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Abstract 

We present a Maple implementation of HIP - a package for symbolic cakula- 

tion of Feynman diagrams and relativistic kinematics. The package was designed 

for performing calcutations of tree-level high-energy processes, though it can be 

used for a much wider class of calculations. 
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elliminated by calculating the h&city amplitudes without squaring them first. Sev- 

eral methods have been proposed for this purpose. One such method [8] has been 

implemented in the Mathematics version of HIP. 

In the Maple implementation described here, two alternative techniques are avail- 

able. The first is to substitute an explicit representation for the spinors, gamma 

matrices and other components of the Dirac algebra. We chose the representation 

described in reference [9]. This approach, applied after substituting explicit numeric 

values for the various four-vectors, serves as an excelent check to symbolic calcula- 

tions. The second approach uses the Vector Equivalence technique (lo]. We found 

this technique to be very useful in deriving symbolic expression at the matrix element 

level [Ill. 

This paper proceeds as follows. In the next section we present a brief overview of 

HIP. In Section 3 we give a complete example of using HIP - the calculation of the 

cross-section for e+e- + vfiH. Section 4 is the complete manual of HIP. Its contents 

are also available on-line. For each function in HIP one can find the appropriate 

calling sequence with a brief description of parameters, a synopsis, examples and 

cross-reference to related functions. In section 5 we conclude and give an outlook. 

A dictionary relating the Mathematics and Maple versions of HIP is given in the 

appendix. 

2. Overview 

HIP contains functions that can manipulate various mathematicai objects occuring 

in high-energy physics such as four-vectors, spinors and gamma matrices. Rather than 

follow one strict path from input to output, the package allows the user to specify how 

a calculation proceeds (either interactively or in batch mode). A typical calculation 

might start with a matrix element, square it and sum over polarizations, construct 
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the phase-space integral and evaluate this integral to give a symbolic expression for 

the total cross-section. 

The most fundamental component of any high-energy calculation is the manipula- 

tion of four-vectors. Basic objects such as the dot-product (p.q) (p B. q), the metric 

guy (metricg(mu, nu) or g(mu, nu)) and the completely anti-symmetric Levi-Civita 

tensor YuT (aps(mu, nu, sig, tau)) are defined, with some of their elementary 

properties (e.g. the dot-product is symmetric in its two arguments). Four-vectors 

can be specified in terms of their components. They can then be boosted (using 

the function boost), represented as sum of other four-vectors (decay), etc. In addi- 

tion, four-vectors can also be treated without reference to the explicit components. 

Dot products can be given explicit values (setdotproduct or setdp and setmass), 

Mandelstam variables defined (setmandelstam or setmand), Lorentz indices defined 

(setindex) and contracted (contract). 

The second component in HIP is the Dirac algebra. The basic objects involved 

are the Dirac gamma matrices 7” (diracgamma(mu) or gm(mu)), 7s (diracgamma5 

or gm5), the projection operators PA = (1 + Xy5)/2 (helicityprojection(lambda) 

or proj(lambda)) and h = p,,y” (diracgammacp) or pm(p)). The Dirac matrix 

multiplication is represented by the operator &*. The trace if a product of Dirac 

gamma matrices is computed using the function gammatrace. 

Several functions are available for declaring properties of objects. A symbol or 

a function may be declared non-commutative (setnoncommutative or setnc), aa a 

four-vector (setfourvector or setfv) or a Lorentz index (setindex). An expression 

can be declared real (setreal) and positive (setpositive or setpos). 

Some programs handling Dirac algebra. notably Reduce, can only deal with gamma 

matrices. HIP can also work with spinors. The basic spinor objects u(p) and v(p) 

(spinoru(p) and spinorv(p) or u(p) and v(p)) and their conjugates G(p) and 6(p) 

(spinorubar(p) and spinorvbar(p) or ub(p) and vb(p)) are defined. The function 
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absolutevaluesquared or abssq is used to square matrix element expressions which 

may include these spinors. 

Expressions involving spinors do not have to be squared before they are calcu- 

lated numerically. One possibility is to convert the various components of the Dirac 

algebra (spinors, Dirac matrices) into explicit vectors and matrices using the func- 

tion convert [explicit]. The other approach is to use the function convert Cvel to 

convert the expression into the Vector Equivalence technique. Using this approach, 

each pair of external fermions is substituted by an equivalent four-vector. That four- 

vector (vect6requivalenceV or VV) can later be calculated explicitly in terms of the 

component of the fermion momenta. 

Given an expression for the matrix element squared associated with a process, 

the calculation of physical observables such as cross sections and decay widths in- 

volves integration over the phase space of the out-going particles. The functions 

crosssection (or CS) and decayvidth (or width) set up the phase-space integral, 

and optionally evaluate it symbolically or numerically. Alternatively, one may convert 

the integrand to a C or Fortran expression for numeric integration. 
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3. Example: e+e- -+ vi-/H 

In this section we give as an example a complete calculation of the matrix element 

for the process e+e- + vfiH. To arrive at physical results one would only need to 

integrate over phase-space. 

> setindsx(mu, nu. tau, sig); 
> setfv(p1. pz. p3, p4. p5); 
> setmass(Cp1. p2, p3, p4, 01. Cp5. r&l); 
> setreal(mb. mm, c, pi, p2, p3, p4, p5); 

Declare P, v, 7 and u as Lorentz indices; declare ~1, ~2, ps, p4 and ps as four-vectors; 

set the masses of external lines; declare the masses, coupling and four-vectors as real. 

) mm := (ub(p3, -1) O* (-I * Wsqrt(2) * &mu) ** proj(-1)) a* u(pi)) * 
(-I * g(mu, nu)/((pl-p3)R.(pi-~3) - mu-2)) * (I*G*mv * g(nu, 
(-I * g(tau. sig)/((pZ-p4)b.(p2-p4)-mv-2)) * (ub(p2) &* 

tau)) * 

(-I * Wsqrtt2) * gm(sig) ** proj(-1)) a* u(p4. -1)): 
> mm := expand(contract(simplify(mm, ‘~‘1)); 

mm := l/2 I G3 mm C*(ub(p3, -1). gm(tau) , proj C-0, u(pl)) 

t*(ub(p2). gm(tau), proj(-1). u(p4. -1)) 

/ 
1’ ((- 2 (pl 8. ~3) - mm21 (- 2 (p2 a. p4) - mm21) 

Define the matrix element. After some simplification and contracting over Lorentz 

indices we get 

> me2 := factor(contract(abasq(mmi))); 

G6 mm2 (~2 P ~3) (pi B ~4) 
me2 := 4 --------------------1----______1________--- 

(2 (pl 8. p3) + mi12J2 (2 (p2 b. p4) + m”212 

After squaring M (implicitly summing over fermion helicities) and contracting 



-6- FERMILAB-Pub-92/22-T 

Lore&z indices wee get 

g6mw2(P2 . Pd(P1 . P4) 

‘“‘2 = 4(2(Pl . P3) + 7%v2)2(2(P* P.4) + m+* 

> cc := croassection(me2, pi=[O. 0, sqrt(a)D, aqrt(s)/Zl. 
pz=co, 0, -sqrt(a)/2, sqrt(s)/21, cylindrical(p5, Cp3. ~41)): 

> integrand := op(l. op(i. op(1, op(i. cc)))): 
> subs(integrsnd = I, cc); 

l/2 
2 Pi 1 (s - IshI2 

I f I / 

I dmsl dx2 drl dphil 

Calculate the total cross-section given initial momentapl = (O,O, d/2, G/2) and 

pz = (O,O, -G/Z, d/2). The result is an unevaluated integral 

Q = /,‘= /_: 1: ~‘6bmx12 Id(mf) dzz ds, d&. 

The integcand I is too long to print here. The integration variables ace rn: (the 

invacient mass of the pa4 = p3 + p.,), z2 (cos0 where 0 is the angle between the beam 

pipe and ps) and t, and 4, (specifying the direction of pa relative to px4 in the ~34 

center-of-mass frame. 

