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@ Introduction
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& Motivation

Testing ground for pQCD in multijet events
v" The presence of a boson:

» Ensures high Q% - pQCD

» Large BR into leptons - easy to detect

v Key sample to test LO and NLO calculations
» Pythia, Herwig: shower, ME(W & W + lparton)

» Alpgen, Ariadne, Helac Sherpa, MadEvent: W + multi-parton ME & matching
algorithm (ckkw/Lonnblad/MLM) with shower

» Vecbos CompHep, Gr@PPA: W + multi-parton ME with shower
MCFM: NLO ME W + 1 or 2 partons
» MC@NLO: W+X (NLO ME + herwig shower)

A lot of work done by our theory colleagues!!!
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v" Boson + jets is the signature for a number of high
P+ physics processes:

¥ Top pair & single top production
¥ Higgs boson searches
¥ Searches for super-symmetric particles

v' It is crucial to have a good understanding of such
a process
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Some cross sections...
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Some search examples in boson+jets...

CDF Run Il Preliminary
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EXPERIMENTAL ENVIROMENT




€> The TeVatron Collider

® p-p collisions
J's=1.96 TeV (RunI 1.8)
® 36 bunches, 396 ns
e record peak Lum. 3x103[cm-2s!]
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Collider Detector at Fermilab

CDF detector

> Silicon detector (SVX):

»COT: drift chamber

Coverage: |n|<l1

op;/ Pt~ 0.15% P;
»Calorimeters:

Coverage: [n|<3.6

EM: o | E ~14% WE

HAD: og | E ~ 80% WE
»Muon:

muon ID up-to |n|=1.5

top event b-tag: ~55% 7\

EM cal | \ff."? 3

COT:tracking SV X

S &
% q
s
Y N 3 g \,.\
ad ca \ N LA
\\ - Y
Xy

Multi-purpose detector:

- Precision measurements
- Search for new physics
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@ High p; Physics @ Tevatron

A typical Tevatron event consists of:

W, Z, photon

DA —

Hard scattering

® Production QCD related

e Hard scattering:
v' perturbative regime

e Underlying event & soft
physics:

v" phenomenological models
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& Jet reconstruction

A jet is a composite object:
ecomplex underlying physics
eDepend on the clustering algorithm
edepends on detector properties

)

=
jol J9j2WI0lRD

v Instrumental effects:
» Calorimeter response to hadron
» Detector resolution and efficiency

» Pile-up interactions (on average 3.6
interactions @ 1032cm-2s-1)

v' Soft physics:
» Underlying event
» Fragmentation/hadronization

e Monte Carlo model based \
- Need to be tuned on datal!!!
using many different —\
observable

unclcfrl(jing

cvent
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@ Jet energy correction method
Correction for detector effects:
[P jet™ ()Xo (M)-MPI(vtX)]IXf , (Prjes™ M)

e Energy scale in central cal. with test beam, tracking (E/p) : ) O

I)ch(
|DT je’r(nlije’rmw ) =

e transfer energy scale in forward cal. with jet P; balance

v Py

P, Balance vs p, , Data-Pythia. 0.2<hl<0.6
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v+jets, Z+jets used to
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check jet energy scale.
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Closer look into jets

70 =0

CDF Run Il Preliminary

) - Z—ee + jets
Jet shapes & energy flow ad 66 < M, < 116 GeV/c®
.y O [ ES > 25 GeV, n%] < 1
are sensitive to the [ ! )
- transverse A | izl <111 1.2< np| < 2.8
Underlylng Event & olane E 40— P > 30 GeVic, Iy < 2.1
hadronization. & F AR(e jet) > 0.7
's . Calorimeter towers with |y| < 0.7
calorimeter 30
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i —e— Data L=1.7fb"
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=0.5 L Z-ee + jets i
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i > 30 GeVic, |y™| < 2.1 \ -
- AR(e,jet) > 0.7 N f o_||||]||||||||||||||||||||||||||
0.3 \ R 0. 05 1 1.5 2) 25 3
. e DataL=17®" " Y |Ad(Z, tower)|
I Pythia Tune A Dominated by the Underlying Event
0.2 —— Pythia w/o UE
- —— Pythia Tune DW
oal " Tune A & Tune DW are different tunings
o y of the Underlying Event in Pythia.
| Statistical uncertainties only
o_lllllllllllllI|IIIIIIIlllllllllllllllllllllIIIIII Bofh describe accurafely SOF+ PhYSiCSO
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riR
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@ W + jet: a measurement in detail

oton
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b Observable definition

