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Why should the generator be used?



What does the generator do?



topologies

o || xtopo_(2)

xnode_(4,c,
xnode_ (5, c,
xnode_ (6, c,

topo_(2)

xnode_ (1,1
xnode_(2,1
xnode_ (3, c
xnode_(4,c,
xnode_ (5, c,
xnode_(6,c,

glu(-q1))
ygLu(-q2))
,glu(qgl)y

~ *node_(1,1,9lu(-q1))
xnode_(2,1,9lu(-q2)) edge momenta
*node_(3,c,glu(ql),glu(-pl),glu(-p2)) 9
*node_(4,c,glu(pl),glu(-p3),glu(-p4)) ~
*node_(5,c,glu(p2),glu(p3),glu(-p5)) =~
xnode_(6,c,glu(qg2),glu(p4),glu(p5))

—s LOpPO_(2)
| *node_(1,1,glu(-q1)) external momenta

" *node_(2,1,glu(-q2)), ' )

*xnode_(3,c,glu(ql), (- 7~

LQUA(-p37=Tqua(-pa) ,glu(pl))
LQUA (- p5) LQUA(p3),glu(p2les”
Lqua(p4),LQUA(p5), glu,»f”

Ftu(-pl),glu(-p2))
HQUA(-p3), hqua(-p4),glu(pl))
HQUA (-p5) ,HQUA(p3),glu(p2))
nqua (p4) ,HQUA(p5),glu(g2))
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What would I expect?



*kk TO QGRAF FORMAT

id node (x17 x2?7,7a)

id V(x?) =
$count =

ount (V,1);

kk ASSIGN INDICES

Argument V,;
repeat 1d
repeat 1d
repeat 1d

07 (+p?SET
07 (—p?SET

07 (+q?SET

+x+ MAXEDGES');

EndArgument,

.Sort

O T O
X

V(7a):

X X,

labels

P (+p, +X);
D(_p;+x);

D(_qr

1/2

xtopo_ (2) e

xV(glu(-pl,1), g% ,2),9lu(-q1,6))
*V(glu(-p3,3),9l 4, 4),glu(pl, 1))
xV(glu(-p5,5),9lu(p2,2), glu(p3 3))
xV(glu(-92,7),9lu(p4,4),9lu(p5,5))
topo_(2)
xV(glu(-p1,1),9lu(-p2,2),9lu(-ql1,6))
*V(glu(-q2,7), Llqua(p4,4),LQUA(p5,5))
*V(glu(pl,1), lqua(-p4,4),LQUA(-p3,3))
*V(glu(p2,2),LQUA(-p5,5),LQUA(p3,3))
topo_(2)
xV(glu(-p1,1),g9lu(-p2,2),g9lu(-ql,6))
*V(glu(-q2,7),hqua(p4,4),HQUA(p5,5))
xV(glu(pl,1),hqua(-p4,4),HQUA(-p3,3))
*V(glu(p2,2),HQUA(-p5,5),HQUA(p3,3))




**x*x PREPARE EQUATIONS

Multiply edges($count-1+ LOOP');
#do i = 1, "MAXEDGES'
id edges("i') = momenta(rl,...,r i');

#enddo
id V(?7a) = V(?a)xeq(?a);
Repeat id eq(?al,P?(p?,x?),?a2) = eq(?al,p,?a2); F =

Argument eq;
#do i = 1, "MAXEDGES'
id pi' =r'i';
#enddo

EndArgument; IOOp mOmenta

*x*x PREPARE CHECK

Transform eq addargs(1, last);

id eq(?a) = eq(?a)*xcheck(eq(?a));
ChainIn check;

Repeat id check(?al,eq(p?),?a2) = check(?al,p,?a2);

**x*k SOLVE EQUATIONS

Repeat;
Transform eq addargs(1, last);
id once eq(?a) = tmp(?a);
SplitArg tmp;
Repeat id tmp(?al,p?,?a2) = tmp(?al,f(p),?a2);
Argument tmp;
FactArg f;
id f(p?) = f(1,p);
EndArgument;
id tmp(?al,f(x?,r?SETr),?a2) = tmp(x,r,?al,?a2);
Transform tmp addargs(3,last);
id tmp(x1?,p?,x27) = tmp(p,-1/x1%x2);
Argument tmp;
id f(x?,p?) = xxp;
EndArgument;
id tmp(pl?,p2?) = replace_(pl,p2);
id tmp(0) = 1;
EndRepeat;

**x*k LABEL MOMENTA

id momenta(?a) = tmp(?a)*momenta(?a);

SplitArg tmp;

Normalize (Q) tmp;

Transform tmp dedup(1,last);

Repeat id tmp(?al,p?{q},?a2) = tmp(?al,?a2);

id tmp(pl?,...,p LOOP'?) = replace_(<pl,kl>,...,<p LOOP',k LOOP'>);

*V (hqua(p2,2),HQUA(p3,3),glu(-p5,5

topo_(2)
xV(glu(Q,7),9lu(p4,4),9lu(p5,5))
xV(lqua(p2,2),LQUA(p3,3),glu(-p5,5))
*V(LQUA(-p1,1), lqua(-p2,2),9lu(-Q,6)
*V (LQUA(-p3,3),LQUA(p1,1),qglu(-p4,4)

