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Motivations

e Precise measurements requirecise calculations

e The preciseMy, (and M;,,) measurement will highly improve the indirect bound on
M g via RC (AMH ~ 35% if AMW = 30 MeV andAMtop =2 Ge\/)

e Present experimental status and future goal:

Standard Model Indirect Prediction Target precision 1:OAJ\4W
4 am
UA2 (1992) M, = 80.36 + 0.37 * Tevatron Runll< 30 MeV
DO M,, = 80.483 £ 0.084 x LHC = 15 I\/IeV
CDF M,, = 80.433 £ 0.079
Hadron Collider Avg M,, = 80.454 £ 0.059

= My, measured preferably
from A7}V distribution

preliminary LEP2 Avg o M,, = 80.447 £ 0.042
preliminary World Avg ‘o M,, = 80.450 £ 0.034
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Motivations (II)

ow (andoz) can be used to monitdradron and parton luminosities and/or determine

PDF
Dittmar, Pauss, Zurcher, Phys. R®b6 (1997) 7284; Khozet al., Eur. Phys. JC19(2001) 313;

Giele, Kellerhep-ph/0104053; Frixione, Mangano, JHEB405(2004) 056
Nw
- BR(W — tv) [ Ldt Ay

g W) =) Py @6y = o“P(W)
©J

measurd 'y, with AT'y, ~ 50 MeV (fromW/Z cross section ratio)

Z dataare used to calibrate detectgrspton scale and resolutiana precise simulation
IS mandatory for accurat&fy;; measurement

w i i Z
p'” can be simulatecheasuringp?

sin? Qé‘jcpjfj can be measured frorh g at theZ pole

the M)V /M # ratio can be used to measufdy,. This method is competitive at high
luminosities



QCD calculations & tools

e resummation of leading and next-to-leadj}j / My logarithms, implemented iRESBOS

C. Balazs and C.P. Yuan, Phys. RBb6 (1997) 5558

e NLO corrections merged with tHERWIG Parton ShowenMCQNLO)
S. Frixione and B.R. Webber, JHER06(2002) 029 and hep-ph/0402116

e NNLO corrections tdV/Z productiontotal cross sections

R. Hamberg, W.L. van Neerven, T. Matsuura, Nucl. PiB359(1991) 343
W.L. van Neerven and E.B. Zijlstra, Nucl. Phyg382(1992) 11

R.V. Harlander and W.B. Kilgore, Phys. Rev. L&88 (2002) 201801

e NNLO corrections tdV/Z rapidity distribution

C. Anastasiowet al., Phys. RevD69 (2004) 094008

— notice that
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Status of O(«) electroweak calculations & tools

e QED corrections taV and Z boson decay
— Berends, Kleiss, Revol, Vialle, Z. Phy&827 (1985) 155; Berends, Kleiskidem365

e Electroweak corrections td” production and decay

* Pole approximation

— Wackeroth and Hollik, Phys. Ref255 (1997) 6788
— Baur, Keller, Wackeroth, Phys. Rdv59(1999) 013002  — WGRAD

x CompleteO(«a) corrections

— Dittmaier and Kamer, Phys. Re\D65 (2002) 073007
— Baur and Wackeroth, Phys.Ré¥70(2004) 073015 — WGRAD2

e Electroweak corrections tg production and decay

* O(a) photonic corrections
— Baur, Keller, Sakumoto, Phys. Rdv57 (1998) 199 — ZGRAD

*x CompleteOQ(«) corrections — ZGRAD2
— Baur, Brein, Hollik, Schappacher, Wackeroth, Phys. R#5 (2002) 033007



Initial vs final state photonic corrections
U. Baur, S. Keller, D. Wackeroth, Phys. R&59 (1999) 013002
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e Initial-state radiatiorandinitial-final-state interferencdo not modify the shape of the
distributions and are at the 1% level (or below)

e final-state radiatiomoes modify the shape of the distributions and is important becaus
it contains mass logarithms of the foiog(5/m37)



Higher order final-state QED corrections

e Why worrying about FS$iigher-order QELTorrections?
— O(«) FS QED radiation changes byveral %the shape of the relevant distributions
— single photon emission induc&8/Z mass shiftat the 0.1% leve(~ 100 MeV)
— a shift due to multiple photorest the 0.01% levetan be expected
— presently, it is a theoretical systematic error

e Recent literature

~ double real bremsstrahlung’ — ¢*v~y~y andqg — ¢T¢—~v~yforW & Z
Baur, Stelzer, Phys. Ref261 (2000) 073007

