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

- 7 GeV 2.6 A

~ New beam pipe SupeI‘KE KB

& bellows

Super-KEKB

E(GeV) | B%(mm) | B (cm) 0 1(A) | L(cm?s?) et i i
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER P R o TR
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 | 2.1x10% owneriitance postirons
—
SuperKEKB 4.0/70 €0.27/0.30 ) 3.2/2.5 415 |C 3626 )| 60x10% to inject bosition source
factor 20 factor 2-3 Damping ring ’\\ New positron target /
u capture section
» Unprecedented design luminosity of ~6x1035 cm-2s-1 = /
@KE K Low emittance gun
* First e*e- collisions in April 2018. Current holder of the Low emittance electrons
P Tsukuba, Japan tinjec

luminosity world record (2.9 x 1034 cm-2s-1).

Tau measurements and prospects @ Belle |l
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Belle Il Detector

. I k
EM Calorimeter (ECL) ncreased beam backgrounds

e "
Energy resolution: 4%-1.6% e ' ﬂ_ﬂ_BeIIe__»_mv B?"?"

|

s

Vertex Detector
Vertex resolution: 15 ym

electrons (7 GeV)

positrons = upgraded trigger system
(4 GeV) and sub-detectors
i = \
/ - icle identification B
Central Drift Chamber

90%, fake m rate 5% * 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%

v = high hermeticity for Emiss
measurements

~7.5m

Belle Il TDR: arXiv:1011.0352
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Exp: 7-18 - All runs

Belle Il Online luminosity

* Since 2019 Belle Il has recorded
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« Aiming for a similar data sample

size as BABAR by summer 2022.

» Over the next ~10 years our goal

is to accumulate 50 ab-1
(50 x Belle dataset).
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Belle Il as a r-factory

- B-factories are also r-factories! Lint (fb-1)

- o(ete—Y(4s)) =1.05nb
. _ 800
- o(ete—r1'1)=0.92nb S -
‘ 600 LFV limits
\ Y* . Mass and
/ CPT test
FAVAVAVAVARS VS \ 400 ~ CP-Violation
‘ Limits in I\gaPsTstan? LFV limits
= ,Ll)/ seesnfzﬁes
Limits in
200 T = C0F
Electric Limits in
dipole limit T Uy
« 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!

DESY. Belle IT P. Rados
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Tau Physics Program

 Belle Il has a rich program of precision SM measurements and new physics searches with taus

’ tau mass measurement KEK Preprint 2018-27
a erV 1 80 8 . 1 O 56 7 BELLE2-PAPER-2018-001

FERMILAB-PUB-18-398-T
JLAB-THY-18-2780
INT-PUB-18-047

» tau lifetime measurement UNThPH 2rs2s
The Belle IT Physics Book

H H E. Kou™ %1 P, Urquijo¥28f, W. Altmannshofer'®>¥, F. Beaujean™9, G. Bell'199,
} tests Of Ie pto n fl avo u r u n Ive rs a I Ity M. Beneke!'1Y, I 1. Bigi'**Y, F. Bishara!4"16:9, M. Blanke**°*:Y, C. Bobeth!1 0111,
M. Bona®¥, N. Brambilla!™¥, V. M. Braun®®¥, J. Brod!%1329 A J. Buras'12,
H. Y. Cheng®¥, C. W. Chiang”9, G. Colangelo'?>Y H. Czyz!%3299 A, Dattal49,
F. De Fazio®®¥, T. Deppisch® ¥, M. J. Dolan!429, S, Fajfer'06:138:9
T. Feldmann''%, S, Godfrey™, M. Gronau®"9, Y. Grossman'®9, F. K. Guo*"-131.9,
= L] U. Haisch™71.9 C. Hanhart?hY, S. Hashimoto®*26-9, S, Hirose3®¥, J. Hisano®:89-9,
» searches for le pton flavour/number violatin g L. Holer 2, M. Hoferichter®9, W. . Howh %, T Huber! 53, §. Jusgeri%,
S. Jahn®29, M. Jamin'29, J. Jones!029 M. Jungn[w, A. L. Kaganl‘”m,
F. Kahlhoefer™¥, J. F. Kamenik!96:138:9 T Kancko?26:9 Y. Kiyo631,
d . I I I I I h h I A. Kokulu!'L3379 N Kosnik!06:1389, A S. Kronfeld2":¥, Z. Ligeti!® Y, H. Logan™,
ecays . T —> Y, y L) (1, nnn C. D. Lu*™Y, V. Lubicz!™9, F. Mahmoudi'*Y, K. Maltman!71229 M. Misiak!63-9,
S. Mishima®®9, K. Moats™¥, B. Moussallam™%, A. Nefediev3*87:769 U, Nierste®-,
D. Nomura®®¥, N. Offen®®9, S. L. Olsen'®", E. Passemar®1159, A Paul'6319,
G. Paz'079 A, A. Petrov!®™1, A. Pich!619 A. D. Polosa®9, J. Pradler®¥,
S. Prelovsek'06:13843.9 N[ Procura'?®Y, G. Ricciardi® ¥, D. J. Robinson!2%19:9,
P. Roig”¥, J. Rosiek!03Y, S. Schacht'>¥, K. Schmidt-Hoberg!®:Y,

