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QCD Hard Scatters

Large pr processes originate in _ \
the hard scattering of partons: éé / \\\
allow precision tests of pQCD kr it f
constrain parton distribution N .
and fragmentation functions ?- :

sensitive to the presence
of new physical phenomena —_

\\ photon
. Hard Scatter
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MSTW 2008 NLO PDFs (68% C.L.)
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Measurements covered In this talk:

1\ |Q%=10" GeV?
inclusive jets W + b jet \
dijets W + cjet
direct photons ~ + ¢/bjet
~v-+jet Z + b jet
Z+jet
W +jet
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Fermilab Tevatron Collider

- e |
5 R
i 7 '
S N
o e
RETTT  ) 7.
w4
o SR
B oy
B Gy i
i, f

;.--m’ ' S E D Fgg upto2.5fb~tin
.8 2 i presented analyses

-" \ Ff'.“. MmlBoon o

-J.—...JIJ m_,__.'. o
i T

IIIIIIIIIIIIIII
8 ||

Illllllllllﬂlﬂﬂ
IIIIIIIIIIII%’E

n=3 Eyr;'_' alt 3 45 km

NENENACZANENENS
 ERENERENEPZadr===TuEE

.....

T e e
T [

Michael Begel Production of Hard QCD at the Tevatron La Thuile’09 3



Jets

Reconstruct jets using iterative cone algorithm
with mid-points (R = 0.7) \/

Calibrate jet energies to particle level

fragmentation
underlying event
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Inclusive Jet Production ﬁ‘ﬁ

Inclusive jet production tests pQCD : —
and is sensitive to the gluon
distribution and to new physics. = W

Important to measure cross section over g

wide rapidity range to both constrain gluon  |Sy ="

PDF and maintain sensitivity to new physics. Et i et N
These measurements are important s j o7epieas oo
inputs in the current round of global |EE s o W Sreonan
PDF fits. T o e
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Dijet Mass Distribution

I

Dijet mass distributions test pQCD
and have sensitivity to the presence
of new physical phenomena as many
models predict dijet resonances
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No significant indication of resonant structure in dijet mass
spectrum has been observed.
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Dijet x Distribution

—— Rutherford Scattering
--=-- QCD
New Physics

Some models include contact interactions. . .
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— Standard Model Observed .
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Direct Photon Production

Direct photon production is sensitive to the
gluon distribution:
only two diagrams contribute at leading order:

Annihilation Compton Scattering
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Photon+Jet Production

Measuring isolated photons with associated jet production
Increases sensitivity to the gluon distribution.
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Disagrees in shape like inclusive results; also significant
disagreement in ratios of one region to another.
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Z +Jet Production _J;TBE

Z +jet production similar to v-jet except that ‘ s
the scale is dominated by M ;:

tests NLO pQCD, ME+PS, and event generators

sensitive to the gluon PDF

Important background in searches for new physics .
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NLO pQCD agrees with data; ME+PS has different shape & norm.
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W +Jet Production

W +jet production tests NLO pQCD and | Sl wnnany - POFweenany
ME+PS, and is an important background

for new physics
searches.
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Michael Begel Production of Hard QCD at the Tevatron La Thuile’09 11



W -+ ¢ Production

W + c jet production probes the strange PDF.
The jets are muon-tagged and the signal extracted from
opposite-sign same-sign subtraction.
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~ 4+ ¢/b Production

The heavy-flavor content of the
proton can be probed in v+jet
events where the jets are flavor

tagged.
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Z -+ b Production

=
:';_-}.l

Z + b jet is also sensitive to the b PDF and is an important
background in searches for new physics.
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Conclusions 'y

The Tevatron program has a rich tapestry of hard QCD
measurements — more than can be described in this talk.
Tevatron jet measurements are 2
currently being incorporated into the
next generation of global PDF fits.

We have not seen signs of new _—_—
physical phenomena with jets. | |F\\\§\§\§§}}\\\\§

Direct photon results from the current \\\

Tevatron run show similar shapes with i T,
respect to theory as seen with earlier measurements at the
Tevatron, SppS, ISR, ...

NLO pQCD agrees with Z+jet and W +jet measurements,
however, ME+PS models disagree in both normalization and
shape.

