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] SuperKEKB: an Intensity Frontier machine (@

Belle I Belle I

SuperKEKB is a super B-factory o> 5wl
located at KEK (Tsukuba, Japan) o 1S~

It's an asymmetric ete™ collider

operating mainly at 10.58 GeV
( T(4S), but possible runs from T(2S) to T(6S) )

damping ring

KEKB SuperKEKB 2= L& linear injector
Nigne
nano-beam
———
scheme
| (A): ~1.6/1.2 | (A): ~ 3.6/2.6 40x peak luminosity:
B*y (mm): ~5.9/5.9 B*y (mm): ~ 0.27/0.3 8 -10**cm™?s!
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] SuperKEKB: an Intensity Frontier machine (@

Belle I Belle I

SuperKEK ~ 0% |
- : SuperKEKB.
located at 5 .o R
g 10
! = 34
It's an as) §10
operating § 1033 |
( T(4S), but poss = 1032
5
=W
KEKB 103!
10%
102 .. B

2010 2020
VC: I luminosity:

1970 1980 1990 200

|(A): ~1.6/1. o |
B (mm): ~5.9/5.9 3", (mm): ~ 0.27/0.3
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Do Belle 11 detector Do

Belle I Belle I

K. and muon detector (KLM):

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

Electromagnetic calorimeter (ECL):

Csl(Tl) crystals, waveform sampling to measure time
and energy (possible upgrade: pulse-shape)

Mon-projective gaps between crystals

Magnet:
1.5 T superconducting

T —
EI@C‘;;;-:;E.
Trigger:
. L1: < 30 kHz
Vertex detectors (VXD): - HLT: < 10 kHz
2 layer DEPFET pixel detectors (PXD) poﬂfrrons e

4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Central drift chamber (CDC):

He(50%):CzH; (50%), small cells,
fast electronics

Aerogel Ring-Imaging Cerenkov Counter (ARICH)

G. De Pietro (Roma Tre) MODEL 2019 5



D D

D Cross sections at a B-factory D

Belle IT Belle IT
Physics process  Cross section [nb] Selection Criteria Reference
T(45) 1.110 £ 0.008 - 1]
u(y) 1.61 - KKMC
dd(~) 0.40 - KKMC
s5() 0.38 - KKMC
ec(y 1.30 - KKMC
eTe” () 300 = 3 (MC stat.) 10° < 87 < 170°, BABAYAGA.NLO
EZ > 0.15GeV
e e (v) 74.4 pe > 0.5GeV/e and e in -
ECL
() 4.99 £0.05 (MC stat.) 10% < 85 < 1707, BABAYAGA .NLO
EZ = 0.15GeV
() 3.30 E. > 0.5GeV in ECL -
o () 1.148 - KKMC
() 0.831 pu > 0.5GeV/ein CDC -
W) 0.242 pu > 0.5GeV in CDC, -
> 1~ (E, >0.5GeV)in ECL
77 (%) 0.919 - KKMC
vir(7) 0.25 x 107 - KKMC Values from
eteeter 39.7 £0.1 (MC stat.) Wy > 0.5 GeV/e? AAFH “The Belle Il Physics Book”
eTe 18.9 £0.1 (MC stat.) Wi > 0.5GeV/e? AAFH arXiv: 1808.10567
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¥=] First period of data taking: Phase 2 (=

Belle I Belle I

During the Phase 2 run (2018) 3 D R
Belle Il had partial VXD detector | Gl Ee ¢ _Lrouper. _

Integrated luminosity
3
|

o 40k
s -
. 205—
Main goals: "
. . . P P |
- accelerator commissioning x10% gE-
: G:_
- measure beam background §§ i3
.. . 3 :
- detector commissioning §~§- F N . | ; | .
& N7 2018 2019 2020 2021 2022 2023 2024 2025

- (some) dark sector physics Phase 2: Phase 3:
~ 0.5 fb 50 ab™

Collected ~ 490 pb™!