» and much more!

electric dipole moment (CP/T violation) - Y(nS)—Tu decays
|Vus| and g+/gi from ratio of T— Kv & T1v - second class currents in T—1N*lv
search for heavy neutral leptons - CP violation in T—Ks1Tv

Tau measurements and prospects @ Belle |l 5
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http://sdfsdf

T-pair reconstruction

» Tau leptons will decay before reaching the active regions leptonic decay hadronic decay
of the Belle Il detector T vevi+ | T = v¢ + hadrons y

Ve/u

* |dentified via decay products:
- 1-prong: 35.2% leptonic, 49.5% hadronic
- 3-prong: 15.2% hadronic

» Wide variety of low multiplicity signatures involving
e, ut, 1, M0 and neutrinos (missing energy)

others

leptonic
mode

DESY. Belle IT P. Rados
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T-pair reconstruction

» We exploit the unique topology and kinematic of 1-pair events to suppress the main g and backgrounds
_'(L)1800_—""|""|""|""|""| """" LI s
[ N . . ]
2 1e00 - Belle f Simulation > 1 = Relatively mild deviation of T decay particles from the primary trajectory
1400 £ E soft particles
1200 — — U+dd+sS — ? ) T
1000 g 3 thrust value = 2 Ih |
r —— other B ~ ——
g : w P =S\ —
600 | - - - - thrust
- . PR C ———= —_——— axis
400 : thrust axis (T) is maximising the =—— \ ~
200 - event shape variable '
R —— %m A hemisphere-a hemisphere-b

06 065 07 075 08 08 09 095 1
Thrust value

1] 1400 r——— 1.~ -~ 1 1 ]
[ - . . i
L% 1200 [ Belle Il Simulation < ]
1000 f —w 1 = Undetected neutrinos in T events
[ —— ub+dd+ss :
800 |~ N
ey ]
- —— other B .
600 | : visible energy = ZEh
400 - h
200 - //EEL__ e*e" data allows for precise
] S—— o] 1 determination of the missing energy

R 4 6 8 10 12
Visible energy in CMS [GeV]

DESY. = P. Rados Tau measurements and prospects @ Belle



. i iv:2008.0
- Tau mass measurement in early Belle 1l data (8.8 fb-") : arXiv 4665
9000 £ Belle Il (Preliminary) —+—D(ata . , — MCB‘;ta'
F ==== g(=amav)T(— e,u, ;T ) e TT
« Using a pseudomass technique on T—311v decays 8000 |- f Ldt = 8.8 fo" ..( <|=e,:>&)eehh - =l (=e)
7000 | ==+ qd(g=udsc
» sharp threshold 2 60002‘ TT—1x3 prong | %=
M, = \/M32ﬂ + 2(Eppqm — E3,)(Es, — P5,) <m_  behaviour in region ¢ 5000 F
close to m; " 4000
3000 |
600 f3 2000 —
s ¢ Belle Il (Preliminary) 1000 |
o F [frat-s81’ o o
> [ S LI T et I 1 N R
é’ 400 |- > 1k 14k dgpesnsesrassssnnaennnnnneanaancananceces ’#., HTH +
o - g 0.5 _ ..................................... + ................................................................................................ ++H+++
|-0300'_ F | ] | ] PR T S N M T NN T SR N N M S S N S N
Z A + Dat 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
£ : aa M_. [GeV/d
¢ 20 x2dof=1.256 mn | ]
" 00 - News = 8742 * Mnin is fitted to an empirical mass function (P1+ = m;) within
E a 1.7-1.85 GeV window:
0
F P —1
_ 2l ; F(M, P) = (P, + P,M) - tan™'[(M — P,/Py)] + PsM + 1
S off bt SRR I SR SN S VR T
S R S TR AL AL ASC RN
1.7 172 174 176 1.78 i 18 182 184 m_ = 1777.28 £0.75 (stat) = 0.33 (sys) MeV/c?
M., [GeV/c]

DESY. P2 P. Rados Tau measurements and prospects @ Belle Il 8



arXiv:2008.04665 « Goal: achieve the best tau mass precision amongst
the pseudomass techniques

%%
R

$51776.86 = 0.12 MeV/c?

