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Dark Matter searches in e*e- annihilations =" N X
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Belle Il

The detector
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Data schedule
Expected data set
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Dark Matter searches at B-factories
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Mass scale
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SM X
Phenomenology - ediator
Renormalizable way of Dark Matter coupling to the SM dgpr===-=-- Iy
Standard Model of Elementary Particles
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SM X
Phenomenology - ediator
Renormalizable way of Dark Matter coupling to the SM g ===~

Standard Model of Elementary Particles
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Phys.Rev. D93 (2016) no.5, 054023

Y(1S) — y invisible

Y(1S) — invisible

M_.q4 IS very large — can not be produced e ——

on-shell in B-factories Y(1S) — y invisible

DM particle is kinematically accessible

Bll — expected sensitivity for Belle |l
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http://inspirehep.net/record/1404130
http://inspirehep.net/record/1404130?ln=en

L PRL 103,251801 (2009)
Y(1S) — Yy invisible Phys. Rev. Lett, 122, 011801 (2019)

Y(2S) - Y(1S) i1
= 2.946 Gev/c?

Mass scan point with M___

o _ i N > B ﬁ15'_""""""'"""""'_
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Y(1S) decay background (irreducible)
Y(1S)—ll (leptons) do not produce a peak at Ey butatM__

Y(1S)—yhh (hadrons) produce a peak at Ey and M___

Background estimation:

studied with an off-resonance data set

do not observe any significant peaking
backgrounds

Y (2S)—1T1 (irreducible)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.103.251801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.103.251801

Y(1S) — y invisible
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conversion into
a WIMP-nucleon
scattering o limit
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BaBar, 14.4 fb+?
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Phys. Rev. Lett. 122, 011801 (2019)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011801

The Belle Il Physics Book

Dark photon \@ . /X
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Y A
Can decay to two leptons A’ — [I*I L
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- 2 100 —
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http://inspirehep.net/record/1692393

The Belle Il Physics Book

Dark photon \@ v /x

A
€ /s
Massive vector particle A', mixes with the SM photon: ~ e
I TH AN
Can decay to two leptons A" — I'I i
Experimentally: search for a narrow peak in . — 0Ol <09
o 2 100 .
I*I"rmass spectrum on top of large BG E& L MadGraph :
Can decay directly to light dark matter A" — x.x, :a 80 _ g, =0, _
Experimentally: negligible interaction with detector Dﬁ - M, =1MeV/c® )
60 e£=1 —
Experimentalist’s trick: require ISR photon
= A m2, 40 - B
YISR T 2\/5 20:_ _
—p- Single photon trigger is required 0 - 1 . : : :
not available at Belle, and only 10% BaBar data 0 2 4 6 8 10
my (GeV)
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Dark photon

Main background sources:

Analysis
First analysis: ee — YA’ , A’ — X.X, ee — eey(y) and ee — yy(y)
One photon (no tracks, R ——— i
no other good photon clusters) L
Bump search in recoil mass spectrum .
6.0 Bgckgroqnd . J . el al
% 0 : Belle Il simulatiog. _g T
" _ L OSSN O — M ) ‘
KEM A .llﬂ
il IBel:e“II = i % 5.0 0 M N NG L) - ee 7 VV’
2 ., 2 1yin endcap gaps
‘E‘C‘L“-*‘“‘\“‘;;«w =] 11 A 5F NG NG 107 4
| * o T L R
coc st [ 4.0+ Backwad Barrel Forward
| o 0 i NT | Belle Il el |
\ ----'u'-;/ |T|°"T§]7 | 5‘ ) 35 S KLM Su‘aerconducllngcnll ‘ KLM
ee — yy and vyyy, 30l EEEREERSTECAE NG T2
1yin ECL 90° gap . . 7
1y out of ECL acc R - T i d{em oo if
gl s e \SHW N
ee — eey, 10° lee vy,
both Iep_tons out 0L (deg) 1y in endcap gap
of tracking acceptance 1 y out of ECL acc.
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Dark photon ete” — yA', A — invisible

Physics reach 107 E
W _
At Belle Il : -
* single photon trigger
10°

BaBar 2017

* use KLM to detect escaped
photons ation 20 fb>-

107

The Belle Il Physics book:
arXiv:1808.10567
BaBar 53 fb' analysis:

