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General steps for the one-loop computation in quarkonium
physics within the NRQCD framework and basic tools used
in each step

.

Generating Feynman diagrams and amplitudes
FeynArts, QGraf -

Dirac- and Color-algebra simplification
FeynCalc, FORM, FormLinkFeynCalc --

Partial fraction and IBP reduction to Master Integrals (Ml)
SApart, FIRE -

Post-processing final results

-

Specific process in the examples
et +e  —* — J/p+S-, P- or D-wave

-

Summary



Generating Feynman Diagrams and Amplitudes

Generating Feynman diagrams
Replacing hadrons with on-shell partonic states

J/Y — c(p1)c(p2) J/ — c(p1)c(p2)g(k)

FeynArts — Mathematica 9
http://www.feynarts.com

QGraf — Fortran 77
http://cfif.ist.utl.pt/~paulo/qgraf.html

-

Generating Amplitude for each diagram
Standard Model
Adjusting for later processing
Export to files



Generating Feynman Diagrams and Amplitudes

<< FeynArts "FeynArts’
SExclndeTopologies [VdonExt] = FreeQ[Cases[&, Propagator[External] [ 11, Vertex[4]] &:
top = CreateTopologie=s[l, 1 + 4, ExcludeTopologies + {WFCorrections, Tadpole=, VionExt}]:

tmp = InsertField=s[top, {V[1]} =+ {F[3], -F[3], F[3], -F[31}, Model - "SMQCD",
ExcludeParticles + {V[1], V[2], V[3], V[4], 5[_1, F[4]},; Insertionlevel + {Clas=se=s}];

tmpl =
DiagramSelect[tmp,
(FreeQ[List@2 &2, { , PatternSequence [Fropagator[Outgeing][_ , v_, Field[2]],
Propagator[Ontgoing][_, v_, Field[3]1]11, __ }1) &1:
tmp2 =
DiagramSelect[tmpl,
(FreeQ[List@2 &2, { , PatternSequence [Fropagator[Outgeing] [ , v_, Field[4]],
Fropagator[Ontgoing][_, v_, Field[3]1]11, __  1}1) &]:

all = tmp?2;|

all = DiagramDelete[all, 3 ... 4, 13 ...

Paint[all, Column=XBows -+ {10, 7}]1:

e"te =7 = J/p+n




Generating Feynman Diagrams and Amplitudes

FAToFC[d ] := I-[o-dule[{temp} .

SR reateFeynfmnp [d, PreFactor -+ 1] /. {Eoutﬂomentum[lncoming, 1] - p3 + p4, FourMomentum [Ontgoing, 1] - B +3,
2

3 4 4
FonrMomentom [Ontgoing, 2] —» Lis - g3, FourMomentum [Ontgoing, 3] - L + g4, FourMomentum [Ontgoing, 4] -+ Lo -d,
P b 2

MOU[Index[g , 1 ]] + mc, MOD[Index[g , i ]] +mc, EL+e, G -sttrong} :

temp = (Part[&, 3] &) /@ (List @@ ToFAlConventions[temp]) ;

temp = temp /. {DiracMatrix[1i ].ChiralityProjector[l] :» DiracMatrix[1i] /2,
DiracMatrix[Ii ]J.ChiralityFrojector[-1] »» DiracMatrix[I1i] /2};

temp = temp /. {exp DiracTrace :» FactorSUNT[exp]};

temp = temp /. {IndexDelta[Index[xl , ¥1 ], Index[x? , ¥2 111, SUNT[c , _, 1 SUNT[c], SumOver[__ ] +1,
PolarizationVector[ ] +1}:
Return[temp] ;
Amp = FAToFC[all]: i
. . pd . . . . p3 . 1
Amp = Amp /. fm : D1racSp1ncr[— + a4, mc'.] . ({mx fr FreeQ[{mx}, DiracSpinor]). DlracSplnor[qB - — mc'.] +»+ SLinedl [Dot [mx]]
2 2
. . p3 . . . . pd .
Amp = Amp /. fm : D1racSp1ncr[— + 3, mc'.] . (mx i FreeQ[{mx}, DiracSpinor]). DlracSplnor[q4 - — mc'.] =+ SLineA? [Dot[mx]]
2 2 ]
. . pd . . . . pd . i
Amp = Amp /. fm : D1racSp1nor[— + o4, mc'.] . (mx fi FreeQ[{mx}, DiracSpinor]). Dlrac'.Splnor[q4 - —, mc'.] =+ SLineBl [Dot[mx]]
2 2
. . p3 . . . . p3 .
Amp = Amp /. m : DlracSplnor[— +g3, mc'.] . (mx i FreeQ[{mx}, DiracSpinor]). Dlrac'.Splnor[qS - —, mc'.] =+ SLineBZ [Dot [mx]]
2 — 2 |
SetDirectory[ToFileName [NotebookDirectory[], "dmp"]1]1: 7
Export["Amp.m", Amp]:
ResetDirectory[] J

