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Fig. 2. Thermal neutron flux distributions in the

acrylic phantom and water phantom at C-BENS.
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Fig. 3. Gamma-ray dose rate distributions in the

acrylic phantom and water phantom at C-BENS.

1.2x10° T
KRB —e—

—— 75 0L
5 2] ™ X
T / W KUIFLY
S 1.0x10°f 2 None - - -~
S 1. / \
= / N
1 T
M /
# /
I soxioe / T e
fiod / -
s ’
I,
6.0x108 >
0 1 2 3 4 5

RS [em]
Fig. 4. Thermal neutron flux using the TSL of the
acrylic, water, and polyethylene, and not considering
the TSL.

2% Sk

[1] H. Tanaka et al., Nucl. Instr. Meth. Phys. Res. A, 983
(2020) 164533.

[2] K. Hirose et al., Radi. Oncol., 155 (2021) 182-187

[3] D. A. Brown et al., Nucl. Da. Sh., 148 (2018) 1-142.
[4] O. Iwamoto et al., J. Nucl. Sci. Tec., 60 (2023) 1-60.
[5] K. Yamamoto et al., Res. Dev. Neut. Capt. Ther.,
IOBNCT (2002) 499-503.

Measurement method with acrylic phantom for BNCT

Nishiki Matsubayashi, Naonori Hu, Takushi Takata, Yoshinori Sakurai, Hiroki Tanaka

matsubayashi.nishiki.3d@kyoto-u.ac.jp



(N2) ZEXEZBHBRLABREI ZF LU OT IVRAFARRAFER— MNEDHD
Th(IV)SER DHEEFER) 2B SR

(EKREAH) O L=
1. ZLdic:
TS AL W 2R LT RO R T, RERN

M@ LET @ o #MEFHTLEN o SERIGR

(Targeted Alpha Therapy, TAT) 237EH v, x4t
FELTPAc R EDTI7F /74 K (An) LENE
H ST 5, An Jr3 & AR OJ A0 e JE 2 | Z S5
LTI, SR FOEANT T, An & ¥ L— MEAY)

(chelator, Bifiz 1) TEfHL., ZDOF L — MLEW
AR - AP EIR CHURZEA L, PURPUER
BOS 2R U O fiia R i~k 54 5, Fig. 1 IR L
7= B Ac W T RN TR E O X L — MEA W
i 1% . TAT T & ¥ = 7 — 72 DOTA
(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetate,
Table 1a) BHW BTV AU, Z @ DOTA 1%, &)@
A F 2 & R TE 7R PR 2 TR T 2 BRAK A 6 & FF
L, XUH TR LTHLVRVBEE 40F
LTWg,

HOOC (o} COOH

N7 coom
o o LA H H
|
Y
° chelator antibody

Fig. 1. 22Ac-PSMA-617 (Prostate Cancer Drugs).

I, 2Ac DT HREMTH Y | PRa DPULZFET
&5 2Th CEEEE18.72 H) 23, FEHoE I L
NOEIEBIGEE L L THfFESTnDE0 L,
¥ L— MEAW & LT DOTA % fV 7= Th §5{k

(Th-DOTA k) T, KEHEF CLERFERDOHME
BilIX72\ B, ©FE D | Th-DOTA $5{K T TAT &£ L TH
H7RPERIIRTEHATE TR, £Z T, AL,
ZHNETODOTA &i3HeDF L— MeGa v
T Th#EROME 21T > TE 7o, BARRYITIR, R
VAN IADING /3 S SR IPSE: SN UVASS
DOTMP (((1,4,7,10-Tetraazacyclododeane-1,4,7,10-
tetrayl)tetra- kis(methylene))tetraphosphonic acid, Table
1b) #HMH L. gL LT, DOTMP OFLHLAY
DOHRBNL - EDTMP  (Ethylenediamine-N,N,N',N'-
tetrakis-(methylenephosphonic acid), Table 1d) % H\»
7= Th 85RO HAT7 > T\ D, T2 Tk, Zhnb
U UiiE o2 fEOF L— MW % 7= Th
AR D KEEIR T DOEEFC LT DONT & | it s
FRATIC X D HEER) 2R U W TIRE T 2,

Table 1. Structures of Chelators

pendant arms
-COO- -PO(O),
o e
o
)\O@ \'\Dioe
€]
(0] N/w © eo N/w
0
cyclic [0 {N NJW o:\P\/q N/\/pio
LN~%% k/NJ 0 ©°
oY O
o) eo/ (0]
(2) DOTA (b) DOTMP
©
Oy -0° 0 ol o 0
?/ rZ( P poe
ri 2 \ - \8
acycric N\/\NL I/NJ\N_WP‘
0 fe © %P0 o \O;O
(c) EDTA (d) EDTMP
2. FEE

2-1. LA EIEIC X D85 EE (Kw) & 5 — 7
2 FALEE Kaw) ORE: WEKE LT 0.1 M
NaOH ZK¥ik 2 vy, #0R &L 0.005 M HCIOs,
50 mM NaClO4 DVEEH CHEAZ 2 5 mmol dm™,
BEA A (Th*) ORENFL— MuEMEEE
JL® 5 mmol dm™ (2725 X D ISR U7z, IR,
25.0+£0.1°C & L7,

2-2. fEEb &R A AE AT : 0.1 mM Th(NOs)s & 0.1
mM EDTMP % L < % DOTMP O¥RIE A % L. 3
M KOH /KiAf#E 1 M HNO; iz pH % 10 (2
FHELL 7=, DOTMP O Z&IZIE pH AL LT/ 7 =
vr (NHC(NH2)2) bW, IWIRE K%, s
W%, BEMAE 1mL OK ICHERRESE, BT
SmLODOTH ) —NEINZTZ, TORE, %< Ok
H Y e AT T v 7 kO Th-EDTMP 884
K¢[Th(EDTMP)(NO;),] 2(KOH) 15(H,0) & #4071
— ~ L w» » W ® Th-DOTMP & 1K
[C(NH2)3]4[Th(DOTMP)(H,0)] 11(H,0) D Hi fi & % 15
Too (BR) U W 7 B HRES X A% IS R AT 25 &
(R-AXIS Rapid IT) & F N CTHEEFRIT 21T > 7=,

3. MEREBE .

3-1. BALEMEIEIC X D5 EE (Kw) & B— 7
2 [ ALEE (K ORTE FES: %A Table2 [2F &
oo KR CEEERERNSFONTZ &1E. Zh



5DOX L— MEAEMDIKIER T T Th* & ZE RS R
RS D Z L ERT,

Table 2. Formation Constants (Kmi) and Protonation
Constants (KMLH)

KvL KMLH
DOTMP 17.71(1) 15.00(6)
EDTMP 11.80(1) 9.68(2)
DOTA 27.86(1) 8.58(2)
EDTA 25.48(2) 6.37(6)
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Table 3. Crystallographic Data
Th-EDTMP

Ks[Th(CeH12N2012P4)
(NO3)2]-2(KOH)-15(H20)

Th-DOTMP

[C(NH2)3]a[Th(C12H24N4O12
P4)(H20)]-11(H20)

Chemical Formula

Formula Weight 1378.99 1228.81
Temperature (K) 296 173
Crystal Dimensions (mm) 0.1x0.1x0.1 0.10%0.10%0.10
Crystal System triclinic monoclinic
Space Group P-1 P2,/c
Lattice Parameters
a(A) 11.7191(6) 9.8245(5)
b (A) 11.9739(6) 22.7482(10)
c(A) 18.0838(11) 20.0189(10)
a(®) 107.7479(15) 90
B(°) 92.5482(17) 91.248(6)
v (°) 114.9056(15) 90
V (A3) 2147.7(2) 4473.0(4)
z 2 4
Deaicq, (9/cm3) 2.132 1.825
Fooo 1336 2488
p(MoKa, cm-1) 45.01 35.74
Independent Reflection 9747 8167
R1 [I > 20(1))/No. of 0.0822/5887 0.1313/6756
Reflections
wR2 (all Data) 0.2334/9747 0.3716/8167
GOF 1.136 1.100

Table 4. Selected Bond Lengths

Th-EDTMP Th-DOTMP  Th-DOTAHM
Th1 Th2
Th1-06  2.440(9)  2.295(17) 2.364 2.353
Th1-09  2.428(9) 2.391(19) 2.355 2.333
Th1-012  2.415(10) 2.336(17) 2.382 2.346
Th1-O15 2.402(8)  2.284(19) 2.353 2.375
av. Th-O  2.421 2.327 2.358
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Fig. 3. ORTEP drawings of complex parts of (a)
Th-EDTMP and (b) Th-DOTMP complexes.
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Fig. 4. Space Filling models of (a) Th-EDTMP and (b)
Th-DOTMP without two NOj™ ions or an aqua ligand.

