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Belle Il as a r-factory

- B-factories are also r-factories! Lint (fb-1)
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« Last generation B-factories provided a variety 0 g
of very interesting T physics results in the last
two decades 2000 2002 2004 2006 2008 2010 2012 2014 2016
» Over its lifetime Belle 1l will deliver an enormous a unique environment to study 1 physics with
sample of ~4.6x1010 1-pair events = high precision!
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Lepton Flavour Universality

* LFU = couplings of leptons to W bosons is flavour independent
_ _ * Anomalies in quark sector « also lepton sector
9e = 9 = 9 - R(D)-R(D*) (3.10) - (g-2)u (4.20)
I T - R(K) (3.10) and also for e (2.50)
W W - P5’ in B—K'upu (3.40)
- Bs—oll (3.60)
Gu 9 - and more...
i A
A P * Hints of a new fundamental interaction that violates LFU?
1 04 :_ [ HFLAV average Ayx” = 1.0 contours _:
L_LHCbIS . * If so, then we could see evidence also in the tau sector
0.35 :_ - BaBarl2 _: ,
5 LHCb18 : qu B(T_ - ,u_l_/ﬂl/l.)
03 = = = test of e-y universality — X -
- u ge B(t— > e D,u,)
0.25 — F Belle19 — Bellel5 i T
- Bellel7 E 2
0.2 L 7 Average of SM predictions . .
- D wam st e = test of T-p universality 9\  BG—oh)
L P T T TR TR EN TR T SN T NN S S
02 03 04 0.5 9u B(h — uv,)
R(D) 7/ h
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Test of e-y universality

» The most stringent test of p-e universality in the tau sector comes from measurement of the ratio Ry :

- = 2 2 /12
R, = B(r™ = pvuvr) = (g_“> — R f(me/ms) ,where: f(z) =1— 8z + 8z° — z* — 122%logz

B(r— — e vws) 9], " F(m2/m2)
50000_"l""l""l""l""l"__"l""l""l""I""l"
» World-leading measurement from BABAR (467 fb-1) ra) +Dhata  1b) +Data
with eTe™ — Ti( — Lﬂil/lj) T$( — 3h$(l’lﬂ'0)l/) == —ToeVy, —1:-—>p.-vuvT 3
B other < T - B

- - . 0 -
& non-t T ¢ &tT—nn Ve

PRL 105:051602 (2010)

Events/(0.10 GeV/c)
N W =
(=] (=] (=]
(=] (=] (=]
(=] (=] (=]
o o o
T

C other t
R, =0.9796 + 0.0016 (stat) £ 0.0036 (sys) - —::—  &nont —
(z—g)T — 1.0036 + 0.0020 10000 - I ;
= 0 pr—+—————t————— ': —_
d o] T
« High purity samples were achieved: = 0 ;|”°‘*“'“‘“iﬂ‘f*h‘*'ﬁ]fH‘H ““““ £ J"**’?‘“*“*m*+‘{+‘*|'|"” [ E
» 99.7% in the T—€Vv channel T 005 ] | * H{ ’ E

» 97.3% in the T— Vv channel 1 2 3 4 5 1 2 3 4 5
CM Momentum (GeV/c)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.051602

Search for LFUV in 7 = £Lv

0,006 arXiv:2105.06734 « Global fitto 7 — Ziv and u — ebv ratios (latter well constrained by EW data)
. L L L L B L BN } .
i ! I = 20 tension with SM
1
0.004 L | ] my. =100 GeV  arXiv:1607.06832v1
N 1 e T T RN .\4\.
0.002] i 1« NP could enter in a variety of ways 1 X/ LEP
g Tt 7 i - LFV violating Z’ > W\ L
1 [ /! ] - Singly charged scalar NTTIT 5\
R L A - 03fF ) -
& 1 - W | :
< ' 1 .
| . - L-L Z (box diagrams) |
—-0.002 - l'\ . _ VI o 01k :‘ ..........
i o 1 - Modified Wiv couplings, and more... A
~0.004 i Z B
| B B I TN N A T T T N N M AN T B lll 0.03- :’
~0.004-0.002 0. 0.002 0.004 0.006 0.008 ! !
o(t — puvv) T Vp(r) 001F Bl B ol ]
R T T
— Z .i IQ : T 1 : |
AT = WWV) 1 002900014 5 0.01 0.03 01
ASM(”‘ — eV ) T('u,) g;‘

ﬁ”? — Wf)) ~1.0018+0.0014
T —evv . . . . . g . . .
M « Will this tension become more significant with better precision on Ry ?

Ape® =V '
e ) 1 001020.0014 Belle Il can provide answers!