* Higher-order (real+virtual) QED corrections to the leptonic boson decay

— HORACE MC (for W & Z):. QED Parton Shower
C.M. Carloni Calameet al., Phys. RevD69 (2004) 037301

— WINHAC (for W): YFS exponentiatioof ordera matrix element
Jadach, Ptaczek, Eur. PhysC29 (2003) 325

* Tuned comparison of INHAC andHORACE for W
C.M. Carloni Calameet al,, Acta Phys. PolB35(2004) 1643



Our Parton Shower approach

o Multiphoton corrections are computed by means of i Structure Functio® (z, Q?),
solution of DGLAP equation in QED.

5 O 9y« 1dy T o
@D @) = 5= [ LD Q)
1+ 22 !
Po(a)= 0 51— ) /O dtP (1)

e Exactly solved by means of a Monte CaRarton Showealgorithm

e PSis “attached” to parton level process for FS radiation:
— ~’s multiplicity and energies given by theS algorithm

— ~’s generated according to the factorized part of WiéZ radiative decay matrix
element (eikonal currents gauge invariance in the approximate ME)

cos 6., ~ _(pf?k - Q?VKV]C> . (p]ZE-Ak _ QQWW.A]{> (for W)
cos by ~ _(pf?k B pf?k) ' (;ZE.A;C - p]jék) (for )



The event generatorHORACE at present

The event generatdiORACE (Higher Order Radiative CorrEctions) for 11///Z production in
Drell-Yan processewas developed

v/ parton level processes convoluted with initial state PDFs
\/ it generatesinweighted events

v/ QED RC are included by means of tRarton Shower algorithnmt can be runin
* O(«a) mode only QEDorder« corrections are included

* exp.mode QED corrections are include to all orders

— of course, any experimental cut can be applied (for our studies, also a particles’ smea
Implemented)

% It can run also in parallel mode (usingP! librarieg



Tuned Comparisons WithWINHAC

C.M. Carloni Calameet al,, Acta Phys. PolB35(2004) 1643
e Performed during the MC4LHC workshop held at CERN in summer 2003

e Processes (with= e, 1)
du — W~ — [T + 1 wp—WTF+X — 1Ty +X

e Input parameters:
G, scheme and fixed-width scheme, PDFs set: MRS(G) from PDFLIB

me = 0.511 x 107° GeV, m, = 0.10565836 GeV, m,, =my, =0,
My = Mg = Mg = Me = mp = 0,
Via = 0.97483, Vs = 0.22290, Vi = 0.00360,
Veg = —0.22286, V., = 0.97398, V3 = 0.04120,
Viq = 0.00568, Vis = —0.04097, Vi = 0.99914,
My = 80.423CGeV, Mz = 91.1882GeV
Mz 3G, M; 20
s%‘/zl—Mg, FWZ#(—i_BW)’

o' =137.03599976, G, =1.16639 x 107° GeV ™2, a5 =0.1185,

Ecy = 5 = 14TeV



e Event selection criteria
— the charged lepton transverse momentpfa:=> 25 GeV
— the charged lepton pseudorapidiby:| < 2.4
— the missing transverse energy=ss > 25 GeV (we usedEF s = p4.)

— the size of an electron cluster (ferectron—photon recombinatipnAn. x A¢. = 0.075 X
0.175rad, wheren. and¢. are the electron pseudorapidity and azimuthal angle

— no photon recombination with muons
— photon transverse momentumy. > 25 GeV (for exclusive photonic distributions)

