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‘Introduction: searches at LEP I

INDIRECT SEARCHES
Bck at L]EPZ Sig. sens.

Constraints from SM measurement

(o(fty), s(WW), o(7y)....)

Z’, Contact interactions,...

Topological searches

Anomalous (3-VB or 4-VB) couplings

Mass
peaks

- More
constrained
models

Most searches updated with year
2000 data:

New fermion families
Extra dimensions
Technicolor

Excited leptons

FCNC and single Top
Leptoquarks

RpV SUSY

GMSB SUSY
Constrained MSSM
MSSM Higgs

SM Higgs

\

/

(200 pb ™)

(10,e~50%)

~103 ev

~10% ev

~10lev

~10° ev

~300 fb

~100 tb

~30 fb

~10 fb

DIRECT SEARCHES

w202 < /s < 209 GeV
R ~ 220 pb~ !

[Distution of Deiered Inegrated kmimosity b Energy

total 0214100 = 233 pb-1 E

Intagrated Luminesity / rb-1
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|Single-photon final state I

130 <Vs< 208 GeV

— 2 3 3 -
1) F M, <70 GeVic? fit=1.0180.087 l
moLsE '
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A o0s
[} —— PR S T
1.1 F 180 X 190 200
T E 70<M,, <110 GeV/e” it=0.936+0.015
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5° Do we believe MC? (Koralz mostly used)
1 NUNUGPYV and Koralz do not agree, KK in

Missing Mass (GeV/c”)

NUNUGPV / KK

o
[

o (pb)/(4 GeV/c?)

Cross section ratio
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(Courtesy of G.Taylor (ALEPH))
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\Four—jet final states (cont) I

1w Updates with year-2000 data:
— DELPHI: good agreement with SM

DELPHI Preliminary

£l e:e:ap;,oj{.—m.,y

ee onnpm W,
e'e—p(y) :

[ p;—hadrons
[T pr—WIWL

DELPHI preliminary

w16

/25 GVl
=
M(r;) [GeV/c?]
]
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\\\\%
\i"; \:>/
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—B— .
g

6 L
4F 80 |- .
2
r . . | | i ,”
4 50 6 T 80 W 100 110 120 o
M iGeVich) g0 Ll 7
150 200 250

350 400
M(p,) 1GeVic?]

— L3: anomaly confirmed and strengthened
(now at 4.40)

Br(H'>1'v_)=01
100 % Data—Background L3 10 '1_5 T . ; PRI e s O
] Vs = 183-209 GeV 5 /
E 1M HH —csésandcst v 10 ‘2_;
~ M, =68 GeV Al
% 30 i 10 E 12x 107
% 1 @) 47 i
e 1 | 10
2 . ++ — 53 H
= 4 = 1A\ ddo
E 0_u+ 10 4 .. Signal 1 |
= | -6] = v i
a + ++ 10 MRV ] s
10| — Observed +16 band
— T T T T T {1 ... i
40 60 30 Lo . Expen:,tcdl - :|_-26 bz:ndr
Mass [GeV] 60 70 20

M, [GeV]

— ALEPH: slight deficit (for my+ ~65-70 GeV)
— OPAL: good agreement with SM
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'Likelihood ratiol

g = PlRosis = b) x (5(%) + B(%))
- P (nops: b) x B(X;)

Nobs S[ ‘
- - _ (
2In Q = 2540y 22111 1+ fo,i}

to combine different experiments/topologies/ /s
simply add up respective —21n Q contributions:

625 :-‘-.u .rT1‘ir IT- fTIT-I]IIF;!Z1‘
Ex . LEP
Cs:l : [
15 +
>R @ LoV D= 10 :
LiIxE :
]‘ 51
v S F o Expected background ™\ .
VoLl 10 | “ - Expsgceted signal + background

100 fbé 104 106 108 110 112 114 116 118 }20
mH(GeV/C )

N " N S



-2InQ for b and s+b

Expenments resuits at 115GeWc

TF F—I'T'T'

- G“M .
- mhh. ,g,

g

—

% . ) -
- OPAL N

. . ) " A |
il Rl i = I .
i i1t
f i

" Gh‘u&? el

Density
s
T3

j ...... — iiﬂnkm“g
; J— \!@il‘ﬂ

_ 20
Log-likelibood

> 1 experiment signal-like

o4 1343 N

Deosons Tl siton Mg ERA hdlews Buskonr sesrcte L EP - combined pesalts



-2InQ for b and s+b

LEP results at 115GeV/c”
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»» > 1 channel signal-like

Fsthron SME Higgs boson searcle LEP-combined resaits
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The road ahead...

