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Tau lepton and B-factories

* Tau lepton
— the heaviest lepton = 1.78GeV/c?
— the only lepton able to decay to meson(s) = various decays allowed

— belonging to the third generation

e B-factory
— Vsis set to 10.6GeV (=Y(4S) mass)

— There, o(bb)=1.1nb while o(tt)=0.9nb=>similar number of tau-pairs are
produced: A B-factory is also a tau-factory!

— Since tau-pair is produced, clear tau-tag is possible. (cf. LHCb)
— There are two B-factories in the world, i.e., Belle and BaBar experiments.
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Belle Experiment @ KEK

Belle has finished data taking in 2010
with >1ab™ of data: ~2x10° taus
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Belle detector is a multi-purpose
and asymmetric detector and has good:

*K/pi separation
|lepton identification

*hermeticity



Integrated Luminosity [fb™"]

BaBar Experiment @ SLAC
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CPV IN LEPTON SECTOR
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CPV in lepton sector

 CPVinlepton sector has not been observed yet.

* CPVin lepton sector is strongly suppressed in SM.

— An observation means a clear signal of the new physics!

 Tauis a good probe for it. One possible decay including CPV is

T2>K v
-Effective Hamiltonian Scalar E.:.snn
M H . =Sin 6, I( v(L+y.)rnsu

H, —sm@ T( 75 TXS?/;, ]/5)U)

When NP is considered,
w20 Ho™ 0 < this scalar interaction is
< s o possible and induces
Ks NP K- CP violation.

e ee—
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Differential decay width and CPV

 The effect from CPV appears via the interference between SM
term and NP term.

{]'T'(T_) _ 2y 2 2 _ 2 g . 2 5 .
dQ*d cos 8d cos g =[AQ@*) - B(Q*)Bcos* ¥ -1)(3cos® f-1) |- | F I +m? | F- |

~C(Q*)cos Beosy - Re(FF;{;;E )) Contain CPV terms

Q*=M, > A(Q?),B(Q2?), C(Q?): known function.
B: direction of Ks in K.t rest frame F: Vector form factor

irecti i Fs: Scalar form factor This term will
‘¥ direction of t in the K. r rest frame. - vanish when it i

(0: direction of K.mt system in the T rest frame. Correlated with ) Integrated over Q2.

Q2. 3 (A0 AT This is an experimental
cp ffog | COSPCOSY ( dw  dw ) 4w observable extracting
2 Q3, (dT__ dI‘ CPV term from the
L[l (T + ) dw Py term |
differential decay width.
~ (cos [3 cos 1;';) ! —{cos Beos i)y
with dw — (Edecos Bdcos 3 By normalizing numbers of tau+ and tau- to be same, :

K°-K® mixing does not affect this analysis.



CPV search in lepton sector@Belle (1)

Phys. Rev. Lett. 107 (2011) 131801

e 700fb*! data sample used
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7iD,

leptonic decay in tag side
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CPV search in lepton sector@Belle (2)

Totally, 162K t*—=>K °t*v candidates are selected, respectively. 3"( MEI T — v Kot (a)
0

Almost 20% comes from BG, mainly T=>K.°%K °w~v, K n0v A I data N
: . - control samp
Corrections are: o.0sh —— MC with Im(n,=0.1)
to the detector; O(103) THFY—
to the F-B asymmetry; O(104) 0
t=>nnny is used for the calibration.
-0.05
Result: 0.1
-0.15
0.625-0.890 7.9 £+ 3.0(stat) + 2.8(sys)
0.890-1.110 1.8+ 2.1(stat) =1.4(sys)
1.110-1.420  —4.6+7.2(stat) £1.7(sys)
1.420-1.775 —2.3+19.1(stat) +5.5(sys)

Interpretation: | Im(ns) | < (0.012‘0.026) at 90 %C.L.(due to the unknown strong phase)
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CPV search in lepton sector@Belle (3)

The 3 Higgs Doublet Model predicts CPV in the lepton sector with_

complex higgs coupling constant X,Z: /

Relation between 1, and 3HDM model parameters:

m.m *
5 MZ
Ht
M . :mass of lightest charged Higgsin MHDM
Z : complex coupling constant btw Higgs and lepton.

