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Dark Matter (DM)

DISTRIBUTION OF DARK MATTER IN NGC 3198

What do we know about dark matter: 200 [
1.1t exists :
3
ﬁxistence of dark matter has been established in astrophysics: \
Rotation curve of a disk galaxy
Spatial distributions of luminous baryonic T T -;u
total matter in a collision of galaxy clusters Radius (kpc)

\ CMB J

Chandra 0.5 Msec image
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Dark Matter (DM)

What do we know about Dark Matter:

2.1t is dark

Dark

energy Y—The matter

we understand.
All the planets,
comets, stars,
galaxies, black
holes, and more.

Dark matter does not interact with the electromagnetic force:
No absorption

No reflection

& No emission J

-Most of the matter in the universe is in the form of an unknown non-baryonic
component which does not interact with photons (dark)

DM is one of the most compelling reasons for new physics
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How to detect Dark Matter
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' Three ways of detecting DM
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Dark Sector Candidates, Anomalies, and Search Techniques
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How to detect Dark Matter (DM) at B-fFactories
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' Three ways of detecting DM

Dark Sector Candidates, Anomalies, and Search Techniques
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B-factories at e*e” collider can access the
mass range favored by light dark sectors
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How to detect Light Dark Matter (LDM) at B-factories
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' Three ways of detecting DM |

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV ueV meV eV kev MeV GeV TeV Pev  30M
Possible sub-GeV scale scenario: = +«t+—+—+—+—+—+—+—+++++++t—+t+—++++11+4—
acoax WIMP
Direct DM weakly coupled to SM < : >« - > e
through a light mediator XI Ultralight Dark Matter X Hidden Sector Dark Matter : Black Hol
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
D M D M 1 . Vector po rtal Fost—\nﬂam Axion Asymmetric| DM
Dark Photons, Z' bosons Freeze-in O i
—
SIMPs|/ ELDERS
< 2. Pseudo-scalar portal b AP D
—. - . . 4 <D
S s Axion Like Particles (ALPs) o
“+— l on g-2
O 62 = ArXiv:1707.04591 -
_g ' ) 3. Scalar portal : = i
| O _(2\— Da rk h|ggS/Sca la rs Small Experiments: Coherent Field Searches, Direct Detection, Nuclear angd Atomic Physics, Accelerators Microlensing
s e
o- 4. Neutrino portal zeV aeV feV peV neV ueV meV eV keV MeV  GeV TeV PeV 30M,
Sterile Neutrinos . .
\ SM SM B-factories at e*e” collider can access the
\\ / b mass range favored by light dark sectors
Standard )
Model 2 Hidden Sector
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How to detect Light Dark Matter (LDM) at Belle Il

Possible sub-GeV scale scenario:

DM weakly coupled to SM
through a light mediator X:

1. Vector portal
Dark Photons, Z' bosons

2. Pseudo-scalar portal
Axion Like Particles (ALPs)

3. Scalar portal
Dark higgs/Scalars
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Dark Sector @ Belle Il

© Signature-based heavy mediator

— DECAY INTO DM!

mediator mass ma

— DECAY INTO SM PARTICLES!

Y
— DECAY TO SM SUPPRESSED —CE ¥
Y

2Me

dark matter mass mpwm
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Dark Sector @ Belle Il

© Signature-based

© Advantages from the clean environment at lepton colliders +

hermetic detector:

— Belle Il at SuperKEKB asymmetric e*e" collider

— running at 10.58 GeV, very well-known initial condition

— efficient reconstruction of neutrals
— specific low-multiplicity triggers

— excellent Particle IDentification (PID) capabilities

Interaction
Region
e

Belle Il detector

electron / positron
linear injector

positron damping ring

mediator mass ma

2Me

heavy mediator

— DECAY INTO DM!

— DECAY INTO SM PARTICLES!

Y
— DECAY TO SM SUPPRESSED -CE ¥

Y

K; and Muon Detector (KLM):
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps, inner 2
barrel layers)

- Time-of-Propagation detector(TOP)
(barrel)

EM Calorimeter (ECL):

Csl(TI), waveform sampling (barrel + end-cap)

Superconducting Solenoid

Aerogel Ring-imaging
electrons (7 GeV) s / Cherenkov detector (ARICH)

Vertex Detector (VXD):
2 layers DEPFET pixels (PXD)
4 layers double-sided strip detectors (SVD)

positrons (4 GeV)

Central Drift Chamber (CDC):
He(50%):C,H,(50%), small cells, long lever
arm, fast electronics (Core element)

dark matter mass mpm

Unprecedented instantaneous
luminosity: 4.7 x 103 cm2 s™

So far 424 fb™" collected
(currently in LS1)

See yesterday B. Scavino’s
contribution for Further
details about
SuperKEKB@Bellell
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Dark Sector @ Belle Il: Published results

PHYSICAL REVIEW LETTERS 124, 141801 (2020)

Editors' Suggestion Featured in Physics

Search for an Invisibly Decaying Z' Boson at Belle Il in e*e™ — p*p~ (e*u¥)
Plus Missing Energy Final States

PHYSICAL REVIEW LETTERS 130, 071804 (2023)

Search for a Dark Photon and an Invisible Dark Higgs Boson in z* = and Missing Energy
Final States with the Belle II Experiment