Table 5. Distances (A) between coordinated O.

Th-EDTMP Th-DOTMP  Th-DOTAX
Th1 Th2
06--015 2.827 2.988 3.234 3.175
012-015 2.851 3.109 3.234 3.220
09-012 3.786 3.174 3.253 3.257
06--09 3.955 3.230 3.258 3.291
av. 0-O  3.355 3.125 3.240
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(N3) Advanced Nuclear Fuel Discovery with Machine Learning
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1. Background:

In the wake of the Fukushima Daiichi Nuclear Power Plant
accident in 2011, the nuclear energy sector has focused its
efforts to develop Accident Tolerant Fuels (ATFs) and
compatible claddings. The overall goal is to improve upon
the existing UO» - Zircaloy system and achieve greater re-
silience to nuclear incidents and better economic perfor-
mance [1]. Central to this endeavor is the pursuit of high
thermal conductivity in ATFs, a property vital for reducing
the risk of core meltdowns by significantly lowering the
centerline temperature of fuel pellets. For example, under
normal operating conditions, while the coolant is held at
around 300 Celsius, the centerline temperature of a UO,
pellet can exceed 2000 Celsius. Moreover, numerous other
benefits come with a lower centerline temperature, such as
reduced fission product diffusion and thermal stress.

Over the past few decades, the thermophysical properties
of various uranium compounds have been extensively
studied, resulting in the identification of several promising
ATF candidates like UN [2], UC [3], and U3Si, [4]. Despite
all of them boasting higher thermal conductivity compared
to UO,, none have been put into commercial use due to
other shortcomings. For instance, UN and U;Si, react with
steam/water in the event of a cladding breach [5,6], while
UC suffers from high swelling rates [7]. Consequently, the
quest for the ideal ATF continues. However, as the number
of uranium compounds exceeds 2000 [8] and we need to
consider their vast number of solid solutions, the tradi-
tional material discovery approach of repeated sample fab-
rication and testing is infeasible. Thus, a more targeted,
rule-based material discovery method is imperative. For
example, by uncovering the underlying principles that
connect a compound’s composition to its thermal conduc-
tivity, we can significantly accelerate the search for viable
ATF candidates.

Fortunately, machine learning (ML) algorithms hold great
promise for discovering these hidden relationships be-
tween variables within large datasets. In fact, ML’s inte-
gration into materials science is starting to revolutionize
and accelerate the material discovery process. Recogniz-
ing ML’s success in other research fields, we hereby ex-
plore its potential to expedite the development of ATFs.
More specifically, our aim is to construct a ML model that
assesses a uranium compound’s thermal conductivity rela-
tive to UO; using only the compound’s composition as in-
put data. Such model can then be used to select uranium
compounds with high thermal conductivity for further ex-
periment verifications.

2. Methods:

Machine learning models are fundamentally composed of
three elements: input features, target variables, and a rule-
discovery algorithm. This section delineates the steps im-
plemented in data preprocessing, feature engineering, and

model selection, which are critical for constructing the ML
framework aimed at predicting the thermal conductivity of
uranium compounds. For an in-depth understanding of the
training procedures, please refer to our publication [9]. Ad-
ditionally, inquiries regarding ML algorithms should be di-
rected towards the scikit-learn library's extensive docu-
mentation.

2.1 Data processing
Data source

A total of 372,480 data entries were extracted from the
Starrydata2 database [10], forming the basis of our training
dataset. These entries encompass details pertaining to ma-
terial composition and associated transport properties. To
illustrate the nature of the dataset, five randomly selected
rows of the extracted data are presented in Figure 1.

composition DOI Temperature Thermal conductivity
(Ag0.2Cu0.785)250.7Se0.3 10.1002/aenm.202100883 750 0.576978
La0.1Dy0.1Sr0.75TiO3 10.1007/s13391-018-00113-8 650 NaN
CoSb2.7Ge0.125Te0.175 10.1007/s11664-011-1617-x 450 3.446126
CaFe4Sb12 10.1016/j.physb.2006.03.067 50 3.288693
Ca3Co409 10.1109/ict.2003.1287493 650 NaN

Fig. 1 Sample entries extracted from the Starrydata2 data-

base.
Data filtering

As depicted in Figure 1, the dataset contains invalid entries,
such as null values (NaN), necessitating adjustments to
maintain data integrity for model training. Entries with er-
roneous compositions and inappropriate numerical values
(non-floats) were also removed. Furthermore, we re-
stricted the temperature range of the training data to be-
tween 300-1000 K and established a thermal conductivity
threshold of 0 to 500 W/mK to minimize the effect of out-
liers. Figure 2 illustrates the distribution of data after fil-
tering, resulting in a refined dataset comprising 168,918
entries. Furthermore, a density plot illustrating the thermal
conductivity values of the refined dataset is presented in
Figure 3.
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Fig. 2 Distribution of training data after data filtering.
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Fig. 3 Density histogram of the training data’s thermal
conductivity, with x-axis limited to 20 W/mK.

Categorization
Predicting a material's thermal conductivity can be ap-
proached through regression or classification methods. In
this study, we opted for classification to identify whether a
uranium compound's thermal conductivity is comparable
to UN/UC, exceeds UO,, or is equivalent to UO,. Our
choice is driven by a primary focus on identifying potential
ATF candidates rather than precisely quantifying their
thermal conductivity, which can be achieved via experi-
ments. For classification, we have assigned the following
classes to the thermal conductivity of each material within
the training dataset:

e Class 0: 0-5 W/mK (comparable to UO,)

e Class 1: 5-15 W/mK (exceeding UO,)

e (Class 2: 15+ W/mK (rivaling UN/UC)

Grouping & Balancing

It is important to note that the Starrydata2 database was
initially curated for the exploration of thermoelectric ma-
terials, which predominantly include solid solutions char-
acterized by low thermal conductivity. These solid solu-
tions pose a risk of data leakage, where the model might
be trained and subsequently tested on overly similar data,
inflating its apparent performance. For instance, a model
trained with data featuring Snj7slns0Asz; 7150 and then
tasked to predict the thermal conductivity of a similar
material, Snjs.1IngoAs21 slg0, would likely show excellent
performance due to the data similarity, as illustrated in
Figure 4. However, such a model typically underperforms
with genuinely unseen data. To mitigate this, we intro-
duced a data grouping strategy based on the two principal
elements of the compounds, ensuring that similar entries
are exclusively allocated to either the training or testing
set, but not both. With reference to the given example,
both Sni7sIns0As21 7150 and Snys 1Ing 0Asyi sls0 would be
classified into the [As Sn] group.

Temperature

composition class main_elements

300 Ba8.0Ni5.0Ge41.0 Ba Ge
300 Ba8.0Zn7.0Si39.0 Ba Si
300 Ba8.0Ni0.5Zn7.1Ge38.4 Ba Ge
300  Sn17.8In4.0As21.718.0 As Sn
300 Sn15.1In8.0As21.518.0 As Sn

Fig 4. Compounds grouped by their main elements.

The prevalence of entries with low thermal conductivity
within the Starrydata2 database, as highlighted by the den-
sity plot in Figure 3, poses a risk of biasing the model to-
wards underestimating thermal conductivities. To counter-
act this, achieving a balanced distribution of data across
defined classes is crucial. In this work, we employed the
Synthetic Minority Over-sampling Technique (SMOTE)
[11] to augment data in the underrepresented classes. This
technique essentially enriches classes 1 and 2 by generat-
ing synthetic data points that are interpolations of existing
ones. However, it's important to note that while SMOTE
aids in balancing class representation, it unfortunately
does not introduce new data variations, which are vital for
a model's robustness. Table 1 presents the distribution of
data within each class before and after the balancing pro-
cess.