Agy (U — &)
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https://arxiv.org/abs/1607.06832
https://arxiv.org/pdf/2105.06734.pdf

Belle |l analysis

h
» MC sensitivity study for the test of e-p universality using tag
e*e-— 1t (—I7v) t*(—3h*(nm)v) events @ Belle I =~ (BF=15%) % !
- - 7
» Use thrust vector to separate events into signal (1-prong) and tag (3-prong) hemispheres e+~~... ......... 7‘/ o=
FOMS 5 VAD
i "n CMS = CMS = : e Aprus
‘/thrust = Z ’ Z ?C]\;;u‘% ’ | signal * Nthrust | ) | 7tag,i " Nrust |< 0 7V (S tag /T }1
1 A -
y / signal
Belle Il Simulation Low multiplicity ECL triggers e _; v (BF~35%)
[ V. v
i * New @ Belle II:
. ol .. eempso—————T———_ pmsamate e dedicated ECL triggers for low multiplicity signatures (Imf)
8 0.8 HB
§ D — . Efficiency for 3x1 topology driven by Imio:
— 06 o s
g ’ ............................................................................................................................................... - >3 ECL clusters, one with E > 300 MeV and not an ECL Bhabha
Soal
}_ 5 ° Further boost efﬁCIenCy by taklng |Oglca| OR Wlth 9 other Iml triggers
02 e
TSSO . Forp>1GeV: »95% efficiency in eV channel

0 05 1 15 2 25 3 35 4 45 5 L. . _
>90% efficiency in the t—pvv channel
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https://docs.belle2.org/record/2644/

Lepton identification

signal side decay  vg/,

« Data/MC correction factors and
systematic uncertainties have
been measured from several
tag-and-probe studies

BELLE2-CONF-PH-2021-002

» Efficiency studies:
CC(y), eett & Jly — ¢

» Fake rate studies:

Kg - an, 17 & D¥ > DY - Kn)zn

A HEPHY

P. Rados

* @ Belle Il we have available two kinds of lepton identification (ID)

» Likelihood-based:
Ly
£e+£u+£7r+£K+£p ’

» Boosted Decision Tree (BDT) -based

L=

factor ~10 (~2) m— e (u) fake reduction

at p<1 GeV for same efficiency

likelihood elD performance

1.2
- Belle 11 (Preliminary), det= 62.8 fb~!
[} 10 - . —_—
+— } —
o i
N 0.8 1
7 + Jly-ee-e(e)
é ee—-eey - €(e)
0.6 | +
= I ee - eeee - £(e)
g I -v-  Ks—-nm- mis-ID(m—e) x3
.g 0.4r -+ D*->DY%Km)m - mis-ID(m— e) x3
e i T(1p)T(3p) - Mis-ID(m—e) x3
Yo2t 4~ D*>DO(Km)m - mis-ID(K - e) x3
L et y-=-=
I $emfe: w---III¥IITo - ¥===
0-0 E - x 1 1 1
0 1 2 3 4 5
p [GeV/c]

efficiency, mis-ID rate

o
[N}

o = =
(o) o [N)

e
o

e
o

leptonID > 0.9

= |leptonID > 0.9(0.99)
for t—p(e)w

likelihood yID performance

o
I

:Belle Il (Preliminary), det= 62.8 fb~?!

I + Jly-pp-e(p)
i == ee - uuy - e(u)
i + ee-eeuu - &(y)
'+ -+-  Ks—mm - mis-ID(m— u) x3
Co. -+~ D" - D%Km)m - mis-ID( - ) x3
% T(1p)T(3p) - mis-ID(m— ) x3
L . - D" - D%Km)m - mis-ID(K - 1) x3
_____ R
0o 1 2 3 4 5 6
p [GeV/c]
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https://docs.belle2.org/record/2318?ln=en

Background suppression

« Optimisation of cut-based analysis. Nyig t ide d
Factor 100 penalty to background FOM = TR ag side decay
in FOM, favouring purity over v/ Nsig blg
efficiency.

t—eVv channel t—pvv channel
lead: (0.75,4.39) | (0.68, 3.59)
track prt [GeV] sub: (0.45, 2.43) (0.17, 2.45)
third: (0.12,1.76)| (0.04, 1.68)
tag side |track E/p <0.8 <0.8
vertex prob(x2) [0, 0.99) >0
#m0 <1 =
neutrals Hy <t =1
mass [GeV] (0.5, 1.5) (0.55,1.4) . Tag strategy at Belle II:
. . track cluster energy [GeV] (0.4, 5.6) (0.17,0.3) - E/p < 0.8 (or undefined)
signal side E/p (0.95, 1.04) (0.06, 0.2) - asymmetric thresholds on lead, sublead
track p (CMS) [GeV] (0.6, 4.8) (0.6, 3.6) and third 7™ pr
neutrals o veto veto
y veto veto

- BABAR style:

- rely instead on tighter pion 1D
requirements to reach required
level of purity
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Background suppression

L. . . Belle Il Simulation t© — evv channel
* Optimisation of cut-based analysis. Nyig 10° F - - -
Factor 100 penalty to background FOM = N 100 N SRS
in FOM, favouring purity over v/ Nsig blg g o o "
efficiency. 107
t—eVv channel 1—pvv channel 2 L
q’ 10 =
lead: (0.75, 4.39) | (0.68, 3.59) oo f
track prt [GeV] sub: (0.45, 2.43) (0.17, 2.45) .
third: (0.12,1.76) | (0.04, 1.68) 102 ¢
tag side track E/p <0.8 <0.8 i »
vertex prob(x2) [0, 0.99) >0 i |
. | 07 075 08 08 09 095 1
neutrals Hy 1 <1 Thrust value
mass [GeV] (0.5, 1.5) (0.55,1.4) _ _ _
Belle Il Simulation T — uvv channel
track clust [GeV] (0.4, 5.6) (0.17,0.3) 100 e (69—t e
. . rack cluster energy e 4, 0. 0. r <—other — — 1y
1200
signal side e (0.95, 1.04) (0.06, 0.2) .
track p (CMS) [GeV] (0.6, 4.8) (0.6, 3.6) 10p
T 800F
neutrals mo veto veto 3 :
y veto veto W go0f
event shape — Z
& kinematics Missing momentum 06 [deg] (13,172) (5,170) ;
Thrust value (0.9, 0.98) (0.92, 0.99) :
Total visible E (CMS) [GeV] (2.5, 8) (3, 8) 03 4 5 6 7 8 9 10 11 12