)
4,4))
«mom(kl, - Q - k1,k2,k1 - k2, - Q - k

1 + k2)

topo_(2)
*V(glu(Q,7),9lu(p4,4),9lu(p5,5))

) )
HQUA(-p1, 1) nqua (-p2,2),9lu(-Q,6)
f"(—p3,3),4QUA(p1,1),glu(—p 4)

)
) 4,4))
xmom(kl, — Q — k1,k2,kl1 - k2, - Q - k

1 + k2)

topo_(2)
*xV(glu(Q,7),glu(p4,4),glu(p5,5))
xV (gho(p2,2),GHO(p3,3),g9lu(-p5,5))
*V(GHO(-p1,1),gho(-p2,2),9lu(-Q,6))
*V(GHO(-p3,3),GHO(p1,1),glu(-p4,4))

smom(kl, — Q - k1,k2,kl1 - k2, - Q - k1 + k2)




What should I not expect?



UVUV , TOAYUUUULLYLL, | LHHNLLATIILAINI U IT £4,dllIPp LLLUUC LIANVUVIL,IHIUD )/ H)UCTANL,,IN /) VUV IL,IIUL )] ,ULYUY\ L, Ir7Tya2/ /LI \VYvisL,

qvqv; T3x110011110; fThh@11xnh”2; CFxTF~2;amplitude(tr(Vqgv(1l,nu3),Dex(1,P),Vqv(1l,nu2),Dlq(1,P+qg3) )*xtr(Vqv(2,N
qvqv; T3x111100010; Thh@20xnh; TF*3*%d33xNR™-1;-1/2*%amp litude(tr(vqv(1,MU2),Dhq(1,q94),Vgv(1l,mul®),Dhq(1,q92),V
qvqv; T3x000011011; Thh@20xnh; TF*3%d33*NR™-1;-1/2%amplitude(tr(vqgv(1l,MU2),Dhq(1,-q95),Vqv(1l,mu9),Dhq(1,-q8),
qvqv; T3x111100010; Thh@20xnh; CF*2xTF;-amplitude(tr(vgv(1,MU2),Dhq(1,92),Vqv(1,mu4),Dhq(1,P+q4),Vqv(1l,nub),
qvqv; f3x111111001; fThh@20xnh; CF*2xTF;-amplitude(tr(vqgv(1,MU2),Dhq(1,-q3),Vqv(1l,mu5),Dhq(1,-q1),Vqv(1l,nu9),
qvqv; f3x110011110; fThh@20xnh; CF*2xTF;-amplitude(tr(vgv(1,MU2),Dhq(1,-q95),Vqv(1l,mu9),Dhq(1,-q8),Vqv(1l,mub),
qvqv; T3x111100010; Thh@20xnh; CAxCFxTF;-1/2*%amplitude(tr(vgv(1,MU2),Dhq(1,92),Vqv(1l,mu5),Dhq(1,q94),Vqv(1l,mu
qvqv; f3x111111001; Thh@20xnh; CAxCF*TF;1/2%amplitude(tr(Vqv(1,MU2),Dhg(1,-93),Vqv(1l,mu5),Dhqg(1,-q1),Vqv(l,r

qvqyv; qv(1,
qvqyv; (v(l,m
qvqv; w8),D
vav; My preferred output. e
qqu; L,P+;8
(0 AV/0 |V - P U e el 110 1 X%

qvqv; T3x000000000; f11110xn1; CAxCFxTF;-1/2%amplitude(tr(vgv(1,mMU2),D1q(1,P-ql1),Vqv(1l,nu4),Dex(1,P),Vgv(l,n
qvqv; f3x000011011; fL1110%xn1lxnh; CFxTF*2;amplitude(tr(vgv(1,MU2),D1q(1,P-q3),Vqv(1l,nu4),Dex(1,P),Vqv(1l,nu3)
qvqv; T3x000000000; f11110xn1"2; CFxTF~2;amplitude(tr(vqv(1,MU2),D1lq(1,P-93),Vgv(1,nu4),Dex(1,P),Vqv(1l,nu3),
qvqv; T3x111100010; f11200xnh; TF*3%d33*NR™-1;-1/2%amplitude(tr(vqv(1l,MU2),Dex(1,P),Vqv(1,nu5),Dlqg(1,P+q7),V
qvqv; T3x000011011; f11200xnh; TF*3*%d33xNR™-1;-1/2*%amp litude(tr(vqv(1,MU2),D1q(1,q94),Vqgv(1l,nu7),Dlqg(1,q92), Vo
qvqv; T3x111100010; f11200%xnh; CF*2xTF;-amplitude(tr(vqgv(1,MU2),Dlq(1,P+g6),Vqv(1l,nu4),bDex(1,P),Vgv(1l,nu5),l
qvqv; T3x000011011; f11200xnh; CF~*2%TF;-amplitude(tr(vqv(1,MU2),Dlq(1,P-ql),Vqv(1l,nu5),Dlq(1,-q97),Vqv(1l,nuld
qvqv; T3x110011110; f11200xnh; CF*2*TF;-amplitude(tr(vq%¥(1,MU2),D1q(1,P-q93),Vqv(1l,nu4),Dex(1,P),Vqv(1l,nu5),l




More realistically. ..

