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Tau physics at Belle |

Dr. Eduard De La Cruz Burelo Outline:
Department of Physics _ _
Cinvestav IPN, Mexico - Achievements of B-factories

In T lepton physics.
The Belle Il experiment.
First results with early data.

Prospects of 7 lepton
physics


https://open.spotify.com/track/6sDQ4uiWw9OdVrCXFLSlZt

How Mexico joined Belle |

o In the context of the Mexican Network on
HEP, in 2010-2011 after some national
workshops a road map for HEP in Mexico
was established.

o Inthese workshops it was identified that
Mexico needed to develop the experimental
side in the intensity frontier.

o A group of Mexican institutions decided to
join the SuperB Project in Italy, and funding
was allocated for this.

o After SuperB was cancelled in 2012, an = ‘?
small group decided to continue this in s Boan
SuperKEKB and joined Belle Il in July 2013. Neutrino Mass

Dark Matter

o To match the theoretical and experimental Cosmic Acceleration
work in Mexico, the Mexican group at Belle Il Explore the
decided to concentrate mainly on tau lepton Unknown

physics.



B-Factories

SuperKEKB

Detector Belle 1l

Start date 1999 1999 2016
=neof 2008 2010 :
operations
Beam Energy
(GeV) e-: 9.0 e-: 8.0 e-. 7.0
e+: 3.1 e+: 3.5 e+:4.0

Int luminosity

550 fb-1 1 abt 50 ab




Next gen: SuperKEKB
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Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ” o
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Low emittance gun

‘ N Positron source

New positron target /
capture section

Low emittance electrons
to inject

@KEK
Tsukuba, Japan

Super B-Factory
(And t factory too!)

o(etee—>Y(4s)) =1.05nb
olefee—>1t1)=0.92nb

Integrated luminosity expected:
50 ab

(x50 than previous B factories)

4.6x10%° T pairs
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Belle |l collaboration
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- Located in KEK at Tsukuba, Japan
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Mexico @ Belle Il

Cinvestayv

......

Commitments:

Hardware:
» Electronics for LABM (Large angle
beamsstrahlung monitor)

Software:
» Grid support (the student graduated
and moved to Mississippi)

« Mexico requested to join Belle Il in 2013

e  Currently three institutions: CINVESTAV IPN,
UAS and UNAM (IF). Computing:

« Eight faculty researchers (6 exp. & 2 theo.) * Tier 2 cluster on GRID for Belle II

« Six Ph.D. students




Mexican commitments

EMciency: -%
Euro

America

- il LN
JAGUARFIS &3 . MX
€ 0@

Tier 2 center for Belle Il online
since May 2015.
@

- Mainly MC production, problems
of bandwidth for data analysis.

Installed and working, and the Mexican el |l
group plays a important role in its M&O. = e Lo pee R

Figure 3 1: Schematic of the Beamstrahlung Detector That Will Be Used at BELLE II




Physics goals of SuperKEKB

There must be New Physics @ TeV scale !!
4 N Extra-
Super- : :
dimension
symmetry ? = Higgs 2
\ oy ) D>4 /
g

e FTavor physics . Kkey to identity the theory )
[Direct Search

sl [l
A

Super B factory
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T IN Belle |l

Not possible to fully reconstruct the full event

25 ,
- Y@s)
sboi
i Yes)
Leptonic i
 35.2% i EYR ()
" SEU LA Yus)
L. o - . S -
T ..lﬁ. s .:-’:m we bl 2 aie *
?).44 9.:46 ln.‘00 10;02 10.34 10..37 10:54 1038 10.62

Mass (GeV/¢) BB threshold

ete- annihilation data is ideal for missing energy channels
= the kinematics of the initial state is precisely known
= the neutrino energy can be determined precisely
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Lepton flavour and number ...

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (my = 0)
lobal P —
Gl — (1)p x U(1), x U(1)p, x U(1)y, @\\—://@

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons?

