Computation of the 1-loop diagrams

Pm?&éders (k)L S_‘I\aﬂ LDDfl.Q leu« 5:‘
' ¢p  =P0Cy iy \l/ ?
A A G) = Sif’_ e ~ &4 (-L i l,.l’y)
wa ) Ay ) @r (o +(3-0) =
‘ ' ey
kkuo%(‘orjo\*" 5 _ N _Kemy
x)* Beme  phat

( \ —ip(x=5
CloCly) = S‘N e.() )

)l }
<l

@)t
r“l - (x_
_ (a0 g0
})Pu) =4 e
CP )t ? My
\Jevrtices

—Se it = f { J—Q"A" YA )AL A -<
R GRS }Q

+ X G

A

+ QMC' (:A/.‘,C] vﬁ-g— <

CTANLO - VYTAP

+ PAAP ~;1/~; Jk



Covxw.‘buﬂor\_s o (A'MQ(U Au,b.,w)>

2)6 2‘2

( ( V[ — J
B e O j&wz TR )T 1) Ay 59 x 2

K ane. v (—-\)

—

r“—.‘ —1?|L E) ]
= C (—() K2,042, Aﬂoa( )Aka(%\) S‘”’ V\L‘
e—~————————T (U' Qo ra
T , L= | !
r (Y‘“e CRI%(R) Ye LH%JMA)) Ay (29 Aup, ()
V.F&S NN~ P ~— N\~
&L a'l't(l%r’id Aq‘& Ekl(iu‘z) Sd:q_(’&? ~1Pe(Z~9) i_f
(Zy ke, O:TF —E:—- (™ 43 Usbo
i h- 4 Y
&46 éﬂ’?(<— jé‘t_&_ (Y““kye*—") \/\:\AQ
(ot Hews F& 1) (m)Y(0S pb o wh
P



\/\J\J',’ \‘1\./\/-
N _>',r 2‘@'21
| U I e S S —— J
= Aot 4 202 VT I T (A €T00 Auta ) <2
- (- 4
move wnay ("lJ
[ 1
=CU[II Aual) Al
nNe——
2 oy
tr (ao(e“ Ca) YTa) d€ Cly ¥T@) ) Ant Aty
AN ~— N~ —— —
by -, 3.2
Al \ k, . o At 2) hk,
(’LT():' d S S (,((Ll J@; Q "-'€-~~-—(:h‘:

~ipr L
:S&f_ Q,PL «;
() oo p&

U a kv bk{-? \ i W%, 1%
L e 5 ke )] A
e- 2
M Yo S
SO Ny



e
| [ O /

= Aﬂoﬁo(l) Jl——gcf‘%‘ 0\42)_ Vg (2\) \/30 (.‘QJL) Auobb(‘j) x 2
(

C= Fenb-PAG =PI P A

< 1
= \&d'2, A O A2
- { kB f‘lo‘io(\) ra ()
1

— ~pn P N vV sV T
PR PR PRIV =3I (%) Auula) Ayl
LK JJ\‘MOU&

, p b
~{px o Pl d
g g@f—e—. Q e \,\<,\,\,_\ X AA~—AN e x
LII)Q oo F& Vb oo

L le-
5@‘— " ((-cu’“—f (k=) & %= (=il ke )e’ - -E~>

@)

Al \Lb
(VV\AY\ /t )
N\ \> /



A(—)Au
S EE E— A

= PApwlt) So\*% $ A ‘SNAUCP (2) Ay (9) = 2

ww""&

’ ' L a b A | l
wv(e e PR Pr) ) A @ Ayl
b

= 2 J‘r% A{'\aaa(l) Arg(%l) (&

. P
4 - P
= Sd" e o~

(Zr)y*t oo A
L P 9
I (e“e" - = e
28@'4& w\/b > b b
r T\
[
\\ /
)



