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Recap: Getting finite results in Observables (1)

-

ete™ — ffin QED
/ At tree-level

My = eOJfng”/eoJ/?’ — Q= Q’
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Recap: Getting finite results in Observables (2)

ﬁone—loop: 3 types of contributions T
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Recap: Getting finite results in Observables (3)

B

he Universal contribution: Improved Born

Q Q'

L |
1 1 1
o JQDM JQ = 2
M = €0 €0 ]CQ OQ1+€%HQQQ € ( )QQ

2K = € + Tlg(k?)
e, *(K) = (eg” + oo(kr)) + (Igo(k*) — Hog(kR))
e *(kg) + (Moo(k*) — Tog(kk))

N

input finite

.
I
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Recap: Getting finite results in Observables (3)

f(ﬁhoice of the scale kg or e (k%) is a renormalisation scheme.
In QED and the SM: choose On-shell scheme: directly related to
an observable. In the limit k% — 0

lim <k2Aall contributions ) = lim kQM — 62 — 63(0)

k2—0 ) ) k22—>0
e " = e (O):ea —|—HQQ(O)
62
ex(k?) =

1+ e*(Ilgg(k*) — gq(0))

-
Trading bare (ey) with physical (input) parameter

leads to finite corrected observables

renormalisation and definition crucial
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Recap: Getting finite results in Observables: Summary

Lagrangian in terms of bare parameter ee = e + oe,

Impose renormalisation condition
2
5@% = 2 = *lgQ(0) = T1,4(0)

0

Calculate matrix element at one-loop (with

1 1 QQ’
./\/l(/fQ) = —5 Ql n Q%HQQ Q/ = -2 (1 — 6(ZJHQQ)

L2

trade-off bare with renormalised parame

M) = 9L (1= gy + 1) e
/ 2(1.2\!
~ %:j (1 — 62HQQ + %) e’ = Qe*gz )Q

-



Fundamental parameters and physical parameters (1.)

qnitenesg
56,5]%ﬁ@g(&ﬂfz

1—loop
>
Vv ﬂ6§§

/;
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Propagators and [ — Y mixing

|i m—m+m+mm

VY
D))

Z7Z
Dy

wWw
D/,

ANV

gl Z v Z Y A A
AW VAVAVERVVV @AV @ VY @ VYV
e yye s

2
~ 132 1+ le(/#) Diud =+ g 152_7;20
| 1 |
TR M+ Gan(k2)
| 1
g

-

|
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Definition of vector bosons masses: Pole structure
. 1
f DEZW = — g T

/

Physical mass is defined from the zero of the real part of
the inverse propagator, for k* = M7,




Chiral two-point functions (1)

w\/\y 2VaVaVaV

%Agﬂﬂx+gR7R) r, 1M

2 2
d" v
— 12, = 9z + gR)M4_n/ Tn Ir ( 2 %;#V s kQ) 2
2 (2m) (r* = m7)((r + k)* —m3),
d"r Ty YuTv
(27" (r2 —m$)((r + k)2 —m
= g%z’Zﬁ,f + g%iZfVR + ngR(”iZ%z + iZfEVL )
iYXY, = —i(guwGii(k*) — kuky L(k?))

[N
LGU(/@Q) = Gij(0) + k11 o
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Grr rr(k?)

Grr rr(k?)

Grr(0) + Grr(0)

GrLv

Chiral two-point functions (2)

B 4 {OUV
6

C
2 2 2 2 2 1.2 uv
(471')2 A (ml +m2) + k (BQ(m17m27k )_ )

1
5 (m%Bl (m%7 m%? kQ) -+ m%Bl (m%, m%7 kQ))}

2
(47)?
HLR’RL:ﬁHite , HLL(ml,mg)—HLL(mg,m4):ﬁnite

mimg {Cyy — Bo(mi,m3,k%))}

finite for mi1 = mo

Grr +Grr = k*(Igr +MRrr) , Gyy = k*(TIgg + MRL)

-

|
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Chiral two-point functions (3);

. g o . g 2 .
D, = E)M—ZE(WJTJFWMT )—’LJZM(Tg—SWQ)—ZeAMQ
33,11 — LL Q—V=L+R
Iy, = GQHQQ
e? 2 4
17~ = 2 2 (H33 —QSWH3Q —I—SWHQQ)
wew
o2
HUww = —— | IIi1 = ¢°1l11
Sw
Gww = ¢°Gn
2
Gzz = gTGBS
C
7%
a A\

