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The Belle Il experiment at SuperKEKB collider

* Phase 2 Running
* Dark Matter at Belle |l
— Dark Photons

— Axion Like Particles

— Muonic Forces

* Summary & Outlook
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intensity frontier

B-factories: dedicated experiments at ete asymmetric-energy colliders for

the production of quantum coherent BB pairs — CPV studies.
e*te — T(4S) [10.58 GeV] — BB

First generation of B-factories Rich Physics Program

D>
/O
BELLE

* SM test, precision flavor physics

* Rare/suppressed /forbidden

at the KEKB collider, at the PEP Il collider
(KEK, Japan) (SLAC, California)

Processes

* Search for new light particle

states

* light DARK SECTOR

Belle Il — x50 the data set of

its predecessor!
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* Second generation B-Factory, it will provide
the world highest luminosity, applying the

large crossing angle nano-beams scheme.
( P.Raimondi for SuperB,
M. Bona et al., arXiv:0709.0451)

e+ 4 GeV 3.6 A |

Belle I

k- 7Gev 2.6 A

New beam pipe SuperKE KB

& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring M/
———-

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject
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e+ 4 GeV 3.6 A |

* Second generation B-Factory, it will provide

the world highest luminosity, applying the /
large crossing angle nano-beams scheme.

( P.Raimondi for SuperB,

M. Bona et al., arXiv:0709.0451)
KEKB SuperKEKB

r ------
1 1 -
1 I |
. ' * . Add / modify RF systems
\ : B Yy l X 1/20 ' for higher beam current

A): ~16/12 | (A): ~ 3.6/2.6 R Rtk

Low emittance positrons

? /" New beam pipe Supel’KE KB

& bellows

to inject

B*y (mm) ~ 59/59 B*y(mm): ~ 027/03 Damping ring M,

beam beam-beam W
Lorentz current parameter

Positron source

New positron target /
capture section

factor \ \ / Low emittance gun
* geometrical Low emittance electrons
L - Yi l+ c_\' ‘Iig_\‘i RL -~ reduction to inject
N al factors
zere G.\' J ﬁ_\'i \66
beam aspect vertical beta-function 40x KEKB peak |uminosity: L=28" 1035 Cn'l_2 S_1
ratio at the IP at the IP
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* The Belle |l detector has better resolution, PID and
capability to cope with higher background

K. and muon detector (KLM):

Resistive Plate Counters (RPC)(outer barrel)

_ Scintillator + WLSF + MPPC (endcaps, inner barrel)

Electromagnetic calorimeter (ECL):

Csl(Tl) crystals, waveform sampling to measure time
and energy (possible upgrade: pulse-shape)

Non-projective gaps between crystals

——

Magnet: J

1.5 T superconducting

e/e(;tmns e Phase 3 (design)

Trigger:
_ L1: < 30 kHz
Vertex detectors (VXD): -~ HLT: < 10 kHz
2 layer DEPFET pixel detectors (PXD) posftrons -

4 layer double-sided silicon strip detectors (SVD)

/)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Central drift chamber (CDC):
He(50%):CzHs (50%), small cells,
fast electronics

Aerogel Ring-Imaging Cerenkov Counter (ARICH)
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2025

Phase 2 (April-July
2018): Commissioning of

the machine, detector

and software

1/8th VXD

Lower backgrounds
Flexible hardware triggers

Pass-through software

trigger



* Phase 2 (April-July

60 )
Z Goal of Belle Il 2018): Commissioning of
é = ' the machine, detector and
E 40 - NN NN SR NN S——
=2 o Hardware Trigger : software
U ~— (7] :
‘g 30 E ~ Tracking, Clustering, | * 1/8th VXD
g 2 = Bhabha veto (based on both e Y
- o monthsl‘/ea' » * Lower backgrounds

10 O polar and azimuthal angles). ldays/month .
x10% 2 ';""l Rate < 8 kHz

(7]

Z 6 ©
if £
'g'se" 4 Software Trigger (n/a for Phase 2 ) I .........
== 2 1
9 ) - Based on offline reconstructed data ; e

2072 objects 24 2025  Good conditions for Dark
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| Phase 2 (April-July

