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Searching for new physics

X/
0’0

SM: best tested theory of nature at a fundamental level.

. Standard Model of Elementary Particles
=  However, SM does not explain: o

three generations of matter interactions / force carriers
(fermions) (bosons)
+ Neutrino masses (can the Higgs account for it?) | " " .
mass | =2.2 MeVic? . =1.28 GeVic? =173.1 GeVic* 0 » h =125.09 GeVic*
+ Matter-antimatter asymmetry in the universe “n2 W |2 @ |: @ || @ |- H
(implies undiscovered sources of CPV). - J chamn J op JL gluon J higgs
R . =4.7 MeVic? =06 MeVic* =4.18 GeVic? 0 )
* Only 3 generations of fermions and mass A4 B N BN |
hierarChy.  '7 down strange i bottom JL photon )
X CKM matrix Ndiagonal (underlying ﬂavor -=:J.511 MeVic* :105.66 ;(;V(é :1.7768 vaié :91,19%;: 3 g}
% e RN % i —~
symmetry?) Al | B =1 3.,
~ electron muon | tau Zboson |
; . . ) — — = Mo
# Single Higgs (or more elaborate Higgs sector?) 2 cawe | arwve | aswve | [omowe | 1 2
cL DO | @ |8
+ Dark matter, etc. % electron | muon | tau | t""'””“ < G
- L neutrinﬂoﬁ/ﬂ __neutrino 18 neutrino | ) 0=

* = Present theory (SM) is only a phenomenological description of
processes at energy scales up to O(1 TeV). New physics scenarios are

required to explain these issues.
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Searching for New Physics at colliders

* Two approaches at colliders:

+ Energy frontier: direct production of new particles, limited by beam energy
(CMS & ATLAS @LHC).

* Intensity (flavor) frontier: rare processes, reveal NP particles in loops, could
test up to ©(100 TeV) = high intensity colliders: B-Factories, LHCD, ...

SM NP 7

— NP

SM

* Complementarity:
+ If NP at LHC, (measurable) effects will emerge in B, D, K & t decays.

“ If not, measurements at B-factories will provide unique ways to find NP.
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B mesons

+ Hadrons are particles composed of quarks: baryons (3Q) &
mesons (2Q).

up & anti-down down & anti-strange

up, up ,down up, down, down

/" = observed

-
N ke - g
S antiquark pair g™ i "~.,V
| @-.. -/ E P X"
o, B~ meson \"' / e
,év 2 : E Y/ I
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N N
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Entangled 1 state b O B
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B-factories

PEP-II@SLAC & KEKB@KEK:

+ ete- collisions at BaBar (99-08) & Belle
(99-10).

KEKB reached world highest luminosity
(dN/dt/A), ~2x1034 cm-2s-1.

Collisions at Ecm = m(Y(nS))c:
* Mainly at Y(4S), 10.58 GeV.
« L ~1 ab! Belle: ~800M BB.
@ Belle ~ 500 papers.

~kpiindia
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Hadron colliders vs B factories
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Low background, few tracks (~10):
Easier detection of neutrals.
High reconstruction efficiency (B,D, ).

Low trigger bias — small corrections/
syst.
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Unique features in B factory

* Ecm can be adjusted:
“ bb spectroscopy, Bs @ Y(5S), etc.

* Reconstruction of a B (Btg) constrains
flavor of the other (Bsig) & p(Bsig) = -p(Btag)-

* Particles not from B must come from Bgie:
* Inclusive measurements (absolute BR).
“ Missing energy channels, e.g. B-(D*)tv.
* Tagging power > 30% (LHCDb is 2%).

“ Asymmetric beams — boosted BB — time
dep. measurements (CPV).
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B-factories achievements

Observation and precise measurements
of CPV in B decays.

Observation of mixing in charm.
Studies on rare B and T decays.

Discovery of many states (+exotics).

Direct searches for light non-SM particles.

Constrains on new physics.

Measurement of the Unitary Triangle
(UT) parameters.

+ Experimental confirmation of KM-
mechanism (NP in Physics 2008).

Makoto Toshihide

Kobayashi Maskawa

“For the discovery of the origin of the broken
symmetry which predicts the existence of atleast

three, .&mﬂ.ﬂaau!spnﬂk-:iusmizua"
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SuperKEKB

Located at KEK (High Energy Accelerator L -

>
Isukiba

Research Organization), Tsukuba, Japan. e i,
' " il o 1 }nrm
Last generation B factory: — e — b

* Major upgrade to KEKB.

ete” - Y(4S) - BB mainly:.

Will deliver 50 ab-! to Belle-1I (50x KEKB).
Peak lumi: 8 x 1035 cm2s1 (40x KEKB).

2~ 103¢ || [L =50 ab™ by 2025 (50x KEKB) o
W e L =8 % 10%cm?s? (40X KEKB) | PR
Channel Belle BaBar  Belle II{per year 3 107 - - KRR g
BB 7.7 x 108 4.8 x 103 1.1 x 1010 O o
BB | posand = 6.0 x 108 E " | R
T(1S) | 1.0 x 108 1.8 % 10! FRTE S .tl'f ‘é“_?‘fqrm
T(25) 1.7 x 108 0.9 x 107 7.0 x 1010 i 31| 8 .‘.gé,ms "", r'%:l. &
T(3S) | 1.0x107 1.0x 108 3.7 x 1010 wsoi,r,ﬁf’,"" M 2 f.‘f_iif.‘i ........................................................
T(55) | 3.6 x 107 - 3.0 x 10° R ,
T 1.0 x 10 0.6 x 10° 1.0 x 1010 1970 1980 1990 2000 2010 2020

Year
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KEKB to SuperKEKB @ Soper

[ et 4 GeV36A
e Belle II Colliding bundm

d"‘;\ 2 .

