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1. Historical overview

The SANC project roots back to early 2001. It was announced first in Réfand its first
phase status report was widely presented at ACAT2002 inaeiadks [2]—[5].

The main aim of the project is creation of a computer systensdémi-automatic calculations
of realistic and pseudo-observables for various procesfsglementary particle interactions “from
the SM Lagrangian to event distributions” at the one-loggxmion level for the present and future
colliders — TEVATRON, LHC, electron Linear Colliders (ISCI.CLIC), muon factories etc.

Computer-wiseSANC is an IDE (Integrated Development Environment) and is zedlias a
server—client applicationSANC client for versionv. 1. 10 can be downloaded from servers at
CERNNttp://pcphsanc.cern.ch/ and Dubnéhttp://sanc.jinr.ru/.

Physics-wise, all the calculations at the one-loop prenisevel are realized in the spirit of
the book [6] in theR; gauge and all the results are reduced up to the scalar Resséitman
functions:Ag, Bg, Co, Do. This two distinctive features allow to perform severalakt® e.g. to test
gauge invariance by observation the cancellation of gaaganpeters dependence, to test various
symmetry properties and validity of various Ward Idenstiall at the level of analytical expres-
sions. The process of calculation is structured into séweed-defined steps. With the help of
SANC system it is easy to follow all steps of calculations for m& decays and processes. This
makes theSANC system patrticularly appealing for educational purposes.

The SANC system uses several computer languages, but only FORM —n#dyt&c calcu-
lations [7]. All the codes are put into a special program emment, written inJ AVA. At early
phase it was used for a revision of Atomic Parity Violatioh, f@r a calculation of the one-loop
electroweak radiative corrections for the process™ — ff [9] and neutrino DIS [10]. Meantime,
in Ref. [11] it was used for precision comparison of EW catitats for the SM boson decays into
fermion-antifermion pair and in [12] for an improvementsRHIOTOS Monte Carlo generator.

In the second phase of the project (2004—2006), the caiontatvere extended to a large
number of HEP processes, with an emphasis on LHC physicsein[R3] we have summarized
the status of th&ANC versionl. 00, into which we implemented theoretical predictions for pnan
high energy interactions of fundamental particles at treeloop precision level for up to 4-particle
processes. In this paper we placed an emphasis on an egtelisivussion of the so-called “Pre-
computation procedure”, an important first step of calcoet of the one-loop amplitudes for 3-
and 4-patrticle processes in QED, QCD and EW theories. kjnalRef. [14] we describeANC
versionl. 10 upgraded both physics-wise and computer-wise compardgktedarsionl. 00. As
far as physics is concerned it contains an upgraded tretshied — | v, anddd— |~y processes
used for precision calculations of Drell-Yan processes &f. [15]) and a complete implementa-
tion oft — b+1* + v, CC decays up to numbers and MC generators [16, 17]. We aldernented
several processes likg,ZZ — 0 andf, fHZ — 0, and the proceds — f; f;Ain three cross chan-
nels [18] in the EW branchyy — yy scattering [19] andll — yy* in the QED branch, as well as
a new QCD branch [20]. Starting from Ref. [14] we use a geimydlapproach: we begin with a
presentation of the covariant amplitudes for a processfisﬁylz — 0, where— 0 means that all
4-momenta flow inwards. The derived scalar form factors @aoded for any physically sensible
cross channel (here two: annihilatidrﬂf_l — HZ and decayH — Zflf_l, since it is known that
My > M,) after an appropriate permutation of their argumeasfs (). Then we compute helicity
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amplitudes for every cross channel separately. Recenttiiel same spirit we considered the three
channels of the procesfsf_lZA—> 0 [21].

In this report we will concentrate on recent studies resuhgch have been published after
2005 or are being prepared for publication.

Whenever possible, we compare our results with those egisiithe literature. For this com-
parison we widely used several well known codes or compyttems. At tree level we compared
with GRACE-tree [22], CompHEP [23], PHOTOS [25]-{24], PYTA[26] whereas one-loop
level results were checked against HORACE [27]-[29], WGRABD]-[31], ZGRAD2 [32]-[33],

a code by S. Dittmaier and M. Kramer [34], FeynArts [35]-[a8d GRACE-loop [39].

2. Processes available in present version 1.10

The recent version 0BANC deals with the three models of elementary particle intevast
QED, EW and QCD. In the Fig. 1 we show processes only for EWdbran
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Figure 1: Three and four particle EW processes availabISANC version 1.10

Each tree consists of several levels of “folders” which epdwith “files”, normally three:
FF (Form Factors), HA (Helicity Amplitudes) and BR (Brenmrasiung). For labels of folders
we use notationsb — for any boson;f(f;) — for any fermion €, for massless fermions of the
first generation whose mass is kept only in arguments of tibgaic functions);A,Z,W,H — for a
photon,Z, W, H bosons; for files — the same kb, which mean here top and bottom quarks.

