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{2 " Re-establishing the SM at LHC
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Tevatron timeline LHC timeline

PartiCIeScharged: 1988 Apr 2010
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Production cross sections in ATLAS

ATLAS Preliminary

LHC pp \s =7 TeV
Theory
m Data 2010 (L=35pb")
o Data 2011 (L=1.0-4.7 o)
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LHC pp \s =8 TeV
B Theory

e Data 2012 (L=5.81b")
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Production
. { Performance measurements
H : 1. | SM tests at TeV scale
T 5 S _ Proton PDF's

Backgrounds for searches
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,{,,% o ' Hadronic W Production
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total x-sec parton distribution functions parton x-sec

Q%= 10000 GeV?

valence

e1 DH'T Y} Ul SOI1SAY apnIe g

€10¢ Y2ty --

A. Cooper-Sarkar

Additional valence u compared to d => W' production favored over W-
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W inclusive cross sectio

Phys. Rev. D85 (2012) 072004
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http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://prd.aps.org/abstract/PRD/v85/i7/e072004
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Z inclusive cross sectio

Phys. Rev. D85 (2012) 072004

ATLAS Z/v*— I
CMS  Z/y*

DO Ziy*— ee
UA1 Z/yv*— ee
UA1 Z/y*— up

FEWZ
MSTW2008 NNLO

68%CL PDF uncertainty
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http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://prd.aps.org/abstract/PRD/v85/i7/e072004
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N g —— effects
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3! I Reconstructed
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No theoretical uncertainty
from extrapolation outside
experimental acceptance

® SdeIeWIN. OvOf -- €T0Z Yd1INnZ -- 1 DHT Y3 UI SIISAYJ a[o1Ie ]




Fiducial phase space

pre >20 GeV, |ne| < 2.47,
excluding 1.37 < |n.| < 1.52,
pry > 25 GeV, mpr > 40 GeV;
pr., > 20 GeV, |n,| <24,
pry > 25 GeV, mpr > 40 GeV;
pre > 20 GeV, both |ne| < 2.47,
excluding 1.37 < |ne| < 1.52,
66 < Mee < 116 GeV ;

Forward Z — ee: pr. > 20 GeV, one |n.| < 2.47,
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excluding 1.37 < |ne| < 1.52,
other 2.5 < |n.| < 4.9,

66 < Mee < 116 GeV ;

pr,, > 20 GeV, both |n,| < 2.4,
66 < m,, <116 GeV .
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Fiducial W and Z Cross Sections

= Phys. Rev. D85 (2012) 072004
OTotal OFiducial

Ldt=33-36pb’ 'w'+ 3 ' .Ldt = 33-36 pb’
) versus W | J

s total uncertainty
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uncertanty

s total uncertainty

@ siadsys

68.3% CL ellipse area
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Some differentiation between PDF sets already observed
JRO9 seems to be the most discrepant
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™ Ratio W and Z Cross Sections

Benefits from experimental and theoretical systematics cancellation
JHEP 10 (2011) 132 Phys. Rev. D85 (2012) 072004

36 pb'at \s=7TeV

ATLAS

NNLO, FEWZ+MSTWO08 prediction
[with MSTWO8BNNLO 68% CL uncertainty]

10.74 + 0.04 f L dt = 33-36 pb'1

—— Data 2010 (\s =7 TeV)
mam total uncertainty
exp. uncertainty

ABKMO09
JRO9
HERAPDF1.5
MSTWO08

W-—-ev, Z—ee
10.56+0.12__, +0.19

syst.

W-uv, Z->puu

10.52+0.09_,, + 0.20

sta syst.

W—lv, Z— 1l (combined)
10.54 = 0.07 +0.18

stat. — syst.
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Rwz=[oxB](W)/[oxB](2)
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0'°tx R wW+/Z
CMS 10.54 + 0.07 (sta) £ 0.08 (sys) £ 0.16 (theo) 5
Q
ATLAS 10.893 + 0.079 (sta) *+ 0.110 (sys) + 0.116 (acc) 1.6% 0
=
ATLAS 4 703 + 0.078 (sta) £ 0.110 (sys) + 0.008 (acc)  1.3% >
Ofiducial )
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rangeness in the Proton (from W and Z data)
Phys.Rev.Lett. 109 (2012) 012001

- re-4s—y-rr-+r-+-rr-rrv+r-—rrv+rvrr+v+1r -~ f000mrFr—-6¢77¢7br-r----r»ono4—»7n14+n4+ - 000n»m—r-o7p7v - -~-~-~s@9$€$>$"-:"7r—rr—oTTTorero

do/dly. | [pb]

| | | 400
del:33-36pb | JLd1=33-36pb j

—4— Data 2010 (\s =7 TeV) ‘ —4— Data 2010 (\s =7 TeV) | —4— Data 2010 (\s =7 TeV)

(uncorr, sys. @ stat, uncertainty) | (uncorr, sys. @ stat, uncertainty) { : (uncorr, sys. @ stat, uncertainty)
------- epWZ fixed weeeeee @pWZ fixed 3 1 eeeeee @pWZ fixed 3

epWZ frees | epWZ frees epWZ frees

..................................................

=3

)

H

==

[y

(@)

=

i

_ 33, * .
L dt = 33-36 pb _+- =
7))

ol

(@)

N

=

)

==

=

PUNDUDUD VD GHPS VD GHDS D VIS VIO S5 S GEDUED D UES VI VDI S SIS GED IS S W SR S |

free/fixed s
1

free/fixed s

» QCD fit of ATLAS differential distributions for W*, W-
and Z with HERA e*p DIS data 2

x NNLO pQCD analysis §

» HERAFitter framework with MCFM+APPLGRID NLO QCD 2

x Corrected to NNLO QCD using k factors %

c

0.5(s + 8) r.= 0.5 fixed: y2/ndf = 44.5/30 &

SSHn d rs free: y?/ndf = 33.9/30 :


http://prl.aps.org/abstract/PRL/v109/i1/e012001
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éa'angeness in the Proton (from W and Z data

S Phys.Rev.Lett. 109 (2012) 012001
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http://prl.aps.org/abstract/PRL/v109/i1/e012001
http://prl.aps.org/abstract/PRL/v109/i1/e012001

Strangeness in the Proton

- Phys.Rev.Lett. 109 (2012) 012001
= No strange sea suppression observed

Q%= 1.9 GeV2. x=0.023 epWZ freeS  ATLAS
s ABKMO9

= NNPDF2.1 —&— 0.5(8 -+ §)

e MSTWO8 Baes =
v CT10 (NLO) d

total uncertainty
experimental uncertainty

-02 0 02 04 06

ATLAS

j Ldt=33-36pb "

—— Data 2010 (\s =7 TeV)
total uncertainty

exp. uncertainty | Fit resultS:

ABKMO0S . .
JR09 - Light quark sea at low x is flavor

HERAPDF 1.5 symmetric (x ~0.023, Q2 = 1.9 GeV?)

epWZ free 3
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{,,E-ﬁﬁ Strangeness in the Proton
o Phys.Rev.Lett. 109 (2012) 012001

= No strange sea suppression observed

Q%= 1.9 GeV2. x=0.023 epWZ freeS  ATLAS
s ABKMO9

® NNPDF2.1 o= 05(8 "|_ §)
e MSTWO08 I'S — “x
v CT10 (NLO) d

total uncertainty
experimental uncertainty

0O 02 04 06 0.8

Fit results:

- Light quark sea at low x is flavor
symmetric (x ~0.023, Q2 = 1.9 GeV?)
- Total sea enhancement of 8%
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fighsverse momentum distribution of Z/v* bosons

WL

Predictions: FEWZ v2.0 + MSTWO0S8 Fiducial measurement
Ratio to RESBOS f

% >

FEW?Z Q Combined ee+uu ATLAS (a) %‘

. %) ——Data 2010 1 o

diverges LL] — RESBOS L dt = 35-40 pb ot

at low pr - s FEWZ O(at) =

- st FEWZ O(a?) =

(multiple soft gluon -% 3
emissions) g 3
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RESBOS: mMi<24 Tl \ \ :
Matches soft gluon 06-Pr” 20 GeV M \ \\ g
resummation at low pr 66 GeV <m; <116 GeV =
with fixed order pQCD ; g
calculation 10 10 5

Pz [GeV] E
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l\/lig\asurement of the ¢,* distribution of Z/+*

o
- -

v ¢y * is correlated to pr{Z)

¢n* is a measure of and probes same physics

scattering angle of leptons
relative to beam

: * depends on lepton angles
in Z/vy* rest frame P ey p :

only, more precisely measured
than momenta

e e'e +u'u Data 2011 ATLAS

— RESBOS f Ldt= 460"
FEWZ 2.1 O(ci?)

