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THE CLEOIIl DETECTOR
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Chamber

EXCELLENT TRACKING bSiIiCOI:I/
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CERENKOV & DE/DX
Endcap
FOR PID SC Calorimeter

Quadrupoles
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CLEO UPSILON DATA

CLEOIIl HAD THE
LARGEST WORLD

SAMPLE OF CLEAN Y
EVENTS BELOW B
THRESHOLD (CF BELLE
3S)

ALSO HAS OFF-
RESONANCE DATA +

SCAN DATA + DATA AT Y
(59)
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SEARCH FOR LFV
VIOLATION IN Y= UT
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LEPTON FLAVOR VIOLATION

WE DON’T ANNIHILATE WHEN WE SHAKE HANDS.

BARYON ASYMMETRY GENERATED VIA SAKHAROV
CONDITIONS: B & C & CP VIOLATION, + UNIVERSE
OUT OF THERMAL EQUILIBRIUM FOR A WHILE

B, L ARE ACCIDENTAL SYMMETRIES OF SM

B-L IS HOWEVER CONSERVED

MAYBE B IS VIOLATED BECAUSE L IS VIOLATED AND
MAYBE THIS IS RELATED TO LFV ?
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LFV FOR T AND Y DECAYS

® T DECAY LFV TALKS ABoUT Y LFV

S.NussiNov, R.D.PEccEIl, X.M. ZHANG PRD63(2000), 016003

B(T?3U<10=B(Y ?UT) < 102

SUSY LOOPS

W.J. Huo, C.X. YUE, T.F. T / \ n
HENG, PRD67(2003), B(Y—' MT) < 2.2Xx107° ‘A?A‘
114001

IS
a) R ,
b ] | LEPTOQUARK 7 4 b 1
Y(nS) A Y(nS)
3 £ ! B(Y2UT) < 1.3x10°8 - ! /
b b [
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LFV FOR T, Y DECAYS

Z. SILAGADZE, PHYS. SCRIPTA 64(2001),
128

b e i
GENERIC 4 FERMION
COUPLING On AT ScaLE N\ b A

ADDED TO SM TO GET LFV v
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LFV: THE ANALYSIS

® SEARCH FOR Y UT, TEVV

® 2 TRACKS: U (MUON ID), E (E/P, DE/DX) U NEAR EBEAM
B EXTENDED MAX LIKELIHOOD £ =e¢e "Il s (BN;Pi(X]9))

® Use ProbpucT PDF: P(p.) X P(pe) x P(dE/dxz(e)) x P(E/p(e))

® SUM OVER: SIGNAL LFV DECAY @ TT @ JM (Y) w/

HARD Y @ UMY WITH U DECAY TO ELECTRON

® Y(4S), OFF RES USED AS CALIBRATION & CONTROL
SAMPLES
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BACKGROUND & SIGNAL REGIONS

UPS(4S) DATA

UM + HARD Y

Y HITS CC AND
FAKES E/P

UM & P DECAY
IN FLIGHT

ABOUT 100 IN
Y(4S) DATA

EXTRACT MOST

PDFs FRoM Y
(4S) DATA
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FITs TO Y(1S) DATA

10°

(P(IJ)/EBEAM)

T

=== LIl HARD Y

102 -

..MC SIGNAL

Events / 0.005
Events /0.12

mmmm | ||l, DECAY IN FLIGHT

1 1 1 1 1 1
1.02 0.85 0.90 0.95 1.00 1.05 1.10

[DE/DX(ELECD

10°E E

Events / 0.01
Events /0.015

.
-3 -2 -1 0 1 2 3 0.10 0.30 0.50 0.70
dE/dr (e hypothesis, in ¢ units) Y = [Pg VEpeam
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FERELCIMINARY EFV ' RESULTS

RESONANCE Y(1S) Y(29) Y(3S)
EFFICIENCY 8.9% 8.9% 8.9%
NEVENTS < I ) it MG 17 <85
B(Y2UT)(10°) < 6.2 =125 < 202
ERESIT/B YU < 0.0283% |[<0.17% | < O. '3

ALL LIMITS ARE 90% CL UL
® LARGEST SYST: PDF SHAPES & CORRELATIONS

® FIrRST LIMITS ON Y—TU

® THESE BRS SET A LOWER LIMITOF < 1 TEV ON
GENERIC LFV SCALE (ASSUMING STRONG
COUPLING)
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UNIVERSALITY IN Y
DECAYS WITH Y UU,TT
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Y—=TT MOTIVATION

