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Lemmea :

For e very beautbfyL #ho_ary
there exists ot coact ome
“gpeecal” expers montal tect

The (latter s supposed to be able

to vera‘dﬂy whether one (s deading

with a csatc"sfa/ctor)/ “eflectcve

descripllon or with something
“more «

D efPcmitiomns
A beautefut theery ¢s one
thet maxee delinite ynambigeons
predictiont that cam bo
Cyperimentally tested
(provendo e reprevands”)




LYy aegemebeon , a Speccad”
test w/llt be one where both
the expercmental and the
theoretlcatl sédes are

pushed to thelr technbca& ,
@&mﬁtsa | | )

Scnce  the Latter ones can vary
wéth téme (developements
o-f mew techmcques.....), the.
speccalty property (s
generaddy tcme-dependent
(wlth a <0 derivative).

Tn practice, (the) avacldable

preddlctive theorces are based
on perturbative expanscons.
Therefore , a “speccal” test must
be able to verifpy the t‘heory a.t
Least to the one Loop &ev*e& '




Impllcct assumption :the (some
o(f the ) _s_pecc"oea'g (features 0f the
theory appear at the pertvrbatilve

(#tree) devedls)that £s care) tested.

("GOOd,“ sctuvatlon: the theoreticad
pr'eda"c‘tzfom at free Leved s “"bad"

Tt may happen that some 030 the
SPeCLo(fZC one (or more) ZOo,o(s)
(f@,atur'es are stlae unknown.
Then +the “specfat* test canm
cven hecome a predlictive one.
(Twn thls case, some exira
supportcfﬂg mea.surement(s)

L5 care) necessar)/),




<l 4 @éﬁt“ﬁ @1&2—@'@ ey@mmge 9
QED and the awen's @gﬁé).~

The maln featyres of the theory
are supposed to be known.
The redeuvant coupé.z‘ng = o((0)
is deffmed and  measured Jrom
a previous c'ndelae.'nden’t experc'mewt
(eg Thomson scattering/or Hadd..
or other ~ 2zeyo momentum transfer
measvre memts). Thl's fé"xes ol (o) :

Q.g. O((O) — 4 —
. {3%. 0359379(32)

The myon's (g—Z)ZS deapined cfrom:
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M ~ UCP-.)/\V- U(py). ZQ:{)
@ Ao =gt -
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NADRONIC CONTRIBUTIONS TO THE ANOMALOUS . . .

" TABLE ML M&Mhh-——h#“*hh
k. The fest arver ls staslating! and the susond is spstoments.

Contributing provas -,
sod ewgy mngs Contribution 10 10", Reforance
ety 206.3%2. 15X 15.0) 129.33,4.38
(2m,<V: £1.1976 GeV) )
o—de 40004, 75 1.49) » -
(3m,g V3 2.0 GeV)
s 0INLENL2) »
dmeg Vs £10 OaV) . _

J/903.100) S.6uTINED »
W05 1LANZINIR) n
"1 -GIENE) »

T ™ QO8S(INS) »
Dudhgeonnd '
3.05(28K31) n»
(L :mg (] '! ‘
ete” 298IK <81) ©
uigV; ‘l.. L _‘
AT 4 & 43N 22%46) nMaa
(1L03< V3 <3.0 GeW) .
ete - Ks"K,* QINATN IO} HAI4
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e —pp QIR <H 44
(1.9< Vs 22375 GeW)
ete" wents—d 0.96(7X 10) 41
(1425 Vs 205 GeV) _
PACRESY & £ od 1.IAPX <9) “
(1.4415< V3 <2.05 GeV)
ete " nwtr oy 2.9 79X3.000 9
(0.99< V7 $2.05 GeV) _
ete" gt iy MONISNL. 12) HA47
(0.986 5 Vs <2.03 GeV)
_c’c'-? ‘K-w'w" LN IN) 4
(1.43g Vs g 3. 00 GV}
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(1.}M2gVs 3.0 QoW '
ete” wwtw e S.05(48X1.00) L]
(1.44< V3 $2.05 GeV)
ete-—~viuete vty 0AM4N13) st
(1L.43g Vs 2203 O
e~ des e e 21.63(81X4.33) L ]
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P sossnd arver is sbtained by treating eyutsull
dhlm-ldvuubdﬁuu

Nete thet for the costributions from the gesomsss  Table IIL. The tetel contriiusion from tiis G -
e*e=—e*e-e® BMI2 GeV<Vi <1008 OWW), , Sy e
e*e=—K*K" (180 QiVgVs <30 GeVl, m




Numerycca sty .

a;)m ~ [ 74+ (22 3] 40—9
Therefore :
_4_nga;"ap * a.,:l«.a 1-4.46 5 918(03"
ioq U;P =4 165 97 %40,
o