For many processeSANC calculations end up with MC integrators or event generatBrg
only few of them are embedded into the system itself, see[Beand Fig. 11 in Appendix. The
other codes are accessible as the stand alone ones. Thenmlitdy use FORTRAN modules
generated by the system (see below).
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2.1 Basic notions: precomputation, amplitudes, form factcs...

Precomputation is one of important conceptSHNC ideology. Since many one-loop cal-
culations are enormously time consuming, the idea is togon@cite as many one-loop diagrams
and derived quantities (renormalization constants, etq)assible. The precomputation trees are
presented and exhaustively discussed in the Ref. [13] anéfeethe reader to this paper.

As seen from an open folder for— Wb decay in the Fig. 1, one has usually three files written
in FORM, which compute:

e Covariant amplitude (CA) and scalar FF, cf. with the nucteacleony vertex parametrized
by the two scalar FE#1,: &7 Oy, 71+ 0pvQyF2;

e HA, which depend on FE#},,(.%i), where{A;} denotes a set of helicity quantum eigen-
values, typically spin projections onto a quantizationsaxiVe remind that in the standard
approach for an observab®one hasO O |.<7|2, while in terms of HA:O [ Y a) L%”{M\Z
and this drastically simplifies calculations sing,,, are scalar objects which are computed
as complex numbers. Many other examples of CA and HA maybedfauRefs. [13], [14]
and [18];

e Accompanying real BR. This module computes the contriloutbthe real bremsstrahlung
to a relevant process. Typically we have both the calcuiatiof inclusive quantities and
fully differential ones for a use in the MC codes.

2.2 From analytic results to numbers

The chain ofSANC calculations starts with on-line execution of module FHofeed by an
s2n run (see short User Guide at our Project home pages, indigatéhe Introduction), and
subsequent execution of module HA with anotB@n run. As the result, the system generates
a FORTRAN code for the contribution of virtual correctiomsa chosen process in the following
schematic form:

dr(do) ~
AATRA

2.1)

N4 (yBormlloop+2Ioop>

AAAA

Note, that the 2-loop corrections may be easily embeddedint scheme if available.

Real corrections consists of Soft and Hard bremsstrahlTigy are computed by modules
BR. The Soft has the Born-like kinematics, while Hard has +aftiple’s more phase space and
typically the system creates a FORTRAN module which is useslibsequent MC calculations.
For several processes, the system may compute completameorrections, including real
bremsstrahlung for an inclusive observable.

For numerical computations we use the FORTRAN modules ge&sbiby the package2n
— a part of the system written in PERBANC includes its own FORTRAN library for numerical
calculation of Passarino—Veltman functions and uses LoolgTas an alternative (see, [40]).

2.3 Types of SANC Outputs
So, typicalSANC outputs are:
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e FORTRAN modules.
These modules may be used in MC integrators and generatangrdglves or by the others;

e Standalone MC generators.
As example we will present below some result obtained with:
a) generator fort — blv decay;
b) generators for NC and CC Drell-Yan processes;
c¢) generator foH — 4u decay in the singl& pole approximation;

e Contribution to tuned comparison.
It has an impact on competition of precision MC generatotb@lLHC era. So far we par-
ticipated in two workshops: Les Houches Workshop, see lebogs 2006 [42] and TEVA-
TRON for LHC Report, 2007, [43].

3. SANC application for selected processes
In this section we present some recent results obtained SANC for several selected pro-

cesses:

e t — blv decay;
fif; — 2Z;

f,f;HA — 0: three cross channels;

f_lfle—> 0: three cross channels;

f_lleZ — 0: two cross channels;

e H — 4u decay;
e Drell-Yan-likeW andZ production.
These results were published in 2006—2007 or are still ipgregion.

3.1t — blv decay

The results of this study are published in Ref. [16, 17]. Wespnted there:
e total width and various distributions;

e calculated without and with one-loop EW and QCD corrections

results of complete calculations and of the pole approxonat
e results obtained with MC integrator and event generator;
e comparison with world literature.

As a typical result obtained with the MC event generator waasin Fig. 2 the complete EW
correctiond = (dr'°°/dmy,, ) /(dreem/dmy,, ) — 1,% as a function of invariant mass Wf = M,
pair.

