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Abstract
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elliminated by calculating the helicity amplitudes without squaring them first. Sev-
eral methods have been proposed for this purpose. One such method [8] has been

implemented in the Mathematica 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 {10]. We found

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

level [11].

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 ete™ — v H. 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 Mathematica and Maple versions of HIP is given in the

appendix.

2. Overview

HIP contains functions that can manipulate various mathematical 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 &. q), the metric
g*’ (metricg(mu, nu) or g{mu, nu)) and the completely anti-symmetric Levi-Civita
tensor ¢“°7 {eps(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 v* (diracgamma(mu) or gm(mu)), v° (diracgamma5
or gm5), the projection operators P, = {1 + A7°)/2 (helicityprojection(lambda)
or proj(lambda)) and p = p,v* (diracgamma(p) or gm(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 ocbjects. A symbol or
a function may be declared non-commutative (setnoncommutative or setnc), as 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 @{p) and &(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{ve] 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 (vectorequivalenceV 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
crosssaction (or cs) and decaywidth (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: ete™ — virH

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

for the process eTe~ — viH. To arrive at physical results one would only need to

integrate over phase-space.

vV VvV VWV

setindex(mu, nu, tau, sig);
setfv(pl, p2, p3, p4, p5);
setmass([pl, p2, p3, p4, 01, [pS, mhl);
setreal(mh, mw, G, p1, p2, p3, p4, p5);

Declare 4, v, v and ¢ as Lorentz indices; declare P1, P2, P3, pa and ps as four-vectors;

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

>

r-\r\r\E
| I I |
- - -
H % % ® i

(ub(p3, -1) &* (-I * G/aqrt(2) = gm(mu) *» proj(-1)) &* u(pi)) =
glmu, nu)/((p1-p3)2.(p1-p3) - mw"2)) * (I*G+mw * g(nu, tau)) *
gitau, sig)/((p2-p4)&.(p2-p4)-mw-2}) * (ub(p2) &=*

G/sqrt(2) * gm(sig) #* proj(-1)) &+ ulp4, -1)):
expand(contract(simplify(mm, ‘&+°)));

3
m o= 1/2 I G mw &*(ub(p3, ~1), gm(tau), prej(-1), ulp1))
&x(ub(p2), gm(tau), proj(-1}, u(p4, -1))

/ 2 2
// ((-2(p1 2. p3) -mw ) (-2 (p2 &. pa) - mw })

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

indices we get

> me2 :

M= mw  (@u(ps)yr Poul(pn))(@(Pa) . Prua(pa))
2 (= 2(pr-p3) = mw?)( ~2(p2 - ps) — mu?)’

factor(contract(abssq(mm1)));

6 2
G mw (p2 &. p3) (p1 &. p4)

22
(2 (p1 &. p3) + mw ) (2 (p2 &. p4) + mw )

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



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

Lorentz indices wee get

IMP =4 9°mw?(p2 - p3)(py - pu)

(2(p1 - p3) + mw?)*(2(p2 - pa) + mw?)?’

> cc := crosssection(me2, pi1=[0, O, sqrt(s)/2, sqrv(s)/2].
p2=[0, 0, -sqrt(s)/2, sqrt(s)/2], cylindrical(ps, [(p3, p4l)):

> integrand := op(1, op(1, op(1, op(l, cec)})):

> subs{integrand = I, cc);

/2 2
2Pi 1 1 (s - mh)
II II I/ II
: } | : I dmsi dx2 dxi dphit
I
/ /7 /
0 -1 -1 o]

Calculate the total cross-section given initial momenta p, = (0,0, /5/2, /s/2) and
p2 = (0,0, —/3/2,/s/2). The result is an unevaluated integral

o= '[0 " / 11 f/ 11 /0 Ve dm3) des dzy doh.

The integrand [ is too long to print here. The integration variables are m} (the
invarient mass of the pyy = p3 + p4), z2 (cos & where 6 is the angle between the beam
pipe and ps) and z; and ¢, (specifying the direction of p3 relative to p34 in the p3q
center-of-mass frame.

> fortran{integrand, optimized);

t1 = Pi*x2
t2 tixn2

t166 = (t57-t137+t24)%%2

t169 = (t143+T1614+t24)*%x2

t179 = 1/t2%420%tqxt22%t212t24x(tE7/2+t137/2) % (£ 143/2-t161/2}/t166
#/t169/512

Using the Maple command fortran one can produce Fortran code to calculate the

integrand for inclusion in a numeric integration program.



3. Referen

ce Manual

HIP - Introduction to the HIP package

Calling Sequence:

function{args)
BEIP [function] (axgs)

Synopsis:

e The functions available are:

FERMILAB-Pub-92/22-T

L. &* type/direction type/explicitfv
type/fv type/index type/nc type/pos
type/real convert/diracgamma convert/diracgammab convert/explicit
convert/helicityprojection convert/ve simplify/prod simplify /fv
absolutevaluesquared assurmedpositive boost boostamount
commutator commute conj contract
crosssection decay diracgammaexpand energy
eps fermionpropagator gammatrace mass
metricg phasespacefactor setaliases setdotproduct
setfourvector setindex setmandelstam setmass
setnoncommutative setpositive setreal spacetimedimension
spinoru vectorequivalencel] vectorpolarization

o The package implements the Dirac algebra using &+ as a multiplication operator. Use help(HIP, "&*')

for more information,
¢ The package implements the Lorentz group using &. as the dot-product operator. Use help(BIP, "&.°)

for more information.

e Many of the functions in EIP can have an alias defined for them. To use these aliases, invoke the command
setaliases().

¢ As an example, to find the trace of the expression diracgamma(p) &* diracgamma(q), type:

setaliases(): setfv(p, ¢): gammatrace(gm(p) &+ gm(q));

2 &. - Dot product in Minkowsky space

Calling Sequence:
p .k
& (p, k)

Parameters:
p, £ ~- four-vectors

Synopsis:
e The operator k. is the dot-product defined in Minkovski space.
o The operator &. is binary and symmetric.

o If p and k are given explicitly, the dot-product is evaluated.
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¢ The expression {mu &. nu} is automatically converted to metricg(mau, nu) if mu and nu are Lorentz
indices.

e The expression {p &. mu)} is automatically converted to pl{mu] if mu i3 a Lorentz index and pis a
four-vector, unless p is of type function.

o The expression f{...) ¥. mu where fis a four-vector valued function is not converted o f{...}{mu)
(which is not allowed in mapte).

