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Add / modify RF systems

Belle-1I-Experiment

Marton Nemeth-Csoka

D

O

Belle I

. e-et-Accelerator at Y
(4S)-resonance (10,6 GeV)

. “B-Factory” — BB-pairs

background from uu, dd, ss,
CcC -events

. Ideal environment for
t-Pair-Production

— background mainly from qq,
signal easy to separate from
B-events

DPG Spring Meeting 2021 2
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LFV-Decay t— un’ o

Belle I
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New Physics Tree Models
o L[FV-decay already at tree-level

g q“
H’ :
- e All final state particles are measurable
W q° e 2-body decay
Flavor violating Z and H — 1n tau rest system Pion and Muon
| o have same total momentum
T —11 o
7 i ’ T e tau rest system can be estimated
@ | q directly from decay products (no
1 neutrino)

Lepto-quarks
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Current state of LFV tau-decays

D

O

Belle I

% by IP” 1S” IV* 1] Ihh Ah ] Table 14. Expected limits on several selected T LFV searches.
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Due to new trigger Belle II already competitive

at much lower luminosity compared to Belle |
Belle2 Physics Book
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New single-track trigger at Belle2 D
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Tau-decay modes:

- Greatly improved triggering

T — ngVT 40% — 40% . .
~ as0y, [ 1Frong on a single charged track in
0
T = qQ Uy 60% < 15% } 3-prong the CDC
(pvr, V7, ...)
: Central Drift Chamber (CDC) )
 Scomiioii ot $io +oortso - measurements using the
Ak bk a4, e P, oy .
. e GdeX Lat il 1-1-topology possible
© onlb__pb POCTOMMA A
s ++ ¢ i *:“****ﬂ #t '
S W +
= 0.6 '+ + ]
8 . + - Improvement by using
5 1-prongs as tag lepton instead
2
- of 3-prongs
0 ¢ .' : 2 3 X : . . .
W o O i W — 5-times more statistics

min track 6 [deg]
Petar Rados, Ami Rostomyan (DESY): Analysis of tau events in the runs 1973-1987
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Expected challenges <o
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Analysis of 1-1 topologies: possible approaches
» 7’ reconstructed via ©° — vy — Cut on m°-mass
* 1 reconstructed via t — umn’ — Cut on [pun°]-mass
» generic tau and qq background — explicit reconstruction of tau-signal:

cut on charged multiplicity, particle
identification (high momentum muon)

BB-background — Cut on event shape variables e.g. thrust
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Cut on Event-Shape: T

Thrust (T)
8 -
£ 50000— — (F — 55 ™
. - —ui—dd [
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EWP-Research Progress #2 , KEK-Chula S. Nishida, B.

Asavapibhop, N. Suwonjandee, J. Ineead, 2020

Nrust
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MC-data:
T— um’

Taus have high momentum: jet-like

Low-momentum (“spherical”)
B-Mesons can be eliminated by

Thrust-Cut



D

Ap-Dyz 4t

MAX-PLANCK-INSTITUT
10000 simulated MC-events T~ -~ n° (noCuts)

First look, n° and t-reconstruction O

Belle I

2250

M all rec signal-taus| N = 67341

2000 B isSignal from MC-rec | N = 6397

generated 10 000 MC-sample with decay:

ete” — 17 — pr'][rT — SM-decay]

SRS SRS U S
oS N O N
o O o O
o O © o

~
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500

Number of candidates

— Sharp signal peak visible

250

00.0 0.1 0.2 03 04 0.5
Invariant Mass of (119 = yy) [GeV]

10000 simulated MC-events T~ - u ~ n° (noCuts)

100 EEE all rec signal-taus| N = 67341 — N6O% Of Signal Can be
reconstructed

1600 " my isSignal MC-rec | N = 6397
1400 |

1200
1000 -
800 -
600 |

Number of candidates

400 |
200
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Invariant Mass of (T - un®) [GeV] Marton Nemeth-Csoka DPG Spring Meeting 2021 8
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Cut on [n°— yy]-invariant mass (MC) QB%

Standard Belle2-Cuts for t° to exclude

events from detector-specific dead regions 3o-Cut: 0.1137 GeV < invM(n") < 0.1503 GeV

10000 simulated MC-events T~ - u ~— n°® (Std-n®-cuts) 19(%%0 simulated MC-events T~ - u ~ n® (Std-n®-cuts , m°-masscut)
i Casean oAl AL BN all rec signal-taus| N = 13489
| A= 1704.07 sooes

o 1750 ‘ [= 0.13201 & 1750 | B isSignal from MC-rec | N = 5580
_9 - 0= 0.00623 _9
@ 1500 x0 = 358375 © 1500 [
o ‘ x1= -1369.3 o
© L X2 = 2.56955 o a
c 1250 ‘ E all rec signal-taus| N = 42135 c 1250
8 BN isSignal from MC-rec | N = 6146 8
« 1000 « 1000 F
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o 750 o T50f
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E 500 E s00f
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250 250

0 0 Il Il Il |
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Invariant Mass of (1% = yy) [GeV] Invariant Mass of (11° = yy) [GeV]
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Cut on [n°— yy]-invariant mass (MC) e

MAX-PLANCK-INSTITUT

FUR PHYSIK
. : 0
30-Cut: 0.1137 GeV <invM(n’) < 0.1503 GeV
/10000 simulated MC-events T~ -~ n® (nm°-cuts, T-masscut3o) 10000 simulated MC-events T~ — 1~ °® (Std-n®-cuts, m°-masscut)
Il all rec signal-taus| N = 42135 . Gaussian+Polynomial fit:
1600 | e ~ - 1400 | A= 1465.17
$ : I isSignal MC-rec | N = 6146 8 [ 1= 178582
g ! - i x0 = 75.3050
5 1200} S [ x1 = -21.933
= ! S 1000 - x2 = 3.19354
@ 1000 [ @ | WM all rec signal-taus| N = 13489
“ ! o 80| mm icSignal MC-rec | N = 5580
O 800} o) i g
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) - o 600f
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S 400} g 400 —
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Invariant Mass of (T - un®) [GeV] Invariant Mass of (T - umn®) [GeV]
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Cut on [T — un]-1nvariant mass (MC) %ﬁ

36-Cut: 1.7268 GeV <invM(t — un’) < 1.8448 GeV

10000 simulated MC-events T~ — u ~ ° (m%-cuts, T-masscut3o)

1600 | — 50% of signal can be
r I all rec signal-tausfN = 5190
) 1400 - s isSignal MC—rec reconstructed
) I
© 1200 F )
2 ; — almost all data is from
1000 | .
§ : signal (97%)
o 800
O [
g 600 -
E amk — goal: get close to 0% BG
-] r . .
Z Lok or signal extraction by
: multivariable-methods
%.O 0.5 1.0 1.5 2.0 2.5 3.0

No background yet!

Invariant Mass of (T - un®) [GeV]
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Summary: Search for LFV decay T— U’ (S

Belle I

More signal tau decays to analyze due to single-track-trigger with tag-t
being a 1-prong instead of 3-prong from traditional analyses
2-body-decay with fully reconstructed final state

BB-, qg-background

Cuts on invariant Mass, Thrust

Next: Analysis on SM-tau-decay, qq-event MC-s with realistic BG
Hope for 400 fb™ by mid-2022: surpassing Belle-results