As seen from the Fig. 2, EW correction is very big below thenesice and rather small at
and above resonance.
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Figure 2: Complete EW correctiod (in %) as function of invariant mass of lepton piy,

3.2 f,f, — 27

In Ref. [14] we presented our analytic results for one-lofy Eorrections for the process
f,f; — ZZ, however, we did not manage to perform the numerical corsparith results of
Ref. [49] because of a misinterpretation of some statenadritis paper. Recently we came back
to this point and found an excellent agreement with their loers of fourth column from their
Table 1 M,, = 100 GeV) as seen from the Table 1.

/5, GeV] 6 |[[49]5,% | SANC5,%

1 16.13 16.134
190 45° 16.22 16.225
90 16.32 16.321
1 13.88 13.879
210 45° 13.93 13.932

90 13.85 13.849
1 12.64 12.642

250 45° 11.96 11.959
o 10.47 10.473
1 13.26 13.258
500 45° 5.51 5.514
o -1.68 -1.679
1 11.89 11.888
1000 | 45 6.00 -6.000
o -17.66 -17.660

Table 1: Comparison of the weak 1-loop correctidin % for thee™ e~ — ZZ process (input as in Ref. [49]).
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In SANC we also have the hard photons contribution and the poggitnlicompute the hadron
level processpp — ZZ.

3.3 Three channels off, f{HA — 0

In arecent Ref. [18] we present the results of a unified agbrednen we begin with a common
CA of all cross channels of proce§§f_1HA — 0, in which 4-momenta of external particles are
incoming:
H

\\ps

The ffvH — 0 process.

For f,f{HA— 0 processes, the CA at one-loop order has the form:
dBormlfloop: dBorn[ﬁ(m%)] +dlfloop[ﬁ(a)] —|—;2{lf|°0p[ﬁ(m%a)]. (3_1)

The second termg/1-'°%[¢(a)], stands for a part of one-loop amplitude not suppressed by
Yukawa coupling if¥) contrary to the Born amplitudes®°™[¢'(m?2)] and to the rest of one-loop
amplitudes/~'°%P[g (M2 a))].

For this reason Born amplitude typically contribute lesstthe one-loop one and the squared
amplitude becomes:

| BOMA00PIZ /BT (1) + P @) 2 (3.2)

For the first generation fermions everi®°™ could be neglected, but it can be significant for the
second and third generations. The QED one-loop and the btexhking corrections contribute to
the third term of Eq.(3.1), so they could be also neglected.

Then SANC computes the analytical expressions of the HA for all thie@noels separately
making an appropriate permutation of incoming momenta aogegting CA to the states with
definite helicities. Three cross channels of the prodga‘,_g—|A—> 0 and the momenta flow of
particles involved are schematically given in Fig. 3. HA i three channels are presented in

Pr P4 .
e

“ia N

The annihilation channel. The decay channel The ey — eH channel

Figure 3: Three and four particle EW processes availabIS8ANC version 1.10

Ref. [18]. Here we give only some numerical results for eargnnel.
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3.3.1 Annihilation channel f;f; — HA

The Fig. 4 shows one-loop corrected cross section of thedHiggon production via annihi-
lation process as a function of the Higgs boson mislgsin the same style as Fig. 2 of Ref. [44].

1

10

—-V/s=500 GeV
— /5=1500 Ge\

g, b

10

-3 | | | | | Il
10560 150 200 250 300 350 200
M e GeV

Figure 4: Completely EW corrected in fb, as function of the Higgs boson mass

Though we did not manage to perform a “tuned” comparison ofresults, there is a good
“visual” agreement with Fig. 2 of Ref. [44].
3.3.2 Decay channeH — u*u-y

For the decay channel we did not find a reference whom to campgh. In the Fig. 5 we
show theM+ - invariant mass distribution at the Born and one-loop lef@idvl, = 150GeV.
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Figure 5: Invariant mass distribution, Born (dashed) and one-lowel$e(solid line)

The two peaks due tp andZ exchanges are distinctly seen. The Born contribution idlsma
everywhere except for the soft photon corner, where it @gshn infrared divergence. More
numerical results are presented in Ref. [18].
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3.3.3 The production channeky — eH

For this channel, we present an almost tuned comparisorebetthe results shown in Table |
of Ref. [45] andSANCfor three cms energiegs= 500, 100Q 1500 GeV and wide range of Higgs
mass: 110 Ge¥ My, <400 GeV.

