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Belle Il Experiment

 KEK Tsukuba campus
— SuperKEKB accelerator
— Belle Il detector

Mt. Tsukuba

Damping
Ring

_ 2 KEK Tsukuba
20230731 ‘ ; Campus




SuperKEKB Accelerator

* Highest luminosity collider

- 35 -2¢-1
Liarget = 6X10°> cm™s

E.y=10.58GeV on Y(4S)

Just above the BB threshold to produce B meson
pairs efficiently

Can go higher, Y(5S) upto 11.24GeV

Energy-asymmetric collisions

7.0GeV (e’) x 4.0GeV (e*)
To boost B mesons to measure time dependent CPV

50ab™! will be accumulated around 2035

Containing 1x10'' B mesons, 1.4x10 charm
hadrons, and 0.9x10'' ©

Processes with cross sections of O(1)ab or less are
reachable
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Belle |l Detector

e Significant detector improvements from Belle
— Better and Larger Vertex Detector = Time dependent CPV, especially with long lived Ks.

— Two level trigger system=> dark sector searches etc.
KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps, inner 2

J—

===

EM Calorimeter: 3
Csl(Tl), waveform sampling \\\\\\\\\\\\\\\\

fication
stem (barrel)

electrons (7 GeV
Aerogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 laye
\

positrons (4 GeV)




Luminosity and Dataset

* June 2022 : Runl operation stopped
— World’s highest luminosity of 4.7x10°* cm2s!
— 428fb*' data were accumulated so far

* 362fb! on resonance, 42fb! off-resonance, 19fb! energy scan
» C.f. Belle collected 1040fb!

Belle Il Online luminosity Exp: 7-26 - All runs
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Near Future Prospects

* June 2022 —Jan 2024: Long Shutdown 1 for
SuperKEKB and Belle Il upgrades

— New collimators to reduce beam induced
backgrounds which limit beam current

Int. Lumi (Delivered)

. . . . fb-l
—> can go higher luminosity mgm L —
— Two-layer pixel detector was installed oo | W[ Target |
* > better vertex resolution under higher beam N s B
induced background 3000 [ feuet

— TOP PMT replacement > better Kaon ID 2000 \ /

 Jan 2024 : SuperKEKB operation resumed 1000

— Plan to accumulate more data than Belle in run2 e
20/4/1 21/4/1 22/4/1 23/a/1 24/4/1 25/4/1 26/4/1 [YY/M/D]
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Belle Il Cons and Pros (vs. LHCb)

e (Cons.

— Statistics of b hadrons!! (cross section 1nb vs. 144ub)
* We will only have 10! B mesons with 50ab! on Y(4S) and 5x108 B, with 5ab on Y(5S)

— No large samples of b baryons and B,
* Production of these hadrons are not yet established at e*e” collisions around Y(nS).

— Proper time resolution is worse and B meson is not so boosted.
* Background suppression with B vertex displacement is not so easy
¢ Bs mixing (Am_) can not be measured (while AI'; can be measured).

LHCb Detector :
iz EaiR berne Electromagnetic
Height: 10m Calorimeter

ength: 20 m

RICH1

Vertex
Locator

Tracking on

Station ] 4
Dipole Hadronic Stations

Tracking lori
Magnet stilong Calorimeter




Belle Il Cons and Pros (vs. LHCb)

Pros.

Smaller background cross section (O(1)nb vs. O(10)mb)
* ~3.4nb for ee>qq, ~1.08nb for ee>Y(4S)>BB

Almost 100% trigger efficiency for BB events
Two level trigger system for low multiplicity events

* Many dark sectors signature (X+missing) can be triggered

High hermeticity 4t x 94%
* High reconstruction efficiency of O(1)~0(10)%.