Finiteness if only combinations are

L (Hij(kz) — Hi’,j’(k/2> ofr (G33(0) — G11(0)> ) N
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Muon decay and AT

_ w- j 2
y Mo=—20 _ with k2 -0
7 k2 — MW 0

Fermsi T heora

Y
M(k* =0 i — = —
(K" =0) K= Mio+ Guw(keg) M3, 1. M3 Guy©
| p va M,
2 <5y T T T T
g F X = — — -
= T2 (1+ g—Qj (1 + Re[lTyww (M)
w
2 2 2
g 0g g
~ BEVER 1+ 5 _%G[HWW/'(M‘%V)]"F = _—2(1+AT)
W \g P w
\ Ar=finite )
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Finiteness of A?ﬁ ~

5> 5 5e2 C‘Q/V 5MX%V 5M%
Af = — — Re[llww (Myy )] = 25 + - — Re[llyw (M
9 YRGSy \ My M3 v
, I \
____________________ |
G 0 G 0
WM2/< ) — ZZ2( ) + (%QHWW(M%/) — %enzz(M%» > — %G[HWW (]
M2, M2
\ ﬁr:irte /
2
R G11 — Gss
A7 = (T1y~(0) — %GH’V’V<M%)> + g° SV ( Ve )
w w

c? G11 — G33
= (114~ (0) _%GH’Y’Y(M%» + g° ‘Q/V (

C2 —82
+92{23?€[H3Q(M§)—H33(M§)] + W%G[Hll(Mgv)—H:s:s(M%)]}

ST J
AO‘(M%) - (wa(O) - %GHWW(M%)) = ¢ (HQQ(O) - %GHQQ(M%»
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€1

€2

€3

AT correcting a tree-level formula (1)

G
7; - 8jg\42 (1+AT) Ar = Ar + 57"V_|_B rv+B ~ 6.43 1073
W

2

2 2
C — S
W Weo + 2e3

C
AP =Aa(Mz) — e + 5
Sw Sw

[ €1,2,3 Of S, T, U: non-decoupling effects ]

%%
o 2 2 2 92 2 :
TS = ¢? (Relllag (M3)] — Re[Ilz3(M3)]) = —L-Relllay (M3)] — chiral symm. b
%%

|
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/AT Probe of MH and TI'l¢

H
b
WM/V\/
¢
3GMM% mf 2 NP
= @ —= — — — 25, In(Mqyg /M + €
€1 Sr2v2 {(M% M In(Mp /Mz) 1
G, M2
272./2
GMM%V NP
€ = — Y 'In(Myg/M — + e
3 127T2\/§{ (M /Mz) 3

|
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0.08

0.07

0.06

AT:

correcting a tree-level formula (2)
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-

fWith Ar we predict My
M3, 1 Ara(l+ Ar)\ 2 1 | 4ma(l+ Ar)
w (e ) s e

2
Improved sj;,

s2g|1991 = 232945935 compatible with any of the above values with a running «, but not
with a(0) = «.

o |
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Ar beyond one-loop

My = MX(/)V — ¢1 dH — ¢y dH? —|—03dH4—|—C4(dh— 1) — cs da + cg dt
— c7dt? — ecg dHdt + cg dhdt — ¢10 das + 11 dZ,

M 2
__H ) dh=(—H2 )  qt= ( i ) _ 1,
100 GeV 100 GeV 174.3 GeV

~ 91.1875 GeV

Aa(M?2 s(M2
—1, da:M—l, dasza( 7) _ 1.
0.05907 0.119
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Ml—loop

Corrections to the neutral current observables

1 e? 1
Mo =—eQ-—Q — T3 — s Ts — s2
0 \erﬁQ,\ S%/VC%/V(?) WQ)k —M%(3 WQi
~v exch Z;Ch
de? 1
2 /
= — 1 —
1+ e2>Qk2<1+Hw<k2>>Q
count;“term Yy 2—pt
2 2 2
02 (1+2) (T3 — 53 (1+ 25)Q) x (T4 — s, (14 25)Q
o 2 2 2 2
“ww (1 + 3y - 2 53822) k2 — M7 ( + f ) +Gzz(k?)
w
count;“term ZZ‘Qr—pt
62 H ( ) 62 I1 Z(k‘Q)
T o + Y T/ 32 /
t BRI E@) QP T Q)
\H/—/ N———r

Zvy 2—pt Z~vy 2—pt
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orrections to the neutral current observables (2)combine £/ with Z’y

o N

e? 5 I, 7 (k?)

