Search for Dark Particles at Belle and Belle 1l J

Igal Jaegle
University of Florida
for the Belle and Belle Il Collaborations

International Workshop on ee collisions from Phi to Psi
June 26 - 30, 2017
Mainz, Germany

N UFIELORIGA e

Belle IT

Igal Jaegle (UF) Dark Particle Searches Psi/Phi 2017 1/16



Table of contents

@ Introduction

© Setup

© Search for a dark vector gauge boson

Search for the dark photon and the dark Higgs boson
(%) p gg
e Search for the dark photon and light dark matter

© Conclusion

Igal Jaegle (UF) Dark Particle Searches

Psi/Phi 2017

2/16



Search for new hidden forces / Introduction

Dark matter represents about 80% of all matters

@ Dark matter naturally explained by Supersymmetry, but
@ Absence of Supersymmetry in LHC gives new light to Dark Sector Models

@ Search for new hidden forces accessible to Belle
PRD 89 114008 (2014)

PRD 75 115017 (2007)
> Coupling of all quarks to new, baryonic

> Coupling of charged matter to new, dark
photon, A/, g = ce boson, U’, gy = /Aray
> L= lguar*qU,
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> Feynman diagrams for hadronic U’ decay

»  Feynman diagram
» A’ short or long lived or invisible > Above 7 threshold U’ short lived
All models point to new particles with mass of the order of MeV — GeV
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Search for new hidden forces / Introduction

Dark matter represents about 80% of all matters
@ Dark matter naturally explained by Supersymmetry, but
@ Absence of Supersymmetry in LHC gives new light to Dark Sector Models
@ Search for new hidden forces accessible to Belle

> Branching ratio for A’ decay > Branching ratio for U’ decay
PRD 79 115008 (2008) PRD 89 114008 (2014)
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All models point to new particles with mass of the order of MeV — GeV
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KEKB and SuperKEKB

KEKB/SuperKEKB collider, located in Japan, Tsukuba, is the world’s highest-luminosity
electron-position collider
@ 1999-2010: Belle collected L;,; = 1050 fb—1 at T (15,25, 3S,45,5S) and continuum
@ 2016-2026: Belle Il (upgrade version of Belle) expects to collect £j,; = 50 ab™!
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LER/MER | LER/HER | LERMER | (mrad) | LERHER
P KEKB 3580 5959 | 1201120 1 1612 | 21x10%
Schematic view of KEKB 4070 | 0.27/030 | 3225 415 36/2.6 | 80x10*

S. Kurokawa and E. Kikutani, NIM A 499, 1 (2003) KEKB beam vs. SuperKEKB nano-beam

Belle Il £Lpeax = 8 x 103°cm™2s~
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Belle and Belle Il experiments

CP violation measurement in the B-meson system with Belle and BABAR, established the
Kobayashi Maskawa mechanism as a valid description of CP violation in the Standard Model.

@ Main motivations
P Study of CP violation (i.e. matter-antimatter asymmetry)
P Study of heavy flavor
P Search for physics beyond the Standard Model

@ Complementary to efforts at energy frontier

Add PID in endcaps

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps ,
&1 b ayers

Add 1 ID in endcaps

Increase K efficiency
ication
gation counter (barrel)
Acrogel RICH (fwd) Improve IP and secondary vertex
resolution

Beryllium beam pipe

2cm diameter

Improve /K separation

positrons
(4GeV)

Improve 0 efficiency

He(50%):C2H6(50%), small ct
long lever arm, fast electronics

Belle Il is an upgrade of Belle
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New Belle results, Phys. Rev. D 94, 092006 (2016) (Eunil Won et al.)

@ Search for U’ — 7w~ in D° — K21, n — U’y using 977fb~1 of Belle data

@ Exclusive charm meson decays to reduce background
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> Kgn invariant mass > D*—-D° mass difference

@ Cut on D° and mass difference and look at 77~ invariant mass
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Search for a light vector gauge boson

@ Backeround estimated and subtracted using the side bands
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> 7r+‘rr7'y invariant mass » 7 invariant mass after background substraction

- . dr
@ mtr~-line shape fitted by & oc [P(s)Fy(s)|?(m3 — s)*s(1 — 4m2 /5)3/2
[PLB 707, 243 (2012) and PLB 707, 184 (2012)]

P P(s) reaction-specific perturbative part
»  F\(s) pion vector form factor

@ No signal found, example of U’ MC sim. signal of 400 MeV/c? mass is shown
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New Belle limit

PRD, Phys. Rev. D 94, 092006 (2016) (Eunil Won et al.)
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Search for the dark photon and the dark Higgs boson

Belle limits, PRL 114 211801 (2015). Production in the so-called Higgs-strahlung channels,
ete™ — AW, with i — A'A’.