* Full reconstruction of B meson possible (tagging of the other B meson)
— More than one missing neutrino modes =» B> D(*)tv, B>1v, B>K*)vy, B>Ktt, B> VvV

* 4 momentum conservation usable =» dark sector searches

Detection of electron

* Detection efficiency of electron is almost the same as that of muon =» test of LFU
* Easy to recover bremsstrahlung photon

Detection of neutrals

* reconstruction of y, n° and Ks efficiently =» sum-of-exclusive method for B> Xsl*I, B>nn°, B, 2vy
» Better energy resolution of hard y =» B->K*y background to B> py can be suppressed

10



Rich Physics Program

* Flavor physics

CKM Unitarity Triangle
Rare decays

Lepton Flavor Universality
etc

— Charm

20231107

CPV
mixing
Lifetime
etc

Mass
Lifetime
CPV
EDM
etc

QCD

— Bottomonia, charmonia and exotic
hadrons containing heavy quark

— HVP with radiative return for muon g-2
— fragmentation

— etc

EW

— Weak mixing angle

— etc

Light new particle searches

— Dark sector (DS) mediators
— etc

And more

11



Belle Il TT® Trigger System

BODEBDEZRN trigger [THWDLIEITNIX, T—2ELTHERDZEIE
B|NDT, EBENZTDIERTIT HFEIIAAIEE



Trigger (XD

1R

« Trigger : EROFHZAUSAUTRBIYVERHLE=27E5T D

— Trigger SNT-¥IEEHR-

— Trigger SN -1=-oWEER -

o RARL—VIZEITBT—HEIEFEIZLLEFRLHD
« 10[H trigger SNT=3ED1EIEIFAN—VIZRTFDO KOLBERHEILH S (prescale)

ERIFETS

FREAMN—VITREFIND

Physics process Cross section [nb]

Selection Criteria

1.110 £ 0.008
1.61

0.38
1.30

0.40 5nb ﬁ-

300 £ 3 (MC stat.)
74.4

4.99 £0.05 (MC stat.)
3.30

1.148
0.831

0.242

0.919 1nb
0.25 x 1073

10° < 07 < 170°,

E* > 0.15GeV

pe > 0.5GeV/c and e in
ECL

10° < 6% < 170°,

ES > 0.15 GeV

E, > 0.5GeV in ECL

pu > 0.56GeV/c in CDC
pu > 0.5GeV in CDC,
> 1~ (E,>05GeV)in

7(45)
- YEEZR i)
— SM:BB, qq, 17, py, vy, my, two photon... )
ce(y
— NP : dark sector etc. ete=(7)
e ()
EI=1
- HREZR ()
— Beam EENDEFERFER ()
— (radiative) Bhabha ()
()
— Two photon phum ()
()
v (y)
20231115 efemete”
ete ptp”

39.7 + 0.1 (MC stat.)
18.9 + 0.1 (MC stat.)

Wi > 0.5GeV/c?
Wi > 0.5 GeV/c?




2 Level @ Trigger

 Hardware L1 trigger (L1)

FERFE SRR ERZAVWTEREENT S
Belle 1 TIX L1 DALMNEM DT
Belle Il TIZ&K30kHz(L, . =6x1035/cm?2/s=600/nb/s = ,,"*=50nb)

maXx

* Software Higher Level trigger (HLT)

L1 TTrigger SNT=FREI(TEF

PCserver L CLLEMIRUV\CFRIZE>TYEZTIHEVERSIE - TRILT—RBE
DIEHZANTERTENTS

Belle | CEAXINT-

HNIZEKY L1 TRYZLD (FICTERBRITGEV) BRZRG T HEMNAIEEIC
« Darksector BRIZESTIEIEE
Belle | TILERK10kHz (IZ%5F5E)

c ARV EBELGOTEDGSRAZLET

20231115
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Belle Il T L1 Trigger &R

