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Almrandrvietivations

= Work of the W/Z + jets Csc Note Group

= Goal:

Measure W/Z+jets cross section in function of Jet Multiplicity and
Leading Jet Pt

"= Why?
= SM benchmark (test of perturbative QCD)

= Background to Higgs searches + Beyond SM Physics

/-ee, /-y

W-ev, W-pv

" No complete draft available yet, will present the most finalized analyses

= Look at electron and muon decay channel:
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PDatasets

s Signal Samples : s Others (Bkg , Systematics):
Alpgen+ Herwig (Athena v. 12) Pythia (Athena v. 12)
Sample Process Sample Process
6101-6106 W — e v + Np* 5802 JF17 (Filtered Dijets)
61076112 W puv + Np 5568 ttbar
8130-8135 Z— ee+Np 5144 Z—ee
8142-8147 Z— uu + Np 5145 Z— pu
* Np = N partons (0 to 5) 2146 LoTT
Generator Filter: 5104 W- ey
Leptons: N =1(W)/ 2(2), Pt >10 GeV 5105 Wo oy

Jets: N =1, Pt >20 GeV

For the analysis we use custom ntuples produced at RAL:
= Common Athena Ntuples for Physics Analysis
s SpartydJet Ntuples for study of different jet algorithms
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@utline

Many topics covered by the group:
+ Detector effects in high multiplicity environment:
Reco Jets < leptons: ID/trigger/reco eff., background
¥ electrons: RAL/Oxford
< muons: IFAE (Barcelona)
¥ more background studies: BNL, SLAC,
USCS (Santa Cruz)

True Jets
(hadron-level)

Non-pert. effects: @ jet reconstruction: RAL/Oxford/IFAE
Jets ~, ¥y ——P fragmentation, @ comparison of jet algorithms: MSU
' underlying event (Michigan) + UCL

¥+ Systematic uncertainties (JES, PDFs...):

% " pDrs RAL/Oxford/IFAE

¢ Unfolding corrections (parton to hadron level):

i’? Hard Process (pQCD): IFAE |
Z Matrix Element Other studies:

ISR/FSR ¥ Streaming Test: IFAE
¥ Z+ bjets: Roma
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@utline

Many topics-cavered by the group:

+(Detector effectsJn high multiplicity environment:
Reco Jets < leptons: ID/trigger/reco eff., background
¥ electronsTRAL/Oxford
AE (Barcelona
True Jets ( )

¥ more background studies: BNL, SLAC,
! USCS (Santa Cruz)
_ Non-pert. effects: @onstru@AL/Qxford/lFAE
Jets ¥t ¥ —® fragmentation, ¥ comparison of jet algorithms: MSU
: underlying event (Michigan) + UGL
@maﬁc uncertainties (JES, PDFs...):

4 / PDEs RAL/Oxford/IFAE
@ding corre@parton to hadron level):

i’? Hard Process (pQCD): IFAE |
Z Matrix Element Other studies:

ISR/FSR ¥ Streaming Test: IFAE
¥ Z+ bjets: Roma
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Selection euts

* Electrons = Muons = Jets
* p;oectons 25 GeV/e * p/mons20 GeV/c * main algorithm cone04
* Eta cuts e 15 GeV/c for Z * other algorithms
° |nj<2.4 studied for comparison
° I . - |r]|<2'4 i
remove crack region: * p/> 20 (40) GeV
1.37-1.52 * Staco Container -
* medium isEm . : Ni<
Isolation cut * (although for most
° AI:%electron-jet>o'4 ° R
A muon-jet>o'4 plots |r||< 3)

= Missing E; cut for W
* 25 GeV/c
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Detector Efects (1) Ceptons

s Study ID, Trigger, Reconstruction Effiency from Z+jets

#  What is the effect of a high multiplicity environment? Investigate differential effieciency in:

# Nijets
# Pt Sum of all Jets
Tag & Probe:
@ Leading Jet Pt - to be applied to early data
s DeltaR between lepton and jet > lelirer) .
- tag event by tight cuts on one lepton;
8 Comparison to Pythia inclusive sample - efficiency calculated from the 2" lepton from Z
- more details in yesterday talks (Trigger and
. .
Two approches: Combined Performance)

s MC method /

s Data driven method (Tag&Probe): here applied on Z— ee
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Electroninigger Emf (EM2ZS1/e251)

| Differential efficiency with hadronic activity | | Differential efficiency with jet multiplicity |
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* Eff. from Alpgen Z(ee)+jets with Tag&Probe
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ElectronRecorandiDrEicCIency