® CLEO HAS MEASURED B(Y(NS)—HUU), [(EE?Y(NS))
N=1,2,3 - SEE TALK BY ISTVAN DANKO

B YO TT ROUNDS OUT THIS SERIES
B B(Y(1S)TT) KNOWN TO =~ 10 % IN PDG
® Y(2S)TT “OBSERVED”

® Y(3S) NOT YET SEEN
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Y—=T11T Motivation

® NAIVE UNIVERSALITY: b E
b> 5 <T

® IF THIS AIN’T THE CASE, THERE’S SOME EXPLAINING
TO DO

® B(Y2EE)=B(YUW)=B(YTT)

® SANCHIS-LOZANO: HIGGS SEARCHES HAVE A BLIND
SPOT NEAR THE Y CF NEXT TALK, HEP-PH/O307313

® THE DECAY cHAIN YY1, (N, A%, A°=TT couLp

ALTER N(Y2TT)/N(Y ), IF Y SOFT&UNDETECTED
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GOAL: B(Y—=TT)/B(Y = UU)

ISOLATE UH AND TT SIGNALS AT & BELOW Y(NS),
N=1..4

T
ECHN’QUE

APPLY ON -S*OFF TO Y(4S) DATA FOR HU AND TT -
EXPECT B(4S —>[[) =10 S=/Lon/Lorr (Eorr/Eon)?2

CHECK

FIND OFF RESONANCE O(E*E"—™TT); COMPARE WITH  “H&ck
O(E*E-— )

APPLY ON-S*OFF TO 1S, 2S, 3S DATA FOR MM and
STl

EXTRACT R = N(Y=2>TT)/N(Y 2 U)

GET BRANCHING RATIO B(Y—TT) UsING B(Y—UM)
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How TO FIND Y— TT, UM

® Use MU cuTs SIMILAR TO PREVIOUS YU STUDY
® Use 1 PRONG DECAYS : B(T?1PRONG) < 75%

® 2 TRACK EVENTS, PASSING GENERIC TT MISSING
MOMENTUM, ENERGY CUTS (NEUTRINOS!)

® CLASSIFY TRACKS AS E, M, X

@ INCLUDE NEUTRAL ENERGY, SHOWER CUTS

COSMICS ARE REJECTED

JED QWGO06
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ON & S*OFF AT THE Y(4S)

Y(4S) E(rr)/EcmI I vs | modes

600

500
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300

200

100

gRTON=

E(x7)/E,,, atY(4S)
— Off Res Data (scaled)
@® OnResData

S

o

Y(4S) E(m:)/EcmI other modes |

3000

2500

2000

1500

1000

500

E(t1)/E,,, at Y (4S)
— Off Res Data (scaled)
@® OnResData

o
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E(w)/E 1.2
(t1) o

Y(4S) E(rr)/ECM I vs X modes

1600 E(zr)/E_, at Y(49)
1400 :— — Off Res Data (scaled)
1200 E_ ® OnResData
1000 E—
800 E—
600 f—
4005— T O N
200 E—
00- 0.2 0.4 0.6 0.8 ‘:

[Y@S)EGoE_ AlTmodes |

1.2
E(m)/ECM

5000 —
- E(tr)/E,,, at Y(4S)
r — Off Res Data (scaled)
4000 —
r @® OnResData
3000
2000 A L L
1000 —
ol 1
0 0.2 0.4 0.6 0.8 1

E /E1.2
(t1) oM

MuPair Mass On, Off Res |

ON-S*OFF WORKS AT Y(4S)
NO EVIDENCE FOR NON-1/E2 BACKGROUND

12000 — M(up)/ECM atY(4S)
F —— Off Resonance Data (scaled)
10000 —
L ° On Resonance Data
8000~
6000
4000~ EE—™ u u
2000~
e P R o o P R AR
0.85 0.9 0.95 1 1.05 11 1.15 1.2 1.25
M(up)/E g,
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OFF RES O(TT)/O(UU)/EXP