(extrawcopper from Z,W , aysei-*)
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Had
) The contribitlion gromﬂ- =

Ve had LS _esseﬂté.dci (N? tzmes
&ar%er ‘tha’ﬂ the prer'cfmeﬂ‘tq& error

T The domlnait theoreticad error
comes fr\om the experimentad error
o i @
N Tpipopd ~En The P regcom
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lse comes doved q “prede tive” one

Not for the moment (bt a
spectacvlar reducton of the
experéme mtal error, and a
svftable reduction of the
theoretdcql one , perhaps ... )

Th@. co'nterpre’ta‘tc"on would  have beer
defperent 24 hadrons (én partelar
. %)

Iz =TI ) had ndt vel been Kmown!,

A
| Stell, ome can say that :

|

. the consc"ste'ncy between QED
) and  the muon's (9-——2) requéres
- the  extstemce of a couple of

- pfons o(f "effectéve " mass ~ a ﬁrf
Vg™ =m. and of d "loop" terma aprs
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Vst g (%Tr“-‘ 2477
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Méné mas @tamdqul e de 4 %
ni (“. \\))

’[B answer +the c{ueﬁaon a Cqu&cz}
revien of the malm propertces
. g the MSM fs necessar y.



bne [l at tree Leved
T he MSM LS a r'enormaéizablé
- quantum gfe&d theory 0 str‘o'ng.“"
and e« ectrowea.K Enteractions
whose Laara'naz.’qn £s Snwardant
wilth respect Tto Locas jauge
transformat Lons beéanga’ng to
the group 9(8)‘(\3)cx Sy(z)LxU(4)y: ‘
T 3 7
42 9.0) T iéqw:{ )
g=e™ = e’ e
where _7:., Ij and y are the genera‘lor
of SU(3);,SU(2),T.,U(U/ and. ‘
QaI’L +

2 | .
The pa rticde content of the
moded CZs the J’ 0dLowl ng




;yO a'a’rn&Cé&Eb v L‘:t:a v il o =

~and  rZght-handed £epbons :(ﬁ,ﬂgz_‘m-‘:"%

A

= T -+42
L = = Sa =='1>>/="..’.f_
e

= T=-42

CoLOR= 0.
er (T3 =O/- y:"--Z),ﬂO VR .

@3 Xamééies O(f lef‘t-hafnded
and ri'ght-—ha'nded quarks :

GL_ =

U | = Ta=+42
dL = Ty=-Y2
U.‘R, d‘R (Igu:O) y-.:g_) -,'34)

COLOR="3"

-.—.>)/=.§-_

(In -each famidy), quarks are

requested to macke

Z:@!x=-—i -4 + 3|2 -4 +2-4|_
© Lo 3
e. /2-%

A
U:_.ClL—Up.d“_

= O (to aveld amomadies )
(mext order...).




8@‘4“0”5 => SUtz)c

WZth  d) b)) ome c0u4d5“-4na.née‘-"a‘ |
gavge- cmvariamt theory of fmaSSctess

@.epto'ns quarks, gauge- boso'nS
= Magc"c treac:bo Sntrod qci;e

69 a SUf), dovbdet qf com;alex
scadar fze&ds

| = Ta =iz _;
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it @&u@S’ HagE to auham@u@f“
m‘ Of it 000

(to the Char

3ed. éepto'ns ta the quarxs
to

‘three mob Co&ored gauge bOSOﬂS)

o%d <egyes msae uuc@m. e wga
( the, gguons, the phota'n the weutrznos(?l)

Ths operatmn reqUL r‘es the
sémudtaneoys presemce

(and coédaboratio'n} o{ two'dastcnct
Tricks -

1) The spo'ntaneous symmetry breaxcng

b) The Haggs fmechqm..s'm




, e s[p@ﬂz:a‘ﬁ%us ssymr,u,w, lm'hmm@

Thes happens when o symmetry of the
Lagrangsan s omob  a symmetry
of the minimum emergy state(‘vacum

Oud ceassical exampzle:ferromagﬂe‘tc's'
near the Curle temperature .. ‘
For T ce¢ose to T ome (Gc"nzburg—l_andac
oxpands the free emerqy cn powers of
the magneté’zation M.

o®) = (M) V@A)
VCFF)‘—" OQCT) ﬁﬁ + dz(ﬁ-ﬂ)‘. (q/:.70_

(robatlonad Invarlamce) '
Xy = og(T-—’ZZ) (>0,

Mmoo = M (s 2 M.H)=0

ofls | ' ) - 0
Vo suym o >0 | Tyl JaM=0(rel.inv
T aw<o (TTTe) = (M= Fﬁ (o 1t /m
W (Rloy=zloy) T
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Sloo'nta'neous breakdown of a globat
comtlmuous symmetry Cmpdies the
ex’sbence of massfess spindess

parlicdes.
(trve to a4 orders of perfurb. theory).
L Enl
U = eL (edement Of sym.gmv[).}

Jlay # (oY = at Least one Ailo>+0.
T correspondence To that AN
d Qd => CPA : 401[”&, {u]’_le->'=é-0
and there excsts a 'mdssleis physicad
state [y swchthdt( A A | d7 T (7))
<Ol Js o) | Ma> #£ O (= spimdess)
<0l @z,(01|m¢>%9(=1)¢£ o
Heso £ [H“/ AP,,,]_ = ity ¢
at deast one 4 mush exist such fhat
<Ol (00> & Uj £0.




