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Neutrinos point towards new physics

® Massless in the SM

® Oscillations confirm that they are massive.
See https://globalfit.astroparticles.es/

® Need of an extension of the SM —* Zoo of new models

v

®New particles=New interactions — » EFT approach: NSI
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Neutrino Non-Standard Interactions (INSI)

® Effective Four-fermion vector interactions
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Neutrino Non-Standard Interactions (INSI)

® Not detected so far, only upper bounds.
[Farzan and Tértola, 1710.09360]

® Might come from:

® Light mediators mx < Mgw
[Farzan and Shoemaker, 1512.09147]

e Heavy mediators mx > Mgw

Gauge Invariance brings new charged leptons
interactions

Necessary assumption to work with SMEFT
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energies below Ay

® Appearance of higher dimensional operators

® SM gauge group and particle content + higher

dimensional operators: SMEFT
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Standard Model Effective Field Theory
(SMEFT)

® A UV complete theory must reduce to the SM at
energies below Ay

® Appearance of higher dimensional operators

® SM gauge group and particle content + higher
dimensional operators: SMEFT

c? )
LsverT = Lsm L L 1 &

d—
d>5 1=1 A
,/Up to d=6

[B. Grzadkowski et al, 1008.4884]

Jorge Terol Calvo - IFIC 26




Standard Model Effective Field Theory
(SMEFT)

® Running of SMEFT Wilson Coefficients (WCs)
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Standard Model Effective Field Theory
(SMEFT)

® Running of SMEFT Wilson Coefficients (WCs)

M d,u 167T

lAt one Ioop

[E. Jenkins et al, 1308.2627]
[E. Jenkins et al, 1310.4838]
[R. Alonso et al, 1312.2014]
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Low-energy Effective Field Theory (LEFT)

® Neutrino experiments deal with energies below the
electroweak scale —» new EFT needed

® At these low-energies we are left with QCD+QED gauge
group and integrate out massive bosons (W, Z and H)
and top quark

L(d

Lierr = LQcp+QED + ﬁ}é + > > ) -

d>5 1=1
Up to d=6 and
matching with

[E. Jenkins et al, 1709.04486] SMEFT
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Low-energy Effective Field Theory (LEFT)

® Running of LEFT WC
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Low-energy Effective Field Theory (LEFT)

® Running of LEFT WC

167T2 Z %’3 J

l At one loop

[E. Jenkins et al, 1711.05270]

Jorge Terol Calvo - IFIC

35



NSI + EFT: The Strategy

® The link between NSI and LEFT operators is quite
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NSI + EFT: The Strategy

® The link between NSI and LEFT operators is quite
straightforward.

® We can now bring the bounds coming from low (high)
energy experiments to high (low) energies
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NSI + EFT: The Strategy
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NSI + EFT: The Strategy

[A. Celis et al, DsixTools 2.0 (to appear)]
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Numerical Results

® We explore 112 WCs one at a time

® 14 values for Ayv inthe range [0.5,14] TeV

® 48 NSI coefficients obtained at Ajr=15 GeV

® Compared with experimental limits from
[Farzan and Tértola, 1710.09360]
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What we get

Numerical Results
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Numerical Results: What we get
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Limits on SMEFT WCs from NSI

® 18 SMEFT scenarios give sizeable NSI for Aty > 1 TeV

® Set a lower bound on Ayvy/+/|C;| for these SMEFT
operators

I Compare with other sources of SMEFT bounds

® LFV coefficients:

® Use LEFT WCs to compute u — €7
[Dekens et al, 1810.05675]

® Zdecay: 4/ — Tl

® Bouns derived in:
[Carpentier and Davidson, 1008.0280]
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Limits on SMEFT WCs from NSI

® 18 SMEFT scenarios give sizeable NSI for Ayy> 1 TeV

® Set a lower bound on Ayvy/+/|C;| for these SMEFT
operators

® Compare with other sources of SMEFT bounds

® LFV coefficients

® LFC coefficients

® | ow energy measurements:
[Falkowski et al, 1511.07434]

[Falkowski et al, 1706.03783]

o HC data
[Ellis et al, 1803.03252]
[Cerri et al, 1812.07638]
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Limits on SMEFT WCs from NSI: LEV
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Limits on SMEFT WCs from NSI: LEV

270
= Bounds from other sources
= Bounds from NSI
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Limits on SMEFT WCs from NSI: LEC
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® We derive the same results without running.
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Effect of Running

® We derive the same results without running.

