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Background
• Strong observational evidences for dark matter: Galaxy rotation
curves, Gravitational Lensing etc.. Dark matter does exist

• The known fundamental particles (SM particles) cannot be dark
matter candidates: New Physics dark sector.

• BSM models suggest different DM candidates: mainly assume
isospin conserving interaction for DM.

Isospin violating Dark sector

• DM direct detection experiments: LZ, PandaX, Xenon1T etc.
Yet to observe any DM (even not in colliders).

Like visible sector, dark sector can have isospin violation

• Neutrino floor is a critical component in dark matter direct
detection: It is the background to the possible DM signal.

Modification in Isospin violating dark sector
• The dark matter direct detection limits: Recasting of
experimental result on the σ −m plane.

Isospin violation can modify the limit
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Dark Matter Direct Detection

• Dark matter signal:

• DM hit the nucleus of the detector material: DM nucleon
scattering happens. DM can even scatter off the electrons inside
the material.

• The nucleus/electron recoils with ER, and if ER Eth with the
detector threshold energy Eth: possible DM observation.

• Neutrino Background: The neutrinos can similarly scatter off the
nucleon/electrons: Coherent elastic neutrino nucleus scattering
(CEνNS).

• Neutrino Floor: In a σDM−N −mDM plane, where the neutrino
background remains indistinguishable from possible DM signals is
termed Neutrino Floor.

• Direct Detection Limit: Another σDM−N −mDM contour coming
from the experiment: a lower bound of forbidden DM nucleon
scattering cross section.

Interplay of two contours..
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Neutrino floor in Isospin Violating (IV) Dark Sector

• A chosen physics scenario: IV Dark Sector

• Coherent elastic neutirno nucleus scattering (CEνNS)
Computation: uses nuclear form factor

• Neutrino nucleus scattering rate computation: uses neutrino
flux, and detector details

• Dark Matter nucleus scattering rate computation: uses DM
velocity distribution, DM local density

• Comparison of these two rates to put a contour in σDM −mDM

plane.
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Isospin-Violating Dark Sector
• SM is extended with:

• a fermionic DM candidate, χ, with a mass mχ

• a spin-1 mediator, Z ′ with a mass mZ ′ .

• The Lagrangian involving with isospin violating interaction:

L ⊃ Z ′
µ

∑
f

f̄ γµ(g f
V + g f

Aγ5)f + Z ′
µχ̄γ

µ(gχ
V + gχ

A γ5)χ

+
1

2
m2

Z ′Z ′
µZ

′µ +mχχ̄χ

where gV ,A are the vector and axial-vector couplings, respectively.
• Z ′ SI effective coupling to nucleus with Z protons and A− Z
neutrons:

QN
V = Z (2gu

V + gd
V ) + (A− Z )(2gd

V + gu
V ) , Bertuzzo

• DM effective couplings to protons and neutrons, respectively:

fn = gχ
V

(2gd
V + gu

V )

2m2
Z ′

fp = gχ
V

(2gu
V + gd

V )

2m2
Z ′

Chun
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CEνNS in Our Model

• The Coherent Scattering Differential Cross-Section for Our Model,

dσ

dER
= ξV

dσSM
νN

dER

dσSM
νN

dER
=

G 2
FmN

4π
F(ER)

2
(
QSM

V

)2 (
1− ERmN

2E 2
ν

)
,
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CEνNS Modification

• Modification Factor: ξV = 1 + Z − Z ′ Interference + Z ′

Contribution

Z − Z ′ Interference term = − 1√
2

QV (g
ν
V +gν

A )

GFQSM
V (2mNER+m2

Z′ )

Entirely contributed by Z ′ = 1
4

Q2
V [(g

ν
V )2+(gν

A )2]

G 2
F (Q

SM
V )2(2mNER+m2

Z′ )
2

QV = (2Z + N)gu
V + (Z + 2N)gd

V

QSM
V = N − (1− 4 sin2 θw )Z

• The Z ′ mediated CEνNS BSM process: for fn/fp = −0.7 and for
fn/fp = −1.0
• fn/fp value fixes gu

V in terms of gd
V through the expression:

fn
fp

=
2gd

V + gu
V

2gu
V + gd

V

.
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Contours of ξV
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Neutrino Event rate

• Nucleus recoil event rate:

dRν−N

dEr
=

ϵ

mN

∫
Emin
ν

A(Er )
dϕν

dEν

∣∣∣∣
να

P(να → νβ ,Eν)
dσ(Eν ,Er , νβ)

dEr
dEν .

• Neutrino flux profile includes solar, atmospheric and diffused
supernovae neutrinos.
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Neutrino Floor
• What is the neutrino floor?
The neutrino floor is a theoretical lower limit on WIMP-like dark
matter models that can be probed in direct detection
experiments.

• The differential DM-nucleus scattering event rate is,

dNDM−N

dER
= ϵ

σ0A
2ρDM

2µ2mDM
F 2(ER)

∫
vmin

f (v)

v
dv

ϵ is the exposure of the detector, F (ER) is the Helm form factor
of the nucleus, ρDM is the local DM density.