> Goal of Belle Il 2018): Commissioning of
é 5 the machine, detector and
E_. aoff i i
= % Hardware Trlgger | | software
iw 30 ~ Tracking, Clustering, | * 1/8th VXD
g 2 Bhabha veto (based on both el :
R °"th5/‘fear » * Lower backgrounds :

polar and azimuthal angles). )days/month : :
10% 0 Rate < 8 kHz ~ssl gl Flexible hardware triggers E
g 6 :
g - F : 1
E JE’ . Software Trigger (n/a for Phase 2) - .
x= 2 1
3  Based on offline reconstructed data | __

objects 24 2025 Good conditions for Dark
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g = ® By = 8mm g 2000 _ Belle Il 2018 (preliminary) _
P 3 % . 5' | Median=-0.015cm '“4 :
255 * By = 6mm o 2500 | 06s=0.055cm R *' .
R, * B, =4mm [ > 5000 | P :
2 {' H’ sl | [ + ++ Runs 1869-2047 |
- s Beam blowup 7 | .5 1500 . -
1.5 # N ﬁ =N T i ;
- - 1000 F ' -
£ I dadt 3 | . -
- - 500 | o ° -
05C  SuperKEKB/Belle Il 2018 (preliminary) = — o rae=24pb S L
05 | | | | , , , i -0.4 -0 0.0 0.2 0.4
05/03 05/10 05/17 05/24 05/31 06/07 06/14 06/21 Zo [cm]
T
gt *
=
g & 2
2%17 2018 2019
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Integrated luminosity

>
[

Peak luminosity
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1.00 GeV < p(recoil) < 8.00 GeV E After just ONE DAY of data taking!
- -~ [ f T T I ' T f = —_
&N 700 ] o i
g . —+ Data ﬁ - § 1.5_Belleﬂ o i ¢ det_...spb
T o0 gt = 8 - 2018(Prellm|nary)
2 - 7 ¢ 0.15 GeV
g s s Moy [ oE
2 - Prefimi 1 - S 1.0}
wof. Bellell 2018 (Preliminary) E oS [ 4+ Data . b
= 1 E - — B ¢ +
sooE ILdt:QSO pb E .8 i A o.’
= 1, =0997 +0.001 - £ 05F o M
2005— E L . ”,“mo...w"
100 =4 I -
= . = O‘OI...I...I...I...I...I
Qe = : 008 0.10 0.12 0.14 0.16 0.18
e | m,, (GeV/c?)
N Sl vk b
b 0.8 : —— GOOD CONDITIONS for DARK
E(ECL) / p(recoil) | SEARCHES
—ZUTT  ZUTS ZUTSs ZuzZu ZuzT zuvzz 2023 202«
SRR Tracking and cluster L1 trigger
1
ete—Y X
: Y : Bhabha veto L1
| 1
 ete—Y ALPS — Y (YY) " Single Photon L1 trigger




Dark Sector: Introduction

* Many astrophysical observations provide evidence for the existence of a kind of matter
that does not interact with the SM (mostly gravitational interaction) — dark matter

Flat rotational curves

DISTRIBUTION OF DARK MATTER IN NGC 3198 * Possible sub-GeV scale scenario: light dark sector
S0 A I R IR I weakly coupled to SM through a light mediator X
i NGC 3198 i
50l i — Vector portal — Dark Photon A’
L

= Scalar portal — Dark Higgs/Scalars

100

Var (km/s)

- Pseudo-scalar portal — Axion Like Particles (ALPs)

1 L L1 l —t L

— Neutrino portal — Sterile Neutrinos

S’Sfannola(ol Model

oJlLllllJ_llllllllll

0 10 20 30
Radius (kPC) /ff 127G

x @
L 4

fdn.si.im\ 95
A Milky-Way-size dark-matter halo * > —
. y y . - - - - - (D.SIIM\
and its subhalos (circled), produced e
in simulations [Caterpillar Project, \:clem:
Griffen et al. 2016], AAS. e
\Qneum'no)

FERMIONS GAUGE BOSONS
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Dark Se

ctor: Introduction

-

* Many astrophysical observations provide evidence for the existence of a kind of matter
that does not interact with the SM (mostly gravitational interaction) — dark matter

Var (km/s)

Flat votational curves
DISTRIBUTION OF DARK MATTER IN NGC 3198

mllllllllllllllllllllllll

NGC 3168

| |

lll_lilll

o L1 1 l ' L1 1 l L 1 1 L I 1 1
0 10 20 30
Radius (kpe)

A Milky-Way-size dark-matter halo
and its subhalos (circled), produced
in simulations [Caterpillar Project,
Griffen et al. 2016], AAS.

