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tau-production at B-factory

R 1(18) Yes) | b

7 T(25) ras)

B-factory: E at CM = Y(4S) (>B%B?/B*B");
e+(3.5 GeV) e-(8 GeV) NS R N Y P

eG(TT):G(bb)=_O.9:1.1 (nb) . 'M[.)_l wors Aamo vews DHHM

_ - Crystal Bal * CLEOTI DASP N
» A B-factory is also a tau-factory! 2 = - — ~
In addition... v/ [GeV] PDG

B-factory takes a data sample with +/s= Y(4S) mass as well as
data samples +/s= Y(15), Y(25S), Y(3S), Y(5S) masses and off-
resonance, i.e., 40~60MeV lower energy than Y(nS) mass.

Usually, for B meson analysis, the only Y(4S) mass sample is used.
(And, off-resonance sample is used to understand continuum BG.)
However, for tau analysis, all of them can be used!
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KEKB collider and Belle detector

Asymmetric e+e- collider
(High luminosity: World Record of
2.11 x 1034 cm=2 s1)

Asymmetric, multi-purpose
detector
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Date

*Good track reconstruction
*Good PID performance

Lepton ID ~ (80-90)%
Fake ID ~ (0.1-3)%

T -factory: world-largest t data sample!

~9x108 11 at Belle
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Tau physics at Belle

» New Physics search
> Lepton Flavor Violation

- CP Violation in Lepton sector
- EDM/MDM

» SM precise measurement
> Tau mass

Tau lifetime

Michael parameters

Hadron spectrum

2nd class current

o

(0]

O

(o)
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Motivation for t LFV

» Historically, as a radiative excitation mode, u—>ey has
been searched for...

» Now, due to the neutrino oscillation, Y
we know that such possesses are allowed! g
But, how frequent?

I A
Br(z — /7)., oc( ) <107

2
W

Experimentally possible to observe it...

This is almost forbidden decay in SM even if v oscillation is
taken in to account

- A clear signature of New Physics

If this kind of decays is observed.
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t LFV with New Physics model

» 1 LFV will be induced by New Physics. For example,

Most naive consideration in SUSY case

Mg, Mg, Mg,
(m?)i; = (mum])i; + (M)i; = ( Mo My My
m‘re mT,U.. mT‘T
slepton lepton SUSY
mass mass breaking
matrinx matrinx
Many prediction in various models Ty UUU
: Dedes, Ellis, Raidal, PLB 549 (2002) 159 - -
SUbYHigge Brigole, Rossi, PLB 566 (2003) 517 0 &
SM + heavy Maj v, Cvetic, Dib, Kim, Kim , PRD66 (2002) 034008 10° 1010
Non-universal Z' Yue, Zhang, Liu, PLB 547 (2002) 252 109 108
Masiero, Vempati, Vives, NPB 649 (2003) 189 - 3
SUSY SO0} Fukuyama, Kikuchi, Okada, PRD 68 (2003) 033012 0 1
Ellis, Gomez, Leontaris, Lola, Nanopoulos, EPJ C14 (2002) 319 - 5
ROt e Ellis, Hisano, Raidal, Shimizu, PRD 66 (2002) 115013 i =
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Various tLFV modes (and puLFV modes)

Why | like t? ===) Because it is *Sensitive to NP
the heaviest lepton | *possible to have
T >0y T 000 various decay modes
Q=e,E< E
(u—ey) (u—eee)

T —>0-S0/PO T —=>0-VO T =>0"h*th-

e

SO/PO:FO’ZTO’n’ VO—p K*O K*O _ﬂ: K
n K’ 0,0

|
(u—e conversion)
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In additon ...

possible to investigate modes
that can not appear in uLFV reaction.

