SN THESE  NOTES | WANT  TO PRESENT

SOME  HIGHLIGHTS REGARDING

ELECTROWEAK (Ew) CORRECTIONS N PRESENT ~DAY PARTICLE

FPHEMOMEN OLOGY

PUHvysics

<1 WILL ADDRESS THeE FOLLOWING

QUESTIONGS -
4 WHY ARE EW CORRECTIONS

GENERALLY SHALL COMPARED
2 IN WHAT DO EW CORRECTIONS

3. HOW CAN WE EASE Tht

TO QED/@cp omEs?
OIFFER W.R.T. QED/GCD ?

EW CORRECTIONS?

] WILL  BASE  THESE NOTES ON TWO

FIELDS OF
NOLOGY -

PARTICLE PHYSICS PHENOME-

* SINGLE AND DOUBLE HIGGS BOSON FRODLUCTION FROM

HADRONS
*DETERMINATION OF THE ANOMALOULS

MAGNETIC MOMENT OF THE MUON

HIGGS PRODLCTION

* THE HIGGS BOSON 15 STUDIED

NOWADAYS 1N CONNECTION TO
LHC AND  ASS OCIATD

EXPERIMENTS (ATLAE  AND
PRLCISION  MEASUREMENTS).

THE CERN
CHMES  PRIMARLY AND  FOR

CTHE MAIN CHANNEL  QF

PRODU CTION  (AND THE
GLUON -GLUON  FUSION

ONE | WIL FOCULS om) 19
. WHICH

'S A LDOP-MEDIATED PROCESS OF THE FORM

v

o,
-
-

"WHEN  CONSIPERING  HIGHER - ORDER  CORRECTIONS q%} q% , AND qu CHANNELS
ARE  ALSO W LLUDED.

©THE PROPERTILS OF THE HBIGGS BOSON AS A PARTICLE

(175 ™MASS | WIDTH
Atle 5P MAYE  BEEM MEIASORED

S0 FAR AT THE LHC, WHILE SELF-INTERACTIONS

(N PARTI CULAR THE TRILINEAR COUP{,IMG} WilL BE OMNE OF TR

GOALS
OF THL UPLOMING  LH=-LRC,

MUON _¢-2

i

*THE  ANOMALOUS MAGNETIC MOMENT OF THL MUON
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ONE OF THE M™MOST PRECISE MEASOREMENTS IN PARTICLE PuNSiCS,




- 1S DETERMINED By FROBING THE WMTERACTION OF A MUON  WITH

AN EXTERNAL MAGMETIC FIEW (L.E. AN OFF - SWELL PHO‘TDN) e THE
L\MIT FOR TRANSFERRED MOMENTUM  APPROACHING ZERO.

v YL LONSIDER THE MOST GENERAL FORM  OF AN INTERACTION

BETWELM THE  EM FIELD  ANMD A MUON
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§* comMes  FroM gy, 50 F, EMBEDS THL ELECTRIC CHARGE

Y7l L . .
g4vq, coMes FROM Y 6 AL ¢, WHICH CAN Bt RELATED YO

B2 e Bl
L

MAGNETIC DiPOLE
ENERGY

60 MEASULRING 3, 'S DIRECTLY RELATED TO MEASURING F,[g*—=30). NOTICE
THAT THIE TENSOR STROCTURE 1S NOT  PRESENT AT LO, RESULTING FROM

LOOP LEFFECTS.

. THE PROCEDORE SHOWED ABOVE  TO WRITE  THE Moy VERTEXY 1IN
FULL OGEMERALITY 1& CALLED TENSOR DECOMPOSITION :

M = T
v (N ?: Topg T
' A M SCALAR FORM

- 1 FACTORS
AMPLITUDE TENSOR S

THIE IS F COMMON PROCEDUSRE W FPRECISION  CALCUOLATIONS, ONCE THE
DECOMPO SITION 1% OBTAINED, THL FORM FACTORS CAN Bt EXTRACTED BY
CONTRACTING THE AMPLITURE WITH  PROJECTORS .TP““, OBTAINED
AS  LINEAR  COMBINATIONS OF THE '[I‘{’:‘";,




1. THE SIZE OF EW CORRECTIONS

-WE COMNSIDER

THE THLORE TV\CAL PREDICTIONS  FOR ([ DOURLE) HiGeS
GLOON  FRSION  AND MUON  2-2, INSPECTING  THE ROLE OF Ew  CONTRI-
BUTIONS THERE IN AND  DIScLSSING  THE PHYS\CAL GROUNDS BEMIND
THEIR  GVLF
994
- THE THIORETICAL PREDICTION FOR THE TOTAL CRO3S SECTION READS (4]

6 = 43.3% pb = 46.00 pb + Lo
18.%93 pb + NLO QCD + 114 s,
9.30 pb + NNLO QCD  +627 6,
1. 49 pb+ N*LO QCD * 97 6.4
1.10 pb + MLO EW + 5'/.' €Lo.
0.65 P‘o NLO GCDXNLO EW +«&2 10
STHERE 15 A RUGE DIFFERENCE BETWEEMN NLO QCD AND NLO Ew.
Wi COMPpARE NOW  THE TwoO

CONTRIBUTIONS.
CORRECTIONS
OF a, (If @b} OR o« (IF QED/EW)

*NEXT- TO-LEADING ORDER  (NLO)

wW.R. T, LEADING ORDLR (LO‘} AT TUE
LEVEL OF THE AMPLITUDE MODULUS SQUARED [ M|5 WE RAVE THEN
(L.6. N D)
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LO: ot wviztoar MNLO FEAL  NLO
dfo'\ o;: ol
(INTEGRATED OVER THE
PHASL SPACEL OF THE
Exyaa  cLuon)
"LEY US CONSWDER  VIRTUAL CORRECTIONS  FIRST,
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«<D EwW
a .. Ad
g P ABLSENT
it Deie oo i w8
b - E"
) be
g cd f T (T;Te)
bed el
{3 { c &

FEATURE AN EXTRA POWER




*CORRELTIONS

TO TOP QRULARKS
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THE Twg COMNTRWBUTIONS ARE DIRGRAMMATICALLY NERY SIMILAR:
A GDOD APPROXIMATION 15 TO TVAKRE  THE TOP QUARK MASS TO
Bt MUCH LARGER THAN ANY OTHER ScALE I8 THE PROBLEM,
RESULTING v W aAnp 2 PROPAGATORE To ACT A% MASSLESS
50(2‘}L ’U{'f}", GAUGE BOSONS, THL MAN DAMPING EFFECT 1S NOW
GIVEN BY THE COUFPLING ¢cONSTANTS, SINCE
MLO EwW = o = 47433 ~D.0078) MLO Ew o
Po— = -~ 0.0%
NLD QLD < ~ o.M ) NLD ]CD Xg

