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ᵟ ᷀҈1967ẉώ֧҃ḞḦѧғּ₇וᴥ◓ їḽ ￼ѕ
Ѧᶢ  ἄ‍ҭχ

1. Ḓᾭјḟở
2. Cḽ ᵘCPḽ ᶏאלײַ (ᴎᾩ ᴥ╪ḽ אל )

3. ᶈ♬דḙẈ ѳᶹ￼ ҊӐּז

ᵽ

Ὰ￼‰֝₩ᶚҨᶹ￼CP/TḾ ớ ‎
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ᶶᵀ⁄ѧḒԊ ⁄ᴦẔῗḿἧḾ ớ ￼
Ѧᴵ ￼▓
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NOPTREX

ÅNeutron Optics Parity and Time Reversal Experiment (NOPTREX)

Å ‰χᶈ‖קѧḒ ṃ⁄Ԋ ᴦẔѧή Ḟ ᵙῊ ᴦ◗Ḿ ớ
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T- ῾ᶈѧḒ⁄ᴦẔѧ ╜ֹ!

ᵽ ᶈ ⁄ѧ￼p└Ԋ ṤḾ҈Ὴ ᴦ◗јḾ
╜ ῗ℅ ╜ѧ￼♄ᾧӌ 1.

1. Gudkov, Phys. Rep. 212 77 (1992)

2. V.V.FLAMBAUM and G.F.GRIBAIUN, Prog. Part. Nucl. Phys., Vol. 35, pp. 423-503.1995
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S P

ὐ Љ ί Ὅ

Ὦ ὛᴦẔ ᾿ԄṃѧḒ ᾿
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ѧḒ
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P↓ԉ ṣ-> Љ = 1

S↓ԉ ṣ-> Љ = 0

0.74eV
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Ὢ=P-even, T-even Spin Independent 

Ὢ=P-even, T-even Spin Independent (pseudomagnetic) 

Ὢ=P-odd, T-even P-violation

Ὢ=P-odd, T-odd TP-violation

Ὢ=P-even, T-odd T-violation

█ █ █ Ɑ▪ɇ╘ █ Ɑ▪ɇ▓▪ █ Ɑ▪ɇ▓▪ ╘ █ Ɑ▪ɇ╘ ▓▪ ╘ɇ▓▪

▓▪: Ѧḑח
Ɑ▪: Ѧḑ ᾟ
ᴆ╘: – ᾟ
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P-odd/T-odd 
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Ὢ ἂὪὠ ὠ Ὥἃ

ὺ Ὥύ ἂ‰ ὠ ὠ ‰ἃ

ӘὯѧḒӿḙת ιἅҪᴵҨṄׁᵇᾫṃ Ẅԋ ֹỞἈ і

ׁᵇᾫṃ Ẅὼ ִ҃ỗљ ỗḅӍ Ẵ ҊӐּמז Ҋԋ

Ԏѧ ὺᴝ ύᴏѭἅҪ￼Ẵ█ᵀ Ӻ:

҈ῗᴵҨṄP-odd, T-odd љP-odd, T-even ‎:

Å TRIPLE Collaboration work: G. M. Mitchell et. 

Al., Phys. Rep. 354, 157 (2001).;

Works done in J-PARC
139La: https://arxiv.org/abs/1710.03065
117Sn: https://arxiv.org/abs/2202.06222 
131Xe: https://arxiv.org/abs/2212.10889 

1. V. Gudkov & H.Shimizu Phys. Rev. C 97, 065502 (2018) 

1.

https://arxiv.org/abs/1710.03065
https://arxiv.org/abs/2202.06222
https://arxiv.org/abs/2212.10889
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NOPTREX ῍ :
Åɝ„

Å‖ὐ

Å ᵝ ᵞ -> Ҭ

ÅὍ π ץ

ɝ„ ᶽό 
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140<A<180ѳ ό

S1/S0љҨї⁄ Ṯјᶽ
 139La, 81Br, 131Xe

ᴱ Ѧᴧא
ᴏᴵḾNOPTREXῶּז

TRIPLEχ

Å S1/S0ᶈA=160ᶴῶ
ṕ ‖ṇӪ

Å 140<A<180ѳ ￼⁄
ῂ╜ ᾭὯ

NOPTREXχ

Å ᶀԓῶ ᶺI>0⁄
χᴵּ҈זT ᶐḫ

ק‖￼

Å ṓᴵ ᶺ￼p└
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(n,Ǯ) (Flambaum terms)

Flambaum et. al., Prog. Part, Nncl Phys., Vol. 35, pp. 