Examples:
> setaliases():
> sativ(p, k}):

p k. k; — kEk p
> [0, 0, pt, 1] &. [0, p2, p3, e2l; — el 2 - pl p3
> sstindex(mu);

p &. mu; — p (mul
> mu &. muj —_ g(mu, mu)

SEE ALsSO: metricg, typelfv], type[index]

3 &* — Dirac algebra multiplication

Calling Sequence:

r k* y k»

e (z, Y, ..0)
Parameters:

T, ¥ ... — 8Oy expression
Synopsis:

¢ The operator &* is the non-commutative mulitiplication operator of the Dirac algebra.

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

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

A &+ product of sums of terms may be expanded using the command expand.
e New objects may be added to the Dirac algebra by using the command setnoncommutative.

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

¢ A trace of a &+ product may be evaluated using the command gammatrace.

SEE ALSO: simplify[&+), commute, commutator, convertlexplicit], setnoncommutative,
typelnc], diracgamma, diracgammab, spinoru, helicityprojection, gammatrace

4 type/direction — check for a direction specification

Calling Sequence:
type(dir, direction)
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Parameters:
dir - any expression
Synopsis:

* The call type(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 coordinates) or a three component
list (cartesian coordinates).

* In spherical coordinates, a direction is specified by the two component list (cth, phil, where cth is the
cosine of the angle between the direction and the z axis, and phi is the angle around the z axis.

¢ In cartesian coordinates, a direction is specified as the direction of the vector {z, ¥, #). The length of
the vector [z, y, 2] 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:

> setaliases():

> type{lcth, phil, direction); — true
> type([0, 0, 1], direction); —_— true
> type([a, b, d, e], direction); U, falge

SEE ALS0: decay, boost

5 type/explicitfv — check for an explicit fourvector

Calling Sequence:
type(v, explicittv)
Parameters:
v — any expression
Synopsis:
o The call type(v, explicitfv) checks to see if v is of type explicitfv. It returns true if v is of type
explicitfv, and false otherwise.

¢ An expression is of type explicitfv if it is a list with exactly four components.

Examples:
> metaliases():
> settv(p):

type([a. b, 1, m], explicittv); —_— true
> type(p, explicitfv); — false
> type(p, fv); — true

SEE ALSO: type[fv], energy, momentum
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6 type/fv ~ check for a fourvector

Calling Sequence:
type(v, fv)

Parameters:
v -~ any expression
Synopsis:
¢ The call type(r, £¥) checks to see if vis of type tv. It returns true if v is of type fv, and false otherwise,
¢ An expression is of type £v if it was declared as such using setfourvecter or if it of type explicitiv.

o A function can also be declared to be of type tv.

o A sum of fourvectors is not considered of type tv.

Examples:
> setaliases():
> seviv(p, kf):

type(p, fv); —_ true
> typa(k2(1, 3), fv); - true
> type{[a, b, 0, m], fv); — true
> type(2¢p, fv); —_— false

SEE ALSO: setfourvector, typelexplicitfv]

7 type/index — check for a Lorentz index

Calling Sequence:
type(mu, index)

Parameters:
mu — any expression

Synopsis:
e The call type(mu, index) checks to see if mu is of type index. It returns true if mu is of type index,
and false otherwise.

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

¢ The expression conj{mu)} is of type index if mu is of type index.

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

type(mu, index}); — true
> type(conj(nu), index); — true
> type(sig, index); — falae

SEE AL50: setindex
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8 type/nc — check for a non commuting object

Calling Sequence:
typa(ezpr, nc)

Parameters:
£Lpr — any expression
Synopsis:

o The call type(ezpr, nc) checks to see if expris of type ne. It returns true if ezpris of type nc, and false
otherwise.

s An expression is of type nc if it was declared as such by setnoncommutative.
¢ The

names diracgamma, diracgammab, spinoru, spinorubar, spinorv, spinorvbar, helicityprojection
and &* itself are initially of type ne.

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

*

QObjects which are not of type nc are taken out of a &* product by invoking simplify/&s.

Examples:

> setaliases():

> setnc(gn8, gm?);
type(gmé, nc);

> type(gm7(p), ne); —_— true
> vype(2#gm(p), nc); — true
> type(p+q, nc); —_— false

true

SEE AL3S0: setnoncommutative, &*, diracgamma, diracgammab, spinoru, spinorubar,
helicityprojection, simplify{&«]

9 type/pos — check for a positive symbolic expression

Calling Sequence:
type(ezpr, pos)
type{ezpr, pos(a))

Parameters:

e¢Ipr -~ any expression

a ~ (optional) trus or false
Synopsis:

» The call type{ezpr, pos, a) checks to see if expris of type pos . It returns true if expr is of type pos,
and false otherwise.

» An expression is of type pos if it was declared as such by setpositive, or If it was assumed as such by
maple.

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

o If o 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:

> setaliases():

> setpositive(s, m);
type(s, pos);

— true

> type(s+m~2, pos); — true

> type(s-n~2, pos(talse)); —_— false

> type(s-m~2, pos{trus)); — 2
true

SEE ALSO: setpositive, assumedpositive

10 type/real - check for a real symbolic expression

Calling Sequence:
type(ezpr, real)

Parameters:
ezpr - any exptession
Synopsis:

¢ The call type(expr, real) checks to see if ezpris of type real. It returns true if ezpris of type real,
and false otherwise.

e 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:
> setaliasesn():
> setreal(x, y);

type(x, reaal); —_ true
> typea(x+2+¢y-2, real); — true

> type(sqrt(x-y), real); —  Warning: assuming .(x - y). is poasitive
true

> smetpositive(y~-x);
type(sqrt(x-y}, real); —_— false

SEE ALSO: setreal, setpositive, typel[pos]

11 convert/diracgamma — combine sums of diracgamma’s

Calling Sequence:
convert(erpr, diracgamma);
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Parameters:
€Ipr -~ any expression
Synopsis:

¢ The command convert/diracgamma converts sums of individual diracgamma’s of fourvectors into
diracgamma of the sum of the fourvectors.

» The name convert/gm may be used as an alias to convert/diracgamma after first invoking setaliases().

Examples:
> setaliases():
> convert{gm(mu) &* (gu(p) + gm(k)), gm);
gm(mu) &+ gn(p + k)

12 convert/diracgamma5 ~ convert helicity projectors to diracgammas

Calling Sequence:
convert(ezpr, diracgammat)

Parameters:
€Ipr — any expression
Synopsis:

¢ The command convert/diracgammab converts all occurances of helicityprojection appearing in the
expression to diracgamma6. All diracgammab ‘s are then commuted to the left.

e The name convert/gmb may be used as an alias to convert/diracgammab after first invoking
setaliases().

