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Coherent Elastic neutrino-
Nucleus Scattering (CEνNS) 𝑍0 
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𝑄 ≲ 1/𝑅 Moment transfer  Nuclear radius 

Nuclear recoil energy 𝐸𝑟 ≤
2𝐸𝜈

2

𝑀+2𝐸𝜈
~50 keV 

detection thresholds of 10 keV DM direct detection experiments 

Can be Satisfied for 𝐸𝜈 <  50𝑀𝑒𝑉 



CEνNS in the SM 
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COHERENT Collaboration, Science (2017)  

𝜎𝑆𝑀 ∝ 𝑁2 

F(𝑄2): Nuclear form factor 

Small for most nuclei  

For 𝐸𝑟 ≪ 𝐸𝜈 

SM nuclear Charge 

~0.04 

𝑄2 = 2𝑀𝐸𝑟 



COHERENT experiment 

COHERENT Collaboration, Science (2017)  

pulsed 
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COHERENT data 

COHERENT Collaboration, Science (2017)  

134 ± 22 events observed  

6.7σ CL evidence for CEνNS  
173 ± 48 events predicted in the SM 
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Neutrino Flux 

Stopped 𝜋+decay at rest 

< 𝑚𝜇/2 0 < 

Stopped 𝜋− captured on target nuclei 
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𝐻𝑔 𝑝 

𝜋− 
𝐻𝑔 

𝜇+ 
𝜋+ 

𝑒+ 

𝜈𝑒 

𝜈𝜇 
𝜈 𝜇 

Two body decay 

Three body decay 

 𝜇+ travels about 1 cm and stopped 



𝑁𝑃𝑂𝑇 = 1.76 × 1023 is the total number of protons delivered to the target 

𝐿 = 19.3 m  is the distance between the source and the CsI detector 

𝑟 = 0.08 is the number of neutrinos per flavor for each proton on target 

𝑚𝑑𝑒𝑡 = 14.6 kg is the mass of detector, 𝑀𝐶𝑠𝐼 is the molar mass of CsI 

“Approximately 1.17 photoelectrons 
are expected per keV of cesium or 
iodine nuclear recoil energy” 

COHERENT Collaboration, Science (2017)  

𝑓(𝑛𝑃𝐸) 

9 



 SM spectrum 

Sterile neutrinos: Anderson et al. 2012; Dutta et al. 2015; Kosmas et al. 2017 

Neutrinos magnetic moment: Dodd et al. 1991; Scholberg 2005;  Kosmas et al. 2015 

Light dark matter: deNiverville et al. 2015 

Nonstandard neutrino interactions:  
Barranco et al. 2005, 2007; Scholberg 2005; 
Dutta et al. 2015; Lindner et al. 2016; Dent et 
al. 2016; Coloma et al. 2017; Shoemaker 2017 

see also   COHERENT Collaboration, Science (2017), Coloma et al. 1708.02899 10 
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Matter NSI 
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Modification of  matter potential via the MSW mechanism 

Effective parameters 

On earth  𝑁𝑢 = 𝑁𝑑 = 3𝑁𝑒 

SM CC 

Wolfenstein, Phys. Rev. D 17, 2369 (1978) 
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NOvA, 1701.05891 

1708.01186 

JL, D. Marfatia, K. Whisnant,  
Phys. Lett. B 767, 350 (2017) 

JL, D. Marfatia, K. Whisnant,  
Phys. Lett. B 771, 247(2017)  

NOvA: 810 km, E ~ 2 GeV 

T2K: 295 km, E ~ 0.6 GeV 

KamLAND: <L>~180 km 

Solar neutrinos produced at the center of  
the Sun, and travel large distance through 
the Earth during the night 



Global Analysis 
Gonzalez-Garcia, Maltoni  [1307.3092 ] 
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Future experiments 

Same oscillation probabilities 

Coloma, Schwetz [1604.05772 ] 

JL, D. Marfatia, K. Whisnant,  JHEP 1701, 071 (2017)  