- YUKAWA - INDEPENDERNT

CORRECTIONS [ z,'g,]

Qlp Ew
%
ABSENT b
| Moo o gm,, *NO  VUKAWA COUPLING:
s W, LIGHT QUARK S RELEVANT
CDIFFERINTLYT  W.R.T. DIAGRAMS CONTAINING  THE TOP, LIGHT - QUARK CONTRIBU =
TIONS  ARE  ENHANCED  AROUND 5¢ 4dmi OR o= “’km_; {vve rorRREsPONDING
PROPAGATOR AFPROACMES 7:=0)
g&w 5 A
ipona | WwWwW PE
stu - '/_'_‘J ax P\ %J&
Sy = e(ﬂw'-/ m.oauu)
{:
AR A
. W-'ZE PEAK
]
‘ 2w,
IR R A o ‘ T
0a oMy 2o, . B
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i AT HIGH ENERGHES
DA GRAMMATICALLY THESE CONTRIBDTIONS ARE ~ 4  TIMES THT WVIRTUAL




QCD ONES., REINSTATING THE o /g SUPPRESS\ION WE 50 DOWN

TO
YNLO QcCD
VMLO EW [ — et e i
4
SO WHY ARL  EW CORRECTIONZ SO  SMALL AT MNLOT
CLET US nOW CONZIDER  REAL EMISSIONS . 1IN THE EW CASE  THEY WOouLD
AMOUNT TO
§9 — M
BUT THIS  AMPLITUDE 1S ZEre FOR FuRRY  THEOREM |, SingE
» . cab
FgHy — &7 yu ¥y
L ZERO FOR FURRY TTHEOREM
S QED O WE O WMAYE INSTEAD
33 — Hg
WHEICH 45 MAN-ZERD THANKE TC 1N RICHER COLDUF  STRUCTURE  wi.fL 7. My

- THE EMISSION OF AN EXTRA PARTICLE

REQURES ADDITIONAL ENMNERGY
1M THE PARTOMYC PROCESS,

THE EMERGY OF THE INCOMING GLLUONS g
DETERMINER BY THE PARTON DISTRIBUTION

FUNCTIONS  ( PDFS), WHICH
DESCRIBE  How TO EXTRACT

A PARTON WITH  THE

FRACTION 2 QF THE
ENERGY OF THE PROTON AT A

GIVEN C.O0M. EMNERGY,

“FOR LHC ENERGIES THE GLUON PDFS ARE STEEPLY FALLING AROUND
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80 SOFT GLUONS ( LE. E?eO] WILL BE PRODUCED THROUGH REAL
LET US CONSIDER THE

EMISSIOMNG,
EMIZSION  OF 5UCH

SO0FT GLUON FROM ONE OF
THE EXTERNAL LEGS.
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-THE PROPAGATOR IS SINGULAR IN E —O. INTEGRATING OVER THE UN-

RESOLVED GLUON GINES
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CAFTER  COMBINING RealL, VIRTUAL, AND FPDF CcONNOLUTION THE BESULT

15 FINITE (KLN THEOREM), BUT THE LOGARITHMIC ENHACEMEMT FOR
E,—0 REMAIN S,

+ THE COMBIMATION OF PDFS  FAVOURING SOFT EMISSIONS AMD  OF LARGE

LOGARITHHIC EFFECTS N THE SOFT REGION HMAKES REAL EMISSIONS  HOGE,
ABOUT FOUR OR FIYyE TIMES THE NLO QP VIRTUAL CONTRIBLDTIONS,

FCOMBINING  THE RESLLTS, WL SEE NOW

EW aco
TONLY  VIRTUAL : +8/ 5, VIRTLAL:  ~+207 6,
-RERDL : ~+807 8,
NLO Ew : +57 €, NLO QCb: +400~ S

"WE SEE  FOR SINGLE WIGGS PRODUCTION THAT EW CORRECTIONS ARE‘

DISFAVOURED FOR
-WEAK  COUPLING Ao fog ~ 0.065

-ABSENCE OF REAL RADIATION

"THE  THEORETICAL  PREDICTIONS FOR (3-2)/2°a READ

a,' = 416 584 348.3 07T + QED  (uP TO FIvE LOOPS)
6 845 407" HVP 5
154 407+ Ew (UP TO Two LOOPS)
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- THE TIFFERENT CONTRIBUTIONS CON&IST OF:
+QED : QED  LOOP CORRECTIONS  UP TO FIVE LOOBS,

< HVP - WADRONIC VACUDUM  POLARIZATIONS., QCD CORRECTIONS TO
THE PHOTON PROPAGATOF. SINCE THE ENERGY SCALE OF THE PROCESS

i5 mﬂ ~ Q1 GeN QCD 15 NON -PERTUREATIVE AND HADRONS

HUST Bt CONSIDERED

@

"EW : COMPLETE EW CORRECTIONS (W, 2, H)

A N

cHLbLL * HADRONIC LIGHT-BY ~LIGHT . FOUR-PHOTOMN VERTICES

MEDIATEDR BY HADRONS

&

SLET  US ESTIMATE THE S1ZE  OF THE CORRECTIONS, swvce wE
ARE  CONSIDERING 3,, WE NEED TQ (CONSIDER THE TERM

te MV .
2w, v Fe

* FIRST OF ALL, THE MASS DIMENSION OF THIS TERM 196 ZERG, SINCE 1T
MUST BE THE SAME OF ¥ (10 Zipy* DIAGRAM) . A3 A RESULT, F, MusT
BE A FONCTION OF THE RATIO OF W AND  ANOTHER HMASS SCALE . SINCE
WE ARE W THE LIMIT %<0, Tut OTHik >CALE CAN ONWY BE THL MASS
OF THE INTERMEDIATE PARTICLE(s) wW. &0 F, can BE EXPANDED AS

m, \ .
TS [ SR,

~e MY CONTRING TwWO GAMHA  MATRICES, (NDICATING THAT A SPIN FLIP
OF THL FERHION 1S NECESSARY TO cONTRIBUTE to F, \N THE SM {sTANDARD
HMOBEL ] A SPIN FLIP CAN COME EVTHER FROM A HASS  TERM OR A
YUkAWA  COUPLING, BOTH HERE PROPORTIOMAL To m, . %0 WE NEED

“WE FinyD TuaT F

. ' OSUPPRESSED BY A FACTOR /@M%,




CLET U5 SEE  WHRAT  TWIS  IMPLIES  FOR QED, Ew, ARND HADRONLC  CONTRY-
BOTIONG:
- QED : SINCE ONLY wy, (5 PRESENT, WE TAKE 'rﬁ-m,_,, GETTING

THIS 15 OUR BASELINE.

