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Why Standard Model Physics?

...In the era of the Higgs Boson
x  Search for deviations from SM

x Many new physics models reveal deviations from SM similar to the ones
from NLO or NNLO QCD

x Example: contact interactions versus bump-hunting search

= Establish:
x Understanding of backgrounds to new physics searches
» E.g.: Drell-yan is a major background for H 2> WW ¢ -
» |Improved proton PDFs x t
= Explore the SM self consistenc ¢
= Measure its parameters - I ERTITNEE,]

68% and 95% CL fit contours ]
w/o M,,, m and M, measurements | :

M,, world average + 1o

Now that the Higgs was found,
measuring the top and W mass
precise enough will be an
enduring challenge
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Combine analyses, e.g. to obtain the most information about PDFs
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Combine analyses, e.g. to obtain the most information about PDFs

Many topics left out:
SM Higgs production

Heavy-flavour physics (B-physics)

Heavy-ion physics (physics in dense media)
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Inclusive Jet Cross Sections

CMS-PAS-SMP-12-01

s =8TeV anti-k; R=0.7 L=10.71fb™ CMS Preliminary
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NLOJET++ prediction with NNPDF 2.1
NLO QCD predictions describe data over 10 orders of magnitude!

Jet inclusive data starts to constrain gluon PDFs
(CT10, MSTW2008, NNPDF2.1, HERAPDF1.5, ABM11)
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Inclusive cross section ratio 2.76 TeV/7 TeV

= Experimental uncertainties is reduced and generally smaller than

theory uncertainty (JES ~ few %) e T
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Impact on gluon and sea parton distribution functions


http://arxiv.org/abs/1304.4739
http://arxiv.org/abs/1304.4739

Inclusive cross section ratio 2.76 TeV/7 Te

= Experimental uncertainties is reduced and generally smaller than

theory uncertainty (JES ~ few %) ArXiv:1304. 4739
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Impact on gluon and sea parton distribution functions
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Inclusive cross section ratio 2.76 TeV/7 Te

= Experimental uncertainties is reduced and generally smaller than

theory uncertainty (JES ~ few %) ArXiv:1304. 4739
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Impact on gluon and sea-quarks distribution functions
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Extraction of the Strong Coupling Constant

Ratio of the inclusive 3-jet cross section
to the inclusive 2-jet cross section (R3) arXiv:1304.7498
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ATLAS: Preliminary result with similar measurement (ATLAS-CONF-2013-041)
CMS: Measurement in top events cms-Pas-TopP-12-022)
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Photon cross section measurements

14 v+ 1jet

A ¢y distribution rapidity distribution

CMS Preliminary, \'s =7 TeV, L _ = 4.9 pb™
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W and Z inclusive productio

CMS, 19 pb™, 8 TeV
CMS, 36 ph 7 TeV
CDF Run I

DD Run |

um
PP
/:r, NNLO, FEWZ and MSTW08 PDFs

05 5 7 10 20
Collider Energy [TeV]

7 TeV 8 TeV

CMS and ATLAS CMS

Uncertainties: 1-2% (dedicated low-pileup run)
(excluding luminosity) Uncertainties: 2-5%

JHEP 10 (2011) 132; Phys. Rev. D85 (2012) 072004
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http://prd.aps.org/abstract/PRD/v85/i7/e072004
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Strangeness in the Proton (from W and Z data

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

Measurement of the @,* distribution of Z/y*

arXiv:1211.6899

(pn” is correlated to pr(Z) and

-
(n” is a measure of probes same physics

scattering angle of leptons
relative to beam
in Z/y* rest frame

(Pn* depends on lepton angles only,
more precisely measured than
momenta
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High-mass Drell-Yan productio
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Exclusive / semi-exclusive It production

CMS,\'s =7 TeV, L = 40 pb"
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: Measurements of Z + jets

ATLAS e YRR EXxplore extreme phase space
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Measurements of Z + jets

Ziy+(—> )1 jet (o) Explore extreme phase space

Ldt=46fb ~@~ Data 2011 (\s = 7 TeV) (using |arge dataset at 7 TeV)
anti-k, jets, R = 0.4 & ALPGEN
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0% > 30 GeV, Y| < 4.4 &
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arXiv:1304.7098
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uncertainty:

- Naive approach (1/2 , x2)

- Stewart/Tackmann

MC / Data
seeJewIng) oeor -- €L0¢ INf -- suuobiy -- doysyIop\ SY 11V SN

-
(0]



http://arxiv.org/abs/1304.7098
http://arxiv.org/abs/1304.7098

: Measurements of Z + jets
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Hard Double Parton Interactions (in W+2 jets events)

» |rreducible background for SM and New Physics searches
x How well is this modeled by our MC generators?
x Example: 25% of Wb cross section
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Measure fraction of DPI events 20



Hard Double Parton Interactions (in w+2 jets events

New J. Phys. 15 (2013) 033038

‘T‘lTITT-TITTY-TTTT TTTTIvTTT]’T: I I

. ATLAS . WI\ data - physics BG A\ S= 7TeV

- Fit distribution
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o
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UA2 (4 jets - lower limit)
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jets (=1
| Bt I+IPT |

oer(7TeV) = 15 + 3 (stat.) *3 (sys.) mb |

DPI 2-jet W + 2 jets
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(D) _
fD = 0.08 + 0.01 (stat.) = 0.02 (sys.) CMS has a recent study of different
within phase space: e.g. prjet) > 20 GeV variables with sensitivity to DPI (but Nno Oef)
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Consistent with prediction from ALPGEN + Jimmy CMS PAS-FSQ-12-028
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W + Heavy Flavor (HF) production
C

