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Rediscovery of the Standard Model at the LHC
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ep and pp experiments

X1, Xo are momentum frac-
tions carried by partons:

X M expEy)
2= T = tY).
1.2 S

Factorization theorem
states that cross section
can be calculated using
universal partonsx short
distance calculable partonic
reaction.
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Neutral Current Drell-Yan Processes at the L}
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Double ditferential cross section:
d0'2 _ 47TCL’2(M55)

dMggdy - 9

Propogator fory exchange:
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pureZ exchange:
k3 (ve + ag)
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wherek; = (4 sirf 6y co< 6y) 1, and
vZ interference:
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Z and low(er) mass DY production flavour decomposit
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Z vsvy* are sensitive t&J/D ratio:
Z ~0.29(uu+ cc) + 0.37(dd + sS+ bb)
v*  ~ 0.44@UU + cC) + 0.11(dd + sS+ bb)
Contribution fromy — Z interference is small.



W* andW~ production flavour decomposition
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W+ (W-) production is sensitive tod (dU) as well ascs (sc) flavour
combinations and to lesser extend to Cabbibo suppressexd pai

W+~ 0.95(ud + c8) + 0.05US + cd)
W~ ~ 0.95(du + sc) + 0.05(dc + su)



NNLO Predictions folV. Z production cross section
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ATLAS detector
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DY Event Reconstructig®election
ATLAS TR

1A EXPERIMENT

Run Number: 152409, Event Number: 5966801

e Electronk;, n: from calorime-
ter, inner detector.

e Muon P, n: from inner detec-
W-ev candidate in
7 TeV collisions '[OI’, muon SyStem

p.(e+) =34 GeV

5] o E'S from combined HFS.

M, =57 GeV

A B

ATLAS CMS
Eet, Pt > 20 GeV Eet, Put > 25 GeV,
In| < 2.47, Not 1.37 < || < 1.52 (electrons) In| < 2.5 (electrons)
n < 2.4 (muons) 7] < 2.1 (muons)
ExtraW=* selection
Veto extra electrorimuons Veto extra electrorimuons
EMss > 25 GeV,M, > 40 GeV
ExtraZ selection
66 < M, < 116 GeV 60 < M, < 120 GeV

10



Reconstruction of Electron(s) — Energy scale
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e Energy scale is important to reconstruct event kinematics.
e Calibrated usin@ — ee™ events.
e Comparable resolution for ATLAS and CMS detectors.
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Reconstruction of Muon(s) — Alignment amxglscale
%10° CMS preliminary
> 1600 ol ] o
8 - ——Data2010(s=7TeV) ATLAS Preliminary - | 36pb' at\Vs=7TeV _
< 1400[- L7~ = 1
~ = — ()] = .
8 1200 4 2sp ]
£ - 1T ¢ + ¢ -
I 1000F - o [ [ .
B ] CI>J 1__ N
800| 7 ©° T ]
B ] o N i
600 4 € t -
- | gosf g
4001 . i i
200+ . . J
O:u‘uuuu\‘u‘Lu‘\uu\uu\uu a =
70 75 80 85 90 95 100105110115
m,, [GeV]

e Muon momentum reconstruction critically depends on detecto
alignment, checked by comparing inner deteohaon system
standalone measurements.

e Comparable resolution for ATLAS and CMS detectors.
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Background Determination fal* — ¢*v channels
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e Suppress QCD back-
ground by lepton identifica-
tion/isolation cuts.

QCD (data template)

Entries / 2 GeV
LN
o
o
?

W - ev + EW +tt

30001 , e Estimate EW background
: L dt=36pb" using MC simulation.
2000 ATLAS Preliminary e Obtain data tempates for

QCD background: revert cuts
to obtain pure BG sample.

e Fit data with MC + data
driven background template.
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EM® [GeV]
After E"'sS > 25 GeVcut background level for ATLAS analyses is

4.3%for W~ — e v, 2.6%for W™ — ety andl1.7% for muon
analyses.
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Luminosity Measurement

| ATLAS Preliminary a  Dat

Double Gaussian fit

Determine luminosity from direct
measurements of machine param-
eters:

" LUCID_EventOR algorithm
| LHC il 1386

L Scan IV
0.8 BCID 2301

o8 r= Ny f; nlnz’
2nEyZ,

0.4

where n, — number of bunch
crossingsn; o, — bunch popula-
___>==e.| tions, f; — revolution frequency,
: . .1 2Xx, — horisontalvertical profiles
K . . . - | ofthe beams.

03 0.2 0.1 0 0.1 02 03
Nominal separation A x [ mm ]

Ny, are determined from the machine measurement of beam csiifgnt—
from Van der Meer scans, where distance scale between beaaldrated
by ATLAS primary vertex position reconstruction.

— Total luminosity uncertainty3.4% (ATLAS-CONF-2011-011)4% (CMS
DPS-2011002).