EW P wWE GET AT BesT, FOR W =m,

mt 0.4°

B — ~ 10-¢
k3

m,; R0

-HAaDRONIC = W =A o ~4 GeV AND WE WAVE A FACTOR o/ U MORE,
SINCE THE HVP BpBBLE NEEDS O COLPLE TwICE TO THE PHOTOAN

*WE SEE  THAT IN THIS CASE THE MASS  SCALE  DISFAVOURS Ew  CORRECTIONS,

‘g HH

“QCD  CORRECTIONS BERAVE SIMILARLY  TO  THE SINGLE- HIG66S CASE:
POF  SOPPRESLION FANDUR S SOFT - GLUON  EMISSIoN, WHICH PRODUCES
LARGE LOGARITHMS, THIS HAPPENS INDEPENDENTLY OF THE ENERGY OF
THE R166s BOsQN PAIR, PRODUCING A + 60u 6, INCREASE [ 4]

de 1
dm g

HH

51, 400 GCeV Muy
"H

“Ew CORRECTIOND EXHIBIT HERE & NEw BEHAVIOQUR W.R.T. SINGLE
HI66S PRODUCTION. LET 0% CONSIDER DIAGRAMS OF THE FORM

ey, : -
= -




WHERE P AND q ARE EXTREMELY ERNERGETIC MOMENTA ON THE TOP
QUARIC MASS « SHELL . (N  COMBINATION WITH A LOOP MOMENTUM  MUCH
SMALLER THAMN P9 BOT STl LARGER THAMN mw[? %

(p+g)t =5 >> 4w

- - 4
P*~ qt~ m,

3]

o~ P,9 P P

]
[

Wi

e THIS CONFIGLRATION, WE GET

. WE  INVESTIGATE THE DIVERGEMNCIES GENERATER BY THESE TERHS UPON
INTEGRATION OVER k,. THE OTHER PROPAGATORS ARE NOT SINGLLAR IN

THIS REGIME, &0 THEY ARE NDT RELEVAWT FOR THE DISCLUSSICN,.

J gy

Oy, B o 1e-2
- d” e = E‘: dE“dcosV a ¢

it

prk= E_E, (4*C05L9)

- qk = EqE, (4—c05§}

WE GET THEN

‘soFET" "COLLINEAR

.WE SEE THAT (FOR D:4) THE GOFT INTEGRAL RETURNS A LOGARITHM,

—
THE INTEGRATION DOMAIN GOES FROM E, ~{y5 Down T0 E ~m,,

SINCE  WE HAVE  2ET Yo *P k> m, . WE GET  THEN
&
[ Ak, fos B
- T
v
m\, Ek

« THE cOLLIMNEAR IATEGRAL 1S LOGARITHHMIC 4% et . T Wil EXTEND




FROM ¢o0sg=-1 To AN UPPER LIMIT GIVEN BY THE [S>>lksim
LAMET. W PARTICULAR

kep= E“k!'“? - BN UBK cosd =E » ( E‘# - \JEL2-mp C.O‘.-ﬁ)
T
E, sinct >% m
f [ 7 P P .
By =1y AND  FIXED

CA LIMIT WHERE OUR  CONSTRAINT ON k  FALS 1S

5 cpsd—4, SinNCE
22 o~ 2
Ek - JE" m, ~omy,

(A LARGE CANCELLATION OCCURS). \F WE XEEP

cosd > Lzl INSTEAD, WE GET
e
AT  WORS'T

AND THt REGIME FOR k  HOLDS. THE onLY SCALE  LEFT FoR E, 15 [5, SO

;=i

*THESE UNIWERSAL LOGARITHMS ARE  CALLED EUBﬁKQ_Y__L?_%&L‘L&!m_ , AND

ARE TYPICAL DOF EW CORRECTIONG. TO BE RELEVANT, THE DISPROPORTION
BETWEEN \F;',' AND m,  HMUST BE HUGE. TREREFORE, THEIR EFFECLT BECOMES
RELEVANT AT VERY HIGH ENERGIES.

-SUDAKOV LO6S ARE ALWAYS NEGATINE ' COMING FROM

VIRTUAL CCORRARECTIONS,
THEY ARE RELATED TO THE

PROBABWATY TTHAT A yERY ENERGETIC PARTICLE

DOES MNOT EMIT SOFT/COLLINEAR OBJECTS, BUT TRHE HMORE A PARTICLE
1S ENERGETIC, THE

EXTRA EMSSIONG,

GHALLER THE DEVIATION FROM ON-SHELLMNESS FOR

- CONSIDER THE N0 EW /LO RATIO FOR gg —HH 5]

4R
dmy, +
CEMALL L0 [DLOTRUCTIVE IMTERFLRE nee)
RICHE o
1.1 / A NLO STRLETYURT
wWLO
GLp
“ 10
bo M
0.9 =~

A SUDAKOY
REGIME

"WE HAVE OBSERYED W ARt THESE EXAMPLES  THAT

(MLO}) Ew CORREC-
TIONS  ARE  SYSTEMATICALLY SMALLER THARN

MASSLESS  GAUGE  CORRECTIONS

(1.E. QCB ANT QED), BUT DEPENDING ON THE PROCESS DIFFLRENT

HECHANISME  ARE  INVOLVED:

o /fdg ~0.0F 15 A LARGE OBSTACLE N MICGS PHRYSICS: EW  CORREe-
THOMZ CAN Bt DIAGRAMMATICALLY LARGE, THANKS

TO THE MASS OF THE
Ew BOSONS [ THRESMOLD EFFECIS I8 wng %,%.H, SUDAKOV LOGS




AT HIGH ENERGIES IN %HH), BUT THE COUPLING WEAKENS THEIR CONTRI=-

BOTION.
*ABSENCE OF REAL CORRECTIONS *NO SOFT-ENHANCEMENT OR PPF EN-

BAMCEMENT
- DISFAVORABLE KINEMATICS + mt fm? ~ 4076

+ TO SUMMARIZE * ON A DIRECT CONFRONTATION EW C(ORRECTIONS
ABRE  DISFAVOLRED.




