



































































































































Homesley 13.12.2018 Answers 14.1.2019 t

GrossNeveumodel I IjiX4j tag Iif t in 2b

Part one Condensate Chirality breaking

a 4 0854 4 Hyo Ytsgo Igor It C4472 1445
Idt 48084 584 v

Mass term MIX mI4 So if not present initially will not becreated
Protected bydiscretesymmetry

b s Edda 484 Ld HI Lo HI L a z
e odok gley Ld12 21 Cgt Egg Ld

2
I L

thees g is dimensionless in Qd so theory is renonmalizable bypowercounting
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N 0,2 4 areonly primitivelydivergent 704C

Nptfunctions to N 2 N 4
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i
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expflag4541
I indspof o and py
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d JDIDYexpfjifdklyj.ioy oIjy fdetiCikrDNiH o2 foil
j.io Cio

N N
f detf.IE I detfoito.io dettori

capNTrhegfoi oy expvfd loglk oet eaplinfdkeheylko.to2h12 2112

Now

d Eh

f ftp.Yeoghe.ir refined III 9f Mi Ek's
tapeE IdT E r2 E fdandi IdaE

TLE Ze Je

FI 8E Utf x e set it high kg

Ete agent Eo Edgin eachfieldgivesthesame
Thus

2Gn fDIDY Cis JD.apgyeildkjh.li 4j oIi4i fg5 at

ftp.eifdwaf where Vcrs Igor fit leg t
at

e IT filet IffleogF 1 1 Fut II hyena
a

r O V G pie Fg v

itFurthermorei
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While chirality was conservedperturbatively to all ordersbychiral symmetry
fermionsget mass term of at nonperturbative level chirality broken
o corresponds to 244 fg.tt Iga Tt EEN 547

V

Pauseforsome genericresults this is notneededin solution

yo Eir ilo y r fol gregg i r'T r

Obviously yr84 Lgm
This is slightlydifferentsetthan weusually useforchirality normalwouldbe

goin y e it and yrs 03

bnchiral basis got gt t j Yt b at and 4 9 a
4 Ott80g Iz Azt85oz 4 tIdzHI

ilktIttik.x
Now q e

tutti k z
or in the massless limit a a e

whena lot Oz 4 O k I 1kt ft right
moven

left mover

A mass term m It would mix chirality i z
2

c

if t idz M Po m Pol m ioz.io x f.mPw pKaai In II Haa o

i c
Weknow these solutions i 4 fluffy Elliot

imma uh.pl
h Whipc

h I rightmover
h I left mover
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ICs Ticas E ftp.lapiupne ipxtbhpfupne
ht hTik E yduw ap ume bpiyne.it

i u
if i

1 Ii e a Elis lilith 4 Ike
7Mt 7 I

ig at aiajtnyntn.tn antaetts

icy dimojnldnedmu dn.name ig2 diudje diedju

K X
4 dii twodistinctfermionflows

note sign

Part two B function
deen

Egg p j g gyu I
z CRenormalization to zit't you getSg Iggy g Eg gigi

gift 4ol lg4dgYzflF45 g2EgrZy4Iyj g2ZgrCIN

Zge EgrZf
Egr e Igalzf It Sga 284

2 g
pcgt rffu ufflgoq.EEji Ege gdzgrqitgae eg gpcgltzg.EE

peg's re egyi gfg.byIga Egill g'Igalsgr 2daL
Itg'fgbgEg
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i iga.int cdafTaTrI4duelsudij dieSuil

g4NDdijpeEffgITr 0 Also wouldhavebeen
a tadpolewith no

o f partanyway84 0

n i s h

itj m 7

idgdoiu.geSiesju
a Lbl Ccl

e
a z 2 ig4 ptfdhe dindjm 8imdjnksnudme dned.mu

him

2g siege sinful Eff IT
b I 24gal Empt sina.n dimsunlldjednm dmeoj.nl

g N 2 diusjetdiesjulfffad.fmIT

g ta24g'T I at diesm simdenllsjusnm dma.sn

g N 2 Siege Sidje Eff Is
Combined

N l

aJtbItcJ g Sadie Siegel 2 6 2 1 Eff IT
t hoop et SiegeSiege g N 1 fffaffautz idg finite
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Now wewantto extract the UV divergence so weregulate 1kby some si

