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Accelerator

The KEKB is a eTe™ 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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KEKB together with the Belle detector were responsible for confirming the Charge

Parity Violation (CPV), the 2008 Nobel Prize of Physics.


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

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

Extra Leptophylic U(1) gauge boson, Z’

Extra Leptophylic U(1) gauge boson, Z’



Origins of 7’
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where the g/ is the U(1) gauge coupling, (Z/)OB :aaz’ﬁfaﬁzg is the field strength,
Lo = (VM, pr) and €3 = (v, Tp ) 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 v, N — Nvpt ™ process.


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

7’ search in B-factories

+ A model initially motivated by the
(g-—»Q)H problem but recently Z’ as a
channel for sterile neutrinos as a dark
matter candidate.

« We aim to look for a Z’ signal using full
available Belle data, or setting a more

stringent limit on g’




7' decay width and branching ratio
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Past Search
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« No Z’ signal was found

« limit on the coupling was set for the BaBa mass range
(0~ 10 GeV)

« ¢’ limit almost excludes Z’ contribution in g—2 for
the BaBa mass range
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.011102

Belle Search

« 7’ defined as oppositely charged promptly decayed p*
pair, while two other charged tracks are another ui
pair generated from initial interaction

« 4 charged tracks requirement
* 2 positive muon or 2 negative muon 1ids requirement

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

e 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, Not in my,, +£0.030 Gev ( J/9 veto)

wEp
. for the Y(25,3S) samples rejection of the m, ., not

in my(g) & 100 Mev

whp

« my,, in M, £ 500 MeVv

CcMS
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Events / 0.1 GeV/c?
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*+ non ISR MC
- Detection efficiency for ISR and non ISR
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e Third-order poly for bg

+ Highest local significance 3.19¢
- my = 0.254 Gev/c?
- mp = 0.141 Gev/c?
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7' coupling
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* Proper treatment of ISR
« Some gains on low and high Z’ mass range
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Light CP-odd Higgs Boson, A°

Light CP-odd Higgs Boson, A°
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T(1S) — vA%(xx)

« Motivated by p-problem
* New Physics, NMSSM
- Dark matter at 100 GeV/c?
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Figure 1: PRL 39, 1304
- T(25) =» Y(1S)ntn~

- 157 x107(29) sample
+ 3 detectable particles only 16


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011801
https://doi.org/10.1103/PhysRevLett.39.1304

Selection and background

« L1 trigger

« ECL energy > 1.0(3.0) with(out) cosmic ray veto

« Myo <897 Gev/c? and M, < 4.44 Gev/c?

« 2 oppositely charged tracks from IP

« +4 cm (beam-axis) and 2 cm (transverse to beam)
- £_>06 and £, <0.1

+ 1st v E% > 0.15 GeV and —0.63 < cosf < 0.84

° Mr2ecoil =5+ M737T - 2\/5E:(7<T’ \/g = Mry(29)

- M? close to Mmy(ig)

recoil

- m x2/ ndf <11 and 6%, > 45° vertex constrained fit
* cos ..., <0.97 bremsstrahlung v and FSR
* (Prr — @) > —0.97 eFe” =y
*+ 2nd v E7, < 0.18 GeV long lived SM particle opposing 7y
¢ [180° = |6, — Byl > 20° T(18) = yK, K, [f5(1525,1270)
e Irreducible background
- Y(28) = 71
. T(1S) — £+e-
« T(1S) — yhh h = hadrons .
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Dark Photon, A’

Dark Photon, A’
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BY - A’A’

+ Short-lived and completely visible A’ assumed
+ 5 decay modes (4e,2e2pu,4p,2e2m and 2u2m)

Kinematically allowed A’ mass (10-2620 MeV/(:Q) with 10-20 MeV/(:2 interval
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Figure 2: PRD 79, 115008

Figure 3: This study B 24



https://link.springer.com/article/10.1007%2FJHEP04%282021%29191
http://dx.doi.org/10.1103/PhysRevD.79.115008

Similar SM candidates
J/¢ w(QS) — Lt
« D° — atr=(K—7t)
. light mesons (Kg, p°, &)

L

e"e” — qq suppression using 16 event shape variables

« BY momentum direction, angle between thrust axis of
B° and others, modified Fox-Wolfram moments

< only for Y0 wtnm™

e Fisher discriminant training with TMVA

Small amount of combinatorial background

- Leptons are mostly from semi-leptonic decay of quarks
* missing energy from neutrinos

22



Event Reconstruction

at least 4 charged tracks, at

Signal / Background MC
least one e™

e or putp~ pair (arbitrary scale)
+ Tracks near the IP m(A) = 2.0 GeV

Lo , 0 5 eepyp final state
combining A’ and B, 5 variables

for BY quality n
« M,. beam-constrained mass L
« AFE energy difference between :

beam and B° ?
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* Missing energy of an event . . .
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* D 0My, E

| My —myr| + [My, —my|

/7
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EROET: L ELT
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« mys target A’ mass
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 No significant excess for a signal

4.0
. cecte
3.5 [ T
20 . ety
N ctentw
25 [

2.0
1.5
1.0 { i
0.5 | I |
0.0
0.0 5 1.0 1.5 2.0 2.5

A’ mass (GeV/c?)

Figure 4: Observed events
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Figure 5: 90% C.L. upper
limit on the B

Upper limits for parameter space set with Feldman-

Cousings
- Mostly O(1078 —1077)

+ O(107°) near light meson region
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Higgs portal coupling A\
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7x1077 ><)\2><V1,/i/ VA{lA/;fr/nrg‘gT;Bo Varar = 1=4m%, [m,
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https://doi.org/10.1103/PhysRevD.83.054005

Summary
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1. Leptophylic Z’ outlook

« improvement on invisible channel (Belle II)
« visible channel new measurement (Belle II)
« invisible channel new measurement (BELLE)

2. CP-odd Higgs Boson outlook
« Belle II measurement

3. Dark Photon from B° meson
« Belle II measurement

4. Other

« Bt — aK™" (ALP) on going at BELLE
» monopole
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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
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/ cross section
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The visible cross section corresponds to:

N
., =
' LBe
and the Born cross section is given by:
N.

ISR

" LBe. (1+0)1 -1
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Signal shape based only on true events

Fitting function 2 Crystal Balls with
single mean

Constant_1
Mean_1 1,699 £ 0.000
Sigma_1  0.004013 + 0.000155

1,699 £ 0.000
0.000060

1
mg[GeV/c?]




Non ISR sample pdf

weighted Reduced Di muon mass [GeV/c?]

[ T mycombiigefw 0 |
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
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/ .
/ resolutions

——— Triple Gaussian pdf

—— Double Crystal Ball pdf
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