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a LEP energy calibrablon
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LUMINOSITY MEASUREMENT
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@ LEP-1 Observables (32)
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jet-ch 1991553 0094900101 % 0.0056 i g;?]f 5 -*— 0.0759 £ 0.0109  0.0057
__OPAL 0.1028 + 0.0049 £ 0.0046 D’ 1990-95 e ' ’ '
jet-ch 199193 i
LEP T <A™ 20,0990 + 0.0017 LEP 4 <A%> 20,0685 + 0.0034
Summer 2001 . ', -! . FB Summer 2001 . I . ) FB
009 0.1 O.I1 0.04 0.06 0.08 0.1 0.12
An.bﬁ Ao,eE

FB FB



@ b and ¢ qu.ar‘c resulks_ (%)

B s dependenc:e oﬁ m&mnaeErLES

> lesk of S.M. comul:anr:ﬂ

93 04

Vs [GeV]

D11

0.085 . ' Preliminary_
0.075- _
S £
0.065- M |
0.055 . —
0.09 0.1
0.b
A

0.19 ' T Erelrminay |
0.18- -
[ Y & ]
cc
=M,
0.17- 68% CL -
' 95% CL
016+ s S .
0214 0216 0218 0.22
Ro

aﬂm.s with ?2 ::- no evidence ﬁar Mews Pﬁﬂ..t.a.ca.

\

m, = |50+ 25 GeV

E



2.l
l_ViLua oF\smB‘#

Comﬁbuﬁ-‘:ﬂ 073 varcous a’ef:eng-r.;:.n.a..éian.& ?

from Afﬂ

Preliminary
L Ay e 0.23099 + 0.00053
LE_P hS A(P.) - 0.23159 + 0.00041
. 0.23098 + 0.00026
L Ay —v— 0.23226 + 0.00031
war, e
9 S A +—— 0.23272 + 0.00079
. <Q> * 0.2324 + 0.0012
Average I 0.23152 + 0.00017
+d.ol: 12875
10 Lo proba.~ 2.5%
>
)
S
L
E ..z = Al = 0.02761 + 0.00036
1077 L= 91 _ 1875 + 0.0021 GeV
' i m= 174.3 4 5.1 GeV
0.23 lopt 0.234
SIN"0
x2
o - . 2 L /é"“‘)e‘
Z°—LL : sin ﬁeﬁe = 0.23113 * 0,0002] &4

° _ .2 AL
Z —>= Q95 : 8 Qeﬁt=o.zszauiﬂ.nmzs a%_

cif.ﬁ%rw.e. ~ 3.3 sk cev.

—» shak. Fluchuabion or sign of New les?
?[(nr unknouwn mriﬂ Qli&mf;ﬂ%



s Dertvakion of EW corrections

> LEP1+ SLC : S.M. (Born + QED)

. L
sulB, =0.23150+ 00016 0.2310) + 0.00012

e = l.ooso * o0.0010 t

- evi.c{.em.:e. 'ﬁ:r fﬂm-f‘x.we QED)EW ccrrufic:na.,

H'rr'""". Hfﬂ‘-’h\ E'—-‘-‘
S R T S G N S
Z Z "\._..!Jw 2 “._..-""t
—= determune my, M
H
.« 2 L ) 's.nr_!' = !H'.?; +5. : v
sLn 6'# : = My mae
\ HH:: ”H"....DDDQE.V
0.232 . -
L%P'I
0.2315 . sSLC
(GB%C.LjI
0231 { Tac -
S.M. Born + pure QED
l L00Z 1OO% 1.006 1008

€L



@ Global Fit: m, M, , &, sn’€ M,

wikh SLD NuTeV (vN), APV, MM results

mi: = fﬁﬂtg GeV (Tevatron : 1743 + 5.1 GeV)

+ /o9
MH = 3!_ 4o Ge¥ —>= MH““: 330 Qelf (95% c.L.)

Z
(M) = 0.1187+ 0.0027

3

1t =18.9/, (proba. ~7%)

™ L *
& Smiga#: 0.23150 % 0.0001& (precision 0.7%o)

”w = 80.363 0032 GeV (Tevahon: 80.45% + 0, 0¢0)

e | I ' .I
\ 1
£0-5- LEP1,SLD, vN, APV ckx \‘\\\\\\\}\i\\ \

68%C. . \\“‘hr\\
80.3 .

150 170 190 mhtﬁeﬂ |



a LEP2 Measurements

B When sf:arbi.ng LEP2 (199€) , new processes (4f h

were Precﬂiu':e.cf.
check whether

gtee —= W : M
ete” — WEHL :

ge — Z2Z

Wt ry;:

TG

: TGC

_ Born_cruss-sections

AN olee™ = x) (pb)
. E
o ]
\ e :'Eq'q{ISR:I .
'm:— \7"\ .\.;I:q-q T =
z u --""-._ Te—— - _-
e ]
: e — -
e —
w0 r e -
e'e’r'r — :
Vb7 fw
- I -
. 1
! “eel | E
, ]
! i -
[} ml.l.?.
w3
W :
|"'l i e L s ; s i ] .I.IK
uﬂﬂ 120 0 160 % gop 20 40

@) Resonank dapafqrrlsajian nokt o

6O GeV =2 S less well known than alb LEPA
(dEEﬂr + 20 HE-V)

e

w5 [GeV)

r‘:gg Lhe 5. M. — e.xpe.ri—me.rrf.?.s 5}11:}1.:.{!.{
they occur as prz&&ed. or nokt ...