Significance at m,=115 GeV

Nov 3rd, 2000 publication
| combination
ALEPH 3.40 — 3.20
DELPHI -1.00 — -1.00
L3 1.70 — ?
OPAL 1.3¢0 — 1.30
J4c

=> sowme wlbown Pypewmstics shovld be >cloleol .

L3 will be releasing their results
in tame for the

m be prepared fm the
_____ Suimmer conferences ®

Padres Toienios- Dios Bh Higgr boson seerde LEP-oombinesd resplts Sbawate 111V, B



CONCLUSION!  (PERSoNAL! )

SULL' Hlees A /s geV
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— Introduction -

- Each SM Quark q is predicted to have two scalar
SUSY-Partners qg,qr,

- mixing with off-diagonal terms prop. to m,
— mass eigenstates qi, Q>

— due to large top quark mass t; can be very light

—s look for t;t; at the Tevatron:

“ q t1 g t1
okt fay : ’\
q t g t;
- In the mass region of interest, t; can decay to:
b
~ f
. . Ea: v P
- bx" (dominant if m; large X o
enough) ?1
- b
- bff’x} (suppressed) i ____@
o+
- ¢cx? (suppressed) X x°
1
—~ bl? (dominant for light »)
Xt



MSSM Stop Search

- Results -
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Sleuth = sfcvcio

~ Final States -

— 32 final states have been considered in D0 data:

e e e

epuX

W + jets, e i + jets

Z + jets, ee + jets, pu + jets
/vy 1/~ X

W

dijets

— Standard ID criteria for e,v, u, #£,,7 as defined and
studied in previous analyses.

- Vector Bosons are reconstructed from leptons and Z;.

Cﬂ\ng T_ " X v 'le- A *'\ \ Al (&N H [ V=1{/)¢ A



Sleuth

— Results —

Analysis has been run for all final states.

DO Sleuth Results
12 I_III'III'!YII'YIIIEIIIJllll}lllf]rlrllfllf
® Data
— Expectation
10 P 1
——
Ufj 8 _ -
B L
= —
ot
U6 R HJ .
>, -
=4 | -
2 - -
4

Taking into account the number of final states considered,
the probability for getting a results “less interesting” is 11%.

=) NESsuna TDeVIAQ10nz DAL

MoDellg STANDARD




Multijet-F+ Results

Visible Background Boxes

CDF Data (84 pb™')

Bin Description EWK QCD Al Data
1 Bq > 70,Hp > 150, NFe, > 0 14 63 20&5 10
’ 9 Ep>T0Hp< 150N, =0 23 63 B86+45 19
3 B<PBp<T0,Hp > 150N =0 195 135 137+28 134
4  Bp>70,Hp <150,N2. >0 173 - 173+03 2
5 3B < Bp <T0Hp > 150N >0 14 94 234+6 24
6 35 < P < 70,Hy < 150,N20 . = 5 413 418469 410
7T < Fp < ’F’{J,Hf <15O,Ni*. >0 33 28 31+10 35
8 Pp>T70Hp>150Nge,=0 35 41 7613 7?77
9 3 < Pp < 70,Hy < 150 8.2 441 449472 445




Photon-Lepton Results
CDF Data (86 pb™')

Category psw Ny P(N > Nolpugu) %

All £y X — (4 —

Zlike ey — 17 —

Two-Body £+ X 249 +24 33 9.3

Multi-Body é4X 202 +17 27 10.0
 Multi-Body £64X 5.8 £06 b 68.0

Multi-Body fyyX  0.02+002 1 1.5

0.7

[ §

| MultiBody £yE,X 7.6 £0.7 16
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Measuring (g — 2),, with
a precision of 1.3 ppm
by

Gerco Onderwater

e T heoretical Foundation;
e Experimental Method;
e Result;

e Conclusion.

Boston, BNL, BINP, Cornell, Fairfield, Heidelberg,
Illinois, KEK, Minnesota, Tokyo, Yale

Gerco Onderwater, Moriond EW 2001




Result

Theory
New Average (1.3 ppm)
BNL99 u* (1.3 ppm)
BNL98 u* (5.1 ppm)
BNLO7 u* (12.9 ppm)
CERN (9.4 ppm)
CERN pu* O (10.3 ppm)
| | e il I | |
o ™ AN ™ < (To] (o]
, 8 BEBEEE 2
SN R RO R P
all<ory = 116591596(67)x10~!! (0.57 ppm) T
as*?* = 11659203(15)x107'% (1.3 ppm) *

st — qiheory — 42(16)x 1010

T A Czarnecki and W.J. Marciano, hep-ph/9810512; Santander 1998, Tau'98, 245-252

E Combining all measured values from CERN and BNL




Conclusion

What if Aa,, = a’UsY?

