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Overview

Will present ATLAS measurements of the production cross sections
of W and Z vector bosons in association with jets in
various observable distributions:

* Inclusive jet multiplicity o(V + 2 njets)
« Differential coss sections do / dp/®, do / d|y*|
« Di-jet quantities AR, |Ay,[, |Ag|, m,
« Complex quantities H =% p (v

All quantities defined inclusively:
less sensitive to modeling of soft component and migration effects

Measure the cross sections

 at particle level
* in the fiducial volume of the detector
« use ratios whenever possible to cancel experimental and theoretic uncertainties

* (do/dg) / o(V)
« o(V+2=n+1jets)/ o(V + =n jets)
o« o(W +1 jet) o(Z+ 1 jet)
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1. Test higher order calculations and perturbative QCD

107 g
« Can use electroweak process to : 6 — i
* “tag” events (W/Z decay has clear signature) 07 b o S P
- provide well-defined scale - fevawon — LHC
o HN = P+MET+Zp ® N : »
. Y <10
scale used in MCFM and BLACKHAT-SHERPA | 0~ ]
 Different scattering amplitudes than multijet 3 E
production 10° | = H10* 5
(mainly gluon jets rather than quark jets) i 1 s
. . 2 w0 T =
2. Understand as irreducible background - : -
© = N .
« Top quark production 107 f 710° :
» Searches for (new) physics: Higgs, SUSY ... . ] ’
107 — 4107
3. Solve experimental challenges in SM environment | :
- Provide lepton samples 10 Oragge(ly = 150 GEV) A
* In presence of jets (- eg. study isolation) E G1100e(Myy = 500 Go) \ y
* in extreme regions of phase space at high recoil 7o o fi N L s
» (T&P, train identification) 01 ! 10
 Tune simulation of V+jets samples _ Vs (TeV)
e Jet calibration Very different interest and features

compared to Tevatron measurements
and future 14 TeV measurements

Inclusive samples for di-boson production, searches
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Presented ATLAS Publications

W + jets

* “Measurement of the production cross section for W-bosons in association with
Jets in pp collisions using 33 pb-1 at sqrt(s) = 7 TeV with the ATLAS detector’,
ATLAS-CONF-2011-060 (33 pb™)
(paper in preparation)

« “Measurement of the production cross section for W bosons in association with
jets in pp collisions at s\ = 7 TeV with the ATLAS detector’,
Phys.Lett.B698:325-345,2011 (1.3 pb")

Zly + jets

» “Measurement of the production cross section for Z/y* in association with jets
in pp collisions at s = 7 TeV with the ATLAS detector”,
Submitted to Phys.Rev.D, arXiv:1111.2690 (35 pb™)

R, = o(W + 1-jet) /| o(Z + 1-jet)

* “A measurement of the ratio of the W and Z cross sections with exactly one
associated jet in pp collisions at (Vs) = 7 TeV with ATLAS”,
Submitted to Phys. Lett. B, arXiv:1108.4908 (35 pb™)
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Measurement Principle

* Theory and experiment should join at well-defined, physically meaningful level with
minimal model dependencies on anything but the process of interest

Detector
Level Detector
Acceptance,
Reconstruction, 3
|dentification, 3
Inefficiencies, g
Calibration <
 Particle Level | E
t | =
Hadron Level ~ Fragmentation :
7 ~ (nonpert.)
Parton Level Partons (pQDC / PS)

ME (PQCD)

parton jet

PDFs (nhonpert.)

jet evolution — similar for leptons
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Theory Status

Drell-Yan W, Z/y*: NNLO - Important to have NLO

« FEWZ R. Gavin at al., arXiv:1011.3540v1 calculations available
R. Hamberg et.al., Nucl.Phys.B 359 (1991)

W.L.van Neerven et.al., Nucl.Phys.B 382 (1992) « Uncertainties decrease

from 50% at LO to

W, Z/y + 1(2) jetS: NLO ~15-20% at NLO

 MCFM K. Ellis et. al., Phys. Rev. D65:113007

K. Ellis et. al., Phys. Rev. D68:094021, 2003 _
 In particular PYTHIA

W, Z/y* + 3 jets: NLO not expected to

« BLACKHAT+SHERPA C. F Berger et al., arXiv:1005.3728 be precise for N, >1

« W+ 3 jets: C.F Berger et.al., Phys.Rev.D80:074036, 2009

R.K. Ellis et.al., Phys.Rev.D80:094002, 2009  Not all NLO calculations

o Zly*™+ 3 jets: C.F Berger et.al., Phys.Rev.D82:074002, 2010 technically available in
all cases at time of
analysis