M /+/S 500 1000 1500
SANC|[45]| 6 |SANC|[[45]| & |SANC|[45]] o
80 8.40 [ 8.38]-0.2| 931 [9.29]-02] 976 | 9.74| -0.2
100 | 8.85 | 8.85| 0 | 9.95 | 9.94|-0.1| 10.48 | 10.5| -0.2
120 | 9.77 | 9.80| 0.3 | 11.16 | 11.2| 0.4 | 11.80 | 11.8| 0
140 | 11.76 | 11.8| 0.3 | 13.68 | 13.7| 0.1 | 14.52 | 14.6| 0.6
160 | 20.91|21.1| 0.9 | 24.82 | 25.0| 0.7 | 26.48 | 26.6| 0.5
180 | 20.67 | 20.9| 1.1 | 25.04 | 25.3| 1.0 | 26.81 | 27.0| 0.7
200 | 16.99 | 17.2| 1.2 | 21.05 | 21.2| 0.7 | 22.64 | 22.8| 0.7
300 | 5.90 |5.97| 1.2 | 844 |853| 1.0 | 9.33 | 9.43| 1.1
400 | 1.64 |164| O | 274 |278| 15| 3.15 | 3.18| 1.0

Table 2: Total cross sectiong in pb and relative differencé in % between SANC and Ref. [45].

In the Table 2 we show total cross sectianand relative differencé between the two calcu-
lations © = o[45]/0[SANC] — 1, (%)). As seen, the difference in many of points is below 1% and
shows up an irregular behavior pointing to its numericagjior{iour numbers are calculated with
real*16). We consider the two results to be in a very good egent.

3.4 Three channels off; f,ZA — 0

Recently we @plemented another three cross channeﬂﬁf_gIA — 0: annihilation, flf_l —
ZA; decay,Z — f1f1A, and productiongy — eZ.

VS, GeV 0 DD [46] | Grace-loop [39]| SANC [21]
20° < 8 <160° | gB°™ pb | 0.7051 0.70515 0.70515

500 0, % -25.69 -25.689 -25.690
1°< 0 <179 | aB°™ pb 1.770 1.7696 1.7697

0, % -22.31 -22.313 -22.313

2000 | 20° < B < 160 | 0B pb| 0.04620 0.046201| 0.046201
0, % -39.53 -39.529 -39.529

1°< 0 <179 | 0B°" pb| 0.1170 0.1170 0.11697

0, % -30.84 -30.845 -30.845

Table 3: Comparison of the Born cross section pb @ih % of theye™ — Ze™(y) reaction ([DD] input

andEy < 0.025,/sGeV).

For every channeBANC generates the corresponding hard photon emission catidrbf21]. We
found a paper whom to compare with by A. Denner and S. Dittm@®) [46]. In Table 3 we
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show only a part of their Table 5.3 where we also added Gramehumbers taken from Ref. [39].
As seen, there is perfect agreement between three catmdatiith the same input.
3.5 Two channels off; f;HZ — 0

_ The calculations of this process in two channels: annibitaf, f; — HZ and decayH —
Zf,f, are presented in Ref. [14]. Here we present only its CA andraénumerical results.
3.5.1 Covariant amplitude of the process

The reason of presenting CA for this process is its_compastri’eis described by 6 structures
and 6 form factors. Introducing all incoming momentafa®:) f1(p2)Z(ps)H (ps) — 0, one has:

Az = k{ [\T(pl) (WY 01 7 (st) — pays (Pr)vF; (St) — /p3V+(pz)v%*(s,t))u(pz)SS(ps)}
n [af LSy —y FH(st) — gzi-(s,t)} } (3.3)

where
i? M,

=1+ Of =Vi+as, Of=Vi—af, K=——%——.
Ve Y5, Ot =Vi+ar, Of=Vi—af, 42 MZ—s

(3.4)

3.5.2 Annihilation channel ete= - HZ

For the annihilation channel we present the results of ketdpmparison, see Table 4: Again,

VS, GeV | My, GeV | Grace-Loop [39] [41] | SANC [14]
500 100 4.1524 4.1524 4.1524
500 300 6.9017 6.9017 6.9017

1000 100 —2.1656| —2.1656 —2.1656
1000 300 —2.4995| —2.4995 —2.4995
1000 800 26.1094| 26.1094 26.1094
2000 100 —11.5413| —11.5414| —-11.5414
2000 300 —12.8226| —12.8226| —12.8226
2000 800 11.2468| 11.2468 11.2468

Table 4: EW corrections to the total cross section in percemnt scheme.

one observes an excellent agreement between three caloslatn SANC we implemented also
complete NLO EW corrections, including hard photon brenasdting.

3.5.3 Decay channeH — Zf; f1(y)

For the decay channel we did not found a paper whom to compitine im Fig. 6 we show
distributions over invariant masmfﬁy,(y) . A narrow peak at low mass is distinctly seen. It has
simple physical explanation. Since tHe— Zy width does not vanish for an on-shell photon with
Qf, = 0, the one-loop amplitude fad — Zf, f1 with virtual photon exchange will showa 1/s

behavior (withs = —Qf,). This, in turn, will lead to the~ 1/s behavior of both the double and

10
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[ dr/ds (s), where s is (p+ p- (y) Invariant mass)*2 ]

7

dC 109 Gey?
ds
(o)}

N
HH‘HH‘HH‘HH

A I T A T SNSRI TSI R
200 400 600 800 1000 1200 1400 ,
S = ml21+u-(v)’ GeV

Figure 6: The distributions over invariant maﬁ+ in a scheme. The red line shows Born level

distribution while blue line — Born+1loop.

