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Darkmatter hunt with a light sector .
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Belle Il detector

K, and muon detector
u ID-eff: ~90%

EM Calorimeter
O(E): 4%-1.6%

particle identification
fake-r rate: 5%

J

central drift chamber
spacial resol: 100 pm
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A Twotrack trigger
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A E..p 1 GeV trigger
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[ vertex detector %

vertex resolution: 15 um
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Singlemuon
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Single track
A Neuralbased

Singlephoton
A E>0.5,1,2GeV

Keyfactorsfor darksectorphysics trigger, high backgrounds, precise know|eagame
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A Gaugind,,- L, , thedifferenceof leptonicmandt number

A A newgaugebosonwhich couplesonlyto the 2 and 3 lepton family
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U darkmatter puzzle\
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Y5 Q INVIS

A t*t-(0) almost100%suppressed 3 control
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A Noexcesdound

15 Q invisible results

A Set 90%Ceéxclusiorlimits on crosssectionand coupling
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% Q3 { E tobsprvedyidids
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O pette n1 Preliminary == e'e > v1(y)
— E=ee—q]
120 [Ldi=633 1" H * B v o e
- ]l + e o pu()
100 |— H\[ \l H]w — e o uUTT
— —ee —uuuw +A- +A-
ks 80 |— ]l ]l h #]l * H EEee seeTT e rbe € Xhadronic
E - # : H —— Data: 63.3 fb”'
- 60 |— : . _
- + _ } » signal massresolution 1.5¢ 30 MeV/@ Prehmmary
40 |— [
- +H # ++ u Belle 1T e > tT@ \ «{»
20 |— + ++ 250__ J.Ldt:63,3ﬂ)_l E=ee—qq
v p— S—— -
= 4T / +TT+++++++++ " +++++++HH7\ 200 - Jr
R = H ottt . - }
A 0 5 A 6 3 10 -2 — Eeee seeTT _I,
}/ M(4-tracks) [GeV/c?] \ E 150 = — Data: 63.3 fb!
+A- +A- N
e'e 'be'e Xnagronic MissingISR 100 =
\:\*
Discrepanciesxpectedandunderstood S0 N s
Non-peakingin M, ,..;(m m bt T 4R

Mrecoil(uu) [GCV/CZ]

E. Grazianmj Recebt darksector results at Belle {ICHEP 2022 15
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A Set 90%Ceéxclusiorimits on crosssectionand couplings
U Firstconstraintson SffonM> 6.5 GeVie § >t
U Firstdirect constramtsto2ANI->ltq{t t b " (9 -2)u*20
10 %,OQ)"}( Belle II
q;i 20.0 { —— Observed UL [rdt=63.3 fb~1
— - Expected UL — 10° 4
~175]  Expected UL 220 Preliminary e
~ Expected UL =10 Belle 1l Preliminary Expected UL =10
+ 10~ . : . : : :
o 15.0 1 o _ _ 3 4 5 6 7 8 9 10
A 90%CL [cdt=63.3 o ! M. [GeV/c?]
r\l 12.5 A i
O Prelimina
Il\j 10.0 1 10° 4 SBar Belle Il Y
+1 7.5 4 ‘_|'|_' hl—lP 'B tfrb _[cdt=63.3 fb—1
3 E 10° 4
T 504 =
| < 0
+QJ 2.5 1 ' ﬁ: i EWZE_ZVZ?
3 — ,..I i ee M TT
o 0.0 4 . . . . . , : 1073 — 90%CL
4 > 6 7 8 o 10 Expected UL =10
M [GeV/c?] e

Map [GeV/Cz]
E. Grazianmi Recebt darsector results at Belle {IICHEP 2022 16




T—

Summary

A Negativeresultsfrom LHC andirectsearchexperimentsh f A 3 Kdctorstenbidp more and morattractive
A Belle llat SuperKEKBasgreatpotential i K | o JoR-Backgroundcollisions hermeticity, dedicatedtriggers

A Belle llhadtwo resultswith 2018 pilotrun dataset invisibleaQ | Y Ry g [t [h

A Belle|l startedthe physicsunin 2019:424 b collectedup to now

A Today @16 HER) 20 2World-leadingresultsfor searchef:
i+ DarkHiggsstralupg'eTh! MR ¢ AmnKy RigyBile
U Invisible% Within the L;L model
U % Qtighin the L ;L model

Leptophilicdark scalars &k« t
U Axionlike-particlea Frjtt

&

A Weexpectto lead the light darlsectorsearchesn the nextdecade
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From KEKB tSuperRM