[
®
Q
T T

95% CL

60
centroid

40

I|Iil|||||l|

20

T

o iy
A

tanp = 10 20 40
_40 | 1 1 | 1 1 | I 1 1 1 I 1 1 1 I 1 | | I 1 1 1 i | | | | 1

0 200 400 600 800 1000 1200 1400,
smuon mass (GeV/c)

At 95% CL, the left-handed scalar muon mass must by
smaller than 600, 900 and 1500 GeV/c? for tan 8 10, 20
and 40, respectively.

Data from T. Goto, Y. Okada and Y. Shimizu, hep-ph /9908499
for minimal supergravity.

This is speculative, because Aa, = Y a™VewPhusics,
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Figure 1: The (my/2, mo) planes for p > 0 and tan 3 = (a) 10, (b) 30, (c) 50 and (d) 55,

found assuming Ao = 0,m, = 175 GeV and my(ms)gh; = 4.25 GeV. The near-vertical (red)
dot-dashed lines are the contours my, = 113,117 GeV, and the near-vertical (black) dashed
line in panel (a) is the contour my+ = 104 GeV. The medium (dark green) shaded regions

are excluded by b — sv. The light (turquoise) shaded areas are the cosmologically preferred
regions with 0.1 < Q,h? < 0.3. In the dark (brick red) shaded regions, the LSP is the charged
71, so this region is excluded. The regions allowed by the E821 measurement of a, at the 2-0
level are shaded (pink) and bounded by solid black lines, with dashed lines indicating the 1-o

ranges. .
. ] cw S FUR LH(
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¢ WIMPs: relic Cold Dark Matter particles from primordial Universe

in thermal equilibrium in the early stage of the Universe

* non relativistic at the decoupling time

¢ <Oy V>~ (1 026/ g‘)“whz} cm’s™! Gorﬁinary matter ~ Pweak

expected flux: ~ 107 (1GeV/my,) cm? s!  (0.2<p,,,,<0.7 GeVem)

form a dissipationless (or quasi-) gas trapped in the gravitational field

of Galaxy (velocity ~ 103 ¢)

A candidate must be neutral, stable (or t~age of Universe) and massive
* Direct detection W

£ J

My v
by inelastic scattering: Ex
271 (Eijiri et al), "Xe (DAMA/LXe); good
signature but very large exposure are necessary and
very low counting rates.  127;. NP B33 (1994) 400
| 'Xe: PLB 387 (1996) 22
by elastic Sf:&ttﬁriﬁg: New Jou. of Phys. 2{2000)15.1

dR _ Pw ﬁ Flv 1 vy ) 2instie g2 g g,

dEy My~ Rmax

s 22 2 i

g — 2 i ??? r’”t?{! ) 1\.' i -: ‘fg sbi.k
SEomax i Y
j’l’fN L / _ )

= Earth velocity in the galactic frame oxb

a:%} '

'?’ﬁf‘t‘;.t'\'ﬁ {ﬂt!ﬁf“; ﬁvﬁhnm“i’;ﬂi l’iﬂhﬂ’(?;f\'!'lf’/\

red quantity : Eyinthe keV ' /




_ Emi@:z% Freese, Spergel

- F’m et al. PRDSS
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Recent Results from the
NuTeV_Experiment at Fermilab

Michael Shaevitz
Fermilab and Columbia University

NuTeV Collaboration

Introduction to the NuTeV experiment
Short update on sin*0y, measurement

Inverse muon decay Xsec measurement
and lepton number violation search

Search for Long-lived ! Neutral Particles in

the T‘aéuTcV “Decay Chafme} Detcttar’ ’

— ——

Y '?Nu/fEV

AVIO V‘A.} y

—— e

14



SSBBEREEE T S PRREES

NuTeV Neutrino Experiment

e Tevatron 800 GeV
primary proton
— Tt and K meson
(Sign-selected Quad
Triplet SSOT beam)
— V, and v,

* 1996-97 Data Run

« ~4.5million v and V
interactions (6:1 ratio)