Observable: experimental challenges

Unfold detector effect
- correct for them, assign
systematic otherwise

Estimate backgrounds

Observable defined at particle level

?f choosing a jet clustering algorithm

—> Observable: Theory description

S Hard Scattering
Z (Perturbative-calculable)
Soft contribution
€ (Model-tuned on data)
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€& W + jet measurement definition

v o(W->ev + jet) vs jet E; jet-jet DR and invariant mass.

P2>20GeV .M. >20GeV Restrict W xsec to the
(SO' ! o measurable phase space
Py >30GeV In‘€l<l.1

(S E J . Jets corrected hadron level
T JETCLU 0.4
E;o>15 GeV; Inl<2.0

v The W is a clean signal for high Q2 events within which
we can examine jet Kinematics.
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@ W + jet measurement definition

Identify W:

E,**>20GeV; Met>30GeV;M W>20GeV
Reconstruct jets:

jetclu R=0.4 |nl<2 EJ°t>20GeV

High P; electron trigger =»

v" In each bin of the jet E; distribution compute:

cand bkgd
N - N o Ccalorimeter
O = Aec o] unfold
ID

v" Main backgrounds: QCD, top, W->tv
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@ Acceptance and Efficiency

v" Define cross section phase space as the W detector acceptance

Migration of reconstructed
events

<+“>

A

Cross-section

Events migrate across
acceptance

acceptance boundary:

shape and resolution

|
|
|
|
o |
convolution of local :/
|
|
I
|

>
Cut Kinematic Variable

v" Use MC for acceptance and electron ID efficiency
¥ Systematic on ID efficiency comparing Z MC and data
¥ Systematic on acceptance from different MC models

Ave, =0.6+0.03

largely flat as function of jet kin
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& Background

eQCD from fake electron (antielectron)
eUse MC for EWK & top
eRelative normalization from MissE;

fit to data

eVery good agreement with data in

other kinematic variables
W(—>ev) +=1 jet

CDF Run Il Preliminary

CDF Run Il Preliminary

4000

3000

W(—> ev) +=1 jet

w0
= C 1
E 7000/ o Data 320 pb
2 —— Combined
6000 .
N - Signal
5000 — QCD
4000/ EWK+top
. No E; cut applied
3000
2000 ;__r_'_l
1000
§ [ —! N PO o
%0 40 60 80 100 120 140

Electron Transverse Energy [GeV]

W0

E 90001 e Data320pb’

N 8000} — Combined
7000 ——  Signal
6000 — QCD
5000 EWK+top

2000

il R P | " e
10 20 30 40 50 60 70 80 90 100
Missing Transverse Energy [GeV]

Systematics:

e antielectron statistic

e antielectron model (5-20%)
® Top cross section (10-20%)
e MC model (5%)
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@ Background breakdown in jet E;

W(—=ev)+=1jet CDF Run Il Preliminary W(i—ev)+=2jet CDF Run Il Preliminary
10 » Total <+ WW 10— Total —— WW