Y
= The charged LFV processes can occur through oscillations in loops W
= Immeasurable small rates (10-34-10-49) for all the LFV p and T decays T _Q_ u
Vt V!»l
3
B(l; — lry) = — L* .1
( 1 2’7) 327r i;‘} €11 lo

Observation of LFV will be a clear signature of the NP!

= Charged LFV enhanced in many NP models (10-19 - 10-7)

I/ ’i-,\f\ﬁy
<+
T v‘\\."/<u# T;@—H
T H
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Lepton flavour conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (my = 0)

lobal SR
G%;\){a =U()pxU)p. xUQ)r, xUQ1)L, @\\X—Z//
= The observation of neutrino oscillations as a first sign of LFV beyond the SM! @

What about the charged leptons?

EI0E Y=
—_ —~
103 n A
il vy -
ol i sr' A&’Sﬁo
107 :_ & % & X
- ‘ CLEO / BaBar / Belle Be"e "
109 =
L . A { L
i W n— ey .Vo e = v
WWHE o pr3e o " _ W e
g * N = eN Yogease,
10-15 E § T @COMET |
* A 7= 3p Mu3e
10-17 MUZGLCE(I)MET I
lo_lg-lllllllllllllllllllllllllllllllllllllllllllllll

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Year
No success in searches so far!
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LFV and LNV using t's

NP may favour the third generation!?

The only lepton that decays into hadrons B mesons decay into e, u, 1 leptons

t=eoru states with no lepton

{ h [flavour number

signal side % h

T -
N/ e = modes used to test the lepton flavour universality
d b~y WHH* .V
/ , TREE| B 5w R
tag Sl(lt "
v

= a large variety of LFV and LNV semi-leptonic

decays (t — €h(h)), in addition to radiative B — ¢l
(r — Cy) and leptonic decays (r — ££¢) B, — U

= 1 — pand T — e: test of the lepton flavour Loop| B— K™
structure

Test the SM in a variety of ways
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Perspectives of LFV

LFV and LNV 1 decays

=» One of the factors pushing up the sensitivity of probes is the increase of the luminosity

LI IIIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

—h

<
—
(=]

03.010)103.

% -y PP IS VP T Ihh Ah -

5 a "

8 10; a® ...-l.. " = . . ;

© i . s ' T u =

| - ” amnm . g = -

> 10 = - = s

= : * v 5
- v?Y v v =]

‘6 = vv' v y v' ¥ 'vv v

= 7L a Yy y v ks -

w 10°E s x A7 @ » ad E

s —1 — ¢ A LagV v T v A A A & & = & AV'A =

= e | A4, 1,404 vo & X xXXI Yia, 4. 2 A & a4 A4S

= — A Y a B

= 10° .

O

Q.

Q.

-

—

&

X

-]

(@)

<
1 IIIIIIII
; l

rw&&“ CEESE 33 oo a o1 kR BEMARIRE K iy <<k
©'20's g's o'=® T02 b 1330 kR b xx&ﬁeg‘m:w:o:" R ¢
o't :.wimzms.m:_m:_m‘»’ BREN\

= Equally important is the increase of the signal detection efficiency

® CLEO
v BaBar
A Belle
¢ LHCDb
* ATLAS

Belle ll

= high trigger efficiencies; improvements in the vertex reconstruction, charged track and neutral-

meson reconstructions, particle identification, refinements in the analysis techniques...

The searches at Belle II will push the current bounds further by more than one order of magnitude
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Prospects of T lepton physics

KEK Preprint 2018-27
BELLE2-PAPER-2018-001
FERMILAB-PUB-18-398-T
JLAB-THY-18-2780
INT-PUB-18-047

- The enormous amount of e*e-
collisions that are expected The Belle IT Physics Book
from the Be”e II experiment E. Kou™ %!, P, Urquijo'¥*%!, W. Altmannshofer!32Y, F. Beaujean™9, G. Bell!!9,