> T L I B B L B LR BLELELEL I 3 = 1 e =
% 0.95 \s= 14 TeV L=1fb" = § 0.95F \s= 14 TeV L=1fb™ =
lL-,“=c_j 0.9 = 5 0.9 =
0.85 = 0.85/ =
0.8F . = 0.8 E
0_75; = =man oI S SIS SSe SR 5. é 0.752_ I ;
0.7 P 0.7 T =
0.655 e Data (813[0-5]) = 0-65E" e Data (813[0-5]) E
0.6 — MC truth = 065" — MC truth E
0.555" ATLAS  Preliminary E 06525,“,"’,"7“‘.3, _ Preliminary -~ ]
T % Ho a0 a0 a0 s s 7
AR,e—jet ’
AR l - * Eff. from Z(ee) + jets
3 0.95F s= 14 TeV L=1fb™ - .
2 oo E * Plots for Medium IsEM
0.85 - . . .
080 E (including reconstruction)
0.753— E—— Jf ]
o_7§—_+— 1 - o .
0650 e Data (813[0-5]) = — Efficiency drop with DeltaR could
0.6F°  — MC truth E :
055 ATLAS  Preiminary E be correlated to drop at high eta
L e
Njets
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Glekal Election EfMCIENCY

Global Efficiency with Tag&Probe:
= Systematic uncertainties from :
= Comparison with MC method
= Background contribution (Signal — (Signal + BKG)
= Comparison between Alpgen (Z+jets) and Pythia 5144 (Z inclusive)

Trigger Efficiency (wrt medium ISEM)

Trigger Signal MC S- (S+BKG) |Pythia-Alpgen

L1 97.06 (5)  |96.98 (5) 0.74 0.74 Alpgen Z+ jets samples have lower
L2 97.13 (5) 97.08 (5) 0.04 0.36 -

EF 94.86 (7) 95.49 (6) 0.02 0.42 efficiency than

All Trigger  |89.42 (9) 89.90 (8) -0.63 1.42

Pythia Z inclusive:

Reconstruction + ID Effiency (medium ISEM)

Medium Offline |Pure Signal |Signal+Bkg |Monte Carlo * Different EF cuts (generator level)
Alpgen (73.06 £ 0.12)|(74.06 = 0.11) (74.07 £ 0.09) > Effect Of hadrOI’]IC aCtIVIty
Pythia (75.11 + 0.13) (74.67 + 0.13)|(75.29 + 0.09)
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Vidons ETCIENCIes

* STACO Muon Container

* Muon ID Efficiency extracted from Z(J) + jets
* MC Method

* Muon Cuts: Pt>15GeV

* Jet Pt > 40 GeV

ID Efficiency vs DeltaR(muon-jet) heff_mudeltar | [—— noisolation ID Efficiency vs Njets
Entries 43330 —=— cone 0.20, etisol<15GeV| . . i X
Mean  2.118 | | ™ cone 0.40, etisol<15GeV for different isolation requirements
1.4 RMS 1.084 —=»— cone 0.60, etisol<15GeV|
C 11—
1.2 __ C
B e R
LSRRI R HHL R S ——
EENFEARE AR ad FoE af b ahaake AR Ahaas 2oz o ae L EES SR A = # - !
B =
0.8 0.9- — A R
0.6 :— 0.8 ;
0.4 0.7—
0.2 0.6
o C 1 1 1 1 | 1 11 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 : ‘ | | ‘ | . ‘
0 0.5 1 1.5 2 25 3 3.5 4 0.5 0 1 2 3 3
deltaR(truth muon, truth cone 0.4 jet, Et=40GeV) >=Njeis (ET>40GeV)
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Jets to be corrected for:

Petector Efects (1) Jets

From Pt(reco)/Pt(truth)

