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The TAO of the 7 with CLEO-II

In a perfect world, this talk would be a complete review of
present results and projections for:
1. Particle properties im the tauonic sector
~ (a) Measurements of the 7 mass (/777.8+5.75(7 Hev -CLEO%2)
(b) Limits on the 7 neutrino mass CCLEYARGUS : €3/ MeV)

(c) Measurements of the 7 lifetime Cieode):Cat *g-?g.‘%ff,?
/us.//r.P;é.94xo.a7¢afzz7/o"’y les8 e: RAl20.eq20.07)

2. Leptonic Decays Sv3.3  (RES401320.(0)
N - 72 eVY
(a) precision tests of Standard Model - eu universality {Z?.;;u—v?\

(b) tests of Lorentz structure: V — A and weak current
parameters: @ '

i. Michel parameter p from dN/dx
ii. Low energy parameter n
iii. Polarization parameter ¢’

iv. Decay asymmetry parameters § and é
CLEDSG: ust T 57" % vs Ty

P 2,7 hyi e by: -0.99+0.06 0.1p
Y helicty) CV-A epets 10)
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The Ur
» the v has yet to be directly observed!

its existence is inferred from the energy spec-
trum of observed charged leptons or hadrons in
decay products of 7

-it-is distinct from ve, vy

‘ve, vy, beams are not observed to interact via
charged current yyN — 7~ X in Fermilab E531

r(Z° — unobserved) /I (Z° — vv) = 3.00+ 0.05
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3. Semi-hadronic decays
a) spectr unctions - s 'range Mo stra e Cfuﬂn’t A
(2) spedirg) functions - sirange apd hopst E0%, 25)
- (b) tests of QCD - extraction of as (%(He) c O.(Mf200032 )

(c) strange resonance dynamics - production mechanism
for KKX final states

i. Understanding K; states (connection to HQET)
ii. KK# from @or pT p — KK? Ceder & o T — ¥
(d) Comparison with predictions of CVC ~

4. Rare/forbidden decays

(a) tepton family number violation, neutrino mixing
(b) Second-class currents, etc., physics beyond the Stan-
dard Modell — % A
5. Nostradamus comes to CLEO - looking into the future,
brightly

(é) Detector design of CLEO-III - 7 physics into the next
millenium

~(b) What are the limiting systematics of doing tau mea-
surements?
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| MAC 85 / 8.44£0.410.7

MARK Ii 86 | 8.4£0.5+0.8 Qi
| DELCO86  ———o0—— 6.440.4+0.8 '
| CELLO90 8.740.720.3 Q W
| ALEPH 91 9.4940.3640.63

v

T

| DELPHI 93 prelim. 8.354£0.35+0.24
| CLEO 11 94 prelim. 9.82+0.09+0.34
| New World Average f 8.9510.32

e — 1

2 4 6

ARGUS $3 —o— 7.340.1£0.5
ALEPH 92 prelim. / 9.5740.2440.22
——

" e . [ " 1
- 8 + 10 12 14
B(t—>3h"y,) (%)
. FIG. 7. Published and other recent measurements of the decay mode r — 3h*y,. A correction
has been applied to the Mark II result {20).

L MAC 85 / 5.140.4£0.7 ﬁ vs. 3'*17‘
L MARK Il 86 4.2£0.5+0.8
. DELCO 86 ——0—— 7.120.410.9
. ARGUS 87 4.240.5£0.9
g CELLO 90 5.12£0.7+0.3
 ALEPH 91 4.47£0.2910.65
ALEPH 92 prelim. 4.94+0.2610.34
. CLEO 11 94 prefim. 4.2540.0940.26
E New World Average : 4.6240.25
) I S T R V-

B(t—3h + ~v,) (%)
FIG. 8. Published and other recent measurements of the decay mode 7 — 3h*x°y,. Correction
(see text) have been applied to all but the ARGUS and CLEO resuits. .

tﬁc“% D.1&4553 0.001% 3 0.00S9
3
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Another important lepton family number vio-
lating decay: T — 44, where the final leptons
are either e* or p*

decays like 7~ — p~ete~ are FCNC at one ver-
tex; decays like 7= — pte—e~ are FCNC at two
vertices!

