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Motivation

Observed phenomena:
-Matter - antimatter aSymmetry g Physics beyond the SM

Of the universe
-Neutrino masses
-Dark matter

Searches for new physics

NP models containing:
-Axionlike particles
-Z' gauge bosons
-Dark photons

LFV tau lepton decays including

invisible BMS particles:
T—>la
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SuperKEKB

SuperKEKB (High Energy Accelerator Research Organzation, Tsukuba, Japan)

- E,, =10.58 GeV

« HER: 7 GeV
 LER: 4 GeV [Positronring] ‘E-:ollisinpoint Belle Il detector
* Target L= = ,-.,.,-
e £ =8x10% cm>3s? (40xKEKB) “ 2 [Eecroniing| Bl Y
* L=50ab*(50xKEKB) B
« B-factory: ee*— T (4S)-»>BB(~96%) :

Mt. Tsukuba

- | Electron-Positron
"L | linear accelerator

Positron damping ring

KEK Tsukuba https://www-superkekb.kek.jp/

Campus
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Belle Il at SuperKEKB

Tracking system:
PXD
« SVD
« CDC
Particle ID system:
 TOP (barrel)
 ARICH (forward endcap)

Kaon and muon detector:
KLM KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

EM Calorimeter

Csl(Tl), waveform sampling electronics

S
—
g i

Particle Identification
Time-of-Propagation counter (bamel)
Prox. focusing Aerogel RICH (forward)

positrons (4 GeV)

electrons (7 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) + :
4 layers Si double sided strip DSSD |

Central Drift Chamber r

Smaller cell size, long lever arm

Belle Il Technical Design Report:
. e LtpS://arxiv.org/pdf/1011.0352.pdf
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Physics at SuperKEKB — Belle |

o mixing and CP
O -
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i
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New H © [\ e Xclusive measurements
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Dark Higgs Da\'\"’e
Heavy tau neutrings
e ) /
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Tau Spectral Funey; <y @ -~ Qe =
Jons Ne ) = %Pdé
‘a 3 ‘S’ penu.
iolation (LFY) e % 08 boss 14y, )
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o & s,
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. Mome‘\ ‘}\0, oc. amma de
Tau Electric DIp2 Q‘\.\ st 2
NS
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&ty 2IMed resonances

pmenel B
A_FB (tau, mu, e+, b, c) o

X
improved @

The Belle Il Physics Book:
https://arxiv.org/pdf/1808.10567.pdf
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7 - Physics at SuperKEKB — Belle Il

-Bs physice

n -
New hadron states Zb's, b bbar BUOT=—=". %

e+e- -->ISR, pi+ pi- Cross-s

s
{on FUNCE=— .

Spin Fragmfﬂf?.‘l‘?g-f-""" &
—SpI-EaSh g}“‘fa
Linac e“e( S

E, = 10.58 GeV

B—factory: ¢ (e e—>T (4S)) = 1.05 nb

7 —factory: o (ee—7"7%) = 0.92 nb

> Belle and BaBar achieved many results in 7
v, B physics:

oo s 2K BT Mass, Br, LFV & LNV, etc.

S

improved t
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Our search

Event selection Vg
° ’\
4 tracks in the event o -
OOl %

Thrust : signal and tag sides
-1 track in the signal side
-3 tracks in the opposite side

Dominant bkg: 7 = evv

We can not suppress it

We optimize in favor of it
ee= t(>3-prong)t(e)

Cut based optimization

: L — Ccm
Figure of merit: S Vo Y 1B - B
tfrust = —_—
FOM:\/_ Zz |p? mnl
S+B
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Our search

: N, . S
Event selection = N, Purity = = o

Sample Efficiency | Purity Sample Efficiency | Purity

evy 14.82% | 95.22% (LY 17.88% | 91.05%
M(a) = 0 16.0% M(a) = 0 19.65%
M(a) = 0.5 | 15.99% M(a) = 0.5 | 19.44%
M(a) = 0.7 | 15.96% M{rk} — 0.7 | 19.43%
M(a) — 1.0 | 15.81% M(a) = 1.0 | 18.84%
M(a) = 1.2 | 15.64% M(n} - 10 18.11%
M(a) = 1.4 | 15.05% M(ar) = 16.55%
M(a) = 1.6 | 13.01% M(a) = 16 11.59%
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Our search