Hu=(y)

Figure 7: H — Zy decay and Coulomb singularity

single differential widths. The /region is very narrow and is largely washed out not only by a
soft cut on the variable but even by the plais-integration.

For demonstration we prepare some benchmarks. Fét theZ fify decay see Benchmark case 3:
Fig. 13 and Table 8 in Appendix.

3.5.4H — Zf,f;: aMC generator for H — 4u decay

Based on results of previous section, we developed a sim@lewnt generator which takes

S

S
one — loop

I

f

Figure 8: H — 4u in the single resonance approximation.

11
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into account: identity of muons, one photon radiation ane-lmop EW virtual corrections in
the resonance approximation. The idea of this approachusriited in Fig. 8 and is described in
more details in Ref. [14]. As was shown in [14], this approaiion is valid for 130< M, < 160
GeV. This event generator was transferred for use to JINRAE muon group.

3.5.5 MCH — 4u: Prophecy4f& SANC comparison

Recently there appeared a MC generator Prophecy4f baseccomglete 5-point one-loop
calculations Refs. [42, 50, 51]. We present a Table of comparfor partial width for decay
H — 4uin G, scheme foM,, = 140 GeV between Prophecy4f and SANC.

My, GeV 120 130 140 150 160
Prophecy4f| 0.70533) | 2.37699) | 6.692(2) | 16.807(6) | 40.06(1)
SANC (G,) | 0.71973) | 2.40798) | 6.7432) | 16.842(5) | 39.62(2)
5,% 2.04 1.01 0.76 0.21 -1.10
SANC (o) | 0.69382) | 2.3431) | 6.5942) | 16534(5) | 39.15(1)

Table 5: Comparison for partial width in 10' GeV for decayH — 4u in G, scheme foM,, = 140 GeV
between Prophecy4f and SANC

As seen from the Table 3.5.5, thereid% agreement in the mass range 130-140 GeV, de-
grading at the edges of the interval [120-160] as expectml Ref. [14]. Note, that Prophecy4f
uses another renormalization scheme and takes into acsevertal higher order effects and that
SANC calculations ino andG,, schemes differ by about 2%.

The SANC generator was used for a MC simulationtdf— 4u decay in the ATLAS detec-
tor and the results were compared with those obtained by RXTshowing notable deviations,
see [52]. This demonstrates the importance of higher omieections and the necessity to reduce
the theoretical error.

3.6 Drell-Yan-like W and Z production

The description of Drell-Yan-like singl/ andZ production processes are rather advanced
in SANC. As usual, we begin with partonic level calculations by riagrrelevant FF/HA/BR files
each by FORM and s2n. The results of this run for CC Drell-Yiatgss are shown in Appendix,
see Benchmark case Rig. 12 and Table 7.

3.6.1 CC and NC Drell-Yan processes distributions

The FORTRAN modules, generated bgn package, are used in MC integrators and gen-
erators based on Vegas algorithm. With the aid of the integgave have produced numerous
distributions presented in proceeding of Les Houches [##8] BeV4LHC [43] Workshops. Here
we present a few distributions, both for CC and NC cases. €hkelts obtained with the aid of
generators will be presented elsewhere.

First of all, one has to introduce some notions.

12
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e Charged current Drell-Yan (CC DY) production:

— qq_’ sub-process
pla] + pla] — WE — X465 4 vy(+Y)
— gg sub-process
plg] + p[q] — W* — X + 6=+ v,(+9)
— ygor y-induced sub-process
PVl + pla] — WE — X+ 05 +v(+y), ({ = e 1)

e Neutral current Drell-Yan (NC DY) production:

— gQ sub-process
pla] + pla] — V,Z = X+ L5+ 47 (+y)
— gq sub-process
plg] + pla] — v, Z — X+ L+ + 07 (+9)
— yg or y-induced sub-process
PVl + pld] = V,Z = X+ L5+ L7 (+y), (( =e )

For CC we computed @ 2® 2 distributions:

(o) ()< (2)

In the first column the partons participating a hard sub-gsecare shown. In the second
column — the variable of distribution: transverse leptamiegmentumpr = pf or transverse mass

Mt = \/Zp!} PY (1—cosp,y) of Lv, system. In the third column — the type of final charge lepton
u or e. Moreover, for muons we use the so-called “bare” setup andléxtrons — “calo” set up
with somee-y recombination, see above mentioned Proceedings.