0.2}

Specific interaction rate p¥s/nn, [ 10% protons ]

Data - Fit
]

Ao N prO
T T
°
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W, Z Total cross section measurement

CMS 36 pb'at Vs=7TeV CMS 36 pb'at \Vs=7TeV
T 7YY 4@ Y7777
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty]
10.44+0.52 nb 0.97 £ 0.04 nb
W —ev o4 Z—ee HeH
10.48 £ 0.03 stat T 0.17 syst + 0.42Iumi nb 0.992 + 0.011 stat T 0.024 syst + 0.040Iumi nb
W - uv Fed Z—- U HeH
10.18+0.03,, + 0.16 ., + 0.41, . nb 0.968 + 0.008 _,,, + 0.020 _  + 0.039,, . nb
W — Iv (combined) bo Z — Il (combined) HeH
10.31+0.02,,,+0.13  + 0.41, . nb 0.975+0.007 .., + 0.019, , +0.039,, . nb
— e a1 1 1 1
0 2 4 6 8 10 12 0 0.2 0.4 0.6 0.8 1 1.2
o(pp > WX)xB(W > 1v) [nb] o(pp = ZX)xB(Z— 1) [nb]

e Perform measurement foy*, W-, W* + W-, Z° for ee anduu
decay channels in the corresponding fiducial volume.

e Extrapolate to the full phase space.

e Assume lepton universality, compgembineee anduu
measurements.

For the combination, measurements need to be correctedddrSR
QED radiation.
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Total Cross Section Results

W™ production HERAPDILO
ATLAS: (ATLAS-CONF-2011-041) S prelm T
6.257:+ 0.017g; + 0.152y5;% 0.213ym % 0.188,c b
CMS: (CMS PAS EWK-10-005) S N
6.04+ 0.02% + 0.0655 = 0.24,n £ 0.08, N0 SIS P

5 525 55 575 6 625 6.5 6.75 7
a(pp - W X)xBR(W™ - 1"v), nb

W~ prOdUCtion HERéPDF:LO
ATLAS CMS prelim —o——
4149+ 0.014 + 0102+ 0.14%ym + 0.124,ccNb |
CMS ATLAS prelim —o———
4.26 + 0.01g; + 0.04syst = 0.17ym = 0.07 nb I

3 325 35 3.75 4 425 45 475 5
a(pp - WX)XxBR(W - 1V), nb

ZO/’)/ production HEERAPDFl.OE
ATLAS for, 66 < m;, < 116 Ge\/ CMS prelimis.014 —————
0.9452 0.0064;  0.0115yg1= 0.032m % 0.038,cc Nb .
CMS for,60 < m,, < 120 GeV\/
0.975+ 0.007 + 0.0075yst = 0.039um + 0.018n nb o T SR 0 e

o(pp - Z°X)xBR(Z"ly -IT7), nb

HERAPDF1.0 based on NLO PDF4LHC calculation, from arXiv:1101.0536

ATLAS prelim
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W Z Total cross section correlations
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e Large correlation between uncertainties because of themdorm

common luminosity error.

e Study correlation between measuremetns, compare to joeic

calculated using FEWZ at NNLO.
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Correlation due to lumi cancels in tl
ratio of the cross sections. Foty /o7
PDF errors are reduced. (CMS res
corrected t66 < M, < 116 GeVis
ow/0z = 10.69 + O-O7Stati OlSSySt)
Ratioso+ /o7 ando - /o7 are sensi
tive tou/d atx ~ 0.01.
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ATLAS Preliminary

I L dt = 33-36 pb™*

—— Data 2010 s = 7 TeV)
mmm total uncertainty
exp. uncertainty

ABKMO09
JRO9
HERA
MSTWO08

o H <)

56 58 6 62 64 66 68 7 3.7

3.8 3.9 4 4.1

18

S Y N T I I |
4.2




Lepton charge asymmetry fo¥V* — £*v decays

Master formula:

Ane) =

e Measured in fiducial vol-
ume (diferent for ATLAS
and CMS).

e V-A structure of W* de-
cays dfects rapidity dis-
tribution of the lepton vs
the bosonW polarisation
affects decay distributions
as well.

dgw+ /d775+ — dO'W— /dng—

dow+ /dng + dorw- /dne-

ZW+

P, e>25 GeV

AN ON A
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P, c>25 GeV

L P o>25 GeV

abs(y,)<2.4




Valence quarks at low

xf
xf
OM
117
=1
OA
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<I\L

\szwzwj-\dGe\\/é\\HHi

0.8
L xg (x 0.05)
A |:| HERAPDF1.0

06 - MSTWO08 68% CL

0.4r

02

Significant diferences between valence quark densities frdterdint PDF
groups. Assuming ~ d, W= asymmetry is given by

uv_dv
u+d

Discrepancy ak = 0.01 corresponds tgy = Ofor s= 7 TeV.