e"te =7 = J/p+n




Dirac- and Color-Algebra Simplification

Covariant spin projectors Bodwin, Petrelli (2002) & Braatten, Lee (2003)

1

1

v(p)u(p) N

B —me) |5, £ | (P+2E) (P +me) ® [ , T“}

* Performing Dirac- and Color-algebra

* FORM —writtenin C
http://www.nikhef.nl/~form/

FeynCalc — Mathematica 9
http://www.feyncalc.org/

* FeynCalcFormLink — Combine FORM & FeynCalc
http://www.feyncalc.org/formlink/

-

{ FormCalc : Exchange data through Input & Output files

FormLink : Exchange data through Piping



Introduction to FeynCalcFormLink

* Communication Between Processes
* Input & Output Files
* Piping
FormCalc FeynCalcFormLink

Mathematica
PRO: user frlendl}-'
CON: slow on large expressions

FormLink

FORM
PRO: very fast on polynomial expressions
CON: not so user friendly




Introduction to FeynCalcFormLink

®* Basic ideas of FormLink

’

’

’

’

’

FormLink : create two unnamed pipes: r#, w#
FormLink : form -pipe r#, w# init

PID in wi# : FORM - FormLink

PID,PID in r# : FORM €< FormLink

Form start running init.frm

® Content of init.frm

Off Statistics; #procedure put(fmt, mexp)
#ifndef '‘PIPES_’ #toexternal 'fmt’, ‘mexp’
#message "No pipes found"; #toexternal "#THE-END-MARK#"
.end; #endprocedure

#endif #setexternal ‘PIPE1 "

#if (PIPES_' <= 0) #toexternal "OK"

#message "No pipes found"; #fromexternal

.end; .end

#endif



Introduction to FeynCalcFormLink
* Interactive FORM

nil= << FormLink"
nzl= FormStart[];
3= FormWrite["Symbol a,b,c;"];
}= FormWrite["L exp=(a+b+ec)*3;"];
5= FormWrite[".sort;"];
f= FormWrite["#call put(\"%E\", exp);"];
7= FormWrite[".sort;"];

i:= TraditionalForm @ ToExpression@ FormRead|[]
[B) i TraditicnalForm=
3 2 2 2 2 3 p 2 3
a +3a"b+3ac+3alb +b6abec+dac+F +38 c+3bc" +¢

ng)= FormWrite["L exp? = exp®2;"]; ]

0= FormWrite[".sort;"];
= FormWrite["#call put(\"%E\", exp?);"];
= FormWrite[".sort;"];

= TraditionalForm @ ToExpression@ FormRead [ ]
[13)TraditionalForm-=
a®+6a b+6a c+15a B +30a be+15a T +20a° B +60a° B e+60a’ bet +20a° C +15a° B+ 602" B e+ 90a B+
60a’ b +15a°  +6ab +abc+60ab F+60ab c +30abc +6ac +5° +6F c+ 15 +20F & + 15t + 68 + 67




Introduction to FeynCalcFormLink
* A Simple Trace with FeynCalc

(1= << HighEnergyPhysics fc~

nE2r= Tr[GS[pl, p2, pP3, pd, p5, p6]]
outizi= 4(pl-pbpl-pSp3-pd—pl-pSpl-pbp3-pd+pl-p2p3-pdp5S-pb—pl-pbpl-pdp3-pS+pl-pdpl-pbp3-p5+

pl-pSpl-pdp3-pb—pl-pdpl-pSp3-pb+pl-pbpl-p3pd-pS—pl-p3pl-pbpd-pS+pl-plp3-pbpd-ps -
-p3p5-p6b—pl-p3pl-pdp5-pb)

pl-pSpl-p3pd-pb+pl-p3pl-pSpd-pb—pl-plp3-pSpd-pb+pl-pdpl

®* Do it with FeynCalcFormLink

In[g]= ? FormLink

FormLink[" form statements "] runs the form
statements in Form and returns the result to Mathematica.
If only one Local assignment is present the return value is that result. If

more Form Local variables are present, a list of results is returned.

