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Outline

T's branching ratios

Only y's final states

«“Complete” LEP Il or LEP I
datasets used for (almost) all the
results

eResults are preliminary unless
published

eExclusion limits at 95% CL
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LEP |: T Branching Ratios

Table 1: 7 Branching fractions (modes without kaons): ALEPH Preliminary

= New results with the full LEPI mode B Logtat £ ouyet 1
statistics: —330k 1T pairs € 17.837 4+ 0.072 +£ 0.036 ALEPH
I 17.319 + 0.070 + 0.032 ALEPH
= 10.828 + 0.070 + 0.078 ALEPH
770 25.471 + 0.097 =+ 0.085 ALEPH
7= 2m° 9.239 + 0.086 =+ 0.090 ALEPH
T : w370 0.977 £ 0.069 =+ 0.058 ALEPH
® Classm_catlon of each 1 decay 7470 0.112 + 0.037 =+ 0.035 ALEPH
according to number of tracks, TS =+ 9.041 % 0.060 £ 0.076 ALEPH
- o ar~wtrd 4.590 + 0.057 £ 0.064 ALEPH
and particle id: 13 classes ar T 2n0 0.392 + 0.030 + 0.035 ALEPH
(e,p,h,hno,hZT[O, ...,3h,3h10, ..) T T 0.013 + 0.000 4 0.010 cstim
3r2rt 0.072 + 0.009 =+ 0.012 ALEPH
3721t 70 0.014 + 0.007 £ 0.006 ALEPH
77 0.180 + 0.040 =+ 0.020 ALEPH
= Improved treatment of MC 7210 0.015 + 0.004 + 0.003 CLEO
corrections and systematic T 0.024 £ 0.003 £ 0.004 CLEO
. . , , ay (= 777) 0.040 £ 0.000 £ 0.020 estim
evaluation, especially y's and m%’s - 7%y, x5 0.253 + 0.005 + 0.017 ALEPH
77 w(— 7y, ) 0.048 + 0.006 £ 0.007 ALEPH + CLEO
7 2m0%(— 7Oy, ) 0.002 £+ 0.001 + 0.001 CLEO

0.001 4+ 0.001 +£ 0.001 CLEO

e Results corrected for the T decays T« m.mr)
into K’s,w's and n’s using previous
analyses (ALEPH and CLEO)
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——e—ALEPH 89-90

CLEO 97

11.52+0.05£0.12

OPAL 91-95

11.98£0.13£0.16
[ ———

ALEPH 91-95 Prel.

11.524£0.0740.078
—e—i

18.09:0.45£0.45
—_—— ARGUS 93
17.50.3:0.5
—eo—«iL.3 93
17.9:0.40.4
I ALEPH 91-93
17.79£0.120.06
—e—i CLEO 97
17.76£0.06:0.17
—e—i DELPHI 91-95
17.877+0.109+0.11
ot OPAL 91-95
17.81+0.09:0.06
—e—i L3 91-95
17.806+0.104£0.076
o ALEPH 91-95 Prel.
17.837+0.072+0.036
o average

17.824+0.051
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

17 18 19 20
B(ew) (%)

average

11.584:0.076
e

—e——  ALEPH 89-90

17.350.41+0.37

—e—— ARGUS 93

17.4£0.3x0.5

——e—iL.3 93

11.5 12 12.5

B(hv) (%)

CLEO 94

25.87+0.12+0.42

OPAL 91-95

25.89+0.17£0.29
—e—i

ALEPH 91-95 Prel.