New IR \\\fs/
e7GeV26A -‘

/

o~ 4 &“

P

; — New superconducting
&ebvéuow;n BEe [permanent final focusing

quads near the IP

%
Replace short dipoles
with longer ones (LER)

A —
HHHHHH et

Redesign the lattices of HER & ~ D2mPping ring ~—d

LER to squeeze the emittance ‘ ;

Add / modify RF systems .
for higher beam current

Positron source

New positron target /
capture section

Machine design parameters O T

) SuperKFKR
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Luminosity increase

Crab cavity Crab cavity
larant? factar ERuf-Resn parRIte \ f Collision f /
. \ Basm currant ith
Reduced beam size (1/20) by N / Snelic \{‘\f.’ifw‘“ﬁ/’;
o \-. £\ P % miut'bu"l laclors - -
USIHg nanO'beamS: L= },t 1+ G_'»‘ \Its}'i{ RL I‘: h‘:’;i:',':?.ﬁ. f P‘\q f
| 2er| 3 R 2 i
+ SC focusing quads near IP. 3 gt = V=,
' Vartical bats funchan at IF Coll ;1 SiO;\
. deamazpectraba at ¢ wit Ol." )
Currents increased by 2-3. SCIEIT

Larger crossing angle (~4x).

* Avoids long-range beam-
beam collisions.

: 50 .
.~ 83mrad

100um " <~

-
T

+ Crab cavities restore head-
on collisions.

Higher energy of positron

E (GeV) * (Mmm) B*. {cm) P | (A) L {cm2g1)
beam (LER) increases its LER/HER | LER/HER | LERMER (mrad) | LER/HER
KEKB 3.5/8.0 59/59 | 120/120 11 16/1.2 | 2.1x10%
lifetime. SuperKEKB 4070 0270300 3225 415 [_ 36/26 )| 80x 10
factor 20
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T'he Belle-11 detector at SuperkKE

< "
L L L
NIy &

%“4/ Belle 1l :

<
-
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The Belle-11 detector

Csl(Tl) EM calorimeter: RPC u & K, counter:

waveform sampling scintillator + Si-PM
“  for end-caps

electronics, pure Csl
for end-caps + Iron flux return

e- (7 GeV)
X -

4 layers DS Si Vertex

Solenoid (1.5 T)

Detector —
2 layers PXD (DEPFET), 20m
4 layers DSSD ’ et (4 GeV)

+ —————

: -
N -
l. .
! v ' .
~ ”
= :
” a

ime-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation counter
(barrel),

prox. focusung Aerogel RICH
(forward)

Central Drift Chamber:
smaller cell size,
long lever arm

Belle Il covering =90% of 4
13
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From Belle to Belle-11

R T + Several sub detectors upgraded or replaced for
— improved performance at higher luminosity:

* Higher beam bkg = higher occupancy, fake hits,
rad. damage.

| + Event rates (0.5 — 30 KHz).

+ Larger tracker (SVD & CDCQ):
B Sl B * Improve vertex resolution, K% (+30%) & m0 reco, ...
BELLE-I * Smaller beam pipe (1.5 — 1.0 cm), PXD closer to IP:
£ \ o \A + Improve IP, resolution (~60 — ~20 pm).
/ | . | + Upgraded TOP & ARICH:

i e Y R + Better K/m/p separation, bkg rejection, ...

* Improved hermeticity (PID & p-ID in endcaps).
+ Improved trigger, DAQ, computing, algorithms.

il

14
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The Belle 11 Collaboration
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Total integrated Weekly luminosity [fb~*)
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Belle-11 in the COVID-19 era

Belle Il Online luminosity Exp: 7-18 - All runs

Pt
>

Integrated luminosity
B Recorded Weekly
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Super B-factory performance levels,
despite a global pandemic.

World records:

« 1.96 fb1/day, 12 fb-1/week, 40
fb-1 / month.

Luminosity above the B factories
and LHC, with a product of beam
currents 3.5 times lower than
KEKB. World highest inst. lumi. 3.1
x 103%¢ cm2 s'1 on 22 June 2021.

“Social distancing” scheme for on-
site shifts, and mobilized remote
shifters around the world.
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Projections

(o]

—L __., Before IR upgrade | | ——Int. Luminosity

-4 =

(o)}

=N

N

0

6.5 x 1035 cm-2 s-1

2019/1

2021/1  2023/1 2025/1 2027/1 20291
Date

2031/1

117
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10

[,.qe] 7w

L 4

X/
4

Target: x40 the
integrated luminosity
collected by previous
B-factories.

~500 tb-1 by next
summer (2022).

O(10 ab!) by the
upgrade of the IR
(2026).