* shift in Jet Energy Scale (non linearity)

* Jet Energy Scale Resolution

of matched jets

|~ =
< r F
3 1 S -
“"098:— s . . - E 0.13E !L
- g S > 0.12E Cone04 tower jets
S 096 " e s
o = i =
;r_ 0.94- Cone04 tower jets 2= 0.1 | ..
0.92- 8 .10
0.88_ LBLE e
0.86— 0.08;—
0.84 0.07
0.82 L S I A S A I
50 100 150 200 250 300 50 100 150 200 250 300

P; Truth Jet (GeV)

P; Jet (GeV)

JES: Non-linearity at low PT(jet):
out-of-cone showering up to 3% correction

Jet pT resolution: 6-13%
better at high Pt
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Petector Efects (1) Jets

Jet Resolution Corrections:
smear true Jet Pt with Jet Pt

Jet Reconstruction Effieciency:

# truth jet matched / # all truth jets resolution. Compare Pt spectrum
before and after smearing.
— —
> F 5 1.04
E 1: — } '-g + l l
- 1.02
e e
096 e {.
g !
094 5 0.96
= u,gzz— : Cone04 tower jets 5 0.94
= 09t 2 0.92
0.8 2 09
0.86 & 0,88
0.845 5 0.86
0.82; 0.84
5000 150 200 250 300 s i
Py Jet (GeV) 50 100 150 200 250 300
P; Jet (GeV)
High efficiency at Pt > 60 GeV Number of Jets increased by 1%-2%
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Erom PartonrtorHadren Level

3 Want to compare data to pQCD predictions:

Corrected parton-level predictions to the hadron level for: UE and fragmentation.
# Corrections derived using the current ATLAS tuning for Pythia 6.4:

standard Pythia / Pythia without non-perturbative corrections

Pythia Z->mumu:Fragmentation comrection vs ET jets Pythia Z->mumu: UE+Frag correction vs ET jets
1.3F L 3
- Cone 04 jets o r .
12e Negligible 13 Coneod jets
11 + non-p. effects ;
1 for o
- 4T T +-|- H + : I
08F L T T + Pt jet> 40 GeV ..
DEE—++ + + + -|- 1_5:__-
N it S
20 40 60 80 100 120 20 40 60 80 100 120
ET jets (GeV) ET jets (GeV)
Without fragmetation smaller out-of-cone energy Without UE energy deposit in cluster decreases:
loss for low Pt jet: higher number of low-Pt jets lower number of low-Pt jets
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Z(ee)rjets: BackgroundrStudies

@ Difference sources of background on
observables ( Njets, Lead Jet Pt):

* QCD background dominates (Dijets)

* Top contribution more impo at high multiplicity

Lum= 100 pb”

Bz -ee F EZ-ee
[]aco -
[ Top

Bz
W —ev

0 05 1 15 2 25 3 35 4 45 5 50 100 150 200 250 300
# events with >= N jets {PT > 40 Gav) P;, leading jet (GeV)
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4 Background Subtraction method:
Fit together Signal+ BKG

1I— : T T I T 11 T 171 I UL I T T 1 T 11 I T T 1 I T T 1 | T 11 :
< L _
o (0o | —— BG_MC ]
% E Mz N1_L1_MediumElectron — Signal (ing}+BG_MC E
2 i — Signal (jets)+BG_MC| |
§ 10°F E
[0) E 3
> E =
I-éJ C ]
10°
10°E
105
1 i Lol L | 111 | 111 | 11 | L1 | 11 | 11 | L1 1 | 111 | 11 |
0 20 40 60 80 100 120 140 160 180 200
Reconstructed Mass/GeV
Lum= 1 fb"

Reconstructed mass peak in Dijets,
Z(ee) inclusive and Z(ee)+jets.
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Z(ee)fjets: bata'vs. PrediCioens

Aim: 4 Use Pythia and Alpgen MC samples as
# Measure Z+jets cross-sections vs. Jet Pt and Njets | | hseudo data

L Compare measured cross-section with LO/NLO 8 Unfold data for detector effect (jets+EM)
predictions (from MCFM, a parton-level generator) s Unfold MCFM predictions from parton to
hadron level