25.924+0.097+0.085

17.6:0.440.4
—— CLEO 97
17.36£0.27+0
—e—i ALEPH 91-93
17.31£0.11£0.05
i DELPHI 91-95
17.3740.08+0.18
e OPAL 91-95
17.325:0.095£0.077
et L3 91-95
17.34210.11:0.067
o ALEPH 91-95 Prel.
o average
17.333:0.054
17 18 19

B(Hw) (%)
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average

25.916%0.116

25 26 27 28
B(hTev) (%)

LEP I: T Branching Ratios

Lepton universality: B, and B,
translated into electron BR
WA 1, pand mt lifetimes and T mass
used

ALEPH Preliminary

~—e—  B_ALEPH

i Bu ALEPH

. - B, ALEPH
i TT WA
—e—i average

174 176 17.8 18 18.2
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LEP |: T Branching Ratios

Vector spectral functions
from i, 3t 8P BR’s and
mass distributions

Hadronic contribution to
g-2 radiative corrections

e

—>

An example:
ee - T Cross
section from

BR(TETP)
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LEP 1: gluon splitting into charm

g =N - ggg9.g ~ Co)
“ ~""N(Z - hadrons) |

Bkg. . ,,,ALEPIH PRELIMINARY

- 3 jets events with a lepton in the | -
least energetic jet Illl" ;
e NN with 6 variables to increase
signal purity: —25% e, ~18% u 0 01 02 03 04 05 06 07 08 09 1
e Main systematics: : NN ouput, €
— Lepton id 2500
— Charm jet simulation 2000
. BR(C R I) 1500€ e
o
_ 500 |
* 0.(6)=(2.99£0.28+0.41) % . mm;|n;ﬁfiliiiﬂiﬁﬁﬁﬂﬂﬂﬂlﬁm
J..(1)=(2.90+0.38+0.74) % 0 01 02 03 04 05 06 07 08 09 1

NN output, 4

9..=(2.98 + 0.48) %
WA: (2.96 + 0.38)%
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LEP I + LEP II: a from event-shape variables

015 ——T T T
e Results from the full LEP I+LEP f ALEPH prefiminary
Il ALEPH data set 0.14 - ’
e 6 event-shape variables used: *
T, M2, By, By, C, -log y, P ]
Z1)0.12

 Fit with O(a.2) + NLLA

e Good agreement with a, O
running * ]
0.1 - XNy = 4417 ) -
0.09 |- ] |
running to M, and combining: i 1
a.(M,)=0.1211+0.0047 008 Lot it
~“80 100 120 140 160 180 200 220

Ecy [GeV]
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LEP Il: yy - 1T and yy - K*K-

Measurements with LEP Il data

- Yy —> T

- . . . sin(0)™*

- Angular distributions
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LEP 11: yy — D*t X

e D™ from DO + soft pion

e Measurement “direct” and “single-
resolved” contributions

e D™ cross sections vs p, and n
e o(ee - eecc)

Y \N\NNN\NNNNNNN———— C
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vy - D™* X and o(ee - eecc)

[pb/(GeV/c)]
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e New results: AP, Qudsc_, and R,

LEP 11: 2 fermions production: HF results

E.y (GeV) SM
205 Ab_. | 0.620+0.338+0.138 | 0.571
207 -0.256 + 0.232 + 0.057 | 0.572
205 Qudsc_. | 0.0077+0.0051+0.0018 | 0.0070
207 0.0143+0.0039+0.0020 | 0.0069

E.y (GeV) R, SM
196 0.287+0.033 +0.022 | 0.251
200 0.262+0.035 +0.014 | 0.252
205 0.296+0.037 +0.016 | 0.253
207 0.287+0.029 +0.021 | 0.253
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LEP Il (4f): ee - Zee - eelu Ccross section

e New analysis

e Signal definition according to LEP

WG (phase space cuts):
— M, > 60 GeV
— Forw electron 6 < 12°

— bckw elect: E=3 GeV, 12°<06<168°

e Selection efficiency: (36+£2)%

e 16 events selected (183-207

GeV) (1.9 expected bkg)

e (e)
(®) T~

) v(p)
/ﬁ)( e(k") e(k)

Events

o(ee - Zee - eepy)=57+14 x4 fb

(average from 183 to 207 GeV)
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Looking for Colour Reconnection in WW - 4q
events: preliminary results

e Colour singlets can be created across decay products of different W’s: we
cannot ask ourselves which W a particle comes from.