CDC (Central Drift Chamber) * ECL (Electromagnetic CaLorimeter)
_ EEHFORMEEE S AT — IRLF—BIE(BEF-AF. FHEHFOER)
o 2RITDRINDER * Energy sum
. 3MITDORMOE  Cluster D%
« 2RITTTHORBF*TD opening angle * cluster Xf 0 opening angle

e KLM (KL and Muon system)
— KM ZEBELT=FREH (muon)DBIE

Muon D %4
Muonxf M Opening angle
Backward Barrel Forward

Belle Il KLM

KLM KLM

Super conducting coil




Belle Il T L1 Trigger &R

CDC (Central Drift Chamber) * ECL (Electromagnetic CaLorimeter)
_ EEHFORMEEE S AT — IRLF—BIE(BEF-AF. FHEHFOER)
o 2RITDRINDER * Energy sum
o 3RITDRENDE Topology [§¥i&{E %% |° Cluster D
« 2RITTTHFEHI D opening angle * cluster XM opening angle

 Forward/backward A A& eff AMELY  ° KLM (KL and Muon system)

« RITFE—LEREERRERLPTLY — KM ZE@EL=RE (muon)DBITE
Muon D%
Muonf @ Opening angle

Forward

Backward Barrel

Belle Il KLM

KLM Super conducting coil

KLM




Belle Il TA L1 Trigger (&R

e CDC (Central Drift Chamber) * ECL (Electromagnetic CaLorimeter)
- HEHFORMEEITEAE - IRLF—RE(EF-AF. FAEHFOER)

Topology ¥z {EZ 5
« 2RITTTHORBFXTD opening angle

« Forward/backward A @I eff AMELY  ° KLM (KL and Muon system)

¢ 2RTIFE—LEREZEZEZHBOOTLY — KM ZE@LI=RBF(muon)DAITE

Opening angle

[ socs0ues

50




Physics process  Cross section [nb) Selection Criteria

7(4S) 1.110 £ 0.008
. uti(7y) 1.61
St d d T dd(v) 0.40 5nb

andard Trigger @ u |

cc(7) 1.30 -

ete (v) 300 + 3 (MC stat.) 10° < 62 < 170°,

Ef > 0.15GeV
eTe () 74.4 pe > 0.5GeV/c and e in

* BBbar %%'323%1%% (1nb) ECL

. , - . () 499+ 0.05 (MC stat.)  10° < 8% < 170°,
— [F1X100%D trigger efficiency NEREhZ - E2 > 0.15GeV
— L, =6%10%5/cm?/s = 600 nb/s 12& 600Hz R 7 0o GeV i BCL
° wrp () 0.831 pu > 0.5GeV/c in CDC
BBba r E%T 0)*_"%;& ur () 0.242 p:ﬁ > 0.5GeV in CDC,
ElZi/]112K0)1—]- *_L% > 17 (E,>0.5GeV) in
- T (y) 0.919 1n -
— EWSEDIF 76) 0.25 x 103 b -
= T S= ete ete” 39.7 £ 0.1 (MC stat.) Wi > 0.5GeV/c?
Hi:b mUItlp“Clty 75\ L ete putu™ 18.9 £ 0.1 (MC stat.) Wi > 0.5GeV/c?

« Trigger I LLT D OR
— 3 track (2 2D-track + 1 3D-track)
— 2 track (1 2D-track + 1 3D-track) with opening angle A¢ >90deg with Bhabha veto
— hie = Esum > 1GeV with Bhabha veto

— nCluster >=4
o FRICBOLEHIIOBERERTRLHIZENTNITEZLLGN
— ee2qqbINTIZREALTNSD

— f=12L. N FE 2 E low multiplicity %% event [XENTEWNEELH S

20231115 18



Esum > 1GeV with Bhabha veto

* Bhabha [¥ o A REZLVD T veto LAELVE trigger rate DS N TLED

e CMFZBTE>4.5GeV & E>3.0GeV MD3IRITD back-to-back cluster HLVS
event Z veto

— Bhabha IZ{8lTLV5 dark sector FZ& (& veto SN TLED
— R® run A5l single photon AY Forward [Z47< radiative Bhabha % veto &5