> tortrsn(integrsnd. optimized); 
tl = Pi**2 
t2 = ti**2 

Using the Maple command f ortran one can produce Foctcan code to calculate the 

integcand for inclusion in a numeric integration program. 
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3. Reference Manual 

1 HIP - Introduction to the HIP package 

Calling Sequence: 
funciion(args) 
HIPrJnnctionl (args) 

Synopsis: 
l The functions available are: 

&. &’ 
type/fv type/index 
type/tea1 convert/diracgamma 
co”vert/helicityprojection co”vert/ve 
absolutevaluesquared assumedpositive 
commutator commute 
crmssection decay 
eps fecmionpropagator 
metricg phaseapaceractor 
8etfourvector setindex 
aetnoncommutative &positive 
SpinOCll vectorequivalenceU 

type/direction 
tYPe/“c 
convertfdiracgamma5 
simplify/prod 
boost 
conj 
diracgammaexpsnd 
gammatrace 
setaliases 
setmandelstam 
setreal 
vectorpolarization 

FERMILAB-Pub-92122-T 

type/explicitfv 
tYPe/Pos 
convert/explicit 
simplify/fv 
boostamount 
contract 
energy 
mass 
setdotproduct 
setmass 
spacetimedimensio” 

l The package implements the Dirac algebra using k* as a multiplication operator. Use halp(EIP, k+’ ) 
for more information. 

. The package implements the Lorentz group “sing t. as the dot-product operator. Use halp(llIP, ‘C. ’ 1 
for more information. 

. Many of the functions in EIP can have a” alias defined for them. To use these aliases, invoke the command 
aetaliasaa0. 

. As an example, to find the trace of the expression diracgamea(p) h* diracgama(q), type: 

sataliasea0: setiv(p. q): gammatracs(gm(p) C* gm.(q)); 

2 8~. - Dot product in Minkowsky space 

Calling Sequence: 
pt. k 
‘k.‘(p, k) 

Parameters: 
p, k - four-vectors 

Synopsis: 
i 

l The operator 1. is the dot-product defined in Minkovski space 

l The operator L. is binary and symmetric. 

l If p and k are given explicitly, the dot-product is evaluated. 
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l The expression (mu t. nu) is automatically converted to metricg(mu, nu) if mu and nu are Lorentz 
indices. 

l The expression (p L. mu) is automatically converted to pCmu1 if mu is a Lorentz index and p is a 
four-vector, unless p is of type function. 

l The expression f( . . 1 k. mu where f is a four-vector valued function is not converted to fC ) Cmul 
(which is not allowed in maple). 

Examples: 
> setaliases(): 
> aativ(p, k): 

p t. k; 

> co. 0. pi. ell t. co. p2, p3, 4: 

P sstindsxh); 
p k. ma; 

> mu L. mu: 

- 

LL. p 

a1 82 - pi p3 

p[jnul 

EcaU, au) 

SEE ALSO: mstricg, typeEfv1, typaCindsx1 

3 &* - Dirac algebra multiplication 

Calling Sequence: 
t t* y w . . . 
‘L*‘(r. y, . ..) 

Parameters: 
E, y, - any expression 

Synopsis: 
l The operator w is the non-commutative multiplication operator of the Dirac algebra. 

l Objects which are scalars in the Dirac algebra can be commuted outside the :I operator using the command 
simplify/k*. 

l Objects belonging to the Dirac algebra may be commuted explicitly using the command commuts. 

l A kt product of sums of terms may be expanded using the command expand. 

l New objects may be added to the Dirac algebra by using the command setnoncomautative 

l A &r product of Dirac algebra objects may be evaluated in a specific representation of the algebra using 
the command convert/explicit. 

l A trace of a k+ product may be evaluated using the command gammatrace 

SEE ALSO: sinplifyW*l, commute, commutator, converttexplicitl, setnonconauta.tive. 
typeCnc.1, diracgamma, diracgammab. spinoru, helicitypro j ect ion. gaematrace 

4 type/direction - check for a direction specification 

Calling Sequence: 
typa(dir. direction) 
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Parameters: 
dir - any expression 

Synopsis: 
l The call trpa(dir. direction) checks to see if dir is of type direction. It returns true if dir is of type 

direction, and false otherwise. 

. An expression is of type direction if it is a list of either two or three algebraic expressions. 

. A direction can be specified either as a two component list (spherical coordinate) or a three component 
list (Cartesian coordinates). 

l In spherical coordinates, a direction is specified by the two component list C&h, phd , where cih is the 
cosine of the angle between the direction and the I axis, and phi is the angle around the z axis. 

. In cartesian coordinates, a direction is specified as the direction of the vector Cz. y. 21. The length of 
the vector Cz. y. zl is ignored. 

. Functions requiring a direction specification typically allow a second direction specification zazis specifying 
the axis with respect to which the first direction is measured. 

Examples: 
> setaliasas0: 
> type< Ccth, phi], direction) ; 

> typpe(C0. 0. 11. direction): 

> typs(Ca, b. d, al, direction): 

SEE ALSO: decay, boost 

- true 

true 

false 

5 type/explicitfv - check for an explicit fourvector 

Calling Sequence: 
typa(v. explicitfv) 

Parameters: 
v - any expression 

Synopsis: 
l The call type(v. explicitfv) checks to see if u is of type explicitfv. It returns true if v is of type 

sxplicitfr, and false otherwise. 

l An expression is of type explicittv if it is a list with exactly four components. 

Examples: 
> nataliasas(): 
> astiv(p): 

type(Ca. b. 1. ml. explicitfv); 

> type(p. explicitfv) ; 

> typecp, iv); 

SEE ALSO: typeCf’v1, enargy. momentum 

true 

false 

true 
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6 type/fv - check for a fourvector 

Calling Sequence: 
vpe(v. iv) 

Parameters: 
u - any expression 

Synopsis: 
l The call tgpe(v, iv) checks to see if II is of type iv. It returns true if n is of type iv, and false otherwise. 

s An expression is of type iv if it wa8 declared as such using setfcunsctor or if it of type explicitir. 

l A function can also be declared to be of type iv. 

. A sum of fourvectors is not considered of type iv. 

Examples: 
> setaliasss() : 
> set.iv(p. kf): 

qpe(p. iv): - tnm 

> typa(k;i(l, 3). iv): tnl* 

> typdh, b, 0, nl, iv); trlw 

a type<2*p, iv): ialae 

SEE ALSO: sstfourvsctor. typsCexplicitiv1 

? type/index - check for a Lorentz index 

Calling Sequence: 
typdmu, index) 

Parameters: 
mu - any expression 

Synopsis: 
l The call typa(mu. index) checks to see if mrr is of type index. It returns true if mu is of type index, 

and false otherwise. 

l An expression is of type index if it was declared as such using setindex. 

l The expression conj(mu) is of type index if mu is of type index. 

Examples: 
> m3taliaserO: 
> sstindax(mn, ml); 

typa(mu, index); 

> type(conj(nu). index); 

trim 

t*e 

> type(sig, index); ialae 

SEE ALSO: setinder 
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8 type/nc - check for a non commuting object 

Calling Sequence: 
typdczpr. nc) 

Parameters: 
erpr - any expression 

Synopsis: 
l The call type(ezppr. nc) checks to see if etpr is of type nc. It returns true if ezpr is of type nc, and false 

otherwise. 

l An expression is of type nc if it was declared as such by setnoncoamtatios. 

. The 
namea diracgamma, diracgammz.6, spinoru, spinorubar, spinorv, apinorrbar. helicityprojection 
and &* itself are initially of type nc. 

. Sums and products of expressions of type nc are also of type nc. 

l Objects which are not of type nc are taken out of a t* product by invoking simplify/t*. 

Examples: 
> ~etaliaaea0 : 
> satnccgu6, gm7): 

typecq3, nc); true 

> Qp4gap). nc); tnL* 

> typ.(2*gm(p), nc) ; tm4 

> typecp+q, nc); iala* 

SEE ALSO: setnoncommutative, a*, diracgamma. diracgamma6, spincru, spinorubar, 
halicityprojaction, simplifyCP*l 

9 type/pas - check for a positive symbolic expression 

Calling Sequence: 
typderppr, pas) 
type(eqlpr, pas(a)) 

Parameters: 
ezppr - any expression 
a - (optional) trns or false 

Synopsis: 
. The call typ.(ezpr, pas, a) checks to see if ezppr is of type pas It returns true if etpr is of type pea, 

and false otherwise. 

. An expression is of type pas if it was declared as such by satpositive, or if it was assumed as such by 
IIlaple. 

. The command type/pa always tries to factor an expression before determining whether it is of type pas. 
A product is considered positive if the product of the signs of its elements is 1. 

. If II is true (default), and if ezpr was not declared as positive, nor was -ezpr declared as positive, maple 
assigns it a positive sign and prints a warning message. 
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. The sum of positive expressions is considered positive. 