680 tons: Fe-Seint-DC
Fiducial Volume: 390 tons

Ey.8,

e a———— e T T T T T TR L X SRR L 2 B R L] B e = L it aas i h o h o b d bbb bl b
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NuTeV Decay Detector Search for N?’s

Wi -

Search for few-GeV, long-lived neutral particles (N°’s)
that decay into two charged tracks (UjLV, [LleV, UT)

* Neutral Heavy Leptons (NHLs)
— Isosinglet (“sterile”™) heavy neutrinos that are produced
and decay through mixing with ordinary neutrinos

N

eson Decay vy

Decay thru Mixing

» Neutralinos
— Long-lived neutralinos which decay through
-~parity violation (YcT ~ 500 - 5000m)

T

L
m/\,_ \
i +

R-parity violating
decay




N, N .,’ ? l_,f: ..( .) & N - F

e LEP WA ScoPeErTD ('HiccS

e DAHMA HA Scoperio It ANEUVTRALIANO

o B-FACTORIES HANND ScoPerTo CPA NE B's
"__ cc

e DONVT HA ScoPerTo CHE V?, —

¢ Sk HA StoPERTO CHE Y — Yy

o (5%2) e (b=sp) DEVI Ano DAL WS

e O6GNI ESPERIMENTO (QUASI) 1A LA SUA ANOTTAUA

a SINGLE- - (LeP) D lept.Isol (ML)
» H (L3) 8 N pux (NoTeV)
D Mf =4 ( CDF )
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SK SOLAR V¥

Summary

No “smoking gun
for oscillation

SMA mo sﬂy disfavoured
at about 95% C.L.

« Homestake, SK conflict for
sterﬂe neutrmos at 95/o C L.

e SK spectrum+flux alone define an
enlarged ‘LMA’ and 'LOW’ extending
down to the vacuum reglon

"’4\ Sy A TW - A :4.4 A ’l -4 C RV ;ﬂﬁ“- LPE ?r‘*’-— T

3"# ' P SILY | A al At f
i _ f’rr;ﬁ_ $3 1M !¢ fANA [

Michael B. Smy, UC Irvine



Allowed Regions

-4 -3.5 -3 -2.5 -2 -1.5 -1
q 10 g1 L AL T
= -
L0)] B
£
o 4
e R
<]10
.5_
10 =
-6-
10 =
10 ~Ga Flux —
4 Cl Flux
10 - T
- 99% C.L. (vge—Vv,, 1)
0% Zenith Spectrum and SK Flux
10
10 3




Oscillation Signatures

. N spectral distortion

affects SMA
affects vacuum oscillation

« NO core-enhancement
affects SMA

.No day-night effect

affects LMA

«NO additional |
seasonal variation

affects vacuum oscillation

. Reduced Flux (45%)




~ Solar v Spectrum




Visible Energy

15 |

10 ?

E, FC. 22.5kt

¢® Data

*

MC w/o osc.

*

| S — i

0 m 2 i

0 1000

N |
2000

3000 4000 5000

MeV

need to estimate syst. err. in MC expect.



# of observed and
expected events @ SK
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Front Neutrino Detector(FD)

(Near Detector)

300m from target

SCIFI/Water |
|
target
Lead :
Glass © | R S VL e w— e
| Muon Chamber o SERBEEL L ik
L \ " kt Water Cherenko _ -
NG Detector
j ‘  " I { ; Neutrino seam
B St K pamiaos - «IE i F : ||| E -
‘ : ' A
| | L
[‘]. s
-
Purpose

I. Measure V,, flux, spectrum, profile
2. Study V,, interactions at 1GeV region
3. Measure V. contamination

» 1kt water Cherenkov detector

»Scintillation Fiber Tracker(SCIFI): SF sheets+water

» Electromagnetic calorimeter : lead glass

T A A e v ot et e e l‘lr’\fﬂﬂ"’ﬂ" (\.’{Dn\ - I""“‘;{"* hll’\ﬂf‘—l—;"ﬁ“ “]‘prc'



Expected # of SK events
from 1kt measurement
Nobs | ’\ CLQE

N SXP — DETECTOR
N SK ‘R ESK
E

fcb o« (E,) 0y o(E, )dE
I{M J‘@ 5!{ (; E }dE

Nos observed events in lkt
Ere : detection eff. of Ikt
553 : detection eff. of SK

fiducial mass ratio

NEP =37.840.2(stat.) “33(syst.)

c.f: NP =41.0% from MRD events
: NEP =37.2%7 from SCIFI events

A ~ran st anrcrh Ather




Summary

79kt year of SK atmospheric neutrino data

* 2-flavor vscillation analysis Vi — V1

% sin“20 > 0.88, 1.6x '1'0M3'< Ame< 4 x 1:“’“3 eV2 §

(at 90% C.L.)