20231115

19



DS & Standard Trigger

hie =Esum > 1GeV with Bhabha veto

— High energy photon B'& % event [EfZLM\ =LA\ TULNMTS
* Dark photon : e*fe2>vA’, A2 uu
— low mass A’>ee [ Bhabha veto S5 D TE R D trigger KNIHE
* Invisible Dark Higgs : etfe2>A'H’, A’ > upu
* ALP:e*e>va, a2vy

e 2 track with opening angle A¢ >90deg with Bhabha veto
— Track & Invisible 74 final state, 7=7=. invisible B EL\E eff HNELLESHD T
>30deg
* InvisibleZinL-L :e*e>uuZ, 2>y y



Low Multiplicity Trigger (t, DS, HVP, etc)

* Single track trigger : 3D-track with p>0.7GeV

— Track A% multiplicity AMELY event (ZIFEAE
* InvisibleZinL-L :e*e>pnZ, 2’y

* Single Barrel Cluster trigger E>1GeV with no other cluster with E>300MeV
— Single photon
* Invisible Dark photon : ete > VA,

* Low mass Dark photon ee : 3D Bhabha in barrel, one cluster-track matching,
track opening angle $<90deg
— 2DMEEEFIEEF M 12D cluster TR Z 2D T Bhabha £S5
* Dark photon : ete>VA’, A >ee
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Belle Il TR FIER

 Dark Sector Mediators (and dark matter)
— Pseudo Scalar : ALPs
— Scalar : Dark Higgs
— Vector : Dark Photon, Z’ in L -L

p -t

* ATOMKI X17 (a variant of dark photon?)
* Inelastic dark matter : y, and ¥,
* SIMP

— Fermion : sterile neutrinos
Heavy QCD Axion
Dark matter in B-Mesogenesis (Dark Matter has baryon number)
CP odd scalar A°
SUSY singlino
Magnetic monopole/dyon

And new particles in your models

20231115



Dark Photon

 Belle |l TOREFRFBRITFE-HTLVZL
— Belle, Babar M FlIEHAV5&LYD T,



Dark Photon

« U(1) gauge boson M mixing [FZE 1L TLVEELY,
JtF Y dark photon A’ [ZERHL9 B2 EMBIRETH S,

* Dark photon [&
— Invisible : dark matter [ZERYR (m, >2m,,,), fa B E L o
— Visible : SM RI-FIZFEIE(m, < 2m,,,), FEE T 20,

—ﬁxkocD» &20lgp

» Vector Portal : eB,,,, A"

SM (B: U(1)y gauge boson)
€ ’
A’ B A
Y, Z

SM L _
gauge kinetic mixing

TR EA FPWS2019
20231022 DRSS/ TE



Dark photon M 4 Rk

e £=103 &9 5¢& 1GeV A’ T5fb?

|cos(B,,)| < 0.933
LA BN B L R B R B R B

g 100 .
< i )
.;]; 80__ ]
© 60} —
wf :
20 F .

0- | | N | |

0 2 4 6 8 10

20231115 26



Invisible Dark Photon

o FIKREILIEF1D
— Trigger : ECL total energy >1GeV

. ERER

— e'e27y(y)
— Cosmic

— Single beam background

« R
— g~<3x104 with 20fb!
— g~<4x10* with 50ab

20231115

mono-photon + invisible

102

pm—

Belle Il simulation 20 fb™

e o I T T Sy A

E~ NA64 2.84x10" EOT

10—5 P " L PR 1 Loa sl
- 1 10
m,. (GeVi/c?)