PHYSICAL REVIEW LETTERS 125, 161806 (2020)

Search for Axionlike Particles Produced in e*e~ Collisions at Belle 1T

World leading
results also with
limited luminosity:
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Recent DS results at Belle II: Z’ to invisible

Possible sub-GeV scale scenario:

DM weakly coupled to SM
through a light mediator X:

1. Vector portal
Dark Photons
2. Pseudo-scalar portal
Axion Like Particles (ALPs)

3. Scalar portal
Dark higgs/Scalars
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Recent DS results at Belle II: Z’ to invisible

o New gauge boson Z' coupling only to the 2™ and 3™
generation of leptons (L,-L.) may explain: long-standing
(g-2), anomaly, dark matter abundance...

o Search for the process: e*e™= p*pZ’ where:
— BF(Z'> vv) ~ 33-100% (“Vanilla”)
— BF(Z'- xX) ~ 100%, if DM kinematically accessible ete—ptuZ’; Z' invisible

e+ pﬁ, T+ '\)'L,T, X

(“Fully invisible™) N
10°
. . . . B ete-eteputuT Belle I [Ldt=79.7 fb~!
o Look for a narrow peak in the recoil mass against ) e e T
a p*p pair in events where nothing else is detected > §ooum
(@] 103 =
. . o Te}
© Dominant background radiative QED processes: & .l
1) ete— ete p*y =
2) ete > T T (y) S 10
3) e*e™> prp(y) 2
c 10°
S
@®FSR properties of the emitted Z' feeded in a 10-1

0 20 40 60 80
MfZECOiI [Gevzfcﬂr]

neural network trained for all Z' masses simultaneously
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Recent DS results at Belle II: Z’ to invisible

90% CL upper limits on o(e*e—»p*pZ’,Z’'- inv.) and on the g’

fully invisible LU—LT, assuming BF(Z'— DM)~100%

10° :

Belle Il, 0.276 fb~*

->no excess found in 79.7 fb™

10-1 -(g-2), favored region excluded for 0.8 < M(Z') < 5 GeV

-

o) 1072

1077 |- Belle Il Preliminary IL dt = 79.7 fb™!, 90% CLUL -

I

=0 Expected 10 Expected *+20
™ im—— rz* = 01 MZ'

10—4 | | . L il i 1 ] 1 |
0 1 2 3 4 5 6 F 8

M- [GeV/c?]
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Recent DS results at Belle IlI:

Search for a long-lived (pseudo-)scalar particlein b— s

Possible sub-GeV scale scenario:

DM weakly coupled to SM
through a light mediator X:

1. Vector portal
Dark Photons, Z' bosons

2. Pseudo-scalar portal
Axion Like Particles (ALPs)

3. Scalar portal
Dark higgs
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Recent DS results at Belle ll:

Search for a long-lived (pseudo-)scalar particlein b—- s

o Model-independent search for dark scalar particles S from B decays in rare

b—s transitions

— S could mix with SM Higgs with mixing angle 6,

(naturally long-lived for 85 << 1)

— Ms < Mgdecay to dark matter kinematically forbidden by relic density

constraint

o Look for S decays into SM final states in 8 exclusive channels:

— B*-=K'S
— B2-K? (> K*'m)S

©  B-meson kinematics to reject combinatorial background

S = ee/up/tt/KK

B

et e~
>{)usx} <

©  SM long-lived Ks mass region vetoed — excellent control sample in data

o Signature: bump hunt with extended max likelihood unbinned fits to the

reduced mass spectrum subtracted by twice the mass of the final state
particles (easier to model at threshold), separately for each channel and

lifetime
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Recent DS results at Belle II:
Search for a long-lived (pseudo-)scalar particlein b—- s

© No significant excess found in 189 fb™'

— first model-independent 95% CL upper limits on BF(B-KS)xBF(S—x"x) | \Q\\N ﬁ{a: ¢!
— first limits on decays to hadrons +
:f} )
[ ‘55 10_3 Bai'hlﬂ Prelimunaryl Baﬂelﬂ Preliminaryl
= x BB oK+ 5) % B ) BIBIK™0S) x (S 1)
w wy _
@ ¥ 10} lu«
= | ﬂ1..:l -7 ] w L
© ® 10 i b
gj E 10_3 [ Ba.ﬂ'alﬂ F'|"e|ir|'|ir'|ar3.rI [ Beﬂ'elﬂ Preliminan,'I 1
-E d B[BO—-IK"JSJ * r(l‘*r('}
-5 -I : ;m
"Ln:j?. 10 ¢ 3 % 3
o _
107 - :
10_3 Beﬂ'elﬂ Preliminaryl 10 Beﬂ'elh‘ Preliminar\_.rl
5;s+-'.x+5; x HS-FIC“K'J B[B“—;K"‘SJ % ﬂa(s—»x"vc-l
10_5 L |l — e = S0cm i
— et = 10em
1O_T' W'—lecm 3
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Conclusion

o Belle Il has unique sensitivity for light dark sectors searches
o World's leading results also with limited statistics

o 424 fb" already on tape, more results on larger statistics and with improved
analyses in the pipeline

~ STAY -
~TUNED~
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