Nyde (Jor géOpas comi.Symm,

to every gemerator of the symm.
grovp that does mol annihidate
the wvacuwum there corresponds

a: massdess spindess particce
(Goddstome bosom). |

Thes ¢s a  physicad state

(~ the plon /n the o= moded...)

T§ the spomt. broken 5)/mmetry is a
(Local) gauge. .syfmmetry/thfs LS mo
Aomnger true Slnce the

H_ﬁiﬂﬂf phemomemon appears.



| e Heggs phnemneme nom.,

Thés s typlcad o(f spontaneousdy
broke n qavge symmetries.

S-{impge.st exampde - an Abedlanm
U(4) gauge theory
N

‘D/K <D "‘(’ /“) ? 9/1 v VA

(d) ffJ 'uw e )(H' n/u—,_a‘a((xl/

The Potgznf(al[(%,?)_ -¢ tel 4)]

V@)= ) 9 <A §4); 450

J{Or /“"L“:( has a minfmum at
(4l = vz | U= .9%

9 M
W '\/A?u

<ol ¢ lo> v/

\
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<olpuloy = U <ol4’a’lo) > = -0

Then - .Shégted cf’zedds ¢4a¢—<olélq'

$edov, b

The Lagmfngéam becomes i
- JH [0 ¢ ]

ATTF [O(QIH ' gR o]

+ v‘— J ; re it
B oL
o 5 o
- S5 SNV L S Lo
" e eI L g bt
L R ..
na R i #,

5
-quf” [ahR L
- gy Ao ]*a’fﬂ#%:

= cPL’ LS fmassc{ess (expected)”
qsil --7 my = -2/4 (>O) |

P~

has appeared.



| he da’sturbz!'ng Tterm ~ A Oehp
cam be removed 4'37 cp,f Cs washed oul
( drastic sodvtion).

Thls cam be dome parametn’?c‘ng
the f&"ec{d: as

CP(:): 4 [q(x)ﬂl'] e

(bl Sl )
amd performing a gavge transf

£ f(x)/ U

— 4 ST

;{ = A [mixhew]
(n)= & b= L (et
¢ iz

/f Ll o= {‘\/« - (a" (c)/tf

/’

that gzxe,s the cholce of the gauge
(= Umctary gauge)

Tm this gauge weé qre &eft wlth :

Ome »massaUe scafar 1 >¢ fmz-Q
Ome masscve g.b. By, Ms ...(gv)

9 mor oaten" by B
" ml' eu._?,. (An “roastd an[bosom
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Queston s

What has all thés to cdo wéth the
SM  (sShimdand Model ) 2 ‘

¢ answer the c(uestc"on, one
shovld Cqufacl)/‘) go bacic to the

BGM

(_".’%efcre Stand ard Model ")'
(for mast o{f the avddence

BSM o Palesrode ",
hera

Im fact/ old(er) r;eople st
reme mbher that:



Omce upon  a ‘té’me)‘there was

the "“term! ’cheory ) o(f
weak Znteractlons where ~
e"verythc"ng was explacned by
the Lagrangian :

L--; (x) =-Gr [—I("f) T‘?xl-r h.c.]
V=

wlth the c_._hargecl weak current
_JT( - -‘—‘r;,ll <+ —J;)b
amel  eq e = Pugx (A-45) Yo+ -

(“ four ferrnc'on “ Interaction => X ,

(Eurelx lef‘t- hanclec! aﬂe‘rmc"on.s,
Fed ¥ )
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" he Couplfng constant G -56. was
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/u.-;eyu'z; myon Ze‘fetc"me-. T S
}A

LY rerf A% |
X +a><*%"y- =
q 4 ;4 L ‘V:

= 6;— _’Iﬂ#i i—&mf&@'-
(cj_eap_t_'nc'tgit oj[@)w i
whore Of(az/ ts a (small) K«awnj_c‘g‘_l

R.C. (vadlative correctéon ) that
cdescre bes the effect of the last

3 déagrams.  (Q.- #(%_s,a*')(ﬁ#éz):
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Co = 4466389 (22) 40" GV

with _CL@«W ~ 2. 10’5

au
(mat as goocl as 93::(_;19).@210,5‘&%

>4
/
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