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Indroduction 2

Why to investigate W/ -boson production processes?

To measure the Standard Model (SM) parameters, e.g. My, I'ywy
> PDG 2004: AMpy, = 38 MeV, Al'vy = 41 MeV,
while: AM 7 = 2.1 MeV, Al' 7, = 2.3 MeV.

To test the SM, in particular its non-Abelian nature through triple and quartic
gauge-boson couplings (TGC: WW 'V and QGC: W W V1 V5).

To get better constraints on the Higgs boson mass
> Indirectly from SM fits
— Requirements: AMypy ~ 0.7 x 1072Am,

= LHC: AMw =~ 15 MeV

To search for “new physics”, e.g. TGCs and QGCs, longitudinal ¥ interactions

, etc.
To measure parton distribition functions (PDF) and parton luminosities at the LHC.

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

W. Ptaczek INFN and University of Pavia, 20 October 2004



Indroduction 3

LEP EWWG, Summer 2004

W-Boson Mass [GeV] W-Boson Width [GeV]

TEVATRON o— 50452 £0.059 TEVATRON 2.102 £0.106

Average 80.425£0.034 Average 2.133+0.069

Y/IDoF: 0.3/1 Y4IDoF: 0.1 /1

NuTeV — —i— 80.136+0.084  ppindirect 2.141+0.057
LEP1/SLD 4| 80368+0.032  LEPLSLD 2.091 +0.003

LEP1/SLD/m, k- 80.379£0.023 LEP1/SLD/m, 2.092 +0.002

T T T T T

80 80.2 80.4 80.6 24
m, [GeV]

W. Ptaczek INFN and University of Pavia, 20 October 2004



Indroduction 4

LEP EWWG, Summer 2004

Mass of the W Boson
I02/08/2004 Experiment My, [GeV]

l
| LEP ALEPH 80.379 + 0.058
PRELIMINARY ' '
80.376 + 0.077
80.490 + 0.065

x? / dof = 29.6/37
80.412 + 0.042

YFSWW/RacoonWW
__. o ZWW vertex (Gentle) : (S =
- only v, exchange (Gentle) ] had

0.02761+0.00036
linearly added to

! ' I ' T ]
160 180 200 | M, = 178.0+4.3 GeV
Vs (GeV) | 806

W. Ptaczek INFN and University of Pavia, 20 October 2004



Indroduction 5

Basic processes:

> Single W: q1 + @2 —s W= %f1—|—f2

42 fa

q1 fl

>W-Pair: f+ f—W Wt — fi+fo+ fs+ fu
fa  f

W. Ptaczek INFN and University of Pavia, 20 October 2004



FSR in resonant 11/ -boson production 6

W -boson mass and width measurement:

> Final-state radiation (FSR) distorts 1/ -resonance line-shape

— FSR reduces the effective V¥ mass reconstructed from final fermion 4-momenta

1e07 R R A —
: i : i : born

. i . g g : ; | ———— 0(0) corrected
Z-line shape from Z-pair production resummed

[Beenakker, Berends & Chapovsky, PLB435
(1998) 233.]

(resummed — with soft-photon exponentiation)

> Z-peak distortions from FSR:

o O(a):

AMpear = —196MeV, Kpeqr = 0.70
® resummed:

AMpear = —111MeV, Kpear = 0.74

— W -peak distortions =~ % of the above. ..o

_|_

/Z invariant mass from ‘bare’ e and ¢~ 4-momenta

W. Ptaczek INFN and University of Pavia, 20 October 2004



FSR in resonant 11/ -boson production

> Hadron colliders: My from W transverse mass M or final-lepton pr

— Tevatron: O(«) radiative corrections [Baur, Keller & Wackeroth, Phys. Rev. D59 (1998) 013002]
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> FSR effects are large and acceptance dependent: AMy, can be > 100 MeV!