([ -- €10z YdHnyZ -- exg DH'T 2Y3} Ul S21sAY spp1Ie]

\s=7TeV

Ml <24

pf > 20 GeV

66 GeV <m,, <116 GeV

Data (Prediction) / RESBOS
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===+ SHERPA == POWHEG+PYTHIAG6
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Similar situation to the Z pr and W pr measurements



ATLAS Preliminary @=7Tev,fL dt= 4.9

Data 2011
Drell-Yan

Di-jet & W+jets
Di-boson

tt
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200 300 400

Data/Expectation
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Theory/Data .
o O o
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Theory/Data

—h

. f - = MSTW2008 w/o PI correc’uons |
BB DD R I P

ATLAS Prellmlnary
—+— Data

Total uncertainty

\s=7TeV, [Ldt=4.9ft"
electron P, > 25 GeV, Il <2.5

3.9 % Luminosity uncertainty not included

1.4
1.2'

i .............................. | | I | | Lo....... l....... lL...... lL.....
L . MSTW2008 with 90% CL (PDF + a) + Pl unc. |

5 - - HERAPDF1.5 ---ABM11 ----CT10 |
el oot e e e

—t
_Ll\)-b

I, | | I | | Lo....... l....... lL...... lL.....
[ - MSTW2008 with 90% CL (PDF + a.,) |

200 300 400

Theory:
NNLO FEWZ 3.1

NNLO QCD calculation
with
NLO electroweak corrections
(G. electroweak scheme)

-+

LO photon-induced
correction
vy = e'e’

Results are consistent
with all PDF's
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W and Z plus jet productio

W - lv + jets Z > 1l + jets

|
ATLAS Z/v*(— I'l )+jets (I=e,u combined)
Ldt=36pb’ 44% Data 2010 (\s = 7TeV)
anti-k, jets, R = 0.4, —8— ALPGEN + HERWIG
P '>30 GeV, |y |<4.4 —A— Sherpa
—%— NLO BlackHat
CTEQS6.6,u = Ht/2

|
Wolv + jets
< Data 2010\ s=7 TeV
¥ ALPGEN
A SHERPA
PYTHIA
BLACKHAT-SHERPA

ATLAS
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JLdt=36 pb’’

anti-k, jets, R=0.4
pc'>30 GeV, |y*'|<4.4

L

~+®7 Data 2010 / BlackHat
0 theoretical uncertainties

B

77 7 s/ P o s
LSS ALLSSS LSS SIS ////////I////////

/7 7
7 L /4/; /;5/ 555
SIS

—

— % Data 2010/ ALPGEN
— 3 NNLO uncertainties

Data/MC

Theory/Data

Inclusive Jet Multiplicity, N,
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Phys. Rev. D85 (2012) 092002 Sherpa, Pythia, and Alpgen normalized to NNLO Phys. Rev. D85 (2012) 032009
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é,,?ﬁ N DPI in W+2 jets events
= Double parton interactions

cross section for the inclusive production
of a combined Y + Z system

A m A A
dcr%?)(S) = f dx; dyy dxp dyz f(x1, y1, ur)f(x2, Y2, pur) doy(xi, x2, §) doz(y1, y2, $)

20 ()

double-parton distribution functions
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DPI in W+2 jets events

ATLAS-CONF-2011-160
(to be updated)

0 AFS (4 jets - no errors given)
UA2 (4 jets - lower limit)
CDF (4 jets)

CDF (y + 3 jets)

DO (y + 3 jets)

ATLAS (W + 2 jets)

|

oo (7TeV) = 15 + 3 (stat.) 73 (sys.) mb

ATLAS Preliminary
| | 1 | ||| | | | | | | | | | L1 |||
n
o B+ B Ajets 107 10° 10*
jets | \'s [GeV]

ATLAS Preliminary

3 Fit distribution
A+H+dJ template A
WIv data - physics BG,\'s=7 TeV
template B

™
<
o
~—~
9p)
fd
-
o
>
LLI

J Ldt=36 pb”’

III|III|III|III|III|_;+_II
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OO 0.1 02 03 04 05 06 0.7 08 0.9

saerewiin:g) oeof -- €L0¢ Yo1nz -- exg DHT Y3 Ul SOISAYJ oP13Ie ]
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W + b-jet Fiducial Cross Sectio

Important background for Higgs and top quark studies

. T
|

- ATLAS Preliminary Data 2011,1s =7 TeV | ATLAS Preliminary

o> Data (\s=7 TeV)
JLdt=4.6 fo ~—¥— MCFM
= ALPGEN

Electron Channel

Combined Electron and Muon
Muon Channel
MCFM 4FNS + 5FNS
Powheg + Pythia
ALPGEN + Herwig

JLdtza.efb‘

T

(pr> 25 GeV, |n| <2.1) -

do/dp. "' [pb/GeV]

N i
- /////f/////

- e+, Ndet=2

I IIIIHI

‘%< Data/ MCFM
theor. uncertainties

Data/MC Data/MC

. ) Aol s 4
L g WAL L s i s S NAA A e

Agreemeni.: with theoretical 530 e 206060120
expectations at 1 ¢ level b-jet p_[GeV]

(includes a 25% effect due to DPI)

(measurement including
single top production
also available)
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Gtot

Tevatron

Diboson
Production

‘n
oy

-

O

(ap)

(a9}
o
h e

|
Q
| -
®)
e
O
b}
0
~~—~
)
i
c
D)
>
D)

» Fundamental test of Standard Model

: , : x Triple gauge couplings (TGC)
W,=125 Gev{ S ' » Probe for new physics

: : » Resonances with diboson final
WJS2012 ; : : . states

» Higgs hunting
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Diboson Productio

t-channel

u-channel

42

Proton
t s-channel TGC vertex
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[ Dibosons: Wy /Zy

ol

<

Initial State Fragmentation
Radiation

Final State
Radiation

Suppress

Suppress
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Dibosons: Wy and Zy @ 7 Te

Measurement pb NLO (MCFM) pb
vy 2.77 £ 0.03 (stat) = 0.33 (syst) = 0.14 (lumi) 1.96 £ 0.17
1y 1.31 £ 0.02 (stat) £ 0.11 (syst) £ 0.05 (Iumi) 1.18 £ 0.05
0.133 £ 0.013 (stat) = 0.020 (syst) = 0.005 (lumi) [0.156 + 0.012

Wy: Agreement with NLO MCFM calculation is not great
Exclusive calculation (Njet =0) is good

Zv: Better agreement with NLO MCFM calculation

Similar observations at CMS

T T T = T T T T
- Data 2011 (Inclusive) > 104 . Data 2011 (Inclusive)
Q
In01u81ve —&— SHERPA x 1.0 (Inclusive) (9 103 IHCIuSI"e —&— SHERPA x 1.0 (Inclusive)
0
e —A— ALPGEN x 1.5 (Inclusive) = 102 . —&— MCFM (Inclusive)
0 @A - Ky G
i) —py— —=— MCFM (Inclusive) i 10 O
= ATLAS Preliminary "‘“""m'"_@_‘____ T o ’ ATLAS Preliminary e S—
T m Q| T - . 1
: detza.sfb‘ % 0 JLd:=4.efb'
- 1s=7TeV j 1s=7TeV / Pe—
"O"L'i] 10-2 o s
1 1 | ] ] 10-3 1 1 1 1 |
1.8
T T T 7 T [t] T ] > Or T T I T 1
b T I - by
f b4 : TS b 4
b4 ' ] @ PR BN I T SR SRR =
b4 b4 b4 b4 0 A I_E 1: v 1 *
| | | | ] 0‘2“ I ] ] 1 ]
20 30 40 60 100 1000 15 20 30 40 60 100 1000
\ Y
E; [GeV] Ey [GeV]