W Pmperb:e.s
(incl. Brs)

TE,E.J

W

T
LEFZ

h

~ 10" WW pairs /b

-3 &
~ |O G—LEPJ

ETKP*E:L EEFLCJ_.CE{:-C-H_‘L

more. diffieulk
than ok LEP1

FérﬂLLDI'LCJ- 7&3!"‘

(AEp 2 1MeV)



M W"_'H' paEr_Prod.uc’:E.nn_

o reflects the gauge skruckure of the .M. :
3 ccmpe.f:'m.‘c, c[iagmm

+

e ‘_- +
f- w
® —-**i:
Triple Gauge Coupling
BE/O7/2001 OAOT/2001
LEP Preliminary LEP Preliminary
20 20
5‘.1.% == RacoonWW / YESWW 1.16
; . — " _'/_-’__‘L—.—‘-—.—‘—-
i 15 !- '. ' ' E 15 B #}__.-—-
§ [ .-"-. ; - .'Hf
CH _,- Z+x-+vﬂ N ¥
" i w L
I .' RacoonWWw / YFSWW 1.14 “I YFSWW .16 )
i = 0 ZWW vertex (Gentle 2.1) ' T FaeweRw +
s 3 -+ only v_exchange (Gentle 2.1) 5+ T +
¢ | .
ch”: > 2 SPL 18
n P LE.rzl- |||||||||||||| n YO TR (NN TR T ST T T T T | L . T | L
160 70 180 190 200 210 160 170 150 190 200
E., [GaV] E,, [GeV]

@ excellent agreemenkt with ((mproved.!)
full Oft) theorebical Pred:wfxcn,s
G fit bo bhresholdl. Line-shape -

mw= 80.40 # 0.2] GeV
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ee —=

DELPHI Run: 89752 Evt: 9357 ™ TE
-ﬁ Beam: 94.6 GeV Proc: 5-Dec-1998 | et o 183
DAS: 1-MNov-199§ Scan:13-Jan-190%9 A i
22:15:43 Tan+D5T Desot a o
[ [+]

i ol

™= ™ ™

o %0
- 1= |

o o
oMl

=

e
awE

o

.::i“l.‘liﬂl

a
L )

a
Q

e of VS= 189 GeV
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= Tripf.e. G'ausa Coup(.f.rgs‘ (Y%2)

» LEP2: direck observakion of the cnu.PLf.n.ﬂs
of 3 gauge bosens : ZWw , yWW
from €€ —= W, evW, vuy

> C(ZWW) and C‘.r_’xww} Eia.{f.nc..ct if::q qunn.q-f"!ﬁu.':"

(E‘: h.DiL.-{l-LL.,E;"J:ﬂr;_} -::-&‘IME‘LL!‘E, Oﬁt_:]-t‘!.l.l.ﬂe -EE.E-EDI"" Lre E.f'?r

> several forms couplings oncl the S.M.
Em.sﬁrn.i..nﬁ:i oﬁ&m ZL:L% SLC :

- relabions een. VPE and VW}J;
- bosonice [oop corrections --%--S }__g_

= LEP2 useful manly when C(VLF) poo
relakecd ﬁoﬁcﬁvwwjﬁ e.g. new 'Su{zfgrf:‘f:g

B mosk sene_ml lorentz tnvarvank -F:arm :

7m.c!.£PencLG.E: terms ﬁ:r each (X'.EJ f:cauplm:g

CP conservung cP violak
T "'_::.ﬂ,._
ngw" EF,)V,EF Kw)‘v—’Kv
(¢, ¥)
r o AZ -
Fown~ 3-1 =1

vaw CP
. conserves = 1 xﬁ': xﬁ =1

A= )1':_ ?trz 'k;ﬂ=. O

.



@ TGC: LEP results on §~W*W‘and ZWHW-

E = - )k dlr ¥ . ol %ﬂuh.ﬂﬁ?
Fit t‘lgfﬂ}ﬁ r My e dﬂ.w-dﬂ-ﬁ EE!E;?LCLLLCYM*-F

» 4-param. fibs A1 Lpi + DELPHI +1.3 + OPAL

-Alog |

3 r il
2 - ¥ . i

bebween. the 4 EUA Y

Ak = -0.002 * 46
Ag”= -0.025+ {936
|

., = -0.036* $38

Preliminary

ax,

0.15 : 0.15- . 0.15- .

0,151 e 0151 o . 0.151 -

— B8%CL —  BAYCL — G8% CL
g5 cL * SM g5 oL * 5M .. gEs oL ¥ SM
0.3 ; : . 0.3 : : : 0.3 . . ,
0.3 .15 4] 015 0.3 0.3 .15 L] 015 0.3 =03 .15 L] 0,15 0.3

st I A
=> ALL resulbts well rapmdur_acf. :55 the s.M.




K TrLPlc C'}a:ﬁe. Cou..PEnﬂs _(%&)
P Neubtral TGQC (& ins.M.)
mye.shgn,& 25?‘ E;,LE* ZZ&» 3 EEE* C:OLL’P{LI’EEE

2 clas T e 7
L‘;ﬁir h’ " !fv -E‘E'! -Ef.s.'
S5 res

o c[.a,mn’:ur& ﬁcm S.M. césawei

> Quarbic Gauge Gouplings (@ac)
t'.fLVE.-E E:L‘ga.l:& W ﬁ‘"/’i'” a.nca! ZZ o uE.r{:Jces

hD. c{eparb.c.re, )from. S, M, o!:&ervecl



aW Pro perﬁ-l-s_

> nc}wn q ralbios :
Bra S S.M. I_
Br (W—==1[v) = l0.69% 0.09% 10.83 %
Br (ng‘g_)= €7.92+0.27% 67.51 %

B CKM rm::.’:rm e[man.!::
2 2
' =3 {H [H."-"f}sr(”w):[ %-:MJI }
d -

Br (W=»lv)