CORRE

OF EW

CTIONS,

-WE  WILL PRESENT SOME ASPECTS PECULIAR TO THE EW  THEOQORY
AND 1TS  PHENOMENOLO GYCAL  EFFECTS.
-_QOM%_TR_{HNTS_
- THE EW SECTOR COwnSISTS OF
AN SUL(2), GAUGE FIELD W ()
“A U(1)y, GALGE FELD B (")
‘A COMPLEX SCALAF DOUBLET & &)
- LEFT ~HANDED MASSLESS FERMIONS
CRIGHT =M ANDED MASSLESS  FERMIONG )
it i AR Y
ALL THESE FIELDS COUPLE AMONG EACH OTHER: &’ 7 "Dﬂ-3+?)‘:\*i}‘b
<9 LiJ:(u") d}*(ch} w4y
1?-, L d, v g N
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::U('l) },...W
L J f i
) ” f
e ~LIKE QD - LIKE SCALAR QCD
oc%!
?L!?R ] h Yrr‘.l-
LY AY
~ o
U{‘HY }’M "CL;,_,
o L.
K ‘ Y4,
LIKE QED LIKE SCALAR  QED
Y. '\
o \
MIXED - “ Yy ”
Fa
Ya . v
via (D, ¢)(D¢)
P
~ -
e A
- THE SCALAR DOUBLET GETS A NON-ZERO VACULUM EXPECTATION VALUE
(VEV), CALSING A SPONTANEOULS SYMMETRY BREAKING (5%R) W THE THEORY
4 o)
{H>=——
N2 | v
PRODULCING
i MAGSINE FERMIONS (L+R)
: = A MASSINE W
L‘l‘ 7 P P A MASSIVE Z
2 + - + 2 =
J’rf\ hR . e~ MacslEss A
WE SEE  THAT THE COUPLING STRENGTH AND CONFIGORATION PRODUCES THE
MASS OF THE PARTICLES I THE BROKEN PHASE.
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*IF WE REGROLF THE  Ew FEYNMAN  RULES ACCORDING TO THE
INDEPEMDENT COUPLING  STRUCTURES WE  GET
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“IN COMPARISON, SCD+ YUXAWA HAS

! - - -

[ % sl \! ! i :
| 4T g9, ; s |
b7 F { | -

g 4

CGADGE  NUAFIANCE  ALSC HAS PROFUND  CONGEQUENCES IN THE EW
SECTOR. A% A CONSEQUENCE OF 55 THE D.0.F. oF ® OTHER THAN

?

THE MIGeS FIELD  {Thr GOLDSTONE EOSONS) MIX WITH THE W AND 2 eﬂ-..(;_s-ffg“‘:___-_,_ @,
BOSGOMNSG, PROVIDING THEpM THF EXTRA  FOLARITATION  STATE THAT COMES
WITH A NOMN-ZERD  MASS  FOR A VYECTOR FIlELD. THIS PROCESS 18

NOT  UMIQLE, AND  THE "AMOUNT OF |NCLUSION™ OF THE GOLDSTONES (NTO
THE ©GAULSE BROSONS 1s REGULLATED BRBY GAUGE FIXING,
_;: lcu!cu A v
PPSTRES s B AL = oDune
k% -m? [7? ( J)lc"*%m"‘
o v ; - ey kAR ] see
g = =, 1?’ (1"‘_‘) e , =
T <
3
- O - - - -
. Emt

By VARYIN G 7_:;: WE EMBED THE GOLDSTOME BOSON INTO THE GAUGE

BOSON, AN EXTREME CASE  [(UGED FOR THE TARLE ABOVE) 1S UNITARY GALGE
('5 -—-—H‘M) WHERE THE GOLBETOME BOSONS BECOHE INRINITELT HASSIVE
AND TRANSFER ALl TREIR DB.OF. YO THE GALSE BOSOMN, WHOSE PROPAGATOR

BE COMES NOwW THE Full  FROocA  PROFAGATOR

~ v 2ff K eV
e " L — "r? MY - = %3 D.O.F,
TR, | m -




1% THE LANDAU CGADGE

i
‘L{\l
kt-m? ( L

¢
](Z

-THE OTHER EXTREMUM

Fast v
.Mb;;\.m

—
=

D

AMND  GAULGE BOSONS
A COMMON  GAUGE PARAMETER,
DIAGRAMS N AN
AESULLT.

oo

- GOLDSTONE
AND SHAPRL
THAT SUMMING
% DISAPPEARING

+ GOLDSTONE  AND

FERMIONS:

OVER ALL
EROM THE
GAULE BOSOMS

BOSONS ORI GINATE
FERMIONS AND A

- GOLDSTONE
COUPLING WITH

b
A

» "
s

s GAVGE CQUPLINGS

AND

BOSONS
THE RIG &S

HAVE GALGE

GAVGE
CANNOT

THEY THE SAML

SHARE

YERTICES

SINCE

CANCEL ; ABOVE

THE

COUPLE TO THE SAME
GALGL
AMPLYTUDRE

NOT  COULPLE

FromM O,
TRILINEAR

T o

PARAMETER AND
BE CONSZIDEREDR

W HERE

(5 +0)

HMEY

b ) = 2 D.0.F.

4 D.O.F.

PARTICLES
INVARIANCE  EMNSURES
RESULTS IN
TQ

TRE SAME E.4.

S0 THEY WAVE A YOUKAWA

COUPLIN & WITH THE HIGAHS

BOTH WITH  FERMIOAIS

1T MUST OLTIMATELY

INDEPENDENT:

COMPLETELY CONSTRAINTS  ThrE  Ew

ARBITRARLY
THE REST

THID
VARY
FIXED .

WE  CAMNOT THE

AND  KEEP

CONESTRAINTS
AN

-A TEMPORARY
CORRECTIONS

WAY
TNLY
NATORALLY
VERTEX 5
CONSIDERED. HERE,
12 CONSISTENT.

ouUT  OF THE
ENCOMPASSING
HAPPERNS FOR QD
CONSIDERED AND  NO
A

RULES. THIS

THE YDKAWA
TO &t

COUPLIN 6

R e -
Qcd ——— i 20 s
X ~

. “ 3

o t- ~

K=-FRAMEWORY TO

CORRECTIONS CHAMNGES THE

AT o©oRDER &% .\ds [e.7]

-INCLUDING Ew

93 —HHg

SELTOR

STRENGTH

INDEPENDENT
CORREC TIONS,

SHM  CONFIGLRATION

COLPLIN &

TO

OF  JUST ONE

CONSIDER
THE EwW

ABONE s TO
SUBSET oOFf

WHERE oOwnLY

Ew GAUGE INVARIANCE (S

STOUDY THE TRILINEAR

Yor WDEPENDENT

PICTORE. IIF WwWE CONSIDER
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WE  FIND THAT TO ENSURE GARUGE INVARIANCE WE MUST IMPOSE
A SH RELATION AMONG

! - Ay
/“ b
7 -—— o= -
’ Ty ' r ’
4 B ¢

LINKING THE PDIFFERENT BLOCKS LISTED BEFORE. NOTICE THAT THiS
HAPPENS DUt To TOP QUARK CONTRIBUTIONS , SINCE THESE CONTRIBUTIONS
TRIGGER THE APPEARANCL OF GOLDESTOMNE BGQLSON%S, WHICH 1IN TURN RELATE
YUwrAWA AND GADGE COUPLINGS THROUGH GAUGE INVARIANCE.