* Possible sub-GeV scale scenario: light dark sector weakly
coupled to SM through a light mediator X

- Vector portal — Dark Photon A’ | place 2
— Scalar portal — Dark Higgs/Scalars E benchmark !

— Pseudo-scalar portal — Axion Like Particles
(ALPs)

— Neutrino portal — Sterile Neutrinos

S’Sfawnda(ol Model

P
(o

1[3
12

LR/

FERMIONS ~ GAUGE BOSONS
13
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Vector portal: the

Dark Photon

* A possible extension of the SM include a new massive (m,.) gauge boson A’ of spin =

1 coupling to the SM through the kinetic mixing with strength € — the dark photon

* At ete colliders we investigate the ISR production ete — y A”.

T g
Batell et al. (2009), ?‘
arXiv:0903.0363 o
rd bw
/ —
AL
™, X
N

100 -

80
60
40

20

T T T T T T T T T T T T T

*lfm, >1/2m, — A’ can decay only to SM particle

ete — Y I't  visible decays~ not competitive for Phase 2

*lfm < 1/2m, — A’ can decay into DM particle

ete — Y + inv invisible decays =
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|cos(6” )| < 0.933

- =1 7

0 :l PR T T TR TR SR N T SN S NN T TR S SN ST SR S N
0 2 4 6 8 10

m, (GeV)

single photon search

MadGraph simulation

based on arXiv:1008.0636
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* Signal Signature:

e
: : L e // X
— select events with a single, monochromatic, high ,
energetic ISR photon .
. ~ =
— Look for a bump in the reconstructed photon e,, S X

— — 2
energy E,= (s — m2,)/2{s * Discriminant variables: E*, 6

Y
— only one photon in the detector requires ¢ o Signal MC
dedicated single photon trigger. $ss  £=(30-40)% |
(©Belle was not available, ~10% BaBar data) 2> | .
4.5} FEaE |
Belle 11 Phase 3 (Designed) L

Trigger logic L1 rate at full luminosity - .

E>1GeV 4 kHz (barrel) .
+ 2" cluster E < 300 MeV 7 kHz (endcaps) 20! W S
| 80 100 120 140
E>2GeV 5 kHz (barrel) 0" (deg)

+ Bhabha & yy vetoes Effect of selection on E(O) for background

rejection
L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018

Events / bin
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* Background dominated by QED processes:

— ete —YY(Y) where one photon is not detected (ECL gaps) and the second out of acceptance

- radiative Bhabha efe — e*e Y(Y) with the electron-positron pair out of acceptance. |
| Belle Il |

Super conducting coll

Ty o

! Belle Il

r conducting coil

Background MC. 40 fb!
after selection

........................................ :E
b 2 5ol LK )N\ LN £
T el — & | X0 N\ 1025 Tyin ECLBWD or FWD gap
ee—2y and 3y
1y in ECL 90° gap O
1y out of ECL acceptance 3.5 Lot
3.0 | | Bolle Il |
250 RS [ ________ '““““‘“"9‘“’" - I]J
80 100 120 140 o |
6L (deg) — 3
both electrons ete —VVY negligible 1y in ECLBWD gap
out of tracking acceptance Ty out of ECL acceptance
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£ ]
S0

to Inv

1071 ,
. LSND et a0 .--° Belle 11 20 fb*
= \.‘019 e\ o -1 e
_13 ‘90 «(\'b“ Lot Belle Il 50 fb
10 gcd? <7 _..-*"" LDMX1@4GeV —
oo LDMX2@8GeV @ = 0.5 —
101 F" m, = 3m, =
™" From The Belle Il Physics Book, arXiv:1808.10567 g
10—17 3 3 y 1 aaaal 3 I . 2 ool 1 2 r a1 a2 aaal [

