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Conﬁnwng hom @nTmT2D) ure umite down the F@ymman vles govevning The Imglﬂer
procluch i an Ao - cajregovy quoni-ison ovphicto /\Fo &r mf(R ,W) & R

We begin by re o echny 1he sefup and lf)ypbﬁ/LMg/) Hfom (amfmfzck)

- Risa wmmujmﬁve @~a/€7@bra and WeR = ’5[11/--'/7017 s o pofem’v‘q/.

: 8 s a «ﬁ«//;ub—D&-CC/feyoly 0787‘7% Da—cafegoly W)]C( Q, I/V) #ﬁ'm’/e—mmk
Free maix factovisations of W.

. o= @1 RO, MaZ,_—gmded module with [0 ]=1.

‘[/’/"-/ﬁn 15 a C/ua/)i—vfgu/ar fequeme i K such that
— Rty isa {.9. free k-module, and
— 1 ack mu{l-f/lomofbpl'(a/(y on Hmg (%, X) forall X,Ye ob(5) [£C<n

— tne Koszul complex of 4y-.-,In over R is exact exceptin degrez zevo.

+ foreach Xeob(8) and [€Csn we choose amu“«hom#opy ?,‘X +or the
action o 4, on Homa (%X) gnd for Ye 010(8) define me null-homotopy 2, v¥
on HomR(V,X)fwmaCﬁon oFf 4 fo he A (°() o x (""LPO@)

* wechoose o R-banis {2 ?—r O“fi /(f) and V’O”"OgeVL@OW) R- basen 7%1/ evely

deno#u the (£)-adic comp e/vov;.

© Qs the gmding alrje\ova 3emem!~ed by oH’l/\ogonal |‘c(elmpovt€wh {ea}a eob(B) .

—

NOTE  Tvion weve founcl i ainfmf2¥ shich meanwe veplace exp ()
Thioughout wit V, 1his how mm‘yd’éeﬂﬂ done .



@
* We wse uo Z,-grmnded Q-bimodules
D AF o i) or Home (Y, X) @n k[t ]
¥)Xe olo(¥) (2.1
" = @ K/[i)@hHomk(Y/ X)
Y, X €0b(F)

where Y 2 ROk {/V encodes Y choren homogeneoun R-banis in Youms o q < hosen
h-basis for . As dliscunred on p- I Ginfmf28) thewe ave adma/{yﬁw viotuvar)
Q-bimodule shuchires on 3%, % . The ‘wual " one which are wre in Ginfmfzg)
and which folloun the definifions in is appvoprictte for forwavd suspended
’ovoducfs. The “alfernadive ” by module sfwictuve [i.e. The one on P- E>@infmfzp ) is
appropviate for ovdinay pwduch. We wiik &g when fensoring wiing 7his other
bimoclule shuctire (which is the only fime this issue manifests ibelf )

¢ Given R72 gnd T€ Je (all ourrees howe onfy internal vedicon of Vafemcy 3)
we define o @-bilinear map (w-r-t. the glternodive bimoclule J?LVI,{C)'MN)

evalt —> (2.2)

A 1 !2 1
an on f.,7};en the @-bilinear mor]o/—r el “ot _, ») (1]
giving he Moo-shucture on KUT] is related o evalt by (331) of @nfmt2P)

The puvpore o #his note is fo unpack the definiion of e\/&r/r amf desciibe /;Z in

A /

Terms of F’eynman ollagrmm The velevanf mgms,;[/ey;y% are éw) ;zﬁ,,o )

which we now recal) inFuvn.



is The @ -bilineay map /)’/(\.“_* 9% given by the formula

= > )" (Adum) 2 (=)

which is (21.3) of Ginfmf22. Heve !:1 : a'Ae — 3 i the odd mop Given bj

~ X g

N -1 oA n 2
= [dKjvt] Vf) C'KZZ;:, 7‘2 (Qi) VJC:ZM?—J&&_ (2.2)
See f@é“’%m{”\) The ma/a 3 76_* . is the obvioun mc((/wmr);
PQ@ Fina [Eﬂ; dHom is 8“’9““/3 on od\d o pevmtor OV\H ov vather
&

the V), X summand thevecf, by he Jensor fom (27.4) infmf2$ | which we desciibe
by naming our chosen bomogemwm bonis of X by el }. for any X€ob (&),
jo’n’laf' O(M]U\’_ e,ul( (e‘Uz,> Is al,Q Ioa/l\s ‘Fov HDVVI]Q Y) )