Table 1. Distribution of thermal conductivity class before
and after data augmentation.

Class 0 Class 1 Class 2
Before 139,402 21,703 7,813
After 139,402 139,402 139,402

2.2 Feature engineering

Features, serving as the independent variables in our
model, are essential for capturing the characteristics of the
compounds under study. For this initial investigation, we
employed the pre-defined Magpie feature set [12], which
aggregates a broad spectrum of descriptors related to the
constituent atoms of a compound. This includes statistical
measures such as the maximum, minimum, range, mean,
mode, and average deviation of the atomic properties. Fig-
ure 5 displays the initial few Magpie descriptors for the
compound PbTe. In addition to the 132 Magpie descriptors,
we also included temperature as the 133rd feature.

MagpieData MagpieData MagpieData MagpieData
minimum maximum range mean
Number Number Number Number

composition

(Pb, Te) 52.0 82.0 30.0 67.0

Fig. 5 Initial entries of the Magpie descriptors for PbTe.

2.3 ‘Rule-discovery’ algorithm

Upon finalizing data preparation, we chose the random
forest classifier as our training algorithm, particularly for
its capabilities in handling non-linear relationships
through an ensemble of decision trees. A standard 10-fold
cross-validation was conducted using the scikit-learn li-
brary to estimate the model's predictive accuracy on un-
seen data. This method divides the dataset into 10 equal
subsets, where each cycle involves training the model on
9 subsets and testing it on the remaining one. Before train-
ing, the 9 subsets are augmented using SMOTE, while the
test subset remains unchanged. This procedure is repeated
10 times, with each of the subsets used as the test set once.
The results from these iterations are averaged, yielding a
performance metric that is not biased by any particular
data partition. Subsequently, the final model was trained
on the complete dataset of 418,206 entries, including syn-
thetic data points, to ensure a thorough learning process
and to address the class imbalance.



3. Results

3.1 Model’s performance metrics

The aggregated confusion matrix from the 10-fold cross-
validation is illustrated in Figure 6. Each cell's value in the
confusion matrix indicates the fraction of a true class pre-
dicted by the model as a particular class. For instance, for
materials classified as having low thermal conductivity
(true class 0), 89% are correctly identified (true positives),
while 10% are mistakenly classified as class 1 (false neg-
atives). Our particular focus here is on the model's recall
for class 2 (15+ W/mK), which represents materials with
high thermal conductivity that are potential ATF candi-
dates. The recall is a measure of the model’s ability at iden-
tifying a particular class and its value is shown along the
main diagonal. As shown in Figure 6, the model success-
fully identifies 71% of class 2 compounds with high ther-
mal conductivity during cross-validation. However, it
should be noted that the test sets used in cross-validation
are not predominantly composed of uranium compounds.
Consequently, additional validation should be performed
to confirm the model's performance on a uranium-specific
dataset.
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Fig. 6 Confusion matrix of the trained random forest
model.

3.2 Predicting the thermal conductivity of uranium
compounds

To predict the thermal conductivity of uranium compounds
not included in the training dataset, we obtained a list of
783 uranium compounds from the Materials Project data-
base [8], each with an energy above hull of zero. After re-
moving 9 duplicates that overlapped with the training data,
we converted each compound's composition into 132
Magpie descriptors. Additionally, a temperature value
ranging from 300 to 1000 K was incorporated as the 133rd
feature. Out of the 774 unique uranium compounds evalu-
ated, the model predicted that 146 have a thermal

conductivity exceeding 15 W/mK between 300 and 1000
K. Table 2 lists 6 of these compounds in descending ura-
nium density order.

Table 2. Selected uranium compounds predicted to have
high thermal conductivity (15+ W/mK) between 300 and

1000K.
Uranium density Uranium density
UsSi 15.6 UCo 12.9
U,Ti 14.5 U,Gs 12.0
U,CN 13.1 UBN 11.2

3.3 Outlook

This work developed a preliminary ML model that is able
to predict the thermal conductivity of uranium compounds
based on their compositions and temperature. Among an
initial set of 774 entries, the ML model identified 146 can-
didates with high thermal conductivity, effectively reduc-
ing the need for follow-up sample fabrication by 80%. This
result not only demonstrates the potential of ML to accel-
erate the development of ATFs but also highlights several
avenues for future research. Currently, the model is limited
to predicting pure compounds, constrained by the lack of
comprehensive data on the composition of solid solutions.
Moreover, the use of a classification approach means that
the model cannot discern the precise thermal conductivity
of compounds within a given class, something that could
be captured with a regression approach. Overall, while it
is evident that the development of ATFs poses substantial
challenges, the integration of ML in the field of nuclear
materials heralds a new age of innovation.

References:

[1]S. Zinkle et al., J. Nucl. Mater., 448 (2014) 374-379.
[2] S. Ross et al., J. Nucl. Mater., 151 (1988) 318-326.
[3] G. Vasudevamurthy & A. Nelson, J. Nucl. Mater., 558
(2022) 153145.

[4] J. White et al., J. Nucl. Mater., 464 (2015) 275-280.
[5] S. Sugihara & S. Imoto, J. Nucl. Sci. Technol., 6
(1969) 237-242.

[6] A. Migdisov ef al., Commun. Chem., 4 (2021) 65.

[7] K. Pasamehmetoglu ef al., in State-of-the-Art Report
on Light Water Reactor Accident-Tolerant Fuels (OECD
Publishing, Paris, 2018).

[8] A. Jain et al., APL Mater., 1 (2013) 011002.

[91Y. Sun et al., J. Nucl. Sci. Technol., (2023).

[10] Y. Katsura et al., Sci. Technol. Adv. Mater., 20
(2019) 511-520.

[11] N. Chawla et al., J. Artif. Intell. Res., 16 (2002) 321-
357.

[12] L. Ward et al., npj Comput. Mater., 2 (2016) 16028.

Advanced Nuclear Fuel Discovery with Machine Learning
Yifan Sun, Masaya Kumagai and Ken Kurosaki
sun.yifan.7r@kyoto-u.ac.jp



(PJ1) ZFHLRAANT T —HIT L B REEN D EH

CRURE AT,

VAT HORKRERL S, SRBRORWEER B ORER T O ALAMTKER L UL JURT L PERRAT B
JEREFR] KRS, EHER, BEEAT. HIRTET

T BIBF D70 ARDUMESS . KABILE T
B2 AR O, RIRT O

1. LI

B~F+ keV O RV X—HEN &2 O TZIL,
[RIFE DB PERINLAA (RI) BRSO H <RI XK
2 M WR IR IR UL OB S FTREZR G AR H D . A A
N7 =R ELTHBEN TS, TiaE iz A
AN T =5 TIE, TRV F—MENOER T o~

MOT R NLF—THNTIEFITNENZ EEFNT,

2R OEIRIEE | R EEAEAL I ST 3k
AL E LCBUAITE D104 2B CTH 25y
MFEE LTHOWORTWS, A AT T —481F,
HAHEFEDOITLHE (BFE) (26 L CORIAICEFIREE
REDEBRNEOLND EWVDEHENH DN, <D
r7EIE, BRNE S AT AIRE R EREIZ IR ST
%o — . ARBFIEET CIIHFZER (KUR)R®E -1 7 A
T 7 EHWT, RIBIREZERT L2 ENAETH
0. ZEEIREFED A AR T — 3 FEhid 5 2 &
NTXD,

Zo7aY 7 FNTIEH, ZERRERO A AN T
— O L IGREE BIE T b O THY . W
EAERL L CWARFEDILRIZAEH LI EITS 2

L TENENDOWAMIT T DRI THEZH LI L,

WFFEXI G & 72 W OFTH 72 FE O BURC, KA D
A B =R DDA 2 R S5 2 & A AEEIC 7
5, Koy =7 NNOBETITHHOEFED 2 A
N T =3 ORENIRe . BTz 72 ZER AN OB 217
W, TaYes MNOMOFIETFIEICBIEH LT,
M fEIE TN ZEEZBREL TN D,

Tu Yl NNOKIEDOT —~ &R EE T
UToLEY ThD,

OCa & H EDIKRWHEENEA O M i OES AR T v
Vv (fEm=EH]) (R3)

