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Belle IT

Interaction
Region

o

Belle Il detector

electron / positron
linear injector

positron damping ring

Design instantaneous luminosity: 6.5X103°cm2s-!
30 times higher than its predecessor KEKB
Achieved: 4.22%x1034cm?s"!

L1 Trigger: CDC+ECL+TOP+KLM
Maximum L1 DAQ: 30kHz
Inclusive trigger: ~ 100% efficiency
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SuperKEKB and Belle 11

Asymmetric e*e” collider with CM energy at Y (4S) = 10.58 GeV resonance

Belle 11 is a general purpose 4 detector

Good charged tracking reconstruction efficiency, gamma reconstruction, and

particle identification for kaon, pion, proton, electron, muon and K;,

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(T1), waveform sampling electronics
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electrons (7 GeV) 3 Particle Identification

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

y

Central Drift Chamber

Smaller cell size, long lever arm
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Time-of-Propagation counter (barrel)
== 7 Prox. focusing Aerogel RICH (forward)

positrons (4 GeV)
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Be,,eﬂ Collision Environment
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cC, 85, ull, dd, {74~ < eTe™ — Y(nS) — B&) B()

Y(4S) — B*B~ (~51.5%)

* Complete annthilation = event CMS = e‘e- CMS >
Y(4S) —» B°B° (~48.5%)

* Average multiplicity (chg+neutral) ~15-20
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B Lifetime and Mixing Frequency

Mixing-induced CP asymmetry of B mesons
 BY and BY decay to a common CP eigenstate f.p

* Asymmetry is dependent on the time difference x'/

[(BO(At) —> fop) - T(BY(AL) — fop) @

[(BO(AL) —> fgp) + T(BO(At) > fep)
= S sin(AmAt) + A cos(AmALt)
: A: direct CPV (=C
S=-tsin@o)forB >y ks 6=B) e Ry

Acp(At) =

Crucial parameters for time-dependent studies
* Vertex resolution

t=0 ; < * Tagging efficiency
By=0.29 T Ks
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B Lifetime and Mixing Frequency
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Asymmetry Candidates

~40k events reconstructed t(B°) =1.499 + 0.013 + 0.008 ps

Compared to the best measurement of Belle & BABar: My = 0.516 £ 0.008 + 0.005 ps™
* Slightly worse statistical uncertainty which will improve +(B%) = 1. 519 + 0.004 ps

* Better alignment agd backgrognd systemat.ics PDG Am, = 0.5065 + 0.0019 ps™
* Comparable resolution modeling systematics

Keystone achievement in establishing Belle II readiness for time-dependent measurements
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Belle IT

SM Prediction: R(D(*)) =

R(D¥*)

B - D™1v_is used to probe LFU
B(B - DW1v)
B(B —» DM4v))

Lepton Flavor Universality in B — D) £v,

T I T T T I T T T T I T T T T I
m sz =1.0 contours ]
0.4 2021 ]
[ LHCb15 |
N e BaBarl2 3l
0.35 — 36 y Ny —
| b g g N \\\ =
B LHCb18 X/ 2
= { - \‘ - —
03— | Q . =
= 340 — Average b -
— ° \ g ) —
0.25 | 4" Bellel9 =" Bellel5 =
— BCHC] 7 PRD 94 (2016) 094008 World Average ]
0.2 = FHFLAV SM Prediction ey 712 (017, 060 R(D)=0339£0.026+0.014 7]
< C R(D)=0299£0.003  PLB795 (2019) 356 R(D*) =0.295+0.010+0.010 |
- R(D¥) =0.254 £0.005  PRL123(2019) 091801 p=-0.38 -
| EPJC 80 (2020) 2, 74 P(x%) = 28% =
I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 1
0.2 0.3 0.4 05

R(D)
B(B® - D*~¢+v) = 0.0527 + 0.0022 + 0.0038
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= 0.300(0.252) + 0(1073)  f=e,U

[HFLAV averagel

Discrepancy with the combined
average (B4ABA4R, Belle, LHCD):

* R(D): 140
« R(D":2.9c
e (Combined: 3.4c

Belle II preliminary:
V.| = (37.9 £ 2.7)x1073

PDG: (39.5 + 0.9)x1073
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/RDsDsstar/RDRDs.html
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Lepton Flavor Universality in B — K™ £¢

b %4 S b

B —» K®¢¢ (b - s¢f) is used to probe LFU
Standard Model Prediction:

