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From KEKB to Super

see G. Mohanty’s and
F. Tenchini’s talks

_

Upgraded rings - X2
» New e* Damping Ring
» Increased currents

Nano-beam scheme 9 x20

» New Final Focus magnets (QCS)
» Large crossing angle

Final goal : 50 ab?

Nano-Beam scheme

oy~100pum,c ~2um

Belle Il detector

AJ/ — »

Electron ring

Electron-Positron
linear accelerator

Super
KeKB

Positron damping ring
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Belle Il de

K. and muon detector (KLM):

Resistive Plate Counters (RPC)(outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

f

Electromagnetic calorimeter (ECL):
Csl(TI) crystals, waveform sampling to measure time
and energy (possible upgrade: pulse-shape)

| Non-projective gaps between crystals

1.5 T superconducting

Magnet: J

e/ectr —
G

eV)
Trigger:
y L1: < 30 kHz
'~ 7y = HLT: < 10 kHz
Vertex detectors (VXD): s
: i

2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cerenkov Counter (ARICH)

Central drift chamber (CDC):
He(50%):C;Hs (50%), small cells,
fast electronics

better resolution, PID a
Belle Il vs Belle to cope with higher background
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Phase 2: 2018

v’ Incomplete detector (1/8 VXD)

v' Machine + experiment commissioning
v’ First physics data: = 500 pb!

v" First dark sector searches

Phase 3: 2019 >

v" Physics run started on March 11
v' Complete detector

v 6.5 fb1 collected up to now

v" Will continue 7-9 months/year
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Searching for da

arXiv: 1707.04591

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30Mg
<||||||||..l..|..l..'|||i
l | I | 1 | | | L L L L t | !
< > —>
QCD Axion WIMPs
<€ - . - > € . : > <
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
— ‘ >
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
> <€ - . >
Post-Inflationary Axion Asymmetric DM
€ : >
Freeze-In DM
—>
SIMPs / ELDERS
<>
Beryllium-8
«—>
Muon g-2
>
Small-Scale Structure
€ > <>
Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
< | | | | | | | | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | h)1 ] >
r rr 1 1 1 1+ 1~ 1 " "1 " T 17 Tyt 1 T 7 T T 7 ]
zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30M

Belle Il direct searches

Dark matter/mediators

—

Vector portal
Dark photon, Z’, ...

Pseudoscalar portal «—
Axions, ALPs, ...

Neutri
Sterile ne

—> Covered here

E. Graziani - Dark Matter search with Belle Il - Beauty 2019



Z’ to invisible: L, - L, model

vl
* A new gauge boson which couples only to the 2" and 3" lepton family
ITI VI .« . . .
" X * Invisible decay channel explored for the first time
* It may solve
LV, X —» Sterile v’s
» dark matter puzzle =
o da L=l [ — ——— Light Dirac fermions
——— > (g-2)
Shuve et al. (2014), arXiv 1408.2727 H

Altmannshofer et al. (2016) arXiv 1609.04026 > B%K(*) .
Uy, Ry, Ry« anomalies

e*e” - u'w + missing energy

Production cross section

0.01

103 ..................
Look for bumps in recoil mass against a u*u pair e | _
é. 10 _—.h.r b b*_.w“; ......................... : R—.
N 1 0 T Mt S
. +:L \i
Main backgrounds: 01 N
OYRTEEY S S N U S
Jr‘a-é'w’3 e e S R e
ete” - utu (y) O < 1 1 I O N
ete” > 11 (y), 1t > prvv ot
efe" 2> efe

M, [GeV/c?]
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Z’ to invisible: results

Phase 2 results
Only 276 pb! usable due to trigger conditions

Recoil mass spectrum after selections

Systematics

Trigger efficiency 6%
Tracking efficiency 4%
PID 4%
Luminosity 1.5%

Background before t suppression 2%
T suppression (background) 22%

Discrepancy in pp yield (signal) 12.5%
will decrease with new data
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Z’ to invisible: results

Phase 2 results
Only 276 pb! usable due to trigger conditions

Recoil mass spectrum after selections

Counts

Belle Il Preliminary ® 2018 data
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Projections

e Systematics down to 3%

* L_=5,50ab?

‘
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First physics paper by Belle Il Phase 3 analysis started M,[GeV/c?]
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LFV Z’ to invisible

e+

e*e" - e*w + missing energy
e+

What about a Lepton Flavour Violating Z'?