® For Ay =1 TeV, the relative difference in the resulting

NSI coefficients lies between 5% and 10%

® Examples:

Jorge Terol Calvo - IFIC

® For higher scales this difference grows, as expected.

SMEFT WCs

RGE ¢
1.99 TeV
1.53 TeV

RGEE)

1.89 TeV
1.61 TeV
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Conclusions

® Neutrino NSI constitute a powerful method to constrain
NP at low energies

® Connection between NSI and SMEFT constitute a bridge
between neutrino experiments and a general class of
high energy NP models

® Current limits on NSI push the NP scale above the TeV.
Still not very competitive with other experimental probes

® Systematic approach including full one-loop RGE running
effects.

® The analysis has its limitations: One operator at a time, not
includes CC-NSI...
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Thank you!



Back Up Slides



NSI experiments

® Neutrino-Nucleon Scattering data fgﬁ

® Combined analysis of atmospheric and neutrino-nucleon
scattering data Eﬂh’

® Analysis of the atmospheric neutrino signal in IceCube
DeepCore ::—"?"
L

® Combined analysis of solar and KamLAND reactor data €.,

®Combined analysis of reactor and accelerator data f"iﬁ

® Combination of oscillation and coherent neutrino-nucleus

scatteringdata v
EEE

®Analysis of atmospheric neutrino data eg}:
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What we get

Numerical Results
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Matching LEFT with SMEFT

® Breaking of the SU(2) doublets, originates several LEFT
operators from a single SMEFT operator
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Q /7 Al [Zp’}/ﬂgr} [Zsfy,ugt}

prst
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Q /7 Al [Zp’}/ﬂgr} [Zsfy,ugt}
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Matching LEFT with SMEFT

® Breaking of the SU(2) doublets, originates several LEFT
operators from a single SMEFT operator

Q /7 Al [Zp’}/“gr} [gsfy,ugt}

prst
|

\ \ v

_ _ V,LL — - _ _
O = ZLp Y VL] [PLsvuved O%e” = [Drpvviy] ersvuerd] O’ = erpyery) ersyuer.d
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® LEFT operators recieve contributions from dimé SMEFT
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Matching LEFT with SMEFT

® Breaking of the SU(2) doublets, originates several LEFT
operators from a single SMEFT operator

Q /7 Al [Zp’}/ﬂgr} [Zsfy,ugt}

prst
_ _ V,LL _ _ _ _
oLt = LY ve,| PLsvuves Ove = Prpy'visllersyuer,] 0%’ = [ep v ery) [ELsYuerd]
prst prst prst

® LEFT operators recieve contributions from dimé SMEFT
operators and pure SM d4 operators

L‘“L’ﬁj Cu o ’
prst prs A 97
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Matching LEFT with SMEFT

® Breaking of the SU(2) doublets, originates several LEFT
operators from a single SMEFT operator

Q /7 Al [Zp’}/ﬂgr} [Zsfy,ugt}

prst
_ _ V,LL _ _ _ _
oLt = LY ve,| PLsvuves Ove = Prpy'visllersyuer,] 0%’ = [ep v ery) [ELsYuerd]
prst prst prst

® LEFT operators recieve contributions from dimé SMEFT
operators and pure SM d4 operators

L‘“L’ﬁj Cu o ’
prst __ prs A 97
xUQ o A%TV o 4A’{§ [Zu];m" [ZV]St - m [Zy]pt [ZV]S?"

Y

Dim 6 SMEFT
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Matching LEFT with SMEFT

® Breaking of the SU(2) doublets, originates several LEFT
operators from a single SMEFT operator

Q /7 Al [Zp’}/ﬂgr} [Zsfy,ugt}

prst
_ _ V,LL _ _ _ _
oLt = LY ve,| PLsvuves Ove = Prpy'visllersyuer,] 0%’ = [ep v ery) [ELsYuerd]
prst prst prst

® LEFT operators recieve contributions from dimé SMEFT
operators and pure SM d4 operators

LV Cuw "
prst __ _ prst VA A 7 97 7 7
’Ug A%V 4A{§ [ i]p?" [ a‘/]st 4}\{% [+ y]pt [ H]S?"

Y

] Pure SM+
Dim 6 SMEFT Pure SM+ .
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