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Preview
We study impacts of non-standard neutrino interactions to the 

neutrino floor

NSI Enhancement Estimated values
Vector ✔ ~several times

Axial-vector ❌ ❌

Tensor ❌ ❌

Scalar ✔ ~several times

Pseudo-scalar ✔ ~30%

Wei Chao, J. Zhang, X. Wang and X. Zhang, JCAP1908,010
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Evidence of DM

DM incidents, 1907.06674
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What is dark matter
We do not exactly know!

Neutral, non-baryonic, weakly interacting particle!

Particle Zoo

Mass Spin Interactions

❌ ❌ ❌

DM
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Ways of probing WIMP

Dark Matter 

Nuclear Matter 
quarks, gluons 

Leptons 
electrons, muons, 

taus, neutrinos 

Photons, 
W, Z, h bosons 

Other dark 
particles 

Astrophysical  
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Indirect 
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DM SM 
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Direct 
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1305.1605
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Detecting technologies

Ionization

PhononPhoton

NaI, Xe

Ge

Al2O3,LiFCaWO4, BGO

Li
qu

id
 X

e Ge, Si

WIMP WIMP

CoGeNT, CDEX, Texono, DAMIC, 
Malbek

XENON, LUX/LZ. ArDM, PandaX, 
Darkside, DARWIN Super-CDMS, EDELWEISS

CRESST-1, CUOREDEAP3600,CLEAN,DAMA,KIMS,XM
ASS, DM-Icem ANAIS,SABRE CRESST
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DM direct detections
The WIMP event rate

dR
dER

= MT ×
ρDMσ0

n A2

2mDMμ2
n

F2(ER)∫vmin

f( ⃗v )
v

d3v

Exposure DM density Nuclear Form Factor

ρDM{
ρDM ∈ [0.2, 0.6] GeV

∫vmin

f( ⃗v )
v

d3v =
1

2v0ηE
[erf(η+) − erf(η−)] −

1
πv0ηE

(η+ − η−)e−η2
esc

local measures use the vertical kinematics of stars 
near the Sun 

Global measurement extrapolate rho from  rotation 
curve

Maxwell Boltzmann distribution:

Two uncertainties: 
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Where to go for  Direct detections
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Why neutrinos relevant?
They are similar!

Neutrino

Neutral
Non-baryonic

Weakly interactions

Relics in universe
{ } DM

Sterile neutrino can be DM candidate
There might be neutrino portals to the DM
Their experiments can detect both neutrino&DM
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Two relevant issues 
Precision calculations of the direct detection 
cross section. 

Understanding the neutrino floor.

{Neutrino flux 

Neutrino interactions
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Neutrino flux from the universe
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Sun as the source of neutrinos

Carbon-Nitrogen-Oxygen cycle  
is responsible for 1.6% of the 
solar output

The p-p chain is responsible for 
98.4% of the solar output
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Supernova and atmosphere neutrino
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Neutrino flux on the earth

Solar

Supernova Atmosphere
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Neutrino-nuclei scattering
Charged currents coupling to 

electroweak gauge boson

Neutral currents coupling to 
electroweak gauge boson

∑
α=e,μ,τ

W+
μ (ν̄αγμα) + h . c .

∑
α=e,μ,τ

Zμ(ν̄αγμνα) + h . c .

Coherent neutrino-nucleus scattering in 
the SM

dσν

dER
=

G2
F

4π
Q2

νNmN (1 −
mNER

2E2
ν ) F2(ER)

Nuclear form factorWeak hyper-charge of 
target nucleus

Number of expected events N =
ε

mN ∫
Emax

ET

dER ∫ dEν
dϕν

dEν

dσν

dER
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Neutrino floor in the SM

dR
dER

= MT ×
ρDMσ0

n A2

2mDMμ2
n

F2(ER)∫vmin

f( ⃗v )
v

d3vThe WIMP event rate

Exposure DM density Nuclear Form Factor

dRν

dER
= MT ×

1
mN ∫Emin

ν

dϕν

dEν

dσν

dER
Neutrino event rate

Neutrino floor

σ0
n =

2.3
m ∫ER

( 1
mN ∫Emin

ν

dϕν

dEν

dσν

dER ) ( ρDMA2

2mDMμ2
n ∫

Emax
R

ER

F2(ER)dER ∫vmin
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Neutrino floor in the SM

Billard, et al., PRD89(2012)023524
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Neutrino floor in the SM

Billard, et al., PRD89,023524
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Non-standard Neutrino interactions

Charged currents coupling to 
electroweak gauge boson

Neutral currents coupling to 
electroweak gauge boson

∑
α=e,μ,τ

W+
μ (ν̄αγμα) + h . c .

