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! Motivation (ﬁux?lw

€ Neutron reaction cross sections are always measured relative to neutron cross-section standards (). Relative
measurement avoids measuring the neutron flux but is limited by the precision of the

@ The 19B(n,a) cross-section is one of the commonly used . However, there is only one dataset (Prosdocimi A et al., 1963) in
EXFOR provides the '°B(n, o) cross section in the thermal region, making it one of the weakest points in the neutron standards.

€ In BNCT, the °B(n, 0) cross section determines the tumor dose accuracy; in reactors, it governs control rod and soluble
boron safety; in detection and imaging, it defines neutron conversion sensitivity; in neutron sources, it controls thermal-
neutron filtering and beam quality.

» Comparison with previous measurement .
50 |
g
L b |
Prosdocimi A et al., Nuclear Energy. Parts A/B. ]m ; D BO Jf i
Reactor Science and Technology, 1963, 17(2): 83-87. A o e H
& [ 0 4
3 |
Previous measurement Back-n measurement b -
Sample: D;BO; solution BN sheet (~1 mm) Less impurities

Neutron Source:  Reactor Neutron Source Spallation Neutron Source  High resolution (<0.1% at thermal) 2 /24



! Motivation (m&

» Determine the 1'B(n, a) cross section based on the total cross-section measurement

The °B(n,el) and (n,y) cross sections contribute

B(n, a)’L1  ~ 3844.12 b (0.0253 eV) less than 0.1% to the total cross section at thermal

10B(n, tot) 10B(n, el)  ~2.19 b (0.0253 eV) energy. Thus, the '°B(n, a)’Li cross section can be
0 accurately deduced from the total cross section, which
B(n, y) ~0.40 b (0.0233 eV) is supposed to be very precise absolute measurement

via the transmission measurement.

(n,a) = (n,tot) — (n,el) — (H,Y)

» Literatures of 19B(n, tot) cross section measurement

Safford (1960) Schmitt (1960) Diment (1967)
10B(n, tot) (b) 3841 *+ 12 (absorption) 3848 + 38 3839 + 20
10B(n, a) (b) 3838 3845 3836

3/24



Experimental setup ‘ﬁl"K?N

This work presents the first thermal neutron measurement ever conducted at the Back-n facility. A Cd filter previously placed in the beam
absorbed neutrons below 0.3 eV. The accessible energy range has now been extended down to 0.02 eV by removing the Cd filter.

~76 m
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Experimental setup | ﬂﬁK?N

» natBN sample

BN1 BN2
Mass (g) 13.031+0.00025 12.9485+0.00033
Area (cm?2) 64.3204 64.3236
Isotopic abundance (19B/B) 0.1983+0.00002
natBN Purity(%) 99.50%+0.056%

Matrix-Array Femtosecond Laser Ablation by commercial company
for determining the purity of the BN after the measurement

The thermal neutron total cross sections of
“N (~12.17b) . "N (~4.56 b) and "B (~5.07 b)
are significantly smaller than that of '°B (n, o)
(3844.12 b) , which accounts for about 97.7% for
the . Corrections were made to eliminate the
contributions from above impurities based on the
evaluated libraries (ENDF/B-VIIL.0, JEFF-3.3,
JENDL-5, ROSFOND-2010, CENDL-3.2).

5/24



Experimental setup (mK?N

CSNS-LUHITE NEUTRON SOURCE

N (HR#E4

FERR
# &S (ppm) B10/B11 Li7 Be9 | B10 B11 SH) Na23 Mg24 Al27 Si29 P31 $34 cI35 K39 Ca43 Sca5
samplel-A T
line-1 AE# | 0.22 - . 436940 434348 | 562924 31.29 8.39 27.88 38287 | 73.80 - 25.50 23.16 . 0.044
line-2 m# | 022 p : 436876 434181 | 562708 8.12 458 15.02 654.99 | 95.89 - 199.46 | 5.15 : 0.027
line-3 w#e | 022 5 : 437251 434472 | 563085 14.16 5.14 14.20 46311 | 76.48 : 131.71 14.74 - 0.042
#mS (ppm) Ti49 V51 Cr52 Mn55 Fe57 Co59 Ni60 Cu63 Zn66 Ga69 Ge72 As75 Rb85 Sr8s Y89 Zr90
samplel-A T
| ine - 1 TR 1.557 1.093 0.532 0.314 11.775 0.151 0.402 0.471 1.796 0.016 - - 0.067 0.343 0.148 0.365
B &S (ppm) Nb93 | Mo95 | Rh103 | Pd105 | Ag107 | Cd111 | In113 | sn118 sb121 | Cs133 | Ba137 | La139 Ce140 Pridl | Nd146 sm147 | Eul53 | Gd157
sample1-A TH
line-1 FH#® | 0003 | 0010 |- . 0227 | 0001 | 0057 | 153 0.045 0.003 | 0.855 0.181 0.223 0.021 0.084 0.022 0.001 0.025
&S (ppm) Thb159 | Dy163 | Ho165 | Er166 | Tm169 | Yb172 | Lul75 | Hf178 | Ta181 w182 Re185 | Pt195 | Au197 | TI205 Pb208 | Bi209 | Th232 | u238
samplel-A T
|ine = 1 AT ik 0.003 0.019 0.006 0.010 0.002 0.010 0.002 0.013 0.002 0.260 0.000 - 0.125 0.001 11.815 0.517 0.022 0.009

6/24



! Experimental setup _

> FIXM CH11 CH12 CH13 CH14

U5-1 U5-9 U5-4 U5-5

Neutron I I I I

)
HLK-N
CSNS-LUHITE NEUTRON SOURCE

FIXM
Us-1 US-9 US54 US-5
Mass (mg) 23.091 23.091 6.331 6.319
Diameter of sensitive area (mm) 70 70 50 50
US isotopic abundance 90% 90% 99.985% 99.985%

o
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! Time-of-flight technique (m,-K?N

Collimatorl )
\/ ‘\\—ES#Z \\‘
.. e=mT \ \ ~ 7“'\\
Neutron window VESH \‘/‘/\L 7____:
Neut\'on \ ,_,55“‘\
/ /\‘ ——:
-
o |
15 1.6 GeV Proton

ﬁn Neutron shutter

Deflection magnet
Tungsten

The prompt y-rays (y-flash) can be utilized to calibrate the neutron time of flight.