W+b ] N e W+ 54
Background to Higgs and top quark studies
$ <k P i Sensitive to strange quark PDF
1’ at x ~ 0.01
‘a' ,l, 0}‘ (important for W mass precision measurement)
O‘ Q‘ q' CMS Preliminary 5fb" at\'s =7 TeV

Total Uncertainty
CMS 2011

Statistical Uncertainty 84.1x 2.0 (stat) = 4.9 (sys)
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- 0p)
O 5
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ATLAS: Wb production arXiv:1302.2929 ts I | = >
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(similar to earlier result on W/Z differential cross section)
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Combined Wb + single top cross section also done
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Top production at 7 and 8 TeV

CMS prelim. combined 8 TeV (2.8 fb') ATLAS Preliminary Single top production

LHC prelim. combined 7 TeV (0.7-1.1 fo") | Ldt=(0.70-2.05)fb"
CMS dilepton 7 TeV (2.3 fb")

t-channel

Tevatron prelim. combined (up to 8.8 fb")

CDF prelim. combined (up to 8.8 fb™) __
DO combined (5.4 fb™) P _"""Wt-channel

/

—Theory (approx. NNLO)
I stat. uncertainty

——— Approx. NNLO QCD (pp) s-channel
Scale uncertainty

Scale ® PDF uncertainty $ t-channel, arXiv:1205.3130
Approx. NNLO QCD (pp) § Wt-channel, arXiv:1205.5764

Scale uncertainty

B Scale ® PDF uncertainty % s-channel, ATLAS-CONF-2011-118

Langenfeid, Moch, Uwer, Phys. Rev. D80 (2009) 054009 v95% CL limit

MSTW 2008 NNLO PDF, 90% C.L. uncertainty

9 10 11 12 13 14
CM energy [TeV]

Top pair production Single top production
Consistent across all channels New measurements of t-channel
(Experimental uncertainty: ~ 5-15%) production at 8 TeV

(Uncertainty: ~ 13-19%)
Approx. NNLO and full NNLO QCD ATLAS-CONF-2012-132  CMS-PAS-TOP-12-011
prediction

(Similar theoretical precision) Ratio of top vs anti-top

T ATLAS-CONF-2012- MS-PAS-TOP-12-
Start constraining gluon PDFs! e AR IR S et !
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryPlots
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Probing the top quark: differential cross sections

Many kinematic properties of top events have been measured

Differential ttbar cross sections Jet multiplicity. in ttbar events

CMS-PAS-TOP-12-028 ATLAS-CONF-2012-155

CMS Preliminary, 12.2 fb'at s = 8 TeV | |

. [
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[T T 171 | T T | T T | T T | T T | T 1T | T T | T 1T Data
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— — MC@NLO+HERWIG

T MadGraph ALPGEN+PYTHIA (i, Down) 3

MC@NLO .

SICHEY POWHEG+PYTHIA
--- POWHEG
Approx. NNLO

(arXiv:1210.7813)
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MC/Data
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0 50 100 150 200 250 300 350 400
ptT [GeV]

Generally, good agreement with MC and/or approximate NNLO predictions
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Top quark mass measurements

Measured in different channels with N ATLAS Preliminary
different techniques 1 b l+jets (2d) b —{174,53 41 +0.43 £ 227

| 4.7 b I+jets (3d) prel. i —i 17231+ 0.23 +0.27 + 0.67 + 1,35

Best measurements are in the lepton+jets channel

: CMS 5.0 o' I+jets — ol — 173.49 + 0.27 + 0.33

C

D0 3.6 b I+jets i—e—i- 174,94 + 0.83 + 0.53 ij:

_|

CDF 8.7 fo”' I+jets e 172.85 + 0.52 + 0.49 (%

q %, /L_ Tevatron Comb. 2013 o4 173.20 + 0.51+ 0.36 §

y L stat %

< = | o

O

q, ¢ 165 :

- >

W Y %

_“ h 3 bE 3

9 Only 7 TeV data used so far  Non- stat-iike™ 5

systematics

. . -

Dominant systematics: =

o

CMS: arXiv:1209.2319 ATLAS: ATLAS-CONF-2013-046 %
- b-jet energy scale - Overall jet energy scale L
- Color reconnection - b-tagging efficiency and mistag 2
(11 b ©)

- Total “non-stat” syst.: 0.98 GeV - Total “non-stat” syst.: 1.35 GeV o
=

=

Q

)

M

w

N
A

LHC combination effort on-going: expect 0.5-0.7 GeV



Diboson production at the LHC

Xo,
f =
Proton - f
‘ '/-* t-channel
ql 1—‘-——
§ ==

Hard
Scatterln

u-channel
v |

N
s-channel @
el

€102 Inf -- duuobiy -- doysyIop SY 11V SN

Proton
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Diboson production cross sections

‘ ; e = T,

ATLAS ar.1d CI\/IS.have pfarformed 7279 (/) 22 (p) (S6emet16.GoV)
extensive studies of diDOSON [
production: [

-
-
-
-

o.‘
-
-

8 TeV: WW, WZ and ZZ (G Dmta 201 (5.7 TV

fevatron (1s=1.96 TeV)

ATLAS: Phys. Rev. D 87, 112001 (2013) T i (ST OSNET VI T GO R TN S R T O e MR L
CMS: arXiv:1306.1126; Phys. Lett. B 721 (2013) 190-211 10

WW = Ivlv WW = VIV = St oror

ey a M Cross sections a little high (~1 o)
relative to NLO QCD predictions
Al & -

Largest deviation:

aws o s 8 Te CMS 8 TeV WW ( ~ 2 o)

Saejewing) oeor -- ¢Log INr -- GUUOBJV -- doysyJop SY1LlVY SN

N

H -->WW contribution ~ 3 (4)% at 7 (8) TeV 2


http://dx.doi.org/10.1016/j.physletb.2013.03.027
http://dx.doi.org/10.1016/j.physletb.2013.03.027
http://prd.aps.org/abstract/PRD/v87/i11/e112001
http://prd.aps.org/abstract/PRD/v87/i11/e112001