Total visible energy (CMS) [GeV]
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Performance

Belle Il Simulation © — evv channel Belle Il Simulation T — uvv channel
14 - - ; 16 [ : : : :
: - * : °
L ......................... '''''''''''''''' 14 __ .......................................................................................... ..........................
12 -_ ................................................................. : E | | A o BABAR
— i —_— 12 .......................... 44444444444444444444444444 .......................... .......................... PhysRevLett.105.051602
o\o 10 R ................ i [ : : : :
5 (>D, 10 __ ......................................................................................................................
qc) 8 R S ................ GC) i Belle I
:§ : g 8 :_ .......... .......................... 44444444444444444444444444 .......................... .......................... + leellhood LID
T S S S N R R T— I T —— BDTLID
[ —¥— w/ BABAR tag
GF g — RN S A S
i M ‘ [ ° v
5l : : : : ; Py S - . :
99.65 99.7 99.75 99.8 99.85 99.9 99.95 100 97 97.5 98 98.5 99
Purity [%] Purity [%]
» Comparing three Belle Il working points:
N Signal signal - Belle Il tag selection, and either likelihood or BDT-based lepton ID
e = selected P - selected
st'gnal  AJtotal - BABAR-style tag (pion ID > 0.5 for the 3-prong tracks)
generated selected

stgnal -
N, 2077 L- BT—)E:?V ) Btag

generated
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Performance

Belle Il Simulation T — evv channel Belle Il Simulation T — uvv channel
14 - - 16 [ : : : :
: he I o
L : 14 o .......................... 44444444444444444444444444 .......................... ..........................
12 -_ ....................................................................... i A ° BABAR
. —_ : PhysRevLett.105.051602
o\o 10 R ................ é
qc_) 8 __ ................. ................ E) i Be”e “
:(:) : g 8 :_ .......... .......................... 44444444444444444444444444 .......................... .......................... + leellhood LID
T e e s S e w e T T —— BDTLID
[ —¥— w/ BABAR tag
e O P A IO SO OO SO TOTU SOUPTTOS e,
f _'_ : [ ° ¥
2 i 3 ; ; ; ; ; ol : ' i
99.65 99.7 99.75 99.8 99.85 99.9 99.95 100 97 97.5 98 98.5 99
Purity [%] Purity [%]
» Comparing three Belle Il working points:
N Stgnal signal - Belle Il tag selection, and either likelihood or BDT-based lepton ID
e = selected P = selected
st'gnal  AJtotal - BABAR-style tag (pion ID > 0.5 for the 3-prong tracks)
generated selected

signal _
N generated ~ 2.0 LB Btag

Compared to BABAR, Belle Il has ~4x higher efficiency with better purity

MHEPHY ¥ P. Rados LFU Tests in Tau Decays at Belle I 9



Belle Il sensitivity

N - - _ _ Belle Il Simulation *e” — v*(—Fvv) T(—3h"(nn°
* Projection of statistical precision R o_ Bt~ — p v, 0.35 elle Il Simulatio g0 > TiTv) v(z3h (nyv)
on Ry as function of luminosity H Blr— — e v.v,] : — Belle Il projection
03[ @ BABAR (PhysRevLett.105.051602)

Belle Il can match BABAR stat. precision with ~100 fb-! of data.
Expect to reach <0.1% precision on Summer 2022 dataset.

0.25 |

BELLE2-NOTE-PL-2021-009

0.16% @ 108 fb™'

0.15}

R, statistical precision [%]
o
[\

0.1}

005050 100 150 200 250 300 350 400 450 500

Luminosity [fb™]
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https://docs.belle2.org/record/2644/

Belle Il sensitivity

. . +a s i (—sPEun) (kT 0
» Projection of statistical precision R - B[T = ,LL_VLVT] 0.35 Belle Il Simulation e'e ~T(=Iw) T(=3h ()
on Ry as function of luminosity S Bt~ — e v.v;] ; ———— Belle Il projection
03 @) BABAR (PhysRevLett.105.051602)
Belle Il can match BABAR stat. precision with ~100 fb-! of data. 0.25F BELLE2-NOTE-PL-2021
Expect to reach <0.1% precision on Summer 2022 dataset. i
02F

0.16% @ 108 fb™'

R, statistical precision [%]

0.15
 However, like at BABAR, the measurement in the end will i
be systematics limited! 011
. 005 [ v
Systematlcs @BABAR 0 50 100 150 200 250 300 350 400 450 500
Systematic uncertainties: Luminosity [fb™]
Particle ID 0.32
Detector response 0.08
Backgrounds 0.08
Trigger 0.10
m 7w 7w modelling 0.01
Radiation 0.04
B(t— -7 wtv,) 0.05
£0'6,+e—_,.,.+7.— 0.02
Total [%)] 0.36
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Belle Il sensitivity

Belle Il Simulation ete’ — 1= (—Fvv) T°(—=3h" (nO)v)

» Projection of statistical precision

Blr™ — p v 0.35
on Ry as function of luminosity :

Br— — e vev,]

R, =

; Belle Il projection
03[ @ BABAR (PhysRevLett.105.051602)

Belle Il can match BABAR stat. precision with ~100 fb-! of data.
Expect to reach <0.1% precision on Summer 2022 dataset.