W. Placzek
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FSR in resonant 11/ -boson production 8

> Hadron colliders: FSR effects on My fits to transverse 13 mass distributions
C.M. Carloni Calame, G. Montagna, O. Nicrosini and M. Treccani,

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

N I o~ 60
3 i = Wy exponentiation

— W 5 pv order a
-------- W - ev

§

50 |
40 |

30

20 -

1

Ll L \ L., L ‘\I‘I“W\:‘ L

0 20 40 60 80 100 120 140 12 10 8 6 -4 -2 0 2
AM,, (MeV) AM,, (MeV)

e AMyy canbe > 100 MeV from the O(«) FSR corrections!
o AMyy ~ 10 MeV from higher-order FSR corrections!

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 9

W -boson decay:

> Born-level process: Wt — fi+ fg,
where f1, fo € SU(2)[, doublets with Igl = —Igg.

Basic difference with Z-boson decay:

W is charged = different electric charge flow and

photon radiation from W -boson line

> Single photon radiation (in the unitary gauge):

Ja

J1 Ji

e In actual processes:
» I/ -bosons in the intermediate state — I~ width must be included (preferably

through the complex-pole definition)

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 10

> Photon emission from intermediate V1 -boson line

— Partial-fraction decomposition of 11 propagators:

2 2 ; X 12 2 ;
1 1 1
k2 +2kQ’ Q2 — MX%V + tMw 'w

_|_

Q2 — M‘%V + i MwT'w k2 —2kQ

o

~"~ ~"~

«— radiative production radiative decay —

— Radiative corrections can be decomposed into:
a) radiative corrections to 1/ production,
b) radiative corrections to W decay,
c) their interferences (non-factorizable).

> In resonance W production the non-factorizable corrections are negligible
— corrections to W -production and W -decay stages can be treated separately!

Here we investigate radiative corrections to leptonic ¥V decays

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 11

> Single W -boson production in hadron collisions

e \We consider the process:

q1(p1) + @2(p2) — WE(Q) — l(q) + v(qw) +v(k1) + ...

\Y
[SF3

d.
> O(Oz) Yennie—Frautschi—Suura (YFS) exponentiated cross section:

d qi d QV 1
O.ifoP‘fS_Z/ g)(p17p27Q17QQ7k17"'7kn)7

V

where

: 1 5 dik; -
pD) = Y (Quasiks) — I1 S(Q,aqi, ki)O(KY — ks) 5™ (pl +P2— @ —q— Y kz)

0
=1 kl =1

_ ™ B (p1,p2, @iy qu, ki)
X [ (gl)(plap27QZ7QV)+Z L S(Q q k) )
i=1 VAt T

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 12

> More details:

e YFS FormFactor — gauge-invariant resummation of IR contributions:
Y(Q, qis ks) = 20RB(Q, q1; my) +20B(Q, q13 m~, ks );

7

~"~ ~"~

virtual photons real photons

B(Q ) i / d*k ( 2q — k 2Q — k )2
, 451 — . R - . 9
@ My 83 k2 —m?y +ie \ k2 — 2kq + i¢e k2 — 2kQ + ie

where

- 1 d>k 2
B(Q’q;m’YakS):_— (i_g> 9

872 kO <kg kO kﬁq kQ

> Four-momentum transfer between charged particles:

t=(Q—aq)" = (qV‘I'Zki> >0

— 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 t = 0 and W -rest frame (to avoid

numerical instabilities).

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 13

> The virtual-photon IR function for ¢ > 0 reads:

2

1
2aRB(Q, q¢; m~) = % {[VA(Q,Q) —1]1n M:n +541(Q,9) — VA3(Q,Q)} ,

1 A+ v
A(QaQ) — Xln Mma

M? —m? M 2)\?
Al(Qa Q> — In — — A<Q7 Q> - 27
t m t

2 171 A
[ (ln +V—|—

A3(Q7q) — A(QaQ) In Mm + \ Z M2

— 21n

m?2 m?2 m?2

1 A+ v >\+1/—m2 A+ v
In In

+ % Innln(l+n) — % In¢In(1l + ¢) + RLix(—n) — §)‘ELiz(—C)] :

v = Qq. )\:\/(V—Mm)(l/—l—Mm), Q2 =M2, 2 =m2 M>m,
1
t:M2—|—m2—21/, Mm§V<§(M2+m2>a

2
m=t A+ v
C_

7722)\(2)\4—1/—7712)’ T Tmz

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 14

> The real-photon IR function for ¢ > 0 reads:

