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Motivation

Pseudo-magnetic field from spin dependent Strong interaction
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Motivation

Pseudo-magnetic field from spin dependent Strong interaction
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@ Calibration measurement for the nEDM apparatus sotope cone| Cobb [ Tacb_[Cob xs[Tncss Searexs| Absss
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[204Hg [65 |- 0 = b L .43




b, Measurement

Frequency shift due to
Incoherent scattering length

/
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Mercury incoherent \

scattering length

Hg Density and Hg
polarisation along B,



Mercury flipping pulse

714 71

Disadvantage:

ReduceHg-polarisation and
effect by factor V2

Advantage:

Still able to monitor
magnetic field using Hg
magnetometer



Data In Batches

Batch Temperature Hg pulse
Software
i . _200C____|_.__ 1.5s/1.5s _ crash then
225°C 1.5s/1.5s ramp up T
2 225°C 1.5s/ 3.5s
3 225°C 3s/7s
4 210°C 3s/7s
Have some influence on 3/4m flipping time 7/4Tt flipping time

density and polarisation
Sequence: ABBABAAB



(opP) ~[1/m]

0.16

0.15

0.14

0.13

Considered as 2
different polarisation
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Frequency shift due to incoherent
scattering length




Neutron frequency

Data point: Notations
j N _N f . neutron real frequency T Interaction time
Av=fy, ;/—” —f ep =" = f..: spin flipper frequency N, neutron with spin up
Hg N++N_ fHG: Hg frequency N neutron with Spin down
| Batch2
W8 T7l4Tflip
i A =-0.022 +/- 1E-3
N o =0.664 +/- 8E-3
| ¢=76 +/- 018
0.1 +2=106.889
' NDF=109

: -0.0015%  -0u001  -0.0005 0 0.0005 0.0 0005

Av [Hz]




Neutron frequency

Data point: Notations
j N _N f . neutron real frequency T Interaction time
Av=fy, ;/—” —f rr of =—Fr = f..: spin flipper frequency N,: neutron with spin up
Hg N,+N_ f... Hg frequency N : neutron with spin down
| Batch? Fit formula:
02, 7/47 flip 7 =A,—|a,|cos(2aT(Av+Af,))
i A=10.022 /- 1E3
SEL N o =0.664 +/- 8E-3
| ¢ =76 +/- 0.18
0. +?=106.889
' NDF=109
0.2|
-0.3)
" 00015 o001 -00005 O 0.0005 0001  0.0015 In red, parameters of the fit function

Av [Hz] (identical for each point with same configuration)
In blue, values assigned to each data point




Neutron frequency

Data point: Notations
j N _N f . neutron real frequency T Interaction time
Av=fy, ;/—” —f rr of =—+ = f..: spin flipper frequency N, neutron with spin up

o N,+N_ f.. Hg frequency N : neutron with spin down
Batch? Fit formula:
"2\ 7/aT flip ' =A,—|a,|cos(2xT (A v+ATf,))
0.1
Aa:(_)oég? :_r// 8155’ By reversing the fit formula for each
ol : OLa: ) - - - . . . ]
| $=76 +/- 0.18 individual point:
o x’=106.889 san(A v A —of
| NDF=109 Af = (Av) acos A
oz 2T ||
-0.3)
; 00015 -0001  -0.0005 Li] 0.0005 0.001 0.0015 In red, parameters of the fit function

Av [Hz] (identical for each point with same configuration)
In blue, values assigned to each data point




—Y, OATf,

b, = 5. 2 X
2.49% 10 Tm .