*)) — — — 7 :
R(K( )) — Dotpo— 1+£0(107°) New physics can affect
B(B » KWete™)
these observables
| i " 2 " I R
BaBar X : R, Belle
= 01<q’<8.12GeV? ¢ - : 1.1 < ¢2<6.0GeV¥/c?
PRD 86 (2011) 032012 -
s R, Belle
. Il 2 a2/ 4
Discrepancy e SO ; 0.045 < ¢ < 1.1 GeV7/c
observed by LHCDb : JHEP 03 (2021) 105 i R, Belle
LHCb 5 fo~" : 1.0 < g2 < 6.0 GeV?/c*
‘ 1.1<q”<6.0 GeV? ¢™* : 144
: f e L R,..LHCb9 fb’
3 Hilbazoa el ik : 0.045 < ¢? < 6.0 GeV*/¢*
«—>i3.1c LHCb 9 fo” ;
et 1.1<4* <60 Ge\ o '% 1.50 R, LHCb 9 fb"
o | | Nat. Phys. 18 (2022) 277 ; 1,1;\ ¢ < 6.0 GeV¥/ct
05 1.0 15 I 2 3
Ry RK “
Belle II preliminary:

Similar precision for e & u modes
B(B— K*utp™) = (1.19+£0.317058) x 1076 P H

B(B — K*ete™) = (1.424+0.48 +0.09) x 107°
B(B— K*/0™) = (1.25+0.307398) x 107¢
June 7, 2022

Longer-term effort: ~5 ab-!, Belle II
will be able to probe LFU to O(10%)
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QB% Dark Sector at Belle 11

* The nature of the dark matter (DM) is unknown

WIMP DM (@ 30-3000 GeV) has been most intensively
searched, but no hint has been seen so far

Notable possibility of DM in MeV to GeV mass region
Belle II 1s an 1deal place to study it

~10 GeV CM energy — search for DM up to O(a few) GeV
Mediator

Collision of galaxy clusters
red: matter, blue: DM

oz
L4 Dark Photon? 1.
' ALP? '

Bonus : A’, Z” may explain the
discrepancy of (g-2), between

* Typical process at Belle II theory and experiment

» ¢"+ e — SM particles + Mediator
» B (or other hadron) — SM particles+ Mediator
* Some of these processes have not been searched in BABAR or Belle
(e.g., due to trigger setting) & can be searched for with initial Belle II data

* search for invisible Z’ [PRL 124, 141801 (2020)]
* search for Axion-like [PRL 125, 161806 (2020)]
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ete™ - A'(—» putu~)h'(invisible) Dark HiggsstrahlungProcess

Next to minimal dark photon model

* Dark photon (A’) couples to SM photon via kinetic
mixing parameter €

* A’ mass can be generated via a spontaneous breaking
mechanism, adding a dark Higgs boson (h’) to the
theory [PRD 79, 115008 (2009)]

Dark Higgsstrahlung

o x E€%ay
ap: dark coupling constant

Mass hierarchy scenarios
* Mj>M, :h’—> AA® — 4 leptons etc.
» Investigated by B4B4R and Belle ,3,% A%
* M, <M, : h’is long-lived and thus invisible o 4= w3
. . N 2
» Partially constrained by KLOE & A N
» Exploring unconstrained region at Belle II S N

Mh'

BaBar: PRL 108, 211801 (2012)
Belle: PRL 114, 211801 (2015) :
KLOE: PLB 747, 365 (2015) KLOE My

June 7, 2022 PPC 2022 10
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<o Dark Higgsstrahlung
1073 ¢ -
Upper limits are set on ¢ and ea, for o ULI et =B o i e
1.65 <M, <10.51 GeV and M,,< M, 107 —— My =3GeV/?
[ —— Mp =4GeV/c?
* 90% CL UL on © ranges from 1.7 to 5 fb o107 | o
» M, <4 GeV: low sensitivity due to trigger eff. x
. 10-6
» M, >9 GeV: large dimuon background N
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World-leading result in

0
previously unexplored region [paper 1n preparation] My [GeV/c?]
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Be,,eﬂ Summary

e*e"@Y region: powerful event environment, rich physics

Belle II is running, has accumulated over 400 fb"! so far
Only a few results were presented

B Lifetime and Mixing Frequency

Lepton Flavor Universality in B - D™ v,

Lepton Flavor Universality in B — K®)£¢
Dark Higgsstrahlung

Many more results were not presented ...

And even more results will be coming soon!

June 7, 2022 PPC 2022 12