Examples:
> setaliasea():
> convert(gm(p) &+ gm(wu) &+ proj(l), gms);
1/2 (gm(p) &* gm(mu)) + 1/2 1 &*(gms, gm(p), gu(mu))

> convert({gm(p) + m) &k* gmS, gmS);
- (gmb &* gm(p)) + m gms

SEE AL50: convert[helicityprojection], diracgammab, helicityprojection

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

Calling Sequence:
convert(ezpr, explicit)
convert{ezrpr, explicit, mu)
convert(ezpr, explicit, contract=mu)

convert{erpr, explicit, contract=[mu,, mua, ...]1)
Parameters:
expr — any expression

mu, muy, mes, ... - Lorentz indices
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Synopsis:

The command convert/explicit is used to convert Dirac algebra objects: diracgamma, diracgammas,
helicityprojection, diracu, diracv, diracubar and diracvbar to an explicit form of matrices and
vectors in Dirac space.

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

Use convert( erpr, explicit, mu ) toconvert an expression with one free Lorentz index into a fourvec-
tor.

Use convert(ezpr, axplicit, contract=mu) to contract over the Lorentz index mu.

» Use convert{ezpr, explicit, contract=[mui, mus, ...]) to contract over all Lorentz indices mu,,

mus, ...
¢ [t is much more efficient to contract over Lorentz indices using contract before using convert/explicit.
Examples:
> gataliages():
>p := [0, 0, 0, 1]; e p:= {0, 0,0, 1]
>q:= [0, 0,1, 1]; —_— q := [0, 0, 1, 1]
> copvert(ub{p, i) &* u(g, -1), explicit)

; — 1/2

2

> setindex(mu);

convert(ub{(p, -1) &+ gm(mu) &* u(q, 1),

explicit, mu}); —_— 1/2 1/2

(o, o0, -2 ,~-2 1]

>k := [0, -1, 0, 1]; — k := (0, -1, 0, 1]
> convert(k{mu} * (ub(p, -1) &+ gu(mm) &=

u{q, -i}), explicit, contract=mu); —— 1/2

- 12

# It is more efficient to use

convert(contract{ k[mu] * (ub(p, -1) &+

gm(ma) &+ ul(q, -1)), mu), explicit}; —_ 1/2

-I2

SEE ALSO: convert[ve], contract

14 convert/helicityprojection — convert diracgammas to helicity projectors

Calling Sequence:

convert{erpr, helicityprojection)

Parameters:
erpr - any expression
Synopsis:

L

The command convert/helicityprojection converts all occurances of diracgammaS appearing in the
expression to helicityprojection. Those are then commuted to the left.
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¢ The name convert/proj may be used as an alias to convert/helicityprojection after first invoking
setaliases(),

Exampies:
> astaliases():
> convert(gm(p) &* gm(mu) &+ gmb, proj);
&*(proj(1), gm(p), gm(mu)) - &*=(proj(-1), gm(p}, ga(mu))

> convert((gm(p) + m) &+ proj(1), proj);
{(proj(-1) &+ gm(p)) + m proj(1)

SEE ALsO: convert[diracgammab], helicityprojection, diracgammas

15 convert/ve — convert to the Vector Equivalence technique

Calling Sequence:
convert(erpr, ve)
Parameters:
ezpr - any expression
Synopsis:
* The command convert/ve expresses sub-expressions of the form spinorubar(p) &% ... k* spinoru(k)
in terms of the Vector Equivalence functions vectorequivalencel and vectorequivalenceV.

o If the four-vectors involved (and their helicities) are given explicitly then the Vector Equivalence functions
are further evaluated in terms of the components of the four-vectors.

¢ 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:

> setalianes():

> settv(p, k, q):

> ¢¢ := convert(ub(p, -1) &+ (gm(k) + m) &* proj(1) &= v(q, 1), ve);

ce = Uu(lp, -1, 11, [q, 1, -1], 1) m + (k &, VV([p, -1, 11, [g, &, =11, -1))

> setpoaitive(e, pp, e+pp, e-pp, m):
> eval(subs(p=[0, 0, e, e], k=(0, 0, 0, m1], q=(0, O, pp, el, cc));
1/2 1/2 1/2 1/2 1/2 1/2
2 e (e ~ pp) m-mi2 e (e + pp)

> getindex(mu};
> convert(ub(p) &+* gm(mu) &= v(q), ve);
Warning: sum over 11 after squaring

Warning: sum over 12 after squaring
(o &. vV([p, 11, 1], [q, 12, -1], -1))
+ (mu &, VV(([p, 11, 1], [q, 12; -11, 1))

SEE ALs0: convertlexplicitl, vectorequivalencel, vectorequivalenceV
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16 simplify/&* — simplify expressions involving &*
Calling Sequence:
simplify(ezpr, "&*")
Parameters:
£Zpr ~ any expression
Synopsis:

e The command ‘simplify/&+" performs several simplifications. It takes commuting objects outside the &=
product, and applies several Dirac algebra identities

Examples:
> setaliases():
> setfv(p, k): setindex(mu):
> ¢l := ga(p) k* m &= (k * gm{mu))};
¢l ;= k*(gm(p), m, k gm(mu))
> simplity(cl, "&*');
ok (gn(p) &+ gun(mu))
> ¢2 := ub(k) &% gm(mu) &* gm(k) &* gm(k) &* gm(p) &* u(p, 1);
¢2 := &e(ub(k), gm(mu), gm(k), gm(k), gm(p), u(p, 1))
> simplify(c2, "&+');
2
mass(k) mass(p) Ex(ub(k), gm(mu), ulp, 1))

SEE ALSO: &+, setnoncommutative, typelnc]

17 simplify /fv — simplify expressions involving explicit fourvectors

Calling Sequence:
gimplify(ezpr, fv)

Parameters:
eIpr - any expression
Synopsis:

s The command simplify/fv attempts to simplify expressions involving explicit fourvectars by adding the
components of sums of fourvectors and multiplying components of products of fourvectors and scalars.

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

Examples:

> setaliases():

> setfv(p):

>c:=100,0,2,3 +(-2,1,0, 4 +p+b=* {0, 0,0, nl;
c:={0,0, 2,304 ([-2,1,0,4) +p+ b [0, 0,0, m]

> simplify{c, fv);
{-2, 1, 2, bm+ 7] +p

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

Calling Sequence:
absolutevaluesquared(ezpr)

Parameters:
erpr -— any expression
Synopsis:

* The function absolutevaluesquared finds the square of the absolute value of an expression.

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

» The absclutevaluesquared of an expression with spinors typically involves gammatrace of gamma ma-
trices.

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

¢ The name abssq may be used as an alias to absolutevaluesquared after first invoking setaliases().

