Z/Y*+jets Differential Cross
Section Measurements at DO

187 - Measurement of Differential Z/gamma-+jet+X Cross Sections with the D0 Detector
Presenter: SOLDNER-REMBOLD, Stefan (University of Manchester); JUSTE, Aurelio (Fermilab): WAHL, Horst
(Florida State University)

We present measurements of differential cross sections in inclusive Z/gamma plus jet production in a data sample of 1fb-1
collected with the DO detector in proton antiproton collisions at sqrt(s)=1.96TeV. Measured variables include the Z/gamma
transverse momentum (pT-Z), and rapidity (y-Z), the leading jet pT (pT-jet), and rapidity (y-jet), as well as various angles of the
Z+jet system. We compare the results to different Monte Carlo event generators and to next-to-leading order perturbative QCD
(NLO pQCD) predictions, with non-perturbative corrections applied.
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Indiana University
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Motivation

Precision tests of pQCD

e complementary kinematic regime to

HERA, fixed target

e parton distributions
e ISR/FSR - gluon radiation

® pr spectra

P

Important measurements for tuning

MC models

e Tevatron dataset is now large enough
and systematics are constrained well
enough to use data to vet ME+PS models

unique kinematic overlap with LHC and

expected SM Higgs mass range
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Backgrounds to

® New physics signatures
with large vector boson

+jets backgrounds rely [Let7it = We2ies) 2biage
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Dataset
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Measurement St w

+ Z boson decay products (leptons) and jets measured,
calibrated

N @
o o
o o
o o

Events / GeV

virtually
background

free

+ corrections applied for acceptance, trigger losses

+ data unfolded to particle level

. At o 70 80 90 100 110 “i20
» accounts for detector resolution and efficiency M,,

+ comparisons to predictions / L3pp
» NLO pQCD via MCFM
e Pythia hadronization corrections applied

» LO ME-PS models - ALPGEN, SHERPA

» LO PS models - PYTHIA, HERWIG
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® MCFM - partonic NLO predictions for Z+1,2 jets, LO predictions for Z
P 3 jets

¢ PYTHIA, HERWIG : 2->1,2 LO PS models

® SHERPA - CKKW : 2->1,2,3,4,5,6 LO ME+PS model

e the separation of ME and PS for different multijet processes is achieved
through a kr-measure

e undesirable jet configurations are rejected through reweighting of the

matrix elements with analytical Sudakov form factors and factors due to
different scales in s

® ALPGEN - MLM : 2->1,2,3,4,5,6 LO ME+PS model

® matching parameters ChosenhME and PS jets matched in each n-parton

multiplicity, events vetoed which do not have complete set of matched jets

® further suppression required to prevent double counting of n and n+1
samples (replaces Sudakov reweighting in CKKW)
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/, jets Recon

® Event Selection: rapidity y = 1/2 In(E+p./E-pz)
= -In(tane/2
- electron, muon pr > 25,15 GeV e

- electron, muon |n| < 2.5, 2
SH= Mz i< 115

->1 jet with pr> 20 GeV, |y| < 2.8

® Flectron Reconstruction

- EM fraction > 0.9
- shower shape requirement
- cone isolation requirements

- EM deposit matched to 5 GeV track
- likelihood requirement

® Muon Reconstruction

- hits in all layers of muon system
- scintillator hits

- track matching between central tracking and
muon systems

- isolation requirements
® Jet Reconstruction

- DO seeded midpoint cone algorithm R=0.5
- JES corrections computed with this algorithm

parton jet

|
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/->UU + jet + X -

Particle level phase space:
65 GeV< Muu = 15 Ge\/,

bt <28, [y <1.7
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—4- Data
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Ratio to SHERPA

theory predictions

updated since publication
DO mldelnt Rcone:O.S, ijet> 20 GeV

ratios relative to
Sherpa 1.1.3

—4- Data == PYTHIA Tune P
= HERWIG+JIMMY = =PYTHIA Tune QW
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migration matrix

-> used to unfold data

large migrations,
especially at low pr

— Al P+HER
| — Scale & PDF unc. — — Scale & PDF unc. B

MCFM v5.4 PDF: MSTW2008
M2 = Ui = prz2 + MZ?

PYTHIA v6.420
Pythia Tune P
Pythia Tune QW
HERWIG v6.510 + JIMMY v4.31

ALPGEN v2.13+PYTHIA v6.420
ALPGEN v2.13+HERWIG v6.510
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/->UU + jet + X -

Particle level phase space:
65 GeV< Muu <115 Ge\/,

bt <28, [y <1.7

DY, L=1.0 fb’'
—4-Data
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Ratio to SHERPA

Ratio to SHERPA

0.71

theory predictions

updated since publication
DO mldelnt Rcone:O.S, ijet> 20 GeV

ratios relative to
Sherpa 1.1.3

—4- Data == PYTHIA Tune P
= HERWIG+JIMMY = =PYTHIA Tune QW

SHERPA scale unc.

