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This talk will (mostly) be a review of the history of the NF

2% Fermilab

6/14/2023 A. Bross | ACE Physics WS



Live, Die, Repeat?

* The neutrino factory concept has been
around for ~ 50 years

|t has had ups and downs
— And numerous design studies (8+)

 Inits last life (MAP), the physics
potential, facility design, and the
technological underpinnings were
developed in detail.

* Then it stopped
— But no blue goo

Is it back? Should it be? Do we remember?

“Those who cannot remember the past are condemned
to repeat it.”
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NF Design circa 2007 (International Design Study for a NF)
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« High power: Up to 4 MW
« Simultaneously feed two detectors at different
baselines
— 4000 & 7500 km baselines
— 100kt MIND detectors
— Very aggressive near detectors
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“Golden” — Sign of u observed
in detector opposite to that

stored in decay ring

p* = ve = vyn = pp (Magnetic detector)
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NF physics reach

« Much of the original physics motivation
for the NF is gone

« After 645 was meas
changed (lower E, single BL)
— International Design Study > Muon

* |s there strong motivation for a NF
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Accelerator Program

now?

— André just provided one

— But in particular, if there is need to go to
very high energy (10s of GeV) v beams,

the NF is the way to go

* Why is the NF superior/unique here?
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The only facility that could reach the very small values

of sin20,; that was “motivated” at the time
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« The figure to the right is from the MC

r Production

study in the late 1990s T - [Steppedz]
— The NF was also shown as an option i
« Below: From the output of the Muon
Accelerator Program (MAP) ~2015 Coaling

Channel

\

Neutrino Factory (NuMAX) | 100 MeV/ S T
toppec ow
Proton Driver Front End |Cool- | Acceleration u Storage Ring v Factory Goal: " 21 ks L E }1 I \
ing . 102" w* & w-per year 1.5 x 10* muons nergy Muons
OO & within the atccelerator muons/year YTuon
.:l:_. - acceptance
53 0.2-1 1-5 i s Acceloraters Neutrinos from
o - -0 5 5w .2 = p— v Ne 0s
8 g s € £ 5|< Gev Gev H 10 GeV -
= 5 g Le2 s 5|8 — u-Collider Goals: S — - muon storage
9 E 2 £252 = m 126 GeV = rings
S P88 2|Ei |Accelerators: ~14,000 Higgs/yr Tor——
< § a =|E Single-Pass Linacs Multi-TeV = Intense High- .
™ I Lumi > 1034cm-2s-! Energy —» | Energy Muon &
are same complex S muons Neutrino Beams
Muon Collider TN T
Proton Driver Front End Cooling Acceleration Collider Ring
@ v Tad —p» |Higgs, tt, WW, ...
‘m —— e [ Muon Collider
B0 = = o
s 5oz 3 |[mE2EEEr(e 2
2 E 5§ £ |[f:£2235|8 23 S 8
= = c g |56 23 =|c @ &8 59 8 5]
SRR BIHTE 1998
88 > ;
8 C R8s & S|E w 8 as 3 ¢ Accelerators:
< § o &= 5_-: & | Linacs, RLA or FFAG, RCS

2% Fermilab

6 6/14/2023 A. Bross | ACE Physics WS



Entry level NF: nuSTORM and iMCC demonstrator
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» Accelerator & Detector technology test
bed

o , — = 1% systematic uncertainty on beam
\ Production straight FODO cells start

Downstream end of the horn -I

 Live: nuSTORM v1:

— David Neuffer (1980) [non-
interacting v (Maurons) search]
(1982 Die)

e Live: nuSTORM v2:
— At Fermilab (Die 2013)
e Live: nuSTORM v3: At CERN
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NnuSTORM physics reach
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International Muon Collider Collaboration Demonstrator

« Acooling demonstrator is part of the IMCC
study and Daniel described.
— Later-stage cooling

* Layout study at CERN has been completed

— Can incorporate a nuSTORM and/or
ENUBET neutrino source

— The same target complex would be used
profiting from its shielding and general
target systems infrastructure, utilities, and
accesses.

— The double deflection of the beamline could
reduce radiation streaming towards the
NuSTORM ring.

— Synergies between experiments would
reduce costs on both sides.

| Target + horn (1 phase) Downstream | .
| : | Vys Ves
i | superconducting Collimation and upstream diagnostics ! / o
| solenoid (2dphase)  diagnostics area: 10x4 m area: 5x4m | Target " /7 OCR N Detoctor
‘ Momentum selection Cooling area: E cH
chicane 10x 4 m 50x4 m i nuSTORM Storage ring
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Conclusions
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The idea of producing a v beam from a stored muon beam has been around a long
time.

MAP produced a NF design that was well beyond the “conceptual” stage.

— The International Design Study did also.

The physics landscape has changed and motivation for a NF is not strong at the
moment,

With the renewed interest in the Muon Collider, the NF again presents itself as an
interim step or secondary program.

— If a physics case can be made & gain community support. The u storage ring for a NF is costly.
The need for a Cooling Demonstrator Facility (CDF) as part of a Muon Collider R&D
program might breathe new life into the nuSTORM concept (or extension of).
— nuSTORM @CERN has generated some interest

* Preliminary engineering is complete.

— nuSTORM @Fermilab would benefit from ACE, the original siting plan is still valid and would
accommodate the full program need at the CDF.
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Thank you
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