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The TAO of the r with CLEO-II 
In a perfect .vqbd, @ is. t@k .wqylfl be 9 coq@ete review of 
presht ’ resu Its anId projections for: 

1. Particbe properties Cm the tauonic sector 

(c 
t 

Measurements of the i lifetime se. 
I ~~.~/~~;~.94fO.o74a./z~/O 

cLEO99) ; & 9y.033~7) 

-“P h-s3 dt: &.4l* o.@q=, 0.0,) 
2. Leptonic Decays 

/v~ 3 
. (2.w 0.13 d 0. lo) 

(a) precision tests of Standard Model - ep universality ! 
z+ evt: ) +pw, 

(b-j -tests of Lwentz structure: V - A and weak current 
parameters: 0 
i. Michel parameter p from dN/dx 

ii. Low energy parameter q 

iii. Polarization parameter <’ 

iv. Decay asymmetry parameters < and 6 
CLEpyf: k3 z-9r& UL r*kdg 
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File: /omd 
ID I b 

~ns276/cdot/mtm/mosui/doto.hboo& 
B Symb 

5 0 Dote/Time 930201/1800 Area 
1322. Meon 

3.012 
3.051 1.096 
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6 the Z+ has yet to be directly observed! 

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

l -*it-$s distinct from ve, vP: 

l Vet + beams are not observed to interact via 
charged current v$V ---) T-X in Fermilab E531 

l r(Z” -+ unobserved)/r(ZO + VV) = 3.00 rt 0.05 
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3. Semi-hadronic decays 

(c) strange resonance dynamics - production mechanism 
for KKX final states 
i. Understanding K1 states (connection to HQET) 

ii. KK7t from * 43 or pn;p+ KK? fL&r CCL a/: z --p pg. 

(d) Comparison with predictions of CVC A 

4. Rare/forbidden decays 

.(a) _ Ilepton family number violation, neutrino mixing 

(b) Second-class currents, etc., physics beyond the Stan- 
dard M~odlei! T -+ $m--$. 

5. Nostradamus comes to CLEO - looking into the future, 
brightly 

(a) Detector design of CLEO-III - r physics into the next 
millenium 

(b) What are the limiting systematics of doing tau mea- 
surements? 
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_ fdlAC85 8.4f0.4f0.7 

MARK II 86 8.4fOSst0.8* 

_ DELCO86 - 6.4f0.4f0.8 

. CElkO~90 8.7f0.7f0.3 

_ ALEPhI 91 9.49f0.36f0.63 

.Allaus93 7.3fO. 1 f0.5 

_ A4EPH 92 prelim. 9.57f0.24f0.22 

, DELPHI 93 prelim. 8.35f0.35f0.24 

_ CLEO II 94 prelim. 9.82f0.09f0.34 

. New World Average 8.9Sf0.32 
I I I I I I 

2 4 6 . 

B(T+ 3h v,) (;; 8f 
12 14 

FIG. i. Published and other recent measurements of the decay mode z + ah*“,. 
has been applied to the Mark II result [20]. 

i correction 

: MAC85 5.1 f0.4f0.7 

4.2fO.Sf0.8 

- 7.1 f0.4f0.9 

4.2fOSf0.9 

5.1 f0.7f0.3 

; WEFY-iW 4.47f0.29f0.65 

ALEPHs2petim. 4.94f0.26f0.34 

4.2Sf0.09f0.26 

4.62f0.25 

0 2 .4 

B(T-3 3h n”vt) (Z; 3 
10 12 

FIG. 8. P~biished and other recent measurements of the decay mode z + 3h*:r”v,. Correctjon 
(see text) have been applied to all but the ARGUS and CLEO waits. . 
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l Another important lepton family number vio- 
lating decay: T + &?& where the final leptons 
are either e* or @ 

l decays like T’- + p-e +e- are FCNC at one ver- 
tex; decays like T- + pfe-e- are FCNC at two 
vertices! 

