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e
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Project Goal: Update NMR software in IGOR Pro programming
language for 3He spin filter characterization and control

Bonus: Reproduce and improve capabillities in python! fg

To do this we must understand:

Neutron scattering and 3He Spin Filters
High level procedures :
Hardware communication at NCNR A O i
Low level code and graphical user interfaces (GUlIs) *He Cell
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Physics Background
S
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Neutron Scattering

Neutron Beam l

Polarizer
. . g (spin filter)
Extract atomic and magnetic properties
of sample or probe l
Neutron beam Q Sample
Polarizer (spin filter) Scattering
Neutron interaction with a sample Analv:
nalyzer
Analyzer (spin filter) (spin filter)
Detecto\r Y
[
Beam Stop
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Neutron Scattering

Extract atomic and magnetic properties
of sample or probe

e Neutron beam

e Polarizer (spin filter)

e Neutron interaction with a sample
e Analyzer (spin filter)

Toroid Analyzer Cell

Polarizer
Cell

Solenoid

Beam
Stop

Sample
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3He Spin Filter

3He nuclear spin carried

y mainly by neutron
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Unpolarized Neutrons ol Polarized Neutrons

3He Cell
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Free Induction Decay (FID)

Determine and track polarization of 3He spin filter

i

Signal

fi)= A e_(%) cos(2nft + ¢)+ D

{\ /\ Spin relaxation, T

/\ /\ [\‘7\ AN A v o S P

[Pz
- Time after

RF pulse
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- \%&\
Adiabatic Fast Passage (AFP)

Magnetization of 3He flipped by radio frequency (RF) or magnetic
field sweep through resonance



Adiabatic Fast Passage (AFP)

Magnetization of 3He flipped by radio frequency (RF) or magnetic
field sweep through resonance

RF Signal

TWNWW'I

Spin up Spin down

e W aeo
AFP condition: T—Zl K — K Wepr = Vhe Besy



Adiabatic Fast Passage (AFP)

Magnetization of 3He flipped by radio frequency (RF) or magnetic ‘
field sweep through resonance

Beyr =/ (By— w/y )2+ B2
RF Signal Bo

RAITTy WY
Soin up Spin cour @®

e W aeo
AFP condition: T—Zl K — K Wepr = Vhe Besy

w =Y B,

(resonance)
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Procedures at NCNR
S
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Lab Setup

o 3He Cell
e Spectrally narrowed
diode laser

e Helmholtz coils

o By holding field

o Radio frequency (RF)
drive

o Pickup

NIST /%
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How Does it Work?

RF (ao chan)
- — -~ '
\ .

Signal (ai chan) Switch

RF coil

Digital switch
control (do port)
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How Does it Work?

RF (ao chan)

Pickup coil

h[\ - Signal (ai chan)
]\ [\ARAH-‘[‘\"'I}“?}-;-:;B__ ez} . -

11

Switch

Digital switch
control (do port)
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IGOR 6 mmmm)

Process:

1.  Familiarization with code
2. Updating syntax and structure
3. Run, break, debug, repeat

macro FIDKi11Datawaves (start:
variable startwv=0, gndw ?’ ki)
varuhle_g NMRSCannum

macro FIDRateFit(startwv, endwv)
variable startwv, en
variable n=0, t0
string curwvnm, graphname

IGOR 8

Challenges:

