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Motivations

® The total cross section measures the probability of any interaction occurring when a neutron interacts with a target nucleus.

® “Neulron fotal cross sections are perhaps the most fundamental measures of the nuclear interaction” [P. W. Lisowski et al.
Nucl. Sci. Eng. (2024) 198: 1901-1910], resulting in a strong constraint on nuclear models.

® The neutron total cross section is usually measured by the transmission method, which is an absolute measurement of high
accuracy, making it highly valuable data.

/J elastic (n,n) Ge (, Y L
— I I
\ —— (“r/ 1 !
——
I |
; ; : G. Absprbed I
inelastic (n,n’") i 1
-_________#@ “eutron | Atom nucleus |
’ 1 ' :
|
capture (n, g H ;
= PHUEE (11, ¥) c Incident _—— Transmitted : :
N |
[ neutron - nucleus reaction ] e » | absorbtion J— neutron Scatteradt @ neutron I !
% — - cattered* | I
fission (n,f) o, neutr 32@/ . I
> I
S —" |
“\ v ey H 1
transfer reactions (n, (&) 3 : :
= [ 2n), (n,a), (n,p} i .._-—'-"'"'_-—' @\

Total cross section Oy
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CSNS layout

. 80 MeV H-DTL

Spectrometers | RCS \’ ® 1.6 GeV protons bombard tungsten target
|

| e ® Pulsed beam with 25 Hz repetition frequency

. = Proton
\ | 25Hz e Current beam power: ~185 kW (2.88X 1073 p/pulse)

CSNS is mainly used for material study based
on neutron scattering technique, but beam
expanded applications are actively involved,
including white neutron beam, proton beam,
muon beam, etc.

Back-streaming neutron (Back-n) beamline

— —
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Back-n facility

CSNS tungsten target End station 1 (ES#1) End station 2 (ES#2)
@ 54-58 m @ 74-78 m
Back-n beamline ‘ l

i . R e—
A =8
b i

- B e e
. T haged v 00 0 0 B0 Uged v e’ AL
4 B

Gey .
p Samples Collimator Neutron
Bending magnet \ Ij)etector
Y
. . i ~20m
Time-of-flight (TOF) technique Suppress the multi-scattering background

Two end stations: ES#1 (~56 m) and ES#2 (~76 m) and only measure the transmitted neutrons!
Wide neutron energy range (from thermal to ~300 MeV)
Weak y-flash due to back-streaming design

Ideally suited for total XS measurement due to its unique design

@
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Back-n beam characterization

Energy resolution at Back-n ES#2

AE _ . ¥ .
& i) T

Proton beam width Moderation

Neutron flux of ES#2 (~107 n/cm?/s) Thermal neutron Flux of ES#2 Resolution is better than 1% up to 1
- g T | _ | FIXM measurement - BN filter (1.7 mm) MeV
3 ) = LBl nesonert S/ Energy AT " AL AR/E
g e = F (eV) (ns)  (cm)
£ I it 5 10°: I/’-v""" e CoNE
2 10°¢ - s : 1 25,5 145 3.8x1073
Ur: E ’ﬁq’::.'..f-".‘— * = 3l o~ |
Lof v - / / - 10 255 17.4  4.5x10°3
s f S0 / "~ 1X102 255 15 3.9x10°
% 10 e % F 7
- 105 1X103 25,5 13.6 3.56x10°3
10°E - .
Bl vl sminl vl ol sevl sl sl el = - -3
1 10 10° 10° 104N(}l(1)t5r01110:nc:'0? (013:; L ..30 1 X104 255 13.3 3.6x10
® En (Y 1X105  25.5 9.8 3.9x10°°
6 -3
Yijia Qiu, Yonghao Chen* et al., NIMA (2025) 1075: 170383 LA 255 Gl Al
1 X107 255 3.6 2.9x1072
1X108 255 4.4 9.9x10"
3X108 255 4.1 19.8x10"

. @
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3. Neutron total XS measurement at CSNS Back-n

— —
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The experimental setup at CSNS Back-n

ES #2
~7T6 m
o o S [- ----------------------- + Detector
= 5S #1 S
D e s ?Cl L SR . Preparation area system
- . Q. le Beam dump
Spallation Collimator #1 [2aMP Collimator #2

target

Neutron shutter

Neutron beam

!

