m

@ Flux uncertainties a T —
significant contribution

1
. Channel N, Channel N,
to cross-sections evis evts

7, NC 1,174,710 | 7eNC 1,002,240
veNC 1,817,810 | v, NC 2,074,930
Experiment  Flux Error 7, CC 3,030,510 | 7, CC 2,519,840
MiniBooNE  6.7—10.5% | ,,CC 5,188,050 | v, CC 6,060,580

T2K 10.9% e T
Minerva 12% v, NC 14,384,192 | 7, NC 6,986,343
nuSTORM <1% v, CC 41,053,300 | #,CC 19,939,704

@ nuSTORM measurements limited by detector systematics.

v_Events from p ' Decayin 100 tArgon

Evens from p " Decay in 100 t Argon x10" v _Events from n decayin 100 t Argon
-
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Example: Straw-man LAr detector®

@ Considered a 100 t LAr
detector in the CCQE
channels.

@ Clean event
reconstruction wi/ good
fiducial cuts.

@ Assuming 10 million
events/year and 10 ms
window

e Eventrate: 1 mHz
o Pile up of a few
events per hour.

Assumed LAr simulation parameters

Effect Value
Momentum resolution of contained tracks 3%
Angular resolution 3%

Minimum range for track finding 2cm

Collectigy wire aumber -

drift time, 5 ns

@ Determined that a potential 6 fold increase in precision possible.

SarXiv:1308.6822v1
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Possible Near Detectors

@ LBNE Near Detector, HIRESMUNU
o Straw tube tracker, (S. Mishra & R. Petti).
@ Builds on NOMAD experience
e Foil layers for some nuclear targets
@ LBNO / LAGUNA Near Detector
e Install @ nuSTORM prior to LBNO.

e Gas TPC, with fully active calorimeter.
e Potential for hydrogen target.
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Conclusions

nuSTORM facility offers great potential for future neutrino physics
@ Short baseline neutrino oscillation measurements
@ Neutrino interaction studies
@ Offers neutrino beams from 7 and p decay
@ Three neutrino beam flavours available v, ve, and 7,.

Simulations of x and = beams in nuUSTORM ring completed
@ Neutrino spectra understood with precision of < 1%.
@ Neutrino backgrounds from = decay < 102 of v, spectra.

Early simulations show promising physics results
@ LAr sim. suggests 6 fold increase in precision of 7, cross-section.

@ Other detectors under consideration for placement in a near
detector site.
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