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® The study of the electroweak gauge bosons at LHC 1s producing
a very rich harvest of results. This talk will show a selection
of results focusing on the most recent ones on full datasets:

* overview and experimental apparatuses;

* inclusive W/Z production cross-sections and
/. transverse momentum at 8 TeV;

* inclusive and differential W/Z production
cross-sections at 7 TeV;

* lepton charge asymmetry in W production;
« prompt photon and diphoton production;

¢ summary.
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N Overview

® The direct production of electroweak gauge
bosons in pp collisions provides a colorless proton - (anti)proton cross sections
probe of the hard scattering process.

- Theory: Teva;1r0n LHC

A

¢* W/Z production known at NNLO 1n
perturbative QCD.
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® Experiment:

¢ at LHC among the most abundant processes;

¢ leptonic decays provide clean signatures;

¢ challenge: precision measurements
dominated by systematics.
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® Theory/experiment comparison allows to
perform stringent pQCD tests, to constrain
and explore the proton PDFs in previously
not-accessible kinematic regions.

.
Vs (TeV)

http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html
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(NN The experimental apparatuses

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Total Weight : 14,
Qverall diameter: 14.60 i
QOverall length : 21.60 m
Magnetic field : 4 Te: la

f | \ x
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Shield Mag net

® General purpose detectors:

¢ vertex detector and tracker, “
¢ clectromagnetic and hadronic calorimetry, . !
* muon detectors. O ”w |||y|||||||, ml

I||"i|||i||'==i="""--j

® ATLAS and CMS central detectors. el

® LHCb instrumented within 2 < n< 5.
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(NN W/Z inclusive production @ 8 TeV

CMS Preliminary 18.7 pb™ at \s =8 TeV

* Special 8 TeV lOW-pileup dataset NNLO, FEWZ+MSTW2008 prediction

[with MSTW2008 68% CL uncertainty]

(187 pbl), 1250+ 0.32 nb

¢ W — (v and Z/ y* =\Ol ChanndS: V\a;;);vi 0.05,,+ 0.38_, + 0.53  nb
Wopv
« electrons: ET(e) > 25 GeVl/e, 11.79+ 0.04,, + 027, *0.52,,, nb

In(e)| < 1.44 or 1.57 < [n(e)| < 2.5; [N RN
e muons: p_(K) > 25 (20 for Z's) GeV/c, s

In(w| <2.1; o(pP—W)XBR(W—slv) [nb]
= 60 < Mff < 120 GGV/CZ. CMS Preliminary 18.7 pb™ at Vs = 8 TeV

NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]

CMS, 19 pb™, 8 TeV
CMS, 36 pb™", 7 TeV
CDF Run ll
DORun|

1.1310.04 nb

Z—ee

1.10+0.02,,+0.05,,+0.05  nb

stat — syst — lumi

Z-pp
1.13+0.01,,+0.03__+0.05, nb

syst lumi

Z—ll (combined)

1.12+0.01,,+0.02, _ +0.05, b

stat — syst —

1.0 1.2 1.4
o(pp—Z)xBR(Z-ll) [nb]

5 7 10 20
Collider Energy [TeV]
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M. Casarsa

Z boson transverse momentum @ 8 TeV

* Special 8 TeV low-pileup dataset (18.4 pb™);

¢ //y* — pu channel with: = p. (W) >20 GeV/c and [n(u)|< 2.1;
«60<M <120 GeV/c*;

+ low-q_ region tests non-perturbative soft gluon emission;

« high-q_region probes pQCD hard gluon radiation in initial state.

CMS preliminary
J 18.4 pb™” at ys=8 TeV

CMS preliminary

—a— data (Z - )
— Pythia/Powheg Z2star
- - - Pythia Z2star
Pythia PO
— — Pythia DT

T

1/c do/dq, [GeVic]!
1/c do/dq. [GeV']

<21, P, >20GeV

—s— data
I Pythia/lPowheg Z2star
I FEWZ CTEQ12NNLO

—
2
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m‘<2.1‘ pT>20 GeV

data / theory
3

(data - theory)lo .,

25 30 40 50 60 70 100 200 300 400 500
9, [GeVie] q. [GeV]
T
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¢ Full 7 TeV dataset (4.6 fb™!);

¢ //y* — ee, pu channels:

= p(0)>20 GeV/c and [n(f)| <2.4;
= 66<M <116 GeV/c’.

