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Pensieve header: Working in the double of the 2D pencil, as determined in “Doubling.nb”; continues
pensieve://2017-06/.

SetDirectory["C:\\drorbn\\AcademicPensieve\\2017-08"] ;
The “degree carrier” is A, and all “coupling constants” are proportional to it.

(#$TD=w; B /: A9 /;d>$TD :=0;%)
$TeD=2; € /: € /;d> $TeD := 0;

The Doubled Algebra Upye

Change relative to “Doubling.nb”: We use t=€a - yb and T =e™ = A~' Binstead of b and B.

Implementing Upye

With g=e"¢, A=e™", and [f, g], := fg - agf, our algebra is Un,e =(t, y, a, X)/R, where
R=([t, x1=0, [a yI=-vy, [x, ¥Ylg=F"(1-TA?), [x, a] = -yx).

(Aye)k

q := Sum| > {k, @, Min[$TeD]}];

AlgebraAtom = y | a| x;
PBWRule = {y > 1, a» 2, x » 3};
B[Uea, Uey] = -yUey; B[Uex, Uea] = -yU@x;

(xB[Uex,Uey] = (q-1) UU[y,X] +UU@Sum[-%@ ,(k,0,$TD} ] 5 %)

B[Uex, Uey] := (q-1) W[y, x] +UU[a™? (1—Sum[T (-2aen)*/kt, (k, o, $TeD}])];

X_=2y :=0rderedQ[{x, ¥} /. PBWNRule]; x <y :=!0rderedQ[{y, x} /. PBWRule];
Simp[&£_] := Collect[&, _U, Expand];

U; [&] := & /. {t>t;, T>T;, uU :» Replace[u, x_ = x;, 1]1};
BIU[(x_):i 1, U[(y_)i 11 :=B[U[x:], U[y:]1] = U;[B[Uex, Uey]];
BIU[(x_): 1, U[(W_); 11 /5 i=t=7 := @5

B[x_, x_] =903

B[U[y_1, U[x_]1 =Simp[-B[U[x], U[y]]1]l;

B[x_, VY. ] = X*%xy -V %%xX;

Unprotect [NonCommutativeMultiply];
NonCommutativeMultiply[x ] := x;

Oxx _=_*%x0=0;
X_%%U[] 2= x5 U[] **x_ :=Xx;
(a_»x_U) #* (b_»y U) := If[ab === @, @, Simp[ab (x**y)]];

(@_%x_U) x%xy_ := Simp[a (x**xy)]; X_** (a_%y U) := Simp[a (x**xy)];
(x_Plus) xxy_ := (#2*%y) & /@ x5 X_x (y_Plus) := (x*x1#) & /@ y;
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Ulxx___, x_] #* Uly_, yy___] :=
If[x 2y, U[xx, x, vy, yv], Uexx xx (Uey xxU@x + B[Uex, Uey]) xxUeyy];

UU[c_. = (L :AlgebraAtom)™, r___] /; FreeQ[c, AlgebraAtom] :=
Expand [c UU[Sequence @@ Table[L, {n}], r]];

UU[c_. » L : AlgebraAtom, r ] := Expand[cU[L] **xUU[r]];

UU[c , r___] /; FreeQ[c, AlgebraAtom] := Expand[cUU[r]];

W[l =U[];

UWIL Plus, r___1 := UU[#, r] & /@ L;

UUI[L , r___] := UU[Expand[L], r];

O[poly_, specs___] := Module[{vs, us, 2},
vs = Joinee (First /@ {specs});
us = Joinee ({specs} /. (L_>s_) = (L/.x i »Xx5));
SimpeTotal [CoefficientRules [Normal@Series[poly, {h, @, $TD}], vs] /.
(p_»c ) = cUlee (us”)]
]

$TeD = 5; B[U@x, Uey] // Simp

1T
[———) U[] +2TeU[a] -2Te*AaU][a, a] +
h h

1 1 1 1
(Y€h+*72€2h2+*7{3€3h3+77/464ﬁ4+7)/565?15 ULy, X] +
2 6 24 120

4 332 2 443 4 5.4
—Te’>h“U[a, a, a] - —Te"h’U[a, @, a, a] + —Te>h"U[a, a, a, a, a]
3 3 15

$TeD = 2; z1=U[y, Yy, a, a, x, x]; z2=U[y, a, x]; z3=U[y, Yy, a, X];
Z1 x % (22 *% 23) - (21 *% ZZ) *%x 23 // Simp
%]

The Logos and Testing

From Classes:17-1350-AKT:170317-g1Invariant@.nb:

Ap [h_,e , L ,f ,a,B,d5] :=Module|
{oh, pe, pl, pf, eqn, a, b, c, sol, A, q, v},
= (3 5)s e (& Q) = (B e (80):
- - 0 (1-1/€) /2 0 o
eqn = MatrixExp [« pf] .MatrixExp[/5 pe] ==
MatrixExp[a pe] .MatrixExp[c (oh -2e pl)].MatrixExp[b of];
Echo[sol = Solve[Thread[Flatten /@eqn], {a, b, c}][1] /. C[1] » O];

A = Simplify[e” " ““NormaleSeries[e"*?¢-2¢<L+"F / s0l, {e, @, k}]];
q= e’ (fa+e5—ha/j+ef§);

Collect[q™*DP.,p,, 0, [2]1[A] /. v > (1+hJ) e, Simplify]];
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