27



Visible Dark Photon

o FRARRBE(LIEF & dilepton

— Trigger : hie or two track trigger
* Signature

— e'e2> A'y, A2 ete or utuw
. HRER

— e'e> e'ey

— e'e> puy

— ¢~afewx10*

20231115



L-L RETDZ

5% 7% dark photon

A

LA dark sector ELVYD &Y anomaly free [Z motivate &t 7=
ERI LSS

]

I fZ& muon g-2 [Z motivate SN -




L-L BETODZ

c L-LEETEZ FE_FE=HKDL T+
/(\Li)“f‘ alzlyviy, 1, v, and v,

: ’ o 5
— Two parameters : m, and g

m,. [GeV/c?]
L=—gi"Zu+ g " 27— g0 Z v + 90" Z v s
dark matter ~O FRIR IRz Eb %
— 3L dark matter &#5E AIBET m,>2m, &> dark 0%&E{REL muon E—FTER

matter ~® FRIR 73 I EL AVZE (X 100% 1
* muon g-2 anomalyZinBiTE 5 :

* m>2m [THERSN TS

— Belle and with muons ™
— neutrino trident experiments and
— BOREXINO limit > 10MeV (Not shown) AR L A
* Invisible decay TIEXRT 5 _ Belle (Bom) CCFR
[ e Belle (visible) []CHARM-II
L L L L | ‘ L L L L L | |
20231115 1 10

m,. [GeV/c?]



Invisible 2" in L ,-L_model *, "

20231115

Typical cross section

~10fb with g’=0.01 and M. = 1GeV

Signature

ete DU UZ D pury

Trigger

2 track with opening angle

Search

Dominant backgrounds

* eeDeepy, TTY, UUy
Recoil mass and 0g.; to identify the signal

Candidates / (0.5 GeV?/c?)

105 ¢

104

103 ¢

10!

100

107!

102 |

79.7fb1 data

. jr,et
- .-\,\ \-C‘ -
>"‘./\J’\/‘\/\A/\<\ /: ‘-«.__\ x
// —
e K

Preliminary

Bellell [Ldt=79.7 fo !

F ete —mete putu-
FE ete s TrT(Y)
P e o ptp(y)

t § Data

eepp
TTY

iy

0 20 40 60 80
Mr?ecoil [GeV2/C4]

31



79.7fb1 data

Limit on invisible Z’

* Invisible BEIETHFE THEH T muon g-2 anomaly FixBA9 5
PR 7 HEFR
— 0.8< M, <4.5GeV

109 ¢
. Belle ll, 0.276 fb™1

1071k e, gk

- —
-

o 1077 §

10~3 - Belle Il Preliminary _f.l'_ dt = 79.7 fb™!, 90% CLUL  H

M7 =0 Expected =10 Expected +20
L = [ =0.1Mz -
10—4 PRI S N (S ST SN NN ST TN SN WO (N S SN S N N TN S NN (N SN N SN S NN NN SN S M N S WS S !
0 1 2 3 4 5 b 7 8
Mz [GeV/c?]
20231115 32

arxiv: 2212:03066 submitted to PRL



Invisible Z’ : IS DRE

* 50ab! HNIE muong-2 ZERBATESMEEHTORRBHLLZ
BEBR AV A RE

, Belle Il Simulation, L, — L, Expected 90% CL UL
10 E E|
= Belle Il, 0.276 fb~! J 8
107 F . E
-2 | x 29 _
10 ? 1\:I:;....-fi'-l'i'lﬂ* E
9 40 E -~ 3
1ﬂ_¢:_ —— fLdt = 80fb™? i
i JLdt = 500 b=t —— fLdt = 5ab™"
107 F —— fLdt = 1ab™ JLdt = 50ab™! -
C . . oy . . o a ]

107 10~ 10°

2
20231115 mz EGEV"I.G ] 33



Axion Like Particles (ALPs)



Axion Like Particles (ALPs)

* Axion like particles (ALPs) L F M

— Global X#ED B EIEN
— FBEXIRER D String compactification

SM gauge group ZENDEx KD B EE S & 181820 FEFHDALPs B FFTE
*  QCD Axion [FEEELRREERICEBZENHSH (m f,~ mf) ALPs [ZILEEL