ToeTuu, T2 ™ (h=r k) T=>hA/A (h=nK)
nre-e- i
doubly LFV decay LNV decay LNV&BNV decay
LNV: BNV: Baryon number violation
total LF variation: 4 lepton number violation

(A(T number):1, A(n number):2, A(e number):1)
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Various tLFV decays and models

ratio LHT MSSM (dipole) | MSSM (Higgs)

Br(p——e"ete™) ) . -3 . -3
Br—e) 0.4...2.5 ~6-10 ~6-10

Br(r——e"ete™) ) g ~1.10"2 ~ 1. -2 N
e 0.4...2.3 1-10 1-10

Brir —u—pun”) 0.4...2.3 ~92.1073 0.06...0.1
Br(t—pvy)

B'r(’jgfr;je{;“‘) 0.3...1.6 ~2.1073 0.02...0.04

Brir " —u”cle?) 0.3...1.6 ~1-1072 ~1-1072 LRV
B’r‘(’r—*,w}-') S TR I

Br(r~——e~ - ) =4 ¢ -

Brir—e=n i) 1.3...1.7 ~5 0.3...0.5

Br(r——p—ptp~) - :

e 1.2...1.6 ~ 0.2 5...10 3
S 1072...102 ~5-1073 0.08...0.15

p—ey)

Monika Blanke et a/l JHEP05(2007)013 doi:10.1088/1126-6708/2007/05/013

For observation of NP, anyway, finding of one LFV decay
IS Important. However, to understand NP, measurement
of the various LFV decays is also important.
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)

KMl topics  2014/3/12 10



CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum
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How to recognize tt events?(1)

» Differently from BB events,
it is difficult to identify 1t events due to v_!

If you can reconstruct one B, Due to v in the t decay,
remains must be daughters It IS Impossible to reconstruct
of another B and this is T completely...

iIdentifed as an Y(4S) event =1t Is difficult to identify tt

events to reconstruct .
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How to recognize 1t events?(2)

» What kind of events are produced in a B-
factory?

Lepton-pair qq 2photon process
e,u,t \ / ‘ f=e,u,u,
/ /dv <& yd,s e
> ¢ >Z u’ ’S,C’b *>/' —
e e e [/ e e v S
/ -~ lf=e,u,u,e
/ j d,s

o(up)~o(dd)~o(ss)~c(bb)~c(tt)~1nb
o(bhabha)~120xo(t7)
lG(eeee)~4OXG(TT), c(eeuun)~20xo(tt), o(eeuu)~10xo(t1),
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How to recognize tt events?(3)

» Use total information in an event, such as the
number of charged tracks, photons and so on.
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How to recognize 1t events?(4)

» Use total information in an event, such as the
%umber of charged tras, photons and so on.
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How to recognize tt events?(5)

» Use total information in an event, such as the
number of charged tracks, photons and so on.

[=]

ok T o] m [
o B %E—'—“'ﬁ'"'i'ﬁ_”'_ﬁ':ﬁ;ﬁ;—]i}

Total detected energy
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How to recognize tt events?(6)

» Use total information in an event, such as the
number of charged tracks, photons and so on.

[z=]

38000

E:thrust size 1 ML |

wof. =Shape of event:

wf ~0:spherical
“t ~1:back-to-back

30000

(2]
=
=
| | | | I I |
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How to recognize tt events?(7)

= Summary for rough selection of tt event
» No of charged tracks,photons

bhabha,up < 2photon < tt << qq

» Total energy (anti-correlating to missing)
2photon << 1t < qq < bhabha, pu

» size of thrust vector

gq < tt < bhabha, puu

KMl topics  2014/3/12
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: wy, un,... 3-1: pup,unn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

Ex.) select m_ in the n mass region

M, (GeV/ed)
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

5. 2
M., = \/(Ejn - pfm) >Discriminant
AE = E;’;" _ESM | on the plane

beam

Taking the detector resolution into
account, the region to extract the
signal in decided.(=signal region)

M, (GeV/ed)
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

5, i
M, = \/(Ein -p,,) | Discriminant

=y cM [ onthe plane &
AE—EM —Ebeam P @
m_

<]

00+

o

To avoid the any bias to estimz;te no. of BG 0.2F

in the signal region, we perform blind analysis.