In errmsof‘nll‘s banis the opem%r flé — dx“}'é han the coovelinaten

X
O(V\Mz — dX ° O<Ml'~41_ = Cl eil ° (e\{dzs

_ (e (LY
= Z( X)q3u eqa (eu‘z_,) (C(“)MSMIGR

= Z (dx)qsu] O<u3uL
U3

That is, an a mabix w.rt. e bass {O(MMJ_ way e operator dx < (=) by the
mapix with em%y (Cfx" )a'o cd ébd (d’()ac where é is Yhe Divacdelte .
Sim‘llavlg ¢ —> (_1)19‘175 dy hos action

Idcu[l |°(“1\ 3( X
Ag —> (1) Kededy =) elo(el) o dy

_ Z(ﬂ(e@a\ X \/j (d\/ Z(_ lml(dy



®

[dlea |
Hene ¢ (")Mfﬁwly hon wodvix (—>rs, od T (=) Cgrc‘ (dy)ds

e upshot is that os an opevator on Home (7, %) @6 R, dtom which is he opevator

fbf_% dx° 74_ (‘/) ¢ C/V han the fensor BXPMJ’OH "NOTE: inqll Yensor reprerentations
we tgnove gradings ) 1-e. ((.1) sowyr tal

Aijom (oted) = Za o [+ ] Aol @Jhou‘]

C/HO/YI Z [5190‘ (dx ac - (“’)Mdgac(d\/)db:, O<i<c( @ O(ab

AL N (4.1)
Homs (\7/ X) ®s Home (v, Y) @k R
]O(le n
Z (A )ac olig @ oed — 2 ) (dv) g Koy @ Lal
a ¢ d a,b,d

p ¥
77ww d]—{om Is wiiflen in +€VVYH CTE ’}/l/)e OP€VU‘]‘DI/J [d)()m /]#QV\C\ [dy/db] - LQ-‘r w) WV{J—Q

dX)MV - Z_\Z (dX)MV>]2£ é(zk)té

k=1 §enN~ 7

n R fle 2)

“
Z Z (dy,uv )ké 2(zr)t ;

=1 &elN”

Then by (4:1) an o mabix word . Hw chosen banis & « '5)

ldcd |
(Ao )b, cd = Sbd (B)ac — 1) dac (dv)g,
[oed |

- ZZ‘ [ gkc( (dx)“)hs -(‘l) Jac (d\/,ollo)hg ] Z(%h)f(g
SR

|

d\// uv

[oed |

(¢.
. {(4Hom BM’ICd}ﬁg §l,d (dx)ac)hs (~| Jac (d\/,c”o)h(( U 3‘)



®
Then accoding b @nfmf2®), ay alensor (s.)

d o € (R/f)) ®r Hom ( \/)X> or (Y1t)) @x Home (5,X) @k Rl £1]

we have
lc,d
dHOW\ — Zr (C[Hovn)(’/qlgl(g Z @O(cd®2/€@ dab‘@t
L)ab/ci‘i
-€,I5
o k¢
C\Hom>{ b ST Z) Z) (d\‘\ow\ a,‘o cd)lac /0/,@(( (§,2.)
e+trn =5 k=
(oAcd |
Z Z, [gkd dX)QC)he —(" Jac d\/ dlo j(a/e((
et =§ k=1

where T i adensor definec on F‘@ ffﬂ@ /MW)) c(|‘vfc(fng ik nto fuo
Pa«h ond wing the Divac c&e\Jras/

ke % * {
C/{\HOW\ - ; , (dX/O‘C)\ze /X.Q(( zﬁ@dcb®z{®dqbﬁt

o/Dl/la/C/‘F/g

€t :é)h

(53)

