
LA-UR-14-23236
Approved for public release; distribution is unlimited.

Title: Measuring the Neutron Lifetime with a Magnetic Neutron Trap at LANL

Author(s): Salvat, Daniel

Intended for: Presentation at LANL-CNLS

Issued: 2014-05-08

Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National 
Security, LLC for the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.  
By approving this article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to 
publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes. 
Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the 
U.S. Departmentof Energy.  Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; 
as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.



Measuring the Neutron Lifetime with a Magnetic
Neutron Trap at LANL

Daniel J. Salvat

8 May 2014



UCNτ

DePauw A. Komives

Hamilton G. Jones

IU E.R. Adamek, N.B. Callahan, W. Fox, A.T. Holley, C.-Y. Liu,
D.J. Salvat, B.A. Slaughter, W.M. Snow, K. Solberg, J.
Vanderwerp

JINR E.I. Sharapov

LANL D. Barlow, L.J. Broussard, S.M. Clayton, T. Ito, M. Makela, J.
Medina, D.J. Morley, C.L. Morris, J. Ramsey, A. Saunders, S.J.
Seestrom, S.K.L. Sjue, P. Walstrom, Z. Wang T.L. Womack

NC State C. Cude-Woods, E.B. Dees, R.W. Pattie, B. VornDick, A.R.
Young, B.A. Zeck

ORNL J.D. Bowman, S.I. Penttilä
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Section 1

Neutron Decay, Ultracold Neutrons, and τn
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Neutron β-Decay

H = p̄γµ [gV − gAγ5] n × ēγµ [1− γ5] ν
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τn = (4908.7± 1.9 s) /
(
V 2

ud

(
1 + 3λ2

))
Γ ∝ 1 + a

pe · pν
EeEν

+ b
m

Ee
+ σ ·

(
A
pe

Ee
+ B

pν
Eν

+ D
pe × pν
EeEν

)

4



Neutron β-Decay

H = p̄γµ [gV − gAγ5] n × ēγµ [1− γ5] ν
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β-Decay as a Probe of New Physics

1930

1956 today

precision ∼
(

v

ΛBSM

)2

ΛBSM ∼
v√

5× 10−4

ΛBSM ∼ 10 TeV
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The Neutron Lifetime and BBN

Yp ≈
2 exp (−td/τn)

1 + exp (∆m/kTf )

lifetime along with Nf , η, Yp

constrains BBN predictions ⇒
constraints on new physics!
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Ultra-Cold Neutrons at LANSCE

name E v [m/s] λ [Å] T [K]
thermal 25 to 100 meV 2200 to 4000 1.2 to 2.5 290 to 1200

cold 1 to 25 meV 440 to 2200 2.5 to 13 12 to 290
very cold 300 neV to 1 meV 8 to 440 13 to 740 0.003 to 12
ultra cold 0 to 300 neV 0 to 8 >740 0 to 0.003
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UCN Properties

I Veff = 2π~2

mn
nb ≈ 100 neV

I VM = ±µNB ≈ ±(60 neV/T)B

I VG = mngz ≈ (102 neV/m)z

I µ(E , θ) = 2η
√

E cos2 θ
V−E cos2 θ

I σup ∼
∫∞

0
e−2W√ωg(ω)

e~ω/kT−1
dω
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UCN
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A Neutron Lifetime Problem

disagreement between neutron beam
and “bottle” techniques beam

bottle

τ−1
store = (t2 − t1)(log (N1/N2))

τ−1
store = τ−1

n + τ−1
loss

= τ−1
n + ηγ (E )

from A. Yue, et al.
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Why Is This Hard?

I Not a lot of neutrons (cf. 1012

muon decays)

I Long lifetime (cf. 2200 ns muon
lifetime)

I You must destroy a slow
neutron to detect it (cf. +1
muon charge)
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Magnetic τn Measurements
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The Problem of Phase Space Evolution

I previous analyses rely on
kinetic equilibrium

I how badly is it violated?
I leads to a few effects

I phase space sensitivity
I marginally trapped UCN
I spectral evolution

I magnetic traps avoid some
issues
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Motivation for our Design

J.D. Bowman & S.I. Penttila. J Res NIST 110 (2005) 361-366.