—— Data == ALP+PY Tune P
= Al P+HER = = ALP+PY Tune QW

SHERPA scale unc.
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+ NLO prediction with
Z p1<30 GeV sensitive to
underlying event

+ All LO predictions
underestimate data
normalization

+ Pythia can be tuned to
reproduce data

MCFM v5.4 PDF: MSTW2008
M2 = P2 = pr.22 + MZ?

PYTHIA v6.420
Pythia Tune P
Pythia Tune QW
HERWIG v6.510 + JIMMY v4.31

ALPGEN v2.13+PYTHIA v6.420
ALPGEN v2.13+HERWIG v6.510

All cross sections normalized
to inclusive Z production
to reduce systematic errors
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/->ee + |el .

Particle level phase space:
65 GeV< Mee < 115 GeV,
DO midpoint Reone=0.5, pr/et> 20 GeV
it < 2.5, Incl in pr¥/|ye|

DO Run I, L=1.04 f'| —#= Data at particle level
=== MCFM NLO

Z/Y’ (—ee)+1jet+X]
65 <M, < 115GeV|
Incl. in p° / y°|

jet
Rcone =

- Data
w— MCFM NLO == MCFM LO
— Scale unc. —=— Scale unc.

(b)

—t
llllllllllll

o

Ratio to MCFM NLO

o
o

20 30 40 30 100 200 300
p, (1% jet) [GeV]

PLB 678, 45 (2009)

normalized to
inclusive Z production
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ratios relative to  MCFM v5.3 PDF: CTEQ6.6M
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M2 = P2 = pr.z2 + MZ2

PYTHIA v6.416
Pythia Tune SO
Pythia Tune QW
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.325
SHERPA v1.1.1

+ Large differences
between models

+ Small experimental
errors
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/->ee + 2jets + X

Particle level phase space:

65
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MCFM v5.3 PDF: CTEQ6.6M

M2 = P2 = pr,z2 + MZ?

PYTHIA v6.416
Pythia Tune SO
Pythia Tune QW
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.325
SHERPA v1.1.1

+ Large differences
between models

+ Small experimental
errors, dominated by
statistics
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/->ee + 3jets + X

normalized to
inclusive Z production

Particle level phase space:
65 GeV< Mee < 115 GeV,
DO midpoint Reone=0.5, pr/et> 20 GeV
it < 2.5, Incl in pr¥/|ye|

ratios relative to MCFM v5.3 PDF: CTEQ6.6M
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errors, dominated by
statistics

12




/+)ets - angu

® further constrains kinematics
® test of PS model assumptions

® first measurements at hadronic
C O I | i d e r Of Run 210879 Evt 24327122 Tue Oct 11 17:57:05 2005

ET scale: 44 GeV

® Ap(Z,leading jet) g
® Ay(Z,leading jet) X

Run 210879 Evt 24327122 Tue Oct 11 17:57:05 2005

DA\ \
3 e T A R4
SRR 5
3 ]

® Vhoost = 1/2(yz+Vjet)

jetl
A, Ay

Bins: 120 \
Mean: 1.51 et
Rms: 3.79 -4. mu particle et: 58.85

J et2 Min: 0.0195 mu particle et: 33.29

Max: 35.1 MET et: 34.69
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rapidity y = 1/2 In(E+p./E-pz

Z->uu -+ Jet —+ X - n = -In(tane/2)

Particle level phase space: theory predictions
65 GeV< My < 115 GeV, updated since publication ;
DO midpoint Reone=0.5, ijet> 20 GeV ratios relative to

il =2.8, |y <1.7 Sherpa v1.1.3

DY, L=1.0 fb
-4 Data
== NLO pQCD + corr.

=+ SHERPA
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M .
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—+— Data
- NLO pQCD = =LO pQCD

— Scale & PDF unc. — — Scale & PDF unc.

+ MCFM,Sherpa describe

ylet shape well

+ Alpgen+Pythia
predicts narrower
yletthan data

+ LO programs
underestimate data
normalization

Ratio to SHERPA
Ratio to SHERPA
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rapidity y = 1/2 In(E+p./E-pz

Z_>uu _|_ jet _|_ X _= n = -In(tane/2)

Particle level phase space: theory predictions
65 GeV< My, < 115 GeV, updated since publication

I =28, |y"| <1.7 Sherpa v1.1.3 MCFM v5.4 PDF: MSTW2008
U = Ui = pr2° + MZ*

DJ, L=1.0 fb
—4-Data
== NLO pQCD + corr.

