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Outline 2

e Introduction.

e The Yennie—Frautschi—Suura exponentiation in leptonic W decays.

e The Monte Carlo event generator WINHAC and its numerical tests
e Electroweak corrections beyond pole appoximation.

Other important features of WINHAC 1.30.

Summary.

Outlook.
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Indroduction 3

Drell-Yan processes

e Charged-current DY process — single- W=+ production:

()

hi+hy — WF+X — T4+ +X,
e Neutral-current DY process — single- Z/’y production:
hi+hy — Z/y+X — " +1T+ X,
where [ = e, p and hy, he € {p,p, N}.

» Cross section — factorization formula:

o= Z/d$1d$2 fasn (21,Q%) fon, (22, Q%) 0an(Q?)
a,b

where a,b € {g,d,d,u,u,s,5,c,c,b,b} — parton flavours;

fa/h(x, QQ) — the parton distribution function (PDF) of a parton a in a hadron h

for the Bjorken variable x and hard-process scale Q2;

045 (Q?) — the parton-level cross section for the hard process.
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Indroduction 4

Why to investigate W/ /Z-boson production processes?

To improve precision of some SM parameters values, e.g. My, L'y, sin? Ow, Qg
> PDG 2008: d My = 25MeV, &Ly =41MeV, o(My+ — My-) = 600 MeV,
while: M7 = 2.1 MeV, 0I'y = 2.3 MeV.

To get better constraints on the Higgs boson mass

> Indirectly from SM fits

— Requirements: d My =~ 0.7 x 1072dm; (for equal weights in "~ tests)
= LHC: 0 Mw < 10MeV (O My /My, < 0.02%)

To test the SM to a higher precision level.

To search for “new physics” , e.g. through longitudinally polarized I -boson interactions (if

there is no Higgs boson?!), etc.

Background for other processes, e.g. Higgs boson production, “new physics” particles (e.g.

Kaluza—Klein towers in extra-dimensions scenarios).

Z production is the important “standard candle” process (normalisation, callibration, etc.).
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Indroduction 5

LEP EWWG 2008

July 2008 July 2008 My = 154 GeV
I 0 ]

1 —LEP2 and Tevatron (prel.) A® =
‘ol had ~
LEP1 and SLD L L —0,02758+0.00035

68% CL 1 V%% -+0.02749:0.00012
% % e+ incl. low Q° data

| Excluded '\ ‘.,.;'5:': Prefiminary
30 100 300

m,, [GeV]
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Indroduction 6

Basic processes at the parton level

e Charged currents: W+

e Neutral currents: Z + 7y
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> Hadron colliders:

Indroduction

My from W transverse mass M or charged lepton  pr

— Tevatron: O(«) radiative corrections [Baur, Keller & Wackeroth, Phys. Rev. D59 (1998) 013002]

O,OZOHH‘HH‘HH‘HHHH

[ &) pp-1"v(y)
Vs = 1.8 TeV

solid: 1=e, O(a«®) \
dots: 1=p, 0(a®)
dash: 1=e, Born

\
dotdash: 1=, Born \_

[ b) pp-1"v(y)
[ Vs = 1.8 Tev

> FSR effects are large and acceptance dependent:
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A My canbe > 100 MeV!
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> Hadron colliders: FSR effects on My fits to transverse W mass distributions
C.M. Carloni Calame, G. Montagna, O. Nicrosini and M. Treccani,

Phys. Rev. D69 (2004) 037301 hep-ph/0303102.
~ 60

N
< i >< - L
g - — W - pv order a 4 : W - uv exponentiation
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e AMyy canbe > 100 MeV from the O(«) FSR corrections!
e AMy, ~ 10 MeV from higher-order FSR corrections!
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The YFS exponentiation in leptonic 11 decays 9

> Single W -boson production in hadron collisions

e \We consider the process:
q1(p1) + @2(p2) — WH(Q) — Ua) + v(aw) + (k1) + ... +v(kn),
v