@ SINDRUM 1985: B(p + eee) < 2.4 x 10-l* 

--. -. - 

l once again, mass-dependent couplings give in- 
teresting range for tau decays: a(7 --) W) s 
3x1o-6 
- ARGUS 1991: B( 7- + eee) < (15 - 20) x 1o-6 
- CLEO II 1993: 23(~ + 4W) < (3-8)x 1O-6 
depending on mode, using 2M T+T- events 
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Exclusive semi-hadronic decays: T + TX and CVC 

. . . . 

l T* ---) v& x IS the largest T decay mode (most 
.‘i o... - * . ..‘. . . - . ‘. . 

expts &n’t distinguish X* from K* + h*) 
I Nuwat-~e p+,$.bd, 023 + fi=( 

l proceeds via the weak charged vector current: 
Wf --3 &x0 

. 

q EW unification: vector part of weak charged ._. -. - 
current is related to neutral EM current via 
isospin rotation: CVC 

- CVC relates r-(7* + v&7r”) t0 a’(e+e- *+ 
X+X-) radiative corrections have been cal- 
culated . . . . 
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l procedure: 

1. extract isovector part of a(e+e- ---) X+X-) 
up t0 s=m,2 

. . . . . . . 

2. fit to pion fo.rm-factor Fiz1(q2) ; compa’ie 
with F'=l * T (q ) extracted from T --) uTbV charged 
current 

l total B(z+K*~~) oc $&2F~=1(q2) 

l Standard Model predicts: B(,~,OV~)~~ = (24.581t _. -. - 
.0.93 AZ 0.50) (1st error: e+e- ---+ X+X- data; 
2nd: 2% uncertainty in rad-corr) 

,-+Qg<fl* &&%%?~@~~?t0./2~~~~)~ 0 
/-pcq ~pl;ediOn6 

l ‘Results after s.ubtra’cting off K* ---) K*n”: 
). . . . * . ‘.- (World Average) i’n agreement 

. with CVC (4% precision) 
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FIGURES 

0.M Lll@ a.130 a150 0.17O 
urr mv/c*) 

FIG. 1. The MS7 distribution for the data (points) and the Monte Carlo (histogram), summed 
qver all tags. . 

--aw a.25 0.50 a75 1m 

4 I+=PJ+ 

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,/& (open circles and solid histogram), and the scaled energy of the x0, &o/Eb (solid circles and 
dot&d histogram), scaled by a factor 3 for clarity); (b) the scaled visible energy, EJEm; (c) the . ’ 
r*x” invariant mass. The accepted region is.to the right of the vertical lines in (a) and (b). 
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1. Precise B(7- --) (?&:ej and B(F ---) (Ii%)-v,) can be 
used as either 

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

l a check of e (expect a final B 3% error). 
I I 

l3(7- + (Kn)-UT) * 
--.- ^a(T-- 

= (phase space factor) $ 2 
---) (7+-T) ud 

f2 * 
+ 

fP 

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

DMO sum rule equates this to 

2. Study resonant structure of vector and axial-vector S = 
Al charged current 
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3. Use the ratio 

. 19(7- ---) K1-(1270)VT) 
. B(7- + Iy(1400)v7) . 

to study th&e effects of K1 mixing and SUf(3) symmetry 
breaking : 

Decay Allowed? 

(nnn)- final states: 

_. ._- 
r- - 2nd class current 

X under isospin symmetry ._, -. _ 

(Km)- final states: 

2nd class current 
$( under broken S&(3) 

MIXING 
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1.5 M(Kgt~7P)iGeV/c2] 

'0.5 1.0 1.5 0.5 1.0 1.5 0.5 
tti~o$d)[iLc2, 

2.0 

FIG. 6. (a) TLC Y(pSr’ro) distributkm  for data (points) after sideband md background 
S&W&ML The SC&II ktagram ir tbe result of a fit to the Monte Carlo predicted distributions 

- iix K&270) mod Y~(l4@0), a& a Sxed cootribution &om tisK’rO (according to the result in [8)). 
Their aonkr%ti~ re shown ae hntched l&Hqyaa in (b) (K1(1270)), (c) (Kl(l44Mu and (d) 
(.K:K-x0). 

. 
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Z+ Mass 

l neutrinos are light! 

0 mve < 7.3 eV/c2 

l mvp < 0.27 MeV/c2 (90% CL) 

l Standard Model assumes massless neutrinos 
._, -. _ 

l most extensions include neutrino mass; “see- 
saw model” : e.g., mvJmve = rnF/rn$ 

l neutrino mass is very important in astrophysics! 
- - mvr N 1OeV closes the universe 
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RECENT MEASUREMENTS 
. 