SINDRUM 1985: B(u — eee) < 2.4 x 10712

once again, mass-dependent couplings give in-
 teresting range for tau decays: B(r — £40) <
3x 106 ~

- ARGUS 1991: B(r — ¢¢¢) < (15—20) x 10~°
- CLEO 11 1993: B(r — #¢) < (3—8) x 106
~ depending on mode, using 2M 77~ events
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‘Exclusive semi-hadronic decays: r — #X and CVC

o 7+ — y h*x0 is the largest T decay mode (most
expts can’t distinguish #* from K* = p)
~5 Notwalize To%HrO), n22 © n={

e proceeds via the weak charged vector current:
WE - z£70

_‘__Hg“EW unification: vector part of weak charged
current is related to neutral EM current via
isospin rotation: CVC

— CVC relates IN'(7% — vrata0) to o(ete —
#+t7~) radiative corrections have been cal-
culated
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L —

e procedure:

1. extract isovector part of o(ete~ — nt+zn—)
up to s = m72.

2. fit to pion form-factor FI=1(42) : compare
with Ff=1(42) extracted from r — v;W charged
current

e total B(urntn®) o [ dg2FI=1(g?)

e Standard Model predicts: B(r*n0u;)SM = (24.58+
'0.93 £ 0.50) (1st error: ete~ — ntx— data:
2nd: 2% uncertainty in rad-corr)

—>UEc 3. Blh%9) (25872 0.1220F2) D o
" /-preng (rplications
e Results after subtracting off K* — K*x0;

S S S (Wor_ld Average) in agreement
- with CVC (4% precision)

, N . - ""3 \ > .. A . y,
Aside: oy, @’ggﬂg,‘,{} 1,03,23_24

o m(7*70) spectrum .‘from T decays agrees well 6424
with ete~ prediction; good evidence for p'(1370) ’ _.""
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FIGURES
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FIG. 1. The M., distribution for the data (points) and the Monte Carlo (histogram), summed
over all tags.
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FIG. 2. The distributions of a variety of kinematical variables for the data (points) and the
Monte Carlo (histogram), summed over all tags. (a) The scaled momentum of the charged particles,
P/ Ey (open circles and solid histogram), and the scaled energy of the x°, E,o/E} (solid circles and
dotted histogram), scaled by a factor 3 for clarity); (b) the scaled visible energy, E,;,/E.m; (c) the
x%x0 invariant mass. The accepted region is to the right of the vertical lines in (a) and (b).
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T — K9X

1. Precise B(t~ — (n7)~vs) and B(r— — (K«)~vs) can be
used as either

e a test of the Das-Mathur-Okubo (DMO) sum rule,
or

e a check of I{—,’“ﬁl (expect a final = 3% error).
u

B(T— — (K7)"vr)
- B(r™ — (7m)~vr)

2f2

Vus

Vud

=.(phase space factor)

- (Assuming single resonance (p~ and K*~))

M2,

M

DMO sum rule equates this to

2. Study resonant structure of vector and axial-vector S =
-~ £1 charged current
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3. Use the ratio
B(m~ = K17(1270)v;)
B(r— — K;~(1400)v;)

| to study the effects of K; mixing and SUf(B) symmetry
breaking:

Decay Allowed?

