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Super

Belle and Belle Il )=

Belle and Belle Il experiment:

« KEK (High Energy Accelerator Research
Organization) in Tsukuba, Japan.
» Accelerator: KEKB / SuperKEKB
v Linac +
v' Asymmetric e*-e~ collider
 “B factory experiments” (produce large
amount of B mesons).

Accelerator KEKB SuperKEKB
Experiment (Detector) Belle Belle Il
Operation (Year) 1999-2010 2019-

Beam Energy 3.5GeVer+8GeVe 4 GeVetr+7GeVe
Luminosity [cm™2 s71] 2.1 x103% 3.8 X 1034/ 6 x 103° (target)
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ks Dark Matter Search at Belle (1) ()=

« Search for Dark Matter (DM) at Belle, Belle I1.
v CM energy is ~10GeV
— mass region up to O(1) GeV (“light DM?)

mediator

79
4 f{ Dark Photon?
' ALP?

Bonus
» A, Z' may explain the discrepancy of (g-2),,
between theory and experiment.

 Typical process
v e*+ e~ — SM-particles + Mediator
v" B (or other hadron) — SM-patrticles + Mediator
« Some of these processes have not been searched in BaBar or Belle experiment
(due to trigger setting etc.), and may be searched with initial Belle 1l data.
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Super

Luminosity D5

 Luminosity [cm™2s™1] = (event rate [s™]) / (cross-section [cm™2])

v performance of accelerator (~ ability of collision). 103 cm™2s™1 = 10 nb™1s™"
* Integrated luminosity = Luminosity X (operation time) = Data Size

v 1 ab1=1000 fb™!: total amount of Belle data in 10 year’s operation.

Date

Belle : 1999-2010 1040 fb™? Belle Il near term plan
Belle Il Online luminosity Exp: 7-24 - All runs [fb-|] Int. Lumi (Denvered)

- LS F'}”et:;rdaetzuzzglr;osuty ........................ 300fb_ 4 300 5000 - p——_——
2 L= LRecorded dt = 299.98 [fb 1] — 2021c 2022zab [ 51
% | / 250 .‘g 4000 B Target Ta rget
£ 10 ' _zoog . 510f
| e
= 150 @ ase
%1 b AN W 100% 2w0 :;11'101'1 211130 21 Eafl 23 2if8M1
g 2 || - 50 © \ /

1000

Ry o aer >

Sl 0

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

Belle 11 2019-2022 (delayed from the original plan...)
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Trigger i

» “Trigger” initiates the data acquisition: only triggered events will be recorded.

* The main purpose of Belle Il is the study of B meson decays.
v e*e” - Y(4S) —» BB — many (~10) particles

- Hadronic events (BB or qq) are triggered with highest property, high efficiency.
v e.g. events with many charged tracks, large energy deposit. Y

« Other events are triggered as far as the bandwidth is allowed.
v Typical Dark Matter events are low multiplicity events.

Requirement of Belle Il Trigger s Reeord
° MaX|mum trlgger rate 30 kHZ Prlocess C.S. (nb) R@L=5-5X103k3(—|'72) R@L=8x10% (Hz)|  TRG logic
. ~100% efficiency for hadronic events. ——— | ' o L onmerytie
Continuum 28 15.4 2200 ECL 4 clusters(c4)
HH 08 4.4 640 CDC 2trk(ffo)
Key Issue o 05 > PV
H Bhabha 44 242 850" ECL Bhabha(bhabha,
e Suppress triggers _from b_e_am ~ - s gr o
background, keeping efficiency for Twophoton | 13 . jo000 _|oRG 2o
low-multiplicity (~dark) events. Total 67 3575 ~15000
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Trigger

Super
KeEKB
>

« Sub-trigger systems: CDC (tracking), ECL (calorimeter), TOP, KLM (muon).
» Global trigger systems: Global Reconstruction Logic (GRL), Global Decision Logic (GDL)

2014/02

KoreaU. Belle-ll TRG Svstem National Ceatral .
National Taiwan U. lllioul Tam | 3
FaleaCathelicl). [ coc | = J—{wmra}— wima
National United U.

r | racking p ar: lmqus

Illll Number of tracks
KEK Ly

Hanyang U. ﬁ('ﬁ—wunmum}(t—-{ Claster }L

CDC trigger

« 2D: ptand ¢ (Hough transformation)

« 3D: cotB and zO0 (Fitting with Track
Segment in stereo Super Layer).