F =
+
sym_(1/2)
xtopo_(2)
xnode_(1,1,glu(-Q))
xnode_(2,1,glu(Q))
xnode_(3,c,glu(Q),glu(-pl1),glu(-p2))
xnode_(4,c,qglu(pl),glu(-p3),glu(-p4))
xnode_(5,c,glu(p2),g9lu(p3),glu(-p5))
xnode_(6,c,glu(-Q),glu(p4),glu(p5))
*mom_(k1, - Q - k1,k2,k1 - k2, - Q - k1 + k2)
+

sym(-1)
xtopo_(2)
xnode_(1,1,glu(-Q))
xnode_(2,1,9lu(Q))
xnode_(3,c,glu(Q),glu(-pl),glu(-p2))
xnode_ (4, c,LQUA(- p3) lqua(-p4),gqlu(pl))
xnode_ (5, c,LQUA(-p5),LQUA(p3),glu(p2))
xnode_(6,c, lqua(p4),LQUA(p5),glu(-Q))
xmom (k1l, - Q - k1,k2,k1 - k2, - Q - k1 + k2)
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(Generation ends, processing begins.



generic package

quirements
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custom codes

quirements
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"FORM is hard to learn, there are few resources.”
someone somewhere
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Functions for Forward Scattering



Ex. 1. Trivial Graphs

dangerous with masses

"NoTadpole_" + NoSnail_"’

may not remove all integrals without a scale
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Ex. 1. Trivial Graphs

. scaleless integral

J'dkl dk f(kl’ .o L’pl’ . .,pN, ml, mE) — JdkldkL’ f(kl’ ...,kL/)

X JdkL,H...dkL SCkpiiqs s ki Pps oo Py MYy - .ME)

one-vertex connectivity #

p / /q

p e N

(expanszon atp =

/



Ex. 2. Shortest Paths

topologies should be process independent
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Ex. 2. Shortest Paths

labels independent topologies

topo_(N)

May tOpO_(N) = topo_(M) for N # M »

Occurs with different processes 1in same code:

gy = g7) N (8¢ — g¢)
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Ex. 3. Conjugation
- amplitude differs by a sign

+P ‘JJJ“/f —q TP ‘JJJJJ —(q
A — A
+4 !%% P i !%% P

(A)symmetries are not determined by graph automorphisms
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Ex. 4. Towards Integrals " contract bridges

+p —q
—
+q —P

1dentity equivalent propagators .
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Ex. 5. Moving Self-Energies

_ obvious for scalars

amplitude symmetries ID——
i Shufﬂmg self-energles exposes graph 1
| automorphlsms H
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Extra



Ex. 6. Iterated Integrals

integration only as series expansion

~ often poor convergence
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Ex. 6. Iterated Integrals

very naive Mathematica implementation

In[1]:= wl =1/ X3
In[2]:= w2 = Series[1/Sqrt[x (4+x)], {x, 0, 400}] // Normal;
in[3]:= seriesInt[expr , kernel ] := Normal@Series[Integrate[expr x kernel, x], {x, 0, 400}]
in[4]:= AbsoluteTiming]|

Int[] =13

Int[1l] = seriesInt[Int[], wl];

Int[1l, 2] = seriesInt[Int[1l], w2];

Int[1l, 2, 2] = seriesInt[Int[1, 2], w2];
] // First

Out[4]= 26.509

- quite slow (but I am not good at Mathematica)
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Ex. 6. Iterated Integrals

dx [log(x)]™ x°

integrals of this type are well-known

id ifmatch—>SKIP pow(x,-1)*pow(log(x),n?) = 1/(n+1)*pow(log(x),n+1);
id ifmatch—->SKIP pow(log(x),n1?)*pow(x,n2?) = (pow(x,n2+1)/(n2+1)
xsum_(n,0,nl,sign_(n)*xfac_(nl)/fac_(nl-n)*xpow(log(x),nl-n)/(n2+1)"n)
) ;

id ifmatch->SKIP pow(x,-1) = pow(log(x),1);
id ifmatch—>SKIP pow(x,n?!{,-1}) = 1/(n+1)*pow(x,n+1);
Label SKIP;

26



Ex. 6. Iterated Integrals

74 1ntegrals (up to weight 5)

Repeat; WTime = 3.37 sec Generated terms = 1
1f(match(F(?a))); EXPANSION Terms 1in output = 1
id F(?a,x?) = F(?a)xW(x); Bytes used = 84

Multiply replace_(F,TBLF}#
Multiply replace_(TBLF,F)Y, ™,
id F() = 1;
endif; e
EndRepeat; B
ChainIn W;
id W(?a) = F(7a);

use the differential equation

dFil,...,in(x) — a)in(x) Filw-ain—l(x)
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