A ~
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Measurement of the lepton asymmetry

=0.35
<

0.3

—¢— Data 2010 (/s=7 TeV)
“4+ MC@NLO, CTEQ 6.6
K MC@NLO, HERA 1.0
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Lepton Charge Asymmetry
o
A

o
—

CMS 36pb' at \s=7TeV
I 1 I 1 1 1 1 I 1 1 1
— CMS-EWK-10-006-003 / CERN-PH-EP-2011-024 (arXiv:1103.3470) —
| p.®*>25GeV/c P I N—
T par \

oW —ev

= /g IRe . . _
’g’ HERAPDF1.5 (prelim.)

e ---- MSTW2008NLO

— — CT10W T

Lepton Pseudorapidity — In|

e ATLAS measurement (arXiv:1103.2929) ugesdecay channel only,
CMS (arXiv:1103.3470) provides bo#y anduv channel results.

e Large spread in theory predictions is due tfietiences ir,/u, at low x.
e CTEQG6.6 describes ATLAS data the best while CMS favours

HERAPDFL1.5.
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ATLAS and CMSW Lepton Asymmetry

0.3 . ATLAS huon aéy{m eﬁy ]
0.25 | =
02 -
0.15 E -
01 -
- — HERAPDF1.5(prel.
0.05 (pret.) ]
B D total uncert.
07\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
O 05 1 15 2 25

Pie > 20 GeV,Pmss > 25 GeV

03

0.25 -

0.15 =

0.1 ; — HERAPDFL1.5(prel.)

02

\‘\\\\‘\\\\‘\\\\‘\
« CMSlepton asymmetr

0.05 - D total uncert.

05 1 15 2

e LO fits with k-factors calculated using MCFM, taking into

account diferent cuts.

e HERAPDFL1.5 provides good fit to CMS data with
y?/dof = 6.5/12 and not so good to ATLAS with

y?/dof = 30/1L

(A. Cooper-Sarkar, S. Glazov, V. Radescu, A. Sapronov, Stalvbad.)
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Fit to ATLAS W asymmetry data

ATLAS Muon Asymmetry data (31pb-1)

03 ——mme——m—r——————Fr————r—————7——
Atlas + HERA LII prediction (standard) ©C5&ED
ATLAS w mu asymm +—&—
central
03 r
, 0.25
F
=
+
0.2
015 ¢ ©
0.1 L L L L
0 0.5 1 1.5 2 25

e 14 parameters fit, 6 free parameters for valence quarks,
reasonable description of ATLAS asymmetry shape, partial
y?/dof = 16/11

e Uncertainty estimated using MC method.
(A. Cooper-Sarkar, S. Glazov, V. Radescu, A. Sapronov, Stalvbad.)
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Fits with LHC W asymmetry data
N CIRTYeRE EBNEICET Gev:
N i =t | CMS data keep the central line
o0 o4t — s on | \ithin HERAPDFL.5 error band,
3.7/12 is extremely

| good.

Q% =10 GeV*

y?/dof =16/11is Ok.

For ATLAS data fit is pullec 22
somewhat outside the bands, =~ o

ATLAS and CMS pullu, in opposite direction.

(A. Cooper-Sarkar, S. Glazov, V. Radescu, A. Sapronov, Staikad.)
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Entries / 1 GeV

Moving forward

Extend measurement of the

boson rapidity by measuring
one of the electrons in the for-
ward calorimeter (FCAL for
ATLAS, HF for CMS).
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3 E N F ) =
2 300 [z e ATLAS Prellmlnary% % 350F [__] signal (MC) ;
5 - [eeo ] B 300k [ Background (Fit) E
250 ] g g 1
B ] © 250 =
200F \A = o : ]
s { ] 2001 g
1501~ . - 1
N 1 150 ]
R é
501 ' mu I, 5 5
co¢ 50F N
L J¢
0 e AU A PR AL - ]
5 4 -3 2 0 1 3 45 %5432 10123 4 5
n Electronn
CMS preliminary
> SR BERRN AR LR LR LR LLREE RN RN LS
o 250 36 pb ' at\/s=7 TeV]|
(O] i —=— Data ]
o - [ ] signal (MC)
% 200F I Background (Fit) ]
S 4 Looser electron identification
S i
c 1501 .
g | ! leads to increased background.

However, it is well under con-
trol.



Z rapidity distribution measurement

|||||||||||| | L | LI ICIMISIDIrIellmllnlalr

36 pb'at\s=7 TeV

it g

0.35

0 15_ . data (e and u combined) _
i POWHEG + CT10 *
0.05F T
0:'"'luuluul....|....|....|....