X 1 complex coupling constant btw Higgs and down-type quark

B The result (Im(n,)<0.026) limits the coupling

2

. M
| Im(XZ")|<0.15 —*

10 20 30 40 50 60 70 80 90 100

(1Gel/)? \Im(XZ*)

o —
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CPV search in lepton sector@BaBar

Phys. Rev. D85 (2012) 031102

Using 500fb! of data, BaBar evaluate much simpler asymmetry:

o L0 = Kew) — U — 7 Kgvr) 4 = (0.33+£0.01)% in SM due to CPV
¢ I(r— 7 KOp.) + (s~ = 77 K}v,) in K°— K mixing.

In this analysis, any number of 7° is allowed in the signal decay.

170k ==K n*(=0n)v events are picked up, respectively, by
similar selection to the Belle case. Remaining BG contents are
also similar, i.e., mainly come from T =K. K %v.

Finally, after the correction asymmetry is evaluated:

[ Ag =(—0.36+£0.23 +£0.11)% ] Similarly to Belle analysis,

, using T=>7mmy, correction
2.8 0 from SM prediction HsIng :
is evaluated and applied.

— ——
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tau EDM search

* Tau electric dipole moment search is also a kind of CPV search.

* Tau electric dipole moment should be suppressed since tau is
an elementary particle.

e But, a new physics effect can enhance tau electric dipole
moment. Several SUSY models predict it, for example.

Due to the short tau life time, Instead, by evaluating tau-pair producing
it is impossible to measure EDM with flying tau. process we can measure tau EDM.

L e
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BELLE

tau EDM search @ Belle (1)

* By using “Optimal Observable” Phys.Lett.B 551(2003) 16

— Amplitude to produce tt with tau EDM term can be written down:

Mprod M2M T Re( )M%%e T Im(dT)M%m

S\
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Mgy = Gl 3+ i (kp) 8. 8- W21 (k)

p:e” momentum

(RS RS2+ (- m, (k) ki7" momentum @CM frame

ko - o) k9)(KS.)(3S_) + (kS,)(3S-)) ~ S.:7 spinvector
+2ki(pS. ) (pS-)

./ﬁgr_f’]|k|[ (mT (ko ~ m)(k - }){SJ,.xS...)-E-I—Rg[Eﬁ){SJ,xS_.}ﬁ]J

M =4S |k|[ (mT (ko — mr) (k- }){54.—S...)~E+kg[§~ﬁ){5¢—S-.}ﬁ]J

ORe .

Measuring <O,_>,
M (ORe) / ORedo x / 0ReM§mdd¢’ EDM can be e;’sracted.

2
'MSM (a,b will be obtained

2 ’
_[MRedcb .[ dcb from MC sample.)

b EDM a
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tau EDM search @ Belle (2)

* 30fbl, ee=>tt/Tt2evv,uvv,nv,pv

where, to avoid bhabha and di-muon, t1—>evv/t—2evv, t=2uvv/t=>uvv have
not been taken into account.

x10° | | | 10
0.3
Yello: Signal
Blue: BG
Dot: data

o 0 0 10 2
0, GeV/e
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tau EDM search @ Belle (3)

Re(d) (10"%ecm) Im(d) (10 °ecm)

1 I 1 I I

el b 225£1.2680.92 ey [F—— -0.41£0.22£0.46
em|  b——i | 043£064£060 em| ———— | -02240.1940.45
un| e |-04120878074 pm| e | 0.15£0.19£0.44
epj H - 0.00£0.36£0.14 e . -0.01£0.14+0.13
1p - 0.0410.420.18 P 2 ~0.0240.14£0.10
o b 0.34£025£022 Tp| bt | ~0.2240.1320.16
op| | -00820255017  pp e | -00280.1420.11
| »—-.—4 04261174046 M| et | 02420342042
ot ® | [0115£0.170] tote] = |[-0.083+0.086
-2-10 1 2 -1-050 0.5 1

[Re(d, )| < 4.0 x 10" eem, |Im(d;)| < 2.2x 107 ecm, @95%CL

full data analysis is on-going and will finish soon.
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TAU LEPTON FLAVOR VIOLATION
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Tau Lepton Flavor Violation

* A charged lepton flavor violation (LFV) has not yet been
observed in any leptons and is also strongly suppressed in SM
even if neutrino oscillation is taken into account: .

