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Physics beyond SM

Neutrinos are massive, therefore we need to extend the standard

model

@ We can introduce a new gauge interaction in which neutrinos are the
only charged particles in contrast to electromagnetic interaction

So called secret neutrino interaction

gaﬁzllﬂja’yul/ﬁ
Motivated by DM models
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Introduction

Chared mesons decay experiments

Test of the standard model and beyond the standard model

Leptonic meson decay is a two-body decay, and monochromatic, and
is suppressed by m%/m%/,

Leptonic meson decay is used to test lepton flavor universality

Used to constrain new neutrino interactions

We investigate the sensitivity of the leptonic decay of the charged
meson to the new gauge interaction
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Introduction

Short-Baseline neutrino experiments

Measurement of neutrino interaction cross-section

Measurement of neutrino flux

The standard model measurements

Test of beyond three neutrino oscillation scheme such as sterile
neutrino, Non-standard neutrino interaction, etc

We investigate the sensitivity of short baseline neutrino experiments
to the new gauge boson
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Introduction

Leptonic meson decay

[Z
: kQ\‘ ,
q :
M = Gy Voq pp(u1y”PLv2) (1)
Py is chirality projection matrix, P = 1_275

fpm is meson structure constant
Vg is element of the CKM matrix
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Introduction

Leptonic meson decay

M = GFfMV2,pppg(ulfpr/_vz)(vQPRfy uy) (2)
D IMP = GEfg Vi pops Tr(v* Puko PRy’ (Ko + m)) (3)
spins
2 2 20242 2 2 m/2
Z |M’ GFfMV qq’ Tr(Pl{zPRplfl) = GFfM qu/mMm/ (1 — mT) (4)
spins M
G,_-fMV2
MM — lava) = ~2 M3 i (i — )’ (5)
7rmM

GFr is Fermi constant, fy is Meson decay constant, and V, is element of
CKM matrix
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Introduction

Leptonic meson decay

Leptonic branching ratio

R, — MM — eve)
M= MM — pvy)
Me o, M3, — M2
Rip! = (—=)*(—5"—35)%(1 + 0Rqe).

my" " my, —mg

O0RgED is electromagnetic correction
me = 0.5109989461(13) MeV
m,, = 105.6583745(24)
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Introduction

Leptonic meson decay

Leptonic branching ratio of pion decay

Mm — eve)

R: =
M(m — py)

= (1.2352 £ 0.0002) x 10~ (8)

my; = 139.57_018 + 0.00035MeV
7T is made of ud and 7~ is made of id

leptonic branching ratio of kaon decay

MK — eve) s
Ry = —————= = (2.477 4+ 0.0001 10 9
= k)~ )% Q
myg = 493.667 + 0.013MeV
K™ is made of u5 and K~ is made of iis
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Pion and Kaon rare
decay experiments
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Pion and Kaon rare decay experiments

NA62

@ In the North Area of the SPS accelerator at CERN

@ Study rare decays of charged kaons

@ In two body decay spectrum is monochromatic
P=pi+p2
p? = (P —p2)? = M?>+ m3 —2E,M = m?
Ey=M— Ep = Mmiem

e Kinematic identification: M2 (/) = (Px — P;)?
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NA62

@ NAG62 criteria is
M2 < M2 (I) < M3

miss
M? ~ 0.013 to 0.016
M2 ~ 0.010 to 0.013

~ 150000 reconstructed K= —» e* v, events

with 11% background

kaons decay in flight with 74 £ 1.4GeV energy

reconstructed lepton momentum is in the range of 13 to 65 GeV
Rk = (2.488 £ 0.010) x 107>
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Pion and Kaon rare decay experiments

PIENU
o " — etv, E.+ = 69.8 MeV
ot — pty, pt — etv, Eq+ = 0.5 —52.8 MeV
@ pion at rest
@ Energy cut equal to 53 MeV
e R, = [1.2344 4 0.0023(stat) + 0.0019(Syst)] x 10~*
@ In the near future statistical uncertainty reduces by a factor of 3
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E949

@ Brookhaven National Laboratory, USA
@ 1.70 x 102 stopped kaon

o Br(KT — ptvwr) < 2.4 x107% at 90 % C.L. , arXiv:1606.09054

[hep-ex]
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Other constraints

e Old TRIUMF, (Phys. Rev. D 37 (1988) 1131),

R="2) < 4x10°°

o Nucl. Phys. B 149 (1979) 365,
Br(Kt — etvvr) <6 x107° at 90 % C.L.

o KLOE, TREK, 1970s measurement of Rk
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Short-baseline neutrino experiments

