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Introduction

In the energy range of future colliders /s > My , the
electroweak corrections are enhanced by

large logarithmic contributions

In the past few years, the analysis of the
high energy behaviour of the EW corrections

has gathered a lot of interest

e on a general basis

DL origin and 1-loop structure are now well

established

Resummation methods have been derived

e and for specific processes
ete" = ff, v [ff, pp—ff,
pp = VV —4f pp — tq

_>

sizeable effects not only at ete™ and vy LC

but also at Tevatron and LHC
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Structure and origin of Log corrections

Sudakov Logs are related to the infrared structure of the theory

EW Leading Logs result as mass singularities from
soft /collinear gauge bosons exchanged between external

particles

i V, x ozlogQ <|7°/g12|2>

k=11<k V,=A,Z,W* MW

Next-to-Leading Logs from RGE have UV origin

Unlike QED and QCD
the large EW Logs from virtual corrections are
physically significant
being My, and M7 a natural infrared cutoft



Structure and size of O(a) EW Logs

e Leading Logs (Sudakov)=alog? (s /M)

e Subleading Logs =alog(s/ M3, )log(|t]/s)
i.e. angular-dependent Logs = alog(s/M2)log(|1 + cosb))

e Next-to-Leading Logs =alog(s/Mj;)

o + log(Mw/mys) + log(Mw/\)

What is their size at a typical energy of 1 TeV?

for ff — ff"

— Large cancellations!



Extracting the Logs

e 1-loop structure and DL origin

[Ciafaloni and Comelli, Kiithn and Penin]

e explicit calculation of DL corrections for
efe” = ff
[Melles, Beenakker and Werthenbach, Hori, Kawa-

mura and Kodairal

e SL 1-loop corrections for
ete” - WW and ete” — ff
[Beenakker, Kithn, Moch, Penin and Smirnov, Becca-

ria, Ciafaloni, Comelli, Renard, Verzegnassi]

e A powerful method for EW 1-loop corrections to
any exclusive process with N final state particles
[Denner and Pozzorini]

LL and NLL have been proven to factorize at HE
M(p1, ...pn) = Mporn(p1, ---pn)(1 + dEW)
compact formulas

easy to automatize in a general Monte Carlo

Full agreement
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Resummation

e Prescriptions for the resummation of the DL
[Kithn, Penin, and Smirnov, Ciafaloni and Comelli,
Fadin, Lipatov, Martin and Melles|

e general recipe for the resummation of the SL correc-

tions to all orders for arbitrary processes

[Melles]

e 2-loop agreement on DL and SL

[Denner, Melles and Pozzorini]

Resummation amounts to Logs exponentiation

typical size of 2-loop DL and SL
for ff' — ff at y/s=1TeV

(2)
oo 2 4
UL o 405 rlogh (5] 2 3.5%




What the impact at hadron colliders?

e Drell-Yan processes
[Baur, Brein, Hollik, Keller, Schappacher, Wacheroth, Dittmaier,

Kramer]

pp — v, Z — 11T pp — W — 1y

Low energy: My, 'y, Arpp — sen%é‘}pf My, T'w

High energy:  New Physics (Z', W', extra-dimensions..)

NP eftects could show up
at high invariant masses M (lv;) e M (Il)

Optimizing the sensitivity to new signals requires a

precise control of the background

QCD + EW corrections

e pp — bb  [Maina, Moretti, Nolten, Ross]

EW radiative effects on QCD processes

sizeable corrections to b-quark asymmetries



[Baur, Brein, Hollik, Schappacher,Wackeroth ’01]
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Gauge boson pair production at high energy

e Gauge structure of the Standard Model
first limits on anomalous couplings at Lep2 and Tevatron
from angular distributions
RunlIl and LHC will allow to extend the sensitivity to gauge
couplings and possible anomalies

observing the high-energy behaviour of oy

e Background to SUSY signals
QCD effects have been widely analyzed for
WW, ZZ WZ Wr~e Zy
and implemented in different Monte Carlo’s

sizeable contributions in the high M(V'V') and Pr(V') regions

proper for Anomalous Couplings analyses

¢

imposing a ‘‘jet-veto’’ is essential

Recent computations at NNLO [Adamson, De Florian, Signer...]

Electroweak corrections ¢

Tevatron: energy and statistics are too low

LHC: EW effects ~ QCD effects (jet veto)



Gauge boson pair production at high energy

ATLAS and CMS simulations have pointed out that
M(VV), Pr(V) and Ay(V,1)
are some of the most sensitive variables to gauge couplings

In particular

Pr(V) —  angular information + energy scale

EW corrections increase with energy

log? (MJS/VV)> and  log (M]S/VV)>

but they contain also an angular dependence
log (MAXTVZ) -log(1 + cosby)

EW radiative effects are important in the very same

region where new-physics effects could show up

the EBA is not enough for any decent data analysis
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W2, WW, and ZZ production at the LHC

structure and size of the O(a) EW corrections in
opp = WZ+ X = yl'l
o pp = WW + X — Iyl
epp— 77+ X — I
[E.A., Denner, Kaiser, Pozzorini]

as at Lep2 one can make use of the LPA

Proton

5

Proton

— multi-scale processes

in the HE limit factorizable corrections associated to the decay

V — ff can be neglected at logarithmic level

the bulk is from O(«) corrections to the production process



The production processes are characterized by 2 scales

the high-energy limit s,¢,u > M3, must be ensured
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LPA and O(«a) result uncertainty

an example: pp — [yl
1071 | T | I | T

o [pb]
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heavy gauge cancellations at high P& (I'l")

the pair-production signal definition on a diagramatic ba-

sis is not adequate anymore

the G.I. total o or DPA are the only observables

The typical difference DPA /Full ~ 15% goes down to
DPA /Full ~ 1% with selection cuts

the O(«) result can be written as:

|M|2 — |MBorn|2 + 2Re lMBorn,LPA(SMJz‘rt,LPA
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Statistical significance of the O(a) EW

corrections

W?Z production in pp — 'l

highlluminosity
low luminosity
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O(a) effects already in the first year of LHC
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Impact of EW corrections