) 2
Br(z — uy)q oc(érrlj <10™
m

W

(Phys. Rev. D16 (1977) 1444)
— This is impossible to observe it experimentally. Therefore, tau LFV can
be a clear signature of a new physics. (Similarly, muon LFV)

— Various models beyond SM predict it as largely as the current
experimental sensitivity can reach there.

* Tau provides various kinds of lepton-flavor-violating decays
since hadronic decays are allowed. (cf. muon)

— Various decay modes tell us what model is favored.
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Comparison between NP models

Ratios of tau LFV decay BF allow to discriminate between new
physics models.

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated 7’ boson
T — ~2x 103 0.06~0.1 0.4~2.3 ~16
Ty
T — pee ~1 %102 ~1 %102 0.3~1.6 ~16
Ty
Br(t—py) <10~ <1010 <1010 <10-°
@Max

Favorite modes
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Analysis method of tau LFV at B-factory

e'e" 21T
=) clean environment

«—

generic 1-prong
decay

Blind analysis
=Blind signal region

Estimate BG level
using sideband data and MC

The signal extraction is performed by the UEML fit

or counting on the M, -AE plane.

If no excess is found, set upper limits @ 90%CL
using the UEML fit and toy MC or counting

method. (Depending on mode)
Aug/19/2014

Since signal decay is neutrinoless,
signal tau can be reconstructed,
differently from SM decay.

Signal Extraction
M,, = \/(Esfi:gl\?\al )2 - (pggﬂnal )2

_ =CM CM

AE = Esignal R Ebeam

0.13_ I\/IW ~ T mMass
. OF AE~0 .
> [
)
S -0.1F

'0'3:' signal MC distribution.

Size of boxes shows density.

Ll1

1.65 1. 1.7 1.8
My (GeV/e?)
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Result for tT=>uy search @ Belle/BaBar

Belle: data: 545 fb! (PLB 666, 16 (2008)) 0.1 e
* 94 events are found while (88.4£7.4) BG events | /,f’]
are expected in 56 region and the detection eff. > P T
is 6.1%. Q ol .
* Upper Limits are evaluated by 2d UEML fit on M- 3 02 Ll . '
AE plane. )
« "Expected UL: 7.8x10¢ @90%CL >
« Obtained UL: 4.5x10 ¢ @90%CL L S
Remaining dominant BG is ee—=>tt(—=>uvv)y and this Mipy (GeV/e?)

limits the sensitivity...

BaBar: Data: 482M T pairs (including Y(2,3S) data)

(PRL104,021802(2010))

Decay modes

20 signal ellipse

-

UL (x107%)

obs exp

(%)

obs exp

T S pty | 2

3.6=0.7

6.1=0.5

44 8.2

At Belle, with the full data sample, updated analysis is on-going.
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Result for 12 3leptons search @ Belle

Data: 782fb1 > 0ol @rToeee oo > 0ol OTowpw Zo02f ©@toenw
) Q &) C
A
: : O oAl
* Noeventis foundin the CoEeE o

signal region. R S

-0.2¢

ol gete
e Almost BG free 17 18 17 175 18 1."5\;52 17 175 18 1.%_;52
m . (GeV/eT) m, . (GeV/cT) m,, (GeV/e?)

e Expected # of BG:

Hup

- > 0 o - S T @rsenn = 0 DT
0.01-0.21 3 02 S 0.2 : Z 02
* good lepton ID P S P - RET 2 SETETFIH
ok - \:EEJ ...... o . SQE :
Bre(1.5.2 71108 oab JREHHI N N St o e

° r<( D-2. )X - o EERSTERNIEEE B TS ST
PO, 7 SEREEESEEERE ¥ SR~ 2 oal e e

o) 165 17 175 18 185 17 175 18 185 165 17 175 18 185
at 90 A)CL' m, (Ge\-"/"c:) m, , (GeV f'CE) m . (Ge\’f"cl)