107 107 107" 1
* Relic density lines assume a standard cosmological history and that mx [G eV/Cz]

there is only a single component of dark matter, which only interacts via
Dark Photon exchange.
L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018

- Limits from relic Dark

Matter density *

J. Alexander et al. (2016),
arXiv:1608.08632

Natalia Toro,
private communication (2017)

J. P. Lees et al., BaBar (2017),
arXiv:1702.0332
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Axion Like

Hook (2015), arXiv:1411.3325

* Axion Like Particles are pseudo-scalars N
coupling to bosons a
x
* Unlike for QCD Axions, there is no
relation between the coupling and the N L
mass ALP-strahlung N
* Explored photon coupling g, in ALP- _Yarv =
LD QT g d7
strahlung processes 1 &
(photon fusion: sensitivity under study) 0.100!
0.010}
s T=1/m2g,, 7|2 0.001}
©
— Displaced vertex 1074} ,
Photon fusion 1
— Long-lived g 1070 . ALP-strahlung %'
particle 107¢ : : :
0.1 0.5 1 5 10
m, [GeV]
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* Signal signatures: 3y final state, several topologies — 4 categories

* ALPS may also decay to invisible (DM) — single photon topology

Backgrounds: ete —YYy(y) and pair

] ]

] ]

- m . :

Twoof the ' conversion Y — ete outside the !

photons overlap y . _ i

< or merge. : tracking volume :

For resolved case:
Invisible Resolved 3 clusters with ECM > 0.25 GeV

Peak in ~~y mass spectrum

Three resolved, T
high energetic f
photons. \

ALP decays outside of

the detector or decays
into invisible particles: i 102 1072 107" 100 10"

Single photon final state. m, [GeV]

The searches for
invisible and visible
ALP decays veto this
region.
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Only couplmg to y With coupling to Z

HEP(2017)17 o4 - HEP(2017)17:94. .,

1072
gele 1073
N S
1
way >
Be\\e - R 0] _
) @oab__‘)—‘ % 107
e g f
S )

astrophysics astrophysics
10%p 3 10°1
- SHIP -
[omz=0] N  [5uz=20a0 650y ;
10-7 T T Rt I 107 T Rt S
10‘4 1078 102 10! 10° 10 10'4 108 1072 107" 10° 1C
ma [GeV] m; [GeV]
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/. to Invisibl

* New gauge boson Z' coupling only to the 2" and

3rd generation of leptons (L -L.)

Detecting the L -L. gauge boson at Belle I,
arXiv:1702.01497

* Invisible signature investigated for the first time in

the process ete— Ut WZ' + missing energy
* May explain the (g-2), anomaly

* BR(Z'— inv) may be enhanced by the presence of
kinematically accessible DM (e.g. sterile

neutrinos)

5 10E e
:‘g 'E \“\
%10-‘; _________________________ .\‘\
TF o~g”(1-M_ /{s) N\
N'w =L LD I \
+?10"‘%
%104,%

c Computed with MadGraphb \
10°

1

Shuve et al. (2014), arXiv:1403.2727

10,
M, [GeV/c?]

Branching ratios:
M, <2M — I'(Z" — inv.) =1
2M <M, <2M_— 72" — inv.) ~ 1/2
M,, >2M_— I'(Z’ — inv.) ~ 1/3

* If LDMA is accessible, BR(Z'— DM)~1
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_/I

to Invisible: Experimental S

IJ!'I cure

* Reconstruct the recoil against a
M+ pair and looks for a peak in
the recoil mass spectrum.
(Additionally require nothing in

the rest of event)

* Simulated and reconstructed

several Z' masses between 0.1 -10
GeV

* Backgrounds mainly from radiative

QED processes:

ete— MHL(Y)

ete— TT(Y)

ete— Ulete

10 'H

102

107°

Belle Il sensitivity for Z'— invisible

| ——— Belle 1120 fb™'

{ ——— Belle 1120 fb”', BF[Z' % ¥]=1
~——— Bellell 2 ab’ .

| ——— Bellell 2ab", BF[Z'- ¥ ¥]=1 5

| ——— Belle 11 50 ab’
| ——— Belle 1150 ab", BF[Z'~> % ¥]=1|

T T T ——Ta—_—T
' Pl

M, [GeV/c?]