Achieved 5.5 - 1022 cm™2 s
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Belle I

80

1.00 GeV < p(recoll) < 8.00 GeV
| T T T | T T T

—+ Data
— Fit

Belle Il 2018 (Preliminary)

j Ldt = 250 pb”

. = 0.997 £ 0.001

IIII|II]I|IIII|]III|IIII[IIIIIII[III]

70
60
50
40

Entries/(0.012 GeV/c?)

30
20k
10

o0 I|II|III

Belle I

2018 preliminary

f Ldt=472pb"

nbkg = 893 + 32

nsig= 198 + 19

M = 3.0901=z 0.0012
X

J/U — ete”

A
3.3

34

g

0.6 0.8 i 2
E T T T T E
B W em e T m =
3 | -:- | N ! *i ) 1 L _;
0.6 08 1 7.2
E(ECL) / p(recoil)

V}hoton

M(e'e) (GeV/c?)

Excellent photon
resolution
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Entries / (0.01 GeV/c?)

\\‘IIII‘\\I\‘\I\\:
7 Belle Il 2018_:

EEERNLLESY EREL] EEERN L
- muoniD>0.001
N Preliminary

o

60 -
50/
40
30}
201

-\ 11 ‘ - ‘ 1111 ‘ 1111 ‘ 1111 ‘ 11 11 ‘ 1111 ‘ 111 \:
29 295 3 3.05 3.1 3.15 3.2 3.256 3.3
() (GeV/c?)
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o> Phase 3 o
Belle I Belle I

Starting from Phase 3 (~ march 2019) : oalrd e
: : X odl of Delle uperKEKB
Belle Il will have the full VXD installed g 50— f@ P 5
37 40
- g i lm;m a1== E= oop
BT |
b L
x103% 8k
i
.-.'? 4:_
I 1Pl S S T
& A7 018 2019 2020 2021 2022 2023 2024 2025
Phase 2: Phase 3:
~ 0.5 fb! 50 ab!
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D Phase 3 S
Belle IT Belle IT

Starting from Phase 3 (~ march 2019) : D R
3 oal of bele uperKEKB
Belle Il will have the full VXD installed g 50— f@ P :
37 aof ‘ |
£ ok |
g 202_ wied Lo, LT o AR A .............
- 10f-
ol f |
Main goals: x10% gt >
6 s
- collect 50 ab™ §§ o+ L
- flavour physics I aa . .
= 2%17 2018 2019 2020 2021 2022 2023 2024 2025
- a lot of dark sector physics Phase 2: Phase 3:
~ 0.5 b 50 ab™!
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Dark Matter coupling to SM

Belle I Belle I

(30

’ i

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:
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Dark Matter coupling to SM

Belle I Belle I

(30

’ i

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon
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Dark Matter coupling to SM

Belle I Belle I

(30

’ i

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon
Scalar portal — Dark Higgs/Scalars
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Dark Matter coupling to SM

Belle I Belle I

(30

’ ol

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon
Scalar portal — Dark Higgs/Scalars

Pseudoscalar portal — Axion-Like Particles
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Dark Matter coupling to SM B

Belle I Belle I

(30

’ ol

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon
Scalar portal — Dark Higgs/Scalars
Pseudoscalar portal — Axion-Like Particles

Neutrino portal — Sterile Neutrinos
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Dark Matter coupling to SM Do

Belle I Belle I

[ |
| Y
1 j/= ,77+ F{M = :
|
2 m 4‘¢\;¢g}) +bhoe. 1
1 [ |
1 x: + Yy i b :
: v + Bel~vig) B
1 [ |
1 [ |
1 [ |
[ |

Different possible portals between Dark Matter and Standard Model
depending on the dark mediator X:

Vector portal — Dark Photon L apadie®
Pseudoscalar portal — Axion-Like Particles

G. De Pietro (Roma Tre) MODEL 2019 16
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o Dark Photon

A massive Dark Photon A’ can mix with SM
with coupling strength €:
/TH
LDeA, Iy

Batell et al. (2009),
arXiv:0903.0363

Depending on DM mass,
a dark photon decays to:

DM (if m,,, <% m,) SM (if m_,, > % m,.)