Examples:
> setaliases():
settv(p, k);
setmass([k, 0]);
setindex(mu);
absaq(ub(p) &* gm(mu) &+ u(k));
4 ploul klconj(mu}] + 4 klmul plconj(mu)] - 4 (k &. p) g(mu, conj(mu))

> abssq((vecpol(p) &. mu));

Y VY VY

plmul pleonyj(nu)]

- glmu, conj(mu)) +
2
mass{p)
> absaq({vecpol(k) &. mu));
- glmu, conj(mu))
> abssq((vecpol(k, 1} &. mn));
(vecpol(k, 1) &. wu) (conj(mu) &. conj(vecpol(k, 1)))

> absaq(ub(p, 1) &+ u(k, 1));

(k &. p) - mass(p) (k &. vecpol(p, 0))

SEE ALsoO: spinoru, spinorubar, spinorv, spinorvbar, vectorpolarization, conj

19 assumedpositive ~ return a list of expressions assumed positive
Calling Sequence:
assumedpositiva()
Synopsis:
¢ The function assumedpositive returns the list of expressions which were arbitrarily assumed positive by
mapie.

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

¢ An expression is assumed positive whenever it is tested by "type/pos’ and it was not (nor was its negative)
previously declared as positive by setpositive or assumed positive.
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e A warning message is printed whenever an expression is assumed positive.

e The name asspos may be used as an alias to assumedpositive after first invoking setaliases().

Examples:

> setaliases():

> type(x, pos); —_— Warning: assuming x is positiva
true

> type(x“2-y~2, pos); —  Warning: assuming .(x - y). is positive

Warping: assuming .(x + y). is positive

true

> type{sqrt(z), real); —_— Warning: assuming z is positiva
tTue

> asapos(); —_— {z, xz, x -y, x + vy}

> setpositive(x, z);

asspos(); — {x -y, x +y}

SEE ALSO: setpositive, typelposl, typelreall

20 boost — boost an explicit four-vector

Calling Sequence:
booat{v, rap, dir, zaxis)

Parameters:

v ~ an explicit four-vector

rap - an algebraic expression

dir - a direction specification

zaris - (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 rap.

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

» The boost direction can be specified in either spherical or cartesian coordinates. See help for typeldir]
for discussion of specifying directions.

» The optional third parameter zazis is the direction with respect to which dir is measured. If none is
specified, the defauit is the z axis [0, 0, 1].

Examples:
> petaliases():
>v := [0, 0, 0, ml;

>w:= [0, 0, p, 8]; —_— v

> setpositive(m, e, i-cth, 1+cth, e-p, p)

<
"

{o, 0, 0, m}
0, 0, p, €]

t'most(v, r, [1, 01); — {0, ¢, m sinh(r), cosh{r) ml
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> boaet(w, r, [0, 1, 01); —_— (0, e sinh(r), p, cosh(r) el
> boost(v, op(boostamount(w})); —_— / 2 \1/2

SEE ALs50: typs[direction], boostamount

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

Calling Sequence:
boostamount(v)
boostamount (v, zaris)

Parameters:
v ~ an explicit four-vector
zazis - a direction
Synopsis:

¢ 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 z axis. If a second parameter zaris is specified, the direction is
calculated with respect to it.

e The function boostamount is the opposite function to boost in the sense that for any four-vector v, v =
boost ([0, 0, 0, mass(v)], op(booatamount(w))).

Examples:
> setaliases():
> satpositive(s, e-p, p, 1-cth, i+cth};
> % := [sqrt{i-cth~2)+p, O, cthep, s];
21/2
k := [{1 - ¢cth ) p, 0, cth p, el

> boostamount(k);

e 21/2
[uccosh( ----------- ). [(1 - Cth ) » 0’ Cth]]
2 2 1/2
(e ~p)
> boost ([0, 0, 0, sqrt(e~2-p~2)], op("));
/ 2 \1/2
2 21/21 e | 21/2
[{e -p) |m——m——— - 11 (1 -cth) ,0,
I 2 2 |
\e - p /
/ 2 \1/2
2 21/2 | e |
cth {e - p) (=== -1, el
| 2 2 |

\e - p /
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> simplify("); ,
2172
[-Ip(-1+cth) , 0, -cthp, e

SEE ALSO: boost, typa[directionl, mass

22 commutator — the commutator of two objects

Calling Sequence:

commutator(x, y)

Parameters:
z, y - non-commutative expressions

Synopsis:
e The expression commutator(zr, y) is equivalent to = &# y, but involves their &* product in reverse order.

¢ If z and y obey some commutation relation = &* y - y &= r = C(z, y) then commutator(z, y) is set
toy &* z + C(z, y), not just C{z, y).

e If z and y obey some anticommutation relation z &+ y + y &* z = A(z, y) then commutator(zr, y)is
get to -y &+ = + C(z, y).

» The commutators of diracgamma objects between themselves and with diracgammab are pre-defined.

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

Examples:

> setaliassn{):

> settv(p):
setindex(mu):

commutator(gm(mu), gm(p)); — - (gn(p) &+ gm(mu)) + 2 plmu]
> commutator{gm(mu), gmb); et - (gmb &* gm(mu))

SEE ALSO: sethoncommutative, commute, diracgamma, diracgammab, &+

23 commute — commute two adjacent non-commuting objects

Calling Sequence:

commute({z,, y1), [zo, y23, ..., expr)
Parameters:

Iy, ¥1, T2, ¥2, ... — any non-commuting objects

expr - any expression
Synopsis:

¢ The command commute commutes all adjacent occurances of #, and y; in a &#* product by their commutator
commutator(x,, y;).

s If more then one pair is specified, they are all commuted sequentially.
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Examples:
> setaliases():
> setindex(mu, nu):
> setfv(p, k):
> commute({gm(mu), gm(nu)l, ub(p) &* gm(mu) &+ gm(nu) &* v(k));
&*(ub(p), - (gm(nu) &* gm(mu)) + 2 g(mu, nu), v(k))
> expand(");
- &+(ub(p), gm(nu), gm(mu), v(k)) + 2 g(ma, nu) (ub(p) &+ v(k))

SEE ALSO: commutator, setnoncommutative, diracgamma, diracgammab, &+

24 conj — symbolic complex conjugate

Calling Sequence:
conj(ezxpr)

Parameters:
€Ipr - Aany expression
Synopsis:

o The function conj(ezpr) returns the complex conjugate of ezpr.

If ris of type real then conj(r) returns r.

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:
> setaliases();
> setindex(mu);

setfv(p, k);
setreal(p);
conj(gm(p) &+ gm(k)); — gun(conj(k)) &+ gm(p)
> conj{plmu]); —_ pleonj(mu)]
> conj{diracgammab); — ~ gmb
> conj(conj(k)); — K
> conj{ub(k, 1) &* gm(mu) &* v(p)); —  &*(vb(p), gmlconj(mu))}, u(conj(k), 1))

SEE ALS0: setreal, absolutevaluesquared, diracgamma, diracgammab, setindex

25 contract — contract with respect to a Lorentz index

Calling Sequence:
contract(ezpr, mu, ne, ...)



