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Proton structure

* Proton consist of three valence quarks, up-up-down (uud) and
antiproton of three antiquarks (iic) bound together by a sea of
gluons (g) and virtual quark-antiquark pairs (ut, dd, ss-eftc.)

> Higher energies resolve finer detail, and Tevatron's energies
are currently the highest available (1.96 TeV)

> Different final states give access to different aspects; inclusive
jets look at big picture and can search beyond standard model

Mikko Voutilainen, CERN
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Proton Structure

> What can we learn by
measuring jets?

* Distribution of
constituents in protons and
antiprotons, called partons

* Nature of the basic
inferaction between quarks
and gluons

* Find quark substructure?
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Proton parton distribution functions

o (up and down show valence only)
Zoo H1 PDF 2000
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x: fraction of proton momentum carried
by individual parton

f(x,Q2): probability of finding parton
with momentum fraction x in interval dx
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Event schematic

Jet is a spray of particles coming from hard interaction
* Jets are formed by collisions of partons (quarks and gluons) from

individual particles Photon, W. Z etc.
p — »
. — Underlying
Hard scattering — event
- [,
p \

Complicated by

® Parton distributions
* hadron collider is really a broad-band quark and gluon collider
* both the initial and final states can be colored and radiate gluons

> Underlying event from proton remnants
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Quantum chromodynamics

* Quantum chromodynamics is calculable using perturbation theory
(Feynman diagrams) at high p; = hard scatter

» Standard is next-to-leading-order (NLO), some NNLO available
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DO, CDF

HERA was an electron-proton
collider in DESY research
center in Hamburg, Germany

We are complementary to
HERA and fixed target
experiments

Tevatron inclusive jets
best to constrain the
high-x gluon distribution
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Quark substructure

« Run I legacy: significant
freedom for high-x gluon PDF

= Once the high-x gluon PDF is
hailed down we can search for
quark substructure

~ Important measurement to be

performed

1) at low rapidities: sensitive to
PDF/quark substructure

2) in wide range of rapidity: at
high y, sensitive to PDF

* One single measurement is
sensitive to both effects
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What is so cool about this

* Inclusive jet cross section R.=0.7
. — Foey _
| 5L, ) e Jet 8 GeV, P=33567
orders of magnitude S1CE " L-07h" . lrseey b
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: 3 10 L « Jet 125 GeV, P=1
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> 3D view of the event that contains the jet with highest transverse
momentum in Run IIa
» Jets are reconstructed offline with iterative cone algorithm (R=0.7)

[
DJ detector 3D

Leading jet has 64%
of momentum available
in beam proton

first jet second jet
p.= 624 GeV | p.= 594 GeV

Yier = 0.14 Yier = -0.17
biey 2.10 Diey = h.27
MJ.J. =122 TeV
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DO experiment
* Three main systems: i ]Pa ..a- ﬂ E

* Tracker (silicon and scintillating

fibre) ! . g
* Calorimeter (IAr/U, some
. . - e
scintillator) " A
* Muon chambers and i
scintillators
> First two used in this measurement
E n= 0 n= 1"‘_‘,-
Muon Scintillators I
Muon Chambers :
[ .-":-.
; vd
F 4 .
/f’
//
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DO calorimeter

* Calorimeter is the most important
detector for jet measurements

END CALORIMETER

Quter Hadronic

Middle Hadronic
(Fine & Coarse)

* Liquid-Argon/Uranium calorimeter:
~ Stable response, good resolution

~ Partially compensating (e/7 ~ 1)

/ CENTRAL
/" CALORIMETER

cecromagneic @ Gaps covered with scinftillator tiles

Fine Hadronic

Coarse Hadronic T[=U.[} D..E 'U_.4 06 ’ 03 ) /,1.0

i
[l

Inner Hadronic
(Fine & Coarse)

| { # i
IJ' J:I 1 — —r .-" /
I ! 1 ki £

Electromagnetic -

a  Calorimeter structure divides the
measurement in three regions:

* Central calorimeter (easiest)

* Intercryostat region
(challenging)

* End caps (fine segmentation)
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Counting experiment

Double differential

Number of jets

cross section

\dza N

~

dp.dy ~ eL-A

\

) C Smear

\

prly

luminosity

This is basically a counting experiment:

Jet Energy Scale!