∑
α=e,μ,τ

Zμ(ν̄αγμνα) + h . c .

Exotic neutrino interactions in our 
talk.

2GFζi ∑
i

ν̄αΓiPLνβq̄f Γiqf

Γi = {1, iγ5, γμ, γμγ5, σμν}

NSI {New effective interactions with matter  

New gauge interactions  

New Yukawa interactions
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Neutrino oscillations
Neutral current NSI： Propagation of 

neutrinos in matter
Charged current NSI： Production and 

detection

H = Hvac + Hmatt

Hvac = UDiag ( m2
1

2E
,

m2
2

2E
,

m2
3

2E ) U†

−0.008 < εuV
ee < 0.618

−0.012 < εdV
ee < 0.361

−0.111 < εuV
μμ < 0.402

−0.103 < εdV
μμ < 0.361

Altmannshofer, et al., 1812.02778 20



CONHERENT

GOAL:Measure N2 dependence 
of CEvNS process

2017
Current 14.6kg

Confirm CEvNS at 6.7 sigma

Science 357, 1123–1126 (2017) 
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CHARM

Re =
σ(νeN → νeX) + σ(ν̄eN → ν̄eX)
σ(νeN → e−X) + σ(ν̄eN → e+X)

= 0.406 ± 0.140

Rμ =
σ(νμN → νμX)
σ(νμN → μ−X)

= 0.3093 ± 0.0031 CHARM, Z. Phys. C36,611

CHARM, PLB180,303

RNSI
e = RSM

e +
ΔσNSI

σCC
RNSI

νμ
= RSM

νμ
+

ΔσNSI

σνμ
CC

RSM
e = 0.3221 ± 0.0006

RSM
νμ

= 0.3156 ± 0.0006
Falkowski, et al., 1706.03783
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Combined constraints
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Neutrino floor with exotic neutrino interactions

Wαβ
M (q2) ∼ A2

Wαβ
Σ′� (q

2) ∼ 1

Wαβ
Σ′�′ �(q

2) ∼ 1

ζ0
α =

1
2 (ζp

α + ζn
α) ζ1

α =
1
2 (ζp

α − ζn
α)
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Numerical results-1: vector interactions with 
Xe131
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Numerical results-1: vector interactions with 
X131

SM+Vector

SM
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Numerical results-2: axial-vector interactions 
with Xe131

Xe

SM+Axial Vector
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Numerical results-2: axial-vector interactions 
with Xe131
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Numerical results-3: scalar interactions with 
Xe131

Xe

SM+Scalar
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Numerical results-3: scalar interactions with 
X131

SM+Scalar
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Numerical results-4: pseudo-scalar interactions 
with Xe131

Xe

SM+Pseudo Scalar
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Numerical results-4: pseudo-scalar interactions 
with X131

Xe

SM+Pseudo Scalar
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Numerical results-5: tensor interactions with 
Xe131

Xe

SM+Tensor
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Numerical results-5: tensor interactions with 
X131

0 200 400 600 800 1000-0.01

0.00

0.01

0.02

0.03

WIMP mass (GeV)

R
at
io
of
in
cr
ea
se
m
en
t σTensor -σSM

σSM

34



Numerical results-6: vector interactions with 
Ge72

SM+Vector
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Numerical results-6: scalar interactions with 
Ge72

SM+Scalar
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Conclusions

Thanks

Impact of non-standard neutrino interactions to the neutrino floor was 
studied

NSI Enhancement 
Vector ✔

Axial-vector ❌

Tensor ❌

Scalar ✔

Pseudo-scalar ✔

SM+Vector
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⚙ Definitely DM signal

⚙ DD combined with Neutrinos

⚙ New DD technique is needed
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Advertisement
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https://indico.ihep.ac.cn/event/10365/

Thanks