I l"l‘lel v, X
: : : .08060
Only e-u coupling taken into account on et al. (2016), arXiv 1610
cor example .Galo
"’llel VI X
Model independent search "
Recoil mass spectrum after selections 80 90% CLULtoexo
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LFV Z’ to invisible

e*e" - e*w + missing energy

e+
What about a Lepton Flavour Violating Z’?
T l""lel v, X
Only e-u coupling taken into account 16), arxiv 1610.0806
\ Ga\O\’\ et al. (20
For example
"’llel VI X
Model independent search "
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T ——
Axion Like Particles (ALP

)

Pseudo-scalars particles which couple to bosons v fusion
No mass<—>coupling relationship
Focus on coupling to photons: g,

Alp-strahlung + photon fusion production mechanisms

alp-strahlung

t~1/g,,2m2 v
No results at B factories yet 6‘\)6\\ 3 y topology
aet | ,.
1 . | . . \\ \)0 ALP—2 photons -
s =10.58 GeV, ga,y = 107 GeV™'’ .“N\‘ ,
0.100 )
cae -
0.010} 0%
—_— ‘ (=}
2 0.001} (\’\\)6 =
; 107 \\O‘O
Photon fusion Q , ,' 4
107°} ALP-strahlung e ok
107 — ' ﬂ
0.1 05 1 5 10 .
m, [GeV]
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Axion Like Particles (ALPs): signal

3 y topology, but... Two of the
Y P gy, photons overlap ex 20 +40%

or

Resolved

102 :
1073 ]
- 1 Three resolved,
< 1045‘ E high energetic
O, s 1 photons.
> 10°F
= _ g
10°F
ALP decays outside of 107
y FJ.High Energ. Phys.(2017) 2017: 94. The searches for
the detector or decays 10-8 - ik I NIRRT invisible and visible
into particles: 107 107 107 107 10 10 ALP decays veto this
Single photon final state. m, [GeV]

region.

ALPs can also decay to DM - single photon topology
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Axion Like Particle :

Result expected very soon

} | Only coupling toy /
— 10 | ] ) — ' 1q
|
2
2 10 =
O ,/Be\\e WO-A 14
= 10 B N S e=mmT ‘,?:
g‘ _,a’—: 1
= 10" ";"e\?e 1135 E
=
-5
10 3
L &-
10° a3
107 F 3
-8 : 1 _
10" - . '
10" 10~ 10 10" 10" 10"
mg[GeV /c?]

v" No systematics yet in sensitivity evaluation
v Only dominant yyy background included
v’ 135 fb! assumes no yy trigger veto in the barrel
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Axion Like Particles (ALPs): sensitivity

Result expected very soon

X Only coupling to y / ~ ALP - DM decay
— 10 ' L L B AL I AR 1o L -
| ] .
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O £ VE i 4
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107 } e e my=048m, ]
E [l =S il =040m, =
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| mg[GeV /c?] FSN 1087A Garg=0
v No systematics yet in sensitivity evaluation 105 . nl P
v Only dominant yyy background included o Ly 1 10
v’ 135 fb! assumes no yy trigger veto in the barrel my [GeV]
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Ogres v A (nb)

ﬁ

Dark photon: introduction

P.Fayet, Nucl. Phys. B 187, 184 (1981)

Paradigm of the vector portal extension of the SM - 7 p ;_ N

Additional U(1)’ = new spin 1 gauge boson A’ A ,

Couples to SM with kinetic mixing € 4

Couples to dark matter with strength o, N

may acquire mass through Higgs or Stuckelberg mechanism ot A % I, x
\

Production cross section
100_'"|"'|"'|"'|"'1'_

80 [ .
C lcos(B,,)l <0.933

two basic scenarios depending on A’ vs DM mass relationship

my <2m, = A’ decays visibly to SM particles

my >2m, = A’ decays =100% invisibly to DM particles

E. Graziani - Dark Matter search with Belle Il - Beauty 2019

I
P. Fayet, Phys. Lett. B 95, 285 (1980),

17



Invisible dark photon: experimental ﬂgM

Only one photon in the detector.

Needs a single photon trigger
(not available in Belle, = 10% of data in BaBar)

e*e  -» vy, endcap gaps
6.0 Background ‘/ .

T : : =
= % Belle\‘@‘imulation Fo
0, 23] ; e
2 : _ o _ : P %
E _S—M, | Bump in recoil mass or 5, . 5.0 . c o
— .'_ <~ -O e |
Y 24/'s photon energy . 45| 16% c &
° S
4.0} ) B =
@ O
Backgrounds 3.5 N o, R 1l 258
3.0 % I
e*e™> e*ey(y) 5 el : g
efe > 'Y'Y('Y) oo ¢ | B S .. .. 5 A
cosmics 20— 40 60 100 120 M0 ce sy, 17
9({“ = (deg) outside acceptance
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107

Invisi

BaBar 2017
53 fb-]

ation 20 fb

op=0.5,m =m,/3

1 1 IIIIIII 1 1 IIIIII_F

] IIIIE

1072 10 1
m,. (GeV/c?)