22— FERMILAB-Pub-92/22-T

Parameters:

erpr - any expression

mu, ny, ... - (optional) Lorentz indices
Synopsis:

¢ The command contract(ezpr, mu) returns erpr, contracted over the Lorentz index mu.
o If no indices are specified, contract(erpr) 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 ezpr.

Examples:

> setaliases():

> metindex(mun,nu);
settv(p, k);

contract{p{mu] “2, mu); — pk.p
> contract(g(mu, nu)} * p{nu] * k[(mul, nu)

: — kimu] plmul
> contract(”, mu); — k. p

> contract(gm(mu) &* gm(nu) &+ gm(p) &+
gn{mu), mu); — 4 plou]
> dimenaion := 4d:
contract{gm(mu)} &* gm(p) &* gn(nu) &=
gm(mu), mu); — 4 plou] + (d - 4) (gu(p) &+ gm(nu))

SEE ALSO: setindex, metricg, spacetimedimension, diracgamma, eps

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

Calling Sequence:

crosssection(me?, pi=[(z,, y1, 2y, 4], ps=lz2, y2, 22, 1], culgoing, vars, eveloplion)
decaywidth(me2, p={r, y, 2, 11, outgoing, vars, cvaloption)

Parameters:
me2 ~ matrix element squared
P1, P2, P ~ implicit initial four-vectors
I, ¥ Ti, ¥1, ... - components of explicit initial four-vectors
oulgoing - description of outgoing particles
vars - {(optional) a set of Mandeistam-like variables
evaloption - (optional) an evaluation option

Synopsis:

» The functions crosasection and decaywidth return a phase-space integral. The argument evaloption
determines whether and how this integral is eviuated.

¢ The formula used for the evaluation of the cross-section is:
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4
(2 Pi) 2 abs(q )
1
€8 1= - - Int(me2 d Phi (q+q ; P, ..., P )
2 s sqrt(s) n 1 2 1 n

where Phis(q1+¢2; pi, ..., Pn) is the n dimensional phase-space element. ¢; and g2 are the momenta of
the incoming particles and p,, ..., pn are the momenta of the outgoing particles.

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

width = ———we—a Int(me2 d PRi (P ; p, ..., p )
2 M n 1 n

where Phin (P, py, ..., pn} is the n dimensional phase-space element, P is the momentum of the decaying
particle and M is its mass, py, ..., p, are the momenta of the outgoing particles.

Incoming momenta are specified using p;=[z;, y;, z;, t;] where p; is an implicit four-vector appearing
in me? and (z;, yi, 2;, ;] are its explicit components.

The argument oulgoing specifies the order of phase-space evaluation. The phase-space specification is built
recursively; it takes of of the forms [ps;, pss), cylindrical(ps;, pss) or spherical(ps;, ps2). Here
p3i is either one of the final momenta or itself a phase-space specification.

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

Use the parameter vars 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 evaloption specifies how and if the phase-space integral is to be evaluated.
If evaloption is omited or is inert, the functions return an inert Int integral.

Il evaloption is evaluate, the functions attempt to evaluate the integral symbolically.

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

The name c¢s may be used as an alias to crosssection after first invoking setaliases().

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

Examples:

> setaliases():

2

# Muon decay: pmu -> pa + pnu + poubar

#

# M = mass(pmu)

# .
> setfv(pnu, pnubar, pe, pmu): )
> setmass([pnu, pnubar, pe, 0}, [pmu, M]):

> setpos(N):

> me2 := 128 * G£°2 * (pe &. pnu) * (pmu &. pnubar);

2
me2 := 128 Gf (pe &. pnu) (pmu &. pnubar)
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> de := width(me2, pmu=[0, 0, 0, M], spherical(cylindrical(ps, prubar),
> pnu), evaluate);

Compton scattering:
pi (electron) + p2 (photon) -> p3 (electron) + p4 (photon)
(neglecting electron mass)

setmand([pi, p2, p3, p4l, [0, 0, 0, 0], 3, €, u):
setpos(s, -t, -u):
me2 := -8+u/as - B*s/u;

VVVHRBHESR

me2 := - 8 u/s - 8 s/u
> cc := cs(me2, p1={0, 0, sqrt(s)/2, sqre(s)/2],

> p2=[0,0,-sqrt{s)/2,3qrt(s}/2), cylindrical(p3, p4), {u}):
> simplify(cc);
1
/ 2
[ B+ 23122+ x2
| 1/8 ———————mmomem dx2
I Pi s (1 + x2)
/
-1

SEE ALSO: setmandelstam

27 decay — decompose four-vector into decay products
Calling Sequence:

decay(p, dir, (my, m2), "p1°, 'p2°, zazis)
Parameters:
P - an explicit four-vector
dir - a direction specification
my, mz - masses of decay products
P1, p2 - symbols which will take the value of the decay products’ momenta
2azts - (optional) a direction specification
Synopsis:

¢ 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.

» The direction of the decay is given by dir and is taken in the center-of-mass frame of the decaying particle.

¢ The optional parameter zaris specifies the axis with respect to which dir is measured. If zazis is not
specified, this axis is taken to be [0, 0, 1].

Examples:
> setaliases():
>p := [0, 0, 0, M];
p := [0, 0, 0, M)
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> setpositive(m, M, H - m);

> decay(p, [iu O]l [mo 0]| ‘pl‘l ‘Pz');
> pl;
/ 2\ 2 2
| m | H +m
o, 0, t/2 ¥ 11 = ==uw} | 1/2 ——=====]
I 2| L
\ N/
> p2;
/ 2\ 2 2
| m | M +m
0, 0, - /2 ¥ |1 = —==—=|, = 1/2 === + Nl
[ 2 | L{
\ K/

> x := [0.3, -0.8, 1.2, 2.6];
k := [.3, -.5, 1.2, 2.86]

> decay(k, [0.4, 2.1], [0.4, 0.71, ki, ‘k2°);
> mass(ki);

. 4000000038
> mass(k2);
.809D8P0088
> simplify(k-ki-k2, fv);
0

SEE ALSO: mass, typeldirection], boost

28 diracgammaexpand — expand diracgamma of a sum of four-vectors
Calling Sequence:
diracgammaexpand{ezpr)
Parameters:
eIpr - any expression
Synopsis:
+ The command diracgammaexpand expands all sub-expressions of the form diracgamma(py+p2+...) to
diracgamma{p;)+diracgamma(py}+. ..

o The name gmexpand may be used as an alias to diracgammaexpand after first invoking setaliases(}.