(o<a
— E (= A (dy cuoxke B/M Z @ocaé @&@OLQL)GM

y a,\a,d/{,é
erit=4, k



Let wa vecord the shing diagram cowerponcling ot fint summaond, with extevnal

indier ¢, a,byc, €, § fixed andl an implrcit sum over mtevnal ndier R,€ 1 ) 1-e.

ke % %
Z (d’(/‘lc)ke /KQI( 2@ Al ® 24 ® Xy, @té (6.1)

/{//O(//u//é/ ‘el/g
E+I =/,

Below red lines (—’?—’> stond for R/(ﬁ), blacla lines ‘]%lr Hbmlz(q/‘x) and blue linen

(<) o kiET]

Rs) Rome (¥ X) R[1ET]



And for the other summand 11 (5.3), mamely

(O(ac\\ R *
— D) (dya e Var 21 0 o o2 eotuet’ (7.)
N

//,/,%,)J/%/X
€+ =/,¥/ k.

we hawe simila V/y

%e) Hom (3 X) ki)



®

We want Jo vetwn now 1o the calcdation o 2;0. But fint we nead a compact ey
of vecovdling the t- cfe,oemdemwdf SIrom. From (51) amd (5-2) we devive for SEN

a tensor (o woual we omifthe Y, X dependen&)

al—(lfv?n € (R/(t))*@a Hom ( \/)X) on (Rt )@/z Hom (Y, %) (&.1)
(;(\H((jv?/l = Z (CKHOW>;/21/5 ZXoded® 240 Aob
Lo, cd A
such #haf
aHom Z aHSv? 5 (&:2)

ey A ~
To compule b0 we nexd fo calculate %eﬁ;/lowz‘ng ~Hor m7 0 (wwifing € = [de, %] )

(':I\C/I\Homymé - (F‘"a\]—lom)—“'(‘:lcj\\l—{om)é\ (8‘3)
= (A (A e ™)) (A et) &
81y S
- D (3% nle ™) (% (4500t )
£y Sim

Now woe know that ¢ onl omyCCIVPﬁ alout he @—degm amd the C-degren , both of which ave

zew affer applying 2. Affer an applrcafion of el © £4 e 0- degree i unchanged

ancl #he t~degree increanes by 14/, Aler an applization of Ve fhe O-degrec incremes
by 1 andﬁ/n,et—dejmdecr@a/)wby 1, so the sum is unchanged. Henu the S's in (#.3)

conhibule he o //ow;'nj scalor factor



Q)
/ / /
1§14+ )dm] /5»/f/&/737 (4.1)
That s, @ JHM)MZA equals (9.2)
. l A5 g ,
> Wla\n---ﬂswl(% (350 )} (7. (49 at™) &

Jl/..yslﬂ\ r=1

Now, sin VL}: O and Ve 2 =0 This vvtwﬂ be rewitlen i fevrms d}ﬁ a)mmm{‘a}ow
~(4)
[V dHovm {:&]
which ack on atensor an follows

[Vf/ J;jm @é‘f](wﬁa@ A & (:T)
(9.3)
= Ve[ ()"0 6 duon (2102 ) @7
r (dumatd)Ve(wezietot”)
= ZL, )"0, w @Juiil (2:04) 6 %H%U
) L)

30" 0w o i (2i04)0 £ 2 (1)

- oo diom (2004) & L7 5 (+)

[z@ (4 e 5 )) ] (worconat”)



That fs,
A (4 (§) d
dl-{(or: @H] Z (9 ( Hom ,(f )> (1o.1)
6omloinin9 (4.2), (23) pre awive af
(|:\| JHOW\)mé\

5 Ty (7 B 7)) (e e ) &

= |

(fl/ /SVV\

th T T Gied )] -
$yydm =
{2(9‘! l—\om ;,tél)} 2 (IO,Z)

(§m) $m B
Z ENER +l£ {@”“(d“"“" 3{ )}

J} ISIM r=I J) (g ~
ey O . 2 I
{0 (dy @ 5 )}z
and hene finally, "Nole i §1= 04t summand in (16-3) 5 ze00 |