Diboson differential cross sections

Raw distribution Unfolded distribution

ATLAS Monte Carlo (MC@NLO)

J Ldt=4.6fb’ \s=7TeV Data 2011 ({s=7 TeV) Data

—4— Data

[ Ismww

Ty "\Kz=0'1
).z=}.{=0.1 5
..\gf=o.2

. Background

Ostm +5yst

 WW = vy

fdp_ [GeV]

; Stat. Uncertainty
f Ldt=461fb Full Uncertainty

Events / 20 GeV
fid
Oww

id o dof

WW = Iviv

Bin centers are cross-section
weighted averages

80 100 120 16 80 200
Leading lepton P, (GeV]

Data/MC

140
Leading lepton p_[GeV]

Normalized cross section

Can be compared with
other theoretical predictions

Saejewing) oeor -- ¢Log INr -- GUUOBJV -- doysyJop SY 11V SN

No deviations observed in the differential kinematic distributions for
WV, ZV, WW, WZ or ZZ Phys. Rev. D 87, 112001 (2013)

N
o


http://prd.aps.org/abstract/PRD/v87/i11/e112001
http://prd.aps.org/abstract/PRD/v87/i11/e112001

Triple gauge couplings

Wy, WW and WZ 5 anomzous > el > el

charged couplings

Zy and ZZ 8 anOma|OL.JS ( GC % m
neutral couplings : s

No deviations from SM have been observed

Channels

Feb 2013

" ATLAS Limits! —i
CMS Limits t

Chaiged couplings £ Ui =H = Charged couplings:
-0.410-0.460 4.6 fb™" LS A i
10.380 - 0.290 5.0 fb" x |LHC limits similar to LEP limits

-0.210-0.220 49fb™
-0.110-0.140 5.0 fb™
DO Combination -0.158 - 0.255 8.6 fb™

LEP Combination -0.099 -0.066 0.7 fb™’ " NGUtraI Coup“ngS:

0.050 - 0.037 5.0 » |HC limits already far stricter

-0.048 - 0.048 4.9 fb” than LEP limits
-0.038-0.030 5.0fb™

DO Combination  -0.036 - 0.044 8.6 fb™

LEP Combination -0.059-0.017 0.7 fb™"

1 15
aTGC Limits @95% C.L. Limits assume no form factor A = infinty 5

-0.065 - 0.061 4.6 fb’
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Single Z electroweak production

:
: E"--i* Similar to VBF Higgs production
M

d
W

> CMS uyj Z /!
- rNs=7TeV. L=511" \V/:1= -
5 R 5>
A N 5
S5
R g
>
Z: LS
>
W ]
W
06 ﬂl m ™

BDT output

First evidence for electroweak Z production
x Uses BDT to separate signal form enormous QCD Z+2 jets background

x Statistically limited measurement consistent with SM expectations
arXiv:1305.7389 3

= sgeJewInL) oeoQ --



Exclusive production of WW (yy = WW)

b »—%rr K%% A s A
f v-y;- f: XNJJJV B"‘N‘M“- XNJ

x pp = pH WW- p®=>pHeypt
x Only two leptons from primary vertex (no other tracks)

CMS,Vs=7TeV,L=5.05fb"

w
o

Set limits on aQGC

® Data - Drell-Yant't’
— Inclusive W'W B Diffractive W*W’

N
(@)
suuobiy -- doysyIop SY 11V Sh

>
% )
0 Q)
s o
S ?
m—
£ 5
g >
7] L

using events with - S Waiets
o0 Elasticyy =t = Inelasticyy — t*t :
Pr(ue) > 100 GeV — = WW (SM) =
------ vy = WW (i—gz =210, i—% =0, A,,;=500GeV) B
----------- Yy — WW (i—g: =-2*10", i—é: =-8*10%, A_,, ,=500GeV) a
Limit results: |
(e
x20 Tevatron 5
x100 LEP &
400 600 800 _ 1000 ; i) G
m(ew) [GeV] 100 150 200 250 300 S
p_(eu) [GeV] s
w
arXiv:1305.5596 32



The challenges of the W Boson Mass

Amy = 0.9 GeV < Amw ~ 5 MeV
Energy under the electron cone

¢ "
IR

L event G

>

0p)

S

| g

| I
e
\f
Oy

8 Bias

—

— — —_— -

Ha:rd Recoil

@ saeJewIngy oroL -- £10Z INF -- duUo



The challenges of the W Boson Mass

Amy = 0.9 GeV < Amw ~ 5 MeV
Energy under the electron cone

L—> In-cone FSR

Underlying event

suuobly -- doysyiops SY11V SN

U(;,\ ‘\ Soft Recoil
0\ l ]
8 Min Bias é

- () B Ps
Detector resolution in Mr broader than Pr(l), due to pileup
Most likely use Pr(l) fits => more sensitive to Pr(W) distribution

Lower x production, no valence anti-quarks ==> less known PDFs
(s-quark > 10% at 7/8 TeV)

In-situ PDF fitting?

£ sseJewIng) oeoL --

w

W+ and W- have different kinematics



The challenges of the W Boson Mass

Amy = 0.9 GeV < Amw ~ 5 MeV
Energy under the electron cone

L—> In-cone FSR

Underlying event

suuobly -- doysyiops SY11V SN

(& \\ Soft Recoil
0\ l ]
8 Min Bias §

- () ) | ]
Detector resolution in Mt broader than Pr{(l), due to pileup
Most likely use Pr(l) fits => more sensitive to Pr(W) distribution

Need exce_”ent Lower x production, no valence anti-quarks ==> less known PDFs
understanding of (s-quark > 10% at 7/8 TeV)

Y 1++i f)
detector and MC In-situ PDF fitting?
simulation W+ and W- have different kinematics

£ sseJewIng) oeoL --

(%)



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

Besides finding the last missing piece of the SM...