In[9]= ? FeynCalcFormLink

FeynCalcFormLink[expr] translates the FeynCalc expression expr to FORM,
calculates it, pipes it back to Mathematica and translates it to FeynCalc syntax.




Introduction to FeynCalcFormLink

-

Do it with FeynCalcFormLink

<< FeynCalcFormLink"

exp = DiracTrace[GS[pl, p2, p3, Pd, 5, P6]]

tr((y-pl).(y-p2).(y-p3).(y-pH).(¥-p3).(Y - pb))

FeynCalcFormLink [exp]

Vectors pl,p2,p3.p4,p3,.06;

Format Mathematica;

L resFL = (g_(1,pl)*g_(1,p2)*g_(1l,p3)%g_(1l,p4)*g_(1l,p5)*g_(1,p&));
traced,l;

contract 0;

.=ort;

$call put ("%E", resFL)

ffromexternal

Piping the script to FORM and running FORM
Time needed by FORM : 0.016 seconds. FOEM fimshed. Got the result back to Mathematica as a string.
Start translation to Mathematica / FeynCalc syntax

Total wall clock time used: 1.31 seconds. Translation to Mathematica and FeynCalc finished.

outfr)= dpl-pbpl-pSp3-pd—4pl-pSp2-pop3-pd+4pl-p2pi-pdpS-pb—4pl-pobpl-pdp3-pS+4pl-pdp2-pbp3-pSi+

dpl-pSpl-pdp3-ph—4pl-pdpl-pSp3-pb+4pl-pbpl-pipd-pS—4pl-p3p2-pbpd-pS+4pl-p2p3-pbpd-ps -
4pl-pSpl-p3pd-pb+4pl-p3pl-pSpd-pb—4pl-p2p3-pSpd-pb+4pl-pdp2-p3pS-pb—4pl-p3p-pdp5-pb




The Method of Region Expansion in NRQCD

®* Expanding the relative momentum g Before or After loop
integration?
* Generally, we expand q after performing the loop

integration, and then project the S-, P- or D-waves for the
qguarkonium.

*  We can also expand ¢ before performing the loop
integration, as long as only the hard region concerned,
according to the method of region expansion [Benek,
Smirnov (1998)].

* Hard region

* |f the NRQCD factorization is valid, it will be safe to use the
method of region expand to compute the short-distance
coefficients, which correspond to the hard region.



Passarino-Veltman Reduction

-

Generic one-loop integral

27TM)4—d

o




Passarino-Veltman Reduction

. b = .
* Generic n-Point Tensor integrals
4—d 1
2 2 2 (27 p) d
BM(TloamOaml) = —2/d k kM H
i 3 -
=0
4—d 1
27
B 13y m3,md) = o [tk []
im? o
=0
4—d 2
2 a0 (2mp) d
C“(Tloarlmﬁo,mo,ml,mg) = #/d k EH H
ke i=0
4—d 2
2 20N 2 L ) d
CHV(Tlo’T127T2O?mO7m1am2 = —2/d k kHMEY
17T .
P
4—d 2
2 N 2 TONE (27 p) d
CHYP(rig,T12, T2, My, M1, M3) = #/d kE kM EYEP
17T .
P
4—d 3
o g Bo5 TN g e (27 p) d
D (r10>T12: 73357305 T20, 713> MQs M1, M3, M3) = T/d |
17T .
=0
4—d 3
2 2 b 270 g oo N R R R (27 p) d
D" (r1g, 71125733, 7305> T20> T13> My, M1, M5, M3) = = /d kkPEY ]
17T
=0
4—d 3
2 2 2 2 2 2 2 2 2 2 (27 p) d
DHYP(rig, m19, 753, T30> Ta0s T13, MG, MY, M5, M3 - z—Q/d k kM EY EP H
T
1=0
4—d 3
2 2 2 2 2 2 2 2 2 2 (27 p) d
D*¥P% (r{0sT12> 7235 T305 T205 T13> MQ> M1, My, m3) = T/d E kM EYEPET H
17T .