Thus, we do not see the events in the signal 04l IR
region until the estimation is fixed. :

M, (GeV/ed)
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

5, i
M, = \/(Ein -p,,) | Discriminant

=y cM [ onthe plane &
AE—EM —Ebeam P @
m_

<]

00+

o

To avoid the any bias to estimz;te no. of BG 0.2F
in the signal region, we perform blind analysis. R
Thus, we do not see the events in the signal 04l

region until the estimation is fixed.
6. eval. expeted BG and systematics

M, (GeV/ed)
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

5, i
M, = \/(Efm -p,,) | Discriminant

=y cM [ onthe plane &
AE—EM _Ebeam P (3/
m_

<]

00+

o

To avoid the any bias to estimz;te no. of BG 0.2F
in the signal region, we perform blind analysis. R
Thus, we do not see the events in the signal 04l

region until the estimation is fixed.
6. eval. expeted BG and systematics

7.0Open the blind M, (GeV/e?)
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CM frame

Analysis method _ chargec

1. Event having low no. of charged
tracks and gammas.

(1-1: uy, un,... 3-1: ppp,unmn,...)
2.Large missing momentum

3.PID

4.Mode-specific selection

5.

= \/(Efm ~ pfm) Discriminant

CM "on the plane &

AE = ESM _EM plane %
€3

<

To avoid the any blas to estlmate no. of BG
in the signal region, we perform blind analysis. _
Thus, we do not see the events in the signal 04t i

region until the estimation is fixed. | e .
6. eval. expeted BG and systematics 165 1.7 1.75 1.8 1.85
7 Open the blind M, (GeV/e?)
2 uate the no. of signal or UL on the no. of signal
LeMisiagounting or fit using sig/BG dist.)
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Main Background

[ T0,

Q
LV
C:~>V
* Y
ISR, beamBG

Since actual p and y are captured,
only kinematics can reject these BGs.

Use missing momentum

Due to the existance of v,
M. can hardly reach m..

v o

T fake n

g fake n

N
N

A U take u

V
Probability of 3 time mis-PID is
very low: ~O(104). In addition,
M, can hardly reach m..

2
V fake K

Since Kaon is assigne to m,
M k. can reach m_due to the
heaviear mass assignment.

Check MeK with electron mass
/\@ignment. /

2 photon process

Since actual 2u and e are captured,
no more electron is required.

N
A Y fake K
A%
n0 daughter y induces y-conversion
and then e is misidentifed as K.
The K-mis-mass assignment makes
Mgk, able to reach mr.
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Result for 2y

» Data:545fb-1

» Ty
Detection eff.;6. 1%

Observed events:10
Unbinned maximum likelihood-

» Expected UL: 7.8x10-8
@90%CL

» Obtained UL:4.5x10-8
@90%CL
» Ty
B<1.2x10-7@90%CL
(Expected: 9x10-8)

AE (GeV)

PLB666,16(2008)
0.1 *
.-/'/ \']
# /
0 ,/' /
-l 2
.~ AL e
-0.1 Jomm s
/ 7 %
.\....-f'/ .
» [ LY
0.2 o
-
-0.3
04| )
1.65 1.7 1.75 1.8 1.85
M., (GeV/c?)
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Why t—=>uy is so difficult...(1)

H /-~ Dominant BG
</ 7 T 1ouvw+ISRy
© e ¥ e

| \

\\ \\

x x . .
Available information: In the case where the combination
Captured , v, tag as well as of u and y happens to be t-like for
beam 4-momenta reconstructed mass and energy,
M, E,, should be used we have no way to reject such

For the final signal extraction events!!
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Why t=puy is so difficult...(2)

/- Dominant BG
' T2uvv+HISR vy

e

//
\
\

|

!
In the case where the combination

of u and y happens to be t-like for
reconstructed mass and energy,
we have no way to reject such
events!!

*Since we can capture the
final state particles, we have
no way to know when vy
appears.

