THE STATE
~ OF THE
STANDARD MODEL

CHR\S QuiIGa

Fermilob

Vqu

Sam Frameiseos - 15 Decemben 1499



ARNPS 46,1 (4196)



OQUR PICTURE OF MATTER

18 |
PocntliXe (v< 101 w ) quanKs

5@ )
awnd. -&.Phns

W 0 ()
with awtergehons spauilﬁ'cd b;r

SUR),® SU2) e Ult)y

?Mgz S gmf&m



6 CD IS PART oF THE STD MODEL ...

A REMARKABLY
SIMPLE,

SUGCESSFUL,

AND RICH  THEORY
(k. F.Wileypk, Wp-pn/430%340)

Portunbphive ACD
o Oyistsy thamKs Yo
ASYMPTOTIC FREEDOM
* Desenibes oy phemomina_
W Wﬁhﬁve detnid
» 0% oveduten of Stwchue Fens,
> Tt fMdMO""iow n '[5']7
> Mowy  ducoys, evl. shapes , . ..
We can measwe Yhe aunning of Ag
(enginening valus fL wwafitation)
Nm?m’mbmﬁv& %La%ee) aco
v Predichs e hadnon spectnum
* Gives own best infmma.ﬁo-n on
quank wasses, ete.



A

i oF d a xg
HiLowx ofnld -
F "“&%5) » H196-97 prel.
2 7000008
* (x 1380)
/ o003 n H194-97 (")
: (x 920)
10° n x=0,0002 s NMC
- (x 620}
—— HI1QCDIt

o ' et & 3 3ad L R A |

2
1 10 10

where ISBFKL , fn'/y torms I*':

3 4

10
QzlGeV‘?‘

cf. Broc. Piseyg

Rottitzlus, Fadin, Kuraev, Lipatoy 467578  Gofaloni, Fadin, detbuce
Thome --.



[JF)P-—F, ! ;é'ﬁl' -t fww%#whﬁé

JETRAD v2 o O/ < I,
Ruep = 1.5 Tod < m,l <0 27

B o

("“ / L RRTSES _

e v 2.1 < Inl < 3.0

TI=III|




CDF Preliminary

0.2 l — ‘
0.18 -
* 0(M,) =0.1106 +/- 0.0001(exp.stat.)
0.16 | \\\ weighted average over E; region 40 - 250 GeV
0.14 *tlr
*%**
0.12 ““*«,ﬂ_& ) |
ede * e
T e ke *
* - - :k_ _ _ * _.t'_,_
0.1 ' T
0.08 *  o,(E,) as function of E,
0.06
0.04 '
l MRSA" parton distributions, p=E/2
Input o (M.) = 0.110
0-02 p 5( Z)
I
0 | el e b o b 0 O R E R T A TR DU R SO SO N S S B

50 100 150 200 250 300 350 400
Transverse Energy (GeV)



00} Ol |

S N T N N S S RN W NV N N N RO S RO

1ol

¢



—@— Average

Hadronic Jets

O

ete™ rates O

ete™ event shapes O

O

Fragmentation

Z width —o—

Smallx
structure functions

ep event shapes ——o————

@ Polarized DIS

Deep Inelastic
Scattering (DIS) o

—0— T decays

Q@ Lattice —o—

O T decay

| | | I I I | F | | I | |
0.09 0.10 0.11 0.12 0.13 0.14 0.15

DG



18 ?L . + E

]
[ _ ®
1.6 ? =
g
: _ | Q Q ._‘
1.4 _ = T‘FMD :
' 2 o rT ="
—_ i
= 1@ :
o 1.2 - A o # .
g - q) — Q@ﬂ‘ ,‘ 2 :
£ . N .o A
L B, )
1.0 ” K* o + '.
: " o® o]
0.8 -
. ' ® GF11 infinite volume Kinput
. K © CPPACS Kinput ,
0.6 - ® CPPACS oinput | "
- @ |
-
0 . 4 I

No dynamical feamims ( Coming Soon )
. J

R Buakhalitn, - Lot /9810043



THE  SUR) e LW, ELECTROWEAK THEORY

p 7 I

+ IDEALIZATION THAT NEUTRINCS
ARE MASSLESS

e MANY SUCCESSES:
Newtaal Cunntnto
L\ aawa |
w¥ 2°

e PRECIS\ON MEASUREMENTS
'\’e,a-\"\wa Hhe Buomtum Field Theey

Loo\(im% 5&« WL ?Naaltm

] ] . ’,
TOn Al Myt glacc of decimal )

Cju Ao Sialin har-?h/"l‘HZZﬂ'



Glebal Fits 4o precisien EW measurements

24948 * 2.7 MeV

-

ed with Hme.