W, Z/y* + 4 jets: NLO

o ZIy* + 4 jets: Ita et al., arXiv:1108.2229

e W+ 4 jets: C.F. Berger et.al., Phys.Rev.Lett. 106:092001, 2011

W e W € Z — Z e
'\/v\< y . . +
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Parton-to-Particle Correction

« MCFM and BlackHat-SHERPA are not full NLO Shower-MCs, but “just” parton level
predictions

« Have to evaluate non-perturbative effects on parton level predictions

« Calculated using MC variation samples (tune variations: UE on/off...)

c 14r—rr—r—r—r——rrr——
% - lATLAsl —9—[ HERW|IG+JIMI\|/IYAUE‘:'1 ]
© 4afL PYTHIA AMBT1 B
5 r - PYTHIAAMBT1_EIGEN1M -
g B —a— PYTHIAAMBT1_EIGEN3Px2
S 1.2k —»— PYTHIAAMBT1_MARKUS1
o] C ]
o . .f : \
£ 1.1 -
g ]
L L
Fragmentation R +—  Underlying event
e Losses: W ook - * Adds energy:
lower p_ jets, less jets g ] * higher pT jets, more jets
vl b v b b b by
08407760 80 100 120 140 160 180
81-1_'| L L L L L BN B pjft[GeV] 5 A L L L I RO I I |
= T ATLAS - HERWIG+JIMMY AUET1 ] 5 140 amas -6~ HERWIG+JIMMY AUET1 ]
Q 1 05; —— PYTHIAAMBT1 ] Q - PYTHIA AMBT1 ]
S 1 . . o) - -m PYTHIAAMBT1_EIGENIM
2 ] e Partial cancellation L(u) 1.3 —&— PYTHIAAMBT1_EIGEN3Px2 ]
S T - . . - r —— PYTHIAAMBT1_MARKUS1 ]
g | . : in total correction 1 of E
£ 0.951 R ] (~1-2%) - ]
S [ e T e ] 0 : 115 ]
E o E « About 10% correction at e ]
i : p,= 30 GeV ) ——
0.85}- . (2-5% syst. unc.) ; 1
- ] 0.9 .
08768080 100 120 140 160 180 207760 80 100 120 140 160 180
p=' [GeV] P! [GeV]
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LHC Data

Presented results: 2010 data

 Int. lumi 33 — 36 pb™
* Well understood electron,
muon and jet performance
* Relatively low
collision rates
* Low pile-up rates
» Allow cross section
measurement at low
jet transverse
momentum
 Statistics for higher jet
multiplicities / large
recoil low

Next: 2011 data

« 4.69 fb?

« Up to 20 interactions/bx
(<u> up to >20)

* Precision analyses
In progress...

Total Integrated Luminosity [pb]

Total Integrated Luminosity [fb

60

rrrrrrT T T T T T T T

r ATLAS Online Luminosity Vs=7Tev .
50— [ LHC Delivered -

r  [_]ATLAS Recorded A
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Lepton Selection and Phase Space

Muons

e p;>20GeV
* |In|<24

* Inner Detector + Muon System
 Various quality requirements

* Track isolation

Different acceptance requires inter/extrapolation of fiducial region for combination

Electrons

* |n|l <2.47 excluding 1.37 <n < 1.52

* em. shower shape in calorimeter

(“medium?”, “tight”)

.E :I TT | TTTT | TTTT I TTTT | TTTT I TTTT I TTTT | TTTT I TTTT I TT I: 1—. [ T1 ‘ TTT11 | TT 11T | TTT1 | TTT1 TTT1T TTT1 ‘ TTT1T | TTT1 ‘ TTT \_
£ 35000__ —e— Data 2010 Ns =7 TeV) ] © J 1 —
= n ] ] ~ — | Ldt=36pb ATLAS -
8 - '[Ldt=33 pb’ [Jwow . 2 2500: i i
2 30000F ocn u+ 3 £ 3 y
c C ] > - 7
o - ATLAS 7 . W 2000 -
250007 — - : ]
20000F = 1500} -
15000 - : 1