SINDEEDR, IF wWE EXCLUDE MASSIVE  QUARKS WE can STILL MATNTAIN

THE COUPLINGS TO BE  INDEPENDENT. CONSIDER  LIGHT-QUARK CONTRIBUTIONS
IO gg —=WH  AND qq'maHH%‘ WE  CAN  ISOLATE THE FOLLOWING
GAUGE INVARIANT AND FIAITE BLOCKS [8]

(%\. q’ 9'¢ ’
R >
B o N
» » ) 7

QLD AND LIGHT QLARKS ARE OMLY PART OF THE PICTURL: ALL Ew
TERMS WILL ULTIMATELY CONTRmIBLUTE TO THL PROCESS AT S0MME ORDER

fhy PERTURBATION THEORY, EMNMFORCING COMNETRAINTS. WE CAnN JUSTIFY

KEEPING THE COUPLINGS INDEPENDENT ([ AND THEREFORE JUSTIFY (NG THE

LG OF K-FRaAMEWCRKS FOR STURYING THE  IMPACT OF SOME coupumég—,}

SAYHIG  TUAT  THI  INCONSISTEMNCES WILL AFPEAR AT HIGHER ORDERS

g
PERTURBATION THEORY  AnbD WILL THLREFORE BE SUPPRESSED.
THIS LIk OF THOUGHT 1% CLEARLY FAIWIIG ONCE wWE NEED  TO INCLLUDE

THeg MNHOLE W SECTOR B oUR PREDICYION S , AS WE

% ARE DO &

NO W FOR Hy~ 4 PRODUVCTION,
A PRDPER WAY OF TESTING THE &M COLLE ThHEN BE THE V%t OF
E\EFEC'\"‘*"-’ FIELD THEORILS {eﬁ.!"\'e}, WHIZH  ARE BUILD TO INTRODU¢E
NE W LochlL INTERACTION S  AMONG S

= FrEwm s RESPECTING THE  SM
SYMMLETRICS,




"CHIRALITY

‘Ew  CORRECTIONS DISTINGUISH

PARITY ~VIOLATIN G TERMS IN THE AMPLITUDEE EYXPRESSED THRDVSGH THE FPRESEMCE
oF Yo AND LEVI-CIYITA  SYMBOLS.
-THE FIRST CONSERUENMCE 18 TMAT NEW TENSOR STRUCTLRES CAN APPEAR IN
THE AMPLITUDE.
{8 -2
A8 -Z),
s TWO NEW TENSOR STRULTURES APPEAR FOR THE ("..-.."'_},r.*a“ VERTEX:
L gAveP Sep o g —(q* % “) F
{ Bl AT B = %
bw 3 Z2m % 2w 3 35 &
i K
7 Fup Py ‘f’f:}-a‘s ¥
AS THE MAGNETLIL DIRECT COUPLING TO
DIPOLE MOMENT  BUT
THE CURRENT, &
FOP TRE ELECTRIC i 1‘ ©
ein EM  MEDIATION,
] NG RADIATION
l
E}ECT%\C DIFOLE I'\?_!:i!@] AMAPOLE MOMENT
reLaTED Te £ vioLATiON
- ggq HH.
CTWO NEW TEHNSOR STRUCTURES APPEAR
v z v v v
P-EVEN Pv_f}ﬂp" N Y+ ™ PP “2923\_"5'“?« "?P'GPE}‘!Z% *Tpnppy”
P P Py
2 wevi22 vp 123 grvid e B
o i P E x gV E + Pz = «pn b
&‘- Obu - — - REPRR. a - - ——
Pr Pan Pr
SINGLE wGES DOLBLE  AMGE4S
. 2P, Py '
i T e e S 1§ T
Pr P n
*WE OBSERVE, THOUGHM, THAT §-0DD  TLNSOR STROCTURES  MULTIPLY IERO
FORM  FALTORS A1 NLO Ew,
* THE SECOMED CONSERUEMCLE 'S THAT Twr  PA92AGE FROM 4 TO D DIMENSIONS
15 NO MORE  SHOOTH. THIS 15 DUE 10 THE FACT THAT y° 15 RELATED To
THL LEVY = C1VATT A SYMBECOL,  wWHItH  cANMO T BE e£XTENRED To U oipMenslome.
©IF WE  WANT TO KEEP 0SNG DIMENSIONAL REGULARIZATION, WE NEED TO

BETWEEN

FERMION CHIRALITIES, INTRODULIING




EMPLOY A GSCHEME FOR yg. A SCHEME
THAT AulOows US TO CcoHMPUTE A wROMN G PRESUOLT W
AND O THEN  ABIDST  1n SUCH Tuan By THE  whT Des 4 THe
12 CORBECT. WHAT USUALLY  FAPPENS 1S:
-TRE S CHEME BREAKS WARD WENTITIES
WAY BY TERPMS FROPORTIONAL TO TH:

- FINITE RENORMALIZATION OF THE FORM

dB - (11- std*...)

REMOVES THE PROBLEMATIC TERM.

CFINVTE  RENOEMALIZATION 1S9 THEREFORE

NEEDED  ONLY WHEN
CORRE CTIONS TO AMPLITUDES  ALREADY

- A PARTICULAR CARSE 1S ASINEN BY
OCCUR  ONLY ON  OPEN FERMION  LINES IN

NAWELY ANTICOMKUTED UNTIL
AND THEN BEWVRITTEN A

Y= By oWy

THE PRESENCE OF CHIRALITY PROJECTORS CAN  BE

15 A SET OF PBACTICAL PRukes
N A CONSISTENT WAy
CALCUL AT i0p:

N A CONTROLLED Amnp UMNMNERDSAL
PREVICUZ PERTUREBATIVE LpbER,

CALCULATING
CONTAINING  AXiAL TERWS,

AMPLITURES WHERE Yys [INSERTIONS
THIS CASE  ¥e¢ CAN BE
IT REACHES ONE OF TrReE EXTERNAL SPINORS

INTERPRETED  AS

SELECTING SPECIFIC RELICITY CONFIGURATIONS FOR  Thg EXTERNAL

FERAOMNG, AT THIS POINT, WE CAN  EXCHANGE THE

WITH VECTORIAL QNES AND CARRY OVER THE CALCULATION

AXIAL  AMPLITUDES

WINTHOT

FOARITY - JIQLATIN G TERMSG |, MAYINS EMNCAPIULATEDL  THE  LLFT-RIGHT
ASY riey TRY N BPIFFERENT COEFAICIENTS FOR DIFFERENT HELICITY
CONFIGURATIONS, THE KRELIMER S OHEME JUPFORYTS  THIS PROCEDURE

