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• Belle II and SuperKEKB
• Highlights of Belle II dark searches

No t channel, sorry …

• Perspectives & Summary
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OUTLINE OF THE TALK

E. Graziani – Dark Matter Search with Belle II 
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Peak luminosity trend
e+e- colliders

year

40 times higher 
luminosity KEKB

SuperKEKB

PEP-II(c
m

-2
s-1

)

8x1035 Very rich physics program

Flavour physics
• CKM matrix
• CPV in B deacys

BSM physics
• Rare decays
• NP in loops in b→s, b→sll
• B →D(*)

• LFV in  decays

New particles (quarkonium)

Dark sector
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(1) Smaller y
*

(2) Increase beam currents

(3)    Increase y

-sx~100mm,sy~2mm

e-

e+

e-

e+

60nm

10mm

... For a 40x increase in intensity you have to make the beam as thin as a few x100 atomic layers

From KEKB to SuperKEKB

43 nm

x2
x20

*
y=0.27/0.30 mm

I+/-=3.6/2.6 A

• New e+ Damping Ring

• New Superconducting
Final Focus (QCS) 
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Belle II detector

better resolution, PID and capability
to cope with higher backgroundBelle II vs Belle

Trigger:

L1: < 30 kHz

HLT: < 10 kHz
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Belle II data taking plan: the past (2018)

Good conditions for dark searches

Phase 2

Phase 2 finished July 2018

• Nano-beam scheme works!

• L=5.5x1033 cm-2s-1 achieved

• Lint≈0.5 fb-1 collected

• 1/8 of vertex detector
• Low backgrounds
• Pass-through HLT (software) trigger

❑ Tracking and clustering L1 trigger
❑ Bhabha veto L1 trigger
❑ Some single photon L1 trigger

Phase 2
Phase 3
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Belle II & SuperKEKB Phase 2

Start of collisions: April 25th

2018
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Belle II & SuperKEKB Phase 2

Start of collisions: April 25th

2018

Effective bunch length: from KEKB to SuperKEKB Phase 2

Nano-beam scheme works!
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Belle II performance snapshots
deuterons

kS→

0→

J/→mm

CDC dE/dx

2 days after first collisions

J/→ee
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From Phase 2 to Phase 3
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From Phase 2 to Phase 3
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From Phase 2 to Phase 3
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From Phase 2 to Phase 3

• Phase 3 started on March 11

• Collisions recorded since March 25

• Unfortunately a fire accident at
LINAC (with no serious
consequences) slowed down
operations

• Lint ≈ 100 pb-1
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What can we do at B-factories that we can't at the LHC in 
terms of DM searches?

• Clean, «energy conserving» environment
• 3d momentum conservation
• Easiness of tag & probe techniques
• Full Event Interpretation
• Less model dependency

• Low multiplicity signatures
• Missing energy channels
• Invisible particles
• Some fully neutral final states accessibility

• Cleanliness and luminosity sometimes compensate for cross section → competition
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Invisible dark photon: sensitivity

Lower trigger 
threshold wrt BaBar

D=0.5
3m=mA'

(20 fb-1)

Belle II calorimeter has

no projective cracks in φ

BELLE II MC

Needs a single photon trigger
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Visible dark photon: sensitivity
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Axion Like Particles (ALPs): sensitivity

astrophysics

Only coupling to 

LEP

e+

e-

* 





a

alp-strahlung fusion
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Axion Like Particles (ALPs): sensitivity

e+

e-

* 





a

alp-strahlung fusion

With some assumptions on the trigger 
(no  veto in barrel)

Results expected with Phase 2 data
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Lm - L: Z’ invisible decay

• couples only to the 2° and 3° lepton family

• calls for LFU violation

• May explain (g-2)m

• Invisible BR possibly enhanced by LDMA (sterile 

neutrinos, light Dirac fermions)

• Might solve B→K(*)mm, RK, RK* anomalies

m

m

m,, , 

m,, , 


Z'g'

Very preliminary systematics, very conservative limits

Belle II MC
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Lm - L: Z’ invisible decay

• couples only to the 2° and 3° lepton family

• calls for LFU violation

• May explain (g-2)m

• Invisible BR possibly enhanced by LDMA (sterile 

neutrinos, light Dirac fermions)