T o /
+ SWCW( 3 SWQ) k2 o M% (Q )
= - (1) [ 2 (hQ) -
St Civ SW
2 2 - o
o2 (1+25) (73— 53, (1+ 25)Q) x (DL, 7 (k) x (=3, (1 + 2
a 2 2 $2 M2
"Wl <1 + 63822 B c%“// 53822> k? — M7 <1 + Mf) + Gzz(k?)

582 S 2
2 (1) (3" (14 5 + 57 Tz (8)) Q> (T, — 53, (1+ 2 ow

2 .2 2 M2
Sw Cw <1 + 957 i%vv == k2 — M2 (1 + M%Z) + Gzz(0) + k?Tlzz (k?)

e2 N 2
sz:_ (T [ a2 @) et <T’3—s3Q'>:z<k2><T3—sfcz)(T.g—SEQ%J

k2 — M2 (k?)
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sin“ @ in Z couplings

o N

2
C
s2(k%) = 5% {1 + (Aa(k?) — Aa(MZ)) + %(AOANP(M%) — Ap+dryv+B)
%% | %%
e’ 1 2 2 e’ 2 2
‘|‘ 82 C2 — 82 (?ReﬂgQ(MZ) — §R€H33(MZ)> —|— ST (HgQ(k ) — §R€H3Q(MZ)>J
W =W | %% | %%
c? €3
%% |47 |47
2 M2 _ 2 1 A /
sy(Mz) = sz(1+ Ak
s2(M2Z) = .23122 my = 174.3GeV My = 300GeV
s2(M2) = .23018 my¢ =200GeV My = 300GeV
s2(M2) = .23457 my = 50GeV My = 300GeV

o |
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Z couplings at the peak 4

Z(k?) = e?(k?) [, cwSwy (k2) + I, (k2) | x D
- s2(k?)c?(k?) swew i “

1

D, =
k2 — M2 + k2IIz7(k2?) - M2I1zz(M2)

M7 2(k?) = {MZ — (k? — M7)(I1zz(k?) — TIzz(M3)) }
dM3 2 (k?)

dk2  [k2=M2 0

MZ%2(M2) =M2 and

o2 g2 B
Zo(K?) = 1+ WSWIL 7 (k2) 4 Ty (k2) — T2z (K?) + (K2 — 2M3)TT) , (k2)

cw

Myzz(k?) =Tlzz(M2) + (k2 — M2)IT, ,(k?)

Ao, (M2 -
- 2*( > z)2 Z,(M3) = 4V2G, M3 (1 + Ap — M%H/ZZ(M%>) ~ 4V2G, M7 (1 + Ap)
S (MZ)C* (MZ)
1 n 1 n 1 n
gn = —5VITAp , gt =g (1 - 48% o)

o |
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Zbg . An important vertex correction

Z 14174 T
t
b
e? _ 1 1
M = —i—*-Z,by,br (= — =s2) -9
Zby b o252 2H YubL ((2 3 <) Vb)
m? dependence in width almost washed away
0 2 19
Czbe = FZbg(GuaMZ>&(Mz)) 1+ 1—3(A/0+ OVp)
A +oz m? hile § 20« <mf +131 ( 2/M2)>
p ~ — —& While 0vp = — n(m;g 7
7 M% 197 M%