QKR

PDG average
* New data reprocessing with improved B-field map

BES Il (2014) $51776.91+ 0.12 = 0.13 MeV/c® = reduced p-scale uncertainty

ARGUS (1992)%21776.3 = 2.4 + 1.4 MeV/c? » Expect to match statistical precision of Belle/BABAR

with ~300 fb-
Belle (2007) £:1776.61+0.13 = 0.35 MeV/c? 1F
—_ ® Belle I
& i
BaBar (2009) £51776.68 = 0.12 = 0.41 MeV/c? § 08_— . e luminosity projection
o "Qo.75 MeV/c? @ 8.76 [fb]
Belle Il (2020)££1777.28 + 0.75 = 0.33 MeV/c? = :
¢ c 06
IIIIIIIllllllllllllIIIIIIlIllllllllllIII '% :
1773 1774 1775 1776 1777 1778 1779 1780 1781 S I
2 B ,
m, [MeV/c”] D04 R
o i A
o 0.31 MeV/c®? @ 50 [fb] "~.. 0.22 MeVIcE @ 100 [f6"]
: © 0.2 w
» Belle Il has comparable systematic error to Belle/BABAR &5 furrent /‘ - 20.13 MeV/c® @ 300 [fb]
[ um|n05|ty .................
« Dominant systematic uncertainty associated to the track 0 b - e
momentum scale (+0.29 MeV) 10 10 10

Luminosity [fb™]

DESY. P2 P. Rados Tau measurements and prospects @ Belle Il )



Tau Lifetime

- Can relate proper time / 3-prong p 3n
to flight distance and I = = m=< " measure these!
momentum in lab frame: Pyc

« Reconstruct 3-prong vertex and estimate p, using decay products

* Exploit the tiny beam = estimate production vertex as the
spot size near IP intersection of p-direction with plane = IPy

F Belle Il 2020 (Simulation) [ Jetsmwistosmam [

.qa g=u,d,s .qa g=c,b

—_

(@)
”

M

 World-best

— 10 measurement comes

o from Belle (711 fb-):

J10°

P 7, = 290.1 £ 0.53 (stat) + 0.33 (sys)fs  Phys. Rev. Lett. 112, 031801
o 102

>

L

—
o
TTTIT T T 11T

» Belle Il has 5x higher efficiency (1x3 vs 3x3 prong @ Belle),
and 2x better proper decay time resolution

00000 0 ong [lef 200 20 % = expect competitive results with only ~150 b

DESY. =& P. Rados Tau measurements and prospects @ Belle




Test of Lepton Flavour Universality

* Anomalies in quark sector * Also in lepton sector
- R(D)-R(D*) (~3.10) - (9-2)u (4.20) and also for e (~2.50)
- R(K) (3.10)
- Ps in Bo>K'up (~3.40) Are these hints of a new fundamental
- and more... interaction that violates LFU?

* If so, then we could also see hints in the tau sector, where B(r™ — M_vu’/r)
most stringent test of p-e universality comes from the ratio: B(t— = e Uev,)

(g_u ) _ B(r™ = T muwn) f(m2/m2)

here =1 —8x +8x3 — 2% — 122210
0. ) "B = ) fmimyy e S z 8 — ot~ 1207 log

» World-best measurement comes from BABAR (467 fb-1):

(Z_u) = 1.0036 & 0.0020 Phys.Rev.L ett 105:051602 (2010)

« Can put strong constraints on lepton flavour violating Z' models (arXiv:1607.06832v1)

DESY. = P. Rados Tau measurements and prospects @ Belle

m, = 100 GeV
[ >%/ LEp
0.3F )
S 01— """"
0.03f | : : :
o
of T :
001F 8 &l of i
SR 8§ e
":. l 1 ' 1 ' |l. (e ] :
0.01 0.03 0.1
81
-
T Vu(r)
YA
Vr(p)



https://arxiv.org/abs/1607.06832

Test of Lepton Flavour Universality

Phys Rev.Lett.105:051602 (2010)

__ 50000 — e 7
S i 1 2 +Dhata NP 731102
& 40000 T . TRV ] Purity 97.3%
pd T . | Riecia® 1 Total Eﬁiciency 0.485% Can we do better at Belle 11?
S 30000 T ¢ &v—m'y, Particle ID Efficiency 74.5% Yes!
2 " othert 3 Systematic uncertainties:
§ 20000 - - ] &non-t Particle ID 0.32 » Higher signal reconstruction
w T | ] Detector response 0.08 efficiency and (eventually)
10000 - ey g Backgrounds 0.08 more data
- 0f - - —] peeb Tr_1gg_er+ . 0.10 * PID uncertainties should scale
g : 2 : mn 7w modelling  0.01 Il with luminosity and higher
£ 005 \ ‘ E E Radiation 0.04 atat MC samblog 9
z‘s’ 0 *“‘”‘rﬂ‘""1*0";,'}'**'{'”'1'” """" 2: Iﬂﬁ Hth n*H*L k- ” i ﬁ ------- —; B(t— — 7r_7r_7r+1/T) 0.05 sta samples
< -005) E: ”I ’ E LOt o rtr 0.02
i i I ; ; Total [%] 0.36

