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B-Factory: SuperKEKB
at KEK Laboratory with
Belle and Belle I, Tsukuba
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Total integrated Weekly luminosity [fb~1]

KEK Collider and Belle / Belle TI Experiments

KEKB 1999-2010: et (3.5 GeV) e~ (8 GeV) collider

SuperKEKB: et (4 GeV) e (7 GeV) collider w/ major upgrades

« collected luminosity = 1 ab™* cotison poin
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* recorded luminosity =575 fp~1

* Run1=428 fb=' (365 @ Y(4S) + 62 off-resonance)

*  World Record instantaneous luminosity = 5.1 x10%4¢m =251
 plan to collect many ab~—! of datal!

5 electron—positron
8. linear accelerator

pettel online luminosty e Design: x 30 increase in instantaneous luminosity 1
| e ot /—’_500 e x 1.5 from upgraded ring (higher current).
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Nano beam scheme works!

Total integrated luminosity [fb~1]

/ Squeeze vertical beam spot down
. to ~ 50 nm with super-conducting
LS A magnets

Af 100

Su perKEKB
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KEK Collider and Belle / Belle TI Experiments

> Belle Il is a major upgrade of the Belle detector

* better resolution, particle ID and rate
capability (including backgrounds)

» Excellent capabilities for Tau and Dark Sector physics
investigations
* missing energy and neutral reconstruction:

well defined initial state and clean environment
precisely known acceptance/efficiencies with
nearly hermetic detector

good particle identification (lepton ID, 7T/K
separation)

» Improved vertex resolution; excellent tracking and
reconstruction efficiency

» Special triggers dedicated to low-multiplicity events
(including single photon trigger not available at Belle)
» allows for signal selection not previously possible

» In combination: can exploit new analysis approaches

6/10/25

CsI(TI)W|th waveform sampllng o S o
Position, energy, time, and Inner Barrel/Endcaps: Scintillating Strips
pulse-shape Outer Barrel: Resistive Plate Chambers

He(50%):C2Hs(50%), Larger size relative
to Belle, smaller cells, new electronics.

S Hardware < 30 kHz
Software < 10 kHz

N 1. 5T su perconductlng

>-h,_ i’-

DEPFET plxel detector (2 layers)

Double-sided silicon strip detector (4 layers) % ‘
—
\

Barrel Time- of Propagatlon counter

Forward Endcap: Aerogel Ring-Imaging Cherenkov counter
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TAU DECAYS

J Tau mass

d Lepton Universality

J Lepton Flavor Violation
d Baryon Number Violation



Overview - Tau Physics at Belle and Belle IT

» The T is the heaviest lepton in the SM: ragsigee £ Uy | DXL || 3 [ragsice g+
i : fl/r topology | topology T
* Tau can decay into leptons and hadrons A g 27
* Decays can involve 1 or 3 charged final-state particles B -ﬁf’fi e _
* Due to its large mass: sensitive to new physics models ~ ——#"/.2— L (+—‘ ft—
» B Factories are also 7 factories ! | /
olete™ — 7777 (BB)) = 0.92(1.05)nb e
Signal side V,u U,  signal side

81%: one charged
particle final state

u T pv 14%: three
n* ety
w others
4.6%
+ 0
T 0y 3n=mn’v
3m*v

Exclusive reconstruction = Lower efficiency, higher purity

» T pairs are produced back-to-back and boosted in the CM frame
* Identification largely topological
e Separate into two opposite hemispheres via the thrust axis T
e Use either one charged track (1-prong)
or three charged tracks (3-prong) > pi - Al
. : T = max
» One T tags the event ... the signalis A ( > pil )
reconstructed on the other side
* Can also exploit untagged analyses to boost the signal
efficiency at the cost of some purity
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Tag side: (e = 2.3%, purity 90%) °
T — evv, pvo, i v, mm v

Events / (15 MeV/c2)
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{ Others . R T
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T Mass Measurement at Belle IT

> .

==

» The Tau Lepton mass is a fundamental physics parameter
.  important input, e.g., for lepton-universality tests

> Use the pseudomass analysis method with 7= = 7~ 7~ 71,

+.0

the M,,;., distribution ends at m.-
 smeared by resolution and initial and final state radiation

» Accuracy determined by:

1.7 1.72  1.74 1.76  1.78 1.8
M., [GeV/c?]