VVQW [332 '(~e(m_5

\ e e AT
— A‘Aaao(x) %ff%( ;2; U3 (21) \/3 (,:Zx) Aoobb(b) A 2 )_
\ —J

Uy ==L OPA-0A0)- (8, A = L T (A

e+

— —— R —
é—S 8082, A 0 LA A A Y@ (A A AR Ay, (9)
l ]

(1

\/3 (A\, /'\1, A;:\"zé‘l BU AT [Alp, P\sr.} + ?‘Zf"‘ﬂmhbv\s (3 l_ Jr(fws)

T owe pur Ay = 020 @M A (k) 103, tha

\/3 [A‘/ e, AB)

= L (k7 eMAL ) [(€%A o (), €A ) e
c‘l

~ QR/muations

l:(!"u"" I"L* Ls) X

. U ) (L.“’ LL"‘ A,_,)
= & &€ €T WAL AL A b e i

+ P@Mwﬁiﬂhf

— H‘a‘ fls M@ (’(‘1!* “L“‘hs) X
B \/ kl, V~L) lL)J Apla‘(l‘l) AHLOI(&L) A/u,a}([‘s) € ;



ha, s f*)a) . ( Q. [’ear_ QC(;] ahllul k“)
— . / ‘

b, b, k + permutet bng
)

I

Note, @ The (mner poduckt i % s adfsmt IV ant
[x¥)-2 Y (x2]=0
ank wWe Gre AFS‘uw»\'\/\é (Qq yC 6) (§ Qn orthsnsumal Lms/
"= 87 Sgee (e4€2)=Z

Ha Stvctuve. (owstant.

T, € (€7 )= {7

wbe ach
_[‘C (S OV\TFY‘(MMTW(. m be C Q&c.(/\wgz, f = "f ]

Ba e a&ja,m— WualianCe of . we have

a‘oc

(Qb/eq‘lleﬁ_\_ eq,[:eb/ QL}:o' o {cbO\T{_ =
b be ]ac Y abC
> £= ey e

T‘e\ fabc Vs 1‘01‘46 0\\/\1':'S7mm.¢.1\/«'o i Qxc‘aw:ju of @,b,c.

( Y
= &t Ts al;o cycl,o wvaviant S“bf— &‘C‘___]cc«b‘

Using this propety of Fet o e fet ) ve fund

M, pan 4 as
\/ k‘, ‘A—L)‘L}

(GGG S Mk, /‘<3+
= LA k)

Mafy

(lq.hf IO 1]



B@\: to W-QW

1

R
= l—S d&:&n(f(%,_ AM‘,O() \/,3 [A, A, A]LZ‘) \/5 [A/ A/ A]({") Auo%(‘j)
Z l 1

, P P
_Px o
N o< =
= A — X SN A e, X
S GJZ )(* Hoﬁo ,—;0&. Vs ‘90 V‘D
e,
e~
J\ d‘(‘# Na MlaL M&a) Mla/:/\/\/\/\UIbL “ bl UJ‘D} l/lo
8 U e wep e, ~(et), -
(TF) / M, 4y A b
e’
—
b—p
p
ma ub S



RS

= o )
= Ahu"w()() Sc\«% \/4f @) AV&‘% Lj) (%3 TQIMS) y
LJ
Ve o= = (a1 (AL AL o~
V(A A A A
— /| 1 [ 4

I

(
|82 Ao, Ve [A,A A A0 A9 =4 )

\/{ [A‘/A)-/ A)) A‘(’ 3 = s‘kLel (:ﬁf-\/ At: 1' [A-;f‘/ AQU] + P(va\.fz‘,f;bv\f
(¢! = 2% terms )
§ we ur A= e A (k) TEhUnE, Hae

v*m, b A A )
L (@ L%, €] A ) Aa (b Ay, o) Ay (ko) ¢

+ PQ/ multions

L* the) x

[Qq ax] [efq Q@]C{F(M cgml*q

s (b -+ b ) x
A )~ A (k) @

+ PQ/M(A,MTI'OV\’



