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SUPPLEMENTARY FILE

Appendix A: Derivations
A.1 m/2 pulse as an eigenbasis transformation
We want a transformation U from the {|+, z), |—L &)} basis to the {| + 1, F1), |+3, ¥3)}
basis. Let {|+,z), [—Lr)} = {a;} and {| + 1, F1), |43, F3)} = {b;}. Then for a one-to-one
mapping we need a matrix U such that
|b;) = Ula;)
Multiplying (a;| to both sides,
(aj|b;) = (a;|U|a;) = Uy
Working in the vector space of {| + 1, +1), |£3, +3)} this gives

— 1 1
U = <_L,R|i1;+1) = ﬁ[l —1] [(1)] = E
_ 1 1
Uiz = (‘L,R|i1»+1) = ﬁ[l —1] [(1)] = ﬁ
< _ 1 0 1
U21 = <+L,R|i31+3) =E[1 1] [1] =E
_ 1 1
Uy = <_L,R|i3'+3) = 5[1 —1] [(1)] = —ﬁ
So a transformation matrix is given by
11 1
v= ﬁ[—1 1
A 1r/2 pulse is given® by the matrix

T 11 i

2 V2 [—i )

Which has similar form to the generic phase-preserving transformation and maps according

to

(7 1 , _ 1 , o o |1 RE
JE|+L'R>_E(1+1)|i1,+1) +ﬁ(1_1)|i3'+3)l - P(|i3’+3))_|ﬁ(1+1)

2

7 P o 1 |
lihR) =S -DELF)+ =(1-0IE3 ) > PU£3,73) = |ﬁ(_1 —9)

This accomplishes the same up to an arbitrary phase, which does not matter because we
immediately measure the state in a phase-independent way.
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Appendix B: Calculations

B.1 Magnetic Field components
Here we use Mathematica to calculate the resulting magnetic fields at the trap place by using
Eq. (23) and grouping it by components. We use a symmetric equation for the x-oriented coil
except that it is opposite positionally of where the z-axis coil is with respect to its axis, So X

goesto —x, as well as Eq. (24).

n#4j= ntx == 31; nlx = 7; nty = 7; nly = 7; ntz = 31; nlz = 7;
neol- Bz == Sum[Sum[((4 *Pi%1077) « Iz « (§ « .00091 + .061)% «
(7.8297+140.091) / (+/(5.56%+ (7.83+i*0.091)2)))/
y 2 ; 312 2} 32
(2,= ((]* .00091 + .061)% « ((0.0955+1*00.91*10- )+ 0555 )) ) -

(1 N (15* (3% .00091 + .061) x (0.0965+3 x00.91+10)" «

(5.56/(—\/(5.562+(7.83+i*0.091)2)))2)/
(4 ((j* .00091 + .061)% + . 05552 « (0.0965+i*00.91*10'3)2)2)) "
(7.8297+440.091) / (+/ (5.56%+ (7.83+1%0.091)%)) +
((4#Pix1077) x Iz + (j « .00091 + .061)2*5.56/(—\/(5.562+ (7.83 +4« .091)2)))/
(4* ((j* .00091 + .061)% + (0.0965+1 «00.91 «10)% + .05552)5/2) N
(2* (j*.00091+.061)2—((0.0965+i*00.91*10'3)2+.05552)+
(15*(j*.00091+.061)2*((0.0965+i*00.91*10'3)2+.05552)*
(5.56/ (v (5.56%+ (7.83+140.091)2)) )"«
(4*(j*.00091+.061)2—3*(0.0965+i*00.91*10‘3)2))/
(s ((j*.00091+.061)2+(0.0965+i*00.91*10'3)2+.05552)2))*
5.56/ (+/ (5.56%+ (7.83+10.091)%)), {i, 0, ntz}], {3, o, nlz}]

oul+0l- Bz == 0,000189744 Iz

M- BX == Sum[Sum[— ((4#Pi +107) « Ix+ (j « .00091 + .061)% «
(7.8297 +140.091) / (+/(5.56%+ (7.83+i*0.091)2)))/
(2* ((j* .00091 + .061)% + ((0.0965+i*00.91*10'3)2+ .05552))3/2) *