9. HH

‘W AND £ RO&GONS  DIFFERENTIATE BETWEER  EERMION

- LARPIN ‘5Ct~\f—_b—f§

1. AXIAL  VERTICIS: w5 5 )

5y ~dE )

o
[+
(="
i
H
i
%
a2

/
|8
2. IN TRACES WITH  Two

) - L Pup s N ‘
’ hs"ﬁ"E Julvipls

exprese  EMYPS

L

<FINITE RENORMALYZATION NOT MECESSARY AT ALO Ew : NO xs

i )
Yo ° ANTICOMMUTE Yy, UNTIL ¥ v

CHIRALITY,

pys N TERMSE OF  MEvRIC TEWSORS

AT LOWER

T

QRDER
e o %
. s
| S - {
. " NLO Ew : MO REN 7
LO-NO ¥g T B NLO Ew x

" qg — HH (g), v

"WE HAVE AN OPEAl FERMION LINE, &
SPINOR 4 ¢

%0 wWE  MOVE P s TO ToUCH

NLD QCb t )5, REN.

THE
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C HAVING  REMAPPED
WE CAN  NOW
INTERACTIONS

55 OMNTO PiCING  SPECIFIC

= HELICITY CONFIGE
EMPLOY THE

DRATIONS
TENGOR DECOMPOSITION Ustv FoOP

SIMPLIFYING THE

PORELY  wECTOR
e STRUCTLAE NEEDED

FOR Tut

*ORTHOGONALITY

-WITHIN  THE &M, QCD AND EW

CORRECTIONS ARE
HAS TwWO IMPORTANT

INDEPENDENT. THIS
CONSEQUENCES.

_OF - APPLYING QCD CORRECTIONS ON EW
ONES  CANM  PRODNrE A SIMIWAR ENRANMCEMENT AS APPLYING QCh CORRECTIONS
TR L-STTATE

ON THE LDI BASED ON  UNIVERSALVIY 2

REDIATION [ wmiey
DO AT CONTE RIION

1S CretE
AT Lo) b Swen (Pl STRUCTURG,
- NEW LO AMPLITUDES : THE NEw VERTICES AND FIELDS MAY ALLOW FOR
DIAGRAMS WHICH BELOMNG TO THE NLO BY

POWER

COUNTING BUT DO NOT
LOWER ORDERS UPON  wWHICH

THEY CAN BE BUILT.

ADMIT  DIAGRAMS AT

+4007 NLO EwW — + 5% LO

4
Qco 7 NLO QCD E““
e P J e
= % 1
-9 \

w ch/ 7
i \ %‘5"' Lo - MIXED QCD-EW
0 7
NLO EwW

“IT HAS  BEEN OBSERVED THAT

NMLO &CD CORRELTIONS
SAME RELATIVE

EFFECT WHETHER  THEY
THIS 1% A CRITICAL PONMT
ONCERTAINTY |

-\F A SIMILAR

PRODUCE THE

L0 OR  NLO Ew,
ALMING AT PERCENT

ARE APPLIED TO

FOR THEQGRY PREDVCTIONS

REHAVIOULR 15 PRESENT

FOR DOUBLE HIG6S PRODUCTIOAN

AHFLITUBDE .




+687 L0

3
T (+657 NLO Ew— =310
NLO ®CD

ﬁ "’ N
S el Lo f’
\ 2 b MIXED QCD-Ew

NLO Ew

A NEW LO CONTRIBUTION 18 BOTH  SINGLE AND DOUBLE RIGGS 15

GIVERN BY _i:iGHT QUARKS | IN PARTICULAR EACH BLOCK SEPARATELY
L &, ; ; 3
s b \‘
:;q.' L \\ ¥ 5 -

TOo THE FALY THAT LIGHT QUARKS 00 NOT COUPLE TO GOLDSTOMNME

MIXING YOKAWA AND GAUGE COUPLINGS. THESE CONTRIBUTIONS
AND NO  A4-LbpoP DIAGR AN

THANKS

ZOSOMS,  AVSIDING
ARE | INDEED E-FINITE AND GAULGE INVARIANT,

WITHOUT YOKAWA COURLING 19 POSSIBLE IN  gg — M (K}

CHAMNMNELS  ALSO  ARISE 1IN qq —n HH {%}J WHERE 1IN QD THE LOWEST

—-—-rrﬁrf_.._.__..____-{- - =
| 1o ==z
e UNUE O ~

* NEW
ORDYRS  AREL

Wgzh{ d\}nd
WHILE ' Ew
A
13
al

THIS  OPLNS A NEW CONTRIBUTION TO ORDER o &
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3 TIPS FOR EW CORRECTIONS

1 wWitL  PRESENT  SOME TIPS THAT !

HAVE FOUND USEFUL  WHEN
CoOMPUTIN 6 Ew

fLoOP) CORRECTIONS,

"USE  ONLY WHAT MOU NEED

<EW  CORRECTIONS RELATE MANY DIFFERENT
QUIckLY BECOME PROBLEMATIC,
ONLY DIFFERING BY
POWER.

PARTICLES . BOOKMEEPING CAN
AND PROCESSING MANY  CONTRIBUTIONS

FLAUOUR OR CHARGE LABELS MAY WASTE COMPLTATIONAL

cIF MABSLESE ALL QUARK  FAMILIES  BEHAVE

THE SAME  UNDER  EwW INTERALTIONS
TWME OMLY DIWWFEREMCE

BEWGE THWE ENTRIEE OF

Ven - A SINGLE  FAMILY CAR
THEN BE  USED, COTTING

THE NDMBER OF DIAGRAMS BY

A FACLTOR. OF TwWO
oR EVEN FoLrR (W) or Fwng (2)

WHEN DSING A SINGLE [RUARY

\IC\CH AND Fag %\._r? COUPLINGS CAN  HE UN AMEBYGLODSLY
AT A LATER STAGE:

FilELn,
REINSTATED

;]
cxm  SUMMED  OVER

ALL INTERMEDIATE ‘ ;
TERAHS

FLAVOUR DETERMINED _f’j 1
BY EXTERNAL LG

k SUH OVER ALL LYEWT SUARES

w) a[v Vi

z) Zﬂ'vi ‘;

