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High resolution NMR measurements by using a 400 MHz (9.39 T) LTS/REBCO

NMR magnet with a best mix use of various field correction methods
~ Towards a super-high field/compact type of NMR magnet ~
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Abstract: We have started a project to develop a high field compact NMR magnet using REBCO high-temperature
superconducting (HTS) Inner coils. In the present work, we operated the magnet with the best mix technology of field
correction methods. Eventually, a high-resolution 2D-NOESY NMR measurement for a protein solution sample, which Is
iInevitable for structural biology, was successfully achieved. The field correction method achieved here is Iinevitable for a
super-high field compact NMR magnet with HTS coils operated beyond 1 GHz (23.5T).

1G HTS:BSCCO
BSSCO filaments

>200Admm?*

150 MJ

———————————

NMR probe

N
Background: Development of a super-high field and compact NMR magnet
\ )
Toward a high magnetic Size of NMR magnets The 15t 400 LTS/REBCO NMR |

field > 1GHz (23.5 T) Bi-2223 Resco  REBCOwre
2G HTS: REBCO P ST A s tape »r inner col : Superconducting!
_Copper REBCO  Conductor currentdensity o Higgl WSetc'Flgility IDC (1Wat4.2K) REBC ! layer i
: I:ffll?_l\lgeﬂ;Cl)a?/ae;er G I —— <90A/MmM? 7 LTS/Bi2223 Io(<1 pplrjnr}ﬁ)y w | i el i
uffer layer = = : magnetic
Hastelloy substrate GHz / I ! fiald i

(47T) <500 MPa NMR
_class Conductor ‘ 1.2
current density :

llver matrix

== ~0.2mm
Y 1.P3GHz (24T)

1GHz (23.5T)isimit

CND T, Low tempc?ratture |
Nb.Sn superconductors

u L (LTS) |

S —

=
O

NMR magnetic field (T)
S
I

~1lmm |

| External current
... mode operation

1990 2000 2010 . 2020

(H, 13C, 15N) | || |

Screening current

Inner diameter:81.3MmML = = = = & & — o o o e e e e - - - =

QOuter diameter:119mm Amemiya et al, SuST 2008,
Length :400mm Yanagisawa et al, Phyaica C 2009

Problems caused by the screening current
> Magnetic field drift with time

-~ =tk > Large iInhomogeneity of the magnetic field
— > Reduction of the performance of the corrention

coil and the SC shim coils

Resolution <2 ppb 1.4 ppb 38 ppb’ % REBCO NMR which 1is
28 - - affected largely by the

1 |

colil rI—\
**************** iy

\

-20000 |

40000 b o I ~ NMR, [,

a B\ ( N 4
Resolution and Sensitivity Phu_rposedof . Experimental ; KFieId homogeneity correction
- The 15t 400 MHz LTS/REBCO NMR- -~ thisstuay | | |
The 2"¢ 400 MHz e Low-order axial Low-order radia
LTS/REBCO NMR =
1. to establish a magnetic REBCO ‘1;40000 () ::’(9). - .I:}(.d). -
field correction technology| correction LTS coi inner coil | %, 18.3ppm || 3.4ppm || 0.8ppm
in the 2nd 400MHz LTS / Inner z2 5 20000 | Wiy }
shim coil TR E:f:l
gann %
Sensitivit o
S 600 >12 - effect of screening current. 2
Radial Inhomogeneous components cannot be g
corrected by superconducting shim due to the 2. to demonstrate that it is

effect of the screening current capable of high-resolution
High-resolution NMR measurements cannot | | NMR — measurements in

be capable as resolution and sensitivity is NMR magnet using
. REBCO coil.
over 10 times lower

54.6cm

]
: b

<« RT shim

Iron shim

-1 01 -1 0 1 -1 0 1
Axial position, z (cm)
* SC: superconductivity;

RT. room temperature

-

Large inhomogeneity of the magnetic field
can Dbe corrected with the best mix
technology even under the harmful effect of