* Neuro-3D: cotf and zO (with pre-
trained neuros)

BINPCluster information men e ] .
Netice €0.3 1,3 ha, low-mult phmwhE;ﬂ%ﬁ} g | vmme ECL trlgger
events ettty E _
UPitshurgh oo — 1%  Clustering output: to GRL. For
Hawaii U. & :
Timing informatigm = £ matching purpose.
—Lemee " * Bhabha.
ko I = GRL+ GDL « Low-multiplicity (Iml).
yjuon track . .
W . * Energy sum: e _high, e low (hie,
L Facren Cluster
| | — lowe).
S. Nishida (KEK) BO5: Electron-positron accelerator Dark Matter Symposium
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Trigger (GRL) s

* Short tracking: Pattern recognition with 5 SL. [Slides
- Compensation to the full tracking from CDCTRG. by Y.T.Lal]
- Extend the angular acceptance to endcap region.

« Matching: N _f,_fu”_,_’_“éCk, ot
- CDC-ECL N —BahblLPl - track

- CDC-KLM
- ECL-EKLM
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Super

Trigger Menu for Dark Sector )R

[Slides
by Y.T.Lai]

ECLTRG Low-multilpicity (Iml):

- Iml0,12 for tau

- Imi2 for ISR, ALP, (+..7) with wide Bid
- Iml6,7,13 for single photon (dark matter and dark photon etc.)
- Imi8,9,10 for ALP and any back to back photon

« KLM bhits,

CDC-KLM (cdckim),

inner track - KLM (jekim),

ECL-EKLM matching (eclekim):

for muon related tau/dark e.g. Z' — .

* Three-track (fff), two-track with opening angle > 90° (ffo),
two-track with opening angle > 90° (ff30, prescaled) for Z.

* Single-track-trigger (stt) with Neuro-3D requirement: Any charged track.
For various tau/dark

S. Nishida (KEK) BO5: Electron-positron accelerator Dark Matter Symposgi)um
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Super

Trigger Vo

 Trigger logic is implemented in general-purpose Universal Trigger
(UT) board.

« Upgrade from UT3 to UT4 to implement new tracking algorithm
with more complicated logic (partially purchased with this budget).

~50% of UT3 boards in CDCTRG and global triggers have been upgraded.

Board # Status of using UT4 note
Track-Segment-Finder TSF 9 Upgraded ,
uT3
2D 4 Upgraded :
i Used in Xilinx Virtex-6
3D 4 present
NN 4  Preparing » TRG for
Belle Il run
Event-Timing-Finder ETF 1 Upgraded
GRL 1 Preparing
GDL 1 Installed. Preparing
New 2D 4 Installed. Preparing ,
: Future S
3D Hough 4 Installed. Preparing _plan: Not &
Displaced 2 Preparing. used for
uT4
vertex ) data Xilinx Ultrascal
’ taking yet ilinx UltraScale

S. Nishida (KEK) Dark Matter Symposium

Mar. 30, 2022 BO5: Electron-positron accelerator 10



Uik Plan: Displaced Vertex Tracking ()=

* Fornow, all the CDCTRG tracking is
for IP-originated tracks.

* Inelastic dark matter models: pair of leptons
from displaced vertices ( + photons)

« Sensitivity from L1 TRG: [Slides

- Mainly from gamma trigger. Displaced vertex trigger can enhance by Y.T.Lal]
higher mass region.

¥y = I--IL my = mew A=04 m.k.l

B . ap =00, i =3, .J‘x_”.l.':.\l
10! 910" 10! T —— __1' —————— |1
] m— Sensitivity of displaced search
10 i s eyl
thre: Enlated cluster triggern 10~
o Vertex detector o= _‘T_
// — Dwift chamber 10-7 E
T /__,/'/ N — Calorimeler F::_;
[ T Muonsystem = 10 ! 108 =
8 Al =
| - [ =
B T
B - : -
’ '._.-" "\\ . --== thermal larget Sk = 0.12) H .!‘:-_.
~ 1 em yy decay length Pin,
b e B e gz decay lenglh ] —10
s Dclle 11 mone-y priog, rescaled i L=
Hensitivity of displaced search |
E=1 BaBar monn-y limit resealed )
10y EETRE I T L 2 3 '=
my, [GeV] my, [GeV]
S. Nishida (KEK : : Dark Matter Symposium
( ) BO5: Electron-positron accelerator ymp
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Super