Hg Density and Hg polarisation
along B,
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DC coupled PMT signal (V)
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Density and Polarisation
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| From Sybille’s Thesis
R —ap

AN P= arcsh e —%C
I |1 P&=DC, 2~ DC oppe

DCl_DCoffset
X

o= "Lin(1_ DC,—DC, |

b= T DC, - DC o

50 as

4}] [ OpP:garcsh

= F L DC2_DCOffset




Density and Polarisation

i
I

H|1IH|1|H|rI'|I||||I|1| Assumptions: . L
4 DG, a=1 T : interaction time
2 L alﬁ|||m|||||n1|u|nr| DC o0 T : depolarisation time
5" L=0.47m (ET=T)
%‘_5 T,: leakage time
i Exponential decay
g-a a,(t)=as(0)exp(—t/T)
Q.7 DG, (t)=(DC,(0)-DC,)exp(~t/T;)+DC,

Taylor expension as(t)<<DC2(t)

DN [[ i ] i Time (s) . 4}] [ i arcsh(x) ~x
ABC e




Density and Polarisation

DC I Assumptions:

-3 2 (AR =1 " i i
1 —— A a T : interaction time
S NI DC =0 T @ depolarisation time
3 L=0.47m T, leakage time
S5 .
i Exponential decay
_E'E' a,(t)=as(0)exp(—t/T)
Q.7 DG, (t)=(DC,(0)-DC,)exp(~t/T;)+DC,

2 Taylor expension as(t)<<DC2(t)

T o [ omas 3= s

A BC D EEiR

1 a,(0)exp(—t/t)
ﬂ(Gpp)eﬁ_LT (DCZ(O)—DCl)eXp(—t/T3)+DC1dt




Preliminary Results

h=— o
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Afn VS.
(0pP)_

Batch2

i Slope Error
| 815 01 -p0S 0 0os 'uil"'-':.il?' " [HZ m] [HZ m]
"1 24.4E-5 36.5E-6
5 nppld g ﬂ'zg-mj

L =9 2 -565E-5 O.1E-6
~} 3 -670E5 7.7E6

“* 1 Batch4
e 5| E ] e 4 -6.03E-5 9.70E-6

.............................................................



Absolute value of b,

-1 — ref b = — I afn
ol I T 2.49%10 °Tm? 8(0pP)
¥ - i I Our measurement
T : Ib|=(16.98 +/- 1.35) fm
£ 16 __ »
_ r Standard value
144 Ib|=(15.5+/-0.8) fm
12 | | I | 0 =1.95x 10 cm?™

1 z 3 4
batch number

*** theoretical value computed by with a factor %z to take care of the circular polarisation



Sign determination
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Conclusion

v Preliminary result on bi (sign and value)
v Non zero measurement with the EDM apparatus

In addition
v Determination of the effect from each component on the result
(especially the effect of T,)

v Comparison of the values from metafiles with the values
extracted from PMT and precession files

Will be cross check with second independent analysis
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T, a_from Precession or Meta file

h(t)=|a|cos(2 7Bt—¢)Xexp(t/7)+C

readNoise.C



DC1, DC2, DC3, T3 from PMT

Non zero correlation
between T3 and

DC, and DC,)

(DC,—DC,) |

In
(DCB_DCI)

T,=[t(DC,)—t(DC,)]

- -
-2.5= 3 -23}-
Il o g -
_afi- g -3
T [N [
i =248 :
-3.50 ﬂ:
I - : A
B 26 . \\
4.5 =
i 27— * \\
_5::— = DC i \'\.
I i 3 - L
g —2.48— * -\,_
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Error contributions

Mostly
variable value error ‘/StatIStlcal
Af [Hz] 0.1- 0.2 ~0.015
lopP| . [1/m] 0.1- 0.15 <5E-4

Mostly from PMT extracted
values




Error contributions

Variable Value range Associated error Contribution on
squared o? 02(opP)

DC, ~ -6 ~4E-3 ~3E-10

DC, -3 - -0.5 4E-3 - 8E-3 1E-9 - 2E-7

T3 700 - 1000 5- 30 1E-9- 1E-7

T ~110 5E-3 2E-12

a_ 0.2- 0.4 7E-5 - 8E-5 5E-10 - 1E-9

cov(T3,DC1) 5E-11 - 1E-9

cov(T3,DC2) 5E-10- 1E-7




Error calculation idea for (apP)_.

y=f(a,b)=[ F(t,a,b)dt
, Leibniz theorem

oy =) olap+(L) ofbs 2L cov(a,b) 1

dF

dF ( dF .