Y:
Y-

Q. |~
> O(oz) Yennie—Frautschi—-Suura (YFS) exponentiated cross section:

o d QZd QV
At = 2 [ 0 pa k),

V

. 1 & d°k; - S
pff) — oY (Q.apsks) — H S(Q, qr, ki)e(k? — ks) s <p1 tTP2 —q — qu — Zk,»,)
n =1

0
Ti=1 kz

n  A(1)
3(1) By (p1,p2, Qs Qs ki)
X | B (p17p2,m,qu)+§ _ .
[ ’ i—=1 S(Qanaki)
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The YFS exponentiation in leptonic 11 decays 10

> More details:
e YFS Form Factor — gauge-invariant resummation of IR contributions:

Y(Q7 qi; k:S) — 20&8%3(@, CIl;mw) —|—20¢B(Q, qi; M-, ks)a

' '

virtual photons real photons

B(Q ) i / d*k ( 2q — k 2Q — k )2
, @51 — R . - . ’
@ My 83 k2 — m% +ie \ k2 — 2kq + i¢e k2 — 2kQ + ie

- 1 d°k 2
B(Q7q;m77ks):_— (i_g> ’

872 kO <kg kO k,’q k‘,Q

> Four-momentum transfer between charged particles:

t=(Q—q)’ = <CIV-|—Z/€7;> >

— Different ¢ domain than in production or scattering processes!

> We calculated this YFS formfactor in any Lorentz frame and for arbitrary particle
masses — numerically stable representations!
| Special care had to be taken for the cases of £ = 0 and W -rest frame (to avoid numerical

instabilities).
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The YFS exponentiation in leptonic 11 decays 11

e The non-IR YFS functions:

a) Zero real hard photons:

_(gl)(plaPQaquV) — _(gO)(plaPQaQZ)qU) |:]- +5(1)(Q7ql7QV)]

1

where: —_
6 T 8s (277)2 12

‘M(O) | «— Born-like contribution

» O(«) electroweak virtual corrections:

6(Q, a1 ) = 050 (Q, a1, qvimy) — 2aRB(Q, 13 M)
— O(a) EW correction library from SANC, D. Bardin et al..
» QED-like corrections only: [based on: Marciano & Sirlin, Phys. Rev. D8 (1973) 3612]

51 M 1)
QED(Q q) = - (H + 5

b) One real hard photon:

1
3% (1, p2, 1 au o k) = 165 (2n)5 12 Z|M(1)| 3(Q a1, k)BS” (1, P2, a1, av),

o (Q_QZ
2\kQ kq

where:  S(Q,q, k) = —

2
) «— soft-photon factor
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The YFS exponentiation in leptonic 11 decays 12

> Matrix elements:
1 0 0
Q2 — MZ, + iMwTIw > M (01,02 ) My (71, 7)
w A=1,2,3

0 1
Q2 _ M‘%V +ZMWFW E : MFP)(O.170.27>\) M(D)(A;Tla7-27&)
A=1,2,3

» Spin amplitudes in Weyl-spinor representation [cf. Hagiwara & Zeppenfeld, NP B274 (1986) 1]:

M(O) (017 02571, 7-2) —

M(l)(01,02;7'1,7’2,/<3) =

a) Born-level VW production:

ierl f2

(0)
) = —
./\/lP (o1,092; ) Cog,0q

b) Born-level W decay:
ieCVfl fo

\/§SW

0
MO A7y, 79) = - S

w_Tl (ql) w’7'2 (q2) T2 S (qla 6W(Q7 >‘)a q2)

c) W decay with single real-photon radiation:

. 2

e Cvflfg
V2swr

Qfl ql'ﬁi';, Qf2q2-e: QWQ-ei‘;
k- qq k- aqo k- Q

1
M(D)(A;Tl,TQaH) = = w—rq(q1) wrg (a2) 72

) S (Q]_; eW(Qa A): q2):1,_,7_2

Q _ Q
+is (q]_a Ej;(k, F“/)a k:a eW(Qa >\)a q2)7_ - &S’ (q]_a GW(Qa >\)a ka ej;(ka K’)a q2)

2k - q1 1:—7T2 2k -qq T1,—T2

_ QW ew - €5 _
+ Fys(qlakaq2)7- — T
T1,—T2 E-Q 1> 2

— Spin amplitudes can be evaluated in any frame and for mf = (!