W Z production: O(«) effects vs anomalous TGC’s

do
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EW O(«a) effects can fake new-physics signals
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Impact of EW corrections

WW production: O(«a) effects vs anomalous TGC’s

do

dpPmax(]) [fb/GeV]
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EW O(a) effects > than NP signals
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EW and QCD correction interplay

radiation zero: a peculiar SM prediction in pp — (yl'l'

aap 7D ] -
dAy(Z0) E.A., Denner, Kaiser

Born cross section +
EW cross section >
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Strong interplay: EW corrections ~ QCD + jet veto
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W~ and Z~ production

they have been analysed at 1-loop in
e pp — lv;y  [E.A., Denner, Meier]
e pp — vvy  [Hollik, Meier, E.A., Denner]|

o pp — Iy [Hollik, Meier, E.A., Denner]

Total Hadronic Cross-Sections

Process | O(«) || High-Lum || EW effect
vy —4.5% 0.5% 90
Iy —6.7% 1.1% 60
vy -1.9% 0.6% 30

large impact already at low energy scales

although statistically relevant, the EW O(«) effect

on TGC measurements has not been analysed yet!
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v+ 5 and Z + 7 production

they have been analysed at 1-loop in
e pp — v+ 7  [Kuhn, Kulesza, Pozzorini, Schulze]

e pp — Z +j  [Maina, Moretti, Nolten, Ross]
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sizeable impact on hadronic observables
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Integrated Cross Section

EW effects and Single-top production
towards a precise determination of Vj,

® pp — 1q [Beccaria, Macorini, Renard, Verzegnassi

t quark production
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EW corrections are competitive with NLO QCD
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do/ds: % shift at Vs

SUSY EW effects and top production

pp — tt  [Hollik, Mosle, Kao, Wackeroth]
pp — tq [Beccaria, Macorini, Renard, Verzegnassi]
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a window to new physics
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Summary and discussion hints

for theorists:
e Sudakov Logs origin and structure are well established
e also Resummation Methods have been derived

and phenomenologists:

e EW O(«) effects will be measurable at the LHC

e they are important for new-physics searches and
precision measurements in

Drell-Yang, di-boson and top processes
e their size O(5 — 40%) is competitive with NLO QCD
a good point [Ciafaloni and Comelli]:

e soft W/Z real emission could give a terrific

enhancement to O(«) effects

e how much the experimental setup will cut it down?

EW radiative effects should be included

for any decent data analysis
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More on the method

e symmetric splitting of the virtual EW Log corrections

Opw = 5EW|>\:MW =+ (5EW - 5EW‘/\:MW)

fictitious heavy v, Z with M = My above the weak scale

plus a ‘subtracted electromagnetic’ term due to A < My
e 1% = s — only mass-singular Logs are large
e Not mass-suppressed matrix elements

e works with physical fields

mixing and mass gap between v and 7

e fermions, v, Wy, Wy, Zr, Z and H

as external particles

e Equivalence theorem

for longitudinal gauge bosons
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In this framework
M = (1 + 6LSC 4 5550 i 50 4 5PR>MBorn

- LSC contributions
when soft-collinear gauge bosons are exchanged between external

pairs

zzz v,

Vo=A,Z,W*

l

OM e ]VGIVG[ZOQZ(%) — 0v,,109*(55)| M Born

isolating the angular dependence

log*(Itfl) = log?(15 > )+ 2log (5 )log(' ) +log? (i)

w
5LSC _ _% {OewlOQQ(ML%V) + Q2Lem(8, )\2’m2>]

2

Le™(s, A%, m?) 2log (5 )log(—/\V%) + log® (—/\V%) logQ(%)
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- Subleading Soft-Collinear contributions

The angular-dependent contribution to d M

)log(‘ iy = 2log( 472 )log(|1 + cosf|)

2log (47

is slightly more complicated

For neutral gauge boson exchange

605CM o ¥ QIVIV[log(

CL_a

)+ log(y1)| Log( ") Moy,

a

For charged gauge boson exchange

I+Mdd_>VZ+I§Mgd ZZ—I—[ Muu—>W+W_
orn

Born Born

log (MSW> log (|t|)
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- Collinear and Soft SL contributions

from field renormalization and mass-singular loop diagrams with

collinear virtual gauge bosons emitted by an external leg

k o
VG:AE,W N % — coll. limit — 5COUMB07“TL

a

factorization has been proven [Denner and Pozzorini]

0“M = 5[6°" + FRC|Mporn

very compact expressions for fermions, W's, Z’s, v and H

¢ x [{C’ew, b} log(MS%V) + Q2lem]

[em oclog( )+log(—AV¥)

- SL connected to parameter renormalization

related to UV divergences

OPRM = % de + §dcy, + G dh + g Ohml o

hy = my/Myy and hy = M% /M2,
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