- = QCD Z-—ee - —=— QCD Z—ee

- +— top promotion - —— top promotion

- W-—o1mv

—— W-—-1v

—y
2

—

2

Background Fraction on f (do/dE;)dE,
E
S

Background Fraction on f (do/dE [ )dE,
E
—h

=
=]
[
T
o
-
K\
lll. !
. 1
. .
AR N
S S, -

1“'3| III [ I|II III III L1 | L1 1 IIII l| _3 III|II|III|IIIIIIIIIIIIIII|_|_|__|_|_|
0 20 40 60 80 100 120 140 160 180 200 10790 20 30 40 50 60 70 80 90 100

i
Jet Transverse Energy (E7") [GeV] Jet Transverse Energy (E]'") [GeV]

v QCD gives a substantial contribution to the background fraction

v" In the tail of the distribution (high jet multpl., High E;) top is dominant

Promotion background (small contribution at low E;):
v' extra interaction produce jet not associated to the W -> wrong W jet-multipl.
v' Estimate extra jet rate in MB, correct data on average as a function of # vtx
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@ Calorimeter resolution unfolding

* Absolute scale corrects on average
for calorimeter response.

e Resolution alters shape of measured
E, spectrum - necessitates unfolding ®

correchon.

= 1-4 -
3 k
R u
2 o1af
b -
S -
o 1.2 .
o -
5 F ——
O 11 — I !
g’ u r_ﬁ_ .
8 11— ‘tf
% u o * Alpgen + Pythia
0.9 «— Alpgen + Pythia reweighted
0.8 :—
0'7 [ 1 l 1 1 1 1 1 1 1 l 1 1 1 1 I 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1
0 50 100 150 200 250 300 350

Jet Transverse Energy [GeV]
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|
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I

200

I

0<pi*"™**<10 (GeV/c)

______ 10<pP*™°<30 (GeV/c) |

........... 30<p:.‘:.-1 ticle °<60 (G eV/C)

60<pt*™*<100 (GeVic)

20 30 40 50
p_;l)_article _ d_?t (GeV/C)

Use detector simulated
W+Jets MC events.

Form jet E;spectra at HAD

level and at CAL level.

Define unfolding factor in each
bin as Nyap/Nea -
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@ CDF W+ jet cross section measurement
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=
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Errors on leading jet Jcdo/dE;

W(—ev)+=1jet

1—

CDF Run Il Preliminary

0.5

0 S BN o
- Statistic
-0.5|— -= Total Systematic
_ - Background
-— Jet Energy Scale
1l -+ Acceptance
B 11 | 1 11 I 11 1 I 1 1 1 IIIII 1 1 1 I 11 1 II 1 1
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At high E; large statistic uncertainty.
Systematic dominated by jet energy
scale(3-4%) at low E;, by background
subtraction at high E;.

MC has been normalized to inclusive data cross section in each jet sample!
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@ CDF W+jet cross section measurement

Differential o w.r.t

dGW ey lst-2nd jet invariant dGW _,py Differential o w.r.t
mass in the W + > 2 jet Ist-2nd jet AR in the
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E::: = 5 3l hadron level; no UE correction = % L hadron level: no UE correction .
3 = % LO Alpgen + PYTHIA 1° 251 | .
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; — 1 F s .
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MC has been normalized to measured W+ > 2 jet inclusive cross section!
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COMPARISON WITH THEORY




Proc 3 = qq(gg)->Wqq

v
"""""
M}

W + 2 partons
1000
----- w2p All
o Iy o W2p Proc 1
gor- 1] W2p Proc 2
----- W2p Proc 3
O
S 600 -
o
7]
-
c
2 400 -
w
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@ ME & PS matching

Hard scattering

ME <80
N L
“ Soft radiation
1. Parton-level description 1. Showering & hadronization"™
2. Fixed order calculation description
3. Inferference exact 2. Resums large logs
4. Valid when partons are hard 3. Valid when partons are
and well separated collinear and/or soft

5. Necessary for multi-jet 4. Necessary for realistic studies

description Complementary approaches
) 2 topologies = O(a)
> . ‘ Same jet multiplicity

parton 1‘ @
N+3 N+4 m

double counting
depends on parton-level
cuts

Jets outside Small contribution fﬁ
ME acceptance Higher order in o

Advances:
ME-PS matching
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& ..new ME-PS merging tools

2.5
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05F
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© [ | [arXiv:0706.2569] )
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ol b | | - ,_h_rﬂ'-a i