50 ab-! after the
upgrade, by 2030.
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Belle 11 Physics Program

O Charm Lifetimes
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A

Ve
=]
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Further details can be found in "The Belle II Physics
Book” PTEP 2019 (2019) 12, 123CO01.
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E.g. CKM Tests

Im
: i 14 Nz (7.7)

Unitary triangle: 14 -uwd ub 4 "t *

vVv:E Vv 0> ViV

cd” cb cd " cb ViV, VeaVa,

V.V v, Vi V. Vv o
¢1 = arg [— o ] , 2 = arg [——th tf.f] , ¢z =arg [— e "ﬁ”] z AN
td " tb ud " ub cd” cb (0,0) (1,0)
d s b 07 AR RSN 09009 T
3 ‘ A : a
s Lf'”‘ ) 4(_/‘ 4",—, N 06 E :_A,\\ L Am? % 8 % —;
u I — P Ke—3Y |Bu—==% . SO oo \ ) =
= E o5 Ej ~He \\\N B .
AR 18 lﬁ__ g 3 6(\:\\\}\\ - i (ua.f'xcl.,‘casr- =
V - C D I:‘_L v D t:‘_g_ 7| g Cé v ; 04 %;\\\ e by \\ -
CKM ik K ‘f o i PSR\ |v,,| \ %
t a| g s . 3
AP |5 X, | M 2. N E
"B IVae} - SR\ : <
00 \*T .‘. q’.z | 25 2 x | B i\} N | " ' | 3
= L4 o 04 -02 0.0 0.2 0.4 0.6 0.8 1
Goal is to (over-)constrain UT with 5

several measurements., e.g., | V| from N gi——
B0 - rl+v, B* = 1+*v & Ay~ puVv BRs. E ' =
05 __g sol. W cos 29, <0 _:
04 f_g (excl.'at CL > 0.95) _f
Belle II will be able to test CKM at = b 0,
~19 level (and explore tensions \ E
= 0.1 ¢1 :

12

kel

=y
o



The Belle II Experiment, Ivan Heredia, Seminario ICN-UNAM & IF-UNAM 2021

Summary of
key flavor
observables

Observables

Expected the. accu-
racy

Expected
exp. uncertainty

Facility (2025)

UT angles & sides

b1 [°] HHk 0.4 Belle 11

o2 [°] ok 1.0 Belle II

¢3 [°] ok 1.0 LHCb/Belle II
|Vep| incl. S 1% Belle 11

|Vep| excl. ok 1.5% Belle II

|Viup| incl. e 3% Belle II

|Viup| excl. = 2% Belle II/LHCb
C'P Violation

S(B — ¢K°) Hokok 0.02 Belle 1I

S(B — n'K%) Hk 0.01 Belle 11

A(B — K% [107?] Fokok 4 Belle 11

AB — KTn7) [1072] e 0.20 LHCb/Belle II
(Semi-)leptonic

B(B — Tv) [1079] o 3% Belle II

B(B — uv) [1079] ** 7% Belle 11

R(B — Dtv) =y 3% Belle 11

R(B — D*rv) kK 2% Belle ITI/LHCb
Radiative & EW Penguins

B(B — Xs7) o 4% Belle 11
Acp(B — X, qv) [1072]  ox 0.005 Belle 1I

S(B — K2n%) Hokok 0.03 Belle 11

S(B — pv) i 0.07 Belle 11

B(Bs — vv) [1079] *k 0.3 Belle 11

B(B — K*uvw) [107°] Kk 15% Belle 11

B(B — Kvp) [1079] Aok 20% Belle 11

R(B — K*0) Ak 0.03 Belle I1/LHCb
Charm

B(Ds — pv) e 0.9% Belle 1T

B(Ds — Tv) i 2% Belle II
Acp(D° — K70) [1072]  ** 0.03 Belle 1I
lg/p|(D° — Kgntn™) e 0.03 Belle 1I

¢(D = K2ntn™) [°] HHk 4 Belle II

Tau

T — py [10710] Hokok < 50 Belle II

T — ey [10719] Rk < 100 Belle 11

7 — pup [10719] S <3 Belle II/LHCD

20
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Observables Expected the. accu- Expected Facility (2025)
racy exp. uncertainty
UT angles & sides
o1 [°] oAk 0.4 Belle II
o2 [°] ok 1.0 Belle 11
o3 [°] Hokk 1.0 LHCb/Belle 11
|Vp| incl. oAk 1% Belle 1T
|Vep| excl. ok 1.5% Belle II
|Viup| incl. e 3% Belle II
|Viup| excl. = 2% Belle II/LHCb
C'P Violation
S(B — ¢K°) Hokok 0.02 Belle 1I
S(B — n'K%) Hk 0.01 Belle 11
A(B — K% [107?] Fokok 4 Belle II
AB — K n7) [1072] S 0.20 LHCb/Belle 11
ummary of &
B(B — 1v) [107°] ** 3% Belle II
B(B — uv) [1079] ** 7% Belle 11
R(B — Drv) Hokk 3% Belle I
k ﬂ R(B — D*7v) Aok 2% Belle I1/LHCb
e aV()I' Radiative & EW Penguins
B(B — Xsv) o 4% Belle 11
Acp(B — X, qv) [1072]  ox 0.005 Belle II
b S(B — K3n%) Hkk 0.03 Belle II
observaples &z » e
B(Bs — vv) [1079] *k 0.3 Belle 11
B(B — K*uvw) [107°] Kk 15% Belle 11
B(B — Kvp) [1079] Aok 20% Belle 11
R(B — K*(0) kK 0.03 Belle I1/LHCb
Charm
B(Ds — uv) aloly 0.9% Belle 11
B(Ds — Tv) i 2% Belle II
Acp(D° — K70) [1072]  ** 0.03 Belle 11
lq/p|(D° =% K%ﬂr ) Aok 0.03 Belle 11

oD — Kontn)[°]

We can also explore [ gasgrnsn Bele 1
1 T § T ey (1071 Belle 11 :
LICHASCCLOL: T o107 <3 Bellell/LHCb __§

20
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Cross sections at 10.58 GeV

Table 18: Total production cross section from various physics processes from collisions at
Vs = 10.58 GeV. Wy, is the minimum invariant secondary fermion pair mass.