Examples:
> sataliases():
> satfv{pl, p2, p3):
> mm := ub(pl) &+ gm(pl + p2 + p3) &+ v(p2);

mr := &*(ub(pl), gm(pl + p2 + p3), v(p2))
> gmexpand(mm};

k+(ub(p1), gm(p1l) + gm(p2) + gm(p3), v{p2))
> expand(");

nass(pl) (ub(pl) &+ v{p2)) - masa(p2) (ub(pi) &+ v(p2))

+ &+(ub(pi), gm(p3), v(p2))

SEE ALSO: diracgamma, expand, simplify(&k+]
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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)
momentum({p)

Parameters:
p - an explicit four-vector

Synopsis:
¢ The function energy returns the energy component of an explicit four-vector.
e The function momentum returns the space momentum of an explicit four-vector as a 3 component list.

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

Examples:
> setaliases():
> setfv(k)};
P := Ipx, py, pz, el; — p := (px, py, pz, o]
> energy(p); — 8
> momentum(p); — {pz, py, pz]
> energy(k); — energy(k)
30 eps — the completely anti-symmetric tensor
Calling Sequence:
eps(mu;, muy, mua, muy)
Parameters:
muy, mus, mug, muy - Lorentz indices or four-vectors
Synopsis:
¢ The tensor eps is antisymmetric in all its indices.
¢ The expression eps(p, ...) where pis a four-vector is equivalent to eps(mu, ...) * p[mul contracted

OVEer mu.

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

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

Examples:

> setaliases():

> setindex(mu, nu);
settv{pl, p2, p3, pt);
eps{pl, p2, mu, nu);

> contract(" * p3[mul, mu);
> subs(p3=2+p1-p2-p4, ");

eps(pl, p2, mu, nun)
- eps(p1, p2, nu, p3)
- eps(pt, p2, nu, 2 pt - p2 - p4)

Pl

> expand("}; eps(pl, p2, nu, 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)
scalarpropagator(p, m)
vectorpropagator(p, [mu, auvl, m, ksi)

Parameters:
P - a four-vector or a sum of four-vectors
m - {optional) an algebraic expression
mu, ny — {optional) Lorentz indices
ksi - (optional) an algebraic expression

Synopsis:
¢ The function fermionpropagator returns an expression for the propagator of a fermion line with a given
momentum and mass.

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

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

¢ If the mass m is not specified, it is taken to be 0.
* The indices mu and nu stand for the Lorentz indices at the two ends of the vector propagator.

e Ifthe indices are not specified, the expression vectorpropagator(p, m) is the coefficient of metricg(mu,
nu) in vectorpropagator(p, [mu, nul, m).

* The argument ksi specifies the gauge in which the vector propagator is returned.

e 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 foermprop may be used as an alias to fermionpropagator after first invoking setaliases().
¢ The name scalprop may be used as an alias to scalarpropagator after first invoking setaliases().

¢ The name vecprop may be used as an alias to vectorpropagator after first invoking setaliases().

Examples:

> setaliages():

> setfv(p);
setindex(mu, nu);

fermprop(p, m); — I (gun(p) + m)
2
(pk.p)-n
> termprop(p); — I gn(p)
p&. p
> scalprop(p, m); — I
2
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> vecprop(p); . I
pe. p
> vecprop(p, [mu, nuj, m); —_ / ploul pload\
I Ig{mz, nu) - ————--—meee |
| 2 |
\ m /
2
(pt.p) -m
> vecprop(p, [mwu, nul, m, ksi); — / (ksi - 1) plau) pland\
I lg(mu, nu) + |
I 2 |
\ (p k. p) -~ ksim /
2
(p &. p) - m

SEE ALS0: mass, type[index], type(zv]

32 gammatrace — trace a product of Dirac matrices

Calling Sequence:

gammatrace(erpr)
Parameters:
expr -~ a product of Dirac matrices

Synopsis:
s The command gammatrace finds the trace of a product of matrices in Dirac space.

» The trace of the unit mattix gammatrace(1) is evaiuated to the constant gammasize. The default value
of gammasize is 4.

Examples:
> petaliazes(}:
> setindex{mu, nu);
> settv(p, k);
> gammatrace(gm(p) &+ gm(k));
4 (kx k. p)

> gammatrace(gm(p) &+ gm(mu) &* gm(k) &+ gm(nu));
4 plmu] k(nu] + 4 kx(mu] plon] - 4 (k &. p) g(mu, au)

> gammatrace(gm(p) &+ gm(mu) &+ gmn(k) &+ gm(nu) &+ proj{1)});

2 plmu] kx(nul + 2 kx[mwu] plnul - 2 (k &. p) g(mu, nu) - 2 I eps(p, k, mu, nu)
> gammasize := gs:
dimension := d:
> gammatrace{gm(mu) &+ gm(k) &* gm(p) &* gm(mu));

4 gs (x k. p) + (d - 4) ga (x k. p)

v

-

SEE ALSO: diracgamma, diracgamma5, helicityprojection, &*, gammasize, spacetimedimension
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33 mass — the mass of a four-vector

Calling Sequence:
mass(p)

Parameters:

p — a four-vector

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

eqrt(p &. p).If pis not an explicit four-vector, mass(p) stands for the mass of the particle carrying the
momentem p.

s If p is the four-vector of an off-shell particle, mass(p) is not equal to sqre(p &. p).

o The mass of a particle can be set using the command setmass.

Examples:

> setaliases():

> setiv(p);

> setmassilp, ml);
> maas(p}:

> mass([px, py, pz, el);
2 2 2 2
Warning: assuming .(e - px - py - pz ). is positive
2 2 2 2 1/2
(¢ -px -py -pz)

SEE ALSO: energy, momentum

34 metricg — the space-time metric

Calling Sequence:
metricg(mu, nu)
Parameters:
mu, nu - Lorentz indices

Synopsis:

# The function metricg is symmetric in its two arguments.

s Contracting metricg{mu, mu) with respect to mu returns spacetimedimension. The default value of
spacetimedimension is 4.

¢ The name g may be used as an alias to metricg after first invoking setaliases().

Examples:
> setaliases():
> setindex(mu, nu);
settvip);
g(mu, nu) - g(nu, mu); — 0

> contract{g(mu, nu) * pfwul, mu); —_— plnul
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> dimension := 4d; —_— dimension := d
—

> contract(g(mun, mu), mu); d

SEE ALSO: setindex, contract, &., spacetimedimension

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

Calling Sequence:

phasespacefactar(m, my, ma)
Parameters:
m, my, ma - an algebraic expression

Synopsis:
s The function phasespacefactor returns the mass dependent part of the phase-space factor of a two body
decay.

* The argument m is the mass of the decaying particle, m; and m2 are the masses of the decay products.

e The function phasespacetactor is normalized to 1 if the two decay products are massless.