F R A HELL parameter space DALY

o HHDI=HIZALP A FELMEESLAELVE 2 parameters

g.., - coupling constant

20231115

m, : mass of ALP

a ~
* Axion Portal : — F,, F*¥

- ]- - ]- .- - i fa
oL = —-.’f':tr,.rf'-l'!w + 3'1("31’.!:1'-!_;‘_'} — _'}

Decay width (lifetime)

L, =

2
 Gan M

64

3
il

SM gauge boson
f_l

~
~
~
~

T a

35



Signature

ALP can be generated from
— ALP-strahlung
— Photon fusion

under study

Cross section
— ~1fbforg,,=10" GeV+

a 21 5

3
_ gg’ywaQED (1 _ ﬁ)

Sequential two-body decays

— e‘e>ya, a>yy

— Only three photons in a final states

Hook (2015), arXiv:1411.3325

-5
10 ALP-strahlung
10~2

Belle Il search for shorter lifetime region

— Large coupling and large mass

* beam dump experiments = longer lifetime

2 .3
o .{;a';-'} mg,

', = —
64

Gayy [GeV™]

— two photons are resolved in EM calorimeters

20231115

s'2 =10.58 GeV, gy, = 107 GeV™'

Photon fusion

0.1 0.5 1 5 10
m;, [GeV]

107"
1072k

10-3f

107§
§ J. High Energ. Phys. (2017) 2017: 94.

10-8 aaaual aaaasul A i aaia A4 il
1074 1078 1072

m, [GeV]




445pb1

Search for ALPs at Belle |l

* Trigger

— Recoil mass for high mass [6.85, 9.7]GeV

1.0}

2.5 0.04
. | ’ iphoton
- hle I ‘::_‘0.03— —_— Ee?:oilt
. . 20f %
 Two Reconstruction technique T 8%
— Invariant mass for low mass [0.2, 6.85]GeV LS| N |
8 ) -ma [G.eV/cz]. .
R
5

. . + -
* Dominant background is SM e*e 2>yyy
0.5
2 4 6 8 10
m, [GeV/c?]
Diphoton invariant mass Recoil invariant mass
o for m_in [0.2, 6.85] GeV for m_in [6.85, 9.7] GeV
- Belle Il (2018) T 40 Belle Il (2018) 1 Dus
1 - 2y, € 400 | mm ete~ —nlyy)
L 600 rpdt = 445 pb~? 230 | ) JLdt = 445 pb~? ete- —»:*Yey-(v)
> (b) 2 | Ny . ete~ —yyly)
2 500} gzo l | % (a) #///. MC stat. uncertainty
3 i = | ) | & 300
= 400 S 10 L
wn s v 200 |
o © 04 06 08 10 b
B 0 M2, [GeV?/c*] 3
— ©
'8 % 100
& 100 o
0 0

20231: 40 60 40 60 37

MZ, [GeV?/c?] MZ . [GeV?/c?]



Significance

Limit on o(e*e 2> ay)

* No significant excess is observed
— Largest local significance of 2.8c at m_=0.447GeV

e Setalimitono.

— o<1pb
! Belle Il (2018) 1.6 | mo Expected UL +20 Belle Il (2018)
: [ Ldt = 445 pb™? L4 | ™= Expected UL =10 JLdt = 445 pb~?
: " | == Observed UL
I
1

1.2 | ---- Expected UL

95% CL upper limit on o(e e~ — ya) [pb]

B e e o

m, [GeV/c?]

20231115 38



Phys. Rev. Lett. 125, 161806 (2020) 445ph!

Limit on ALP parameter space

* Coupling around 103GeV! level

* World’s best limit around 500MeV

 We can improve the sensitivity more than one order of magnitude in coupling
with 50ab™* data

 Adding photon fusion process gives better limit

1072 | ee-yy

photon beam

e |

%
I>/H. ac
1
-

.