182 1.84

Beam energy /s
calibrated using BB

events (and tracked)

Final-state particle
momentum calibr’ed
using the standard
candle D° — K

1906~ dataset

PRD 108, 032006 (2023)

BES (1996)

+0.18 4025
1776.96 551 .7

BELLE (2007)
177661+ 0,13 + 0,35

KEDR (2007)

1776.81 Loy + 0.15

BaBar (2009)
1776.68 + 0.12 + 0.41

BES Il (2014)

1776.91+0.12 10

PDG Average (2022)
1776.86 = 0.12

1776

17765
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*77 _pi"knr) < My

Belle Il:

= 1777.09 4+ 0.08 & 0.11MeV/c?




Data/model Events per 0.167 GeV/c

Test of Lepton Flavor Universality (LFU) in T Decays

> Are the W gauge bosons couplings for the three
generations of leptons the same as predicted in the SM?

.\ e » R, measurementina 1 X 1 prong topology
(i) x R, X Jme Ims) sm with 7+ 4+ n7° tag and 365 fb~'at Belle II
£, f(mz/m?)
B(z™ = u" v )
R = £ 209726

H ” s
B(tz— —> e vu,)

D
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e : <
T
ot » /4

€ »
\_/y/,u e /
\
Y

tag side

signal side

» Event selection is performed with rectangular cuts and a neural network e CLEO (1997)
e main systematics are from PID (0.32%) and trigger (0.1%) 1.0026  0.0055
> R, is extracted with a template fit of the ¢ and 1 momentum distr’s BaBar (2010)
x::::'Ilel N (o B0 bt S f l;u I (- = e G0)(c* ~ hernoD) ] HFLAV fit (2021)
5 R Other (tru-;ll:l ] 8 5¢ _ 1 Other{truee .E':' i 1.0019+0.0014
[Ldt =362 b2 H = E [idt = 36210 Other (Fake o)
4 B Other (fake p) O 4k ske
. Uncertainty — F 2“7 Uncertainty
3 4+ Data ? 3 _ ¢ Data
2 2 2 099 100 101 102 103 104 105
1 L% 1 - |gp / gelr
0 B ————— . i
1.01 ' ' j L 1o1f T . 17
W] e e e R,, = 0.9675 + 0.0007(stat) £ 0.0036(sys)
0.99 & . : : : ! ! 4 {8 o099kt . s s s s . ]
1.5 2.0 2.5 3.0 3.5 4.0 4.5 50 © 1.5 2.0 2.5 3.0 3.5 4.0 a5 5.0 — . 4 :I: . 1
Y [GeV/e] o Pe [GeV/c] ‘g,u /ge ‘7- 0 997 0 00 9

JHEP08(2024)205



D

New LFV Results: Decay 7= — ¢~ K¢ DS

Belle IT

e Belle + Belle Il search for 7~ — E_Kg(é =e, 1)

T id
o Y > Require 4 charged particles with 0 net charge in 3x1-prong topology
‘  reconstruct K3 from wt7r—

* onthetagside: T =l /Tv (0 = e, 1)

> Cut-based preselection aFIX'V32504-15745

"y
.
L
"y
.
.....
L
"y
"y
"y

ifi [ ' | | | | — Elliptical SR

> BDT cIaSS|f|gr tramgd using 0750 Balle Il (Preliminary) — Gliptial 5%
e track kinematics T - uk? Rectangular SR
* eventshape o0 Data [cdt=428 fo=! ]
* neutral variables - 0.25¢

Signal side » Resulting efficiency: 10% % 000 e -
» Extract signal yield from 2D T oasl e et Im i
plane (MTa AE = Hos Ebeam) -0.50F . - -- - .
> No significant signal observed in 428 fb~! + 980 fb—! el T
(Belle + Belle Il)

_ o - . L60 165 170 175 180 185  L60  1.05
» Combined 90% CL upper limit on branching ratios: M(uKS) [GeV/c?]