Examples: 
> sstztliasas( 1: 
> aotpositive(8. m); 

qpa(s. pas); 

> typ4s+n-2, pea): 

> typa(s-m-2, poa(ialss)); 
> type(s-m-2, pos(trus)); 

true 

tme 

false 
2 

true 

SEE ALSO: setpositive. assumsdpositive 

10 type/real - check for a real symbolic expression 

Calling Sequence: 
typderpr. real) 

Parameters: 
eqw - my expression 

Synopsis: 
. The call typdezpr, real) checks to see if ezpr is of type real. It returns true if czpr is of type raal, 

and false otherwise. 

. An expression is of type real if it was declared as such by setreal, it is the sum or product of expressions 
of type real. An integer power of an expression of type real. and a fractional power of an expression of 
type pos are also of type real. 

Exampies: 
> astaliaasa() : 
z astrsal(x. y); 

qpa(r, rsal); 

z typam2*y-2, real); 

z type(sqrt<x-y). real): 

> matpositivs(y-x); 
tJpa(aqrt(x-y), real) ; 

t?ae 

tnm 

+ Yarning: assuming .(x - y). is positive 

tma 

ids.3 

SEE ALSO: retrsal, setpositive, type[pos] 

11 convert/diracgamma - combine sums of diracgamma’s 

Calling Sequence: 
convert(ezpr, diracgamaa); 
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Parameters: 
etpr - any expression 

Synopsis: 
l The command convert/diracgamma converts hums of individual diracgamma’s of fourvectors into 

diracgamma of the sum of the fourvectors. 

. The name convart/p may be used as an alias to convert/diracg~aafter first invoking sataliaaw(). 

Examples: 
> se.alias*~O : 
> convert(gm(mu) L* (gm(p) + gm(k)). p): 

gm(mu) C+ gdp + k) 

12 convert/diracgamma5 - convert helicity projectors to diracgammas 

Calling Sequence: 
convert(erpr, diracgamma6) 

Parameters: 
czpr - any expression 

Synopsis: 
l The command conrart/diracgamma6 converts all occurances of helicityprojsction appearing in the 

expression to diracgamma6. All diracgamma6’s are then commuted to the left.. 

. The name conrert/gm6 may be used as an alias to convert/diracgamma6 after first invoking 
s*taliasa*(). 

Examples: 
> setalias*s() : 
> convert(gm(p) P+ gm(mu) P* proj(l). gra6); 

l/2 (gm(p) b* .gm(mu)) + l/2 1 C*(gm6, gm(p), gm(mu)) 

> convsrt((gin(p) + m) L* gm6, gm6); 
- (gm6L*gm(p)) +mgm6 

SEE ALSO: convert Chalicitypsojactiadl , diracgammr.6, hslicityprojsction 

13 convert/explicit - convert Dirac algebra objects to their explicit form 

Calling Sequence: 
convart(ezpr, explicit) 
convert(ezpr, explicit, mu) 
convsrt(tzpr, explicit, contract=mu) 
convart(ezpr, explicit, contract=Cmul, mua, . .I ) 

Parameters: 
erpr - any expression 

mu, mu*, l”u*, - Lorentz indices 
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Synopsis: 
. The command convert/explicit is used to convert Dirac algebra objects: diracgamma. diracgaama6. 

halicityprojsction, diracu. diracv, diracnbar and diracvbar to an explicit form of matrices and 
vectors in Dirac space. 

l All the arguments to those functions must (where appropriate) be expiicit fourvectors themselves. In 
addition, an explicit polarization value of 1 or -1 must be given in the case of helicityprcjsction. 
diracu, diracv, diracubar or diracvbar. 

l Use convert< erpr. explicit, mu ) to convert an expression with one free Lorentz index into a fourvec- 
tot. 

. Use ccnsart(erpr, explicit, contract=mu) to contract over the Lorentz index mu. 

l Use convart(erpr, explicit, contract=Cmul, mtlz, . . .I) to contract over all Lorentz indices mu,, 
lnu*, 

l It is much mire efficient to contract over Lorentz indices using contract before using converr/axplicit. 

Examples: 
> aataliaaas0: 
> p := co. 0, 0, 11: 
> q := co. 0, 1, 11; 
> conrert(ub(p, 1) k* u(q. -1). explicit) 

p := co. 0, 0, 11 
q := co. 0, 1, 11 

l/2 
2 

> sstindax(au); 
conrsrt(ub(p, -1) t* g&mu) L* u(q. I). 
explicit, mu) ; 

> k := CO, -1. 0, 11; 
> convert(khu1 . (ubfp, -1) L* gm(mu) P+ 

u(q. -l)), explicit, contract=mu); 

l/2 1/z 
co, 0. - 2 , - 2 I 

k := CO. -1, 0, 11 

112 
-12 

# It is more aiiicient to us0 
convsrt(contract( kCmu1 l (ub(p, -1) tc 
gIrdmu) c* u(q. -1)). au), sxplicit): - l/2 

-12 

SEE ALSO: convert Cvel , contract 

14 convert/helicityprojection - convert diracgamma5 to helicity projectors 

Calling Sequence: 
convart(etpr, helicityprojection) 

Parameters: 
erpr any expression 

Synopsis: 
l The command convert/helicityprojaction converts all occurances of diracgamma5 appearing in the 

expression to helicityprojection. Those are then commuted to the left. 
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l The name convert/proj may be used as an alias to convart/helicityprojection after first invoking 
sataliases0. 

Examples: 
> sataliasea0: 
> convart(gm(p) L* &mu) k* .gmS. proj); 

k*(proj(l), @n(p), &mu)) - L*(proj(-1). gmn(p), pn(mu)) 

> convert((gm(p) + m) k+ proj(l), proj); 
(proj(-1) L* pm(p)) + m proj(1) 

SEE ALSO: convertCdiracgammaS1, helicityprojection. diracgamma6 

15 convert/ve - convert to the Vector Equivalence technique 

Calling Sequence: 
conrart(e~pr. ve) 

Parameters: 
ezppr - any expression 

Synopsis: 
l The command convert/veexpresses sub-expressions of the form spinorubarcp) L+ . k+ spinorufk) 

in terms of the Vector Equivalence functions vectorequivalencaU and vsctoraquivalencsv. 

l If the four-vectors involved (and their h&cities) are given explicitly then the Vector Equivalence functions 
are further evaluated in terms of the components of the four-vectors, 

l If the helicity of a particular spinor is not given, a unique name is created for this helicity. A warning is 
printed with a reminder that that helicity has to be summed over after squaring the matrix element. 

Examples: 
> setaliasea() : 
> 6etfv(p, k. q): 
> cc := convert(ub(p, 

cc := W(Cp. 
-1) P+ (gm(k) + m) L+ proj(1) t* v(q, I). ve); 

-1. 11, Iq. 1, -11. 1) m + (k t. WCp. -1. il. [q. I. -11, -1)) 

> setpositivs(s. pp. e+pp. e-pp. m): 
> eval(subs(p=CO. 0, e, s], 

l/2 l/2 
k=CO. 0, 0, ml], q=CO, 0, pp. el. cc)): 

l/2 l/2 l/2 l/2 
2 e (0 - pp) m-ml2 e (0 + pp) 

> setindsrfmu); 
> convertCub t* &mu) &* v(q). ve); 

Yarning: sum ov.ar 11 after squaring 

Yarning: 8nm over 12 after squaring 

(mu t. WCp, 11, il. Cq, 12. -il. -1)) 

+ (mu t. VV(Cp. 11, 11, Cq. 12i -11, 1)) 

SEE ALSO: converttexplicitl , vectorequivalenceil, vectorequivalencev 
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16 simplify/&* - simplify expressions involving &* 

Calling Sequence: 
simplify(etpr, ~ B*’ ) 

Parameters: 
ezppr - any expression 

Synopsis: 
. The command ‘aimpliiy/k*’ performs several simplifications. It takes commuting objects outside the t* 

product, and appiies several Dirac algebra identities 

Examples: 
> aetaliases0: 
> setfv(p. k): sstindexfmu): 
> cl := &m(p) k* m C+ (k . @dmu)); 

cl := k+(@rdp). m, k gm(mu)) 
> aimpliiy(ci. ‘a*‘); 

m k (g(p) k* gm(mu)) 

> c2 := ub(k) t* gm(mu) P* gdk) k* gm(k) L* @n(p) t* u(p. 1); 
c2 := &*(ub(k). gm(mu). @I(k), p(k), &m(p), u(p. 1)) 

> simplify(c2. ‘t*‘); 
2 

mass(k) maas k*(ub(k), gm(mu). u(p, 1)) 

SEE ALSO: k+, satnoncommutative, typehcl 

17 simplify/fv - simplify expressions involving explicit fourvectors 

Calling Sequence: 
simplify(ezppr. iv) 

Parameters: 
ezpr - any expression 

Synopsis: 
. The command simplify/iv attempts to simplify expressions involving explicit fourvectors by adding the 

components of sums of fourvectors and multiplying components of products of fourvectors and scalars. 