DUNE: 1300 km, E ~ 3 GeV 

T2HK: 295 km, E ~ 0.6 GeV 

T2HKK-1.5: 295 km, E ~ 0.6 GeV 
                  1100 km, E ~ 0.8 GeV 

T2HKK-2.5: 295 km, E ~ 0.6 GeV 
                  1100 km, E ~ 0.6 GeV 

Generalized MH  

𝛿′ = 𝛿 holds when 𝜖 = 0 



Large NSI Models 
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Coherent forward scattering 

𝑞2 → 0 𝜀 ∝
𝑔𝑋

2𝑚𝑊
2

𝑚𝑋
2  

𝑔𝑋~10−5, 𝑚𝑋 ~ 10 MeV,  𝜀~𝑂(1)  

Farzan, Phys. Lett. B748, 311 (2015) 
Farzan and Shoemaker, JHEP 07 033 (2016) 
Farzan and Heeck, Phys. Rev. D94, 053010  (2016) 

𝑔𝑋 

𝑔𝑋 

Above EW scale, CLFV impose very tight constraints: 𝜀 < 𝑂(10−3)  

Below EW scale, large NSI is generated with a light gauge boson X  

propagator   ∝
𝑔𝑋

2

𝑞2−𝑚𝑋
2  

NuTeV and CHARM: 𝑞2  ≥ 10 GeV  
For 𝑞2 ≫ 𝑚𝑋

2 ,  sensitivity to NSI is 

suppressed by  𝑔𝑋
2

𝑞2 𝑚𝑋
2  COHERENT? 
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Light mediator 
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A purely vector mediator 

Modified effective nuclear charge 

𝑄2 = 2𝑀𝐸𝑟  

Moment transfer 



Explains 
∆𝑎𝜇at 2σ 

For very light mediators, i.e., 𝑀𝑍′ < 50 MeV, the limit is only sensitive to 𝑔,  while 

the NSI matter effect is sensitive to 
𝑔2

𝑀𝑍′
2 , hence the COHERENT constraint does not 

apply to matter NSI induced by a very light mediator. 
19 

12 bins, 6≤PE<30   

NSI ∝ 

Propagator 

For heavy mediators, i.e., 

𝑀𝑍′ ≫ 2𝑀𝐸𝑟, the limit 

depends on 
𝑔2

𝑀𝑍′
2  and can 

constrain NSI matter effect 



For very light mediator, modification of the 
spectral shapes breaks the degeneracy. 
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12 bins, 6≤PE<30   



Heavy mediator 
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Two Linear bands 

Cancellation between the NSI coupling to up and down 
quarks permit large values of fundamental NSI parameters 
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Heavy mediator 



Effective NSI parameters 

Effective parameters 

On earth  𝑁𝑢 = 𝑁𝑑 = 3𝑁𝑒 
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For heavy mediators 𝑀𝑍′ > 50 MeV 
𝜖𝑒𝑒 = −2 is excluded at 90% CL 



Summary 
Parameter degeneracies due to the NSI parameters strongly 
affect sensitivities of future neutrino oscillation experiments. 

COHERENT constraints on NSI depend on the mediator mass. 

• For a lighter mediator, COHERENT data only constrain the 
mediator coupling, and large NSI can still be generated by a 
very light mediator. 

• For a heavier mediator, the COHERENT constraints are 
weakened by degeneracies between different combinations 
of fundamental NSI parameters. However, the data can 
place meaningful constraints on the effective NSI 
parameters in Earth matter for mediator 𝑀𝑍′ > 50 MeV. 

 
Thank you!  
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Backup slides 
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Next generation long baseline experiments 
JL, D. Marfatia, K. Whisnant,  JHEP 1701, 071 (2017)  



Other results 
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COHERENT Collaboration, Science (2017) Coloma et al. 1708.02899 



Sterile neutrinos 
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Δ𝑚41
2 = 1.75  𝑒𝑉2, 𝑈𝑒4 = 0.164, |𝑈𝜇4|=0.119 

Collin et al. Phys. Rev. Lett. 117, 221801 (2016) 
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Scholberg, Phys. Rev. D 73, 033005 (2006) 

Multiple elements 