* The above upper limits (90% CL) take into account the
calculate Z' cross section, signal efficiencies and background
rejection (the selection is NOT optimized yet)

* Visible decays of Z' — U+~ will be competitive in Phase 3

(currently lead by BaBar measurement)

L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018
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/" to Invisible: Experimental Signature

Belle Il sensitivity for Z'— invisible

* Reconstruct the recoil against a

" | —— Bellell 20 fb’ S ————
U+l pair and looks for a peak in | ——— Beleli20®" BFZ> 2 7=1 | — 15 |
Sale N ah? | Prellmlnary
N 10°' H el - - - TR L
the recoil mass spectrum. | ——— Bollell2ab", BF(Z> x 1=t | Poor mass resolution :
(Additionally require nothing in { — Belle ll 50 ab” ! below 1 GeV :
| ——~— Belle I 50 ab", BF[Z'~ x ¥]=1| [ (1]

the rest of event)

10°
* Simulated and reconstructed

several Z' masses between 0.1 -10
GeV

107°

* Backgrounds mainly from radiative

QED processes: o o e :

M,. [GeV/c?]
* Furthermore, it will be possible to search for a Lepton Flavor

ete— MHL(Y)

violating Z’:
ete— TT(Y)

LFV Z’ (e coupling)
ete > e*wz’ ;72 - invisible
etee>e*uwz ;72 - e*uw (noSM background)

ete— Ulete
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* Successful commissioning of SuperKEKB and Belle |l detector, achieved peak luminosity
Lysx = 5.5 -10% cm? s?and collected L, = 0.472 fb!

L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018 24



* Successful commissioning of SuperKEKB and Belle |l detector, achieved peak luminosity
Lysx = 5.5 -10% cm? s?and collected L, = 0.472 fb!

25

—Dedicated Dark Sector triggers and

improved performances may bring to new
world leading sensitivity for dark sector

searches even with a small data set
(20 fb! will hopefully come soon next year!)
= Invisible Dark Photon

- ALPs

= Z’ to invisible (+ LFV Z)

For further details see The Belle Il Physics Book,
arXiv:1808.10567
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* Successful commissioning of SuperKEKB and Belle |l detector, achieved peak luminosity
Lysx = 5.5 -10% cm? s?and collected L, = 0.472 fb!

searches even with a small data set
(20 fb! will hopefully come soon next year!)
= Invisible Dark Photon

- ALPs

= Z’ to invisible (+ LFV Z)

Furthermore
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2017 /September/1

E
I

Number of bunches

Bunch Current
Circumference
Ex/ &y
Coupling
Bx*/By*
Crossing angle
Xp

O35

Vx /Vy
Uo

Tx,y/Ts

&/ &y

Luminosity

LER HER unit
4.000 7.007 GeV
3.6 2.6 A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm 0:zero current
0.27 0.28 includes beam-beam
32/0.27 25/0.30 mm
83 mrad
3.20x10-# 4.55x10+
7.92(7.53)x10-4 6.37(6.30)x10-4 0:zero current
9.4 15.0 MV
6(4.7) 5(4.9) mm 0:zero current
-0.0245 -0.0280
44.53/46.57 45.53/43.57
1.76 2.43 MeV
45.7/22.8 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
8x 103> cm-2s-1
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Beam-Beam parameter
Lorentz factor Beam current =
\ \ / Geometrical
& reduction factors
O- )I crossing angle,
L - yi ]_ —+ Y ig_y = T Lourglafs enf%;ct]
* R 0.8-1.0
2er, o, )P, ( ") _________
| : :
Vertical beta function at IP : I Tx 2 :
Beam aspect ratio at IP . B y 1 x 1/20
(0.01-0.02) e emeen pe=-- .
KEKB SuperKEKB
1 (A): ~ 1.6/1.2 | (A): ~ 3.6/2.6
B*y (mm): ~ 5.9/5.9 B*y(mm): ~ 0.27/0.3
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rformances

rq_“' 60_|_| LI I LB l LI | LU LI l LILLBL l UL | TT 7T L] N:;\ 80 __l T 1 T 1 1 1 T 1 1 1 T 1 1 T T | T 1 T T | 1 1 T l:
§ " muonliD>0.001 Belle Il 2018 _ S - u, = 3.0901+0.0012 3
8 C Preliminary 8 20E.  Belle li B
- 50:— E o [ 2018 preliminary hbkg = 893 £ 32 ]
S [ Jv=opp . 5 60F . E
o L - S - 4 nsig= 198 £ 19 3
= 40 . S _E L dt = 472 pb ]
5 r ] a 50 —
2 C . = - -
E 30 + . - s 40:— J/lIJ - ee =