ATLAS

j Ldt=461b"

e ¢*e” Data 2011
o u'w Data 2011

— RESBOS

%)
O
)
7]
L
o
~
=
Q
=
©
o
o
S
3
1]
o
©
=)

Ns=7TeV

|‘1]f| <24

pé > 20 GeV

66 GeV <m,, <116 GeV

Data / RESBOS

ner=>»

Drell-Yan leptons ¢* distribution

tan[(m—-A$)/2] P
cosh(An/2) M,,

bt =

e e'e +u'p Data 2011 ATLAS

— RESBOS [Lat-son
FEWZ 2.1 O(c?)

Ns=7TeV

|1]€| <24

p% > 20 GeV

66 GeV <m,, <116 GeV

e e'e +p*u Data 2011
— RESBOS
A. Banfi et al.

p ATLAS
pr > 20 GeV

66 GeV <m,, < 116 GeV J-Ldt=4.61b'1
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(NN High-mass DY differential cross-section

e Full 7 TeV dataset (49 fb'l); ATLAS \s=7TeV,J.Ldt= a9t

—e— Data 2011
[/ Drell-Yan
[ Dijet & W+jets

* Z/y>X< L Chann61: ‘ C——1 Diboson

[

e p.(e) >25 GeV/c,

In(e)| <2.5;
e 116 < Mee < 1500 GeV/c>.

Data
Expectation
—
oo == Q

70 100 200 300

ATLAS ..

Sys. uncertainty

ATLAS ..

® . Sys. uncertainty

o o Total uncertainty

@
Total uncertainty

[pb/GeV] (Born)
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\s=7TeV, [Ldt=4.910"
electron P> 25GeV,n| <25

\s=7TeV, [Ldt=491b'

]
electron P> 25GeV, Inj<25

do

1.8 % luminosity uncertainty not included

do
dm,,

1.8 % luminosity uncertainty not included
116 GeV < m,, <500 GeV
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- - HERAPDF1.5 --=-CT10 === ABM{1 -~

Theory/Data

Theory/Data
o
©

- - HERAPDF1.5 ----CT10 --- ABM11 -

200 300 400 1000 1500
M. [GeV]

neEr->»
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Drell-Yan differential cross-section

¢ Full 7 TeV dataset;

\Ey

CMS Preliminary

== 481b'ee, 45 ppat \s=7TeV

Iﬁ YZ — ee,up
73
Ll

¢ 7/y* — up channel (4.5 fb):

= p.(1) > 14 GeV/e, p_(1,) >9 GeVle, |n(u1’2)| <2.4;

¢ 15<M <1500 GeV/c® N

—4— Data (ee+up) in 2011
BB NNLO, FEWZ4CT10
NNLO, FEWZ+CT10 (with EWK correction unc.)

¢ 7Z/y* — ee channel (4.8 fb'!):

data/theory

240 600 1500
M(ee, up) [GeV]

= p.(e,) >20 GeV/c, p (e,) > 10 GeVle,
» 15<M <1500 GeV/c?

ﬂ(€1,2)| &

CMS Preliminary, 4.5 fo™ at\'s = 7 TeV, 20 < Mfup) < 30 GeV CMS Preliminary, 4.5 fb5" aty/s = 7 TeV, 60 < M{in) < 120 GeV CMS Preliminary, 4.5 fil5” at\'s = 7 TeV, 120 < M{u) < 200 GeV

20 <M, <30 GeV/e? 120 <M, <200 GeV/c?

60 <M, <120 GeV/c?

1/c,, do/d]Y (uu)|

—e— Data(u)

Il FEWZ+CT10 NNLO

Il FEWZ:NNPDF2.1 NNLO

Il FEWZ+MSTW2008 NNLO

I FEWZ.CT10W NNLO

Il FEWZ+JR09 NNLO
FEWZ+ABKM NNLO
FEWZ+HERA NNLO

—s— Data (u) —e— Data (u)

Il FEWZ+CT10 NNLO Il FEWZ+CT10 NNLO

Il FEWZ:NNPDF2.1 NNLO -3~ Il FEWZ+NNPDF2.1 NNLO

Il FEWZ.MSTW2008 NNLO 0 Il FEWZ.MSTW2008 NNLO

I FEWZ+CT10W NNLO . I FEWZ+CT10W NNLO

Il FEWZ+JR09 NNLO Il FEWZ+JR09 NNLO
FEWZ+ABKM NNLO ) a FEWZ+ABKM NNLO
FEWZ+HERA NNLO | - FEWZ+HERA NNLO

e e g o P 0 e e, P e g

16 18 2 22 24

02 04 06 08 1 12 14 16 18 2 22 24 02 04 06 08 1 12 14 16 18 2 K
Dimuon Rapidity, |Y ()|