. The expression may contain both explicit and non-explicit fourvectors 

Examples: 
> a*taliaresO: 
> sativ(p): 
> c := CO, 0, 2, 31 + C-2, 1. 0, 41 + p + b * CO. 0, 0, ml; 

c := CO, 0, 2, 31 + C-2, 1, 0, 43 + p + b CO, 0, 0, ml 

Z simplify(c. iv); 
C-2. 1. 2. b m + 71 + P 

SEE ALSO: setfourvecror 
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18 absolutevaluesquared - the square of the absolute value of an expression 

Calling Sequence: 
absolutsvalussqusrsd(e~pr) 

Parameters: 
erpr - any expression 

Synopsis: 
. The function abaolutevaluesquarad finds the square of the absolute value of an expression. 

l The function absolutevaluesquared sums over polarizations of external spinors and vectors for which 
no explicit polarization is given. 

l The abaolutwalusaquared of an expression with spinors typically involves gammatracs of gamma ma- 
trices. 

l When conjugating an expression with free Lorentz indices, conj (mu) is substituted for the index mu. 

l The name abssq may be used as an alias to absolutavaluesquared after first invoking setaliasas(), 

Examples: 
> sataliaaea0: 
> satfv(p, k): 
> artmua(Ck. 01); 
> setindax(mu); 
> absaq(ub(p) k* &mu) C* u(k)); 

4 pCmul kCconj(mu)l + 4 kCmu1 pCconj(mu)l - 4 (k k. p) g(mu. conj(mu)) 

> abasq((vecpol(p) k. mu)); 
pbul pCconj(mu)l 

- g(mu, conj(mu)) + --------------___ 
2 

mass(p) 

> abssq((vecpol(k) k. mu)); 
- g(mn. conjbu)) 

> abasq((vecpol(k, 1) k. mu)); 
(vecpol(k. 1) k. mu) (conj(mu) k. conj(vacpol(k, 1))) 

> abasq(ub(p. 1) k* u(k. 1)); 
(k k. p) - mass(p) (k k. vscpol(p, 0)) 

SEE ALSO: spinoru, spinorubar, spinorv, spinorvbar, vectorpolarization. conj 

19 assumedpositive - return a list of expressions assumed positive 

Calling Sequence: 
aasumedpositiva() 

Synopsis: 
l The function assumedpositive returns the list of expressions which were arbitrarily assumed positive by 

maple. 

l It is highly recommended that whenever possible, expressions be explicitly set positive using setpositive. 

l An expression is assumed positive whenever it is tested by ‘type/pa‘ and it was not (nor was its negative) 
previously declared as positive by setpositive or assumed positive. 
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. A warning message is printed whenever an expression is assumed positive. 

. The name asspoa may be used as an alias to assumsdpositivs after first invoking setaliases 

Examples: 
> setaliases0: 
> type(x. pas); 

> typaw2-y-2. pas); 

Varning: assuming x is positiva 

true 

- Warning: assuming .(I - y). is positive 

warning: aarming .(I + y). is positive 

> typs(sqrtW, real); Yarning: assuming z is positive 

> asapoao : 

> setpositivs(x. 2): 
armposo; 

SEE ALSO: sstpoaitivs. typeCpoa1, typaCrw.11 

cz, =I, I. - y, = + yl 

Cr - y. I + y) 

20 boost - boost an explicit four-vector 

Calling Sequence: 
boost(v, rap. dir. zaris) 

Parameters: 
” - an explicit four-vector 

mp - an algebraic expression 

dir - a direction specification 

razis - (optional) a direction specification 

Synopsis: 
. The function boost(v. rap, dir) returns the expicit four-vector of v, boosted in the direction dir by an 

amount rop.~ 

l Boost amount rap is the change in rapidity along direction dir. 

l The boost direction can be specified in either spherical or Cartesian coordinates. See help for typeCdir1 
for discussion of specifying directions. 

l The optional third parameter zoris is the direction with respect to which dir is measured. If none is 
specified, the default is the I axis CO, 0, 13. 

Examples: 
> sataliases : 
> v := co. 0, 0, ml; 

> s := co, 0, p. el: 

> netpositive(m. B, i-ah, l+cth, e-p, p) 

v := co. 0, 0, ml 

v := co. 0, p. el 

boont(v, r, Cl. 01); - CO, 0, m sir&(r). cash(r) ml 
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> boost(w, r. CO. 1. 01); 

> boost(v. op(boostamount(s))); 

CO, e sinhk), p, cosh(r)~ el 

/ 
I e2 

\I/2 
I *m 

co, 0. m I------- - il ------------ , 3 
12 2 
\e -p 

SEE ALSO: typeCdirection1, boostamount 

21 boostamount - return rapidity and direction of a four-vector 

Calling Sequence: 
boostamount 
boostamount (v, ratis) 

Parameters: 
” - an explicit four-vector 

zatis - a direction 

Synopsis: 
l The function boostamount returns a list with two components. The first is the rapidity of v. The second 

is the direction of v with respect to the I axis. If a second parameter zatis is specified, the direction is 
calculated with respect to it. 

l The function boostamount is the opposite function to boost in the sense that for any four-vector v, u = 
boost(C0, 0. 0, masa(v op(bcoatamount(u))). 

Examples: 
> setaliases : 
> setpositireCa. e-p. p, l-ah. ltcth); 
> k := taqrt(l-cth‘2)*p, 0. cth*p, 91: 

2 i/2 
k := [(l - cth ) p. 0, cth p. d 

> boostamount ; 
a 2 l/2 

[arccosh(------------). [(l - cth ) , 0, cthll 
2 2 l/2 

(e -P) 

> boost(t0, 0, 0. aqrt(s-2-p-2)1.. op(“)); 
/ 2 \I/2 

2 2 l/2 I I 2 l/2 
C(e - p ) ,___ :- - 1, (1 - cth 1 , 0. 

I2 2 
\e -p : 

/ 2 \I/2 
2 2 l/2 I I 

cth (e - p 1 ,+“--- - 1, , 01 
12 2 
\s -p : 
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> simplify(“); 
2 1/2 

[- I p (- 1 + cth ) , 0. - cth p, el 

SEE ALSO: boost, type Cdirectionl, masa 

22 commutator - the commutator of two objects 

Calling Sequence: 
coluutator(r, y) 

Parameters: 
z, y - non-commutative expressions 

Synopsis: 
l The expression commutator(z, y) is equivalent to z &* y, but involves their t* product in reverse order. 

. If I and y obey some commutation relation E h* g - y k* t = C(r, y) then commutatorfr. y) is set 
to y t* t + C(t. y). not just C(t, y). 

. If t and y obey some anticommutation relation z &+ y + y &I I = A(r. y) then commutator(z. y) is 
set to -y k* t + C(X. y). 

. The commutators of disacgamma objects between themselves and with diracgammafi are pre-defined. 

. commutator is used by the function commute to commute any two adjacent non-commuting objects 

Examples: 
> setaliasaa0 : 
> setiv(p): 

satindaxkw) : 
commutator(gmbu). gm(p)); - (gm(p) k* gm(mu)) + 2 pbul 

> commutator(gm(mu). gm5); - (goIS &1 gm(mu)) 

SEE ALSO: setnoncomutative, commute. diracgamma. diracgamma6. t+ 

23 commute - commute two adjacent non-commuting objects 

Calling Sequence: 
conrmute(Cz1, y11, tzz, y21, . * ezpr) 

Parameters: 
21, YI, x2, YZ, ... - any non-commuting objects 

etpr - any expression 

Synopsis: 
. The command commute commutes all adjacent occurances ofe, and yi in a B* product by their commutator 

commutator(z;, yi). 

. If more then one pair is specified, they are all commuted sequentially. 
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Examples: 
> sataliasea0: 
> satindex(mu, nu): 
> sstfv(p, k): 
> Comuta(~@hd, gdnn)], ub(p) h* g&au) &* gm(nu) h+ v(k)); 

Wub(p), - (&nu) h* gm(mu)) + 2 g(mu, nu), v(k)) 

> expand(“) ; 
- &*(ob(p), g&u), gm(mu). v(k)) + 2 g(mu. nu) Cub(p) (t* v(k)) 

SEE ALSO: commutator, stttnoncommutative, diracgamma, diracgamma6, &I 

24 conj - symbolic complex conjugate 

Calling Sequence: 
conj ( crpr) 

Parameters: 
ctpr - any expression 

Synopsis: 
. The function ccnj (ezpr) returns the complex conjugate of erpr. 

l If r is of type raal then conj ( r) returns r. 

l If mu is of type index then conj (mu) is also of type index. 

