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SuperKEKB and Belle Il )5

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

D
4—/’

Belle IT

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

~—
S —

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

electrons (7 GeV) el 5

Vertex Detector
2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD | = > . . \‘\

Central Drift Chamber

Smaller cell size, long lever arm

SuperKEKB

ee” —» Y(4S) —» BB Belle Il

< 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.
» General purpose Belle Il detector.

v' Key components: vertex detector, particle identification.

S. Nishida (KEK)
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SuperKEKB and Belle Il D)

« Operation with full detector started in O SRR
2019_ B Recorded Weekly

15.0 4~ ffRecurded dt = 427.79[fb71] ................................................................................ - 400

« Luminosity 4.7 X 10%*cm=2 s~ achieved
(Jun 8, 2022).
v" World record (~ x2 of KEKB)
v" Aiming one order higher.
« 424 fb~! of data accumulated so far.
v' Belle: 1 ab™ (= 1000 fb™1) in 11
years’ operation.
v Belle Il target: O(10) of Belle.

- 300

tal integrated luminosity [fb!]

- 100 2

Total integrated Weekly luminosity [fb™1]

~
w»
.

1 ab! ~ 10° BB

« Long shutdown (LS) 1 starts from summer 2022 to fully install VXD (PXD).
v' PXD is still in preparation (due to some trouble).
» Operation will be resumed in the end of 2023 or beginning of 2024.

S. Nishida (KEK)
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Belle Il Operation .

Super
KeEKB

Year 2022 Operation

- Still affected by COVID (operated by
local members, partially remote; foreign
people could come only in June).

* Increasing electricity prices is a big
problem (autumn run canceled — last
week of June run is also canceled).

» Large beam background is an issue.

v' Background rate and trigger rate
Increases as the beam current

off-resonance B, =0.8 mm

B —

! - ey INtegrated Luminosity
0:}(recorded data size)

03/03 03/17 03/31 04/14 04/28 05/12 05/26 06/09 06/23
| rate_ TOP/1e6:time {rate_ TOP>0&&! LER>500&&! HER>400} j

increases (trigger rate reached to 2;?3329455 Jr?ct:ierateimLm) 1 B
~13 kHz, the current limit). IO O 7 Y G
 Sudden beam loss needs to be et R 1
understood for Safe Opera‘tlon 0= gi7 03T 04714  04/28 052 | 05/26 | 06/05 Aﬁcragézs 1
v This prevents the beam increase. H2] e 1 o~
%11 Trigger Rate J
el
n ‘_,.ﬂmﬂﬂ Wﬂﬂ’mﬂ% WWW 1 | i TR
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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

N
4 { 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.

S. Nishida (KEK)
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Super

Searches at Belle (II) )

Recent or on-going searches at Belle (II)

« e*e” — yA'(—Iinvisible) [on-going at Belle I1]

« /' — Invisible [PRL124 (2020), 141801] / T. Czank’s talk
o/ — uwru” [PRD 106, 012003 (Belle), arXiv:2212.03066 (Belle I1)]

* ALP (Axion Like Particle) e*fe™—a(—vyy) y [PRL125 (2020), 161806]

» Dark Higgsstrauhlung e*e™ — A (—u*u™) h'(—invisible) [PRL 130, 071804 (2023)]

« Dark Matter etc. from B (Y, 1, ....) decays.

B0 — A’ A’ : dark photon [JHEP 04 (2021) 191]

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

B > K S (— leptons) : dark scalar

B — K S (long-lived) : long-lived dark scalar
B—> Ka(—yy) :ALP search

B — K a (— hadrons) : heavy QCD axion (S.Ito, E.Waheed)

Y(1S) — y + invisible : light Higgs [PRL 128, 081804 (2022) (Belle)]
T — | a (invisible boson) [arXiv:2212.03634]

D*0 — DA’ (— e*e”) (H.Kindo)

ANERN

- Coming soon

AN NN Y NN

S. Nishida (KEK)
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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°

w

Loraiir

1037

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.

1 lllll]l

v Belle didn’t have this trigger. T T Gevicd) E
v' BaBar had it (for some period). )
* Main background e*e™ — vy(y) Still need more time to study.

v" Need understanding the detector.  Waiting the update of the analysis
library + process...