(rnmw)™ final states:

™™ — |la7 ||¥vr Vv
T~ - by ||vr 2nd class current
X under isospin symmetry

(K#=)~ final states:

T — 14|Vr v

\
T Ki‘B vr 2nd class current

W under broken SU¢(3)

\ [ (me>me)
C MIXING )
[\

K17(1270) K17(1400)
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FIG. 6. (a) The M(K3r~x°) distribution for data (points) after sideband and background
subtraction. The sobid histogram is the result of a fit to the Monte Carlo predicted distributions
for K1(1276) and K, (1400), and a fixed contribution from K$K ~x° (according to the result in [8]).
Their comtributions are shown as hetched histograms in (b) (K1(1270)), (c) (K1(1400)) and (d)
(KgK-To). L ] J
-
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vr Mass

neutrinos are light!

my, < 7.3 eV/c?

my, < 0.27 MeV/c? (90% CL)

Standard Model assumes massless neutrinos

» most extensions include neutrino mass; ‘‘see-

saw model”: e.g., my,/my, = m2/m2.

neutrino mass is very important in astrophysics!
- my, ~ 10eV closes the universe
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RECENT MEASUREMENTS

e Statistical ‘error ~ 10% for (K7)~ mode, > 25% for

 (K#w)~ mode.
.= Statistically limited.
Mode Expt B(%)('94 Prelim.)
K*- ARGUS | 0.97+0.15+0.12
KOh~ ALEPH | 1.28+0.16 +0.12
KOrn— ALEPH | 0.88+0.14+0.09
KOK— | ALEPH | 0.29+0.12+0.03

KOr—720 | ALEPH | 0.334+0.14+0.07
KOK—-70 | ALEPH | 0.05+ 0.05+ 0.01

e TPC/2v sees more K;—(1400) through K—ntn—
channel:

7 decay mode | B(%)('93 Prelim.)
K17(1400) | 0.741030
K;1—(1270) 0.4310:32
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ANALYSIS

o Kg detected by looking at secondary vertex.

e No particle ID on h~ or X+ (= etve, ptu,, nt, K+, o).
Assign m— mass when calculating invariant mass.

o' All 70’s (signal or tag side) explicitly reconstructed.
fAp:e
C =i % 3(0-9772C.023 = €. (08)  (1'don, )
. Z.-- C /e
6 2 EChne o . (057940.0352 & 062) 7 (ot o g
@ t‘»,ﬁ"{f’%; (O-t23¢ 0.02320.023)% vClc
©® T->Fon e iy: €0./29£0.0920012)8
~ | ~ Mhyr RIS oy LU
3z éf]cT 779 C.CE32C 07 C. 07) 2 Sloed ¢co-r
KRG Y al EXR |
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FIG. 8. The K,K~2* invriaat mass distribution for r~—K*K-x°, candidates. The data
points are obtained by taking 50 MeV “slices” in invariant mass and fitting the background sub-
tracted ox distribution for those events. The solid histogram shows the invariant mass spectrum
from a full Monte Carlo simulation of r=—a;v,, a1~ K°K decays. The dashed histogram shows
the mass distribution for a simulation of = —pxy,, p—K*K~ decays.

17

L,
-

25 A\l T A T T

12.5

Events/S0MeV

® Doto
— Fit
e====s pv, MC
------ -PhsSp MC

1 poa LY,

1.00 1.20

1.40

1.60

M(K,K") (GeV)

FIG.5. The K,K~ invariant mass of = — K* Ky, events. The filled circles, with error bars,
are for the data. The solid histogram is the result of a fit to the sum of r~—p~v,, p—K, K~
(dashed) and r~— K*K v, phase space (dot-dashed) Monte Carlo models.
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TABLES

A4S A

TABLE L. The detection efficiencies, €, and upper limits for the branching fractions at 90%
CL, B, together with the most restrictive limits from previous experiments [1,4].