1 2 3 4 5 1 2 3 4 5
CM Momentum (GeV/c)

» Sensitivity studies indicate we can match
stat precision of BABAR with ~100 th-1,
but must work hard to improve
systematics

* Plan to include also 1x1 prong topology
(not attempted @BABAR)

3t +nad

DESY. = P. Rados Tau measurements and prospects @ Belle



Searches for charged LFV

» LFV has been established for the neutrinos, but what about their charged partners (e, y and 1)?

* In the SM, charged LFV decays via neutrino oscillation Standard Model New Physics %
are highly suppressed and immeasurably small: ‘&\ﬁ\‘
5m3 2 " ¢' “s“
—_— ~ _54_ —49 : \‘
Br(¢, = €y  (—= ) ~ 10510 S oy
w NP
- Observation of charged LFV would be a clear signature £ 101f v =
for New Physics! N .
- v R®
- Brenhanced in many NP models (10-10-10-7) 10°F ' ifk S A
107 =
- SUSY, extended Higgs sector, seesaw, leptoquarks, non- (ool * 3 iz s et Belle II
universal Z’, and many more | L v poey Vi.. « *
10- - e p—3e : s " w
- p—e: stringent bounds exist from MEG joi3 * HN —eN S A ecMe
SO ¢ TTom g]\égcl\;/llllzT |
- tple: weaker bounds (Belle, BaBar and CLEO) 0P Ar—s3u Mu3e
10°17 = Muze%ﬁOMET [
10! ?...I....I....I....l....I....I....I....I....I..

9
. . . 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
» As heaviest lepton, NP can have preferential T LFV couplings

Year

DESY. = P. Rados Tau measurements and prospects @ Belle



Prospects for T LFV

* Due to their large mass, 1 leptons provide a wide variety of LFV (and LNV) decay modes to study:

- radiative: Ty » “golden channels” for discovery: T—ppp, T—HY

- leptonic: T » complementary: semileptonic modes allow us to test LFV couplings b/w

- semileptonic: SN fh(h) quarks and leptons, and better discriminate b/w NP models

arXiv:1808.10567

/,—f' e - — =ﬁ

»n - 0] U 0 — i
=¥ Sl 'Y IP IS v i bk Ah |2 Extrapolating from Belle results (50 ab-1):
8 10 EE [ R m "EENgQm L . g ?E .
© F e . " = .- 1w CLEO Belle Il will push the current

- ] an n n ™ -
> 100 e — 4, BaBar | bounds forward by at least one
- : , X v v L, Y 1 4 Belle order of magnitude!
5 b M . /
uu-) 10—7|§__A v iy g o = — T ¢ LHCb
= vt Lt sy 0 Ty “,X,v oA outat st 0T kATLAS
= - A A A . A Y. A, A _ . . . .
= 10°F R - Belle Il This only accounts for 1 luminosity
o -
=1 0 . « Equally important will be improvements
(@) .
0\010-10IIIIIIIIIIIIIIIIIIIIIIlIllIIIIIIIIIIIIIIIIIIIIIIII- bettertrlgger’ traCk|ng,VerteX|ng, PID,
S FrRREEEERRACRUU KT 38 v0'n 30 3 R kY BEMRRI R R v <<k 110 reconstruction, more refined

0330302 J0'20's ¢'s 9=® TOT bR kel ‘&‘&oxoxmb*:z,“i‘a,*i'ﬁ By ¢ . .
00T 003 0L e K K analysis techniques, ...

DESY. = P. Rados Tau measurements and prospects @ Belle



Search for LFV t—=puuu

037
0.2
0.

AE [GeV]

0517 172174176178 1.8 182184

Consider two independent variables:

) CMS CMS
M, = \/ ppp P Hp Ab= EW# eam

Signal extraction in M3,-AE plane (or rotated plane to reduce correlation)

Side-bands to study / evaluate background contributions

Excellent muon ID is critical to achieving necessary level of background suppression

—l.
™

0.1}
-02F"
03]
0.4}

- Belle Il
-Simulation:

-
[

F v — 3u (10% events)

|$|--ll

n
|

120 » p-dependent muon ID selection:

. - - - - pu < 0.7 GeV = not reaching KLM
. .. 100
I r-'. . - 0.7 <puy <1 GeV = reaches KLM,
'_'; ., . not crossing
e 80 many layers
60 - pu> 1 GeV = reaches KLM with
many layers
40

* Avoids tag p-veto and p, > 0.6 GeV
20 requirements used @Belle.