OFEHZ LT RET ULBE D A AT T —45 5
(EEHE) (R3,4)

O A AN T — 056k W T8GR A ¥ o 45 B
(FKILE7)  (R3)

Oz G r A BRI T T 2O EFE+ D ERmE
FERIE « HIERPIERHEELIZ 38 1T D A Lk D5 DR
(HEEPSA)  (R3~R5)

O A YA MulcBir 5 _MMigkoR 5128
T BHHF7E (FAPUZEES) (R3)

O A ARG T —43 WA & BRI L= &k
BEROIRRE T (KIGILED) (R3)

OAu BE Sn A AT T —435618 K 2 BB O

LR L KHBEE
Ayt ®L R A L MRS 10, B S VL REEEER

FORER ' KRBXAKREL®, MBRAKER KL MR sORBSMF . 18 R4

R )
CHED RN =2 TaNE

WHoE CREERS)  (R3~R4)

ONi R4 B iARirE iR X OB L BRarE (R Ni-61
A AN T =436 (AbiE##EH)  (R3~R5)
ORAANRY T =5 X BH L0k by « = —n
vy MG OMmEME  (Fig k) (R3)

OB ERE 12 DR R ICBI T 2898 (R RS
—) (R3)

Ok REFETD A AR 7 —IE D 1= 8 D /N1
S T I EEEAE OB % (W 5E) (R3)
OZIeHF A ANT T =43 ORIRBA%E & & AL
(ALREF]) (R3~R5)

OAu-197 A AT 7 =43t 2RI U To AN ) — S i i
O RS ICET 2 RS CRfEELED) (R4)
OWHIHERTE R A 1 = 2 L DR - ik ekdh g o T%
FAE AR 2R U 7 SR b M O AR BE S M CR it sE KER)
(R3~R5)

O%Fe A AN UGN EEAWEZSB L=y 7L
B T L~ B AL O FICERTRIZE T 5
FROMEEALIZBIT 2098 (HFEYEHR) (R3~R5)
OFELD ML JED Fe* D — 78T oV VRIE
(FEM=EF]) (R4)

OKFE F—7"% i SN 7= 85 B IR B E R SmFeAsO
DA EIREOWZE (WE—) (R4~R5)

O BF A AT 7 —HE FH OFEEYE O LEFR T (HE
H7z) (R4)

ON T AR OEER DAL E TORYERIE ([ 5
) (R4~R5)

OAu-197 A AT 7 —43 5612 X b et b2 i~
D& (I11) A A > OEEICET 2098 (KAE5LE)
(R5)
OBRBIEGKRI TV v P~F A FOEfE A A
N T —AX7 MVHEE (BHEF]) (RH)
OBEMEREFD 2 230 7 — 43 6 TE & AR E
DI OEABHFE CVIREERE)  (R5)

Of LA AN T —HEHOEEYE OBERE 11
(#Emsz) (R5)

SRS FEOWRITETHR THY . S5 B
REDOERNTRIND D, REILIEIZ ZVE Tl
SONEFERREO RS, AR DO ERIT
%

2. LR

1) BEMR A AT T =436 K DR LS AL R o

_10_



BHERLT >V NV ORBEAFE ORB AR
&) [1]

(LIS

AL TIE, T E TICEE AT > TE =K A
AN T =y YA E A T2 FE R A S LT
Do WA AN T =t dEEIL, T~ iR e~
NFXrETU—X LR 0ENRL, Bk
— /L%l L CRUBHZ AS L kR s 2 AV <l
ETHHDTHY, SEA I O RS v
L. WENOALE Z & DA AT T —HENAFET
bDH, RUFFETIX, EAH O ESTIY O B
faiE R & LT, Ca BAROEVEESG 2% 512 M JE
D Fe, M2 JiED Fe*, B LML 5D Fe* Iz oW\ T,
WEMmRSZEL T Ly~ (Fig. 1) OB O FArIC &
LB E S ENCERART VIV EPE L (Fig. 2) .
F OFRARLEE DR 21T~ 7= (1],

4.6x10° 1.95x10°

1.9x105 {7 PR RIS
2
5 1.85x10°
3

1.8x10°

(@)
3.6x10° 1.75x10°

-4 2 0 2 4 -4 2 0 2 4
Velocity (mmis) Velocity (mmis)

Fig. 1. Mdssbauer spectra of augite of (a)powder
sample and (b) thin section with y-rays parallel to b*
axis.[1]

e a m Di(l)
®am Aug

@i VXX
e
= -Vzz

Fig. 2. Principal axes of electric field gradient ten-
sors of Fe* at the M2 sites of diopside(1) and au-

gite.[1]

2) BB L=y FVEWY) F U L~ 0 TR
DERA A S ZAL (FERHE AHEDER) [2]

BBI =y rVEBRY F U L~ T ALEMIT
EREYF UL, AL ZREMOEMMEE LT
FESNTW DN, (ERIEMECHBCERME L 8614 4
Ak L DREEMIC O TIZ S S NI ER T
72N, AHRIECIIERLGE D B2 % 20% Fe [EHL L
72 LioMnOs [IZ DWW TR Ol ZE b % A AT 7 — 45
HNBH LT LTz, A AR T — N OREEL
HIENDS kDY A 23 200K LT TIL 2l 3
AN EALT D 2 E RSB NI o2, 2T, Fet?

—Fe*" + §Fe’ (0< 8<1)D X 5 72 i CTlfigk D A~k
MELTWHEEZZBND, £z, BK DAY hL
TIX Fet, Fe*'. Fe"ORyEk4y & Fer v 7
Ly MO BN S v, &Ry & [FE LR 21T 9
Z L ATE I (Fig.3) [2].

] -

g
£ 099 Sample 700
g A component
&
i 098} at300K B component
2
=

097}

9, L L n
0.965 2 0 2 4

Velocity/(mmy/s)

o
o
g Sample 700
E UL at 77K A component
g B component
=
] C component
= 0.96}
0545 ) 5 5 3

Velocity/(mm/s)

8 g
=
]
|
Z
§ 0.995 . 1
x =1.46
S
£
= Sample 700 Sextetl
0.99f- i
Present model extet
3 Sextet3
at 3K .
Singlet
098_15 =0 = - £ — L

Velocity/(mm/s)

Fig. 3. Mdssbauer spectra measured at 300, 77 and
3K of 20% Fe-substituted Li-MnOs3 calcinated finally
at 700°C [2]

3) NuTAhA MEEF MBI BT 5 A
B AR (RIS AR

N T AHA NUEKEELY) SrFe0; 1 & Tl #k
Fe"Z2HiH, haARa P h L b8 Z R~ T Ha R %
TH DN, DOH#WE TH D BaFe0; D La EH#iRIC
BT, ARG T — 3 OWREZECRE Z1T - 72,
A ARG T — 227 [ VK 160K DL T2 W T, B
PR XinB 2 r L TR, AL « B RFAEN
KIETHRBELTWD Z DM 2 G Z LN T2
(Fig. 4), T7bb, KIBEMIZEB WO TIE, Fe’ 1 -Fe™
1 —Fe* 1 -Fe* | -Fe® | -Fe® | ® 6 fZEMID A «
EHEE (1Bl IAvrromx) 2L T0W5
LEEIND 3],

_11_



® x =1(our data)
< x=0(Blasco et al.)

(a) £ %0r()
293K %;40- Foor 0
U = 30}
200 K £ G0yt
€ 20 o
] Fe
g 10\—
180 K V T
;_é‘ ) _ 0 - t + +
5 m/ﬁ’m 26
£ E oy
S s & 04 Feﬁ*e---e-.e._ Fe36™ 7]
8 5 02F AACE U,
5 [0 RVNAAIN| & e
£ . 2 OfFe™ (o .o.0
S| | 04
" 100 E &)
€ 03f
3.67+
Fe¥ b—t—t—t—t—o ozl e
Fes* ———— E Bhakd
[=% -4
Www s O -
] Fe®*
% Q
® (=% L
AR FeS8hy
-10 -5 0 5 10 < 0 100 200 300
Velocity (mm/s) a T(K)

Fig. 4. Temperature dependence of Mossbauer spec-
tra and Mdssbauer parameters of BaysLa;sFeOs[3].