# Compare data and MCFM predictions

Unfolding Detector Effects

(a) F (b) E i
600 : Tt Zseeets Observables (Leading Jet
sook Truth Z->ee+jets - Reco Z.seesjets + Dijets | Lt @and Njets spectra):

; Reco Z->eexjets + Dijets vE all corrections | comparison between truth
400 all corrections C )

. - and reconstruction after all
00 10 corrections (jet+ EM) and
200/~ : Bkg subtraction

C 10°F
100 F

E [INITE NI AT I A _||||||||||||||||||||||||||||||||||||||||||||||||| ngOdagreement

20 40 &0 80 100 120 140 160 180 200 0 05 1 15 2 25 3 35 4 45 5
P; leading jet (GeV) >= Njets (P>40GeV)
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Zee)rjets: Data Vs, Predictions

w’;— =F;F

10

et

* mcfm NLO
& mecfm LO
— Pythia
— Alpgen

=3
+

50 100 200

-

1 I 1 1 1
250 300

P;, leading jet (GeV)

Cross section measurement (from Alpgen and Pythia) for
Z(ee) + = 1 jet with different Jet Pt Cuts, Luminosities and JES
Uncertainties. Comparison to LO/NLO predictions

v

Z — ee+ = ljet cross section (pb)
JES error: 3% JES error: 10%
jet pr =40 GeV | jet pr > 150 GeV | jet pr > 40 GeV | jet pr = 150 GeV
MCFM LO 52.96+ 1.99 2.654+ 0.10 5296 1.99 2.65+ 0.10
MVFM NLO | T7.76£2.77x 5.01+0.18+ T7.76£ 2.77 = 5.01+0.18+
100 pb~T Data(Pythia) | 87.454+4.61+0.94 | 3.124+0.17+0.18 [ 87.45+14.154+-0.94 | 3.124+0.51+0.18
Data(Alpgen) | 66.20+3.49+0.81 | 4.07+0.22+0.20 | 66.20+10.71+0.81 | 4.07+0.66+0.20
1000 pb~! | Data(Pythia) | 87.45+4.61+0.30 | 3.12+0.17+0.06 | 87.45+14.15+0.30 | 3.12+0.51+0.06
Data(Alpgen) | 66.204-3.49+0.26 | 4.074+0.22.£0.06 | 66.20+:10.7140.26 | 4.07£0.664-0.06

8 Compare LO/NLO predictions
with data at hadron level:

# gstatistical errors scaled to 100 pb-1

# gystematics errors assuming :

10% error on JES

20% on Bkg estimate

10/01/08

- |f JES miscalibration is 10%, cannot distinguish
significantly between LO and NLO predictions!
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WeTets: PhEUnRcCertaites

Important source of systematic uncertaintes:
* JES (largest uncertainty at CDF)

* PDF uncertainties

PDF Unc. on Jet Pt
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T jet
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[GeV]
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Here:

Study of PDF and JES Uncertainties on W(enu)+ jets

Use PDF Reweighting technique

Aim: which uncertainty dominates, JES or PDF?
can we gain information on PDFs?

PDF Unc. on Jet Cumul. Multiplicty

1.2

o
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5000 _|_|_‘
: 1 L 1 | 1 L 1
% 2

>=NJets
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m Upper PDF Unc
m Lower PDF Unc
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, 7 .
>= NJets
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WHets: JESTUnRcertamty

# Assume a jet energy miscalibration of 5% or 10%: uncertainty on cross section measurement?
(Note: these results are from Alpgen samples (5223-5226) with tight EF cuts)

Jet Multiplicity

Jet Pt > 40 GeV|

160 — +10%
.
a0 — N 5%
@ L
= [
W
4120
100/
o KT D=0.4
60 —
4{!:— - N jets
zu:— e
C R
_s 1 2| 1 1 1 dl_ 1 1 1 i! — c— s Lol 1%
Nim

Jet Energy Miscalibrated by + 5/10%, more high
multiplicity events and viceversa for -5/10%

2

# Events

JES Unc:
6% to 50%

-
=

Jet Pt > 40 GeV
= B ] 10%
3 T o mm is%

=]
b

Bl
|
)
[
“

E
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WHets: PhEVSs JES Uncertanty,

" PDF vs Jet Scale Uncertainty (A JS) Multipl

with 10% (5%) jet energy miscal.

