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SuperKEKB

eTe™ accelerator located in Tsukuba, Japan

Belle Il detector

Positron ring collision point

Built in tunnel of KEKB, but is almost entirely

new machine aiming to achieve 50ab-1 by 2027. : . )
x16%%— L L 0 L R L

U
(o]

co

Electron-Positron
linear accelerator

Super

F=N
(o]

[=)]

KeEKB

4=

[[.qe] 1 "3uI

Positron damping ring

N

2019 2021 2023 2025 2027

Peak Luminosity [cm™2s

(o]




What Dark Matter? arxiv:1707.04591

Dark Sector Candidates, Anomalies, and Search Techniques
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Belle Il can directly test this
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https://arxiv.org/abs/1707.04591

Make it!

Belle Il is collider experiment, so we aim to detect production of the Dark Matter.
In this talk, we consider only direct DM production in e*e- collisions, skipping “loop production” in rare decays
(These talks will become relevant in few years from now).

 From the phenomenological point of view, we can « Staying on purely experimental ground, we can
offer minimal SM extensions, that could be DM search DM production in processes that have very
candidates by themselves or portals to dark sector: distinct signatures. For example:

+ New Axion reerry
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* New Vector - e* e——y + Invisible
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Axion-like particles

* Axion-like particles are pseudo scalars
P that couple to photons™:

Sayy -
Z D — F, F"P
4
where ga,, is effective coupling

« They may also couple to fermions:

0,P _
LD —fr'rf
Ja
Note: no mass-coupling relation!

*They couple to other SM gauge bosons too, but we need >>1ab-? to improve current limits here
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Axion-like particles

Belle Il is primarily searching
for ALPs coupled to photons.
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ALP decays outside of
the detector or decays
into particles:

Single photon final state.

DESY

The first Belle Il ALP search:

Two of the €+€_ — y}/}/

photons overlap
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The searches for
invisible and visible
ALP decays veto this
region.

F J. High Energ. Phys. (2017) 2017: 94.
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Axion-like particles

Sensitivity prospects

« Search for ALPs in et e—yyy is

done in 0.472fb-1 collected last
year at Belle II.

« Main analysis challenge is
understanding of ECL
performance.

* Analysis is under internal review.

DESY.
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No systematics
Only dominant ee—yyy background included

135 fb-1 assumes no yy trigger veto in the barrel



Dark photon

DESY

“Dark photon" is a nickname for a new vector or
pseudo-vector particle A¥ that couples to a SM
electromagnetic current Jg‘M:

LD eAﬂJgM

with term “€" called kinetic mixing.

Dark photon couples to SM fermions and there are
some experimental results from BaBar and Belle
search is ongoing.

Dark photon couples to DM (in some cases, A
dominantly decays to dark sector). This scenario has
much looser constraints.



Dark photon

DESY

If Dark Photon decays to DM,
the signature of the process will
be

ete™ — y + Invisible

Main issue in previous
experiments: single photon
trigger.

Plenty of SM backgrounds with
missing particles.

Signal photon
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Belle Il MC
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Single photon search

Sensitivity prospects

1072
2018 data are used for
performance studies @

03

We aim to publish results with
data collected this year
(~20fb-1)
Analysis is in progress 107

BaBar 2017
53 fb-]1

ation 20 fb’!
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The Belle Il Physics book 1072 107 1 10

DESY.

arxiv:1808.10567

m,. (GeV/c?)
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https://arxiv.org/abs/1808.10567

Vector portal

DESY

We call Z’ a new vector particle that doesn'’t
have kinetic mixing, but couples to SM
fermions:

£ > ) 0g'lZ,1
[
with coupling g’

We search for Z’ in
ete”™ = utu~7Z'( — Invisible)

process.

Z" will create a bump in recoil mass of the
event.

Belle 2 DATA
event display
run # 3236
Event #493624
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Search for Z, § 102 Belle Il Preliminary e 2018data —
2 E de[= 276 pb-1 ://2?
2 - L “
=2 10— efe— puruiy) +
= = ete— TT(Y)
« Using 2018 data, we measured cross-section of N <o
=~ HiH ete— eteete 4
ete”™ — uTu~7'( — Invisible) process in bins of L
recoil mass in the SM-suppressed region. o .
T 107 /
 We found data to be in agreement with SM and put
constraints on g" in L, — L, model.

-2 BB NN | |
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Recoil mass [GeV/c?]

List of systematic uncertainties 3 1e ! T ! £
O = Belle Il 2018 Preliminary =
Source LLfL 2 - ) .
Trigger efficiency 5% 2 o' f Ldt =276 pb - =
Tracking efficiency 4% o T E
PID 4% j .

Luminosity 1.5% 5 107 — ik E
T suppression (background) 22% F Ly-Ly, BF(Z~ inv)=1 .
Background before T suppression 2% 10_3;_ _;
Discrepancy in up yield (signal) 12.5% ] (8-2) £20 ]

-4 il | L |

RS 1072 107 1
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How about flavour violation?

DESY

If we allow for Z’ to have flavour violating couplings,
we can get some new signatures, that easy to check

together with the “nominal” Z’ search:
ete™ - utl~(e,7) Z'( —» Invisible)
Existing searches for LFV can only partially constrain

this model (see backup).

By now, we don’t have working model for this. Theory
input is needed.

If lost energy is 0, this is cross-section measurement

of ete™ — e*17(u, 7). Could be sensitive to sterile
neutrinos described in [*]!

*JHEP 1504 (2015) 051; JTHEP 1602 (2016) 083
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« Using 2018 data, we measured cross-section of > f ” }
| - ete— iy
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mass in the SM-suppressed region. 1 F e " i
A T ete— eteete n e Irtan
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« Without working model to test, we sticked to model- :
independent approach and made an effort for our results to ozl | N
be valuable for theorists: ¢ to2 s s s e 78
Recoil mass [GeV/c]
We used kinematic selection from flavour-conserving g 8Op T
scenario. g 70;_ Belle Il 2018 Preliminary
. . _ , , K% 601_dez =276 pb™
« Selection is done cutting on kinematic variables (though g2
we used MVA to identify those that would have highest = 50p
. ) C
impact) t40E
'© - ]
- We studied detector performance and included its o O E
variations to the systematics. o 20F E
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Conclusions
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. . F=Tn —
before. Theory/phenomenology input is welcome! | TR Te— m@, B e S
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Thank you



Q: Aren’t LFV modes ruled out?

g,e[l I
. . . Exclusively from ete-—e=x;+X
« LFV is currently searched in processes like u — eee, \( o~ g,y g
ep
U — ey, 4 — e conversion etc.
. . . . o~ 8
« If there is new LFV mediator, it would contribute there Exclusively from
through loop diagram, i.e. branching would be proportions R e
to product of flavour conserving and flavour-violating
couplings, eg. 8., X 8pumu- |
Unexcluded region L
7
« If we assume that coupling of the new particle to the dark o :
Hu
sector is @(1), our cross-section will be proportional to Parameter space doodle indicating sensitivity regions for

flavour violating OR flavour conserving couplings constraints of vector particle having g, and g, couplings.
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