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The magnetic field: much ado about nothing?

From D.G. Phillips Il et al., Phys. Rep. 621, 1:

“For the magnetic shielding geometries of both the Cold Magnetic §  Vacuum

previous ILL experiment and the proposed e e Detector
experiment, ... the dominant component of the 5
residual magnetic field inside the shield is the

component along the axis of the shield. The internal /’;;ermi,ro, D~2-3m

shield for the previous ILL experiment strongly " focusing R
suppressed transverse components of the magnetic \wctor %o RN

field and rendered the longitudinal component ~ -

sufficiently uniform that it could be Iargel?/ ! TN t
compensated by a homogeneous external field N I = 300 o g
generated by a coil wrapped on the outside of the - m S
shield. Once this major component to the residual Magnetically shielded

field was removed, another set of coils were able to

trim out the residual transverse fields. Current loops propagation region

for shie]!d demagncletization,‘afn e;gtive compensation ,

system for external magnetic field variations : 1 idorlivmtinn — i .
(including transverse fields), internal magnetometry, Sh!eld,’deal’zat’f’” = optimal adaptation of
and removal of large external sources of magnetic shield’s magnetization to external fields

field gradients were also required to ensure _
maintenance of the quasi-free condition. Since this
experiment was performed a great deal has been

learned about large volume magnetic shield , » )
technology in the course of R&D performed for |. Altarev et al., Rev. Sci. Instrum. 85, 075106: “A magnetically
experiments which search for the neutron electric shielded room with ultra low residual field and gradient”

dipole moment [125].%
25/10/2017 E.D. Davis: INT-17-69W e The ideal case (no joints) *




What do ILL field profiles look like?  (After a daily shield idealization)

“... field variations are much worse than with no shield at all. At every joint and at every welding seem [sic] (three per
tube segment) the magnetic flux leaks out and distorts the earth field considerably.” (T. Bitter et al, NIMA 309, 521)
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What constraints are placed on

-12s} Co ~ control of the residual magnetic

(T. Bitter, NIMA 309 521) . . : :
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L dependence: reason for anxiety? S. Dickerson et al., Rev. Sci. Instrum. 83, 065108

Axial field inside 14 segment shield Effect of shield length [ on ambient field
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~ Approximately quadratic dependence on L
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Propagation region dynamics: mapping to spinor evolution problem

* Starting point: Pauli-Schrodinger equation in rest frame of system

Larmor frequency vector @, (t) = —yB(t) l i nn interaction

xn(©) 00, Sl (xa(t)
lhdt()(n(t)) h( 51, —15--@)()(77(15))

2

* To lowest order in §, nn detection probability

td !/ td 144
Pa(t) = 6717 L j Tt %Tr[(U;r(t'))z(Uz(tn))zl
0 0

Where Phase averaging suppression factor

U,(t) = expr fdt’a wy (t"

Time-ordered exponential T
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Phase averaging suppression? Example of “longitudinal noise”: B = bT(t)IE

Stationary Gaussian process

= Average of P; over enseq\ble of neutrons studied
+

(Ps) = 6717 X j (1 = |x]) cos((wy)tx) exp[—x(tx)] dx

-1
with , Identical factor controls free
o . wWT inductive decay in NMR
Sin 7
1@ = [ [ —zZ | S, (@)do
0 2

where power spogctral density

S, (W) = %f <(a)L(t + %) — (a)L)) (a)L(t - %) — (a)L))> COS WT dT

0 Fourier transform of auto-correlation function of random process w; (t)

25/10/2017 E.D. Davis: INT-17-69W 7



Perturbative treatment of noisy magnetic field (in shielded region) ~ '8hore

hiccups
= Treat P; as functional of random process w;
= Minimalist stochastic model: assume w; (t) is Wide sense stationary?
wide sense stationary  Expectation value (@, ) time independent

e Auto-correlation functions
ij
CcE)L) (¢4, t2)

» To 2" order in small w,, = ((wp,i(t1) — () (g, j () — (w;)))

dependont =t, — t; only

(Due to active compensation)

(Pr(t ) WE)
n(0) L @) |22 — jda)S () ( ) ----------------------------------
S5, (W) = z So i (@) Filter function F(x) = 2 ll — sinc” (§)]
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Quasi-free propagation efficiency . (asin NivA 309, 521)

Involves average of (P;(t)) over axial speed distribution n(v) of neutrons

Averagéa : l Substitute tin
over n(v 00 (Pr(t)) by l/
(P (t>>> Py (V) o
n = Sy, f 2]2 n(v)dv f v ?n(v)dv

/ Umin Vmin —_

Quasi-free estimate I\/Iln.lr.num speed jEO avoid
of ((Pﬁ(t)»v Weak: field collisions with drift vessel

S— (w wl
1= 1- @A - jd 5, () j v2r )n(v)
(2)\ e H(-2)

25200017 | PR = ] v n(v)dv Flight ESE?WEST%EZJ\A:/ apparent quadratic dependence 9
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[-dependence of n (weak fields)

Markovian noise — n =1—2 [ K& )%+ 2p(%)of | B 2

=

K(-2)
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Non-perturbative treatment of white Gaussian longitudinal noise

Can obtain exact (P5(t)) in closed analytic form (functional integrals Gaussian)

n
10
Bmean =90NT, Brms =20NnT, N =n;
08k
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Inference: perturbative estimate too conservative
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|II

Influence of an elementary “quantum control protoco

Rabi-like field = =~ " : A
configuration B = Bk + B.(cos wt 1 + sin wt J) (Phys. Rev. D 91, 096010)
Pn (¢)
2 2 &
P~ (t) wer t ol P
R 772 | By =0.5G, B; =2.5MG, w = wp .
wey + (w _ wh,L) :
3.20_—
+ oscillatory terms sank

3.10}

t (s)

1.0
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Carr-Pound-Meiboom-Gill-like
spin-flip sequence

" For uniform “holding” field,

wt
P-(t) = 6“t“xsinc? ( )
2n

for n “bang-bang” spin flips

(Flips separated by interval At = t/n with 15t flip at
time = —At)

= Filter function is high-pass filter with

cutoff frequency approximately
2
equal to w,, = Tn
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Filter
function

n = 10 flips

13




Conclusions

* Revisited the magnetic field studies of the ILL n-n experiment with a
view to establishing scaling with size of the system. NOT a problem.

* Synthesis with quantum information methodologies developed since

the ILL experiment could be productive

Thank you!