Belle Il has new 3-cluster ECL triggers

DESY. Belle I

— 0 (>95% efficiency for AE~O0).
= higher efficiency wrt Belle!
M, [GeV] J i
P. Rados Tau measurements and prospects @ Belle |l

10

LFV mode

Hoop

>0

® Ty
m TN
A ToUuN

-9

Belle

Belle I

1 10
Luminosity (ab )




Search for LFV 1—la

* Search for two body decay T— e/p + a, where o escapes detector (missing energy)

» LFV process that appears in several NP models (a = Goldstone boson, LFV Z’, light ALP, ...)
» Previously studied at MARK Il (9.5 pb-1) and ARGUS (476 pb-1)

« Signal will manifest as a peak in

Ps, :
- - the 1 rest frame, against the SM
* B T—lvv background
31T
a
BELLE2-NOTE-PL-2020-018
&) - Belle Il &) - Belle Il .
= 12000~ 1 = 120001~ 1 « cannot access T rest frame directly
0] B Simulation: | L dt =25.0 fb’ 0] B Simulation: | Ldt =25.0 fb’ ;
= 10000, f < 10000 f due to neutrino
S - S -
o B o B
3 2000 [ Jrew, ey 3 2000 [ e, ey « approximate with the following
S B M0, BR(ea) _ S B M0, BR(ea) _ . .
2 6000 = BRew) 2 6000 = BRiew) - ! assumptions:
C BR(ex) L BR(eo)
L —{M=1.4, —=0.1 L —M,=1.4, —=0.1
40001 = BR(evV) 4000 = BR(EW) » Er=+s/2
B . Background B . Background
'_ '_ — S
2000 2000 » ARGUS method: p, =~ — D3,
C I L C P IR BRI AT N —_
0O 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2 . ~
o eV o (Gevi » Thrust method: p_ ~ T

DESY. =& P. Rados Tau measurements and prospects @ Belle


https://docs.belle2.org/record/2037?ln=en

Search for LFV 1—la

. . . . . ~
UL estimation for the ratio Br(t—ea) / Br(t—evv) @ Belle Il Can set strong constraints on NP models, e.g:
BELLE2 NOTE PL-2020-018 - LFVZ = extendthe strong bound already set
s e — — by ARGUS for mz = m; - my
A NN \Eii\\issstsss N R L_S®
cr 1/”1\1\1*1%\9\1\1\11\\\\ N \\ - light ALP = explorin% rzlgiot?s 01;] parameter space
-1 L VI not reachable by other experiments
L 107 \\\\\\\\\X\ \ . y p )
= AN N\
-2 |
y 107°E o aIXiv:2006.04795
% o ——" ‘-\. o |C/,,,| |C/,,,| 1
B - Mu3e-onling,
5 107 = 10" MEGII-fwd (F=100) = E
- - E MEGII-fwd (F=1_)s ]
) — Belle Il eBelle Il, ARGUS method N
(—)l 104 & Simulation: fL dt=25.01fb" mBelle Il, Thrust method _ i ]
= > i %
o I (0] [ S
&\7 - e 1085_ WD ccilc;ng E ; Belel |
o 10—5 I T TN W N TN S TN SN TN SO NN (NN NN TN NN NN SO NN T NS TN SR N S SR SN N SR N S W L cooling _%:
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 107 B! —5
Ma [G eV/cz] g SN1987Ace "
10°F i
= With only 25 b~ of data, Belle Il can push forward I T R A I sasia o I
current bounds by an order of magnitude! 102 10° 10 10°  10° 107
ma [eV]

DESY. = P. Rados Tau measurements and prospects @ Belle



https://arxiv.org/abs/2006.04795

» Belle Il has recorded ~180 fb-! of data so far. On target to deliver a dataset similar to BABAR by summer 2022.

« Over the coming years Belle Il has planned a rich program of precision SM measurements and new physics
searches with taus.

 Prospects on 2019-2022 data:

» Most precise T mass measurement amongst the
pseudomass techniques.

» World-best measurement of 1 lifetime.

» Pushing the limits of LFU with world leading
measurement of Ry.

» Searches for LFV 1 decays, with first LFV paper
on T—la coming soon.

» and much more!