105 ——
103 102

20231115 m, [GeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

Dark Scalar

e Dark Photon Hh 5 D ER ST

« BRRFIL—TERIETO top quark hhio DERHT



Dark Higgs i Ax

« Dark photon A’ [dark Higgs field D B <
FIXIMEDENTEEZESFLEND
LM 7ZEL N> physical dark Higgs b’ DN {EFE

— 4 [EI SM Higgs&D mixing [FIRE LAY
— Portal H[F TILEEL

* Dark Higgs [& dark higgsstrahlung
process CTHERLTAIEE : e'e” 2 A'H

* 4 parameters

— My M, =
— & : kinetic mixing
— ap: coupling constant of dark sector

* M, >M,

— Dark Higgs [& visible h’>AA D

— already covered by Belle and Babar
* M, <My

— Dark Higgs [& invisible

Search
region

— KLOE. TOHLMERINTLVEL KLOE M 4
— GUVMERFBEENE-TLVS

20231115 41



8.34fbt

Search for Dark Higgs in ete 2> A’h’

 Dark photon decay § aE—"
Y Y Mp=2.7GeV/c?
— A2uu -3 = of “"
— M, >1.65GeV for trigger limitation o % %DJ ol g
. X — 5 c
e Dark Higgs 7 % g e _ &
— invisible A N, / E'"&Ef:;‘;:’;‘;:“
L elle imulation
— Recoil mass against dimuon system @ Q .t By
. . M2, [GeV?/c*]
e Trigger on dimuon ““
— two track with opening angle A¢>90de_ *Conceptual, not to scale Myy
— 90% efficiency
e Search in two dimensional plain
- M, VSM.
* Correlated
— Ellipse signal windows - — 10
Belle Il (Preliminary) det:s‘s fo! = 2 full track trigger (A¢ > 90°) qu Belle Il = e:e:—*u:u:(y)
i 3 107 [ cot=83301"" == fotedii il
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Limits on o(ete2>A’h’)

No significant signal is observed

Counting method to set the cross section limits in each bin
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Limits on Physics Parameters

* 4 parameters: M,, M,, € and a
* Limit on €%a,

— Kinetic mixing € and coupling constant o, cannot be
separately constrainted in this process.

* First limits in this mass region
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189fb! data

Long-lived Dark Scalar in B Decays

* Dark scalar particles S
- M<2M,
« SOy & relic density ZEHBAH KA EIR LI TICHEBRESN TLNVS
— SM Higgs &EIRE A2 EMVH K D with the mixing angle 0

o HIFEEITXEL fermion TTHLY TEP
— long-lived if O is small

* B—>K'Sand B>K*’S decays
— Sisradiated off from internal top quark in b=>s decays J/

— S—2>ee, uy, i, KK
— In total, 8 decay modes
. Bh\E% AL F |2 A R g
Trigger R IZLEKTRLY §
— Clean displaced vertex signature %”'
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— Dominant backgrounds are combinatorial
* ee—>cc, ee~>uu,dd,ss, ee>Y(4S)=>BB

— Long-lived K is a good control sample
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As functions of ct and mass.
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Dark Higgs mixing with the SM Higgs
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Sterile Neutrino
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B*>u*N at Belle I

. BOuN, NDutr
e N I[XZEL VD T Helicity suppression DN EEFISN S

-2

! u I | | | T 173
O ” | _
%, © o E
. xf i i | ]
- C | ‘\ ’ }' E
“ I j :
o " Yy _
4 | i we

107 - _gl
- "— ‘/. E
) - (/ _
= -5 o J/V/‘/ _=
@ 10 ~ E
' FCCoce (B) IE
-8, |
107 B My :

- | | I | ! [ R N 1

10 |

Asaka, Ishida 15

20231115 52



Invisible Sterile Neutrino
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