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Figure 9.1 Some of the higher-order diagrams that contribute to the reaction e* + e~ — i
w* + p~ in the unified theory of the electroweak interaction. l



7 —ﬁ//\ﬁk Verl e

we  antune Te q/,\o.vﬁmix&/?, e ol ond &
Az o in T oo of H-of/«,\m({«» ﬁmcfw,ﬁwh
\fﬁzi‘uw Wnld &
(L(Lzb/ CC;ZO/ O(ral(go ook slsfe®
Mﬁ;ﬂj d[: dw’)@c-f- 9 I G
ad $': _d%.6 + a0

we g
() A19% = (4B + 55.6.) (AW s 6i6e) 2
A4 26, 4 552, (A2 sA e
S 0 18

M 0
. $'s!2°= (-4 m@c+S@©c> (-J&AQ,_—\—.?MQ)'E
(b) = o d T + 87 (R ~(o¢.92°+sa(%?yx

S Q. (1 Q.
So frat

A 2% gy 2° _ Jdd4 27+ Ss 2

So cap ve- i Jipret @ ovd () @2 d'd'2° and
glsl2® Cquv':l)v:(lw? Fv of\o(?ogw\o( gg,?ovﬂf(\\u o well sa
ds2°ad sd2° veltiu.

©



O

O

jIAQ Clecdoutok  UniReodetn

%V‘OKVFCMA M’v\a cpdiand o E’Nn;veiﬂcbh«, are
ot MWJ bod mondd be ~elobud Ly e
YQ’VQW ot Y fwilEs um Fe r~telaw

anwd .
drogrard (S 2.9, s p
Tha ocumh%d L%MW
The wnifreaBon condls Fon
< - ?NMOH:%Q 0 (/)
2 J2€,

dhore B0 U TR weale wikive awrglle o e He:%&va%
ad w T= WVW bt

OOy = MN/M2 [ 0<6u <) ()
e frnomoly  codilimn vl Te eledh chavpe 4
Tre grade ool @am s o ko

2%@.2 + 2%&@ =0 (3)

7 f "
o Japftons o gpa

T w ofaiead M’v?YR i)ﬁw o]

A
W [AVR ante ‘

Jee vdix D
(e feperdin D 5



afmically e EH Wi fcoline vefolion e imatd o
M‘()“m W, 2 noNted ,@ngya‘ﬂ\ur ob‘&kaevxé,‘
T T= M%&W Qs | uhere.  Tre CZQV?-QJ( Cu o
ton bo anxtww an o Lot /;“EY&J’\W,

TR T P
G«F \/1 GF‘QM\“"@N
o\vveﬁo
(A T K -
Me = J2 G 5K Cro O (3)

0, om he N,MYQA/M@«MM Jﬂ? N
Ne o-d Cc pro Cabies ot ELL My, Mz
B Costet Mmﬂﬁm NC/ one  hos

G?Z.:‘ Jl_?_%?j /6)
My
= Qe _ 9 _ 8 (7)
GF ?N Mz
’ et
YR@A ﬂ re e LVRLCXMJ Af\%':fg



Sl bhutis To WP L3 ) wd (5)
= Ny = /&3 £+ 24 OQ/V/CL
My = OD?-O + 2.0 CaV [

Cinxvend ep(yv(? el vodesd

M, = §0392 £ 0.024 BeV
My = g8 £ 0-002/Ced

b
() 'V\:ULLA-

tipure 9.6 Two of the higher-order contributions to inverse muon decay -
i obtaining the Fermi coupling constant G as a low-energy limit ’



@

2 e”
. @Q(P /Ycamfi\f?o
,C AL lowcer szwwfaa exdanpe
A gt % EL<CM£L

R hher sy 27 exchavpes becans B ireong
M(’MI (AV‘FE\ O. " rone ot ECM_:" MZ '