DAL A TR 5 A DO HERPNEEILIZ I T 5
AV s OF5- O (FILKS BEEW-DOR) [4]

—
[+
—

1,000 | Al

&
% 0998
2
E
2 099
©
=
0.894
Velocity (mm/s
(b) y ( )
35
#Fe?* Octahedral site
3 ®Fe’" Tetrahedral site
Fe®* Octahedral site L)
®Fe” Tetrahedral site ™ Fe*Oct
25 3Daublet1 * .
- Doublet 2 L [}
) 1Pa e o0
E 2 o
H . - 4
o 1.5 e ®
S r Y .
1 . I L ot )
05 ®
0
0 0.2 04 06 08 1 12 14
C.S. (mm/s)

Fig. 5. (a) Mdossbauer spectrum of Fe**-enstatite
glass. (b) Variation of center shift and quadrupole
splitting for Fe*" and Fe*" in silicate glasses.

PIHTHIER I W TREEE T O AV N OAFTE HiER
WHESHEAL D [E LR D BEFR D 72 D IZEHE TH 5 3,
BEE T O AL FORFFEITIEE ATl TR0,
AWFFETIE, IR TFTO AL FOBEBPWE & LTk
BEL T AT T A ektgt Lio@ It F COWE
ZiTHoTEBY ., AANRTT—HIEZ VT, Fe Offi
¥ A&FEL Fe 1D Fe*DERZIT-7- (Fig. 5), A

2R T —HEIZ LD FeX Ol b L2, BET
TDr A BT T ADENEIZ SOV TCERN L iEim %
RIS ERTEE4],

5) %Dy, "Er 35 L NPT D A AN T — BRI O BHF
(EREEW dbREH) [5]

AWFFETIX, KIR BHCE T AT v 27128 b
R LT BRI 2 N2 A AT 7 — 5 ek D
B AT CBY, SEIERBFED A AT T —
IO TIEEMENL U, ISR E EhiE LT\ b,

SRy ) A Z /N1 7 —453 36Tl Hoo Yo, s & B
LI CKUR THIMET-FRET L. "Ho O#RIRZ 1ERK L
TEr O A ANT T — 3 W TR AT 5 FiE AL L
72 BER D HoAly 1 Tl 25~35K THER DA A4 T
D=0, WENE 40K LA ETIT O LN H - 7208,
Hoo 1Yo el Z VYD Z & T, 18K FEEEDIRIZIB VT
BER DN AE L 72N & aiENDT- (Fig.6), =
AT XY, 40K LLTFD Er A 2T 7 =50 FEER
BlRE & 72 o 77, Hoo Yo sl IZ&BAKFA TH D KK
FCHbT B2, FHIRAE L TR0 iR LERIC
T2 2 EMTERVD, KB % FEIZ A K
TAHFECONTHHET L, EA ELER ERA
ARETH D Z & B FEIFE LT,

£72 9Dy R Tm (2B T bR OER T A T
ML, ISHEBRNARETH D Z L EFREL T,

i
it i RO + H
1.75x10° tﬁw +H%*Mﬁ# ﬁmﬁwwwwﬁiﬁ
1.74 — tr _:I
]
< + !
38 1.73 - n
+4
1712 + ErH2
+ vs 166HoYH2
1.71 4 18K
T T T T T T 1
-60 40 20 0 20 40 60
Velocity (mm/s)

Fig. 6. 'Er Mossbauer spectra of ErH, by using
166Ho source with Hoo4Yo6H> at 18K][5].

2 3K

[1] D. Fukuyama ef al., J. Mineral. Petrol. Sci. 117
(2022) 220506.

[2] M. Tabuchi, Y. Kobayashi, J. Phys. Chem. Solids, 150
(2021) 109862.

[3] M. Onose et al., Phys. Rev. Materials 6 (2022)
094401.

[4] 1. Mashino et al., Geophys. Res. Lett. 49 (2022)
€2022GL098279.

[5] S. Kitao ef al., Hyperfine Interact. 244 (2023) 10.

Development of isotope-specific studies by multi-element Mssbauer spectroscopy

Shinji Kitao, Yasuhiro Kobayashi, Takumi Kubota, Masayuki Kurokuzu, Hiroyuki Tajima, Hiroyuki Yamashita, Hidetoshi Ota, Keiji
Shinoda, Hiroshi Fujii, Yoko Akiyama, Izumi Mashino, Yuki Matsushi, Hironori Ohashi, Takafumi Kitazawa, Hiroki Wadachi, Yoichi
Kamihara, Ryo Masuda, Kotaro Yonezu, Mitsuharu Tabuchi, Kyoko Okada, Makoto Seto

seto.makoto.2c@kyoto-u.ac.jp

_12_



(P1) FEBE_BRLI N~ =T LOEREMIC X 2HEERL

CRRBEADE, KRIRANREEE ) OFERA, MEHLEE, WA ' A2, BihE

1. XU Fra~=0 AR DR IL, HERB
EMEDOER T THD T ARESOT a7 b L
T, BEZFEFHOBEMO - DRI N TE (1, 2],
TAFRET N~ =T NIE R EICEEEE S
M. SiTITEHERT Ge" DA AU FENKE W=D,
B TIE X 0 ARWE ) TR AR 3B 2. % 5 1A O FH s
BRIEEZ&ND, TOHBELACEFEDOERMEIT,
AR OB EREB OB L FRICEETH D,
FEELE GeO, DAL 1L H £ CTld Ge" OENLEL 4 DTA
RAEEUEARD B2 0 | §EES) T TR 23 GPa
FCTOENFPBT 4 25 6 ~EBRx ITEN DN
T 53], —FHTEELES (EHRERE FTb,
BREL & RGO Ge0y 23 & B 1T 4 BINLH D 6 Bifr~ &4
EELT D EEZ LN TE 4], R IESERRED
o OEEEHE RGO EBZ I H F V 1Thi T
BoT, M e ol STy, £ 2 TR
ZE I BB MG S AL 72 IR GeO, D 2 Fi 72,

2. FEBR  HREFEIOIERE GeO 1 X, HEEE 99.999%
D Ge0, R %A 1 ZETF 1400 CT 14 EeR, 1450 °C
T 6 FFRTARE L 728 UCHER L=, Nz
KIRASERFO ) a=y Mz R\, BIGE
ZWCBoFgk LB THRIC L%, XLy MEL
7okl & SUS304 B DFEI AR IZEI A LT, HEE[ENY
FER XA - MOEMIFTEREAE (NIMS) o — B Ak SE 8 %
FAWTIT o 72 [5], EBRIT 2 [A], fEEfR o e —2
£ %28 2 TITW, Z 30241 17 GPa, 19 GPa TH -
7o [EIGURA 25 2 UIWT L & & F VTl L7274
FAOFE & KA T IR T O R
X BREPTEEE (Ultima IV)IZ XD X BRAEEMEAT L7,
B 9 A OFEHI R AT O NEIREE Y X BREITT E
(SmartLab) % HVNCWri O E R 21T > 12,

3. FER L BE Fig. 1 ([T BIEMERTE OREI O K
XRD [A[7 /8% — > %79, 17 GPa, 19 GPa & %123k
R GeOy, REAHIZN Z.. 4 BfIFESE CH D a —quartz
H Ge0y, & 6 BENLFER TH D rutile B GeOy DB — 7
DL BT, [FIET) T ORI MG O Se A T ST OfE R
LT % b MERIEAE CIIIESNE Ge0. 2> B D i
GeOy DEFENME Z VLT W ERAL N E Ao T2,
F72 19 GPa DIE 9 N a—quartz Bl ©°— 7 5RJE N
KREWZ ENbhot-y ZDOZ MG a—quartz
I 17-19 GPa [ CRIRENBEI SN TEY | rutile
Bl L CENBIMICBUE ThH D EEZBND,
JEEACIZK T DIREOE NS, EEEL ORI
LTI, EREND a—quartz BT DL
D& rutile A LT AL ONFRFICEEZ 5 &%
ZoND, JEHE®OEREEIC L DEERIZLY o

—quartz BIA~ZALT D5E OIED, TEHMEICHEWET
NEE) U\ RS & 7 - 72580 CREIE R NI & 7=
HOIL, rutile MAETHEEZOLND,

—Amorphous GeO,

—Shock-recovered
sample (17 GPa)

Shock-recovered
sample (19 GPa)

Intensity (a.u.)