Lemma. We Nawve the %(lowmg expansion, with J\, o S ranging ouev (N

ond i1)..,{m r@NGing over L. ,n? ancdd m= Oﬁl\/lngju/)]‘

=02 7—<|£I+ 416 ) {@‘“(C(Hizz %J‘ém>}

m7,0 A') )<(m r=|

R NPT IE:

((0.3)



5500 is The @ -bilinear map B%Hﬁ given by 1he 7%;//;4!4}6( (P@>

= Zryﬂ,o (_0""‘( l:\\at-lbm\vnlil. [{/./)

Heve K is anin (3-2) awcl AHoun is given Lyj (£1),(8.2), sowe may
pvowzdjwn’ra/) wedid Gy Zoo on p.®,0,O . The differcyce ,s, of couve,
that theve isa A af the end vuthevHhan a 8 and we apply 52500 +o fensow

which a’l/f’Ole mvolre D% ond 2‘5, whevear ém a/p/;/m/;’a element: o )f-

Let wo beg)‘n with the awalogue 07.” (&. 3)) (wvfﬁng (= [‘;\K/vq’,a/) before )

(ﬁJHom)mﬁ = MJHOM'“'(QCTHMJFA) (11-2)
= 2 (Ao t™)) - (A-(Alet™) A
1y S
PRt (G e t)) (9 (42 e )3 ¢,
£y Sim

T "
Now suppose we apply this o afensor o ® Z; ®X®L i we\fs, TEN " cnd

suppose w, o are homogentous. Now by Hhe avguments given eavlier fhu 3 will
tonbibule an overall fzctor of  (witing a = [wl+(T] )
Zq"wm'm w‘j\ﬂmod s
[ ( \ |

(4 )t ) &l . aHJlH(le‘ a + || E:

((1-3)

This veaulls in The equa)i@



@

(':ik C/I\HoW\ )W‘l:\,

v

| (5. g ,
= 2 s (vt (Gele t™)) - (V- (49 t™) 7

Jl/..-/slﬁ‘\ y¥=0

IN
\\ r=0 (/OV\'}V”OM"QA _‘C’L

which, by wnvertingto commutatow and wing (10-1), mowy be witlen a

_ >

Jl/..-/&lfv\ vy =0

™M

l -
0\_‘_}&‘““_{_‘&\ [Ve ) C\|_(lfm)® tSw\ j [V d (afl) JCJI)] vﬁ

. (12.1)
l (JM) ém PR
- Z w4+ 1] {Q‘M(C(Hom@)a% t )}
Jl)"‘}SM r=0 y ) (g ]
LD“/ I(;l’v\ | fa— [
| { O, (O\Hom ® ajﬂ,t )} Oc, oti,

Again/ we summanse Hw colcul akion w Followws - raqainiféﬁo M ummand in (12.2) i 200 |

Lomma. We howe the -Fo(low)‘ng expavsion, with Jl/-- S ranging ovev {ij
and i, iyl ranging over 1157, of ¥m applied o a fevisor

T A
wezZie ket it

wheve |w|+]T[= 0. 0n The space of such fensou, ¢A@ js egual fothe operator

Z.H) Z 7(0\“5 [+ 3 ,) {@Lm(cll_ti:z@ai Jcé”"‘)}

m7/0 Jy.. )x(m r=0

‘.’r CM : | (’2'l
- "'{®i|(c\l-\jrv?®%,t5 )}@%a%; )

o



©,

N
™/

S | isthe Q-bilinear operator on LAl glven by (P@)

z n N
== D [N,‘]@@; (13.1)

HMwPelfﬁrmm fame aVlOt{\tjﬂ'Jrf{ [%‘/”]A aN we dl’d on CjHom) Shvjn‘vxa on F@
Recall thal by definition ((82) of @nfm(28) ) giren o/€ Homk (9) %),

[N, -] (0() = Noea- (—I]Mlo@’AZ/ (13.2)

whichis similav o fprmula or Aom . Henw e eavlier devivation may bhe vepea#ec’
vevbalim b show that, an adensor (we Jw)hhﬁj bo avoid clashen )

