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> Proton Driver
= 4MW, 50 Hz, ~10GeV p
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> Acceleration
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Figure 1: Schematic drawing of the ISS baseline for the Neutrino Factory accelerator
complex. The various systems have been drawn to scale.
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Abstract

The design of a low energy (4 GeV) Neutrino Factory is described, along with its
expected performance. The Neutrino Factory uses a high energy proton beam to
produce charged pions. The n~ decay to produce muons (1), which are collected.
accelerated. and stored in a rine with lone straieht sections. Muons decavine in the
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Solenoid lens capture
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> Target is immersed in high field solenoid

> Particles are trapped in Larmor orbits
= B=20T ->~2T
= Particles with p, < 0.3 B,,R,,/2=0.225GeV/c are trapped
SRSNY
= Focuses both + and - particles
= Drift, Bunch and phase-energy rotation
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-%,High-frequency Buncher and ¢-E Rotator

> Drift (mw—p)
> "Adiabatically” bunch beam first (weak 320 to 240 MHz rf)
> &-E rotate bunches - align bunches to ~equal energies
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Simulations (Ng=10)
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> Results are similar

= Consistency check

> Additional simulations will
allow more variation and

optimization

> Captures both signs

P{MeV/c) vs. T(nsec): Pi-=Green Mu-=Blue, Mu-=96%
G4BL: At Rotator End (ztot = 123.9 m), 100k POT, dt=3ns

- 0
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QD_D 420 440 460 480 500 520 540 560 580 600

P{MeVic) vs. T(nsec): Pi+=Black Mu+=Red, Mu+=83%

ICOOL: At Drift End (ztot = 56.4 m), 100k POT, di=3ns

Have tracked N=10 with ICOOL and G4BL

P(WevVic) vs. T(nsec): Pi+=Black Mu+=Red, Mu+=84%
GA4BL: At Drift End (ziot = 56.4 m), 100k POT, dt=3ns
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" 4 GeV v-factory Front End baseline

“on cot®
> Drift- 56.4m 0.2 Transverse emittance All y's
= B=2T u/p

(8GeV)

> Bunch- 31.5m

= P;=280MeV/c, P,=154 MeV/c, ¢ 4

3n,¢ = 10; V,¢= 0 to 15 MV/m

> ¢-E Rotate - 36m -
= V.=156MV/m, B =2T 0
= (240 -> 201.5 MH2)
> Match and cool (80m)
= Alfernating solenoid (2.8T)
= LiH or H, absorbers
= V=16, 201.25 MHz

> Obtains ~0.085 u/ 8 GeV p
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4 GeV Neutrino Factory-Acceleration
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> Acceleration (A. Bogacz)
= Linac + RLA ~0.3 GeV to 4 GeV
= accelerates both p*and p-

= Double Chicane drops both signs
into middle of RLA Linac

= 4 3 turns Dogbone RLA

20m T T : . ‘ . . 0.5m

Chicane Optics

0.3 GeV 0.9 GeV

Highest arc circumference: 225 m

0.7 GeVipass

4 GeV
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Acceleration Properties
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> RLA

= FODO -quad focusing
* 127m linac
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* 130m to 225m arcs

= 4 return arcs
* FODO lattices quad/dipole
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> Performance ; § bl .. . W 1250-1950 vy
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= 4 GeV - Storage Ring

> Storage Ring (C. Johnstone)

THH HIH H F

= =500 to 1400m, r = 15cm ARC MODULE
* half the circumference of 25 GeV Iy
case B 1] B
= B<«~IT a . ]
* conventional or permanent magnet i; ]
= Straight section is 150 to 600m 4 ]
* bx,y >100m 20.:5/]' 2

* 0.3 t0 0.4 straight section fraction
= Tilt toward DUSEL is ~6°
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Final Beam Properties
Proton Energy E, 8GeV

beam rms emittance €, €y (Norm.) 0.0054m (4MW)

beam size (arcs,strt) | 04 Ogecay 4, 13cm Protons/cycle Np 5.1013

momentum spread Odp/d 1.2% Muons/proton utulp 0.07

bunch length o, 0.9cm 210'N.fF- 0 4.4%102"

. - x

bunches/train N; 30 (~45m) Muons/year pl "M/P .

train with 75% of p Ve v, Istraight 0.35N, 1.5%1021
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Detector for 4 GeV

£
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» Factory at Fermilab, Detector at SD
= ~1290km baseline

» Totally Active Scintillator Detector
= ~20000 m3, 25 kT

3333 Modules (X and Y plane) 4.5mm res.
Each plane contains 1000 slabs
Total: 6.7M channels

= B=0.5T magnetic field
* High T, SC
* No Vacuum Insulation

= VLHC SC transmission line
* 50 M$sg

SUPERCONDUCTOR
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15m

D 4 b
50 K TRACE \ = |
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Sensitivity to physics
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> V's from 4 GeV y's

= >102! y-decays /SS /year ¥t
= ~051t01GeV Vs _PE fa E
= Use energy dependence So°F / f ;S
= no char'ge d7 E 0.4 — ,:-*f,fM ss hierarchy —
> Can measure Y VS
= mass hierarchy O e, T
= sin226,; (to <~0.001) I
= CP violating phase & o E \“\H::
> High-Energy v-Factory -
= magnetic field from iron T e,
* iron/scintillator 1
= |longer particle tracks,
more events s 0°
= sin?26,; (fo ~0.0001) ? Sin®8y3

sin? 26,5



Summary/Progress

> Have developed and documented Low-Energy
neutrino factory design concept
= 4 MW front end, compact bunching and cooling
= compact Linac + RLA acceleration
= small "permanent magnet” storage ring-4 GeV
= TASD detector with SCTL magnet

> Cost reduced from baseline 25 GeV case
= Accelerator system ~30% less
= Detector also reduced

> Could be upgraded to 25-50 GeV if needed
= could also be upgraded to pu Collider

19
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