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Belle Il experiment
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Compare to Belle
Better detector performance

Peak Luminosity [x10% cm?s™]

Enhanced trigger menu including
low multiplicity
e.g. Single photon trigger
Higher luminosity
Finally, will be 50 times of Belle
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Dark sector study

* Two Belle Il physics papers have been published on PRL
» All of them are related “dark sector”

* Invisible Z' search: PRL 124 (2020) 141801
* Axion-like particle search: PRL 125 (2020) 161806
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[arXiv:1403.2727]
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Invisible Z' search

* The Z' might be a solution of
* R, anomaly, LHCb finds 3.1¢ deviation
* (g — 2), anomaly, Fermilab finds 4.20 deviation

* Two scenarios: ee —» uuZ' and ee - euZ' (LFV Z')

* In the analysis, our Z' can decay into invisibles

 Branching fractions varies with 33% - 100%, depending on the Z’' mass

* Incase of L, — L: 22" — v
U T F(Z' — invisible) = el
BF(Z' — invisible) M7 = )+ T2 = ) 107 = 7o)

* My <2M,:BF =1
* 2M, < My < 2M;: BF =~ 0.5
e M, > 2M,: BF ~ 0.33
* Orassume BF(Z' = xpmipm) = 1, much strong coupling to the DM



Event sighature

* Events only with exactly two opposite charged tracks (uu or eu)

* Minimal activity of ECL — no extra photon
* Missing energy
* Find peak in from the recoil mass of uu and eu
* Miec =S+ Miyey — 2VSEjen
* Recoil mass window: +20 peak of the signal MC
1150 MeV at M,» = 0.5 GeV, 51 MeV at M,» = 6.9 GeV

* The SM backgrounds
« ete”™ - utu~(y): photon was not reconstructed
e ete” - ete utu:ete” out of acceptance
« ete™ -» 717 (y): neutrinos cannot be detected

} Almost no contribution for LFV Z’



Background suppression

* CDC two-track trigger (including azimuthal opening angle > 90°
* with Bhabha scattering rejection

* Recoil momentum direction: ECL barrel oo Lo

* ECL based PID (NO KLM at the time)
e u*:0.15 < E < 0.4GeV,E/p < 0.4 o'
e e E>15GeV,08 < E/p < 1.2 - =
* E: measured by ECL, p: measured by CDC

* No photon around recoil direction
* Total photon energy < 0.4 GeV
* No ¥ candidates (reconstructed by two photons)




ete”™ - 717 (y) suppression

 After previous selection criteria, Tt background is the dominant one.
* To suppress 7t background, transverse momentums are used

o plAMax. 5T of recoil momentum in the direction of high momentum lepton

o« pl I 5T of recoil momentum in the direction of low momentum lepton

* py+,—: pT of lepton pair

2o : packground  eye Belle 112018 Simulation

* First, make a linear cut in the plane of — |
TImax _ _T,\min A
Prec Prec T 20}
* No optimal cut found over 7 GeV M/ -
= I
¢ Qi r T =810}
Simultaneously, p,+,- > Pcyt o

* Also, effective to reduce remaining u*u~ P
and ete~u*u~ backgrounds. 0.0,

pLmin [GeV/c]



Results

* Recoil mass spectrums
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Results

* g’ upper limit with 90% confidence level
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Short term projection

* With more collected data, KLM based ulD, new triggers, ...

o Belle Il Simulation Expected 90% CLs UL - Median
10 =

10~1
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F e [ Ldt = 50 fb=1 (more inclusive trigger)
mmm Belle || PRL124, 141801, [ Ldt = 0.276 fb™!
10—4....l....1....1....|....|....|....|....|....

o 1 2 3 4 5 6 7 8 09
My [GeV/c?]

2021-04-23 Seokhee Park 10



Axion-like particle study

* In this talk, be focused on g,,, coupling

ALP-strahlung

2021-04-23 Seokhee Park

Photon fusion
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Axion-like particle study

* In this talk, be focused on g,,, coupling

1 172 ' | 4 1 et et
s'“=10.58 GeV, =107" GeV~
0.100¢} Jay 3
Y
Higher cross section,
| but challenging trigger.
Photon fusion
107°} i
ALP-strahlung
107° ' ' '
0.1 0.5 1 5 10
m, [GeV] Photon fusion
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Axion-like particle study

* In this talk, be focused on g,,, coupling

ALP-strahlung
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Event sighature

* Three photons (Resolved): high m,
* Two photons (Merged): m, < 200 MeV
e Single photon (invisible)

Two of the
photons overlap
or

107" p—r—rrrermy

. 107k
ALP decays outside of E . High Energ. Phys.(2017) 2017: 94.

the detector or decays 10-8L

Resolved

il Ll Ll AT
into particles: 10~ 103 1072 107"

Single photon final state. m, [GeV]
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* Three photons (Resolved): high m,
* Two photons (Merged): m,, < 200 MeV
* Single photon (invisible)

Three resolved,
high energetic
photons.

The searches for
invisible and visible
ALP decays veto this
region.
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Event sighature ”

&
* Monoenergetic photon against the a — yy 2,
* Three most energetic photons are accepted in barrel ECL L]
* No good charged track
» Find peak in from the My, or M7, of the rest photon
a2
¢ Mzec =S — 2\/§E1>"kec Where E;ﬂkec — 52\7/7;& 23 . :: _ s;pck;ci)lton

2.0}

cs [GeV2/c*]

* Choose a more sensitive variable =
* M2,:0.2 < my, < 6.85GeV, MZ,.:6.85 <m, < 9.7 GeV ; =

A4 0.6 0.
m, [GeV/c?]

Ge

— 10}

* Dominant backgrounds
* y¥(y): The most dominant

* ete~(y): Second dominant — : ; : 10
m, [GeV/c?]
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Background suppression o

* All photons with Ej > 0.65 GeV(m, > 4 GeV) ﬁ
or Ey, > 1.00 GeV(m, < 4 GeV) Y

* Photon detection time to reduce beam backgrounds
* 0.88+/s < M,,, < 1.03+/s to reduce cosmic rays, two photon processes, etc.

* Separation angle between two photons to reduce photon conversion
* Both polar and azimuthal angles

* Multivariate Zernike moments of shower shapes to reduce neutral hadrons
and particles which is not originated from the interaction point



Results

« M? spectrums
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Results

* Jayy Upper limit with 95% confidence level
Future projection
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Another dark sector searches - BN =

* B - Kvv « coming soon!
 Dark Higgs-strahlung: ete™ - A'h', h’ - A'A’

* Two minimal dark photon searches
e ete” 5 Ay, A » £1¢ orinv.

+ Visible Z’

cete” 51t S

* B — KS with displaced vertex

B> Ka :

» ...and more! e
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Summary

* Two dark sector papers were published using Belle || 2018 data
« 7' — inv. search with and without LFV
* ALP searches with three photons

* With more data, both channels give more sensible results for the NP
* Especially, Z' can reach the (g — 2), anomaly very soon

 Many dark sector related results will appear

KEEP YOUR EYES ON BELLE II,
THANK YOU!