DESY P. Rados
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ECL Triggers

BELLE2-NOTE-PL-2020-015

* Unprescaled total energy trigger has a - - —
1 GeV threShOId Sum over L1 Ce”S [ Belle Il (Preliminary) det=8.8 fo' 1 GeV total energy trigger [ Belle Il (Preliminary) det=8.8 fo' 1 GeV total energy trigger
= 4x4 tower of CslI(TI) crystals. R I S ——

>
g 08 . - .

+ Performs well for ee—T1T events that S [ ' |7rr>1x1 prong e |rr—1x3 prong |
have high EM energy deposition Eoapo o
(e.g. T— evy, 3mrmoy, TITIoV) - I R

0 — L L L L L L o L L L L L L L
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
ECL total cluster energy [GeV] ECL total cluster energy [GeV]
M WA RA: -i;ij,-w.--v-" -—;v';v;v;v;viﬁ\"{!{" 'wl{"\"’{"\"’\')!')\,’\ﬂﬂgll \||‘ = — [
§§\ \ .'x\; L 1111 y /4’4? % 12 - Belle Il (preliminary) det: 8.8 fb™
\ h T—evV = i (2 " [ = 3cluster trigger
S — « 13y is one of the most difficult e qf .-»w
= . . = I I e X
LFV signatures to trigger on @ L1. 3 o8l -~ fH‘
@ U s
o [ .
s . %S 06¢F N
TV — « ECL low multiplicity triggers are new 2 | LFV-like
£z =i t Belle Ii o4l
5 3 at belle 1. 0.4 T—3Tm
=/ N Most performant for LFV-like events 02f
= is the >3 ECL isolated cluster trigger Oi”""“‘_M_H‘_m_m_ml”
-5 4 -3 -2 -1 0 1
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Trigger efficiency for T LFV

=31, LFV-like event e-31, LFV-like event =31, LFV-like event
§1.4_ §1.4_ /;1.4_
®  Belle Il (preliminary) | L dt=8.8 fb™ ®  Belle Il (preliminary) f L dt=8.8 fb ®  Belle Il (preliminary) | L dt=28.8 fb™
(2 1.2 = 3 cluster trigger 9 1.2 = 3 cluster trigger (2 1.2 = 3 cluster trigger
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5 08} o 1l 5osf 508 ¢
2 | W 2 | t Hit 2 | N
D 0.6] N D 0.6] # D 0.6] ;
i S : o | i
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0.2¢ + 02} |y 02F  * BELIE2-NOTE-PL-2020-015
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Search for t—la

» Follows 1-pair 1x3 prong reconstruction criteria described earlier (4 good tracks, thrust-based hemisphere separation)

* Dominant background is SM 1—lvv (irreducible). Since we don’t know M,, we optimise for the SM.

S 16000 Belre 1t = Belle Il & 12000 Belle Il
st 14000: ) @ 7000 S N )
S — . Lo _ - = . Lo _ - [ L . L _ -
% g Slmulatlon.fL dt=25.0fb 3 6000 Slmulatlon.fL dt=25.0fb 5] 10000~ Slmulatlon.fL dt=25.01fb
$ 12000~ —Jt—eww, t—munv 3 [ ]t—>evw, T—uunv 8 + [ JT—>ew, T—annv
D 40000k z:-::e:%(v) % 5000 — S 8000/ -:%(v)
r c = C H
[ [ Others 2 4000 [~ Others 2 [ £ Others b Cut'based Se|eCtI0n
8000— w o 6000—
C ] L
6000 3000 i
B 40001
4000 2000 B SSM
2000 i 1000 2000 FOM =
T A | | J_m_ """""""" e Ll L. ! | R R
deés 07 075 08 085 09 095 1.05 % 6 8 10 12 iz % 15 2 25 3 V SSM + B
thrust Emne [GeV] [GeV/c?]
3 - Bellell 1 i = F ] Bellell ! & 12000 i Bellé I
o - [ £ L
S 12000 Simulation: LEdt 250 fb" : g ™ Simulati : Lat=2507 & - : si :I tion: [ L dt=25.01" » 0.8 <thrust <0.99
?_,’ E imula |on.f | = . : 8 6000} : Imulal |or:.f = g g 100007 : |mL:a IOﬂ.f = b
§ 10000(— [ |T—=€ewW , tT—munv ' S [ 1 [ t+>evw, T—numv 3 - 1 [ ]T—>ew , T—mnmv
@ C ee(y) ; 1 S s000f ! T edly) S 8000 ' T ee(y) . CMS
8000l F qa ] 1 2 £ Sga s - | qG » 2.0 < Evuis < 9.9 GeV
B Others X [ > 4000f— 1 Qthers € 1 Others
n 1 1 8] E 1 @ 6000 1 [
6000 1 1 SOOOi 1 o 1 [
B 1 E 1 4000} 1 ] > 048 < M3'IT < 166 GeV
4000j 1 2000; ] r ] [}
- ] E ] B ] []
2000[- 1 1000F 2000(- : ]
- 1 r 1 o ] |
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Search for t—la