e Interesting to better understand non-perturbative QCD, worrying for the W
mass measurement

e Larger effects at the end of the parton shower and in the non-perturbative
part - MC models

e ALEPH preliminary results from:

— Charged particle multiplicity and momentum spectrum analysis
» Real data are compared to different MC models using WW - 4q and WW -lvqq events

— Variation of the W mass measurement when soft particle (momentum cut) are
discarded from jet reconstruction
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AM,, with CR models

300
SKI model predictions =
f
230 ALFPH Error on points O to 17 MeV J/
%) DELPHI FASTSIM — Error on points 0 to 6 MaV /
2 200 ‘ |
) ;
= 150 A
m y
% /: -~
100 A
m s
E f’”
50 e
'.;_»;{."':f'.’... o~
- _,;-r-"f
0 p-'-u""’
_50
0 20 " . SD
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100

% of reconnected events

In SKI model P, is controlled

by the parameter K;

Model AM (MeV)
Herwig CR ~30
Ariadne 2 CR 70-80

Rathsman (GAL) 30-40
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CR: Charged Particle spectra

Combined 189-207 GeV
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CR: Particle flow between W’s

In WW - 4qg events
particles are projected to
the closest inter-jet plane
and angles w.r.t. jet are
measured

Inter-jet angles are
normalized to 1
Distribution is folded and
binned ratio is done:

R,, = one bin from 0.2
to 0.8

L B e A LA s e e o
® ALEPH data -

1 1 WW (jetset)
5] B qqy background
BEE 77 background

UN,, dn/dg
&

ALEPH 1
preliminary 1

%050 100 150 200 250 300 350 400 450
¢ (deg)
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—— KoralW (JETSET)

KoralW (SK1 100%)

AL EPH
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0 010203040506070809 1
@, (deg)

R,=1.095+0.014(stat)
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+0.006(syst)
+0.006(extrap)

extrapolated to 189 GeV
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CR: Particle flow between W’s

R, measured in data is compared with MC
predictions from different models with
and without CR

R,(data)= 1.095+0.014(stat) +0.006(syst)
+0.006 (extrap)

ALEPH preliminary

AR/Z0,,
ARIADNE CR ° —-2.32
ARIADNE ° -3.59
HERWIG CR . -3.20
HERWIG ° —4.39
Rathsman (GAL) . -1.69
SKII prime . —2.36
SKII . -2.07
SKI (k=0.6) . -1.26
SKI (100%) . 2.95
JETSET . -2.50
Lo bov o by | N NS R N
1 1.025 1.05 1.075 1.1 1.125 1.15  1.175 1.2

35

25

15

05 |

- ALEPH ]
i preliminary
e SKI model "
3 1 Model
. 1 parameter
L ;;/ ki=2.3 ]
e T T A R

Background, BE and detector
systematics are included.

Fragmentation is not i

ncluded

Bias induced by MC tuning
has not been evaluated yet
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CR from the W mass

e CR is expected to affect mainly
low momentum particles and
particles away from the jet
core

Measure the variation of the W
mass obtained removing
progressively low momentum
particles (pcut analysis) or “far
away” particles (cone analysis)

The following results have been
obtained with the pcut analysis

The slope of the W mass
measurement is compared to the
MC predictions.

o
N

DeltamW (GeV)
o
w

0.2

Mass shift

01

AR2
\
Rathsmaniss
\ \ \ \ \
1 0 1 2 3
Momentum Pcut (GeV)
cut
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CR from the W mass

*Very preliminary results:

Semileptonic events _ ) _
econservative systematics and bias

ALEPH - Preliminary

«— 03¢ CT eimproved “calibration” studies to be done
o 02 DATA Ivqg E
= YL 1 < L B L L B L N IR NI LR
=R I T e S : g ]
B ‘I\T ] Q 20 -
@-0.1} - g) 0 7
=02 control sample E S 20
L 4 Q. [ ]
03b e T g Pr .
0 ! 2 Peut (GeV/c)4 Rl E
0008 1 s 2 25 3 a5 4 a5 s
Ki
Fully hadronic events = 3 2 ( )
— — ~ o
. . © 25 AX _1: KI - 1-3 IDI’eCO 42/0
. ALEPH - Preliminary 2 ¢ .
Q. | ' DATA 4q ? :
> 18.3+ 15.2 MeV/GeV
9 01 /+%+ ]
= 0 o— { ‘+_
B t ; . _
@-O.l - g Ki
S.02F 1
| | | o ] e Ariadne2 (CR) model predicts a fairly
03 0 1 2 B 4 large mass shift (—=70-80 MeV) but
ut (Gevic) quite insensitive to momentum and
cone cuts
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CR from the W mass statistical error

1.8
e VERY preliminary study g .
S 1
: . S
e Relative error variation wrt no g
P, analysis a
1.5
e It is sensitive to CR §
e It can differentiate models v 14
_ ' B
In particular AR2 3 13
1.2
11
1
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From SM to new physics: y's final states

o)
N

(8]
: >
e Final results (CERN-EP/2002-033): g
(82)
. Acoplanar photons g
N
§ 00l ece - XX - YYyy: 0 <0.1—-0.04pb “
R ~ee- X% X° - GGYy: M, > 98.8 GeV
8 | *Single photon 3
£ 150 - 0
I s N, = 2.86 + 0.09 8
eee - XY - YYy: 0 < 0.25 — 0.05 pb 5
- eSuper-light gravitino > 1.3 10 eV
100 B =Gravity with extra dimension:
graviton mass limit:
Mp > 1.26 — 0.57 TeV (d=2-6) c
s0f g
- S
- 5
B S
o-* _8
0 T T ~
80

Jul 22nd 2002

100 120 140 160 180

Missing mass (GeV/cz)

«Collinear photons
Gravity with extra dimension: string scale
<Contact interactions:
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N > 1.35TeV, A, > 0.74 TeV , Ay > 21.4 GeV

=Excited electron: M > 213 GeV (f, = 1)
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Single top production limits

e Final results with full LEPII data
— CERN-EP/2002-042

e Multijet (with one b) final state (with or
without leptons)

e & —~ 3% (lepton) , — 13.5% (hadron)
including BR’s

o
~

ALEPH

o
e

BR(t - Zc)+BR(t - Zu)
=
N

0.1-

Vil

<—CDF

_ 2
m=179 GeV/c ALEPH
m=174 Gev/c* limits

m=169 GeV/c?

0 002
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004 006 008 01
BR(t - yc) + BR(t - yu)

24 candidates in data (20.1 expected)

*BR(t- Zc)+BR(t-Zu)<14% (95% CL)
(no y coupling, m;,,=174 GeV)
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Charginos nearly degenerate with neut

e« Small mass differences with mass
unification only if M, very large
e More “natural” with AMSB

e Dedicated analysis to cover the

hole between:

— Long-lived charginos: search for
heavy stable charged particles

— Chargino’s decay products can

trigger DAQ

e Search for ISR y plus soft tracks
compatible with yx*x~ production

and decay

M, = 88 GeV (heavy sfermions)
(Phys. Lett B533 (2002) 223)
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LSP mass: toward an absolute limit

ALEPH
Framework : MSSM «— 55 ———————,
_ — 40 L | Higas { Mo =1TeVic
LSP =X > |Higes {10 2 175 e
— Mass unification 0] \
“Standard” analyses: 50| e i
— Chargino and Neutralino searches I:
———Higgs

— Squarks and sleptons RN
Higgs B 45 |  Sleptons
— Hi1ggs _os-on - /" inthecorridor
If stau mixing ¢, is let free Enn
— X* -1y, X° - 71 can be dominating