0.25 |
[ BELLE2-NOTE-PL-2021-009

02F

0.16% @ 108 fb™'

0.15
« However, like at BABAR, the measurement in the end will '
be systematics limited!

R, statistical precision [%]

0.1}

0.05 L

systematics @BABAR 0 50 100 150 200 250 300 350 400 450 500
Svstematic uncertainties: Luminosity [fb™]
Particle 1D 0.32 = Can we do better at Belle 1I?
Detector response 0.08
Backgrounds 0.08 » LID uncertainties for isolated leptons should scale well with luminosity + higher stat MC.
Trigger 0.10 Important to understand differences b/w T&P studies (J/¥—ll, ee—lly and 2y).
m 7w 7w modelling 0.01
Radiation 0.04 » Trigger uncertainty will depend on stable L1 operation and reliable simulation.
Bt~ > n nty,) 005 At Belle Il we are already at the ~1% level (vs 10% at BABAR).
£0'6,+e—_,.,,+7.— 0.02
Total [%] 0.36 » Alot of work ahead and already underway...
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Search for LFUV with 1x1 topology

/S
« Belle Il also plans to test e-p universality using the 1x1 topology. tag % 7,
(BF~85%) .,
» Never studied by Belle/BABAR. Most recent result from CLEO (3.56 fb-1). SLAC-PUB-9839 7170
* 1x1 benefits from larger signal sample: inclusive 1-prong tag (BR~85%). e; ........ T o
However, both the backgrounds and trigger more challenging. M
/7_ T Rrust
o
i signal
el L (BF~35%)
V. v
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A HEPHY

Search for LFUV with 1x1 topology

Never studied by Belle/BABAR. Most recent result from CLEO (3.56 fb-1).

@ Belle Il we are starting with the clean muon tag (t—pvv)

P. Rados

Belle Il also plans to test e-i universality using the 1x1 topology.

1x1 benefits from larger signal sample: inclusive 1-prong tag (BR~85%).
However, both the backgrounds and trigger more challenging.

SLAC-PUB-9839

BELLE2-NOTE-PL-2021-009

LFU Tests in Tau Decays at Belle Il

S+ signal

<
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https://docs.belle2.org/record/2644/
https://inspirehep.net/files/79532d18a2b32492fb1de75c071b18ab

Search for LFUV with 1x1 topology

/>
» Belle Il also plans to test e-p universality using the 1x1 topology. tag % m,
(BF~85%) &
» Never studied by Belle/BABAR. Most recent result from CLEO (3.56 fb-1). SLAC-PUB-9839 7170
* 1x1 benefits from larger signal sample: inclusive 1-prong tag (BR~85%). e+ T -
However, both the backgrounds and trigger more challenging. —>
/7_ ﬁthrust
. @Belle Il we are starting with the clean muon ta ) [BELLE2-NOTE-PL-2021-009 /i signal
@ g g (T=uw) ep ', (BF~35%)
V. vy
* Lepton ID for tag and signal side: Belle Il Simulation e'e - (—ewW) T (-uvv)  Belle Il Simulation '€ — T (V) T (—uvY)
- again, COﬂSidering both I +Low multiplicity ECL triggers I +Two track CDC triggers
likelihood and BDT-based LID L e T
- [ R [ FAE A e 444..;..’”’+*+*’”+ """""
2 08f T - ~~~+* rrrrrrrrrrrrrrrrrrrrrrrrrrr E—
. Trigger' :S:; L T R e + """""
) % 0.6-—' B i EiECEi I C ++ """"""""""""""" ++ """"
- ep channel: R e I B
logical OR of ECL Iml triggers g |rew)rouw)| | T T (o)
o2l |  ‘“euchannel” | A A I “uu channel” | Jr
- pp channel: I ——R——— o e J
CDC track triggers (long & short) % 05 1 15 2 25 3 35 2 45 0 05 1 15 2 42.'5'
minimum track P, [GeV] minimum track 0 [rad]
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1x1 analysis: background suppression

* In order to suppress the significantly larger backgrounds in the (1) Two-step Boosted Decision Tree (BDT)
1x1 topology, we have developed two MVA techniques: (2) Neural Network (NN)

( BDT pre-selection \

ey MM
signal p [GeV] >0.2 >0.2
signal clusterkE [GeV] >04 >0.4
visible E (CMS) [GeV] | [2,7.6) |[1.5, 7.6)