BREAKDOWN BY T DECAY CHANNELS

Off
O_theory 6+€_ — T RTT
( ) _0.82
otheory(ete= — pup) '
° ° ol (e,e)
o o ol (W,
(X,Y) = P(X)> P(Y) . . o (ue)
o o o (e,u)
AVERAGE OVER o L o (e,X)
LEPTON MODES 1 1 1 (u,x)
Bl e
R - AVERAGE' 06 1 14 06 1 14 06 1 1.4
Off Y(1S) Off T(2S) Off T(3S)

ALL DECAY CHANNELS AGREE

WE CAN RECONSTRUCT EE—TT, UU
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ON AND S*OFF RES FOR TT, U

TOTAL TT RECONSTRUCTED ENERGY /ECM :

20000— hd E(t)/E_ atY(1S) 16000 - E(t)/E_ at Y(2S) 14000— e E(t)/E_ atY(3S)
E - . o™ C - cMm r o oM
18000~ | I —— Off Res Data (scaled) 14000 I | -e- —— Off Res Data (scaled) 120000 I | - —— Off Res Data (scaled)
16000? - - ®  OnRes Data C . ®  OnRes Data L ®  OnResData
14000/ 120001 10000
12000 — 10000 8000 a
10000— 8000 F
8000 6000 = 6000 -
2S| - 3S
40001 E ' F IR T (@)
F 20000 2000 BS E
2000 c r ATIO N
Co 1 C T IR Lo P R
% % 0.2 0.4 0.6 0.8 1.2 % 0.2 0.4 0.6 0.8 1.2
E("&:‘l:)/EcwI E(‘m:)/EcNI

MAss oF UM /ECM :

F e 45000 0 40000 — -
£ o [Mup)E_ atY(1S) = S IMuu)/E, atY(2s) E % [M(uu)/E atY(3S)
60000— ‘e oM 40000— % 35000— o
r . —— Off Res Data (scaled) = —— Off Res Data (scaled) = —— Off Res Data (scaled)
50000— . ®  OnRes Data 35000; ®  OnRes Data 30000;* ®  OnRes Data
E 30000F =
40000 E 250001
E 25000 =
= = 20000
30000(— 20000 E
E E 15000—
20000 15000 =
E 10000F- 10000
10000 — £ C
£ 5000 5000
(;55““0‘9““0!‘;5““4““““‘1‘1““115 0:‘HwHH\HH\HH\HH\HH e T
: : “M(u)E. 0.85 0.9 0.95 1 1.0 1.4 1.15 0.85 1.1 14
M M(up)E,, M(up)/E,,

DATA REMAINING AFTER ON-S*OFF SUBTRACTION SHOULD BE ALL DUE TO Y DECAYS
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GETTING N(Y—= [

® DATA AFTER ON-S*OFF IS A SUM OF SIGNAL Y—[[,

CASCADE To LOWER Y—[[, OTHER Y DECAYs.

® MeasURE BR(Y(1S)—[[) To ScALE MC CASCADE
BGD FOR Y(2S) DECAYS, ITERATE FOR Y (3s).

® Use KORALB FOR Y—TT WITH ISR TURNED OFF

® Y HAS THE QUANTUM NUMBERS OF THE PHOTON

® KORALB HAS HELICITY CORRELATIONS

JED QWGO06
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A SPRINKLING OF PLOTS

E(m)/ECWI Y(1S) Ivsl modes

1000

Y(1S)—> 11t
Data

= Koralb using B(uu)
Background

m— MC Sum

= = = Model 14 using B(up

800

600

400

200

IIIIIIIIIIIIIIIIIIIII

TOTAL ENERGY
DISTRIBUTION FOR 3

DIFFERENT MODES
AT 3 RESONANCES

FOR TT, ASSUMING
UNIVERSALITY
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| E(t7) E,, Y(2S) lvsx modes |
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=Y (2S) e
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non(tt) Background
‘ ---------- 2s to 1s Cascade
—— MC Sum
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| E(tt)/E,, Y(3S) other modes |
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200

0
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Data
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---------- 3s to 2s Cascade
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non(tt) Background
MC Sum

o
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NEED MORE CONVINCING ?