Found impressive agreement with theory across orders O — —ATLAS Praiinnary
of magnitude | : ; g | | g

LHC pp Vs = 7 TeV
Theory
= Data 2010 (L = 35 pb’)
0 Data2011 (L=1.0-4.7 fb)

= Continuing to explore ever smaller cross sections
Established a stable ground for new physics searches

LHC pp Ys =8 TeV

» Still, deeper understanding is needed: == Theory

e Data 2012 (L=5.8fb"

» Parton distribution function
x  NNLO QCD calculations and NLO EWK corrections

What’s next?
=  Many more results to come in the next few months
= \We are just starting SM physics with the 8 TeV data
= | ater:
Vector Boson Fusion Vector Boson Scattering

M —D—p > d— M =>4 C 2 .
"“‘“‘”’ h \.f'\/ A V Y
HZ, 7 J/, h A/L/\[ 9 H | \f‘-/ ‘
5WV‘L< W (S M"L
L !}P’f LW Jj , LW
A +Z_ &

A ->JJJ S M

G seeJewWINL) OBOL -- €102 N -- 8

V
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Top pair production cross section at 7 and 8 Te

®x Comparisons with new theoretical predictions

CMS Preliminary\Ns=7 TeV CMS Preliminary,\s =8 TeV

CMS e/u+jets 158+ 2+10= 4 q

Phys. Lett. B 720 (2013) 83 (val. = stat. = syst. = lumi.)

(L=2.2-2.3/Mb) CMS prel. (e/u+jets) 228 + 9 =2 +10pb
TOP-12-006 (L=2.8/fb) (val. = stat. + syst = lumi.)
CMS dilepton (ee,up,eu) 162+ 2+ 5+ 4
JHEP 11 (2012) 067 (L=2.3/fb) (val. £ stat. = syst. = lumi.)

—9
CMS all-hadronic 13910+ 26+ 3 CMS prel. (ee,un,en) 227 + 3+11=10pb
arXiv:1302.0508 (L=3.5/fb) (val. = stat. = syst. = lumi.) TOP-12-007 (L=2.4/fb) (val. = stat.» syst. = lumi.)

@
CMS dilepton (et,ut) 1431422+ 3
Phys. Rev. D 85 (2012) 112007 (val. = stat. = syst. = lumi.)
(L=2.2/b) CMS prel. combined 227 + 3+11+10pb

ﬁ (VaL = Slal. 2 S)’S‘ = luml)

CMS t+jets '  152:12+32: 3
arXiv:1301.5755 (L=3.9/fb) (val. + stat. = syst. = lumi.)

[ NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 ] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2013)
[ Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 I Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)
2 Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030 [ Approx. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5859 (2011)
[ Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097 [ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
) NLOQCD [ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncenainty)

J J l J l | l
50 100 150 200 100 200 300 400

o(tt) (pb)
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Inclusive Jet and Dijet Cross Sections at 7 Te

NSRS Phys.Rev. D86 (2012) 014022
= F) 3

Inclusive jet cross section Dijet cross section

4
r—1102~ III,III :TTITII

~_anti-k,_ jets, R=0.6 Iyl < 0.3 (% 10™)

21 , O 0.3<ly]<0.8(x10%
1 0 _JL dt=37 pb , \s=7 TeV 0.8< |yl < 1.2 (x 10%)

—

o
W
o

AA

O~ NNWW A&

Systematic
uncertainties

—h

o
N
~J

18 1.2<y] <21 (x 10°)
10 21'.)/«'28(4-']0);
A 28<y|<3.6(x107)

%\1015 — S 2 o X = 36< },.;,:44‘-._105; :
Cf10m
2 i
© 10
(§Y)

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

AAANANAANA

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

Non-pert. corr.

—

O= =N WA

momowmo noe
A A IA IA IA
nonononNnoh -

d’c/dm, dy* [pb/TeV]
+

S
) >
ll I I Il | I] I | ]

© 106

10°
1 :
1 0-3 " Systematic " T

uncerfainties

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

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

| 1 a3l N i o W 1 S L D e L i R |
20 30 102 2x10? 10° 107 2x10” 1 3 4567
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NLOJET++ prediction with CT10

Soe.Jeuwll

N

Testing predictions over 9 orders of magnitude!


http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022

Inclusive jet cross section at 2.76 Te

Uncertainties on 2.761eV jet cross section

T l T ]
ATLAS
%" aniik R-08  prafiminary

V5 - 2.76 TeV 2.klyl<28

‘)
W
=
o

ATLAS ]
P antik R-0.6 Preliminary |
_\:-77 TeV Mr'3

| Ldt-020p0" 38<ylas ATLAS

F | La - 02 s :
C ‘ Preliminary

- IL:n 0.2
200z 276 TeV
anti-k, R-0.6

Relative uncertainty (%]
Relative uncertainty (%]
Relative uncertainty [%

- ] F ] Total B Total

[ ] JER — Unfolding i “YF[C] JER — Unfolding -200 [] JER —— Unfolding
[ Others i - '_—— JES —r—— Others —— JES -—- Others
III L L C

L1 - - 1 | 1 _300 1 1 1
30 40 10° 2x10° 30 40 so 102 2x10° 30 40 50 60
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(a) |y| <0.3 (b) 21 < |yl <28 (c)3.6<|y <44

n
o
.
o

o ATLAS
Preliminary

" ATLAS
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" ATLAS

L |Lct 0.20 pb'
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[ (5.-2.76 TeV / 5,7 TeV
:amx-\n .6

