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Operation and experimental Introduction of the CSNS Back-n

Ruirui Fan
China Spallation Neutron Source
Institute of High Energy Physics, CAS
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Neutron source
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White neutron source

The name "white neutron" is derived from "white light," which indicates a broad
spectrum of wavelengths. Unlike monoenergetic neutron sources, a white neutron
source has a very wide energy spectrum.
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White neutron sources in the world
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China Spallation Neutron Source Gsns
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The China Spallation Neutron Source, located in Dongguan city, near Hong Kong, was
running from August 28, 2017, with a budget of 2.3 billion yuan.

It consists of a 1.6 GeV proton accelerator with a repetition rate of 25 Hz and a beam
power of 160 kW (now), will be 500 kW in next six years.
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CSNS beam expansion application , “bea‘x SNS
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Back-n

Layout of the Back-n

Neutron .
nesm Neutron
window Collimator 1. -
target hielding

shutter Shielding

ES#2

Neutron
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The back-streaming neutrons are leading to the
Back-n tunnel, which has a long flight distance for
the neutron time-of-flight method. Two end stations

ES#1 and ES#2 are constructed for different nuclear

data measurements. The ES#1 has a distance of
about 55 m, and ES#2 is about 70 m from the target.

Different sets of beam spots, collimator apertures
and neutron fluxes at Back-n at 100 kW in proton

beam power can be found in table.

— T EEL BT
(:J 2:5.9 3:0.3 3:1.8 49.:2 5:0.2 55.:3 57:.2

Shutter | Coll#1 | Coll#2 | ES#1 spot | ES#1 flux | ES#2 spot | ES#2 flux
(mm) (mm) | (mm) (mm) (n/cm?/s) (mm) (n/cm?/s)

@3 D15 ®40 D15 1.27E5 @20 4.58E4
D12 D15 ®40 20 2.20E6 @30 7.81E5
50 ®50 D58 ®50 4.33E7 ®60 1.36E7
78%x62 | 76x76 | 90x90 75%50 5.98E7 90x90 2.18E7

1. 2017 JINST 12 P07022
Sep 11, 2024 2. Eur. Phys. ). A(2019) 55: 115 OMEG2024 @ Chengdu



Back-n neutron energy spectrum measurement (Cows
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Eur. Phys. ). A(2019) 55: 115 p), eLi(n, t), 2*>U(n, f), 238U(n, f)

Chen, Y., Qiu, Y., Li, Q. et al. Eur. Phys.). A 60, 63 (2024).
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Classification of Neutron and Nucleus Reactions G"’s

Neutron and nucleus reactions can be divided into three main
categories based on the nuclear reaction process: scattering reactions,
absorption reactions, and transfer reactions.

Elastic(n, n)

scattering

Inelastic(n, n’)

Capture(n, y)

absorption charged particle

Fission(n, FF)

Charged particle(n, Icp) charged particle

transfer

Multiplication(n, 2n)
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C6D6(Deuterated benzene) scintillator detector

Photo of the C6D6 detector system

Radiation Detection Technology and Methods, 3(3): 52

Chinese Physics C, 46(4): 044002
Chinese Physics B, 31(6): 060101
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(color online) The capture cross sections of “Tm
obtained by the relative measurement of Y Au(n, y).

C6D6 is the most commonly used detection system for capture cross-
section measurements. In the last five years, more than ten kinds of
isotopes were measured by this detector, such as °’Au, 238U, 232Th, 1%9Tm,

93Nb, 89Y, 151'153EU, natLu’ natCu’ natHo’ nath’ etc.

Measurement of the 159Tb(n, y) cross section at the CSNS Back-n facility by Zhang
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GTAF (40 BaF, detector array) Cows
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Journal of Instrumentation, 16(10): P10029
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Cross section [b]

GTAF Basic Performance Test Csns
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AE- E detector array (LPDA)

The photo of LPDA
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The LPMWPC (AE) vs Si-PIN (E) spectrum and Si-PIN (AE) vs CsI(TI) (E) spectrum
The LPDA is divided into two modules, each covering an angle
of 23.5-90 degrees. It includes 8 sets of LPMWPC+Si+Csl
detector telescopes, with a total of 48 channels. It was
completed in June 2020.
NIMA, 973: 164126
NIMA, 981: 164343
OMEG2024 @ Chengdu JINST 18 P04004 13




Cross section (mb)
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LCP cross section measurements

100
| £
g | N
7 ‘E'u 4; 1 phi
E 1 ";1,
'_:.'yq-. 100+ Ik
- g ]
S|
— [NDF VI O A
—=T5E ) | “5 a1 &F &% 13 0 1 1 1
JENDL-L0 4 " ¥y ; < = = ENDER-VIILS ¥, o)
IRI¥E-| O0F = s « ENDEBLVILISPEFF33
~—=TENIL2017 - “ROSHOND 20| 0-CENDL- Y. |
“= JEFF-3 3 é -« = JENDLA D
Ntwmbusd (2000) o o S A Cox(1987)
I R & 1) 1 * RUL Mcklin {1965)
v Kinchi (2047) D Bogst (19)
& Porrwon (000) 5. ). Friessehadn (1679)
*  Thoeg (2006 M. Saalick (1VI6)
Dirosg (P91 * R Bevilasgua 12017y
. Pt Presemt
T v Y T v ™ 0.1 1 | T A o | Al
we ot w1t ot W wtoow® e et et ae? 1t