L IV,e| = 0.99¢ % 0.012 (LEP2) * 0.004 (external)

» Mass and Widbh:

LEP ..
M = 80. %450 +0.039 GeV (preliminary)

W
+ n}nas'c-,av expeched
= 2.134 + 0.069 GeV (S.M.: 2.095GeV)

T
—_—

all
I
‘s LEP: 2.1S04 0.08! GeV (Pr:.f.l.'m”)

FNAL: 2.11 0.1l GeV (prelim.)



a W Branchinﬁ Rah:a.s"

1
® wi'z—n-LD

02/03/2001

Winter 01 - Preliminary - |161-207| GeV

W Leptonic Branching Ratios

ALEPH ol 10.95 + 0.31
DELPHI | 1036 + 034
L3 iyl 10.40+ 0.30
OPAL et 1040 + 0.35
LEP W—ev _, 10.54 + 0.17
ALEPH e 1111+ 029
DELPHI e 1062 + 0.28
L3 —a— ¥ 9.72 + 0.31
OPAL 8 1061 + 0.35
LEP W—puv - 10.54 + 0.16
ALEPH o 1057 + 0.38
DELPHI [ 10.99 + 0.47
L3 e 1178 + 043
OPAL . 1118+ 0.48
LEP W—stv - 11.09 + 0.22
LEP W—lv ® 10.69 + 0.09

e W—=-gq

10 11 12
Br(W—lv) [%]

02/03/2001

Winter 01 - Preliminary - |161-207| GeV

Br(W—hadrons) [%]

ALEPH

DELPHI

L3

OPAL

LEP

- 67.33 £ 0.47
= 5810 &+ 0.5;
"= 68.34 + 0.52

S 67.91 + 0.61
Py 67.92 + 0.27

66 68 70
Br(W—hadrons) [%]

fon unb/er.soldéj
lz)rbfde,ri ak a
fe,w % level

_—— O,"f% pr*e.c.:;sioru



e W Mass (1)

Measuremenks basedYreconsbrucked. dyet M., (99 )Lp)
wikh {E, Pl conservabion constracnks (Ebeam") 'z

>
e . ,’ » ’ . e o
WW—=qglv.lub, WW —=999,9

Summer 2001 - LEP Preliminary Summer 2001 - LEP Preliminary
ALEPH |1996-2000] —5 80.456+0.060 ALEPH [1996-2000] 8= 80.507+0.070
CDELPHI|T996-2000] —-—I-I- SO TS L0089 DELPHT | 1996-20))) ——H 8O, 384+0.084
L3[1996-2000) ~ —a— i 80.314+0.087 L3 [1996-2000) ——  80.4780.093
OPAL |19906-1999] i—-— 80.516x0.073 OPAL [1996-1999] ""-'.'i— 80.408+0.120
LEP - 80.448+0.043 LEP —a— 80.457+0.062
E correl. with4q = 0.28 § correl. with non-4g = 0.28
LEP working group : - LEP working group i
L i A i s E 1 a A L s 1 L 2 L " " E 1 L L i a 1
80.0 M [GeV] 81.0 80.0 M [GeV] 81.0
w W |

Good. cermpa.-‘:ibd_i,“:_(j bebrieern -{)t:-w.ol. sbokes:
Al"!w = 9 YL MeV —> no Sgn o.f. F Skate Interachons

’.

Summer 2001 - LEP Preliminary Summer 2001 - LEP Preliminary
ALEPH | 1996-2000] . -F- 80.471+0.049 ALEPH [1998-2000) + 2.13+0.14
DELPHTT996-2000)] _""' SOAT=0.060 DILPHT | 1997-2000)] ‘“—""'"— 2.01+0.12
L3 [1996-2000) e 80.398+0.069 L3 [1996-2000] —_— 2 2440.19
OPAL [ 1996-1999] - 80.490+0.065 OPAL [1996-1998] ~——S—— 2.04+0.18
LEP - 80.450+0.039 LEP —— 2.150+0.091
¥’ rdof = 32.5/ 39 $Hdof = 19.7 7 2
LEP working group : LEP working group :
I ) B U R S S
80.0 Ge 81.0 15 2.0 [ eV] 25
M, [GeV] M ]

Resulks of the % LEP e«*(F’Es well com.;n(:da' le




e W Mass (zé)_

comparison wikh other delerminations of M,

W-Boson Mass [GeV]

pp-colliders —+— 80.454 + 0.060

clurect J LEP? ¥ 80450+ 0.039
Average -0~  80.451 £ 0.033

¥ /DoF: 0.0/1

NuTeV — ——a 80.136 + 0.084

indurect LEP1/SLD “a- 80.369 + 0.033
LEP1/SLDAVN/APV/m, -+ 80.373 + 0.023

EID EEILE EEIL4 | ﬂ'diﬁl |
m,, [GeV]

® d.:—f'&ﬂ& I'I"IE-CLSLLI"E."LEJILS CI_BI“E.E- 'N'&{.L

o indireck deberminabions Jﬁr 63 ~ 2 st.clev.
fram dum(: men..suremenl:s



a Accuracies expected. ot LEP

o Stltuation in Swummer 1989:

ME: 91.12 + 0.16& GeV HH= 80.0 + 0.36 GeV
[2= 38215 Gel sin'§ = 0.227+ 0,006
N, = 3.0+08 \
e LEP Expec’:a.':f.nna : LEP CIEH;EVWJEFLES :
M, +50-20 MeV +21 MeV
[z + 20-|0 MeV +2.3 MeV
Mh\' + 100 MeV + 39 MeV ---> 35
N, + 0.3 +0.008
Afﬁt 0. 0035 +0.0013
A::Et 0. 00 50 +0.0017
At + 0.0 ] + 0.0043
up Lo -l:t:LoLor ::I{mffo