Since a photon does not
make any track, we have

no way to know where y
comes from.

*Almost rejected: This is also
a cause of this difficulty;
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Why t=py is so difficult...(3)

/- Dominant BG
7 1=2uvv+ISRy

//
\
\

|

!
In the case where the combination

of u and y happens to be t-like for
reconstructed mass and energy,
we have no way to reject such
events!!

«Almost rejected: This is also
a cause of this difficulty;
O(10°) tau events—>

O(108) t—=>uvv events>

a half of them have ISR->

10 events observed...

We have already had 106/
rejection power!

But, we need one order more
rejection power!!

The only way is kinematical
understanding for the ISR
event? - no answer now...
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Result for 220

Phys.Lett.B 687,139 (2010)

ool @Towww 1 B0of T @Toenn

'(a) Tocee o

AE (GeV)
AE (Ge

« Data: 782fb-1

= NO events are JRTHIER L e O EE R
found. B B R

UL is evaluated

by counting
method

| BI’<(]5— of ]
27)X'| 0—8 02 VA

at 90% CL. 045: TS : ff : 04 :f |

1.65 17 175 18 18\ 175 1.8 18‘3 165 17 17“& 18 185
m, (Ge\zc) m, , (GeV /C) m . (Ge\:c)

mm
eefe” 0.21+-0.15
wptus 7.6 0.13+-0.06 7.4 2.1
In the case of low BG, ey 6.1 0.10+-0.04 9.5 2.7
l0g method is taken.  p-ete- 9.3 0.04+-0.04 7.8 1.8
W wetn- 101 0.02+0.02 7.6 1.7
epute- 115  0.01+-0.01 7.7 1.5

AE (GeV)

17 18 17 175 18 185 17 175 18 185

m, (Ge\-"f"c“) my, (GeV/e ) m,, (Ge\*‘;"’cl)

o - 0ol e rsenn - 02: DT

AE (GeV)
AE (GeV)
AE (GeV)

T
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t=>ppp at LHCb

» used 8x10'9 ts, in 1fb-! data sample at
J/s=7 TeV collected in 2011

> 80% of 1s comes from D¢—>tv

- There is no way for B-factory-like t—tag since t
does not come from t-pair production.
- More BG is expected than that at B-factory

» D= d(upr is also analyzed as a “reference”.

> Mass is very close to t’s and this process is also
3-prong decay.
> By counting no.of D, no.of t is evaluated.

» Used 3-prong likelihood,3u-PID likelihood
and M(upp)to evaluate t=>upp likelihood.

KMl topics  2014/3/12
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@@ — p— p— pt at hadron colliders — first time shown!

signal likelihoods
combined signal distribution rHCh
9ne — _ THCD
@ events distributed over 25 likelihood bins LHCb-CONF -
@ background estimate from mass sidebands 2012-015
LHCb prelimin
= 5C 4 i .16
.-Q'e 45_ 0.009 I 0.031 0.006 0.14 ° 11 O/O Sigr‘]a|
= [ oo 012 efficiency
B 0.1
3 : o) :
. 008 Q 21./? signal
o 0.06 efficiency
1_ 0028 004 @ forillustration:
L o023 0.02 high likelihood
Ly L L T IR SR
0 1 5 : y 0 range shown
M3b0dy bin
":f_'::.'. Paul qufel (Heidelberg University) LFV and LNV FPCP 2012 28/ 31 I"ﬁﬁ%
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&8 > 1 pt at hadron colliders — first time shown!

observed events

LHCb

Preliminary

-
%)

Events / ( 8.75 MeV/c?)

. .1BI00 1900
m(upp*) (MeVic?)
11 % of the signal el
0.03 % of the background

Events / ( 8.75 MeV/c?)

B 21 % of the signal
£2°0 4 0.14% of the background

red dashed combinatorial background

D" = n(p )y,
blue combined background

LFV and LNV

—rrs
LHCb

Preliminary

1

1800 1900 .
m(wpp) (MeV/c?)