CIF J0U IMCIUBE TEE TEF QUARK | YOU wilL NLED AT LEAST ONL MASSLESS QUARK
FIID  AND  OME MASSIVE (fom 7] OR  TWO QUARK  FAMILES (g) (L) (ror w).
[
. U - e Db o
1 VU&\aVU"\ VY v &r“_‘w vE oy viv
[\ D b LB "up T o i Y Ve Vin
4 ™ o JWK
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EUR IR TN f t v Al Y6 Gwegar s
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"
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-fF YOU “NOW THAT W AND Z BOSONS CANNGT  APPLAKR
THE  SAME DIAGRAM  YOU CAN USE A SINGLE
BLDUCES BOTH  THE NUMBER  OF
INTESGRALS  TO COMPLTE

TOQGETHER 1N
FIELD V witw mMas my, « THIS
DIAGRAMS  AND THE TYPE OF FEYNMAN

W
¥
bd my =, VUD At

i iL} . 2 z
il Bl - E Fva " Faq




-GO0D  GADGES
LN @CD AND  QED  CALCULATIONG  THE  GAUGE OF THE INTERNAL LINES
152 LSDALLY KEPT  GENERAL. TS  EXPLICIT  CANCELWATION IN THE FULL
AMPLITUDE 18 A STRONG  SANITY  CHECK,

CTHE Ew SECTOR  PRESENTS A CRITICALITY 1N THIS SENGE, SINCE  Tut
GALGE  PARAMETER  DIRECTLY AFFECTS  TRE  MASS OF GAUGE ANG  GOLDSTONE

BOSONS AL
o 4 kMku) k..:‘.._.k..‘f_
Lt e = —---——-'—LN-*_"' - i + (4' % k‘u k’“"“" : (_1} !v+ m® o —_“ﬂ'\} "'—L"‘
k?om? K Tl gt S ks &t
¢
te = =0 = =
kZa ®

THIS EFFECTIVELY  INTRODUCES A REW MASS  SCALE 'm THRE  JOMPUTATION,

SINCE PROPAGATORS WITR  DIFFERENT  HMASSES AN NOW  pEX

j> PSS SRS SR SO NV W A
: (eom){£7-m?) (12w (k7= &) (k?-?m‘*‘(ez-mﬂ (= Em?) (L% Emt)

= o

._,—-n-‘- 1
N ey B L B o
i T a2 B
3 {".curn‘}(‘.e -3 m'«‘)
i
' neee = 4
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-

CrT-Entl g% Ent)

B WAY  OF  ATILL NSING L GARSE TNYARIANZE A% A SAMITY  CHECK AND
AYQ 1D  INCREASED COMPLEXITY \S 1o PICK TwO GAUGES WHERE &AUGE
AND  GOLDSTONET BOSONS  Hay:  TuD  SAHME MASS. (yuckiLly FOR 0%, THIL IS
POSLIBLY  USING »

EWMMAN HADaE T E o)

i
B L mm—— -'T?-fu'vﬁ
k? - m®

kM ieY )

me

“wE CAN THEMN LOMPARE  THE 2ESUNTS ORTAIMED 1y THE v SADAE S




.GOOD_ys SCHEMES

-SOME  ys GCHEMES  ARE MORE  UITED FOR SPECIFIC CALCULATIONG:
-OPENR FERMION LINE @ PACR A SCREME  THAT PRESEPVES ANTICOMMUTA=
TIVITY, 50 TO MAP y, ONTO  WELICITY  AMPUTUDES.

- LVGHT- QUARK  LOOPS ¢ 1 wt HNE TwO GAUGL-BOSOMN INGERTIONT WE EXPEC

A RESULT CRQPORTIONAL TD %\fag:\", 50 BERE AS WELL A SCHEME THAT
PRLSERUES ANTICOMRUOTATIAITY 15 BENEFICIAL.

C FIRST ol URR &_f}{;l

OF ¥e )Py, APPEARS  FOR  THL TIRSTT TIMME AT THE
CURRENT PLRTORBATIVE ORDLR, WE  ORSERVED THAT ND FiNITE RENDRMALES
YATION SHOULD BE NECESSAKY, So onNg COULD USE A NATNE SCHEMWE
(1. TREATING Yq EXACTLY AS N D=d), THIZ colip ®e DAMEEROULS

CPGOOD GANTY  CHECk 12 Te cOMPUTE  THE AMPLITUDE IN TwoO PBIFFERENT
SEHEMES  AND  CHECK TMAT  THE RESULTS  AGREE. A 300D CAOICE COULL Bt
“FIRST OCCURRENCE + OPEN FERMION LIWE i NAIVE + WREVMER

{maT VERY  poBUST,  THOLAR)
“FIRST OCCLRRENCE + LIGHT-QUARK LODP :  NATVL 4 WREIMER -+ LAKIN

CEARST  OCCURRENCE 4  TERMION LOOPS @ mATYE + LARIN

S GENERAL CASE: LARIN * KREIMER

CPARTITIONING  THE AMPLITUDE

WE O OBSERVE O THAT AN AMPLITUDRE 1S ALMOST ALWAYS  MOWE REGULAR
AND SAHPLER THAN  THE ZANGLE DIAGRAMS ZUILDING T 2

s DIAGRAMS  ADDING UP TO ZERD

o ... =0 (FURRY TREQREM)
i L

s DWERGENT DIAGRAMS IN  FINYTE AMPLITLDES

e o Ca 5
S =+ T —— C +
L..,_trj el = = 3 2
7oy -
“ %
S v s
- . -
y “e
~ GAULE ThYAMIANCE
- Bw MPUITUDES  ARE USUALLY EXTREMELY LARGE AND  BLG-HUNTING CApN

BECOME UNMAMA GEABLE WHER CONGIDERANG BUMNDREDS OF DIAGRAM  SEVIRAL
MEBVBYTE Ehcw,

WE NEED A TRADEOFF : wit NMEED TO FIND  THE #INEST  PARTYTION OF THE




ARFLITDDE  THAT Wikl RETURN LT THE  SIHPLEST EXPRESSIQNS.

-30ME  RULES OF THUMB  TO ACHIEVE THIS, MOSTLY BAED ON WRAT wt

WAVE  GSEEN S0 FAR, ARL:

CKREEP DIFFERENT GADGE  SEOTORI SEPARATEL . ALL DIAGRAMS CONTAINING
THE GAME GAUGE PARAMETER {gs\gw .:3,01'2 %a) ARE REGROULPED ACCORDING
TO IT. SINCE CANCELLATIONS CAN ONLY HAPPEN  AMONG DIAGRAMS  WITH
THE GAML GADGE PARAMETER, 'WE OBTAIN 2ELF -S0FFICIENT GROUPS.
GADGE PARAMETERS ARE  PRESEAT

P MULTIPLE

N A DIAGRAM, THIZ DIAGRAM BELONGS
TO A SEPARATE  SET.