Beam-beam parameter
Lorentz Beam current e NpB: Ne [B3 ‘

Super
KEKB

uest for BSM

Eyt = o —- .
factor \ T Dot o o o\ gy

A New e DampingRing

~ V.. o, \1,E" R, Lumi. reduction factor 30
A NewSuperconducting L= > I+~ R (crossing angle)& X b",=0.30/0.30 mm
FinalF CS r\ O, )82; £ )™ Tune shift reduction factor
InalFocus (QCS) (hour glass effect)
Classical electron 0.8 ~1 |+/_:2.8/2.0 A
radius (short bunch)
, , (1) Smaller b,
Beam size ratio@IP Vertical beta function@IP
1~ 2 % (flat beam) (2) Increase beam currents

(3) Increase X,

s,~ 1 09, ng- 2mm Nano-Beam scheme

.. For a 30x increase in intensity you have to make the beam as thin as a few x100 atomic layers
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Light Darkmatter hunt

Differentsignaturesdependingon the DM® mediator mass relation

>

R
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Mediator mass ma

2Me

off-shell

Invisible
(subleading visible)

: DM
DM

Visible
/e. kb

——-l—-“\
A
\ e‘ u'

DM mass mpm

Probabilityof interaction of LDM detectons negligible
A Searchor mediators

A Searchor missingenergy signature

A Searchor both

Additionalbenefits:

A Explanation®f someastrophysicsinomalies
ot!l a9 2 g fdac , B

Y

A Explanatiorof the (g2), effect —
~

A Explanationwith additional hypotheée$ of some
flavouranomaliesd [ | / . £ . St f SX

A Some lighimediators(not interactingwith quarks)
couldescapeadirect searchexclusionimits




Dark Sector Candidates, Anomalies, and Search Techniques
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Belle Il trigge

Dark sectorphysics  Belle o
A Lowmultiplicity signatures ) o B
A Hugebackgrounds frontbeam Bhabhatwo-photon AN & A
RAN N
Level 1 hardwardasedcombines info from CDC, ECL, KL - \;\
A Tracks, clustersnuons L S
A Twotrack trigger |
A Threetrack tngger 1.0 T LR R P L PR PP RR PR
A E..p 1 GeV trigger >
c 0.8 + singleg trigger
;8 efficiency
Singlemuon 0.6
A CDC + KLM . *
0.4}
Single track 5 Belle Il 2019
A Neuralbased 0.2 [Ldt=4.6fb"1 |
1 GeV cluster trigger
Singlephoton 00 05 1.0 15 20 25 3.0
A E>0.5,1,2GeV E(y) in c.m frame [GeV]
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8.34 1! (2019)

DarkHiggsstra

Preliminary
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DarkHiggsstrathngsysfm

2 control samples

Split masglaneinto orthogonalmacroregions
A Eachdominatedby a single background source

mmg mifg) background A Data/MCnormalization+ shape

em t t background

T eue | ucertwioty | gt

Pre-selections 2-91% BKG & signal
BKG shape 9.3% (region specific) BKG
G, cut 1% BKG
Mass resolution 2.4% (on average) signal
Eff. Inside windows 2-5% signal A Negligibleeffect on Uls(~1%)
Theory (BR A) % signal A ExceptiorisM, 3 9 GeV/&(~25%)
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Candidates / (1.2 GeV?/c?)
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15 Q invisible: previousresult

Triggerefficiency 6%
Trackingefficiency 4%
Pilot run physicsresults PID 4%
Luminosity 1.5%
Belle ]l 2018 e Data Backgroundeforet suppression 2%
102 3 J‘ 276 op” t suppressior{background) 22%
. Lt = P Discrepancyn m nyield Gigna) 12.5%
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Orecoi [°]

15 Q invisple: system ‘

A t*t-(g) almost100%suppressed
A mm(g dominatesup to~7 GeV/é
A ete-mtmdominatesfor high masses

160

[ Belle Il Simulation
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Look forbumpsin qeeoi VS M

recoil

Candidates / (0.25 GeV?/c* x 0.5°)

3 control samples

m m g selection+NNstudies low mass
em  selection+NMstudies  medium+highmass
ee(g gveto studies

Systemaltics

Source Low mass | Medium mass | High mass

selections 2.7% 6.5% 8.3%
Massresolution 10% 10% 10%
Backgroundshapes 3.2% 8.6% 25%
Photonveto 34% 5% 5%
luminosity 1% 1% 1%
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% Q indisbleresults

Vanillamodel invisible 2 Q
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% Q indisbleresults

Vanillamodel invisible %2 Q Fuilly invisible 22 Q
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