1.  Major hardware communication protocol
change from IGOR 6

. Working in/learning a new language

Organization — 4 programs, 3 computers

. Maintaining high level structure

F dr2 A Toplagg

make/o/n=(endwv-startwv+1) rateamp, raten
make/o/d/n=(endwv-startwv+1l) ratetime
sprintf curwvnm, "xup¥g", st secs B
t0=_numbykey("MODTLH enane) &) degs T
wav 3 0f ded
variable i Adare (3% \P= B3
up-9° P rzdaie(‘“o - 39 HZ\
i o, ? Fre
i t'ﬁ::!“i . % - %.39 o A 5 amlf 1428
i ht X wyg, AOP T Jename par e
: B e - (3.5 serlen O et T 1430
n == = X me s
S (P18 V39 E nane amﬁ""‘"' aventiam o 3gv, %-29" «3.0f
1 stnngas’“e;ﬁ_walamme tn\PP Jofuz, \tphase 2
paramn?is /o SP‘A’; wge\rRF = - %.39 VT
duP“.‘nCF uraoht n 3g WVNEF req-
i xd = %.
.mz :hve&“P ,,.—u Biip%ut)\tmp ™
Cht““g'ew \eﬁt‘sox-v,\t‘ t“f\ gast ) 1] //NO
4\5 prin ntf pgnaﬂ‘e) IDParam[9] / /N0

/7

// LOCKIN SETUP

NI4882 ibfind={"dev"+GeneralFIDParamstrings[8]}; Lockin_device =
if (LockIn==SRS830)

els

endi

H
cp
NI

if (FIDFuncGenDrWLdewce == HP3325Ao0ffset)

en

v_flag //LockIn Changed to NI4882 and GPIB2 - Lydia 6/11/26

make/o LockinGain = {2e-9, 5e-9, le-8, 2e-8,5e-8,le-7,2e-7,5e-7,1e-6,2e-6,5e-6,1e-5,2e-5,5e-5,1e-4,2e-4,5e-4,1e-3, 2e-3,5e-3,1e-2, 2e-2
make/o LockinTimeConst = {lefG 30e-6, 100&*6 300&*6 le-3,3e-3,10e-3, 30e-3,100e-3,300e-3,1,3,10, 30,100, 300, 1000,3000, 10000, 30000}
GPIB2 device = LockIn_device

GPIB ClearBuffer // GPIB2 no longer sup;mrts ClearBuffer
GPIBWrite2 "OUTl OVRM 1; FNDD 0 DDEF 1 FPOI 1;\n"

GPIBWrite2 "L1,1; L2,1; RO;\ / t1,2 sets time const

GPIB2 GotoLocal

e
d?;int "Lockin not supported”

FUNCTION GENERATOR SETUP: DRIVE
182 board=GPIBboardDescri

4882 1bﬁnd={"dev“+cenera¥tIDParam5tr7ngs[7]} FIDFuncGenDrive_device = V_flag // Changed to NI4882 and GPIB2 - Lydia 6/11/26

Print

"HP3325A not tested”
dif

sWeep/S/B/C:Z GeneralFIDParam[5]%3600
sleep/S/8/C=2 GeneralFIDParam[5]*3600

FID()

// with /B tag, user clicks to stop but then the "first"

/7 p

NIFICO) S3. 2

Me Syntay f/ |
— 7

|
NIST/

NATION;
STANDAI
U.S.DEPA|

EOF
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Bonus:
Write it all in python!

B Same challenges

B Plus designing unique program from scratch P
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Results

NIST|
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{3 NIDAQ_FID_7_21_26 Lydia igort - Igor Pro 8.03 64-bit
File Edit Data Analysis Statistics Macros Windows Panel Misc Help
FedemE L LA &0
] xup. grapheXup, MIEIDFitk T yup. graph:Yup, NIFIDfity Sl = e vno: |F=SES

wp Single  Multiple  Utilities  Coil Utilities

u
010 xup, Amp = 0.14719 mV* 0.40
2op g 045 Single MED Contrals
008 Freq = 100.57Hz i
P=254 2deq, T2= 30 52ms - Run NIFID

