User Guide

After the user has clicked “Start”, he faces “Java Applet Window”. The first thing to do — to click “Login” on the top menu bar and to fill in “User” field, then click “OK”. The user name appears in the command line.

SANC begins with the Lagrangian of the Standard Model and corresponding

Feynman rules. The set of the particle fields and attached to them numbers together with the notation of particle masses and charges used in analytic programs written in FORM3 are shown in the following table:

particle letter number mass charge photon A 1 0 0 Z boson Z 2 zm 0 W boson W^± ±3 wm ±1 H boson H 4 hm 0 scalar ghost of Z ϕ^0 5 0 scalar ghost of W^± ϕ^± ±6 ±1 FP ghosts of W^± X^+ 7 +1 X^− 8 −1 FP ghost of Z Y_Z 9 0 FP ghost of A Y_A 10 0 neutrino ν 11 nm 0 lepton e 12 em qe up quark u 13 um qu down quark d 14 dm qd

All declarations of symbols, indices, vectors, functions and commutative functions are introduced in Declar.h. The procedure Globals.prc contains some kind of declarations, filling Tables. For example, declarations of the charge, mass, weak isospin and coupling constants of fermions are:

c(12)=qe; pm(12)=em; i3(12)=i3e; vf(12)=ve; af(12)=ae; c(13)=qu; pm(13)=um; i3(13)=i3u; vf(13)=vu; af(13)=au; c(14)=qd; pm(14)=dm; i3(14)=i3d; vf(14)=vd; af(14)=ad;

What the HEP tree in the left side with three branches QED, EW and QCD could provide the user with^1? For example, the user may click the branch EW. Then in front of him the two new branches appear: Precomputation and Processes. SANC proposes the following options:

1At present, only EW tree is filled in. QED and QCD trees are supposed to be filled in the next version.

• Analytic results.

– The user has to click just the branch Processes. Three new branches appear: Bff Decays, Bff Decays Brems and 2f → 2f Processes. Bff Decays – Let the user has clicked the branch Bff Decays. One sees now three new branches: Z Decay, H Decay and W Decay.

– Let us choose Z Decay. Then the user sees on the tree one single open box Zff HA and one branch Zff. Clicking the box Zff HA the user makes to appear in the code editor field the analytic program calculating Z decay Helicity Amplitudes (an expression for the decay width obtained from these amplitudes). The user may click “Run” on the SANC middle menu bar and he will see the analytic result in the “Symbolic” field of the bottom window.

– If the user wants to calculate scalar formfactors, the helicity amplitudes depend upon, one has to click Zff. Four new branches appear: Zνν, Zee, Zuu and Zdd. It may seem that here only one generation of fermions is presented. But clicking some of these branches the user sees that there are actually all three generations.

– The user may click, say, Zνν. One single open box Zνν is enough for all three neutrino channels as they all have equal couplings and no masses. But if the user has clicked Zee, one sees all three channels: Z → ee, Z → μμ and Z → ττ. Clicking Zuu the user sees three channels Z → uu, Z → cc and Z → tt. Analogously, clicking Zdd gives three channels Z → dd, Z → ss and Z → bb.

– The user may choose some of these channels, let it be Z → μμ. An analytic program for calculating scalar formfactors of the corresponding amplitude appears in the code editor field. Clicking “Run” at the SANC middle menu bar the user makes to appear a small window “Check savs”. Under inscription “To compile this program you must use the next list of savs” the user could see the path of calculations in the program tree. If the user just now clicks “OK”, he will see the analytic result in the “Symbolic” field.

– If the user wants to go step by step and redo all the precomputation himself changing something in the previous steps of the analytic calculations, he may click small squares on the left side of the window “Check savs”. Just for this program there are three options: precomputation of Fermion Renormalization Constants, Boson Renormalization Constants and Vertices. If the user clicks “Fermion Renormalization Constants” and then “OK”, some other “Check savs” window appears to give a possibility to precompute Fermion Self Energy by clicking the small square. After “OK”, the user will see the analytic result for the scalar formfactors in the “Symbolic” field of the bottom window.

