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LEADING MODEL IN THE LAST ~50 YEARS

+ 3 particles families and generations

+ SU@G).x SU(2), x U(1), — Higgs boson

+ 25 free parameters

Is SM sufficient for fundamental

description of nature?

Many evidences for new physics...

Neutrinos non-zero masses
Hierarchy problem
Dark Matter and Dark Energy

e
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MOTIVATION FOR DARK MATTER (DM) SEARCH

o ' _ ‘ %

= i ‘
. ;{{ ' ;
Tep el
Egl ¥
~ 7
> o {‘ F583—1

o Ha
o ; B2l cm 7

0 20 40 60 80
R (arcsec)

GALAXY ROTATIONAL CURVES BULLET CLUSTER COLLISION CMB ANISOTROPIES

Many DM models... and many DM candidates...

Baryon{[<lliatter
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ADM Models: Dark

Qpum o5

Qpum Hard to detect!
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MOTIVATION FOR DARK MATTER (DM) SEARCH
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Indirect search

DM DETECTION a8 o
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Super (D
KEKB DM STUDIES AT THE BELLE |l EXPERIMENT </
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DM STUDIES AT THE BELLE || EXPERIMENT

—> eTe” — T(45)

BR(Y(1S) — vv) B 27G2M§(15) 4 g
B T(4S) = 777~ T(1S)

— 1+ —sin?fy)?* =4.14 x 1074
BR(T(18) — ete) 6in2az LT s Ow) < 10

where BR(Y(1S) — vi) ~ 9.9 x 107° G T(18) = invisible

—3 eTe” — vrsrY(39)
! Low mass DM particles might play a role in g o
invisible decays of Y(1S5) TES) ~ o9~ T(1E)
[Phys. Rev. D 80, 115019, 2009] & Y(15) — invisible

In absence of any enhancement, the SM
Process T<1S) — vV could be observed Charge=1, PDG=211 {pi+}

pT=0,420365, p2=0,000692372
¥={(-0,00, -0,00, -0,03>
Hother: MCParticles[0] (Upsilon{3S}}

¢

T (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 Y(1S) [9.460 GeV/c’]

2 2 cms Charge=-1, PDG=-211 {pi-}
Qb M:=s+ M2, __ —2 Vs

T Y=(-0,00, -0,00, -0,03
Hother: MCParticles[0] {Upsilon{35)}
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Y(4S5), Y(3S) DECAYS AT BELLE I

Belle Il simulation
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SIGNAL&BACKGROUND CONSIDERATIONS
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Y(4S) — 7 7 Y(15) — xX
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TRIGGER EFFICIENCY CONSIDERATIONS
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Y(4S) — 777~ Y(15), T(1S) — xX  DECAYS AT BELLE Il
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e"e” — vrsrY(3S), Y(3S) = 7 x~ Y(1S), Y(1S) — xX DECAYS AT BELLE Il
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CONCLUSIONS

.. In2017 Belle Il will start collecting data at various center of ma§s energies,
aiming to collect an integrated luminosity of 50 ab

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

—>» Y(4S) —» ntr~T(1S) = x¥
—m-r} e+e_ — VISRT(BS) = ’7T+7T—T(1S) —= X)Z

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

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

—>» ,, Observing a signal would be a clear sign of new physics ! ”
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e"e” = ysrY(3S) = nTn Y(1S) = "~ DECAYS AT BELLE I
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e"e” = yspY(3S) = n T Y(1S) — " u~  DECAYS AT BELLE I
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Y(4S) = 7 7~ Y (1S) — u*pu~

T T T I T T T I T T
elle 1l simulation

40000 iy =
= BBl 3
35000 B =
- ‘H‘j -
30000F 2 3
C ﬁt =
25000E- B =
: e :
200001 L E
- ARRRERI =
10000 SRRRR =
- ARRRERI .
5000F- gﬁﬁi‘ =
e T
8.8 9 9.2 9.4 9.6 9.8 10
M [GeV/c?]
Belle Il simulation
|§| 1:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII TTT III: _90
> C ]
g 08 | 0
= 0.6 —
o L 170
04— —
- 11 =160
0.2__ ]
O .
-0.2F -
-0.4 —
-0.6 -
-0.8 -
— :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: O
-1-0.80.60.40.20 0.20.40.60.8 1
T
P, [GeV/c]

1
0.8
E 0.6

0.4

0.2
0
-0.2
-0.4
-0.6
-0.8

GeV/c]

0.8
'E, 0.6

0.4

0.2
0
-0.2
-0.4
-0.6
-0.8

GeV/c]

DECAYS AT BELLE ||
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Y(4S) = nTn~Y(1S) = putp~ DECAYS AT BELLE I
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INVISIBLE DECAYS AT BELLE I
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