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Tau Lepton

THE STANDARD MODEL

The tau lepton belongs to the 3rd generation
of lepton. It is the third generation counterpart
of the electron (1st generation) and the muon
(2nd generation).

1 Tau Mass = 1776.90 + 0.20 MeV (PDG 2007)
E Tau Lifetime = (290.6x£1) x 1075 s (PDG 2007)
3
®

Tau is the only lepton which can decay to
hadron

Fermions
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*¥et to be confirmed Source: AAAS
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Tau Decays
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SLAC as an
International Research Facility

Q 3000 scientists from ~25 nations use SLAC facilities to
do their research

The facilities require:

a) Highly specialized technical staff and extensive infrastructure to
design, construct and maintain large accelerator-facilities and
detectors

b) Lxtremely efficient operation of complex accelerators and
detectors

¢) State of the art computing systems (running 24/7/12) for the
analysis and worldwide distribution of data

Q Science program at SLAC generates 800-900
publications per vear
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LPRIHE des Universités Paris VI gt VIT 1PFM, Perugia & Univ
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Russia  [1/11]
Budker Institute, Movosibirsk

Spain [2/7]
IF AE-Barcelona
IFIC-Valencia

United Kingdom [10/43]
Ll of Birmingham
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Glueen Mary . U of London

U of London, Royal Holloway
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Rutherford Appleton Laboratory
Uof Warwick




The BaBar Collaboration

74 Institutions in 10 countries

Faculty PhD Staff  Postdoc Grad MNon-FhD  Totals

Canada 10 2 i 19
France 14 12 3 12 4 45
Germany K 4 1 15 27
Italy 27 28 15 14 84
Metherlands 1 1 2
MNorway 2 1 3
Russia 2 6 2 1 11
Spain 3 2 3 8
Linited Kingdom 18 1 12 12 1 44
United States 72 47 40 G4 19 242
Totals 153 101 75 131 25 485

With meore than 200 students and postdocs the collaboration continues to
be on a very strong foundation.
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Both Rings Housed in Current PEP Tunnel

High Enerpy Ring

Cerenkov

Detector (DIRC)
144 Quartz bars

and 11000 PMTs _.

@ of existing ring)
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Instrumented Flux Re¥t
Resistive Plate Chambers
and Limited Streamer Tubes

Electromagnetic Calorimeter
6580 Csl(TI) Crystals

<7 3.16eV)

Drift Chamber
40 layers

IdU Frysicslwndidr

o
Silicon Vertex Tracker
5 layers, double strip




Integrated Luminosity [fb™]

Integrated Luminosity

As of 2008/04/11 00:00

BaBar

PEP Il Delivered Luminosity: 553.48/fb e,
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/tb
BaBar Recorded Y(3s): 30.23/ib
BaBar Recorded Y(2s): 14.45/ib
Off Peak Luminosity: 53.85/fb

Cross Section

500
| o(ete > t1*) = 0.89 nb

450 million t pairs

400

—— Delivered Luminosity
. Recorded Luminosity
- Recorded Luminosity Y(4s)
———— Recorded Luminosity Y(3s)
- Recorded Luminosity Y(2s)
. OffPeak e

BaBar is a © Factory
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Lepton Flavor Violation
v Lepton Flavour Viglatiow (LFV) prohibitea in Standard Model (SM)

With mAassless neutrings
vV o0serven neutrino oseLllation

—> extension of SMallow for LFV processes BUT BR wot experbmentally aecessible

/" New Physics (NP) allow for LFV with BR,, » BR,

- L BR(-WY) ¢ - -
]
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LFV signature

l-prong “‘tag™ l-prong “‘tag™

T — WYy T — 711

* One prong on “‘tag’ side (7TV, PV, evVv, Lvv, ..) — 85%
e Strict lepton i1dentification
e No missing momentum on signal side

AE vs. Am for MC signal

ey

“Neutrinoless™ Decay

ANm = M, . — M

AE = FE

rec Ebeam

Smeared by resolution
and radiative effects

Count events in signal box
AM (GeV)
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Looklng for new physms

“ ...unambiguous signature of new physics! “
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T—Ll 1Tl results

g 1 376 10
& v observed data in Am-AE plane

v signal efficiencies :
(5.5 +12.4)%

v total expected backgrouna
(combining & channels)
(4.2 £ 0.8) events

v observed & events

— no evidence for signal

Mode  Eff. [%] Nbgd Nows ULgg™
ece’eT RO+02 133+095 | 4.3
pete”™ 83106 0.89+0.27 2 8.0
ueTe” 124+ 0.8 0.30 £ 0.55 2 5.8
etuu~ 88+0.8 0.54+0.21 1 5.6
e p'y 6205 0.81 3 0.31 0 37
pu—ptp~ bb5=x07 0.33+0.19 0 53
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hep-ex/0711.0980

accepted by PRL
dots: datn i J

dark (Light) gray reglow:
50% (90%)MC signal events
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LFV in lhh

@ Lepton Flavor violating modes: T~ — I'h™h™
@ [epton Number violating modes: T — I'h'h™
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PRI95 (2005) 191801 BaBar
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AM (GeVTT) .
B(t — lhh) < (0.7-4.8) x 107 at 90% C.L.
Phys. Rev. Lett. 95, 191801 (2005)
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Future of Lepton Flavor Violation in T Decays
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Anomalous magnetic moment of muon
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Magnetic Moments, g-Factors,
clc. .

s = gs(=—)8
H 9 (2??1)

- magnetic moment; g - gyromagnetic ratio
s I1s the spin.

