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Ve production and detection @ current reactor exps.

Production: /3 decay of Detection: Inverse 3 decay,
k =235 U, 239py, 241py and 238y Ve+p—n+e’

Nb neutrino/fission
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o Coincidence signals: Prompt e'-
Flux parametrizations: & (E) annihilation and delayed (~ 30us)
P. Huber (PRC 84(2011)) n-capture.

T. Mueller et al. (PRC 83 (2011))

For ~ 1km baseline, v,s propagate to FD practically in Vacuum!
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J. Ling @ ICHEP 2016
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(PLB 782(2018)) arxiv:1708.0118

P.F deSalas, DVF, Ternes, Tértola & Valle
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Motivating the NSI

@ Neutrino masses imply physics BSM.
@ New neutrino interactions are expected in SM extensions

@ The exchange of new heavy particles could leave a low energy
‘fingerprint’ in the form of NSI.

@ NSI provide a model independent framework to include ‘NP’.

@ ltis worthy to quantify the ‘amount’ of NSI allowed by the neutrino
oscillation data.



The pheno approach to the NSI
Effective four-fermion operators

L. Wolfenstein (PRD 17(1978)), JW.F Valle (PLB 199(1987))

M.M Guzzo et al. (PLB 260(1991)), E. Roulet (PRD 44 (1991))
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Also, see J. Kopp et al. (PrRD 77(2008)) for a discussion of other Lorentz structures
for the NSI, not distinguishable with current reactor and accelerators.
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© cC-Like NSl at ~ 1km reactors
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Analysis framework

~ V+A D
° eg’ﬁ”‘/ﬂ—mand ),u.d,VE —>s§é)

@ |73) = |Pa) + 22, M|uw) (I produced). \uﬁ> [7g) + 32, ai’,’g\DA,) (Is detected)
@ =° & ¢% are general complex matrices!
@ detection (inv. S-decay) Vs production (3-decay) €3, = %% = e, = |ea €™
@ The effective oscillation probability is given by:
zero distance term’
eff.
P S 4|ee|COSe
— 4sin 613 + Spae,| cos (8 — b,.) + Cosler| cos(8 — ¢)] sin® Agy + O(e)?

Also, notice the ‘¢, ‘03" dependence!
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Analysis framework
@ &+ 0andé )ud VEA sf}f’)
@ |73) = |Pa) + 22, M|uw) (I produced). \uﬁ> [7g) + 32, si’,’g\ﬁﬁ (Is detected)
@ =° & ¢% are general complex matrices!
@ detection (inv. S-decay) Vs production (3-decay) €3, = %% = e, = |ea €™
@ The effective oscillation probability is given by:
zero distance term’
eff.
P S 4|ee|COSe

— 4sin 613 + Spae,| cos (8 — b,.) + Cosler| cos(8 — ¢)] sin® Agy + O(e)?

Also, notice the ‘¢, ‘03" dependence!
Analysis details: One parameter at a time, 623 = /4, and NH.
@ l.ce #0,Il. g4+ # 0, and Flavour Universal, lll. g¢ .- = €.
@ S, (1 + @norm + >, wla, + fd) + (14 84)By & X2+ = Zk(nk/ak)2 for each 7.
see Agarwalla, Bagchi, DVF, Tértola (onep 1517 (2015)) for more analysis details
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Analysis framework
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@ =° & ¢% are general complex matrices!
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@ The effective oscillation probability is given by:
zero distance term’
eff.
P S 4|ee|COSe

— 4sin 613 + Spae,| cos (8 — b,.) + Cosler| cos(8 — ¢)] sin® Agy + O(e)?

Also, notice the ‘¢, ‘03" dependence!
Analysis details: One parameter at a time, 623 = /4, and NH.
@ l.ce #0,Il. g4+ # 0, and Flavour Universal, lll. g¢ .- = €.
@ S, (1 + @norm + >, wla, + fd) + (14 84)By & o+ = Zk(nk/ak)2 for each 7.
see Agarwalla, Bagchi, DVF, Tértola (onep 1517 (2015)) for more analysis details
‘ Here, ‘preliminary’ results for shape analysis of 1230 days of Daya Bay data. ‘
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Current bounds
CC-like NSI

Biggio, et al. (JHEP 090 (2009))
Bounds extracted from:

@ VU determination: From Kaon decays — V“ (and asumming CKM
unitarity) compared with the derivation from beta decays (affected by
NSI).

@ Universality tests: Ratios # — e(u)r and 7 — v decay rates modified by
quark CC-like NSI.