W Hwme.

o
> E
3 o
i o
2 e
S —
A
Y v
o é )
& =
£ (S
2 [ dLn]
o
C =
w8 + )
i -
J 3 g
Y = »
fw s
o S pu
—_—
[] "]
¥
g
<O
%
w
wwwww S
—
O - s
Te 0 Ve r
o\ o -
-_—

[o/A8D] w

h i



Stanford 1999

Measurement Pull Pull
| 3-2-1012 3

m,[GeV] 91.1871+0.0021 .08
I,[GeV]  2.4944+0.0024  -56
Gp.g [ND] 4154440037  1.75 o
R, 20.768+0.024  1.16 b
AYC 0.01701 £ 0.00095 .80 e
A, 0.1483+0.0051 .21 :
A, 0.1425+0.0044  -1.07 e
sin“0."" 0.2321+0.0010 .60 a
R, 0.21642 £ 0.00073 .81 ==
R, 0.1674 +0.0038  -1.27 e
AP 0.0988 £+ 0.0020 -2.20  —m
AL 0.0692 +0.0037  -1.23 —
A, 0.911 £ 0.025 -.95 o
A, 0.630 £0.026  -1.46 T
sin“6  0.23099 +0.00026 -1.95 mp
sin“6,, 0.2255+0.0021  1.13 o
m,, [GeV]  80.448+0.062  1.02 e
m, [GeV] 174.3 + 5.1 22 :
Ao (m;)  0.02804 +0.00065  -.05

4%70733.
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data SM* pull*

LEP 1 [11]

line-shape & B asym.:
' mgy (GeV) | 91.1867 + 0.0021 | — - —

T, (GeV)| 24939400024 | 24972 | —14
of(nb) | 41.491 +0.058 41.474 0.3
Re | 20.765 £ 0.026 20.747 | (0.7)
At | 0.01683 +0.00096 | 0.01651 | (0.3)
for each lepton:
R, 20.783 =+ 0.052 20.747 0.7
{ R, 20.789 + 0.034 20.747 1.3
R, 20.764 £ 0.045 20.795 | —0.7
A | 0.01534£0.0025 | 0.0165 | —0.5
{ Agk | 0.0164£0.0013 | 0.0165 | —0.1
Aps | 0.0183+0.0017 | 0.0165 1.1

T polarization:

sin 0P | 0.2321 4+ 0.0010 | 0.2314 0.7

SLC [11]
A% | 0.1510 £ 0.0025 | 0.1484 1.0

Ay | 0.867£0.035 0.935 -1.9

_ As | 0.647 £0.040 0.668 —0.5
Tevatron + LEP 2 [32]|.
my (GeV) | 80.410 & 0.044 | 80.402 0.18

x2,. (19 data points) 19.8
Parameters : Constraints

m, (GeV) [29] 173.8 £ 5.2 175.0 —

as(my) [29] | 0.119 =% 0.002 0.118 -

1/a(m%) [30] | 128.90 £ 0.09 128.90 —

[31] | 128.94 + 0.04 —_— —

Table 1: Electroweak measurements at LEP, SLC and Tevatron. The average W-
boson mass is found in ref. [32]. The reference SM predictions and the corresponding
‘pull’ factors are given for my = 175 GeV, my,, = 100 GeV, a,(m;) = 0.118 and
1/a(m%) = 128.90. Correlation matrix elements of the Z line-shape parameters and
those for the heavy-quark parameters are found in ref. [11]. The data R, and Ag’é are
obtained by assuming the e-p-7 universa'litl;, and are not used in our y* analysis.

Wep-ph/1402.332)

[ ¥ . i "
‘\';\Eg_ﬂﬁ W, 3. Mareian

A; | 01431 400045 | 0.1484 | —1.2 | Anom alows
A | 0.1479 +£0.0051 | 0.1484 | —0.1 | i
b and ¢ quark results: ‘ Z_s b ';; . ¢
Ry | 0.21656 % 0.00074 | 0.21566 1.2 TR YR
R.| 01735 £ 0.0044 | 0.1721 0.3 ..M
AZL | 00990 £0.0021 | 01040 | —24 | ) = FOMC
A% | 0.0700 +0.0044 | 00744 | —0.8 |
jet charge asymmetry:
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HOW MUCH CAN WE TRUST SM ANALYSIS
TO BOUND My ¢
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LOOKING FOR TROUBLE

Bevnett + Wieman  PRL 82 2484 (49)
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THE PROBLEMS OF MASS . AND OF MASS SCALES

1) EWSB be,'to MW: Mi
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CONVENTIONAL APPROACH To NeEW PHYRICS
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4CD MAY HIpE SU@ @UUN SYMMETRY

o« APILY  SUB), ® SU)® VAN TO
MASSLESS UP + DOWN QUARKS
o TREAT SUR)BUAN AS FERTUEBATION

WATH  m,=my=0, Lacp HAS EXACT (GLOBAL)

SuR), ®SU(2Y,  CRIRAL SYMMETRY
AT ENERGY SCALE Aecp, STRNG CoLOR FORCES

BREAK  SU(), ® SU2), —> SU(2),, (S0SPIN).
5SB —> GQOLDSTONE BOSONS, MASSLESS PUNS.

BROKEN) GEVERATOR S ARE 3 AXIAL CURRENTS
(OUPLING To FION'S ~ ‘fw

WHEN SUE) @ UMy 13 -TURNED oN, Bw

GAUBE BesenS COURE To AXIAL CURRENTS
AND  ACRUIRE  MASSES

SAME STRVCTURE AS IN STANDARD EW THEORY



DIAGONALIZE
MW‘L = %Z'S: /4—

Me = (%2-4-%’")&2 /4
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Mwﬁ 30 ME\/

1/2650 TIMES TRUE MASSES
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TRANSCRIPTION TO TECHNICOLOR

MASSLESS u, d QUAZKS —> NEW FERMIONS
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