=

Decay € (%) B (in units of 1076)
ckannel , : Previous This analysis
T~ —e"ete” 20.4 13 33
= — p-ete” 19.6 14 34
™ — pte"e” 19.9 14 34
T~ —eptp~ 18.8 19 36
= —etuu~ 194 16 35
= upty- 15.9 17 4.3
r~ = e xtx” 15.5 27 44
r~—ex Kt 14.6 58 : 4.6
T~ — e xtK- 14.9 29 7.7
T~ —etrTx” 15.5 17 4.4
= —etx"K- 15.1 20 4.5
= xtx 9.1 36 7.4
T b 74 77 15
Sy TtKk- - 7.8 77 8.7
™ = utrTx” 9.8 39 6.9
™ — puta~ K- 7.7 490 20
T~ — e p° 16.2 19 4.2
~ — e K*° 10.7 38 6.3
= — e K*° 10.5 — 11
= = pp° 11.9 29 5.7
- = u~K=° 7.2 45 9.4
= — pu~K*° 7.8 — 8.7

CLEOY4: Searches for Meuhrinoles
T-dtay = Beyonol S.M. plysics

Ao T g 4.2x 10"
cf: p">er <o

g
é‘lr// }\I/)P ,"‘f’%ﬂ /( C.ﬂ 4‘\4( /Mf) %Aay‘(éfné)ti‘ ?'/
#.
T pedss o

702



TABLES

TABLE 1. The detection efficiencies, €, and upper limits for the branching fractions at 90%
CL. B. together with the most restrictive limits from previous experiments [1,4].

Decay € (%) B (in units of 10-€)
channel Previous This analysis
T~ — e ete” 20.4 13 3.3
= — u"ete 19.6 14 34
7T = piteTe” 19.9 14 3.4
T —e putpuT 18.8 19 3.6
T T 194 16 3.5
T —u~utys 15.9 17 4.3
T~ —entr™ 15.5 27 44
T —€en Lt 14.6 58 : 4.6
= — e nthT 14.9 29 7.7
= — €t 155 17 44
= —etn K™ 15.1 20 4.5
m —pmntrs 9.1 36 7.4
T — "~ Kt 7.4 77 15
7yt R 7.8 77 8.7
T —utrTw” 9.8 39 6.9
= — ytr k- 7.7 40 20
7= — e p° 16.2 19 4.2
= — e k0 10.7 38 6.3
= — e k™0 10.5 — 11
7~ —u~p° 11.9 ' 29 5.7
= — p= K0 7.2 45 9.4
T — K0 : 7.8 — 8.7
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From CLEO-II and a half to CLEO-III

- BaBar/CLEO-III detector design driven by B-physics,
not tau-physics.

~ Must have:

e Particle ID: 40 separation n/K at 2.8 GeV/c
for B— /B — Kn (D — wlv/D — K{v)
- CLEO-I], present: 1.80 in Rel. Rise

“e Lepton ID down to 400 MeV/c for electrons,
800 MeV/c for muons

e 3-dim vertex resolution < 50u (improve S:N for
charm, measure D* widths?)

"o Momentum resolution: (%)2 < (0.0015 p)2 +
(0.005)2
- Important to know momentum resolution for
measurement of m,...
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Photon resolution and segmentation at least as
good as CLEO-II (D*t — Dt#%, charm decays
'w/ neutrals)

Ability to handle high rates > 102 at L2 with
- small dead times

P

y Silicon vertexing (~ 504 in two-track vertex in

r—¢)

Henﬁiticity: Important for rejection of qg—
0
TS
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File: pid.def_qq_hist_18916

D iIDB Symb Dote/Time Areo Meon R.M.S.
13024 0 1 940728/0812 7854. 0.8322 0.5601
9.609 0.7306

13025 0 1 940728/0812 6.4396E+05 0.6773 0.5339
9.616 0.7973

13026 0 1 940728/0812 9.5550£+04 1.077 0.6968
SGKARC 4.395

.

for w/m/K/p

roto

P58

3

momentiim ]

1.6

3.2
momentum
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File: t1v3. Bnd —nokkpi_3prong_250K.hist
iD 10B Symb Daote/Time Area Mean R.M.S.