— photon pseudorapidityn., | < 2.4 (for exclusive photonic distributions)

e Observables
1. W-boson transverse massiy¥
charged lepton transverse momentysh:
W -boson rapidity:yw
charged lepton pseudorapidity;

hardest photon transverse momentyr:

o A~ WD

hardest photon pseudorapidity,



HORACE and WINHAC: total cross sections

e Total cross sections comparisons, at parton (p.l.) and hadron level (h.l.). Cross secti
for W= production (innb):

e Differences are at the)—* = 1073 level

Born O(a) with higher orders
HORACE WINHAC HORACE WINHAC HORACE WINHAC
p. l. e~ (no cuts) 8.8872  8.8872(2) 8.8872  8.8855(1) 8.8872 8.8840
p. . = (no cuts) 8.8872  8.8872(1) 8.8863  8.8853(1) 8.8863 8.8844
h.l.e” (nocuts) | 7.7331(4) 7.7332(1) 7.7331(4) 7.7317(1) 7.7325(4)  7.7304
h.l.u~ (nocuts) | 7.7332(4) 7.7332(1) 7.7332(4)  7.7316 | 7.7328(4)  7.7307
h.l.e” (with cuts) | 3.2363(1) 3.2363(1) 3.1871(1) 3.1878(1) 3.1870(1) 3.1876(1)
h.l. u= (with cuts) | 3.2363(1) 3.2363(1) 3.1599(1) 3.1642(1) 3.1601(1) 3.1641(1)

* Effect of QED RC on integrated cross section with cut$.abo fore— and2.3% forp—



HORACE and WINHAC: differences onM.}"

0.25 W—ev 0.25 W - uv,
B dc[ b]  do [ b] « WINHAC: Born
prw i ery) prpm :
[ dm - dmy (GeV
0.2— 0.2— = WINHAC: O@)
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N C — WINHAC: Best
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: - - 0(a)
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Flat O(«) differences at 0.2% level fqr. Same relative effect of QED exponentiation



HORACE and WINHAC: differences onW rapidity
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HORACE and WINHAC: differences on hardest photonpy

W —ev,

0_2)(10'4 W- - H-VH

- do [.nb « WINHAC: O¢)

dp/. LGeV + HORACE: Of)
— WINHAC: Best
. HORACE: Best

0.18
0.16f
0.14
0.12

0.08
0.06
0.04

0.02

i
"
0.1
5

el L e b Ly
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0.4 0.4

w * O(o)
— Best

0.3 0.3
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0.1
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e Radiative eventV — fv~y + (nv)

o Flat differences at some per cent level



HORACE and WINHAC: QED effects onWl transverse mass

W-— eV, W -y
0.25 c 0.25 K
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e O(a) corrections at 5%(10%) level fef.), higher-order effects at 0.2%(0.5%) level for
e(u) around thél peak



HORACE and WINHAC: QED effects onWW rapidity

W — eV, W —uv,
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e O(«) corrections at 2-5% level both fer/ 1., very small effect of QED exponentiation



HORACE and WINHAC: QED effects on hardest photonpy

0.2X10 W —eve 0.2x10* W - uv,
- nb = WINHAC: Of)
0.18E = [Gev :
- dp; L€ ¢+ HORACE: O)
0.16} — WINHAC: Best
014k~ = HORACE: Best
S T S S TP e
% 30 35 40 45 50 55
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e Radiative eventV — fv~y + (n+)

e QED exponentiation at a few % level



Neutral current case

Z simulation setufgsee hep-ph/0502218)
e Input parametersgorn — EBA) and cuts

pp collisions at,/s = 2 TeV. CTEQ6 PDF'sat LO

pr(£%) > 25 GeV In(e*)| < 1.2

me = 0.511 x 1073 GeV ~ my,, = 0.10565836 GeV

a~ ! =137.03599976 G, = 1.16639 x 107° GeV 2

Mz =91.1876 GeV  sin? 05 =0.23150 TI'z = 2.4952 GeV
« S
Iy —»Ty—
1 - A« 27z M2

o —

e Particle’s ID requirement&AR = \/Am?7 + Ady.)

¢ = electron L= pu

recombined| AR < 0.20r0.2 < AR < 0.3 1f
E, > 0.15F,

rejected 0.1 < AR < 04 andEy > | AR<O0.2if Ey >2GeVor0.2 <
0.15F¢ AR < 0.6if E, > 6 GeV

e particles’ momenta can be smearechilarly to Runll DG detector specifications



QED effects onZ line shape

Ratio
differential cross section (pb/GeV) 3.0+

0.012— 2.6

Born 1
el. exp bare 2.2+
mu exp 1
el. exp rec 1.84

0.010—

1.4

‘ i
0.008 | 1.0

0.6 T T T T T Inv. mass
60 70 80 90 100 110 120

0.006—
Ratio

110+
1.08
1.06
1.04-
1.02
1.00
0.98-]
0.96
; - Inv. ma 0.947]