- ] 1000

10000 ] Z

- - 500

5000 = i

e

» Various quality definitions to optimise
signal efficiency / background rejection

2145 -1-050 05 1 1.5 2
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Pseudorapidity distributions from inclusive analysis
Similar for negative leptons
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Vector Boson Selection and Phase Space

W

 Exactly one lepton (veto 2")
 ETmiss > 25 GeV

Z

« Exactly two leptons
* Opposite charges

« M_>40 GeV « 66 <M, <116 GeV

%9000__L\\|I\II|Il\\|\\II‘IIH|H||‘IIII|HII|__L % ||\|‘||\|‘\|||\|\|\|\|‘||\||\|\||\|\|_
G gooot. |Lot=sepn’ IR S ol AT oo eiroan |
S 8000 : O 407 . 20 99) - s (LFOEN)
, 8000 R JI:
ﬁ 7000t ATLAS |:| Qco e — B [ N1 et - -WW,\:'VZ,ZZ ]
i - . g i je;'_k jlf | R=04 W o 1

c - ] anti- Jets, 1 =10.4, B Z/y*(— ) + jets
G>.) 60005 E Lﬁ 1 02 = PI:t > 30 GeV, St(aﬂet\cal)uﬂcertaint\es Only 75
"' 5000[- 7 SUARES “ :
4000F s ' 1
- ] 10 E
3000:— B ;

2000F -
1000F 3 1£ .
: f L 111 [ T ‘ - | Ll 1 : - L1l ‘ Ll Ll Ll 1 ||T|TI| L | 11 |:
40 50 60 70 80 90 100 110 120 50 60 70 80 90 100 110 120 130

m; [GeV] m... [GeV]

Taken from inclusive W,Z measurement

* Acceptance ~45%

* Inclusive backgrounds: ~10% (W), ~2% (2)
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Jet Selection and Phase Space

Inclusive y and p_ jet (Z+]ets)

Jets 0 AN RRRRNRRAEE RARRE RN RARRN RERRN RRRRN RE:
« Anti-k_algorithm R =0.4 S 0| ATLAS —Daaavoe=ren ]
. p, > 20 GeV (W+jets) S ook J e SRS
- p, >30 GeV (Z+jets and R,,) oib Zgi;k;ft;? o EVV: (W_)WZ)ZZ“ -
. Il<44 (nl<2.8forR ) e o
- lepton-jet separation AR, > 0.5 (0.6 for Rjets) 1022
(prevent distortion of jet by em. showers) 10%
* Pileup removal using “Jet Vertex Fraction” 1
. é\c/)ltjrceongIarge systematic uncertainty in V+jets Pes e o s ‘)
— small for R : pile-up almost cancels Y
- JVF only usable in 2010 data with low pileup 3oL ATLAS  —owamore s
inrati o [ Jrasw ST
« JES calibration largely MC based B0 i St s
 anikes Ro04, ooy

1 03 E t jet .
E p; >30GeV |y | <44 COW(>ev)+jets
C B 72y (— T'T) + jets

Statistical Uncertainties Only

Particle level definition of jets -
« Use all final-state particle 18
* including HF decay products 107
« excluding W/Z decay products

10—2 PN AN T U NI [ T A
40 60 80 100 120 140 160 180

Py [GeV]
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Events

Inclusive Jet Multiplicity (Detector Level)
W + jets

Z + jets

I | I I
W—ev + jets

-1
JLdt:SS pb IWooy

[Jdibosons
0 7Z—ee
CdZ—>1T
o B 11
@l single top

10*

T IIII|

T

—
o
w
I
4

—— Data 2010,\'s=7 TeV

ATLAS Preliminary 107

=0 >1 >2 >3 >4

Inclusive Jet Mu

||||||IT| T 17T

J.Ldt =36pb’