— invisible decay — visible decay

G. De Pietro (Roma Tre) MODEL 2019

Ge*e‘—e v A (I‘lb)

|cos (B, < 0.933
—T—— T

D

<o

Belle I

100

. Production cross-section

- computed with MadGraph
80 |-
[ (assuming € = 1)
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= Dark Photon: invisible decay (signal) =
Signal signature: ~ ISR 7
-~
- a single, mono-chromatic, high-E photon b
-~
(ISR photon)
) DM
- a bump in the recoil mass: N
_ m?2 ~
E — i mA, c 3(1'00' — T T v T T T T v T T T T T
mn 8F c: a -]
2\/5 S?_} ! Signal example : :
] . o o m, = 7 GeV " ]
Needed a special single photon trigger 5 f ]
(not available in Belle, only ~10% of all data in BaBar) 4k o J8
Trigger logic L1 rate at full luminosity Moax. L1 rate . _ ; :' _:g
E>1GeV 4 kHz (barrel) < 30 kHz [ . 18
+ 2" cluster E < 300 MeV 7 kHz (endcaps) Sustainable o §F=== L N A __
E>2GeV 5 kHz (barrel) for entire o« O ‘f{; :
+ Bhabba & ~~ vetoes Phase 3?7 —50- 1 5 5 Jx10°

G. De Pietro (RBS¥EIME)Preliminary MODEL 2019 E,.. [MeV] 19



Belle I

¥ Dark Photon: invisible decay (signal)

Discriminant variables:

Ecus Vs- polar angle of “single photon™

_. 6.0 Silgnal .

=
=
Events / bin

joos R . ..—‘ - , i I_
20 40 60 80 100 120 140
goba.b (deg)

10°

Signal signature:

peak in E_ . (horizontal band)

CMS

G. De Pietro (Roma Tre) MODEL 2019 20
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a4 Dark Photon: invisible decay (background) (g
Discriminant variables: Belle I
Eus V. polar angle of “single photon” : f“ N—
IBaﬂe " " g =seeasei
Ll N\ew | exoowm [ EEI5EE 2 ee—2
g — L= o Y
L - g LB 102 3 Ty in ECL BWD or FWD gap

ee—2y and 3y
1y in ECL90° gap
1y out of ECL acceptance

| Belle Ii

ﬂ'p conducting codl

60 80 100 120 140 el °‘;‘jm 3
0 deg) SR
] w%‘“ Tt |
ee—eey . Signal sign?ture: ee— 3y
both electrons peak in E ¢ (horizontal band) 1y in ECL BWD gap
out of track]ng acceptance Ty out of ECL acceptance
G. De Pietro (Roma Tre) MODEL 2019 21



(sensitivity)

DD
ey  Dark Photon: invisible decay
s 104 e
S 10° F s
=, — Belle Il calorimeter has mE
- 10_? T no projective cracks in ¢ o
o) o B e
S 1077 AE7
o =
w 11 R T i
10 " Belle Il (20 fb™) B
> Belle Il (Phase3) =
1073 .+*" LDMX1@4GeV -
1o LDMX2@8GeV -
10—15 __?g@-’ ot oy = 0.5 —
- 3m =m, =
10—1? Ll 14 iadl - XI .
[0 10~ 107 1
m, [GeV/c"]

G. De Pietro (Roma Tre)
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Belle I

~ Lower trigger
threshold wrt BaBar

J. Alexander et al. (2016),
arXiv:1608.08632
N. Toro,
private communication (2017)
J. P. Lees et al., BaBar (2017),
arXiv:1702.0332
The Belle Il Physics Book,
arXiv: 1808.10567