— —
‘ Ldt-0.20pb"
;'3_-2..76 TeV !/ {5,-7 TeV
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—T— T
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5_ -‘T-E.?G TeV / {E,-7 TeV
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o
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'
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Anomalous triple gauge couplings

= | imits on 5 anomalous charged couplings accessible in Wy,
WW and WZ channels

Feb 2013 Fedb 2013
ATLAS Limits } {
CMS Limits ;

DO Limit O
LEP Limit | *-

ATLAS Limits —

8818 Limits —
Limit

it

LEP Lim o
WW -0.043-0.043 46 fb"
oy, -0.043-0.033 5.0fb"
LEP Combination -0.074 - 0.051 0.7 fb™
WW -0.062 -0.059 4.6 fb"
WW -0.048 - 0.048 4.9 fb™
WZ -0.046 - 0.047 4.6 fb"’
WV -0.038 - 0.030 5.0 b
DO Combination -0.036 - 0.044 8.6 fb™
LEP Combination -0.059 -0.017 0.7 fb™
WW -0.039-0.052 46 b
WW -0.095 - 0.095 4.9fb"
Wz -0.057 - 0.093 4.6 fb"’
DO Combination -0.034 - 0.084 8.6 fb™
LEP Combination -0.054 - 0.021 0.7 fb™

0.5 1 1.5
aTGC Limits @95% C.L.

-0.410-0.460 4.6 b
-0.380 - 0.290 5.0 b’
-0.210-0.220 4.9 fb™
-0.110-0.140 50 fb"’
DO Combination -0.158 - 0.255 8.6 fb™
LEP Combination -0.099 - 0.066 0.7 fb™

-0.065 - 0.061 4.6 b
-0.050 - 0.037 5.0 fb’
-0.048 - 0.048 4.9 b
-0.038 - 0.030 5.0 fb™
DO Combination  -0.036 - 0.044 8.6 fb™
LEP Combination -0.059 -0.017 0.7 fb™

1 1.5
aTGC Limits @95% C.L.

® Stronger limits:
x CMS WW/WZ = lvjj uses fit to pr(dijet) distribution

= No deviations from the SM have been been observed
» LHC limits already at the level of LEP limits
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Fiducial differential cross sections

LI B BN B N B B S B B B | LA LA B [T

ATLAS JLdt =46f" \s=7TeV

—4— Data
[ Ismww
-eeee AK,=0.1
y=h.=0.15
.f\gf=0.2
~ Background

csmosysl

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

T

; Stat. Uncertainty
Ldt=4.6fb Full Uncertainty

WW = viv

Bin centers are cross-section
weighted averages
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Fiducial differential cross sections

~ — POWHEG BOX
e Data
q + Stat. Uncertainty
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Triple Gauge Couplings (WWZ and WWy)

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

Lwwy . AY ]

= i|g] (Wi, WFV = Wy, WHV) + " WIW, V7 + — W] Wy V7
gwwv my,

V=Zory, gww =-e, and gwwz = -e cot(Bw)
In the Standard Model: (g1Y, kv, AY) = (1,1,0)sm
Set limits on: AgtV =giV -1, AkY = kv =1, AV

Introduce arbitrary cut-off scale A to enforce unitarity

€102 Inf -- duuobiy -- doysyIop SY 11V SN

Cross section with aTGCs has strong energy dependence
kz proportional to /$ ; g1£ and A ~ §
-> measure differential cross-section sensitive to /$

o saeJeWINg oBOL --
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Anomalous TGC effect in WZ productio

Truth-level

g
MY
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>
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—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
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T T TTT
w
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Triple Gauge Couplings (WWZ and WWy)

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

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 P(l) distribution) (from Pr(y) distribution)
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neutral Triple Gauge Couplings (ZZZ and Z2y)

= Possible vertices using an effective Lagragian
€

[f4v (0,V* "z, (0°Zy)+ f5 (0°V,, )ZHP Zﬁ] Scale dependent
form-factors

Lyzz =~

MZ

CP-violating CP-conserving ¢ ( 5) — (H_?W é

& J_,n with cutoff scale A §

2 0p)

5

2 %

4 s g
/77,77y i

(faZ, faY, 57, 5") = (0,0,0,0)sw ,
e CMS, \s = 7TeV ®

50", A=co

— 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

€Loc Inf --

-1 -0.8 -0.6 -04
(using P1(Z) distribution) 4
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Three years at the Energy Frontier
emarkable LHC operation....

ATLAS Online Luminosity

w2010 pp \Vs = 7 TeV
w— 2011 pp \/s = 7 TeV
w— 2012 pp \'s = 8 TeV

By

|

w w
o (&)

Delivered Luminosity [fb ]
o

ll.l[Illlllll.llIl.lllll.llll.llll}l

20
15
10
2010
A 0.05 fb™ O(2) pile-up events
. at 7 TeV 150 ns bunch spacing

ATLAS
Online Luminosity

» Per crossing

interactions

Designed pile-up value
(expected at L=103%)

Peak
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Three years at the Energy Frontier
emarkable LHC operation....

ATLAS Online Luminosity

w2010 pp \Vs = 7 TeV
w— 2011 pp \/s = 7 TeV
w— 2012 pp \'s = 8 TeV

By

|

w w
o (&)

Delivered Luminosity [fb ]
o

ll.l[Illlllll.llIl.lllll.llll.llll}l

20
15
10 50 ns bunch spacing
2010
0.05 fb™! O(2) pile-up events
at 7 TeV 150 ns bunch spacing

ATLAS
Online Luminosity

» Per crossing

interactions

Designed pile-up value
(expected at L=103%)

Peak
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Three years at the Energy Frontier
emarkable LHC operation....