. In the case of a Dirac algebra object d, conj (d) is actually the result of commuting diracgamma(0) with 
conjugate(d). 

Examples: 
> setalia8esO : 
> setindex ; 

setiv(p, k) : 
setrsaup); 
conj(p(p) C* p(k)); 

> conj(pCmu1); 

> conj(diracgammaS); 

@dconj(k)) t* gdp) 

pCconj (mu)1 

- gm6 
> conj(conj(k)); k 

> conj(ub(k. 1) t* gm(mu) PI v(p)); - k*(vb(p). gm(conj(mu)). u(conj(k). 1)) 

SEE ALSO: sstreal. absolutsvaluasquarad, diracgamma, diracgamma5, satindex 

25 contract - contract with respect to a Lorentz index 

Calling Sequence: 
contract(ezpr, mu, R”, . .) 
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Parameters: 
ezpr - any expression 
mu, nu, - (optional) Lorentz indices 

Synopsis: 
. The command contract(ezpr, mu) returns erpr, contracted over the Lorentz index mu. 

l If no indices are specified, contract(ezpr) contracts over all the indices declared with setindex. 

. If more then one index is specified, contraction is carried out with respect to all indices sequentially. 

. The index being contracted has to appear exactly twice in every product in erpr. 

Examnles: 
aetaiiases(): 
satindex(mu,nu): 
aettv(p, k): 
contract(pCmul-2, mu): 

contract(g(mu. nu) * pCnu1 * kCmu1. nu) 

ccnttact(“. mu) ; 

COntract(gn(mu) &* 5(m) k+ g&p) C. 
gmh), mu); 

Ph. P 

ktmul pCmu1 

kL. p 

4 pCnu1 

> dimanaion := d: 
contr=ct(gdmu) k* @a(p) c* gm(nu) b+ 
gdmu). mu); 4 pCnu1 + (d - 4) C&p) &* g&u)) 

SEE ALSO: setindex. metricg. spacetimedimension. diracg-a, eps 

26 crosssection - construct a phase-space integral for a cross-section 
decaywidth - construct a phase-space integral for a decay width 

Calling Sequence: 
croa-ctidmc2. PI=C~I. YI. 21, 111, pz=Crz, YZ, 12, 121, outgoing. ULITS, evalopticm) 
decaMdth(me2, p=Cr. y. z. tl, outgoing. mm, edoption) 

Parameters: 
me2 - matrix element squared 

Pl, PZ, P - implicit initial four-vectors 

2, Y, II, YI, - components of explicit initial four-vectors 
oufgotng 

“Or.9 

evalopiion 

Synopsis: 

- description of outgoing particles 

- (optional) a set of Mandelstam-like variables 

- (optional) an evaluation option 

l The functions crosssection and decaywidth return a phase-space integral. The argument euolopiton 
determines whether and how this integral is evluated. 

l The formula used for the evaluation of the cross-section is: 
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4 
(2 Pi) 2 abs(q ) 

1 
cs := ------- --------- Int(me2 d Phi (q +q ; p , . . . . p ) 

2s sqrt(s) n12 1 n 

where Phi,(q, +qz; PI, . . . . pm) is the R dimensional phas.+space element. q~ and 112 are the momenta of 
the incoming particles and pI, _.., p,, are the momenta of the outgoing particles. 

The formula used for the evaluation of the decay-width is: 

(2 PiI 
width := ------- Int(ma2 d Phi (P : p , . . . . p ) 

2n n 1 n 

where Phi,(P; PI, .._, p,,) is the n dimensional phasespace element, P is the momentum of the decaying 
particle and M is its mass. p,, .,., pn are the momentaof the outgoing particles. 

Incoming momenta are specified using p;=Cz; , yi , 2;. 
in me2 and Czi, yi, 

fil where p; is an implicit four-vector appearing 
z; , lJ are its explicit components. 

The argument oulgoing specifies the order of phase-space evaluation. The phase-space specification is built 
recursively; it takea of of the forms [ps, , psll, cylin&ical(ps~, psz) or apheric=l(ps1, ps~). Here 
pa; is either one of the final momenta or itself a phase-space specification. 

l The keywords cylindrical and spherical can be used to indicated the symmetry of a twebody decay. 
If none is use, no symmetry is assumed. 

. Use the parameter VOTS to specify the set of Mandelstam variables i.e. those symbols which depend on the 
dot-product of the outgoing particles and thus cannot be treated as constants in the phase-space integral. 

+ The argument evoloplion specifies how and if the phase-space integral is to be evaluated. 

. If cvolopiion is omited or is inert, the functions return an inert Int integral. 

. If edoption is evaluate, the functions attempt to evaluate the integral symbolically. 

. If evaloplion is numeric, the functions attempt to evaluate the integral numerically. 

. The name cs may be used as an alias to crosssection after first invoking setaliases0. 

. The name width may be used as an alias to decaywidth after first invoking setaliases<). 

Examples: 
> setaliases0: 
0 
# Kuon decay: pmu -> pe + pm, + pnubar 
# 
X H = mass(pmu) 
II 
> setfv(pnu, pnubar, pe, pmu): 
> setmass(Cpnu. pnubar, pe. al, [pmu, HI): 
> setpos(H): 

i 

> me2 := 128 * Gi-2 * (pe C. pnu) * (pmo C. pnubar); 
2 

me2 := 128 Gt (pa C. pnu) (pmu C. pnubar) 



-24. FERMILAB-Pub-92/22-T 

> ds := sidth(me2. pmu=CO, 0, 0, WI. sph~rical(cylin&ical(pa, pnubar). 
> pnu), evaluate) ; 

6 2 
W Gi 

dw := i/se ------ 
3 

Pi 

1) Comptcn scattaring: 
s pi (electron) + p2 (photon) -> p3 (electron) + p4 (photon) 
0 (neglecting slectron mass) 
# 
> satmmd(tpl, p2, p3, ~41. [O, 0. 0. 03. 8, t. u): 
> setpos(r. -t, -u): 
> no2 := -s*a/a - s*s/u; 

me2 := - 8 u/s - 8 a/u 

> cc := cs(ma2. pi=co. 0. sqrt(s)/2. sqrt(s)/21. 
> p2=CO,O.-sqrt~s~/2,sqrt~s~/Zl. cylindrical(p3. p41, Iu)): 
> aimpliiy(cc) ; 

1 

I’ 
2 

6 + 2 x2 + I2 
, I,* -------------- dx2 

1’ 
Pi 8 (1 + x2) 

-1 

SEE ALSO: retmandelstam 

27 decay - decompose four-vector into decay products 

Calling Sequence: 
dacay(p, dir, Cm,, m21 , ‘PI ‘, ‘pz’, axis) 

Parameters: 
P - an explicit four-vector 
dir - a direction specification 
ml, rn2 - masses of decay products 

Pl, PZ - symbols which will take the value of the decay products’ momenta 
amis - (optional) a direction specification 

Synopsis: 
l The function decay calculates the momenta of the two decay products as a function of the momentum of 

the decaying particle, the masses of the decay products and the direction of the decay. 

l The direction of the decay is given by dirand is taken in the center-of-mass frame of the decaying particle. 

. The optional parameter razis specifies the axis with respect to which dir is measured. If rotis is not 
specified, this axis is taken to be CO, 0, il. 

Examples: 
> setaliases : 
> p := co. 0. 0, Hl; 

p := co. 0. 0. Ml 
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> sstpoaitiva(m, !f. II - m); 
> decay(p, [l. 01. Cm, 01. ‘pi’. ‘~2’); 
> Pi; 

/ 
m2 : 

2 2 
I H +m 

co, 0, l/2 n I1 - ----I ) l/2 -------I 
I 2 I n 
\ n / 

/ 2 2 
I m2 : n +!a 

co. 0. - l/2 n I1 - ----I, - l/2 ------- + Kl 

: w2: 
n 

> k := C0.3. -0.6, 1.2. 2.61; 
k := C.3, -.6, 1.2. 2.61 

Z dacay(k. cO.4, 2.11. CO.4, 0.71. ‘kl’, ‘k2’); 
> maa.( 

.4000000036 

Z mass(k2): 

> simplify(k-kl-k2. iv); 

.8Q99999988 

SEE ALSO: mass, typeCdirectio”1, booat 

28 diracgammaexpand - expand diracgamma of a sum of four-vectors 

Calling Sequence: 
diracganmaaxpand(erpr) 

Parameters: 
ezpr - any expresslo” 

Synopsis: 
l The command diracgammaexpand expands all sub-expressions of the form diracgamma(pl+pz+. . I to 

diracgamma(pi)+diracgamma(pz)t... 

l The name ginexpand may be used as a” alias to diracgammaerpand after first invoking sstaliases0. 