Physics process Cross section [nb] Selection Criteria Reference
7 (45) 1.110 £ 0.008 i 2]
ut(y) 1.61 - KKMC
dd () 0.40 - KKMC
s5(7) 0.38 - KKMC
cc(~y 1.30 - KKMC
ete () 300 + 3 (MC stat.) 10° < 6% < 170°, BABAYAGA .NLO
E? > 0.15GeV
ete (v) 74.4 pe > 0.5GeV/c and e in -
ECL
vy () 4.99 +£0.05 (MC stat.)  10° < 6% < 170°, BABAYAGA .NLO
EZ > 0.15GeV
Yy () 3.30 E, > 0.5GeV in ECL -
p () 1.148 - KKMC
ptu= () 0.831 py > 0.5GeV/cin CDC -
ut =y () 0.242 pu > 0.5GeV in CDC, -
(B > 05GeV) inECL
eteete” 39.7 £ 0.1 (MC stat.) Wi > 0.5 GeV/c? AAFH
eteptu~ 18.9 £ 0.1 (MC stat.) Wee > 0.5 GeV/c? AAFH

21
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Tau leptons at the B factories

L (fD°7)
800 | Lifetime and
= CP-Violation Ty “-"
600 | LFV limits _
Mass and i
CPT test
400 | CP-Victation
LFV bmits
Limits In Mass and
T — uy SCC  CPT test
s . searches
! Limits in
200 | ¢ - ELF
Electric

Limits in
T uy
T £EF

dipole imit

0

2000 2002 2004 2006 2008 2010 20712 2014 2016
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+ B factories are also T factories.

+ Great environment for the
study of tau lepton decays due
to:

» Well-defined initial state.
» High vertex resolution.

« Excelent calorimetry.

+ Sophisticated particle ID.

+ Previous B factories provided

many interesting results to be
updated with Belle II.
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T'au decay event in 3x1-prong topology

Exp 7, Run 3521

Started at 2019/04/30 06:18 JST
Stopped at 2019/04/30 07:06 JST
Run type: physics
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a
-200 -150 -100

... and Event Shape

100

Belle Il 2019 Preliminary
* Y(4S) data

.off-resonance

det=2.62 o
. . (+0.83 offR)
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Detector performance: tracking efficiency

+ Tracking efficiency and fake rates have been measured using tt
events using a tag-and-probe approach and t — 3 v; + nmO.

Tags Calibrated discrepancy between data/MC:
+
o*=1—-¢€y,.,/€
n 72-0 €~ Belle Il (Preliminary) = value stat emor Sys error
) - Overall: 0.28 + 0.15(stat) + 0.73(sys)
o\o -
:'o 0'—.—.—.— _-_-_ _._._._ _'_ _._._l_
-2 :'
[ BELLE2-NOTE-PL-2020-014
4 —
S Ogtsg YOy MBeM 0¥ S0y 8 “O5*ss ®0s  Wrg0rgVrgh
7, 2019a 2018b 2019¢ Combined
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Detector performance: Lepton [D

« Particle ID is based on the global likelihood ratio from all subdetectors.

+ With T&P approach, lepton efficiency and misidentification rates are
calculated with pions from the 3-prong decay t- — 3 v; + nmo.

Ly
Lot Ly+LrtLr+L,

lags
+

(1D =

- Probe

1’171'0

-
N

efficiency, mis-1D probability
o (= o
4 N &3]

o
(N

o
o

1.13 =8 < 1.57 rad, electronID > 0.9

ey
o

Belle Il (Preliminary), [Ldt= 34.6 fb~!

——

+ Jlgy=ee-¢gle)

¢ ee-eey- ele)

v ee=eeee-cgle)
-+ Ks=qm-mis-ID{m—=e) x3
D' -+ D"(Kmn - mis-1D(n -+ e) x3

(+ Tlipit(3p) - mis-ID{m~e) x3 )

D = DYKmr - mis-IDIK = &) x3

.....

1 2 3 a 5 6
p [GeV/c]

2/

efficiency, mis-ID probability

©
N

e
N

¥
o

o
@

e
-}

o
=

e
=)

0.82 =0 < 1.16 rad, muoniD > 0.9

Belle Il (Preliminary). [Ldt= 34.6 fb~!

e s
+  Jlw-up - elu)
¢ ee-puuy - e(y)
v ee—eeuy - g(p)
. -+ Ks—=mr- mis-ID{m—u) x3
. L D= DYKm)m - mis-IDim— u) x3
v o C T(1piri3p} - mis-ID{m—=+pu) x3 )
"o 4 D = D%Kmm - mis-IDIK = ) x3
s ."‘“'-4.,::3:-
1 2 3 a4 5 6 7

p [GeV/c]

BELLE2-NOTE-PL-2020-027
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Detector performance: triggering

~—4— =3 1ull track trigger
b+ with shoet track tiggers

The L1 trigger efficiency studied with 1x1 and

- Belfe If (Preliminary) f Lot =571

3x1 tau topologies. " m———
‘Z; . : ..." ...‘ o S—— S — cseseclll ﬂ$~.~45>11.'.
. o 8 . & TN,
Track triggers present low etficiency in s 4 O
c 06 > '
endcaps. SRy v M
'.:: 04 t | : -"m% _‘_‘ll_.__d‘ - 4*
c - i A v by, '{,ﬂ'
To compensate, the CDC trigger also searches Y N
for short tracks. N .
20 40 60 80 100 120 140

track 8 [deg)