Passarino-Veltman Reduction

-

Generic n-Point Scalar integrals

iy —

2

1T

o N DI . O A
00(7“1077“12,T207m07m1am2) =

2 2 92 o SO 2 2 "N N
DO(T107T127T237"“307”“207"“13am0am17m27m3) =

B (2mu)t @ d 1
Bo(rig, mp, mi) = g 2 dkH(k+ri)2—m2

-

Pa-Ve Reduction
DFP7 = (g™ gt " g N D56

3
. pv,p,.o vp, W0 pp, V..o po v, .p Vo, W, P PO, W,V .
= +§:(9 T;T; g Tir; £ g Ty g ity g vyt g r; 75 ) Dooij
(%]

3
A T . p O
= + E T, rIvrery Dijri

i,5,k,1=1



Passarino-Veltman Reduction

* Passarino-Veltman functions in FeynCalc
n[}= << HighEnergyPhysics fc
2= Pave [0, 0, 0, 0, {r10%, r12%, r23?, r30%, r20%, r13°}, {m0?, mi?, m2?, m3%}]

outzi= Dopoo

2= Pave [0, 1, 2, 3, {r10%, r12%, r23?, r30%, r20%, r13°}, {m0?, m1?, m2*, m3%}]

outai= Dp1as

rl4= PaVe[0O, O, 0, O, {1, 2, 3, 4,5, 6}, {1, 1, 1, 1}] // PaVeReduce
B 135Cq(1, 2,5, 1,1, 1) 5751Cp(1
o 2401 - 192080

S1Bp(l. 1. 1)
633 864 * * 1960
907 Bpi2, 1. 1)

e

Break-down for Gram Determinant =0

.

Happens when we expand the relative momentum g before
loop integration, due to taking the derivative over q.



Integrate-By-Part (IBP) Reduction

* Integrate By Part (IBP) [JHEP 0810, 107 (2008)]
d%k; - - - d%ky,
Bl [ [
where k;, ¢ = 1,--- ,h, are loop momenta and the denominators FE, are ei-
ther or with respect to the loop momenta k; of the graph.

Irreducible polynomials in the numerator can be represented as denominators
raised to negative powers.

.

Basic idea:

0 D;
5 0 o d d 50 O J —
/ /d k1d%ko B8 [EflE?L”] 0

List of equations:

Z%‘F(al SRR, b, ) =0

.

.

Master Integrals

-

Propagators should be independent!



Partial Fraction on Propagators

.

Apart in Mathematica

1
- b) (x-c)

1 1 1

Inf1]:= Apart[ TR

ouli= — - -
T la-nt-0(x-b (@-o0(-b(x-0 (a-bla-o(x-a)
-~ t] =
nZi= Apar
@ Ap (x+2a) (y+2b) (3x+47y)

: 4
Y @+ (3x-8b)(2b+)) (a+x)(3x-85)(3x+4)

* Do it with SApart function

A= << CalcExt Apart”

1
-b) (x-c)

1 1 1
1=l [ =]

2= — + +
" (a-b)(a-o) (a-b)(b-c) (a—c)(c—b)

nl2):= $Apart[ x_3) (= r {K}]

1
n[2]:= $Apart[ (x+a) (y+2b) (3x+4vy)

, {x, v

ey (i eesyeree B Fevesyereess)
(a+x)} (2 b+y) (a+x)} (3 x+4 ¥) (2 B+ (3 x+4 »)

3a+86  3a+86  3a+85




Partial Fraction on Propagators

What does Linear Independent mean?

* Vi : vector space spanned by n linear-independent vectors:
{x;} over the coefficient field F.

* V=V F

* {e; = v; + fi} are linear independent if and only if {v;} are
linear indepent

D _fiei=f (notall f; =0)
* Product Operator: inherited from n-variate polynormial

* What does SApart do? [Comput.Phys.Commun.183,2158(2012)]
N N
e -3
i=1 i =l

n;q
H equ;
where 0 < kj; < N, and {ey, } are lienar independent.