&ZD selection on Mmiss2 vs 0 of Pmiss J

Baseline

* 1x1 topology wrt thrust

* lepton ID

* trigger .

f NN pre-selection I
ey MM

prmax (CMS) [GeV] [0.62,5.08) | [1.64, 5.0)
Mmiss2 [GeV?] [1.23,99.23)| [2.85,91)
Pmiss (CMS) [GeV] [0.03,4.2) |[0.46,4.47)

9 of pmiss (CMS) [rad] | [0.18,2.96) |[0.53, 2.65)
visible E (CMS) [GeV] | [1.1,10.76) |[1.12, 8.54)
total ECL E [GeV] [0,4.32) | [0,1.18)

#y [0,4) [0,4)
\_ —/
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1x1 analysis: background suppression

(1) Two-step Boosted Decision Tree (BDT)
(2) Neural Network (NN)

* In order to suppress the significantly larger backgrounds in the
1x1 topology, we have developed two MVA techniques:

BDT step 1 \

f BDT pre-selection \ f

eM HM » Training generic t-pair vs everything else
signal p [GeV] >0.2 >0.2 . , )
signal clusterE [GeV] | >0.4 | >0.4 P>« FastBDT > Uil Ve ol

- tracks pr, p, 6, ¢, E/p, clusterE
- tracks cos(8) to thrust, mass

- visible E (CMS), thrust

- Mmiss2, 6 of Pmiss (CMS), Pmiss

- #119, #y, total y energy j

visible E (CMS) [GeV]

&ZD selection on Mmiss2 vs 0 of Pmiss J

[2,7.6) |[1.5, 7.6) » Parameters:

- nTrees = 500
- shrinkage = 0.2

\- nLevels = 2

Baseline
* 1x1 topology wrt thrust

* lepton ID
* trigger
a NN pre-selection I
ep m
prmax (CMS) [GeV] | [0.62,5.08) | [1.64, 5.0)
Mumiss? [GeV2] [1.23,99.23)| [2.85,91)
pmiss (CMS) [GeV] | [0.03,4.2) [[0.46,4.47)
8 of pmiss (CMS) [rad] | [0.18, 2.96) |[0.53,2.65)
visible E (CMS) [GeV] | [1.1, 10.76) |[1.12, 8.54)
total ECL E [GeV] 0,432) | [0,1.18)
cy [0,4) [0,4) J
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1x1 analysis: background suppression

(1) Two-step Boosted Decision Tree (BDT)
(2) Neural Network (NN)

* In order to suppress the significantly larger backgrounds in the
1x1 topology, we have developed two MVA techniques:

f BDT pre-selection \ f BDT step 1 \

eu MM » Training generic t-pair vs everything else

signal p [GeV] >0.2 >0.2 '
signal clusterkE [GeV] >04 >04
visible E (CMS) [GeV] | [2,7.6) |[1.5, 7.6)

&ZD selection on Mmiss2 vs 0 of Pmiss J

BDT step 2

* Training signal t-pair vs
all remaining bkgs.

* Training variables:
- tracks pr, p, 6, ¢, E/p, clusterE
- tracks cos(8) to thrust, mass
- visible E (CMS), thrust
- Mmiss2, 6 of Pmiss (CMS), Pmiss

- #119, #y, total y energy j

» FastBDT
* Same parameters & training

variables.

* Parameters:
- nTrees = 500
- shrinkage = 0.2

\- nLevels = 2

Baseline
* 1x1 topology wrt thrust

* lepton ID
* trigger
> f NN pre-selection \
ey MM
prmax (CMS) [GeV] [0.62,5.08) | [1.64, 5.0)
Mmiss? [GeV?] [1.23,99.23)| [2.85,91)
pmiss (CMS) [GeV] [0.03,4.2) |[0.46,4.47)
0 of pmiss (CMS) [rad] | [0.18,2.96) |[0.53, 2.65)
visible E (CMS) [GeV] | [1.1,10.76) |[1.12, 8.54)
total ECL E [GeV] [0,4.32) | [0,1.18)
[0,4) [0,4)

A HEPHY

cy

—/

P. Rados
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 In order to suppress the significantly larger backgrounds in the
1x1 topology, we have developed two MVA techniques:

Baseline
* 1x1 topology wrt thrust
* lepton ID
* trigger

A HEPHY

1x1 analysis: background suppression

4 )

BDT pre-selection

ey MM
signal p [GeV] >0.2 >0.2 '
signal clusterkE [GeV] >04 >04
visible E (CMS) [GeV] | [2,7.6) |[1.5, 7.6)

&ZD selection on Mmiss2 vs 0 of Pmiss j

~

(2) Neural Network (NN)

~

BDT step 1

» Training generic t-pair vs everything else

* Training variables:
- tracks pr, p, 6, ¢, E/p, clusterE
- tracks cos(8) to thrust, mass
- visible E (CMS), thrust
- Mmiss2, 6 of Pmiss (CMS), Pmiss

* FastBDT

* Parameters:
- nTrees = 500
- shrinkage = 0.2

- #119, #y, total y energy

K- nLevels = 2 j

(1) Two-step Boosted Decision Tree (BDT)

BDT step 2

* Training signal t-pair vs
all remaining bkgs.