S (ql, ef;(k:, K), q2>
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The Monte Carlo event generator WINHAC 13

Monte Carlo algorithm for multiphoton radiation

> Lorentz frame choice for low-level MC generation of multiphoton radiation

» I/ -boson decay — W -rest frame (seems most natural)

> Construction of MC algorithm:
— Step-by-step simplification of the YFS formula for the cross section,

compensated with appropriate MC weights — until Poissonian distribution is obtained.
— Generation of random variables and evaluation of compensating weights

— in the opposite way to the above simplification process.

— Construction of a MC event in terms of particle flavours and 4-momenta.

> MC event generator WINHAC — current released version: 1.30
W. Placzek and S. Jadach, Eur. Phys. J. C29 (2003) 325.

— Full-hadron level (Tevatron, LHC): quark x and Q2 generated with the help of

the adaptive cellular MC sampler FOAM of S. Jadach, according to parton distribution
functions (PDFs) — provided by some external library (currently PDFLI B or LHAPDF).

— http://cern.ch/placzek/winhac/
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Numerical tests 14

Comparisons of two independent MC programs

e HORACE: C.M. Carloni Calame, G. Montagna, O. Nicrosini and M. Treccani,
> Phys. Rev. D69 (2004) 037301; hep-ph/0303102.
The MC program for Drell-Yan processes (both W and Z) with higher-order QED corrections
included by means of a parton-shower algorithm: numerical solution of the QED DGLAP
evolution equation in the non-singlet channel, with non-zero lepton and photon p7 generated

at each branching.

e WINHAC: W. Pfaczek and S. Jadach, Eur. Phys. J. C29 (2003) 325; hep-ph/0302065.
Single-W production at hadron colliders with the O () YFS exclusive exponentiation.

> Observables: — Measurement

. W-boson transverse mass: m}Y = \/prr P4 (1 — cos Agy,), — W mass

. W -boson rapidity: yy = % In (— — parton luminosities

. charged lepton transverse momentum: péﬁ = /p% + pz, — W mass

0

. charged lepton pseudorapidity: 77; = — In tan 5 — parton luminosities

. hardest photon transverse momentum and pseudorapidity: p%, M-
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Numerical tests 15

LHC: proton—proton collisions at  FEcnms = 14 TeV.

Selection criteria from the ATLAS and CMS collaborations:

e charged lepton transverse momentum: pfr > 25 GeV,
e charged lepton pseudorapidity: |7;| < 2.4,

® Mmissing transverse energy: EQ@iSS > 25 GeV,

® no jet in the event with: pz‘f > 30 GeV,

e the recoil system (against the W) transverse momentum: prTeCOil < 20 GeV,

e the size of an electron cluster (criteria for recombination of photons with electrons):

dne X dop. = 0.075 x 0.175,
® Nno photon recombination with muons.
> PDF parametrization used in tests: MRS (G)

» Results published in:
C.M. Carloni Calame, S. Jadach, G. Montagna, O. Nicrosini and W. Ptaczek,
Acta Physica Polonica B35 (2004) 1643; hep-ph/0402235.
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WINHAC < HORACE comparisons @ LHC 16

: qq
Parton-level total cross sectionat B = Mw

% [nb]: NO CUTS
O(a)

Program

Electrons
HORACE 8.88722 (00) 8.88721 (00) 8.88721 (0)
WINHAC 8.88715 (20) 8.88552 (12) 8.88401 (5)
§=W—Hyw | —0.8(2.3) x107° | —1.9(0.1) x 10~* | —3.60(0.06) x 10~*

Muons
HORACE 8.88722 (00) 8.88632 (1) 8.88632 (1)
WINHAC 8.88720 (13) 8.88533 (6) 8.88440 (5)
§ =W —Hyw | —0.2(1.4) x 107° | —1.11(0.07) x 10~* | —2.16(0.06) x 10~*
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WINHAC <« HORACE comparisons @ LHC