BR(T — K2e) <08 x107° BR(t — K%u) <12x107% -




. . _ _ O D
Baryon (and Lepton) Number Violation: 7= — An~and 7= — A~ Ve
> BNV plays a key role in helping explain the observed asymmetry of matter PRD 110, 112003 (2024)
* Many of the BSM scenarios allow for BNV Selle i ata: [ £dt = 364 o
« Baryon and Lepton number violated; some models* allow |A(B — L)| = 2,0 24| T Sl regon » - Simulated bkg
"-'/_r"llrjr_ % | : ¢ + : ° o é o.
Tag side ' < Vs  usealx3topology ¥ Ol s O .
» l A < o2 ’ o o+ °
s e reconstruct 4 charged particles (0 net charge) @ I L] 5
= —-0.4p
- e A(A)reconstructed from p(p) and 7~ | 170175 180 185
. ) ’E M(An) [GeV/c?]
************* * background suppression: loose preselection = Setle i ate: [ et — 368 10
’ plus gradient BDT £ 0.4f — S?gnal region e Simulated bkg
_ I == Sidevand ¢ Data (b)
e €sig ~29.5(9.9)% for 77 — A(A)m™ SR ;
< 9 0.0 s * ®e * o
* backgrounds 1.0'-3 ,(0.5%8 ) estimated by i PR @ Lol
Signal side rescaling sideband data yields in signal region A e + ¢
-04; ©
> No events observed in signal region with 364 fb~! integrated luminosity | M(Am) [GeV/c?]
» Set 90% CL upper limit on the branching fraction
_ O —8 * PRD90,016011 (2014)
BR(t™ — A(An™) < 4.7(4.3) x 10 Phys. Lett. 88B, 311 (1979)



- Summary of Searches of LFV, LNV and BNV at Belle / Belle IT a3

BELLE Belle IT
m |
& [ hy IP° IS I\V© Il lhh BNV « CLEO
3 . oS . . + ATLAS
o ' B g UTheEs el * . + CMS
E .l ® - . g e 2 - LHCb
S 10} o .. . v BaBar
w - ‘ » Belle
- | . : "y T oy v ' + Belle Il (5 ab™)
B 107 |10 LT vy o g~ 9 v s = Belle Il (50 ab™)
g B Lo ¢ TP ,*;,; T . ] arXiv.2203.14919
. : . . "l - ” — - & &
- - !;."'.I:‘;:“ & a4 oa
o 108 Ets ® s ee - S ! - .  S—— :
52 ale s W ¢ ¢ . s vt oot TR ¢ . B 3 %5
= ¢ ‘ ‘*H* *4 ¢** , | @ Belle/BelleII
< ! (up to 2024)
109 ---..- - o = --- - -- - — i
i a * = L J “a” - = = |=al " 5 (to be) published
: |' - | ongoing analyses

Rt 2 i-r_k-ﬁ:-"*':"b’:"“'"'“""“ aazs h:__k_Mtﬂﬁmq, ":11‘7-? O hh&-kkﬁﬁhhkt&_kfﬂ“mqﬁ‘:m:

P30 I OITIVILY oy qmm;q:-.q;:tm;: .1:=-' ffff*' :,M_mhﬁft hh"&mﬁ;ﬁq&;n?
> Th— S with untagged reconstruction > T — el with untagged reconstruction
* most stringent result 1.9 x 1078(L = 424fb™ 1) * extend previous study to 5 more modes
* JHEP 2024, 062 (2024) * most stringent upper limit for all modes (prelim)

6/10/25 W. W. Jacobs — Studies of Tau and dark sector decays at Belle and Belle Il 11/22



DARK SECTOR

d Z’ boson invisible decay

Jd uw, 77 resonant searches for DM Scalar, ALP
 Inelastic DM search

(J FCNC B decay and ALP search



Dark Matter and Light Dark Sectors Accessible with Belle / Belle II

Dark matter is one of the most compelling reasons for new physics!
Plausible sub-GeV scale scenario:

Dark Sector Candidates, Anomalies, and Search Technigues

reV aeV feV peV neV peV meV eV kel MeV GeV TeV PelV  30M,
s | | | | | ] | | I 1 ] L L 1 L L I | 1 | }1 |
- - &t rrr N A B B
5 T —
QLD fxion WiMPs
€ ; — -
Uitralight Dark Matter Hidgen Sactor Dark Matter Black Holes
- o =
Pre-Inflationary Axion Hidden Thermal Religs § WIMPless D
0 . >
Post-Inflationary Axion Ssymrmetfic D
b Freeze-In D i
3
5IM|Ps f ELDERS
arXiv: 1707.04591 i
[ B
Small-fcale Struchijre
= e b
Small Experiments: Coherent Field Searches, Direct Detection, Muclear rd Stomic Physics, Accelerstors Microlensing
i t I ! | ] I. I I L [l I. 1 1 I 1 1 l 1 1 J
| I I I I | I P ¥ 7 v LI AL B ﬂ |
zeV aeV feV peV neV peV meV eV keV MeV TeV PeV  30M,;
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» light DM feebly interacting with SM
through [1] a limited number of
light mediators (‘portals’)

