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Tension remains!


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

Proton size anomaly

Disagreement between proton size of muonic and regular Hydrogen
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Tension is over! 5


https://www.science.org/doi/10.1126/science.aau7807
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Simplest

L, , - are the lepton numbers

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

so that G, ® 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
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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 " p " Vg\ _ ( cos 0y sinb, vy
+ v,) — \—sinfy cosby) \vsy
Va v,
_q MZ/ sin 29
Lz g = “1or (14 tan®6,,)

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



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

Sterile neutrino candidates

« M, — ¢ plane

* magnetic moment of the
muon anomaly favored region

« N — My = 2.0MeV from
Planck measurement
constraint 1303.5076

« sterile neutrino candidates

1073 1072 107! 1
My (GeV)
my = 7.1keVsin20, = 8 x 10°°
« my = 30 keVsin20, = 2.2 x 1076
« my = 50 keV sin26, = 3.5 x 1078
mg = 100 keV sin20, = 5 x 107°

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

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

It's located in Tsukuba and has achieved a record Luminosity of 1 ab— 1
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Integr: luminosi f B f T

Low Energy Ring (LER)  —

st /7 HER  LER (b
Tsukuba arca 1200 ——
—xea y
1000
800
Off reson./scan:
o ~100 ™'
= 600
5
g ~ 550 b~
= 400 On resonance:
Y(4s) 3 ™
200 /
0

199871 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

RE RE Linae

Fuji area

480m

KEKB together with the Belle detector were responsible for confirming the Charge Parity Violation (CPV),
the 2008 Nobel Prize of Physics.
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https://doi.org/10.1016/s0168-9002(02)01771-0

The

Detector

Solenoid (1.5T)
ECL il B =t 11 e+3.5GeV
TOF. '
ACC
cbe

« SVD (Silicon Vertex

Detector)

+ EFC (Extreme

Forward Calorimeter)

+ ACC (Aerogel

Cherenkov Counter)

« TOF (Time Of Flight)
+ CDC (Central Drift

Chamber)

+ ECL (Electromagnetic

Calorimeter)

© KLIM (K9 — )
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https://doi.org/10.1140/epjc/s10052-014-3026-9
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7’ search in B-factories

+ Motivated by:

* the (9 —2),

+ connection to sterile neutrinos as a dark
matter candidate

+ a way to relax the Hubble tension (very
light Z’ (invisible))
JHEP 2019, 71 - (2019)

- We looked for a Z’ signal using 643 fb~!

of the total Belle luminosity

15


https://link.springer.com/article/10.1007/JHEP03(2019)071

7' decay width and branching ratio
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Past Search

107

uL g

-
=]
N
-
o

my (GeV)
- No Z’ signal was found
- limit set for 0.212(dimuon mass)~ 10 GeV /c?

» Z’ contribution for the (g — 2),, almost excluded
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.011102

Belle Search

- 7' defined as oppositely charged promptly decayed u* pair, while
two other charged tracks are another u* pair generated from
initial interaction

+ 4 charged tracks requirement
+ 2 positive muon or 2 negative muon ids requirement

+ We also use a kinematic fitter that requires energy and momentum
conservation

+ using ECL we reject the sum of energies of electromagnetic
clusters above 30 MeV not associated with charged tracks that are
less than 200 MeV

* My, Notinmy, + 0.030 GeV ( J /1 veto)

whp
» for the Y (2S5, 35) samples rejection of the m ., not in
m'r(ls) i 100 MeV

* My, in M, £+ 500 MeV
18


https://arxiv.org/abs/2109.08596
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https://arxiv.org/abs/2109.08596
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+ Two CB single mean for Signal

+ Third-order poly for bkg

- Highest local significance 3.72¢0
- my = 3.26 GeV/c?
- mp = 3.23 GeV/c?
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https://arxiv.org/abs/2109.08596

7' coupling

Ir

1
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+ ISR Signal MC analysis
- Some improvements on middle and high Z’ mass g’ limit
* Submitted to PRD
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https://arxiv.org/abs/2109.08596

Summary
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Leptophylic Z’ outlook
+ improvement on invisible channel (Belle II)

+ visible channel new measurement (Belle II)
+ invisible channel new measurement (Belle)
« kinetic mixing factor reinterpretation

- combination with other dark sector models

23



Back up




Z' Number of Expected Events

number of expected events by Z' coupling strength and mass

Number_exp_dist
Entries 1.0829e+08
Mean x 1171
Meany -0.2171
Std Dev x 0.9821
Std Dev y 0.2171

9 10
m,[GeV/c?]



/7
/ cross section
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The visible cross section corresponds to:

N
g, —
V' LBe
and the Born cross section is given by:
NISR

Og

T LBe (1 +06)|1 — 112



Signal shape based only on true events

Fitting function 2 Crystal Balls with single
mean

Constant_1
Mean_1

Sigma_1  0.004013 + 0.000155

Alpha_1 -0.7088 £ 0.0469
N1 265

Constant_ 2 2725 £ 1450

1,699 £0.000

0.000060




Non ISR sample pdf

weighted Reduced Di muon mass [GeV/c?]

Entries 46139
Mean 5.196
Std Dev 0.01192
X2/ ndf 195.1/168
gaus_height1 23.56 +1.05
mean 5.196 + 0.000
first_width 0.01007 + 0.00026
gaus_height2 17.3+1.2
second_width ~ 0.004776 + 0.000149
third_width 0.02516 + 0.00059
gaus_height3 5.114 +0.330

5.3
mg[GeV/c?]




’
Z resolutions
—— Triple Gaussian pdf

—— Double Crystal Ball pdf
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Belle sample tauskimA not usable
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https://belle.kek.jp/secured/wiki/lib/exe/fetch.php?media=physics:taup:20060929evtcls.pdf
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