10 20 30 40 50 60 70 80 90 100 110 120
20 (deg, CuKa)

|4-coordinate crystal structure (a-quartz type)
| 6-coordinate crystal structure (rutile type)
1sus304

Fig. 1. Powder XRD diffraction patterns of the shock-
recovered sample and an amorphous GeO: before
compression.

Eirsa

ABFFEIL NIMS HEHEHLSH]EE (QN3510 7 HE#EA] HY)
DZFEE L O JSPS BHiffEr 20K20947, 23K17702 DY
K& Ttz T, NIMS OFEFEE, /I
EGERE, B IR IR I8RO Hfh 348 K O i
BT 2EmoOmMmEICBWTE KRR HALZTEE £
L7 DEVEHHAEL BT ET,

SE XAk

[1] K. Hirose et al., American Mineralogist., 90 (2005)
262-265.

[2] R. Dutta et al., PNAS., 119 (2022) ¢2114424119.

[31Y. Kono et al., PNAS., 113 (2015) 3436-3441.

[4] 1. Jackson et al., Physics of the Earth and Planetary
Interiors., 20 (1979) 60-70.

[5] H. Araga et.al., HARFEMFF 2 2023 AR GETH
FHELE., (2023) R5P-01.

Structual Evolution of Dynamically-compressed Amorphous Germanium Dioxide
Hiroto Araga, Yuhei Umeda, Yusuke Seto, Yonosuke Tarutani, Takuo Okuchi

araga.hiroto.58m@st.kyoto-u.ac.jp

_13_



(P2) THEZ 7aAF D7 I uA REEMEIREDORENT

CRREE, HKREAH T, /HRT?) OBRE K, 7K ' FLMmARS ' ZILEY 1 JUKREH: 2

1. XU TV A <= —IRITE T DO
HIREBTHY | ZTOWREFRRE L CRIMEEC
BIFHEANBEOEBNZET SN D, EAPED EIERE
R ET I e A RBNTFR(AB)BEELZT
SuA REMETH D Z b, FDOEMER)ISDOMEA
T Y A = — IR OFIERAE & PR35 9 2 T
WICHEETHD, ABIETFraaf U EEDHE
RS, TR B o — MEBEICET T I v A Rk
NEHET D Z L T TITTBAR S U RRHE A 5 &
LTHETDZERRESNTWDN, BEMGD
FEHNIOR 2B S Ty, [1-3]

Taf X NIL 7 a— AR ERS & T AR LS
PEOMMTHY . SFIERERBEORERIICE
Fhb, ERAEEMEE LT, PUESIER. PUAEE
HRRHEESh D, RIFETIE, 7aA4 X
WZE D7 I aA RMEEEE OB R EZ, A B~
F REETFIILE LTHAEL, #0411t 2 fitr4
HZEEHWMET S,

2. FEBr . AB(1-40) X7 F FILN KU His # 7
L EXF 2 (His-Ub) I L7c@G» 7 &
L C. BL21I(DE3)/pLysS %15+ & 75 KIGH #EELR
WX ERIL 7=, LB B5Hid D% 1SN-H LT &
=y LEEL MY FU/NEHIC L VRSS2 LI
F 0. FEEERRAR SN 15N KRk AR ZERIL /-,
isopropyl-B-D-thiogalactopyranoside (IPTG) ¥RA0IZ &
VRBZFEL.NINTA LD T7 74 =F 41—/ 1
~ N7 T 74—, BH1 Yy MrdTe
10-40 mg DA 2 X7 B2 G F b7z Ub-AB
fh& 4 2737 B % Yeast Ubiquitin Hydrolase-1 7' &
77 —ETU L72D B 1A HPLC (5C18ARI) (2
LB,
HONTZABXTTF K& PBS Ny 77 —HTF
&L, —ERRHIZIC Y B LT thioflavin T %
WIS 22 &Ik, BRlEnT I/ R
MR ER L, £7-0 A A2~ 7 hL (D) I
K0 ZUREE AR LTz, IBNAAER LT A BT F
R4 AT 1H-15N HSQC A7 ML ZHIEL, 7=
A X EABOMEERZRIL L~V TN LT,

3. FR M 1ICT aA X2 IRFIE TR b ONTAFAE
FIBWTHELET InA FBRTF RO
IH-15N HSQC A7 RV & RS, WA=T R,
b7 b« =27 058 - E— 7 EOWT I
BWTHZELIBDOOLNT, “IRIENMR LT
IBN-7 X vA RBNR7aAf X EMEERTD &N
5 EBRIEFHLE R 2 LT TE R ol & AN,

3TEIZBWT 4 HRRBE D AT VT, 7aA
HUFFE T OB O TS B — 7 R5Ea2Tif L L
77, AU FIAEMED IBN-T a4 R B NEKRALE
BIR~ESB LI BT, —F, 7aqs x4t
F ROV TN TIEARY MUVCELITR ST,
I5N-7 2 A R B O HCEEDDRIIZIH S D
ZENITRENT,

T I aA FEHEERIZBW T, T TR S
ToRRME AR D BRI LIZGEIC, Zhvaeiifile UGRE
RNMIHEITT A Z E RIS T A (seeding TEHME)
Taf X FET Az lick ., DEIRINLIZEE
EREA DR E A DI S D D E T AER
PEE 72 I RN IR T X T o de, TDO T b,
TaA XA B DT 2 v A RERHEF L O W BEpE
(BETERES)  ZRPEERAIZHEI LT\ D 2 & AR
Tz,

0 ] a
17 2
¢}
18 3
3
19 5§
! : =
LI N} o 0y 120 ©
[ ] E
¢ ' 121 =
u" ”"“ =)
o o 1223
(X} 00 =
00 . 00 . 123
[ 00 124
] ]
125
0 ’0 126

9 8 79 8 7
1H Chemical Shift (ppm)

Fig. 1. 1H-15N HSQC spectra of amyloid-B(1-40)
peptide in the absence (A) and presence (B) of ex-
cess amount of fucoidan.
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Fig. 1. X-ray diffraction patterns for (a) partially

crystallized and (b) fully vitrified specimens contain-
ing 13% water (synthesized at 1 GPa, 1400°C, 1 hour).
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Fig. 1. A comparison between the ICRP74 flu-
ence-to-H*(10) conversion function and calculated
responses of dosimeters.
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Fig. 2 Fluorescent images of MCF-7 cells incubated
in the medium containing (a) shell SANP, (b) core
SANP ([Th] = 25 uM) for 24 h.
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Fig. 3 Dependence of the colony formation rate for
Gd-agents 1-5) and control 6) (n = 3) on neutron
fluence, MCF-7 cells were irradiated with thermal
neutron for 20 min after incubated in the medium
containing Gd agents ([Gd] = 25 uM) or PBS for 24
h.
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(P10) Current status of new fabrication technique of absorption gratings for Talbot-Lau

interferometer
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1. Introduction:

Neutron Talbot-Lau interferometry (TLI) consists of three
gratings which are a source grating GO, a beam splitter
grating G1 and an analyzer grating G2. Three different
kinds of images (attenuation image, differential phase
image and scattering image) of the sample can be
simultaneously obtained by using the TLI [1]. It is also
very powerful to investigate magnetic materials and
magnetic domains. GO is used to create an array of line
sources with enough spatial coherence, which are
incoherent mutually. G1 is used to create interference
patterns according to Talbot effect. Since the pattern
structure is too fine to be resolved directly by the neutron
detector, G2 is used as the analyzer grating located directly
before the detector. GO and G2 are absorption gratings and
G1 is a phase grating. Gadolinium (Gd) is used in the
fabrication of absorption gratings due to its high
absorption cross section. The fabrication of absorption
gratings with Gd is essential to satisfy the required
performance of the TLI. Here the most challenging part
lies in the fabrication of G2 grating due to its smallest
period. Several fabrication methods to fabricate G2 grating
have been proposed based on different principles, such as
inclined Gd evaporation [1,2], Gd-based metallic glass
imprinting [3] and particle filling method [4]. Although the
inclined Gd evaporation method is attractive for attaining
a large-size grating (typically 64 mm square) [1], non-
uniformity is a remaining problem, which may reduce the
visibility of the TLI [1,2]. In the Gd-based metallic glass
imprinting method, the grating size is limited (10 mm
square) due to the fabrication condition at present [5]. In
the particle filling method, low particle filling rate and
nonuniformity issues exist [4]. In this study, we propose a
new fabrication technique for the absorption gratings, such
as GO and G2.