N
oo
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Events / 5GeV

ATLAS —— Data
[Lat=4.6fo" [_] Drell-Yan
/s =7 TeV [ ] top-quark
B W+jets
[ ] non-WW diboson
[ ] WW—uvuv

¢ (Er™i*s) < 0.5%

20 40 60 80

ETre [GeV]

Challenge (2): Jet veto

(reduce overwhelming top background)

—4+— Data

[ ] WW—evuv

[ ] Drell-Yan

[ ] top-quark

B W+jets

[ ] non-WW diboson

fLdt=4610"

6 7 8 9
Jet Multiplicity

Dibosons: WW
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CMS WW—s/v/v (3.54 fb™", 8 TeV)
CMS-SMP-12-013

CMS WW—/iviv (4.92 fb™, 7 TeV)
CMS-SMP-12-005

ATLAS WW-/viv (4.6 fbl 7 TeV)
arXiv:1210.2979

72 Theory NLO
- Otat. Uncertainty

WW Cross Section Results 14, uncertainty

| I | | | | l

50

100 150
[pb]

Dibosons: WW @ 7 Te

Normalized fiducial
differential cross section

T T | T T T T | T T T | T T T
ATLAS Monte Carlo (MC@NLO)
Data 2011 (Vs=7 TeV) Data

; Stat. Uncertainty
Ldt=4.61b Full Uncertainty

o
o
&)

| /dp_[GeV]

fid
Oww

||||||||||||
~—

®

Bin centers are cross-section
weighted averages

% ooofe-

Data/MC
| TTTT *

350
Leading lepton p_[GeV]

(several differential cross sections have
been measured for all diboson channels)
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b From here to the Higgs

Ay sppnre

it SM (sys @ stat)
Bl wzzzwy
100l =7Tev, [Lat =471 [ single Top

) s [ Wejets
HWW' "Siviv + 0 jets ) H125Gev]

ATLAS —+— Data

p I WW—lvlv
Jrat=ast ] Drell-Yan
Is=7TeV [ top-quark

Bl W+jets
1] non-WW diboson
|:| 0'stat+syst

Events / 20GeV

180 200 220 240
my [GeV]

100 150 200 250 300 _ 350
mT(IIErT“iSS) [GeV]

(note: 7 TeV Higgs analysis for proper comparison)

Higgs contribution: 3%

Further kinematic cuts
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. ol

P

.+ jets

estimated from data

estimated from data

&

&

" Dibosons: WZ Production

L7

estimated from MC

4

ttbar + W/Z

estimated from MC  W/z
o,
b

& —
& 1.5%
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N }: q>w‘“’1'f , Dibosons: WZ @ 7 TeV

ATLAS Preliminary —  Monte Carlo (MC@NLO)
® Data
Data 2011 (\s =7 TeV) Full. Uncertainty

P17

Unfolded

~ ATLAS Preliminary —  Monte Carlo (MC@NLO)
@® Data
Data 2011 (\s =7 TeV) Full. Uncertainty

ILdt=4.6fb' MWZ

JLdt -46f"

Unfolded
differential
distribution—

Data/MC

O
=
.
©
o

0-30 30-60 60-90 90-120 120-150 150-180 180-2000
pZ [GeV]

170-270 270-405 405-2500
Myz [GeV]

\\'V/ Nobserved kag Gmeasured (pb) GNLO (pb)
+1.4 +1.1
ATLAS 317 68 + 8 19.0 1.3 +0.8+0.4 17.6_1 o
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Entries / 5 GeV

—Ldt=4.7fb"
Vs =7TeV
- ATLAS _Preliminary
e
2 A
8
8

®
E

®TT IJ I‘

S/B< 1%

Multijet :f Ldt=4.7 fb

tt+single-t ~\Vs=7TeV
W/Z + jets T

B wwwz

W—uv + 2jets
x2Indf = 41.4/ 44

I-I—.—I—III|III|I

- ATLAS Preliminary

PUN

W—l(e, u)v + 2 jets

(Data - MC)/MC

WW+WZ

Dijet Mass [GeV]

Gmeasured (Pb)

ATLAS 72+9+ 15+ 13 (MC stat)

100 150 200 250
Dijet Mass [GeV/c?]
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q f; Dibosons: ZZ Production

ZZ - 4 leptons (eeee, upuu, eeup)

— 220 1' 2 <
Expected BG in ZZ signal region: 0.9 + 1.1 (stat) + 0.7 (syst) L

A 200 Expected BG in ZZ* signal region: 9.1+ 2.3 (stat) + 1.3 (syst)

Total Expected Background: 18.7 + 3.5 (stat) + 2.5 (syst) ’
180 ATLAS 4 Data -

160

eV

ZZ = I'I1*T
140 JLdt 46 fb" Two Z bosons on-shell
\s=7 TeV

120
or

100
One Z boson on-shell

and the other off-shell

Leading lepton pair mass |

o O
o O

Also used:
Z > vv

66 < Mz1 <116 GeV

——

20 40 60 80 100 120 140 160 180 200 220
Subleading lepton pair mass [GeV]

66 < Mz2 < 116 GeV

N

(@)
-—‘-
AN
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{% 4 & i g it JJ.Q ! .
i O}Xl q>ww\&3 Dibosons: ZZ @ 7 TeV

ZZ - 4 leptons (eeee, nuun, eeuu)

ATLAS ATLAS 4 Data

J Ldt=4.641b" [ zz - rirr

Vs 7 TeV [ ] Background (dd.)
| Total Uncertainty

j Ldt=4.64f"

(5o 7 TeV |:| Background (dd.)
Total Uncertainty

Events / 20 GeV
Events / 20 GeV

ZZ — I'lT'T ZZ* — I'TTT

600 700 100 200 500 600 700
m? [GeV] mZZ [GeV]

ZZ NobS(4l) Nsignal(4l) kag(4l) Gmeasured (pb) GNLO (pb)

ATLAS 150 117.8 10 6.7+0.7 105 0.3 5.9 + 0.2
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4>W2w{: Dibosons: ZZ @ 7 Te
6,

ZZ - 4 leptons (eeee, nuun, eeuu)

T | T T T T | T T T T
A LAS 4 Data
J Ldt=4.641fb" 77 - I'IIT
Background (dd.)

ATLAS Preliminary
e Data
I Background 2z
[ Background Z+jets, tt |
[ Signal (m =125 GeV) |f{RELE 85 | 77" — I'TIT
7/ Syst.Unc. 1 o b
H—zZ" -4l
[\s=7TeV: [Ldt=4.6 o
\'s =8 TeV: [Ldt = 13.0 fb

.- o)
o o
'|""|""J

Events/10 GeV

7 TeV

Total Uncertainty

]IIII'IIII'IIII'IIII'IIII|IIII-[

YL/ Nobs(a1) Nsignal(41 Nbkg41) () Seasured (pb)
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% 4 s 4 it JJJ?. : . .
: 1Xz q>-w\‘¥ Dibosons: ZZ Overvie

NLO QCD (MCFM, CT10.0)

LHC Data 2012 (Ys=8 TeV)
 ZZ- (66<m”<116 GeV) L=5.8 fb™
LHC Data 2011 (Ys=7 TeV)
' ATLAS ZZ-» lI{ll/vv) (66<m <116 GeV) L=4.6 fb"
" CMSZZ- Il (60<m”<120 GeV) L=5.0 fb™
Tevatron (Ys=1.96 TeV)

® DO ZZ-> l(lI/vv) (60<m <120 GeV) L=8.6 fb"

| | |

o L
12 14
Vs [TeV]
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Summary of diboson cross section measurements

Ul

|

[

-

Wy Cross Section Results

| 1 I |

J T
_ }4_2 b, 1.96 TeV)

I
DO W

CDF Wy—ivy (11b™, 1.96 TeV)

ATLAS Wy—ivy (1.02 fb™, 7 TeV)

CMS Wy—ivy (5 b, 7 TeV)

777+ Theory
— Stat. Uncertainty
Total Uncertainty

1 | |

2

3

[Measured/Predicted]

1

1 1

T ; T
(3.6 fb™, 1.96 TeV)

iy (6.2 b, 1.96 TeV)
CDF Zy—lly (up to 2 fb™, 1.96 TeV)
CMS Zy—vvy (5 b7, 7 TeV)