M. Beneke!!1Y, I I. Bigi!*>Y, F. Bishara!4"169 M. Blanke*50Y, C. Bobeth!10:111.5
M. Bona®Y, N. Brambilla!'l¥, V. M. Braun®®Y, J. Brod!®132% A J, Buras!!2%,

fe atu reS an u n iq u e e nVi rO n m e nt H. Y. Cheng’“'q, C. W. Chiang”"¥, G. Colange,loI25q H. Czy 215‘“91 A Datta“‘H

F. De Fazio®®9Y, T. Deppisch®Y, M J. Dolan!429 g, Fnjfor“m 138,

f th t d f h : th T. Feldmann!'%9, S. Godfrey™9, M. Gronau®"9, Y. Grossman'®9, F. K. Guo?!1319,

Or e S u y O T p ySICS WI U. Haisch'47:11.9, C. Hanhart?!9, S. Hashimoto3"26.%, S, Hirose®%Y, J. Hisano®®.9,
. o L. Hofer'?*, M. Hoferichter'®>Y, W. S. Hou?>¥, T. Huber''¥Y, S. Jaeger!5®,
h| h recision S. Jahn®2Y, M. Jamin'?39, J. Jones'®¥, M. Jung"!®%, A. L. Kagan'32%,
" F. Kahlhoefcrl'q, J. F. Kamenik!%1389 T Kaneko®26.9 Y, Klyoﬁ“",

A. Kokulu'''137.8 N, Kosnik!'6:!3%9 A S. Kronfeld®Y, Z. Ligeti'®Y, H. Logan™9,
C. D. Lu*"Y, V. Lubicz'%9, F. Mahmoudi'**Y, K. Maltman!™!22% M. Misiak!%¥,
S. Mishima®"¥, K. Moats™¥, B. Moussallam™9, A. Nefediev?®5"76% U, Nierste®9,
D. Nomura3®¥, N. Offen*39, S. L. Olsen!309, E. Passemar3”"!159 A, Paull63L9,
G. Paz!%"Y A. A, F‘ctrov]671 A. Pich!61% A, D. Polosa®™9, J. Pmdler‘“’1

S. Prelovsckm6 138439 M. Proc'um“”q G. RJC('m.rdls‘” D. J Robinson!29:19.9,
P. Roig™¥, J. R)os.lck“"“1 S. !:»chacht"1 K. Schmidt- Hobcrg“’

g F u rth er d etal IS Can be IOO ke d at J. Schwxchtcnbcrg”” ‘%, S. R. Sharpe'®9, J. Shigemitsu!'4¥Y, N Shlmizu""g’.
Y. Shjl’XﬂZlillG:': 5L snvcstrmi‘“"i b‘s, Simula'f*@-",953'.I Smith™ 9, P. St%ffrq‘”",
(1 - bk D. Straub!'%Y, F. J. Tackmann'®%, M. Tanaka®"9, A. Tayduganov'"*¥,
T h e Bel Ie I I P hys I Cs B OO k y G. Tetlalmatzi-Xolocotzi®¥, T. Teubner'®*"¥, A. Vairol“'q, D. van Dyk“”.
. . . J. Virto®h 119 7, Was?29, R. Watanabe'*Y, I. Watson 529, J. Zupan!329,
Wh I Ch I S n OW av al I ab I e at- R. Zwicky!339 F. .Abudin§n82'§, I. Adachi:’”"zﬁé‘ K. Adamc;yk92~§, P. Ahlburg!26:§
. H. Aihara!®®§ A, Aloisio®$§, L. Andricek®§, N. Anh Ky®*$§ M. Arndt!26:§,
. D. M. Asner™®, H. Atmacan'®®$ T. Aushev®®%, V. Aushev!?"§ R. Ayadlss'g.
arXiv:1808.10567 T. Aziz'%5, S. Bachr*®$, S. Bahinipati®$, P. Bambade™5, Y. Ban!0L5,
. : M. Barrett'®78, J. Baudot®™§, P. Behera®§, K. Belous®¥, M. Bender™"*,

l Bennettg§ \1 Berger4u§ E Bcrmcnasg F. U. Bcrnlochncr‘sg M. Bwsncr“”