22
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Dark Photon: leptonic decay D

Belle I

Belle I

Look for a bump in the

ete™ or ptp~ invariant mass

over a (large) QED
background

Belle Il sensitivity is
obtained by scaling the
BaBar measurement:
- expected better

104 invariant mass resolution

My (Gev)w - expected better triggers

G. De Pietro (Roma Tre) MODEL 2019 23
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D Dark Photon: hadronic decay D

Belle I Belle I
?«ﬁ‘jo a
A \q)(j\ - >
o . KLOE)(Q)
BaBar i
Y]
4y

O

Very interesting final state...
- searched only by KLOE
(A" — wtr7)
- covered only the region m,, < 1 GeV

.. but quite challenging!
- due to large available phase space +

hadronization, many final states

400 600 800
MU (MeV)

must be considered

- background from hadronic events .
g We aim to cover

m,, > 1 GeV

G. De Pietro (Roma Tre) MODEL 2019 24
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[} [ J [ ®
<o Axion-Like Particles -
. . . Hook (2015), arXiv:1411.3325
Axion-Like Particles (ALPs) are pseudo-scalars A
and couple to bosons. a
. . . g
Unlike QCD Axions, ALPs have no relation
between mass and coupling. A K
| will focus on the coupling to photons: ALP-strahlung k
1 : ‘ ‘
LD —g‘z’"}’ aF F*"  NB.7T~1/g *M? g =105V, 0 =107 Gev"
0.010}

o)
& 0.001f

Belle Il will study the ALP-strahlung case

Photon fusion
(low sensitivity to photon fusion production) 107°) ALP-strahlung

0.1 0.5 1 5 10

m, [GeV]
G. De Pietro (Roma Tre)

MODEL 2019 26



D D

D Axion-Like Particles (signal) D

Belle I Belle I

I G Two of the
oy
7 T photons overlap
U9 or
h 10-1 For resolved case:
E Resolved 3 clusters with E_, > 0.25 GeV
-2
10 : Peak in N~y mass spectrum
103 F
- Three resolved,
E 10_45‘ high energetic
= s hotons.
> 10°F P
s
10—5:E
ALP d tside of 107
ecays outside o FJ.High Energ. Phys.(2017) 2017: 94. The searches for
the detector or decays 08 S e e D invisible and visible
into particles: 107 107 107 107 10 10 ALP decays veto this
Single photon final state. m, [GeV]

region.
G. De Pietro (Roma Tre) MODEL 2019 27



a4  Axion-Like Particles (sensitivity) D

Only couplmg to ol With couplmg to Z
. 10™" -

JHEP (2017) 2017 94

JHEP (2017) 2017 94 E

1072 102
1073 pete V3Y 102
- e
— L [

\
|
-1
Gayy [GeV ]
—
o
y3

astrophysics

106 8 = 10"6E
% SHIP ] E
R o
07— v il i v MRS 0—7 T R . . ool . . o
1873 102 1072 15~ 100 10 104 10 1072 101 10° 1C
my [GeV] m, [GeV]

G. De Pietro (Roma Tre) MODEL 2019 28
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Belle I

[

Gayy [GeV]
3

=k
C?
Uﬁ

10-5E
1077

10‘4 o2 195> 10~ 10° 10

G. De Pietro (Roma Tre)

Axion-Like Particles (sensitivity)

Only couplmg to ol

1028

107

TITT

JHEP (201 7) 201 7 94

LEP |-

Belle Il y"'+\‘irw (20 fb™)

_______________________

: astrophysics

Gayz = 0

‘4"". .u -
el o el Lol 1 aanl AT |

m, [GeV]