T rest frame T pseudo rest frame
@ 12000~ Belle I
% . 4
Q, Slmulatlon:fL dt=25.0fb
o 10000
x10* S gooo| |
3 5 I E - j T—EVY , T—=ITaY
| Belle Il 2020 (preliminary) 1 SM: T=ew S soonl M= ,::{‘::gf :
—~ Simulation: [Ldt = 5006 3 mia)=0 [GeV] S = =T
} 3D : E 4000-_ i 8 —— - TBHI:B‘\'f'] 5
) 3 mia)=0.5 [GeV] i F L
O =1 mia)=1 [GeV] e [ Rk
N 25 BSM:; Br{ )=0.029 e "
: cBrit=ea)=0, - ™
o o e e, ey
o 10%: ARGUB UL 0 02 04 06 08 1 1.2 1.4 16 1.8 2
= 2.0 P, arcus [G€V/C]
J
18 o
:q: g 12000k Belle Ii
Wi, fi- i 3, Simulaﬂon:fL dt=25.01fb"
% Jrr”r-., § 10000;
:h; 0.5+ '__.-4_'-l % 8000 i Dr—-evﬁ,t—-m'mv
iy E i o - BR(ec) _
Fa i% 6000} r_,II '1| - M=, BF&EE'V];D'
0.0 — ' ' : ' - i M=1d, o) — g4
0.0 0.5 1.0 1.5 2.0 4000 11:: SN
% - l.' "|I Background
Pe [GeV] 2000 r'I y
- .—'r ; —"5 H""m_h‘____l | j

- S L L Tl
0 02 04 06 08 1 12 14 16 18 2
p [GeV/c]

ps-thrust
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Our search

A new approach Search for T = lepton+invisible
m,=0, m,

Al Ni N-? ’
‘k\ f"

X )¢
N r2 2 A2
/ \ :‘[mm < Mmq < I‘[?nu.r’

14()(11;‘2,)2 + Bn,ff.i +Cy <0,

B M2 = (/5)2 —By — /B2 — 44¢Cy
FIG. 1. XX production topology in the center-of-mass frame. Mmin = VS 24, ’
Each X decays to a detectable product h and an invisible . -
particle N that escapes undetected. A (\/‘)2 —By + /Bj —4A¢Co
Hmaxz — & 2 4[} ;

A(p — 1) + Aa(px — n3)* +
Az(pi — p3)(ux — p3) +

Bi(pX — 115) + Ba(px — i) +
(-'Yl,“f + D, <0,

New method for beyond the Standard Model invisible particle searches in tau lepton decays.

Phys. Rev. D 102, 115001
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Our search

Statistical model

Template-based approach
N .
The 7 e a branching ratio is given by: Br(sig)= —
2Lo(e e > 7T 1v)Br(tag)e

Using 7-»e vV as normalization channel

N,, #v Br(t%ea)
N, &* Br(rsevv)

evyv

poi =

Our data can be modeled as:

ea
F(X) — ievv Nevv pOl fea(x) + Nevvfevv(x) + kagfbkg(x)
Discriminating variables: x = —, M. , M:_

mT
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Our search

Upper limit estimation
CL.: Modified frequentist method

CLs+b
CL, =
CL,

CL.,,:confidence level observed for the signal + bkg hypothesis
CL,:confidence level observed for the bkg-only hypothesis
Asymptotic CL, formulation : fast

Goal : Given a MC dataset, estimate the upper limit on poi at 95 % cl

Eur. 638 Phys. ). C 71, 1554 (2011)
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Our search

Preliminary results

- Results for the estimation of the upper limit at 95 % cl assuming
an integrated luminosity of 25fb~' within the early phase III conditions.

- Test (bkg only) dataset, equivalent to 25fb '
t7, BB, qq, lowmultiplicity.
- Since this is a template based analysis, we use the equivalent to

100f/b~" from MC samples to obtain the templates.