S. Nishida (KEK)
Mar. 8, 2023
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Super

sl Search for Heavy QCD Axion D)

» Peccei-Quinn symmetry to solve strong CP problem [S. Ito]
— QCD axion (pseudo Nambu-Goldstone boson in PQ violation) ,

QCD axion mass m, and decay constant f,: m_f, ~ m_f.
If axion is dark matter, the mass range is 107 <m, < 107° eV

+ Heavy QCD axion a > Mol la PRL 123 031803 (2019)
v Solve strong CP problem.
v May provide some hints in dark T~
matter search. . A\ /
« Can be searched through B* - K*a, - \
a — hadrons e >(
v' B.F. of a — hadrons can be S o
predicted assuming axion- S
gluon coupling is dominant 0
over axion-SM coupling 107 /
10 iy 3
my [GeV]
S. Nishida (KEK) Dark Matter Search with e* e~ collider (BO5) Dark Matter Symposium
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Super

Search for Heavy QCD Axion D)

Belle Il simulation: B*—K*a, a—=nn*n
25-— —Sum
r EmEEEE ackgroun
[ igna
20]]
15|

10*
5 function [
5

Quddratic function +

3 R 02 0.1 ] 0.1 0.2 0.3
M,, (GeV/c) AE (GeV)

m,=1.5 GeV/c%, BF(BY - K*a) = 5x 107, 200 fb~!

10“; | 4107
H 2 - : 1n)%>|l
* Increased the search region up to ?1045 r - o
) C10° E - "
~3 GeV (nhot shown in the plot) £ E | " BosKa(go) B
« Selection criteria is optimized. T1°E% é ( ;: oot 200t 0L
. . @© <, . B—>K.{Lqrr <
- Start looking at the real data (first S10° s %%2 / //%////%lm-s i
1 1 7 10 E  Belle Il Projectiord, Gon 50 ab
from the sideband). o ALY 0 "/W o »
 Planned to get the result this winter. L 10 o b
i i 10° Belle Il simulation results. S
But need a little more time. o o 20% L (profiminary) 17
10 O‘.S II.O 1‘.5 2‘.0 2i5
m, [GeV]
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Super

Search for Heavy QCD Axion D)

B* — K*a, a — KK*n- [E.-Waheed] ga
M O e * large B.F. at 1.2<m_<1.7 GeV

v' Benchmark study at 1.8 GeV

10 ithout back d '
—4
10 without background suppression
10 8 F
~ — S— 0 o02F
10 6 =] [ miixed "ﬂ_-.) 0.18 [ B* —K'a’
LE 103 = charged — | s mixed
10’7 1 L continuum LICJ 0.16 | charged
[ continuum
2 0.14 o
10 i A 0.12 *
-l m " . oy 01f
10 ; 10 ﬂ L I-"ll'-lhl-r\ q.’ FJIA 0.08
107 . 0.06 |
Light Meson ‘ | F
10° E Bounds | b—sa 1 0.04 g
(inclusive) , 0.02f _ & . 1 - n= i 1'_J-||._4-._II,.IIJ|-_.r,-lill_l_.lﬂ:rjl--
410" 1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84 1.86 1.88 1.9 0 e et e A, A A S R g T ! [
1& InvM 1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84 1.86 1.88 1.9
1E B Ka(¢d) A
10 \ - (9 . InvM._
\ ol PR o F » <10
= 110 o 5 |— B* - Ka' Q 5 — B KW
= 10° : I [ .
o > e [ miixed -t | s mixed n C
U o =~ b charged c [ charged
= O w [ i W 4F ti
s 10_5 ._|, 10° L continuum 5 continuum
S Sk | o
SN F [
10° b o sor D0
g W g r
410° i 20|
0% | i
i .‘".H 10F -_'!lr"""n’
{107 10p ol g __,,.—--'"'r'ﬂn
E - T S S B
1 15 2 25 . 15 2 25 3 3.5

10° . - . . .
0.5 1.0 1.5 2.0 \ 25

mie]  Expected sensitivity with Belie (711 fb-2) I Gen
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T\A K Z:{Nﬁ D*O % DO A, - IiLE‘TB’_

(o)

D*0 — DOA’ (— e'*e) [H.Kindo] .
« Kinetic mixing of y from D*® — DY% to dark photon A’.