Proton beam

Bending
magnet

Sample station Neutron detector

1
Orot (En) = — F InT(Ey)

)

Fission chamber (FIXM)

Nsample—fn(En) - Bsample—in(En) 235 converter

T(En) B Nsam‘ple—out(En) - Bsample—out(Eﬂ.)
E, Neutron energy
N, Sample quantity v Li Glas
T Transmission rate Beam iy

6Lithium-gl Li-
Nsampre-in  Neutron counts with sample-in thium-glass (Li-GS)

B ,mpiein  Background counts with sample-in

ousin;

~ e
L SNs A, CSNS Backnth T2 I ETF SR, 202647 7 14-16 11, 174 @BhLK-N
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Neutron TOF technique

TOF method for calibrating neutron energy

L L
V= =
TOF T-T, ~
@
. . -14
e [ is determined by the resonance peaks of 235U sample i
. . ="
e 7,is determined by the y-flash events ~ X
8 s
Time distribution of fission events g
% 7 " s i | E L — Open beam
3 o - = — 10 mm "'Pp
- { Bk e I I S [, B SRR ST S S
Jﬁ Std Dev 449.4 z 10
ol m\ Photon-induce
E ficciny vianice =
ﬂ NSS101ICVCETILS S 08 -
Jee l;
L= IE
‘7‘12‘0‘0‘7160‘0“40(‘]‘%00‘40(‘)‘7‘20(‘)"0”‘200“400“&3(‘)0‘”800 E
T (ns) g 0.6 |
Comparison of fission rate and cross-section s
Ve 235U(n,f) cross section (ENDF/B-VIILO) E- = 10 mm na'Pb
. Measured fission rate 0-4 T | saaal 2 aaaaul EERrNETIT | i 2 naanl 3 aaaaaal s g aaal PRI

10° — 10! 107 10° 10° 10° 10° 107
/ l\\ ﬂ Energy (eV)
\NMVVJ \VA\M/ M J. M. Xue et al., Nucl. Sci. Tech. (2024) 35: 18

4 @
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Background evaluation

Background evaluation based on the black resonance technique

Mn Co

—

E, (Mn) = 2.39 keV
E, (Mn) = 340.8 eV
E, (Co) =132 eV

Black resonance filters

)

Background

Response(1/ns)

= —— Black Filter
- —— open Beam
---- BO
3L i
10 = -« BKG_scattering
= ---- BKG_Total
10? =
10
1~
107
i Mn239kev) | - Y-
107 b ieieiio..._Mn(380 l o .oy ——
- € Au(4f9 eV)
T lI llj i
10° 10* 10° 10° !

TOF(ns)

B(t) = by, + b;e "1t (GELINA JRC-Geel)

® b, time independent background
® p,eM scattered neutron background

Background is negligible for most of the cases
measured by the fission chamber

@
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Uncertainty estimation

I
Orot(En) = — Fln T(Ew)

Example: natB(n, tot) XS

5
Statistical errors Systematic errors
Welghtlng factor ® Transmission rate: ~2% Sample mass: negligible
(1"I1T)2 <0.19 e Background: ~0.2% Sample area: negligible %gxmz'—
e Flux normalization: <0.1% Impurities: <0.1% %
inhomogeneity of sample and 3 Bt
beam profiles: ~0.5% &
7x10° -
Bx107 -
5x10% -
2x10°°

E BN1/Sample out
$  BN1+BN2/Sample out
$  BN1+BN2/BN1
— Fit BN1/Sample out
— Fit BN1+BN2/Sample out
— Fit BN1+BNZ/BN1