110 120 0.92

0.90 T T T T T  Inv. mass
60 70 80 90 100 110 120

bare el.
muon
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0.004+

0.002—

0.000

60

— Detector effects are switched off
— O(«) corrections are large in the lower tail

— QED exponentiation at some % in the peak regi®@% for baree, 3% for n, 1% for
recombinec



differential cross section (pb/GeV)

QED effects onZ line shape (zoom)

0.012
Born
el. exp bare
mu exp
0.010 el. exp rec
0.008—
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0.004—
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0.000 — x x x x 1 x x yInv. ma
86 87 88 89 90 91 92 93 94 95 96
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— O(«) corrections at some 10% near the peak

— QED exponentiation at some % in the peak region

87

88

89

90

91

92

93

94

95

Inv. mass
6



differential cross section (pb/GeV)

0.0040
0.0036;
0.0032;
0.0028;
0.0024;
0.00202
0.0016;
0.0012;
0.0008;

0.0004

QED effects onZ transverse mass

Born

el. exp bare
mu exp

el. exp rec

0.0000
60

Ratio
1.2
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0.6
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70
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— O(a) corrections at a few 10% on the peak

— QED exponentiation at some % in the peak region

90
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QED effects onn, In Z decay

Ratio
differential cross section (pb) 0.99
0,042 O.gsi%
7 Born 0.97
0.0414 el. exp bare 0.964
] mu exp 1
el. exp rec 0.95-
0.040— b
i 0.94
0.039- 0.937
i 0.92+
0.038 0.91 . . . . . . lept. ra
g 0.0 0.2 0.4 0.6 0.8 1.0 1.2
0.037
] Ratio
0.036 1'009i
B 1.007
0.035- 1.0054
| 1.003
0.034— B
1 1.001
0.033 0.999+
i 0.997
0.032 T T ; T T T T T T T T 1 lept ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.9957]
0.993 T T T T T , lept. ra
0.0 0.2 0.4 0.6 0.8 1.0 1.2

— flat O(«) corrections at a few %

— QED exponentiation is almost negligible



QED effects onZ rapidity

Ratio
differential cross section (pb) 1.00
0.99+
0.08 W
] Born 0.98 ]
el. exp bare 0-97f
0.07+ mu exp 0.96-
el. exp rec B
0.95+
0.06 0.94
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0.05 0927
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0.0 0.2 0.4 0.6 0.8 1.0
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1.005 b |
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— O(«) corrections at few %

— QED exponentiation is almost negligible



QED effects onArp

Delta(Afb)
AFB 0.19

0.17+
O.15j
O.13j

0.5+

mu exp 0.11 ]
el. exp rec 0.09-

0.07
0.05
0.03

T T T T T - - _ v Inv. mass
50 70 90 110 130 150 170 190 210 230 250

Delta(Afb)

0.019+
1 bare el.
0-015f muon

0.0114 calo el.
0.007—
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T T T T T T T T T T T ‘an. ma ’ ;
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Inv. mass
50

— small effect of QED exponentiation



Estimate of RC effects on the fittedl// & Z masses

By means oHORACE, we estimated the shifts induced on extracted boson masses by RC

e given a pseudo-data distributioh/§”” ,M #), we fit it with RC corrected distributions:
* we generate RC corrected distributions fordifferent masses
~ we calculate the? for each of them w.r.t. the pseudo-data
x at the minimumy? we read the shift
* the same procedure to quant®(«) and HO shifts

e the exact value of the shift depends on cuts, particles’ IDsanearing!
* e.g.,Mr for Z & W with and without smearing

Z transverse mass W transverse mass

0.0040 0.024

0.0036-{
| 0.020
0.0032-{
0.0028-{

i 0.016
0.0024|

0.0020— 0.012—

0.0016—{
] 0.008
0.0012—{
0.0008—{

i 0.004

0.0004—

0.0000 0000+—m—F——F———F——— 77—

60 120 65 69 73 77 81 85 89 93 97 101



W & Z mass shifts estimate

— the? fit shows(with “our” simplified detector!)