2.Fabrication:

The GO grating was fabricated by ultra-high precision
cutting machine at RIKEN and an ion beam sputtering
instrument (KUR-IBS) at KURNS. An Al substrate with a
radius of 3 inches was prepared, on which the thin films of
Gd and Ti was sputtered. Ti was used to cut the thin films
smoothly. After sputtering, the Gd/Ti multilayer was micro
cut by a cutting tool whose apex angle is 62 degrees within
a range of 50 mm square. The related fabrication
parameters are shown in Fig.1. Fig.2. shows an image of
the grooves around the center of the new 50 mm square GO
with a confocal laser microscope at RIKEN.

24.41pm

40um

Fig.1. Schematic draw of GO grating

Fig.2. Depth of the grooves around the center of the
new 50 mm square GO

Fig.3. Visibility maps of the micro cut GO (left) and
the powder filled GO (right). The central part is
marked by the yellow rectangle.

3. Neutron experiment:

The newly fabricated absorption gratings were tested at the
TLI installed to CN-3 port of KURNS [6]. Fig.3. shows
the visibility maps of the micro cut GO and the powder
filled GO. The mean visibility of the pixels in the central
part obtained with the micro-cut GO was 0.441, less than
that of the powder filled GO, 0.493. The reason for the poor
performance of the new GO is considered as the less
effective thickness of Gd. The effective thickness of the
new G0 was estimated to be 13pum in terms of natural Gd.
Now the new GO with Gd/Ti thin films of about double
thickness is being fabricated for the aim of improving the

visibility. The fabrication of G2 by micro cutting of which

period is less than 10um is also in process.
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Fig.2 The relationship between stable cesium and
Cs-137 of blood samples from Nihonnmatsu City, Fuku-
shima Prefecture.
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Fig. 1. Anode current variation under gamma-ray

irradiation. The dose rate of gamma-ray was ap-
proximately 50 Gy h™! and laser power was 10 pW.
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(P21) Experimental study on local interfacial parameters in gas-liquid two-phase

flow within a plate-type fuel element

(Institute for Integrated Radiation and Nuclear Science, Kyoto University) O Vikrant Siddharudh Chalgeri, Xiuzhong

Shen, Toshihiro Yamamoto

1. Introduction

In order to obtain high neutron flux in test and research
reactors (TRR), the plate-type fuel elements with narrow
coolant flow channels are utilized to generate high power
density (i.e., high power per unit volume) and to enable
the single-phase coolant to effectively remove the heat
under normal operational conditions. In the anticipated
operational transients and primary coolant effluent acci-
dents, the TRR possibly enters the state, in which the
coolant is heated to boil in the plate-type fuel elements
and the core is cooled by the resultant boiling two-phase
flow. So, the behaviors of the boiling two-phase flow
have a great influence on the safety of the TRR in the
transients and accidents. In order to meet the TRR safety
analysis needs for the interfacial transport models in the
boiling two-phase flow in the plate-type fuel elements,
this paper made an experimental study on local interfacial
parameters in the gas-liquid two-phase flows within a
vertical narrow flow channel by using a high-speed cam-
era and the state-of-the-art image-processing method [1]
[2] and systematically established a database of the inter-
facial parameters.

2. Experiment

High speed videocamera
Air

Light
Ll source | Water
| filter

Reservoir
Test

section

Pump

Impeller
flowmeter]

<«

DD
PE—P¢

Pressurized air tank

Air flowmeter

Pressure

| | gauge QP
Differential pressure cell / i
Mixing chamber

Fig. 1 Experimental loop and measuring tools

In this experiment, an adiabatic air-water two-phase
flow loop in Fig. 1 was employed to investigate the be-
haviors of the bubbles. Water, sourced from a reservoir
tank, was circulated through a transparent acrylic resin
narrow rectangular duct of dimensions 0.07 m x 0.001 m
in inner cross-section and 1 m in height (z), yielding a
hydraulic equivalent diameter (D) of 0.00197 m. To
maintain a consistent water temperature, a heat exchanger
was integrated into the reservoir tank, and water quality
was ensured by a water purifier. The flow rates of the air
and water were measured with a mass flow meter and 2
impeller flow meters, respectively. High-speed cameras

recorded bubble behaviors at three axial locations (z/Dj, =
101, 254, 406), and the interfacial parameters of the ris-
ing two-phase flows were obtained by the subsequent
image processing. The systematic measurements and
comprehensive analyses were conducted for 45 flow
conditions with superficial liquid velocities (<j&) rang-
ing from 0.00 to 2.00 m/s and superficial gas velocities
(<jg>) ranging from 0.11 to 1.62 m/s.

3. Results and discussion

Figures 2a) and 2b), respectively, present the axial
evolutions of void fraction (<a>) and interfacial area
concentration (IAC, <a>) from z/D;, = 101 to z/D), = 254,
406 under the flow conditions with low <j& (= 0.206)
and the flow conditions with high <j> (= 2.00 m/s).
There are 9 <j,> flow conditions ranging from 0.109 to
1.61 m/s for <jm>= 0.206 m/s and 9 <j,> flow conditions
from 0.107 to 1.61 m/s for <j>= 2.00 m/s in Figs. 1a) and
1b), respectively. In both of the low and high <j> flow
conditions, the void fraction and IAC keep the different
axial evolving features under the low and high <j> flow
conditions. The void fraction and TAC show slightly in-
creasing trends along the flow development under the
low <j> flow conditions due to the pressure reduction
along the flow and the less coalescence of the bubbles.
On the other hand, the void fraction and IAC show
slightly decreasing trends along the flow development
under the high <j,> flow conditions due to the prevalence
of the bubble coalescence resulting from the high void
fraction concentration and the resultant drift velocity in-
crease of the gas phase.
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Fig. 2 Axial variations of void fraction and IAC
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(P22) Void fraction and interfacial area concentration of
two-phase flow in rod bundle fuel assembly

(Institute for Integrated Radiation and Nuclear Science, Kyoto University) OJiaxu Zuo, Xiuzhong Shen, Vikrant

Siddharudh Chalgeri, Toshihiro Yamamoto

1. Introduction: The rod bundle fuel assembly provides
a physical structure for holding the pellet-filled fuel rods
and removing the heat generated in these rods through the
passage of the coolant in the cores of pressurized water
reactor (PWR) and boiling water reactor (BWR). The
boiling of the coolant and the resultant two-phase flow in
the assembly are favorable phenomena since the gener-
ated bubbles greatly contribute to the transport of the heat
from the hot rod surface to the cold liquid coolant. So,
they are utilized in the normal operation of BWR and
happen in the anticipated operational transients and pri-
mary coolant effluent accidents of PWR and BWR. In
order to know the mechanism and reflect it in the math-
ematical models, this study performed an experiment to
measure void fraction (&) and interfacial area concentra-
tion (IAC, a;) of the two-phase flow in a simulated rod
bundle by using a state-of-the-art four-sensor optical
probe [1] [2] and established their database over wide
flow conditions.

2. Experiment: The experiment was performed in adia-
batic air-water two-phase flows in a vertical test section
with a 100mmx100mm (axa) channel box and 6x6 alu-
minum rods (rod diameter: 10mm, rod pitch: 16.7mm).
Besides several off-the-shelf measuring instruments, a
self-made four-sensor optical probe was used in the local
measurements. In view of the symmetrical geometry of
the test section, an octant triangular region ((-1<x/a<0,
0<y/a<l) with -x/a>y/a) in each cross-section is selected
as the measuring target. A total of 22 points in the select-
ed octant triangular measuring region were measured at
the axial position with a height-to-diameter (hydraulic) of
149 under 18 flow conditions in this study.