O 05 1 15 2 25 3 35

Measurement of/odo/dy; provides a constraint on PDFs:
e Z production is more sensitive tbquarks compared tb, from HERA

e y = 0corresponds ta;, ~ 0.0landy = 3to x; = 0.3, X, = 6 x 107
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Measurement of p; distribution
CMS prefiminary

R i ]
T 101k 36 pb’’ at\s=7TeV |
% ......................... o | Lﬂ% E
102 e <
5_ 10} E
S 10°k L -
I o
© 104 m,J <21, p >20GeVic le ]
= R

= ® data ‘ 3
10-5 wmm POWHEG @ NLO f
10 oo ) | ) | ) ”.“”.”.
0.2 1 10 100 600

Pr(up) [GeV/c]

e Measurement of/odo/dp;z provides a clean experimental signature
to study hadronic recoil without need to reconstruct jets.

e Significant resummationfi&cts forp, < 20 GeV, included in RESBOS,
NNLO QCD calculations (FEWZ) for highag.

e Used to tune MC generators: LO PYTHIA, SHERPA, ALPGEN and
NLO MCNLO, POWHEG.
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Beyond inclusive measurementd. Z(y)+jets

I
~

T T
ZIy* (- e*e) +jets

C T
 ATLAS Preliminary
C +#< Data 2010 (s = 7 TeV)
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}ILdtzss pb
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[ anti-k jets, R=0.4, —— Sherpa
0.3 - pITE‘S > 30 GeV —e— Pythia
—— MCFM
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I | 1
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0.6 — | ‘ | —
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CMS preliminary
T

103

energy scale
V777 unfolding

—— MadGraph Z2
- MadGraph D6T
— - Pythia Z2

o= i i
|2 1 3 36 pb” at \'s =7 TeV
s 10 T T E
/ﬁ A s W —ev £
+|7F - E. et .

= T >30GeV -
=z | — |
\b/ b _2 T T T ¢

10°F
; e data _i__

0.2

0.1

(W + > n-jets)
6(W + 2> (n-1)-jets)

3 4

inclusive jet multiplicity, n

e W Z+N jet production measurements by ATLAS
(arXiv:1012.5382,ATLAS-CONF-2011-042) and CMS

(CMS-PAS-EWK-10-012).

e Sensitive to higher order QCDOfects, PDFs. Check of MC tunes.
e Good description ofry/on-1 jet cross section by MCFM, MadGraph.
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Events / 10 GeV

Towards di-boson productioM, Z + y

45_'"'I'"'I""I""I""I"": >22_'"'I'"'I""I""I""I"":
40EATLAS Preliminary \/§:7Tev,J'Ldt:35pb‘l—§ § 20EATLAS Preliminary \E:7Tev,J'Ldt:35pb‘l—;
35;_ —e— data _; ;) ig; —e— data E

— [ JW(v)+ = o o N E
] S 1§ 1 Dz
20F E :{[\()(;:)) _E 10 E_ [ttbar _E
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— ] = 4 —
o Rl IR ST, S | -

0 50 100 150 200 250 300 0 50 100 150 200 250 _ 300
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Both ATLAS (ATLAS-CONF-2011-013) and CMS (CMS

EWK-10-008) perform measurements\Wwf+ v andZ + y

processes.

Require an isolated photon with , > 15 GeV(ATLAS)

Er > 10 GeV (CMS)

Sensitive to anomaloud/Wy, ZZy andZyy triple gauge

couplings.

Provides a check of hard FSR radiation simulation.
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W*W~ production
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e Measurement dfV*W~ usinge*ve v, e vy~ v ande*vu*v modes.

e Background fronZ — ¢¢ suppressed big™ss requirement, background
from tt by jet multiplicity veto.

e CMS observed3events with background &3(1.2)
(arXiv:1102.5429), ATLAS observesevents with background of
1.7(0.56)arXiv:1104.5225). The cross section measurements by CMS,
owrw- = 411 + 15(stat) + 5.8(syst) = 4.5(lumi.) and ATLAS,
oww- = 41729(stat) + 5(syst) + 1(lumi.) are consistent with SM.
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Peak Luminosity [10*° cm2 s

Performance of the LHC in 2011
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e Rapid increased of the instanteneous luminosity afterdstwrt

e Peak luminosity reachel4 x 10°2 cm?s™!, exceeding previous
Tevatron record.

e Total accumulated luminosity in 2011 already exceeds 2010
yield by factor®6.
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Conclusions and Outloo

K

e Successful start of the LHC operation with a lot of
data for the ATLAS and CMS experiments.

e Rediscovery of the Standard Model electroweak
physics, with remarkable accuracy: excellent
agreement between the data and expectations; data
precision is comparable to the PDF uncertainties and

requires NNLO calculations.

e Rapid increase of accumulated luminosity should
allow for improved accuracy for inclusivé/, Z
measurements, rediscover new EW channaizg,;

L.
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