+ Sensitive to 10<M,<140 MeV.
v' cf) X(17) by Atomski (internal pair creation of "

i
il

8Be*) - e~10" 3 1073 —;
* Proposal for LHCDb or Belle Il [P. llten et. al. PRD92, :
115017]. 107 2
10° *;
MC for Belle E
; 60 T H 0—6 . . La i PO I
i Do — K'7= @ 700 ﬂ) 1 |— BB : 102 <«—>» 10! 1 lom(A,)[Gev]
é 50 #". * Signal is just for demonstratmn — uds
x H —— charm
:j 40 — signal cre . .
g o » The sensitivity of Belle experiment is
2 Here is the signal. . ) -3
2 30 estimated to be ¢ ~ 1074to 107°.

* Probably not enough to explore new region,
but first result with coupling to charm.
» Analysis is going on (hope to get result

20

/

SR 'K G 08 P wal LT 5 . ool . 5 L
0.02 0.04 0.06 0.08 0.1 0.12 0.14 Soon) .
A’ mass [GeV]

10

S. Nishida (KEK) o o : Dark Matter Symposium
Mar. 8, 2023 Dark Matter Search with e* e~ collider (B05) 12



s8Uks] Invisible Scaler in LFV 1 Decays ()=

t>la(l=e p) 62.8 fb~1[arXiv:2212.3634] [JHEPO9 (2021) 173]
o _ ALP with generic coupllngs to Ieptons
T decays with invisible scalar o : predicted 10 RS
In models with ALP etc. 100 MMM—‘Jﬁ: .
« Sharp peak in the lepton momentum in t ool %Qg 1
rest frame (<« not accessible). % ol - U B eomy
» Pseudo 1 rest frame, calculated from 3h in R S B \
10" 21 3
T — 3h v (h =K, n). i N ARGUS ]
Er — Ecms/2= ﬁr ~ ptag” ptagl 106? \ }
163’1'[ __— mg [eV]
L 160002— Belle Il Preliminary —+— Data _
14000? de1=62.8 o . ;%t]i;ncerlamty
™ 12000 2 ~"'-. — —f; M =1.6 GeV/c?
. . S 10000 3 R e 2cend
* Fit the spectrum with the SM 2 000, :
expectation (mainly t — | v v) + 2 000t
Signal (t —> | o) LT
« Smearing due to missing v in the NI e — .\\qur
i 0 02 04 06 08 1 12 14 16 18
tag side. X,

S. Nishida (KEK)
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Super

sl Invisible Scaler in LFV t Decays ()=

N H I
99 X107 T>€a x107 T B

20 _ Belle Il Preliminary ~ —— Observed UL .Expected UL 1 std. dev. ? 95 L Belle Il Preliminary ~ ——Observed UL [l Expected UL £ 1 std. dev.
52 18F [Ldt=6281" - Expected UL ExpectedUL22std dev. | & | [Ldt=6281b" ---Expected UL Expected UL +2 std. dev.
‘v 'IGE- '= ol
T 1af T
v ok L
Q Q
5] ]
o =
T T
e e
@ : o O [ :

0 I I I I 0?5 I O_I?' I I 'II I 'II_2 I 1?4 I 'II_6 fl] | | | | 0f5 | O.I?' | | 'II | 'II.2 | 1?4 I 16

M, [GeV/c?] M, [GeV/c?]
P T ea 402122 T
 Upper limits at 95% C.L. are obtained =~ 7> = %
with partial data of Belle I L7 L

« 2.2-14 times stringent than previous & - P
B a ey

result by ARGUS [z. Phys. C68, 25 (1995)]. L R R e e
« A new analysis is going on using Belle
data (x10 more data).