Invisible Mode D)

Dark Photon A’, SIMP (Strongly Interacting

Massive Particle)...
107 g

T L T LI III
NA62 4.12x10°

Loraiir

L Belle Il simulation 20 fb™

e T~ = A S,

1 Illlllll

 Final state: a single photon only.
 Bump in a recoil mass or photon energy. 1o 0
* Need special “single photon trigger” to :
collect such events.
v Belle didn’t have this trigger. T
v' BaBar had it (for some period).
« Main background e*e™ — yy(y) _ _
v" Need understanding the detector. Still need more time to study.

1 lllll]l

a,=0.5 m =m,/3

1
m, (GeVi/c?)

S. Nishida (KEK)
Mar. 30, 2022
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Super

Dark Higgsstrahlung D)

New result from Belle Il using 8.34 fb™1

Next to minimal dark photon model
« Dark photon (A’) couples to SM photon via kinetic mixing parameter €

« A’ 'mass can be generated via a spontaneous symmetry breaking
mechanism, adding a dark Higgs boson (h’) to the theory.
Phys. Rev. D 79, 115008 (2009)

« No dark Higgs mixing with SM Higgs.

« Both particles can be produced via dark Higgsstrahlung process.

E"‘h—
Mass hierarchy scenarios QS‘} 2
> w7~
« my; >my . h'— A’A" — 47, 4had, 2¢ + 2had = 6 charged tracks Q/?’ '*\X4
Investigated by BaBar (2012) and Belle (2015). Q)Q}\ /Qw, g’ .
P 5N
« my, < my . h'is long-lived and thus invisible = 2 charged tracks é\‘\” 15
Partially constrained by KLOE (20195). Belle Il
/’:I
Exploring unconstrained territories at Bellell ! Y S,
KLOE M 4

S. Nishida (KEK)
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Dark Higgsstrahlung )=

[paper in preparation] i
Belle Il [rdt=8.34fb™! — My, =1GeV/c
imi 2 g —_ 90% CL UL — My =2GeV/c?
® Upper limits are set on 0 and €°a.: 5 My = 3GeVIc?
covered region: 1.65<M,, < 10.51 GeV and M, <M, g 102 — My =4GeV/c?
90% CL UL on O ranges from 1.7 to 5 fb 1
Q
e in the most sensitive regions (4 <M < 9.7 GeV) e o
@ 1otk
o for M, <4 GeV: low sensitivity due to trigger efficiency 2
for M, >9 GeV: large dimuon background
6 100 ! L ! ! ! ! I !
Belle Il 90% CL UL 4 : & & B &8 6 ). 8 9 10
5F[ cdt=8.34fb2 0 My [GeV/c?]
aQ 10¢
—al = Belle Il [rdt=8.34fb! My =2GeV/c
2 1102 5 —_ 90% CL UL —— My =4GeV/c?
% 3 S L 103} —— My =6GeV/c?
) e = —— M, =8Gev/c
&L i 0 = :
< i 100 4 5 1zl
1f n- , S a
1 )
0 L \ -
! ! ! ¥. L ! ! 100 G 10_ ¢ A /
0 2 4 W _‘ /\/‘; \
Ma [GeV/c?] =/
10° : : ' ' -
— o : . : . I 0 1 2 3 4 5
World-leading results, in previously unexplored regions| My [Gev/c]
S. Nishida (KEK) BO5: Electron-positron accelerator Dark Matter Symposium
Mar. 30, 2022
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Super

Searches at Belle (Il) )

Recent or on-going searches at Belle (lI) 1st Belle Il paper

» e*e” — YA (—invisible) [on-going at Belle 2nd Belle Il paper
« /' — Invisible [PRL124 (2020), 141801] _L
« 72— ptp” [arXiv:2109.08596 (Belle)] 4 al

« ALP (Axion Like Particle) e*fe"—a(—yy) v T |
[PRL125 (2020), 161806] 3 %
=

NAGE 2, \ C
» Dark Higgsstrauhlung b %\ 445pbt
ete” - A(—u*u) h'(—invisible) .