161 940807/2133 1.0690E+05 1.638 0.2301
161 1 1 1 940807/2139 3154. 1.559 0.1608
161 12 ‘1 940807/2140 1498. 1.528 0.1291
161 2 31 940807/2136 22.00 1.689 0.1143
121 928307 /2140 ?950 1. 24_8, 0.;%;5
%50 T—% 1vs3 6 OK/I&%X(O) / 4890 7 51 vs. KKR(--)
400 ] T T | ¢ 1 1 1
= Cp %o -
- W) ) Q —
2000 i Gpoo dE/dx consistency % |
- o QM
| I (Dl 1 ) S - 1 R . Y { l | ] ] 1
- O A\ 1 I — 1 | T Jr 1 1 | BRI | T T 1 |
80 -
40+ ~
-0
r— —
20+ —]
L -
O 0 IO, oo 0O Q@ o 3. ol O, 1

- 1.10 1.35 . 1.60 - 1.85 2.10
Calculated M(K*K™n™) (GeV)
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Determination of Systematic Errors

“T have seen the future of 7 physics and
it is preciston physics” - D. Marsh, 1975

At CLEO, €jprc VS. €4414 increasingly THE
dominant error

Need to measure € as function of:
e Momentum (k7
o Particle type (K, ¢\ u0
o Dip angle wrt beam axis (', w°)

e Event parameters: thrust and mulitplic-

ity (b
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_--1. Absolute charged particle reconstruction
~ efficiency

(a) Track-finding efficiency (topological BR's,
e.g.)

/—\oMinIPeak in calorimeter tags charged

' particle, count how often one is ob-
served .
~>with 2 independtat +mmetitng  systems  (Si/OR or UD/OK)

e High-energy showers in CC from B-
~ decay 90% from et—. count how of-
ten one is track matched.

e Multiplicity correlations - data vs. MC

— Use ratio of evts with net charge £1
relative to net charge = 0 in data
vs. MC N, ~ N(i-£)

— Ng vs 2/Ng vs 3
- vy — hth—; count Nyt [/Nptp—-

For T decay, quoted systematic error
~ varies from 0.4% (7 — p~vr) to 1.25%
(r —5-prong)

* Nav strued € los due to et
_\‘\NQ. % raultip\ieiny ICDI\‘\A\GE
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(b) Product of track-finding and track-fitting
« efficiency (for finding the yield under-

neath 7t x0 peak, e.g.
9."\((\ Pepends meﬁumg her %o)om«'o« Qunckom, 0.4

o D*t — DOzt DO  K—7O(xt)/DO —
| K—a%z%F using “satellite peak” (bethe . ¢ .\

@ How oMten “are wh. i KT puk
Ay reedsbrackd wf po”

e 70 — ete~n; use shower due to e, @
trace back helical path to origin and
-produce a 79 peak. How often is

_track found within some window?

Mg

Quoted systematic error varies from
2% (p > Deurls barrel) to 5% (p < pcurl)
Note that efficiency outside of barrel
region well-reproduced in MC (isotropy

of charged tracks from B's - . . wiill

this be done at 7¢cF with D" or D' decays
at Ahrtshold

Note: Po*tnﬁally BIG ©cF (4U0utog0 -
Mu'-ﬁp!ibﬂ—y low, Packicles Wl iddS> calibrate
E.Q@'\C'\O.v\(_'\e.s \Bj y&\.\ us'ms ma ttehn \(ku&s

Qs -pro.-Rqﬂ;:Q‘ co.5)
ey PyKtewt (W)

- - 712



AMINUIT-x* Fit to Plot 191&1 :

p4zero gge Dist. of. Proj. onto xmtot oxis

File: pi0eeg.hist 30-JUN-93 18:17

Plot Area Total/Fit  12590. / 12590. Fit Status 3

Func Area Total /Fit 12515. / 12515. £.D.M. 2.542E-08
= 76.6 for 87 — 8d.o.f, C.L.= 55.6%
rrors Parabolic Minos

Function 1: Gaussian Distribution (FWHM) _

AREA 3709.3 +103.5 — 0.0000E+00 + 0.0000E+0Q0
EAN 0.14187 +3.7182E-04 - 0.0000E+00 + 0.0000E+00
WHM 3.57964E-02 +9.4573E—04 - 0.0000E+00 + 0.0000E+00
unction 2: Chebyshev Polynomial of Order 4
ORM 93.455 +1.390 — 0.0000E+00 + 0.0000E+00
HEBO1 79.047 +1.884 — 0.0000E+00 + 0.0000E+00