ATLAS Online Luminosity

w2010 pp \Vs = 7 TeV
w— 2011 pp \/s = 7 TeV
w— 2012 pp \'s = 8 TeV

By

|

w
(&)

w
o

50 ns bunch spacing

Delivered Luminosity [fb ]
o

20 July 4t
155
10;_ 50 ns bunch spacing
3 2010
: ot 0.05fb*  O(2) pile-up events
. at 7 TeV 150 ns bunch spacing

ATLAS
Online Luminosity

» Per crossing

interactions

Designed pile-up value
(expected at L=103%)

Peak
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Robust electron reconstruction efficiency

—e— Unconverted photons ATLAS Preliminary
@+ Converted photons Data 2012, ys = 8 TeV

—— Single track conversions
—*— Double track conversions

L I L [ LI I L I L I LI I LI I LI I LI I L

ATLAS Preliminary Data 2012 | Ldt=770pb”
LA V869 g ¢

Pobr e g g g gy

J. Ldt=3.3fb"

N0
Qe QI e Gy Qe GG QG Qe QG e Gy

o

A

Fraction of photon candidates

o e i ey e e

- l — I e e e e e e, e i e fy e e A A

® Data Loose 4 Data Medium = Data Tight

S0 o0 0 0 00O
N W D 1N ©

Electron identification efficiency [%)]

O MC Loose & MC Medium 0 MC Tight

o
—

IIlIIIIIIIIIIIIIIIIIllllllllllllllllllllll

1 l 1 1 1 l 1 11 11 1 | 1 1 1 | 1 11 | L1 1 | 1 1 1 | 1 - I 151
2 4 8 10 12 14 16 18

Number of reconstructed primary ver“Iices

N IIII|IIII|II|I|IIII|IIII|I|II|IIII|IIII||III
o

10 15 20 25 30

Average interactions per bunch crossing

U!O

5

O w lllllIIII|IIII|IIIII[III|IIII|IIllIIIIIlIllIlIIII

~30 Pile-up events

(60% reconstructed PV) EMiss resolution in Z — uu events with and without
soft-term vertex fraction correction

UL L L L L L R N L
MC12 default ATLAS Preliminary

MC12 Pile-up suppression STVF

Data 2012 default
Data 2012 Pile-up suppression STVF

.W—)@rvE/p ......... ............. —
@ Z—>ee inv. mass :

i=¢=#+

s
0 jets pT>20 GeV =0=+

N

Relative energy scale

$
S
N
N
z

-
- -
:8:=9=
—o—
‘A
III|III|III|III|III|III|III|III|III|I

2 4 6 8 10 12 14 16 18
Average interactions per bunch crossing Number of reconstructed vertices

8 10 12 14 16 I18 20 22 24 26 28

OCD
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{2 " Re-establishing the SM at LHC

[t
'I‘ :
< -

Tevatron timeline ATLAS timeline

PartiCIeScharged: 1988 Apr 2010

Teva:tron ELHC

jetsinclusive: 1989 jets: Sep 2010

"0
£
@)
O:C_D W: May 2010
—_ I Z: Jun 2010
W: 1988 = 3
Z: 1988 S
"g Top: Jul 2010
2 WW: Dec 2010
PN WZ: Mar 2011
Top: 1994 Il ZZ: Jul 2011
WW: 2005 e
WZ: 2007 4 H: July 4, 20127
ZZ: 2008

MH=1 25 GeV{

WJS2012
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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

| l | |

ATLAS
Data 2010 \s =7 TeV)

Data/NNLO

1

® SoeJewlint) oeor -- €102 |Nr -- duuobiy -- doysyIopn SY1LVY SN


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

W inclusive cross sectio

Phys. Rev. D85 (2012) 072004

ATLAS/CMS W — Iv
ATLAS/CMS W™ I'v
ATLAS/CMS W — Iv

DO W (e/u)v
UAT W Iy

L ITHI’

r

o
-
>
T
3
-
an
X
=
O

IR RN

|

-l
o
(&)

T 1 7 L L L S T 1 7

MSTW2008 NNLO
68%CL PDF uncertainty

| |

Data/NNLO

o
©
o

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

Measurements of Z + jets

T T T r T T T T I T T T T I T Li T L r T T T +r_ I T T .1 T '| T Li T L
ATLAS ZIy (= TT)+ =1 jet (I=e,n)
Ldt=4.6fb" &~ Data 2011 (\s = 7 TeV)

—m— ALPGEN

—4— SHERPA
5— MC@NLO

—%¥— BrackHar + SHERPA

10°

<

I r T I
ATLAS ZIy*(— Mi+jets (I=e )
10° Ldt=46"fb ~®~ Data 2011 (\s = 7 TeV
anti-k, jets, R=0.4 " ALPGEN

iet jet —k— SHERPA
P > 30 GeV, iy | < 4.4 MC@NLO

10 —¥— BLACKHAT + SHERPA
10°

—t
o
fd

anti-k, jets, R = 04

10* ot
Pt > 30 GeV, y*| < 4.4

[}
+
"y
=
L

.
-
L=

(1165, ) dofdp’ [1/GeV]

10

.