Total uncertainty: <1%

Low transmission suppresses the statistical error, and vice versa

1 1 1
—2 2 —2 —2
3x10 4x10 5x10 E{g\y}}ﬂ

( o)
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Total XS measurement at CSNS Back-n

List of publications

Resonance

User

Year Nucleus Detector Energy range parameters affiliation Reference

2019 natC FIXM 1 eV —20 MeV - IER—FR Nucl. Sci. Tech. (2019) 30: 139
2021 27| FIXM 1 eV —20 MeV —~ hEE—FR Eur. Phys. J. A (2021) 57: 232
2022 nat| j FIXM 0.4 eV — 20 MeV Yes LiBrNYIrR Acta Phys. Sin. (2022) 71: 052901
2023 209Bj FIXM 0.3 eV — 20 MeV Yes [k 2y - Chin. Phys. C (2023) 47: 124001
2024 IBe FIXM  0.3eV-120 MeV —~ hEE—FR Chin. Phys. C (2024) 48: 084001
2024 natCr FIXM 0.3 eV — 20 MeV —~ BEXE Chin. Phys. C (2024) 48: 104002
2024 natphy FIXM 0.3 eV — 20 MeV - [k 2y - Nucl. Sci. Tech. (2024) 35: 18
2025 natF e FIXM  0.3eV-150 MeV —~ hEE—FR Phys. Lett. B (2025) 863: 139355
2026 natAg FIXM 10 — 100 eV Yes G ES] HITERESR (2026) 75: 020110
2026 169Tm Li-GS 1-100 eV Yes [RFEEbR MITEEAR (2026) 75: 020103
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Total XS measurement at CSNS Back-n

169Tm (n, tot) measurement (JRF&Ekx)

Background

Transmission rate

10° L \ 1955, Harvey J A 45 mm 9Tm
—— 6Li-GS Tm 0.5 mm ‘ 10% 1972, Tellier H —— ENDF/B-VIIL1: 182W 334
+ 1998, D Y — ENDF/B-VIIIL1: 8¢W IH—
- ﬁiV‘H}JHQZK@B«, % 0.8 1ge anon r / :
10° = 09
FE @) 102
;wZI:JEI‘B "') 0.4 o
b e
0.2 + 0.5 mm 1%9Tm % 10t
- 4.5 mm 16Tm
et 18 10
=
101
e e E—
103
10-3 i A . ;
20 40 60 80 100
ikt eV
- L. WP Resonance parameters
7 -6 -5 —4 -3 —2 -1 0
10— 10 10 10 10 10 10 10 E. Jev I, jmeV I Jmev
B ; - J
/ MeV ATAE  ENDF/B-VIIL1 ATHE  ENDF/B-VIIL1 ATHE  ENDF/B-VIILl  ATHE ENDF/B-VIIL1
3.908+0.002 3.906 7.3840.24 7.47 105.7047.40 102.4 5.17+0.21 5.22 1
. H - 14.334-0.01 14.32 9.1340.16 9.12 98.80+6.92 97.1 2.0940.14 2.08 0
One of Important rare-earth element 17.4340.01 17.42 5.460.04 5.74 81.40£5.70 814 1.28:£0.04 1.34 0
R t t . 28.730.26 28.90 0.2120.01 0.21 93.70£6.56 95.0 0.162£0.01 0.16 1
o eactor neutron p0|30n (c) 34.85:£0.01 34.79 6.862£0.06 5.87 86.00:£6.02 86.0 4.762£0.06 412 1
37.6440.06 37.51 0.4540.02 0.46 123.964-8.68 86.0 0.3440.02 0.34 1
® The resonance at 8.037 eV (nhot mcluded W8S£001 4470 2014008 347 90004693 930 2124017 251 1
_”_ 50.7440.07 50.58 5.06+0.37 5.40 89.0146.23 79.0 3.5940.33 3.79 1
in the Ilbrary) is confirmed @ 59.2940.02 59.07 10.130.21 10.0 86.00-£6.02 84.0 6.80+0.18 6.70 1
63.17:£0.01 62.97 0.9620.06 1.00 78.0245.46 78.0 0.712£0.06 0.74 1
Ll A 4@ ?E ( ) 65.98£0.01 65.75 139.18:£0.49 113 83.004£5.81 83.0 13.00+2.28 11.96 0
$ZJH J L-d- 1 EE 2 02 6 7 5 83.5540.13 83.18 7.5040.09 7.53 85.004+5.95 85.0 5.1740.09 5.19 1
020103 40 50 60 0 80 90 1(')0 94.1640.06 94.10 35.08+1.92 32,0 119.1248.14 $6.0 18.56+1.19 17.49 1
ekt /ey 95.95£0.02 95.40 4.2540.32 3.80 71.00+4.97 71.0 1.00-£0.29 0.90 0
BE /e