Hadron-level total cross section at the

Program

o %% [nb]: WITH CUTS

O()

W-

— G_De

HORACE
WINHAC

3.23633 (12)
3.23629 (09)

3.18707 (13)
3.18779 (07)

3.18696 (13)
3.18765 (06)

6 = (W — H/W

—1.2(4.6) x 10~°

2.3(0.5) x 104

2.2(0.5) x 1074

W-

HORACE
WINHAC

3.23632 (12)
3.23630 (07)

3.15990 (12)
3.16418 (06)

3.16013 (13)
3.16409 (05)

0 = (W — HYW

—0.6(4.3) x 107°

1.35(0.05) x 103

1.25(0.05) x 10~°

VV+

_|_

— € l/e

HORACE
WINHAC

4.39341 (16)
4.39328 (13)

4.32186 (17)
4.32286 (10)

4.32187 (18)
4.32273 (08)

0 = (W — HYW

—3.0(4.7) x 107°

2.3(0.5) x 104

2.0(0.5) x 104

VV+

——>N+VM

HORACE
WINHAC

4.39340 (16)
4.39336 (10)

4.28255 (16)
4.28837 (08)

4.28326 (16)
4.28848 (08)

o = (W — HYW

—0.9(4.3) x 107°

1.36 (0.05) x 103

1.22(0.05) x 1073
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QED corrections @ LHC 18

W -boson transverse mass Mt for: W — [Ty,

am [2%)

JQW [_DL] WINHAC: Born
dm?¥ GeV, @

WINHAC: O( a)
HORACE: O( a)
WINHAC: Best
HORACE: Best

Illlllllllllllllllll

fllllllllllllllllllll

llllll

o.

WINHAC
HORACE

*

TTITTT ¢ TTITTTITTTyrTT
AR AL IR I
Hllllllllllllllll IIWI

l

[/
[/

—Best-O(a —Best-O(a
‘S’_B_uorn 6——B—f—lom — WINHAC
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lllllll
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QED corrections @ LHC

Charged lepton pseudorapidity 77; for: W+ — [Ty,

19

WINHAC: Born

WINHAC: O( a)
HORACE: O( a)

WINHAC: Best
HORACE: Best

2.2 2.
Il

WINHAC
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llllllllllllll lllllllll

Laaa e =20 o g B o 2 S P o s L e T L B R I S

STITIIIISIIAIITIIIIINIIIS

llli:llllllllllllllllllllll lllllllll

R b e B A e o Sl B e
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O(«a) EW corrections in - W decays @ LHC 20

WINHAC: W -boson transverse mass My for W1 — eT 1,

0.600 |

0.200 f

(dopw — doQED)/doBorn - (dopw — doQED)/doBom

0.000 F . 0.000

Aok ]
* *********************

;(*************************** kA Ak Ak **********";

—0.004 [ 1 —0.004 |

—0.006 t

O(a) EW corrections in pole approximation (PA) - from SANC (D.Yu. Bardin et al.)
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EW corrections beyond pole appoximation 21
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EW corrections beyond pole appoximation

Full O(«) EW rad

1.00 —

[ [ [ [
PP > e v(y)
Vs = 2 TeVv

full O(x®)

N T

150 200 250

My (GeV)

—
Pp > e ()
Vs = 14 TeV

pole appr.

S full 0(a®) + Wz

full o(x®)

L |
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Y P
1000 1500

Mp (GeV)

0.975

jative corrections at LHC: U. Baur and D. Wackeroth, hep-ph/0405191.

T

b)

— — ‘
PP = v ()
Vs = 2 TeVv

full O(ax®)\

full O(x®) + WZ

P PRI S B

100 150 200 250

Mr (GeV)

—
PP = v ()
Vs = 14 TeV

- |

S —Y P
1000 1500

M,p (GeV)

> Full EW correction are important for large W invariant masses (new physics searches).