1
10
10

—
=
.
_..lIIIIIII| | IIIIIIII | IIIIIII| | Illfml | III[IT'I

107
| | | |

— | |
}-; ¥ BLACKHAT + SHERPA

1_'_,;_.*_‘?:_.-_”
0.8
0.6
1.4
1.2
i
0.8
0.6
1.4~
1.2

[ % BLackHaT + SHERPA 7y
— o
Lo A ,m wvf-’r—ﬁ f’Lf ’f!”f//r’ f’/ffi

5 draraars i

L

NLO / Data
NLO / Data

MC / Data
MC / Data

—&- SHERPA

5 s ,ff"’/

1} MK AATA. yirl‘iy "’é""—i‘fiff e éiéjz‘y// / J/ /
0.8 : :

0'6 - _I 1 1 | 1 1 1 1 ' 1 1 1 I ' 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
100 200 300 400 500 600 700

P (leading jet) [GeV]

SRR

DA N

,

MC / Data
MC / Data

Saejewing) oeor -- ¢Log INr -- SUUOBJV -- doysyJop SY1LlVY SN

(&)
-




From SMWWio H --> WW

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

) ] Wejets
H-WW' "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

Wty
60 80 100 120 140 160 180 200 220 240

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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Summary of diboson cross section measurements

T } ¥ T T | P E—
DO Wy—/vy (4.2 b, 1.96 TeV) DO W(WIZ)—vjj (4.3 fb™, 1.96 TeV)

DO WZ—//i'v (8.6 fb™", 1.96 TeV)

CDF WZ—/i'v (7.1 fb™, 1.96 TeV)
CDF Wy—ivy (11b™, 1.96 TeV)
CMS W(W/Z)-»ivjj (5.0 fb™, 7 TeV)

ATLAS W(W/Z)—/v// (4.7 b, 7 TeV)

ATLAS Wy—ivy (1.02 fb™, 7 Tev) CMS WZ—//'v (1.09 fb™, 7 TeV)

ATLAS WZ-/ii'v (4.6 fb™', 7 TeV)

CMS WW—/viv (3.54 fb™, 8 TeV)
CMS Wy—ivy (5 b, 7 TeV)
CMS WWiviv (4.92 b7, 7 TeV)

ATLAS WW—/viv (4.6 b7, 7 Tev)
777+ Theory ///~ Theory
— Stat. Uncertainty

Total Uncertainty

—— Stat. Uncertainty
Total Uncertainty

Wy Cross Sectjon Results W(W/Z) Cross Section Results

| | 1 I | 1 ] 1 | 1 | 1 1 | I | 1

2 3 2 3
[Measured/Predicted] [Measured/Predicted]

] | 4 T T L J T L T T
D0 Zy—vvy (3.6 fb™, 1.96 TeV) DO ZZ—ill'1"¥llvv (up to 8.6 fb™", 1.96 TeV)

DO Zy—1iy (6.2 fb™, 1.96 TeV) | CDF ZZ—(if1"+iivv (6 b, 1.96 TeV)

CDF Zy—liy (up to 2 fb, 1.96 TeV) ATLAS ZZ /il +iivvy (4.7 fb™, 7 TeV)

1

1

1

CMS Zy—vvy (5 b7, 7 TeV)

ATLAS Zy—ily (1.021b7, 7 TeV)

CMS Zy—ily (5 b7, 7 TeV)

/777 Theory
— Stat. Uncertainty
Total Uncertainty

L |

L

ZZ Cross Sectipn Results

| | 1 |

CMS ZZ-/il'" (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

C
(0]
E
n
=
S)
=
(0))
=
O
O
:
>
(@]
O
=)
=)
()
1
1
(€
=
)]
S
w
1
1
=
O
Q
o
o
=
3
o
Q
4))
(0))

Dave Evans, HCP 2012 [Measured/Predicted]

(%)
(9




Anomalous triple gauge couplings

= Limits on 8 anomalous neutral couplings accessible in Zy
and ZZ channels

Feb 2013 Fedb 2013

ATLAS Limits

ATLAS Limits 4
' ‘ CMS Limits

CMS Limits
CDF Limit

-0.015-0.016 4.6 b
-0.003 - 0.003 5.0 fb™
-0.022 - 0.020 5.1 fb™
-0.013-0.014 46 b
-0.003 - 0.003 5.0fb™

-0.015-0.015 4.6 fb™
-0.013-0.015 5.0 fb"
-0.013-0.013 46 b
-0.011-0.012 50 b

-0.020 - 0.021 5.1 fb™
-0.009 -0.009 46 fb"
-0.001 - 0.001 5.0 fb"
-0.009-0.009 46 b
-0.001 -0.001 5.0 b

-0.016-0.015 46 b
-0.014 -0.014 5.0 b
-0.013-0.013 46 b
-0.012-0.012 50 b

auuob.y -- doysyIopA SY 11V SN

1.5  x10 1 15  x10" :

aTGC Limits @95% C.L. aTGC Limits @95% C.L. B

® /Zy limits (Zy = vvy): g
x ATLAS fits events with Et(y) > 100 GeV 0

x CMS uses Ex(y) > 400 GeV g

= No deviations from the SM have been been observed ;
54

» LHC limits already at the level of LEP limits



The highest-mass central dijet very well measured event. Two central jets with invariant mass of 4.7 TeV

2 EXPERIMENT

m;; = 4.7 TeV
Pr (1, Jo) = 2.3-2.2 TeV

E,™iss = 47 GeV

— 325 ET (GeV)

.. Two Central Jets

T I I 1
90 180 270 360
]




Dibosons: Wy/Zy

Initial State Fragmentation
Radiation

Final State
Radiation

auuobiy -- doysyIopn SY1LVY SN

€Loc Inf --

Suppress

Suppress
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Dibosons: Wy and Zy @ 7 Te

.I Dlata 2011 jIncILIJsu.'e) : 104 l .[ lD:—na 2011 (Inclluswe|
InCI USIVe —&— SHERPA x 1.0 (Inclusive) - 8 103 InCI USIVe —&— SHERPA x 1.0 (Inclusive)
0.‘““""._0-A ...... —ty— ALPGEN x 1.5 (Inclusive) ’;:L‘ei. 102 - S - I —iF— MCFM (Inclusive)
1) - —=— MCFM (Inclusive) ,: 10 & -y - R
— ATLAS Preliminary "'n""[i]"'""" - T ATLAS Preliminary .
- alot 1k | )
: det:ct.efb‘ 2 _ JLdt=4.6fb’
| 8l 10
- 1s=7TeV - 102 \s=7Te e Qe -
1 1 | ] ! 10'3 I 1 1 1 1
T T T T T 1.8 T T ! T T
} | ¥ © - [ ( 1:
TUE BPTRIR T S . i F8 fotoesoe e b4 T *i-
—
20 30 40 60 100 1000 0121 5 20 30 40 60 100 1000
Er [GeV] E; [GeV]
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