-0 Statistical ‘error NN 10% for (K?r)- mode, > 25% for 
(Km)- mode. 
-: Statistically limited. 

Mode I Expt 1 8(%)(‘94 Prelim.) 

K*- 1 ARGUS 1 0.97 & 0.15 310.12 
1 ALEPH 1 1.28 zk 0.16 & 0.12 KO7F. 

KOK- 
-. - 

ALEPH 

ALEPH 

-KOn-71’0 ALEPH 

K°K-no ALEPH 

0.88 zt 0.14 5 0.09 

0.29 rt 0.12 * 0.03 

0.33 * 0.14 * 0.07 

0.05 zt 0.05 zt 0.01 

l TPC/2y sees more K131400) through K-&T- 
channel: 

7 d,ecay mode 8(%)(‘93 Prelim.) I 
Kl-( 1400) 0.74?;;; . 
Kl-( 1270) I 0.43?$ . 
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ANALYSIS 

l I$ detected by l#ooking at secondary vertex. 

l No particl,e ID on h- or X+ (= e-be, &+,n+, K+, &. 
As3i.g n _ z- mass when calculating invariant mass. 

l All T.O’S (signal or tag side) explicitly reconstructed. 
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TABLES 

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

hay c w B (in units of 10B6) 
channel Previous This analysis 
r- - e’e+e’ 20.4 13 3.3 
r- -r p’e+e’ 19.6 14 3.4 
T- 4 p+e’e’ 19.9 14 3.4 
r- - e’p+p’ 18.8 19 3.6 
t- - e+p’ p- 19.4 16 3.5 
r- A p-jl+p- 15.9 17 4.3 
f- e e-x+x- 15.5 27 4.4 
r- -e-r-K+ 14.6 58 4.6 
r- - e’r+K- 14.9 29 7.7 
f- - e+r’r’ 15.5 17 4.4 
+- 4 e+r’K’ 15.1 20 4.5 
r- - p-r+r- 9.1 36 7.4 
r- + p-x-p 7.4 77 15 
r- -+ F~ii;+ii’- _ 7.8 77 8.7 
r- + p+r-r- 9.8 39 6.9 
I- + p+‘~-K- 7.7 40 20 
r- -- i-&P” - 16.2 19 4.2 
7- --t e-t;“o 10.7 38 6.3 
t- -) e-jpQ 1,o.s - 11 
t- - p-p0 11.9 29 5.7 
t--4 p-p 7.2 45 9.4 
T- - ~‘i;‘0 7.8 - 8.7 
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TABLES 

T.4BLE I. The det.ection efficiencies, 6, and upper limits for the branching fractions at 90% 
CL. 8. together with the most restrictive limits from previous experiments [1,4]. 

Decay .f (r(,) 13 (in units of 10m6) 
channel Previous This analysis 

20.4 13 3.3 r- - e’e+e- 
r- - p-e+e’ 
r- i g+e-e- 
r- - e’p+p- 
t- + e+/.l-p- 
r- - /.I-/.l+p- 
r- - e-n+%’ 
.r- - r-n-l? 
7- - e-n+A-- 
I- - e+r-x- 
T- .? e+.z - Ii - 
I- - /l-n%- - 
I- - p-%-K+ 
I- -? Jr3 f I<- 
t- - jr+%-%- 
r- - p+lr-Ii- 
r- - e-p0 
r- - e-If-Q 
I-. _ c-l;=o 
I- i p-pQ 
r- 3 p-I{‘0 
t- - p--p0 

19.6 
19.9 
18.8 
19.4 
15.9 
15.5 
14.6 
14.9 
15.5 
15.1 
9.1 
7.4 
i.8 
9.8 
7.i 

16.2 
10.7 
10.5 
11.9 
7.2 
7.8 

14 
14 
19 
16 
17 
27 
58 
29 
17 
20 
36 
i7 
ii 
39 
40 
19 
38 
- 

29 
45 
- 

3.4 
3.4 
3.6 
3.5 
4.3 
4.4 . 
4.6 
7.7 
4.4 
4.5 
7.4 
15 
8.7 
6.9 
20 
4.2 
6.3 
11 
5.7 
9.4 
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: 

l 

.-- 

l 

l 

0 . 

