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LEP I

e LEP Energy upgrade, high energy running from 1995 to 2000
e Measurements at and above the threshold forete= — WHW~
e W physics, triple gauge couplings, search for new particles
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The Mass of the W Boson
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e Expect about 10000 W-
pairs/experiment

e Br(W — Iv) = 32.5%, Br(W — qq) =
67.5%

®qqqq : qqlv : lvlv =4/9:4/9:1/9

e Boson self-couping required by data,
regularizes WW production process
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QED Radiative Corrections for WW Final State
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W Mass from Threshold Scan

other physics, frustrating...
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W Mass from Decay Products

e Limited by experimental resolution on variant mass, M(jet,jet),
M(laEmiss)

e Can be improved by kinematic fit, finding measured angles and energies
best compatible with measured values and energy-momentum conserva-
tion.

e Effectively transfers good angular resolution towards less good energy res-
olution.

e Simultaneously determines unknow neutrino momentum vector.
e 4 constraints for gqqgq, 5 if one imposes M+ = M,,-
e 1 constraints for gqlv, 2 for equal masses

12m [ T T T T T T T T T T T T T T T ] lzm [ T T
1000 — - 1000 - —
00 | =4  ’00 —
a5 L BEFORE FIT 1 e L AFTER FIT o
400 | ] 400 [ )
200 o e T == 200 = e
- P2 m_l,n_r' LL-LJL'H_.L - 1 Lo
0 1 Il J_.J-'_‘T'_.\_r‘-:— | 1 L 1 | 1 1 1 | 1 F‘\'T“"— O | 1 .—h—r‘-\“’u* _ILJ‘I_L ru-‘-rr-u 1 1 1 |
&) 20 40 60 20 100 o 20 40 60 B0 100;

: ; 7 : : 5
invariant mass (GeV/e™) invariant mass (GeV/ie™)

Université de Geneve 3.5 Martin Pohl



W Mass from Decay Products
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Hadronization Corrections

e Main systematics from hadronization corrections

e Bose-Einstein correlations: identical bosons influ-
ence each other’'s phase-space

e Color reconnection: gluons can transfer energy-
momentum between quarks from different W’s

ALEPH |final]

DELPHI [final]

L3 [final]

OPAL [final]

LEP

LEPEWWG

80.44010.051

80.336%+0.067

my, (LEP) = 80.376 + 0.033 GeV/c2

(prob. fit. : 11.1%)

80.41610.053
Difference between channels:
90.376+0.033 Mw(49-2q) = -11.7 + 44.6 MeV/c?

K rdoy = 49 1 41
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Fermilab Tevatron
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e Proton-antiproton collider
° \/g = 1.96TeV
o 1 fb~! of data per experiment, ~ 500k W events, ~ 19k Z events
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Fermilab Tevatron Detectors

- CDF:

e Precision silicon vertexing

e Large radius drift chamber (r = 1.4m)
e 1.4 T solenoid

e EM+HAD Calorimetry

e Muon chambers |n| < 1.1

e Particle Identification

e Precision silicon vertexing

e Outer Fiber Tracker (r = 0.5m)
e 2.0 T solenoid I H H ‘ coma ) | H ‘
e EM+HAD Calorimetry i '

e Muon chambers |n| < 2.0 A

s e
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W Signature at Hadron Colliders

proton

antiproton

Isolated, high p, leptons,

missing transverse momentum in W's

Z. events provide excellent

//f// control sample

[ e Neulrino
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L oderlyang, cvent S

Hadronic recoil

S~ Muon

Lnderlying cvert \\\

P

In a nutshell, measure two objects in the detector:
- Lepton (e or ),

need energy measurement with 0.2 per-mil precision (!!) | TJ
- Hadronic recoil, need ~ 1% precision
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Transverse Variables

Bk o No P(W)
T @ P+(W) included
2 —% | Detector Effects added
2
p-(e) most affected by p (W)

Ref. hep-ex/0011009
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DO Mass Fits (Preliminary