Dimuon Rapidity, [ )| Dimuon Rapidity, | )|
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NN Z differential production cross-section
e 7 TeV dataset (1 fb);

do/dy [pb]

* Z/y* — pp channel with: «p_(u) > 20 GeVre,

2 < n(u) < 4.5; o LHCb 2011, Z— ee extrapolated
60 < Muu < 120 GeV/c*. o

LHCb preliminary LHCb preliminary
Data (stat) X Data (stat)
Data (tot) Data (tot)
NNLO - MSTWOR - NNLO - MSTWOR
ResBos ResBos
Powheg + PS Powheg + PS

. LHCb preliminary
L L Data (stat)
e * ; Data (tot)
e 4  NNLO - MSTWOS
: ¥ ResBos
. Powheg + PS

do/dy [pb]

T

i

do/dp. [pb/(GeV/c)]

0 4

Z boson rapidity

LHCb preliminary
Data (stat)
Data (tot)
NNLO - MST\YUS
ResBos f
Powheg + PS

LHCb preliminary
Data (stat)
Data (tot)
NNLO - MSTWOS
ResBos
Powheg + PS

LHCb preliminary
Data (stat)
Data (tot)
NNLO - MSTWO8
ResBos
Powheg + PS

s
=
g
=]
s)
=
2
gs:
L
=
a

prediction/data
prediction/data

¥y

e e

4
Z boson rapidity

‘3

%@ o =754 £ 03graiibds, = 2i0mbh C_ ml(m-Ad)2] P

4 — =
LAy Py cosh(An/2) M,
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(NN Z/y* — eeltt inclusive production

¢/ TeV dataset; %@,
e 7Z/y* — ee channel (0.94 tb"): *Z/y* > 1t (1 fb):

e p.(e) >20 GeVre, e p(T,)>20GeV/c, p (T,) >5 GeVle,

2<n(e)<4.5; 2 <nle,l) <4.5,2.25 <n(T,) <3.75;
2
60 < Mee < 120 GeV/c". 050> MTT <120 GeV/c2.

P4 > 20 GeV/e
MSTWO08 20<nt <45
60 < My < 120 GeV/(j'Z

Data (stat)
Data (tot)

MSTWO0S8
NNPDEF21

-@-

—_—t——— | T,y

=

CTEQ (CT10) ...

50 60 70 80 90 100
o(Z—e'¢e) [pb]

o =760+08_+20 +26_pb o =714 +35 +28 +25 _pb

pp—Z—ee syst " lumi pp—Z—-TT syst "~ lumi
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e 7 TeV dataset (4.7 fbh);

¢ W — pv channel:
e p.(n)>25 GeVle,

¢ [epton charge asymmetry:

Events / GeV

n(p| <2.4;

Data / MC

o
w

Charge asymmetry
o
o
o

<
o

M. Casarsa

CMS preliminary s=7TeV, 4.7 fb"

NLO FEWZ 68% CL
CT10nlo
NNPDF23nlo
HERAPDF15nlo

MSTW2008CPdeutnio

0.00 < [n] < 0.20
» Data
Wonv
B QCD B QCD
DY—up O DY—up
I EWK 4+t B EWK 1T
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INFN- 1= charge asymmetry in W production

\s=7TeV,4.7fb” CMS preliminary \Ns=7TeV,4.7fb"

0.00 < n| < 0.20
- Data
Wopv

Events / GeV

MG (stat) MG (stat+ayat]
Ho il P PPy e
Al it o, T
80 90 : 100 80 90 100

E; (GeV) ¥, (GeV)

CMS preliminary Ns=7TeV, 4.7 fb’

o
n
[4)

pT>35 GeV

—o— electron 840 pb™ A
A
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—— muon 4.7 fb
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e 7 TeV dataset (4.7 fbh);

¢ W — pv channel:
e p.(n)>25 GeVle,

¢ [epton charge asymmetry:

Events / GeV

n(p| <2.4;

Data / MC

o
w

Charge asymmetry
o
o
o

<
o

M. Casarsa

CMS preliminary s=7TeV, 4.7 fb"