22

EPS HEP Conference, 16—22 July 2009, Krakow, Poland



EW corrections beyond pole appoximation 23

Main problem: QED ISR!

Standard theoretical calculation — results depend on quark masses ~ ln(QQ/mg).

> What to put for m?

Possible solution:
» Absorb QED ISR into PDFs in the same way as QCD ISR.
> Match O(a) EW matrix element with such PDFs using some factorization scheme,

(usually MS or DIS) at some factorization scale (usually the hard process scale).

Fitting of PDF parametrizations should be done with evolution equations (usually DGLAP)
including QED terms, e.g. MRST2004QED.
» QED effects for PDFs at LHC are at the per-mille level!

QED radiation is usually generated by parton-shower MCs together with QCD radiation, e.g.
PYTHIA, HERWIG.

> However, this is done neither in MS nor in DIS scheme!

» How to match O(«) EW radiative corrections with parton-shower MCs?
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EW corrections beyond pole appoximation in WINHAC 24

New in version 1.30

e After decomposition of 11/ -boson propagator QED corrections can be divided into three
classes: ISR, FSR and I-F interferences .
> Problem: For charged EW currents virtual corrections cannot be split in a gauge-ivariant
way into pure QED and pure weak ones.
» Possible solution: One can identify gauge-invariant subsets of virtual corrections
that are of QED origin.

® ISR can be left for parton-shower Monte Carlo , while FSR and I-F interferences can be
dealt with EW Monte Carlo .

e In WINHAC interferences need to be added in: YFS form factor, IR g-factor and non-IR
[3-functions.
> Additional weights:

S
YInt+FSR — YFSR | | Int-l-FSR )

Wy — € ,
Pl Srsr (ki)
2(1 . . . Tt
> ﬁé ) _function: virtual correction OPMt is needed.

(1 . : o
> ﬁ§ )-functlon: interference matrix element for real-photon radiation is needed.
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EW corrections beyond pole appoximation in WINHAC 25

e IR g-factor:

gInH—FSR = gtot — SISR = (gul — guW) + (gdl — gdW) ;

where

2
- ~ Qo Pi Py
7 J

e YFS form factor — similarly:
Yint4FsrR = Yiot — Yisr = (Yu — Yuw) + (Yo — Yaw) ,

e O(«) virtual EW corrections to B(gl)-function:

Ofnt 4 FSR = E’Jt‘s({mq} €) — isr ({mq}, €) — Yintsrsri(e)

from SANC (D Bardin et al.)

» Independence of quark masses 1M, and soft-photon cut-off € checked numerically!

. (1 .
e O(«) real-photon corrections to 5§ ) _unction:

» We add interference matrix element for single-photon radiation
2
|M1nt‘ = 2Re (MISRM;SR)

within the spin-amplitude formalism as for FSR.
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EW corrections beyond pole appoximation in WINHAC 26

Three schemes for QED-like Virtual + Soft-Real (O(«) Radiative Corrections

e MS-scheme — motivated by Marciano—Sirlin prescription for FSR, i.e. only log-terms retained
in virtual QED corrections:

518 (8, M, M €) = 9{ [QZ (ln - 1) +Qx (ln = -1
T m m

d U
2
S T
+ @i (3 - %)

where € = 2k, /4/s — dimenionless soft-photon cut-off.

® YFS-scheme — YFS form factor + term ~ 1 Q7[In(s/m7) — 1]:

2 2

s
Stsn = Orsm + — {(Qd+Qu) (5—1) 3 }
e HW-scheme — based on: W. Hollik and D. Wackeroth, Phys. Rev. D55 (1997) 6788:

a (372 1
5ISR—I%1;{S+_ — + =
T & 2

» In a similar way we obtained QED-like virtual  + soft-real corrections for FSR

and I-F interferences.
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Tuned WINHAC <« SANC comparisons at O(«) 27

» D. Bardin, S. Bondarenko, S. Jadach, L. Kalinovskaya, W. Ptaczek,
“Implementation of SANC EW corrections in WINHAC Monte Carlo generator”,
Acta Phys. Polon. B40 (2009) 75; arXiv:0806.3822 [hep-ph]