Total XS

v 1953, Foote Jr H L

0.5 mm 169Tm
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Total XS measurement at CSNS Back-n

® Important element in archaeometry

natAg (n, tot) measurement (BEHFERIZRL)

Ototal/ barns

® Large discrepancies exist in current
literature between measurements

and evaluations

® Resonance parameters from 1 to

100 eV are obtained

FE4IX, BRKis™ &,
YITEEAR (2026) 75: 020110

104§
Lty
102

10t f

i
&

- Kim G, et al. (2004) * Seidl F G P, et al.

L ¢ This work

_ b Total XS
Lim Rl e 70.75 eV

16.25 eV 30.35 eV s V5545 ev

lei M€— 44.6 eV
. i . 24 v
bt O A X

Fft"
'.—M-ww
vl
——in
ot " oy
L]
:.I—-l
ot A W8 <

(1954)

20 30 40 50 60 70 80

90
E./eV
Resonance parameters
E.os [eV I, /meV
This work ~ Liet al.® ENDF/B-VIIL.O CENDL3.2  This work Liet al.? ENDF/B-VIII.0 CENDL3.2
16.33 16.34 16.30 16.30 7.16 13.70 11.6 11.80
wAg 41.52 41.57 41.57 41.50 4.60 4.40 5.37 5.40
44.90 44.92 44.90 44.80 1.10 1.3 1.2 3.40
51.44 51.57 51.56 51.40 21.97 21.8 23.9 21.60
30.51 30.57 30.60 30.40 7.66 10.58 7.33 7.30
40.33 39.88 40.30 40.10 4.60 5.31 5.3 6.20
19Ag 55.72 55.92 55.80 55.70 38.32 31.96 37.20 36.80
71.04 — 71.0 70.08 26.15 — 24.14 26.40
87.57 — 87.70 87.70 5.13 — 6.40 6.20

Transmission

Transmission

Transmission rate

¢ Experiment data

SAMMY fit

¢ Experiment data
p—— SAMMY fit

50 55 60 65 70 75 80 85 90

E,/eV

CsSns

RV,
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Total XS measurement at CSNS Back-n

natFe (n, tot) measurement (FLBE—FR)
Total

Sample-in/sample-out measurement

l 0(]

Sample-out
—— 20 mm Iron-in

Relative Counts / Proton Number

10° 10" 10? 10° 10* 10° 10 10’ 108

Neutron Energy (eV)

® Iron is widely used as the structural and
shielding materials of nuclear devices

The total XS in a wide range, from 0.3 eV to
150 MeV, is obtained with high accuracy (<2%)

J. B. Bai et al., Phys. Lett. B (2025) 863: 139355

Total Cross Section (barn)

Total Cross Section (barn)

18

-
o

-
»N

©o

100

80

60

40

XS

40

—rT T — T

(a) = 1984 J.A Harvey
« 20 mm Iron
+ 40 mm Iron
—— JEFF-3.3
= ——— ENDF/B-VIIL.O

Total Cross Section (barn)

(b) = 1984 JAHarvey
+ 20 mm Iron
* 40 mm Iron
—— JEFF-3.3
—— ENDF/B-VIII.O

w
(=]
T

10° 10’
Neutron Energy (eV)

