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High-Intensity frontier experiments

High-luminosity meson factories:

BES III, BaBar, Belle II...

DM direct detection experiments:

PandaX, CDEX, XENON1T, LZ...

Long-lived particle experiments:

FASER(v), CODEX-b, MATHUSLA, SND, FPF, DUNE...
Parity-violating electron scattering (PVES) experiments:
MOLLER, P2, APV (??°Ra+), SoLID, Qweak...

Muon precision measurements:

FNAL g — 2, MUonE, EMuS, COMET, MEG, Mu2e, Mu3e...
Ov3p decay experiments:

PandaX-Ill, CDEX-300v, NvDEX, CUPID-CJPL, JUNO-bb...

Coherent elastic neutrino-nucleus scattering (CEvNS) experiments:

COHERENT, COvUS...

Neutrino experiments:

T2K, NOvA, JUNO, DUNE, Hyper-Kamiokande, IceCube...
Observations of supernovae, neutron stars, Sun etc

= v's in JUNO...; GWs in TianQin, Taiji...
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U(1)g—1 model



U(1)g_ models

@ Global U(1)g_; model

» Majoron (pseudo-Nambu-Goldstone boson)

@ Local: SU(2) x U(1)g, x U(1)g—1
» Symmetry breaking U(1), x U(1)g—r — U(1)y

@ Local: SU(2); x U(1)y x U(1)g—1

> Neutrino portal (N): type-l seesaw
» Vector portal (Z'): DM, collider pheno...
» Scalar portal (S breaking U(1)g—.): DM, collider pheno...
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Decay of Z’

Partial widths [hadron channels using R-ratio
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Decay of Scalar S

@ h— S mixing induced decays [

]
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Benchmark points of S decay
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Figure: Decay BRs of S with sin = 107*.

Free parameters in the model
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Four different scenarios

Pure Z' case

(]

@ Pure S case
@ S+ Z' case (effects of S — Z'Z’)

@ Associate production of S & Z’
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Z' @ DUNE

Bhupal Dev, Bhaskar Dutta, Kevin Kelly, Rabindra Mohapatra & YCZ,
2104.07681 [JHEP]
Light, Long-Lived B — L Gauge and Higgs Bosons at the DUNE Near Detector



Z' Production channels

o Leading contributions: w, n — vZ’, pN — pNZ'

2 2\ 3
BR (m —~Z') = 2BR(m—>fy'y)(gBL) (1—'"2/)

2
e my,

v

Subleading: K, — ~vZ’
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Subleading: Ks — 7%Z/, KT — ntZ’
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Subleading: A(1232) — NZ’
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Production of Z' @ DUNE (near detector complex)

10" T 1 T T 117T T 1T T 1117 T T T T T 117

1.47 x 102 POT
(10 yr)

LLLLLL

1017

-2

1010

10

Pz /g%; [em

s =7
—_—_n “/Z/

L HHMI L HHMI L HHMI L HHMI

— ) — pp 7
1“13 L Ll L LIl L L llllHl Il Ll llHl Il L L Ll

1073 102 1071 1 10
]WZI [GCV]

Yongchao Zhang (SEU) B — L Z' @ DUNE & FASER Sep 20, 2025 12 /27



Fluxes of Z/ @ DUNE

@ Meson decay [em the average number of mesons produced per POT; Aget the detector

area; ez the geometrical acceptance factor]

N
CDmZ’ = WE(ITIZ/)BR (m — ’}/ZI) .
det

] Bremsstrahlung process [0,y the total proton-target cross section; Fi y form factor;
Wpa photon splitting function]
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DUNE sensitivity: pure Z’ case
‘ JM’” Consider only visible decays of
i Z'.
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S production @ DUNE
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pp — ppS process contribution is
comparatively small.
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Numbers of Z’ @ DUNE in presence of S

my = 30 MeV, my = 140 MeV,
gpr =5 x 1079
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Much more Z’ can be produced from S — Z'Z’.
Color change: a factor of 10
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Effects of S — Z'Z' on Z' prospects @ DUNE
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Effects of S — Z'Z' on S prospects

Br(¢ — SM) = 100%
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@ Modifying its branching fraction into visible particles;

@ Shortening its lifetime.
SN1987A limits from
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Associate production of S and Z’

@ Channels:
=N+ Z2'+S, Ksn+2Z'+S, p—=2Z'+S
o If S is produced from gauge coupling to Z’
flux < g, too small!
o If S is produced from Yukawa coupling to mesons

flux oc sin® g3, too smalll
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7' @ FASER(2)
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Long-lived particles at FASER(2)

FASER collaboration, 1901.04468

Beam Pipe
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e Dominant channels: 7% — vZ’, pp — ppZ’.
e Subdominant channels: n —~Z’, J/¢ — ggZ'.

@ See
process.

Yongchao Zhang (SEU)

for form factors for the bremsstrahlung

B — L Z' @ DUNE & FASER

Sep 20, 2025

22 /27



S production @ LHC

— B-Xs¢ — K-ng

Production Rate /6% [pb]
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@ Dominant channels B — X;S.
@ Subdominant channels K — #S, pp — ppS.
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Z' production @ FASER2 from S
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Improved Z’ prospects @ FASER2

10 . £t Gauge Bosen oy ms =2 GeV & sinf = 1074,
Consider only visible decays of Z'.
Assuming no SM backgrounds.
Assuming 3 signal events.

Z' sensitivities:

solid lines: pure Z’ case;
dotted line: Z’' from S decay.
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Improved Z’ prospects @ FASER2
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Consider only visible decays of Z'.

Assuming no SM backgrounds.
Assuming 3 signal events.

Z’ sensitivities:
LT E— — EpoS/BTEL solid lines: pure Z’ case;
—— EPOS / pT=2 -
EPOS /pT=0.5 dotted line: pure Z' & S decay.

with scalar contribution
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Conclusion

@ The light scalar and gauge bosons can have very rich phenomenologies at the
high-intensity experiments such as DUNE & FASER(2).

@ The gauge coupling SZ’Z’ can broaden the Z’ prospects at DUNE &
FASER2 by up to one order of magnitude.

@ The decay S — Z’'Z’ reduces to some extent the sensitivity of S at DUNE &
FASER(2).

Thank you very much!
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