Particle ID: 40 sepa,ration k/K’ at 2.8 GeV/c 
for B ---) m /B + KT (D + ~?u/D ---) Kb) 
- CLEO-II, present: 1.80 in Rel. R ise 

-Lepton ID down to 400 M ,eV/c for electrons, 
800 MeV/c for muons 

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

Momentum  resolution: ($)* < (0.0015 p)2 + 
(0.005)* 
- Important to know momentum  resolution for 
measurement of mvT. 
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l Photon resolution and seglmenta&iotl at least as 
good as CLEO-II (D*+ ---) Dh*, charm decays 
WI l7eutrals) 

l -Ability to handle high ra$es > lo2 at L2 with 
,sma!lJ dead times 

.-.... - 

6 Silicon vertexing (N 50~ in two-track vertex in 
T- 4) 

l Herm iticity: Important for rejection of qa+ 
G’S 

-. 
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Si 

W- 
PARTICLE ID 

60 

70- 

60 - 

no - DRIFT CHAMBER 

40 - 
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I ., I ‘l!,,:l,!‘: f t’ I*: I:~!l,Il:!!~ll lld:i!i !Il 1 
,’ I c 

Si 

qv - 
PARTICLE ID 

10 IA 

.?O - 
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1( 

File: 
P 

id.def,q ,hist,18916 
1302: 

‘OE ymb 
3 1 Dote/Time 

940728/0812 
Area Meon 

7854. 

13025 0 1 940728/08 12 
ob%~ 

6.4396E+05 

13026 0 1 940728/0812 9.5550E+04 0.p; 1:077 

- SGKARC for p/x/K/proto#85 

R.M.S. 
0.5601 

:*53!E 
0:7973 

oE96: . 

momentum momenbm 

1.6 3.2 

momentum 
1.6 3.2 

momentum 
4.8 
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File: ;iv3- 
g 

id-nokkpi,3prong,250Khist 
I B Symb Dote/Tim’, . . -- 

161 1 3 1 940807/2133 l.O690E+OS 
P Aren Mean R.M.S. 

i :E 
0.230 1 

;zi li -i ~4Oi67’//?139 0.1608 I”, 

161 ii 
- .---. 

1.528 0.1291 
161 2 1.689 0.1143 

g;::,” 0 T$l’y”ss 

I I I I I I I I I I I 

2000 dE;/dx consistency 

~ _yvu2, dE/dx + RICH 
3 

20 

dx + HPT95 

it1 0 1.60 1.85 2.10 
Calculated M(K’K’n’) (GeV) 
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Determination of Systematic Errors 

‘1 have seen the future of T physics and 
it is precision physics” - 0. Marsh, 1975 

At CLEO, ~MC vs. chta increasingly THE 
dominant error 

Need to measure c as function of: 

l Dip angle wrt beam axis (Q, A01 

l Event parameters: thrust and mulitplic- 
ity [&V) 
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_,r.-l. Absolute charged particle reconstruction 
efficiency 

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

MinIPeak in calorimeter tags charged 
particle, count how often one is ob- 
served 

-+W*& Z ihdepd(lr(t tic@ a#Q@r CsVOR of (jD(oh) 

High-energy showers in CC from B- 
decay 90% frolm e+-. count how of- 
ten one i,s track m.atched. _. .-- 

.o ._. -. - Multiplicity correlations - data vs. MC 

- Use ratio of evts with net charge If1 
relative to net charge = 0 in data 
vs. MC hi+ mu NJ-1 

- Ne us 2mi! us 3 

7 ~y+h+h-; count Nh+/Nh+h-- 

For T decay,. quoted systematic error 

- 

varies from 0.4% (7 + 
(7 +5-prong) 

qh& Qkwu~ c 
711 
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(b) Product of track-finding and track-fitting 
the yield under- 

+ Don+; Do + K-+(7r+)/D* + 

use shower due to e, e, 
trace back IIellical path to origin and 

..- _. --produce a ~lr* pealk. How often is 
.track found withiiin solme window? ._, -. _ 

Quoted systematic error varies from 
2% (p > pctL,+ barrel) to 5% (P c P,,z) 

Note that efficiency outside of barrei 
region well-reproduced in MC (isotropy 
of charged tracks from B’s - : -0.’ will 

_ this be done at TCF t&h Do i+ bf kc*YS 
a+ *hold 

-- 712 
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&MUJIT-X’ Fit to Plot 191&l 
pitero gge Dist. of. Proj. onto xmtot axis 
File: piOeeg.hist 
Plot Area Total/Fit 12590. / 12590. 
Func Area Total/Fit 12515. / 12515. 