 Dark Matter etc. from B (or Y) decays. P e NN ot |
B0 — A’ A’ : dark photon [JHEP 04 (2021) 191] ma [GeV/c?]

B — Aypg [PRD 105 (2022) L051101 (Belle)]

B — K S (— leptons) : dark scalar & = later talks.

B—> Ka(—yy) :ALP search

B — K a (— hadrons) : heavy QCD axion 4

Y(1S) — y + invisible : light Higgs . E. Waheed is also

[PRL 128, 081804 (2022) (Belle)] working for it

« Search for long-lived particles (dark Higgs).

&
I

=2

AN NN NN

S. Nishida (KEK)
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Super
KeEKB

o

Backup

S. Nishida (KEK) Dark Matter Symposium
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By Dark Matter Search @Accelerator (==

Dark Matter Mass (GeV)
1040 [0-30 |0-20 |0-10 QO Q!0 [Q20 Q30 040 10°0 Q%0 070

SPemect mEug (R mwnF 2 WAYE - BRORE Tl
)y
Accelerator
e*e” collider hadron collider
- KLOE, BaBar, Belle, Belle II * LHC (ATLAS, CMS, LHCDb)
e ~ 10 GeV : sub GeV region e ~10 TeV : WIMP search
 Clean environment * Also search to sub GeV

region (competitive)
v’ large cross section.

 (ILC 250 GeV ... future)

S. Nishida (KEK)
Mar. 30, 2022
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Super
KeEKB

-

(D KL and muon detector

QD Resistive Plate Counter (barrel outer layers)
1

Scintillator + WLSF + MPPC
Belle I (end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(TI1), waveform sampling electronics

\

~——
~

electrons (7 GeV) 3 Particle Identification

* Time-of-Propagation counter (barrel)
. Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) + p
4 layers Si double sided strip DSSD |

~—

'.”,.' .!,.,f.' \_
:

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

SuperKEKB

B e | |e | I < Belle Il TDR, arXiv:1011.0352

* Belle Il experiment at KEK: flavor physics experiment, successor of Belle.
« SuperKEKB Asymmetric electron-positron collider: 4 GeV e* + 7 GeV e".
* Nano beam scheme to achieve high luminosity.

» Operation with full detector started in 2019.

« Luminosity 3.8 X 10%*cm™2 s™! achieved so far (aiming one order higher).
 Plan to accumulate 50 ab™tin ~10 years (50 times of Belle).

S. Nishida (KEK)
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Super

Invisible Mode e

"] BaBar experiment (53 fb~")
/ [PRL 119 131804 (2017)]
i v Single photon trigger is

available for 53 out of
550 fb1

 Belle didn’t have a single
photon trigger.

 Better limit is expected at
Belle Il with 20 fb~' (due

................................................................................................... 200 fb—’l
to detector configuration).
10‘4 — ] el NI | . e Need good understanding
1072 10" 1 10  of the detector.
m,. (GeV)

S. Nishida (KEK)
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Super

Leptonic Mode D)=

If m(A') < 2m(y), A decays to SM particles.
ceg.efe > vyA AT (=8, pu, 1)

1072
w
* Best limitin 0.1 — 10 GeV by
BaBar [PRL 113, 201801 (2014)]
1073 « Some analyses are going on at
Belle II, but need more data.
v’ Best sensitivity by Belle 1l
within a few years.
« Competition with LHCD.
10~ ey

10
m,. (GeV)

S. Nishida (KEK)
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S8t Dark Matter Search at Belle I )=

Target Process Mass Range (GeV) Producti t ete-
[ J

SIMP / Dark Photon (A’) | eTe™ — A’v, A" — invisible ma < 10 ro_ l_’IC lonate’e
SIMP / Dark Photon (4') | eve~ — A, A' = (70— i h- 01 < ma < 10 collision.
Dark gauge boson (Z) ete” = Z'utpnT, 7 = T 0.2 < myz < 10 J Decay of B, D* Y
Dark gauge boson (Z’) ete” — Z'utp~, Z' — invisible myg < 10 mesons. which are
Axion (a) ete” — ya, a — vy meg < 10 | | , d d
A" and Dark Higgs (') etem - AW, A" = 00, b — invisible | mas + myr < 10 argely proauce
Dark Scaler (5) B— KS, S— vy mq < 10 at Belle II.
Light WIMP (¢) B— K¢ (¢ % long-lived) My < 3  Displaced vertex
Dark Photon (A") DV 5 DA AT eTem 0.01 <my < 0.1 (Iong Iived
Dark Photon (A’) Y(25,35) = Y(1S)n 7, rticl