Particle | Smearing| LeptonID | AMZ(MeV) | AMB°(MeV) | AME (MeV) | AMEP° (MeV)

e O 0 595 —135

L 0 0 270 —31

e O v 75 —5

I O v 215 —28

e v O 780 —159 400 —40

" v O 565 —49 220 —10

e v v 105 —6 20 —2

u v v 420 —44 110 —10

* detailed simulation performed for the TeVatrdtur the LHC, the results are similar

x higher orderseducethe O(«) effect

x |higher orders~ 10% x O(«)

* the shifts significantly depend on the detector details...




FS QED + IS QCD resummation (for 1)
e A unified MC including both EW and QCD corrections would be very helpful

e Cao and YuamPRL 93 042001 (2004) arskp-ph/0401171) Included INRESBOS (Balazs and Yuan,
PRD 56 5558 1997(he QED O(«) correctionsof WGRAD
% resummation of soft gluons p'" generatioh

= bulk of EW radiative correctiondinal-state QEDO(«) corrections

dG 40||||||||||||||||||||||| 81.3_||||||||||||||||||||||_
d ve - - .
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Conclusions

The Drell-Yan-like production ofingle1V//Z bosonis a process relevant for many as-
pects of the physics programme of hadron colliders

Recent big theoretical effort towardsgh-precision predictionsncluding higher-order
QCD and electroweak corrections, to keep under coffiebretical systematics

Full O(«) EW correctionsare available and are dominated by FS photonic corrections

We focused omulti-photon corrections

— the MCHORACE developed (foill' & 7). QED radiation included by means of a PS
— for W, tuned and detailed comparisons WittiNHAC

— W/Z-mass shift due to higher-ordersabout 10%of that due taD(«) (with simpli-

fled detector effects!)

Work in progressinclude the exac(«) electroweak corrections 0RACE (in colla-
boration withA. Vicini)

It's necessary taombine EW and QCD correctioms a “unified” generator



HORACE cross-checks

o for W (*) cross-checked witiGRAD (Baur, Keller, Wackeroth)

TeVatron LHC
(cross sections in pb) e L e 7
WGRAD Born 441.7(1) 1906(1)
WGRAD 418.3(4) 429.4(3) 1800(2) 1845(2)
WGRAD final-state 419.7(1) 430.0(1) 1808(1) 1854(1)
HORACE Born 441.6(1) 1905(1)
HORACE O(«) 419.4(1) 429.9(1) 1806(1) 1853(1)

HORACE exponentiated 419.5(1) 430.0(1) 1808(1) 1853(1)

— O(a) corrections~ 5%

e for Z checking versugGRAD2 (Baur et al.) is in progress

— preliminary results foe™ e~ at the TeVatron

(cross sections in pb) Born K3(«)
ZGRAD2 51.625(5) 47.72(4)
HORACE 51.639(5) 47.621(1)




HORACE versus B&K z. phys. c27 (1985) 365)
e O(a) Z at parton level, /s =90 GeV, ko = E-/Epeam

® R:O'(k‘ > ko)/O’o

e 0
HORACE | B&K | HORACE | B&K

001 | 0416 | 0.411| 0.224 | 0.220
0.05| 0.246 | 0.242| 0.133 | 0.129
0.10| 0.178 | 0.173| 0.096 | 0.090
0.15| 0.139 | 0.135| 0.075 | 0.071
020 | 0.113 | 0.109| 0.061 | 0.057
030 | 0.079 | 0.075| 0.042 | 0.039
040 | 0.056 | 0.054| 0.030 | 0.028
050 | 0.041 | 0.038| 0.022 | 0.020
060 | 0029 | 0.027| 0016 | 0.014
070 | 0.020 | 0.018| 0.011 | 0.009
0.80| 0.012 | 0.011| 0.006 | 0.005
0.90| 0.006 | 0.005| 0.003 | 0.002




Initial-state photonic corrections & PDFs
H. Spiesberger, Phys. Rdv52 (1995) 4936

M. Roth and S. Weinzierl, Phys. Le8590(2004) 190
e QED radiation off quarks give rise factorizable and universahass singularities

e they can be absorbed by a redefinitisanormalization of PDFs, in analogy to QCD,
Introducing a dependence on a QED factorization scale

e the DGLAP evolution must contain an additional term proportionatd@; p and fits to

data should include QED contributionso{v included in MRSThep-ph/0411040 )
of [%]
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e QED terms modify PDFs at the 0.1% level fox< 1 = “small” for W/Z production