The L% .?ecﬂ\‘ow n_av e 0(e++e- - M++M-)
NOIROML U GVt Z exchange
te byeid- N ?@21 #f%\

V’(Q”E"-—.b X ) =
amME | T(EH) MY

__,.__E-—CJ\-—;{' 2 ZEO:_M;’)L_(. M%Lrél

£ e 10°



QQJJ\?Q T&/V\Wsﬁa«mc,q_

O\w»fz‘e {WWaytane LA a@woﬂamd (yer(x/f:l
&j» ,G\W‘Fexuw‘u A o pmf}\“d(a WW,L\(L\,A T=
W&iﬂ“ﬁ :ik Te (ko UL7 @ dicte ave
W @o_h/(pmﬂ Aale or W%M@Mo\b

,I/r\vo\«reA .

Oan QED ,[V:’L Ahaom tavarnd wndar W

P(7,1) — p'(Tt) = ei'%e(?'f

)
V(7,0

q/:, ol\w?k
£(2) 7 am 00 Ky o

T v WV\%-{MJ@JYM/M oh a rew

f{b‘b:‘ dedann . "> 27 o eTre( whor V""‘LW
o emiod ad afAwbed | %{%cﬁ}}f ,040«\«]1:1 oM
fmafivnaliane  wihere

O.il e e \ C
0 radive 4 Te P“/Ml Aaqjg x@&?ﬁ/
{‘"m'“f”‘e/ ™ 53 NeH ™, de— e W {y,w C

ok et wa 2~ e H°, Ve Yo W’ ~£&v NC
Howerey, Tre NcC VV\?CM fave A«W

AW (od ‘FE\'(M) (,f)CnW\ Cc rocettes .
o, wacmmmu?waw, 0



The  vedolwham  Lomad fom o(n,é«w e {akx(m
od T 2° beton ma w T res 2N h° and auober
yomtal baem  B8°

\'.4,/ Y—, B° (6, + W8
ave 2%z —R°saly FW G0,

Q4 = neak wx:7 a7ﬂ<
2%y ek It o B ohtened phifan
Fhir Con B aduered )o,«j'ﬁ:e, gewge Aaondformo
Y Pt)—> ¢, (Pt =2 wpﬂ(?,t)«)) @)
wleve WTe ook Ouple oot anstced
?i‘ Woﬁ%\% :
§ 2 ove ot Vo by e dutevmvnad
Thore Com e ke 40
o = B° Oy + W In O

has ema‘&am M«% G e photen )momwsﬂ

e
—~ Em Oy = =2 8
Zﬁa ’?H ?2— H

( Dokl wn  Apperndic D g Mokl v Lhows)

®



The H‘W Redd. aed The Pollicle Hoes

7£\L nvarlante /\N\MMW /) /W,,‘,\,d_
botos are 2ev0 waied. TR 0k [ QED ol Q0.

whare ‘{\/\W o\/‘O(L %w\o Lﬂvg e Mahdeo
Not o with WE |2 braews -
- O\mocdﬂ fawvarlance U vt ,QK&JL.

= U S\(w»efwat 0 bk Ruf, Houd]
m H\WA Mecﬂ\mf\(&\m

-

o fI row W 4 codow feld colled Te Ty
«de( v aslumed .

v Dodbiles  TFarch onth Bty ﬁ\@u%ﬁﬁx
C&;ﬁ;:gnw B 2 ondTe forniad) g e

« e '@"40( hoo o h&/\-\‘%em volna
b \\Z;?AWMM/\/WZ T Vewwuwm exvdarou

VO\W“ U nst ivardoud adar & Mm-ﬁvw«&rw\_
So'm heraaRons Owtca/jv\wﬁo\vj' et T Vnuwin

(fkh H\W feld U A od TR @szm/{»zc/,
\\/X(Yd‘d'o\hew«/% bﬂmﬂ.




e &\FM&“QM& S‘J"“W@j"a‘ brﬁnhavf avel =
'r\w\?ﬁd e chariin Cam he  beller yndidhod

L'\o W\&&Y‘\yﬁ, FG’WO w?‘ho}&\!w\ .