[%,-T e (R/(z))*m Hom (5,%) o (V1£)) @5 Homs (%) @k kI 1]

we have
lc,d
DjﬁlAz Z ([’\)J—] )MH = @o(cc\@Z{@ o(ab@t

L)a\o/c)d
-@,15 (13.3)

wheve

[oAed]|
( > bg Z Z[g‘od })ac)he ‘l Jac A 0“0 ja/€)(
e+ =§ k=1

(13:4)
As we did on p‘@ for dHom we alro inhoduce Hie fensors



@
(s) PN ~
[f\j,—]A € (R/(t))*m Homy (5,X) @n (¥1£)) @& Home (%)
[ eid
[%’Tm= Z (ﬁj, -] >1a58 Z @o(cc\@@ Z4 @ Agb (1%.1)

‘\/ql\"lcld {

such #af

ZJ{ A(é) (14.2)

Let ws now tuvnto amexpmsiomuf /M/;_ exp(-= 2'). We have

ﬁzeXP(-é’J = Z}(-’)mw'ln/f =) (14.3)
- 2 ( 2 [, Ja0!)
- 2 2 ] \(D'r] 20 )
- 2L Z _\-( H@f‘“)@@
m2o J, ,6m
- ey E D B AT ([ e ek )
m7z o Jy..)dm r=1

e im

With these imgmdiewk in plaw we can now fun 4o a pwpevifudy of evalr fom

pED@Infrf2D.



Evaluoting the hree

Let TE Jl; be given, P> 2, and consider #he decoveition A& A(T) from fv@

. 3% 4o each intevnal ec\qz £ T and 7% +o eacth
leaf of T,

n

- Z,Q LT s R Jweaclm'npul‘)

’ 7%‘9%"*7%'(’0‘“/12\/001[)

A

3 :afe — &Ae to each intevnal edge e 7;

. /\/A\z exp (- é 7)—/79 ecachintevvral verfex:

By dedinifion
A % A
evolt - 1€ i )

s fhe bvanch denofation of this decovation inthe @ fegowy of ungvaded modules .

(e hawe clesciibed o i (10.3), CZ?OO in (12.2) awc//t;\,,exp(’g/) in (/4&_3))
and we now gssemble these vepulfs. Eadn o these opemhm mvolve) aJum
over cnintegev m7 0. Let Loc(T) denote Hre ref o [octtions in T, by which
we mean non-wol vertiws of AT). Then we can wike

[
evalr = 2 (—l)flevaITNC

f‘Loc[T)—a//\/



whoe 1£1= 2. etaecry PO and evalt £ depoker Hu devctation of
the decoration with ?a’i))‘f(%), 7500,3‘3(1), V\MP‘/AJ\LQXP<—|?)/)7£[’X) aJ!/@VUQGL
to locerfions in plac of §,,o) $00/ /?LQXP(‘E—:’)) whare

Com= 2 Tl () T8, (dd 0 545))E e

wm
J) }SW\ r=I r=1 Plo

t/ /Cm

onMJpawd‘f fenson of w»efﬁhl- lw| #1T)=

¢ Z jf(ow]éd)r +5 | )ﬁ( ( AH a+lrt5v )) to =

J‘) )jm r=o0 r=1 aho )
ol
S ASr)
Srop(-B = a2t T([ o0, 163)

Tnall caves W/owdmﬁ uf/opem/vw are expanded from left (r=1) 70 thf (r=wm),

Let w umle

Loc (T) = Tn (T) 1 Edge (T)—U- Vert (T)

whove Tn(T) is the ret U‘P inpufvertiun, Edge (T) e intevnal edgpen of T (or move
Pvecisely e l,ovm)aomdingvel/ﬁwnof A(T) ) and Ved(T ) the intermal verties.

Def" The weight of afensor @ 2i@ (@t 3 i [w]+1T]EN.