The b content of the proton is well described by current PDF,
however, theory disagrees with v + ¢ jet data at high pr.
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Backup
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b Jet Identification

Secondary Vertex Tagger Neural Network Tagger
' e Improve efficiency by feeding

\ \ secondary vertex
ROy and other ®
\ information into °

prima

IE / a neural network
b Jets
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° 2 2
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semi-leptonic decays i W= ¢ and b fractions
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Direct Photon Analyses ;@

Measuring direct photon production is challenging since the
signal is small compared to the potential backgrounds:

dominant background are photons from the electromagnetic
decay of particles such as «° and n mesons

photon candidates are isolated to suppress background

characteristics of the reconstructed shower are used to
discriminate between signal and background

D@

L=380pb™

-1
pllN dN/diso [G.SV ]

Photon purity

05 1 15 2 25 3 35 4 0 1 2 3 4 5 6 7 8

number of EM1 cells in 0.2<R<n 4 number of EM1 cells in cluster . y P u rlty d efl n Ed as

_ S
FP=518B

e  Extracted purity

< o.
3

8o
0.
So.
=

=0-
“o.

Stat. uncertainty
—— Total uncertainty

e 6' T '8 ! P 100 150 200 250 300
1 4 5 7 1
total track p _ in 0.2<R<0.4 (GeV) width of EM cluster in EM3 (cm p¥ (GeV)

10 12 14
lation E  (R=0.4) [GeV]
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Direct Photon Production
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Z +Jet Production

D@ Run II, L=1.0 fi* —+- Data
—— NLO pQCD + corr.
M, =H =M O pi
CTEQ6.6M PDF
===+ ALPGEN
M =H =M O Pi
CTEQ6.1M PDF

- D@ Run I, L=1.0 fi* —- Data g — Data

—— NLO pQCD + corr. —— NLO pQCD + corr.
Ho=H =M Op? Ho=H =M Op7
CTEQ6.6M PDF CTEQ6.6M PDF

===+ ALPGEN ===+ ALPGEN
B, =M =M Op} M, =M =M Op}
CTEQ6.1M PDF CTEQ6.1M PDF

14# D@ Run I, L=1.0 f* —4— Data

— NLO pQCD + corr.
uR = u: =MD Pi
CTEQ6.6M PDF

===+ ALPGEN
My =H =M O pi
CTEQ6.1M PDF

(pb/ GeV)
“ (pb / GeV)

J
T

VA

T

dofdly™| (pb)
S

[y
o

do/dp
ga/dp

Q

@ (@)
ZIVH(~ ) + jet + X
65 < M,,< 115 GeV, |y <17

Reone=0.5, p*' > 20 GeV, [y*|<2.8 L
R T R R 10°

=t
—+ Data / ALPGEN — = SHERPA/ALPGEN -3 2.6] 4 Data/ALPGEN — = SHERPA/ALPGEN
— NLO pQCD / ALPGEN PYTHIA / ALPGEN Y 2.4F — NLO pQCD / ALPGEN PYTHIA / ALPGEN

% Scale and PDF unc. 2.2 % Scale and PDF unc.
2]

1.8

ZIy* (= ) + jet+ X
65 < M,,< 115 GeV, |y <17
Rens=05, Pl > 20 Gev, y"| <2.8

T ol b b b b b by
—4- Data / ALPGEN — = SHERPA / ALPGEN ; [ = Data / ALPGEN — = SHERPA / ALPGEN
— NLO pQCD / ALPGEN PYTHIA / ALPGEN [ — NLO pQCD / ALPGEN PYTHIA / ALPGEN
}Q Scale and PDF unc. }Q Scale and PDF unc.

ZIy*(~ pp) +jet+ X

ZIy*(— pp) +jet + X
65 <M< 115GeV, ] <17 65<M,<115GeV, <17 *v.F
Rene=05, Pl > 20 Gev, |y <2.8 ) E Reone=05, p'>20Gev, [y¥ <28 Tt

D

6 R

=~ 16:
L 14
‘. 12;—
1=

0.8

S
o
N T
o
T

0 palaaa b bvaa bl bvoa b b boaadl PN I R R I o b e b e e e b e b 1
5O 20 40 60 80 100 120 140 160 180 200 . . . 14 16 18 .
Pz (GeV) Iy*"

o

=
o
w

*

D@, 0.4 fo*

Events/5 GeV
[
o

Data

*

a(Zly +z=njets)/ o(Zly)