Examples: 
> retaliasss0: 
> .ativ(pi. p2, p3); 
> mm := ub(pl) t* gzon(pl + p2 + ~3) t+ v(p2); 

m := t*(“b(pi). gm(pl + p2 + ~3). v(p2)) 

> gwrpand(mm) ; 
k+(ub(pl), gm@l) + gm(p2) + gm(p3). v(p2)) 

> expand?) ; 
mass(pl) (ub(pi) k* v(p2)) - mass(p2) (ub(pl) k* v(p2)) 

l k*(ub(pl), gm(pJ), v(p2)) 

SEE ALSO: diracgamma. expand, simplify[k*l 
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29 energy - return the energy of a four-vector 
momentum - return the space momentum of a four-vector 

Calling Sequence: 
energy(p) 
momantum(p) 

Parameters: 
P - an explicit four-vector 

Synopsis: 
l The function energy returns the energy component of an explicit four-vector. 

. The function monmttum returns the space momentum of an explicit four-vector as a 3 component list. 

. If p is not an explicit four-vector, the functions return unevaluated. 

Examples: 
> sataliasaa() : 
> setiv(k); 

P := Cpr. py. pr, el; 

> energy(p); 

> momentum(p); 

> energy(k): 

- 
P := Cpx. PJ. pr. el 

e 

CPX. PY. pzl 

energy(k) 

30 eps - the completely anti-symmetric tensor 

Calling Sequence: 
aps(mul. mcl2. mu3. 71118,) 

Parameters: 
mw, mm mw mu4 - Lorentz indices or four-vectors 

Synopsis: 
l The tensor aps is antisymmetric in all its indices. 

l The expression sps(p, .) where p is a four-vector is equivalent to epa(mu, ) * pCmu1 contracted 
over mu. 

l If all four arguments are explicit four-vectors, eps is calculated explicitly. 

l If one of the arguments is a sum of four-vectors, the expression can be expanded using expand. 

Examples: 
> sete.liasesO: 
> satindex(mu, nu); 

aetiv(p1. p2, p3. p4); 
eps(p1, p2. mu. nu): 

> contract(” * p3cmul. mu); 

> subs(p3=2rpl-p2-p4, “); 

> expand(“) ; 

- epa(p1. p2. mu, nu) 

- aps(p1. p2, ml, p3) 

- sps(pi, p2, IL*. 2 pi - p2 - p4) 

epdpi, p2, “II, p4) 
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31 fermionpropagator - a propagator of a fermion line 
scalarpropagator - a propagator of a scalar line 
vectorpropagator - a propagator of a vector line 

Calling Sequence: 
fermionpropagator(p, m) 
acalarpropagator(p, m) 
v*ctorpropagator(p. [mu, ~1, m, ksi) 

Parameters: 
P - a four-vector or a sum of four-vectors 
I” - (optional) an algebraic expression 

ma, nu - (optional) Lorentz indices 
bi - (optional) an algebraic expression 

Synopsis: 
l The function iermionpropagator returns an expression for the propagator of a fermion line with a given 

momentum and mass. 

. The function scalarpropagator returns an expression for the propagator of a scalar line with a given 
momentum and mass. 

l The function vectorpropagator returns an expression for the propagator of a vector line with a given 
momentum and mass. 

l If the mass m is not specified, it is taken to be 0. 

l The indices mu and RU stand for the Lorents indices at the two ends of the vector propagator. 

. ffthe indices are not specified, the expression vsctorpropagater(p, m) is the coefficient ofmatricg(mu, 
na) in vect.orpropagator(p, [mu, ~1, m). 

l The argument bi specifies the gauge in which the vector propagator is returned. 

. If ksi is not specified, the vector propagator is given in Feynman gauge (ksi = 1) for massless particles, 
and in Unitary gauge (ksi = infinity) for massive particles. 

. The name f ermprcp may be used as an alias to f ermionpropagator after first invoking setaliases (). 

l The name scalprop may be used as an alias to scalarpropagator after first invoking setaliasea0. 

l The name vecprop may be used as an alias to vectorpropagator after first invoking aataliases0. 

Examples: 
> aataliases() : 
> aativ(p); 

satinder(mn, ““1: 
iermprop(p, m); 

> fermprop(p); 

> scalprop(p. In); 

I (gm(p) + m) 
------------- 

(p h. p) - m2 

1 gn(P) 
------- 

pk. P 
I 

------------- 

(p k. p) - IQ’ 



> vecprop(p); 

> vecprop(p. [mu. nul. m); 
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- I 
- ------ 

pk. P 

/ pcmul pcnul\ 
I Ig(mu. nu) - -----------I 

: 
2 

m : 
- __---------------__-------- 

(p k. p) - m2 

> vacprop(p, Cmu. nul. m, ksi); / (ksi - 1) pcmtll pCnril\ 
* ,g(mu, nu) + -__----------------~ 

: 
2 I 

(p k. p) - ksi m / 
_ ________----------------------------- 

(P k. P) - III’ 

SEE ALSO: mars, typeCindsr1, type&v1 

32 gammatrace - trace a product of Dirac matrices 

Calling Sequence: 
gamrtracderpr) 

Parameters: 
erpr - a product of Dirac matrices 

Synopsis: 
l The command gasmatrace finds the trace of a product of matrices in Dirac space 

l The trace of the unit matrix gwmatrace(i) is evaluated to the constant gammarrize. The default value 
of gammasirs is 4. 

Examples: 
> sataliases0: 
> satindar(mu. nu); 
> setfv(p, k); 

> gammatrace@ k* g(k)); 
4 (k k. P) 

> g-atraca(p(p) k* gdmu) k* gin(k) kt g&m)); 
4 pLmu1 khd + 4 kCmu1 pCnu3 - 4 (k k. p) g(mu. nu) 

> g’aAUatrace(gm(p) k* gm(mu) k* g(k) k+ gm(nu) k* proj(i)); 
2 phul khul + 2 kCmu1 pCnu1 - 2 (k k. p) g(mu. nu) - 2 I epa(p. k, en. nu) 

> gammasiza := gs: 
> diasnsion := d: 
> gammatracs(g!nbI) k+ gdk) PI gm(p) kr gm(mu)); 

4 ga (k k. p) + Cd - 4) gs (k k. p) 

SEE ALSO:diracgma. diracgamma5, helicityprojection, kt, gammasire, spacetimedimension 
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33 mass - the mass of a four-vector 

Calling Sequence: 
ram(p) 

Parameters: 
P - a four-vector 

Synopsis: 
l The function mams plays a double role. If the argument p is an explicit four-vector, the function returns 

aqrt(p k. p). If p is not an explicit four-vector, mass(p) stands for the mass of the particle carrying the 
momentum p. 

l If p is the four-vector of an off-shell particle, mass(p) is not equal to sqrt(p k. p). 

l The masa of a particle can be set using the command satmass. 

Examples: 
> setaliasss0: 
> setiv(p); 
> setmass(Cp, ml); 
> mass(p): 

> mass(Cpx. py. pz, 4); 
2 2 2 2 

Yarning: assuming .(a - pr - py - pz ). is positive 

2 2 2 2 112 
(* - pr - py - pz ) 

SEE ALSO: enargy. momentum 

34 metricg - the space-time metric 

Calling Sequence: 
matricg(mu. nu) 

Parameters: 
mu, nu - Lorentz indices 

Synopsis: 
l The function matricg is symmetric in its two arguments. 

l Contracting mstricg(mu, mu) with respect to mu returns spacetimedimension. The default value of 
apacatimddimsnsion is 4. 

l The name g may be used as an aliarr to matricg after first invoking s&aliases (). 