( aindm{29)
(@

Ded” /A configuration of T is the pllowing doded:

- afunction m : Loc(T) — N,
. m(x) M)
‘ —Foreacl/\ J(GLOC(T) requanes L () € {’/"7”} and é(")e (N ) y
+ foreach x € Edge(ﬂ anindex ¢, (x)e {l,..,nT,
The sef of ooViﬁgumh‘om is denoted Con(T). This is an infinite set-

M Civen m70, de (/Nn)mand vo, L € {’)-"/V’}Mweoleﬁne

— - ee 5 -
é"%m S = TT<|s|+ mr)l_“_( ( Howm & a+,,t )>
s = 1 armrmm) TT(8, (o 585)) Ough

. A, IR SR A7)
ﬂLeXP(——B)M)éjé—: wi’.f(H 1L(S/“z l \([ ‘ri} ®(9Lr)

whove e formula for gsoo,m, $.¢,6 gz:/mf%ean%n on tensory of wf/yhll q.

Def" Liven a configuiation C of 7} lekevalvc dencke the (ungvaded, cus wual)
denofation of the c/ewmﬁom assigning &xb m (21, 4 (), £ (x) Toeach m/pm‘x
‘féoo, Wl(z; §(0), L(x); Lolx) fo ecch edge x, /ulexp[ -._J)m(ws i(x), L(x) To each ue//eX
and T 4 the voo!



|me|

Lemma  evaly = Z C € Con(T) (-1) eVQIT,c

Foo? The only point 1o wnsicer is that Gon (T) is infinile, but-for all but-fmifely many

configurzhions C, evalr,c is zew - Tn fuck, aalyc = O if-for any xeloc(7), med>n. O

Given a ww%gumhom letws consicler e Flow of O and t's that it dictates ﬁ/”/DMyLL
fiedvee. Evew 2o, 8,0 adds m O and increanen the t-clegree by [5]=5 14/
minws M [fovthe c/ewvuﬁuw)- Sooverall the WElgW' increovies by [d ) T same

is te o §?5oo,m, 4,¢,6,, while /AZQXP[E))W,IA)L[_ mcmcm@ﬁuww‘ghf-loy |8 ~m

Ded" LefC bec wnﬁgumh‘onaﬂ cbove. Then wt = Loc(T)—Z is the funclion
definecl by
[§(=)] e Tn(T)VLEdge (T)
wt () = {\g_(x);—m(x) xeVevt (T)

and e cumulative weith is Wﬁmcﬁun cwt - Loc(T)— 2 j/'men loj

cwk () = P wtly)

j(x

wherve #e sum is over locm‘mmj above X in e free (1-e. fov which e
paith ﬁow\j o 7he oot includes x ).

Nofe Olhowe thata wnﬂ‘gamﬁom could have regative mig‘xﬁ at o locerfion, i Jouy
m()> 0 but |4 () 1=0, but if cwt(x)<O for any x then evalt,c = O
sine this mut avise froom more OF 's than O's at some verlex. Similavly if
cwt (x) =0 at any edge x then evalr,c = O o the 5%‘5 comihilofey 1Rl E]]



Noke  In the evaluation of the Hree wmpuﬁhg eva/;j c, cwt(x) is Hhe wel:ci}lf‘
of the fensor being fecl fo he operator at x .

The overall conhibution of sealavs fom ? fo evalz c 13
m ()

] l(lux)‘ll~-+(£(o«)rk> | (1)

xeTn(m) ©=| ()

Cw{:(x) (cwf‘(wlefs(‘ | 4=+ 4 '>

x € Edge (T

De” We denole (19.1) by Z.e Q.
Def” Given o confiquiedion C of T, consider 1he follwing dewvoidion ol AT,

+ Mo each leaf and 2 4o each infernal edge

. A(5r) S o
. _’_r(@jr (dw ® 3t t ))Z fo aninput labelled m, §, ¢ by C,

r=1

“ (5) Sv J
TT(6, (820 3E40) 6.2 et e 6501y

r=1
Y ’"/‘ ,\(J)
_l_ TR l ! ([%r] @&r) to averlex labelled m,d, ¢ by C,

© !

. 7”-01[’%@ voot

Lewmma evalyc is Z.c Fimes the denotation o the above decorcdion.



@

($) ~(E)
However we hoe nofyefanUecl af the ijnmam viles, an C‘Hom and [7\5/:]

consis? Uf fuo /DCH/7L§ (oowwpomclmgﬁv pve-ov "Dos}—oom/lpowﬁon) ancl thenre
,oa\/% have Yheiv own incliws which netcldo be fixed. | et wy fint nome Pahlx .