‘ane aad
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https://arxiv.org/abs/1808.10567

T7—3mv 1N Belle Il early data

Candidates: 3 - 1 prong decay

ete™ — (1t — 3tracks)(t.qq — track) hadrons

We are assuming pion hypothesis in signal side.

y‘T
+ Thrust axis: Mthrust such that Vinust is maximum. -
T .
@ 1800 Fr T T T T T T Signal
c E . . 2 A
L% 1600 F Belle Il Simulation - ;ﬂli - - Poehror e
1400 ~ Cw _ 1/ Tag
1200 | —— uU+dd+sS [J 4 I
E cC -] e / /
1000 | eey l S . .
- —— other rH ] 14 / f
800 L- . =i B ;;
I = 1/ !
600 |- Hf - £,
400 | HHJ 5
: i - cm o A
200 // I] = L Zz |pi . nthrustl
0-4 LS T e _A__zz_..,:‘//-r"p,u TR V;Ehrust— Z |".cm|
06 065 07 075 08 08 09 095 1 i 1P
thrust value 2
<O

Belle IT
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T7—3mv 1N Belle Il early data

) 1000 =7 v T T T T LR —
= b - .
o Belle Il 2018 (Preliminary) —— Data | After selection cuts, we
O ool ) + - MClotal (stat ®sys) | havean agreement
b f Ldt = 291 pb 1’!” N { between distributions in
S ; 89 v -
so0 | &cj‘ }[& o = Ofher 1 dataan MC.
b ‘ a4 ]
b of o oihar { Performance of the
Lo J 8 hg, 1 subsystems is good.
. - .
200 ,9"‘ | 3 >
®)
-
@
@
Q

Mz distribution @ 291 pb-!
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Measurement of T mass

- Measured in the decay mode Mmin distribution @ 291 pb:
T — 3mv,
using a pseudomass technique

800 F Belle 11 2018 (Preliminary) —— Data

Events

developed by the ARGUS e [ ) ~— MCtotal (stat @ sys) 1

. - | Ldt=291pb ;
collaboration: : ty = B j
400 3 T, — Other >

300 | %

My in = \/M%n + 2(Epeam — E3r)(E3gz — P3p) 200%

100 - :
- The distribution of the pseudomass 3 4/ | L\«. b ?

other

IS fitted to a empirical edge function.

Data/MC

- A first measurement of m: at Belle |l
IS performed using the data collected
during the Phase II.

D
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Measurement of T mass

~ 70— ———— 1 Our result, obtained from Belle Il early
n ; -
= : | 2018 (Preliminary) -
() . 2
o 5°$ | 4 pats 1 m.=(1776.4 + 4.8 (stat)) MeV/c?
~ -&- =
2 40F 4 . . :
S : f Ldt=291pb" 3 |5 consistent with previous
“ 8o 4 experimental results.
20F =
10 m. = (1776.4 + 4.8) MeV/c? T T T
E | : | | | : R e« Belle (2007)
0 [l
- BaBar (2009)
................ I |
_ 2F
Z o:.H.ﬁ -)j *W + “—H BES Il (2007)
I TR - +T FJr ! |
1.7 172 174 176 178 1.8 182 184 ARGUS (1992)
M . (GeV/c?
min ) Belle 1l (2018)
PDG average

[T S I T T T SR N A S N SRS TR T SR MR
1770 1775 ’ 1780 1785
m, (MeV/c?)
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Summary and status

The performance of the detector in data taking is good. Belle Il is
reconstructing e*e — 771 events.

From July to October Belle Il is in shutdown for maintenance
So far two publications and more coming on soon

SuperKEKB will produce a sample of 7 pairs 50 times larger than
previous B-factories. Precision studies with 7 leptons involved will be
performed.

With the incoming data, the Mexican group is concentrating in the
search for LFV tau decays.

7 decays @ Belle Il will provide very interesting results
in the next decade. See “The Belle Il Physics Book” at
arxiv:1808.10567.
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https://arxiv.org/abs/1808.10567
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