’ 30 —
201 - =
] - 20 L g
10:_ 1 +++ 103— ++ ++ +
- | Ldt=250pb $ et 1 - J e e -
-l 111 I L1 11 I 111 I 1111 | 1111 I 1111 I 1 111 | 111 |- 9- . et I-é - = : 1 : . 2 : . . . . . L L -4
29295 3 305 31315 32 325 33 8 9 3 3 3 + 3 3 j
m(u*u) (GeV/c?) _ M(e'e ) (GeV/c )
. R I R I o ﬁ“n N il pmtons
© 6000 ] [ . T T " kaons -
3 Belle Il 2018 (preliminary) Data - SEL L d
2 00k ! -+ ] R =+ deuterons
S - L dt = 250 pb — Fit | I
2 4000 — i e
1= - n )
m I~ —
3000 k5971275 1 = (497.159 + 0.013) MeV/c* | , L
o = (3.462 + 0.075) MeVi/c? pions
2000} -
1000/ = i
0 = | L | 1 srres . - :
0.47 0.48 0.49 05 0.51 0.52 [
m(r'n) (GeV/c?) _—y g

) M t1 GeV/
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Belle Il

390 ]

N

- In barrel ECL, Belle |l has no

projective cracks in ¢ w.r.t. BaBar:
— More hermetic

— Mmore efficient

iy

R\250

[
=

1 H T T W T

L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018
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From Belle Il Physics Book, arXiv:1808.10567

10
m,. (GeV)

Fig. 211: Existing exclusion regions (90% CL) on the dark photon mixing parameter ¢ and
mass M4, (solid regions) for A" — ¢¢, with projected limits for Belle IT and other future
experiments (lines)
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What if symmetries of SM are not kept in the Dark
Sector?

What if DM violates Lepton Flavour? ¢
One can imagine, for example, ep coupling
+ A" + -7 .72 P . e-|-
ete > e*uw’ ;7 - invisible

Dominant background: e*e” = t*1t" (y), T° > puetvv

etee>etuz2 ;2 >etyw +c.c.
no SM background

L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018
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Magnetic Monopoles

Minimal magnetic charge
from Dirac quantization: g, = 68.5e

Lower magnetic charge is not ruled out

(and not covered at ~GeV scale)

g=1le g=2 g=3e
s:1.2’""T"ITII!II'IiIII[I]ETI.'I!Il IITIIIIIIIIIIT‘I]'III
©

Interesting predictions* for
g ~eand m = 4.5 GeV... L SRR UL SO O

* QrXiv:1707.05295 v 1 4 |<ee=e-muons -

i ; ; : ‘ D U
: —Q—+—:— monopole g=1e m=4.5 GeV/c
... but not-relativistic at Belle II: 0.8~ LB o ol B monopole g=2e m=4.5 GeV/c
L. : [ ] H
. . M H : monopole g=3e m=4.5 GeV/c
— no 1/P32 term in dE/dx for magnetic charges 0.6l . monopole g=te m=4.5 GeVic
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Visible Dark Photon decays Invisible T(1S) decays via:
T(3S) — T(1S) wt =~

*Off-shell Dark Photon decays

_ _ Muonic Dark Force:
Long-lived neutral particle decays

ete > ptpu~2"; 2" = ptp”

Dark Scalar: Ev
etes > 17t77S5;S = It~ ' o
*ete™ — etp~ 2 ; Z' — invisible
*Magnetic Monopoles *etem —w ety 2" 2L — et~

* Phase 2 benchmark

Further details are provided in The Belle Il Physics Book, arXiv:1808.10567 [hep-eX]

L.Zani, Dark Sector at Belle Il — XIIl Meeting on B Physics, Marseille 2018
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