->most sensitive results
e ete” 6.0 0.21+0.15 9.8 2.7

wpt 7.6 0.13+0.06 7.4 2.1
ewy- 6.1 0.10+£0.04 9.5 2.7

nee- 93 0.04Xx0.04 7.8 1.8

Phys.Lett.B 687,139 (2010) M_e+u_|PA201:éIf0'1 0.02=%=0.02 7.6 1.7

Aug/19/2014 e ute” 11.5 0.01x0.01 7.7 1.5



-y
Result for > 3leptons search @ BaBar

Data:477fb
Improve lepton ID eff.

- 1 66%>77% S TTECel Towesl | Towete
- €:89%>91% N ﬂ b ﬂ SN
- Better BG rejection % : - »-Lf' .-: lllll i .' ..'J
no events in signal S e T e A
region for all modes .| - HW B " n T . T
Br<(1.8-3.3)x10°8 T T S i WO -5 ;
@90% CL o _OtzéA(!,B Ao}; ' s oA MO(E (;w'cz)' o2 "oz o oz
Channel | Efficiency (%) Npga Exp. UL [ Noss UL

eteet 8.6+02 [0.12+002]34x10%] 0 [29x107°
e+e—,u+ 8B8+05 |0.64+019]37x10%] 0
etety= | 126407 |034+012[22x10%] 0 .

Fup 6.4+04 [054+014 [ 46x10°| 0 |3.2x107"
,u+,u+ 102+06 [0.03+0.02]28x105| 0

tup 6.6+06 |044+017]40x10"%] 0
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90% C.L. upper limits for LFV 1 decays

Summary of recent tau LFV searches
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48 tau LFV modes have been searched for at B-factories and obtained 100x

K==33 vo'a's'oakwivie r-—.:::!fxx hhx!z!-ﬂ:hﬁh‘:
=

e CLEO
v BaBar

A Belle
m | HCb

more sensitive results than CLEQ’s. Recently LHCb also made the search for uup, etc.

The results are comparable to the B-factories’.
IPA2014
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NEAR FUTURE EXPERIMENT
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SuperKEKB/Belle I

e+ 3.6A(LER)

Nikko
HER RF(Superconducting Tsukuba IR

LER Wiggler & Chicane

m’

e~

Circumference ~ 3km

Injection Poi

LER RF(ARES)

HER RF(ARES) & Wiggler
LER Wiggler

KEKB
Vertical B function: 5.9 mm - 0.27/0.30 mm (x20)

superKEKB

Beam current:  1.7/1.4A > 3.6/2.6 A (x2)

2> L=2x10%*cm2s1-> 8x10%> cm2s1(x40)

Aug/19/2014

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

Csl(Tl), waveform sam
|
Pure Csl + waveform s [-

[EM Calorimeter: W

electron (7GeV) i g Aerogel RICH (fwd)

pagation counter (barrel)

]

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |ayeg

IPA2014

positron (4GeV)

-

Central Drift Chambe
He(50%):C2Hs(50%), Sm
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)

-
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Expected integrated luminosity on
SuperKEB/Belle Il

70¢ 5
60 5
= " .
g Goal of Belle Il / SuperKEKB |, .11 Leach
E - | 50 ab™! in 2022-2023
3 = 40
-8 f ~0(10!?) tau sample
g 0
10— : 9 months/year
N S B B ~7 | 20 days/mgnth
x10% g Commissioning starts ..
% _ SE Shutdown In 2015. Physics in 2017
c C é
= 4 _
S ”; - for upgrade
= 2 o
S R R SRRl PR SRR R
YT 2014 2016 2018 2020 2022

Calendar Year
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Future prospect on tLFV @ Belle Il
=

~~ I .
S 10 | -
* Sensitivity will be... g CLEQ
BG free:oc1/(no.of 1) : i
BG non-free:o< 1/V (no.of 1) 1071 i . A
e BG amount for each mode .
T>uy: BG non-free (rich) | Belle '\O
T=>pup: BG free 10} Ao
—2expected: B(upp)~0(1010) \“ﬁ o
~ 9
B{17)70(107) 107 Bellell
07 102 107 10
Since we WILL NOT apply same analysis, Luminosity (ab'l)

(Because, with larger sample, we can understand BG much better.)
Sensitivity will be better than expected.
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Summary

Tau lepton is a good probe to NP phenomena such as tau LFV and
CPV in lepton sector.