=+ SHERPA

—4- Data == PYTHIA Tune P
—— HERWIG+JIMMY = = PYTHIA Tune QW PYTHIA v6.420

Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31
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+ All predictions
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Z->UM + jet + X w

A . . MCFM v5.4 PDF: MSTW2008
Flrslt1 Tleasure“]'flnt' ratios relative to ;> _ 2 = ;2 4+ M2
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ALPGEN v2.13
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Z->UH + jet + X - w

First measurem.ent' s MCI;N& \;5;:2P=D:; ZA2A-S+T1\V/:/222008
at a hadron collider! Z pr > 45 GeV Sherpa v1.1.3 :
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Ratio to SHERPA
Ratio to SHERPA

05 + Sherpa
SHERPA scaleunc. « , SHERPA scale unc.

| e elhoi scian it o sl EEY L Lol e i - ] P RS | T I | Y (2 describeSAd)

0 05 1 15 2 25 3 0 05 1 15 2 25 3
AO(Z, jet) (rad) Ad(Z, jet) (rad)

submitted to PLB

arXiv:0907.4286 [hep-ex] Z+jets Measurements at DO - July 30, 2009 1 7




/->UU + jet + X -

First measurement

ratios relative to
at a hadron collider!

Z pt > 25 GeV Sherpa v1.1.3

DJ, L=1.0 fb” ~- Data =+ PYTHIA Tune P

4 Data e HERWIG+JIMMY = = PYTHIA Tune QW
== NLO pQCD + corr.

=+ SHERPA
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-+ Data
= NL_O pQCD - = O pQCD

| — Scale & PDF unc. —= - Scale & PDF unc.

== ALP+PY Tune P
= = ALP+PY Tune QW

Ratio to SHERPA

Ratio to SHERPA

0.71 SHERPA scale unc.
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35 4 45
AY(Z, jet)|

MCFM v5.4 PDF: MSTW2008
U2 = P2 = pr.z2 + MZ2

PYTHIA v6.420
Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.420
ALPGEN v2.13
+HERWIG v6.510
CTEQ6.1M PDFs

+ Sherpa, NLO
describe Ad
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/->PMU + jet + X --

First measurement

at a hadron collider! =

Yboost = 1 2 (YZ+Yjet1)

ratios relative to  MCFM v5.4 PDF: MSTW2008
pr > 25 GeV  Sherpavil.1.3 n2 = B2 = prz? + Mz2

D, L=1.0 fb™
- Data
== NLO pQCD + corr.

=+ SHERPA

—4- Data == PYTHIA Tune P
=== HERWIG+JIMMY = =PYTHIA Tune QW

PYTHIA v6.420
Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510

Ratio to SHERPA
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' <1.7, pf > 25 GeV |
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s aal ol .l 0.1 ... 1 ,...1_.,..1,.,
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SHERPA scale unc.
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-+ Data
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Uncertainties

® et Energy Scale (JES)
® MC Corrections: lepton resolution, jet resolution, efficiency

® Method: unfolding, model/simulation uncertainties

Eptr > 25 GeV Z pt > 45 GeV
Statistical, systematic Statistical error Systematic errors

errors are comparable  dominates in most bins -~ 109, in bulk of data

— Stats.

---- Tot. Syst.

— JES

— MC Corr.
Method

Total uncertainties: Data at Particle Level |
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Summary and w

Plethora of new measurements
» NLO pQCD describes data

» ME+PS outperform PS programs, need tuning

/+]ets measurements

are pushing the
V+jets measurements - now a pillar of core DO program boundary of

»  W+jets cross section measurements underway theory predictions!
» Z+b/c, W+b/c under study

» multi-dimensional differential cross sections

Precision comparisons will continue with larger dataset, W/Z+3 jet NLO calculations

Performance by Z+jet normalization | Z+jet angles /+)et pr

MCFM NLO v v v

Alpgen/MLM + Pythia v

Alpgen/MLM + Herwig v

Sherpa/CKKW

HERWIG
PYTHIA
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Event Displa

Run 210879 Evt 24327122 Tue Oct 11 17:57:05 2005

Bins: 120

Mean: 1.51 N

Rms: 3.79 . mu particle et: 58.85
Min: 0.0195 mu particle et: 33.29
Max: 35.1 MET et: 34.69
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/->UU + jet + X -

First measurement

L jorr = 2.5 (G Z pr > 45 GeV  ata hadron collider!

" D@ Run |l Preliminary, L=1.0 fo'
—1—=Data
- | O pQCD +corr.
b=l =M,& pi
CTEQ6.6M PDF
<=+ ALP+PY
He=He= M, & pi
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—— Data
— LO pQCD +corr.
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Z pr > 45 GeV

SHERPA scale unc.
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First measurement
at a hadron collider!

ratios relative to
Sherpa
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/+ets

7 pT > 45 GeV First measurement
at a hadron collider!

D, L=1.0 fb™
- Data
== NLO pQCD + corr.
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