PLB 658, 112 (2008) [DY]
PLB 669, 278 (2008) [DY]

L1

1 l 1 1
4 250 300
Multiplicity ( =n jets) Jet p; (GeV)

Michael Begel Production of Hard QCD at the Tevatron La Thuile’09 21



/]

do/dA R [pb/0.2]

Michael Begel

Production

CDF I/ MLM
CDF Il / SMPR
CDF Il / MCFM

77/ MLM uncertainty
 SMPR uncertainty

>m e

!\\\\‘\\\\

MCFM PDF uncertainty
MCFM Scale uncertainty

\\\\!\\\\‘\\\\

A MCFM
o MLM

® SMPR
Llga

COF I
A A++;

)
l

do/dE {[pb/GeV]

=
o

[u

(W_.ev) +2>n jets

CDF Run Il Preliminary

L

[ 1et
E -
F 2"jet mmm
~ -

-
E3%et ",
E -
E -

[ 4®et ™
E )

-
RG]

T

-
-

-
——

HH

T

T T T T

* CDF Data J'dL: 320pb ™
W kin: E2220[GeV]; |n°|<1.1

Jets:

~ L0

e ol .
Total o normalized to Data

—

™

L B L A

MY > 20[GeV/c?; EY > 30[GeV]

JetClu R=0.4; | n|<2.0
hadron level; no UE correction

Alpgen + PYTHIA

cyData/ 0-Theory

b =
g = O

=
[

A CDF Il / MCFM

Scale uncertainty --- PDF uncertainty

—_—

e

¥
¥

o b b b Lo Lo L 0 103

2 ) 4
MCMSNeJetMUMde

(W-oev) +22 jets CDF Run Il Preliminary

150 200 250 300 350
Jet Transverse Energy [GeV]

e I . L L L B L IR

CDF Data IdL = 320pb ™
W kin: ES>20[GeV]; |n°|s 1.1

MY > 20[Gevic’]; EY > 30[GeV]
JetClu R=0.4; | n|<2.0; E*' > 15[GeV]
hadron level; no UE correction

F - LO Alpgen + PYTHIA

Total o normalized to Data

Jets:

+

+.
- +
o =S

:i:

+ .
ﬁi*fhix%ifk

=

o e b b e b b n |

]

do/dM. [pb/(5GeVic %)]

Woev) +>2jets CDF Run I Preliminary
e T L

-t CDF Data [dL= 320pb™

Wkin:  E$220[GeV]; |n’|< 1.1
MY > 20[GeV/c’]; EY = 30[GeV]
JetClu R=0.4; | n|<2.0; E' > 15[GeV]
hadron level; no UE correction
LO Alpgen + PYTHIA
Total o normalized to Data

0

Jets:

-

AAAAA»—HAAA
5

0.5 4.5
Di-jet A R(jet -jet,)

200 300 400 g
Di-jet Invariant Mass M(jet -jet,) [GeV/c"]

Production of Hard QCD at the Tevatron

o
2]

c)-Theory
=) [
'U'! e '01 LS

GData

et =
[ RN

O-Datta/ O-Theory

| e CDFII/ MLM
L © Scale uncertainty

| =« CDFII/SMPR
I Scale uncertainty

50 100

150 0 300 35
First Jet E_ (GeV)

- 4 CDF I/ MCFM

I‘F}F@FE'-_’; —F%—% % :,% ;

Scale uncertainty --- PDF uncertainty

e CDF Il / MLM Scale uncertainty

Scale uncertainty

120 14_ 160 180
Second Jet E_ (GeV)

e CDF Il / MLM Scale uncertainty

= CDF Il / SMPR = Scale uncertainty

— 70 80
Third Jet E_ (GeV)

La Thuile’09 22




	QCD Hard Scatters
	Fermilab Tevatron Collider
	Jets
	Inclusive Jet Production
	Dijet Mass Distribution
	Dijet $chi $ Distribution
	Direct Photon Production
	Photon+Jet Production
	$Z+$Jet Production
	$W+$Jet Production
	$W+c$ Production
	$gamma +c/b$ Production
	$Z+b$ Production
	Conclusions
	Backup
	$b$ Jet Identification
	Direct Photon Analyses
	Direct Photon Production
	$gamma +c/b$ Production
	$Z+$Jet Production
	$W+$Jet Production