» Process: pp— WT — 0Ty,

» Parameters:

G, =1.16637 x 10~ ° GeV 7, o = 1/137.03599911, «a.(Mz) =0.1176,

Mz = 91.1876 GeV, Iy = 2.4924 GeV,

My = 80.37399 GeV, Ty = 2.0836 GeV,
Mg = 115 GeV,
me = 0.51099892 MeV, m,, = 0.105658369 GeV, m, = 1.77699 GeV,

m, = 0.06983 GeV, me = 1.2 GeV, my = 174 GeV

mq = 0.06984 GeV, ms = 0.15 GeV, mp = 4.6 GeV
Vud| = 0.975,  |Vius| = 0.222, Vea| = 0.222, |V.s| = 0.975,

Veo| = |Vis| = [Vuws| = [Via| = [Vis| = 0.

» “Bare” cuts: pr(f) >20GeV, |nf)] <25, pPr>20GeV, [l=e,pu,
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Tuned WINHAC <« SANC comparisons at O(«)

» SANC — MC integrator

was used in our comparisons.

Total cross sections:

28

LHC, pp = WT 4+ X —meTre + X

o-scheme

G,,-scheme

LO [pb]

NLO [pb]

IEW [%]

LO [pb]

NLO [pb]

SANC-MS

5039.19(2)

5139.33(5)

1.987(1)

SANC-YFS
WINHAC

5039.19(2)
5039.06(11)

5137.53(3)
5138.04(16)

1.952(1)
1.966(3)

5419.18(2)
5419.04(12)

5208.48(3)
5209.04(12)

LHC, pp — WT + X — puTv, + X

o-scheme

G'1,-scheme

LO [pb]

NLO [pb]

IEW [%]

LO [pb]

NLO [pb]

IEW [%]

SANC-MS

5039.20(2)

5229.58(6)

3.778(1)

SANC-YFS
WINHAC

5039.20(2)
5039.03(11)

5227.73(2)
5227.87(14)

3.741(1)
3.745(2)

5419.19(2)
5419.01(12)

5305.47(3)
5305.59(14)

—2.098(1)
—2.094(2)
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Tuned WINHAC <« SANC comparisons at O(«)

O(a) EW: M7 (lv) for the muon channel
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Tuned WINHAC <« SANC comparisons at O(«)

O(«) EW: |n| for the muon channel

W' — p'v,: a-scheme W' — u'v,: G -scheme

— WINHAC
¢ SANC

— WINHAC
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Tuned WINHAC <« SANC comparisons at O(«) 31

O(«) “pure weak” corrections

EW YFS YFS YFS YFS YFS
5weak — 5softvirt — 5softvirt7 5softvirt — 5ISR + 5Int + 5FSR)

5we ak [%]

LHC, pp — WT + X — et + X

a-scheme G ,,-scheme
SANC 5.7223(2) | —0.1175(2)
WINHAC | 5.7220(3) | —0.1177(0)

LHC,pp = W + X —utv, + X

a-scheme G ,,-scheme
SANC 5.7286(2) | —0.1109(2)
WINHAC | 5.7220(2) | —0.1177(0)
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Tuned WINHAC <« SANC comparisons at O(«) 32

O(«a) weak: M (lv) for the electron channel

W" - e'v,: a-scheme W' — e'v G, -scheme

- WINHAC . 3 9 - WINHAC
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Tuned WINHAC <« SANC comparisons at O(«)

O(«) weak: |n| for the electron channel

W" - e'v,: a-scheme
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Other important features of WINHAC 1.30 34

e Interface to PYTHIA for ISR parton shower (QCD + QED), beam-remnants treatment and

hadronization =- W bosons have non-zero p7p!