423-503.1995

If Ɑ  , and ⱦ not measured:
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China Spallation Neutron Source

Key Parameters
Phase 

1

Phase

2

Proton beam power 100 kW 500 kW

Pulse Frequency 25 Hz 25 Hz

Average beam flux 62.5 mA 312 mA

Number of 

spectrometers 
3 9+6
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Back-n White Neutron Source

Proton beam 

power
100 kW

Pulse frequency 25 Hz

Neutron flux 104 -107 n/cm2

ES #1 flight path 54m

ES #2 flight path 75m
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GTAF BaF2 Ǯ-spectrometer

ÅGamma Total Absorption Facility (GTAF) 

ÅPrompt gamma measurement, neutron time of 
flight (TOF) method -> neutron energy

ÅCascade gamma matches measurementsðð
Multiplicity and Total Energy of Cascade gamma

Å Locates at ES#2 ~75m flight path

Å 95.2% solid angle coverage

Å 42 segments (40 segments with BaF2 crystals)

Å 2 different crystal shapes

Å Inner radius = 10cm

Å Crystal depth = 15cm



Beam dump

Neutron beam

Smaller hemispheroid
16 detectors

Bigger hemispheroid
24detector(=26 -2)

Neutron absorber:

Boron-containing 

polyethylene30%

Vacuum tube

172026/7/15  @ ἋҺ(2026)זṚ︢ӿּײ



182026/7/15  @ ἋҺ(2026)זṚ︢ӿּײ

3He neutron polarizer
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Adiabatic spin flipper & spin transport

https://doi.org/10.1007/s11433-026-2979-6

https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
https://doi.org/10.1007/s11433-026-2979-6
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1. 2025.01 ᾣḫ χ
Å 3He‖קᵸљGTAFή╜ᵸ ᵀ PVḫ ￼ᴵ ớ
Å ‛χᾫṃ ῟ ᶽιּה ≡҃ ‰Ԋ Ṥε139La 0.74eV p-waveζ

2. 2025.10​ ״ љ‖ק ḫ χ
Å ӔּזṰῶṜ ᶬ‎Ṝ 3He‖קᵸṾ‎￼ᾫṃ ẕιᶭז 20m‖ק

ιᶭק‖ז ᵸιẊ╜ 70ṇῊ

3. 2026.06Ḣԅӌḫ χ
Å ѧḒ ώ״χ
Å ​ᾱχ12-15-40 -> 50-15-30

Å ז ᵸ ꞌχ170 kW -> 185 kWו

Å χ ‰40mm -> ‰45mm

Å ᶭזGTAFⅎ ι ҃140ṇῊLa 83ṇῊPdᾭὯ Ẋ ׁ҃ ḕ
ᶈ3He‖קᵸừ֙ї￼ ᵙC ᾭὯ
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(2024.12) 

ᾌṂ ᾼ
ᶼ

GTAFή╜ᵸ
֯

3He‖קᵸ6Liή╜ᵸљ 

5cmᴜ La

ѧḒ​╙

≡ῶᶈ139La
і ֹḞ
јḟởᾦẔ
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ѧḒẦԋ
ѧḒ 1

ᴖ#1

ѧḒ 2
ᴖ#2

ᶙᶌⁿ֝ ᵸ2

֝ ᵸ1



66.5m

67.5m

70m

72m

75.9m
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

҇₭PVḫ
(2025.10)

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

҇₭PVḫ
(2025.10)

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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6Li



66.5m

67.5m

70m

72m

75.9m
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

҇₭PVḫ
(2025.10)

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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66.5m

67.5m

70m

72m

75.9m
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

҇₭PVḫ
(2025.10)

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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3He 

Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

ẑ֯: [ + - - + - + + - ]

֗ ẙ = 40 ms

ℓ  = 10Ѧ ֗

ẑ֯ ẙ = 80Ѧ ֗ (јᵍ ■ỗ) = 

3.2 s

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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ᶈGTAF╜ χ
Å ᵸԋ ᾦꞌ (‐ ) = 70%

Å ᵸẦᵏᾦꞌ (‐ ) = 90%

╜ᵸ‘֫יּ ￼ѧḒ‖ק (Ὢ) = 30% @0.74eV Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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ӶÆ

ὃ  ӶÆ ὃ

πȢφ ὃ
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La (2025.10)

​╙ặ

La 0.74eV p-wave 

La s-wave 

W impurities 

La s-wave 

Ṱặ ѧḒ├ ꞌ
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PV
( )

ὃ πȢχτὩὠτȢφχρȢρωϷ
ὃ πȢχτὩὠχȢψϷ ςȢτίὸὥὸȢ πȢσίώίȢϷ 

ὃ σ ὸέ τὩὠ πȢσχπȢσρϷ

ὃ χςὩὠ πȢπυπȢστϷ

‍ҭ:

Åᶺ ớ >= 3

Å ᵀז  > 3MeV

Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation Studies at CSNS 

Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 2026, 2026-04-24. 2026-05-25. 

