
Results from the NPDGamma n-p weak 
interaction experiment at SNS

Libertad Barrón Palos* 
Instituto de Física 

Universidad Nacional Autónoma de México

* for the NPDGamma collaboration



Particle Physics with Neutrons at the ESS 

A long way coming

First stage at the Los Alamos Neutron Science Center (LANL) 
• Letter of intent in 1998
• Construction of FP12
• Data taking at Los Alamos in 2006-2007

• Statistically limited result: A𝜸 =[-1.2 ± 2.1(stat.) ± 0.2(syst.)]×10-7                                    
Gericke et al. Phys. Rev. C 83, 015505 (2011)

Second stage at the Spallation Neutron Source (ORNL) 
• More intense neutron flux available
• Modifications to some components, installation and commissioning (2008-2012)
• H2 data taking at the SNS (November 2012 - March 2014)
• Apparatus decommissioned in the Summer of 2014 and partially reinstalled again in 2016 for 

background asymmetry measurement (aluminium inconsistencies)

• Final result: A𝜸 =[-3.0 ± 1.4(stat.) ± 0.2 (syst.)]×10-8                                                            
Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)
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Meson-exchange model 

• One-meson-exchange potential
• Model dependent

• zero
Coupling DDH

reasonable range
DDH

“best value”
h𝝅

1 0 → 11 +4.6

h𝞺
0 11 → -31 -11

h𝞺
1 -0.4 → 0 -0.2

h𝞺
2 -7.6 → -11 -9.5

h𝟂
0 5.7 → -10.3 -1.9

h𝟂
1 -1.9 → -0.8 -1.2

h𝞺
1’  is set to zeroin units of ×10-7
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Traditional theoretical description

Desplanques, Donoghue, Holstein, Annals of Physics 124, 449 (1980)
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Motivation for NPDGamma and other  
few-nucleon experiments using neutrons
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Aγ (
!
kγ ⋅
!σ n )

Ap (
!
kp ⋅
!σ n )

dϕ
dz
( !σ n

' ⋅
!σ n )

n+p→d+𝜸 
A𝜸(×10-7)

n+3He→3H+p 
Ap(×10-7)

n-p 
d𝝋/dz(𝞵rad/m)

n-4He 
d𝝋/dz(𝞵rad/m)

h𝝅
1 -0.107 -0.185 -3.12 -0.97

h𝞺
0 -0.038 -0.23 -0.32

h𝞺
1 -0.001 0.023 0.11

h𝞺
2 0.001 -0.25

h𝟂
0 -0.05 -0.23 -0.22

h𝟂
1 0.003 -0.023 0.22

→ → → →
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Motivation for NPDGamma and other  
few-nucleon experiments using neutrons
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Aγ (
!
kγ ⋅
!σ n )

Ap (
!
kp ⋅
!σ n )

dϕ
dz
( !σ n

' ⋅
!σ n )

NPDGamma 

• Exactly calculable two-body system (no nuclear structure uncertainty)
• Dominated by a ΔI=1 3S1-3P1 parity-odd transition in the n-p system (π-exchange)

• h𝝅
1  coupling can be isolated (heavy meson contributions very small)

• A𝛄 ≈ -0.11 h𝝅
1  (A𝛄 ≈ -5×10-8 using DDH “best value”)

• Charged currents are suppressed for ΔI=1, so potential to study neutral currents (not present 
in strangeness-changing HWI)

!n + p→ d + γ
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More recent theoretical developments

Effective Field Theory (EFT) 

Hierarchy of parameters in large-Nc expansion  

Not dependent on a model
Consistent with the symmetries and 

degrees of freedom of QCD

•  
•  

Haxton, Holstein, Prog. Part. Nucl. Phys. 71, 187 (2013)

Phillips, Samart, Schat, Phys. Rev. Lett. 114, 062301 (2015)
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@ FnPB

The experiment
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Beam monitors 

• Ionization chamber with N2 and some 3He (1-2%)
• About 1% of the neutrons are absorbed
• Number of neutron per pulse determined to a precision of 10-4
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The experiment
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Super Mirror (SM) 
polarizer 

• Magnetized Fe/Si SM
• Scattering length b±p, with p the magnetic component
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The experiment
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Holding magnetic field and 
RF spin rotator
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Seo et al., Phys. Rev. ST AB  11, 084701 (2008)

x

y

z

!
B0 = B0 x̂

!
BRF

!
BRF

+

ω Lt

!
BRF = B1ẑcos(ω Lt) =

!
BRF

+ +
!
BRF

−

!
BRF

± =
B1
2
[ẑcos(±ω Lt)− ŷsin(±ω Lt)]

neutron
spin

↓↑↑↓↑↓↓↑↑↓↓↑↓↑↑↓
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nπ!
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LH2 target
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Santra et al., Nucl. Instrum. 
and Meth. A 620, 421 (2010)

fortho-H2<0.0015

The experiment
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LH2 target
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Grammer et al., Phys. Rev. B 91, 180301(R) (2015)

Scattering cross section of neutrons on para-H2

The experiment
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Gamma-ray detector
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48 CsI detectors
3π acceptance

current mode operation (ᯈ108 Hz)

•  
•  
•  

The experiment
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Data and cuts
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Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)

ᯈ 80% of 𝛾’s from capture on hydrogen

ᯈ 20% of 𝛾’s from capture on aluminum
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Data and cuts
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Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)