i rG Ereffatiate himoff 4 bin Emei toyEs so

d 2 e
e i

lin ya ME Uv finite
b o 21TEies

Wethenget off g lo 1 IIe

Then peg Egill gIgfSg2daL Eg2 gz Ffg

Now peg't roof 2groof 2gpigs pegs IITgo

B function is negative theory is asymptotically free

Someadditionalcomments

Analternativeway to perform loopcalculation is to use Lagrangian with a

L Iii84 OtiYi IgM gobs

its n isij ige

o isnotpropagating collapsesLowest order
I

ji ie I Y n igidiidae duge

amputated vertex tree level Frule
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similarly 70C

i I It
etc

Therewas no point in keeping thedural index 2 in the computation Ifone
insists on including go on the vertex thenthe F miles are

if IyY it fiction4 if 4thEgypt2 2 2

in her
n it fiajplHIaea.tn HIeeaYdmllk8esJp es 2

i
t ig.EGIaiaajpttaea.yittie.tn autopilot

igdimSjn 8amSenEngEpd dendenExorEps

ig2 iu8jeEraCop Siedjutsator there is still a sign

Andy in this scheme is 2443 244580 r aEap

Then eg
eat her

ight Effffyftp ayEyr8ik iu8jeEgaEop diedjuEsaEop
rj se ik

x r
l

igfeedjeff.la NTrlEeeEop fefEetop

multiply byGps take trace old result etc
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µ e 8 decay this ispossible althougveryrare

frq
e In

p p q µ V C

Pe

Part Photoncouples to a rector index in current The problemcontains
two independent vectors ftp.pe and P putPe Wecan combine

these with

1,8 ohjigsand raw to get vectors

A Bgs of j Jg CtDjs qy EtFgs
A B f Pur j Pg Etfs

However generalizing Gordonidentity ome IGHT
Pr of

Ifp pi p'M irm Cpu pi IgUmp
Idp Ign f potpie IGM f Cpu pt jump
deep't yup pff frump deep mega Mey IfsUmm

A Bgs Pura can be absorbed to A B C D

uecpyirMP.FI ulpI udp'lIfym8Tlprtp fr uhm
LIEN HH f fl tf flyer
ITelp't 2mg Llpp'T 28 flump

28mm
also PM A Egs can be absorbed to A B C D
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So we can write themost general form as

Ty Teelp iqty CA11385 t 8g CtD8r t f letFyi Uucp

Using gaugeinvariance both µ e are gauge charged EMgaugefield is
flavour blind i

O identically p K
ne

g'T uecpllfigfg.TW AtBgs of CtDos t f'tEtFgs yep O

me C Dgs mµ C Djs q2 E Fgs O
9If c D 0

Furthermore given that q E O E and F do not contribute to physical

amplitude and we get
HEI Eff off BE LpE Eff 2pE money

EAT Utep fiE'ofGru A Bgs Yelp magnetictransition

Weshall set me O so e is either L or R chiral Since it mustcouple to

V via L chiral vertex only b chiral part UT TeePr contributes This

implies that A B Then

CTy A Idpof Hss Lp E my Uplp i

Elul 12 EfEf Tr Htm IpuMarotti 8 Cp E Htt 2pmmid

gin 7 Citys






































































































































10

IAP Tr ftp.tmn C2ptmgm CploflC2pr mnrm
4 2 m2 1 Lm p fof 2mWof 4Mpspq

IAR Trl 2mf.pl oHt4m2p.lp qI

8mflARp.lpqj 8mflAl2Cm2
ECTIER E 4miIAI

IM I m
T It Al D
they 16am 41T

Extra Decay µ eieµ i id eyaku the2K

gI

p
m

fy e p faifjuycqlqd8slugcpl Iugj Uecplljuhrior.com
of

Hull tr Hy l yo
e 2

Tul HI Tr Hmmqllrdky.HN TrfqIrMlrolpYjhlrs2

I ftp prqvipuqr gmp.qtiemmpaqp2

gppl19pfymgtpltiemg.IT
2

4Ge Lpgq p't 2pp'ofof 2pig'q p't 2p.plgg

166 pp qq 1667map'qf t astqg

where in thelastDep I adopted rest frameofmuon p lmµ8 Usingthisframe
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F sew ImmfgI ftp.adfgCdiYdlpkgiq'Idlmnp qgi lui
kill p integral