- - '__‘_1_'_'“__,,._;—--—:— 2 O =
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Merging tools vs data: Njet distribution

(W — ev) + = N Jets

CDF Run Il Preliminary

(W — ev) + > N Jets

~@- CDFData JdL =320 pb”

Wkin:  Ej= 20 [GeV]; [1°]< 1.1
E; = 30 [GeV]; M; = 20 [3eVic’]
Jets:  JetClu R=0.4; E¥' = 15 [3eV]: || < 2.0
Hadron Level; no UE carrection
ALPGEN + HERWIG MLM
(normalised to data = 1 jets)
on only

CDF Run Il Preliminary

(= N Jets) [pb]
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MADGRAPH + PYTHIA CKKW
{normalisec to data = 1 jets)
I 0 parten only
- Up to 1 parton
I Up toz partons
Up to 2 partons
I Vip to 4 partans

2 3 4
2 N Jets

>

=
o
L
=
Re, 2
o
m
[
b
5 02
=
© 0415
I
o 0.1
0.05
0

only

{COF Il Data)iMLM: Alpgen + HERWIG)
o MLM urcectairty

(COF I Oata){CKKW MadGraph + PYTHLA)

# GEKW unoemsnty

[COF I Data YMCEM

Syst. form matching parameters variation

Syst. form g2 scale: 2u,ju/2

HEEEED MLM (dpgen + HERWIG)
HE GKKW MadGraph + Pylhia)

MCFM
COF I Data

!
0

3 4

Inclusive Jet Multiplicity (n)

K-factor as large as 50% Theory models

dependent on renormalization scale and
ME-PS matching paramefters
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@ Merging tool vs data: EJ®' spectra:

§1||||1|1|l||1||||1|l||1|rCDF”pre“minary
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& Next to leading order

—>Complementary approach to LO and parton shower generators
—>Gives a prediction of total cross section and distribution at
parton level but is not a fully implemented event generator

! w* s u w* 4 T T 1 1T T T T 1 ‘ T T 1
Y~ Z+2 jets, R=0.7, MRS0119,
d p ~ Jet cuts pp>15 GeV, |yl<2 il
lepton cuts
2 - ]
\
u u w’ R \\ ]
T — VWV o 1
Yu N Yyd ﬁ 2 \\\ =
— « b < hesaseea S ™
d d o= \\\\\\ e
NLO o
L e LO 7
u W+
’ w* ——— VWUV L |
u
: yd
H d 0 I N ‘ I I ‘ I ‘ L1 1 |
A ——— 0 50 100 150 200
p [GeV]
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Non perturbative correction

To compare with data need fo estimate non perturbative effects:

/

—— Parton-to-hadron level corrections
[ Systematic uncertainties .
Z+jets

Jet cone R=0.7

a 1.5;—
. . : 14E
1. Hadronization — © 4.E
2. Underlying event 1.2E
1.1E-
1
0.9C 3'0
13-
- — Hadron+UE/Parton (global)
12 — Hadron+UE/Hadron (UE corr)

TTT

osb W+jets
Jet cone R=0.4
07— 'slo’ - '1(|Jo' - '130' - '2(110' - '25|o' 300
P! [GeVic]

200 et [GeVic]
Relying on phenomenological
models tuned on data.

Uncertainty estimated from the
difference between Pythia Tune A

and Tune DW. 2 = of(an)" + (Ab)°
f
f
f
f 1

T
~_, T

(.v’ colorless states

_rﬂ:’“_‘ - hadrons -

-
# Fragmentation process
outgoing parton

Hard scatter
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@ Data theory ratios:

Good agreement NLO
Q2=(p,iet)?

PDF =CTEQS6.1

Non perturbative =5%

Effect of the UE at
low E et
PDF=CTEQS5L

Pythia has a better
model of the UE,
better agreement
with data
PDF=CTEQ5L

1.5

=k

ok

CDF

RHEE B

| - MGEM Unzerimily

|| preliminary

MCFM w/o non perturbative corr.