(



Partial Fraction on Propagators

A simply physical example:

(k- p1) (k- p2)
BN — m°][(k + p2) — m?]°

Taking k2, k- p; and k - po as indepdent vectors.

exp =

Partial Fraction on it:

n[il= << CalcExt Apart”
n[Zl= << HighEnergyPhysics fo

SP[k, pl] SP[k, p2]

rli= exp = - // FCI // ScalarProductExpand ;

SP[k] (SP[k+pl] - w*) (SP[k+ p2] - m?)"
4= xs = PCI /@ {SP[k], SP[k, pl], SP[k, p2]}

o= [k, k-pl, k- p2)

rifl= SApart[exp, xs]

1 1

— — 1.1‘--[1'”3—1323]_
| —k° -2k-pl —pl°)|m" —k° -2k -p2 - p2°| 4

1|.- 4 11|
+ - (m? = p1?)
4" k=

1
4{(m? i - 2k-p2 - p2?)F (—m?

7

k-p2 1

+ 12+ 2k-p2 + p22)

‘ __l._m‘_p]".”._m‘_PE‘.l e 5 - - 3y ) - - %7
4 I (=mt + ket +2k-pl + pl) (- + k% + 2k -p2 + p2°)

1 1|, 2 o) 1

= — (= d
4 pr

(m? —k? = 2k-pl — p1?)[-m? + &? + 2k -p2 + p2?)
¢ 1 )

T

42 (—m? + it + 2k p2 + p2?) K (—m? it + 2k pl = pl?)[—m? + i 2K -p2 + p2?

20




Integrate-By-Part (IBP) Reduction

.

Public codes performing IBP reduction
* AIR-Maple JHEP 0407 (2004) 046

FIRE - Mathematica/C++ JHEP 0810, 107 (2008)
Reduze - C++ Comput. Phys. Commun. 181, 1293 (2010)
LiteRed - Mathematica arXiv:1212.2685 (2012)

Many other private codes

* FIRE — Feynman Integral Reduction

In[5)= SApart[exp, xs]

1

(m? — i —2k-pl— p1?)(m? —k? -2k -p2 - p2*)

1 PR ! DI | 1
+ = |m" —pl| | - p2°
pere] LG R L

ey

1

. . A% - <1 . 3
c mt =kt +2k-pl +plt||-mt + B+ 25 -p2 + p2f



Integrate-By-Part (IBP) Reduction

* FIRE — Feynman Integral Reduction

Fll,m,n] _/ d*k (k-p2)~!
) Ca)tme = k2 —2k - p1 — p2) " (—m? + k2 + 2k - po + p2)"

* Basic usage of FIRE

ni= << HighEnergyPhysics  fo'
nz= << FIRE®

ri2= Replacement = {pli -+ m? r 1}22 + m? r P1p2 5 SP[pl, p2] } ;
Internal = {k};
External = {pl, p2};
Propagators = {]-: P2, -2kpl- kK + m? - plE 2k p2+ k* - m? + }_}22};
PrepareIBP[];
startinglist = {IBP[k, k], IBP[k, pl], IBP[k, p2]} /. Replacement;

Prepare[] ;|
flio= Burn[] ;

1= F[{-1, 1, 2}]

d-2)G({0,0, 1)) (d-2)G({{0, 1,0 1 o _
F i a L + i A L + n [.4 - (‘!I I LT[_I I"'I: 1: 1} I
&(m” —pl-pl 8|m" —pl-pl 4




Final Result

* After Partial Fraction and IBP Reduction:

/ d4]€ (k pl) (k pg)
(2m)* k2[(k + p1)? — m?][(k + p2) — m?]?

Assuming p? = p3 = m? :

B | S i L S {D 2 2k p_+ﬁr
16 (m* —pl-p2) 16 (m* —pl-p2)
1 1 | 1

g " (—2k-pl -k k-p2+k%) 4 |k* (2k-p2+ k%)

is defined as:

ool = / 55
Xpl|| = (2r)" exp

where H ‘o




Using Apart

<« CaloExt  Apart’

SF[k, pl] 5F[k, p2]

eXp = -
SP[k] (SP[k+pl] -w?) (SP[k+p2] - m®)"

S FCI /Y ScalarProdoctExpand ;

4= x= = PCI /@ {SP[k], SP[k, pl], SP[k, p2]}

Out[4}= {RI: k-pl, k- pl]
In[5]:= ApartBReasult = SApart[exp, xs]

1 1

+ —|m" - p27)

-

1 1 1., -
- ’ - . - = __l._m‘_p]".l
o =k =2k-p2—p2°) || 4

(m? =k = 2k-pl - pl?)(m! — & —_:',,-'c-pz—pzf]*H 4 K -m? s+ 2kp

k-p2 1

q ¥ 5

1.1 R 1 a1
+ —|m —pl7)|m” — pl) A 3 3 .
4 ;c‘lx—m‘—;-:‘—lk-pl—pl‘_llx—m"—;c‘—l;c-p

P2k pl - pt?)(—m? + i+ 2k p2 + p2?)