Leller Ehan ex};ec.&i



" MH-me M

i Tu
M = |

Mass of the W Boson

W \ZGsint G, 1= (Ar i+ An) bt [PPRR .
ﬂ r -~ &glﬁ ﬂ ( 1 @H L3 —i‘:‘ B0 398 + 0,089
- CO ® m s, —|—-—I B0 480 + 0,065
W W € ' ‘\‘) : ¥ I dot = 32.5/39
LEP —— 80.450 + 0.039
( 102 E ‘
LEPZ data fn.w:: wr :
= :
(N (Lgllbk HLQS.S E 102 E -m
it 0, 02761 20, OO
Breaarly acdod to
]

Lol

L LWeEer

CC'H?_?!?{!!’L‘_' OrL

B, = 174 3280 GoV

80.4 BO.6

M, |GeV]

Sciaho , ', 80.6
. gy | ! c X
- E-\.r{_‘r‘:.{:a = ,I- hlfj rﬂ_&.? H"J'.F-,ﬂ._- -

| | + O

- f;}ﬂc{ar_..r EE.,".': Qe ernmuur.,

{::f {rﬁ.’hlr m

N

1 —LEP1, SLD, vN, APV Data

¥ ! 1 I L] T 1 ' ¥ L I | L] 1 L

EFPZ2 o Data

68% CL

consbravnts o
. 1 \
M, + Light Higas 803
ff.-.'rl'_'.“r&.{,.{ 41“4 'LLL"' mH|Ge
,-‘:{,f,_u f-ﬁ fEn-'.*,"f {'—1 80.2 114, :.30. 000/ Prellmlnary
130 150 170 ‘IQD 210



a Global FiE

® Lu-:.mg LEP1, LEPZ , SLC 'ﬁa\:af'n:m APV data
and c.nnaf:mf: on = M (2 DPELGH-B)

LEP including all data except  all data except  all data except all data
LEP-2 My My and my My My
my (GeV) 186713 169+42 173.3341 1814} 175.8%414
My (GeV) 260+ g1 108+ 7 1261152 88138
log(My [GeV) | 242535, 191357 203108 210733 1.94*03)
i /d.of. 15.5/8 18.9/12 19.1/13 22.6/14 22.9/15/qy]
sin®6} 0.23162 0.23150 0.23151 0.23139 0.23136
+ 0.00018 + 0.00016 + 0.00016 % (.00015 + (L.00014
sinfhy 0.22282 0.22333 0.22313 0.22248 0.22263
+ 0.00051 <+ (.00063 + 0.00045 + 0.00045 + (.00036
My (GeV) | 80.389 £ 0.026 80.363 + 0.032 80.373 & 0.023 80.406 + 0.023 80.398 + 0.019

all data : %= 1.0271% 0.0027
eL= l.oo50l £ 0.00075 —--FOS' SC ckv evidence
r genuune EW cormrm
&mz - 0.02%¢ +0.002.2. d

Ar = 0.02¢0 + 0.002.0

H"'ﬂﬂ:" mass : 6 o theory |.JI1I.'HI"E]'|'-|:"-;"
8) _
M 83 +53 GeV —n?ﬁsuﬂ 000386 |
35 , - 0.02738+0.00020
4 -
M, <196-222 Gev (85%cL),
<]
M, < 270 GeV (99% C.L.) 2 i
ﬂ' Excluded S Preliminary |
100 400

20



» Hl:.ﬂa.s Mass
conskraints on ”H (€8% C.L.) fm each observable

Summer 2001

AP
A(SLD)
Ry
Re

0.b
N
A,
A

sin“0!P(Q,,)

mi=" [GeV]
my- " [GeV]
sin0,, (VN)
Q,,(Cs)
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n Tesk O'F the 5. M. CDMLSE&HI:H

S i, -l si—

Ccﬁrr-.pc:.r':...&r::u OTE oll EW Ii"r'LE'.n:I...’aEz‘S o S.M Pr"e‘c{u;, ns
Fall 2001
Measurement Pull (O™®_Q™M)/gMeas
3210123

Aol (m;)  0.02761 £0.00036 -.30
m, [GeV] 91.1875+0.0021 .01
I,(GeV]  2.4952+0.0023  -.41
Opg[Nb]  41.540+0.037  1.63
R, 20.767 +0.025  1.06
AY 0.01714 £0.00095 .76
A(P) 0.1465+0.0033  -.45
R, 0.21646 + 0.00065 1.08
R, 0.1719+0.0031  -.12
g 0.0990 + 0.0017 -2.78
-y 0.0685 + 0.0034  -1.67
A, 0.922+0.020  -64
A, 0.670 + 0.026 07
A(SLD) 0.1513+0.0021  1.61
sin’el7(Q,) 0.2324 £+0.0012 .83
m&E” [(GeV] 80.450+0.039  1.50
m, [GeV] 1743+ 51 -14
mi~" [GeV] 80.454+0.060  1.04

sin®0,(WN) 0.2277 +0.0016  2.98 X 3

Q,,(Cs) -72.50 + 0.70 56 ’3;5 ( 4 ’)
3210123
. b
s [.RFHESLE deviations : A‘FE andl. new N, .[’:HHI} < lin .
more understond?
o overall aq reement qw.l?. SoocL ’ needed.



a Determinalion Of Ol

2
o test the running of o= Js. with &

HT

QCD: d'i-z-(od(ue Eo non- abelian e.!:ruc,bure.
e of the -5L‘mn3 inkerackion

jg'

%
2
e LEP results:

Etﬂ'* o (M) =0.122%

+ 0.0038 ""‘E 0.15

P <)
a. =0.1180 2 :.
! —> Df's (H;,} + 0.0030 = 0.14
global _ (M2)=0.1183 013}
fit S 400027
0.12
EVE‘-I‘LI": \S;U:IPE.