p2 of1g t 249cosOggi

Hmupigg S mp g g tH Qg Infgott'SCasa ass

where asf Maf 9 l of 9 ma 2mdqtg.cl 1
2fql 27ft

and

Iq q l f Mµ g g's gig so 8 functionhassupport
from qg o in lowerlion

Iq g l Emu Gigi and Ifk grey emy

Use dqdq dQdq where Q fed and g Lffg He 2cm o

Z17
2 16Gema diffdqdgtpf.IT fdast h asOilp'qqlMffIt8lasoasQ
z Mm 24mgQ
E f da 2fdotoff mWmf m Q4IT
may g 294 20 5 4ex 1

aimIImi dxkx iki xljjoii ffmi.f.dxkx.nu xt 192M

196

fe sevium is dominating channel Bring a
Funez

48 2
Gema2
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a

Part Unitarygaugeevaluationof A 7

jfrmhrykta.us
L uejdhrslewj eyau.rsvewt

P f p 1k f p g
A U UFlavour mixing Va 4VaiVi ui ZY.ua M ei

and finally
Vai Ji

ievsgslkykz.kz ie Chkzlpgyatlkz Y ygaptlkskihgpaIv
vtr

T fifth ielLU.iq f DI di R

1Child f 2
milling Mui K Mi

where ATCpt 18h11 rs Tap
1 µ v u vR zuecp g 81185 PAK8 h f E'Vasylofktq k Swd Ky bwp k UMM

swivalktg STP h TapIecp f y E gull 8 Yep
eNero

swmlktg.si h TapNow where bndfcq.IE gap1911

Lowestorderterm in mivanishes because I Yei to
eµ

0

Because mi is tiny it makessense to eepandu.mym.i cefpTtqumipyztOlmiI
Hence to goodapproximation

T 9 EU qimifdI
R

Kat 1 21211k 72Mui K Mi
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Because ofthe lowest term vanishes integral converges better Still in U gauge
the part that picks the HKImf term from both sw's goes formally as

forktf fdhd heyN dangerofdivergence

However SwimHot Awm h Tap dangerous
letg KPE Vampf of keg K

ki k ki k k he

kegdkPE feet2qlpgn.at 2ktq1ygaptl9hkgpa
kief E k 1kt2g t 2kt f E k keg Ik E q2 k

K E f K2 2k f t 2k't2kg of W t q E f k 2gh th't g h
q k E g k g E 0 because of O f E 0

The remaining terms are finite this is why Ugaugeworkshere

Remaining contractions canbearranged as eu.ch

swivalktg Awm h TapNow TruNM
Tng kiefMp keqtlktg.fr I Nin
E S t Sz 1S3

Feynman parametrization

ain.az m
fldq dxyoGx 1

T i MM i.im fpgG.yzy
ExiAiEmiTlmp TCmn1

X l Xi Xi

i Etinidadada a
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I t X

X
6 dxfolly 1

K't2xk.ptxp't24kg U 41MW

CKtKip ng 2 1Xiu 4p2 h a Mut l at

Xp
6 Idkf d4 Eye j l k typekg a 4 aME all time

k l x p kg
h 4 Mui

R k
Iffy 6IdaIII x If RHM2

Heigl Mui k mi H a 4

Nowthetaskis to compute R Esi Observethat R will contain pieces
odd D oddByu flu O Dent Dent Atgm Fulva 0

also observe that

I ye a fi and II ne ii aa hi96ha

Because Sy containeepliut tag oneneedsto accountonly for terms n l l when

computing them B C terms are suppressed by milieu Weshalltake a Eli MIMI

Now Tap E feet2qlpgn.at 2ktqhgaptl9hkgpa
Ey ht2gp

t 2k Egap Ep f b a

and NM IeCp q yn ft E gull f yep



thatthe 24 15

Se TµNM Idp off ftp.ik lkt2ofl 4k.elpltk tlq x lptk i Hump
m eo

use deepq 940Yelp Ie f p p Cpga Yelp Jeffp p0qlp

Additionally drop all termsthat are scalar and also alltermsthat

are linear in l after he l tip af as well asng andneg terms Then
4944 of i.pl 2p.epl

E tk 2 i Cf Kp 2qp K't 2 i 2Eppl 2 24 2

41kc pak t 4 x p Cpdl x xd 4e EX e 42411 a a LpEpl
CgKICK1k a Cp K KkKpk e 2 pf e O

HHKK

D S I 2 4x the LxHit Mm Ida g 2 E p Itf Yelp t f terms

Sa mtgkvNµKPMp

INN Udpqlyplpltkdk.lt f Yelp
KPMp Er k42k.gr t2kMk.Ei k.ECqkM lk42k.qIEMtkiE qtkM