Short-baseline neutrino
experiments

Pouya Bakhti (JBNU) Secret Neutrino Interaction November 14, 2022 23 /47



DUNE near detector

STT Module

Backward ECAL

https://sciencesprings.files.wordpress.com/2019/10/fnal-dune-near-

detector.png
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DUNE near detector applications

Neutrino flux measurement

Neutrino cross-section measurements

Determination of parton and gluon structure function

Test of sum rules

Nuclear structure of Ar, Pb, Fe, and C targets (Form factors, etc)
QCD measurements

Weak angle measurement

Beyond SM measurements
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FASER and FASERv
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Short-baseline neutrino experiments

FASERv
@ Detect collider neutrinos for the first time
@ Detector is located 480 m from ATLAS IP
o FASERv is an emulsion detector
@ Detect tau neutrinos
@ Neutrino cross-section measurements and nucleon structure
@ Charm meson production and decay and study Quantum

Chromodynamics

Reduction of atmospheric neutrino flux uncertainaties

@ Test of physics beyond the standard model
o FASERv2 and FLARE are future detectors at high luminosity LHC
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Short-baseline neutrino experiments

FASER»2 and FLARE
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SHIP experiment (Beam Dump Facility)

Hidden Sector
decay volume

Spectrometer
Particle ID

Target/

hadron absorbe v detector

ctive muon shield
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A new meson decay mode

A new meson decay mode
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A new meson decay mode

A new meson decay mode

S IMP =g GHgVa, | D enlp)es(p)

spins polarization ( 11 )

2 m 2 m
i (v@n@Pe S Cunan S0 e, )
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A new meson decay mode

A new meson decay mode

Z |M|2 Zgal GFfM <g045 - papﬁ)

Splns Z 5 (12)
tr <?7PR’Yagzml@(/ + m/)QEQmIQVBPQ

neglecting the lepton mass in the case of electron

spins

13
+(m%4 — m%, —2my E)(m3, — m%, — 2mymE,) (13)
m>2,
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A new meson decay mode

A new meson decay mode

Emax Ernax
r(M— lwZ') = 647r3m / / dEidE, Y IMP.  (14)
M e o spms
H m m ’
Emin — gmax _ Mv — Mz
I m/7 ! 2mM 5
gmin _ my, — m% — 2myE; pmax _ ma, — m%, — 2mkE
Y 2my N 2(mm — 2E))

gea G2 cos (HC) f2
61447T3mMm%,
4 4 2 6 mz 8
+24 (3mMmZ/ + 4mMmZ/) |Og (mM> — 9mz,) .
(15)

(M — ev,Z') = M (mb, + 72m)yymYy, — 64m3,m%,
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A new meson decay mode

A new meson decay mode

@ Considering the lepton mass in the case of meson decay to the muon
caused 5% correction

@ In this case the decay rate is calculated numerically

@ In the case of meson decay to electron, the effect of electron mass is
negligible

Pouya Bakhti (JBNU) Secret Neutrino Interaction November 14, 2022 34 /47



A new meson decay mode

A new meson decay mode

o lsy(M — Iyv), I(M — l,wZ'), experimental Ry

@ In the case of experimental that Ry, is measured, we defined
2 (REXPiR}%MiRlI(VEWF
Xk = o2
@ In the case of NA62, because of kinematic criteria, E. > 233.68MeV
@ We presented analitical formula for the spectrum of the Z’ and
produced neutrinos from meson and Z’ decay, arXiv:1702.04187

[hep-ph].
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Results
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Constraining the coupling from decay to electron

0.020

W —evZ

V3 0010 B kt-etvvv

B PIENU(Ry)

W PIENU(RYy), Projected
W NA62(Rk)

ei

mz(MeV)
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Constraining the coupling from decay to electron

= TREK
m KLOE
m NA62(Rk)
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Constraining the coupling from decay to muon

P L L e B

0.003

(\I;.Cl; 0.002 W kK>uptvvy
m (9-2),
0.001
0.000
mz(MeV)
o & = = = DA
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DUNE ND Spectrum
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Neutrino flux at FASERv
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Constraining the coupling

1071
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Constraining the coupling

1071

10—2<
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Constraining the coupling

107!

1072<

10—4<
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e
Constraining the coupling from FASERv
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Summary

Meson decay and short-baseline neutrino experiments constrain
neutrinophilic interaction

NA62 and E949 sets the most stringent bound on the coupling for
4 MeV < mz < 50 MeV

o DUNE ND will make comparable or more stringent constraints and
has flavor sensitivity

(]

o FASERwv sets more stringent constraints for
50 MeV < mz < 150 MeV

o FASERv2, FLARE, and SHIP sets one order of magnitude more
stringent constraints in 4 MeV < mz < 500 MeV
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Thank you for your attention.
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