Examples:
> setaliaszes():
> phasespacetacter(M, ¢, 0); —_— 1
> phasespacefactor(M, m, m); — / 2 \1/2
! o |
L - ¢ -]
| 2 |
\ M/
> phasespacefactor(M, m, 0); —_ 2
=
1 - ———
2
.}
> phasespacefactor(M, m1, m2); —_— 4 4 4 2 2 2 2
(M +m1i +m2 - 28 mi -2HM m2
2 2 /2
-2ml m2)'1/2 / M
/

SEE ALS0: croassection, decaywidth, mass, setmasa

36 setaliases — define aliases to various functions

Calling Sequence:
sataliases()
Synopsis:

» setaliases defines aliases to many functions in the HIP package.

e The following aliases are defined:



UU = vectorequivalencel]
abssq = absolutevaiuesquared
cs = crosssection

fermprop = fermionpropagator
gmd = diracgammab
gmexpand = diracgammaexpand
setdp = setdotproduct
setmand = setmandelstam
setpos = setpositive

ub = diracubar

vb = diracvbar

vecprop = vectorpropagator

-31-

VV = vectorequivalenceV
asspos = assumedpositive
dimension = spacetimedimension
£ = metricg

gm = diracgamma

pro) = helicityprojection
setfv = setfourvector

setnc = setnoncommutative
u = diracu

v = diracv

vecpol = vectorpolarization
width = decaywidth

Examples:
> setaliasesa():
> diracgamma(p);

gm(p)

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

Calling Sequence:
setdotproduct(p, k, dp)

setdotproduct([p,, &;, dp,],

)

Parameters:
P,k p1, ki, ... - four-vectors
dp, dpy, ... — any expression
Synopsis:

¢ The command setdotproduct(p, k, dp) sets p &. kequal to dp.

¢ Use setdotproduct((p,, &, dp(],

.. .) to set several dot-products.

» The name setdp may be used as an alias to setdotproduct after first invoking setaliases().

Exampies:

> setaliasesa():

> settv{p, k);
setdp(p, k, 8/2);

setdp{(p, p, m*21, [k, k, 01);

(p + k) &. (p + k);

> expand(");

(p + k) &.

2
m + s

(p + k)

——
——

SEE ALsO: setmandelstam, ., setmass, setfourvector

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

Calling Sequence:
satfourvector(p;, p2, ...)

FERMILAB-Pub-92/22-T
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Parameters:
71, P2, ... — ANy expression

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

¢ See help for type[£v] for more information.

» The name setfv may be used as an alias to setfourvector after first invoking setaliasea().

SEE ALSO: typelfourvector], setindex, typelindex]

39 setindex — declare a name as an index
Calling Sequence:

setindex{mu,, muy, ...}
Parameters:

mug, MLy, ... — any expression
Synopsis:

¢ The command setindex is used to declare certain objects as being of type index.

¢ See help for type[index] for more information.

SEE ALs0: type[index], contract, setfourvector, typelfourvector]

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

Calling Sequence:
setmandelatam{{p;, p2, pa, pad, [mi, m2, ma, mal, s, {, u)

Parameters:

P, 22. P3: P4 - names

my, ma, ma, My, 5, t - algebraic expressions

u ~ (optional) algebraic expression
Synopsis:

¢ The command setmandelstam makes several definitions related to the p; + p2 -=> p3 + ps.
o The command declares py, ps, p3 and p4 to be of type fourvector.
¢ The command declares the masses of py, pz, pa and p4 to be m, ma, ms and my respectively.

+ The command sets the dot-products of the various p’s to be consistent with the following telations:

(pr + p2)"2 =
(pr - pa)i2=t
(p1 - p4) 2 = u

If the argument u is omitted, it is replaced by m1°2 + m2"2 + m3"2 + my"2 - s - &

The name setmand may be used as an alias to setmandelstam after first invoking setaliases().
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Examples:

> setaliases():

> setmand([pi, p2, p3, p4l, [mi, m2, m3,
m4], s, t, u);

type(pl, fv); — true
> mass(p2); —_ m2
> pl k. p4; — 2 2
- 1/2u+ 1/2m1 + 1/2 m4
> setmand([k1, k2, k3, k4], [mt, m2, m3,
m4l, 3, t):
kil &. k4; — 2 2

~1/2m2 -1/2m3 + 1/2 35 + 1/2 ¢

SEE ALSO: setfourvector, setmass, setdotproduct

41 setmass — set the mass of a particle

Calling Sequence:

setmass(p;, ..., py, m)

setmass([p;, ..., pn, mpl, [ky, ..., ko, mel, ...)
Parameters:

P1s - Pns K1, oo.y kn, ... — four-vectors

m, mp, my, ... - algebraic expression
Synopsis:

¢ The command setmass is used to set the mass of the particle carrying a particular momentum.

¢ See help for mass for more information.

SEE ALSO: mass, setdotproduct, setmandelstam

42 setnoncommutative — declare a name or a function as being of type ne

Calling Sequence:
astnoncommutative(r,, z2, ...)

Parameters:
zy, T3, ... — Aany expression

Synopsis:

¢ The command setnoncommutative is used to declare certain names or functions as being of type nc.
¢ See help for typefnc] for more information,

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

SEE ALso: typelncl, &+, simplify[&s]
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43 setpositive ~ declare an expression as being positive

Calling Sequence:

setpositive(ezpr;, ezprs, ...)
Parameters:

€Ipry, eIpry, ... — ANy expression
Synopsis:

¢ The command setpositive is used to declare certain expression as being of type pos.
o See the help for type(pos] for further information.

o The name setpos may be used as an alias to setpositive after first invoking setaliases(}.

Examples:
> setaliases():
> sacpos(e, p, B, 6=p, o-m);

type(e, pos}); — true
> type(e~2-m~2, pos); o true
> type(p-m, pos); ~—+  Warning: assuming .{p -~ m). is positive

tTue

SEE ALsS0; type[pos]

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

Calling Sequence:
setreal{r,, ro, ...}

Parameters:
f1, M2, ... — any expression
Synopsis:
e The command setreal is used to declare certain names and functions as being of type real.

¢ See help for typelreal] for more information.

SEE ALS0: type(reall '

45 spacetimedimension — number of space-time dimensions
gammasize — trace of unit matrix in Dirac space
Calling Sequence:

spacetimedimension
gammasize

Synopsis:
s The constant spacetimedimension is the dimensionality of space-time. Its default value is 4,

s The constant gammasiza is the size of Dirac gamma matrices. Its default value is 4.