(1 + (15* (3% .00091 + .061)% x (0.0965 +1 & 00.91+10)% &

(5.56/(—\/’(5.562+(7.83+i*0.091)2)))2)/
(4 ((j* .00091 + .061)% + . 05552 « (0.0965+i*00.91*10'3)2)2)) "
(7‘8297+i*0.091)/(‘\/(5.562+(7.83+i*0.091)2))—
((4+Pi+107) *Ix*(j*.00091+.061)2*5.56/(«/(5.562+(7.83+i*.091)2)))/
(4*((j*.00091+.061)2+(0.0965+i*00.91*10‘3)2+.05552)5/2)*
(2* (300091 + .061)% - ((0.0965 +i +00.91 410"+ .0555%) +
(15*(j*.00091+.061)2*((0.0965+i*00.91*10'3)2+.05552)*
(5.56/(—\/(5.562+(7.83+i*0.091)2)))2*
(4 (34 .00091+ .061)% -3+ (0.0965+i*00.91*10‘3)2))/
(s ((j*.00091+.061)2+(0.0965+i*00.91*10‘3)2+.05552)2))*
5.56/ («/ (5.56%+ (7.83+140.091)%)), {i, 0, ntx}], {4, o, nlx}]

Qu#l]= Bx == -0.000189744 Ix
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He2l- By == Sum[Sum[((A*Pi* 107) + Iz + (3% .00091 + .061)2 4
(7.8297+i%0.091) / (v (5-56%+ (7.83+i*0.091)2)))/
(2* ((j* .00091 + .061)2 + ((0.0965+i*00.91*10'3)2+ .05552))3/ ) »
(1+ (15* (3 *.00091 + .061)% « (0.0965 +1i +00.91 *10-3)2 *
(5.56/ (+/ (5.56%+ (7.83+i*0.091)2)))2)/
(4 ((j +.00091 + .061)2 + .0555% + (0.0965 + i x 00.91 *10-3)2)2)) -

.0555 / (+/ (5.56% + (7.83 +i%0.091)%)) -
((4+Pi+1077) +Iz % (3+.00091 + .061)2 +5.56/ (+/ (5.56% + (7.83 +i+ .091)2)))/

57
(4 » ((3+.00091 + .061)7 + (0.0965 +1 +00.91 +102) + .05557) ) "
(2* (3% .00091 + ,061)2 - ((0.0965+i 00,91 41072)7 + .05552) .
(154 (34 .00091+.061)2  ((0.0965 + 1 » 00.91 +107%)* + .05552) &

(5.55/ (+/(5.56%+ (7.83+i*0.091)2)))2*

(4* (3% .00091 + .061)% -3 « (0.0965+i*00.91*10'3)2))/
(8 ((j % .00091 + .061)2+ (0.0965 +i+00.91x10°3)% + .05552)2)) +

(7.8297+140.091) / (+/ (5.56%+ (7.83+140.091)2)), (4, 0, ntx}],

3, 0, nlx}] + Sum[Sum[((“piuo”) s Ix+ (34 .00091 +.061)7
(7.8297+i*0.091)/(—\/(5.562+ (7.83+i*0.091)2)))/
(2*((j*.00091+.061)2+((0.0965+i*00.91*10'3)2+.05552))3/)*
(1+(15*(j*.00091+.061)2*(0.0965+i*00.91*10'3)2*
(5.56/('\/(5.562+(7.83+i*0.091)2)))2)/
(4 ((j* .00091 + .061)2 + 05552 + (0.0965+i*00.91*10'3)2)2)) -

.0555 / (v (5-56%+ (7.83+140.091)%)) -
({4 #PLi+1077) # Ix % (3% .00091 + .061)2 +5.56/ (+/ (5.56% + (7.83 +i+ .091)2)))/

57
(4 # ((3+.00091 + .061)7 + (0.0965 +1 +00.91 +10)* + .05557) ) "
(z* (3% .00091+.061)% - ((0.0965+3 «00.91410)" + .05552) +
(154 (34 .00091+.061)2  ((0.0965 + 1 » 00.91 +107%)* + .05552)

(5.55/ (+/(5.56%« (7.83+i*0.091)2)))2*

(4* (3% .00091 + .061)2-3 4 (0.0965+i*00.91*10'3)2))/
(8 ((j %.00091 + .061)2 + (0.0965 +1+00.91«107)%+ .05552)2)) *
(7.8297+i+0.091) / (+/(5.56%+ (7.83+1i+0.091)%)), {i, 0, ntz}],
3, o, nlz}] —Sum[Sum[((A #Pix1077) 4 Iy » (j .00091 + .061)2)/

(2* ((j* 00091 + .061)2 + ((0.0965+i*00.91*10‘3)2+ .05552))3/2), “,

o, nty}|, (3, 0, nly}]
ous2l= By == 0.000024984 Ix-0.000247402 Iy +0.000024%84 Iz
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