P.L. Walstrom, et al. NIM A 599 (2009) 82-92.
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Conclusions

I new τn measurements timely – resolve discrepancy, probe BSM,
cosmology

I hints of issues with material traps – magnetic traps well motivated

I need a test-bed for new techniques

I theoretical studies of UCN dynamics useful for motivating new
experiments
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Section 2

A Neutron Bathtub
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UCNτ at LANL

17



UCNτ at LANL

I τ−1
store = τ−1

n +ηγ(E )

I trapping force F = −µ∇ |B|
I 670 liter, 50 cm deep

I background “holding” field to
assure B 6= 0
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UCNτ at LANL
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Fill & Monitor (t ∼ 200 s)
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Clean (t ∼ 30 s)
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Store (t ∼ 100 to 2000 s)

22



Empty (t ∼ 100 s)
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Repeat
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Fill and Empty Measurement
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Vanadium Activation Detector

I 51V(n, γ)52V

I 52V →52Cr +β + γ

I VF ≈ −7 neV

I `abs = 12.6 µm at 1 m/s

I (`up)meas = 1.36± 0.49 mm at
1 m/s
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Absorb (t ∼ 30 s)
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Vanadium Detector Commissioning

I greatly increased S/B with β/γ coincidences

I identified major source of background – n-activation of NaI

Time [s]
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]
-1

R
at

e 
[s

1
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310

 singlesβ

 singles backgroundβbeam on 

 NaI coinc.β

beam off background before Pb shield

beam off background after Pb shield

V Detector Improvements

28



Characterizing the V foil

I measure UCN density vs. height

I compare to models, MC, test
neutron cleaning efficiency

I suggests rapid absorption
compared to previous methods

I can be varied to test systematic
effects
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Up-scatter Detectors and Cleaner

I up-scattered neutrons can be detected

I improved efficiency/background
reduction forthcoming

I need to separate sources of
up-scattering

I can use V foil height scan as a check
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Conclusions

I no major losses observed in trap

I expect 105 UCN per fill in future run campaigns

I V detector commissioning succesful – promising for τn measurement,
probing dynamics of the trap

I we have a test-bed for new experimental techniques
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Section 3

Going Non-Linear
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Phase Space Sensitivity

ρ = ρ(z , t)

ε = ε(ρ(z , t))

τn =
t2 − t1

ln (S1(ε(t))/S2(ε(t)))

ε(ρ(z , t))

A(t) = D(t)NUCN ≈ τ−1
D NUCN

τ−1
D(long) = τ−1

D(short)(1 + η)
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The Classical Treatment

λ3

V
=

(
100 nm

1 m

)3

� 1

`UCN-UCN ∼ 1021 m

∂tH = 0

ωL � |Ḃ|/|B|

ρ(v)dv ∝ vndv

H =
p2

2
+ gz ± µ |B|

|B|2 = B2
h

(r + R)2

x2 + z2
+

8B2
r

π2
×
∑

CnCme−(kn+km)ζ cos (kn − km) η
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Number Crunching

f o r ( i =0; i<o r d e r ; i ++)
{

f o r c e ( x , a ) ;

f o r ( n=0;n<3;n++)
{

p [ n]+= c o e f f 1 [ i ]∗ a [ n ]∗ dt ;
}

f o r ( n=0;n<3;n++)
{

x [ n]+= c o e f f 2 [ i ]∗p [ n ]∗ dt ;
}

}
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Lyapunov Exponents

~̇δz = J · D2H
∣∣
z=z0(t)

· ~δz
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Depolarization

Eφ+ = − ~
2m

[
φ′′+ −

(
k2

x + k2
z

)
φ+

]
+ mgyφ+ + |µn|Bφ+

Eφ− = − ~
2m

[
φ′′− −

(
k2

x + k2
z

)
φ− +

(
θ′φ′+ − Kkxφ+ sin θ

)]
+mgyφ− − |µn|Bφ−

I Majorana Spin Flips
I caused by field nodes
I field mapping
I negligible loss achievable

I Non-adiabaticity
I ongoing work (Steyerl 2012)
I expected to be O

(
10−5

)
I hard to measure
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Vibrational Heating, or ∂tH 6= 0

V (z , t) = Ae−k(z+A sin(ωt+φ)) + gz

I 1-D tracking studies indicate
. 10−4

I mitigated by lower cleaning
height

I studied using accelerometers

I affect on orbit stability?
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Remarks on Dynamics

I complications: spin dynamics,
vibrations, trap imperfections

I can we use statements about
chaos/instability to constrain
systematics?

I what is the ultimate path to cleaning,
phase-space-insensitivity?

I what is the ultimate trap?
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Conclusions

I our trap is a trap

I new detection schemes are promising to improve upon
“fill-and-empty” technique

I now have the motive, means, and opportunity to perform first τn

measurement in a magnetic bottle – ∼ 1 s in reach
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