2 2 .,
varcables — 0 (#0205 Gev')
cg(*@: 0.1178 + 0.0033

S

running eskablished 01|

e extrupola

&t;—,.t' iE:F. (:}r‘c:: re '::{J' ‘LQLCL&L::#-_,
=1

0.11}F

|
g..u.orr..
EE‘!.'F- c,c:-upb.ng

- LEP/Jade 35..205GeV |
- NLLA+O(c) log(R) |

. Jade H}E}{

r L3
= LEP (preliminary)

———

50 100 150 200

Elon. o very ;u.gll L QF E,,[GeV]
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» Stondard Higgs search (2)
=g Ha-ﬂss de.c.a_cj anchinﬁ ratios cle.berrrunacLES MH:

Z

» MH{ Zmﬂ: Za.rge. uf’eh:nu—npcyths.E(% )m.

M, [Med

'S MH-:.‘?.’.rrTIP_: rrm.{nlﬂ H— ete”
. + .
@ MH{ZmT. maunly H-—rju.!u.

® M <3-4GeV: main,ﬁ H—gq (TT,KkK,nn,...)

o M < 2 my maunly H == ' and c&

H
® MH >7 my
Br(H—sbb) ~85%
2 ‘\‘ my
5 0 |
LEP allowed bo |

cover all 6 coses

. _ : I..II i
'Iﬂ_? ] | - o I JI A, I|I ...'. by
20 40 B0 BD 100 120 140 180 180 200
m, (GeV/c’)

Br (H—t%") ~ 8%



® Sktandard Higgs search (3)

-I’IJV::-EJ', Nﬁm—ﬁéc
i 229
P the stkuakion Ee-Fc)rE. LEP: .o-"’ L.B. 223 ("s9)150

12 MeV < M, < 52 MeV excluded wikh 90% c.L.
aiherhm&sexméeataawali but very mc:cief-dzpcndznt

(NP-QCD)

» matn Higgs 'pmcfucﬁ.m mode alF LEP: Hnﬂgssf:rnhh;.ns
| L-!-._

o LEP1 (NEn M)
! fﬂm:pﬂpﬂ,r\

et [/
| - -
e Ti'-“

f.e9
o LEP2 (JS>M,+M,)

but T (Hvv) << T(2H)



» Standard Higgs search &

i ‘H’E';l"y !L'w IFLOLES f.L'::r'M
n‘{fﬁ'_:_i:: dE_.C..U_:{dE oukbside of debector
== f.ccffr, fm* t‘Lc.ufﬂrﬂhar- f_*f,—?nrfrs fmn-u nr_r:.m ’. =

o MH < 2mlu_:
Higgs clecays inside deteckor (An1m for Mz loote)
= fﬂofcfbr l{;,.ir : H—{E_
=

& MH}sz': . ' |
Look. Tfor CI;-CJDP{GMF‘ UL and q[ef:—pa.r.,r:s. (b-ﬁn.gged-")

= (0,0 < MH < 65.6 GeV
excluded with 95% c.L.
at LEP4
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Standard Higgs search

The different topologies

4 jets

Z-4qq
S

Vi 2 jets &

\ 60 % missing energy
7/ \
/N

YA ALY

A a
&
§ i
i
g
N o,
K ¥
. ¥
L

h—bb

19 %

OraT
instead of the b

C.Mariolth



= Standard Higgs search &)

i
e levent (qqH) was found by ALEPH with w = 4.7
(and another wikth w;= 2.3), buk ADLO did nok
find convineing evidence -F::r- Hugqs Proo[u:.!im,

o Lkellhood resulk :

a?-j ] I
E20 |
a3
15
10 -
5 ¢
0 ¢
- Observed N - Ly
-5 | ------ Expected background P
- oo BExpected signal + background B g™
go Eorr, Mestsignslybackground |

100 102 104 106 108 110 112 114 116 118 120
mH(GeWczj

'P’mba.fbif.b';g that o 53 -Fiucb.ua’:mn. was chserved: 3,5%
Prubabif.i% CIE a 115.€+0.8 GeV Higgs : #1%

G M, 2114 GeV (95% C.L.)
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s Beyoncl the S.M.

B> the S.M. is Ln.:nrnple.!:a*.
* 25 free htpu': pare mekers
e gravibabion not tncluded
e excess DF maktter over anbimaltter nokt E::P[a.incci
© vﬂ!i.l LS eri__{{ M‘PL T U‘Ll.e.rﬂ.r:‘l.v_.‘ Pl:)

=

» whalt could be beyond EhaS.H.,m.odoF' g ks
Praclicﬁ.on.s 3::3 ‘630053) ak LEP e.neraugtgﬂ -

A
more mnhr-_:j mrub.bun!

more @mma&ri&s :
(e.g. Supersymmebry) (eg. composibe models)

B> i‘:.rLME,.EEani‘t:ﬂrL of New Phuyswes based on.:
& clt:re.c.iﬁ EEarc.!!'l_.Ehﬁ
® C!evi-clﬁ.cr-_&; ?cf\':rru Q. M. precﬁcﬁl:-r'ﬂi

\

Slgns SUsY, Technicolour, Lepboquarks,
& O.F excilecd ﬁ.rrm:mm, ExL:rc: cb.mcn.s?ua Lons,
addsléﬁonnai.me. Lnfzmcﬁan.s;
genuine contackt inkractions, « ..



s Constraints on New 'Phﬂsica ﬁt:m. precision r'nea.a?
» PFaramekbrize room %‘far v.-.rﬁt.af. corrections due
L

to New P}Iﬂams W ramekers :
E=0p ; &=¢ lp + .ﬂr -28 4%’