CHEBO2  -—-25.193 +2.012 — 0.0000E+00 + 0.0000E+00

CHEBO3 -1.1371 +1.860 —0.0000E+00 + 0.0000E+00

CHEBO4 9.6265 +1.657 — 0.0000E+00 + 0.0000E+00

600 { i 1 l |

°-9«.‘T Peak u&lxﬁ

(PBMP « BFIE) b

CXeo |
, f que Cycd
400 ‘ Cacd N

- 500

300
200

100

0.00 0.08 0.16 0.24 - 0.32

M (0 € drom shower mig))
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File: Generoted internally
iID DB Symb Dote/Time Area Meon R.M.S.
3 0 31 930717/1203 28.82 0.6782 0.2543

&(py) from n° —> eey events

L . Cound no. Fimes € i found

1.05

-

1.00 |- ) 4
A &
B ++ + R s
i g S |
I o T
o <«r— o
= ~-_=h.-ac.k~-r
' 0.90 - nekns | |l
.k $3<.+¢».'¥~h‘c;
lr-cv'wlfﬂé',;‘ ._
u D W lad .
- 0.85F -
0_.80- i { | l | 1 1 I ] 1 1 I | i ]

0.25 0.45 1 0.65 0.85
- pr (GeV/c) .

K> agreﬂ.hm in drack- gﬁ\g
Q" 0.3* o. ./. lwd (3¢C. ;«;::'
bd(ueo.y. da{sa)/Mc -for@ ;
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2. Absolute v finding efficiency

e Use D*O — DO70: 70 s ~(4) relatlve to
case of fully reconstructed =«°

e Use flatness of dN/dE~ from 70 — qq
to extrapolate efficiency in region 30
‘MeV to 2 GeV. Ghepe ¢ & e

e Use flatness of dN/dcosf spectrum to
extrapolate endcap (noise??) ¢

. Quoted error of 2% per photon, includes
uncertainty on photon line shape (shower
- containment uncertainties, e.g.)

3. Absolute 70 finding efficiency

o D*t — DOx+, DO K—nt(x%)/D° —
K—#n9%rt using “satellite peak” -

. e mass recoiling against 7 t7~atx~ in
T = ata—atr— a0 events vs. numbe‘r
of times 7© fully reconstructed.

o 7 — 7070 71'0/77 — ~+, efficiency-corrected
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BR compared with PDG value

Quoted error of 5% per #°
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. 7r+ . . . .
4. Ratio of 70 efficiencies:
e Assume equality of cross-sections of

=t ET o A /=0 - ArC

e R(Ispin ratio) in D*' decay:

r(D*+ — DOzt
~ Mp** - Dtx0)

e T(25)— T(1S)n+t7—: T(2S)— T(1S)n%x0=2.0

= 2.17 £ 0.08

e

e n — 7r+7r—7ro/77 — 707970, cf. PDG
"o.Inclusive spectra

Quoted error of 6% on ratio (8% for V,
analysis)
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The World According to Dave - 10 GeV vs. 7cF

Physics
Tau mass
leptonic decays
lifetime
Lorenz structure
spin structure
hadronic decays

‘nclusive/exclusive BR's

- spectral functions/as
spectral functions/Ky's
Rare decays/L-viol.
' Vr Mass
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conclusions

e 7 physics very active at CLEO - World-
class precision for almost all measure-
ments

BUT: progress requires high statistics,
good control of systematics

e The era of very high data rates means

~ that control of systematics will become
inc_reasingly important, and will require

“knowing, at the 0.1% level, systematics
from:

- 1. Absolute tracking efficiencies

2. Knowledge of fake rates for leptons,
e.g.

3. Knowledge of backgrounds

"Monte Carlo tuning will become a full-
time preoccupation!
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