82 mtwzuelp.ge Cptk K Hedley kik KIK k E It84gulp
Q Q

O f PK 1k k't2kg t Fkf k't2kg
e Ftp 24ptx.gl l 12kg Xa4 pl l
l Eoff xzt fxz i e Isn 1 e Lepp
in
Zeppl



A H14p 16
ppl In

Oz e K c gate ftKIK e K E ptKT K

4th pl k c 62 2Kp k Ek p't2p let ki
t Xix p e e xp E l 2CMptxzq l 2e p KipE K Lp l 2Keptkg e

212Hit4 pl p e f Ix t Fel'll xi tf Xiu x Xa p Epl
e eI I 3 1 4th tx L x xd peep z H 4xillxith t Xi pCpl

x I Lx 2x he x LpEp2

Sz fluff 12132 1 1Efx It 241 2x he x mriedp g 2 E p Itf Yelp

terms

Sz µkegMktflat Nmu

ktqYNµ Ilp g Helf HK fullyr Uucp
v v vHMa key f Each2g t 2k ega C f b a

K E K12g t 2k letf
V
t Cq k C 4eKV K2EV

Sz twzulp.gl Keef Hk k elk k 1 Its UMP

K E K Rtk K t 121 111 2 11 2xXie a LpEp
Knik pek k El pek k f e O

12
Sz jwtzfx.li 2x 2x he a MyIdp g 2 E p Itf Yelp

9k xr b XiXi
eR f 2 441 2 2xKitty FgfEx t z t all 241 2xXie za

onmyIdp g 2 E p Itf Yelp t E terms



A

atx xz tfbbyxd Mriedp g 2 E p t18 Yelp t E terms

aCa h 2 441 2 2x Kitty 211Xi 1 2112M

bbyoh 232that all 24 2 1 21 a LtXia 241 xz 1 24

combining all results

T If.EU qimf6Iodafiii.xifadIfaRH 4i kHH ay
l X

au xD9 EU yimigTntwf.dxifdnx 2
a I

MinuteCpq 2Ep HpsYelp f terms

Hence
2 MimA a GI T.pk UriTxfIatIb64 2 Mw

with
i l X

Ia fdxix fdr t f 24 414 2112M
o

T X12
I
fody x f 211 x t 1211 2 1 dx 22 1 2 ft Eg Fa

i

Ib 2 dux dn E X 1 2 1 t Xia 2h
l f it x 241
2 da X f zTXCl 2x Ifl 4 11 24
0

Lfo'dx tax a 2 f f
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Then IatIb Fatf Fa I A fifty.EU qiminwII

Using notation ZUeiUµimw Sv

A 9 Igor iffeGemesu Ha Er64 Z

and T It All je Fa GEmisi
I GEMISE

µ e8 41T 64 32.6414

s
96
HEO GEM 2 IgfBrag e a
64 it GEmµ5 325 ME

32

The End

Afi there are two otherterns in U gauge buttheseare f terms
sothey are not needed in our calculation

g k gK
L

t.meu up qtk r e f v e e

b c

TbtTc ie uecp.gl I ft f 4 umpsFofmy e

where IQ XP ongeneral grounds



E tern sg

Tb I ie deepq Hq.dkiT.mrCf cfimepPi Yelp f terms Me

The selfenergy is actually easily computed

Ea Ets 40 um If you.rs guys
iGm kh

OX4k mi ka Mui

gragg
tK
atrip 28

m
r'll 81

CQ1ktmi

again lowestorderterm drops and we get

E Ii.EU unimifI4aaI.YI'T.ii a riigm 1

8M 48 gyu Tff 21ktK ftp.kdttdk
2CQtk Ip Kkk 2k.Qk K'Q1
210 4 mtg QQ.lik k2Q Ra

Feynman parametrization

I

ff a fdx.dkdata17kQtkM kMui IQ1k txzlk.no

k2t2qQktXiQ a 4MY

Cktxp XH x Q u xpM2 d dw
e a

l k'txQ

Ia if Uefunimi 2 fd fdI Ran a.gs
hit Q

8 Hit e a'I



20

nd
Using symmetry and picking only leading terms on mi

NAHH 20 x l

th ke K K t 2aKk e tu e 2xl Q t x t 2Qex

Iff CHAK t I fl x
EuiCtat'sx

I ie taxHit.me a tIutsxiIIfeEiiIox
T

Thisis actuallydivergent Neededto cancel
divergencesin f terms in Ta

A nice continuation would be to check that thesedivergencesindeedcancel

the one coming to G term from Seand S C l E K e terms

But not now i