10°

Neutron Energy (eV)

© - 1995 K.Berthold
2018 R.Beyer
= 2000 W.P.Abfalterer

+ 20 mm Iron

+ 40 mm lron

F 1 —— JEFF-3.3
—— ENDF/B-VIII.O

o* 10°
Neutron Energy (eV)

1984 J.A.Harvey

Total Cross Section (barn)

- 1984 JAHarvey
2018 R.Beyer

« 2001 W.P.Abfalterer

« 40 mm Iron of #*U

= 40 mm Iron of 2*U

()

0 i " P S S |

. 1995KBerthold

= 2000 W.P.Abfalterer
+ 20 mm Iron of U
= 20 mm Iron of *U
—— JEFF-3.3
——— ENDF/B-VIII.0

Neutron

10

Energy (eV)
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Total XS measurement at CSNS Back-n

natpPp (n, tot) and 209Bi (n, tot) measurement (FAEKXE)
natPp (n, tot) XS Resonance parameters of 209Bi

Table 4. Extracted neutron resonance parameters of B

— CENDIL.-3.2 Reference E. eV I,/eV I,/eV
E. G. Bilpuch et al. (1961) Present 800.5 0.0342 4.9883
+ K. K. Seth et al. (1958) ENDF/B-VIILO 800.0 0.0387 4.6364
10? F » H. W. Newson et al. (1956) C. Domingo-Pardo [16]  801.6  0.0333(0012)  4.309(0.145)
. Present work (10 mm-2350) AR De [5] 800.0 - 4.655(0.05)
U.N. Singh [17] 800.0 e 46(04)
— Present 23405 0.0349 27325
® Coolant of the lead-cooled fast reactor = ENDFBNILO 23100 0046 17889
= C.Domingo-Pardo 23238  0.02680.017)  17.888(0.333)
. =) ’ A R De 23120 - 18.1(0.3
® The total xs from 0.3 eVto20MeVis < 10' | UN S om0 - e
obtained g i j : s gs G og o= wmag Present 5110.5 0.0666 3.6903
o e
omingo-rardo &
® Resonance parameters of 29Bi from & RIEERTACY) ARDe s - o
. —t - CENDL-3.2 . J. Cabe et al. (1967) U. N. Singh 5112.0 - 5.4(0.6)
O. 5 tO 20 keV al'e Obta | ned ig C. D. Pruitt et al. (2020) . E. G. Bilpuch et al. (1961) R Macklin [18] 5113.0 _ 6.49(0.14)
- . A. B. Laptev et al. (2004) | R. E. Peterson et al. (1950) J Morgenstern [19]  5084.0 _ 6.05
g D. C. Larson et al. (1980)  _ H. H. Barschall et al. (1949) et _— i it
= , ENDF/B-VIILO 12098 0.117 258.889
, . = 10 AR De 12123 = 259.0(6.0)
J. M. Xue et al., Chin. Phys. C (2023) 47: 124001 ¥ | SREey  WED - -
J. M. Xue et al., Nucl. Sci. Tech. (2024) 35: 18 g R Macklin 12100 - 292.0026.0)
- Present work (]0 mm_235[]') J. Morgenstern 12100 - 267.0
. Present work (10 mm-2381)) Present 15476 0.1142 87.601
TALYS-1.96 ENDF/B-VIILO 15510 0.11 114.444
10" . ettt . . = A R De 15548 - 129.0(2.0)
10¢ 107 U. N. Singh 15540 = 118.0(20.0)
Energy (eV) R. Macklin 15510 - 126.0(11.0)
J. Morgenstern 15470 - 118.0
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:+ 10B(n, a) measurement at thermal region at CSNS Back-n

o HARKEBAPFZRMNEMELMTESHEASENHENNE, FEHEESNEREEATEHENRRIRE.