Identification of the 1x1 topology is

Challengmg. Befle Il (Prefiminary) [in-a? ¢ *3UIvakeow i om
ik @ aith shot tack irggers
1200, > T et i
3 ! Q %2 [ — *»
| : c 08| o -y
1000 usual (full) track 8 £ '
: | R Brr A - - ¢
”o,_ B 3 06 - - . e e .' ’ .
‘_ 3 % e 8 ' 1-prong l 1-prong " """s n2d
500 short trac E 04l \‘% J, ’ ,
L - i . > - !
o - - ' 2 i T
1 B 0.2 s 7 R
! 2 " : ¢ ¢’ \\ .
[ - [ .
2001 32 = O o
. ) 2 Roiwind - 0 g‘;.- .................. e X T
f v AT . 20 40 50 80 10 120 140
0" .00 600 400 200 © 200 400 600 800 1000 1200 1400 1'?:2’ track 6 [deg]

BELLE2-NOTE-PL-2020-015
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Measurement of T properties: mass

* Lepton masses are fundamental
parameters of the SM: | B P0G average (2020

BES Il (2014)
g 1776.91+ 0.12 013

m, = (0.5109989461 =+ 0.0000000031) MeV, e

—e—i 1776.68 = 0.12 = 0.41

m, = (105.6583745 = 0.0000024) MeV, | KEDR (2007)

- +0.25
1776.81 7,2 = 0.15

m, = (177686 + 012) MeV. | BELLE (2007)

e 1776.61+ 0.13 = 0.35

) . . . OPAL (2000)
* Two methods for measuring my: ! y | 17751216+ 10

CLEO (1997)

® i 17782 £ 0.8 + 1.2

+ Production threshold L B BES (1999) o 00

-0.21 -0.17

(DELCO, BES, KEDR, BES- o . = 6524514
III) . ?fslfc? :(?.1_3?78) : .

ca sy e e b ey
1774 1776 1778 1780 1782 1784 1786
m, (MeV/c?)

+ Pseudomass distribution
(ARGUS, OPAL, BaBar,
Belle).
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Pseudo-mass strategy

« Technique developed by ARGUS using 1~ — 31t v

m»;z = (ph +pv)2
= 2E,(E,— E) + mj; = 2| P, |(E, = E}) cos(P,, P)

Mr%lin = 2E,(E, — E,) + m,f -2|pL(E,—E,) < mfz

Pseudomass distribution, data vs MC

Events

Data/MC

1 arXiv:2008.04665 [hep-ex]

9000
8000
7000
6000
5000
4000
3000
2000
1000

of
15F
1]
05F

L Belle I (Preliminary) —+— Data T Mo
- - === (=) T(— e,u,mw ) e 1t BG
- det =8.8fb’ - = eell (I=e,u) & eehh - = 1) (I=e,)
- -+ - qq(g=u,d,5,c)
"""""""""""
B LTADO . Y,
T S AL 1AL $41t
] ] L ] P P ] L Lo +
0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2

M_. [GeV/c]

=~ 1 (not known)

>

10 MeV7cl s

0.0 05 1.0 1.5 20 25
m [GeV/c?]

T

Phys. Lett. B 292 (1992) 221-228

Tau rediscovery. Ongoing work
to include missing background
sources (4m) in the MC.

Distribution fitted to an
empirical edge function, cut-off
indicates the value of m,.
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Data / MC
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T-mass measurcement

Zoom to cut-off region

700 |

. Belle Il (Preliminary) —+ Data .~ MCwu
[ == (= mav)T(— e,u,Taw) et TT BG
600 2 det =8.81b" -+ = eell (l=e,u) & eehh - lify) (I=e, 1)
500 3 * = qq (g=u,d,s,0)
400 |-t
300 [
200 [
100 f
ok
15F
1
05 F . : e e . o
1.7 1.72 1.74 1 76 1.78 1.8 1.82 1.84
M_. [GeV/c?]
mft Estimator Bias
— 5: T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T I T
= na +2 1 ndf 10.39/10
=, 37 Estimator Bias 0.7159 = 0.1161 ]
c o ]
83 C ]
£ 2r ! E
1 o ]
Eé 1 = R R R R RS AR R R R R R R R R R R R R SRR RSIRERR R G RR R =]
O R
-1/
-2
-3F
-4 ;—
_5: 1 I 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 I 1
1.772 1.774 1.776 1.778 1.78 1.782
en
m" [GeV]

Fit

PP1 estimator
of my

F(M

min?®

P)=(Py+P,M,. ) tan" '[(M

min min

600

300

200

Events / ( 50 MeV/c?)

100

500 |

400

[ + Data

Belle Il (Preliminary)

f Ldt=8.8fb"

m, = 1777.28 = 0.75 MeV/c?

»2/dof = 1.256
N, = 8742

Pull

Systematic uncertainty

Choice of p.d.f.

Fit window

Beam energy shifts
Mass dependence of bias
Trigger efficiency

Initial parameters
Background processes
Tracking efficiency

31

Momentunt shiff: (Bﬁeld map) W
Estimator bias

1.78
[GeV/c?]

mln

Belle II preliminary:
1777.28 £ 0.75 £ 0.33 MeV/c?

arXiv:2008.04665 [hep-ex]
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T-mass measurement prospects

11
— ® Bellell
Al
&% + 2 O . . . .
PDG average £:1776.86 = 0.12 MeV/c S ol > luminosity projection
O ) 9075 MeV/c® @ 8.76 [fb]
BES Ill (2014)$21776.91 + 0.12 + 0.13 MeV/c? S -
91 | | -
& - 0.6
ARGUS (1992)£1776.3 + 2.4 = 1.4 MeV/c® o -
. [ ] | (D B
2 o .0
Belle (2007)$51776.61 = 0.13 = 0.35 MeV/c O 0.4
e 0 - ‘~‘q.31 MeV/c2-@ 50-ffb1]
BaBar (2009)§1776.68 +0.12 = 0.41 MeV/c? -ac—u- 0.2 ~'“'1,()\-522 MeV/c? @ 100 [fb]
I [ ] 1 . B ‘o
= y 2 -1
?)) i . . -.‘(.):1.53 MeV/c® @ 300 [fb™]
Belle Il (2020)%x1777.28 = 0.75 + 0.33 MeV/c? i Current luminosity ‘/‘ -----------------
® — O IIII| 1 1 IIIIII| 1 1 IIIIII| I'..-
|IIII|IIII|IIII|III|IIII|IIII|IIII|IIII| 2 3
1773 1774 1775 1776 1777 1778 1779 1780 1781 10 10 10
2 - - -1
m, [MeV/c7] Luminosity [fb™]

+ Belle-II (8.76 fb1) preliminary result is still dominated by statistical uncertainty. Result
will be improved with current luminosity:.