10

BaBar,Phys. Rev. Lett 119,
131804 (2017)

Belle Il vs BaBar

v’ calorimeter with no
projective cracks in ¢

v" Smaller boost

v’ Larger acceptance

E. Graziani - Dark Matter search with Belle Il - Beauty 2019
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‘

Summary
* Belle Il started operations in 2018 (Phase 2) with 0.5 fb! “\({\'5‘3\\«
* Successfull detector and machine commissioning d?ﬁe“c
* Physics run (Phase 3) started in March: 6.5 fb! collected up to now. ¢ 2%
* Resonances, b-physics and charm physics «rediscovered» N\0‘0’&‘\ ] 1
* First physics results with Phase 2 data are coming Seee‘ Not even mentioned
bm'\SS‘o“ = Y(1S) to invisible
» Z’ to invisible search . \ose 1O PRLSY = visible dark photon
» Z’ LFV to invisible search > \ery c " muonic dark force
= dark Higgstrahlung
» ALP search ——— Ready for box opening (Phase 2) = dark scalars
i ioritv i = Magnetic monopoles
» Invisible dark photon search High priority in Phase 3 5 : . P
Results expected by 2020 " |ong-lived particles

We have ideas for measurements never done before. Theory/phenomenology inputs are very welcome

— . 2
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From KEKB to SuperKERE

Beam-beam parameter
Lorentz Beam current e Nyt N (B2 ‘

Super
KEKB

uest for BSM

[y —_—
Syt = o X
' mprolio; +ay) s

oy \ &y

factor \
* New e* Damping Ring
Lumi. reduction factor

\ * :?i \
yei g, I"-ig ’
L="21+— - d (crossing angle)& x20
2;?'7;_ O 'y ) "~ Tune shift reduction factor

(hour glass effect)
Classical electron 0.8 ~ 1
radius (short bunch)
. , (1) Smallerp,’
Beam size ratio@IP Vertical beta function@IP

1~ 2 % (flat beam) (2) Increase beam currents
(3) Increase &,

e New Superconducting
Final Focus (QCS)

cy,~100pm, o, ~2um Nano-Beam scheme

. For a 40x increase in intensity you have to make the beam as thin as a few x100 atomic layers
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Belle Il & SuperKER!l

Phase 2 Phase 3
Start of collisions: April 25t" 2018 Start of collisions: March 25t 2019

»—_

Belle IT

E. Graziani - Dark Matter search with Belle Il - Beauty 2019
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Belle Il & SuperKEKB

Phase 2
Start of collisions: April 25t" 2018 Start of collisions: March 25t 2019
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D :
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Z’ to invisible: analysis :
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Z’ to invisible: results

Belle Il 2018 - Preliminary
J. Ldt =276 pb™

/

1 2 3 4

o . .
90% CL Upper Limits 90% CL Upper Limits
M 5 ‘e
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With coupling to Z

1072

1073
- N
> ,
G 107 -
= \ "*‘t\\ _@0‘
S § A
10- ?Eﬂf.”.!f.'."l’.@? abT) e i}
LHC

astrophysics

I Gayz = -21an Oy Gayy I

ma [GeV]

10 T T B T e
1074 1078 1072 1071

100 10!
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Invisible dark photon: BaW

Belle Il

.
Super conducting coll

I
Belle Il
. Background MC, £0 fb-!
| er conducting codl ‘

after selection /

D w2y
A byt | § 1022 1yin ECLBWD or FWD gap

ee—2y and 3y
Ty in ECL90° gap
Ty out of ECL acceptance

10*
R Bello

B i . ::_ S : e . RI,IF!COM“CMOMI’ : = |

G AL ; ‘t‘;"""tsr»-«"' }{;ﬁ;’ﬁ.
20 60 80 100 120 140 e e | EELE]

05" (deg) . i -
e | 1
ee_’eev ee—§3Y
both electrons 1y in ECL BWD gap
out of tracking acceptance 1y out of ECL acceptance

Crucial usage of KLM to veto photons in ECL gaps
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Invisible dark photon: sensitivity
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BaBar, 50 fb-!
Phys. Rev. Lett 119,
131804 (2017)
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Visible dark photon: sensitllv:Fy

1072
_ OE 2013
w I Phenix
S5A
103
| E774 Darklig
E141\
10_4_IIIII 1 1 IIIIIII 1 1 IIIIIII L1l
1072 107" 1 10
m,. (GeV)
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