M,, = 80.400 + 0.027 GeV (stat) M,, = 80.402 + 0.023 GeV (stat)
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D0 Mass Uncertainties (Preliminary)

/ Source a(mw ) MeV my |a(mw) MeV pp|o(mw) MeV E
Experimental
N Electron Energy Scale 34 34 34
@ Electron Energy Resolution Model 2 2 3
= Electron Energy Nonlinearity 4 § T
E W and Z Electron energy 4 1 1
o loss differences (material)
g Recoil Model §] 12 20
= Electron Efficiencies 5] 6 5]
o < Backgrounds 2 5 1
T Experimental Total 35 37 41
= W production and
% decay model
> PDF 9 11 14
@ QED 7 7 9
Boson pr 2 ' 2
W model Total 12 14 17
\ Total A7 40) 44
statistical 23 27 23
total 44, 48 50
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CDF Mass Fits and Uncertainties
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m7 Fit Uncertainties

Source W — v W — er Correlation
Tracker Momentum Scale 17 17 100%
Calorimeter Energy Scale 0 25 0%
Lepton Resolution 3 9 0%
Lepton Efficiency 1 3 0%
Lepton Tower Removal 5 8 100%
Recoil Scale 9 9 100%
Recoil Resolution 7 7 100%
Backgrounds 9 8 0%
PDFs 11 11 100%
W Boson pr 3 3 100%
Photon Radiation 12 11 100%
Statistical 54 48 0%
Total 60 62 -

Combined result (electrons, muons;

three observables):
m(W) = 80.413 1 0.048 GeV

Phys.Rev.Lett.99:151801 (2007)

Phys.Rev.D77:112001 (2008)
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Summary of Results on W Mass

J. Stark, Moriond 2009

CDF Run 0/] ——— 80.436 + 0.081

DO Run | ——® 80.478 + 0.083 The new result fr_om D@ is the
single most precise measurement
of the W boson mass to date.

CDF Run I —— 80.413 + 0.048
So far, we quote our m_result as

Tevatron Run-0/I/1l —— 80.432 + 0.039 , _ ,
the main result. Will combine results
from the three observables; expect
~ 10 % improvement in total error
over m_ alone.

World average (prel.) e 80.399 £ 0.025 T

DO Run II m. (prel.) " 80.401 4 0.044 The new .result is in good agreement
with previous measurements.

|
ED 2 80.4 80.6
m,, (GeV)

Attention: New DO result not yet used in electroweak fits.
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W Couplings to Matter

e At ¢ < M2, contract charged current coupling and W propagator:

Gr g°
V2 8M?2
e Electron spectrum and total width given by V-A structure:
2 2 59
dI _ G+ m2E’2(3—4E,) ; I1:1 _ Gqu
dE’ 1273 H my, Ty 19273
e Radiative corrections and W propagator effects:
1 2m?
= = P14+ A
T, 19273 (1+Aq)

known to second order, Ritbergen and Stuart Phys.Rev.Lett. 82, 488
(1999), estimated precision 0.03ppm.
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FAST Collaboration

A.Barczyk(M, G. Barone®), J.Berdugo®, J.Casaus(?, C.Casella®®,
K.Deiters®, S.de Laere®, J.Kirkby™®, L.Malgeri®¥), C.Mana‘®, J.Marin(®,
G.Martinez(®, C.Petitiean®, M.Pohl®), E.Sanchez(®, C.Willmott(?)
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FAST Design Requirements

PMT Readout &

> .
muon source: y DAQ Chain  SJGNATURE FOR AN EVENT:
DC n* beam stopped /7 o cin 4 MoV
\ in the target ) 2 > wt = vy (e~ 26ns) E, J‘V‘UJ
A pu ~ L5 mm
Y >t —et Uy Ty~ 2.2p8)
+
“—, Signature:
— - 1t & u* close in time & space  [high pulses]
p =170 MeV/c ) - e+ track [mip’s]
oyt st A
B e TARGET "
EEE—— [Active scintillator target]: ,7—
- stopping material for =+ and u* ‘
- detector for et M
1 .
( 517) 1 proper decay time : t_e—t_u
Size of the statistical sample => stat _

achievable precision in the measurement T VN evens

New generation muon lifetime experiments (5t /T, ~ ppm) - 2 main requirements:
1. Achieve a large statistical sample (N_events ~ 1011 - 1012)
2. Control the systematic effects
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PSI Beam

source = m decay at rest in the target
e A get | i 5
=>» isotropic & unpolarized u source Lt