- Signal simulation:

7 > la: 10" eventsat M(a)=0, 0.5, 0.7, 1, 1.2, 1.4, 1.6 GeV.
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Our search

Preliminary results
Nominal results: using the asymptotic CLs ROOT implementation

T — ea, Nominal T — po, Nominal

0.0045 -
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0.0040 -
0.0040 -
0.0035 -
3 0.0035 o
QO (©)
° S 0.0030 -
3 0.0030 X
D ()]
-~ -~
= S 0.0025
'S 0.0025 '8
S, g
S § 0.0020 1
3 0.0020 - 3
o )
0.0015 - AILE
0.0010 Lty
0.0005 -
T T T T T T T T T T T T T T
0.0 0.5 0.7 1.0 1.2 1.4 1.6 0.0 05 0.7 1.0 1.2 1.4 1.6
Mass [GeV] Mass [GeV]

Checks:
Bayesian estimation
Non-asymptotic CLs estimation
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Conclusions & perspectives

 Framework for the search of the decay channel 7 — |«
* Selection: cut based
* Implementation of new searching variables
 Different ul estimation methods (crosschecks)

 Ongoing studies
« Systematic uncertainties
* Unblinding methodology

16, Alejandro De Yta CINVESTAV
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Search for the LFV decay channels :

T 2ecand 7 Pua

being ¢ a BSM unobservable particle. e SRR T kel el
0 JJ r—b
00 & ]
[ i : 4000 IL— ‘.:4
Previous measurements E § b [ia)=14 3
—1 - S 2000 E— m(a)=0 -

- Mark IIT (85, 9.4pb ") m bl 2

0 Q0.5 1 LS

> ARGUS (95, 472 pb ')

Tl = I L I I L BB B S
~
<

Study the momentum spectrum of the lepton =
in the 7 pseudo rest frame. Here the lepton . ¢
momentum distribution is shaped as a peak :
with a position depending on the « mass.

005

i

003 |

002 |

B(7 — (o) /B(

001 [

I TN S NN W TN N N T N AT AN SN NN T YN (NN SN W AT N AT W AT S ST S A T

Fit the distribution and set an upper limit on L
Br(t=>1la)/Br(z=>1vv). M@)[Gevic]
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Our search

T pseudo rest frame

In the 7 rest frame the momentum of the lepton I, in the decay 71 «, will peak
with a position depending on the « mass.

We do not know the direction of flight of the 7 in order to boost to its r.1.

Lets aproximate.

ARGUS method

Direction of the 7:

eT = eB—prong T . T

Energy of the 7: K

E. = Eqysl2

Boost the lepton [ to the 7 p.r.f.

Belle Il &) Belle Il
12000 S 12000f
Simulation:fL dt=25.0fb" 3, Simulation: f Ldt=2501" Thrust method
oo 5 100 Direction of the 7:
P - ~ -
8000 [ Jvewe, romms 5 8000 = [ Je~ew, tonmav €, = €. s
BR(e«) e | y T BR{e«
6000 .""lF"*i;—n{:ﬁf : 3 6000 rh == an¢(:\;?,= - Energy of the 7:
P _«a BR(ea) _ o 1.4 BRlea) _
s000k P 3 — M=14, S oo f ! M=, oo o= E L = ECMS /2
i : : .:
I K s 3 Bl eeciorouns Boost the lepton I
I~ 11"1_
- . e R to the 7 p.r.f.

0 02 04 06

= - e R ) i
o8 1 12 14 16 18 2

|::F‘:§_M:| _ [GeV/c]
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e —channel

Nominal results: MCMC bayesian vs asymptotic CLs (ROOT implementations)

UL on poi at 95% CL

% CL

UL on poi at 959

7= ea, xprf
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0.0 05 07 10 12 14 16
Mass [GeV]

7 — ea, M2min
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T = eq, xthrust
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0.0 05 07 0 12 14 16
Mass [GeV]

T = ea, M2max
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0.0020 4
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0.0010 1

— CLs
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Mass [GeV]




u—channel

Nominal results: MCMC bayesian vs asymptotic CLs (ROOT implementations)