6Li(n, t) a

£, (MeV)

E, (MeV)

10B(n, a)’Li

Huaiyong Bai et al 2020 Chinese Phys. C 44 014003
H. Jiang, et al., Chin. Phys. C 43 (12) (2019) 124002
The European Physical Journal A, 57(11): 310
The European Physical Journal A, 57(1): 6
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NIMA 1039 (2022) 167157

Z. Chen et al 2022 JINST 17 P05032
NIMA1058(2024)168912

NIMA 1060 (2024) 169045




BLUET framework - o m " "SNS
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Mersurement of 1/O(n,a)*C with MTPC

the s-process in nucleosynthesis.
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The cross section data of 17O(n,a)*Cis important for
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The measurement of ’O(n,a)™C has been conducted at CSNS Back-n with SiC array.

w'y

The measured data in the 0.1keV~200keV is one order lower than previous results, while the statistical
error is large.

Implying the possible decreasing of reaction rate to about 1/5~1/8 compared with previous results when
the T4<0.2, which is cosistent with the value obtained in the AGB observation.

| ® Tol
§ oo e MTPC works at a pressure of 0.15atm with the

mixture of Ar(75%) and CO,(25%).
e Simulation of detection efficiency at different
mesh voltage.

e With the mesh voltage of 300V, the detection
voltage could be about 85%.

Efficiency

| — This experiment will be
T e T started in Oct 2024.
OMEG2024 @ Chengdu 17



Nuclear data measurement experiments Csns

Since 2018, we have measured the neutron reaction cross sections of more than 50 nuclides and will continue to
measure at a rate of over 10 nuclides per year.

* Neutron capture
° C6D6: 169‘|’m 197Au 57|:e natSe 89Y natEr/162Er 232Th 238U 93Nb, natCu, natLu 113&115|n 185&187Re 181Ta 107&109Ag
165HO nath 127| 133CS natDy 103Rh
o GTAF-II: 199Tm, °3Nb , "@tRe, NatXe, NatSp, 127] nat| 5
Total cross-section
° 12C 27A|, 9Be, 7|_i, natFe 2°9Bi, natpb’ natCr’ 9Be, 169‘|'m
Fission cross-section
° 235U, 238U, 236U’ 239PU, 232‘|’h, 239PU, 236U
Light charged particle emission
e LPDA:®Li(n, x), 1°B(n, x), ®3Ni, (n-d), 'O, (n-p), 12C(n,d), 12C(n,a) (13C cluster)
e TPC:12C, 4N, 6Li
Inelastic cross-section (in-beam gamma)
° 56|:e (ﬂ, ﬂ'), natMO, 160, natRu, natLu, natMo, natTi’ 209Bi’ 9OZr, 55Cr, 155Eu, 178Hf, 232ThH

Sep 11, 2024 OMEG2024 @ Chengdu 18
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Average Power (ki)
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What can we do at Back-n? (sws

Back-n has the most insensitive
resonance neutron flux.

In the next six years (CSNS 1), the CSNS
accelerator power will increase from
100 to 500 kW. The beam intensity of

(rog 2t} iy Alszuz

We have almost 5000 hrs Back-n will increase with a factor of 5

beamtime per year opening t0 . gmall reaction cross-section (mb-ub)

every scientist in the world. . .
Y * Important targets, which are difficult to
prepare or radioactive

Sep 11, 2024 OMEG2024 @ Chengdu 20



Astrophysics experiments (s

* S-process neutron capture reaction

» Almost all cross-sections are measurable

* Rare nuclides reactions

* Determines the key (n, p), (n, a) and other reactions produced by a nuclide

 Solve the problem of anomalies in the abundance of interstellar matter and AGB stars: reaction

section of 170(n, 0)14C key energy region;

* The 25Mg(n, a)22Ne reaction measurement (its inverse reaction 1s the main neutron source reaction in

AGB stars, also one of the important physical targets of Jinping I1).

Courtesy of: Professor Li Yunju (CIEA)

Sep 11, 2024 OMEG2024 @ Chengdu 21



Back-n user and community Cows
2018FB-REXFFRALLUAY

A

CSNSRABXPFERNBRAFHIS

There are a total of more than 200 people

from different institutions, including: 8 BBy

* the Institute of High Energy Physics of the ~ S=—ag¥s L R SRR, |
Chinese Academy of Sciences Ra gl L XV A o

e the China Institute of Atomic Energy e 2o tWMCSNS R a HEFFRERRA P Wt @

e the China Academy of Engineering Physics | ' B

e the Northwest Institute of Nuclear
Technology

e the University of Science and Technology
of China

e Peking University

e Xi'an Jiaotong University

* Indiana University

* JINR

Sep 11, 2024 OMEG2024 @ Chengdu 22
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You are welcome mailto:fanrr@ihep.ac.cn
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