D
o

Belle I

Wlth couplmg to Z

JHEP (2017) 2017: 94

LEP -

Il y'+ inv (5(1 ab™ -

-

-
il L“.LL _.I._L-J_L.I-.I.I.I-.L

E astrophysics

% SHiP

Gayz = -2tan 8y Gayy

0 ?- o vl Ll S IR R T | L‘jq‘lh-l..-'.:.'{l L1 _-.i
1= 15 10 ;2 10° 1C

m, [GeV]

MODEL 2019 29
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D ALPs: low-mass region D

Belle I Belle I

Belle Il: ALPs below 200 MeV? ALP-fusion

» For ALP masses below ~200 MeV, the decay photons e e
are reconstructed as one ECL cluster even in offline
analysis. Currently under study: |

» Untagged (electrons not seen) ALP fusion
production has a much higher cross section and = e =
produces ALPs with less boost (difficult to trigger).

» Shower shapes for merged cluster are different, N
MVA based reconstruction has better separation

power (but events have to pass L1 trigger). et et

» Pair conversion of one decay photon costs

Pro: resolved clusters

statistics, but yields a distinctive four particle final

state. Con: very low energetic photons

G. De Pietro (Roma Tre) MODEL 2019 30
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¥a] N uonic Dark Force: invisible decay =

Belle I Belle I

It's possible to consider a gauge boson Z' ole’e” — ' Z(—> invisible)] [fb], g'=0.01

that couples only to 2" and 3"

leptonic generation (Lyp — L+ model)

e > u'u Z'(— inv.)] [fb]

— - Y 3 / — H ! —1 ...... e SRR AR SRR o e P I T

L = —gmy'Z,p+g7"Z,T e Cross section RN
1072 &= RO U NS SOUUN ERRUUURURNUUNINE: RURUURNIURNR SUUURMUUURE SRR J0.. ‘W< :

— ' 7! F o M rz! NN

g Vu,L" Z“_Vp.,l; + g Vs LY Z”L"T.L i ComPUtedWIt ................... SR S .\

G

MadGraph .\
Shuve et al. (2014), arXiv: 1403.2727

u 1078 & ‘.I .................................. . ................... . .............. | ........... | ........ | ....... | ...... ‘ 1

I v, x Branching ratios:

M, <2M — ['(Z' — inv.) =1
I*, v, x 2M < M, <2M_— T(Z — inv.) ~ 1/2
M,. >2M_— I'(Z’ — inv.) ~ 1/3

+
1}
G. De Pietro (Roma Tre) MODEL 2019 32
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Belle I

Invisible decay: reconstruct the recoil mass .

Muonic Dark Force: invisible decay

D

<O

Belle I

: D107 Eor—— Belle 1120’ B—
w.r.t. the two opposite-charged muons | — = Bollo 120 BFZ 1 11
] — Belleli2ab L
and look for a peak in the mass spectrum Ha Al
. . SO SN | 1 LN S 8
Additional request: R BEE
O
~ nothing in the rest of the event =
Considered several Considered the R R
mass hypothesis for Z’ main backgrounds: b g};g:::;;;; i
with full simulation ete” — ptp~ R )i-ban
I — |:||| ---------------------------------------------------------------------------------
and reconstruction ete” - 17r1™ 10° 102 10”
M, [GeV/c
ete” —ete ptpu~
The sensititivity plot is obatined considering Z’ cross section, signal efficiency
and background rejection (the selection is not optimized)
G. De Pietro (Roma Tre) MODEL 2019 33
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2] Nuonic Dark Force: invisible decay

Belle I

D
o

Belle I

Invisible decay: reconstruct the recoil mass .