10*

Events / bin

10°

Jet

Backgrounds increasing towards higher N,
EW and top taken from simulation — QCD important at low multiplicities (next

slide)

anti-k, jets, R = 0.4,

jet jet
Py >30GeV.ly | <44 patapotons- 7TeV)

COZiv"—e'e) + jets (ALPGEN)
CIIZY— et + jets (Sherpa)
— Multi jets

Statistical Uncertainties Only gy WWWZ 27

&

|
COW(— ev) + jets
B Fiy (s T) + jets

Top becomes important at higher jet multiplicities (Njet > 3,4) in W channel

Overall good agreement data / prediction
Very similar plots for Ris in respective phase space

(Statistics not enough to cover more than 1 jet: limited by Z channel)

Inclusive bin: Can already estimate o(W) / o(2) ~10
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QCD Background Modeling

Depending on final state use data driven method or MC estimates

« W—-ee Fit data to MET distribution using QCD template
« electron ID reversal or
« electron selection replaced with photon
« W-uu Fit MET distribution, QCD template from MC
« Z-ee Loosen electron ID, normalize with dilepton-mass
o Z-uu directly from MC (HF dominated)

—
N
o
o

\I\lllll
ATLAS

> [T ]
O] | -
O] B -
Z 1000~ . J-Ldt=33pb'1 _
17)] — _
2 - e Data2010fs=7TeV) ]
m 800 L JW-ev —
- [__] QCD (from data) .
600~ % Wy 7 QCD template and
i t ] Normalisation from data
4001~ B in W+1-jet
200 - -
- - (from R analysis)
oF -

~70 80 90 100
Missing ET [GeV]

o
o
N
o
w
o
N
o
(@)
o
o
o
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V+jets Unfolding for Detector Effects

Electron Channel U(N,)

Bin-by-bin correction factors U(g)
_(Nda.ta. — Nba.ckg) X U(f)

do 1

1
¢ ~ £ Ac

* U(¢) contains all trigger and reconstruction
(leptons and jets) inefficiencies / resolutions

* Determined using ALPGEN simulation

Electron channel:;
Muon channel:

« Systematic uncertainty : difference between
ALPGEN and SHERPA derived corrections

U(€) = 1.65t0 1.35
U(€) = 1.16 to 1.1

Bayesian Method “d'Agostini”

e Cross check + future use

* Lower MC dependence,

better statistical treatment
* More complex, need to pay attention

to regularization

* This round confident in bin-by-bin results:

* Good agreement data-MC at Detector level
 W/Z + jets measurements are systematically

limited

* Little migration: off-diagonal elements small

1.9_ I | |

20 40 60 80 100

S
® C .AT.LAS Z* (> e'e) +jets 1
“ 18C anti-k, jets, R = O..4, Js= 7 TeV N
S [ p™>30GeV, |y <44 ]
5 —— ALPGEN + HERWIG]
g 1.7 —— Sherpa -
o L
O =
1.6 3
150 : x , =
- —— T I
1.4f —t | -
1.3F ]
F ! | | |
1270 1 o 3 4
> N,
ATLAS
Migration matrix (ALPGEN + HERWIG)
— 180
% g=
T 140 0.35
2 120 03
@]
*8- 100 0.25
@ 0.2
°
S 0.15

120 140 160 180

pE' (hadron level) [GeV]
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WI/Z Ratio Correction Procedure

* R calculated from ratio of individually corrected

event yields in W, Z channels
Allows correct evaluation of statistical

Signal events
(backgrounds subtracted)

correlations in numerator/denominator - i
AN . — i =
/_ part &, Bt R,
g w_
\Tf i ~ f Boson
. .. . pory ¢ Trigger Lepton .
RJE’t' o NT.E:Z a Cjet' efficiency identification reconstruction
part
L e e L LN B

= 3
1.15

Jet spectrum correction directly on ratio 1.1

1.05}

Almost complete cancellation of jet
resolution effects
Remaining effects from W/Z phase space

ATLAS Simulation

- Jet Correction
(.2 Syst. @ Stat. Uncertainty

0.95
differences below ~5% - -
« Determined on ratio by smearing particle 0-9F E
level jets according to JES 0.85— Muon channel -
 Syst. Uncertainty from difference T T T e
between ALPGEN and PYTHIA ~ 40 60 80 100 120 140 160 180

200
Jet P, Threshold [GeV]
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systematic uncertainty

Fractional Uncertainty

Systematic Uncertainties in lead. p_*

Z+)ets

1.5 e

[ ATLAS Preliminary Total ]
1.4F Z7*(— e*e) +jets — JES, JER —:

C ZIy*+>1 jet, --- EL Reco ]
1.3F antik, jets, R=0.4 Bkg, Unfolding, JVF

C pJ'T"“S>3o GeV ]
1.2 -
1. .

