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» Belle Il will accumulate a unique data sample over the next decade
= Clean environment of e*e- collisions
= Unique collision energy (among the currently running colliders)

* The Belle Il detector is well designed to search for dark matter
» Upgraded particle ID — Improved constraints from recoill
= Better hermeticity than BaBar
» Special triggers for one- and three-photon signatures (under design)
* Improved event reconstruction to increase the sensitivity to missing energy signatures

 Searches for dark matter in

= Direct production
= LFV decays
= B decays
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\% RPC u & K, counter:
scintillator + Si-PM

Pacific
Northwest — The Belle Il Detector (andt two o barel ayers)

NATIONAL LABORATORY

CslI(Tl) EM calorimeter: ‘ e —

waveform sampling AN : , | B

electronics |
5.0 m

2 layers PXD (DEPFET),
4 layers DSSD

! Time-of-Propagation courhter
2 (barrel),
V"___prox. focusing Aerogel RICH

Central Drift Chamber:
smaller cell size, :

long lever arm

Jan Strube -- A Rainbow of Dark Sectors March 29, 2021



o

Pacific

Northwest  Belle Il data sample

SuperKEKB performance

Instantaneous Luminosity world
record broken on June 15, 2020:
2.22 x 1034 cm-2s-1

Data recorded:
passed 100 fb-! on March 24th, 2021

Belle 1l Online luminosity Exp: 7-8-10-12-14-16-17 - All runs

| Integrated luminosity
B Recorded Weekly

. fﬁRecorded dt =101.14[fb~!]

Total integrated Weekly luminosity [fb~?1]
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Touschek scattering lectron bunch J

* Intra-bunch scattering

 rate «< (beam size)', (Ebeam) <. ‘>
* Most dangerous background at SuperKEKB

* Photons upstream hit nuclei and produce
~10"/cm?/year neutrons (1 MeV equivalent)

== 2-photon process /
. N {
« Generated electron-positron pair might 7 }
enter the detector / 0(10" nb)
* 0.2% occupancy on PXD
ik

Radiative Bhabha S

« Rate o« Luminosity (KEKB x 40)

« EM showers from outgoing beam g o ~50 nb

e
 Neutrons from photon A\
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Detector signature: single photon + missing energy. Background from e*e- — yy
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OE 2013

Unlike dark matter, mediators
from portal interactions can

LI

have sizable SM couplings. 104t \ v i
1072 107 1 10
m,. (GeV)
See also SIMPs _ _
(Hochberg, Y., Kuflik, E.& Murayama, H. J. High Energ. Phys. (2016) 2016: 90. ) Detector S|gnature: S|ng|e photon + tWO tracks
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Northwest search for an invisible Z’

First Belle |l physics paper:
i — Oa’ ¢ “Z’€ Could be related to: dark
%_: gty matter, g-2, R(K) and R(K*) PRL 124 (2020) 141801
= SR Belle II Expected 90% CL. UL - Median
Shuve et al., arXiv:1403.2727 100 _

1071
2 = o 1072 :
i b Vue X Projections simulation:
Search for a peak Lo-3 [ - [Ldt=9fo! —— [Ldt=50fb"2
in the recoil mass y J Ldt = 50 fb~1 (more inclusive trigger)
using 2018 pilot | mmm Belle Il PRL124, 141801, [Ldt = 0.276 fb~1
1—4....|....|....|....|....|....|....|....|....
Outlook: run data I A
: , 2
Updated triggers Mz [GeV/c]

Sensitivity to (g-2), band with data sample on tape
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Belle |l is sensitive to new propagators
coupling to photons
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Comput Softw Big Sci 3, 6 (2019), arXiv:2008.06096

* Y(4S) decays to a pair of B mesons

* The detector covers nearly 4

— use the well-known collision energy and
reconstruct one B meson to apply constraints on
invisible decays of the other B meson

B— uv,B—1v,B— K(*)vv

Tagging € on MC Or any other

B decay with

Tag Belle =~ Belle w/ FEI FEI Belle I invisible fina
Hadronic BT 0.28% 0.76% 0.66% states
SLB" 0.67% 1.80% 1.45%