PRL.119.131804 107° ‘ L1 TF
NAG64 2019 analysis: ) -
arXiv:1906.00176 10 10 1 10

m,. (GeV/c?)
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https://arxiv.org/abs/1808.10567
https://doi.org/10.1103/PhysRevLett.119.131804
https://arxiv.org/abs/1906.00176

Z’ to invisible: LIJ — LT model

“Dark photon” — Z' if non minimal

Search is performed in flavour
violating and flavour conserving

modes

g =
Mediator coupling to muons and taus, Z E
not electrons (L, - L)) g 'K
Abelian symmetry 20 :
Z’ — invisible: ,_1_102 ;_
calculate a branching fraction and =
compare to theoretical prediction .110‘3 g—
to find an indication of invisible DM Cia | o

= - Computed with MadGraph5
107 T | e i |

1
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Z’ to invisible: Lu — LT model

M

ee — UuZ’ (Z — invisible)

r

=s+ M -2vVsE*
ec by b

Simulated and reconstructed

Bump hunt in recoil mass against M, in range (0.1 - 10) GeV/c?

uu. Nothing in the rest of the
event

Counts

102

Kinematic fit of muons — to select
events recoil energy point to the e
barrel (best hermiticity)

Dimuon trigger

10
ee— Pu(Y)
ee— T1(Y) o
ee— eeuu
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Belle Il Preliminary

j Ldt= 276 pb

efe > U(y)
ete > TU(y)

ot gte > ete W

ete > mr(y)
——efe > efeete l

III]TI’IIITTIIITI[II'I]T[II]T[IIITT['I

e 2018 data

E s ete > etel(y)
I o
0 1 2 o

4 5 6 7 8

Recoil mass [GeV/c?]

Page 18



Z’ to invisible: Lp — LT model

107!

Belle Il Preliminary - 2018
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-
-
----
-
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10"
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Belle Il phase Il (expected, frequentist)

Belle Il phase |l (expected, Bayesian)

Belle Il phase II, BF[Z-> x X]=1 (expected, frequentist)|

f Ldt = 276 pb’

Belle Il phase Il, BF[Z ¥ ¥]=1 (expected, Bayesian) :

i i il P i il i

1072

1072

107" 1
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JHEP 1712 (2017) 094

Axion Like Particles (ALPs)

Photon fusion

Pseudo-scalar coupling to gauge bosons
After EWSB:
Lo — o aFWFW |

4
QED case: the coupling and ; |
the mass of the ALPs are independent g s'? =10.58 GeV, gayy = 107 GeV™'
ALPs at Belle II: 0.010
light ALPs m_= 1 MeV/c?, o)
2 0.001}
g, = (10°—10%) GeV" MR
Photon fusion
1052 ALP—strahlung
. - -6 ‘
heavier ALPs m_= (0.1 —10) GeV/c? e S S

m, [GeV]
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https://doi.org/10.1007/JHEP12(2017)094

Axion Like Particles (ALPs)

107"
Resolved

o=

At higher masses, m_> 200 MeV/c? 10-

=~ Three photons within tracking acceptance: % 1074

£ add up to beam energy N

) > 107
o Zero tracks >

o : 10-°

Bump on di-photon mass
10~

The SM background: ee — yy(y)
Does not peak in yy 108 - . . : |
Not a 2-body system: 10 L 10 10 10 10

. . m, [GeV]
use angles & kinematics to suppress Searches for invisible

and visible ALPs decays
veto this region

At lower masses

Two photons from ALPs are boosted:
a cluster is reconstructed with one local maximum
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Axion Like Particles (ALPs)

Physics reach , Belle Il expected sensitivity

NoO systematics.
Only (dominant) ee - yyy background included
135fb -1 assumes no vy trigger veto in the barrel
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Summary

Dark sector physics at e*e” collider — excellent prospects even with very early data
Only some of results are shown in this talk
Y(1S) —Y invisible: more data are needed

Single y: dark photon decaying to stable dark matter
Can improve limits from BaBar already with 20 fb™’

MpZ’: L - L dark vector decaying to stable dark matter
First Z' — invisible analysis with early Belle Il data

3y: ALP-strahlung, experimentally clean
Can perform analysis with calibration collisions data (~500 pb-' 2018)

~ 50 ab™ of Belle |l data is expected to be collected —— unique opportunity to
study Dark Matter in the regions not covered by other experiments

DESY. | Dark Matter searches in e*e” annihilations and first results from Belle Il | Nataliia Kovalchuk | Page 23



Belle Il
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