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STANDARD MODEL OF PARTICLE PHYSICS (SM)

Many evidences for new physics…

Is SM sufficient for fundamental 
description of nature?

✦ 3 particles families and generations

SU(3) x SU(2) x U(1)C L Y

25 free parameters

✦

✦

Higgs boson

LEADING MODEL IN THE LAST ~50 YEARS

•

•

Neutrinos non-zero masses

Dark Matter and Dark Energy BS
M!• Hierarchy problem 

• …



M. Ferrillo, V. Macko  -  DESY Summer Student Final Presentation  -  08/09/2016 4

MOTIVATION FOR DARK MATTER (DM) SEARCH

ADM Models: 
⌦DM

⌦BM
⇠ 5

{•

•

•

Cold

Dark

Hard to detect!

and many DM candidates…

[1] - [arXiv:1502.01589]

[1]

4.9%

68.3%

26.8%

Many DM models…

GALAXY ROTATIONAL CURVES BULLET CLUSTER COLLISION CMB ANISOTROPIES

200 kpc
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MOTIVATION FOR DARK MATTER (DM) SEARCH

DM
DM

⌫
�

DM

1

2

Direct search 

Indirect search 

3 Colliders

DM DETECTION 
TECHNIQUES Flavour

Factories!

GALAXY ROTATIONAL CURVES BULLET CLUSTER COLLISION CMB ANISOTROPIES

200 kpc
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✸

✸

✸

Asymmetric energy accelerator

p
s = M⌥(4S) = 10.58colliding @ GeVe+e�

Record integrated luminosity, up to 

50 ab-1

DM STUDIES AT THE BELLE II EXPERIMENT

FACILITY

DETECTOR

�� ⇠ 0.28

arXiv:1404.6599v3
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DM STUDIES AT THE BELLE II EXPERIMENT

BR(⌥(1S) ! ⌫⌫̄)

BR(⌥(1S) ! e+e�)
=

27G2M4
⌥(1S)

64⇡2↵2
(�1 +

4

3
sin2 ✓W )2 = 4.14⇥ 10�4

M2
r = s+M2

⇡+⇡� � 2Ecms
⇡+⇡�

p
s

Belle II 
simulation

BR(⌥(1S) ! ⌫⌫̄) ⇠ 9.9⇥ 10�6where

e+e� ! ⌥(4S)

e+e� ! �ISR⌥(3S)

⌥(4S) ! ⇡+⇡�⌥(1S)

⌥(3S) ! ⇡+⇡�⌥(1S)

⌥(1S) ! invisible

⌥(1S) ! invisible

◆

◆

Low mass DM particles might play a role in 
invisible decays of ϒ(1S)

In absence of any enhancement, the SM 
process ⌥(1S) ! ⌫⌫̄ could be observed

[Phys. Rev. D 80, 115019, 2009]

⌥(1S) ! invisible
Any signal would be seen as an excess of events in the 

recoil mass distribution (M ) of the di-pion system, 
equivalent to the mass of the ϒ(1S) [9.460 GeV/c ]

r
2

:
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DECAYS AT BELLE II⌥(4S), ⌥(3S)
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CONTROL SAMPLE

Visible channels

◼ More events in the forward 
and backward direction

Belle II simulation

Belle II simulation
⌥(4S) ! ⇡+⇡�⌥(1S) ! (vis/inv)

e+e� ! �ISR⌥(3S)
⌥(3S) ! ⇡+⇡�⌥(1S) ! µ+µ�

Belle II simulation
e+e� ! �ISR⌥(3S)

⌥(3S) ! ⇡+⇡�⌥(1S) ! µ+µ�

100k simulated
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SIGNAL&BACKGROUND CONSIDERATIONS

⌥(4S) ! ⇡+⇡�⌥(1S) ! ��̄
Belle II simulation

dead region without 
any sub-detector
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TRIGGER EFFICIENCY CONSIDERATIONS

NEED FOR A DEDICATED 
TRIGGER ?

