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Belle dark sector searches summary

1. Dark photon and dark higgs
cefer = AW (— A'A)
2. Quark coupled gauge boson
«n—=U'(— 7wm)y
3. CP-odd Higgs Boson and low mass DM
* T(1S) = vA%(= xx)
4. Dark photon from B°
- BO - A’ A’ (— ee, pp, )
5. Visible Z’
cetem = Z(= ptp)utuT
6. Leptophilic Scalar
cetem = Thr o (= ee, up)
7. Invisible Z’
* Z' = (X, X)
8. Dark photon


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.211801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.092006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011801
https://link.springer.com/article/10.1007/JHEP04(2021)191
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012003
https://arxiv.org/abs/2207.07476
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(g— 2),, 2021 and 2023 measurements

(9 —2), 2021 measurement PRL 126, 141801 - 2021

Aa, = ap® — a = (251 + 59) x 10~ corresponding to 4.20

(9 —2),, 2023 measurement 2308.06230

Aa, = af® — au (249 + 48) x 107! corresponding to 5.1¢


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
https://arxiv.org/abs/2308.06230

1. The gap between SM and the Experimental result can be bridged
with an improved calculation of a3,

2. Experimental corrections

3, blewasies o fho rensen fon the oo

* Not sure anymore
+ “New physics behind the g — 2 problem?”
- eTe™ — New particler ™7™


https://www.sciencedirect.com/science/article/pii/S037026932200171X?via%3Dihub
https://agenda.infn.it/event/32756/contributions/202184/attachments/110720/157779/DMNet_Grilli.pdf

Simplest

L, , - are the lepton numbers

Ly=L —-L, Ly=L,—L,andLy=L,—L,
Three different new gauge groups

so that Gy ® U(1)

L1,2,3

allows for an additional neutral gauge boson (Z7, Z3, and Z3)

7} and Zy mediate Ly = L, — L, and Ly = L, — L,


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.44.2118

Neutrino Trident 7’

N

LZ/ :*%(Z/)aﬂ(z/)aﬁﬁ»%'m?z, Z&Z/O‘ +g/Z:X(1/.2'yO‘({2 — L33+ RRYYUR —TRYYTR)

Lint =—g" BYH Z]p+ g/’w“ZLT*Q/f’,L,LW“ZLV,J,L +9' v Y2 s L

where the g/ is the U(1) gauge coupling, (Z/>a,8 =0q Z/B — 85 Z& is the field strength, £o = (VH , i p,)and

€3 =(vr, ‘rL) are the electroweak doublets. The g’ coupling the new gauge boson Z’ to the electroweak doublets and

the that enhances the rate of neutrino trident production in the L N — Nuu+u’ process.

Neutrino trident production has not been observed so far!



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.091801

7’ channel to sterile neutrinos

Assuming that a sterile neutrino v, that mixes weakly with the active
Va(u,r) States, is added to the SM.

. " p - vo\ _ (cosby sinby (v
+ vy) — \—sinf, cosf,/) \v,
Ve Ve
2M 29
Ly, = g A 2% (1 4 tan? 4, )

A massive Z’ with MeV < m,, < GeV with coupling 102<g <1076
results in the correct relic abundance of sterile neutrinos DM

10


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004

Sterile neutrino candidates

« M, — ¢ plane

+ Magnetic moment of the
muon anomaly favored region

* Nyg¢ — M, = 2.0 MeV from
Planck measurement
constraint 1303.5076

- Sterile neutrino candidates

1073 1072 107! 1
My (GeV)
- my =T7.1keVsin20, =8 x 1076
- my = 30 keV sin20, = 2.2 x 10°¢
-+ my = 50 keV sin26, = 3.5 x 1078
-« my = 100 keV sin20, = 5 x 1077

« (Yo = 4.7 x 107* keV/my)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://arxiv.org/pdf/1303.5076.pdf

7' decay width and Branching Ratio (BR)
- TNZ =t = (g/f# (1+ 27;%> 1-— 47;% 0(m 5 —2my)
mZ/ mz/

o (g))Pmy,

C T(Z = vyy) = —5 2
—Z - vy,
—Z - ppt
08 —Z - 1Tt

\ \
5 10

m,. [GeV/c?]

=
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Past Z' Search @ Belle Analysis
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012003

Past Z’ Search @ Belle Results

— Belle CHARM-II

1 10
m.. [GeV/c?]

+ No Z’ signal was found
+ Limit set for 0.212(dimuon mass)~ 10 GeV/c2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012003

The invisible Z’ search

The invisible Z’ search
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7' — invisible er-noet-fully-visible

Vi —
c T

+ Recent Belle II publication renders Belle analysis not competitive
< Z" = xX

/
° Z — V[Vf
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https://arxiv.org/abs/2306.12294

What does it look like?

Recoil
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Background sources

survives

no
no
no

\YES]

YES

BBBREM

no

AAFH(Diag36)

no
no
YES
YES
YES

PHOKHARA

no
no
no
no
no
no
no
no
no
no

BABA

no
no
no

18



The selection

/@\ Initial optimisation ° E;/,L
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https://link.springer.com/article/10.1140/epjc/s10052-022-10070-0

Background sources and detection efficiency

Events / 0.500 [GeV/c?®

data/MC
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« Hand Crafted Cuts (HCC)
- PINN trained with 60 ab™!
MC samples
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MC Background and test data sample (5%)
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MC Background and test data sample (5%)

T test data sample
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Fit examples: m/, = 6 GeV/c?
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Fit examples: m/, = 7 GeV/c?
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Current g’ limit in comparison with

" Belle +15 977fb™
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801

Summary
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- Belle full data (~1 ab™!) analysis of the Z’ invisible hopefully
before winter

+ Currently using Belle II machinery tuned to the Belle background and
efficiency

+ Belle searches are still viable (For a while)

+ Belle IT machinery can work greatly provided some tuning
considering Belle data conditions
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Back up




The Accelerator

KEKB is an e e~ collider made up of two rings, a High Energy Ring, HER and a Low Energy Ring, LER.

Located in Tsukuba and has achieved a record Luminosity of 1 ab— 1

Interaction Region

Integrated luminosity of B factories

il

Tsukuba arca 1200

1000
800

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

Operated from 1999 to
2010

KEKB together with the Belle detector were responsible for confirming the CPV formalism in the

quark sector, the 2008 Nobel Prize of Physics.


https://doi.org/10.1016/s0168-9002(02)01771-0

Solenoid (1.5T)

~

ECL
TOF.
ACC
CDC

The

Detector

SVD (Silicon Vertex
Detector)

EFC (Extreme
Forward
Calorimeter)

ACC (Aerogel
Cherenkov Counter)

TOF (Time Of Flight)

CDC (Central Drift
Chamber)



https://doi.org/10.1140/epjc/s10052-014-3026-9

Trigger Efficiency (Signal)
Belle II Trigger

Trigger signal efficiency, after MLP

Belle Trigger

Efficiency

Geometry

TauPair B skim
TauPair A skim
L1x L4 x TauPair A skim
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