+ Precision of the momentum scale factor can be improved with more precise B-field map.
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T'au lifettme measurement strategy

* Best measurement by Belle (PRL 112, 031801 (2014)): e

OPAL {1996) . ..

» Uses a 3x3 topology, with both tau leptons decaying
to 3rtv,, 711 tb-1.

« CLEO (1996)

ALEPH (1997) ,— i,

+ In CM frame, direction of positive tau, n*" = -n-, can (13 (2000)
be solved using the 3-prong momenta. Its momentum % E—
is then boosted to the lab frame.

_ Belle (2014},
. . ’ PDG average:
» Require 7t coming (more or less) from the same = (203056 g
point: 3D distance |dl| <0.03 cm. il B L Ll

x. [fs]
7, =290.17 £ 0.53 (stat) + 0.33 (syst) fs.

3-prong

= Belle II strategy:

+ Exploit nano beam scheme = use
beamspot constraint (don’t need 77

vertex constraint).

» Use 3x1 topology = higher statistics (x5).
33
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Tau lifetime measurement sensitivity at Belle 11

Xl

Ll - U i "
“P [‘_‘. _““ ’..'.ﬁ‘
thrust )

1-prong side
SN, T = pV

-
-
-
——

3-prong side
T — TATV

N\

Advantages of 7 — pv respect to T — 7 :
* BR(7 — pv)~25% > BR(7 — 7v)~10%
* Better signature (p-peak)

T, presents = 3 fs bias.
(Generated lifetime: 290.57 fs)

ISR/FSR losses = underestimation of
the proper time.

And intrinsic bias in the measurement.

Further studies to estimate systematics:

- ¢ reconstruction and IP constrain:

Joprong,
Use VEILEX
ronstaint !
0N IP\.
‘ -~

\11’ | C,Jn,.- = Uyr

/ Proper decay time distribution\

L.

= 3o TS ;
I preang @

:I')f-:f n-x-.-,@—.
gy o B

.- Belke 12020 {Smukebcn|

Events ! (10 fs)

-1320 q LY L1V MU A
\ t d-proag [t3)

E Belle 11 2020 (Simulation) #

{ ttMCall

— Belle resolution (2014)

.MW.....,,,. ,,,,,,,, f TR

500 -400 -300 -200 —-100 O 100 200 300 400 500
en
7 3-prong (ct™ - ct®") [um]

34

Lifetime extraction:

=287.2 £ 0.5 (stat) fs

Same statistical uncertainty of Belle.
(200 fb-1 vs 711 fb1)

10" g

D MC total D o g-uds

[ Belle Il 2020 (Simulation)

10 : Dqﬂ g=C,t
|

@ w0 p(t; 7)) = —e” 77 * R(1)
o : T
g
S ol
c
@
>
W

107 b

nm”H\iNﬂ in B
#Mmfﬂw ’i HWt‘”?fj

7000 o
T 3 -prong t [fs]

Pull
o .f
%’*
}EE
f

..,.

=100

= the resolution @Belle II 1s nearly x2

narrower than @Belle

Competitive statistical precision can
already be reached with 200 fb-!
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Lepton flavor universality

Anomalies in quark sector
= R(D)-R(D*) plane (~3.10)
= R(K) (3.10), also P5’ in B=K*uu (~3.40)

= and more...

«  BR(B— D*tv) . -
RDY) = grm Sy Tl s,
Are flavor sector anomalies hints of new Significant tensions in lepton sector

fundamental interactions that violate LEU? IR e IR Era IS (o e IS R S TR Cee) BTV RN CPA1s)

0.1790 1
* Most precise tests in the tau
. 0.1785 4 f i
sector by BaBar: Phys.Rev.Lett.105:051602 (2010)
Test of e—n universality ‘af 01780 5
’ - S up %) = 1.0036 +0.0020 B, x B, ==
8, B(tT - pu yﬂyf) . = 1. * 0. 2 X ,ueT_ "
— ] & . —_ /¢ 0.1775 - HoH
8. B(tzm = e,
T = in agreement with SM m
: i : 0.1770 4 Spring 2017
= The BR measurements dominated by systematic uncertainty o = = 5

