[ FR 1

Scalar Feynman rule receap far malrix elemends (ﬂ-/}éﬁr X1

L'/{[(,,)f = Z all Ioc.ahmié/,z Copmecgag(‘ mh;\,ouécfaéep( Fe(ﬂiq,mak azl'c\jr’qh\\f'

-

(= drawcng ¢ ) on h & e b on spack

Naé& : ah/rg PR g l}zl-ﬁlf)rﬁln« c’&mfﬁi«é)\é.ﬁ éeiom{)(hj o é/{-e gggez\ é/télr‘j i

~ J P ,(]”.X f +c’f‘.x
Ft'&u.r eh(pointh Z’éf‘eo( Se far.’ {?CX) § (0«,.76 +¢;\l7_g€ ){
I (ZM)° Mw

(mags m)

f’:awF)

partoele = z,u«(a f)ﬁ*\i"(w cle

- d7 C P AF e j
Y X)) = L + < e
e S G T

,-4""

F’@u’(u,lzz -# 9_”4( ;—”v\ré’-a cle (mags M D

——

At 7 toeopx

ol ) /\ +L(’ A Px
(X) = (_ L N +z e )71
bz gu*r)gl/ g ¢ f’;éu?:
:ﬁr""x’ - ho ne2d Por A Arroly

Acrow Ca,b\ue,hét,'oh,,,'
o L'&\(’a, «S"ff’«(i(’l.'in«e, Pa-."h[" X

-~
,,,,‘L)IIL)(I —) arrosiu P

/ { @3} (X} —> ” “ obi[" Df " “ 'y
S

-
&

Q ?mrl—a'clef f}aw,,o\/omg the afrow
) the ecrrocus rz{oreme/\(’ Faréﬁe/@,,-— hinmber f!aw & wm“'armé«'ap\-

mh(—c'P wrloeles ajg;,,t'hj(— (’[:

[al_so called cnkernal Ic /-._:5’/ o Jmi;“-[fé/" , r?la
Scalar prapaﬁaéarj <ol l(cf)ch)cﬁ (93)103 = G 1¢ (s = tr e e = Tz
<"oIT(t//;cxH?;('7J)io‘> z ?’;I;leb) = 2—-—;-—3: & E—— d
L PAnTe e
Nob aflowed + ceiT¢ t/p\ch) %uj))la,) = <oiT( @TM)QIMJ)IG > = o
§ ot o X 9 e>i—s X

=D Q,z:\]aj Lune,)\mou.ﬁ P TR r}/owi"{ g,,,,,

a fine (hat coinnec by £he vacloal s ﬁnﬁ/«a/ J"éa éa do x

,ffuﬁt-d o sin /L:Ae ax,fzg INNIN-SN of (72 o called an exéerna( /('hQ
drewdiny  ufe

E)L [:<r}\a/ lvhe 5 i

, ol i l
1 e r«;wxn;; rnle <‘Zl

,/'7',‘ { ouésoﬂks rﬁ)’é"c l( : '/? s |
39
//é‘ ; 1 LY éﬁo «‘.'hﬁ Qhés'rafét'ca: “/g » |

A it 7
we wll Ccmuz vacik Eo ELcg ‘

‘:kfomt.l*\j Poxrérfc le

inCo 'rm'w) mké «'faré:cle



FR 2

=) (,\hL ’fmrécc;lzf recl,vu'ra e)L”h‘c[Z’ mwmeméum Eod)icl/ae,[’a;hfjl
SUneR (_Lz;,, &) o q@alh\r( éjxa Ao D All momehéo af C"h-—r/tdl D

(&S i 2g) !

cach caberactcen (choelving mare :é/\za;\ btws ﬂ o ld ¢ ) bhat occurs

on ke expansion of 8o (T s wrth Hent =4,

vr called a verbex and o cndicabed Ly a dib e Yedobs

Verdvces :