Bff Decay Brems – If the user wants to calculate “Soft” and “Hard” contributions of real photon emission to the width of a chosen channel Z → μμ, one has to go to the Bff Decay Brems and click the branch Zff Decay Brems, then the branch Zff Brems and at last the user has to click Z → e^−e^+A. Clicking the “Run” at the SANC middle menu bar the user makes to appear the analytic result in the “Symbolic” field. 2f → 2f – The branch 2f → 2f contains two new branches: NC and CC. – Clicking NC the user sees two open boxes eeff HA and eeff calculating Neutral Current processes 2f → 2f. The click of eeff HA makes to appear an analytic program in the code editor field calculating Helicity Amplitudes of these processes. The user may click “Run” at the

SANC middle menu bar and see the analytic result in the “Symbolic”

field. The click at eeff makes to appear an analytic program in the code editor field calculating the scalar formfactors for these Helicity Amplitudes. The types of the initial and final fermions are defined by

typeIU, typeID, typeFU and typeFD. The numbers for them appear

on the command line by default but the user may change these numbers having in mind the table with numbers assigned to the fermion fields. If the user clicks “Run” at the SANC middle menu bar the analytic result appears in the “Symbolic” field.

– Clicking CC the user sees two open boxes udlνHA and udlν calculating Charged Current processes 2f → 2f. The FORM3 program of udlνHA after “Run” calculates analytically the Helicity Amplitudes of these processes, and udlν — the scalar formfactors for them.

• Numeric results for the decay rates.

The user has to pay attention to the window “Numeric Form”. The menu bar gives two possibilities: “SemiAnalytic” and “Monte Carlo”. Below the user sees clickable “Run” and “Cancel” buttons. Clicking “Cancel” the user makes to disappear the “Numeric Form” window. The user makes to reappear the “Numeric Form” window again by clicking on “App” and

“Numeric” at the top menu bar. Choosing “SemiAnalytic” one gets a possibility to compute the total width for a decay channel, say Z → μμ(γ).

SANC can translate the symbolic outputs of previously described analytic

calculations by the s2n software into a Fortran code and implement it in the main numerical program. Intermediate access principle assumes a choice between two possibilities: 1) to use precompiled Fortran codes; 2) to recompile all them. If the user chooses the latter, one has to do the following steps:

– The user has to choose a channel, say Z → μμ (clicking Zff as already was described) and the analytic program calculating scalar formfactors of the corresponding amplitude appears in the code editor field. Let the user clicks the “Run” at the SANC middle menu bar. After clicking “OK” in the window “Check savs” the user will obtain the analytic result in the “Symbolic” field below.

– Just after this the user has to click “Run s2n”and he will see in the “s2n Output” field the Fortran subroutine Z decay for numeric calculation of scalar formfactors.

– Then the user has to go to Zff HA on the tree. Clicking it the user sees in the code editor field the analytic program calculating Z - decay helicity amplitudes. The user has to click the “Run” at the SANC middle menu bar and the analytic result appears in the “Symbolic” field.

– Just after this the user has to click “Run s2n”and the Fortran subrou-

tine Z decayTW appears in the “s2n Output” field. It is intended

to calculate numerically the Total Width of Z-decay using helicity amplitudes.

– Again the user has to go to the tree and choose Z → e^−e^+A on the branch Zff Brems. Clicking “Run” at the SANC middle menu bar the user obtains the analytic result in the “Symbolic” field. In this way the user obtains analytically “Soft” and “Hard” contributions of real photon emission to the width of a chosen channel.

– Just after this the user has to click “Run s2n”and the Fortran subrou-

tine Z decayNC appears in the “s2n Output” field. It is intended to

calculate numerically “Soft” and “Hard” contributions to the decay width.

– Now the SANC is ready to make the last step if this option of intermediate access is chosen. All the three subroutines needed for numeric calculation of the total width of the channel Z → μμ are recreated. The user has to click “Run” in the window “Numeric Form” and the result appears in the “SemiAnalytic” field below. Information of make shows which Fortran subroutines were newly recreated.