e 10B(n,0) EEANIFEEE, (BRERPFEEXEXFORERILRE 7—HEISME (Prosdocimi A et al., 1963),
{(EELpE DRSPS ZAE=5509= (IAEA Report, INDC (NDS)-0865),

e "“B(n, o) RMENHFEBNCTHRIERGINIE, ERMEEFISRMIEETRAZLUCYEENG], SPARNFIRISHEA
RICHE G,

> Bl B2EESHBENEHRPFEEXB(n, o) RMEE

B(n,el) ~2.19b (0.0253 eV) F0.1%, BN LEBEEHITHIIVEIER SR
. WB(no) EEEE. EFEHANSRENEDE
(1) ~0.40b (0.0253 ¢V) B ETIE, AR ETE S EEE,

(Il,(l) = (Il,tOt) o (n,el) o (n,'Y)

{mB(n’ i IHLEDQEBIED T op(nel) and wB(ny) REBER S BEM R
10B(n, tot)

( SNS BRk ik, CSNS Back-n 7A@l &5t E, 2026471 14-16H, 1515 - A



! 1°B(n, a) measurement at thermal region at CSNS Back-n (m,-K?N

AL EBack-n{ERRFREXHEXNE, EdZRminiRIRISE, FiiJiEBack-nRik
R FEE=TPRA0.3 eVIE{ZET0.02 eV!

~76 m

~SSm _ ES#2
Neutron shutter Collimatorl ES#1 Collimator2

—> .
Neutron Neutron flight tubes
—
Spallation l l
target

FIXM

Detector

;' Neutron dump

Neutron

BN1 FIXM

Neutron | |
———

BN1+BN2 FIXM

————)

Neutron | | |
————)
————

1

\



10B(n, a) measurement at thermal region at CSNS Back-n

19B(n,0) Cross Section at 0.0253 eV

£ o) B
= = 3900 3 Scafford (1960): 3838.0+11.0b
B o L % Schmitt (1960): 3845.4+ 38.0 b
O — k3 Prosdocimi (1963): 3837.0£ 9.0 b
$ — S— % Diment (1967): 3839.0+20.0 b
@ 3880 ; IAEA (2018): 3844.1+ 31.5b
7] — B ) This work (2025): 3851.0+ 3.7 b
8 — 3 This work (2026): 3852.0£ 4.1 b
3860 e
: E L ]
*_____-__'“'__"_______—______ ______ j— — g Em TR =
3840 % 0
[ ®
3820 s
3800
-2 -1 -1 -1 7
210 10 20 =10 Energy (e"\.:’)-1 3780 Scafford (1960) Schmitt (1960) Prosdocimi (1963) Diment (1967) IAEA (2018)  This work (2025) This work (2026)

IR RISHEENEER
FNEEERE: TH16BTF, fEB= SRS BIRERE
BEHNSTIAEAITHEEIP R ER557EIR
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Summary and prospects

______________________________________

Linac upgrade from 80 MeV to 300 MeV

SRS e Project Budget: 2.9 BCNY (-380 MEUR)

B de to 500 kW
eam power upgrade to {Rapld Cycling ; @ Construction duration (~6 years): 2024.3~2029.10

L™ e oo WINe % Synchrotron i ® New spectrometers and end stations will be built
. L= w0 e '
T%‘ \ Bac | -
‘.. iy g - ..‘:.I.; - -....a
\ - A For Back-n beam line, the flux will be increased
Fep;ggekr\r;vent of' T. 5 ! by a factor of 5, which will facilitate
or R measurements involving small cross sections
5 7 | ?\ or small sample quantities.

9 new neutron instruments
Proton & muon

Experimental station

. @
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Summary and prospects

» CSNS Back-n is ideally suited for neutron total XS measurement owing to its unique geometric design

» A series of total cross sections have been measured with high accuracy, and we continue to make
contributions to nuclear data community

» The Back-n facility performance will be largely improved with the CSNS-Il upgrading project

» More kinds of samples will be measured and more types of detectors will be developed, adapting to the
improvement of the facility

> The total cross-section measurement can be combined with other reaction measurement ('°B case)
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