S. Nishida (KEK) Dark Matter Search with e* e~ collider (B05) Dark Matter Sympoiizm
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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 @
e Maximum trigger rate 30 kHz Process | C.S. (nb) |R@L=5.5¢10% (Hz) | R@L=6x10% (Hz)|  TRG logic
(nOW ~13 kHZ) Upsilon(4S) 12 06 260 ggffig#(::?ergy(hie)
. . . ntinuum . . ECL 4 clusters(c4
« ~100% efficiency for hadronic events. =" i~ o 2200 v
HH 08 44 640 CDC 2trk(fio)
Key Issue o 05 > PV
H Bhabha 44 242 850" ECL Bhabha(bhabha,
e Suppress triggers .from pe_am ~ - s gr o
background, keeping efficiency for Twophoton | 13 5 jo000 _|oRG 2o
low-multiplicity (~dark) events. Total 67 3575 ~15000

S. Nishida (KEK) At - - Dark Matter Symposium
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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).

Most of the modules have been upgraded to UT4.

Board # Status of using UT4 note
Track-Segment-Finder TSF 9 Upgraded -
2D 4 Upgraded UuT3
3D 4 Preparing Xilinx Virtex-6
NN 4 Preparing . CDCTRG
Event-Timing-Finder ETF 1 Upgraded 1
New 2D 4 Installed. Preparing ’
3D Hough 4 Installed. Preparing
Displaced 2 Preparing. 114
vertex ~
ETM 1 Upgraded | ' Other S
TOP 1 Installed. Preparing _Trigger * &
GRL 1 Upgraded ‘ systems UT4
GDL 1 Upgraded Xilinx UltraScale
-
S'MN;ﬁhé’dgo(ngK) Dark Matter Search with e* e~ collider (B05) Dark Matter Sympoilgm



sUks| Larger Bandwidth in CDCTRG D)

« CDCFE x 292 - Merger x 73 —» TSF x 9: Larger bandwidth with UT4 [Y.Lai]
v' CDCFE - Merger: 2.54 Gbps x 4 lanes 3.175 Gbps x 4 lanes ;)
v’ Merger - TSF: 5.08 Gbps x 2 lanes. 6.35 Gbps x 2 lanes. d A

« Have been tested and ready in LS1.
v Benefit: Include ADC info in L1 tracking. (Now only TDC info is used.)

Global Reconstruction Logic (GRL)
Global Decision Logic (GDL)

Front-end (FE) Track Segment (KEK/NTU)
(KEK/NTU) finder (TSF)
KU 2D tracker 3D tracker (KU)
Merger — (KU) (NTU/FJU) NN tracker (KIT/TUM
(NTU/INUU) | NN tracker ( M)
VA |
= == — i
- 2 — £ ’ S I
= . - R S mm
=== i T i
e i E———
- = — - ;“ = P —— ,,_J
- — pET = -
= — B - == . Li"’::
= = E :L';— - It I~
= R e
= = it = —
I = — B
Simplify and reduce o Bmm.”ﬂ ngﬁ DORI ﬂ_(E 13)
the size of data for online tracking algorithm
Readout data from CDC Front-end x 292 >Mergerx 73 2 TSFx9 =2 2D x4, ETFx 1
Change into hit and timing - 3D, NN x 4= Global trigger

S. Nishida (KEK) o o : Dark Matter Symposium
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New Tracking using ADC

KeEKB

> 4

« The upgrade (in bandwidth) in the previous page is needed to send ADC info in data.
« Upgrade in tracking:

v" In the Hough transformation, use all wires' info instead of only Track Segment
from Axial Stereo Layer.

v" ADC info: apply proper threshold to reduce background.
» Purpose: Reduce the fake tracking rate from cross-talk in CDC.
v This will reduce the trigger rate from background, which helps keeping triggers for
low-multiplicity events.
« Will be ready in LS1.

v Expected to reduce track trigger rate by 30% (simulation)

J - I e CDC wire structure
@ axial -additional wires

.
<

*e® 2D tracking

"priority wire |

Wit : ¥eseee ST T
@ 3:3’-'-' : o‘o:o. :.:.:. :.:.:. :.:.:.
IP LayerO Layer?2 Layerd Layer6

S. Nishida (KEK)
Mar. 8, 2023
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Super

s#liksi Development for Future Trigger ()=

« When the luminosity is increased, the trigger rate will also increase.
v" Need to improve the trigger performance (i.e., reject background events, pick up
events with special signal-like topology).
v Otherwise, trigger conditions will be tightened to discard events with low-multiplicity
tracks (=less particles) — bad for dark sector analysis (and t physics etc.)
« Enhance the performance of low-multiplicity (dark sector) is a major concern.
» For most of the new plan, using machine-learning becomes a trend.
v" New ideas rely on stronger FPGA, such UT4, or even future one.