3. Results and discussion: The selected results of the
measured local interfacial parameters are shown in Figs.
1, 2, 3 and 4. The measuring parameters at the center
points of the subchannels and the edge points of the sub-
channels (namely, at the rod-to-rod gap center or the
rod-to-wall gap center) are represented by the subscripts
of ¢ and e respectively in these figures. The local void
fraction (a) demonstrates a significant core-peaking pro-
file with high void fractions in the channel box center
region and low void fractions in the wall region in the
cross-section under the selected relatively high ar-
ea-averaged superficial gas velocity (<js>) flow condi-
tions in Fig.1. With the increase of the area-averaged su-
perficial liquid velocity (<j7), the local void fraction
shows a decrease in the channel box center region and an
increase in the wall region. After comparing with the lo-
cal void fraction distributions in Fig.1, the measured local
interfacial area concentration (a;, IAC) (Fig. 2) shows a
similar feature in the cross-sectional profile, but the IAC
decrease with the increasing <j& in the channel box cen-

ter region is not obvious. This can be attributed to the
coalescence behavior of the large bubbles prevailing in
the channel box center region, through which a lot of
small bubbles disappear, in these selected flow conditions.
Fig. 3 also shows that the bubble diameters (Dj) in the
center regions are greater than those in the wall regions
and the large bubbles are moving in the center region.
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Fig. 1 Cross-sectional profiles of local void fraction
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Fig. 4 Cross-sectional profiles of local bubble velocity

As shown in Fig. 4, the local bubble velocity component
in the main flow direction (V) keeps a cross-sectional
core-peaking profile with high velocity in the center re-
gion and low velocity near the channel box wall in all
flow conditions. This means that the channel box with the
compactly inserted rods (rod bubble) can still keep the
typical power-law velocity profile in each cross-section.
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Table 1. The increase of peaks durring peak search
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Fig. 1. Water molecules before and after the peak seach
(threshold 306 = 2.5¢ = 26 = 1.56). D/H contrast
2m|Fo|-D|F.| Fourier map is superimposed on the model
after the peak search.
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Fig. 1. Absorption and visibility images of IN-
CONEL 718, Ti64 (top), AlSi10Mg, and SUS 316L
(bottom) fabricated by the laser powder bed fusion
process.
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Fig. 3. Result of pressure drop measurement at various
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Plan for the equipments related to neutron activation analysis at the new research reactor to be constructed on the "Monju" site
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Fig. 1. The HPLC chromatogram of extracts from

the laser-irradiated graphite.
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Table 1 Tortuosity and the coefficient.

Finned heat sink The coefficient Tortuosity t
Square 0.46 1
1/4 staggered 0.49 1.007
Half-staggered 0.65 1.028
3/4 staggered 0.84 1.062
Staggered 0.95 1.109
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Fig. 3 Comparison of measured data and calculated data.
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Effect of fin arrangement on pressure drop characteristics of two-phase flow in a finned rectangular channel.
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Fig. 1.
ated with gamma rays from a ®Co source.
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Fig. 1. Thermal desorption spectra of mass 4 (a)
and mass 3 (b) after irradiations separately He and
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Fig. 1. Positron intensity as a function of convert-
er-moderator distance for an electron energy of 12MeV

Fig. 2. Positron trajectories calculated for two types of
storage sections using mesh (a) and cylindrical electrodes
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charge-to-mass-ratio comparison conducted in 2014. (a)

Measurement scheme of the proton-to-antiproton



The measurement procedure. The antiproton and the H™
ions are alternately loaded into the measurement trap and
their cyclotron frequencies are measured by detecting the
two eigenfrequencies. (b,c) The configurations of the
electric potential during the measurements. A single anti-
proton and a single H™ ion are extracted from a cloud of
particle reservoir. During the frequency measurements,
one of them is transported to the center of the measure-
ment trap while the other is stored in one of the park
electrodes. Reproduced from Ref. [6].
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Fig. 2 Comparison of the distribution of the antiproton-
H™ cyclotron frequency ratio between the 2014 run and
the 2017 run. The improved magnetic shielding and ame-
lioration of environmental stability led to more than a
factor of 3 narrower width of the distribution. Adapted
from Ref. [12].
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Fig. 3 Photograph during a cryogenic test of the helium
cryostat, one of the critical components of the TUCAN
UCN source. Adapted from Ref. [18].
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Fig. 4 Photograph of a magnetically shielded room in-
stalled in the experimental area at TRIUMF. The shield
consists of four layers of mumetal sheets and a single
layer of copper plates.
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Fig. 1. Structure of the ultrafast Z-scanner for
HS-AFM. A. components of the scanner. B. Over-
view of the Z-scanner.
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Fig. 2. Implement the ultrafast Z-scanner into the
HS-AFM. A. Schematic illustration of the Z-scanner
mounting. B. Photograph of the entire HS-AFM
scanner with our Z-scanner installed.
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Fig. 3. Response of the ultrafast Z-scanner. A.
Frequency response of the scanner in air. Our ultra-
fast Z-scanner with four vertex support is shown as
“vertex”, and the response the same piezo actuator
with one face fixed to a metal plate is shown as

“surface”. The resonance frequency of conventional
HS-AFM Z scanner (200 kHz) is indicated as a dot-
ted line. B. Frequency response of the ultrafast
Z-scanner in water which is mounted on the
HS-AFM system.

Fig. 4. HS-AFM imaging of actin filament. A. A
snapshot of actin filament observed with the ultrafast
Z-scanner. B. A snapshot of actin filament observed
by conventional HS-AFM system. The scale bar
shows 50 nm
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Fig. . The schematic diagram of the protein ligation
methods: protein trans-splicing (a), enzyme-mediated
ligation (b) and chemical ligation (c).
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Fig. 3. Expression and purification of recombinant
OaAEP. Recombinant OaAEP expressed in E. coli
(lane 1) was purified by the His affinity column chro-
ma-tography (lane 2) followed by cleavage of His tag
(lane 3), ion-exchange chroma-tography (lane 4) and
gel-filtration chromatography (lane 5). Proteins in
each fraction were separated by SDS-PAGE and
stained with CBB.
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Fig. 4. Activation of OaAEP. SDS-PAGE of activated
OaAEP in pH 7.4~ 3.4 with auto-cleavage of cap do-
main.
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Fig. 5. Schematic diagram of OaAEP-mediated ER-60
domain hgatlon The first process is ligation of bb’
domain and a’ domains followed by tag cleavage with
SUMO protease. Second fprocess is ligation of a do-
main and bb’a’ domain followed by tag cleavage. A
His x6-smt3 tag was added to the domain fragments to
protect the fragments from self-ligation during the re-
action.
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Fig. 6. Schematic representation of the ER-60 domain

structure and locations of the ligation sites. S(a:b)-1 and

S a b) -2 were set between the a and b domains.

a’)-1, S(b’ a’)- 2 S(b’:a”)-3, and S(b’ a’)-4 were

between the b’ and a’ domains. As shown in parenthe-

ses, the OaAEP recognition motif, N-G-L, was created

by mutation, except for S(b’:a”)- -2 of which the motif

was created by insertion. S(b’:a’)-1 and S(b’:a”)-2 were
designed at the overlapping positions.
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Fig. 7. SDS-PAGE of ER-60 for single-site ligation by
OaAEP under several conditions, reaction times of 16
and 64 h, and reaction temperatures of 4, 20 and 30°C.
SDS-PAGE gels (15% acrylamide) were stained with
Coomassie Brilliant Blue R-250. The ligations were
performed at the two sites between the a and b domains
(Figure 6), (a) S(a:b)-1 and (b) S(a:b)-2, and at the four
sites between the b’ and a’ domains (Figure 6), (c
S(b’:a’)-1, (d) S(b’:a’)-2, (e) S(b’:a’)-3, and (
S(b’:a’)-4, respectively.

Fig. 8. SDS-PAGE of ligation products in the two-sites
ligation of ER-60 by OaAEP (reaction times of 64 h at
25°C). (a) The first step: 75% deuterated bb’ and hy-
drogenated a’ domains were ligated at S(b’:a’)-2. (b)
The second step: hydrogenated a domain and the ligated
bb’-a’ domain were ligated at S(a:b)-1.
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