Standard
Model

m Hidden Sector

Vector portal - Dark Photons, Z’
bosons

Pseudo-scalar portal - Axion Like
Particles (ALPs)

Scalar portal - Dark Higgs/Scalars
Neutrino portal - Sterile Neutrinos

Essig et al., arXiv:1311.0029 (2013)
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Experimental signatures in Dark Sector searches

Different signatures/topologies depending on DM & mediator mass relation and lifetimes

, off-shell

heavy mediator

> Decay to DM particle:
o invisible dark photon A’, Z', ...
o signature -> missing momentum
o decay to SM + DM particles:
o partially visible signature -> displaced vertex
not pointing to IP

=¥}

<

light mediator invisib|e 0Vl\
light dark matter 7,((\

&
5

4 U3g40L 01SUp

— DECAY INTO DM!
:i DM
DM

Y
« DECAY TO SM SUPPRESSED —CE ’
long-live

w
=
(AS3Q) 429424 uagiol

light mediator
heavy dark matter

mediator mass ma

— DECAY INTO SM PARTICLES! M

2Me

.

dark matter mass mpm

» Long lived (decay to SM suppressed)
o inelastic DM, scalars, h’, ...
o decay-length < O(1)m: visible signature -> displaced vertex
o decay-length > O(1)m: invisible signature -> missing momentum




The L, — L. Gauge Boson: Search for (Invisible) Decaying Z

» \ector boson Z’ with a coupling g’ only to the 2nd and 3rd lepton family as
introduced by the L — L. model

e-&-

X %

L= E 09"t Z L e=+1ifl=p e g/z AR
/ 0=-1ifl=1 /\,mn\f\,mmx (
= ! \ T, V. %
» myand g’ in a two-parameter model / \
i

» Could explain DM abundance and muon (g-2), anomaly

» May also help explain anomalies seen in rare B decays, e.g., Ry, etc.

Search for the process e e~ — ut = Z’ (invisible)

» BR(Z'— vv) ~ 33 — 100%
> BR(Z" — xx) ~ 100% if this decay is kinematically accessible
» Study the system recoiling against the p*p- pair

> Dominate backgrounds are from radiative QED processes e

Shuve et al., Phys. Rev. D 89, 113004 (2014); Altmannshofer et al., JHEP 106 (2016) BR has dependence on Z’ mass




100 ¢

1071

o 1072

1073

1074 Lo

Search for an Invisibly Decaying Z

Cross Section

D

<o

Belle IT

PRL 130, 231801 (2023)

[ Bellell, 0,276 fb~t
0% g

10%
10! k e,
10° 3

107! —
F Belle Nl [L dt = 79.7 fb™!, 90% CL UL

olete - utu= (Z'-=inv.)) [fb]

Expected +203

o(ete™ — putp~Z',Z' — invisible), using 79.7fb!

Mz [GeV/c?]

Z' = SM only

1072 | =0 Expected 10
F == [z = 0.1 Mz

10*3 P T TRV T T T N Y T T T N TN T O T ST N TS N SN Y B
0 1 2 3 4 5 6 7 8

E | Belle II, 0.276 fb~1

| ’_,_,_,_l—'_IJ
E
E N
i
L
ki

F Belle Il [Ldt = 79.7 fb™%, L, —L. vanilla

= 90% CL U Expected £1o

Expected 20 ]

(9”’2)111205

CMS (95% CL) ]

0 1 2 3 4 5 6
M- [GeV/c?]

7 8

» Fit performed in different mass windows with flat
backgrounds = no significant signal excess found

» Set 90% CL exclusion limits on cross section and coupling (g’)

1. If Z’ only decays to SM particles (vanilla)
2. For BR(Z’ = invisible ) =1

Z' = invisible

109 ¢

o 1072 ¢

E Bellell, 0.276 fb~!

1071 g

———

........

10~} Belle Il [L dt = 79.7 fb%, 90% CL UL ]
Mz =0 Expected *1o Expected +20 1
L i [ = 0,1 My
ot S S T T [ T S RS [T S T S I T S S S N
10 0 1 2 3 4 5 6 7 8

Mz [GeV/c?]

-

Invisible Z’ as
origin of (g-2)
anomaly
excluded for
0.8<M,<5.0
GeV/(C?

NB: ongoing
analysis w/
x4.6 dataset!




