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Northwestern University

ISODAR Workshop, MIT

January 15–16, 2017

January 15, 2018 ISODar ν̄e − e scattering



André de Gouvêa Northwestern

On the Physics of Neutrino – Charged Fermion Scattering

Neutrino matter scattering provides a unique an clean environment to

study purely weakly interacting processes. In the Standard Model, at low

enough center of mass energies, νµ + f eleastic scattering is governed by

the following effective Lagrangian.

L = −2
√

2GF (gνL ν̄LγµνL)×
[
gfL f̄Lγ

µfL + gfR f̄Rγ
µfR

]
where

gνL =
√
ρ

(
+

1

2

)
,

gfL =
√
ρ
(
If3 −Qf sin2 θW

)
,

gfR =
√
ρ
(
−Qf sin2 θW

)
.

At tree-level, ρ = 1. Loop corrections affect both ρ and what we mean by

sin2 θW .
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One can interpret ν + f as measuring the Weinberg angle . . .

. . . but it measures gνLg
f
L and gνLg

f
L independently. Much more information.
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Neutrino–Electron Elastic Scattering and New Heavy Physics

This is what one is able to measure:

dσ

dT
(ν`e→ ν`e) =

2G2
µme

πE2
ν

[
a2E2

ν + b2(Eν − T )2 − abmeT
]
, (1)

Table 1: Standard model a and b parameter values for the differential cross-

section. s2 ≡ sin2 θW ≈ 0.23149± 0.00015 and ` = µ, τ .

νee→ νee ν̄ee→ ν̄ee ν`e→ ν`e ν̄`e→ ν̄`e

a − 1
2 − s

2 −s2 1
2 − s

2 −s2

b −s2 − 1
2 − s

2 −s2 1
2 − s

2

a2(or b2)→ a2(or b2)
[
1 + αFa(b)(T,Eν)

]
, (2)
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dσ

dy
=

G2
FmeEν

2π

[
(gνeV ± gνeA )

2
+ (gνeV ∓ gνeA )

2
(1− y)

2
]
,

in the limit me � Eν , for y = Te
Eν

for the recoil electron. Sign ambiguity

for neutrino and antineutrino scattering, respectively.

New “heavy” physics will modify the coefficents

gνLg
e
L = gνeV + gνeA

gνLg
e
L = gνeV − gνeA
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General effective Lagrangian one can probe with ν̄e + e scattering

LeNSI = +

√
2

Λ2

[
ν̄eγσPLνα

][
cos θ ēγσPLe+ sin θ ēγσPRe

]
.

Λ = New Physics scale.

θ parameterizes “handedness” of the new physics. Note: signs matter.

Assumption 1: no scalar–scalar interaction (“suppressed” by neutrino and

electron masses)

Assumption 2: charged current – IMD – NOT modified. This is not true

of specific models
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Neutrino–Electron Scattering with Different Next-Generation Beams (Summary):

[AdG, J. Jenkins, PRD74, 033004 (2006)]
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J. Conrad et al. arXiv:1307.5081
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Neutrino Electromagnetic Properties

Nonzero neutrino masses imply that neutrinos have a nonzero

electromagnetic moment, i.e., the couple to photons.

L ∝ µαβ ν̄ασµννβFµν + dαβ ν̄ασµννβF̃µν

If the neutrinos are Majorana fermions, µαβ = −µβα (same for d) so only

the transition moments are not zero. This is irrelevant for the discussion

here!

(For CEνES – for neutrino electron scattering it is about the same),

which adds incoherently to the SM expectation. µeff is a combination of

the appropriate µαβ and dαβ .
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The best laboratory bounds are from ν + e elastic scattering
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Somewhere in between: Light Mediators

Nothing to report, other than there are people working on it, AdG, P.

Machado, L. Necib, A. Ridgeway, Y. Zhang.

Interesting issues:

• What is this good for?

• Do you solve any other outstanding issues (muon g − 2)?

• New observable: shape distortion.

January 15, 2018 ISODar ν̄e − e scattering
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Modifying the Neutrino Coupling to the Heavy Gauge Bosons:

• neutrino mixing with heavy gauge-singlet leptons
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Another Example: The “Nature” of the ν – Z-boson Coupling

In the Standard Model, the neutrino coupling to the Z-boson is purely

left-handed. It is interesting to ask “how well do we know that?”

The most precise information we have regarding the neutrino–Z-boson

coupling comes from the invisible Z-width at LEP. However, LEP does

not measure gνL: it measures (gνL)2 + (gνR)2.

On the other hand, we know a lot about the nature of the neutrino

W -boson coupling. That one is known to be purely left-handed

This means that neutrino beam experiments measure only gνL:

Complementary to LEP.

January 15, 2018 ISODar ν̄e − e scattering
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CHARM II – neutrino electron scattering – plays a fundamental role!
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