A ——— «-JES8% - 20%

. Lumi 3.4%

0.9:41—|_|_£ p =5%
0.8F :

:iii|i||||i||||i||||i||||i|i||ii|||i|||ii||||_
0-80"40 50 60 70 80 90 100 110120

. P [GeV]
W+ijets !

T | T | ‘ T T T | T T T

[ Wopuv + jets n
0'3: — Jet Energy Scale ATLAS ]
I ---- Integrated Luminosity
0.2~ 7~ Sum of Other Uncertainties ]

6 - 22%
an Z due

L 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 :
20 40 60 80 100 120
Leading Jet p_ [GeV]

Uncertainties

Systematic Uncertainties

jets
0.5 T T . -
Electron Channel Uncertainties 3
0.4 —
m— = Statistics — §
0.3 —— Total Systematics | -
— =
T | i i i n
I~ Electron Channel Systematics ATLAS n
[ - Multijet ]
0.i{— =—— — Electroweak —
B = === Boson Reconstruction 7
: Jets :
L Generator (Syst. @ Stat.) _
0.051— e N I N o
| --ll.-..-.-l.----..l--. |—J—-I-_I —
- e _ —_——
Ca — - —_ e — -
L A R R R RS S NS R R
0 40 60 80 100 120 140 160 180 200

Jet P, Threshold [GeV]

Rjets: Systematic uncertainties substantially
smaller than in V+jets individually

In particular reduction on the jet systematic
uncertainties

Systematic uncertainties of the order of less
than 5%

Precision still statistically limited.
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Inclusive Results V+jets Cross Sections

— 10% | | | | 3 =z 10°F I— ‘ e 3
_8- = Wesev + iets 3 -8_ = ATLAS Preliminary Iyt (—e e)‘+ jets 3
= e ‘@ Data 2010.\'s=7 TeV = Ffra-me 7 pma2otofs=TTeV)
N B ¥ ALPGEN 7 = | anti-k, jets, R = 0.4, —+— Sherpa _
"G'J' B A SHERPA n Al 102 & p°* > 30 GeV —e— Pythia —
== 3 < PYTHIA =+ it —— MCFM 3
s 10°E =1 (51 BLACKHAT-SHERPA= D - ’ .
=z - MCFM 7 k) B ]
A\ - - 0
+ - o - L 10 e e =
= B Vg ATLAS Preliminary - = = 3
T 10°%: E v e
E ﬂ E = —
- -1 - - ] | I -
i jl-dt=33 pb = N i 1el ' ' 24< Data 2010 Ns =7 TeV)_]
% O T theoretical uncertainties ]
10 . - = 14r
= = ~ 12 o ]
- b . © 1 B : -
N 7 T o8l I 7
- S osp —
1= ;é 16 I ‘ ’7/74/ Data 2010 /Ali)gen i
(S N &) B %X Data 2010/ Sherpa .
-Ej' // = 1.4 NNLO normalizaton |
Q PR 27227 Z
ey © - ¥ s
c 0.8 %7
o Q iE .
o — | | | —
O 14F I ‘ I =
l_ 0 1 I ] 1 I % 121 RN % 3 -
>0 >1 >2 >3 >4 >5 S osf RN N
" " " m 8 06 = | | N 1 \%
Inclusive Jet Multiplicity, N 1 2 3
Jet >N
= et
« Blackhat-Sherpa: NLO for N jets < 3, LO for N jets =4
. pPQCD works well

» As expected PYTHIA understimates rates of high multiplicites
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Jet Multiplicity Ratios