—  Am(7-X% can be small: soft T’s in 40*/,5 rrrrrrrrrrrrrrrrrrrrrrr rrrrrrr rrrrrr ,,,,, ,,,,, ,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,
final state ; | s NN

Excludedat 95%CL.
35 ; ; —
1 2 5 10 tanB

e Additional searches:

ee Xty - Tviv o, vx%vx© acoplanar t’s pairs (large am), ISR y+soft tracks (small Am)
ee— X9 X% -7r° - X%rx®  single T (small am)

ee- X%X% - 7Trrr- TIX%tix® 2-4 ts final state
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&g [ u Chargino+sglearuonanalyss ALEPH
— [ D> iA ind.x;xl')a TTDTV:.T Xt;té?;éét)d A
N§ 150 - ¢ =0° ALEPH e % : TS
8 10 [ tan B =35 e Ewf
= I {1 =-1000 GeV / ¢* 8
B s
e [
120 ¢ % :
= 40
110 g 7 Standard analyses
% New 1 analyses
100 [ .
»[ ISRy analysis
tan 3 =1.40
8 s { = -1000 GeV/c®
70% ”I_T,Sfinal 20:HH\HH\HH\HH\HH\HH\HH\HH\HH

states @, (deg)

60 50 60 70 80 90 100 110 120 130 140 A150 60
mO (GeV/C ) N§ L n Cha!gino+s%|edrmonanalyses ALEPH
- . + - 0 0
R . D5 [ v maae ket nk
© 150 - ALEPH @ =40 = [ 0 x'Xxy- vy (SRanalyss)
| -
> £
(B wo | f) tan p =35 , =50 [
= r u= -1000 GeV / ¢ @
130 | € 45 [
e c o ™ r
120 § w0 i
110 | § /
[ 35 -
" _
o
; r tan B =35
80 K 25 0 W=-1000 Gevic®

20’HH\‘H‘mH‘\HH\HH\HH\HH\HH\HH
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s-top decays into gluino LSP

Very preliminary Y2K data only
Gluino is LSP

0 ALEPH Preliminary

tt can be produced at LEP II )
e'e - tt - cgcg %
: g 80
R-parity conserved - R-hadrons = |
. g
5
MC simulation O 60

— gluino parton shower in PYTHIA
— R-hadrons interact as heavy pions

@ 40-
e Missing energy is not always
present

20t————

l
o
Q@

2

I
o
@

e Selection of acoplanar jets 50 60
— depends on AM
— efficiencies: 10-22 %
— 4f background is subtracted
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Search of Higgs boson with non-standard decays

e Flavour-independent Higgs

BR(had)+ BR(t)= 1 : My = 109.1 GeV

boson search (CERN-EP/2002-027)

e Only HZ - gqqqg analysis has been
modified with respect to the

standard Higgs boson search
— No b-tagging + estimators of WW

and HZ hypothesis

My, > 110.6 GeV

BR(had)*ao/og,, 1
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BR(t1)[0/0 o,
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Search of Higgs boson with non-standard decays

e Search for yydecays of a Higgs
boson (CERN-EP/2002-044):
— LEP I + LEP 11

e Looking for events with two y's +:
— Missing energy (Hwv)
— 2-4 charged tracks (HIl)
— > 5 tracks (HQqQ)

2,

[ERN
o

ALEPH

| 95% C.L. EXCLUDED

=
o

[ERY
]

[
=
. T T TTT

B(H :y\bc(e+e'  Hff)lo™(e'e - Hff)
o

1
T I\J\ L—

Fermiophobic
Higgs: M>105.4 GeV
T T SR R R B |
0 20 40 60 8 100 120
Higgs mass (GeV/cz)

=
o
!
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Summary and conclusions

ALEPH is still obtaining interesting results from LEP | data

Exclusion limits from searches are becoming more and more
general

More exotic models have been explored

Progress in understanding the main systematics of the W
mass measurement (LEP-wide joint effort)

See you in Winter 2003 with other (final) results: 4f cross
sections, searches, W mass, ...
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