ATLAS Zy—ily (1.021b7, 7 TeV)

CMS Zy—ily (5 b7, 7 TeV)

//7s Theory
— Stat. Uncertainty
Total Uncertainty

L |

Dave Evans, HCP 2012

W(WI/Z) Cross Section Results

| | 1 1

1

T
DO W(W/Z) I
DO WZ 11"\

CDF W2

T P | T
(4.3 fb™', 1.96 TeV)

(8.6 fb™', 1.96 TeV)

sili'v (7.1 b, 1.96 TeV)

CMS W(W/Z)-»ivjj (5.0 fb™, 7 TeV)

ATLAS W(W/Z)—/v// (4.7 b, 7 TeV)

CMS WZ—/il'v (1.09 fb™, 7 TeV)

ATLAS WZ-/ii'v (4.6 fb™', 7 TeV)

CMS WW—/viv (3.54 fb™, 8 TeV)

CMS WWiviv (4.92 b7, 7 TeV)

ATLAS WW—iviv (4.6, 7 TeV)

///- Theory
—— Stat. Uncertainty
Total Uncertainty

l | 1

2 3

[Measured/Predicted]

L

ZZ Cross Sectipn Results

| | | |

T

T
D0 ZZ -l

CDF ZZ

J T T . T T
! vv (up to 8.6 fb™, 1.96 TeV)

i+ livy (6 b, 1.96 TeV)

ATLAS ZZ/i1+livy (4.7 o™, 7 TeV)

CMS ZZ-/ll" (5.02 fb™, 7 TeV)

ATLAS ZZ—/111" (5.8 fb™, 8 TeV)

CMS ZZ—/ii'" (5.26 fb™, 8 TeV)

///- Theory
- Stat. Uncertainty
Total Uncertainty

2 3

[Measured/Predicted]
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Limits on ZZZ, ZZvy , Zyy aTGC

Anomalous Triple Gauge Couplings

Limits on WWZ, WWy aTGC

Z

GC vertex GC vertex
Zly A%

W g W

€10 Yo1nyZ -- exg DHT Y} Ul sOISAYJ aP1IeJ
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{ﬁfriple Gauge Couplings (WWZ and WWy)

T
The effective Lagrangian for model-independent charged
triple gauge couplings can be expressed as:

Lwwv
GWWV

- AV
= i[g}’(WjVW”V" — W WHV") + K" Wi W, VH + m—zw;”waf V"P]
W

V=Zorvy, gwwy =-e, and gwwz = -e cot(Ow)
In the Standard Model: (g1¥, kv, AY) = (1,1,0)sm
Set limits on: AgiV =g1V -1, AkV=ky -1, AV

Introduce arbitrary cut-off scale A to enforce unitarity

€10T Yo1nyZ -- exg DHT Y} Ul sd1SAYJ apPnIeJ

Cross section with aTGCs has strong energy dependence
kz proportional to \V§ ; giZ and AZ ~ §
> measure differential cross-section sensitive to \$
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1

nomalous TGC effect in WZ productio

Truth-level

g
MY

¢a
§re

W

>
o
#
!
B

-
o
&

T T TTT
- >
=

—Agf=-0.2
------ Agf=0.3
— Ax,=-0.9
------ Axz=11
A%=-0.17
A*=0.17

v b b b e b e b e by

50 100 150 200 250 300 350

Mass of WZ system, m(WZ) [GeV] Z Transverse Momentum p(Z) [GeV]

(1/0) do/dp+(2)

Truth-level

(1/0) do/dm(W?2Z)

o

IIllllIIlIIIIlllllllllI|IIIIIIIII|IIIIIIIII
200 300 400 500 600 700 800 900 1000

III|III|III|III|III|III|III|II
ATLAS Preliminary —— ATLAS, Vs =7 TeV
46fo", A=oo
ATLAS, Vs =7 TeV
46t A=2TeV
= CDF, Vs = 1.96 TeV
711", A=2TeV
= DO, Vs =1.96 TeV
41" A=2TeV

ATLAS + Data

[Ldt=46f" Ns=7TeV JSM Wz
Bkg
|:|Gstat+syst
A% =0.05
-- Ak? = 0.57

Events / bin

W*Z - IvI'r
95% C.1.

|!II|III|III|III|III|III|III

M

0-30 30-60 60-90 90-120 120-150150-180 180-2000

p%[GeV] R BRI B R
-06 -04 -02 O
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(using Pr(Z) distribution)



é,ﬁ‘;riple Gauge Couplings (WWZ and WWy)

' 95% C.L. limits from WW broduétion T ATLAS WV

ATLAS (4.6 1b", A=6 TeV) 95% CL intervals
ATLAS (460", A=)
| CMS (36 pb”, A== ATLAS(1.02 fb', A=2 TeV)

LEP (2.6 b .
 CDF 3 6 bt ATLAS (1.02 fb'', A=co)
DO (4.2 fb"', A=2 TeV)
CMS (36 pb™', A=)
LEP

06 04 02 0 02 04 06 -
(using Pr(l) distribution) (from Pr(y) distribution)
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A?ﬁtral Triple Gauge Couplings (ZZZ and ZZv)

e

x Possible vertices using an effective Lagragian
€

Lz === | OV"NZ,6Z)+ /6°V, )27, Scale dependent

2
M A form-factors
CP-violating CP-conserving ¢ ( 5) (148 /Az)z
7 J’.)?_ with cutoff scale A
Z
“1112
9

ZZ2Z, ZZvy
(fa%, £47, f5%, f57) = (0,0,0,0)sm

w— CMS. \s = 7TeV
50", A=co

w— ATLAS, \s = 7TeV
46f", A=o

e ATLAS, \s = 7TeV
46f", A=3TeV

=== LEP \s=130-209 GeV
0.7fb", A=eo

w— = DO, {5 = 1.96TeV
1.0fb", A=1.2TeV

-1 -08 -06 -04 -02 O
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p— i ors %}»m A
Z RN YO O TP

tot

Teva:tron iLHC

3
¢
A
S
\/\%\/\<
=
>
X,
E\

Top Quark
Production

33 -2 -1
events /sec for - =10 cm

g M= Test QCD
M, =125 GeV{ : 5 . ' »x Study analysis techniques
x b-tagging, JES

WJS2012

= Backgrounds for searches

saerewiing oeof -- €L0¢ Yo1nz -- exg DHT Y3 Ul SOISAYJ oP13Ie ]

x A good place to search for new
4 x more top pairs at LHC @ 7 TeV with 1 fb'l, physics
than at the Tevatron with 5 fb!
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Large background
(main bkg: multijets)

epton+tjets: 30%
MET
/

b-p
Small background, but small rate JX
(main bkg: Drell-Yan and electroweak) Reasonable background

(main bkg: W+jets and multijets)
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;ﬁ?p Quark Cross Section Measurements @ 7 Te

=

job)

2k

IT]I]IIIIIII]I]II]T1ITTI]IIIIIIIIIIIIIII'IIII ('-3“

ATLAS Preliminary sMay202 | ATLAS Preliminary Is=7TeV | 4

Theory (approx. NNLO) =y

for m = 172.5 GeV g «

Data 2011 stat. uncertainty t-Channel 1 04 fb 1 ® 83.*-38 pb E'
total uncertainty arXiv:1205.3130 7))

Channel & Lumi. G,; *(stat) 2(syst) +(lumi) 5
| t-channel top 4.7 b’ —e— 53" pb | =

Single lepton  0.70 fb e 179+ 41 9% 7pb ATLAS-CONF-2012-056 (',:DT‘

Dilepton 0.70 " et 173625 "7 pb 1 & E

All hadronic » . . 167+ 18+ 78 + 6 pb t-channel antitop 4.7 fb™ ~®= 305pb | B=

1.02 b ATLAS-CONF-2012-056 -
: -

i i ' + *+8 -1 + S8}
=onmmabon =3 VTR Wt-channel 2.05 fb"  —#- 17" pb | I

| | arXiv:1205.5764 N

=

New measuremen?s s-channel 0.70 fb™’ R < 26 pb (:.:

Toag T jEts 167 b . « 200+19+42+ 7 pb ATLAS-CONF-2011-118 -
.. + lepton  2.05fb" .._._._._. 186+ 13+20+ 7 pb g
All hadronic ~ » . . 168+12 "2+ 6pb Theory (approx. NNLO) 2

47?) L J ‘ IlllIlllllllllll|llllllllllllllllllllllllllll ;
50 100 150 200 250 300 350 0 20 40 60 80 100 120 =
©

G [pb] single top cross section [pb] 2
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i‘;‘?l’ Quark'Pair Cross Section Measurement @ 8 TeV

1-lepton channel (5.8 fb!) using likelihood template fit

5 ATLAS Preliminar : ; :
-3 ot f Ldt 581" |l 18000 3i :’ f Ldt X1 Inclusive tt cross section
R RO CRLIL| [N IR (using m(t) = 172.5 GeV:
D tt W+Jets . Multijet I-IJ16000 D i W+Jets . Multijet
" Z+Jets [ Single Top Dibosons " z+Jets [ Single Top Dibosons
, = 241 *+ 2 (stat)
Z Z
7’ % t 31 (syst)
4 + 9 (lumi) pb

727
Z
Syst. dominated by MC

signal modeling (ISR/FSR,
generator, parton shower, PDF)

Theory:
o = 2382254 pb

(HATHOR, approx. NNLO)

c
o
]
©
el
o
()
o
x
L
~
©
el
©
(=]

" 0.10.20.30.40.50.6 0.70809 0 0.10.20.30.40.50.6070809 1
Likelihood Likelihood
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éj@?p Quark'Pair Cross Section Measurement @ 8 TeV

1-lepton channel (5.8 fb 1) using likelihood template fit

—NLO QCD (pp) 4 Single Lepton (8 TeV) 241 32 pb Inclusive tt cross section

|:|Approx. NNLO (pp) \4 Si.ngle-lepton (+717TeV) 179+ 12 pb (using m(t) = 172.5 GeV:
A Dilepton 173 4 pb ot

~NLOQCD (PP) 5 All-hadronic 167 = 81 pb
|_|Approx. NNLO (pp) @ Combined 177 Hopb _,_,-"" o=241 2 (stat)

m CDF * 31 (syst)
o0 t 9 (lumi) pb
200 Syst. dominated bY MC

180 signal modeling (ISR/FSR,
160 @ generator, parton shower, PDF)

ATLAS Preliminary 45,

68 _ Theory:
o = 2382254 pb

(HATHOR, approx. NNLO)

saerewiing) oeof -- €L0¢ Yo1nz -- exq DHT Y3 Ul SOISAYJ oP13Ie ]

£
o



M =125 GeV{

WJS2012

Gtot

Teva:tron iLHC

‘n
oy
-
O
(ap)
(a9}
o
T
|
Q
| -
®)
e
O
b}
0
~~—~
)
i
c
D)
>
D)

Jet Production

NLO QCD tests at TeV scale
Proton PDF's

Performance measurements
Backgrounds for NP searches
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Jet Measurements

parton level particle level detector level

= @

= Jet algorithm:
» anti-k¢ with distance parameter R=0.4 and R=0.6
x Defined at parton, particle and detector lever (FASTJET)
x Measurement
= Unfolding data from detector effect ==> particle level
» Predictions:

= NLO pQCD with non-perturbative corrections
= Compare different generators, tunes and PDFs
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Iﬁ%lusive Jet and Dijet Cross Sections at 7 Te

TS
L = 37 pb!
Inclusive jet cross section Dijet cross section

—

o
W
o

1 ] | B | II ' | 1 T 11
~_anti-k,_ jets, R=0.6 lyl<03(x107)
C 0.3<|yl<0.8(x 10

AA

O =h =t NGO O I

Systematic
uncertainties

J

b

o
N
-

08<lyl<1.2(x 10"
1.2<yl <21 (x107)
2.1< |y| < 2.8 (x 10%)
A 28<ly]<36(x107)
36<ly| <4.4(x107)

NLOJET++
(CT10, u=p_exp(0.3 y*)) x

Non-pert. corr.

T CEC S CS S S S -
. - - - - - - . -

AAANANAANA

O= =N WA

momowmo noe
A A IA IA IA
nonononNnoh -

"

>
=
O
‘9
4
©
o
-
O
G
N
©

T

+| T
/) /&
*i[%@uf' 5 m

-I

- =
-o-_.__.'
-
e

i

. .
Systematic
uncertainties

1 0‘6 - NLOJET ++ ?—lfﬂl-kt ]etS. R=06
(CT10, u=pT™) x

1 0'9 - Non-pert. C(')l’.' A TLAS _ \s =7 TeV, ' L dt =37 pb

L1 pal 1 Lo aal ] Ca a1 ) SR R D L b i e |
20 30 10° 2x10° 107 2x10" 1 3 4567
y =1ly,-y,|/2<4.4 m,, [TeV]

s
b

TTTTTTTY

saerewr

NLOJET++ prediction with CT10
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('S

M Inclusive Jet Cross Sections at 7 Te

Comparison with different Parton Distribution Functions

1 5 ATLAS[TH 1.5k ATLAS- p
E o4 i ] L dt=37 pb
E ) Rt E - \s=7 TeV
O [ ¥4 O 1 anti-k, jets, R=0.6
T - G 1 £ i
— < Vo - —
50.5~ 4 = g - ~ Data with
=1, 5 Ba = = statistical error
o B = _E c 2]
e Sy o 1 F a5 Systematic
1[E 1 B 2l uncertainties
) e 1 H N o
05 03<ly<08 — 0'5:_ ] NLOJET+ i L
1 5» = = - Non-pert. corr
- -
R Sy H - CT10
1 R e e e 1
; : 365y <44 1 T MSTW 2008
A A A R V. A - A ad q
20 30 10° 2x10° 10
p.[GeV] --- \npoF21
... HERAPDF 1.5

2

10’
p, [GeV]

20 30 10° 2x10°

Good general agreement




('S

M Inclusive Jet Cross Sections at 7 Te

Comparison with different shower/underlying event models

+1.5 + 1.5, 7 ATLASS
- = F :
- L - 4
8 1 8 1 o A — 2
cael e e S o 2]
) = - _I I_‘ i
=0.5 = 0.5+ 21<y| < =1
@) o - 4 . E
=1.5 S 1.5 : =
E —r : : =
1 | . et 1B *f:.:-.' .,.-*J;ﬁ j ]
e P :
N 7 0.5 T i
0.5 ] - 28<|y]<36 ]
1.5 — 1.5F — ‘ -
" R ; — d
: t s B8 :
1 - i N . +_’—_._,_+ 7]
B B d ! 05_ i =
0.5+ 08<|y<1.2 ir .l E 36<yl<4.4 ]
- L T = + I O S . A " " R S Y A =
1.5 - 20 30 10° 2x10° 1% v
. o e
,__~_»_-_-._—.-hl-++ ’ g pT [ ]
0.5k 1.2<y] <21 =
20 30 10° 2x10° 10’
p. [GeV]

j L dt=37 pb"

\s=7 TeV
anti-k, jets, R=0.6

_._

[

Data with
statistical error

Systematic
uncertainties

NLOJET++
(CT10, ‘Ll—,'.)'," e o

Non-pert. corr.

POWHEG
(CT10, u=p"") ®

PYTHIA AUET2B

POWHEG
PYTHIA PerUgia20]1

POWHEG
(CT10, u=pm) @
HERWIG AUET2

POWHEG fixed order
(CT10, u=p2°™) x
Non-pert. corr.

ﬂ



b S

',,Im-.ﬁlncluswe jet cross section at 2.76 Te

ATLAS-CONF-2012-128

L = 0.20 pb!