F: 93.9BKHZ, 2ms - "
0.00 0.00
N, ¥ e _ Single Sweep Fitting
r -0.05 -0.05 Fit Single Sweep name xup ]
010 010 Amp(mV) 01[2]  Freq (100 %]
Phase (253 2| T2 uw; g
T T T T T T T T T T T T T T T T .
o 10 20 30 4 50 s 70 0 1 20 33 4 s & 70 REE Phove ]
ms ms Test Params Set Params to Fit
n e I ace Wl el [STEE|| | ohow FrTormph  [Wishow | RGroph
20 Rup Vishow  Raw Graph Raw FFT
1% Fit Type
10 ‘F’&Typqmﬂﬂ SinekY | flag= [4
5 0.04 — NIFID Parameters
0 Frequency (Hz) =29 6
T T T 1 T T T T T T T T Puasei.mgih ©) _‘
0 500 1000 1500 2000 0 0 20 30 40 5 6070 Angude® 1515
Hz ms
- || BFeld M [207 ]
4] Rew._graph:DAQXup Readout Time [0.08 ]
010 DAGXup Additional Mute Time (5) |
005 — Lowpass Filter (Hz)
0.00 Signal Range |05 2]
-0.05
-0.10
Q15 T T T T 1
o 20 40 60 80
ms
[EINIDAQ FID_7.21.26 Lydia iger8
5147 xup43? (Last=432) Amp = 0.00096283 mV Freq. = 99.917 HzPhase = 183.6 degT2 = 23.9 ms 6/29/2026 09:39
5148 -Ed:t/K- root: Genera'lNIFIiJParamStrm
5149 +EdiT/K=0 root: Genera‘lNIFIDParam
5150 «Ed1t/K=0 root:GeneralNIFIDPar
5151 xup433 (Last—¢33) Amp = 0 0076204 mv Freq 80 88 Hz Phase = 297.4 degT2 = 8.119 ms 6/29/2026 10:26
5152 xup  (Last=433) Amp = 0.0076204 mV SD 8 Hz Phase = 297.4 degT2 = 8. 11 ms_6/29/20 0: 2
5153 xup4 34 ELastJMg Amp = 0 00037975 mV Freq. = -425.86 Hz Phase = 144.6 degT2 = 0,325 ms /21/2026 13:16
5154 xup435 Last=435) Amp = ;go mVFreq. = -6.3191 Hz Phase = 342.8 degTZ 0 4154 ms?/Zl/ZOZE 13:17

5155 Killing Data wWaves from 0 to
5156  New Scans start at number : 0

5157 xupl Amp = 0.18049 mV Freq. = -100.64 Hz Phase = 92 6 de: = 30.23 ms 7/21/2026 13:55
5158 xup2 = 0.051033 mVFreq. = 42 634 HzPhase = 157 degT = 0 4269 ms 7/21/20 13:56
5159 xup = 0.14718 mV Freq. = Phase = 105.8 degT. 7/21/2026 13:56

A'ﬂl!
516 Amp = 0.14719 mv Freq. = 100 57 HzPhase 254 2 degT2 = 30 SZ n\s 7/21/2026 13:56 |
;igé -SavePICT/P Lydu/E—-S/B 72 as "xup_graph_IGOR8_NIFID_2026_07_21.png'

n I EE| e =]
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Free Induction Decay

010 | N Amp = 0.14773 mV
' A Freq = 100.98 Hz
A P = 253.8 deg
% 0.05 - A - (72=3041ms
c—cs I
D 0.00 -
(dp)
'
% -0.05 -
-0.10 ‘|
‘\ , 7/21/2026 13:53
< I I I I I I T
0 10 20 30 40 50 60 70

Time (ms)

IGOR 8

t

f®)= A e_(?) cos2rft + ¢)+ D

Amp =0.14719 mV
Freq = 100.57 Hz
P = 254.2 deg

T2 =30.52 ms

\ / ﬁ'\\ //xx.\\
v S
A % R
N \ ‘// N g
NG -

7/21/2026 13:56

30 40 50 60 70
Time (ms)
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Adiabatic Fast Passage: B-Field sw=c,+cx+c/f1+e2

(€3/2)°
IGOR 6 I IGOR 8

Amp =22.1 mV Amp =22.1 mV
Cent=5.483V _ Cent=5.476 V
25 - FWHM = 0.0497 mV FWHM = 0.0486 mV
ynoise = 0.309 ynoise = 0.367 mV
5 -
S 20
£
5 0-
[
D 15
%)
Z 104 7/21/2026 10:57 7/21/2026 11:00
5 7WMWMWWWWWWM

3.5 4 4.5 5 5.5 6 6.5 7 3.5 4 4.5 5 55 6 6.5 7
Magnetic Field (V) Magnetic Field (V)
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Adiabatic Fast Passage: Radio Frequency