DC n* BEAM @ Paul Scherrer Institute (PSI)

. i N Deutschi
PSI: PSI'_ V"!!'Qe” _AG T | Time Of Flight (TOF) spectrum |
proton (Switzerland)\ .
cyclotron 5 20000
(590 MeV) ° 18000
2mA p curr)
several
secondary
beamlines
- tM1 area : vt DC beam
- momentum  : 170 MeV/c (£3%) T w0 w0 e
- RF frequency : 50.633 MHz (T=19.75 ns)
- size : variable (~ 10 x 10 cm?)
- intensity : variable (~ 500 kHz)
- purity :~50%
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FAST Setup

a) ( permanent dpde magnet )
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A Magnet planes
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FAST Setup

Zz-counter hodoscope:

-16 horizontal counters (10x10x200mm3)
- register vertical entry position of the beam pcls

- range requirements on beam pions

wedge shaped beam degrader
- vertical gradient in the thickness of the
absorber

- achieve a uniform distribution of the pion
stopping points
(combined with large beam profiles)
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FAST Occupancy and Range Requirements

. . . . . +
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FAST Raw Muon Decay Time Distribution

Finest time resolution:
1 TDC tickmark = 1.0416667 ns

te-tpi all data h1001 “TH E” PLOT

107 E 1 bin = 1 TDC tiCk Entries 280000
- Mean 2322
- t=0: RMS 2759 o ] ]
[ the target Underiow .| ® te distribution i.e. t-t,
10°E Overfiow o| o total stat : 1010 u decay events
B <Ttegral 1.o73<m )
10° =
- e negative times (pure bkg events) &
~ description of the background (totally decoupled from
- the signal) from the negative times region
4 — . . .
10°¢E positive times (signal+bkg)
- use the background description also for the positive
B times region
i TDC Window
100 | \ | e background: flat component
Eolc Lo AT AT O AT I YT T AT SO N1 A O O no time dependent

-10000 [5000

5000 \10000 15000 20000 25000

te-tpl all data \

v

t_e [TDC ticks]

+ RF periodicity structure (Tgg)

beam induced background

11 1K=

!-l
i

TR

t_e distribution
ie.te—-tam

5150 5100 5050 5000 -4950
Lo [T thoba]
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FAST Smart Rebin Method

Rebin the histogram using the measured beam period Tk
- to minimize the influence of the periodic background on T, measurement
- information loss — but only on the details of the background, not the lifetime

|_Rebinned Lifetime | hrebin T
Entries 1844 RF
108 T - )
= Mean 2322 1 new bin = 18.960051 original bins
N RMS 2759
i Underflow 0 “SMART REBIN”
71— . . . . i
10°E Overflow 0 i. e. rebin + bin sharing procedure :
- Integral  1.073e+10 | original bin
i i
0L s ol
= new bin separator
" - different algorithms tried (uniform, linear,
10°E quadratic, exp) for the sharing of evts inside
- the original bin
B - no appreciable differences found
104 :_I | | L1 1 1 L1 1 1 | I I | I L1 1 1 | L1 1 1 | 1 (See SYStematiCS)
5000 0 5000 10000 15000 20000 - default: uniform distribution inside the bin
t_e [TDC tick]
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FAST Fit Quality