&= G Ap +e- )‘ﬂx RISy 1395
where : 8= Sut 6 , (Born+QED+QLD) ; €, Z)-s,
s Ee# (.*‘+ Ax) S
E=0 7@",.. 5. M. tree level with pure QED and QLD correchion
—= £, measure the ;:urefﬂ weak (oop correckions

y 0.008 —————————
cn the S.M,: | Preliminary _
£~ m” |68 % CL LEP+SLC + FNAL
4 E
1 -
£ ~ M
2 'w  0.006 .
Z

-~ M M

é‘,aM WJLPH
2 4]

LFLI”L&

- |

~

L l_\-
|
o

Im 'i'rff 3+ 5.0 GeV

)

0.002 .ﬂf] ,_DDiTE‘ - -
" 0.002 0.004 0.006 0.008




» Consbraunks on New ﬁzgéim ﬁ-om Pra:ﬂ.sinn meas. =

any mde.ﬂﬁoc.nﬂla ond. H\&.SM has bo
cope wieth Ehe expammenﬂ values Qf& B

"LEP +‘SLC l‘l%"::‘ﬂc5 il

€ = +0.008% +0.0010 Fm._,.;g{e
saull > 10 sk dev
|- E,=~-0.003 *0o00l2 | > '0shaev.
Pm*mmfj EUUC!E.FLLE
63 =+ 0.0052 * o0.00l0 -for‘ QEbva&
& = - O.oo4s = 0006 EW correchons
174.32 5.1 GeV
A
com & '
wuh S. M Bﬂ.ﬂ 5 bards are
EX'PECl:CIbD due o My
\ " 0 1© unhrvu.h'.c.
(70 - looc Gev)
-5 l¢
~io teF 1-1o
Il..l
leo 170 180 200

mt[é.e'v‘] 6. Alorells

.Smu,U. room (ICISLQWU )C:r' New 'P!‘LHSLLE .



a Con.sf:raud:s on New Physies frnm precision mea.s.g_

= {J..#L-C','I.‘.'EELE.F‘ way "I:::r Famrr-_ef'rLEE. EwW correcklons

- ST W, 5}3 par'f:zrnej'r{.zze. the c:’c?z:a rhure. ﬁnrﬂ, S ML

2 z M
m{H&) ol (Mz)
| _ s ~ 28 -Co
e Tw & C B
,ﬂff'”:} T 6}} E b

L’:EH SM F,L’JL ;preala.-r:.h.cw

= L Zﬁ*;r_qf.va-., v'a..‘fx.x.m ﬂ}{ ”Lg;-a H"\'.j
5UTE Aol M M ..EU.L.!I".J HLD..‘I_': “—&.'E.H: T+¢'.M= u.ﬁﬂ___ Pj{m: o
=1 II"H“ -_J_- ! 1t r [ Fr &+ ¢ 1 ° 1 75
| Preliminary sin2p'eet
sM. predickions for: 168 % cL

1U=0

4 (M,;) = 0.11§ 0.5-4
H’L&: 175 GeV
MH: 150 GeV — ﬂ_:

Méz ql 1875 CTE-V
(5)

Aot™ = 0.027€
hod

> LEP+ SLC Lesacﬂ:

S= +007%0.10; T=+0.172£0.10, x=+0.0028+0.003%
when U fixed #o O (very fous N2 models afteck L)
G aim#f_ TechniColour in bad ‘sha.;w., but TC skl alive..



" Supersﬁmme,:ryt an appea.hnﬂ hﬂpa’-he.sf_s

e tntroduces a symmebry bebveen ﬁ.mr.f.nn.aﬂ bosorus:
each 3.M. -Fer-rn.r'.nn has a Spun-0 -su.perpa.risner
each $.M. boson has a SpLiL- }é Juperparﬁn&r

S0 CTrPpep0® SeTrRX

[y 1
ar

(el

Particles Spin SPQPELCLES Spun
Lo & I ) I
Y :I/z g:. ;O v U
qL,E { qg_ ?g ) q q
¥ g $ g
l 1 :-_:;-'- "': .‘EL 2':' |
J | ﬁx.." Lo newkralina
Eﬂ - | 'zu' ! -)‘.0 ;Yu
o 1 A SEMEAME T
2 0 L.—’i‘.é.-.%{ z Hy H, My
+ M - e rquALs
H= H £y
4 W |2
W 1 LWE Y W




P r:t:quEr:.un:..r_.::&.r' k'.}{: ;;‘fu'{r-;{,.{;-__ *:,,“}r':u:.'ff'l"ue. L. t‘..;r*..r"i.c!d‘;-;d__.._‘ru_":'.

g';f{’t q - cf{,:-,.re___r:qe._} ces of S.M.

§1* (} . __ﬁhf(‘)f_ﬂ___

& COrn .rLl- :H'L.e_

o f.p“.t:r.-;ﬁ —.ﬂuf gw:: g}‘_ n A2 ;r (‘1;'._! L,f -'L .::'H < 1{_,+

Gel
| . £ an
l":_.ﬁ(.'_.ru:.rh .. Gr Equ..)

T

——i

B consequernces on Higqs seclor: ut g
22 H;.sﬂa doublebs => 2 5!—11;535 besens {ﬁf *A He
SM g 130-205661
> new ql.l.nn.flun. number: 'sz:l)33+L+Z5 K

Rp oy be cnmrveiornaZ—-— all sporbicles unsinble

( one ¥ LSP)

& SUsY miiﬁiasLSM reclm&wrus. ab Lerd enerqes
(eg. '4!-‘-5’ St aﬁf , E)ﬂnlﬂ slightly L.]f*m h"r_..z:

.‘G‘LE*Lr -,(f_,a_;‘?rrr:t ﬁ:-’l G fer ﬁrfn;; LL']



a SUSY breakin.g

B SUSY mnrml:. LDE. EJ»:H::.E SLrce rTLF?'-L- ”’l{f

—> ki broken oF some energy scale P lsusy

Lo v 128 news Ln,PLLE y=ta! r'arraef:E-FE!