o |

—p. 25/34



LEP Pulls

Summer 2003

Measurement Fit |O™Me@-O|/gMes
0 1 2 3
m, [GeV] 91.1875+0.0021 91.1875
r, [GeV] 2.4952 + 0.0023  2.4960
o4 [Nb] 41.540 + 0.037 41.478
R, 20.767 + 0.025 20.742
A 0.01714 + 0.00095 0.01636
AP, 0.1465 + 0.0032  0.1477
R, 0.21638 + 0.00066 0.21579
R, 0.1720 + 0.0030  0.1723
AP 0.0997 + 0.0016  0.1036
ADC 0.0706 + 0.0035  0.0740
A, 0.925 + 0.020 0.935
A, 0.670 + 0.026 0.668
A(SLD) 0.1513 + 0.0021  0.1477
sin’0°P(Q,,) 0.2324 +0.0012  0.2314
m,, [GeV]  80.426 + 0.034 80.385
rw [GeV] 2.139 + 0.069 2.093
m, [GeV] 174.3 £ 5.1 174.3
sin®0,,(VN)  0.2277 £ 0.0016  0.2229 M SE—
o 1 2 3

o425 15 the error on
OTI’LGCLS.

|

—p. 26/34



Higgs and the blue-band

6 6 . _
(6 — I 6 -
Al = | . Doy = ]
— 0.02761+0.00036 . —0.02761+0.00036
i - 0.02747%0.00012 1 \ - 0.02768+0.00036 ; 7
4 - i = Without NuTeV - 4 - i\ %My =179.445.1 GeV -
AN | AN |
> - > .
< <
2 . 2 .
0 |Excluded \ ' Preliminary_ 0 | Excluded >4 m,\ﬁreliminary_
2 1 4 2
0 00 00 10
m,, [GeV] m,, [GeV]

The famous blue band. This gives the limit on the Higgs mass from all precision data and also after
excluding the anomalous NuTeV result. The area shaded in yellow is the mass excluded from a direct

search. The blue band refers to the estimated theoretical uncertainty from missing higher order terms.

The x? is given for 2 values of Aoz(M%). From LEP electroweak group. The second plot shows what
happens if one increases the average value of the top mass within 1o.
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M 17 sensitivity (1)

Summer 2003

r. [GeVvi]
SPaa [NB]
Ry

o,l
Ao
AP
Ry
R2

o.b
Ao

o,
A
AL
Ao
A(SLD) [ -
sin®e!'SP'(Q,.)
m,, [GeV\V]
., [GeVv]

sin©e,,,(VND)
owicTs)

10 10 = 10
M,, [GeV]

M g7 extraction from different observables. Not all point to a low value of M 7. Some point to values

‘ much smaller than the direct limit. \
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M[—[ sensitivity (2)
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TN+ VS M[—[ sensitivity

----- All except m, m, I(TEVATRON)
2001 68% CL =

.
-
P
-----

Excluded Preliminary

140 S
10 10 10
m, [GeV]

1 Preliminary
68 % CL

10

10° 10
m, [GeV]

Prediction of the top mass from the precision measurement and how it compares with the direct limit on

the top mass from the TEVATRON. The plot on the left shows how the different precision observables

constraint in the M g vs m¢ plan.
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The S—T plane

15
1 | ) ) ] ) .I | ) ) ) ) | ) ) ) | ) ) | ////7
| Preliminary sin? 1l
168 % CL |
0'5_ U=O r /,’/ ////, ///i
1 05 ¢ /// /// T
= 0A - 0F //// ]
1 —— T,0,R.R,
-0.5+ 05 Rt asyn:ar?wetlrie;
1 R — — - v scattering
et - My,
,// _——— QW
4 _1 [ -
-1 — , ——— all: M, = 115 GeV
-1 -0.5 0 0.5 1
7 all: M, = 1000 GeV
S 15
“15 0.5 1 15
Constraint in on the S and 1" variables. The variation from m; within its 1o value and M g7 is shown.
The second graph, which fits for different values of M g7, shows that a high value of Mz is more
comfortable with S < ObutT > 0. T
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The -1 plane: 1989 VS 1999
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How far we've come and how far will go

.242

M, [GeV]

238 |— VBM (m

2)

.234 —

.230 |—

")
sin BW

.226 |—
222 |—

.218 |—

214 — my, [ m;

.210 |—

- 300

— 200

100

50

(0] 50 100 150 200
m, (GeV)

SM@GigaZ

250 165

170 175 180
m, [GeV]

A global fit on the mixing angle just before the start of LEP and how it compares with the situation in

1999!. If a linear collider is built and is run as a Z factory, the second plot shows how much improvement

one expects.

.

|
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End
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