W+ =1 jets

(Note: results with tight EF cuts samples)

W+ =2 jets

2.9% < A PDF < 7.3%
5.8% < A JS (10%)< 23.6% W+ >3 jets
3.6% < A JS (5 %) < 11.9%

'

PDF Uncert < Expt. Syst. Uncert W+ =5 jets

W+ >4 jets

Next: When is JES < PDF Unc?

: : : W+ =6 jets
Try with 1,2,3% jet energy miscal.
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Conclusions

W/Z + jets is a broad topic, today | showed some of the work done

General Topics:

= Investigation of detector effects:

= Electron and Muon effieciencies — effect of high hadronic activity
= Jet Reconstruction: Resolution, Jet Energy Scale, Reconstruction Efficiency

= Non- perturbative corrections: UE, Fragmentation = negligible corrections for jet Pt > 40GeV

Specific Analyses:

= Z(ee) + jets : Background, Comparison data to LO/NLO predictions JES Uncertainty is

= W( e nu) + jets: Systematic Uncertainties (JES vs PDF) the main limitation

More: Comparison between different Jet Algorithms, Background Studies on W+jets, Generator Filter for
QCD Background, etc.

Still ongoing work...
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EXTRAS
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2 Why?
4 7 + b jets cross-section sensitive to b quark density of the

Samples (different from rest of note):

Sherpa

Pythia

Sample Process
proton: help reduce PDFs uncertaintiy. 6397 Z — i + b jets
# More interesting measurment at LHC than Tevatron (larger 6396 | Z —+ py + coor light jets
. . . 3568 it
signal cross-section by 50, smaller relative BKG) 5105 W
8 Here : study selection cut and b-tagging efficiency 5145 Z — pyi inclusive
Eff. of b-tagging vs weight Rejection factor vs b-tagging eff.
o — # Standard Cuts on muon
Fx "¢ jets .
msz— . 1o’ 3 ) = light jets and JetS
3 - 1 8 7 Mass window cut:
D'BE':_ ¥ =
ﬂ.BE— " - L= Mz = 20 GeV
osst- L ) _ s b-tagging: weight =5
05 " i e, ) ;
sk " 10 = (comination of secondary
Y vertex and impact
1] 2 4 [ ] 10 40 d5 50 55 1] 0 75 a0
parameter)
(a) (b)
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[ Jettransverse enargy (5145) | | Jet transverse energy (btag weight >5) (5145) |

2. B 8 F
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10 . 1 H
:ll --IDII-.IIELI-’I_L!.LL.]_LJ.. :'l III|III|I|||III||IIII=EIi 1 ‘ElI'
0 20 180 160 180 200 0 20 40 60 80 100 120 140 160 180 200

Jet Bt [GaV) Jet Et(GeV)
(a) (b)
Results:

Lum=100 pb™, Signal o= 41.25 pb

* Jet Pt > 20 GeV: 536+ 23 events

* Jet Pt > 40 GeV: 289x17 events

* Contamin. from c and light jets: 30%
* Other Bkg negligible

Effect of cuts:

Jet Pt spectrum for b,c and light
jets in the Z inlc. sample, before
(a) and after (b) the cut on b-

tagging weight.

Final Effieciencies (all cuts, Pt jet > 20/40 GeV)

10/01/08

Cuts Z inclusive Z4+b jets Z+c or light jets
Number of jets >0 18.9 + 0.1% 36 £ 1% 25+ 1%
Ejf" > 20 GeV & |n| < 2.5 | 10.26 £ 0.08% 24+ 1% 25+ 1%
b jet weight =5 0.244+ 0.01% 12.8+ 0.2% 0.2 +0.1%
Ej.” > 40 GeV & |n| < 2.5 3.944 0.05% 123+ 02% 8.2+ 0.8%
b jet weight >5 0.072 £+ 0.005% | 7.1 + 0.5% 0.2 +0.1%
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