¢ The name dimension may be used as an alias to spacetimedimension after first invoking setaliases().
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Examples:
> setaliases():
> metindex(mu, nu);

dimension := d: — dimension := d
> gammasize := 2°(d/2); — (1/2 &)
gammasize := 2
> contract(g(mu, mu), mu); - d
> gammatrace(gm(mu) &* gm(nu)); — (1/2 &)
2 gmu, nu)

SEE AL50: metricg, gammatrace

46 vectorequivalenceU — scalar Vector Equivalence function U

vectorequivalenceV — vector Vector Equivalence function V

Calling Sequence:

vectorequivalenceU({p;, {,, 5,1, [pa, l2, s21, M)
vectorequivalenceV({p,, /,, 5,1, [p2, I2, 521, B)

Parameters:

P1, P2 - four-vectors

{1, I3, 81, 82 - (optional) a number, either -1 or 1

A — a number, either -1 or 1

mt, ru ~ either a Lorentz index or a four-vector
Synopsis:
[ ]

*

The functions vectorequivalencel and vectorequivalenceV are the ingrediants in the Vector Equiva-
lence technique for calculating Feynman diagrams at the matrix element level.

The expression vectorequivalenceU([p;, i, 11, Cp2, {2, 11, h) is equal to spinorubar(p;, {,)
&* helicityprojection{h) &*» spinoru(ps, l.).

The expression vectorequivalenceV((p;, /,, 13, [p2, {2, 11, k)[mul is equal to spinorubar(p,
) &+ diracgamma(mu) &* helicityprojection(h) &+ spinoru(pz, /).

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

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 !, and {; are optional. The argument {; defaults to & in vectorequivalenceV and

to -k in vectorequivalencelU. The argument !; defaults to k in both vectorequivalencel and
vectorequivalenceV.

The arguments s, and s, are optional, and default to 1.
Converting an ordinary expression to Vector Equivalence functions is done using the command convert/ve.
The name UU may be used as an alias to vectorequivalenceU after first invoking setaliases().

‘The name V¥V may be used as an alias to vectorequivalenceV after first invoking setaliases().

Examples:
> setaliases():

>p := [0.2, 0.5, -0.8, 1.8];

;= [.2, .5, -.6&, 1.6]



>

>

>

v Vv
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k := [0.7, -1.2, 0.3, 1.8]; — k := [.7, 1.2, .3, 1.8]
w(lp, 1, 11, [k, 1, -11, 1); — .08692627752 - .4763256523 I
convert{ub(p, 1) &* proj{i) &= v(k, 1),

axplicit); — .085692627752 - .4763256523 I
q := [-0.4, 1.2, 0.9, 2.5]; — q := [-.4, 1.2, .9, 2.5]
wilp, -1, -11, x, 1) &. q; — 3.353465374 + 5.860476232 I
convert(vb(p, -1) &* gm(q) &+ proj(1) &+

u(k, 1), explicit); —_— 3.3B3465376 + 5.869476233 T
r := [0, 1.1, -0.1, 1.3]; — r:= [0, 1.1, -.1, 1.3]

SEE ALsO: convert[ve], convertlexplicitl

47 vectorpolarization ~ the polarization of a four-vector

Calling Sequence:

vectorpolarization(yp, #)

Parameters:

p - afour-vector
h - (optional) -1, 0 or 1

Synopsis:

The expression vectorpolarization(p) symbolizes any polarization vector of the four-vector p.

o If & is not specified, absolutevaluesquaraed sums over all polarizations.

¢ If p is an explicit four-vector and A is either -1, 0 or 1 then the function vectorpolarization(p, A)
returns an explicit four-vector.

¢ The value h=0 corresponds to the longitudinal polarization. Values of -1 and 1 to A corresponde to the left
and right handed polarizations respectively.

o If the mass of p is zero, vectorpolarizat ion(p, 0) prints an error message,

o If p describes a particle at rest, vectorpolarization(p, 0) arbitrarily returns [0, 0, 1, 0] while
vectorpolarization(p, +/-1) returns [1/sqre(2), +/-1/sqre(2), 0, 0].

¢ Specifying a Lorentz index should be done using &. as in {vectorpolarization(p) &. mu) rather than
vectorpolarization(p) [mu].

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

¢ The name vecpol may be used as an alias to vectorpolarization after first invoking setaliases().

Examples:

> setaliases():

> setpositive(e, p, e-p); <

setreal(e, p);

setfv{gl, q2);

setindex(mu);

setmass([q2, 0]);

k := [0, 0, p, e]; — x := [0, 0, p, €]
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> vecpol(k, 0); — e

P
[ol 0, - ]
2 2 1/2 2 21/2
(e -~ p) (¢ -p)
> vecpol(k, 1); —_— 1/2 1/2
(/22 , /22 1,0, 0]
> absaq(vecpol(ql) &. mn); —_ qilmu] qi[conj{mu)]
- g{mu, conj(mu)) + -
2
mass{q1l)
> abssq(vecpol(q2) 2. mu); —_— - g{mu, conj{mu))
> vecpol(ql) &. q1; —_ 0

SEE ALSO: &., absolutevaluesquared
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5. Concluston and OQutlook

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 {1]. The two implementations are essentially

similar. The major differences are:
¢ Two new methods for calculating helicity amplitudes without squaring have been
added: explicit method and the Vector Equivalence technique.

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

references.

¢ The spinor technique functions have been eliminated
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¢ A compilation of Standard Model Feynman rules is not included with the patk—

age, though it can easily be added.

Most HIP-Maple functions have names which are just lower-cased versions of
the HIP-Mathematica names. For example, DiracGamma in HIP-Mathematica corre-
sponds to diracgamma in HIP-Maple. Table 1 is a translation table for the functions

that do not fall under this rule.

Mathematica Maple

CommutativeQ type(nc]
ConvertToChiralFermions convert [helicityprojection]
ConvertToGammas convert[diracgamma$S]
DiracGammaSize gammasize

DotProduct &.
EvaluatePhaseSpacelntegral crosssection, decaywidth
ExpandSlash diracgammaexpand

G metricg
HeavyVectorPclarization vectorpolarization

LongitudinalPolarization
MasslessVecterPolarization

NEvaluatePhaseSpacelntegrate crosssection, decaywidth

NonCommutativeExpand expand
Preparelndex setindex
Propagator fermionpropagator
scalarpropagator
vectorpropagator
Slash diracgamma

Table 1: A translation between the Mathematica and Maple versions of HIP.
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Functions in HIP-Mathematica with no equivalence in HIP-Maple are:
CommutativeAll, ConvertToMassless, ConvertToST, DotProductRules,
KobayashiMaskawa, LightlikeVectorDecayedFrom,
LightlikeVectérNotCollinearHith, Mandelstam, MandelstamRules,
NonCommutativeFactor, Upposite, PerpendicularMomentum,
PhaseSpacelntegral, PolarizationCombinations, STToTraces,

SpaceDirection, SpinorS, SpinorT, Vertex and ZAxis.

Functions in HIP-Maple with no equivalence in HIP-Mathematica are:
convert[explicit], convert[ve], assumedpositive, setaliases,

setfourvector, setpositive, vectorequivalencel and vectorequivalenceV.
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