7 — pa, Bayes, xprf

T — pev, Bayes, xthrust
0.0045
— CLs —— CLs
ayesian : 1 —&— Bayesian
00010 4B . 0.0040 B
0.0035 4
0.0035 4
% ~
O O 0.0030 1
x2 0.0030 4 I
n 2
(=] (=]
3 00025 4 % 0.0025
b '3
2 2
S 0.0020 £ 0.00201
N ~
2 >
0.0015 0.0015
0.0010 4 0.0010 4
0.0005 — ! ! ; ! ! ‘ 0.0005 L— ‘ ; ; ; : :
0.0 0.5 0.7 1.0 1.2 14 1.6 0.0 0.5 0.7 1.0 12 14 1.6
Mass [GeV] Mass [GeV]
) 7 — pe, Bayes, M2max
T — pa, Bayes, M2min / Y
— CLs
- CLs )
0.0040 . —&— Bayesian
~&— Bayesian 0.0035 4
0.0035 A
3 3 0.0030 A
= &}
Q 0.0030 e
X o
e < 0.0025 1
5 0.0025 4 S
s 8
S S
£ 0.0020 A g 0.0020 4
; =
S )
0.0015 0.0015 4
0.0010 A
0.0010 4
0.0005 = . . . . . - ‘ . T .
0.0 0.5 0.7 1.0 12 14 1.6

Mass [GeV]

07
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Nominal results: using the MCMC bayesian (w a uniform prior) ROOT implementation

7 — ea, Nominal Bayesian T — po, Nominal Bayesian

0.0045
0.0045 -
0.0040 -
0.0040 -
0.0035 -
3 0.0035 1 .
O O
0.0030 -
2 0.0030 - X
(o] (]
E = 0,0025
'3 0.0025 e
S S
g g
5 S 0.0020
3 0.0020 1 b
D D
0.0015 1 0.00159
0.0010 - (0010
1 T T 1 1 1 1 0'0005 T T T T T T T
0.0 05 07 10 12 14 16 0.0 05 07 10 12 14 16
Mass [GeV] Mass [GeV]
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Our search

Preliminary results
Systematic uncertainties

Rel eff o..=0.3%
/ e

F(X) — gevv Nevv pOl fea(x) + Nevvfevv(x) + kagfbkg(‘x)

7 — pa, Releff

UL on poi at 95% CL
o o [ o
UL on poi at 95% CL
[=) o o

0000000

Oj7 1.0 1.2 ' P = 0.5 0.7 1.0
Mass [GeV) Mass [GeV]
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Our search

Preliminary results

Systematic uncertainties N .s..w=2L0Br(tag) Br(t>evv)e
ONQVV ON eVV:1.6%

>

e
© ' fealx)
- # N (%) + N f
F(‘X) evv Nevv pOl fea X Nevv evv X kag bkg X
E
T — ea, Ninn T — pa, Ninn
0.010 -
—— =,
—— Ziprust
—- M 0.008 -
0.008 - - M2,
~J
S S
E 0.006 % 0.006
3 3
.g 'g
S 0.004 - S 0.004
< =3
) =)
0.002 0.002 7

T T T T T T T T T T T T T T
0.0 0.5 0.7 1.0 1.2 1.4 1.6 0.0 0.5 0.7 1.0 1.2 1.4 1.6

' GeV] S ' | GeV] -
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Our search

Preliminary results

Systematic uncertainties Oy,,=10.07%
Oy

bkg 86 a .
F(X) _ Eevv Nevv pOl fea(x) + Nevvfevv(x) + kagfbkg(x)
T — pa, Nbkg
0.007 4
0.008 -
0.006
0.007 -
= 0.005 3 0.006
X X
i 0.004 % 0.005
'g £ 0.004
£ 0.003 g
- = 0.003
00021 0.002
0.001 0.001 -
0.0 05 07 1.0 1.2 14 16 0.0 05 07 L0 12 14 16
Mass [GeV] Mass [GeV]
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Our search

Preliminary results
Systematic uncertainties

Trigger ea .
F(X) — 8evv Nevv pOl fea(x) + Nevvfevv(x) + kagfbkg(x)

0.005
0.004
0.004
. o
Q Q
X X
2 0,003 <
o ~ 0.003 -
3 3
kS 3
& &
g g
Q )
g 0.002 g 0.002
0.001 1 0.001 -
T T T T T T T T T T T T T T
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