S MIGEM o' i T OGS e
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B SHPA: Maddrap + FrTHA

First Jet E; (GeV)
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Z+jets measurement




& Z+jets measurement

Z/y—ee + jets is a very clean signal: background < 10%

CDF Run Il Preliminary

10° T
e o~ [ % Datal=17f
vd o - — Z—ee tjets
> _ [l QCD + W+jets -
¥ 4 3 | = 1.7 fb
= B ww, Wz, 2z
€ 210 @
c -
g - [] Zorr+jets
w [
. 10
Jet

T IIIIIII|

Measurement performed in a well defi
kinematic region. 1
Z/y—ee branching ratio

b (66<M,<116) GeV/c?

b E;%>25 GeV 107

T IIIIIII|

Illl

IIlrIIII-.lIIIIJ-IIIh_LriIII'LII

_||||Illlllllllll||| 1 |
b nfll.O nafl<t.0 1 1.2¢;%l<2.8 40 50 60 70 80 90 100 110 120 130 140
M., [GeV/c’]

Jets reconstructed with MidPoint Cone algorithm (R = 0.7)
p7et>30 GeV/c; lyet|<2.1; DR(e,jet)>0.7
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° ° ° ° A
et
Z+Jet inclusive cross section - p
. . . 10° CDF Run Il Preliminary
Inclusive jet cross section for Z+21 — P ——
jet and Z+22 jets production. S qof AT e Creae
(0] Pt Corrected to hadron level
E’ 10° - Mg =M+ p3(2), R, =13
W, == —m RE2p0 i = pgf2
Good agreement between Data and TR —*— ... PDF uncertainties
. . o ——
—.
NLO pQCD predictions. 3 .
T 10 ——
——
Main systematic at high p et jet 1L —— i
energy Scale (up 1-0 15%) 10_1; Z(—ee) + 22 jets inclusive "
ele ID (5%) flat 1;_ . L
E 1.6%— Z(-—ee) + =1 jet inclusive
S q4f
o125
8 1E
. . © -
PDF uncertainty varies between a g-g;
3% @ low pit and 10% @ high p,ie'. 04=
S 1.6F
L . 2 14E
renormalization and factorization scale ¥ 121;— -
variation ranges between 10% and 15%. & ost
0.65
0.4E5
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Z+jet inclusive cross section: N, & yiet

10° CDF Run Il Preliminary CDF Run Il Preliminary
= = —e— CDF Data L=1.7 fbo” —_ B —e— CDF Data L=1.7 o'
= — Systematic uncertainties 2 = [] Systematic uncertainties
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N - . bo = M; + Pi(2) R,p,=1.3 3 = e U200 g2
= — - -.-.. NLO scale p = 2 ;p = p, /2 B —— — o't Mo
ha ~ o ———a— .
om - - - = NLO PDF uncertainties bt - —— PDF uncertainties
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zi = o L
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- 1.4
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—I 1 6_ Q 1.3:_
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9 14F =——= e e 3 B gy
© C ey . - 1Ec=c===== e TR CE el el ~ = =
e 12 0 e - a Sl telaliaiaioiininiieiniaininetetusii il
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! 2 2Ny > 14
Both, LO and NLO include a =15% correcton § }g
£ 1.
from non-pQCD effects. RE
8 1
. ©
LO underestimates the data by a factor 1.4. o g-g

NLO in good agreement with the data. S
Data suggest a constant k-factor.

Andrea Messina, CERN Boson + jet measurement at CDF - CERN Sept 3rd 2007 36



Boson + heavy flavor jets measurement




CDF Run |l Preliminary, L=1.51fb™

q :, AL LSS Wschannel | |
/,/,/,// B t-channel 1
q L2000 wer |
L. -/# - e - s - W+Charm ]
- / Il W-+bottom |
W gg - / MNon-W ]
b (£i1500 _ B
8N Q I £ -, Woivoson | 1
= w24 8 1
» g g ' » COF Data | 1
g 21000 | A ]
b : - N BN N ,— 4

S ]

@)

Sensitive to production mechanisms

& heavy quarks content in the
proton. W+ 1je}' W+2jets W+3jets W +4jets

Large uncertainty on W+X. It is crucial
to have all these contributions under

control for new discoveries.
Boson + heavy flavor processes are

the main backgrounds to many new
physics searches.
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Heavy Flavor Jets: SecVtx tagging

0.
(SecVtx) reconstructs secondary -5 o
vertices inside jets. Cutting on & O
the distance between the Z'0.
primary and secondary vertices I q.
rejects most of light flavor jets. "

Q.