[ Ptag Upsis Tau all |

6000 —

" HIGHEST —I— UpsTs to tau tau

n —I_ —— Data
5000 — MOMENTUM ‘ Koralb using Bmumu

- PARTICLE Background
4000 - MC Sum
3000 —
2000 —
1000

0 L - - P S s Tl i T i | L
1] 0.2 0.4 0.6 0.8 1 1.2
Ptag/Ebeam

[ Ecc Upsis Tauall |

10° N EUTRAL Ups1s to tau tau
—— Data
| )
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103 I‘ N E N E RGY Background
Trm Bl gl 41 = MC Sum
- : NP b - - Model 14
102 E l :II | i
| ) [ t
il i l.I:l||
y '.‘h._r. ;!
10 " I II I I‘I
i
|
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llllllllllllllllllllllllllllll: I:__L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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| Psig Upsis Tauall |

8000 —
= Ups1s to tau tau
7000 — —— Data
o = Koralb using Bmumu
6000 — Background
= —— MC Sum
5000 — - = = Model 14
4000 - +
- —
3000 F- LOWEST
o MOMENTUM
2000 —
2 PARTICLE
1000 —
OF PR T ST SN TR NN SRR SR S ST SR SR S S ST ST S N S S
0 0.2 0.4 0.6 0.8 1 1.2
Psig/Ebeam
[ Nshw Upsi1s Tau all |
10000 —
i Ups1s to tau tau
B —— Data
8000 [— _|_ = Koralb using Bmumu
B —
B # - Background
[ 17 —— MC Sum
6000 — = = = Model 14
4000 |—
i ISOLATED
2000 SHOWERS
0_ ol S il R T e B e sl o e L T Y —— L

0 2 4 6 8 10 12 14 16 18

Nshw

GOOD AGREEMENT W/ MC ACROSS RESONANCES, FINAL
STATES, AND KINEMATIC QUANTITIES
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How MANY EVENTS ?

SUM OF ALL T DECAY MODES

1S 25 35
On-S*Off 61697+1536 | 25085+1399 1629041522
background 155683 33341593 15361474
e(TT) 11.240.1% 11.320.1% 11.1+0.1%
N(TT)/€ (103) 537114 193412 132413
N(up)/€ (103) 527+15 185+11 126+11

JED QWGO06
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R=B(Y=>TT)/B(YUU)

@ )
. | Rus)=1.02 +0.02 + 0.05
i
i:;ov R(2S) = 1.04 + 0.04 + 0.05
R(3S) = 1.07 + 0.08 + 0.05
\_ J

LARGEST SYST FROM T SELECTION CRITERIA (2.9%) AND TRIGGER (1.6%)

ALMOST ALL STAT ERROR FROM ON/OFF SUBTRACTION

TO BE SUBMITTED TO PRL ANY MINUTE
JED QWGO06 25



R by Decay Mode

4090506-003

P(X)> P(Y)

(X,Y)

26
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EXTRACTING B(Y—=TT)

® Use CLEO’s PUBLISHED B(Y—HU) - cF I. DANKO TALK

@ AVOID SYST ERROR DOUBLE COUNTING
Tstal‘

B(Y(1S)TT) = 2.54

B(Y(2S)TT) = 2.11

B(Y(3S)—TT) = 2.55

JED QWGO06
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PRL94,012001 (2005)
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WHAT ABOUT N/HIGGS?

2 R I1s CONSISTENT WITH 1 - NO BIG SIGNAL

® ATTRIBUTE DEVIATION R(1S)-1 TO “HIGGS”
B(Y—™YNs, N A%, A°—TT) < 0.27%  99% CL UL

| EGam Ups1s Tau all |

® LOOK AT Y SPECTRUM

@ NO OBVIOUS SPIKE IN 7000/ ets o tau e
THE 1S SPECTRUM 6000F ;zi;zjerm“mu
:_ —— MC Sum
® EXPECTED REGION IS e ';'C FOR | tiggsoreoor
FALLING FAST - HARD d000 |, IGNAL
SYST 30005— Y( 1 S)
2 NO OBVIOUS SPIKE IN 2000}~

2S, 3S SPECTRA 1000 .

() 0.02 0.04 0.06 0.08 0.1
SCALED PHOTON ENERGY EGam/Ebeam
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CONCLUSIONS

CLEO HAS:

® SEARCHED FOR LFV GIVES BR(YUT) =< 105 so%cLuL
® MEASURED B(Y—TT)/B(Y ) CONSISTENT WITH 1

® MEASURED B(Y—TT)
® CONSISTENT WITH PDG AT 1S (BUT LOWER)
® BEST VALUE FOR 2S

® FIRST VALUE FOR 3S

® SET LIMIT ON CP obD HIGGS IN Y(1S) REGION
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