(@)
(e B3%) 193¢

! (Lq-(- -+ 'Mt)l J/ (/
= - Apea, () - A{-«qée(“%) € x 9 <2

te-
E [efu(eﬁts {eﬁa/ e“‘[] (Af‘f[‘U 6!“1#4_ ‘5‘4.{44 cg(“zyg)
+ [:e“\ e“)}[e“'; eq‘f] (éf“f‘l AFJW-N w’SHIMAHJIAL)
U (T
Gy ) Mo l(hl'(' ‘('Lq)l
— \/H 5 7 Malg /\\w‘“(‘ﬂ : t"aq?(‘“) e -

\)[Wﬁu, -, [U4Ge

= = Ez_ { Z ‘Eb QIQa_j:(naJQq. (AP‘!P} 8}-‘1.{44— éP(Hq CSH;ya)
b

0 f L
N %{,M'% ](50,_&.;, (éh &) CSH“WF“‘ S Méhn“)
+ Z{—ba.aq baya: (dhh AM“ML——- Aﬁl"‘&cghﬂf“s) /7
b

; p f b
< ~pX — <~ i N
y® Mo A Ob Wb
Ll e o
jS)‘\' [Cx M; &>
<)



e CQV\‘(’V'(Q)W('I'OV\ o <%(K)Q(‘3} > 4— < m p

C B (
p— k—k)()k jAZ f—h IW%%’(—I) LL‘“A"(’(%—) &P(D) X 2
|
2|C—’2L
b-p
f—'ﬁ
l*i‘/w\’"“ob 4
— AN ~ite ¢ A&l r o4 O r e“,
S(_UT)—“Q —_— UU()Q\)'E—P(Y@ —<

¢« Contilurion o (e(x)C9)) of <m<

— = [ 3
= Cly JEJ 82,82 3G (A, CTJadC A ClEo CO) = 2

— ) N
2
h—p
—
I T S A S SIT
(I Qj()‘t ‘? "€t tkacle- <~ Q




----- % N (Wee, &m?ram )

—_ C(—k) : Go
4 %
5 (: [l 1 ) > )

= yw4 Ci 3°C
e S Ayel®)
N ““(%)A;«a(‘d C
?_11'ce Q/‘Nx-%) ¢ .
(20! e B E‘i é(m—w :
o |t = s g
A e )t m’-:f
t
l-l.aao
— (ate d* =L (P+x éla(
Peq =
e ‘)

()t (m)t




sl o -

/1

ll

| 3
. S Wd“%;

=

S F*—\(f\”' I—ﬁ"

00 Y'C (A cJo3TIA, JudC [Aﬂ} J® Ape(w ClY)

/.A.o.

—

x 3

N\ P-Qf Wz on

of 2,22,
Q

&

¢
&(?*‘ifa«le L) ade™ e il age® o @

tﬁa( \’\/\——-\_/\/\/J o

e

k-Pp

()t

QA

”‘\,%/“



R LR RN R A S

—
—

—
—

A S £2. 02,4,
2!

R o

1 \ B Nz-ﬁ r l —
C@ 9'C [ Aw CLJN (AR AT 97C [Aw c]® Apalw) C(9)
]

DS

N 22,
~ (VX oy 4o qW
% « Q ﬂ Lo \1
() ‘H g
he 2
R b ha £be

e\ ket =, -k Prh

k“'%// \‘H:EL
MG 7 [Alax

. Cied Pk | . o9
B e e

pa

(‘“(')""“<“"'(-’6")



SOM@ U\CQQ«-Q, ’&Ur&‘ Oown .S\wxp|e, L.e, aqe‘om 3_

[eqj C ﬂ cs§ be:fwt» oN Of‘d’lﬂanormi L)a.J‘;S we c..,\ao\u’om- fnu
«b el
mec prduct €1 €= 47, (e7¢")=T¢H