1 1 - 3

0 — ||+ - |m" —pl°)
B -m k= 2k-p2+p2°f|| 4

1

- Y 3 .

K (—m? + &+ 2k-pl + pt?) [-m? + &? + 2k - p2 + p2)

£ 2]

ApartReasult = SApartComplete [ ApartReasult, x=]

Generate All Propagtors

Ir[7:= PropagatorsList = Union @@ ( ($ApartUnion[#] /. SApartIR [+ _+x , _lwx)&k/@Flatten[{ApartReasult}])
2 —mt + k2 2k -pl e pl? —m? £k 2k p2 <+ p??

.

-t + i £ 2k-p2+ p2? k-pl
k-p2 mt =kt —2k-pl—pl? w22k p2 = p2?
mt—k? =2k-pl-pl? w —k?-2k-pl-p2? i

- 7

mt —k? —2k-p2 - p2? i’ k-pl

For[i=1, i = Length[PropagatorsLi=st], 1i++, PNS[PropagatorsList[[1]]] =11:

SPropagatorsLlist = PropagatorsLi=st /. {FE‘.I@SP[R] —rk:, FCI@5P[k, pl]l - kpl, FCI@5P[k, p2] —rkp?]:




Setup FIRE

<« FIRE"

Init Parameters

Replacement = {p1® s w®, p2® +w®, p1p2 4+ SP[p1, p2]} // FCI;
d=D;

Prepare

For[Si =1, 5i = Length[SPropagatorsList], §1i++,
ClearIBF[] !
Internal = {k};
External = {pl, p2};
Propagators = {kpz, -2 kpl—k:+m: —plz, 2kp2+k: —m:+p2:];
PrepareIBF[] :
startinglist = {IBP[k, k], IBP[k, pl], IBP[k, p2]} /. Replacement
Prepare[5i] :
]:

ClearIBFP[]:

Burn

In[15]:= Barn[] ;




Results

Clear[IntF]:

FireReduce[sxp ] := axp £.$ApartIR[_,__,:£J n ]=»F[PHS[x], -n] /. G[pn_, 03 ] » IntF[PropagatorsList[[pn]], -n=];

IntF[x List, n List] := IntF[Times @@ %", qgl]:

IntF /: MakeBoxes [IntF[exp , ], TraditionalForm] := RowBox[{"|",

IntFCollect[exp ] i=Ceollect[=sxp, IntF]:;

FireReduce [ ApartReasnult] f.{FCI@SP[pl]-+m:, FCI@SP[pE]—rm:]

[D_E}H+

1kgpl-il

(D-2)

N 5
1Epl+i=

1 1
P R —
(-2k-pl-&?)2k-p2 + KY)||| 4

1
8(m® — pl-p2] §(m? —pl-p2] 4

IntFCollect[%]

+-(4-D)

‘ 1
2812 Magpaull 1 H 1
16(m’ —pl-p2) 8 '

16 (m — p1-p2] (-2k-pl—i?)(2k-p2+ )| 4

MakeBoxe=z[exp, TraditionalForm],

1 ‘

K (2k-p2+ K

1

B (20 p2 + 2

"3




Summary

* Using FeynArts for Feyman diagrams and amplitudes
generation.

* Using FeynCalc/FormLink for Dirac- and Color-algebra
simplification.

* Using SApart and FIRE for partial fraction and Integrate-By-
Part reduction respectively.

* Solving Master Integrals by any other mean and
substituting them to get the final result.

* Post-processing the final result in last previous step.



Thank You!



In[7)= == HighEnergyPhysios fo

Ir[2)= == CaleExt TID®

)
il

7= FVD[k, u] £[SB[p1], SP[p2], SP[p, p2]] // FCI
ouz= k* f(p1?, p2*, p-p2)

Ini4= $TID[FVD[k, u] £[SP[p1], SP[p2], SP[p, p21] // FCI, k, {pl, pP2}]
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