0 5 - 04% T I T ]
) . | ! ! | 's "~ ATLAS Preliminary Z/y*(— e*e) +jets 1
D W iet -1 =z - y <9< Data 2010 \'s = 7 TeV) |
— - :[()a;t; J2(?)180,\!5;7' TeV JLdt:BS pb . 4 085 .[ L dt =33 pb —=— Alpgen ~
1|_ ¥ ALPGEN % L anti-k, jets, R = 0.4, —— Sherpa _
B g4l 2 SHERPA \\ - 1 0.3 p**>30Gev —— Pythia =
=— 0. < PYTHIA o —— ]
A\ Y BLACKHAT-SHERPA N - ]
+ i MCFM | R B
=3 2 F : ]

° 3 77 :
) © g1sf //T 7
2 Ik f .
- % / ]
== "' § 0.1 =

| | |
N 16 ! " 24+ Data 2010 (\s'= 7 TeV) ]
+ 9 1:4 - theoretical uncertainties™|
= i / Zi2f p -
T ATLAS Prellmlnary g JETT : E
0.1 | O 06 3
>1 />0 >2/>1 >3/>2 >4/>3 >5/>4 e E I % Z+ Data 2010/ Aipgen —
. T . O 14 2@Y Data 2010/ Sherpa |
Inclusive Jet Multiplicity Ratio =5 E E
: _— g 1f . v — % =
* Some systematic uncertainties cancel S 08 [~ » A 7z
(Lumi, lepton 1D, boson acceptance) o e | N
* Increased uncertainty on MCFM and =125 - 3
Blackhat-Sherpa g080 I
- | | | -

-
A}

(in bin 3 and 4 respectively) N /5 Nt

due to LO prediction 2 Nt /2 Ny
» Ratio roughly ~25% (W), ~20% (Z) per jet except first bin ~15%
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Cross section in leading jet p_

W-+jets (N, >=1,2,3,4) Z+jets (N, >= 1) =1)

jets (Njet

;“IO3 ‘ T ' \ ' | 16
(0] 1 W—>ev+jets %%\ _IIIIlllllIllllllllllllllllllllll_
(O] 102 Ldt=33 pb & Data 2010,\'s=7 TeV R - Data Electron Channel _ 4
a8 Py ¥ ALPGEN —-I- L . Ldt=33pb" ]
&10 W_,,)’. A SHERPA _ —— :’4;14_ Syst. uncertainty ]
— W "~/ Jets L1 BLACKHAT-SHERPA % F ATLAS ZiyH(— e'e) +jets ] g o T NN Total syst.® stat. uncertainty 7
g L MCFM 2 1 [eatoseps 26< Data2010 Ns=7TeV) | T # sof MCEM ATLAS ]
= o imi L o10T = —=— ALPGEN + HERWIG = -~ 12 7]
8 o g LAS Preliminary I —+ Sherpa 1 BN [ WI<187U152< <247 .
‘ 3 C antik jets, R = 0.4, —=— PYTHIA (normalized to data) | ole L p;>20GeV -
10-2 = E 102 L pi:x > 30 GeV, ‘yietl <44 —— BlackHat 4
10°F N | \
10_4 BB . F y = _3"_ e i
¥ YL e . — 10° £ — i
10° - e .
- 4 s s
10°® : 10 & T el
] ;:};H%:HMH{H:MHMW o e e e b e e
z S theoretical uncertainties ¢ A £ T N -
- SRE S Bl BN TR\
g o 08 :_ T :_j E TR ““\“\“\\\\\\\\\\\\\\\\\\\\\\\{\'\\\mf--_
[ Q 1.6~ 4% Data2010/ALPGEN - F , , , , , , , , 3
= 14 — 05=20""860 80 100 120 140 160 180 _ 200
© P 1-%7 Y oy PPN A Jetp Threshold [GeVl
E © e ¥ 7 ¢ ¢ / r
Q_ ° 08?}}{}]{/1/}}/& 873:I:030 (Stat) :I:040 (S}‘St)
> LEJ 1‘61 — 8% Data 2010/ Sherpa — .
8 72 il A N Rjets
g 1f = ] .
. . ‘ ) D0'8.—_.1..‘1.Hl.\.l‘..lu.m..l..\_ 'SySt.Canceuatlon:
100 500 300 4 60 80 100 120 140 160 180 . .
First Jet p_[GeV] Pr [GeV] Ium'_ _
 Partially lepton id
e Cross section normalised to inclusive cross section e Mostly JES/JER,
 canellation of lumi, partially lepton id and boson detector effects,
acceptance systematics e parton-to-hadron
cofrr.
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Theory/Data

do/dp__ [pb/GeV]