Templates fitted to the data

" _
g 1 8003_ CDF Run |l Preliminary
@ - * Data:L~340pb”
0 1600—
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|
4:

3:
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The mass of the secondary vertex is a
powerful discriminant to extract the b-jet
content. Templates _ From MC are fitted to

the data. . Secondary
vertex

Jet cone

xy

Primary vertex (decay length)
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@ Heavy Flavor Jets: SLT tagging

Heavy Flavor jets can be identified by the presence of a low p; lepton (soft lepton
(e or u)) inside the jet coming from the semi-leptonic decay of a heavy quark.

| CDF Il Preliminary |

C
W~ ¢
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] h 1‘
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2 75 1 e
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O 70 4
= ]
W 653
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o) 40
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\
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Heavy Flavor Jets: new NN-tagger

Use all the available information

e All the vertices in the jet and their
invariant masses.

e displaced but un-vertexed tracks

e soft leptons, JetProb, global jet
variables.

Combine all the information in a single
variable using neural networks.

10°

Entries

102

10

10"

l IIIIIII| I IIIIIIII l IIIIIII|

l IIIII|||

e Datal16fb”

—— Fit Total

[ fake bkg

[ ttbar bkg

] WWHWZ+ZZ bkg
——— MC Z+b

s MIC Z+C

s \|C Z+uds

romaNN output

-
-

=

—

3 MC Jet Cone . /"

o 3

= \ (

Sp.o8 »
0.06 Ilght . e

Primary \Vertex

0.04

LI I LI I LI I LI l LI I

-1 -0.5 o 0.5 1
romaNN output

Neural network training performed in

a generic sample and then used in the
analyses.

Output as a continuous tagging variable.

Good b-c-light statistical separation.

Work in progress...

Andrea Messina, CERN

Boson + jet measurement at CDF - CERN Sept 3rd 2007 41



@ Z+b Cross Section

Q q
g Q 49
Q

Jets: E;J¢*>20 GeV and Inl<1.5

b, ¢, light fraction from template fit to
the secondary vertex mass distribution.

NLO pQCD calculation by MCFM.
» CTEQ6M PDFs

boug? = we? = M2+ pyt

Jets /(10 GeV)

Z+ b jet. CDF RUN Il Preliminary

"""" L D D D D s
140:‘1;_1,95 Tev * CDF data -
CL~15fb [ Jlightjets 1
120 841,20 Gev =+= [cijets B
100n*l<1.5 [lbjets -
- T .
80— —
: ! 1.5 fb-1
wof- — -
20 e
o_l Al Al llllllll Il 1 1 1 l 111 1 I 11 1 1 l 1 1 1 4 I 11 1 1 I IIIIIIII g

0O 10 20 30 40 5 60 70 8 90 100
EF" (GeV)

Data are well described by Pythia but are
underestimated (20) by the NLO prediction.

E{J¢'>20 GeV,

CDF Run II Preliminary

MCFM MCFM NLO

lg::lgj measurement PYTHIA NLO + UE + hadr.
o(Z+b-jet )/ a(Z) 0. 369 + 0.057 *+ 0.055 % 0.35 % 0.21 % 0.23 %
o(Z+b-jet) 0.94 + 0.15 + 0.15 pb n.a. 0.51 pb 0.56 pb
o(Z+b-jet)/o(Z+jet) 2.35 + 0.36 + 0.45 % 2.18 % 1.88 % 1.77 %
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@ W4+c Cross Section

Sensitive to s-quark proton PDF c-jet identified by the presence of
a soft muon inside the jet.