NLO FEWZ 68% CL
CT10nlo
NNPDF23nlo
HERAPDF15nlo

MSTW2008CPdeutnio

0.00 < [n] < 0.20
» Data
Wonv
B QCD B QCD
DY—up O DY—up
I EWK 4+t B EWK 1T

© w
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=1 =]
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INFN- 1= charge asymmetry in W production

\s=7TeV,4.7fb” CMS preliminary \Ns=7TeV,4.7fb"

0.00 < n| < 0.20
- Data
Wopv

Events / GeV

MG (stat) MG (stat+ayat]
Ho il P PPy e
Al it o, T
80 90 : 100 80 90 100

E; (GeV) ¥, (GeV)

CMS preliminary Ns=7TeV, 4.7 fb’

o
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pT>35 GeV

—o— electron 840 pb™ A
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—— muon 4.7 fb
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e 7 TeV dataset (4.7 fb'!);

¢ Prompt photons (direct and from fragmentation):

e isolation: E ®°< 7 GeV in isolation cone R =AW +Ap’=0.4;
« 100 < ET(y) < 1000 GeV,
* In(y)| < 1.37 or 1.52 < |n(y)| <2.37.

—8— Data 2011 \s=7 TeV E¥>1 00 GeV
J Ldt= 47fo"'  —— PYTHIA (MRST 2007 LO¥)

HERWIG (MRST 2007 LO*)

—@— Data 2011 \s=7 TeV
J. Ldt= 47fo'  — PYTHIA (MRST 2007 LOY)
HERWIG (MRST 2007 LO*)

[pb/GeV]

Y
!
do/dn [pb]

NLO (CT10)
B Total uncertainty

NLO (CT10)
= Total uncertainty
—— Scale uncertainty

NLO (MSTW2008nlo)

I Ldt= 47fb"

d o /dE] [pb/GeV]

do/dE

—— Scale uncertainty

NLO (MSTW2008nlo)

ATLAS Preliminary ATLAS Preliminary

'l<1.37 1.52<I"|<2.37

Theory/Data
Theory/Data

400 500 600 700 800 900 1000
Y
E! [GeV]

100 150 200 250 300 350 400 450 500 550 600
Y
E! [GeV]

o =234 +2 *13 +4 pb o =10k 0 oy aeti==pb

pp—YX stat -9 syst — lumi pp—YyX stat -7syst — " lumi
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—e— Data 2011 {s=7 TeV
— PYTHIA (MRST 2007 LO*)
HERWIG (MRST 2007 LO*)
NLO (CT10)
== Total uncertainty
—— Scale uncertainty
NLO (MSTW2008nlo)
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[pb/GeV]

Y

do/dm
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data/PYTHIA

M. Casarsa

e 7 TeV dataset (4.9 fb'!);

Isolated photon pair production

* Photon selection: « Isolation: -4 <E ®°<4 GeV in R VAN +A@*=0.4;

« ET(yl) > 25 GeV, ET(yz) > 22 GeV,

ner-<»

ATLAS

\s=7TeV

ATLAS

\s=7TeV

[pb/GeV]
[pb/GeV]

—e— Data 2011, JLdI =4.9fp"

N PYTHIA MC11c x 1.2 (MRST2007)
%% SHERPAMC11c x 1.2 (CTEQS6L1)

Tyy
Tyy

—e— Data 2011, f Ldt=4.9fb"
N PYTHIAMC11c x 1.2 (MRST2007)
%4 SHERPAMC11c x 1.2 (CTEQ6L1)

do/dp,
do/dp

Rt J
—~
—
—-
L7
*

==
=

]

AR R RN T

data/SHERPA
data/DIPHOX

data/PYTHIA
data/2yNNLO

50 100 150 200 250 300 350 400 450 500
p. [GeV]

Ty
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|n(y1’2)| <1370r1.52< |n(y1’2)| <237

ATLAS
\s=7TeV
—e— Data 2011, [Ldt =491’

N DIPHOX+GAMMA2MC (CT10)
2yNNLO (MSTW2008)

100 150 200 250 300 350 400 450 500
P, [GeV]

JHEPO1 (2013) 086
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(NF¥ o Summary

® An overview of recent ATLAS, CMS, and LHCb
results has been presented.

® The pQCD predictions on W, Z, and direct photon
production have been extensively tested using the

7 TeV datasets and a special low-pileup dataset at
8 TeV.

® Over 20 fb' (2 fb™) of data, collected by ATLAS
and CMS (LHCb) at 8 TeV, are available for more
precise measurements.
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