—_— e e e ===

o

_____________________________________________
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! Determining the y-Flash Timing
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y-flash

The double-bunch structure (2 identical incident
proton bunch with a well-defined 410 ns interval) is
negligible for thermal neutrons with a TOF of ~35 ms.
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! Flight Distance calibration

» The 235U(n, f) resonances are used for
calibrating the neutron flight length

750

700
650
600

n
nh S
=T ]

n
(=]

Cross Section (b)
N W W A K W
S [
(—] <

=

1

1

(

7+ 1)

8.74 eV

235U(n,f)

12.34 eV

I

19.21 eV

1

10

12

14
E (eV)

16 18 20

)

Channel 11: T_N-T_G distribution

16000

14000

12000

10000

8000

6000

4000

2000

&UD 1300

1400

1500 1800

1700

M
1800 1900 2000
T N-T G (ns)

Channel 13: T_N-T_G distribution

5000

4000

3000

2000

1000

FEI
&OD 1300

il
1400

v Ly 7
1500 1600

i il
1700

P T SR B}
1800 1800 2000
T _N-T_G (ns)

«&@ShcK-N

CSNS-LUHITE NEUTRON SOURCE

o

Channel 12: T_N-T_G distribution
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! Flight Distance calibration

» Flight Distance Fitting

Tn - Tg (ns)

» Verify flight distance

©
(B'LKN

CSNS-LUHITE NEUTRON SOURCE

Neutron Spectrum
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! Flight Distance calibration ﬁK?N

> RFEBUACEREEERE 5715 (Geant 4RHIER)
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! a background discrimination ‘ﬁ{K?N

» Using the pulse amplitude to cut the alpha background

1800
1600
1400 -
1200

1000

vhpn [a.u.]

800

600

400

200

2000 __ ......................... ........................ ......................... ........................ ..................

]
{ T |||||||! CTITTIESN T 111

10 10° 10} 10* 10° 10°
Counts

2
=
=
S
i

[
®
b
S

|

| - '-._-: .IU_E

vhpn [a.u.]
[
=
=

800 -
600
400
200 Threshold (110) 1
------------{} I B i O 5 i Pl S i i I e | I_I_I o = e o i [ | IJI- I I 1 1 L 1 1 1 A I | |><]-{}15
10 15 20 25 30 35 40
T [ns]

a background

14/24



! Consistency verification between different channels mK?N

»Fission rate comparison of U5-4 (CH13) and U5-5 (CH14)

U5-45U5-5i1# X LL{E

1.02

io (ch13/ch14)

Rat

0.98—

0.94|

LA W U T U0 N | U TS R RN

0.9l



! Verification of sample and beam uniformity (B'LK?N
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! Fission rates with different samples (2025) dﬁK?N

Open beam (sample out) BN1 BN1+BN2
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Fission rates with different samples (2026)

dH'CK-N
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! Cross-section

Transmission of
BN1 + BN2

Run 1

Run 2

Run 3

Neutron

I

Neutron

I

Neutron

I

Collimator
Collimator

Collimator

Detector

Detector

Detector

©
(B'HLK-N

CSNS-LUHITE NEUTRON SOURCE

> Transmission of BN1

Transmission of BN2
(0.05-1.0 eV)

Since Run 1 exhibited overlap
background, only the data from
two BN / one BN disk were
used for subsequent analysis.
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! Cross-section

> Total Cross Section and Correction
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! Cross-section

10B(n,o) &R EME L R LB
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! Cross-section

> TEAEREEL X FBE £.(0.0253e VB A #E{THI A (FitMin = FitMin*1.3 FitMax = FitMin*1.9)
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3870

3860

3850

3840

3830

ARBERIMEHRELER

Fit window center (e\:f)1

2026 / 2025

1.02

1.015

1.01

1.005

0.995

0.99

0.985

0.98

mN[UTHUN SOURCE

202642 52025 LG E R L {E

Fit window center (e\:’)1

2224



! Cross-section

Cross Section (b)
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CSNS-LUHITE NEUTRON SOURCE
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! Error analysis (B'I'ILK?N

» Uncertainty estimation
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» Sources of uncertainty

R(éalative Error st
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2. Sample mass

3. Sample surface area

4. Cross-section library data
5. Sample purity
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> Conclusions

1. A new absolute cross section measurement of 1'B(n, a) in thermal region (0.05 - 1.0 eV) were campaigned at CSNS
Back-n.

2. The measured cross section of 1°B(n, o) at the thermal point deviates from the IAEA standard by 7 b (0.18 %).

3. The experiments in 2025 and 2026 used the same samples, and the measurement results were very close. However,
the deviations between this measurement and those from the 1960s are significant.

> Future works

1. A highly enrich 1'B sample (like 1'"BC,) should be measured in the future.
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Back up @BHCK-N
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Neutron energy resolution (0.0253 eV)

— = \/(A—)Z + (A—)2 = 0.045%

A A
—= ( +1)\/(—)2+(—)2=0-091%

AL = 3.5cm, AT = 205 ns,
L =76.9589 m, T = 34980813 ns

C,=8,+B,

Cl = Sofs + Bofb
Cz = Sofs2 + Bosz
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