B SUSY breaking reduces Bhus number to a handful :
o Graviby Medicted SUSY Breaking (sugra)

o Gouge Mediabed t (GMSEB)
@ :qn.nm.a.L_L’ Meclcaled 1 (AMSB)

Q ete .
A debermune Prmcl_u.c.iic:n. rofes  mass s E.::]:.'Jf'm.r'ru.J
decay charnels o,f the .Efinréfc.fc.ﬂ

ex: minimal SUGRA (]’:nr'.ﬁ LSP, e D.M.7)
I = T4 2 Hd L.LE
EE' - (Hﬂﬂclﬁa o Q.@

m, (2my) o my (= Mg
A (= ¥ mixing param.)



» Manifestetions of susy
B Higgs boson produckion of LEP2
+ ‘A

E+ * ..-i.l' E: E -
- X
...%.-.. ..-: I _‘:'
- h ﬁ - " 6

¢ T~ sirf( -u{;‘ Eq” A COS {3 -o) 'h
Zh £ Ah r

— combine boHL searches
> Spc:rf':f.de. Proe:!l.ud::.on.

o Ry conserved (e.q. mSUGRA): : :
P 3 eak ul}e.racﬁna
5p et s

e 2% . B o
><_ P < b1, candiclake
“ P P .h
~>look for accplanar {p 5] and £, (?ﬁf )
* ExPen,manf:tLL sensibiviby cfe,::ou::f.s on m, .,
.i PP ﬂ-ﬂé CDH.SEWEi H

all & decay inko parbicles (inclucling LSP,
wk&ﬁu ts nok iy Mmore. o D.M. can.a[:;f%.f:e.)

ook for kb ik or mulbi- 0T Lnal shles
76 (with or wikhowk E #ML

m;J



» Lthe mmrﬁ mSUGRA corner. ..

"Nabwral" distrbutiens c,f %‘,5 ane SUSY masses
mSUGR A prnposenl bﬂ Gluste | Romaruno, Shrumie
hep -ph. /9811386

3 10 30 100 300 1000
chargino

only ~ 1% of the original mSUGRA

phase space still survives today!

—> is SUSY gebking less nabual?



e Results a-F SUSY searches

95 % C.L., Lk

P> Higﬁs seckor:

My 3 91 GeV 0.5 < lgB < 2.4
(still prelemonary)

I

b Gaugunos :

M),.{,. -_.:-*u ’?"t - {'f:: f'_?lrs-I!."t Ljirptrﬂ_cit.huq L u.ic';lur'—_}: 'Hx;n,d el

g SULY .'lZ‘F"i-..{H!f'L-Fr.q WLJ;EJ'LQHLE.H'L

My 2 81 Gey within. C-MSSM (5 free param.)

B Sleplons (wikhin c- Mssm)

v -1
mE}_. 77 Ge m,u_ 83 GeV mt-}- &5 GeV

B LSP : Limibs (when Hw.ﬂ exish) dzlw.nci on. Vartows .
theoretical a,s.s:.:.mpﬁous .
(gougine mass unif., SUSY breaking rmecha.)

=P I OUGRA Equee,aeci in very small. ccrne.r‘-!l

eoo GMSB and AMSE ever. rmore <o . ..
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a Search -F:or- New Physics quus'f

N Much, less Pre.o'i.c.l:i.va, Hian mSUSY —s (ks lese
mwfu{

s Technilolour : an albernakive way Ecﬂe.ne.m.f:; masses
-nowe TC ruled out by EW correckion mﬂa.surem.m&

-!'.e.s.snm.ﬂ-/ r-ed!t.c.éi:.vE.TE. e —mp —> (q),
Le nho E ."F n!:-ssrvzi * ho D’ew.a..él.uen. me; }e;)e ) 1?'%
also gf—= 1r (To—be) . K Ry,
o low Sm.fa Quanb.un Gmuuéﬁ MFL ,vf’" o)
- direck search : et —= Gy or GZ — {6
- indireck eﬁ[érjs y €' —= 'IC)?-’ R Wh Z#

§=2 - & |
M,> LO-L3 07-0.8 O0.5TeV (prelim.)

ﬁ*{S:-ITEV

o Add b onnal. Goarg €. bEosons fﬂfu}rm.*".}

A —— —— e e

. ptp=
1;.+LF—}“' f ':’ ,,L."rf' - X -"'-E‘H"

= CGrLECLCEI um&eracf.‘wm

i Ry
& Exu.f:e.c[ Lt’.p&wts
E*—i—- fg(, uEZ,-E-H __IE?-!‘r HE* > 300 GeY
M > 200 GeV

Le.p(:nﬁu.n,rks colored dédecf:s ca.nﬂu'lﬂ Laond B, SpuOor1
LG —=Lg : M, 2 50~ Yoo GeV

¢ FCNC : €€ —» ke —» Whe
T < 80 fb ok VE 2 194 GeY



T (e —= £f)

preliminary

—_—
-
T

Cross section (pb)

—
o
T |

1 Vs'/s > 0.85

LEP

1.2-
1.1-

1
0.9-
0.8-

Umeasf ljSI‘»A«'I

120

140

160

180

Vs (GeV)