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.

https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
https://www.sciengine.com/doi/10.1007/s11433-026-2979-6
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PV

Multiplicity vs A ideal (0.74 eV p-wave)
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Multiplicity vs A ideal (3 eV s-wave)Multiplicity vs A ideal (0.74 eV p-wave)

PV
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8

┌ Ứῑ҆ ᾩ ӗ Ớ εפἭσ
Å□
Å Ὴ​╙ ᴪק
Å ⱢὫҾẬ ￼ή╜ᵸᶢ
ÅҨᴣԎҤἍῶỹᴪᵼ

ẑ֯: [ + - - + - + + - ]

ℓ  = 10Ѧ ֗

֗ ẙ = 40 ms

ẑ֯ ẙ = 80Ѧ ֗ (јᵍ ■ỗ) 

= 3.2 s
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8  La 

ᶈ 0 2 keV ѧḒ ת ᵅι⅛Ѧ╜ ẑ֯⅛ ỗ￼Ẉᶎק‖ ᾭѭ 256.5

‍ҭχ
Åᶺ ớ >= 2

Å 3MeV <זᵀ < 5.5MeV 
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Multi = 2

ὃ ωȢςψϷ τρȢτχϷ

Multi = 3

ὃ ρȢφρϷ ρρȢπρϷ

8 PV
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Multiplicity vs A ideal (3 eV s-wave)Multiplicity vs A ideal (0.74 eV p-wave)

PV
(8 )
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Å ֖⁴ẩὒ≡ᵷַײҷםσљTRIPLET Ӑ ӾׁӔּז￼ ╙₩Ẫɔή╜ᵸјᵃιGTAF￼
֗₩Ẫ ᶼӠּפεὲ,‎ζᴦẔ҆ҭӡỤ ѭ῾‎NOPTREXḫ ᶢ҈זּ ᶺ
ớ￼ ỗ ὍΆ│ ḧ҃ᶢ

Å ︢Ḧԉ ᾟσַּז ᶺ ớ‎ ḧԊ Ṥ￼ ᾿εὐζι ṄӔἅҪḾᴗᴷTRIPLE
ᾭὯ￼ Ὰ֫‘ἄѭᴵ ιҡ Ῐ ӉḞ ᶐ Ӻε ὓ² ζ￼ј ḧớ

Å ӗ ҇ᶹ ḝײַ כᶏֿאל σή Ḟ ᴦẂјḾ ớὃὒῗᵋ ᶺ ớᴪקι
ṄḾ ת ‗ἄ Ὰ ￼₅
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Å ᷂ 1.5m￼ ᾿ҽ  -> ╜ ֹ￼јḾ ẙ῭Ӊ

Å58442Ѧ8ℓẑ֯ḾẔ~65ṇῊᾭὯ

Å1000Ѧẑ֯ѭ0.74eV p└ώӗ҃ Ḅ￼ӡᵹ⅝ --> ⅛ṇῊῶ ᶼ ᾭ￼ẑ֯

Åῂ ῟╜

Å̈̀ ᶽ￼​╙ӿᾱ

Å̈̀ ᶺ​╙Ὴ

Å̈̀ ᴜ￼

Å ֘ẬṀ ᶋј

῭ᶺᾭὯχ



66.5m

67.5m

70m

72m

75.9m
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Qin Xu et. al. Development and Application of an eV Neutron Polarization for Parity Violation 

Studies at CSNS Back-n Beamline [J]. SCIENCE CHINA Physics, Mechanics & Astronomy, 

2026, 2026-04-24. 2026-05-25. https://www.sciengine.com/doi/10.1007/s11433-026-2979-6.
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La (2026.06)

La 0.74eV p-wave 

La s-wave 

 

La s-wave 

 

Ṱặ ѧḒ├ ꞌ
εӔּ2025.10זᾭὯζ
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PV
( )

ὃ πȢχτὩὠ 4.3187%  3.9274% ὃ σ ὸέ τὩὠ ī0.0288%0.7440%

‍ҭ:

Åᶺ ớ >= 3

Å 3MeV<זᵀ <8.5MeV
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2026.06

Å ‰ χ140ṇῊLa 83ṇῊPd

Å6Liή╜ᵸᾭὯ֫‘->ѧḒ ặ

Å љC ẕἙ

ÅјḾ ớ χ
ÅT ẊᾭὯχᵀẊᶃ Ὗᶺ ớ֫‘

Å8ℓ֫‘χᵀẊᶃ Ὗᶺ ớ֫‘
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ÅṄ 4K -> Ӊᶺ῞ןṝḴ

Å ⅎχ⁄ᾭὯ╜ љ
‰⁄ χLa Au

Å ҇ ⅎχḞ јḟở╜ ѧק‖+
ḒṀ p-wave Ṥӈᴪקό
ÅɝὉ ͯ ρπeV [Gudkov&Bunakov1983]
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