—dt
da

2
2

dF ola)+

—dt
da

cov(a,b)

db

—dt)za(b)2+2




Special case for covariance factor

Cov(a,f(a)) =524 ola)




Mercury
Scattering Length Measurement



Motivation

Pseudo-magnetic field from spin dependent Strong interaction

B = PP T
S

Hg



Motivation

Pseudo-magnetic field from spin dependent Strong interaction

B'=————pb, Py/——
— PhPy T
& Potential systematic false effect An=n,—n
d,ialse:hﬁB*An
4 FE

& Calibration measurement for the nEDM apparatus

& Sign of incoherent scattering length



b, Measurement

Frequency shift due to
incoherent scattering length

) /

-y, " OAT,
/’ 2.49%10° Tm*" 0(py, P,)

Mercury incoherent \

scattering length

Hg Density and Hg
polarisation along B,



Mercury flipping pulse

714 1

Disadvantage:

ReduceHg-polarisation and
effect by factor v2

Advantage:

Still able to monitor
magnetic field using Hg
magnetometer



Data Iin Batches

Batch Temperature Hg pulse
Software
q - 200C _ | 1.5s/1.5s _ _ _ _ _ crash then
225°C 1.5s5/1.5s ramp up T
2 225°C 1.5s/3.5s
3 225°C 3s/7s
4 210°C 3s/7s
Have some influence on 3/4m flipping time 7/47 flipping time

density and polarisation
Sequence: ABBABAAB



-

{opP) 1]

~ Considered as 2
different polarisation
. settings

For all of them we observe a drift of at least 0.01 m-1
Except batch4 wich seems slightly more stable
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Frequency shift due to incoherent
scattering length



Neutron frequency

Data point: Notations

f - neutron real frequency T Interaction time

AV=F ;—; —fer %zu f.. spin flipper frequency ~ N.: neutron With sp'in up
9 N,+N_ f..: Hg frequency N : neutron with spin down
Batch?2
7141 flip

A=-0.022 +/- 1E-3
«,=0.664 +/- S8E-3
=76 +/- 018
X*=106.889
NDF=109

A v [Hz]



Neutron frequency

Data point:
_ Yn N+ _N_
AV—ngy—Hg_fRF ﬂZW

Batch2

7/41 flip

A=-0.022 +/- 1E-3
0,=0.664 +/- SE-3
=76 +/- 018
X*=106.889
NDF=109

A v [Hz]

Notations
f . neutron real frequency

f-- spin flipper frequency
f. Hg frequency

Fit formula:

T Interaction time
N.: neutron with spin up
N : neutron with spin down

o =A,—|a,|cos(2aT (A v+Af,))

In red, parameters of the fit function

(identical for each point with same configuration)

In blue, values assigned to each data point



Neutron frequency

Data point: Notations

f - neutron real frequency T Interaction time

Av=fy, ;/—” —frr %zu f..: spin flipper frequency ~ N.: neutron with spin up

Hy N,+N_ f..: Hg frequency N : neutron with spin down

Batch? Fit formula:

7147 flip o =A,—|a,|cos(2aT (A v+Af,))
Aﬂ:(')oégiQ i// i ;g;’ By reversing the fit formula for each
o =U. - - . . = . .
B=T6 +/- 0.8 individual point:
X?=106.889 A —of
NDF=109 Afnzsgn(A v) S| —T —Av

2xT la,|

In red, parameters of the fit function
Av [Hz] (identical for each point with same configuration)
In blue, values assigned to each data point
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Hg Density and Hg polarisation
along B,



Density and Polarisation

2 From Sybille’s Thesis
DC LR B

ﬂ-a 2 pP= ap arcsh C —C;)C )
= UL RERER ml1— DC,—DC, 2 offset
E i DCl_DCoffset
F
g X

i _ DC,—DC
% p-0=—1h1(1—1—2)
E" L B DCl_DCOffset

aS




Density and Polarisation

DC Assumptions: _ o
2 a=1 T : interaction time
DC,,..=0 T : depolarisation time
x L=0.47m (=T,=T))
DC,(t) T,: leakage time
\\\ Exponential decay
a,(t)=as(0)exp(—t/T)
DC, DC,(t)=(DC,(0)—DC,)exp(—t/T,)+DC,
/ DC,
Taylor expension as(t)<<DC2(t)
arcsh(x) ~x

opP=%arcsh
L

as
DCZ_DCOffset )