. _ D
Search for a pup/T7 resonance in ete” — ) ppTT 5
recoil A B 0
o T °
© (\6\6 e 3u/4 tracks . 4tra-c|k;,4((, ))
. 44, SM bkgd T
. * missing energy
e opposite-chrg Tt
ot challenge!
M (pp) peak
Belle Il j Ldt=178fb" Belle Il Jedt=62.8fb?
1 g \ 1031 BaBar \ ‘ u
10_1 g Trident -, 1024 I i
? § m —-2),*x20
N o i 8, - (@— 2=
= 5 1072 & o | ]
LN - = foa o
5‘ = C FATAAL °H° /
g ; CL g 100 b o
- 10 ¢ o
8 ; :2 - — 90% CL UL Expected UL *+10 Expected UL 20
; B —— 90% CL UL [ Expected UL + 16 [ Expected UL = 2c El 10 3 ‘Il é é % é é 10
o 10 e : e % ms [GeV/c?]
o
1 10
m,[GeV/c?] » Leptophilic dark scalar probed above 6.5 GeV/c?

» Separately, first direct limits on axion-like

» Exclude Z’ (as well as muonphilic dark scalar model) _
particle ALP — 77T

explanations for (g — 2),, over a wide mass range




Inelastic Dark Matter with a Dark Hnggs

Probing a non-minimal Dark Sector model*

» Model can reproduce relic DM density A

> 4 new DS particles: » 7 free parameters: Mass
e dark photon: A’ e 3 masses X2 Am | trend
* dark Higgs: h’ * 2 mixings Xi '
* two dark states: X1, X2 ¢ 2 couplings

» Exploring 3 final states:
Swith © =, ™, K

Looking for simultaneous
production of A’ and h'

e W =t~

» 4 tracks in final state:
e 2 forming a pointing
displaced vertex
e other 2 forming a non-
pointing displaced vertex
® missing energy
— signature-based analysis
challenging for tracking and

o trigger

DM X1 stable relic candidate
X2 is generally long-lived
Focus on:

m(A") > m(x1) + m(xz2)
Decay A" — v Y2 favored

e e
\ :‘-.ﬁi}nk?l!!(?i"\u‘

non pointing

Y
l’ \\
X1 e 5
——————— ~
_________ >
......... LY
\\
“
b . -
f-f N X1
] - \\\
b Y
- N .
2 .,
A

* JHEP04(2021)146



Inelastic Dark Matter with a Dark Higgs

®
=)

N
=}

o
(=)

o
o

Events / (0.28 GeV/c?)
N
P

Belle Il [cdt= 365 fb~!
[ Preliminary
Reco Channel: h'(»nrn~)y,(-» e*e™)

x10~1

o~
v Belle Il [cdt =365 fo™? + . —
L
% 6.0 Preliminary /,L /,l/
G]
o)
x50
e
> 4.0 B ete - THT(Y)
€ wmy. MC stat. unc.
g3o0 § Data
i

2.0

1.0

0.0 05 10 15 20 25 3.0

M (u* u~) (GeV/c?)
6/10/25

jennl

¢

7T+7T

ete " -»yy
ete -BB
ete”->qqg
efe " —eteete” |
ete -1ttt (Y)
MC stat. unc.
Data

Uit . i

2.0

25 3.0

My (m*m—) (GeV/c?)

Events / (0.28 GeV/c?)
= = N N
o w o 18]

o
[

o
o

» Search performed analyzing 365 fb! of Belle Il data

» Challenging due to

and the

» Signal selection:

use pointing angles and vertex distance from the
interaction point

» Signal yield:
cut and count strategy in My, (xTx~) distributions

\ .

Belle Il [rdt =365 fb~?
Preliminary

7

KtK~

Bl ete -qq
m MC stat. unc.
¢ Data

0.5 1.0 1.5
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2.0 2.5 3.0
My(K*K™) (GeV/c?)

very low SM background

backgrounds estimated from sidebands (data)

in the individual

final states or the combination:

for the w7~ channel, of the 9 events

observed, 8 are consistent with
expected background
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Belle IT

Inelastic Dark Matter with a Dark Higgs

. .. _ arXiv:2505.09705
» Model independent limits on the process cross section

> 95% CL upper limits on o(eTe™ — x1x2h') X BR(x2 — x1eTe ) [xBR(h — xTx7)]
> Strong limits on § and € X ap (A’ mixing, A’ mixing/coupling), w/ dependency on 5 other parameters