| FFT of the residual - [600,20000] ticks |

Full Statistics Sample (Run2006) Fit: [600,20000] ticks
Smart Rebin Method
\*/ndf 1030.65/1020 = 1.0104 10
Prob(y?.ndf) 0.4014
Fitted Parameters
Offset Py 253135 £+ 39
EX]). Tail N()I'Ill. P3 Il.l.«\“ + “.“()S) X 1“_8 10
Normalization Ny (2.00104 + 0.00002) x 101
Lifetime [ticks] T 2109.200 + 0.031
PO P) .\VO T 1
Py | 1.000 -0.714 -0.104 -0.498 15_ FFT Of the reSIduals
Py, | -0.714 1.000 0.084 0.335 J‘. - '160 L '260' N '350 L IAéO L '560
Ny [ -0.104 0.084 1.000 -0.157 frequency [a.u.]
T [-0.493 0.335 -0.157 1.000
| Pull = [ Histo-Fit ] / sqrt(Fit) | »ne mwim || histo - fit (full interval) |
Prob 0.59614 —
E Constant 40.691+ 1.560 30000 :
Mean  -0.00053823 + 0.03138592 —
O_[1-003 +/- 0-022] sigma 10032 0,022 20000 :|
X=[-0.0005 +/- 0.0314] =
10000
19 o AR A b
- -10000 ‘ i
L -20000 H
1= -30000
C -40000 I‘PQIdLJJS
C _50000 Cli 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
time [ticks]

10 8 6 4 -2 0 2 4 6 8 10
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FAST Systematics

e Different classes of systematic errors identified:
e DETECTOR UNIFORMITY (tu VS: x_; y,; position inside PSPM; PSPM; chip; TDC)
e FIT METHOD
e 1, ESTIMATOR (t.-t, VSt. -t
e uSR EFFECTS
o STABILITY OF THE MEASUREMENT (time stability, clock, rate dependence)

e Evaluated using several dedicated histograms (produced online)

e General recipe (when several lifetime measurements are available)

- Any deviation inconsistent with the statistical fluctuations is considered to be of systematic origin
- A PRIORI consistency criteria = 3 sigma’s

1. Fit histograms corresponding to the subsamples & compute the average

2. Look if there are statistically incompatible points (i.e. deviation from the average Az, > 30)
3. How much the average changes when those points are excluded

4. Quote this variation as (signed) systematic shift
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FAST Current Result on Muon Llfetime

o first precise measurement of the positive muon lifetime with the FAST experiment:

7, = [2197.083 £ 0.032 (stat) 4 0.015 (syst)] ns

()T,,

e run 2006 [3 weeks data taking, Nov-Dec06] :
e data sample : 1.073 1019 u* decay events

e precision comparable to PDG, value compatible with PDG
e uncertainty dominated by the statistics

= 16 ppm

e FAST measurement of the Fermi coupling constant G¢

Gp = [1.166353 -

=& ppm

arXiv: 0707.3904 [hep-ex] Gr

FAST Collaboration (A. Barczyk et al.), Phys.Lett. B663 172-180, 2008
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Current Muon Lifetime Results

OUR MEASUREMENT IN THE WORLD SCENARIO OF MUON LIFETIME EXPERIMENTS

- after more than 20 years two new experiments (MuLan & FAST) are taking the lead

2197.6

2197.5

—&—— Past measurements
—8—— PDG 2006
——— Mulan (2007)

| PDG 2006: [2197.03 +0.04] ns ——
/) Combined ALL: [2197.034 £ 0.018] ns -

FAST (2007)

> 18 ppm

—» 8.2 ppm

2197.4

2197.3

21 97-2 ...................................................................................................................................

Muon Lifetime [ns]
1T

21 97.1 .........

2197

21 96.9 I

..... - DUCIOS (1973) ..

