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SUPERKEKB AND TIMELINE =

N Goal of Belle Il @ SuperKEKB
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BELLE Il DETECTOR

K_and muon detector (KLM):

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (endcaps)

Electromagnetic Calorimeter (ECL):
| Csl(Tl), waveform sampling (barrel)
Possible

upgrade &re Csl + waveform sampling (endcaps) ////"

Particle Identification (PID):
Time-of-Propagation counter (barrel)

electron . %
(7GeV) Ea—

Prox. focusing Aerogel RICH (fwd) el
Eeryllium beam pipe g/ - e~
2cm diameter ‘ m _
~ ) : l
Vertex Detector: \\\_\*\\\} _
2 layers DEPFET - S positron
& layers DSSD 74 (4GeV)

" Central Drift Chamber (CDC
He(50%):C.Hs(50%), Small cells,
long lever arm, fast electronics

)

Need to cope with much higher
luminosity and beam backgrounds.
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ELECTROMAGNETIC CALORIMETER (ECL)

BELLE Il DETECTOR

> 20 MeV)

Cluster

Cluster (timing selection, E

Shower (no timing selection)

Crystal energy
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> Degrades energy resolution

Effects of beam background
> Radiation damage.

> Pile-up and increased event size.

> Physics background.

0

— Upgrades of hardware (detector) and
software (reconstruction) are crucial.

Etrue [GeV]
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WHY BELLE Il FOR DARK SECTOR SEARCHES?

Belle 11 2018 (" Phase 2"'):

Low initial luminosity (like Belle),
but trigger and computing can
already handle 20xBelle rate:

— Unique chance to use novel
triggers for small datasets.

Belle Il 2025:

Huge dataset of 50 ab™".

(x50 Belle, x100 BaBar)

I

Belle 1l vs Belle:

New low multiplicity triggers.

Larger drift chamber.

-

Belle Il vs BaBar:

Non-projective calorimeter
(much more hermetic).

Better muon detector.
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SEARCHING FOR DARK MATTER: VECTOR PORTAL

» In the so called Vector Portal, a (massive) Dark Photon A
can mix with the SM photon with strength «.

*Holdom, Phys. Lett B166, 1986

(//_, . ; T T —
Standard Model _ y_ - X - _6_ _ Dark Sector
- SU(B)c x SU(2)L x | | U(1)p (massive)
— — -
Initial State Radiation 1c05(0p)! < 0.933
/ _/8\ 100 T T T ™
/ \:: E e=1
/ T 80 :— -
¢ / SM ° eof -
or w0k ]
;N Dark Matter [ ]
\ O T T P T B ]

N\ m, (GeV)
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SEARCHING FOR DARK MATTER: VECTOR PORTAL

Background MC, 40 fb' after selection

» Search for a bump in the photon  £°°
$ 5.5
recoil mass spectrum. ssoll £)Ee .
asl SE N L N %
. NN
» Main backg rounds: ee—'eey and YO NG s o
3.5F: R =, = L . Q_
ee— yy(y) with all but one y 3ol el g
ee—3y, s s
undetected. endcap gaps W
20f o w88 eeY.
20 40 60 80 100 120 140
0y (deg)
10° Signal (example)
5 of -
, ¢ [ ma=76GeV
Trigger YY Bhabha Total E 6 N
ohehave 8> 10 oneehasor< X _\
1GeV* [0.2nb| 0.4nb | 1.6nb | 22nb ; S|
Closor 200 Gov rcafinallom- 1 76 i 2r il '_gs
2 GeV* o 5 =] 115/ 'u_ Lo
£22 Gev and 0.5nb| 2.9nb 0.1 nb 3.5nb 2 [ .
eclbhabhaveto rate@1/40 lumi: 0.08 kHz o Or ‘ff‘
and bhabhveto rate@final lumi.: 2.80 kHz _5 B . . X1 03
—— —— 0 1 2 3

=
o
N
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SEARCHING FOR DARK PHOTONS AT BELLE I

< 10"2'
s 12
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T; 10—11
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‘ e Ce ’66 \ Belle Il (Phase 3) —

Scov “ac;,e“"“ _.-=*" LDMX1@4GeV —

L ‘9\ ,»"’ —

= ) LDMX2@8GeV | _ . -

— LT 3mx = Ma —

-:" ] B2TIP, to be submitted to PTEP (2017). =

w
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SEARCHING FOR AXION LIKE PARTICLES

» Axion-like particles (ALPs) are pseudo-scalars and couple to
bosons. Unlike Axions, ALPs have no relation between mass and

coupling.

» They can be Dark Matter candidates, Dark Sector mediators, and
they appear in many BSM scenarios.

» Focus on coupling to photons for Belle Il.

g, =0.001 GeV"

8

0.12 —
0.10 —
0.08 —
0.06 —
0.04 —
0.02 —
O A — :

Iogm(ma [GeV])

Ogrgs ya a—=yy [pb]
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SEARCH FOR AXION LIKE PARTICLES AT BELLE II

Two of the
photons Three resolved, high
overlap or energetic photons
merge. (focus in this talk).
5°  15°

O

Overlapping Photons

outside of the
detector:
Single photon
final state.