4k>

~ M? m?
B(Q7q;m’y’ks) — {[VA(Q7Q)_1] In 5 - A4(Q7Q)_ _A4(q7Q)_VA4(Q7Q)}
m2 2 2

1 1-p 1Pl
A ’ - ln 9 Y
4(p, p) 225 BT 5 B = 0

V2

As(Q,q) = {hl

Z( 1>”+1[X(zz,yl,yél,yg,yg)+R<zz>]} :
1=0

1
R(z) = Y14(2) + Y21(2) + Y32(2) — Y34(2) + EX(Z; Y1,Y2, Y3, Y4) X (2 Y2, Y3, Y1, Y4) ,

1 . o
Yij(2) = 2Z35(2) + 5 In® | =——=1 | Zij(z):%Lig(yJ y)

2 Yj Z = Yi

. _ml 1 (]
X(z;a,b,c,d) = 1In G—ot—d|° z1 = 1;

where B [ T+ 0 wd + K rV
Y1 _ ; Y2 = Y1 T

w5—|—/<c] K

% W T gy

ys = T —Q+

&:\/(wQ—t)(W—t), S=M-—-m, w=M-+m,

T=VA2—t, V=A+T, A=Q°-¢°, 9=0°+4".

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 15

e The non-IR YFS functions:

a) Zero real hard photons:

B(gl)(p17p27QZ7q1/) - B(gO)(p17p27QZ7q1/) [1 + 5(1)(Q7ql7QV)

1

m T ’M(O)’ — Born-like contribution
S T

» O(«) electroweak virtual corrections:

5(1)(Q7QZ7QV) _5( ) (Q QZaQV7m’7) _2Q%B(Q QZ7m’Y)

— O(a) EW correction library from D. Bardin et al., private communications.

» QED-like corrections only: [based on: Marciano & Sirlin, Phys. Rev. D8 (1973) 3612]

o M 1
i@ = 2 (21 1)

s m 2

b) One real hard photon:

1
e —— (1) _S k y
165 (27 )5 12 ’M ’ (Q, a1, k)85 (p1,p2, a1, av),

o (Q_QZ
kQ  kq

Bgl)(pl,p%(ﬂaqu) —

where:  S(Q, q;, k) = —

2
) «— soft-photon factor

W. Ptaczek INFN and University of Pavia, 20 October 2004



The YFS exponentiation in leptonic W decays 16

> Matrix elements:
1
Q2 — M3, +iMwT'w

1
Q2 — M{%v + tMwI'w Z Mg)(al’gg;>\>M§31)(>‘;7_1’7_27"9)
A

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

M(O)(al,ag;Tl,Tz) =

Z Mg)(al, o2; ) Mg)(k; T1,T2)
A

M(l)(Ul,UQ;Tl,TQ,F&) =

a) Born-level W production:

ieVe fo

Vasny w_gq (P1)wog (P2) o2 S (pQ, e (Q, N, 'p1)

(0) N —
MP (0-170-25>‘)__ —09,01
b) Born-level W decay:
1eCViy fo

C YN
MD (>‘7 1> 2) \/§SW

w_ 7y (a1) wry(92) 72 S (a1, ew (@, N)sa2) - _ )

c) W decay with single real-photon radiation:
ie? SV fa

(1)
M (A3 T1, T2, k) = —
D V2syy

w_r, (a1) wry(q2) T2

X{ Qfl ql'ﬁﬁ';, Qfgqg-e,";, QWQ-e,";
k- aqq k- qo k-Q

) S (CIl; GW(Qa >‘)a q2):17—7-2

fl * - QfQ *
+ S q]_a € (ka K’)a k:) 6‘/"/ (Qa >\)7 q2 - S q17 €‘/‘/ (Qa >\)a k:a € (ka F“/)a q2
2k - qq (a1 €5 >T1,—T2 2k - qo ( v )71,—72

ka-GW _ QWeW'G* _
——S(QL@?(]‘?;'{),C]z) + 75’(‘11;’%(12)

kQ T1,— T2 kQ ’7'1,—’7'2}
— Spin amplitudes evaluated numerically for arbitrary fermion masses!