ᯈ 80% of 𝛾’s from capture on hydrogen

ᯈ 20% of 𝛾’s from capture on aluminum

ᯈ 20% of the SS were eliminated:

unstable beam power * -


improper chopper phasing -

RFSF errors -


*accounts for almost all 

  eliminated data
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The aluminium background

• After the experiment was decommissioned and analysis was nearing completion, 
inconsistencies revealed the dedicated aluminium target was not the same alloy as the target 
vessel (nor aluminum 6061) 

• The uncertainty goal of the experiment was not achievable without a new background 
subtraction strategy 

• The experiment was partially mounted again in 2016 to perform measurements with 
background targets made out of the actual RFSF windows, target cryostat windows, target 
vessel windows and side walls
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Extraction of A𝜸

Aγ ,raw =
1
2
Yθ

↑ −Yθ+π
↑

Yθ
↑ +Yθ+π

↑ +
Yθ

↓ −Yθ+π
↓

Yθ
↓ +Yθ+π

↓

⎛

⎝⎜
⎞

⎠⎟
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Aγ ,raw = Fi
i
∑ Gi

1
Pn,iCd ,iεSF ,i

Aγ ,i
Corrections 

• Neutron polarization (Pn)

• Spin Flipper efficientcy (εSF)

• Neutron depolarization (Cd)

• Fraction of prompt gammas from material target (Fi)

• Geometrical factors (GUD and GLR), which include the finite structure of the beam, the effective 
solid angle of the detector, the spatial distribution of the material in question and other effects

 15

Extraction of A𝜸

Aγ ,raw =
1
2
Yθ

↑ −Yθ+π
↑

Yθ
↑ +Yθ+π

↑ +
Yθ

↓ −Yθ+π
↓

Yθ
↓ +Yθ+π

↓

⎛

⎝⎜
⎞

⎠⎟



Particle Physics with Neutrons at the ESS 

Aγ ,raw = Fi
i
∑ Gi

1
Pn,iCd ,iεSF ,i

Aγ ,i
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Extraction of A𝜸

GUD ,i = 〈k̂γ ⋅σ̂ n 〉 = 〈k̂γ ⋅ ŷ〉

GLR,i = 〈k̂γ ⋅(σ̂ n × k̂n )〉 = 〈k̂γ ⋅ x̂〉

Calculated using a combination of MCNPX
simulation and measurements with a gamma 
source
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Aγ ,raw = Fi
i
∑ Gi

1
Pn,iCd ,iεSF ,i

Aγ ,i
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Extraction of A𝜸

Hydrogen and aluminum asymmetries 
simultaneously subtracted from a 𝝌2 

minimization scheme
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Chlorine asymmetry test

• Test of sensitivity with large and well known PV gamma asymmetry
• In                                 , the PV effect is amplified by the mixing and interference of opposite 

parity states and the presence of close-lying degenerate states

!n + 35Cl→ 36Cl+ γ

N. Fomin et al., Phys. Rev. C (to be published)
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Final result and systematics
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Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)

Aγ ∼ [−3.0 ±1.4(stat.) ± 0.2(syst.)]×10
−8

Gericke et al. Phys. Rev. C 83, 015505 (2011)
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In DDH
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1

hπ
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Aγ = [−3.0 ±1.4(stat.) ± 0.2(syst.)]×10
−8

Aγ ≈ -0.114hπ
1

hπ
1 = [2.6 ±1.2(stat.) ± 0.2(syst.)]×10−7

Also since P𝛾 in 18F contains on all 
the 𝛥I=1 weak-couplings and A𝛾 only 

depends on hπ1, one can find a  
nconstraint on heavy mesons to be 

0.4hρ
1 + 0.6hω

1 = 8.5±5.0

Blyth, Fry, Fomin et al., Phys. Rev. Lett., in press (2018)
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In EFT + 1/Nc expansion

Constraints on NNLO parameters
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Improvement possibilities

• One either has to do this measurement on a pulsed neutron beam or at least pulse the beam 
in some way so that one can analyze the transient signals in the gamma detectors.

• We were not limited by systematics. In this experiment they were ～2×10-9. This could be 
decreased to about 1×10-9.

• It would be nice to try to find something better than aluminum. A different Al alloy or one could 
try Titanium for the target vessel. 

• Put the lithium plastic (neutron absorber) inside the hydrogen target vessel?

• ～4300 hours life time with average beam power about 1 MW at SNS for the LH2 running gave 
a statistical error of ～1.4×10-8. Other potential beams/sources?
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Final comments

• The NPDGamma has achieved the most precise and direct determination of hπ1  in a two-body 
system without nuclear corrections, and it is the best constraint for future investigation of the 
HWI.

• The result, combined with 18F, implies a larger linear combination than what DDH predicts: 
0.4hρ1 +0.6hω1 =8.5±5.0. On the other hand the result seems to be in agreement with large-Nc 
expectations.

• Several few-body system experiments with neutrons have been performed (NPDGamma, 
n-3He, NSR 4He -statistically limited) or are planned for the future (NSR 4He, NDTGamma,…)

• Additional theoretical and experimental work in exactly calculable few-body systems is needed 
to establish a complete determination of the HWI.
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The NPDGamma collaboration
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The NPDGamma collaboration
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