Measurement made in the kinematic regions:
20 < ptr <430 GeV and |y| < 4.4

R=0.6

. 12
systematic l 1 y| < 0.3 (x 10"
uncertainties L dt=0.20 pb 03< lyl < 0.8 (x 10)

Vs=2.76TeV

NLO pQCD (CT10) 0.8 <lyl<1.2(x 10)

, 12<fy|<21(x10)
\ { R=0.
x non-pert. corr. anti-k, 0.6 2 1 <fy|<28(><10)

2.8 < lyl < 3.6 (x 107)
3.6<lyl<4.4(x10%)

| I I I I
" 12
systematic l 1 yl <0.3(x 10%)
uncertainties Ldt 0.20 pb 0.3 <yl < 0.8 (x 10)

. 1.2<lyl<2.1 (x 109
~ — .4

x non-pert. corr. antl-k,R 0 2.1 <yl < 2.8 (x 10)

28<Iy|<36(x10)

36<ly|<4.4(x107)

A«>rp0OmOe
A«a>prp0OmCe

dy [pb/GeV]

>
o)
O
o
Z
>
S

d’c/dp
d’c/dp

?
—— ATLAS

Preliminary - Preliminary
1 | 1 | | | | | | | | | | |

2 2 2
2710 (Gev) 107 2%, [Gev]
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Relative uncertainty (%]

[ L
-|L:no

_\:-77 TeV Mr'3

[ ] JER — Unfolding
Others
III

ATLAS ]
P antik R-0.6 Preliminary |

30 40 10°

(@) |y| <0

2x10°
P, [GeV]

—T— T
- | L dt -0.20 pb"

5_ -‘T-E.?G TeV / {E,-7 TeV
o anli-k' A-06

ATLAS
Preliminary

- [ Total
'_:] JER —— Unfolding

Others
L1 I

30 40 10°

2x10°

P, [GeV]

(d) p(y,pr).|y| <0.3

Relative uncertainty (%]

Relative uncartainty on ply.p,) (%]

bW
S_o
T

¥
=)

.
o

' ATLAS

%" aniik R-08  prafiminary
2 telyl<2.8

[ La-02

L V5 - 2.76 TeV

F ] Total
F [ ] JER — Unfolding

’_—— JES —— Others
C 1

2x10°
P, [GeV]

30 40 so 102

(b) 2.1 < |y| <2.8

W
Q

n

" ATLAS

‘Lm-oa::b' L
d Preliminary

\5,-2.76 TeV /
anu’—\l A-0.6

V-7 TeV

2. 1lyl<2.8

;_:| Total
L[:I JER —— Unfolding
:—— JES ——— Others

| 1
30 40 50 102 2x10°

P, [GeV]

e p(y.pr).2.1 <|y| <2.8

cross section

‘)
W
=
o

Relative uncertainty on ply.p,) (%]

Relative uncertainty [%

-300

-100[] JER —— Unfolding

" ATLAS

Ldt-020pb" 3.6<lyl<d.4 i .
‘ e Preliminary

200 - 276 TeV

anti-k, R-0.6

B Total

-200 ] JER —— Unfolding

—— JES -—- Others

30 40 50 60
P, [GeV]

(c)3.6<|y <44

" ATLAS

|Lct 0.20 pb' T ]
Preliminary J

.“___* aV

-]
O

[ 5-2.76 TeV !
N amx-\ R-06

o
(=)

[ 36<lyld.d

(=]

&
=)

B Total

—— JES -—- Others

30 40 50 60
p_[GeV]

() py.pr).3.6<|y| <44

=i ‘Inclusive jet cross section at 2.76 Te

Uncertainties on 2.76TeV jet

4
(&)
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~‘Inclusive jet cross section at 2.76 Te

=S

jo9)

o B 7 o :g._
2 N g - ATLAS B
O L 1 9 15 Preliminar ©
T i BalE T y i
S - o SaE 3 1 -————g— =2
= Ly 2 s Ldt=020pb" [
= +1 £ o05F - oerp 24
o 4 @& E ——— \s = 2.76 TeV 2
E a3 2o <<s8 anti-k, R=0.6 [i=

. 1.5 ==

SINNEE 1 DS S TR r— | Data with ;

- statistical error [lias

E 0.5 =N =

— 2?— ' 36<|yl<4.4 System.atl.c E

. - uncertainties g

] 15— :

. 3 NN N

= SINN e NLO pQCD e

N T 0.5E o~ X non-pert. corr. =

0.5 ' - il S =y

= : = E , 2

1.5 12<lyl<21 an - 30 40 102 25102 CT10 S

7] 68

—T : P [GeV]  —\istwoo0s [

- —

- == NNPDF 2.1 S

— o

102 2x102 - : :HERAPDF 1.5 g

=

jo¥)

&

®

N

Systematic uncertainties are large ==> not easy to assess PDF impact

()]
o



(8 Cross section ratio 2.76 TeV/7 Te

e

x Ratio of experimental uncertainties is reduced and
generally smaller than theory uncertainty

=

job)

X

o : o : ! : E.

2 i H 2 e 1 ATLAS B

O L == 1 O - 1  Preliminary ;

- | SRR, e, S N iy e 1= — S

. N ikl ] = N . p %

= : ] = : . J- L dt = 0.20 pb A

o 0.5 1 o 05F | = o

= 15F 1 £ N ] P
L 0.3<]y|<0.8 - - 28<|y|<3.6 T _ ~2-76TeV 7TeV

© : W &3 C S o 1 P=C% / Gjet” ==

o 1 S F N i-k, R=0.6 &

Q. — o i E anti-k; R = 0. E

2 1 2 | | ] Data with 0

a J <« 05 ‘ — —e— statistical s

= | e 3.6<y|<4d 3 uncertainty =

E . Systematic [I\1

— 1 E L incertainties =

— : EI

. 0.5 3 NLOpQCD =3

- . 1 X non-pert. corr. 4

- 30 40 10°  2x10° _ G

~ — MSTW 2008 ‘8"
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e Assessment of effect on PDF's

Fit HERA data together with ATLAS 7 TeV and 2.76 TeV data

Gluon parton density Sea parton density

R ' T
— Q2 =1.9 GeV2 ATLAS
_ =+ HERA + ATLAS R=0.6 fit

T T 1T II T T

Q2 =1.9 GeV? ATLAS
I HERA | 13p fit Preliminary
=+ HERA + ATLAS R=0.6 fit

relative uncertainty
relative uncertainty

o
O

o
©

NLO pQCD analysis using HERAFitter package
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(impact of jet data is most visible in the forward region)



Gtot

Tevatron

Electroweak Fit

33 -2 -1
events/secfor=10"cm"s

x Precise measurement of electroweak
; . : parameters constrains

M =125 GeV : : : - .

=125 Ge { wH : 1 » New physics

VBF

x The Higgs mass

WJS2012
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DO experiment
CDF experiment |
Tevatron Combination-

Electroweak fit

Limits from direct searches

5&;{5 i }ﬂ; ki JoBL

1995

2000 2005

Year

2010
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'.{,33 Electroweak Fit Status (september 2011

x Updated with EPS’11 results
x Excludes direct Higgs searches from ATLAS and CMS

LEP 95% CL

Standard Fit

muy = 94.5 GeV
Bl Range mu = [71, 124]
my (@ 95%) < 166.5 GeV

-
o
-9
2
0
»
c
o
-
©
o
—

Complete Fit

(including direct limits on Higgs
from LEP and Tevatron )

—— Fit including theory errors | My = 125.2 GeV
---- Fit excluding theory errors Range muy — []_ 16, 133] 2
l mu (@ 95%) < 153.9 GeV O
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The electroweak fit

Includes results until September 2012

ATLAS m, . summary - July 2012, L =35pb ™" -4.7 fb™' (*Preliminary)

.~ PYERS <010 IO — @+ 1693 +4.0 + 4.9

B D SM f" w/o heasurement :_ 7 CONF.2011.023, 1 35pb

.
L4 .

SM fit w/o m, §id M, measurements : .
-0 M ATLAS mesurement [arXiv:1203:5755) :: ATLAS 2011, I+jets L _ 1745+ 06 + 2.3

Eur. Phys, J. C72 (2012) 2046, |

- m{" CMS meas l'gment [arXiv:1209:2319]
mé" Tevatron ave 'o.ge [arXiv:1207.1069] ATLAS 2011, all jets*
-O- m{*"* obtained fro '.Tevatron G [uXIv:1207.098$ CONF-2012-030, L_ =205

1749+ 2.1+ 3.8

ATLAS 2011, dilepton* 1752 +16+ 3.0

CONF.2012082, | 471

t (stat.) £ (syst.)

ATLAS Preliminary

190
Mg (GeV]
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£ The electroweak fit

Includes results until September 2012

Top Mass W Mass

[ smfitwion deasurement k€] fitter|:)!