M T7Te aakim =@ (2
W QN befinte M‘W‘ s e
C%“\ffv “ WW"“’Q% (V\V‘a(f::;.

Bk O TeTe, Te A odign @n 0 fpacfe divebion

/\v%«t‘q Q. NRVAeND

M #0 .
o-dl Dol roteSired  inyarrne

Howerer, M ol Irave beow oot oo
dive hon  and e votelimad T vivaan e

4 T W Spvackie i ly 0 s of



— e —

circle of minimum V@S

(a)#2>0 (b)IJ2<0

V() bt poteled oy il
X owd FL ave  veod Y)a««wf%a
- ;v\:e'Q_VOJ/&W av< {vwm&ew( oA

! P
C?(Y)l'f> *—)CP(?)'(T>Q/ A P,abf\;;a;aﬁk‘;(;.

L Vo
Lo, @it) = s (L)% ocoer

0 @ ow M’ny A vecfon
C,b— e . FHoune 8

@

o

N Senvtmdt tder o n sformaton.

vi!\( ‘ﬂ-( ‘[Yq;\as}hn,e.};«.: |

\



o B qominh  H boron penld

 Gads o St agie vt B

sadin oS T gt Aol
Aimanindis  Conflig  emtfo

f
Top - 2 8 (5 o

| fhonph o

e



e Spndoch MWM

CSM = [-Dirac + fmn&‘ + £gaugc i anugc.-’s:" L

LDirme = ELPC, + 17V, + ithPey + i Puy + id Pdy, + iagPuy, + idpddy -

ME,

- = - 2 g r—
Lomss = —v (NTLch + MNypuk + Ndydg + hoc) — MEWIW " — e,

1 2 ”
Egaugc = (Ghu)2 Iw ks 3[ 2%~ _F " + Liwza .

where

b A€

pte

and

ig2 cos O [ (W, u; W) 22 + WhEW 12" — W W z”

]
ie [(Wr - )0" AT LAV W R AY — W WA
+4} cos? Oy (W, W, 22 Wi rz,zv)
+¢2 (u'*u' AFAY — W "A,,A")
+gsecos By (WA, (2047 + 22 A%) — 2 Wz, 4

+398 (WW) (W - )

g v

aud Congers = —gsAnTtn = go (WF Sl + W Ty + Z,05) = eAJS
where
I T’ + & T d'
(Jiy=)"

1 1 1 ~ oF.
— = Hy 4+ (-—— + sin® 6 .-) & ~Het + (sin? By )ei~Hel
w08 B [2 L7VL 2 w ) eLter + W)eRYH R

Zqin? =i [l 2 .. =i g
+ (5 -1— 3 slm' 0\\-) iy uy + (-—§ sin® 0“-> a7 uR
+ (“T + 3 sin® 0\\') (Z;_"_-"d;_ + (g sin® 0\\) Jﬁ",’"d’R]

(] 2 gty __l Tt f
(-1)e (’+3 u' + 3d,.d.

March 2009

(Sclichnil)

]



g luivanee and the Higgs Boson

275

PERODOOY t

[y > H° w

TR
t q2

(@

“)u,’

'L

10

EETI
s

ptp—H+X

102k

3L

|()—4 1 | 1 | ] i I 1 1 1 1 1 1 1 1 | [l 1 1
0 200 400 600 800

My (GeV/c?)
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Figure 9.17 The branching ratios of a standard-model Higgs boson H® for all decays with
branching ratios greater than 10-¢. (With kind permission from Springer Science and Business
Media, Kunszt et al., Zeitschrift fiir Physik C, 14, 1997, 479)
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Figure 9.21 Dominant mechanism for Higgs boson production in e*e~ annihilation
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