2 

F 
= 76.6 for 87 - 8 d.ay;.;,i, 

AREA 

. 

30-JUN-93 18: 17 
Fit Status 3 

E.D.M. 2.542E-08 
C.L.= 55.6% 

Minos 
1 1 G;;;;iy DistribuprO THM) 

0.141’87 
5 

*3.7i82E-04 
- O.OOOOE+OO + O.OOOOE+OO 
- O.OOOOE+OO + O.OOOOE+OO 

3.57964E-02 f9.4573E-04 - O.OOOOE+OO + O.OOOOE+OO 
2: Chebyshev Polynomial of Order 4 

93.455 f 1.3910 - O.OOOOE+OO + O.OOOOE+OO 
79.047 f 1.884 - O.OOOOE+OO + O.OOOOE+OO 

-25.193 f2.012 - O.OOOOE+OO + O.OOOOE+OO 
-1.1371 - O.OOOOE+OO + O.OOOOE+OO 

9.6265 2 1’:z . - O.OOOOE+OO + O.OOOOE+OO 

I 600 l- 

200 

.-I 

0' 
0.00 0.08 0.16 0.24 - 0.32 

L 
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File: gneroted internolly 

IDE Symb 
Dote/Time 

3 31 930717/1203 
Are0 

20.02 
Meon 

0.6782 
R.M.S. 

0.2543 

&(pJ from nO+eey events 

0.80 I I I I I I 1 I I I I I I I I 

0.25 0.45 0.65 0.85 
PT (GeV/c) * 



. ..2. Absolute 7 finding efficiency --‘f. _ 

l Use D*O ---) D”;rro; TO + ~(7) relative to 
case of fully reconstructed x0 

l Use flatness of dN/dEy from a* --) 77 
to extrapolate efficiency ir? region 30 
MeV to 2 GeV. chhP 6 q @NO 

l Use flatness of dN/dc& spectrum to 
extrapolate endcap (noise??) t. 

_. Quoted error of 2% per photon, includes 
uncertainty on plhloton line shaipe (shower 
containment un4certainties, e.g.) 

3.. Absolute x0 finding efficiency 

l D*+ + DOT+; Do + K:T+(.,~)/D~ + 
K-r”r+ using “satellite peak” . . , 

. . -. . 
-* . . 

0 mass recoiling ,against T+T-~&- in 
y- ~+.~+~-~+ K-T* events vs. numbe’r 
of times x0 fully reconstructed. 

l r) * 7r”~o,o/q + yy, efficiency-corrected 
715 - 



BR compared with PDG value 

‘Quoted error of 5% per no 

_. .-- 

._, -. _ 
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4. Ratio of $ efficiencies: 7r 

l Assume equality of cross-sections 
=:’ s: z- + hr-1, --O + A7r 0 - 

l R(Ispin ratio) in D*’ decay: 

R- 
T(D*+ +Dx O +I 

w 
= 2.17 If: 0.08 . 

*++D+n-O) 

0 r(2S)-+ T(ls)r+x-: T(2S)--+ T(lS)nOn0=2.0 
.-,.-. - 

l rl+~+~-~o/y-+~o,o,o, cf. PDG 

0 Inclusive sp&ectra 

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

TCF 10 GeV/Systematic 
!m 
33 

36 
$$ 
$3 
$$ 
$$ 
$$ 
$3 
3s 

$ . 
$$/fakes,QED 

$$ 
$6 
$26 

~ $ (ssi, rr) 
$ (ss, rr> 
$ (a, rr> 
$ (Ssif rr> 

3s 
$6 

Physics ~~~ 
Tau mass 

leptonic decays 
lifetime 

Lorenz structure 
spin structure 

- hadronic decays 
‘nclusive/exclusive BR’s 
- spectral functions/as 
spectral functions&‘s 

Rare decays/L-viol. 
ur mass 

. 
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Conclusions 

l T physics very a.ctive at CLEO - World- 
class precision for almost all measure- 
ments 

BUT: progress requires high statistics, 
good control of systematics. ’ 

l The era of very high data rates meatis 
that control _. .-- of systematics will become 

imporUnt, and will require 
the 0.1% level, systematics 

increasingly 
.---- - knowing, at 

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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