« Dirac Equation Predicts g = 2

* |n nature radiative corrections make g =~ 2.

_I_ «se

Kusch and Foley,
Schwinger, 1947
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Measurements of a,,
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d,

)x 1071

D+weak

a™[e"e]= (11659 180.5+4 4, +3.5,5 +02

DEHZ (Tau 2006)

rr I I I L | T T T T 'I T 1 1 T | 7 1 1 LI L T T 1 T T T .I T { LI T
DEHZ (e“e -based)

—275=56 —— ' BNL E821 (2004)

O rharedl — s | aﬂe"p = (11659 208.0+6.3) 10-10

HMNT (e*e™-based)

08 ) S Observed Difference with Experiment;

TY (¢'e -based) |

—274 =59 —e— ; " 0
; exp = -

BMNL-E821 (average) j' a,u d ap (27'5 i 8'4) X 10

GOE =00 =200 00 DO »200 <00 b D ® 3.3 standard deviations'
3." _ af"" x 107"
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The Standard Model prediction of a , is decomposed in its main contributions:

asm_[gz] _ .
H -2 ),

of which the hadronic conftribution has the largest uncertainty

QED Hadronic
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T} L T
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... or some
unknown type of
new physics ?

xp
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Component of a,

> 4n (+KK)

18 37

3.7 -5 (+Jy, v)
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had,LO
a,

2%

O—E[ﬁﬁhad,LD]

80%
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Conserved Vector Current

Because 73% of a had.lo is covered by 2= final state which is
dominated by the p(770) final state, let's deal with it.

=2
T ( .":-)

A7t cv:
In the limit of isospin invariance, Conserved VVector Current (CWVC) predict :

N~ ~

A

ET(E:.‘_I_{_:S_ — TT+TT_} —_—

1_1_(8) — 'L‘é_l(S) S S
_d il : _d d
T {{’;\\!\?ru T T
rfii =g >
o (=) = 2= 1 p )2
. ) J‘(i;:;{"") — ) ) .
rro (s) 1 20 | 777 (-")l_e
ijr(}__ — ff(.ﬁ.} TIrl 0w — § THL :t})

B(s,m1,ms) = [(1 _ L A+ "”2}2) (1 - (ma — -'rri.z}E)] L/
5 .
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The Problem

Relative difference between r and e*e- data (form factors)

0.3 1 T I T ; |
T Average

0.2

(IF I°Tee] =IF F1) /IF 177l
(IF ITeel = IF_Fle / IF 177l

-U13 : I 1 1 1 ] 1 1 1 | 1 1 1 I 1 1 1 I

=» Clear difference on s dependence in particular for s at 0.7 — 1.0 GeV?
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Lowest order in hadronic

the main error contributor to the a, theoretical prediction.

”fl’:':ni'l,lfi.') = 3 (”—') / I“*{ }}‘?‘:“}[ )

Az

u had N

2 2
oy 9 r w1 T 18 ¥
K(s) = 2 (l—?) F (14 ) (1{ ?—2) |:111L ) — }?] Fx hul_?

x = (1 —3,)/(1+ 3,)
I.l'ﬁg“ f— {1 — _1.-“,:_.__:?1 H'}_l(.-""}j

As QCD is a non-Abelian theory with massless gauge bosons, its
perturbative expansion at low energies is not well behaved, so experimental
results are needed to comnplete the theorv
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Signal

The signal consists of = and n® (reconstructed from 2 photons)

V

-

T —r—t T

T

P 7{0

Systematic ; we are varying every input which goes into rho mass
by uncertainties derived from independent data-MC control samples.
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Invariant 7 ® Mass Spectrum

Comparison between
Data and MonteCarlo,
shows good
agreement, except
about p”(1.7 GeV).