- ™ g = &

Can set strong constraints on NP models, e.qg:

T->pZ

- LFVZ = strong bound already set from ARGUS 1
for mz = my - my
- light ALP = exploring regions of parameter space 0.1
not reachable by other experiments
. J
0.01
1011§ rorrrrrm T T T ' """'| """'| ' """'|
i [Cyy1=1Cy =1
Mu3e-onling,
1010 3 MEGII—fwd (F=100) =)

MEGII-fwd (F=1)

%' i 5
8l RG )
9. 10% WD cooling 24 F Belle-l! -6
W B cooling o 10 =
107 % .
g SN1987Ace —3 -
6 ? 10_7 A 1l Lol Lol Lol 1
10°¢ ' 0.1 1 10 10? 10°
P SO IO T EO i oo H OO my (GeV)
102 103 104 10° 108 107 108 10°
mg [eV]
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Search for Heavy Neutral Leptons

* Neutrino masses can be incorporated into the SM by introducing sterile RH
(Majorana) neutrino(s)

* For example, the viVISM model introduces three RH singlet HNLs. Can solve:

- origin and smallness of vsm mass (with GeV scale N1 2 and see-saw mechanism)

- dark matter (N1 with mass ~keV)

Bosons (Forces) spin 1

- BAU: leptogenesis due to Majorana mass term

a e 10—2
= -3
* HNL interacts with vsm via N« vsy mixing. e
Long lifetime due to small My and small mixing. 107
1073 Belle
« Tight limits already exist on HNL mixing with ve and v,. 107k Belle I
Weaker limits on |Un|2, motivating |Un|2 » |Uen|?, |Uun|? 1077
107
DELPHI: Z. Phys. C 75, 580 (1997)
» By studying 1 decays at Belle Il, we can significantly 107 CHARM: Phvs. Lett. BS50. 8 (2002)
improve existing limits for My < M- 10710 e ’
| | I

= No measurement was done at Belle/BaBar! 169 1 o 0
My (Gevl)
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HNL in T decay kinematics

« Proposed search for HNL in ©—37rv decays arXiv:1412.4785v2

» Phase space of 31-system could be superposition of massless neutrinos and HNL

dFtOt(T_ — Vh_)
dmypdFE},

dl'(t— — vh7) - Un? dl'(t— — vh7)

= (1= |U.4]?

——

o[ 1« Kinematics of © decay will contain info
S B on whether 31T recoiled against HNL
0.8:— h — * General idea:
i n i Measure a crescent-shaped endpoint in 17
06 | - the E3n-Msr plane ¢
i ] — —
0.4 - o . o .
i ) » Method is insensitive to details of HNL decay, lifetime or whether it is
. . Majorana/Dirac
0.2_— ]
I TV » Would require large data statistics and excellent E/M resolution
[ RN AR BTN PR RE R : s
0 07 04 06 0s 1 . = Possible at Belle and definitely at Belle Il! y
mh/mt
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HNL in T decay kinematics

aXiv:1502.06541v3 | » Sensitivity estimate based on pseudo-data study

* MC sample of ee—tt with T—31Tv decay(s)
- assuming Belle lumi

- smearing to mimic typical Belle resolution

- both optimistic and conservative
scenarios wrt systematics

» Belle may be able to place stringent limits
on |U|2 as low as (D(10-7-10-3) for
100 MeV s Mn = 1.2 GeV

0.1 1 10100
My (GeV)

= In the coming years Belle Il will be able to push these limits even further!
Other players in the game will be SHiP, LBNE and FCC-ee
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CP violation in tT— Kstetv, + N1

» Due to CP violation in the kaon sector, T—>KsTrtv; decays T Ksr* v, Phys.Rev D85 (2012) 031102

. . o~ 105 1 — 71 T T T 1
in the SM have a nonzero decay-rate asymmetry: § ) D — BaBar (2012)
[(t* - 77K%.) — (e~ — 7 K%,) 3
= —— Data
f I'(et - 2tK%,) + T'(t— - n~K%,) § 10° ] signal
. [] = bkgd
S 10?
» SM prediction: (3.6 £0.1) x 103 2 0
» BaBar measurement: (-3.6 +2.3+1.1) x 10° (2.80) &
TRy 1 15 2 2.5 3
« An improved Ar measurement is a priority at Belle Il M,.. (GeV/c?)
T— Kstrty, + 110 T— Kstrty, + 2110
N‘, 10‘ T T L L Gz’ T T T T T g
S " BaBar (2012) S ;
@ 10° Q
(o] O 102 =
N~ N~ e
S 10° ) :
= o
10
3 10 2
£ g [,
w s 1 1.5 2 25 3 w 135 1 1.5 2 2.5 3
Mass (GeV/c?) Mass (GeV/c?)
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CP violation in t— Kstttv,