=.if8)
Figure: EPJ Web Contf., 218 (2019) 05002

= w: PID due limited size of data and MC samples
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LEU measurement sensitivity

tag ™ n

{BF-15%)
amwr®

-+ ‘T/
[ £ e

m

# 3x1: ~4x higher efficiency with
better purity compared to BaBar.

+ No pionlD cut required in

tag
(BF~au%t)

e contrast to BaBar, instead E/ p to s
=/ i signal ! a3 Slgnal
' . 1 b 2.
Ho¥ 4 (BF-35%) reject electrons + pt cuts. A (BF~Gt)
v v v y
Belle Il Simulation T — evv channel Belle Il Simulation T — uvv channel . . = i
14 16 " Belle Il Simulation ete -»TH(-e* ) T¥ (-u¥v)
. i E ° T T T T T T T
i 14+
12 i R osf
T 10| 58087 — 12[ o BABAR %\tb
E. PhysRevLett.105.051602 E. - PhysRevLett.105.051602 > 0.4l —
> > 10} =
(] L
g 8| Belell 8 I Bellell 8 0.3
‘S —¢— Likelihood LID -05’ 8 [ —#- Likelihood LID ‘O
= —4— BDT LID = [ - BDTLID = T
] 6| v wBABAR! o r BABAR [y L NN + likelihood LID
" 9 6f v @9 ©02F __ \n+BDTLD
a4l . [ -- BDT + likelihood LID
- 4r . v 01p BDT + BDT LID
5 ‘ : : : : : » [ ; ; ; ; e CLEO (PhysRevD.55.2559)
99.65 99.7 99.75 99.8 99.85 99.9 99.95 100 97 97.5 98 98.5 99 00086 088 090 0092 094 096 098 100
Purity [%] Purity [%] purity

Belle Il Simulation

e*e’ — t(—=FvW) T(=3h"(nO)v)

0.35
Belle Il projection
03 ] BABAR (PhysRevLett.105.051602)
0.25
02fF

R, statistical precision [%]

0.16% @ 108 b

0 50 100

150 200 250 300 350 400 450 500

Luminosity [fb™]

R/
%

%

Belle Il Simulation
35 T T T

o
=
(6]

0.10

# 1x1: similar performance
compared to CLEO.

* Room for improvements in
LID and BDT /NN selection.

ete -t (-utov) T (-u~ V)

[ —— NN + BDT LID

BDT + BDT LID

!

J— NN + likelihood LID
-- BDT + likelihood LID

e CLEO (PhysRevD.55.2559)

il il
0.70 0.75 0.80

0.235
purity

Belle II can already exceed BaBar and CLEO on
statistical precision for BR ratio.

Goal is to achieve better systematic precision:

+ lepton ID uncertainties should scale well with
luminosity & higher MC statistics .
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LEV decayt -7 a

¢ Search for the LFV decay channels: Previous searches
T-ea and T-ud
being a a BSM invisible particle. ¢ Mark Il (1985, 9.4 pb?)

¢ This decay appears in several NP models: * ARGUS (1995, 472 pbt)
Axion-like particles, Z' gauge boson, etc.
Z.Phys. C68 (1995) 25 28

+ Idea: Search for a two body decay. R el eSS Bidis:
| o ARGUS
The momentum spectrum of the signal = oo | o :
lepton will manifest as a peak inthe Trest = .0 . . T A G
frame with a position depending on the a ¥ Gk o 20Ny 3
~ h o . \l\ E
mass. x10¢ No detector effects @ om | \ 4
33 Belle 11 2020 (prediminary) SM: T evn k | R R BT 4 RN W (. { ‘;3#3
;30 Six‘\ul&‘.in-::f!. dl = 50,0 b*? g mllmaﬁ [G{c’\.‘i 0 02 04 un OR | 12 14 16
mia)=0.5 [GeV!
9 mial=1 [Gev) M(ax) [GeV/cZ]
o 23 BSM: Br{t - eq) = 0,029
(=) 10 x ARGUS UL
gzo .
%,b Signal vs Bkg
s <4 ¢+ Same final state
o _ ¢ Different kinematics
00 ; 5
b3 )3 L8 * 20 e ,){ta ‘,_TAU2()21 |

p. [GeV]
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wm R
i 1 o 3 ) ( )
,‘: @ C :.. ‘L ""':Vg %

T - ¢ o background suppression

* Vertex fit
+ 3-prong side (reject failed fits)

+ Neutrals Lepton ID Pion ID

¢ #Ylprong — #Y3prong — O
¢ #T[Olprong — #n03prong =0

¢ 3-prong tracks with asymmetric p: cuts
* Ranking the p: (leading, sub-leading, third) §
+ Optimal cuts based on the figure of merit EE&

S * We optimize for
FOM—@ ete - T(31v)T(lvy)
¢ Electron channel ¢+ Muon channel = T e

+ Leading p: > 0.69 GeV/c + Leading p: > 0.47 GeV/c ] S s X
* Sub-leading p: > 0.29 GeV/c ¢ Sub-leading p: > 0.17 GeV/c ~
+ Third p: > 0.08 GeV/c * Third p: > 0.04 GeV/c

¢ Electron channel ¢+ Muon channel {
*+ 0.9 <thrust <0.99 * 0.9<thrust<1.0
* 0.5<Inv M(3-prong) < 1.7 GeV/c> + 0.4 <Inv M(3-prong) < 1.7 GeV/c?
¢+ 1.2< ECMS(S-prong) < 5.3 GeV ¢+ 11< Ecms(g-prong) < 5.3 GeV
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T- ¢ a: T- pseudorest” frame

A. de Yta, TAU2021

¢ In the signal T rest frame, the momentum of the lepton will be a monoenergetic
peak with position depending on the a mass.

