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Background

e Discovered 1932
e o+ 9Be — 12C 4+ n

e Unstable: n — pev,

Sir James Chadwick
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M, = 939.565 MeV//c?
M, = 938.272 MeV//c?
M, = 0.511 MeV/ /c?

M, << Mg

Free Energy = 0.782 MeV
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(8 Decay

e Hadronic Terms

o (p|Vuln) = <DP|gV7# - ’gMzmgV OpvQu + f—;q#|un>

° <p|A#|n> = <DP|gA7u75 - ’ﬁguuqlf}/S + %qu‘un>
e Leptonic Term

° <ae‘7u(1 + '75)‘“1@)
o Differential Decay Rate

. O, (1 + BB + b + 5y FlBe, )

—[Al? : _ &a(0)
e 2= (1+3|M)2 with A = 53(0)
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Significance

Very sensitive way to measure A

Dependent on V-A nature of the weak force — sensitive to deviations
When combined with neutron lifetime measurements determines V 4

e CKM Unitarity — constraints on new physics
e Inconsistencies between measurements from neutron decay

A star’s neutrino production is proportional to A\?

Something new
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The Nab Experiment

Spectrometer Simulations

The Nab Experiment

o 0Ty oc (14 2B 4 b + 5 FlBe, 1))
e Goal: % ~ 1073
e Goal: Ab ~ 103

e Method: Measure kinematics of the decay products and compare with
the decay rate

e Neutrino detectors of high efficiency do not exist

e Relate E, to E. and measure E, directly
e Cannot measure p, - g, directly
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Measuring pe - p,

Neutron rest frame: envoke momentum conservation
® ﬁp + ﬁe + ﬁu =0
® 2pP¢ - Py = 2Pep,, cOSle, = p;2; - Pg - p12/

Oy o (1+ aX(Ec)pa+ aY(E) + bZ(Ee))

e Measure E. ~ 100 keV
e Measure E, ~ 100eV
N T T T T T T
% s | proton phase space R ]
< 12 F cos8,, =1 — . E
s / . /, E
08 |/ e / 1
06 | 1o 088 S0 g 1
0a b\ / 1
02 1 \\. 08, o =-1 7
L R L L | | 11
0 0.1 0.2 03 04 0.5 0.6 0.7 0.8

E, (MeV)
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The Nab Approach

AT Decay Volume

. Z /
L - - =

vBeam
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Properties of the Spectrometer

Shepherd particles to the detectors

Longitudinalize the decay product's momentum rapidly

Accelerate protons to detectable range

Azimuthal symmetry

Large decay volume
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Realization

° Shepherd decay particles — magnetic confinement
o« F= qv x B — uniform field along spectrometer axis
e Longitudinalize decay products — magnetic tipping

2
e Adiabatic Invariant £+ — decrease field along 2 axis [Jackson 12.69]
o Accelerate protons — electric potential

— e —
4 B Nab Spectrometer Field Profiles ]
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The Spallation Neutron Source

Front-End Systems Accumulator Ring
(Lawrence Berkeley) (Brookhaven)

| Target
(Oak Ridge)

(Los Alamos and
Jefferson)

Instrument Systems |
(Argonne and Oaok Ridge)

1.4 GeV protons, 60Hz *H, moderator
*LHg Spallation target +17m guide, curved
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Target Assembly

Cryogenic

H, moderators Be reflector

Proton Beam

Ambient
H, 0 moderator
Steel reflector
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Diffractometer
Commission 2007

12 - Single Crystal
Diffractometer
Commission 2009

14B - Hybrid
Spectrometer
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7 - Engineering
Diffractometer
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Commission 2008

6 - SANS
Commission 2007

5 - Cold Neutron
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4B - Liquids
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The Fundamental Neutron Physics Beamline
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The Fundamental Neutron Physics Beamline
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Flux Measurement September 12, 2008

FNPB13 FLUX
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Outline Neutrons

Simulation

e Geantd
e Track particles through the EM spectrometer
e Simulate Collisions with silicon detectors

e Galileo

e 36 dual core hyperthreaded nodes (6 login, 30 batch)
e Nominally: 120 processors at 3 Ghz with 1 Gb of RAM

e Process

e Analytic formula for B, (more control)
e Real coils for B, (more realistic)
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Figure of Merit for the Spectrometer Response
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The Tangent Field

arctan {ﬁz (l—i- (%2—042) 22)}
e B,=N +€
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o3k |E.=300kev
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B2 [(MeV/cy] TOF?[us?]
E. Measured a
Seed -0.10500
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Optimization of Decay Volume Coils( _al30)
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External (Big coil) field: 0.2T
Current density: 3500 A/cm?
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Thank you for coming.
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prabble, n.
prabble, v. A.adi.
pract, v.
practic, n.t 1. Able to be done or put into practice successfully; feasible; able to be used; useful, practical, effective.
practic, adj. and n.%
practic, v. 2. a. Of aroute, passage, entry, etc.: able to be used or traversed; that can be passed.

practicability, n.
, practicable, adj. and
n.

b. Functional, real; (Theatre) (of props or scenery) operable, able to be used, real as opposed to purely
practicableness, n. decorative or sham; = pracricaL adj. 1d.

practicably, adv.
practical, adj. and 3. slang. Easily practised upon or manipulated, gullible; (also) open to collusion. Obs.

practicalism, n
practicalist, n.
practicalty, n. . . - . . . . . -
practicalization, n. 1. A course of action or an idea which is feasible, or is capable of being put into practice or realistically
practicalize, v. implemented. Obs. rare.

practically, adv.
practicalness, n. 2. Theatre. A prop or item of usable scenery. Cf. sense A. 2b.
practicant, n.
practicate, adj. top
practicate, v.
practice, n.
practiceable, adj.
practician, n. and
adj.
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