For W+c, the soft muon in the SLT
jet and the lepton from the W must

have opposite sign. '>Jet+ SLT

Observable:
NOS-N-° 1=147.0 £ 42.1(stat) = 15.4(sys)

» Used to distinguish the signal from
W+cc and W+bb, where NOS-NSS = O

"\ TL + Met

Events selection a SLT jet, a charged
lepton and MET from the W decay.

3.8
ALPGEN prediction:  22.2+1.2(PDF) ¥ 30 (scale) pb
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Conclusions
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& Boson+jets: 15 years balance

Make the measurement corrected for all know detector effects.
v'detector unfolding

..reduce as much as possible the model dependence
v'observable as close as possible to what is accessible by detector

:

more clean and easy comparison against theory.
Critical input to validate Monte Carlo models vastly employed
in all kinds of measurements and new physics searches.

v'NLO & LO pQCD calculation are not complete, they serve different purposes
and parameters need to be tuned on data.

v'"NLO (when available) + non pQCD correction gives a good description of data.
v'LO ME with matching gives a good description of the kinematic, k-factor=1.4.

v'Soft physics important at low E.J¢'. Tunings of Pythia give good description, but
need always to be checked against data.

By 2009 with 6 fb! we expect new results to further improve our description of
boson+jets processes and provide better inputs to the LHC experiments.
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@ Boson + jets at LHC

Boson + jets cross sections at LHC at least x10 with respect to Tevatron.

This physics is definitely part of the early LHC physics programme!
After having:

v’ calibrated and understood the detectors
v measured efficiencies

v' “re-understood” SM @ 14TeV (Minimum Bias, Underlying Event, jets, W, Z, top)

Measure main backgrounds to new physics boson+jets: & top

W+jets more difficult:
v' Multi-jet background (higher jet o)
v top background subtraction (top o x100 than Tevatron)
v' Understand Missing Energy
Z+jets easier:
v' Z boson easier to reconstruct and select
v' almost background free (<10%)
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& Boson + jets at LHC: a possible scenario

CDF Run Il Preliminary

—
(=]
w

.

-, "ATLAS 1 fb!"

== Z(—ee) + =1 jet inclusive

[fb/(GeV/c)]
3

jet
T

do/dp
=

—

-
<

&
©

——
——
o

—a—

—e— CDF Data L=1.7f"

[] Systematic uncertainties

—&— NLO MCFM CTEQ6.1M
Corrected to hadron level
Wy = M+ p7(2), R, =13

—m RE 20 p=pf2

- = = PDF uncertainties

%:

1 1 I
100

200 peToetT
. W

-1

10 TV 11771 I LI 1 I | A L | [ | L T
\) [/
) “ATLAS 10 fb-"
10
_ Signal
* o Mass of sq and gluino
O 10 are 1TeV
<-—-
i, > o
< -O-
~
g 11 -
°10 / O
12 | Q@
10
‘ %
10 1 VAVAVAVL s
0 1000 2000 3000

M, (GeV)
=FE,. + EPT

Andrea Messina, CERN

Boson + jet measurement at CDF - CERN Sept 3rd 2007

Number of Events /10fb~' /400GeV



& Summary

CDF has contributed a number of measurements to the understanding of boson
production in association with jets, among others:

v W+jets cross sections (320pb-!):
v' Extensive comparison against matched LO+parton shower predictions

v LO shows a k-factor = 1.4.

v' New Z+jets cross sections (1.7 fb-1):

v NLO plus non-perturbative correction in good agreement with the measurements.
v' Pythia tunings describe non-perturbative physics.

v New Z+b-jets cross section (1.5 fb-1):

v’ Pythia describes the data.
v NLO underestimates the data - under investigation.

v New W+c-jet cross section (1.8 fb-1):
v LO Alpgen + MLM matching in good agreement with data

Boson + jets will keep us busy in the next years both at the Tevatron and LHC
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