… since we are looking for two low 
momentum pions

]°) [φ(r--π +πθ

0 20 40 60 80 100 120 140 160 180

1700

1800

1900

2000

2100

2200

2300

2400

2500

constraints on 𝜋-𝜋 opening angle

𝛆 = #reconstructed events
#simulated events

100k simulated
⌥(1S) ! ��̄

Belle II simulation
⌥(4S) ! ⇡+⇡�⌥(1S)
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DECAYS AT BELLE II

P [GeV/c]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

200
400
600
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2200 Requirement

0 out CDC
1 out CDC
2 out CDC

⌥(4S) ! ⇡+⇡�⌥(1S), ⌥(1S) ! ��̄

]2 [GeV/c-π+πrecoil M
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10000 Belle II simulation

]2 [GeV/c-π+πM
0.2 0.4 0.6 0.8 1 1.2
0

200
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1400
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2200 Belle II simulation

𝜋-𝜋 system
⌥(1S) is correctly
reconstructed

◼

◼ M⌥(1S) = 9.460GeV/c2

M⌥(4S) = 10.580GeV/c2

~ 1.12 GeV available for pions

Det. acceptance

Trigger requirement: 2out CDC

𝜋-𝜋 opening angle

(0°-180°)

(100°-180°)

(130°-180°)

#ev
~49%

~25%

~18%

~78%

100k simulated

+PID +cuts

𝝅
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DECAYS AT BELLE II

P [GeV/c]
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]2 [GeV/c-π+πrecoil M
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e+e� ! �ISR⌥(3S), ⌥(3S) ! ⇡+⇡�⌥(1S), ⌥(1S) ! ��̄

𝜋-𝜋 system
⌥(1S) is correctly
reconstructed

Belle II simulation Belle II simulation

◼

◼

M⌥(3S) = 10.355GeV/c2

M⌥(1S) = 9.460GeV/c2

~ 900 MeV available for pions

100k simulated

Det. acceptance

Trigger requirement: 2out CDC

𝜋-𝜋 opening angle

(0°-180°)

(100°-180°)

(130°-180°)

#ev
~47%

~19%

~14%

~87%

+PID +cuts

𝝅
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CONCLUSIONS

❖

❖

❖

❖

In 2017 Belle II will start collecting data at various center of mass energies, 
aiming to collect an integrated luminosity of 50 ab

Direct detection of low-mass DM is very difficult. This motivates feasibility 
studies @BelleII of decays where DM might show up:

According to obtained results, Belle II will be able to search for DM in 
invisible ϒ(1S) decays, using di-pion transitions and ISR techniques.

We studied acceptance, reconstruction and trigger efficiencies for the two 
channels + control samples. The total efficiency for each channel is >~14%

-1

e+e� ! �ISR⌥(3S) ! ⇡+⇡�⌥(1S) ! ��̄

⌥(4S) ! ⇡+⇡�⌥(1S) ! ��̄

,, Observing a signal would be a clear sign of new physics ! ’’
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THANK YOU FOR YOUR ATTENTION !
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BACKUP
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DECAYS AT BELLE II
100k simulated
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DECAYS AT BELLE II
100k simulated

P [GeV/c]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

500

1000

1500

2000

2500

3000 Requirement
0 out CDC
1 out CDC
2 out CDC

e+e� ! �ISR⌥(3S) ! ⇡+⇡�⌥(1S) ! µ+µ�

Det. acceptance

Trigger requirement: 2out CDC

𝜋-𝜋 opening angle

(0°-180°)

(100°-180°)

(130°-180°)

#ev
~42%

~16%

~12%

~78%

+PID +cuts
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DECAYS AT BELLE II
100k simulated
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DECAYS AT BELLE II
100k simulated
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0 out CDC
1 out CDC
2 out CDC Det. acceptance

Trigger requirement: 2out CDC

𝜋-𝜋 opening angle

(0°-180°)

(100°-180°)

(130°-180°)

#ev
~43%

~22%

~16%

~69%

+PID +cuts

⌥(4S) ! ⇡+⇡�⌥(1S) ! µ+µ�
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INVISIBLE DECAYS AT BELLE II
100k simulated
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