@ A’ and h’ assuming prompt decays

[*] mpyr > 2mA/

@ 0.1 < my < 3.5GeV/c? and 0.2 < myy < 10.5 GeV/c?

1", hadron

.., I, hadron

1", hadron
“~ 1, hadron
. I', hadron
A" " I* hadron

ap: dark sector constant
e: kinetic mixing
@ 10 exclusive channels: 3(/T/7), 2(/T7 17 )(nTx~), 2(zTw~)(IT17), and 3(xT7~), where
/71~ is an electron or muon pair
@ 3 inclusive channels for my > 1.1 GeV/c?: 2(I1~)X, where X is a dark photon
candidate detected via missing mass
If ap = 1, Higgs-strahlung channels most sensitive to A’
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Belle limits / results

@ Belle limits for £ = 977 fb—! on B X 6Born and 0Born

P 90% CL upper limit for each of the 13 final states » 90% CL upper limit on the combined Born cross section
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@ 90 % Credibility Level (CL) upper limit determined by Bayesian inference method with the
use of Markov Chain Monte Carlo A’. Caldwell et al., CPC 180 (2009) 2197-2209

Limits from 3(7*7~) and 2(eTe ™)X are the first placed by any experiment
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Limits on the product of ape? / results

Belle combined limits compared to BABAR combined limits

@ Belle limits for £ = 977 fb—! based on the Born cross section, ISR effect non negligible
@ BABAR limits for £ = 520 fb—! based on the visible cross section PRL 108 211801 (2012)
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90% CL upper limit on the product acp X &2 versus dark photon mass (top row) and dark Higgs boson mass (bottom row)

@ Assuming branching fractions and couplings versus cross section from B. Batell et al. PRD 79
(2009) 115008

Results scale nearly linearly with integrated luminosity. This bodes well for future searches with Belle II.
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Belle Il prospects for the Higgs-strahlung channels

Predicted Belle Il upper limits UOtDEZ in the ape? vs my vs my plane by scaling the Belle limits
linearly with the integrated luminosity:

UaDsz _ io
v, L’
ape

where the superscript 0 corresponds to Belle values. L is integrated luminosity. The scaling uses
both statistical and systematic uncertainties.
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Belle (II) prospect for the radiative decays

Predicted Belle Il upper limits extrapolated from BABAR PRL 113, 201801 (2014) (C. Hearty,
B2TIP2014)

@ efe” A, A = ITI=, with = eor
@ Belle Il will have an improve low multiplicity trigger compared to Belle
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Left: Belle Il prediction. Right: preliminary Belle and Belle Il preliminary fiducial detection efficiency for A’ — ™
Belle Il will have a better efficiency for low momentum muon compared to Belle
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Belle (II) prospect for the radiative decays
Predicted Belle Il upper limits extrapolated from BABAR PRL 113, 201801 (2014) (C. Hearty,
B2TIP2014)

@ efe” A, A = ITI=, with = eor

@ Belle Il dimuon invariant mass resolution improved by ~ 35% compared to Belle
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Left: Belle Il prediction. Right: simulation for m,, = 5.015 GeV/c2
Complementary to fixed target experiments

Igal Jaegle (UF) Dark Particle Searches Psi/Phi 2017

14 / 16



Belle (II) prospect for the radiative decays

Predicted Belle Il upper limits extrapolated from BABAR arxiv:0808.0017 (C. Hearty, B2TIP2014)
@ ete™ — yA', A — xx, x light dark matter R. Essig et al. arXiv:1309.5084
@ Require implementation of a single photon trigger in Belle Il
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Left: Belle Il prediction. Right: Simulated mono-energetic photon signature for m,, = 6 GeV/(:2

Belle 1l is expected to have a better single photon trigger with a lower energy sum than BABAR
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Conclusion

@ New Belle limit has been presented on the baryonic fine constant, oy, in a exclusive
charm decays
> 280 < mys < 550 MeV/c?
> We found that:
* No signal found
* Better limit for my: > 450MeV/c? and ¢ — ete ™y

@ Belle limits for prompt decays of the dark photon and the dark Higgs boson:
> 0.1 < mu < 3.5 GeV/c?
> 0.2 < my <105 GeV/c?
> We found that:
* No significant excess over the background estimation
* Belle limit improvement scales nearly linearly with integrated luminosity
@ Ongoing Belle analysis on ete™ — A’y (prompt and displaced vertex), eTe™ — xx7,
ete” - utpu=2' and ete™ — 77— h"

@ Belle Il will also search for dark particles

@ With 50 ab~1, Belle Il might potentially also cross-check any signals discovered by fixed
target experiments

@ First collisions in 2018 with partial vertex detector

Thank you for your attention
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