For NC case only middle column has different and obvious nmgan

() ) (%)

For initial parton= y we finished a recent paper [47]. We have also distributionik imitial
parton= gluon, but they are still preliminary and we will not show them imstheport.

The distributions are produced for the cross-sectmripb) and the relative correctiords(%)
where the last is defined by = g1~'°°P/gBo™M _ 1 for NLO QCD and EW corrections originat-
ing from theqq sub-process and by = g9(Y)9/gB°™ for corrections originating from the gluon
(photon) induced processes.
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We begin with two distributions for CC DY.

CC DY: o, Mt distribution

120

LO
NLO muons
NLO electrons

do/dM.. [pb/GeV]

60

40

20

o e b by by by by g Ly T |
%0 55 60 65 70 75 80 85 90 95 100

M, [GeV]

CC DY: 9, My distribution

5 [%]

bare muons

'
[y

y recomb.

o

' ' ' 1 ' 1
[e0) (o2} ol B> w N
o IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

'
~

55 60 65 70 75 80 8 90 95 100
M; [GeV]

[6)]

The EW correction is lower for the electrons due to recomntimnawith photons.

14



SANC: precision calculations...

Dmitry Bardin

The following two figures illustrate the contribution gfinduced processes.

CC DY: 6, P distribution

§. |
@] o
2
=
-6_— bare muons
B bare muons+y q
S y recomb.
8 y recomb-+y q
-10—
C oy
5

2 30 35 40 45 50
P, [GeV]
CC DY: 9, My distribution
g F
w 0
|
2F
3
-4 |='
_5:: bare muons
- bare muons+y q
6 y recomb.
- y recomb+y q
T
8=
E b b b b T b b
50 55 60 65 70 75 80 85 90 95 100
M, [GeV]

As seen, they are quite prominentRf distribution and barely visible it distribution.
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Here we show only two distributions for NC DY.

NC DY: g, M+, distribution

> - _
() |
O 50— LO
‘é B NLO muons
% 40—
5 B
Re) B
30 —
201
10~
" . . . . o SRS AR ANRREEN B
%0 55 60 65 70 75 80 85 90 95 100

M, [GeV]

NC DY: 9, M+~ distribution

80

5 [%]

60

40

20 bare muons

55 60 65 70 75 80 8 90 95 100
M, [GeV]

[6)]
orr

It is worth emphasizing that within two above mentioned Vétidps, groups of participants
dealing with DY processes did not manage to organize anyettwomparison” for NC DY.
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3.6.2 QCD-EW interplay

One of the most interesting questions in connection witHBYan processes is the interplay
of EW and QCD corrections at least in the NLO approximatiorithwhe aid ofSANCIt is possible
since we implemented NLO QCD correction exactly in the saanguage as we did for EW ones.

CC DY: 9, My distribution

QCD EW
S g f
0+ o 0F bare muons
- A=
201~ o y recomb.
i 2F
40 -3;*
: -4? ﬁ
Hor bare muons 5 ::
80 K3
- TF
100~ i
b e b e L ST N BT PR P TR T PR P
5 5 60 6 70 75 80 8 90 95 100 5 5 60 6 70 75 80 8 90 95 100
M, [GeV] M; [GeV]
NC DY: 9, M+~ distribution
QCD EW
g s
S g I
e] - o 80
20 60;
40 40
-60; bare muons 20} bare muons
w0l T
- 0k
(0] P I I R N U U FUN B S 20,‘H\HH\HH\HH\HH\HH\HH\HH\HH\HH
5 5 60 65 70 75 80 8 90 95 100 5 5 60 65 70 75 80 8 90 95 100
M, [GeV] M, [GeV]

From these figures one may conclude that at least for somddigins NLO QCD corrections
do not dominate. A more detailed presentation of this issag Ipe found in our reports to ATLAS
MC working group [48]. (The upper left figure was statistigaimproved as compared to this
report).
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3.6.3 Drell-Yan processes: tuned comparison

The tuned comparison of EW corrections for CC Drell-Yan ps3gs was started within
the Les Houches Workshop [42], however, much more detatigdlysvas performed within the
TEVALHC Workshop [43].

Three teams patrticipated within TEV4LHC Workshop:

e HORACE — C.C. Calame, G. Montagna, O. Nicrosini, A. Vicini (Pavigly) [27]-[29].
e SANC— SANC group (JINR, Dubna, Russia) [13]-[15].

e W Z) GRAD2 — U. Baur, D. Wackeroth (FNAL, USA) [30]-[33].