* Same parameters & training
variables.

f NN pre-selection \ f NN

ed MM * Training signal t-pair vs everything else
prmax (CMS) [GeV] [0.62,5.08) | [1.64, 5.0)
Mmiss? [GeV?2] [1.23,99.23)| [2.85,91) : %L‘;"Z S:::gﬁgg‘l :238":22 n(tfgpf;eumns each)
Pmiss (CMS) [GeV] [0.03,4.2) |[0.46,4.47) _’ S ) :
8 of pmiss (CMS) [rad] | [0.18,2.96) |[0.53, 2.65) * optimiser = stochastic gradient descent
visible E (CMS) [GeV] | [1.1,10.76) |[1.12, 8.54) . Parameters:
total ECL E [GeV] [O[’ 042)2 ) [0[’01’ :)8) - batch size = 2048, epochs = 200

\#Y

K - LR = 0.1, test size = 40%, momentum = 0.15

—/

~

» Features:
- visible E (CMS), Mmiss2
- Pmiss (CMS), 0 of Pmiss
- thrust, #y, total y energy
- tracks A¢, cos(0) to thrust
- thrust frame p1 & pi
- tracks pr, p, E/p

J
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1x1 analysis: performance

» Using MVA we can go beyond CLEO performance for ey events, and get very close for yy events

Belle Il Simulation ete >t (—»e*vw)TH (-uToy) Belle Il Simulation

ete >t (->u™vv)T (>u~VY)

0.6 [ T L — 1 T T T ] 0.35 T - T T T T T
| | BELLE2-NOTE-PL-2021-009 I E E
0.5F - eu channel| | O MM channel ]
e DT 0.25 | ) ]
> 0.4 s > [
@) i @) i
c C 0.20} ]
QD o3k ] Q :
4 : Y 0.15 F .
% 5 [ —— NN + likelihood LID % —— NN + likelihood LID
0. [ —— NN + BDT LID 1 0.10 F —— NN + BDT LID \ ]
 ---- BDT + likelihood LID ] - ---- BDT + likelihood LID
0.1p BDT + BDT LID ‘. 0.05 | BDT + BDT LID i
[ e CLEO (PhysRevD.55.2559) , ] e CLEO (PhysRevD.55.2559)
| 1 | 1§
0.0 ' ' 0.00 L MR

086 088 090 092 094 096 098 1.00 070 075 080 085 090 095  1.00
purity purity

» Belle Il can already exceed CLEO on statistical precision for R.
« There is a lot of work ahead to get systematic uncertainties at or below CLEO-level (especially lepton ID).
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LFU in T—=hv and Vs

h
« We can also test t-p universality > ~ B(r = hvy)  2mpmiT, 1 —m?/m} 2 tag ) h ,
using ©—hv (h = K) decays (;) " B(h— pv,) (L+ onymir, \ T—m2/m? T %’
e M- > v
» World-leading measurement from BABAR: Phys.Rev.Lett.105:051602 (2010) Ll T / _
(& e
(9—7) = 0.9850 + 0.0054 = 2.80 below the SM expectation H ]
7 h T e ihrust
h‘///j signal
v BF(Tv)~10.8%

v BF(Kv)~0.7%
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.051602

LFU in T—=hv and Vs

h
« We can also test t-p universality <9T>2 _ B(r — hvy) 2mpm?T, (1 _ mi/m%>2 tag h
h

using t—hv (h = 11,K) decays

~ % h
Iu B(h — pv,) (14 0p)m37 \ 1 —m32 /m?2 BF ~ 15% %
.... __________ ' l/
» World-leading measurement from BABAR: Phys.Rev.Lett.105:051602 (2010) + T / B
(& e
(9_T> = 0.9850 + 0.0054 = 2.80 below the SM expectation A :
! " T ...".. Mihrust

L B / signa;

AL oloh « From this analysis one can also extract h L BF(v)~10.8%
o K. N, = 2+1+1, PDG 2020 the CKM element [Vus|: v BF(Kv)~0.7%
0.2237 + 0.0007 m2 ) 2
o Ki N, = 2+#1+1, PDG 2020 B(r~—=K v,) f2(1 - m2 )
0.2245 + 0.0004 Ry /n = —— % = ~—= 5(1+6Lp)
- B(r——m~v;) 2|V m2
P CKM unitarity, PDG 2020 miru (1 — _727>
0.2278 + 0.0006 mr
—e— T XV
0.2195 £+ 0.0019
—— ToKv/t->nv . .
0.2236 + 0.0015 » Several methods for measuring |Vus| = Hot topic!
—eo— g;;;v i’ Sonte RM1Z3) > Neutr%l kaon decays, there is a tension b/w the unitarity
o T — Kv like KL — 1 ety and other two approaches...
0.2234 + 0.0015 . .
o] T —Kv [RM123] » CKM unitarity New Physics?
oy ..y, 0223700014 » Tau decays PRL 127.071801 PRL 125.111801
0.22 0.225
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.051602

LFU in T—=hv and Vs

° i i y 0 -
BABAR achieved a purity of 78.7% (76.6%) in the 11 (K) channel Systematics @BABAR