200 220



A TT-ATT

Forward-Backward Asymmetry

FB

FB

A(efe = */u'j, i)
1 preliminary
| Vs/s>0.85 LEP
0.8-
[ |
08; H‘““‘L‘i“}?*%#\
| $ + ‘
0.4-
0.2-
» EIEH-M:E'(K)
1 "mee -ty
0 ————
0.2- |
: E | + | | |
| P A
0- | *l | L | o
. | '|'
-0.2- |
T T T T T l | T | '
120 140 160 180 200 220

Vs (GeV)



n E-;n‘.'lt:acj: interackons (‘E.*E.'—!--Ff)
& f odd b /L,

SM
$ < o vel
N = — >, h e € T F :

and ﬁ.'m::.f- stonbes —— construckve or destreetive
Lnber?pem'me. wolthe SM. process

Preliminary LEP Combined

A AT
LL 9.8 16.5
RR 9.4 158

VV 16.5 26.2 _
dsad
I

AA 14.0 21.7
LR 85 11.2
RLL 8.5 11.2
VO 13.5 22.9
A0 13.2 15.6

I'IT 3 o = 3.
A (TeV) A" (TeV)



e e+e"———=—-bg, cC : Ré(ﬁ) and R (&)

0 C
-~ 0.26 - LEP preliminary
0.24 Rb
022 A
0.2
0.18 -
0.16 { 4 JI_
0.14 = Ns’Ns > 0.1 , 0.85
C 1 1 | | | 1 1 | 1 | | | | | | I | | | | L | | | | |
80 100 120 140 160 180 200
Vs (GeV)
°0.32
= 03 = LEP preliminary
028 R, |
0.26 ;—-
0.24 ;— 4}/
0.22 ;- a
0.2 :—
0.18 ;—
0.16 - °
0.14 = Vs'Ns>0.1, 0.85
C | | 1 | L | | 1 | | | | | | | | 1 1 1 I 1| | | 1 |
80 100 120 140 160 180 200

Vs (GeV)



—_ _ b C
o ¢ —n B[s, ce AF%E) and AF(g)

% 1 f_LEPbpreliminary
E 0.8 f\FB
) N A
% C -
< 06 T 4
- - /// I i
04 i 1 L1
02 F
0F,"
02F o Vns>01,085
80 100 120 140 160 180 200
Vs (GeV)
% 1.2 :_LEPCprelimjnary
g IE Afg
2 0.8 t
< UF
© 06F ® 1
|
02
0 - f Vs’Ns>0.1, 0.85
_0.2_|'I|IIIIIII1I|-_I__II_|JIEIJ|JI[|

80 100 120 140 160 180 200
Vs (GeV)



" SummarH

S.M. e.sﬁ'aéushed,anct bested. with very l’uﬁh Preu;sion

oM +z_!fﬁ'ﬂ R, 0.3 Ne=3x03% /“1 4157 )51;:,9 6‘

) 1_, 2#"
o evidence ﬁ:r re EW c::rrecl:l.ons lzesbe.c{. ak ~ 0% Lﬂlel.
Pr‘ecluc.&,on of m, ,and of M <27o GeV (997% C.L.)

owusle, range of H.uggs beson rmass exp'.orecl (Prt.mor-
e M > 114 GeV (95% cC.L.)

® gauge canceu.a._(-.wn es.‘:c:b’.x.sheo{ i W+W-procz’ wction 0(!62)

o wwversallh of ﬁ'«ti.!,.»fa.- (c}w_r*qed) EW coaplcnq\_
c,cn-/wh (_CL ak 107 /!{/ ) level

® runmnﬂ of ol well estoblished , OLS pr‘ecfécf:ed 133 ACD
@ Per_/’:ur-bcc Eve @b skudiecl un rn_u..c}l deboil
much memved

f-f_l’ LO W ,.&c«qe C-[ ; Lel L‘{y quari Z’. Dr O.PG.Y'L’LQ.S KL//&C (‘NL}'JFOVEG(

° krwwbecf.ge- o,f T proper..«.es (Br:

u) C'J

i no ségn oF pllﬁsf,cs Aeﬂorw{, the S. M. (a Surprise..')

) M, %90 GeY
L*" e mSUSY squee.zec[. th very small corner '55:; S

¢ Sf:rons consbrainks on varitouws afiernaﬁves fo SusY

o should we take modest c{:.screpam_coe.s (A .sm@ )
for scgns OZZ News Physics 7 Nu:



a Conclusion

Ehe “dos 6mf.{.ghd’: bc.g cnncepb.:.af. prﬂgr—ﬁss s )
weorabs &
o Reloabvistic Quanbum. Field T"a.eond %ﬂﬁm =
describes nature

ll”.‘_ﬁ?il.r:'.rﬂEt:.c*pt_'{;j-.Z:‘;FE.:_-E are due. b local SYTLLE £
- E‘.!CU_.L:.Q-E. '-E:L.E.-fﬁﬂ'.{‘“. fﬁ-m:“!'m sfrtm."'ur(‘_..
e £ W HLaor‘tj Ls a FEG.L E&.ncrmﬁz:-saéie GLF.T.

—= one can make predictions in aauwqe sector
P r:m.c{. mib.gg-s \secl{'t:r‘

— one can ask a-:curu{'g c?ue.sf:::mm able to drive

H.E. FA.ﬂ.:La.s U cormung decades (z fargefs)

Wl N

, how FEL:Q nm&v{ar
£.W. 5B ueskions briggered
qbﬂ Lhe 8 M. weaknesses?

Evﬂ {:mn.
LHC
E’JE':F:' Linear Collicler
o - /l“‘ H N
VU eos.
ﬂ 20085

2015
WHduﬂ G‘LDLL!CJ /‘Lﬂ.’UPM !