LHCD
RSN 1 b

LHCb-CONF-2012-015

FPCP2012  29/31 &k
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,— .~ pT at hadron colliders — first time shown!

extracted limit

result (preliminary)

ch
observed expected @'ﬂ 1o~

B(r — pup) <83x107° 82x1078@90%CL =D 0N
<78x107° 9.9x107°@95%CL

a 1 "~ After publication (PLB 724,36(2913)),
- LHCDb preliminary - UL is corrected to 8.0x108 at 90%CL
0.8 —]
i ] Belle 2.1x10~% @ 90% CL
0.6 - Phys. Lett. B 687, 139
i 1 (2010)
0.4 ]
: ] BaBar 3.3x107® @90%CL
0.2 . Phys. Rev. D 81,
0: | — ] 111101(R) (2010)

5 | | 10
BR(T — " " ) [x 107

Sty Paul Seyfert (Heidelberg University) LFV and LNV FPCP 2012 30/ 31 fﬁ%%

o
Ky
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Private estimation for the future

prospect of t=pupp at LHCb

» Very near future: 1fb-1 > 3fb-!

- 8TeV 2fb-! data sample will be added since that has
already obtained.

> Since o(cc) at LHC is almost proportional to /s, no.
of T approximately become 3.3 times larger.

- Since BG is large, around /3.3 times more sensitivity
will be obtained, i.e.B<4x10-8 @90%

» Finally: 50fb-1 (2030? Anyway after 2020 LS2)

- At 14TeV,100 times more t will be obtained.
- They try to improve the trigger eff.: twice better
- Totally, 15 times more sensitive >B<6x10-?

» 12 ud(—=KK), t=>uK*(=Kn) searches are also
e. (t=uup has been done in the current one)

A
\\\\\\\\
\\\\\\\\\\\
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Summary of UL for BF on tLFV decays

GJ:LGJ:LOJ:LGJ:LGJ:LGJ:'..QJ:L 0= 0= 0 2'p'g m®i+ii®ﬁﬁlili!!!fxm!wmi+ +:L+mil;' ﬁ!!

ozx'o :LaJ:LaJ:LaJ:LaJ:Lmimliﬁﬁ R'B X\

> PO 1s® O 1 lhh Ah
T - Iy o | Winter 2012
O 10°= o E
E = ® ..000.0 *® °, ° 4 E
- e® ® o o ¢ ]
> re . i
L ® ® ® i 4
L %%, ¢ ¢
. 10'65_ ® e =
"9 — v ]
" - 5
o e — v vvv v v h J v 7]
E BN v v Vv Vv v |
- 107E* Y Vv v _| ® CLEO
O - v & . A AA v vy V1
oy C Y A Ly, ,Y M Aa s A L A AT, 3y BaBar
. A A v A A A 4 A
= M S N I X, I v, N 4 %7 4 Belle
— A Ya
. -8 A ® LHCb
O 107 E
x NN
8 ZE R T T EERRAR T M!%%SS 003303 RRX Y RRMAAIRER Y iy <I<<I<

Almost all modes reach O(108) sensitivity for BF
100x more sensitive than CLEO)
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Summary of UL for BF on tLFV decays

Il Ah

lhh
o

«

VI /
A

A Y A °
A A
v
X XXXAXIAA

[ |

A
A A 4, A
A

FEERRA R Mgﬁe‘ee OO0 I RRXY RRXARAIRR Y Wy <l<<I<
+
mimimmimimi imimmiiimﬁﬁggxxxxon o

x!"’mi o'aio’n R B X
oz'o imimimimimimih’ﬁ gg!!

y final homework is to obtain the resu
t->ey/uy with Belle’s full data sample...
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Why your result is worse than BaBar’s?

» Because the evaluation of UL is some kind of
gamble!

- Expected UL is estimated by the sensitivity of the
analysis, in other words, goodness of the analysis,
including the amount of the data sample, detector
performance and the choice of the selection criteria.

