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SuperKEKB Collider

« Asymmetric collision of ete=:
o Electron (7 GeV) - Positron (4 GeV)
« CM energy at T(4S) resonance [10.58 GeV]
‘Positron ring‘ e —— Belle Il detector o At this energy:.
e — ¢« o (ete—T(4S)) = nb (B-factory)
o e o(ete—177") = b (7 —factory)

» Target:
£ =8x10*cm>=s?t (40 x KEKB)
* Integrated L = 50 ab (50 x KEKB)

- | Electron-Positron
1 | linear accelerator

« Luminosity projection for the coming years:
10 70

S Lpeak Before IR upgrade | |—Int. Luminosity

2

= - -{60
: : : o g Lpeak After IR upgrade
Positron damping ring £ 50
2 6 40 2
@Tsukuba, Japan X -
4} 0 E
£ o
3
|
X
@
]
o

I
| ]
= N
o o

0
20191 202171 2023/1  2025/1 20271 2029/1 20311

0

Date See: Luminosity projection

B Alejandro De Yta CINVESTAV



https://confluence.desy.de/display/BI/Belle+II+Luminosity#BelleIILuminosity-Luminosityprojectionplot(planforthecomingyears)
https://confluence.desy.de/display/BI/Belle+II+Luminosity#BelleIILuminosity-Luminosityprojectionplot(planforthecomingyears)

Belle Il at SuperKEKB

* General purpose detector

KL and muon detector .
Resistive Plate Counter (barrel outer layers) L] SOI |d a n g Ie Cove ra g e > 90%

Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers) g H |g h h erm |t| C |ty

EM Calorimeter

Csl(Tl), wavetorm sampling electronics

* So far: Integrated L ~ 200 fb!

—

-—‘\“"“-L\_M . Belle Il Online luminosity Exp: 7-18 - All runs
- Parﬁcle Identiﬁcaﬁﬂn Integrated luminosity
electrons {7 GeV) = f-Propagation counter (barrel) 5 B Recorded Weekly I’ _—

— [ Lrecordeadt =213.49[fb~1]

Prox. focusing Aerogel RICH (forward)

e

Vertex Detector ; - 1}
2 layers Si Pixels (DEPFET) + : ' Iy
4 layers Si double sided strip DSSD : ,_'l R

positrons (4 GeV)

Central Drift Chamber

Smaller cell size, long lever arm

Total integrated Weekly luminosity [fb~!]
Total integrated luminosity [fb~?]

Updated on 2021/07/05 17:20 |ST

See: Luminosity projection

 Reqgular data-taking despite

Covid-19
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https://confluence.desy.de/display/BI/Belle+II+Luminosity#BelleIILuminosity-Luminosityprojectionplot(planforthecomingyears)

7 -Physics at Belle |l

 Why 7 physics? athars

« Large production cs: 3n*1nv
o(ete—7'77) = 0.9 nb (7 -factory)

« The 7 is the only lepton massive enough

to decay into hadrons: 17£270 le;tggéc
* Leptonic decays: BR ~ 35% ‘
 Hadronic decays: BR ~ 65% hadronic mode

1t 170 1ty

7 physics program
Rich program of precision SM measurements and new physics searches @ Belle Il

Some ongoing physics analyses @ Belle II:

* Precision SM measurements / Indirect e+ Direct NP searches (forbidden /

NP searches (deviations from the SM) strongly suppressed decays)

« Mass s 7T—|a

o Lifetime . T—>| b DOI: 10.1093/ptep/ptz106 R
« Lepton universality in 7 —lvv decays ¢ 7—l7 o
e 7 EDM and MDM e T UMY The Belle IT Physics Book

s T —eeew o 7O A 1 .

 CP violation 7 —Ksnv e 7 —|hh
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7 -Mass measurement

0.1790 4

7 -Mass fundamental parameter of the SM
Leptonic decay rate proportional to m.> +

5 ‘o 0.1780
(7>1vvjem, . Depend on the
» Testing lepton universality |
. Br calculations that dependonm. . > value HFLAV
P *~ and its accuracy | |
T.(fs)
« ARGUS pseudo-mass technique & early Belle Il data (8.8 fb?)
» Select events with a 3x1 topology ..
e Signal: 7 —3nv
 For the decay 7 —3nv calculate the pseudo-mass:
_ 2y r2
Mmin_\/M3ﬂ+2(Ebeam_EBﬂ)(EBJr_PBJr)gmr
9000 _ Belle Il (Preliminary) 3= :’(:‘am)r(%“ ol = o o
oo [ia=so .'.';'ff’:":j:’si;eh'h” s The mass of the 7 lepton
o sof . m-. IS given by the position
& ok / of the endpoint of the
e | distribution.
%, 1.51 ““ .......... ...... : ...... e
§ b il i R
ST T mpleewd arxivi2008.04665
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https://arxiv.org/pdf/2008.04665.pdf