/J//////

FAST 2007

G; accuracy:
9 ppm = 4 ppm

ppm accuracy on Gg

expected soon!
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FAST Progress in 2008

Instanianeous Rale (kH:)

Integrared Yleld (Govis)

Bofore U IS )
[ Aller O — :
Alley el e— 200 e
&0 P
) : %
2 s 3 20 F s
g = 150 -
= 40 2 Pt
iy L
2” ] _"al:;l N L
i i fill LT e S T TR 13 S B I 0 30 il @0 1200 (E00 18D ZIO
Drays since 2008 run start up Davs since 2008 run start up
x2 / ndf 66.909 /77
Integral 2.418e+11 Prob 0.787
£ T x*/ndf 1059.428/1015 | [ Constant 39.856 + 1.532
3 Prob 0.162 - Mean 0.001: 0.032
210° C ¢ Sigma 1.020 + 0.023
5 | -
> - L
w -
108 = 10 E_
10"
C 1 :_
P TR R v e b b by _||||||||||||||||||||||||_||||||||||||
-5000 0 5000 10000 15000 20000 -10 -8 -6 -4 -2 0 2 4 6 8 10
TDC ticks Puli
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Current Tau Lifetime Results

A.Lusiani arXiv:0709.1599 [hep-ex]
~ 0.183
=
o C
1 0.182F -
r
——— CLEO 1996 2890 = 2.8 = 40 fs % 0.181 7
H—e—H OPAL 1996 2892 = 17 = 12 fs 0.18F B
H—e—t ALEPH 1997 2901 = 1.5 = 1.1 fs - .
0.179 7
H—e—+ 132000 2932 =20 =15 fs C l ]
et DELPHI 2004 2909 + 14 = 10 fs 0-178;* 7
ot PDG 2006 2906 = 1.0fs 0.177E I
Ho-H BABAR 2004, prelim.  289.40 = 091+ 0.90 fs - .
0.17& 1\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
, . . 7 288 289 290 291 292 293 294 295 296 297
285 290 295 T (fs)
T, (fs) T

Lifetime of u and = equal up to phase space:
BR(T — evv)  Qps(m?)

I'(r — evv) =

T+ TM
Coupling strengths of weak charged current:
In = 0.998240.0020 ; Je = 0.99804+0.0020 ; e = 0.9981+40.0017
gr gr gr

Universality of weak charged current confirmed at the permille level.
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Transformation Properties of W Couplings

General amplitude: Michel (50), Fetscher, Gerber, Johnson (86)
Gr _ _
M = 4\/529765 < €I ve >< Uy |Ty|pe >
Operators: v = S, V, T, Chirality: €, ¢ = L, R, SM: g}, = 1, all others 0.
Muon: PDG Tau: CLEO 98
9" § v T fl\glis /‘\gﬁn
MDD NP2
w | | f\g / e
DD LD ANPARNPARN YA
R RNPANNY sl M will B ol
; : i L 8RL ' g‘IgL ! gll;L
-1f 1-1§\ 1-1f\ 1
NN
i i i giL i g\I];L
DI Rk
SIS SZANP

Precision today: pure V. — A within few % for u, some 10% for r
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W Does Not Couple to Ordinary Quarks

The W does not interact with the eigenvalues of the mass operator (real

particles):
i), (2, 5 o),

but with the rotated flavor eigenstates:

), (e), (),

This changes the invariant amplitude for a generic quark decay into:
AG

_ v Ty
M = =T,
1 d
T = @ed) vy, (1 -7V
b

with the Cabibbo-Kobayashi-Maskawa matrix V.
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Cabibbo-Kobayashi-Maskawa Matrix

15

[ | excluded area has CL >0.95

LI I B B LN I B T | LI B I B LN B I B T T

%
<
%
S
=%
D

Q

Q.