Examples: 
> sataliases : 
> setindex(mu, nu); 

aattv(p) ; 
gh, nu) - ghu. mu); 

> contract(g(mu. nu) * pCmu1, mu): 

0 

p Cnul 
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> dimension := d; 

> contract(g(mu. mu). mu); 

SEE ALSO: satindex, contract. &. , spacetimmedimenaion 

dimension := d 

d 

35 phasespacefactor - phase-space factor of a two body decay 

Calling Sequence: 
phasaspaceiactor(m. ml, m2) 

Parameters: 
m, ml, m2 - an algebraic expression 

Synopsis: 
l The function phasespacaiactor returns the mass dependent part of the phase-space factor of a two body 

decay. 

l The argument m is the mesa of the decaying particle, ml and na2 are the masses of the decay products. 

l The function phasespacefactor is normalized to 1 if the two decay products are massless. 

Examples: 
> mtaliaaaa0: 
> phasa.pacafactcr(H. 0, 0); 

> pha.e.pac.factor(H, m, In): 

> phasaspacafactor(M. m, 0); 

1 

/ 2 u/2 

ji - 4 5) 
2 I 

\ n / 

2 
D. 

1 - ---- 
2 

n 

> phasespacstactor(n. ml. m2); 4 4 4 2 2 2 2 
(II + ml +m2 - 2H ml - ?!I m2 

2 2 / 2 
- 2 ml mZ )-l/2 / I! 

/ 

SEE ALSO: crosssection, dacaysidth. maas. setmass 

36 setaliases - define aliases to various functions 

Calling Sequence: 
sataliases 

Synopsis: 
l setaliases defines aliases to many functions in the HIP package. 

l The following aliases are defined: 
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UU = vectorequiv*lenceU VV = vectorequiv*lenceV 
abssq = absolutevaiuesquared asapos = assumedpositive 
cs = crosssection dimension = spacetimedimension 
fermprop = fermionpropagator g = metricg 
gm5 = diracgamm.6 gm = diracgamma 
gmexpand = diracgammaexpand proj = helicityprojectio” 
setdp = setdotproduct Seth = setfourvector 
setmand = ~tmandelstam setnc = setnoncommutative 
setpos = s&positive u = diracu 
ub = diracubar v = diracv 
vb = diracvbar vecpol = vectorpolarizatio” 
vecprop = vectorpropagator width = decaywidth 

Examples: 
> setaliasea0 : 
> diracgamma(p); 

pm(P) 

37 setdotproduct - give a value to a dot-product of two four-vectors 

Calling Sequence: 
aetdot.product(p. k, dp) 
aatdotproduct( [p,. k, , dp,] , .) 

Parameters: 
P, k, PI, kl, - four-vectors 

dp, h, - any expression 

Synopsis: 
l The command aetdotproduct(p. k, dp) Sets p L. kequal to dp. 

l Use aetdotproduct( [PI, kl, dpll , ) to set several dot-products. 

l The name aetdp may be used as an alias to satdotproduct after first invoking setaliases(). 

Examples: 
> setaliaaes() : 
> setiv(p, k): 

satdp(p, k. s/2); 
aetdp(Cp, p. m-21. k, k. 01); 
(P + k) k. (p + k); 

> expand(“) ; 

(p + k) L. (p l k) 

2 
m +s 

SEE ALSO: aetmandalstam, 0.. s&mass, setio~VeCtOr 
i 

38 setfourvector - declare a name or a function as a four-vector 

Calling Sequence: 
satfoluvector(p,. p2, . ..I 



-3% FERMILAB-Pub-92/22-T 

Parameters: 
PI, pz, - any expression 

Synopsis: 
l The command setfcarvector is used to declare certain objects as being of type fourvector. 

l See help for typaCfv1 for more information. 

l The name setir may be used as an alias to setfourvector after first invoking setaliases 

SEE ALSO: type!Xxrvsctorl , setindex. typeCindex1 

39 setindex - declare a name as an index 

Calling Sequence: 
setindsx(mu,, muz, ..) 

Parameters: 
mu,, mu?, __. - any expression 

Synopsis: 
. The command sstindar is used to declare certain objects as being of type index. 

. See help for typetinder for more information. 

SEE ALSO: type[indaxl , cont+act, sstfourvectcr. typeCiourvector1 

40 setmandelstam - declare masses and dot-products in a 2->2 process 

Calling Sequence: 
**t==del=+.an(Cp1. PZ, PS, ~41, [ml, mz. ma, 4. s, L. 4 

Parameters: 
PI, P2v pa, P4 - names 

ml, m2, m3, m4, s, i - algebraic expressions 
u - (optional) algebraic expression 

Synopsis: 
l The command setmandelstam makes several definitions related to the p1 + p2 --> p3 + ~3, 

l The command declares p,, pz, p3 and p4 to be of type fourvector. 

l The command declarea the muses of pi, pz, p3 and pd to be ml, mz, m3 and m, respectively. 

. The command sets the dot-products of the various p's to be consistent with the following relations: 

(PI + plb-2 = s 
(PI - p31-2 = t 
(p, - pa)-2 = u 

. If the argument u is omitted, it is replaced by ml-2 + rnz-2 + rns-2 + 7114-2 - s - 1. 

l The name setmand may be used as an alias to setmandelstam after first invoking setaliases0. 
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Examples: 
> aataliases(): 
> ;;F;d(tCpl;)pZ. p3. ~41. [ml, m2. m3. 

**.: 
type(p1. iv): 

> masa(p2); 

> pi L. p4; 

tma 

m2 

2 2 
- l/2 u + l/2 mi + l/2 m4 

> satmand(tk1. k2. k3. k41, [ml. m2. m3. 
m41. s, t): 
kl L. k4; 2 2 

- l/2 m2 - l/2 m3 f l/2 II + l/2 t 

SEE ALSO: ~~tio~v~ctor. setmass. Setdotproduct 

41 setmass - set the mass of a particle 

Calling Sequence: 
setmaas(pI, . . . . p., m) 
.atM.dCPl* . . . , Pn. mpl. C&l I . . . , k., ml , . .) 

Parameters: 
p1, . . . . pn, h,, . ..) c,, - four-vectors 

m, mp, mt. ... - algebraic expression 

Synopsis: 
l The command satmass is used to set the mass of the particle carrying a particular momentum 

l See help for mass for more information. 

SEE ALSO: mass, setdotproduct. setmandelsram 

42 setnoncommutative - declare a name or a function as being of type nc 

Calling Sequence: 
a*tnoncommutativa(~~, +2, . ..) 

Parameters: 
t,, EQ, - any expression 

Synopsis: 
l The command setnoncommutative is used to declare certain names or functions as being of type nc 

l See help for typeCnc1 for more information. 

l The name setnc may be used as an alias to setnoncommutative after first invoking setaliasea( ). 

SEE ALSO: typetncl, k+. simplify[k*l 
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43 setpositive - declare an expression as being positive 

Calling Sequence: 
setpositiva(ezpr~, erpr?. .) 

Parameters: 
ezpr,, erpr*, - any expression 

Synopsis: 
. The command setpositive is used to declare certain expression as being of type PO*. 

. See the help for typaCpos1 for further information. 

. The name sstpoa may be used aa an alias to setpositive after first invoking sataliaaas0. 

Examples: 
> aet.aliasenO : 
> wtpoa(*. p. m. e-p, e-m); 

typde, poeI: 

> typde-2-n-2. pea): 

> typ.(p-‘. pas): 

true 

true 

- Yarning: assuming .Cp - m). is positive 

trlw 

SEE ALSO: typeCpos1 

44 setreal - declare a name or a function as being of type real 

Calling Sequence: 
a*t.real(r,, I-2, . ..) 

Parameters: 
r,, r2, .,. - any expression 

Synopsis: 
. The command setreal is used to declare certain names and functions as being of type real. 

. See help for typeCreal1 for more information. 

SEE ALSO: typsCreal1 

45 spacetimedimension - number of space-time dimensions 
gammasize - trace of unit matrix in Dirac space 

Calling Sequence: 
spacetimedimenaionn 
gamnasize 

Synopsis: 
l The constant apacetimedimension is the dimensionality of spacetime. Its default value is 4. 

l The constant gammasize is the size of Dirac gamma matrices. Its default value is 4. 

