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SuperKEKB collider & Belle II experiment. 2

» Accelerator: SuperKEKB

esS0oNance

» Running at the Y (4.5)

» Target 50 ab~! (50X Belle)

» Higher beam currents

» Smaller beam spot

» Collected 213 fo™! up to now

» Updated detector:

Sascha Dreyer

Selle

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(Tl), waveform sampling electronics

\

electrons (7 GeV) Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) + !
4 layers Si double sided strip DSSD 8

("«"l/ 'l/"" r "." 5774

J ’,;, /r f | ..' 755/
1Y,

4 .' 11714

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)
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Dark Sectors.

Mediat
Standard Model caeor. > Dark Sector

» Light dark sector coupled to Standard Model

heavy mediator

=

<
» Possible portal interactions: &
2
» Vector — Dark Photons A’, Z’ -
S
» Pseudo-scalar — ALPs ©
D
» Scalar — Dark Higgs =
2Me
' ' ' = Y
» Neutrino — Sterile Neutrinos — DECAY TO SM SUPPRESSED —CEz
>
dark matter mass mpm
T. Ferber
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Dark Sectors with Belle |l. 4

ete” > X - yyor SM

» Design focus as B & 7 factory _
ete” - Y(4S) - B[B = KX]

» And: Light dark sectors

Belle Il Online luminosity Exp: 7-18 - All runs

[
NN

» Well known initial conditions and less/no pile-up Integrated luminosity

. Recorded Weekly

[
N
1

- 200

» Special low multiplicity triggers

[
o
1

- 150

» Single photon trigger (not available at Belle)

- 100

» Single muon trigger

Total integrated luminosity [fb~!]

- 50

Total integrated Weekly luminosity [fbo=*]

» 3D track reconstruction at L1 using NN

e
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Dark sectors with Belle |l. 5
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Search for an invisibly decaying Z’ boson.  e* utlet 6

» Additional massive gauge boson Z’
» Could explain discrepancies [1] & [2] A
» (8 — 2),,, e
> b — sup . Bellell 2018 . Data
10° F J‘
- _ -1
» Study mass recoiling against pu system ) Ldr=276pb
» Backgrounds: 10 e W)
aC gI’OUﬂ S. -cg E ——e*te™— TT(Y)
- —= ete’ > ete W
_ _ Q 1f
» eTe” - 17T S
4+ - 4+ - 107" 3 _'_I_|—|_._
»ete” = utp(y) :
» LFV mode studied as well 0°F
[1] B. Shuve et al., Phys. Rev. D 89, 113004 0 1 2 : o
[2] W. Altmannshofer et al., |. High Energ. Phys. 2016, 106 Recoil mass [GeV/C ]
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Search for an invisibly decaying Z’ boson. 7

Belle Il Simulation Expected 90% CL; UL - Median™

=9fb-! —— [Ldt = 50fb?

= 50 fb~! (more inclusive trigger)

mmm Belle Il PRL124, 141801, [Ldt = 0.276 fb~?

Mz [GeV/c?]
Phys. Rev. Lett. 124, 141801
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Search for Axion Like Particles (ALP).

» Pseudoscalar ALP a

» Events with three y consistent with \/E

» Search for a peak in reconstructed ALP
mass distributior

» Backgrounds mainly ete™ — yy (y)

~
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Search for Axion Like Particles (ALP). 9
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Dark sectors with Belle |l. 10

Ongoing searches
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Search for a Dark Photon. 11
9,
@
O .
7)
» Dark photon A’ 9%

» Vanilla benchmark-model

» Invisible decay to Dark Matter y

(or very long-lived) -

» ISR photon y )
10°° =

» Searchforabumpink, — F selensmusten20m’ " - -
» Main background: eTe™ = y ¥ (y) 107 E
» Understanding the detector is crucial _
10°° =

,. 10
m,. (GeV/c")
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Search for a Dark Higgs. 12

# 7
+ \QO .
, o C A’ 7
» Dark photon A’ with a Dark Higgs h ut 9%
y AT
/ . - QANANN\ :
» A’ Invisible (very long-lived, m;,, < my)
» Dark photon decay into iy o
6r 1073
: . - Belle Il Simulation Expected 90% CL UL o
» Search for a 2D peakin M, vs. M. o I -
§ | 4104 8'
» Main backgrounds: G N
- _ | ;
> eve” =t (y) S | N b
— | i 106 i
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Search for Inelastic Dark Matter.

101

» Dark photon A" and two Dark Matter states yy, x>

' ' ' i —2
» Long-lived y,, relic candidate y; with m,, > m,, 10

» Initial state radiation y for triggering
w 1073
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€ A * === Sensitivity of displaced search PN
: 10 12
e + L1 BaBar mono-v limit rescaled
X 107° - »
B 2 102 10~ 100 10!
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M. Duerr, T. Ferber, C. Hearty,
F. Kahlhoefer, K. Schmidt-Hoberg, P. Tunney

J. High Energ. Phys.
2020, 39 (2020)
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Belle Il Simulation
2 - log €=-2.8,m  =0.2 GeV
L 0.25 - log €=-2.8,m  =0.5 GeV
Qo i log €=-3.6, m , =2.0 GeV
C - =- =
— o2k log €=-3.6, m, 3.2 GeV
'8 i my =2.5 mx1, A=0.4 mx1, 0,=0.1
N I
(_6 0.15 B
= |
O
= 0.1 .
i I
0.05 [ Lk L
O;_ _lllllfll'l'l":-iLJ_l lIlllLlllll

{ 15 2 25 3 35 4 45 5 55 6
Photon Centre-of-Mass Frame Energy (GeV)

Sascha Dreyer Dark sector searches at Belle |l DESY



Search for B—=Kh'. b W ’ 15

» Long-lived Dark Higgs /i’ in b — s transitions t e, u, 7, K 0,
. . e, u, w, K
» Form signal B meson candidate I o
10 -2 : -:.
: 3 O}
- —+—
] © i
1 c |
107 1 O
' . -+ |
: - O |
1 . 3 |
: -4 - N
3 10 ol
I ) A. Filimonova,
107> 3 R. Schifer, S.Westhoff
——d Phys, Rev. D 101,
adapted from T. Ferber ms [GeV] 095006 (2020
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https://link.aps.org/doi/10.1103/PhysRevD.101.095006
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Search for B—=Kh'.
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/ preliminary selection m ete o
' I ete -s5
» Search for bump in reconstructed A’ (LLP) mass —c=
’é B cte -B*B-
o Lot B ete -B°B°
. ~N 1 signal a.u.
» Mostly backgrounds at low displacements S seneed
*
Q
: : ©
» Reconstructed mass slightly asymmetric for large =
©
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¢ Results published with early datasets:

* |nvisible Z' Phys. Rev. Lett. 124, 141801

* AlLPs search Phys. Rev. Lett. 125, 161806

®* Ongoing searches:
* Dark Photon, Dark Higgs
* |nelastic Dark Matter, Long-lived Dark Higgs
® ... many more!

* Belle Il will be leading the field of light dark matter in the coming years

Sascha Dreyer Dark sector searches at Belle |l DESY.


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.124.141801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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Backup.

Sascha Dreyer Dark sector searches at Belle |l DESY.