>

\the screening current. Y
™ . . .
Higher-order magnetic field
J harmonics
Current for the RT shim coils (Hz/cmn")
Ratio Amplitude (Hz/cm")
(b) Afer final adjustment (b)/(a)
Field Ordern (@) After  (b) After
1 Effects._ | 39 harmonics SC shim iron shim
0.11%:85.2Hz 0.11%:36.3Hz X 1 497 1581 3.2 correction correction
Y 1 .69 348 Of the 5.1
Z2 2 202 646 probe 3.2 _
ZX 2 -454 -930 gn d 2.0 Correction 24X 2 6277 35
ZY 2 91 147 -1.6 f ZY 2 -7668 22
e target o
ooooooo o e C2 2 -133 139 Sampe 1.0 . .
S2 2 -94 53 0.6 iron shim €2 2 39 L7
/ Z2X 3 -1140 -1240 11 side effects S2 2 1153 2
'H NMR spectra for 1% chloroform in aceton-d, Z2Y 3 -500 -507 1.0 _ .
AL JL ZC2 3 -740 -635 0.9 of the iron 4°? 3 139 886
ZS2 3 -531 -415 0.8 shim Z3X 4 140 — 411
100 50 0 50 “100 Hz 100 50 0 50 ~100 Hz C3 3 -251 -263 1.1 73Y A 134 —> 336
_ _ _ S3 3 -171 -159 0.9
Just after the field homogeneity Final Z4 4 449 820 1.8 £252 4 -222 — -7103
- Z3X 4 -541 -680 1.3 7C3 4 135 =——> 290
correction 73Y 4 -294 -404 1.4 —_—

Comparison with LTS NMR, 1 [ High-resolution NMR measurements for

LTS/Bi2223 NMR a protein sample

/

/

500MHz 500MHz 400MHz 400MHz
LTS NMR  LTS/Bi2223 LTS/REBCO LTS/REBCO
NMR [1] NMR-#1 [2] NMR-#2

Resolution <2 ppb 1.4 ppb 38 ppb 1.3 ppb

-t = R - M0
- 4= = LA B
P ] - : =
I N 1 =
s I e
T 7 :' f"_ o -
- L e S
L] =
:'-,ﬁ::_p'-' = ..
13 honly = ke
.. - '
.,

© @ N O ;A WN O L
| TPPTRPPL FAPYTIS [PURPIUY [RFTRFPTOR (YT NEPRRUTEN [FSTOTTN [FPPPRTTOT NPT [PTRPe REppn |

Sensitivity 600 512 28 318
500MHz:470

="
(=]
"
op e N
+* r L | o
e " ey
Lo hade
..+-|..I .. :..*.:,
R
o
wd -t Al -
. 1
' M . #
“-
W : ! ra
o, e A
toily _ih._ ) 1. . -,
.-'; ‘;ilr;‘. 3“ I‘ . ' ..:'.l .IT I 1“::
o fli' LN :. 1
Lo [ L] { .
. ft.. 1 *fie,
+"‘..r|'! 'il-;‘u L] H .-.
:P‘ .‘_'i.ll- ro. P i i
ey F . 3
R 5 R K
LR T "
. et B B
a ' - &

IH Chemical shift (ppm) ¢

Resolution: Same level of LTS NMR UL

500MHz LTS NMR Equivale

}

0 oW o~ @ b WK = O
VPRV, FUVPRRE TRUVFVIV FOVPVRTIL FRVURVUN FRVVITURR FRPVOTRRTL AVPRRTTL FYVRPVON |

-1

nt400MHz LTS/REBCO NMR

o

3
\

546 mm

10 & 8 7 &6 &5 4 3 2 1 o -1

H Chemical shift (ppm)

Sensitivity: 78% of LTS NMR, 92% of v Quantified measurements of the distance

LTS/Bi2223 NMR between the hydrogen nuclel

Sufficient resolution and sensitivity were achieved. A high-resolution NMR measurement was succeeded
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Significance of the present work
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The technology obtained in the present work is an essential

technology to achieve a super-high field and compact in the future.
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A field homogeneity correction, NMR line shape optimization, NMR sensitivity

test and NOESY measurement were made for

NMR magnet has difficulties

correction technology

Including the

a 400MHz LTS/REBCO

In generating a homogeneous magnetic
fleld due to the effects of a screening current. High-resolution NMR
measurement, can be made with (1) the advanced field homogeneity

iron shim and (2) the appropriate

procedure for the NMR line shape optimization considering the existence
of the large higher field error harmonics.