• The master equation of the Neutrino floor:∫ Emax
DM

Eth

dRDM−N

dEr
dEr =

2.3

1

∫ Emax
r

Eth

dR

dEr
dEr ,

this 2.3 : 1 ratio confirms those recoil events to be of a DM
observation with 90% CL.
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Neutrino Floor: Construction

• DM-nucleon scattering cross-section,

σ0(Eth) =

[
2.3

1

∫ Emax
R

Eth

dER

(
1

mN

∫
Emin
ν

dEν
dσSM

νN

dER

dϕν

dEν

)
×
(

ρDMA2

2mDMµ2
F 2(ER)

∫
vmin

f (v)

v
d3v

)−1]
• The volume integral in SHM: Lewin, Smith, 1996∫
vmin

f (v)

v
d3v =

1

2v0ηE
[erf (η+)− erf (η−)]−

1

πv0ηE
(η+ − η−) e

−η2
esc

Here ηE = vE
v0
,ηesc = vesc

v0
and η± = min

(
vmin

v0
± ηE ,

vesc
v0

)
.

• Here v0 is local galactic rotational velocity, vE velocity of Earth
w.r.t galactic center, vesc escape velocity of DM from galaxy. Values
used: v0 = 220km/s, vE =232 km/s and vesc = 544 km/s.
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Rescaling of the Experimental Bounds

PHOENIX-2025



PHOENIX-2025

Modification in LZ Result

• Dark matter event rate in a detector composed of a nucleus
mass mA:

R = σ0
A × IA =

∑
i

ηiσ
0
Ai
× IAi

where σ0
A is the spin independent dark matter-nucleus cross

section.

• Typically, experimental exclusion limits are presented in terms of
the DM-nucleon cross section σp = 4µ2

pf
2
p /π.

• With IV dark matter-nucleon spin-independent cross section,

σZ
N = σp

∑
i ηiµ

2
Ai
[Z + (Ai − Z )fn/fp]

2∑
i ηiµ

2
Ai
A2
i

Where ηi is the natural abundance of the isotope Ai .

• Isospin conserving case in the dark matter interaction leads to,
fn = fp
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Modified Direct Detection Bounds
• Degradation factor,

DZ ≡ σZ
N

σp
=

∑
i ηiµ

2
Ai
[Z + (Ai − Z )fn/fp]

2∑
i ηiµ

2
Ai
A2
i
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• Left: Degradation factor for different detector material:
−1.0 < fn/fp < −0.5 shows maximum suppression.

• Right: different values of isospin violation: fn/fp = 1 (solid),
fn/fp = −0.7 (dashed), fn/fp = −1 (dotted)
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Combined Effects: Numerical Results

• Modification of neutrino floor due to Isospin Violation

• Modification of direct detection limits from the DM detectors
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Benchmark Scenarios

• Scenario-I: ∆ < 0 the parameter space decreases compared to
the SM.

• Scenario-II: ∆ = 0 the parameter space remains same as the SM.

• Scenario-III: ∆ > 0 parameter space opens up compared to the
SM.

BP fn/fp D−1
Z ξV gν

V gν
A gd

V mZ ′ [GeV]
I -2.4 0.99 1.23 0.55 -0.55 -0.5 750

IIa 1.7 0.50 0.59 0.6 -0.6 0.5 1000
IIb 0.4 2.40 2.38 0.5 0.0 0.04 300

IIIa 2.0 0.40 6.6 ×10−3 0.6 -0.6 0.67 550
IIIb -0.7 7640 1.23 0.5 0.0 0.1 10
IIIc 0.95 1.06 0.115 0.25 -0.25 0.3 400
IIId -1.0 31.27 0.15 0.45 -0.45 0.4 150
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Direct Detection Prospects:
Scenario-I

• The neutrino floor goes up in the scenario.

• The experimental constraint gets tighteror remain unchanged

No parameter space to be probed
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Direct Detection Prospects:
Scenario-II

• The neutrino floor can both go up or go down

• The direct detection limits can go up and down, following the
neutrino floor.

Situation remains same as the SM
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Direct Detection: Scenario-III
• Large parameter space opens up:
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Summary of Results
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Summary
• In our model, the neutrino floor can go down from the SM, so we
find new parameter space to be searched in DM direct direction
experiment.

• Alternative sign of gν
V and gν

A preferred.

• gd
V is preferred to be positive.

• Negative and small positive fn/fps i.e. fn/fp ≲ 0.5 relax the
direct detection bound, allowing for more DM parameter space
to be probed.

• For relatively larger positive fn/fp, the direct detection experimental
limits get more restrictive.

• Non-observation of DM in next generation of detectors (such as
LZ): then future detectors need to investigate parameter space of
CEνNS.

• Future experiments are projected to touch the SM neutrino floor.

• Exploration of cross sections below neutrino floor is possible.
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Takeaway Points

• We are seeing intital hints of solar neutrino observation in DM
detectors:

• PandaX and XENONnT found indications of solar neutrino
events

• Although they are found with very low significant statistics
(∼ 2.7σ)

• If the current hints turn out to be false alarm, then we encounter
DM detection limits touching the neutrino floor without any real
observation: Isospin violating dark sector opens the possibility of
them not crossing each other. ∆ > 0 cases.

• If the current hints turn out to be real neutrino observation, we can
replicate that in the presence of isospin violating dark sector. ∆ = 0
cases.
• Therefore any future neutrino observation can also be attributed to
specific Isospin violating DM scenario: the exact rate needs to be
checked.
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