+ We cannot access the T rest frame directly due to missing particles

+ Use ARGUS method
o E,=Vs/2

+ Approximation: S et

T flight direction given by the

momentum of the 3-prong system

108 Electron channel €107 Muon channel
14+ Belle 1t T T—ea(0.0 GeV/c?) , T—nnnv 1751 gelle Il | T-ua(0.0 GeV/c?) , T=nmnv
Sirmulation: JL =628 o * | T=ea(l.4 GeV/c?) , T—nmmv Smulation: [L =628 m! 1 T=uall.4 GeV/c?), T=nmmv
1.2 —/—3’ T—e Vb, TonmmY 1.50 EZZ T—Havu, T=nmnv
~— 1 Other backgrounds | Other backgrounds
Y of Y 125
= 1.0 S 4
Ll L)
<) <
o 08 S 100f
S S
- -
JURE: wn Q75
< c
L )
> >
wooa W o.s0t
~ " .')l}
Q.00 1.00 1325 1.5G 1.5 2.00 0.00 0.50 0.75 1.00 1.25 1.50 L75 2.00
Pes [GeVic] Pps [GeV/c]
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T - £ a: expected sensitivity

+ We provide the UL sensitivity for Br(t—la)/Br(t—Ivv) at 95% CL
for Line = 62.8 fb!

+ We have identified the sources of dominant systematic uncertainties
+ LID

+ Trigger
Electron channel Muon channel
0.05“ 7 ~ O'OS'I — ———
Hiladk - Belle I i’« i Beife Il ‘
04 &=L _ o 0.04
e [ Simulation: J.Ldt.—.62.8 fo L-__ o e [ Simulation: det=62.8 fo
0.0 N g 009 A
— -t — —"i», 4 ',‘
! W N -
f + ARGUS | o + ARGUS i
0.0Z RN m Bellell S 002 mBelle i
e -
=
0.01 3 001
. —t e
o
0 | 1 ] ] ] | ] ] ] ] ] ] ] ] m o [ [ ] ] [ ] 1 ] ] 1 ] ] ] ]
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

M, [GeVic] M, [GeVic]
+ A scenario with reduced systematic effects is expected.

+ This is a closed box analysis
+ Data-MC validation procedure is ongoing
+ We aim to open the box in the near future
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LEV in T decays

w [ 0 u
> ~ Iy TS IV° i lhh Ah
|

5 —
g 10 E m S ..-.l.. e m ., E
© C | m = - = C I u ]
P - m m__ = " gy o= 4 mCLEO
S 6 A

oL = —
o 107E = 3§ v BaBar
1 = * v =
= " v v iy YV vy v .Y 1 A Belle

v.YY v v vV vy v v
q(?) 1075_A ' vA X i’ T Ah Ly VE ¢ LHCDb
- — ‘ A v v v A A A A A A A -
C v AbyViaa A A Y y YV A LT Y4 4 4,231 KATLAS

E 8_ AA A A Av X XIAA A —
g 10°F E Belle I
Q. - -
Q f— —
- 9_ 7
e
O - =
o B -
o> = (O I8 I A e ) ) ) I I
o 10 ==L F T RREEGTRL &&9988 CDGJiiCDil;’l:‘ BE MRS <<
(o) '‘0's. &5 XX TS XY X X XX l;‘l;‘!x X - The Belle Il Physics Book

0'=® iﬂ)imi@ 50’3 o's 0=l 03 v 111@ (SRS ggggxzocoxwoi@*ib*iﬁ By
ovso's0 1®i®i®1®i®il§l§ ggxz

arXiv:1808.10567v2

> 48 modes searched at B-factories, but more integrated luminosity. (and

isneededitoumprove currentdimitsvathibelleli:
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T-py (Marcela G.) and T=ppp (Norman M.)

Y Y Two independent variables:
_ 2 2
YV__\ W’\ MT_\/EMPW_P#M#
T ’ ‘\ T ’/ : CMS _ CMS
e il ek AE=FE — E
Hpp beam
Ve V H{e) H (e) V V H(e) H (e) = For signal — AE close to 0 and M, close to T mass
3cx Am% 2 —45
B(r = py) = 307 | 2U5 Ui o = 107 S O3 FBelle il 2020 (preliminary) . . .| | '2°
44 (3 0.2 |-Simulation: . - 100
[ 5o *"’mlll T oA ;10000 events
SM + heavy Maj v,, PRD 66(2002)034008 109 10-1° < g 80
'Non-universal 2’ PLB 547(2002)262 10% 104 0 * '
SUSY 80(10) PRD 66{2003)033012 102 101 -0.1 7 60
mSUGRA+seesaw PRD 66({2002)115013 107 10% -0.21"° 40
SUSY Higgs PLS 566(20031217 10 | 107 03f .
BELLE Il (Book 2018) MC <2726 x 107 —04f N 20
BELLE2-NOTE-PH-2019-001  MC9 (1 ab™}) <2.883 x 1078 S STt L ORI
Current analysis MC10 (1 ab ') opt 2 < 3.737 x 107° 17 172 174 1 76 1.78 1.8 1.82 1.84
. Signal Region Ater Cut 00T MT [GeV]
{ Belle 1
AE i * For 1=y (1x1 topology), similar sensitivity
:- ; to Belle. Plan to include 1x3 topology.
-
For t-pup (3x1 topology), Belle II can avoid
Bt ( BKG 500fb-° . Syl S B
= _= 17 events | w veto in tag and almost double sensitivity.

My, [Gev/ic’]
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Summary

“ Rich and successful physics program at the B-factories.

“ Hints of new physics will need both, Belle II and the LHC experiments,
to investigate them.

* Many flavor anomalies can be only resolved at Belle II.

“ Belle II is more than Belle with higher luminosity; there are also many
improvements in detector, trigger, reconstruction, analysis techniques,
computing algorithms, etc. to reach beyond.

“ Belle II is just ramping up, expect much more results in next few years, 4
publications so far (ALP, Z’, B» Kvv, luminosity, D lifetime).

+ Cinvestav actively working on properties of t's and cLFV. We expect
first Belle II publications on tau physics early next year (mass, T - £ o).
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