W. Ptaczek INFN and University of Pavia, 20 October 2004



The Monte Carlo event generator WINHAC 17

e Monte Carlo algorithm for multiphoton radiation:
> Lorentz frame choice for low-level MC generation of multiphoton radiation
» Our previous MC generators:
a) ISR in annihilation processes — initial-beams CMS
b) FSR in neutral boson decays — final-state fermion-pair CMS
c) Bhabha scattering — electron/positron Breit frames

» 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 reached.
— 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: W. Ptaczek 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) from the PDFLIB package. — http://cern.ch/placzek

W. Ptaczek INFN and University of Pavia, 20 October 2004



Numerical results — parton level

® Basic tests at the parton level

> Test of spin amplitudes and MC algorithm:
— To reproduce Born-level and O(«) results from the YFS exponentiation

a) Born cross section:

3
d®qy d3qy (0) ,—Y

aY  ap

2 2
_ a“rm|V, j|
363“1/‘/.

18

Calculation

tot [nb]

e 7 T

Analytical (massless)

8.8872 8.8872 8.8872

WINHAC

8.8869 (2) | 8.8873(2) | 8.8808(2)

X S
(s—MZ,)2+MZ, T2,

w

b) O(«) corrected cross section:

04
V

d3 a’q a3 q,, _
WH—/ : 6 (p1 42— ar — ) B |14+ 0G0p + Y|
l

v A’k
6 (p1+ 2 —ar —av — k) | BV + 330" | 0(k°

_|_/ d3q; d3q
q) 49

kO

An __
07" =

T

a(ﬂ_ﬁ

24 3

~ 1.89 x 1074 (massless)

01

_ tot tot
=0, /05" — 1

0

Calculation

e

n

T

WINHAC

—1.5(3) x 10™*

—2.2(3) x 107* | —0.3(2) x 10~*

W. Placzek

INFN and University of Pavia, 20 October 2004



Numerical results — parton level

» Hard photon spectrum at O(«)

5" (ko) = ﬁ S5, 4B~ %1 x 100%

Eqg = ko X ECM/27 Ecnv = 90 Gev

B&K: Berends & Kleiss, ZP C27 (1985) 365

e

7

WINHAC

WINHAC

19.69 (3)
11.61 (2)

8.31(2)
6.47 (2)
5.23 (1)
3.61 (1)
2.57 (1)
1.84 (1)
1.29 (1)
0.86 (1)
0.52 (1)
0.24 (1)

10.11 (2)

5.92 (1)
4.22 (1)
3.27 (1)
2.63 (1)
1.80 (1)
1.27 (1)
0.91 (1)
0.63 (1)
0.42 (1)
0.25 (1)
0.11 (1)

WINHAC reproduces very well Born and O(«) calculations!

W. Placzek

19
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Numerical results — parton level 20

e Parton level distributions — higher-order FSR effects:

> Charged-lepton energy £

e YFS expon.

o O(w)
~ YFS expon.

f S — dovyrpg—do
r dovyrs

—0.05 L

CALO: Photons recombined with charged lepton if Z(1,~y) < 5°.

W. Ptaczek INFN and University of Pavia, 20 October 2004



Numerical results — parton level 21

> Hardest-photon energy £ :

e YFS expon.

o O(w)
* YFS expon.

E.,[GeV]

| | | |
10.0 20.0 30.0 40.0

s ¢ o®
> <1><l><1><1><1>4><1><1> <><I><N>4>¢ + ¢
DB
<P,

EIR

| |
10.0 20.0 30.0

CALO: Photons recombined with charged lepton if Z(I,y) < 5°.