Transverse momenta of 2", 3", 4" jet

« Various energy scales and high multiplicities already available in 2010 data
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* Data consistent with NLO pQCD prediction and with ME generators SHERPA and ALPGEN

* Not consistent with PYTHIA parton shower
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* Probe hard parton emission at large angles
Of interest for example for VBF topologies (Higgs searches)
* Well described by NLO pQCD predictions and SHERPA+ALGPEN ME generators
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Results in More Complex Variables
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- H_often scale choice —m, , not good scale any more at large jet p,
- Interesting for searches, also: invariant mass m,
« Variables well described by pQCD predictions and ME generators
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Extrapolation to Combined and Full Phase Space

For combined e/u cross section
Minimal extrapolation to common e/u phase space to minimize model dependent corrections
» V+jets: use the BLUE (BestLinearUnbiasedEstimate) method

Rjets: use BAT (Bayesian Analysis Toolkit)
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8.29 4 0.18 (stat) £ 0.28 (syst)
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S(W (= V) + 1-jet)

G(Z (= 11)+ 1-jet)

Theory / Data ratio
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Also provide results in full boson phase
space extrapolated using simulation

10.13 + 0.22 (stat) =+ 0.45 (syst)
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Conclusions

* Presented measurements of the production cross-section for W and Z
bosons in association with jets, performed with data collected in 2010

* Inclusive cross-section as a function of jet multiplicity and its ratio
 Differential cross-sections with respect to jet and di-jet kinematics

» Cross-sections corrected for all detector effects and quoted in the
Kinematic region of the detector acceptance

* Precision is mainly limited by systematic uncertainties
« Data compared to predictions at LO and NLO in QCD
* Good agreement between data and predictions from ALPGEN,
SHERPA, MCFM and Blackhat-Sherpa in region probed by

measurements

- PYTHIA disagrees with data when N, _>1 (expected)
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Many possibilities... have already 100x the statistics available

- V+jets: Measure at higher multiplicites (7/8), go to higher p. (TeV regime)
possibly probe forward regions

* R probe more distributions (already explored by V+jets)
« Add novel distributions interesting for backgrounds. Examples:
* V + 2-jets specific distributions — VBF-like sighature
« Jet vetoes / rapidity gaps
* Event shapes, jet shapes

e Searches: Exploit precision of ratio measurements to look
for deviation from SM predictions in model-independent way

 PDFs: W+/W- and Z probe different pdfs — input for pdf-fits?
e Theory: Compare to shower MCs in the future

... there is still a lot of work to do in the Standard Model
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BACKUP
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Generators

« Used for background simulation and estimation and unfolding of detector effects

Generator Comments

ALPGEN 2.13 + HERWIG + JIMMY PHOTOS, CTEQ6L1, ATLAS MCO09 tune
MLM matching, pQCD normalized to NNLO

SHERPA 1.13 CTEQG6L1, Default UE tune
CKKW matching, pQCD normalized

PYTHIA 6.4.21 PHOTQOS, MRST 2007 LO
LO MatrixElement + ISR, PS corrections
PQCD normalized

MCFM 5.8 CTEQ®6.6/CTEQO6L1
PYTHIAUE, fragmentation

SHERPA+BLACKHAT CTEQ6.6M

FEWZ NNLO MRST2007LO* PDF

Used for pQCD normalization
K-factors: 1.20 (W), 1.24 (Z) @ 5% unc.
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Lepton Dressing

« Bare leptons at propagator are also not physically meaningful
e “Dress” leptons:
Add photon 4-vectors in AR < 0.1 around lepton to lepton 4-vector
e Mainly from FSR
« Compromise to avoid worst shortcomings of born and bare definition of leptons
* Provide clear definition where experiment and theory can meet
* Results in ~1.5% acceptance correction per lepton
» Effect on cross section 2%-2.5% (Z channel)
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Extrapolation to full vector boson phase space
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