WINHAC - PYTHIA, p™ = 1GeV WINHAC - PYTHIA, p™ = 1GeV

solid: WINHAC solid: WINHAC
dotted: PYTHIA dotted: PYTHIA

1 I 1 1 1 1
20 25
pW [GeV]

OO

e Single-1V production in any nucleus—nucleus collisions

e Neutral current Drell-Yan process (£ + ) at the Born level has been added and interfaced
with PYTHIA.

e Possibility of generating both weighted and unweighted (w = 1) events for polarized W's (i.e.

longitudinal W, and transverse Wr).
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Polarized- W distributions 35

W, , with cuts W5, with cuts

it

10 20 30 40 50 60 70 80
pWV [GeV]

10 20 30 40

OO
OO

W, +W, with cuts With cuts

10 20 30 40 50 60 70 80
pY [GeV]

10 20 30 40 50 60

OO

70 80
pY [GeV]
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Numerical results for LHC

p+p—WT+X — v, +17 + X,

EW corrections vs. QCD effects

M| < 1.2;

36

— using SANC EWC modules for CC DY v. 1.03
[dtL ~ 10 fb~!

P [GeV]

> 25

> 50

> 100

> 200

> 500

> 1000

No QCD

oo [pb]

2150.1 (5)

14.09 (4)

1.007 (8)

0.109 (2)

0.0041 (2)

0.00018 (3)

o™ 1%

Oexp [%]

—2.700 (17)
—2.691 (14)

—6.27 (19)
—6.09 (15)

—9.86 (65)
—9.02 (48)

—~13(2)
—13(1)

—38(17)
—34(11)

5:\{\76 ak [%]

Sueak o)

—0.070 (0)
—0.066 (0)

~1.31(1)
~1.24(0)

—4.26 (5)
—3.99 (4)

~8.0(2)
_7.4(2)

—923(5)
20 (4)

With

QCD (PYTHIA)

oo [pb]

2278.0 (5)

222.2 (2)

15.49 (5)

1.16 (1)

0.028 (2)

0.0009 (3)

+6

41477

41438

+964

+583

+400

o™ 1%

5§XVI§7 [%]

—2.547 (16)
—2.524 (13)

—4.44 (20)
—4.25 (16)

—6.38(70)
—5.99 (56)

17 (4)
~13(3)

—43(21)
—923(17)

517\76 ak [%]

Saeak [op]

—0.064 (0)
—0.061 (0)

—0.38(0)
—0.35 (0)

—0.97(2)
—0.91(2)

—2.8(2)
—2.6(2)

—5(2)
—4(2)
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Summary 37

WINHAC is a Monte Carlo event generator for the charged current Drell-Yan process
(single-WV production with leptonic decays) in proton—proton, proton—antiproton,

proton—nucleus and nucleus—nucleus collisions.

It features multiphoton effects within the Yennie—Frautchi—Suura exclusive exponentiation

scheme with O(«) electroweak corrections.

It allows for polarized W -boson production.
It is interfaced with PYTHIA 6.4 for the QCD parton shower and hadronization.

It has been cross-checked numerically to high precision with independent programs: HORACE
and SANC.
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Outlook 38

Interfacing with other QCD MCs, e.g. HERWIG, etc.
Inclusion of CMC-type ISR parton-shower generator — work in progress (S. Jadach et al.).
Including NLO QCD corrections and matching them with parton shower.

A similar MC program for single-Z production (i.e. neutral current Drell-Yan process):
ZINHAC — work in progress (with A. Siodmok).

Using WINHAC/ZINHAC for testing various methods of precision measurements of SM

parameters at LHC, e.g. Mw, 'y, sin? 0w, aus — work in progress, cf. hep-ph/0702251,

0812.2571 [hep-ph] (with M.W. Krasny, F. Fayette, A. Siddmok, K. Rejzner).

Using polarized W /Z options in WINHAC/ZINHAC to develop methods for testing
electroweak-symmetry breaking at LHC — work in progress, cf. hep-ph/0503215 (with M.W.
Krasny, S. Jadach).

Implementing beyond Standard Model (BSM) physics in WINHAC/ZINHAC, e.g. anomalous

couplings, extra bosons, etc.

Rewriting WINHAC in C++ — work in progress (with K. Sobol, P. Stecko).
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