Zy: Better agreement with NLO MCFM calculation

N sgeJewing) oeor -- €10z N —- ©

Similar observations at CMS



Dibosons: WW

Challenge (2): Jet veto

(reduce overwhelming top background)

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

o (ET™sS) < 0.5%

—4+— Data

[ ] WW—evuv

[ ] Drell-Yan

[ ] top-quark

B W+jets

[ ] non-WW diboson

Events / 5GeV

f Ldt = 4.6 fo'!

6 7 8 9
Jet Multiplicity

Saejewing) oeor -- ¢Log INr -- GUUOBJV -- doysyJop SY 11V SN
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Dibosons: WW+WZ > |lv + jj @ 7 TeV
e R o oV

* 24 * S/B < 1%
SR S

Ldt=4.7fo" —o— Data
Multijet f Ldt=4.7 fb

tt+single-t \@ =7 TeV

W/Z + jets
B wwwz

W—uv + 2jets
x2Indf = 41.4/ 44

W— (e, u)v + 2 jets

Entries / 5 GeV

100 3 200 %50
Dijet Mass [GeV] Dijet Mass [GeV/c”]

WW+WZ Gmeasured (Pb) GNLO (pb)
ATLAS 72+ 9+ 15 + 13 (MC stat) 63.4 £ 2.6

@)
>
o
=
S
©
Q
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X q>v3w“‘ﬁ Z Dibosons: ZZ Production
} 4

/ZZ = 4 leptons (eeee, pupy, eepuy)

'y 1—-*—
20 40 60 80 100 120 140 160 180 200 220 *

N
(@)
N\

Subleading lepton pair mass [GeV]

e =
% 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) ’ w
: : >
G 180~ ATLAS ! . —4— Data 1—< :
% 5 ZZ > I'ITl S5
1 [ ] s
D s 140 : : JLdt - 46 fo Two Z bosons on-shell =
© Q : ' =7 TeV ¢
:: %; 120 or >
@)
\V/ £ 100 S
o 2 One Z boson on-shell >
N © 80 and the other off-shell L
= 3
\V/ 60 X
© Also used: R
e 40 Z> W |
)
Q
O
@)
c.
3
Q
™
B

e

il LY 6

o

66 < Mz < 116 GeV



X q>w‘*v~f Z Dibosons: ZZ @ 7 TeV
17 G

/Z = 4 leptons (eeee, pupy, eeuy)

ATLAS 4 Data ATLAS

j Lot=4.641f0" ] zz - rier

(5= 7 TeV [ ] Background (dd.)
2224 Total Uncertainty

j Ldt=4641"

S 7 TeV [ ] Background (dd.)
K525 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

o Dibosons: ZZ @ 7 Te
|

/Z = 4 leptons (eeee, pupy, eeuy)

ATLAS 4 Data
J Ldt=464fb" 77 — I
Background (dd.)

Total Uncertainty

ATLAS Preliminary
e Data
I Background 2z
I Background Z+jets, fi [
[]Signal (m =125 GeV) | ERACEElle[eSH ZZ* — 11T
7/ Syst.Unc. s -
H—zZ" -4l
[\s=7TeV: [Ldt=4.6 o
\s =8 TeV: |Ldt = 13.0 fb”

50 -
40 -

s=7TeV

>
Q
)
o
=
)
-
c
Qo
>
w

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

YL/ Nobs(a1) Nsignal(41) Nbkg4) ) easured (pb)
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Diboson Physics: WW, WZ, ZZ, Wy, Zy,yy
Examples (7 TeV, 4.6 fb):

Wy: Normalized fiducial differential cross section Zy: Search for narrow resonances
(techicolor)

D Data 2011 (Inclusive)
|
I nC| USIVe —E— SHERPA x 1.0 (Inclusive)

—ty— ALPGEN x 1.5 (Inclusive)

ATLAS Preliminary ~ —e— Data 2011

[ zZ(e'e)+y (SHERPA)

D Z(e'e)+jets, i

—— SM it only, %?/Ndf=1.2
m,, =490 GeV

ILdt =46 15=7 TeV

—5— MCFM (Inclusive) N, 20 E;>40 GeV

== ATLAS Preliminary P S——
m

>
©

O

S

~

7,

1 I

i det:d.Sfb S
>

L

1s=7TeV

)

O

c

T

S
100 1000 S) O 100 200 300 400 500 600 700 800
E! [GeV] %) m**¥ [GeV]

Agreement with NLO MCFM calculation

Exclusive calculation (Njet =0) is good

Similar observations at CMS
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MC / Data

MC / Data

arXiv:1304.7098

ATLAS
Ldt=46fb"

anti-k, jets, R =0.4
P > 30 GeV, |y"| < 4.4

~&- SHERPA

1.4 MENLOPS (Z+0-5p)

Measurements of Z + jets

Explore extreme phase space
(using large dataset at 7 TeV)

Z/y* (= I'M)+jets (I=ep)

~@~ Data 2011 (\s =7 TeV
#—- ALPGEN
A— SHERPA
— MC@NLO -
—¥— BLACKHAT + SHERPA = %

AAAaVIA

a)' Large jet
multiplicities

(3,
¥
r'e

fixed-order
NLO pQCD

Large pr1(2)
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http://arxiv.org/abs/1304.7098
http://arxiv.org/abs/1304.7098