BABAR will be able to
confirm p”(1.7 GeV)

Plot after Montecarlo samples are
normalized to Data Luminosity

After Background subtracted, we
can use Gounaris-Sakurai
function to study its properties
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What will we measure?
* Mp,I'p (Mass and width of p)
* Mp' I'p’ (Mass and width of p)
* Mp” I'p” (Mass and width of p’)
. B, (I)B (contribution of p” and its phase)

* Y, (]) (contribution of p” and its phase)

¢ a“m(mc part of muon anomalous magnetic moment and

the most interesting part)
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(Gounaris-Sakurai Fitting Function

. 1l . .
f=11 3 _ f 1 " \
i i ) R o

i Mass |

10°

BaBar Preliminary

10°

10

IIEIiIIIl I IIIIIﬂl I ||1|11T|—|‘|Tm

BWl} . ,”S-*-,Uj-fﬂzf 10° §
(M2 - ) + f(¢*) = i/ ¢l (¢%) 1072 E
9. f; ; 9 | '1 ; :3 _ e
i «iu_:h_ﬂ_lhjr 2 : fy m3 ‘Lf,r 0z
o 2y 2T, an =
Th S 1L Good agreement between
L, ah Data and theoretical model.
f(¢') = =5F [Pla)h(g®) = M) - B (g* = M) =5l pmni 10"
JU[] “j 1] I G vt e 1] 3 it o ) s Piced s s ] v by [EE1 i it ok [ it £
W 04 06 08 1 1.2 14 M1.s(e .
2 MoPr ass (Ge
o ) Ve e Lolg’) =Ty
[ffjl— Ll . ( q - i W ; " ¢n;
I.':fq-J ..H-!; . . oo .
y 4 -l\wp = « Blue line is the Fitting line.
| ey ¥ T
h o 1 , 1 : + Dots are “Background-
P L1 ottt B i e ; »
S [ L frmm Subtracted Data
r m== \“ [ - dm?

The free parameters are M ,, M, M, U, T ;. I ,»n, B,7v. @3, ¢
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Fitting parameters

BaBar AN BaBar Belle ALEPH(r) | CMD-2(e7e")
M 2(GeV) | 0.7745 £ 0.0006 | 07735 = 0.0002 | 0.7755 £ 0.0007 | 07733 + 0.0006
Tp(GeY) | 01493 £ 0.0013 | 0.1492 = 0.0004 | 0.1490 - 0.0012 | 0.1452 % 0.0013
M (GeV) | 1.2993 £ 0.0034 | 14530 = 0.0070 | 1.3280 £ 0.0150 | 1.3370 = 0.0350
T/ (GeV) | 0.4990 £ 0.0133 | 04376 = 0.0199 | 0.4680 = 0.0410 | 0.5690 = 0.0810
M "(GeV) | 1.6614 = 00170 | 17300 = 0.0220 | 1.7130(fixed) | 17130 = 0.0150
T (GeV) | 02433 £ 0.0366 | 0.1379 = 0.0500 | 0.2350(fixed) | 0.2350(fixed)
3 0.090 £ 0013 | 0167 =0.005| 02100008 | 0.123 = 0011
0.060 £ 0.009 | 0031 =0011 | 0.023 £0.008 | 0.048 = 0.008
o5 1189 £ 8.3 2103 £ 6.3 153.0 £ 7.0 1394 £ 65
5, 594 £ 8.3 217 0(fixed) 0(fixed)

Using the Gounaris-Sakurai function, we can extract some important parameters

4/15/2008
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Result

Using the spectral that we get from BABAR, we can calculate aZW

BwaBarw-Pure'l minary ap (1077)
BaBar 458 45 + 0.40(stat) £ 0.76(int sys) 4 2.70(ext sys) = 2.30 g;7(a)
Belle 459.80 + 0.50(stat) 4 1.00(int sys) 4 3.00(ext sys) & 2.30 ;7 (s
ALEPH(7) 464.0 £3.2 £ 2379
CMD-2(eTe™) 4502 £4.9 £ 1.6g 9

BABAR will publish the most precise of in a," the world
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Results: the Compilation (including newest data)

Contributions to aﬁhﬂﬂ-m [in 10-19] from the different energy domains:

154023023, BABALELEUIMIIEAN

Modes Energy [GeV] ‘e T

Low s expansion 2m_—-0.5 55.6 £ 0.8 + 0.1, 36.0 1.6 £ 034
x*x- (+SND+CMD-2) 0.5-1.8 449.0 £ 3.0 £ 0.9,

rx- 220 2m_-1.8 16.8 + 1.3+ 0.2, 214 £ 1.3 2 0.6,
27 21 (+BABAR) 2m_-1.8 13.1 £ 0.4 £ 0.0, 1232 1.0 £ 0.4,
@ (782) 0.3-0.81 38.0£1.0203 -

@(1020) 1.0 - 1.055 3B5Tx0.8+0.2 -

Other excl. (+BABAR) 2m_—1.8 243213202, -

Jlw, w(28) 3.08-3.11 7.4+0.4+0.0,, -
R[QCD] 1.8-3.7 33.0 + 0.5¢,, -

R [data] 37-5.0 7.2+0.320.0_, -
R[QCO] 50-c@ 9.9+0.2, -

Sum (wio KLOE) 2m -m 690.8+39+19 +0.7,., 710125007 ,+2.8

x

sUj2)
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Summary

* LFV results from t Decays are very
competitive

« BaBar will have the most precise
calculation of mrt part of muon anomalous
magnetic moment in the world Baarreliminan
(prepared for ICHEP 2008)

* There is a lot of physics to be extracted
from this huge data sample
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