Density and Polarisation

DC Assumptions:
2 a=1 T : interaction time
x DC .. =0 T : depolarisation time

L=0.47m T, leakage time
DC,(t)

\ Exponential decay
a,(t)=as(0)exp(—t/T)
DC, DC,(t)=(DC,(0)—DC,)exp(—t/T,)+DC,

/ DCl

Taylor expension as(t)<<DC2(t)
arcsh(x) ~x

opP=%arcsh
L

—t/
#) (0pP)y= ! a:(0)exp(~ /1) dt
DC,~DCoyq LT (DC,(0)=DC1)exp(~t/T;)+DC1




Preliminary Results

— 0
b Y, f

I

= X
2.49%10° Tm* " \0 (04 P )



Afn VS.
(0pP)_.

Slope Error
[Hzm] [Hz m]

e - T T 54 4E5 | 36.5E6
g e g g
o 5 2 -5.65E-5 9.1E-6
= 3 -6.70E-5 7.7E-6
i Batch3 - 3 Batch4

A} = 4 -6.03E-5 9.70E-6

[ L1 £ ] (1] 1
F =1 P (L
T8 g |



Absolute value of b

e 1 of,
2.49%10 °Tm’ 6(opP)

i

Our measurement
|bi|:(16.98 +/- 1.35) fm
|b|=(17.88+/-1.33) fm

Standard value
|b|=(15.5+/-0.8) fm

0=1.95x 10" cm?™

*** theoretical value computed by with a factor % to take care of the circular polarisation



Sign determination

P. A Ao, Af (A
24 A . A

° N,+N
B, 3/4m . ‘.
— OA
i % 15 X L <0
2.49%10°"° " 0(0yyPyy)
\\/ \
>0 <0




Conclusion

v Preliminary result on bi (sign and value)
v Non zero measurement with the EDM apparatus

In addition
v Determination of the effect from each component on the result
(especially the effect of T°,)

v Comparison of the values from metafiles with the values
extracted from PMT and precession files

Will be cross check with second independent analysis
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T, a_ from Precession or Meta file

h(t)=|a,|cos(2 7Bt — ¢)xexp(t/ 7)+C

readNoise.C



DC1, DC2, DC3, T3 from PMT

-1 Non zero correlation
between T3 and
DC, and DC)!
X -0 = e
; A Ear i T
e T AR
T
i ‘lll.".

DC

(DC,—DC,)
(DC,—DC,)

T,=[¢(DC,)~¢(DC,)]|In




Error contributions

Mostly
variable value error ‘)Stlcal
Af [Hz] 0.1- 0.2 ~0.015
lopP|_, [1/m] 0.1- 0.15 <5E-4

Mostly from PMT extracted
values



Variable

DC
DC

13
T
a

S

cov(T3,DC1)
cov(T3,DC2)

1

2

Value range

~-6
3. -05

700 - 1000
~110
0.2- 04

Associated error

squared o2
~4E-3

4E-3 - 8E-3
5. 30

5E-3

7E-5 -, 8E-5

Error contributions

Contribution on
02(0opP)

~3E-10

1E-9 - 2E-7
1E-9- 1E-7
2E-12

5E-10 - 1E-9
S5E-11 - 1E-9
5E-10- 1E-7



Error calculation idea for (opP)_.

y=fla,b)=] F(t,a,b)dt
Leibniz theorem

oy =1 olape( &) b 2D 9 coy(a,b) 1

2

(F4E 3 P ogoral [ 9E g ial [ 9F gl 4F
= dadt ola) + dbdt) o(b)’+2 dadt dbdt cov(a,b)




Special case for covariance factor

Cov(a,f(a)=929L o(a)’