N

Am, & Am,,

-0.5 j R
a &k
-1 — —
sol. w/ cos 23 <0
(excl. at CL > 0.95)
15 I | e L Y . (AN
-1 -0.5 0 0.5 1 1.5 2
o
-+0.00024 +0.0010 -+0.09 -3
0'9738318'88933 0'227218'88634 (3.96 _+000190) % 10
. ) . -3
0.22710-9070 0.97296 000023 (42.2170-10) % 10
(8.147032) x 1073 (41.617032) x 1073 0.9991007)-00003%
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Maki-Nakagawa-Sakata Matrix

10°

107

10—12

r All limits are at 95%CL

unless otherwise noted

— -
- — -

107 1072

Relates mass eigenstate v;,7 = 1,2,3 with
flavor eigenstate v, a = e, u, T

V; — %; UaiVa

-Uvel breQ Uve3
U= \Uu Up Us

T T T
_b 1 br2 U T3

(1 0 0][ ca 0 sze™™ cia sy 0] [er/? 0 0
= {0 a3 53 0 1 0 —512 ¢ 0 0 €22

_—813€i6 0 Ci13 0 0 1 0 0 1

_0 —S523 (23

—is i1 /2

€12€13 512€13 513€ et/ 0 0
— ) id i /2

= | —512C23 — €12823513€" C12C23 — $12523513€ $23C13 0 ele2/2 0

0 0 1

i is
| S12823 — C12C23813€" —C12823 — $12€23513€ €23C13

Weak decay produces flavor eigenstate, mass
eigenstates travel at different speed depend-
ing on their mass. — Neutrino flavor oscilla-
tions
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W Couplings to Gauge Bosons

General Lagrangian for VWW-coupling (V' = ~, Z, with C- and P-invariance):

1Ly I .y
= gY V“(WWW+ — W;;W )
gvww
b
kyWIW, VI MV2 VW IW
W
Normalization: gyww = —€ , Jgzww — —e€ cot Ow

Multipole expansion of YW term — static properties of W:

e Electric charge: gw = eg?

e Magnetic dipole moment: pw = 57 (97 + Ky + Ay)

e Electric quadrupole moment: Oy = —]\jv2v(f<-,7 — Ay)

E.m. gauge invariance: SU(2) ® U(1) gauge invariance:

gl =1 Akz = Ag? — Ak, tan? Oy
Az = A,
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W Pair Production Angle

Distribution of W-pair production angle carries information about coupling
structure:

21250 ———————————
‘E N T | T I | T gy g B W'W - qqqq OPA_I_J_‘
%000 :— ki qqlvl OPAL _+: 51000 = data —+— —_
= r data 4 - LE I ) o N
E - SM(A=0) e R . Aih 8 e
M 750 Foa-ws 000 ----- — 750 GmlE e i
E Ru®  ememes T - wrong charge ———=  |[.... :
i z ™ wrong pairing T =
500 :_ backgroond —— = |77 —: 5 0 '} —— background e 1
250 ................. _: >
C- T . 250 =
0 4y | -
% | 0 1

cosO_
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W Pair Decay Angles

MNumber of Events.314

250

J:'L‘I‘:Iu'l n:am wl;%
agnl B I'ul(‘ har'xgmllnr:l

gi=2

g‘f:ﬂ
00—t

; t
50t

Mumber of Events0.2

150f....

amw

gi=2

L gi=0

+ qqglv data
JL MC signat
apol B MC hackgmund

pepdminary

I
&

§

q Iv data
signal

A l Mf‘ harkarnin

g=2

L=

MNumber of Events.2
— —
g &

g

i

predminiry

MNumber of Events(.2

3
2

200

g

o

£
+ qqhv cata
L1 MG signal "“!ﬁg"-
B MC hanﬁgmund
gi=2
L gi=0

Murber of Erentsd. 628

300 -

+ oghv data !_3
_.1 L MC signal il
2501 g MC baj:kgmmd

1

200 “:' -
1503 G
100 w

]
50 ¢

\
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W Couplings to Gauge Bosons

L3

14
*  Standard Model

—| 68% C.L., 1-par fit
2-par fit

®
[ 1 68% C.L., 2-par fit
[1 95% C.L.,2-par fit

o 3-par fit
---- 68% C.L., 3-par fit proj

0.8 1 12

g!