= excellent hadron ID (11 vs K) performance will be critical m K
to achieving this level of purity at Belle || Particle ID 0.51  0.94
Detector response 0.64 0.54
m-channel K-channel Backgrounds 044 0.85
20000 —— S N — —— 1500 legg_er+ _ 0.10-0.10
> -c) + Data +d) + Data - 7~ 7w mw modelling 0.07  0.27
S 16000 — TNV, T i — 1-K'v, | Radiation 0.10 0.04
G : T Eo e BT B(r— = a n wtv,) 015 0.0
2 12000 & Z A s U i &re_n-n%t-z 1000 Lo 039  0.90
% . Eil ::)hne-::t I i; :izu.:gvxz Total [%)] 1.0 1.5
‘g 8000 |- I Y Wothers g0
1T} N T non-t .
4000 — —+ . _ _
- T g i : * Measurement systematics dominated,
_ oF > NN 31 v S P led by:
z 04k £ 30.2 hadron ID, detector response and the
< N L et i it *lll ‘ 701 background modelling.
N | el ¥
T 0 ’| Nl 3-0.2 » The corresponding analysis at Belle Il
1 2 3 4 5 1 234 s is now in full swing!
CM Momentum (GeV/c)
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« Belle Il prospects for testing of e—p universality in T—Ivv (/= e,J): BELLE2-NOTE-PL-2021-009

» 3x1 topology:
- match statistical precision of BABAR with ~100 fb-1 of data (we currently have 213 fb-1)
- working hard to get LID systematics to a level that is competitive with BABAR

» 1x1 topology:
- starting with clean muon tag (plan to eventually include other 1-prong decays)

- MVAtechniques allow us to exceed (eu) or closely approach (uu) CLEO performance
- again, we are working hard to get LID systematics to a competitive level

« 1—M universality (and |Vus|) analysis in t—hv (h =1,K) is now also in full swing.

» Belle Il will soon become a major player in the search for LFUV in tau decays. Exciting times ahead!
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SuperKEKB Accelerator

« Next generation B-factory: e*e- — Y(4S) — BB, Vs =10.58 GeV
+ rich program of tau, dark sector and other low-multiplicity physics

D
/ I

i New IR

-7 GeV2.6A| T
AN

?5?

«

le+4cev36Al

/ -
3 Newbeamplpe SupeI’KEKB

3y
o]

/

Add / modify RF systems

.

Super-KEKB

E (GeV) B*, (mm) B*« (cm) (0} I (A) L (cm2s?) 4
LER/HER | LERMER | LERMER | (mrad) | LER/HER PRI e AN
KEKB 3.5/8.0 5.9/5.9 120/120 1, 16/1.2 | 2.1x10% owneriitance postirons /‘
P 4 o
SuperKEKB 40170 €0.27/030) 3.2/25 415 |C 3.6/2.6 )| 60x 10° to inject [ Dositron source
factor 20 factor 2-3 Dampingring SRR S oo e
\ ‘ capture section
» Unprecedented design luminosity of ~6x1035 cm-2s-1 /
Low emittance gun
First e* llisi in April 2018. C t hold f th @KEK L '
° Irst e e- Collisions In rl . ourrent noldaer o e ow emittance electrons
P Tsukuba, Japan tinea

luminosity world record (2.9 x 1034 cm-2s-1).
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Belle |l Detector

: - * Increased beam backgrounds
EM Calorimeter (ECL) — v 4 J
Energy resolution: 4%-1.6% ) __,,_A..Be"eﬂ,__,n_ Bgllgll ﬁ

| L

. ' positrons = upgraded trigger system
T (4 GeV) and sub-detectors
B ]
Central Drift Chamber

* By=0.28 (vs 0.42 @ Belle)

= reduced boost requiring
improved vertex reconstruction

Spatial resolution: 100 ym
dE/dx resolution: 5%
prresolution: 0.4%

» Solid angle coverage > 90%

= high hermeticity for Emiss
measurements

~7.5m

Belle IT
Belle Il TDR: arXiv:1011.0352
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MC samples

_ _ Process cross section [nb | MC luminosity [fb~! ]
 MC14 run-independent (MC14ri_a), U 0.919 100

release-05-02-00 B '
ee — ul 1.605 100
ee — dd 0.401 100
* Nominal beam bkg conditions (BGx1), ee — S5 0.383 100
early Phase 3 geometry ce -5 cE 1.329 100
ee — BTB~ 0.54 100

0RO

- Considering the generic and low-multiplicity ee > BB 0.51 100
samples shown on right ee — ee(y) 295.8 10
ee = pup(7y) 1.148 100
_ ee — eeee 39.55 100
* Unskimmed mDSTs ee — eepys 18.83 100
ee — eenmm 1.895 100
« basf2 light-2106-rhea for steering file ee — ce KK 0.0798 1000
ee — eepp 0.0117 1000
ee — [LpLpLpL 0.3512 x 1073 1000
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Pre-selections

Good tracks

+ -3.0<dz<3.0cm
* dr<1.0cm

« Events required to contain exactly 4 good quality tracks (from interaction region)

» Thrust computed from

good tracks, 19 and | FOMS Ryt o additional y

additional photons Vinrust = Z i > = « Ey> 100 MeV . Ey > 200 MeV

(E >200 MeV) 2.7, - -0.8660 < cosh < 0.9563 | |+ -0.8660 < cos6 < 0.9563
* clusterNHits > 1.5 + clusterNHits > 1.5
* 115 < Myy < 152 MeV + not 19 photon