– The user could jump to the numeric calculations without making all these three steps if the first option of intermediate access is chosen. It is enough then to choose the channel Z → μμ on the tree and to click “Run” in the window “Numeric Form”. The result for this channel appears in the “SemiAnalytic” field below.

– If the user switches off the “EW Correction” in the window “Numeric Form” and then clicks “Run”, he will see in the “SemiAnalytic” field that numerical results are different. It is because only QED part of the one-loop correction is taken into account then.

– The values of INPUT parameters in the “Numeric Form” window are some default numbers which SANC uses for numeric calculations. “Omega” is the “Soft-Hard” separator ω. The user may change all these numbers directly in the “Numeric Form” text fields.

• Monte Carlo numeric results for the decay rates.

The user has to work again with the window “Numeric Form”. Let us choose now “Monte Carlo” and consider again the decay channel Z → μμ. The user sees in the Monte Carlo part of the “Numeric Form” several text fields working for the time being only for decays. SANC takes by default the values of the input parameters given in these text fields but the user may change them directly. We recommend the user to make the following steps:

– to choose a Random Number Generator: “Runlux”, “Runmar” or “Mersenne Twister”. “Runlux” stands by default.

– to choose the Distribution Type: “Photon Energy Distribution”, “Photon-Fermion Angular Distribution”, “Fermion Energy Distribution” or “Fermion-antiFermion Angular Distribution”.

– “k^0_{max}” is the maximum of the energy of the real photon emitted in this channel. If the user wants to cut on “k^0_{max}” he must choose to a value less then the given by default.

– “k^0_{min}” is the “Soft-Hard” separator ω. If the user needs to change “k^0_{min}” he may choose a value as small as he wants but he has stop make it smaller when the Monte Carlo generator prompts the remark “PRODUCED NEGATIVE WEIGHT !!!... k^0_{min} IS TOO SMALL !!!”

– SANC Monte Carlo generator deals with the “Hard” contribution of the real photon emission. It calculates various energy or angular distributions. The graphical presentation of distributions is presently in preparation. It should be available in the next version of the system.

– As a byproduct of simulation procedure, SANC Monte Carlo generator gives the Total Width for the given channel. It uses the subroutine

Z decay, subroutine Z decayTW and the “Soft” part from subroutine
Z decayNC. The options of intermediate access to obtain them are

already described in the previous Numeric results item. The user may avoid recompilation of these codes and at one stroke click “Submit”. The user has to wait a while for a result in the “Monte Carlo” field especially if a higher statistics is chosen. The appearance of a blue band at the SANC middle menu bar is a sign that the result is just coming.

• Analytic precomputation of the one-loop Feynman diagrams.

In this branch the basic programs of SANC used for precomputation of oneloop diagrams are presented. The user has to click the branch Precomputation. Four new branches appear: Self, Vertex, Box and Pentagon. Self Energy diagrams Clicking the Self Energy computation branch Self, the user sees two new branches: Fermion and Boson.

– If the user wants to see how SANC calculates Fermion Self Energy diagrams he has to click Fermion. Then the user sees a single open box Fermion Self and the branch Ren Const.

– After the user has clicked the open box Fermion Self an analytic program appears in the code editor field. This program calculates expressions [diatwo‘i’‘j’‘l’‘k’] and [tad‘i’‘j’‘l’] (TadPoles) for Fermion Self Energy diagrams where ‘i’ and ‘j’ are numbers of incoming and outgoing fermions, ‘l’ and ‘k’ are numbers of loop particles (bosons or fermions).

– Clicking “Run” at the SANC middle menu bar the user makes to appear in the “Symbolic” field the analytic result. If the user wants to see the calculated expressions he has to activate print; statement in the analytic program in the code editor field and click “Run” again. Then the calculated expressions appear in the “Symbolic” field.