] @10 B “Bele 120"
w.r.t. the two opposite-charged muons | — = Bollo 120 BFZ 1 11
and look for a peak in the mass spectrum : —— " Belen2ab BFIZ> 15
Additional request: | ==
10° =
~ nothing in the rest of the event 68)5\):{6
Be\\e XX
Considered several \ o
mass hypothesis for Z’ mai GOa . ’(}Q ?‘Q‘& ﬁ )()\Qe
with full simulation e W3 d O
. 6“ -
and reconstruction et d )()‘96

N R

The sensititivity plot is obatined considering Z’ cross section, signal efficiency

and background rejection (the selection is not optimized)

G. De Pietro (Roma Tre) MODEL 2019

34



D D

o Dark Sector and LFV Do

Belle I Belle I

Final state:
etu™ + miss. energy

o

We are also considering a different model,

in which a Z' boson couples to all leptons

and we allow for Lepton Flavour Violation .

See arXiv:1610.08060, arXiv:1701.08767 v, X

Complementarity with searches for:

- low mass Z’
- charged LFV

I

Low background from SM processes!

Final states:
eteTuTpT; eTeT T
G. De Pietro (Roma Tre) MODEL 2019 35



D D
- Dark Sector and LFV <o

. : Final state:
We are also considering a different model, " e*pu~+ miss. energy

v, X
7!
X A
H U, X

in which a Z' boson couples to all leptons

and we allow for Lepton Flavour Violation

See arXiv:1610.08060, arXiv:1701.08767

Complementarity with

- low mass Z’
- charged LFV

,
Low background from SM ! Z;,<

ne

& Final states: e
eteTuTpT; eTeT T
G. De Pietro (Roma Tre) MODEL 2019 36
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D Magnetic monopoles -

Belle I

Belle I

Minimal magnetic charge

from Dirac quantization: g, = 68.5e

Lower magnetic charge not ruled out

(and not covered at ~GeV scale)

o . g=1le g=2 g=3e
Interesting predictions (arXiv:1707.05295) for = 12:||:||:| PSR NS A s
monopoles with g ~ le and m = 4.5 GeV... T ffbi i giaenereggages]
H (I e S | ' P A
0.8 L 1 —‘—+ 1 monopole g=1e m=4.5 GeV/c|
. but not-relativistic at Belle Il: all Jagil LN monopole g=2¢ m=4.5 GeVic
il ; monopole g=3e m=4.5 GeV/c
— no 1/B2 term in dE/dx for magnetic charges 0.6f; o monopole g=ds m=4:5 Geie

monopole g=5e m=4.5 GeV/c|

muon

— few hits in the CDC o4l
— needed a dedicated tracking

(+ parabolic tracks) f Lh_u |Hm IC(J%Hlts

S Wi 0 W N N N T T .. Y T R W = S~ ST T T N N N O T

0 = | P
G. De Pietro (Roma Tre) MODEL 201 ©0 10 20 30 40 50 60 70 80 90 100 gr

{ | —e— Track finding efficiency / ndf
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D Magnetic monopoles -

D

Belle IT Belle IT
Projected sensitivity 2 I.arge
= °F :
+j_ = = b0 — 68.5e
T oL SO 2t ruled out
D = — . ——— ™
o . ,F TSRS ——| < =}V scale)
© 0°F TASSO g =20e 8 =
g F | e e — s i E— : -::
Intere g 107° = CLEO ¢ = &Se CLEO g= ,‘% :i Irrllllllolnlsl T |:
= a i : : -
monopdg = 107 & 2 —' -6——i—+":
T E CE.LEO g o ZE ; f \O;OI;:_:1:m=4.5 GeV/c
. bUt ng _I'_'ED 107° E . - ~_: hopole g=2e m=4.5 GeV/c
'_ﬂ_.).r — Zﬂjb-! BEJ.'.’E Ijg - _!f:)___“.-"" i_J 7L fhopole g=3e m=4.5 GeV/c|
_> no 1 b 1[} 5_? _______________ :1:: _________ hopole g=4e m=4.5 GeV/c|
I = c=sz=zzs=ssszzzzzzzszzzzzesziIiiiiiliicae-ememen=nT" hopole g=5e m=4.5 GeV/c
=ty oL 20p" Bellellg=3e | |
% r' % | inding efficiency
1&—30 1 CJ|5| | | 1| [ I-E |5| | | 2' L1 |2|5| L1 3‘ 1 1 1 3|5| 1 '4| 1 1 1 4|5| L1 5
( M - Va‘f 2 \ IQ.Q. Hits
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Other dark sector and exotic searches [ ¥=
Visible Dark Photon decays Invisible T(1S) decays via:
also 7t 1~ final state! T(3S) = T(1S) ®+w—