Compared to other couplings: qualitative result, accuracy O(10%).
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Precision Tests of the Standard Model

e At tree level, three gauge cou- f

plings, but only two independent _
ones. e S et —leyH
e = gsin Oy = g’ cos Oy, f
Partial unification of electroweak f
forces. 7 < _2silglew”7” (g} — gh??)
e Higgs mechanism with doublets ;
only:
M?Z f
sin?@y =1 — % W — 9y (1 = 45)
%% M% 2YAYA 2.2 Y
Relation between couplings and f

gauge boson masses.
e Space-time structure of vertices given by electroweak multiplets:
of = Voo (T —2Qssin’0w) 5 g} = /T
For Higgs doublets, pg = M, /(M2 cos® Oy ) = 1.
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Electroweak Propagator and Vertex Corrections

v,ZIW " WH,Z

H

—

~

H I, \l
ZIW ZIW ZIW ZIW
Z/IW o
e' b e’
e b e
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Radiative Corrections Formalism

Define weak mixing angle to all orders by:

M?2 M2
Po = W =1 ; sin?’Op=1-—-"WW
M? cos? Ow M?
Absorb all radiative corrections into two form factors, which depend on the
fermion species f:

sin? Hefff = Ky sin? Oy
_ . 2
g{, = VPt (Tgf — 2Q)fsin Hfo>
gh = /psTy

These definitions preserve the basic structure of electroweak coupling
relations:

f
gv 2Qf . 2 . 2
ga 3
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Asymmetry Parameters and Weak Mixing Angle

[ e 0.23099 + 0.00053
0b
A; —— 0.23221 = 0.00029
A’ e 0.23220 + 0.00081
' vl : 0.2324 + 0.0012
Average Riig 0.23153 + 0.00016
10 %5 ¥ld.o.f:11.8/5
-
=
©
O]
—
L
£ 102 : Ad'® = 0.02758 = 0.00035
: m=178.0 + 4.3 GeV
0.23 | | | 0.é32 I II :' 0.2I34 | |
. o lep
SiN“6

Attention: The values extracted from Arr and A% . are the most precise and
differ by 3.20. The reason is not know:

Thus the shift is either a sign for new physics which invalidates the simple relations between
the effective parameters assumed in this chapter, or a fluctuation in one or more of the input
measurements. In the following we assume that measurement fluctuations are responsible.
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Standard Model Parameters

e Couplings for all forces (except gravity):

— Electromagnetic o, weak G, strong o

— Relation Gr = wa/(v/2M32, sin” Oy,) reduces couplings to two: « and
Qs

e Fermion masses:

— Lepton masses precise, light quark masses irrelevant at £ ~ M. m;,
e Boson masses:

-M, =M, =0

— Replace Myy by using Gr = wa/(v/2M32, sin” Oy) : leaves My
e And the Higgs boson mass My...

Given this input, the Standard Model become highly predictive!
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The Standard Model Black Box (courtesy S. Mele)

Use input parameters...
to predict values...
to compare to measurements...

m;
o I, IMz Tz Ohag RiArg Arg |

G‘S Ghad {}
Standard R
My l my,
m, Model Arg
il S
My

Université de Geneve 3.44 Martin Pohl



Test Coupling Predictions

'0.032 T T T | T T T I 1 | i
| Im=178.0 + 4.3 GeV
...My=114...1000 GeV 4
| SM
-0.035 - = TR T
0
- 1 <L \
> | 0.9 \\
-0.038 - ¥
e Aa l
—4 i
s
B M * 0
A T Pl Lk Y == N
-0.503  -0.502  -0.501 -0.5 0.14 0.145 0.15 0.155
O AI

Attention: effective couplings — g4 # 1/2
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Top Mass from Radiative Correction

200 - Tl
{[Eiii ts
> 150 - i
8 - ¢ Tevatron : e Vertex corrections
~ - SM constraint - o 2
_ 68% CL : '
< - e Propagator corrections
100 - i x log,g Mg
Direct search lower limit (95% CL)
a0

1990 1995 2000 2005
Year
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Fever Curve of the Standard Model