Hadronic 8°  0.18% 0.46% 0.38% \

sL B°  0.63% 2.04% 1.94% L”a‘i'kiféhen!
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Events

6000

=l Analysis is made possible by event reconstruction in

Belle Il

simulation a 4 'IT deteCtOr

5000

4000 |

O
g New physics coupling to third-generation leptons
i 0 could enhance the decay while avoiding existing
e limits.
Mode B [107°% Efficiency Npacke. Nsig—exp. NBackg. NVsig—exp. Statistical Total
Belle 711 b~ 711 b= 150 ab~! 50 ab~! error Error
[1074] Belle Belle Belle I Belle I 50 ab™!
Bt - KTup 4.68 5.68 21 3.5 2960 245 20% 22%
B° — KQui 2.17 0.84 4 0.24 560 29 94% 94%
Bt  K*tup 10.22 1.47 7 2.2 985 158 21% 22%
BY — K*0uiy 9.48 1.44 5 2.0 704 143 20% 29%

B — K*vv combined 15% 17%
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Pacific Current status of K'vv | | & =3 Chorgeds
NorthWQSt - - B cc -
NATIONAL LABORATORY http://moriond.in2p3.fr/2021/EWI/slides/3_flavour_10_dattola.pdf (i 6 L _ _
) B ss
= o l
SRR | N =
» New idea: inclusive tagging g4 o s en 3123
= Select the track with the highest pt s |
[ ] [ [ q‘;:" 2
 Signal efficiency increases to ~4% ' |
» We apply a multivariate classifier on the 03 " 2 3 n =
rest of the event to reduce background pr(K*) [GeV/c]

SM AveraHQe
0.46 £ 1.1+0.4, preli

1 1 1 I 1 1 1 I 1 1 1
. Belle II (63 fb !, Inclusive)
1.97:%  This work, preliminary

Belle (711 tb~1, SL)

1.0£0.6 PRD96, 091101

° Belle (711 fb~!, Had)

3.0+£1.6 PRD87,111103

Competitive measurement with
a fraction of the data

Br(B™—=K " ww) <4.1 x 105 (90% CL)

Babar (429 fb—!, Had+SL)

0.8+0.7 PRD87, 112005
I 1 1 1 I 1 1 1 I 1 1 1 I

2 4 6 8 10
10° x Br(BT—K * vp)
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% “Baryogenesis and Dark Matter from B Mesons”
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Operator ||Initial State Final state AM (MeV) 4 1.5 GeV < M(lpDM) h
Bad ¥ +i\0(“3d) 4163.95 Initial focus “Neutron stars exclude light dark baryons”
b B, ¥+ 2 (uss) | 4025.03 Phys. Rev. Lett. 121, 061802 (2018)
Bt ¥+ 31 (uus) 4089.95 J
Ay ¥+ K° 5121.9 @ Dark sector
Ba ¥ + n (udd) 4340.07 P - scalar baryon
bbud B, Y+ A(uds) | 4251.21 0 ‘QDMhZ = 0.12 (Planck)‘
Bt W+ p (dun) 4341.05 J Dark sector
A )+ m° 5484.5 e : -
: 4 J;“ O(TeV) , Majorana fermion
Ba ¥+ 22 (csd) 2807.76 "
o B, ¥+ Qe (css) 2671.69 Y ”
CcS
+ =+
B v+ E (csu)+ 2810.36 ; Search for
A Yv+D + K 3256.2 /
: . p BY decay to A°
Sbed B, Y + =D (cds) 2895.02 Bd ..
Bt W+ Ae (dew) 2992.86 > (missing energy)
Ay b+ D 3754.7
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* Dark sector searches are increasingly moving to lower energies.

 Belle Il will make important contributions to the search(es) for a dark sector.
= The accelerator will accumulate a unique data sample

* The detector has unique capabilities compared to previous experiments
v Improved triggers and reconstruction compared to Belle
v Improved hermeticity compared to BaBar

* The collaboration is starting to exploit the data and first physics analysis
related to dark sector searches have been published.
= Axion-like particles
= |nvisible Z’

* We have lots more in the pipeline, but we're always looking for new ideas. If
you have a model that you think Belle || might be sensitive to, please get in
touch.
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