« Use thrust vector to separate events into signal
(1-prong) and tag (3-prong) hemispheres Tsional Tiag
’ signal " Ntrust | ’ | tag,t * Nirust ‘< 0 7v (S ta’g'

* Loose PID requirements:
- tagtracks: E/p<0.8
- signal track: electronID (noTOP) > 0.5 or muonID > 0.5
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* Events are required to fire the logical OR of - Absolute trigger efficiency in MC (TSIM, release-05-02-00):
several unprescaled low-multiplicity (Iml)
ECL tr‘iggerS S ImlO or Imll or Iml2 or Iml4 or Iml6 or Iml7 or Iml8 or 1Iml9 or Iml10 or Iml12
me all events
e Iml0 : > 3 clusters with at least one having E* > 300 MeV, 1 < 0;p < 17 . . T .
(corresponding to 12.4° < § < 154.7°, full ECL) and not an ECL Bhabha, Belle Il Simulation Low multiplicity ECL triggers
e Imll : exactly 1 cluster with E* > 2 GeV and 4 < 0;p < 14 (32.2° < 6 < 124.6°) i +’IS:—>GIVV +’CI—>M:VV

e Iml2 : > 1 cluster with E* > 2 GeV, 0;p = 2, 3, 15, or 16 (18.5° < 6 < 32.2° or
124.6° < § < 139.3°) and not an ECL Bhabha.

e Iml4 : > 1 cluster with £* > 2 GeV, 0;p = 1 or 17 (12.4° < # < 154.7°) and not an
ECL Bhabha.

e Iml6 : exactly 1 cluster with £* > 1 GeV, 4 < 0;p < 15 (32.2° < 6 < 128.7°, full
ECL barrel) and no other cluster with £ > 300 MeV anywhere.

e Iml7 : exactly 1 cluster with E* > 1 GeV, 6;p = 2, 3 or 16 (18.5° < § < 31.9° or

Trigger efficiency

128.70 < 9 > 13930) and no other Cluster Wlth E > 300 Mev anywhere. 04 o s
o Iml8 : cluster pair with 170° < A¢ < 190°, both clusters with E* > 250 MeV and i
no 2 GeV cluster in the event. 0.2 |
e Iml9 : cluster pair with 170° < A¢ < 190°, one cluster with E* < 250 MeV with 00000
the other having E* > 250 MeV, and no 2 GeV cluster in the event. 0 - . . . . . . . . .
e Iml10 : cluster pair with 160° < A¢ < 200°, 160° < 36 < 200° and no 2 GeV 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

cluster in the event.

e Iml12 : > 3 clusters with at least one having E* > 500 MeV, 2 < 6;p < 16
(corresponding to 18.5° < ¢ < 139.3°, full ECL) and not an ECL Bhabha. (6;p values

have to be double checked). » For this trigger configuration, TSIM has been shown to
reproduce data efficiency within ~1%.
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Pseudodata measurement

X103 . [ u .
2 [ tgieew e mMteuvv o pt—other - Pseudodata = int(total MC vyield), with YN uncertainty
C 1200 WM qA -y -2y
L L

1000
» In each channel compute:

800 _ Nselected
N8 — 6_1 ( Npseudodata _ N.bkg) where: ¢ —
I i I

600

Ngenerated

400 N;-Sig
Bi — 2L0

200 ete——rtr—

B(t™—u vvy)

 Then taking ratio: R, =

x10% U ( — — — )
—
"2 1200 L [ lt—uvv [ ] 1:—>m/,nﬂ;° I t—=evv [1t—other B T 6 ]/7- Ve
o - Emqo .y 2y
ke L

1000

» Belle Il (108 fb-1): 5R”/R5S6“d0dam =10.16 % (stat)

800

» BABAR (467 fb'): 6R,/R(“* =10.16 % (star) |+ 0.37 % (sys)

600

400

With only ~100 fb-' we can reach the
statistical precision of BABAR on Ry,

200
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Alberto Lusiani, ICHEP 2020:

0.230 -
V
unitarity
0.2254 Vsl (t = K/t — 1) N\
i
> ft
I
0.2204 |Vysl(t— s)
0.215-
0.973 0.974 0.975 0.976
IVl
-2-2 !

Figure 2: Results of a |V, 4|-|V,,| simultaneous fit. The bands describe the constraints
corresponding to the |V, 4| measurement, the |V,,|.; and the |V,4|;x,, determinations
that use the T measurements. The oblique line corresponds to the CKM matrix uni-
tarity constraint. The ellipse corresponds to 1o uncertainty on the |V, 4| and |V,] fit
results.
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0.0015|=F----%f-=-=========}--rcccmcccccnn=-

« Singly charged scalar

__0.0010¢
N
s v
T > < « V 1)
\ u =
% e}
RN u
* 0.0005 ¢
S
VT

1A,1=0.01/(1 TeV)?

0.000 0.002 0.004 0.006 0.608
o(Tt->uvy)

A.C., F. Kirk, C. Manzari, L. Panizzi, arXiv:2012.09845
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