9]
= L3 «+ 107° ;
BT 10-1F b ‘ \ = Belle Il fﬁdt= 365 fb~! Preliminary
._<_£, 1077} BaBar
T‘KW 111 ‘
10—2 8 RS - Belle Il & LH( "‘E"- -8 : S -
B-KS ‘ — 102§ S
] 4 S Belle I
1073F ‘ ng g 167~} e (this work)
| ‘| ) .y . N
104} : H? N> 10710} h
Belle I i N
65 \ (this work) 10-11L
5 e > \=’CHARM
S19 —12|
BaBar 10 ,/ NuCal
10-6} Belle 1l fﬁdtz 365 fb~! Preliminary : 10-13 e .
1071 100 10! 107 10°
m(h!) (GEV/CZ) m()(l) (GEV/CZ)

World leading limits, but dependent on the choice of the remaining parameters
— Provides interpretation for an additional ~ 30 model parameter configurations



B Search for ALPs in FCNC B decays: B — K®a/(— ~7)

BELLE

Y

Qew Physics s?arches in FIavqr Changing Neutral Current B decays W;W&;)&V

FCNC heavily suppressed in the Standard Model; NP can appear at same order S ) - -
Search for Axion-Like Particle emission by W* in B — K (*)a decays B K

u, d > u,d

e BR(a—vy) ~100% for M, < My, +
*  Probe range 0.16 —4.50 GeV/c?; including 4 kaon modes K2, K+ K*0 K**; full 711 fb~! Belle dataset

Signal Reconstruction Background suppression
» Reconstruct B meson from ALP candidate (photon > Energy Main background from continuum eTe™ — ¢g
pair) and a Kaon candidate (charged or neutral) > Use multiple BDTs exploiting event shape, kinematics
Bole Prlicary [Lat= 71117 B> K'a > 7YAM, < LOGEY and energy cluster info to suppress 7° backgrounds
;EE _F% SN Belle Preliminary [ £dt =711 b
§ & ol T - E: LEP No sienifi
o B | 5w 3 O signiTicant excess
= ! - = observed!
s K / > Simultaneous fit

104

1
M,, (GeV)

to 4 kaon modes

B> K*d'(a'> 77),M,, > 1.0 GeV E
“>Q I eyam +
[} —+ ]
- - - » World leading
gl() E e i Sy | '
™ il "'WWW\ \H HH il T:w{ fj“f T L W 90% CL upper
Y. - L 57” - Belle B — K®d/ limi
e . _ ¢ Imits on Ja'Ww
5 B D /
y “ET ey T ‘f RES=1 TR AN 105 o ! BoBar BT - R
PO gty 4i¥74;+fzk Es=: T 10 10

35 4 45 my (GGV)

M,, (GeV)



Summary for Belle/Belle IT Tau and Dark Sector

» Belle and Belle Il are unique facilities and provide an excellent
environment for many exciting dark sector and tau studies

 Precision measurements of tau properties

 World-leading results on LFU and LFV searches with tau decay == smen

| 1P IS % i Ihh BNV .

1 New limits from Z’ invisible and visible decays; resonance searches | . }:,:,:;Z:ﬁ:,;
put limits on dark scalar models and ALP decay to tau leptons RS | AR o

90% C.L. uppel

 First search for Dark Higgs bosons produced in association with
inelastic dark matter

 Many more tau decay and dark matter searches ongoing and
projected

Expect new significant results with the data sets of the next few years!

Thant gou!







Search for Z', S &> pp at Belle IT Phys. Rev. D 109, 112015 (2024)

1800 Belle Il J‘Ldt 178 fb
1o} B e
5 4 C efe > etepty’
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Search for Z', S, ALP > 77 at Belle IT

Submitted to PRL, arXiv:2306.12294

» No excess compatible with a signal found
> Set 90% CL UL on cross section and couplings

Belle Il preliminary [rdt=62.8 fb1
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> First constraints on S for M > 6.5 GeV/c?
> First direct constraints for ALP - TT
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Analysis issues: Search for an Invisibly Decaying Z' Boson

Preliminary

» Analysis of 2019-2020 Belle Il data (79.7 fb1) e ——— Baiie 1) JL it =763 o
» Signal: - + missing energy 1°i = i

103
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> Selection:
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Punzi-net artificial

neural network
o trigger veto to suppress Bhabha scattering [1], optimizes FOM 107G 20 40 50 80
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o two track w/ muons, p; > 0.4 GeV/c

o opening angles between muons in c.m. for all Z' mass
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[1] Eur. Phys. J. C 82, 12261 (2022)

6/10/25 W. W. Jacobs — Studies of Tau and dark sector decays at Belle and Belle Il



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26

