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7ZQED. QCDHs5HHEEBRTR A& RIIASIEA u(p)Tu(’)
u(p)Tu(p’) = u(p); G u(p’);
IBRERE KR, 5. EXMMNENTEH.

If this is not immediately obvious, consider the 2 x 2 case of ¢'Ba, where the equivalent product
can be written as

By, Bp \[ a
(Cl,Cz)( By B» |\ a = cB1a) + c1Bpay + caBra) + 2By

= c;Bja;,

which is just the sum over the product of the components of a, ¢ and B.
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2
Z UsUs = (7”]7# +ml) = p+m,
=1

A

2

Z 0 = (Yipy —ml) = p —m,

r=1
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Trace Theorems
Tr(A + B) = Tr(A) + Tr (B) Tr(AB...YZ) = Tr (ZAB...Y)
Tr (y"y") = 49"
Yy vyt =297

—> Tr (v#y") + Tr (y"y*) = 29" Tr (1)
Tr (y#y"y*) =0
Tr (y*y'y?) = Tt (VY y*y'y*) = Te (V' y*y'y*y)

==-Tr (Vv v"y'y")
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Trace Theorems
Tr(y"y"y"y") = 49"9"™ —49™g™ + 49" g™

)/a’)/b= zgab —’}/b)/a

yEY yPyT = 29"y Py — Ty Ry Py?
=2g"yPy? = 29"y YT + ¥y yPy Ry

4

= 29"yPy" = 29"y + 297y P =Ty YTy R

Uuo v

YEYYEYT Py =27y YT = 20y + 297y Ty P
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Trace Theorems

(@) Tr(I) =4;

(b) the trace of any odd number of y-matrices is zero;

() Tr(y"y") =49"";

(d) Tr(y"y"yPy?) =4g"gr” — 49" g™ +4g" g%

(e) the trace of 7/5 multiplied by an odd number of y-matrices is zero;
(®) Tr(y°) =0
(2) Tr( Sty ) 0; and

(h) Tr (y yHyYyPy” ) =4ie"P?  where £"PY 1s antisymmetric under the inter-
change of any two indices.
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CalcHEP - S8R FiSBEfENE

http://theory.sinp.msu.ru/~pukhov/calchep.html

CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

The main idea of CalcHEP is to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with a

high level of automation. The package can be compiled on any Unix platform.

General information
@ Main features, ¥ Acknowledgments ® News&Bugs ¥ Publications&Lectures ' Contributions

Manual
s gmhgp _man_3.3.6.pdf (manual for version 3.3.6, July 19,2012)
(Lecture by Alexander Belyaev)
See also: Dan Gmcn High Pt physics at hadron colliders (Cambrige University Press)

Code download.
@ Licence ¥ Installation ¥ Current version 3.6.25(23.06.2015) new options
@ Archive

Models:
@ MSSM_10.14(15.10.2014) @ NMSSM _8.15(25.08.2015) @ CPVMSSM_10.14(16.10.2014) @ SUSY models By
AScmenov ¥ LeptoQuarks @ SDSM. @ 6DSM.
Model database @ HEPMDB

Related packages on Web:
Packages for model generation: ¥ LanHEP ¥ FeynRules ¥ SARAH
RGE and spectrum calculation: ¥ SuSpect ¥ [sajet @ SoftSUSY W SPheno ¥ CPsuperH @ NMSSMTools
Particle widths in MSSM: @ SUSY-HIT " HDECAY
Parton showers: ¥ PYTHIA

Contacts

Email:  €alchep@googlegroups.com  /unchpad service: @ Aska question. W File a bug

18
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FeynCalc - S &R

R http://www.feyncalc.org

Goog'e

Go

FeynCalc

Documentation Tools and Tables for Quantum Field Theory Calculations
Forum

e Download

Download releases or check out the code at our Github page.

Related

software:

FeynArts - About

LoopTools

zmm FeynCalc is a Mathematica package for algebraic calculations in elementary particle physics.