SM fit w/o m, iid M, measurements it W/o M, and M_measurements

-0 M ATLAS mesurement [arXiv:1203:5755)

& with minimal input
l&average [arXiv:1204.0042]

- m{" CMS meas l'ement [arXiv:1209:2319]

m¥" Tevatron avéyage [arXiv:1207.1069] :
-O- m{*"* obtained fro f,Tevatron O [arXiv:1207.098§

o’ |

0 -
80.32 80.33 80.34 80.35 8036 80.37 80.38 80.39
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Tne cnallenysy of the VW SBuson Nlags

Amy = 0.9 GeV < Amw ~ 5 MeV
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Thne enunllenyey of tnz VW Buson Nags
Amy = 0.9 GeV < Amw ~ 5 MeV
Energy under the electron cone

L—> In-cone FSR

Underlying event

=
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Soft Recoil

L—> Min Bias

€10¢ yormy --

Zero Bias

detector and MC RS PY sy
simulation
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experimental errors 68% CL.:

LEP2/Tevatron: today

— LHC: future (3M,, = 5 MeV)
Mh =123 ..

MSSM, M, = 123..127 GeV

SM, MSSM
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune 12

170 172 174 176
m, [GeV]
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~.*  Precision Electroweak Constraints

+ Disentangle if new “Higgs” boson is SM or SUSY-like

80.60

experimental errors 68% CL.:

LEP2/Tevatron: today

— LHC: future (3M,, = 5 MeV)
M, =123 ..127 GeV,

Challenges for LHC .f
to reach A My =5 MeV

® Theoretical understanding of P1(W)
M, =123GeV > * Improved PDFs (strangeness)
= ' ® Large pileup affecting

-

T e

= | measurement of soft recoil

s ts

80.30 SMIM,, =127 GeV MSSM, M, = 123..127 GeV

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune 12

168 170 172 174 176 178
m, [GeV]
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R Conclusions

= We have re-established the Standard Model at the LHC

x Impressive agreement with theory across orders of
magnitude

x But, exploring ever smaller cross sections
x Stable ground for new physics searches
x Still, deeper understanding is needed:
x Parton distribution functions
= NNLO calculations

x EW precision measurements in a good agreement with a
Higgs boson with mass of 125 GeV

= What’s next?

e1 DH'T Y} Ul SOISAY apnIe

Vector Boson Fusion Vector Boson Scattering
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FATLAS Preliminary ,
——+— Data 2012 (Vs = 8 TeV) det =5.11b
L[] Z—uu

1mz Yz

—¢— Data 2012 (Vs =8 TeV)
[ JZ—un

ATLAS Preliminary

JLdt=5.11fb"

Events/GeV @ 5.1 fb™

80 90

—Data Vs =8TeV, fLdt=58 fo!
[ ]Pythia8 Vs =8 TeV

Scaledto 5.8 fb™":
—~DataVs=7TeV, [Ldt=48 fo

[JPythia 6 Vs =7 TeV

dN/dp_ [1/GeV/5.8fb"]

dN/dm,, [1/GeV/5.8fb ]

ATLAS Preliminary
anti-k, jets, R=0.4, 1yl <2.8

1 | 1 1 | 1 1
1000 1500 2000 2500
p, [GeV]
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> PT yA ATLAS Preliminary

—e|a—Data2011(\F 7 TeV) [Ldt= 4.7 fb!

scaled to 5.1 fb™!

—+— Data 2012 (Vs = 8 TeV) [Ldt=5.1 fb’
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pp =>W + X

t:ev
Uy

"

. e AR - .
J/Z inclusive production in e/n channel
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First W/Z measurement at 7 Te

JHEP 12 (2010) 060

ATLAS

Data 2010 \'s =7 TeV)

J L dt = 310-315 nb"~

o W Iv

| llllll|

|

<)
E,
>
T
3
L =
m
X
=
S

T T

CDFW-— (l/e) v
DO W— (e/u)v
UAT W lv
UA2W—o ev
Phenix W™= (e*/e’)v
I
10

\'s [TeV]

|

| IIIIH'

B
¢
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‘; e r jeam | g ° ®
~Uncertainties: Electron channe

doyw+ 00w+ 0ow— 00z
Trigger 04 04 04 <0.1
Electron reconstruction 0.8 0.8 0.8 1.6
Electron identification 0.9 0.8 1.1 1.8
Electron isolation 0.3 0.3 0.3 —
Electron energy scale and resolution 0.5 0.5 0.5 0.2
Non-operational LAr channels 0.4 0.4 04 0.8
Charge misidentification 0.0 0.1 0.1 0.6
QCD background 04 04 04 0.7
Electroweak+tt background 0.2 02 02 <0.1
E™s5gcale and resolution 0.8 0.7 1.0 —
Pile-up modeling 0.3 0.3 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
Cw,z theoretical uncertainty 0.6 0.6 0.6 0.3

Total experimental uncertainty 1.8 1.8 2.0 2.7
Aw/z theoretical uncertainty 1.5 1.7 20 2.0 Extrapolation

Total excluding luminosity 2.3 2.4 2.8 3.3
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Uncertainties: Muon channe

00w+ 00w+ 0OW— 00z
Trigger 0.5 0.5 0.5 0.1
Muon reconstruction 0.3 0.3 0.3 0.6
Muon isolation 0.2 0.2 0.2 0.3
Muon pt resolution 0.04 0.03 0.05 0.02
Muon pt scale 0.4 0.6 0.6 0.2
QCD background 0.6 05 08 0.3
Electroweak-+tt background 0.4 03 04 0.02
E™5% resolution and scale 0.5 0.4 0.6 -
Pile-up modeling 0.3 0.3 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
Cw/z theoretical uncertainty 0.8 0.8 0.7 0.3

Total experimental uncertainty 1.6 1.7 1.7 0.9
Aw /7 theoretical uncertainty 1.5 1.6 2.1 2.0 Extrapolation

Total excluding luminosity 2.1 2.3 2.6 2.2
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W' and W- Rapidit

IIIIIiIl T TTTT

Q2 =10* GeV?2-

yd 2pPuIed
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130 10 10 10 Rapidity dependence of W*/W- production
MRST

Eur.Phys.J. sensitive to differences in u and d
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9 7 ®oz o
'{I » Flavor Decompositio

Dominant W production mode is ud
quark annihilation

B ) ' A l- ]
» Valence u gives broader structure in y for W* J. Stirling

Significant contribution of sea quarks ! ]
= Total about 30%, particularly at low y

Tevatron

—_
o
T

=
.
=
9
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Qi Cl O
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W/ Z cross section measurements

x ATLAS, CMS and LHCb published precision measurements

with 2010 data --> relatively recent publications
Phys. Rev. D85 (2012) 072004 JHEP 10 (2011) 132

—e— Data 2010 As =7 TeV) Z 9 ee 36 pb" at \s=7TeV s
Ldt=33pb" [ Jw-u

data

Z—e'e
EWK
tt

i' % I‘II ::"| i L l

ML [, St |
| i

Events / 2.5 GeV

=
O
O
~—
—
7]
-+
c
m‘
=
@
Y
o
-
QO
0
-
=
c

40 50 60 70 80 90 100 110 120 - \
100 150
my [GeV] M(e'e’) [GeV]

Much larger datasets are now available

s = 7 TeV, 5 fbL W > e/uv:~25 Million I Vs = 8 TeV

Z > ee/un : ~ 3 Million ~23 fb!
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http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://prd.aps.org/abstract/PRD/v85/i7/e072004

[ Cross Section Ratio W'/W-

i‘ﬂt‘.'

=

Benefits from experimental and theoretical systematics cancellation
JHEP 10 (2011) 132 Phys. Rev. D85 (2012) 072004

36 pb'at \'s=7 TeV

NNLO, FEWZ+MSTWO8 prediction ATLAS
[with MSTWO8BNNLO 68% CL uncertainty]

1.43 + 0.01 f L dt = 33-36 pb’

W — ev — Data 2010 (Vs = 7 TeV)

1.418 + 0.008 _,, = 0.036 mmm total uncertainty
exp. uncertainty

ABKMO09
JRO9
HERAPDF1.5
MSTWO08

syst.