W. Placzek

INFN and University of Pavia, 20 October 2004



Numerical results — parton level 22

> Cosine of hardest-photon polar angle cos 97:

CALO
1.5 T T
~ o) -
e YFS expon. } for e

o O(a) } for yu-

* YFS expon.

S — dovps—do
g dovyrs

cos 6.,
1 1 1 |

I 1 t I
—1.0 —0.5 0.0 0.5 1.0 1.0 —0.5 0.0 0.5

CALO: Photons recombined with charged lepton if Z(I,y) < 5°.

Higher-order QED FSR effects are sizeable and acceptance dependent!

W. Ptaczek INFN and University of Pavia, 20 October 2004



Hadron-level tests 23

Comparisons of two indepenedent 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 ¥ 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 pr generated at each branching.
e WINHAC: W. Ptaczek and S. Jadach, Eur. Phys. J. C29 (2003) 325; hep-ph/0302065.
Single-WW production at hadron colliders with the O () YFS exclusive exponentiation.

> Observables: — Measurement

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

. W-boson rapidity: yy = 1 ln (gJ“gz) — parton luminosities

. charged lepton transverse momentum: pl, = , /p2 + P, — W mass

0

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

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

W. Ptaczek INFN and University of Pavia, 20 October 2004



Hadron-level tests 24

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

Selection criteria from the ATLAS and CMS collaborations:

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

missing transverse energy: EXsS > 25 GeV,

no jest in the event with: p‘; > 30 GeV,

the recoil system (against the W) transverse momentum: pﬁ?con < 20GeV,

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

dne X do. = 0.075 x 0.175,
® No 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. Placzek,
Acta Physica Polonica B35 (2004) 1643; hep-ph/0402235.

W. Ptaczek INFN and University of Pavia, 20 October 2004



WINHAC < HORACE comparisons @ LHC 25

: qq
Parton-level total cross section at E¢rqq = My

*°* [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—HyWwW | —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~*

W. Ptaczek INFN and University of Pavia, 20 October 2004



W. Placzek

WINHAC <= HORACE comparisons @ LHC

Hadron-level total cross section at the LHC

Program

o %% [nb]: WITH CUTS

O(x)

W—

— 6_176

HORACE
WINHAC

3.23633 (12)
3.23629 (09)

3.18707 (13)
3.18779 (07)

3.18696 (13)
3.18765 (06)

0 = (W — HIW

—1.2(4.6) x 10~°

2.3(0.5) x 10— %

2.2(0.5) x 104

W—

HORACE
WINHAC

3.23632 (12)
3.23630 (07)

3.15990 (12)
3.16418 (06)

3.16013 (13)
3.16409 (05)

6 = (W — H/W

—0.6(4.3) x 107°

1.35(0.05) x 1073

1.25(0.05) x 102

W+

+

— € Ve

HORACE
WINHAC

4.39341 (16)
4.39328 (13)

4.32186 (17)
4.32286 (10)

4.32187 (18)
4.32273 (08)

6 = (W — H/W

—3.0(4.7) x 107°

2.3(0.5) x 10~%

2.0(0.5) x 104

W+

HORACE
WINHAC

4.39340 (16)
4.39336 (10)

4.28255 (16)
4.28837 (08)

4.28326 (16)
4.28848 (08)

6 = (W — H/W

—0.9(4.3) x 107°

1.36 (0.05) x 103

1.22(0.05) x 102

26
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WINHAC <= HORACE comparisons @ LHC

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

>lllllllllllllllllllll

55 60 65 70 75 80 85

O B

-0.002
-0.004
-0.006
-0.008

llllllllllllllllll

5=W_-H
_W_

llllllllllllllllll

v b s by s by s by e by by by by by g

-0.01!
50

W. Placzek
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WINHAC: O¢)
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>lllllllllllllllllllll

60 65 70 75 80 85 95 160
my [GeV]