B-factories provide us the huge data sample of tau (0(10°)) and
various analyses to search for NP have been performed.
CPV search in tau decay having K.° has been performed:

— Belle’s result is 10x more sensitive than CLEO’s.

— BaBar’s result is 2.8 away from SM prediction.

tau EDM has also been measured. Still zero-consistent result:
— |Re(d,)|<4.0x107, |Im(d.)|< 2.2x10Y7 @95%CL
— New analysis is on-going and will finish soon.
48 tau LFV modes have been searched at B-factories and 100x
sensitive results have been obtained than CLEO’s.

— The sensitivity is O(10°) . LHCb can search for some modes and the
current sensitivity is comparable to B-factories’.

— With Belle’s full data sample, = uy/ey analyses is on-going and will finish
soon.
Next generation B-factory, that is superKEKB/Belle Il, will have 50x
larger data sample. NP searches using tau will continue and more
sensitive result will be obtained in the future. .
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T=>uup at LHCb

e used 8x10%° ts, in 1fb! data sample at Vs=7 TeV collected in
2011
— 80% of ts 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~>¢(up)m 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(uup)to
evaluate t=>pupupu likelihood.
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&8 — pp pt at hadron colliders — first time shown!

signal likelihoods
combined signal distribution rHCh | o1
@ events distributed over 25 likelihood bins LHCb-CONF—
@ background estimate from mass sidebands 2012-015
LHCb prelimi
o s preliminary 016
2B 014 ¢ 11 % signal
= [ oo 012 efficiency
3L 0.1 ,
e o 0os @ 21.0/? signal
o 0.06 efficiency
1_ 0028 004 @ forillustration:
- 0023 0.02 high likelihood
0y e 0 range shown
M3b0dy bin

LFV and LNV FPCP 2012  28/31 %
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&% — p— p pt at hadron colliders — first time shown!

observed events

LHCb

Preliminary

-
%)

{G—-.
8]
-=
=
)
=
o
™~
(e0]
S
w
—
c
Qo
=
L

. .1 800 1900
m(upp*) (MeVic?)

11 % of the signal
0.03 % of the background

D" — n(p—pu y)u™ v,
blue combined background

Events / ( 8.75 MeV/c?)

red dashed combinatorial background

1%y Paul Seyfert (Heidelberg University) LFV and LNV
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Preliminary

"

t

LHCD
RSN 1 b

LHCb-CONF-2012-015

1800 1900

m(wpp) (MeV/c?)

FPCP 2012 29/ 31

rHCh
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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 " A Afterpublication (PLB 724,36(2913)),
- LHCDb preliminary - UL is corrected to 8.0x108 at 90%CL
0.8 —
i ] Belle 2.1x10°8 @ 90% CL
0.6 - Phys. Lett. B 687, 139
§ ] (2010)
0.4 -
: ] BaBar 3.3x107® @90%CL
0.2 . Phys. Rev. D 81,
I | N 111101(R) (2010)

5 | | 10
BR(T — " " ) [x 107

ch
_ LFV and LNV FPCP 2012 30/ 31 fﬂ‘ﬂ
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Private estimation for the future
prospect of t=>uuu at LHCb

* \ery near future: 1fb-! ->3fb!
— 8TeV 2fb-! data sample will be added since that has already obtained.

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

= Since BG is large, around V3.3 times more sensitivity will be obtained,
i.e.B<4x10° @90%

* Finally: 50fb™*(2030? Anyway after 2020 LS2)
— At 14TeV,100 times more t will be obtained.
— They try to improve the trigger eff.: twice better
— Tottaly, 15 times more sensitive>B<6x10~

* 12ud(2KK), T2uK*(=Kn) searches are also possible. (t=>uup
has been done in the current one)
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