W — uv
1.423 + 0.008 __, + 0.036

syst.

A
v
|
®

W — Iv (combined)
1.421: 0.006 _, = 0.032

syst.

1 1.5
R, =[oxB]JW"/[oxB]W)

+/-

ototx R W /W
CMS 1.421 + 0.006 (sta) + 0.014 (sys) + 0.029 (the)
ATLAS 1.454 * 0.006 (sta) £ 0.012 (sys) + 0.022 (acc) 1.8%

ATLAS
Ofiducial
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http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://prd.aps.org/abstract/PRD/v85/i7/e072004

Lepton Universality

- = Phys. Rev. D85 (2012) 072004

ow  Br(W —ev)
ot Br(W — pv)

= 1.006 + 0.004 (sta) £ 0.006 (unc) + 0.023 (cor) = 1.006 + 0.024

oy, Br(Z - ee)

= — = " 7 -1.018+0.014 (sta) £ 0.016 (unc) + 0.028 (cor) = 1.018 + 0.031
Br(Z — pp)

x Result already close to
| I ' I l T I ' 1
best measurement " ATLAS

= PDG: 1.9%

. L dt =33-36 pb ™
x This measurement: 2.4% J

68.3% CL ellipse area

Data 2010 (\s = 7 TeV)
== R,, PDG world average
B R, PDG world average

O Standard Model

08 09 1 1.1
R,=0,-BR(Z—> e’e) /06, - BR(Z- p'p)

saerewiin:g) oeof -- €L0¢ Yo1nz -- exg DHT Y3 Ul SOISAYJ oP13Ie ]

~J
o


http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://prd.aps.org/abstract/PRD/v85/i7/e072004

W-and Z Inclusive Cross Sections

CMS-PAS-12-011

T

CMS, 19 pb™, 8 TeV
CMS, 36 pb™, 7 TeV
CDF Run II

DO Run |

UA2

lJA-'/J/
ATLAS points
same as CMS

heory: NNLO, FEWZ and MSTWO08 PDFs

o9
.
. T B . . T B .
0.5 1 2 o [/ 10 20
Collider Energy [TeV]

sss

N
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do /dy versus NNLO PDF predictions

Phys. Rev. D85 (2012) 072004 JHEP 06 (2012) 058
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CMS Z rapidity measurement:
Phys. Rev. D 85 (2012) 032002

Theory/Data
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x Broadly well described by predictions
x Can impact PDF central values and uncertainties
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'{,,,?ﬁ do /dn versus NNLO PDF predictions
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W-Lepton Charge Asymmetr
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Alng) — dow (ne) — dow—(ne)

dow+(ne) + dow—(ne)

ATLAS-CONF-2011-129 arXiv:1206.2598

-1 _
0.3 \s=7 TeV | , . ATLAS+CMS+LHCE 840 pb™” at \s=7TeV

Preliminary

ATLAS (extrapolated data, W — Iv) 35 pb™

CMS (W— uv) 36 pb™

LHCb (W— pv) 36 pb”

MSTWO08 prediction (MC@NLO, 90% C.L.)
HHHEE CTEQS66 prediction (MC@NLO, 90% C.L.)
B285 HERA1.0 prediction (MC@NLO, 90% C.L.)

Lepton charge asymmetry

=was HERAPDF1.5
MSTW2008NLO
= NNPDF2.2 (NLO)

theory bands: 68% CL

Electron Charge Asymmetry

15 2 25 3

2
Electron Pseudorapidity In|
First LHC combined plot (LHC EWK WG) Discrimination between PDF
at low |n|
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’lt,rahsverse momentum distribution of Z/v* bosons
o
Predictions: Different event generators Fiducial measurement
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Drell-Yan Production
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1073 ® Total uncertainty
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. electron P, > 25 GeV, Inl<2.5
10 3.9 % Luminosity uncertainty not included
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IS?éll-Yan production in forward region (LHCb
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R LHCb-CONF-2012-013
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Dibosons: W

CMS Preliminary, L=5fb' \s=7TeV
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CMS Preliminary, L=5fb" \s=7TeV
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’i‘gp Quark-Pair Production at Hadron Colliders

il
0 5

°r> S :3" o

| % L 4 G(NNLOapprox) E’_

st (pb)

%W (Mmtop = 172.5 GeV) ;

=

Tevatron 2 x +0.48 3
@ 1.96 TeV 85% 15% 7.46 -0.67 -
5

LHC 3 : +11.4 2

@ 7 TeV 15% 85% 164.6 15.7 %‘

Langenfeld et al. PRD 80, 054009 (2009)
Aliev et al., Comput. Phys.Commun. 182, 1034 (2011)
Kidonakis, Phys.Rev. D82, 114030 (2010)

Ahrens et al., JHEP 1009, 097 (2010), arXiv:1105.5824

4 x more top pairs at LHC with 1 fb'1,
than at the Tevatron with 5 fb!
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é)?éctroweak Top Production at Hadron Colliders

s-channel t-chann%l Wt-channel &
% 2 w- 3
O(NNLO) >\/W\ \{v: b 8 >
=y
(pb) > 3
(Meop = 172.5 GeV) \ (Zf G
b A 5
3
=
Wi 1.04 + 0.4 R B e
@ 1.96 TeV Setintios Santiahas ST T T 5
N
LHC +3.3 %
@7 TeV 4.6 £ 0.3 64.6 2.6 15.7 + 1.4 g

Very difficult Not possible at

at LHC Tevatron
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é,?ﬁ Inclusive Jet Cross Sections at 7 Te

-

Non-perturbative corrections
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Pythia Tunes (6.425)
AUET2B - CTEQ 6.L1
AUET2B - MRST LO**
AMBT2B - CTEQ 6.1
Pythia 8 Tunes (8.150)
4C
Herwig++ Tunes (2.5.1)
UE 7000 - 2

|:] Uncertainty

A
N

p—
-
p-

N G — ¢
G OO

anti-k, jets, R=0.6
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~‘Inclusive jet cross section at 2.76 Te

Uncertainties on NLO pQCD prediction of cross section

w
o

NLO pQCD (CT10)

Vs=2.76 TeV
anti-kt R=0.6

3.6<|y|<4.4

B T T T T T T T I
- NLO pQCD (CT10)
[ Vs=2.76TeV

NLO pQCD (CT10)

Vs=2.76 TeV
anti-kt R=0.6

2.1<|y|<2.8
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Relative uncertainty [%)]
Relative uncertainty [%)]
Relative uncertainty [%)]
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NLO pQCD (CT10)
Is,=2.76 TeV / |s,=7 TeV
anti-k; R=0.6

3.6<y|<4.4

C NLO pQCD (CT10) - NLO pQCD (CT10)

T s,=2.76 TeV / |s,=7 TeV Is,=2.76 TeV / |s,=7 TeV
- anti-k, R=0.6 anti-k, R=0.6

a3 2 1<ly|<2.8
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. Scale choice

Relative uncertainty on p(y,pT) [%]
Relative uncertainty on p(y,p_) [%]
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ATLAS

, Preliminary Simulation

Prelimlinary Silmulatlion Plreliminary Slimulation

10° 2x10°? 30 40 50 10? 2x10?
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ﬁ?ilnclusive jet cross section at 2.76 TeV

11

ATLAS-CONF-2012-128
Systematic uncertainties

Uncertainty source ly| bins Correlation
0-0.3 0.3-0.8 0.8-1.2 1.2-2.1 2.1-28 2836 3.6-44 | to7TeV

Trigger efficiency

Jet reconstruction eff.

Jet selection eff.

JES1: Noise thresholds

JES2: Theory UE

JES3: Theory showering

JES4: Non-closure

JESS5: Dead material

JES6: Forward JES generators

JES7: E/p response

JES8: E /p selection
JES9: EM + neutrals

JES10: HAD E-scale

JES11: High pr

JES12: E/p bias

JES13: Test-beam bias
JES15: Forward JES detector
Jet energy resolution

Jet angle resolution
Unfolding: Closure test
Unfolding: Jet matching
Luminosity

Calorimeter and jet reconstruction common to
both analyses at 7 TeV and 2.76 TeV

Jet energy scale (JES) systematics are largely correlated
between the two analyses
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