Before D) After

0.10

Amp =0.12678 mV

Frea=460.1 Hz
P € 70 deg
T2 =F2-68 ms

0.05 g
S W
E In A
= 'a
®© 0.00 \
C \
D
wn U
% -0.0C
Z
1
-0.10 q
U 7122/2026 14:51 -0.10 | 7122/2026 14:54
T T \ T \ \ | \ ] \ |
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
Time (s) Time (s)
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7 NIFID Controls - =] X

Single Multiple Utilities

Python

Run NIFID
| ~Single Sweep Fitting
le—6 Filtered X Data
I ’ I ' I . | ' | ! 1 Test Params Fit Single Sweep  Scam: 9_
5.0l A=0.00V, T=18341418.400hs, f=1§8.666 Hz il T > Part 1 of 4: NIDA
¢ =-154.32 rad, D=-0.00 a t o Q
i B Decay Rate (s):  0.050 A~V
Frequency (Hz): 200.0 N
251 - i . e Software runs
= - i Verical Offset: 00 o e Not getting expected
= _ D Show Raw Graph D Show FFT Graph .
g 00 _ FID signal
g () Show R Graph Fit FFT
= L d
dEZ 25k | ~NIFID Parameters
| RF Frequency (Hz): 37450.0 L Y
RF Width (s): 0.003 ~ v
-5.0 g RF Amplitude (V): 0.500 A v
| —— Data ) Readout Time (s): 0.0500 A v
--- Fit i .
_7‘5 o , / ‘ \ , ; , g ) . Mute Time (s): 0.003
0.000 0.025 0.050 0.075 0.100 0.125 Expected Signal Range (V): | 0.02 o~
Time (S) Lowpass Filter (Hz): 1000 ~ v
B Field (V): 21 ~A v
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7 NIFID Controls - =] X

Single Multiple Utilities
Pyt h O n NIFID Scan Number: 9

Raw Data =
Raw Data T T T T T T B

0.08 |Hﬂl’th0ﬁklNH)AQ
. o BloftisanexUh&PyQt6)
s o Nhpiitddexptemted
3 e CElb=ignalass
% 000 g e Eivideince of RF
< e pPulisersal coding
-0.04 language
-0.08 l J A T T
2.00 2.05 2.10 2.15 2.20 i , ! , \ -
Time (s) le-3 10 2.15 2.20

\I Time (s) le-3

(
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Conclusion and Future Work
S



Conclusion

Polarized neutron scattering experiments at NCNR
3He neutron spin filter characterization and control
IGOR Pro software

o Learning code and structure

o Updating software and hardware communication
o Comparing Results - No differences!

Python software

o 1/4 complete
o FID signal acquisition issues




Future Work

1 Write more involved python capabilities

2 Stay up to date with IGOR
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Thank you!
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Questions or comments?
Ibullock2@wisc.edu



NCNR Instruments

* Named instruments
currently use 3He or plan to
e CHRNS NSF instruments

circled in green
BT9
MACSII

TN NG7
NS 30m SANS
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Polarization
Spin and magnetic moment

mm Alignment /4

mm Net Polarization P =




Lab Setup

Two methods of FID:
B Direct Connection with NIDAQ

« Small, 3 leads * Requires manual control
»  Works for stronger signal » Sensitive to weak signals
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Free Induction Decay: Amplifiers r© = ae@cosrse + ) +0

IGOR6 [N  IGORS8

\\ Amp =12.3 mV . Amp =12.5 mV
1071 Freq = 96.6 Hz Freq = 96.9 Hz
P =18 deg P =18 deg
— T2 =30 ms r T2=29 ms
> 5. \
E F
(_CU F 3
(@)] ) /,\ N
.U_) 0 - il M\\.“A;N-A’““MVV
e / \f/ .
E \
Z \\J
-5 - %/
7/21/2026 14:45 7/21/2026 14:36
-10 - V T | | | | | T T T T T T
0 10 20 30 40 50 60 70 30 40 50 60 70

Time (ms) Time (ms)
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