An example of tuned triple comparison within TEV4ALHC worksh op [43]

8 T = T T T T T 1T 7 T T T T T T T 1
AL P‘"’“‘*‘x,,T HORACE — | A[%] | ™ HORACE —— |
p T SANC ----- " o, SANC ---++-
4 " WGRAD T [~ et WGRAD ]
2 4 - 4 b -
oL LHC b i sk il |
29 oWt ety L. ..1: 9 | LHC 11 .
- I 1 o
4 bare cuts k| u"r“r ] 1k oWt oty b - "'rr‘[ij'
: i bare cuts | l:”ﬂ”?u': =
6 4 of - - L i -
6 | i 0 1 J},P'JU
| i |
-8 ‘= ; 1 -1 L ‘::J' n
—10 - L - oL | & 4
I ]
19 IR T SN N RN T S _3 AR NN N T T 1 S N S|
50 55 60 65 70 75 80 8 90 95 100 50 55 60 65 70 75 80 8 90 95 100
My(etv,) [GeV] Mr(ptv,) [GeV]

Figure 9: The relative correctioh due to electroweak’(a) corrections to thévit distribution for single
W™ production with bare cuts at the LHC.

This figure illustrates that the issue of “technical premisiof EW NLO corrections for CC
DY is well under control.
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Appendix

As a part of our talk to ACAT2007, we gave an on-line demotistnaof the SANC system.
Here we have to limit ourselves by a presentation of severaks-shots corresponding to three
benchmark cases described in the User Guides in Refs. [i]($ee also a joint User Guide in
our Project home pages).

eBenchmark case I:(Z — bb) decay

)
ol File Edit Build Applications View Help
i T | | Py ™
S| 7z | ] oD |
| Projects | Editors List
ﬁ‘ wa Fia [flb] Source Editor (Z - £ FR] 2
1 SANC
@ i ‘o_ B0 Form Editor |" Fortran Editor | Monte Carlo Editor |
e !
o & Precomputation * This file is the nain nodule of FORTRAN code
¥ to caloulate *Z -> ' EW Cross-section {width).
¢ & Processes i
" Q3 legs * The file 15 produced by s2n package of SANC (v1.10) project.
@i * {Created on Sun Jul 29 13:52:53 #3D 2007).
B o4& hef * Copyright, SANC Project Team, 2003-2007,
- o A (1 e Y
= FOI->mm ¥ E-mail: <sanc@jine. rux
N = P ;
Finz - 1) progran nain_z
FonZ -5 11 HA inplicit none!
' f '
T ﬁﬁZ—'sH_(ER) include "s2n_declare.h
'51" SE W integer ome, Ty, inu,thprint,ifull, intflag
&l e@t->Wh integer j,is,ic,1i,3]
=20 o [ 4legs real "8 full,sq
sl @ Qo conplex*16 ffh(10,5,7)
"
e iged = 1/0 with/without (ED corrections
i ew = 140 with/without EW corrections
* ihorn = 170 Barn/full
¥ gfschens = 0/1/2 alpha(0)/GF/GF prine scheue
Output @ Processes Table ]
"z.>ff(an) [s2n_BR, id=6183] [x] ’/Z->ff(FF) [Fortran, id=6188) [x] ‘ o Task Name : _Stalus Type Duratian Eengime’ EndT\me’
oo GeME | 1o g ] 5 00 [ e mass o
: = ; - nishe 521 00 -07-. -07-:
2-> FF R Fom, d=6145 ) [ 7-> (7GR IS2FFid=6152 [ 7-> (1 64 [Form, id=6161) B |66 I-SFfMA | Finished | Form 004 00:00:00 | 2007-07-] 2007-07-;
L Totatuidth oorn] -~ 6168 Z-:TTHA F!n!shmi s2n_HA I]I]ﬂI]I]iI]I]iI]I] 2I]I]7-I]7-E 2I]I]7-I]7-.:
o - 0, 35542807201 6176 Z->ff@R | Finished | Form 000 00:00:00 | 2007-07- 2007-07-;
6183 I--TTER Finished §2n_BR 00 d 00:00:00 | 2007-07-3 2007-07-
TotalMdth [horn + Virt + soft] 6188 | Z->fFFH | Finished | Fortran 00 d 00:00:01 | 2007-07-] 2007-07-
onegalGel) = L 10E-09
THGR) = 0,335345521968
TotalWidth [born + one-1oog]
TG = 0,358738190702 B
ki [ane-Toop/barn] () =
@ [0/ () = 0.931037629471 =
8 il ] Bl
@ [db] brg :$ typeB=2; typel)=22 typeD=22 |j@
Status: Open file ‘2 == 11 (BR), size =611 byte