MHenbgpiexd

connecled 4 the Pra?aﬁgéemw/wﬁmecéeo(, lo the exlernal lines).
) Feynman rules | o cLafaerwi on €l theary censvdered (’J’&,E)sa_n\'a/e,rj )

— hnu,él"/"lv »'héifmﬂél'ok J‘éfﬁhﬁéA [AF2N apgul— AJJ < J
- b l::) I;:,, Fac[’off ?\ f)ar n velerbical ﬁ;'é»/o(‘f 7N &\ML

enlr5y and n,\om:z;«fun\ afe (‘oh!‘él’b’ﬁc‘( al emc/\ uerée)o

Loa(’f ; Samr O l’erhal,,clor@rﬁ\{)méar) n«on\e/«(a are hot frxed’ A.j “’»"ef'fjf)‘

hemR éuh\ contlryatien B thise ore called 1o o n«emzuéﬂ

=) ,],”bglnnf\a»k ,,rulc . BJLI'(Q (?: poop,mon,.z A‘éy(m),
27y NS —_—
L‘)\éﬁ@r%’ Lo be Parﬁ»rmae{
Sijlmme..érg ﬂc\céar i ke avorel JGL«L/Q Cou/—\ét’f\j, eench al’cfelﬁram ,I‘/\aq/o(')

he divioled &y (e S0- calleo synmebryg P@clar
{ = huuh ber a’q wWeans Un whieh diagrean Com}oerAGJ‘
corm de tnberchanged such bhol execbly the vame
diagran f obbsained ).

L) Ehoy eh/aj accurs ﬁar nberoclionse thal nooluve volidieal )pce/céf}

~~ l.’
. * . ~ 7 ' N
Vertex Cthx[blef N J:‘L( (Xl = —,___,cﬁzx; =) % e "
I y! ‘T

— s

Y
St -y ghirimrdier 2 :
1AILx):-3,¢f )t((x) (X) =y -- U}qwl _-1},

e e s

L,_) (.@hét I:LIAOM...I“ Aok £

tﬂr Cor o al\é,t’r’~1 f(&‘\.‘/{ ea b
\ . i e X - _ip ‘ - )
t)/“ L‘V;CXJ . ' % R /2 7 alss here azxéji&rétik&f
Jt' !-')"7 Q q’ ‘X Fa-re‘l’c ’( Cin ; (
: .. Pegudre exploadC
Ko eVt necpartecle o 3 t e
‘ij Ot ) ; _/iy X = + l!’f;u e mahéun« éw)KK&LP(Af;
: - ] ‘
L. i;e+t7, X f’ . D
'7' f':—xrl-t'ele eut &



( FR 3

Q2 F(’cjiunnm//\ redde u,f*d&.éﬂ f‘lar malrix elements :

FL'(/&Z.S‘ N ,ﬂZV\ZI’L'C ,Aoé:ﬂéi’c,ﬂ\ ,chf /ne/,zuahé ﬂ:e/c{/' Q/\z’(‘ .qa(‘).cnt,')«(; f?s‘-e/c{f

. oA P’ A - aal +opx

F cxz:j ('/I/( ,\;a,,e +W(P)\)LJ;€ )/"

= 27753 V5’Ej X r P o P P Eg

= _ /\A -cp.x _ T sepx

ZCXJSY_Z(WK +wepa ag e ) P £
C277) VZEr{ F i

At

bUL[/ /\, l"ife/}’"( /3") é" FO/B‘, 3 Ec!‘é'- A d <. f" N Gﬁ. al\d <y éo ‘oclf((l-C/e ﬂ\ad€f

A\

b

(,.&‘lo-:u«mu'p\5 S»r—w";,q Ltpace)

ol @ Z—o ahé;loarétL/e ﬂ«a(«u,{ ,ou\a( WW Lu w Zo r*O/Art ?c\ét (<2 Uec[arf

” - - ) A A
Ly scalars: waw,zwshe =/ | Direc Fermions . wWep )z Weps, woep iz Veps,