= Bad nvews {-or CERN -~ €€ Zou(; bJIe”“&?

@ T:é#erm 0(/ DsC| “-chouc Uowu Dol J\/‘ovaft:‘z
{d&ﬁ Wl hlll suche cou V-decay ,)
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Zenith angle distribution

T- hke events
 1289days
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Q

-
N
o
T
—4.——

S,

& 8

_+__

¥ ; L (A A S I RN A S
——
—

number of event

+ DATA (419ev)

-f us 0.6 04 02 n 02 0.4 05 oa 1




Search for CC VE

r #&‘;%Hiﬁgﬁ on —

Vu— Vr oscillation _-
| at Am’=3x10"eV?, sin20=1
~20 events/year

~S/Nu 0.7%
CCVr  CCVe ,COWy .NC

hadrons (or e or i)

------------------

Ev.>3.5GeV < ~

hadrons
adrons are produced!

~Many h.

Thzw diff’amam &mlvmﬁ to enrich CCVr
d od t vis,# of decay-e,rings etc

E)x‘;-.euml networl

{ methog

3) lik@ﬁha-oci eth od using energy flow and event shape
such as sphericity



d analysis

e 1 excluded

- .| =—=90% C.L.
= L ] 9% C.L.
4

4 allowed(FC single ring)
2 909% C.L.
—99% C.L.

is disfavored at 99% C.L.
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Zenith dnf:frle distributions FC.PC

( m 0SC.)
T F%Zé best fit for osc.

g 2
T T I T Y

Number of Events

-
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1A'y  (79kton year)

Contained events (1289days)

sub-GeV Evis<1.33GeV Pe>100MeV/c.B>200MeV/c
DATA MC

- . = vecC
single e-like 2864 2668 _: g? i}@
T (ke )| 2788 4073 95
multi-ring . 2159 2585

W/ . +0.017
(ui;mm_ 0.638 5017 “?‘(} 050

multi-GeV Evis>1.33GeV(FO+PC 1 ik
DATA

single  |e-like | 626
ring ]

(elikg) | 558+754 | 838+1065
multi-ring % 1318 1648

(Webara - 0,675 705 +0.080

(L /emc

Up- Ll events
through (1268days) 1416
stop  (1247days) 345




March,2001

atmospheric neutrino

@ Moriond EW 2001

T.Toshito (ICRR)

for the Super-Kamiokande collaboration

for CC V1 events

A search
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Event Characteristics

* Events dlsmbuted in z away from massive chambf:ts

Distance to Closest Chamber

Histogram and
data points from
multi-track sample

* Two muons in each event are highly asymmetric

Yo BlReis oa %7 22 "
=5 Looks like g v inter

- SO N 2 e
&; 1 Decay MO
W ‘ . Nﬁ(;%ﬁ&- b
8 | Prob=05%
, i -
o ;g
x - obs(E1-E2)/(E1+E2) —
?: i- PN
gj“aw.,»- Nrenefinacalaonflan Y 2
agzﬁumuuwuu
Mucn Erergy Agyrmetry
’\.—’gt‘/ { d :L_‘:h ')

Lo VIV

on not a decay
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Event 1

W“m Tosta: | Date: Wed Jae 37 LT W00F 16Y

?‘ y-view

x~-view

*  Transverse Mass : 5.1 GeV_
*  Track Info :
— Track1: 78 GeV u*
— Track 2: 2.6 GeV U
*  Vertex Info :
— Distance to Chamber: 77 + 10 in.
- %*/d.of:6.3/9 (Prob = 62 %)
*  Oddiues:

— Energy asymmetry




Results

~ No i T orjl ¢ events

- Three |1 i events

EECN.

Event Type

Data Events

Backgnd (Prelim.)

M
pe
pr

<V
0
0

0.040 £ 0.009
0.14 £0.02

0.13 + 0.02

o

Prob(2 3 pjt events) = 1.2 X 1073
Prob(All modes with 2 3 events) = 4.1 x 103

Events with vertex in chambe,
All other cuts applied

i e R T Ty - 4
- Llon’t see any Ui events (34

Type | Observed
| 0
1
2

HHE
pe
Umn

19