Figure 10: Working status of the SANC windows at the end of on-line clttans forZ — bb_decay: the
first window (the left top corner) — th@ANCtree, second (the right top corner) — the editor list windinvd
(the left bottom corner) — the output window with results ital widths forZ — bb decay, and subsidiary
window — the window of status processes (the right bottorme&gr One can see 3 couples of FORM/s2n
runs for FF/HA/BR, followed by a FORTRAN run to produce bemark case 1 numbers, see also the
Table 6.
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]
4
1
£l
>
L]

4
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T e@t->Wh nGenEvents
=22 o [ 4legs
Xed oo WRITE (neLUN
S oyl | Fermion Energy ‘ Fermion - antiFermion Angular ‘
o WRITE {ncLUN
WRITE (ncLUN § P
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WRITE (ncLUN n i
WRITE(neLun | 107K 10
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|
[ |
: Output @ Processes Table
3 [’z_>ff(ﬂ:) [Monte Carlo, m:ﬁu43]@| 0 | TaskMame [ Status Type Duration Begin Time | End Time
: 6043 | Z->ff¢R | Finished \ Mante Carlo \ 000 00:00:32 | 2007-07-1 2007-07-]
d ouTRUT
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Q50| & vecay wigth - Ganaccev) = 0,357 #
Hl # Deviation -- Signa = 0.000718300002 #
[k | #  Efficieny = 0420500040 #
@ # #
Pt il I \
@ [db] brg :$ typeB=2; typel)=22 typeD=22 |j@
Status: Open file 2 == 11 (FFY', size =666 tyte
v |5 6|

Figure 11: Working status of the SANC windows f@r— bk_)decay at the end of on-line MC calculations. In
the output window one sees the pardal bk_)decay rate in GeV with its statistical MC error. One sees also
four pre-defined histograms, which are requested by chgaifour corresponding boxes at the Numerical
form in the MC mode.

rBorn rBorn—s—virt-irsoft I_Total
Semi-Analytic| 0.355428| 0.335345 0.358738
MC , 100 k 0.358742+ 0.000718

Table 6: PartialZ — bk_)decay rate in GeV.
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e Benchmark case 2: The process-2 2f

e ©C o ) szl
S File. Edit- Build Applications View Help
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=0.3 [ho] (ph) = 2.0815528 5834, 7800104 7.0459237
-0.5  [bo+ol] (ph) = 2.1736039 5845.8253209 10.8827432
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m [db] brg :$ typelU=14; typelD=13; typeFl=12; typeFD=11; |j‘@
— %
o L I

Figure 12: Working status of the SANC windows at the end of calculatitmrsud — et ve process. The
output window contains numbers the same as the followindgTab

\/sGeV

cosf 40 80 120
-0.9 Born 3.33973 9361.58 11.304(7
Born + one-loop| 3.50144 9379.90 22.2332
-0.5 Born 2.08155 5834.78 7.04592
Born + one-loop| 2.17360 5845.82 10.8827
0.0 Born 0.92513 2593.23 3.1315p
Born + one-loop| 0.96582 2600.17 4.43144
0.5 Born 0.23128 648.308 0.78288
Born + one-loop| 0.24296 652.669 1.22250
0.9 Born 0.00925 25.9323 0.03131
Born + one-loop| 0.01062 28.2548 0.07098

Table 7: The differential cross sections in pb fod — et ve for 3 cms energies and 5 cms angtes
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Figure 13: Working status of the SANC windows at the end of calculatiforsH — yATRT decay. The
output window contains numbers the same as the followinggTab

| oot )
Part 1,d°I" /dsd cosd, - 108, GeVv1
Vs, GeV 1 3 10 28
Born 0.02019| 0.02144| 0.03505| 0.04261
1-loop | cosd = £0.9 || 0.21060| 0.04321| 0.03874 | 0.04602
o) 9.43022| 1.01508| 0.10537| 0.07984
Born 0.07914 | 0.07964| 0.08478| 0.04353
1-loop | cosd = £0.5 || 0.21495| 0.09898 | 0.09150| 0.04701
o) 1.71589| 0.24281 | 0.07922| 0.07976
Born 0.10546 | 0.10562| 0.10698 | 0.04394
1-loop | cosd = 0.0 || 0.21695| 0.12394| 0.11510| 0.04745
o) 1.05716| 0.17343| 0.07586 | 0.07972

Table 8: The double differential widths fdd — e*e~Z decay ina-scheme. First row: thé’I" /dsd cosd, -
10°GeV ! at the Born level; second row: the same but at the 1-loop;lekigtl row: relative correction
& = d?ri-loop/g2rBomn Numerical values are truncated to 6 figures.
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