-
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o - R
e Sz ,)’_!_5)'“‘ = Eu
i

™
]
[
i

*NEW L0 ARE NDEPENDENT. DIAGRAMS WHOSE FIELD AND COUPLING CONTENT

5 NOT ABLE TO PRODULE vALW, NON-2ERQ DlAGRAMS AT ONE
ORDER LESY

PERTURBATIVE
ARE NEW LO CONTRIBUTIONS. THANKS TO THIS, WE EXPECT

THEM TO FORM A FINITE AND GALGE- IMNAARIANT SLDEBESET OF THE AMPLITUDE

. %,
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1% - A
ol ool e, R
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sELECTRIC CHARPE 1% NOT QUANTIZED. ABELIAN GADGE THEORIES DO NOT

HAVE  MECHAMSMS TO EMNFORCE CTHARGE QUANTIZATION. WE CAN  USE Tag

FORMAL  PROPERTY  T0O PARYVITION THE AMPLYUDE T SUBSLYS

ACCORDING To THE POWERS OF THt CRARGES OF THY DIFFERENT PARTICLES

PRODUCED BY fAru DIAGRAM T 97
T bam
=~ N, S
g Q . T
B Qe Q




-5UB -PROCESSES. \F DIAGRAMS

A VALID, SELF -CONTAINED
THEM INTO  THE

ADMAT A SUB -DIAGRAM

WHICH \%
{OR A PARTITION OF

PROCESS

IT), YOU CAN COLLECT
SAME PARTITION.

- ® _._..f‘
\\ \\
%9 H, TRUWLINEAR
COUPLING
HIGES oMLY

T 'S WoRTH  MENTIONING THAT  THIL

CRITERION MAY ONLY WORK
ENTORCING A STRICTER SET OF RRLATIONS

FULL SMY) TRAN THE SET USED
THAT DIAGRAMS OF

W HEN)
AMONG THE VERTICES (E.4., THE
FOR THE SUR ~PROCESS . E.G. WE  FIND
THE FORM

] =y (’ o
-":r'r-n{r «---\‘ e S @ ____:
PRESENT A DECOMPOSITION LAKE
L
Noemabeneaes o B(E)
-
5115 my
GAUGE INVARIAMCF  CAN  THEN  BE A CHIEYED EITHER
By EMFOROIMNG Full SM RELATWOMS oR
«BY  APPLYING

LUTOW kY WULES

(WHIEH  ARL, MDEED THE COMRRED
WAY TO LXTRACY A SUB -PRDLESS )
L’ 6( e
) s-mH)
S-m?
\‘E-‘r—\
. I, e 5 E 2 _ 2y
rmirj) % =K A Slgmehy 8(H (Sae=mu') 6 (ony-mi) = A §(5g,- my )
5 L
0
WE  CAN  INTERPREY THIS RESLLT  AS  EVIDENCE THAT | CONZLERING
EW (CORRECTIONS, WE ARWL NOT AT OQRERTY TO VARY OMWY OME OF
THL  PARAMETERS EXPFECTING A MIABRGFUL  COMPARIGON WITH
EXPERIMENTS . WL SHOULLD INSTERD RELY ON EFT FRAAMEWORKS, 3UCH
A% GMEFT  OR RERT.
FINDING BALANCE
- ALMOST ALL  THE TIPS SHOWN ABOVE RELY ON REFRAINIG FROM USING
A SPECIFIC PROPERTY OR FREEROM

OF THY “THIORY TO
NERIFY  THL

SIMPLIFY  QUR  CALCULATION
AND CHECK THAT OUR  RESULT PROPERTY NEVERTAELESS. TRIS
THRADES EACIMESS  wiTt SAFETY, WHERE TO DRAW THE
THE  PROCESS,

AVRILABLE, AND

LINE DEPEMDS ON
THE  RESULTS ALRCADY

THE COMTE XT.




WRAP-UP 2

“IN THESE NOTES I POINTED OUT SOME ELEMENTS OF EwW CORRECTIONS

THAT I Fine INTERESTING OR WORTH-MENTIONING, FOCUSING OnN  THE
HIE6S BOSON AT THE LRC  AnD  OAN SOME FROPERTIES OF (2 -Z}.“.

+ WE DISCUSSED THREE TOPICS

4. THE S1ZL OF EW CORRECTIONS. EW CORRECTIONS ARE SMALL BECAUSE OF

A WEAKER COUPLING CONSTANT W.R.T. @CD, THE LACk OF REAL EMISSIONS
AT NLO N "G4S PRODLETION, THE PRESENCE OF LARGELY MASSIVE GAUSE

BOBON  FOT (g -2\ ENERGIES.

2. THE FORM OF Ew CORRECTIONS, EW CORRECTIONS PRESENT A AICH YET

CONSTRAINED DYMAMICET COMING FROM SSB. THEY ALLOW NEW CONTRIBUTIONS

AND LFFLOTZ  WwW.R.T. R4 AND RQED AND ARE POTENTIALLY

ENHANCED
BY QD CORRELTIONS, INTRODLOIG NEw CRITLCALITIES

AT THE SAME TIME,

3. 2OmE e FOR  Ew CORRECTIONS. EW CORRECTIONS CAM BE YACWLED

S CHEMES FREIDROM , AND EFINDR!NA
GOOn WAYS  To ReEaRoul  DIAGEAML 'NTO SIMPLER SOBSETS OF THE

MAKING GOOD USE OF SAUGE  AND

AMHPLITUDE BY MEANS OF GAUGE, COUPL!MG‘E}I‘ AND  DYNAMICY,

A CRLCIAL POINT  THAT | AM NDT CONDIDERING

N THESE NOETES 19 HOow
O DEAL O WTTH THE  FEYNMAN INTLEORALS

APPEARING I LOOP AMPLYTURES.

TR L A Bk FIELD OF STubDY, REGARDING  MOW TO SIMPLIFY

THEM EFFICHEMT =
LY, AS WELL A4 HOowW  TO  EVYALUATE THEM

{nuMERICALLY o nm.u'rrr:m.n)
AMD PRQODUCE  MATERAL  (EXPRESSIONS OF GRIDS)

WCh CAN THMER BE
. TQ EXTRALY

PHEMNODMENOLDGICAL REAULT £
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