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Inf[]:=

In[«]:=

Pensieve header: A fresh implementation of baby DoPeGDO. Continues pensieve://2020-09/,
pensieve://2020-03/Testing123.nb, and
pensieve://People/VanDerVeen/TimidHeisenbergRGeneralForm@.nb.

Q+P

E[w, Q, P_eSeries] represents we**", where wis a scalar, Q is an e-free quadratic, and P = Zﬁ'ﬁo PIKT ¥ is

a perturbation (it is ill-advised to include w in P because then it will have log terms).

Scheme: E [ ]//E [ ] calls FZip or Zip, which are functionally the same. Zip works by handling the
quadratic part and calling PZip for the perturbation-only part. PZip works by iteratively solving the
synthesis equation. FZip works by encapsulating coefficients, calling Zip, and back-substituting.

Minor utilities

CCF[& ] := PPccr@ExpandDenominator@ExpandNumerator@Together[&£];
(xCoefficientCanonical Form =x)
CF[& List] :=CF /@ &;
CF[&_eSeries] :=CF /@ &;
CF[£_] := PPc@Module [
{vs =cases[s, (y|x|n|€ ,o]Ulylx|n]|&},
Total[ (CCF[#[2]] (Timeseevs“I")) & /@ CoefficientRules[Expand[5], vs]]
]
(*CF[&_] := PPcr@CCF[&E];*)
CF[& E] :=CF /@ s&;
CF[Esp, _[&5___1] :=CF/@E,[&5];

eSeries /: S1_eSeries = S2_cSeries :=

Length[S1] = Length[S2] A Inner[CF[#1] == CF[#2] &, S1, S2, And];
eSeries[0] /; $k > @ := eSeries @@ Table[0, $k +1];
eSeries /: S1_eSeries + S2_eSeries :=

eSeries @@ Table [S1[k] + S2[k], {k, Min[Length@S1, Length@S2]}];
eSeries /: S1_eSeries * S2_eSeries := eSeries ee

Table[Sum[SI[[j + 1] * S2[k - j + 11, {j, 0, k}]1, {k, @, Min[Length@S1, Length@S2] -1}];

eSeries /: c_*S _eSeries := (c#) & /@ S;
eSeries /: 9,s S _eSeries i= (s > 0ysS) /@S5;

The Main Program

Variables and their duals:
{y*: X*) 77*) §*} ={n, & Y, X};
(vs_List)* := (v > V*) /@vs;

(”_i_)* 1= (U) ;s

E operations:
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mp= E/:E[wl_,Ql , Pl ]=E[w2 ,Q2 ,P2 ] :=CF[wl = w2] ACF[Q1 = Q2] A (P1 = P2);
E/:E[wl , 0l ,Pl JE[w2 , Q2 , P2 ] :=E[wl «2, Q1 +Q2, P1+P2];
Eg1 ez [E1s___]1 = Egz 42 [82s__ ] ~i= (d1=d2) A (rl=r2) A (E[&lS] = E[&25]);
Eg ez [E1s___1Egz op2 [E25___]1 “i= E (g1yd2)-(r1yrz) @@ (E[SE1s] E[&25]) ;
Egr [E5___lgr = Egqr @RE[E5] g5

ni-1=  Edg sps [E1S___1// Eaz 4r2 [825___]1 :=Module[{is = riNd2, 1lvs},
lvs = Flatten@Table[ {Xgeis Ysei}, {i, i5}1;
]E(dlUComplement[dz,is])—»(r2UComp1ement[r1,is]) ee (ZiplvsU1vs* [1V5*°1VS: Times[
E[&1s] /. Table[ (v :X |Y); - Vgeir {1, iS}],
E[&2s] /. Table[ (v : & | N)i > Vgeis {i, 1S}]
11)

FJ2 F/2 .y oAF/2
e Jeen ©
part glue Z
3 E 3 E connected

diagrams

Lemma 1 Lemma 2 Lemma 3

nep= Zipys [F, &1 1= (F, &) // Zipl,, // Zip2,, // Zip3,,;
Zip,, [7, &1 :=(F, &) // Zipl, // EZip23,;

Getting rid of the quadratic.
Lemma 1. With convergences left to the reader,

<F: Ee? ZLJ‘EBGW/‘> = det(1 - GF)""2(F(1 - GF)™: a)B
B
Inf[+]:= Zipl{} = Identity;
Zipl,, @(7 , E[v_, Q_, P_]) := PPz, @Module[{T, F, G, u, v},
I = IdentityMatrixelLengthevs;
F = Table[d,,, 7, {u, vs*}, {V, Vvs*}];
G = Table[au,vQ: {u, vs}, {v, vs}];
(CF[vs*.F.Inverse[I - G.F].vs* /2],
E [CFePowerExpand@Factor [~ Det[r - G.F]™/?], CF[Q-vs.G.vs /2], P])

]

Getting rid of linear terms.

Lemma 2. <F: 8@2"53y"z">3 = 2 Zujen Fipi; <F3 8|Z3—>ZB+FYB>B'
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Inf+]:= Zip2, = Identity;
Zipzvs_@</¢~_) E[v_, Q_, P_1) := PPzijp@Module[{F, Y, u, v},
F = Table[d,,, 7, {u, vs*}, {V, vs*}];
Y = Table[8,0, {v, vs}];
CF/e(s, E[w, Q-Y.vs+Y.F.Y/2, P /. Thread[vs » vs +F.Y]])
1

Dealing with Feynman diagrams.
Lemma 3. With an extra variable A, Z; = log[AF: el satisfies

and is determined by the following PDE / IVP:

1
Zy=P and 0,Z)=; D Fij(0:0:,20 + .29, Z0))
i,jeB
2k+2

Note that the power mof Aisat most k-1 + = =2 k. We write Z, =3 Z[m] A™.

wo- Zip3,, @(F , E[w_, 0, P_]) := PPZip3@Modu1e[{Z, u, v, my i3,

Z[e] =P;
For‘[m =0, m< 2%k, ++m,
1
Z[m+1] =CF[—
2 (m+1)

Sum[8,-,» 7 (8u,vZ[m] +Sum[(8,Z2[3]) (OyZ[m=-31), {3, @, m}1), {u, vs}, {v, VS}]]

s

E[v, Q, CF[Sum[Z[m], {m, ©, 2$k}] /. Table[v » @, {Vv, vs}]]]

]

EZip23,. @(7 , E[w_, @, P_]1) i= PPezp3@Module |
{nP, n¥, nQ, j =0, ps, c, t, rr = { (xrelease rulesx)}},
nP = Total|
CoefficientRules[#, vs] /.
(ps_ »c_) » (AppendTo[rr, t[++j] » CFec]; t[j] (Timeseevs™))
| & /e P;
nQ = Total[CoefficientRules[Q, vs] /.
(ps_ »c_) = (AppendTo[rr, t[++j] -» CFec]; t[]j] (Timeseevs™))];
nF = Total[Coe-F-FicientRules[5“, vs*] /. (ps_-»c_) »
(AppendTo[rr, t[++]j] » CFec]; t[j] (Timesee (vs*)”))];
CF[Expand[(nF, E[~, nQ, nP]) // Zip2, // Zip3,.] /. rr]

]
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