TT

-0.004
-0.006
-0.008

e AR e ru s e == S e o~ g }
- A et

H

lllllllllllllllll

v b by e by by by by s by s by by

-0.01!
50

55 60 65 70 75 80 85 90 95 100
mY [GeV]

27

INFN and University of Pavia, 20 October 2004



WINHAC <= HORACE comparisons @ LHC

W -boson rapidity yy for: W — [Ty

lllllllllllllllllllllllllllll

OO

'_,‘llllllllllllllllll
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WINHAC < HORACE comparisons @ LHC 29

Charged lepton transverse momentum p. for: W+ — [ty
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WINHAC < HORACE comparisons @ LHC 30

Charged lepton pseudorapidity 77; for: W+ — [Ty,
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WINHAC < HORACE comparisons @ LHC 31

Hardest photon transverse momentum p.. for: W+ — [Ty,
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WINHAC < HORACE comparisons @ LHC 32

Hardest photon pseudorapidity 7, for: W+ — [Ty
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QED corrections @ LHC 33

W -boson transverse mass M for: Wt — [Ty,
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QED corrections @ LHC 34

W -boson rapidity yy for: W — [Ty
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QED corrections @ LHC 35

Charged lepton transverse momentum p. for: W+ — [ty
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QED corrections @ LHC 36

Charged lepton pseudorapidity 77; for: W+ — [Ty,
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QED corrections @ LHC 37

Hardest photon transverse momentum p% for:

W* - etv,
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QED corrections @ LHC 38

Hardest photon pseudorapidity 77 for: W+ — [Ty
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O(a) EW corrections in W decays @ LHC 39

> Cuts and acceptances like in the parton-level tests

WINHAC: W -boson transverse mass M for Wt — eT,
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O(a) EW corrections in W decays @ LHC 40

WINHAC: W -boson rapidity yyr for W+ — et v,
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O(a) EW corrections in W decays @ LHC 41

WINHAC: Charged lepton p for: WT — etu,
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WINHAC: Charged lepton pseudorapidity 7; for: W+ — ey,
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Full O(a) EW radiative corrections at LHC: U. Baur and D. Wackeroth, hep-ph/0405191.

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

W. Placzek

EW corrections beyond pole appoximation
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Summary 44

Summary
We calculated multiphoton radiation in leptonic 13 -boson decays in the

Yennie—Frautschi—Suura exclusive exponentiation scheme.

An appropriate Monte Carlo algorithm has been constructed.

The above has been implemented in the MC event generator WINHAC for single
W -boson production in hadronic collisions (Tevatron/LHC).

> Acceptance efficiency: ~ 50%

> CPU time: = 10, 000 events per second on Pentium IV, 2.4 GHz.

Cross-checks with independent calculations at the parton level have been performed

up to O(a).

Comparisons with the independent MC program HORACE have been performed at the
parton- as well as at the hadron-level. A good agreement has been found for QED
FSR effects at O(a) and also for higher-order corrections.

> Higher-order FSR corrections (exponentiation) can be important for precision

W -boson mass measurement at LHC for BARE-like event selections.

e O(a)EW correction for leptonic W decays at the LHC are at the level of 0.3%
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Outlook

Inclusion of O(«) corrections in the YFS scheme for the full process:

qq' — W= — ly,
— currently under way (YFS exponentiation for initial-final interferences done,
O(a) corrections with MS-subtracted QED ISR done for the electron channel).
> In collaboration with the SANC team (D. Bardin et al., JINR Dubna).

Inclusion of QCD effects in W production, e.g. pQW distribution is important for My

measurement through 1V transverse mass!

> QCD ISR parton shower (according to DGLAP, CCFM, etc.) — currently our main
effort (with good progress!)

> NLO QCD for the hard process — important for high-p?f regime.

Interfacing with hadronization packages (PYTHIA, HERWIG, etc.).
A similar MC program for single-Z production: ZINHAC (work in progress).

MC programs for vector-boson pair production at hadron colliders — based on KoralW,
YESWW and YFSZZ for ¢ "¢ colliders.
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