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NuSTORM Overview
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* 3.8 GeV/c muon decay ring (£10%) + near

detector + far detector to study eV-scale neutrino

oscillations and neutrino cross sections.

— W DEHV AV, e Y, Y,

« L Well understood neutrino flux + flavor

— 7 —>u +v, n© = u +vclean neutrino flux also utilizable

— Provides a technology test bed for muon facilities;

— Affordable

+ Old technology; Simple implementation

— Now has FNAL Stage 1 approval.
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* 100 KW target station

— 120 GeV protons from MI;
— Magnetic horn to collect 1+ or 11-;
— Target material: graphite or Inconel,

« Atotal run exposure of 102" protons over 4-5 years
— 2.6 x 108 useful muon decays

* Pion beamline to transport and inject the pions, and to accept
the muons from pion decay

— No full-aperture fast kicker or separate pion decay channel needed.
“Stochastic injection” used.
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» Gold target produces the most pions— but not
recommended (energy deposition in the horn)
— Graphite is the baseline target material;

— Inconel yields more pions, and energy deposition
problem is more tolerable;

— Simulation tool: MARS15

* Inconel used in our optimization study
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Pion Beamline D&S
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s%nml Pion Beamline Definition Eﬂ-""'-._"_.

* The pion beamline consists of the transport beamline, the beam combination
section (BCS), and the storage ring production straight shared by 1 and p.

* The pion beamline is designed with reference momentum P,=5 GeV/c, the
simulation was initially done using 1+ collected by a NuMI-like horn with
slightly different lengths and target position, no full optimization.
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) MI Muons from Pions at the End of the
STOR Pion Beamline

The Horizontal Phase Space Distribution Plot for PDGid: -13 The Real Space Distribution Plot for PDGid: -13
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« Single Goal: Maximize muons in the transverse and

momentum acceptance of the ring --

— Why not directly use this criterion:
(I:- Phase space of pions from each horn design is different, need to re-match

the optics;
» Need full Monte Carlo simulation for each design;
« Too much computing power and time

* Alternative Goals:

For horns collecting pions, for which the optics can be matched,

— Maximize muons within 3.8+-10% GeV/c, at the end of the production
straight (N, c.)

— Maximize pions within 2000 pm at the end of the horn (N,))

They must be optimized simultaneously — No formula for the
analytical correlation of the two.
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« 17+ after the

horn are linearly
distributed in 4-
6 GeV/c (
]fpﬂ(pﬂ) = ap. + b
3.8+10% GeV/c
from the N, T+
within Pyx(1+m)
GeV/c can be
estimated.
(m=AP/P,and
P,=5 GeV/c)

= = =
o = - =
@ - X ™

Relative Number of Muons
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Relative Muon Production Rate v.s. Momentum Spread
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_____ MC tracking in G4BL @
well matches the |
estimation. (Both for |

Inconel and Graphite)

Maximum value B
found at m=0.18.
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* Different 1+ beams from different horn
collections have very different phase space
distributions
— Distorted bivariate Gaussian in the phase space —

must be fitted in order to obtain Twiss (Optics)
parameters for matching;

— N_ obtained from counting 1+ in the fitted 2000 pm
acceptance ellipse

» Large phase space area (more than 2000 um)
causes fitting bias

13
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Horizontal Phase Space of m+ after the NuMI Horn Collection

Fitted by covariance matrix (green) and iterative Gauss-Newton method (red)
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* |s a set of Twiss
parameters (a and
B) useable?

* Arange of feasible
Twiss from MADXN

- Quad. gradient
limit
— Beam size Iimit in
the beamline
— Able to find a
Q match?
Next set of

parameters

The At@inable TWISS Combinations From MADX
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3ig Aggressive

Multiple Objective Genetic
Algorithm (MOGA)




/%_z

vSTOR

« A python-mpi code to run , A scan of 5 different values for each parameter
the Genetic Algorithm ' is 2 MILLIDN runs! =
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different combinations of
parameters

— They give different
objective values

 (Different horns yield

R4

Symmetry
axis

. L2 i L3
(GA), to improve the ;
individuals |
— Different individuals are i

different N; and N, ¢4) \ o
— Objectives to be \ « YAn individual horn is a combination of the above
maximized / minimized \ parameters, and horn the current (9 parameters);
+ (Max. N_and N ) « Select parents based on the objectives, produce offspring;
T H.end « Parameters are treated like “genes” — genes of children

— Parameter constraints; are the crossover and mutation of the parents’ genes;
e (Currentin horn, neck |+ Eventually, the whole population will be improved, i.e.
radius, etc.) gives larger N, and N, 4

1irg
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Track 1+ in the
individuals,
calculate N_;

and N, o for
each case

horns produced as
the first generation

population stops
improving,stop the
algorithm

CPUs used in
each generation:
~1200
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Optimization Results
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 NuSTORM benefits from the optimization:
— Expect 8.3% more neutrino flux, with a 38 cm Inconel target;
— Expect 16% more flux, with a 46 cm Inconel target.

» Other horn-based projects — e.g. LBNE:
— Algorithm is expected to work if the objectives are known;

— Algorithm may be less complicated and faster, if no beamline
tracking is needed;

— MOGA allows adding other constraints to obtain a more
realistic design + optimization

 Future:

— Modify the objectives based on further ring design studies;

— Collaboration work with other projects if needed and
Interested.

23
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Back Ups
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Overview — Site Plan

Photo courtesy
of nuSTORM
collaboration
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* For the past decade, a lot of effort has been
spent on neutrino oscillation physics

8 channels accessible by
;L*%e*vju L —evy, VSTORM

V, 2V, vV, =V, disappearance
vV, 2V, V, >V, appearance ( “platinum’ channel?)
M appearance (atmospheric oscillation)
V. 2V, V, =V, disappearance

VeV, Ve =V, appearance: “golden” channel

e appearance: “silver” channel

27
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« 100 KW target station * Gold target gives the
— 120 GeV protons from Mi; most pion productivity
— Magnetic horn to collect 1+ or 1-; but IS not
— Target material: graphite or Inconel; recommended

 Atotal run exposure of 10%! protons (intensive energy

over a period of 4-5 years PN
— 8 x 10"? protons per pulse; cycle time deposition in a hOm)

1.33 sec. — Graphite is the baseline
— A total of 2.6 x 1018 useful muon target material in the

decays, updated from 1.9 x 1018 proposal;

useful muon decays in the ,

proposal — Inconel yields more

« Pion beamline to transport and pions, but engineering

inject the pions, and to accept the challenges may rise,
muons from pion decay though better than gold;
— No full-aperture fast kicker or  Inconel used in the

separate pion decay channel needed

optimization study

28
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4The H|slogram of Momentum P (MeV/c) for PDGid: 211

) fpﬂ(pﬁr) = ap, + b 18:}{;0_

. e.g. a= -1.46935529e-07, | '

b=1.23467765e-03 o2
« a and b changes only 2 8
slightly w.r.t different €
horns (Usually a few 6
percent) )\ :

3%00 4000 4500 5000 5500 6000 6500
Momentum P (MeV/c)
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* The above implies that the maximum number of y+
within 3.8+10% GeV/c generated is

N, ena(m = 0.18) = 8.82 x 10° N, [1.8 x 10%a + 0.36b]

— Assuming the phase space acceptance of the pion beamline
P, for different initial conditions is the same;

— This has taken the momentum acceptance and decay
Kinematics into account.

* Horn variation gives slightly different coefficients a, b,
and very different N,

30
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Track 1+ in the
individuals,
calculate N_;

and N, o for
each case

horns produced as
the first generation

population stops
improving,stop the
algorithm

each search