Model Overview 'I'
Karlsruhe Institute of Technology
) Linear Layers (LL) GravNet Block o
I current 4x4 trigger cell > Forward connection - ELU activation GravNet Laye
: Usage 4
X " Batchnorm Layer Output Layers
. = | I | I | s | s | s » Skip connection
s ( elle I Simulation P (BNL)
]
of Graph Neural  :—— 1170 = e pUmmmmmmm
= \ W Phaton 1 Detector Hits . p emTiiioioteines I
= [ Photon 2 o O Input Matrix F x N
5 o ) [ s ;
Networks (GNNs) HRF | 1
g o C o Xy Y Z B v i : !
2 e Qo ()0 o —> X % Z Fuy @l ) 5 en—> —>BNL— LL —T>
1 < X. | Y. | 2. . : : i ;
for ECL Trigger cc @000 [aheiam] | 1
@ e 0 @00 (kxd) ; ! GravNetLaver | ;
1 5 (arxiv. 1902 07987 ;
Use Detector Hits (Graph Nodes) as Input ket i L L
! ! Learn graph edges with GravNet Layers Energy Cluster | o4
Belle Il Simulation i . Ba Coordnate ¢
1L 1l IL . §
Polar Crystal ID (¢) Position “: ue i

B. von Krosigk, T. Ferber

S. Nishida (KEK) Dark Matter Search with e* e~ collider (B05) Dark Matter Sympoiigm
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Super

isfilksi Development for Future Trigger Gl

Triggers for long-lived particles ETR XIT
v
. ECL ba trigger: Track ba trigger
* Long-lived Dark Photon A’ CL based triggers ck based triggers
tracks tracks not
pointing back pointing back
to IR, to IR,
y * high energy individual individual
;’, ot giter photon in ECL tracks can tracks can
* Inelastic Dark Matter (iDM) LN ) =2 (= 2B S
N impact impact
Stuff that is parameters parameters
I __| maybe long-lived electrons in EGL and large Az and large Az
(often low
momentum) f/-
i . . ithout track: 4
* |nelastic Dark Matter with a Dark Higgs eIt HECEE muons in
(iDMDH) K't—r:\" ‘t’flte" These triggers keep
: M acks displaced tracks “by
. S’ chance”, not by
" design. But parameter
Stuff that looks like one .
i i electron Signatures may space Is hUge (See
« Dark Showers Ao B have short next Slides).
ve?oegﬂs;));iiﬁo trfe;cks (W“Th low
X enough to not eeeney)
veto those?

* Use GNN for tracking
* Displaced vertex is considered: Dark Sector physics.

* Cleanup beam-
background with
Interaction bR RS
Network 'O
(arxiv:2112.02048) 2% °

Interaction Network

I

oG s

« Efficientand fast |
graph building oo
needed o

Nodo Biock | [ Edgo Book
0 (-

CDC Hits
GNN-based (Nodog)
Track and

Edge- Track " Vertox
Classification Finding Finding

S A7 A7 4 &7
SRR 2R R v JEvY

« Find tracks using Object Condensation (arXiv:2002.03605)
« Goal: predict Track Fitting parameters and find condensation points

~——> Edges —>  Graph Building —>

S. Nishida (KEK) At - - Dark Matter Symposium
Mar. 8, 2023 Dark Matter Search with e* e~ collider (B05) 20



Summary and Plan D)=

+ SuperKEKB and Belle Il were operated  » " ——— | 0 2
till 2022 summer and are now inLong £ 5| [ 50 S
. i 5 )
Shutdownl (LS1). Operation will be g, 40 8
. — '
resumed in the end of JFY2023. x OF w0E
v No additional data for analysesin £ , LS2 5
~2024 e b 20 3
' E 2| LS1 ; =
« Some results on the dark sector, and 3 — 10D
more analyses follow. s g 1 =
o 2019 2024 2029 2034

v ete” — yA(—invisible) takes time.
 Large background is an issue. Some
efforts to improve triggers for the coming
run.

S. Nishida (KEK) At - - Dark Matter Symposium
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