- This should be, perhaps, in the similar experiment, with
similar size of the data sample, similar.

- However, observed UL is decided not only by the
sensitivity but also by the observed events!

- This is the experimental result!
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Expected BG and evaluated upper limt

» Poisson probability:

- When expected number of BG is 5.0,
- The possibility of the 4-event observation is 18%.
- The possibility of the 5-event observation is 18%.
- The possibility of the 6-event observation is 15%.

» Feldman & Cousin method:
- When expected number of BG is 5.0,

- 90% CL UL for no.of signal events is..
- 5.4 with 4-event observatio
- 6.7 with 5-event observatioDl"r’X worse
- 8.1 with 6-event observation
When expected no. is around 1, the tendency become extreme:

~L.8 with 0-ev obs., 3.4 with 1-ev obs., 4.9 with 2-ev obs.

KMl topics  2014/3/12
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SuperKEKB and Bellell

Finally, 50ab-1 will be collected.

Nikko e+ 3.6A(LER)

HER RF(Superconducting

LER Wiggler & Chicane |
. -
1.6"‘\“€

e

Tsukuba IR

HER RF(ARES) & Wiggler
LER Wiggler

Injection Point
LER RF(ARES)

Vertical B function: 5.9 mm — 0.27/0.30 mm (x20)
Beam current: 1.7/1.4 A — 3.6/2.6 A (x2)

> L =2x10%*cm?st— 8x103° cm?s?(x40)

KL and muon detector:
Resistive Plate Counter (barrel)
=Sintillator + WLSF + MPPC (end-caps)

J

Csl(Tl), waveform sam
Pure Csl + waveform samg

[EM Calorimeter:

ntification
pagation counter (barrel)

electron (7GeV) g Aerogel RICH (fwd)

]

Beryllium beam pipe

2cm diameter

Vertex Detector &yl

///'
.
2 layers DEPFET + 4 |dyers D S

i =

= 3 / positron (4GeV)

Central Drift Chamber 55
He(50%):C2Hs(50%), Small cells, Ioh;
lever arm, fast electronics

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm

ACC+TOF = TOP+A-RICH

ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)

Detector modification is not so effective
for © LFV searches. (of course, under the
high rate/background, stable data-taking
IS important.)
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Plan for data-taking

70¢ ‘
] Goal of Belle I1/SuperKEKB
50
s0f- We will reach 50 ab!
) I — 1
20F-
10 — 9 months/year
E l ( I 20 days/mPnth
8f- Commissioning starts ~—
6 in sarly 2015. 4
. Shutdown
4
. for upgrade
2-_'—: > //' ‘ :
I B B S [P
2%12 2014 2016 2018 2020 2022

Calendar Year

KMl topics  2014/3/12

41



1LFV @ Belle Il

1
)

» Sensitivity will be... CLEO

BG free:oc1/(no.of 1)

BG non-free:oc1/+/(no.of 1)

» BG amount for each mode o

t—=>uy:BG non-free (rich) P M e
10 A

T=>un. hot-so-many BG

t=>uup:BG free

>expected: B(uup)~O(10-19) 10" Bellell

B(uy)~O(10-9)

UL of BR
S
®

® ToUY
T
A ToUpU

L
=
~
>0
|

O
A O

R [ ] 10

Since we WILL NOT apply same analysis, Luminosity (ab)
(Because with larger sample, we can understand BG much better.)
' W|II be better than expected.
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Summary

» A B-factory is also a t-factory!

- Same order number of t as that of B is accumulated.

—>Belle has O(10°) t sample: the world-largest one

- Belle leads various t studies: New physics searches
and SM precise measurements

» LFV is a signature for the New Physics

e 48 tLFV modes have been searched for
- 100 more sensitive results than those at CLEO
->0(10-8) sensitivity

» At SuperKEKB/Belle Il experiment, one or two
order more sensitivity is expected.

->0(10-2~-10) sensitivity
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Y \ \
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