By (5.3) we have

A () A (S, pst) A (Spre)
d Hom — Hom t OHom (20-1)
wheue
A (4, post) k¢ X *
d o = 2 (dx ac)ke ’MK 2@ Al ® 24 @ Xy,
yok,c, € ern = L (20.2)
A (§,pve) [odl RO & &
dHomP = Z , (~1) (d\/)d‘oske /a/«EI’\ Z; & Ocad & Ze & X ab
Loab,d € err =3,k
oncl similavlg
/\(J\ INES ost) ) ]\(J }ﬂ/“f)
DJ’/"] = [’\j/’] " ﬁj /'j / (29.3)
w]/IQUB
\ (S, ost X ‘2‘- x* *
['/\}'/_]/ Pce) = z (3‘},06>ke /X.Qr( Z. & 0<clo @ Z4 ® D(a)o

L/Dl/lO/Cj‘ele ""(:g)h\_ (LDL})

ke
A(&,PW) Z l (O(Qc\\ y * N
[P\)/ = (//\ )dloB'lG Xfﬂl’\ 2L & Ocac& & Z{ (2] OLC(LJ
L,C{/la)cj/’(/éﬂ’\ é/h



Ded" A Hull wﬂﬁgumﬁbn o Tisa configuvation phws Hhe exhadatke of

m ()

: ﬁfeacl/\ s Loc(T) a req uene s(x)e {F"?J POJH -

The sel of full configuvations is denoted Flon(T) . Given CeFlon(T) we
denole bcj Zc the wnstant associated fo Hhe uwdevlyinj Drc[fwany wmﬁ‘gumﬁon.

Def” Giveno full wonfiguwedion C of- T, consider e following dewvadion of A(T),

. 72 }o each leaf and 96 o each infevnal edge

= T0rs) 9 1) e
. —l_‘—((p,-r (dHom ® §—+,rt ))Z fo aninput labelled m, §, ¢ s by C,

= Albes) 9 LS 2
CTT(0, (4570 2 t%) O 5 4o ancetge tebelled wy 42,605 by C,

]_/
r=1

DS A T [, ) %
. w\!t 1 /Mz , l ([?\‘r)—'] ®@ir)+ua\revl-€x labelled M)§/£1§_ [93 C/
r=1

Tl bothe voot

Def” Let evalr,c devote Zc fimen the clenstation o e above clecovadion .

Z el

Now, each full cordiguvtiion gives vise fo many Fegniman diagam, sine e tenson
in (202 (20.4) vontaiin infewnalindies €%, R - But we prefevto elabovak thr
Sepamk(j rother than confinue fo vefine the nokion oo config vation.
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Fegnman diagrams (A’@Pe>
We diaw diagrams downwards . We assume a full configuiation hoo been
fixed, souse ave looking atsome product
TT(6, (357e 5t5))2 o
Let wn diaw mdl‘aﬁmw\ for
©; (d SJIMH "agTJ- t)e, (122
bonowing fom (6.2)
(22.2)

aelf (dx)o‘c)k&

NFg



Cainfmf29)

The way'/v intevpvet his diaguown s an asum over infevnal indiy (1, €,R) each
multiplied by e indicated weffrcients, 1.

~(§, post) A
(9). (d &wf @%%J )é (Zg@o(cb) (22.0)
A uf?L) -e/
= O (dpl e 15E79)(102i0dwe)
(5:2) ht §-e/
= D 8 (dacdhe e Oj @ 200 clb® £° 7Y
Qjﬂ)h
et+m=4

On e move gemeval mput,

. ost
(9)' (clﬁo/‘,f )699%-%& )(w@%z@o(cb @91) (23.2)

— (’,)fW]@J' w ( C(

Hom

ki e
- (Sj'l(dxzac)ké D/{oc w@Jl@ Ze & 0(01!0@?% J
R

a) ~€,
crr==§

which we repvf/)ewF by e dn‘ac&mm owvlea/’.