@ Non-observation of flavor change at NOMAD (‘zero distance effect’).
Channels v, — ve (|e49%], [eoa ")), ve — v, (|9)), and v, — vy (|49

e,u
d L
|40,

Assuming only one parameter at a time (90% C.L. for 1 d.o.f):

vioLum vl 0.041]  0.026(0.037) 0.041
xX=1 A A Al eI < | 0.026 0.078 0.013
L(R) L(R) A 0.087(0.12) 0.013(0.018) 0.13

udA

af
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‘ We improved the limit on [42| < 0.02 NSI coupling, total-rate analysis of Daya Bay ‘
see Agarwalla, Bagchi, DVF, Tortola (JuEP 1517 (2015)) for details

13



Outline

@ NSI ‘preliminary’ results
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Results for the ‘c¢¢’ coupling

Showing 5123 from LBL-only in vertical bands
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0.0201 < sin? 13 < 0.0306 (10)
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Results for the ‘.’ coupling
Showing 3123 from LBL-only in vertical bands
Contours at 90% of C.L for 2 d.o.f.
Band: 90% (10) of C.L for 1 d.of,
green(yellow).
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Results for the ‘e, )’ case

Showing 3123 from LBL-only in vertical bands

Contours at 90% of

C.Lfor2d.o.f. Band: 90% (1o) of C.L for 1 d.o.f, green(yellow).
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§123 ~ S123 + 2313323|5e(u,7-)| cos (5 — ¢9(M,T))

Cancellations when cos (§ — ¢e(,,7)) = 0, higher order ¢ terms important!

16



Results for the ‘FU’ case

Showing 3123 from LBL-only in vertical bands
Contours at 90% of C.L for 2 d.o.f. Band: 90% (10) of C.L for 1 d.o.f, green(yellow).
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Including the LBL measurement of sin® 613
0.0201 < sin? 613 < 0.0306 (10)

LBL pull on sin2813; 8cp=0, norm=5% LBL pull on sinzelg; 8cp=0, norm=5%
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Cancellations when cos (6 — ¢,, -) = 0, higher order ¢ terms important!
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Including the LBL measurement of sin® f13
Daya Bay Vs RENO
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Cancellations when cos ¢¢e = 0, higher order ¢ terms important!

Work in progress: Updating RENO results with the latest data, ~ 2200 days.
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e Summary and Conclusions
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Summary

The reactor mixing angle has been measured within a ~ 4% precision
mainly thanks to Daya Bay.

Taking advantage of the Daya Bay data other beyond standard oscillation
scenarios can be probed. In particular, CC-like NSI have been tested.

Multidetector reactor neutrino experiments offer a clean probe of CC-like
NSI. The 613 determination is in general NOT robust under CC-like NSI
(due to the effect of the phases) while the value of the NSI constrains is
limited by our current knowledge of the ‘absolute normalization of reactor
neutrino fluxes’. New physis might be ‘entangled’ with syst. errors.

By using the LBL result for the reactor mixing angle as an input,
constrains on the ‘c¢(,,-) and ‘FU’ couplings substantially improved.
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Complete second order NSI probability

Assuming €3, = ¢

dx*
ae

P—s d

Vg—Vg

1 — sin? 263 (0122 sin? Agq + 82, sin? Agz) — 4 5in? 2015 sin? Ay

Standard Model terms

4lee|cospe + 2|ee|? (2 + cos (2¢e)) + 2/ep|? + 2ler 2

non—oscillatory NSI terms

4{2513[sp3/epu| cos (5 — ) + Caaler| cos(8 — ¢r)]} sin® Agy.

oscillatory NSI terms

4{s33lenl? + CB3ler | + 2523C3lep||e 7 COS (P — B7)} sin® Agy

oscillatory NSI terms
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Normalization of the NSI states

The new neutrino favor states, in presence of NSI are normalized as:

va) = 1= (IVa>+Z€fwlw>> ,
« ¥

Wil = g (wwzsiﬁw) ,
B n

where the normalization factors are given by:

NG = /10 + )1 + e

NG = JI(1 +e90)(1 + )] g,

To see the normalization effect in the probability, we can compute the oscillation probability at zero distance:

2
2

d d
dap +ebs teag + 2, Eanns
Ns NG

Pg g (L=0)= [(WEIv2)

s
v —v

For Efw = egfl = |ea~| exp (ipa~) we find the oscillation amplitude is given by:
B dap +2R(leap|expidap) + 30, leayllepy| exp [((Pay — ¢p4)]

1+ 2R(caal e idac) + T, leay2\/1 + 2R (Iespl expidps) + T, lepn 2
£0.

A.p(L=0)
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