Some of the features of FeynCalc are:
¢ Passarino-Veltman reduction of one-loop amplitudes to standard scalar integrals

¢ Tools for frequently occuring tasks like Lorentz index contraction, color factor calculation,
Dirac matrix manipulation and traces, etc.

e Tensor and Dirac algebra manipulations (including traces) in 4 or D dimensions
e Generation of Feynman rules from a lagrangian
¢ Tools for non-commutative algebra

e SU(N) algebra

- Lt A e Y L AW A
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FeynCalc - SREMIIBFS1TE K

Loading the package FeynCalc

<< HighEnergyPhysics™ fc~

Loading FeynCalc from /Users/cao/Library/Mathematica/Applications/HighEnergyPhysics
FeynCalc 8.2.0 For help, type ?FeynCalc, open FeynCalcRef8.nb or visit www.feyncalc.org
Loading FeynArts, see www.feynarts.de for documentation

NS IRIEAR T3
terml = Tr[GS[pl] .GA[B].GS[p2].GA[a]]

4 (—g"ﬁpl -p2 + plP p2% + p1¢ pZﬁ)

= \Y 3 7|‘R
term2 = Tr[ (GS[p3] -mf) .GA[B]. (GS[p4] +mf) .GA[a] ] /:E.XI§1 2ZT
4 (mf? (~g*#) - g p3-p4 + p3# p4” + p37 p4”) replace rule #|
numsq = Calc[terml term2] rrl = {
Pair [Momentum[pl], Momentum[pl]] » O,

32mf pl-p2 +32pl-p4 p2-p3 + 32 pl-p3 p2-p4 Pair [Momentum[p2], Momentum[p2]] » O,

. Pair [Momentum[p3], Momentum[p3]] » mf,
b = (A (L 2 Pair [Momentum[p4], Momentum[p4]] » mf,

prefactor = (e*40Q0"2/s"2);

Pair [Momentum[pl], Momentum[p2]] » s/ 2,
matsq = spin * prefactor * numsq // Simplify

Pair [Momentum[pl], Momentum[p3]] » (mf£"2-t) /2,

8 et 02 (mf2 pl-p2 +pl-p4p2-p3 + pl-p3 p2-p4) Pair [Momentum[pl], Momentum[p4]] » (mf"2-u) /2,
Pair [Momentum[p2], Momentum[p3]] » (mf"2-u) /2,
s? Pair [Momentum[p2], Momentum[p4]] » (mf"2-t) /2,

Pair [Momentum[p3], Momentum[p4]] » (s-2mf"2) /2
}

1
{pl2 -0, p2*> > 0, p3° - mf, p4> - mf, pl-p2 - %, pl:-p3 > E(mf2 - t),
1 1 1 1
pl-pd - E(mf2 —u), p2-p3 > E(mf2 —u), p2-p4d > E(me —1),p3-p4 > E(S—mez)}

25



FeynCalc -

IR R

In the frame of center of mass of e + and e -

metric = {{11 ol ol o}l {ol '11 ol o]‘l {ol ol '11 O}I {ol ol OI '1}]‘;

Vs Vs
P1={TI 0, 0, 2 };

VS Vs
p2={ 2 + 0,0, - 2 };

Vs
p3 = — {1, Bsin[6], 0, BCos[O]};
2

Vs
p4 = — {1, -psin[e], 0, -BCos[6]};

rr2 = {t » (pl-p3).metric. (pl-p3) // Simplify,
u- (pl-p4).metric. (pl-p4) // Simplify}

rr3={mf—> m*«/s_/z}
SRS EE

XSEC[dsdzfunc_] := Module[{z, tmp, integral, result},

tmp = dsdzfunc /. Cos[6] » z;

integral = ~J‘tmp dz;

result = (integral /. z » 1) - (integral /. z > -1);

Return[result]
XSEC[dsdz] // Simplify

2na? B(B*-3)Q?
3s

= REHIEE

B
di
A
il
s

¥

O

dsdQ =

. *f*matsq /. rrl /. {e » Sqrt[4ma]l}
64 ni“s

ZQzﬁQz("%zs+ }T(mfz—t)2+ %(mfz—u)z)

s3

dsdQ =dsdQ /. rr2 /. rr3 // Expand
02 ,33 Q2 COSZ(Q) a,2 ﬁ3 QZ a,2 ﬁ Q2
- +
45 45 2s

dsdz = dsdQ * (2 7) ;
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1) QEDE{GTEE : BHEKH

1.1) Completion Relations
2 2
Zusﬁs:(y“pﬂ+ml):p+m, Zvrar:(yﬂpﬂ_ml):p_m,

s=1 r=1

1.2) Trace Theorems

(@) Tr(J) =4,

(b) the trace of any odd number of y-matrices is zero;

() Tr(y"y") =49"";

(d) Tr(y"y"y?y?) =4g"gP" — 49" g™ + 49" g%

(e) the trace of y> multiplied by an odd number of y-matrices is zero;

(f) Tr(y*) =0;

(g) Tr (ySy“yV) =0; and

(h) Tr (y5y“yvypy“) =4igt"P?  where £/"P? is antisymmetric under the inter-
change of any two indices.
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