T(1S) = A’y, A" — invisible mar < 10 partic eS)

) [ y Vertex detector

° Many search Processes. i N Drift chamber
* Close discussion with i

/—Calcm‘meter
. | Muon system
/ // 1

T

theorists.

loguﬂ%(m)J

[S.Matsumoto] . |

- Go
A2E ._ abeq:
1077 1072 107" 100 10 107

mg (GeV)

S. Nishida (KEK)
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CDC Trigger N

* TSFin each SL: Basic element of tracking in L1. [Slides
- 2D: Hough transformation. pt and ¢. by Y.T.Lai]
- 3D: Fitting with TS in stereo SL. cotB and zO.
- Neuro-3D: with pre-trained neuros. cot6 and zO.

* GRL: Master of CDCTRG, making summary to GDL.

Global Reconstruction Logic (GRI)
Global Decision Logic (GDL)
Front-end (FE) Track Segment IKFERKNTLU)
(KER/NTL) finder (1SF)

Mereer (KU) 2D tracker D tracker (KU)
o TU/EIU e
l (“TU.”\’L’L’) l (\l ll" 'lj) NG (l\l‘r/rl]bi) Inner TEF Ouler TSF
- == *:"'A;i— IR =T
I PR ” v } —b " a
= N == I —— — | T,
= Eaim=—1 A= i R 1
"3 = 3 ;;é;:ﬁ%n ' - L —t b33 u'r"f: |
- = I el == Al |
- = e R | P
.- = = mlUNerTOmE =
= = S : = - P
Sl = .=_.g : || Event Timing Finder (ETF) ‘—“;'F“ _P_I
= .- - - a4 - i (lg!-_:_) <3 = Wl
i — . =
Simplify and reduce OSF l'"’"’_' ot llI!g‘El ""’m.u' 13y 3 ’
the size of data for online tracking algorithm N ; : z ‘ 4
Readout data from €I Front-end x 292 > Mergerx 73 2 TSFx 9 2 2Dx 4, ETFx | i hic
Change into hit and timing - 3D, NN x 42 Global triguer VD Tond Finiss ) B "

S. Nishida (KEK)
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ECL Trigger )&

ICH logic

* ECLTRG information: Csl(T+PD :
3 +PreAmp [Slides

- Clustering output: to GRL. ﬁé M l by Y.T.Lai]

For matching purpose.

012 47

- Bhabha t-ring combinations in Belle Il enviroment ShaperDSP

- Low-multiplicity (Iml). [[es[ee]oalo«[au]a]a]a (576)

Zombiration (9 i) Encrgy out IF, B GV T
) &1 FraF2eFa | B1482 40 | 258 —
- Ene rgy sum. ™ B oz 40 25 N

e high, e low (hie, lowe). e ool a0 as [
_high, e_low ( ) s o | a0 s ] FAM (52)

Bk - Farwand

= [ Ryl 4.0 2.5

{Iml#in GOL) meaning = [ cescw 40 @ 25
P PLir e o M e AT b A S e — G2+ 03 ) 4.0 2.5

i (ML > 4, ot least 1 GL 2 300 kel and] fedb () =1~ 750 not an =LL 30 Hhaaha o2+ 03 : % a0 . 25

ora DL 2 7 DN ik = A 1 Ca+oe ¢ cE 40 : 25

C34Ce oA 4.0 2.5

v Gt 2 Ged S wilk = 2,215 w16 g rolan CEL 3D Bhiakba 4 + 05 A a0 : ag

CH+ GF 35 | 30
o TL = 2 Ge M) wik s = 1 o0 17 ancl et an ECL ED Evabha

1

2 i !