P
Q
O,
&
)
vO
mF
o
ALP decays ﬂﬁ

-1.0 -0.5 0.0 0.5 1.0
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SEARCH FOR AXION LIKE PARTICLES

» Focus on the resolved 3y final
state with my = 0.2 GeV.

» Search for a bump in the two
photon invariant mass spectrum.

» Main backgrounds:

> ee—ryvy

Trigger Total (yy) » ee—yy + beam induced
background photon

2 GeV* Barrel 1.7 nb

rate@1/40 lumi: 0.03 kHz

* .
E*>2 GeV and polar angle in ECL barrel rate@final lumi.: 1.36 kHz

» ee—yy (y—ee) pair conversion
2 GeV* ECL 28 b . .
8n outside tracking detectors.

acceptance excluding extreme endcaps rate@1/40 lumi: 0.06 kHz
rate@final lumi.: 2.24 kHz

B e —
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SEARCH FOR AXION LIKE PARTICLES

107

B¢
\(\‘Zr

107 ;‘\

ork in progress: M. Dolan, T. Ferber,
, F. Kahlhoefer, K. Schmidt-Hoberg

data from:

owski, Phys. Let. B. 753 (2016)
oebrich et al., JHEP 1602 (2016)
arXiv:1702.03327 [hep-ex] (2017)

102 107 1

1073

1074

ALP coupling to two photons only.

10
m, [GeV]

-~ HB

= SN1987a

-~ CHARM

- NuCal/u70

- E137

== E141

== LEP (ee— y + invisible)
- BaBar (ee— y + invisible)

CDF

== LEP (2y, ee—y a)
~ LEP (3y, ee—y a
—Belle |1 3y (20 b))
............ Belle 11 3y (50 ab™)

Update soon:

Belle Il merged

* photons and

ee—ee+ALP.

. Belle Il single
photon search.
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SUMMARY

» The early running of Belle Il offers possibilities for unique
physics analyses in the dark sector (including visible and
displaced topologies not covered in this talk).

» The search for light dark matter is competitive with BaBar
already with 2018 data due to the more hermetic calorimeter.

» Belle Il Physics Book in preparation* (Belle Il detector,
simulation, software, analysis tools, physics program incl. dark
sectors), to be submitted for publication in 2017.

» Belle Il physics data taking starts April 2018. Full detector
(including VXD) starts end of 2018.

* https://confluence.desy.de/display/Bl/B2TiP+ReportStatus
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BELLE Il BEAM BACKGROUND

Coulomb

Average dose per crystal [Gy / year]

€

+

6:I:

12th campaign

€

+

€

Bremsstrahlung

+

Touschek HER
== Touschek LER
== Coulomb HER
=== Coulomb LER
B RBB HER
== RBB LER
- BHWide HER

BHWide LER

€

17

Bhabha Two Photon
+ ot ot
+ Synchrotron
Radiation
+ Touschek
+ o g

Degrades calorimeter resolution.
Radiation damage.
Pile-up and event size.

Physics background.
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SEARCH FOR AXION LIKE PARTICLES

-~ HB

= SN1987a

-~ CHARM

- NuCal/u70

- E137

= 1073 = E141

C ; : = LEP (ee— y + invisible)
- LEP (Y— Z + invisible)

- BaBar (ee— vy + invisible)

g

CDF
- LEP (2y, ee—Za)
= LEP (2y, ee—y a)
- LEP (3y, ee—Za)
“LEP (3y, ee—y a)
—Belle Il 3y (20 fb™)
............ Belle 1l 3y (50 ab™)

10* 10° 102 10 1 10
m, [GeV]

ALP coupling to two photons or Z bosons.
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SINGLE PHOTON TRIGGERS

Trigger YY

1GeV* |0.2nb

E*>1 GeV and second
cluster E* < 0.2 GeV

Bhabha

both e have 6* > 1° one e has 6* < 1°

0.4 nb 1.6 nb

Total

2.2 nb

rate@1/40 lumi: 0.05 kHz
rate@final lumi.: 1.76 kHz

2 GeV*
E*>2 Ge\ind 0.5 nb

eclbhabhaveto
and bhabhveto

2.9 nb 0.1 nb

3.5nb

rate@1/40 lumi: 0.08 kHz
rate@final lumi.: 2.80 kHz
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ALP TRIGGERS

Trigger Total (yy)

2 GeV* Barrel 1.7 nb

rate@1/40 lumi: 0.03 kHz

. .
E*>2 GeV and polar angle in ECL barrel rate@final lumi.: 1.36 kHz

2 GeV* ECL

o 2.8 nb
E*>2 GeV and polar angle in ECL trigger

acceptance excluding extreme endcaps rate@1/40 lumi: 0.06 kHz
rate@final lumi.: 2.24 kHz