— N — —A L , - A — ,\*
WP, A) = dcpry We (BN = Vep) j qage bosons ) Wale s €cpy, Waly = G0 cp>

Propm-}c.éor mPa(aég . cil’aawa'mﬁ d f; ) rule

¢ —
—_— C WepAI WP,
pA-miice 2

{ = : {5‘(6\‘,9‘,_3)
fnabrex dn ) .
wibh T wep, w ¢ A) = o 4-{\3‘1_’-‘9}19( Spacl (ocrac fermiohs)
X ' R = v+ DeBo/p? (mio gauge bofors)
- Iy + Gnbryt By Fu Py ( mzo gauge bosons)
h.p [h,f’)‘z

Generalized exterinal /ines C¢see FRY)D

draw TAY rule
e

Eheonthg Fc\r'ét’clk {’ VZF w P, )
4 - /') o
l(){;’)’\ [Di’)’\f"\‘? kk(’t’fc\)’('i'<'lg ; /i' VZF chr-\l)\)

ou&got’t«g Pp.r[-(c/:( 7 \/Zf, W(r,)\)
{ 7’? ‘ ) - ;) V"T

sutgorny antiparticle e 2; We ¢p, A)

\

,.,\gh(,o,r, @ loc lz Ue_()
b Po,: EFJ (021-.?)\2//) ol V;;: WDLV{’PMI\CélO/\ )’.eharma/q"e‘:.éi'@h

facéor oier:eho(t'hﬁ O i é}\e é-gr:{ ,of famrét‘c/a

Arrow conVenbion reviivéed | addilional rule fw‘ fﬁ-rnﬂ'm‘«i‘ —>

SR éDP oﬂ (‘lxoltn('&é(.l’\ﬁ Che r:arét"cle— hwn‘xéef P/ccu 5 Ehe e rrow clvo

ée//! ‘10‘( éé i'l'\.l‘efé X - rp\Aérl'CQ.l‘ al\a( J’Fi'hol’f‘ ouAl‘Ig ‘i]_‘“""“]‘ c(u]o‘(;\_ré

the errow

c;

e

Z

Radboud Universiteit 2%

°41me?

%,




[FRY

F‘QI'VV'L'CDL\L'C N~ Uhud ,S"L'f)}'\_f‘

X) diegran.g wodh two cole nbical }’erm«(‘op\f Ch (’Qf’cl\c‘p\fjee{ c[.'f%)e,— ij A

ihinl Ok Coline LLo Fermc f[‘c\éc N

LCI)S’.’

¥) eack closed loop of fermion propagaborsr (fermcon loop > recedver

o nahug _(’("6)‘ A Chuolver o brace O ..r?fu'hor fpace

t@ open RPirac fho{t.'(e.-f’_)

F‘Q‘j‘\h«ah ruler S‘peo’fuc Ffor QED : golcd line

For Ferm(ohj‘ (e.o. e_)

e ___»\_W’-‘h’ﬁ[g I{he A For' Pl‘ éot«.“ (o
k. ﬁ’tmésu{ Cin .&PLACJF’ S,orce a

—
i'hé'

u/
QEeoD verbex ; >,ﬂf\\. = u@zr > Q(;;p -)‘{a -«2 y/a' «t;A/,\ For Direc /Qern«mm
wi b C/\Ml"ﬁe %

FLdé‘,‘?i\ lﬂ,)’DP b ;':\/\/-\:/ = ‘:t’ (ﬂ _ &hyfr‘yl‘\/,.“?—’:’/(?y ) effe((wu'e/v} —‘9}41/
? PT+Ce TV h-P (hpy* PN fz_ﬂré

"’Eo;q:’szq,meh“—’l "# e’nmﬁe Chua e I«\CQ

\_photon cr%fa/u &o con.rerueo( (MFIZACf}

Radboud Universiteit § %

OM'Ne ©

UerTe®