E] e L A s ekl =3 1 e TG ane an RUL 30 Hhabba o Erv A 3.0 3.0 T M M (8)
CH+0E

4

5

e Lt 2 GeN IS wilh @y = 1w 17 and e COL 30 Bhabla

rhy ean DL 1T ERVER] withidd: = 4«10 ard neeether G 2 300 kel an) anyehinne

7 oty one CL 2 1 GeVITh] with fy: = 2, 30ar 16 and no othar CL 2 300 MeviLan) anywhers

i} 170 = -'l'.:'r_'r.1 =191, beth CL = 230 ket |Labd, ro 2@ 0 S0 ran eeanl ETM ( 1 )
g 1A« Smepy < T ane G < FRRY] ak), che ptber G 250 MWL ah) ra 2ESWCRT O noan eeant

10 16T o Mg = B0, 1607 « By @ 2007, 1 2CEER) T 1 an event cluster

11 P 2ETCRL Sl i an evanl =Um

1 (MU A At leaat 10 2 R ke o] (edk fy = 2 - T80 natan =01 30 HRanhs

13 oy oie Tl 2 08 CEVTOME with Bl = 6 = 17 50d ro stier TL 2 300 MeviLat) arywhere G R L G D L
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WUEsl Plan: Displaced Vertex Tracking ()=

* Track Segment (TS) shape: wider — larger memory in FPGA for LUT -~ UT4 [Slides

present TS shape by Y.T.Lal]

® x T
hy i [=3
g 3 ;

present

CDCTRG
Depioss > Dispues New boards
o T T using UT4

S. Nishida (KEK) BO5: Electron-positron accelerator Dark Matter SymposziALer
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Trigger Performance

Super
KeEKB

Tr Ig g e r pe rfo rm a N Ce Belle Il (Preliminary) f Ldt=88M"  ee—tr— 1x1 prong
1 - .. . : : "
B : A— ]
H - = : 1 P
e essential for dark-sector and tau physics 2 o8 w
typical signatures include low-multiplicity of £ oa | A FR -
v - .
tracks, and ECL clusters... - 4 P A
. . i i , ] i
large background from radiative Bhabha and " .
e'e—yy ° oy & . L T &
i B 2 3 M Mp:
| - | X 2y r@;?fn,:;f::,jo% ro,-a,‘;fz:;ff@ *30’“83‘::? %f;fg efj‘r;;;
e some of the dedicated low-multiplicity triggers: v v
single muon cbc ECL
. . . Triggers Triggers
combine CDC and KLM information
single track: p 7| RIS RS IR D
neural-net based hardware trigger - '
single photon: c 0.8 . Single photon L1
) o 2z trigger efficiency
high efficiency for E(y) > 1 GeV £ 05
o} ’
o504
= Belle Il 2019
To.2 [Ldt=4.6 fb
1 GeV cluster trigger
0.0 05 10 15 20 25 3.0

E* [GeV]

S. Nishida (KEK) . i : Dark Matter Symposium
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Pt i 52 Dark Higgsstrahlung sz

Analysis Strategy

Data sample: 2019 dataset = 8.34 fb-1

Detector signature
« Looking for invisible b’ with A’ — u*u~= pp + missing energy
. 2D peakinin Mu,u vs M

rec
M., . = invariant mass of the system recoiled against pp.

o + 10 Ma=6.5GeV/c?
Search strategy: o Mn=2TGevic (]
= — 9
- M,, &M, are correlated = search K5 by .
M < | 2 U T SCI ¢
in tilted elliptical mass windows %\\\\r Z e 8 S =
“ o R S =
- Spacing a M? resolution in the two 4 Z B 7 - e -
. . . ‘{Q}" . E P > g o
directions A\ / Elliptical mass
« ~9000 overlapping windows Belle Il Simulation  WINAOWS. -
(large look-elsewhere effect) 40 a1 42 a3 ag T10°
i - : M2, [GeV?/c*]
« Bayesian counting technique R
(on average, 1 event in ~3 windows)
*Conceptual, not to scale Mp_;t
S. Nishida (KEK) BO5: Electron-positron accelerator Dark Matter Symposium
Mar. 30, 2022
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Super

Dark Higgsstrahlung D)

» Event counts in a sinale window interpreted as:
N = €5ig X L X opy + B
with systematic uncertainties taken into account.