. The name dimension may be used as an aiias to spacatimedinanaionafter first invoking setaliases0. 
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Examples: 
> aataiiaaa80: 
> astindex(mu. nu); 

dimension := d: dimension := d 

> gammaaize := 2*(d/2); 

> contract(g(mu. mu). mu); 

> ga!nmatrace,(gm(mu) k* gm(nu)); 

SEE ALSO: metricg, gammatraca 

(l/2 d) 
gmmaaire := 2 

d 

(l/2 d) 
2 g(mu, ml) 

46 vectorequivalenceU - scalar Vector Equivalence function U 
vectorequivalenceV - vector Vector Equivalence function V 

Calling Sequence: 
vactoraquivalencaU(Cpl. II. ~1, Cpz. 12, ~1, h) 
vactoraquivalenceV(Cp,, (,, s,] , Cpz, 12, ~1, h) 

Parameters: 
Pl. Pa - four-vectors 

11, h, Jl, a 2 - (optional) a number, either -1 or 1 
h - a number, either -1 or 1 
mr, nu - either a Lorentz index or a four-vector 

Synopsis: 
. The functions vactorequivalenceU and vsctorequivalenceV are the ingrediants in the Vector Equiva- 

lence technique for calculating Feynman diagrams at the matrix element level. 

l The expression vectorequivalenceU( Cpl, 11, 11. Cpz. 12. 11, h) is equal to spinorubar(pl. I,) 
k+ halicityprojection(h) kt spinoru(pl, I>). 

l The expression vectorequivalencaV( [pl, I,, 11, Cp?. /2, 11, h) Cmul is equal to spinorubar(p,. 
/I) k* diracgamma(mu) k* helicityprojection(h) k* spinoru(pz. /*I. 

. In each function, s , = -1 corresponds to replacing spinorubar by spinorvbar. Using s2 = -1 implies 
substituting spinorv for spinoru. 

l If any of the four-vectors is not given explicitly, or if any of the other arguments is not given a numeric 
value, the functions return unevaluated. 

. The arguments II and 12 are optional. The argument II defaults to h in vectorequivalencaV and 
to -h in vsctorequivalencell. The argument 1 2 defaults to h in both vectorequivalenceU and 
rectorequivalencev. 

l The arguments s1 and 32 are optional, and default to 1 

l Converting an ordinary expression to Vector Equivalence functions is done using the command convsrt/ve. 

l The name W may be used as an alias to vactorequivalenceU after first invoking setaliases0. 

l The name VV may be used as an alias to vactoraquivalanceV after first invoking aetaliases0. 

Examples: 
> sataliaaas0: 
> p := co.2. 0.6, -0.6, 1.61: - P := c.2, .5, -.6. I.61 
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> k := C0.7. -1.2, 0.3, 1.61; 

’ Wcp, 1. 11, Ck, 1, -il. 1): 

> conrert(ub(p. 1) t* proj(l) &r v(k. 1). 
explicit); 

> q := c-0.4, 1.2, O.D. 2.51; 

> wcp. -1, -11. k. 1) k. q; 

> Conrsrt(vb(p, -1) t* gm(q) k* proj(l) L* 
u(k, 1). explicit); 

> r := co, 1.1. -0.1, 1.31; 

k := C.7, -1.2. .3, 1.81 

.06592627752 - .4763256523 I 

.08592627752 .4763256523 - I 

q := c-.4. 1.2. .D, 2.51 

3.353465374 + 5.669476232 I 

3.353465376 + 5.668476233 I 

f := co. 1.1. -.l. 1.33 

SEE ALSO: CODV~=~ Cvel , convert [explicit1 

47 vectorpolarization - the polarization of a four-vector 

Calling Sequence: 
vectorpolarizaticn(p, A) 

Parameters: 
P - a four-vector 
h - (optional) -1, 0 or 1 

Synopsis: 
l The expression vectorpolarization symbolizes any polarization vector of the four-vector p, 

l if b is not specified, ab6olutavalus~qnaradsums over all polarizations. 
. If p is an explicit four-vector and h is either -I, 0 or 1 then the function vectorpolarization(p, A) 

returns an explicit four-vector. 

l The value h=O corresponds to the longitudinal polarization. Values of -1 and 1 to h corresponde to the left 
and right handed polarizations respectively. 

. If the mass of p is zero, vectorpolarization(p, 0) prints an error message. 

l If p describes a particle at rest, vactorpolarization(p, 0) arbitrarily returns CO. 0. 1. 01 while 
vectorpolarization(p, +/-1) returns [l/sqrt(z), +/-l/sqrt(z). 0, 01. 

l Specifying a Lorentz index should be done using C. as in (vectorpolarization t. mu) rather than 
v*ctorpolarization(p)CmJ. 

l The dot product of a four-vector with any of its polarizations is always 0. 

l The name vecpol may be used as an alias to vectorpolarization after first invoking sstaliases0. 

Examples: 
> setaliases : 
> setpositive(s. p. e-p); 

setraal(e, p): 
a*twqi, q2); 
artindex( 
s*tmass(CqZ. 01); 
k := CO, 0, p, el: k := CO. 0, p. el 
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> vecpol(k, 0); 

> vecpol(k. 1); 

> abssq(vecpol(qi) k. mu); 

> abssq(recpol(q2) k. mu); 

> racpol(q1) k. ql; 

SEE ALSO: k., absolutevaluesquarsd 

co ) 0 ( ------ “_ ----- ( ------p_ -----, 
2 21/z 2 2 l/2 

(6 -P) (4 -P) 

l/2 l/2 
Cl/2 2 , l/2 2 I, 0. 01 

qlhul qiCconj(mu)l 
_ g(mu, co*j(mu)) + --------------__-_ 

2 
mass(q1) 

- gbu, conj (mu) ) 

0 
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5. Conclusion and Outlook 

We developed HIP as an aid in the calculation of tree-level processes in high- 

energy physics. HIP’s main feature is in providing an environment within Maple in 

which one can refer to objects and perform operations that occur frequently in this 

field. One can use HIP interactively to assist with small calculations, or set it up to 

automatically handle massive problems. 

HIP fits naturally as one component in the process of a completely automatic 

calculation of Feynman diagrams. The program does not generate the Feynman 

diagrams. nor is it particularly suitable for multi-dimensional phase-space integration. 

Feynman diagram generation and conversion into a numeric integration code can be 

done manually. Ideally, however, HIP could be tied with existing programs for this 

purpose. It is hoped that in the near future, a set of standards is adopted to allow 

the various programs, including HIP, to share data. 

HIP is available for distribution. The distribution package includes the HIP code 

and on-line documentation. Interested readers should contact the author for details. 

Appendix 

In this document we only describe the Maple implementation of HIP. The Math- 

ematica implementation is described in [I]. The two implementations are essentially 

similar. The major differences are: 

s Two new methods for calculating helicity amplitudes without squaring have been 

added: explicit method and the Vector Equivalence technique. 

a The on-line help has been greatly extended and includes examples and cross- 

references. 

s The spinor technique functions have been eliminated 
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. A compiiation of Standard Model Feynman rules is not included with the pack- 

age, though it can easily be added. 

Most HIP-Maple functions have names which are just lower-cased versions of 

the HIP-Matbematica names. For example,DiracGammain HIP-Mathematics corre- 

sponds to diracgamma in HIP-Maple. Table I is a translation table for the functions 

that do not fall under this rule. 

Mathematics Maple 

Commut at iveq type Encl 

ConvertToChiralFermions convert [helicityprojectionl 

ConvertToCamma5 convartCdiracgsmma51 

DiracGammaSize gammasize 

DotProduct 8. 

EvaluatePhasaSpaceIntegral crosssection, decaywidth 

ExpandSlash diracgammaexpand 

G metricg 

HeavyVectorPolarization vectorpolarization 

LongitudinalPolarization 

MasslessVectorPolarization 

NEvaluatePhaseSpaceIntegrate crosssection. decaywidth 

NonCommutativeFzpsnd expand 

PrepareIndex setindex 

Propagator fermionpropagator 

scalarpropagator 

vectorpropagator 

Slash diracgamma ' 

Table 1: A translation between the Mathematics and Maple versions of HIP. 



-4o- FERMILAB-Pub-92/22-T 

Functions in HIP-Mathematics with no equivalence in HIP-Maple are: 

CommutativeAllQ, ConvertToMassless, ConvertToST, DotProductRules, 

KobayashiMaskaua, LightlikeVectorDecayedFrom, 

LightlikeVectorNotCollinearWith, Msndelstam, MandelstamRules, 

NonCommutativeFactor, Opposite, PerpendicularMomentum, 

PhaseSpaceIntegral, Polarizationcombinations, STToTraces, 

SpaceDirection, SpinorS, SpinorT, Vertexand ZAxis. 

Functions in HIP-Maple with no equivalence in HIP-Mathematics are: 

convertCexplicit1, convert[ve]. assumedpositive, sataliases, 

setfourvector, setpositive, vectorequiw.lenceUand vectorequivalence’f. 
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