• Might solve B→K(*)mm, RK, RK* anomalies

m

m

m,, , 

m,, , 


Z'g' Z LFV
Z→em  t-channel

Z→m
Visible + invisible

Very preliminary systematics, very conservative limits
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Requires running at Y(3S) ≈ 200 fb-1 with special low pT trigger 
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Summary
• Belle II Phase2 finished in July 2018
• Early data taking mostly devoted to commissioning
• Lint ≈ 0.5 fb-1, with LMAX = 5.5x1033cm-2s-1

• Resonances, b-physics and charm physics «rediscovered»
• Belle II Phase III (complete detector) just started
• Lint ≈ 100 pb-1 before the fire incident
• Hopefully ≈ 10  20 fb-1 by summer conferences

➢ Invisible dark photon search
➢ ALP search
➢ Z’ to invisible search
➢ Z’ LFV search
➢ Y(1S) to invisible

Not even mentioned

▪ Magnetic monopoles
▪ muonic dark force
▪ dark Higgs
▪ dark Higgstrahlung
▪ dark scalars
▪ inelastic dark matter
▪ dark search in  decays
▪ long-lived particles
▪ …

Still to be started: dark searches in flavour physics
B→K+ A, A → 
Y(1S) → A, A →gg
B → Xcm  Z
….
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SPARE SLIDES
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Invisible dark photon: sensitivity

Belle II calorimeter has

no projective cracks in φ

Lower trigger threshold
wrt BaBar
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𝒍−, χ

𝒍+, χ

e-

e+

 A'



Dark photon: introduction

At e+e- colliders

two basic scenarios depending on A vs matter mass 
relationship

m > 1/2 mA A visible decays (SM particles)

m < 1/2 mA A invisible decays to LDMA

A→ l+l-

A→ π+π-, h+h-

h A dark higgstrahlung

A→χ𝜒

access to light dark matter particles

≡dark matter particle

Some astrophysical observations suggest the possibility of the existence of a new light (GeV scale) hidden dark sector
with a mediator A (dark photon), weakly coupled to the Standard Model via kinetic mixing, and light dark matter.

h→AA, AAA→ 6 l + π

P. Fayet, Phys. Lett. B 95, 285 (1980),
P.Fayet, Nucl. Phys. B 187, 184 (1981)

A+missing
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Crucial usage of KLM to veto photons in ECL gaps

Invisible dark photon: backgrounds 
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Axion Like Particles (ALPs): signal

ALPs can also decay to DM → single photon topology

3  topology, but…
≈ 20  40%
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Axion Like Particles (ALPs): sensitivity

astrophysics

Only coupling to 

LEP

ALP → DM decay
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Belle II expected sensitivity for Z’→ invisible

mg-2 2σ

e+ e- → μ+ μ- Z’ ; Z’ → μ+ μ- will be competitive in Phase 3
(due to BaBar result)

LFV Z’ (em coupling) 

e+ e- → e+ μ- Z’ ; Z’ → invisible

e+ e- → e+ μ- Z’ ; Z’ → e+ μ- (no SM background expected) 

Alternative model under search

Z’→ visible decay (muonic dark force) 

Lm - L, Z’ invisible decay sensitivity

Main backgrounds:

e+e- → m+m- ()
e+e- → +- (),  → m
e+e- → e+e-m+m-

Look for bumps in recoil mass against a m+m- pair
Belle II expected sensitivity for Z’→ invisible

BELLE II MC
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Z’ LFV: invisible + visible

What if symmetries of SM are not kept in the Dark 
Sector?

What if DM violates Lepton Flavour?

One can imagine, for example, em coupling

e+ e- → e+ μ- Z’ ; Z’ → invisible

Dominant background: e+e- → +- (),  → m,e 

e+ e- → e+ μ--Z’ ; Z’ → e+ μ- + c.c.

no SM background
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Magnetic monopoles

➢ Particle carrying magnetic charge

➢ Recent searches for magnetic charges g > 68.5e

➢ Small charges g < 10e are not excluded

➢ Weaker ionisation due to absence of 1/2 factor for magnetic

charges

➢ Tracks are straight in XY  and curved in RZ

➢ They need a dedicated tracking (parabolas rather than helices)
BELLE II MC