& macro-regions 6 T
Belle Il Simulation - . Belle 11
5Ff cat=83afbr £\ 10° % 5t [ cdt=8.339fb1
= ' 5 o — 103
1102 5 - |
= © S | s T
%-’ 3 410 U 3 [ b ©
o s . B
= T O | i3 110% .=
g 2 {10° 3 2l 83 c
2 o g R s
E | S & 00 L
1 101 3 E s o= 101
U Y 11 L ]
8 -
-2 - .
0 10 of =
1 ] | l el 1 100
0 2 4 6 8 10

M,,, [GeV/c?]
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Super

Search for Z' at Belle |l )

First Belle Il result: Search for Z° — invisible [PRL124 (2020), 141801]
. , _ e’ pr X
* New light neutral gauge Z' boson which couples
to u and t lepton (L, — L; model) [PRD 89, 113004] e
 Can solve the deviation of (g-2),, and other
anomalies seen in flavor physics (B — K®up). N
u X
1 . .
Belle Il 2018 s Dala : Simulation
102 §_ - -1 B Belle Il Simulation Expected 90% CLs UL - Median®
JLdr-276 pb m;",:’ 107 B —
10 b ete” — uru(y) -
i) » e:e:—n:t‘_(yz i | [ 107!
% 1 _ ~= ete” > eteutu K}J& i 2 | e ey
O Eom— 7 | L,-L. (obs.) 90% CL UL
y T | meerina ot Belle Il 2018 Ly BECEmAE) (obe) ] 4 -== Jrat =9 — [Ldt =50
10 3 L | R R 10_3 . ﬁo—/li_ce';;]eLcled uL E wrE [ Ldt = 50 fb=! (more inclusive trigger)
J‘ Ldr = 276 pb'1 L:—L;, BF(Z'—inv)=1 expected UL s Belle || PRL124, 141801, [Ldt = 0.276 fb~?
1072?I.u.ll.,.l....l...m...|...|...|....1 T A S R R ézé 7TE o
0 1 5 3 4 5 6 7 8 10 0 y 5 3 i 5 5 - Mz [GeV/c“]

M, [GeV/c?] 8 Analysis with ~100 /fb

e : : : not updated with the  data is going on. Will
Limits on the coupling g’ even with small - @2, eSUL O raach to (g-2), band,

amount of data from commissioning run. the change is small)

Recoil mass [GeV/c?]
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B > Ayps at Belle

Super
KeEKB
>

* B-Mesogenesis: explain Baryogenesis and DM

 Robust prediction B(B® — A ypg +meson) > 1074
» Experimental limit

[arXiV:2110.14086]
with B decay [Elor,Escudero,Nelson PRD99,035031 (2019)]  anti-baryon ~ __ ¢ps

dark sector

v
v

_ v
'Ds éps

b

v B(BY > Ayps) < 2x107* by ALEPH [EPJC19,213

(2001)] I

. -« s
> u _"1
> d

v m(yps)<3.5 GeV from CMS [JHEP 1910, 244]

and ATLAS [JHEP 2102, 143].
« Search B® —» A yps at Belle with 711 fb~" data.
v' Reconstruct one B with hadronic mode. 5 10f
v Reconstruct A in the signal side and look at 2 5

—

Ecc. (remaining energy in the event) T l

— ~ (\VDS)

&

Iy

C--0 Signal

—— + Data

ﬂm

tag 4 T+ —— P

T

~—

— . ol :
\ BO BO /// 0.0 05

Signal assumes m(yps)=2.5 GeV

47 AN and B(B® — Aypg) = 8x10°°

1.0 l

2 [ ?.:3

Frcr (GeV)
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P b 52 B° — Ay, at Belle D)

- No signal. Upper limit of B(B® — Aype) < (2-4) ~105 is set. ~ [arXiV:2110.14086]
v" Prediction of B-Mesogenesis: B(B® - A + yy5 +meson) > 1074

90% upper limit of B(B® — Ayps) Lower bounds on B(B® — Aypg)
(prediction from PRD104, 035028)
A Excluded by ALEPH L0
=2 I 7
> i Observed 90%
;: A [~ C‘Iﬁll;l;ér lim(it /
1071 ,
é | /g | b—O‘—o——a/”'bi//
m é\ | /
3 T
= o
§= 2 -
= Sa]
= 10-: =
(’—J\ [ j P 0 | === Ous - (L;‘Dsb)(u(’)
x L - Expected M Expected £ 1o - 2 — (¢pgs)(ub)
= —8— Observed Expected + 20 Op, = (Upsu)(sh)
.0 5 5.0 55 50 55 10 W15 20 25 ':BTUZ 35 10
Mg (Ge\f" / Cz) Mg (Ge\’// ¢ )
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