– The branch Ren Const for fermions contains two programs Calc- FerRenConst and CalcFerSeBlocks. Choosing CalcFerRenConst the user sees in the code editor field an analytic program calculating Fermion Renormalization Constants. Clicking the “Run” at the SANC middle menu bar the user makes to appear a small window “Check savs” with a proposition to precompute Fermion Self Energy if the user wants. After clicking “OK” the output file appears in the “Symbolic” field. If the user wants to see the expressions of the fermion renormalization constants Zl‘typeU’1‘i’, Zr‘typeU’1‘i’, Zm‘typeU’‘i’, one has to decomment print; statement in the analytic program in the code editor field and then to click “Run”. By default typeU=12, i.e the program calculates the renormalization constants for lepton (electron, muon, tauon). But the user may write other number in the command line having in mind the table with numbers assigned to fermion fields. The program CalcFerSeBlocks prepares the off shell Fermion Self Energy Blocks including the counter terms with the Renormalization Constants.

– Analogously SANC is dealing with Boson Self Energy diagrams. In this case the user has to click Boson and then he will see a single open box Boson Self and the branch Ren Const. If the user chooses Boson Self, an analytic program appears in the code editor field. It calculates expressions [diatwo‘i’‘j’‘l’‘k’], [diaone‘i’‘j’‘l’] (Bubbles) and [tad‘i’‘j’‘l’] (TadPoles) for Boson Self Energy diagrams where ‘i’ and ‘j’ are numbers of incoming and outgoing bosons, ‘l’ and ‘k’ are numbers of loop particles (bosons or fermions). After “Run” at the SANC middle menu bar, the user sees the result in the “Symbolic” field. If the user wants to see the calculated expressions he has to activate print; statement in the analytic program in the code editor field and then to click “Run”.

– The branch Ren Const for bosons contains two programs Calc- BosRenConst and CalcBosSeBlocks. Choosing CalcBosRen- Const the user sees on the code editor field an analytic program calculating Boson Renormalization Constants. Clicking “Run” at the SANC middle menu bar the user makes to appear a small window “Check savs” with a proposition to precompute Boson Self Energy if the user wants. After clicking “OK” the result appears in the “Symbolic” field. The program CalcBosSeBlocks prepares the off shell Boson Self Energy Blocks including the counter terms with Renormalization Constants.

Vertex diagrams Clicking the branch Vertex where SANC computes one-loop vertices, the user sees two new branches: Bff and BBB.

– Clicking Bff the user sees the open boxes A → ff, Z → ff, W → ff and H → ff. Choosing one of them the user calls the corresponding program in the code editor field which calculates the chosen set of vertex diagrams with one bosonic and two fermion legs. For every of these four cases there are two type of loops. Correspondingly, the programs calculate two type of expressions: [fbf‘i’‘j’‘l’‘k1’‘k2’‘k3’] and

[bfb‘i’‘j’‘l’‘k1’‘k2’‘k3’]. Here i, equal to typeB defines the

type of the boson leg; j, equal to typeU and l, equal to typeD define the type of fermion legs. The user may write other numbers for

typeU and typeD in the command line having in mind the table with

numbers assigned to fermion fields.

– Clicking “Run” in the SANC middle menu bar the user makes the output file to appear in the “Symbolic” field. If the user wants to see the calculated expressions he has to activate print; statement in the analytic program in the code editor field and then to click “Run”. Then the calculated expressions appear in the “Symbolic” field.

– Clicking BBB the user sees two open boxes BBB Fermion and BBB Boson — the programs calculating vertex diagrams with three bosonic legs. The first type of diagrams has fermions in the loop, the second type has bosons in the loop.

Box diagrams Clicking the branch Box where SANC computes one-loop boxes, the user sees three open boxes Box NC, Box NC WW and CC. Clicking some of them the user sees the corresponding analytic program in the code editor field calculating a set of box diagrams with four fermion legs. Here typeIU and typeID are numbers of initial fermions, typeFU and typeFD are numbers of final fermions. If the user chooses Box NC WW and clicks “Run” he will see soon the result in the “Symbolic” field. But the other two programs take too much computer time and we do not recommend to repeat their precomputation. Pentagon This branch contains two open boxes 4fA Fermion and 4fA Boson. The corresponding programs are foreseen.