Nole  We fend4o label O-shands with puoclucts o (95, vathev thom some

oﬁ/;erinc{exfny scheme (wecould e 9. use ovdeved sequents j <-- </‘r n ;’(/N,V\/p})

- (J,PDS"‘)
Remark. Tor dugm e c\iagmm(\sa\vvmsf—mmw:juﬂ meplaua’ﬂ/u incoming cb line

with ad, anclthe (dx,ac)re wefficient by (-)! Rl ! (d~du ke .




( Dtl'n{mfzﬂ
o

J w@J' N

AFg s) o () %) RIiET]
Now letws consicler the cliagvam for o po dluct
0. 380, (45 e 540 )2,
which when appliec to 2¢ & Aeb yields by (23.1),

Z l&] Q‘X;ac hC’a/{f(@ ( :::L g),J t8/>((9j‘@2{® O(alo@ﬁcf‘ﬁjj

a)&
et+m=4
(24.2)
Z l&l C\X,G\C }Lefa/{,( Z \8‘ (dx aa>k\ f {%1 '
a,?, k q g/'

Jtel e /
etrn=4 ebic'=§' @J@ @Zc'@O(/w@f -



(a',nfm(zqi
&,

which is vompuled l"U Wdl‘agmm

°” > (25.1)
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The “Pm“ vewion of C/]\Hom hao a similav bapic -/%VVM (fex (7.2)) 5o we do vof
prerent its diagvams Jepamklj. Sinee O, 35 han o familiar diagram ure also
omit i, anclure focunr now on e C-type.

Feynman diagrams (C«@Pe)

Consider the operm'vf

At AT (DT " 6 ) (241
r=1

mtnecove m=2 ) sothot (Tgwoﬁnﬂm ;3\1—] we have, with £= (JZJ ), <§=(J;‘”

A )“5) * A, por
([}" -] ot (9/)( )i)j,:] (4p H® (9;) (26.2)

J

which aPp,fedTI‘D o Yensor (w@%z@o(clo ®1) & (UU/@ 2.0 @ O(clb’ @1):7{6[0(5‘

fS . ole (d' oSJr) w ot
e ) (D1 a0 ) (60 e [ rreager)

@ (@J*(w’) ® 2,/ @ | & ’L))

(w|+ o(c\o\JrIWIHw Flokeb) 414 (w]
E ( l |+

(wa (212 2,7 (2 000 ) 1)
& ((9 0, (w')@ZL-f@o(c’lg'@/L)

— ()R ((we Dy 12 [0 7 (2epon ) o 1)

o (0f0/ (v )z @ol))
(26.3)
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By (20.u4),
37 = T (e Vi 2o dhozee L
o, €, e ri=8 h (27.1)
Heve
(3, -1 0P, 7P (2 0y, ) (27.2)

. (4! post) x k¢

= [ff\/ﬁ ’]A " (Za/—e/e+m= 5,k (’f\j/qc}kea/-@n: z4 @O(qlo>
he o

= Z (}ji(ac)kefo/{{f\ _]/\(J ij)(Z{@o( b>

a,4 et=4,R
Iz £

= ? Z} ('\1/“':)]“{ Z/{r( / ,ac)({G £'1c ZL'@Hoth

q/2,6+/(=5,k q){' (-H("'J k

Hena (26.3) equals

Z ( é E J/ac)/aea/‘ff( }/a’c>k'€/ D/{I’L :

£ etic= 5'& . 1 \
o il escodaiot)o(gig i) ened 1)

t/vhfcb\(/m/'n@ (32.2) Uﬂg)"e
/A ( [w@a@o(]@[w@% @M}

Id{lwfl

ZZ wAw'® Zp® of3 o t?

(27.2)
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iseclua\Jro
|Lab||w'] + 1 X x b ‘K{{ »

z (-1) (/\J'/GC)/&G(%';Q’C){IG/ LK /a/{’;( ’a/k”é” (28.1)
qI’F,C"'H(:S/k . 5+A"+&“
a’/f',eur,;fzgr/k/ . W@J“’@J’(W') & 2y @ Aol & ' ébc’

R

fetuming w'= O O w" we howe e wwwponc/fmg d/“qgmm