« CP violation could also arise from a charged scalar boson exchange. It would be Z
detected as a difference in the decay angular distributions:

03, dl .- dr’
’Q%:,- cosBcosif (G — —=)dw

2
| Qz',- dl - dFT+
2 .’IQ%I, 7o~ t a5 )dw

P

= (cosB cosi)- — (cosBcosi),,

dw = dQ?d cosfd cosf

PRL 107 (2011) 131801 |—%— data o . 015
o~ 105__ I - v, Kg K nn” (n=0) o - ‘ti—>vK°1t'-'
2 = B - . K xnx® (n>0) < - A
2 F & Belle (2011) | <.« K Kne 0.1f{ — data
Q ok L B < v. 7 K K nr? (n20) [| —¥— MC with Im(n_=0.1)
T FE F -:th:i'd:g:::vzm 0.05- « With 50 ab-! of data, Belle Il
" - - S . s . .
% 1L B o, 3, <3 M + is expected to provide a x70
L 10°E e 0 . .
= cT = .
< 3 : ! more precise measurement:
i 102 -0.05- - !
.0.1:_ |ACP| < (05'38) X 10-4
10 — vV — ——
05— L]
08 1 12 14 16 08 1 12 14 16 , (assuming central value ACP = 0)
W (GeV/c?) W (GeVic?)
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Second class currents in T—nrv

» Hadronic currents classified as first or second class according to their spin, parity and G-parity quantum numbers
- Second Class Current (SCC):  JPG= 0% (a,), 0°"(n), 17 (b,), 17" (w) = yetiobe observed!

* In the SM, 7—nv decays proceed -
via SCCs (isospin-violating) with o g L
tiny BRs < 6(107°) = -
DN P @

/
a0, a
. S 2
« Searched for at last-gen B factories: ) o - N N
o E_ =
- Belle: Br<7.3x10% S orell Belle Il Simulation
- BaBar: Br<9.9 x 10-5 31‘; E * The observation of SCC via
T off — e pperlmt TB_)ITTI\II decay is a priority at
150 — : . e 8t I = elle
«, - fb) 5 | r | 3 coupled channels model E
z  Fi | J[Hayasaka PoS’iﬂlg o TH Other models E
= 100[- ! | S OF E ioti
& i | (Belle)! Z sy E « SM predictions can be tested
g sof Pttt = : for the first time with the first
®  of LT . .t;,_ g .F | |, B years data taking (1 ab-1)
©operofot 0T > 0 F T e
o B 111 111 L4 Lid L1l Ll L | = ° H
056 1.0 1.4 1.8 210" 1 2 3 4567810 20 Clear Slgn_al could suggeSt
M, (GeV/e) Luminosity (b’ New Physics!
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Michel Parameters

* In SM, 71 lepton decay is due to the interaction with a charged weak current

Vr
» Leptonic decays are of particular interest
since absence of strong interaction _
allows precise study of EW Lorentz
structure T

* When spin of 1 lepton is not determined, only four bilinear combinations
of the coupling constants are experimentally accessible:

» o, 1, ¢ and o
» inSM: 3/4, 0, 1 and 3/4

« With full dataset (50 ab-1), the stat uncertainty is expected to be ~10+4

» Systematic uncertainties will be challenging at Belle Il (~10-3)

DESY. Belle IT P. Rados

ALEPH ALEPH

0.752+/-0.019 0.086+/-0.078
DELPHI DELPHI

0.790+/-0.038 0.06+/-0.11
L3 L3 —————

0.762+/-0.035 0.27+/-0.14
OPAL OPAL

0.781+/-0.033 0.027+/-0.055
SLD .

0.72+/-0.09
CLEO CLEO

0.747+/-0.012 0.015+/-0.087
ARGUS ARGUS

0.731+/-0.031 0.03+/-0.22
P 0.7504/-0.011 n 035
ALEPH ALEPH

1.000+/-0.076 0.782+/-0.051
DELPHI DELPHI

0.974+/-0.061 0.699+/-0.028
L3 ———— L3

0.70+/-0.16 0.70+/-0.11
OPAL OPAL

0.98+/-0.24 0.65+/-0.16
SLD SLD

1.05+/-0.35 0.88+/-0.27
CLEO CLEO

1.010+/-0.043 0.745+/-0.028
ARGUS ARGUS

1.03+/-0.11 0.63+/-0.09
1S 0.988+/-0.029 E0  0.735+-0.020
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