~) fd’c nuﬂj &.41‘(17mm(\/«'(
%f &/‘6, \f\Q?f‘Q{QV\\‘O\TfOA \/ af 0()

tr(ee®) = =Ty 4" T <Rso

se%e” = ~ G (V) « Sl (quadratic Casimir)
o €‘~C.L\ ’lﬂ-CAU.CI"D‘L (,Oh'\foru,nf

’ I‘F‘ \/ ) Zrl‘e‘lw..'(atb , T:/ At'W\G = C’I(V) d"“\\/
¢ /=9 (adjort vep), Tg = G () =17 is called o

dual Coxeter number of § for a jwitrble nomaliadiin of -

| — -Gly) )

© T e*e%e® = Le°[ehe ] + eq -1

© Q,v_,_/ ; 7

b ¢ cab _‘ 'UQC ceb

JL [ € ]{ = 2 b Cnl f {.

§e°‘w@e et )= ~het
\"’{‘ 5““1-th

cab

g e’e}

ll

/v]»

= (%“Q(V)e

(

v:? hZco\ebaAQRaaleb —‘“?Umke“



We_ \/\QQ& ™ evaluate e .‘v\feam,Q.g OJ— +Le, -@m\

(ol
'[(]C) T @W)f (t.,l+mz>(( re= p);y
:)—( 3 ) = S&’ ) /
(LD (k=) k™ (k-p)*
whidh are OG']‘LV\ di\/eszwt. l/d(_ S“/\qﬂ wa(oa e, dx'mev\ﬂoncg

86‘7%%’4,4; "]L K s

dqjulaf{lcsﬁb'\ in which these ove «‘ep(ac,ut L’J

()
( ) = j Ak BC :
Lo @ ) (emp Ve )

9 (k)
Y k) kT (k-p)"

itk d=4-6 (euev\Tquj we ke E—*O>_ We use

Jor(9) = MG;*J

LI S' dx
) ((l—)()A-«-?(B)z

;\:S 2 AYdz
ABC IN ((-9-A«9B « 2 C)°

whest \ = { (Y 2)e R

20, \9—*25(}




Cprm\-dn'On jaes as Gllows

L(f) = ﬂ JCM gl x 1)

()4 Ty (0 (em™y 4 (bt ) ))
\_/\f'_/_\—/

K =xple + xp™+ (lhomsexpd
= U,L~ xP )+ L (120) P o (oM
—\
- AN
:5‘ i Saa f(Lexp)
@) (4o

. W& Q)(Pqn& ‘G(ﬁ*l‘)) (N ,Q.h/.gi Aml) Dd& Pok)ef RUMI

Ond re_vlw. en power te(mS loa & fPracion of ﬂ,l

Flrext) = §(mep) (o 2707 — L870)

- We (4 o VST (7 .
SE)‘* He)= S S CUL Rl

SEE ;)So et ()

()
| C

" @ P(44) g AR




) - ([ T fe
@7( al/‘L 1"(,{/) , (t‘*‘Q)a

* e _ By _ TG
o (t+a)™ A\ Clp+) A

We, mdy we, g

Tn +he Wway  We find

ZDKK{') = (%__\a),l L'dx (4'((/‘4311) 2 P(Q—%) §

VA

Where A = x(I=x) PL-(- ((-X)M"—(—vakl ond

/i = l y k" = X PM
mu - (S‘w Q n XszPu
2~
— o
W (k-p)” = §&° A_ — x(l=x) P"0

2-4
/\ v L A oV
(ep ) = &7+

St (urtj (Qx:arcdsz, )



vy FB-¢
23

dl? R A (47‘ MDLR>
- A

59(\(5) = \4;()1

N

Uhae A= §(-9) 4 = 2(1=2) P + 524D and

as

L W= =g etl

1=

~ »
e = f— v (9% )=yt 2 1Y)