7 -Mass measurement

 An empirical p.d.f. is used to estimate the 7 lepton mass, m-:

F(M,P)=(P,+P,-M)-tan '[(M—P,)/P,]+P.-M+1

* P, is the estimator of the 7 lepton mass.
arXiv:2008.04665

600 —+ o
F ! Beite {l (Freliminary) PDG average $51776.86 + 0.12 MeV/c?
— 500 e
o E ILdt ~88fb" *
g 400 BES |1l (2014)£51776.91+ 0.12 + 0.13 MeV/c®
B .ol m, = 1777.28 + 0.75 MeV/c? %
= : ARGUS (1992)2%1776.3 £ 2.4 + 1.4 MeV/c?
28 i t Data —_— i —
& 2097 y2/dof = 1.256 ;
3 i Belle (2007)%£1776.61+ 0.13 + 0.35 MeV/c
L N, = 8742 ——
100 | X
o 5 . . , , , , , BaBar (2009)%1776.68 +0.12 + 0.41 MeV/c?
: ekl
2 I—+ + + + +
S ottt % deiper ”}7* N S . b Belle Il (2020)%%1777.28 + 0.75 + 0.33 MeV/c?
a 5F {]r+ ++*++ 1|'{ +++} +++ + il e
F - - - o - B L | 1 1 1 1 i 1 1 1 | 1 1 1 | 1 ] 1 | | 1 | | | | 1 | | | | | | ‘ | | | | ‘
1.7 172 174 176 178 5 1.8 182 184 4773 1774 1775 1776 1777 1778 1779 1780 1781
My [GeV/c? m. [MeV/c?]

M. =1777.28 £ 0.75s £ 0.335s MeV/c?  Consistent with previous measurements!
« Belle Il has similar systematic error as
Belle
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https://arxiv.org/pdf/2008.04665.pdf

7 -Mass measurement

« Dominant systematic uncertainty

1F
due to the track momentum scale, .k e Bellell
but it is expected to be reduced i & T o .
“S 08| - i o luminosity projection
Systematic uncertainty MeV/c? % | .‘.0 S e
Momentum shift due to the B-field map 0.29 — -
Estimator bias 0.12 S 0.6 B
Choice of p.d.f. 0.08 D s
Fit window 0.04 O i
Beam energy shifts 0.03 9_-) 0.4 B ’ )
Mass dependence of bias 0.02 al - ‘1(3:?1 MeVie" @ 50 [fb]
Trigger efficiency < 0.01 o 02 i "'~.‘p;22 MeV/c? @ 100 [fb™]
Initial parameters < 0.01 E = 0.13 MeVIc @ 300 [ib}
Background processes < 0.01 n g
Tracking efficiency <0.01 O-""‘ I EET T T
10 107 ; 10°
« A scenario with a total systematic Luminosity [fb"]
uncertainty reduced is expected in . _
the near future « With the present level of systematic

uncertainties, this measurement is
expected to be statistically dominated
until around 50 fb! of data.

* With around 300 fb! of data, systematic
uncertainties would dominate the
measurement.
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https://arxiv.org/pdf/2008.04665.pdf

Prosp_)ects for T LFV & LNV searches

2 Ah JThe Belle Il Physics Book,
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; ’ n B wum, " "y w m CLEO
109" .
- ¥ o ne e " "2« Thanks to the large mass of
LI AR o L I [ the T, we hav_e an
E o FPletattnlesTen Tox thoay ot stet atafluta waTLAS extensive variety of decay
H— - 4 i X - A
S 10°C ,_ «Bellel Modes to explore
g =
= F
_i 10°F
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LFV decays of the T are strongly * Golden channels:
suppressed in the SM * TUUY ,
Br ~ O(10-54) . Touy jf Work in progress

Many NP models predict LFV decays < Belle ll is expected to push the
of the T at a measurable rate current bounds further by more than
Br ~ O(101%) - O(107) one order of magnitude.

* Any observation of LFV is a clear
indication of NP
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Search for T la

* Search for the LFV decay channels:

T-ea (T—Ha in progress)
being a a BSM invisible particle

* This decay appers in several NP models:
Axion-like particles, Z’' gauge bosons, etc

* |dea: search for two body decay

« The momentum of the lepton will
manifest as a peak in the T rest frame,

as compared against the SM t-Ilvv (bkg).

No detector effects
35¢

# of Events/(0.02 GeV)
5.5 & E

=
=
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Belle Il 2020 (preliminary)

Simulation: [ Ldt = 50.0 fb™!

