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

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.

Initialization, minor utilities, and “Define” Code

SetDirectory["C:\\drorbn\\AcademicPensieve\\Projects\\BabyDoPeGD0"] ;
Once[<< KnotTheory  ];
Once[Get@"../Profile/Profile.m"];

Loading KnotTheory™ version of February 2, 2020, 10:53:45.2097.
Read more at http://katlas.org/wiki/KnotTheory.

This is Profile.m of http://www.drorbn.net/AcademicPensieve/Projects/Profile/.

This version: April 2020. Original version: July 1994.

$k=1;

CCF[& ] := PPccr@ExpandDenominator@ExpandNumerator@Together[&£];
CF[& List] :=CF /@ &;
CF[&_eSeries] := CF /@ &S;
CF[&. ] := PPc@Module|
{vs =cases[s, (y|x|n|& ,o]Uly|x|n|é&},
Total[CoefficientRules [Expand[£], vs] /. (ps_->c_) = CCF[c] (Timeseevs™)]
[E
(*CF[&_] := PPc;@CCF[&E];*)
CF[& E] :=CF/@&;
CF []Esp___ [ 1] ] 1= CF /@E,,[55];

eSeries /: S1_eSeries = S2_cSeries :=

Length[S1] == Length[S2] A Inner[CF[#1] == CF[#2] &, S1, S2, And];
eSeries[0Q] := eSeries @@ Table[0, $k + 1];
eSeries /: S1_eSeries + S2_cSeries :=

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[LengtheS1, Length@s2] -1}];

eSeries /: c_ %S eSeries := (c#) & /@ S;
eSeries /: 0,s S eSeries := (s > 0,s5) /@S;
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The Main Program

Variables and their duals:

{y*s x*, n*, €}Y=1{n, & Y, x};
(vs_List)* := (v > V*) /@vs;

(u_; )" 2= ")y
E operations:

E/:E[wl ,Q1 ,P1 ] =E[w2 ,02 ,P2 ] :=CFlwl = 2] ACF[Q1 = Q2] A (P1 = P2);
E/:E[«l ,01 ,P1 ]E[w2_, 02 ,P2 ] :=E[wlw2, Q1 +Q2, P1+P2];

Eg1 5r1 [81s___ 1 =Eg; 4r2 [82s___ ] ~i= (d1=d2) A (rl=r2) A (E[&1ls] = E[&25]);
Eg; »r1 [81S___1Egz or2 [825__ 1 "= E (q1yd2)-(riyr2) @@ (E[S1s] E[&E25]) 5

Egr [E5___lgr = Egr@RE[E5] g5

Eq1 »r1 [61S___1 // Eaz sr2 [E25___] :=Module[{is = rid2, lvs},
lvs = Flatten@Table[ {X¢eis> Yseil}s» {1, iS}1;

]E(dlUComplement[d2_,is])-»(r'ZUComplement[r'l,is]) ee (ZiplvsU1vs' [1VS*.1VS, Times[
E[&1s] /. Table[ (Vv :X |Y);i = Vgeir {1, iS}],
E[&25] /. Table[(V: & | N)i > Vgeis {1, iS}]
11)

]

[F: Elp = o2 Zuee Fidydy g ang (F: &)p = [F: &5l
where & is a docile perturbed Gaussian. The following lemma
allows us to restrict to the case where & has no B-B quadratic
part:

Lemma 1. With convergences left to the reader,

<F: Ee Zijes Gfﬂfzf'> = det(1 - GF)™'/2 <F(1 - GF)™": 8)
B

ZB—)O ’

.
The next lemma dispatches the case where & has a B-linear part:
Lemma 2. <F: & Lien i >B = @2 Zujen Fidivj (F: él,
Finally, we deal with the docile perturbation case:
Lemma 3. With an extra variable A, Z, := log[AF : e"]p satisfies
and is determined by the following PDE / IVP:

1
Zy=P and 0,7 = Z Fij(0:0:,Z0 + (05,22)(0:,Z))) -

B +Fyp >BL

i,jeB
F/2 F/2 Y AF/2
@ [ ] G © [ : ® { of
e
part-glue
| Tl A= X
38 98 connected
diagrams
Lemma 1 Lemma 2 Lemma 3
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Zip,, [7, &1 :=(F, &)y // Zipl,, // Zip2,, // Zip3,;
Zip,, [7, &1 :=(F, &) // Zipl,, // EZip23,;

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

<F: &z Ziss c,.,z,»z,> = det(1 - GF)™"2(F(1 - GF)™: 6)8
B
Zipl , = Identity;
Zipl,, e(7 , E[w_ ,Q_,P_1) := PPzipl@Module[{I, F, G, u, vV},
I = IdentityMatrixelLengthevs;
F = Table[d,,, 7, {u, vs*}, {v, vs*}];
G = Table[d,,,Q, {u, vs}, {V, vS}];
(CF[vs*.F.Inverse[I - G.F].vs* /2],
E [CFePowerExpandeFactor [~ Det[7 - G.F]™Y/?], CF[Q-vs.G.vs /2], P])

]

Getting rid of linear terms.
Lemma 2. <F: 8®Zf53“"z'>3 = @2 Zijen Fipdi] <F3 8|zB—>zB+Fys>

B

(Alt) In[« ]:= Zip2{} = Identity;
Zipzvs_@</¢~_) E[v_, Q_, P_1) := PPzip,@Module[{F, Y, u, v},
F = Table[d,,, 7, {u, vs*}, {V, Vvs*}];
Y = Table[6,0, {Vv, vs}];
CF/@(F, E[w, 0-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
Zo =P and o0WZ) = E Z F,‘j (aziasz,l + (aziZ/l)(asz,l)) .
i.jeB
2k+2

Note that the power mof Aisat most k-1 + = = 2 k. We write Z, =5 Z[m] A™.
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(Alt) Inf - ]:= Zip3vs_@(f'_, E[w_,Q_,P_1) := PPzip3@Modu1e[{Z, u, v, my, j},

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

Sum[8y-, -7 (du,vZ[m] +Sum[(8,Z[3]) (OyZ[m=-3]1), {3, @, m}1), {u, vs}, {v, VS}]]

s

E[v, Q, CF[Sum[Z[m], {m, @, 2$k}] /. Table[v » @, {Vv, vs}]1]1]

]

EZip23 , = Identity;
EZip23,. @(7 , E[w_, Q_, P_]) := PPgy;p3@Module |
{nP, n¥, nQ, j =9, ps, c, t, rr = { (xrelease rulesx)}},
nP = Total [
CoefficientRules[#, vs] /.
(ps_ »c_) » (AppendTo[rr, t[++j] » CF[c]]; t[j] (Timeseevs™))
| & 7e P;
nQ = Total [CoefficientRules[Q, vs] /.
(ps_ »c_) = (AppendTo[rr, t[++j] » CF[c]]; t[j] (Timeseevs™))];
n7 = Total[CoefficientRules[#, vs*] /. (ps_-c_)
(AppendTo[rr, t[++j] » CF[c]]; t[j] (Timesee (vs*)™))];
CF[Expand[(nF, E[w, nQ, nP]) // Zip2, // Zip3,] /. rr]

]
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