Off-shell Dark Photon decays T(2S) — T(1S) m+ =~

: : Muonic Dark Force:
Long-lived neutral particle decays
eter - ptu=2 ;2" — prp-
Dark Scalar:
ete— s T+T=S -G _y [*|- ... and many others!
More details in The Belle || Physics Book

arXiv: 1808.10567

G. De Pietro (Roma Tre) MODEL 2019 39
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L= Summary Do

Belle I Belle I

v Belle Il at the SuperKEKB facility started operations in 2018,

collecting ~500 pb! of collisions data

G. De Pietro (Roma Tre) MODEL 2019 40
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L= Summary Do

Belle I Belle I

v Belle Il at the SuperKEKB facility started operations in 2018,

collecting ~500 pb! of collisions data

v Dedicated triggers for a rich program of Dark Sector and exotic

searches at Belle Il: ready for Phase 3
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L= Summary Do

Belle I Belle I

v Belle Il at the SuperKEKB facility started operations in 2018,

collecting ~500 pb! of collisions data

v Dedicated triggers for a rich program of Dark Sector and exotic

searches at Belle Il: ready for Phase 3

v Already a small dataset will give world leading sensitivity for several

Dark Sector searches
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L= Summary Do

Belle I Belle I

v Belle Il at the SuperKEKB facility started operations in 2018,

collecting ~500 pb! of collisions data

v Dedicated triggers for a rich program of Dark Sector and exotic

searches at Belle Il: ready for Phase 3

v Already a small dataset will give world leading sensitivity for several

Dark Sector searches

v First results (ALPs, Z', etc.) expected by the end of the year

G. De Pietro (Roma Tre) MODEL 2019 43
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Belle I

SuperKEKB machine parameters

D

<O

Belle I

Parameter KEKB Design /(E_I_(B Achieved SuperKEKB Degg}\
Energy (GeV) (LER/HER) 3.5/8.0 f 3.5/8.0 (4.0/7.0) 1'
B (mm) 10/10 5.9/5.9 0.27/0.30

B (mm) 330/330 1200/1200 32025

£ (nm) 18/18 18/24 3.2/5.3

2 (%) 1 0.85/0.64 0.27/0.24

o, (um) 1.9 0.94 —1/20_, 0.048/0.062

“;}, 0.052 0.129/0.090 0.09/0.081

o- (mm) 4 6/7 6/5

Tpeam (A) 2.6/1.1 1.64/1.19 — X2 536/2.6
Nounches 5000 1584 2500
Luminosity (10°*cm=257") 1.0 K 2.11 — 80 j

L_

2er,
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Electromagnetic Calorimeter (ECL)

Belle Il |

In barrel ECL, Belle Il has no
projective cracks in ¢ w.r.t. BaBar:
— Mmore hermetic
— more efficient
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Electromagnetic Calorimeter (ECL)

Energy resolution in Belle Il barrel:

Material budget in front of ECL.:

p— [ I L] L] L] L | I - 1'2
X 3 . R
15" —4— BGx0.0 (no material) Barrel_| it
Lu X s 1.0 B SVD
— B —4— BGx0.0 Barmrel = B CDC
DLU - 5 ) —— BGx0.1 Barrel . BN ARICH
- e \  —+ BGx1.0 Barel I < 0.8 =T
1 0 o —— BGx1.0 Barrel g.aiq z
B L't. K ‘. % il g’
v 5 2 0.6
= e : El__‘ o '5
I . SN i L.
5 " o 0.4
_';tq. ...... - = L] . -
MR TP 'L“'“-L Teat
B Sildta.. - Y- =
BRRREL EFFPEE PR, T B2
| z -:IEu’I‘tﬁa—.--_-____‘,,,,,n
0 i el 5 L b aaal A " M
0.0
_q -1.00 -0.75 =-050 -025 000 025 050 075 1.00
10 1 cos(6)
Etrue [GGV]
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o Beam back d o
e ca dACKgrourmn e
Coulomb Bremsstrahlung
e+ et e+ et
12th campaign
'E' T L] T | T T T | T T T | T
o) 6 - —
iy i Touschek HER 1
(:3 £ | Touschek LER
Bhabha Two Photon — === Coulomb HER
+ n 4 g B B Coulomb LER =
¢ ¢ ¢ > 4 - BB RBBHER
o .
+ Synchrotron = ESSS RBBLER
Radiation Q T i
3 BHWide LER
+ Touschek S 2 ]
@
+ o +
e e e ?
g
<

Effects from beam background:

— degrades calorimeter resolution.

— radiation damage.

— pile-up and event size.

— physics background
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G. De

Invisibly Decaving Dark Phutgﬂr,-'-l" - Fy

Dark Photon: invisible decay (prospects)
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D
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Belle I

Missing Mass/Momentum Experiments (Kinetic Mixing, m 4= 3m )

P

"ol MMAPE S
VEPP-3 el

Fowg I\thl

____________________________________

Belle 11

Battaglieri et al. (2017), arXiv:1707.04591

Pietro (Roma Tre)
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ey Dark Photon: muonic decay @ LHCb {¥=

Belle I

™
W

Belle I

10 » A = U:+IJ'_ 90% CL exclusion regions on [m( AN, ."-:2]

107
107°
1077
1078
10 ‘ .

1071 Displaced decay 1 vHCb

B Previous Experiments

LHCb
arXiv:1710.02867

10—11

10—]2 I T i M S
1072 107! 1 10

m(A") [GeV |
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D

ey A xion-like Particles: invisible decay e

Belle I
1072 e
; JHEP (2017) 2017: 94 1
i LEP y +inv
108
= BaBar y + inv
3 ,
_4'__ /. nd
S 1 il
3 Belle Il y +inv (20 fb™") !
()] e
o
105 R o » _
Belle Iy +inv (50 ab Y
. gayZ':U
10_6 - . S Lol ! L il L I T I A
107" 10% 10" 102
G. De Pietro (Roma Tre) m, [GeV]
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D D

a]  Axion-like Particles from B decays [¥=

Belle I Belle I

a— Y a — invisible
: N 7 “ A | 1
K = na LEP- 00 /o
. f 50k .
10~% B / 11';111'9_‘-].7-?---' -------- 4 1072 ¢ BaBar mono-y, 23/fb .
- / gl : ._-’.i'.,:'.jl'i:l
K* = n*g", % pelle, VAR ?-E’ """
+ G e : PN [T M P—— ;
g e T 1077 B : &
= s - Z Z : —_— : Belle IT mono-y .
l 10 3 : ﬂ"‘ht % ? 5 o | T T PP T L 4
- By B Z A e " o
% pat® i ‘H‘:?Ig“'u' 5 ? J_;q-‘{.' *'I ' @ [
O, S A - S O. 101k  BaBar B— Ka A
oy 2 e e o - 3
& - L : . j/"" : :
3 100 | > B, ’ Boke: | 3 B U Belle I B> Ka ___ .
B, 0w e 7 : S
 Beam dump 7 " R 7 o 10-5  Kt> nta ]
A i E
é i S E E787+E949 ¢ G
6 2 7 | o
107" F Z Z - _g b...NA62 .
R 0, AT 1070 e . el ]
0.1 1 5 0.1 5

<
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a

lzaguirre et al. 2017), arXiv:1611.09355
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