— ] SM: Toew

3 mia)=0 [GeV]

3 mia)=0.5 [GeV]
| mia)=1[GeV]

BSM: Brit=en)=0.029
10 x ARGUS UL

o
o
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 Previous searches
 Mark Ill (1985, 9.4 pb)

 ARGUS (1995, 472 pb)

Z,Phys. C68 (1995) 25-28

006

- OT—ex
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001 1
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Signal and bkg with same final state,
but different kinematics.




Search for T la

« Select events with a 3x1 topology (4 tracks)
* Signal: T—1-prong BELLE2-NOTE-PL-2020-018

* Tag: T—3nv ;@12000—_ Belle Il
& | AROYUS gimuation: f Ldt=25010"
« Challenges: ] 10
- Disentangle the SM decay t-lvv from S 8000}~ T —
the BSM signal T=la E Sooof_ M=o, 2R o,
* |ldea: Move to the T rest frame - — e1q BREA)
: - — " """ BR(ew)
« Cannot access the T rest frame directly 4000} O sackerouns
due to missing particles 2000
 Use ARGUS method - e
° E :\/2/2 0O 02 04 06 08 1 12 14 16 18 2
T
 Approximation: P, = — b, _ Pos.ncus 5V
T isa60L Belle Il
® - THRUST . )
O, B Slmulatlon:fL dt=25.0fb
o 10000~
S -
"% 8000 :_ D T—eVV , T=IanV
2 60001 M.=0, ::(t?)):m
L — BR(ec,
) % m=14, o o 0.1
- . Background
2000
— CmM A i
Z?; \p? : ”'th'ru.st‘ 0_

- n - ‘ L Ll I Ll 1 J L L1
Z | = f"ml 02 04 06 08 1 12 14 16 18 2
i p% pps-thrust [GGV/C]
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https://docs.belle2.org/record/2043/files/BELLE2-NOTE-PL-2020-018.pdf

Search for T la

» Statistical treatment * Preliminary results (no systematic
 Template based analysis effects were taken into account)
* Fit the lepton momentum spectrum: 1
 SM hypothesis
« SM + BSM hypothesis
 Hypothesis test

IIIII| I T TN

Mark i ARGUS
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e
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s10°F
« The data can be modeled as S [ Bellell : eBelle Il, ARGUS method
F(X) =N,, fea(x) + N, vaevv(x> + kag fbkg(x) 310—4§—Slmulat|on:fL dt=25.0fb mBelle Il, Thrust method
v 3105;5 —02 04 06 08 1 12 14 16
— & . | . : : : . ;
= o N,, poif, (x)+ N, f..(x)+ Ny fbkg(x> M, [GeV/cl BELLE2-NOTE-PL-2020-018
where x=2E./m-. is the normalized « Belle Il is competitive with respect to
energy in the p.r.f of the T, and ARGUS.

N,y &7 Br(t2ea)

poi & — = « Current status
Newe“  Brivsevy) « Include T-pa
« Upper limit estimation for poi  |dentification and inclusion of
(RooStats) at 95% CL for 25 fbt systematic uncertainties
* Modified frequentist approach: CLs e Cross checks
CL _CL,,,  PyHF: python package
S_CLb « BAT: Bayesian approach
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https://docs.belle2.org/record/2043/files/BELLE2-NOTE-PL-2020-018.pdf

Summary

« Belle Il has a rich program of precision measurements and searches for NP
in the T sector

» Large cross section of ete  =» T T
* High luminosity
» Excellent detector capabilities

« Some analyses are already in good shape:

* T Mass measurement
T lifetime
Search for tT= | a

T>UUM, T Y
And more

Stay tuned!
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T -lifetime

7 lifetime fundamental parameter of the SM
« Tests of lepton universality

« Measurement strategy
* Proper time given by

 Lifetime extraction
 Fit proper decay time distribution with

I convolution of resolution function and
t=m,— 3 exponential distribution:
P+ 1 -t
p(t,7,)= T, e "xR(t)
- [, = decay length in lab frame :
° pT= momentum |n Iab frame 105;_3&"9"2020 (Simulation) DT(—’F’“)T(—”‘W}D”
-t = proper time ' | EOTI SO
" Proper
- Select events with a 3x1 topology £ .| decay time
. . distribution
. g@ E 102
@\ 70 10F
1Tpr—0:§:9 ;S/Ide Al 'uT 15
ki i -1000 500 1000 1500 2000 2500 3000
T — ATy t 3 -prong [fs] See:
P MC t d (200 fb 1) BELLE2-TALK-CONF-2021-005
o stuay ;
/ = (287.2%+0.5) fs Competitive
& PDG: results with
7 .= (290.3+0.5) fs ~200 fb-!
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https://indico.cern.ch/event/934666/contributions/4155576/attachments/2192153/3705262/epiphay_2021_tau_lifetime.pdf
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