Measurement Fit  10™*-Q"|/g™*
{? 1 2 . 3

m,[GeV] 91.1875x0.0021 91.1875 L
I, [GeV] 2.4952 + 0.0023  2.4958
on.g[Nb]  41540:0.037  41.478
R, 20.767 = 0.025 20.743
A DATIH+0.0006 G e Choose one parameter, remove it
R, | 0.21629 = 0.00066 0.21582 == from the fit
2 Afebat Wil O17ee e Predict its value from all other in-
A 0.0992 + 0.0016  0.1038
a%e O AREE i puts and the SM black box
A GEEIERAS) MO e Compare to measured values
A 0.670 = 0.027 0.668

C

A(SLD) 0.1513 + 0.0021 0.1481

o

m,, [GeV]  80.399 = 0.025 80.376
r,, [GeV] 2.098 = 0.048 2.092
m, [GeV] 1724 +1.2 172.5

N

—
AW
W

July 2008
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W Boson Mass and Top Mass

W-Boson Mass [GeV]

TEVATRON ——  80.432 = 0.039
LEP2 —& 80.376 = 0.033
Average - 80.399 + 0.025
¥2IDoF: 1.2 / 1
NuTeV s 80.136 = 0.084
LEP1/SLD —A= 80.363 + 0.032
LEP1/SLD/m, At 80.363 + 0.020
80 802 804 806
m,, [GeV]

July 2008

Top-Quark Mass [GeV]

1

CDF 172.1 + 1.6
DJ * 172.7 + 1.6
Average ¢ 172.4 = 1.2
+*/IDoF: 6.9/ 11

LEP1/SLD + 17286° 3

+ 116
LEP1/SLD/m,, /T, 1T 178.7_ 4¢

140 160 180 200
mt [GeV] July 2008
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W Boson Mass and Top Mass vs Standard Model

July 2008
]

. | —
1 —LEP2 and Tevatron (prel.) y
80.5 - LEP1 and SLD y
68% CL y
>
)
O 80.4-
= &
=
8031 A g
[m, [GEV]
13 8 |
150 200
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Higgs Mass Limits from LEP/SLD

6 July 2008 T =.154 GeV
ﬂﬂ[n?d e
- — 0.02758=0.00035 |
---- 0.02749+0.00012
4 - »+ incl. low Q° data - o My < 154GeV @ 95%
= CL with blue band included
o< = _
g 3 o My > 114.4GeV @ 95%
5. ) CL from LEP direct search
e Mg < 185GeV @ 95%
1 = CL combination of all data
0 | Exc.'“ded. N Prelirninary_
30 100 300
m,, [GeV]
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Higgs Mass Limit Sensitivity to Input

A
As’
A,

A
A(SLD)

sin“87(Q,.)
my,*
I‘w‘

| P
i & 1
—e—
- @
@
—&—
T B | > — L |
10 10 10

e Arr — A% discrepancy is
important

e W mass measurement has
high sensitivity
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Standard Model Health Bulletin

- = -2 -3 - -4 .-
all Z-pole all Z-pole data | all Z-pole data all Z-pole data
data plus my plus mw, I'w | plus m¢, mw,I'w
my [GeV] 1738 1724112 179112 172502
m [GeV] 11 1ot 144120 8475¢
log,o(mmu/GeV) | 2.05753 2.0475:15 2.167053 1.93701%
ag(m?) 0.1190 = 0.0027 | 0.1190 + 0.0027 | 0.1190 £ 0.0028 | 0.1185 = 0.0026
x?/d.of. (P) | 16.0/10 (9.9%) | 16.0/11 (14%) | 16.8/12 (16%) | 17.3/13 (18%)
sin? g.P* 0.23149 0.23149 0.23143 0.23139
+0.00016 +0.00016 +0.00014 +0.00013
sin? By 0.22331 0.22332 0.22289 0.22306
+0.00062 +0.00039 +0.00038 +0.00029
myw [GeV] || 80.363 +0.032 | 80.363 £0.020 | 80.385+£0.020 | 80.376 £ 0.015

All in all, the patient survived the operation...
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