~

versus p r

efficiency

1 event

Bins of transverse
momentum and rapidity

3 jets

\

Events can move in
and out of p;bins
due to calorimeter
energy resolution

(in different bins)

Mikko Voutilainen, CERN
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» Jet Energy Scale returns the measured
calorimeter jet energy to the particle level

_ E_,—Offset
tel .kbias
r (F -R)-S

E

* Offset is energy not associated to the hard
scatter: noise, pile-up, multiple interactions

* Response is the fraction of particle jet
energy deposited in the calorimeter by the
particles

* Detector showering accounts for energy
flow in and out of the calorimeter jet due to
detector effects (finite calorimeter tower
and hadron shower size, magnetic field)

= Method biases corrected using tuned MC

"S P parton jet

QuILT,
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©

Particle Level Detector Level o
| - 0.80
i Y (tag) 0.75
70
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recoill
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> Response calibration based on transverse momentum conservation

* Photon/central jet and recoil balanced in p-at parton/particle level

» Calibration through missing-£;insensitive to the jet cone and

showering effects
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JES: n-dependence

> Response depends on calo region (central, intercryostat, end cap)
> Probe jet balanced against a photon or a central jet

* Simultaneous fit to dijet and y+jet samples taking into account sample
differences = relative JES for analysis directly from data

~N B
o O O
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W G M
@ @ @
= = =
111101
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* Uncertainties have improved by up to factor two and more in the
central region since preliminary JES (2006)

* Forward regions not published before, but improvement over factor 10

N 2.1 N 2.1
§ - © 2006 JES calibration § - © 2006 JES calibration
o o[- * 2008 JES calbration o o[- * 2008 JES calbration
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Jet p; Resolution

» Jet p; resolution was measured directly on data using dijets

* Basic variable dijet asymmetry A, which is corrected for soft radiation
(third jet below reconstruction threshold) and particle level imbalance
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Jet pr resolution: details

* Parametrized by Noise, Stochastic and Constant terms in every |y| bin

* Smearing shape from MC truth: non-Gaussian tails explicitly accounted for

e Especially high p, punch-through sizable effect ¢ IN=
- —— + = + C*

Pr p:r Pr
) 030 o R
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» Jets can move in and out of p_bins due resolution

* We know how jets migrate; guess where they were

(ansatz) and calculate where they would then go

* Tterate the initial guess a few times until match
with data; take ratio of before and after
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Final results

* Largest data set from Run IT PRL 101, 062001 (2008)
with the widest I"Clpidi'fy % 107%’ DT Run || e |y|<0.4 (x32)
coverage (|y|<2.4) and % 10°E: o 0.4<|y|<0.8 (x16)
smallest uncertainties to date 2 15 ; ?'g<m<1 '2 Eii;

> = LL|YI<I.

> DO and CDF Run IT data have o 10°F s 1.6<ly]<2.0 (x2)

3
superseded Run I data in N’é 10°¢ & 2.0<ly|<2.4
MSTWO8 PDFs © 10°F
10
» Jet spectrum presented at -
1 _
particle level with midpoint 4E \s = 1.96 T_1eV
_ 10 E L=0.701b
cone (R.,,..= 0.7) F
102 Reone = 0.7

* Compared fo next-to-leading  10°F — NLO pQCD
order (NLO) Theor'y with 10-4%— +non-perturbative corrections
CTEQ6.5M PDFs and non- 10‘5;5 CTEQ6.5M mo=pH_=p
perturbative corrections 108 . I S R
£ Pythi 50 60 100 200 300 400 600

rom YT Ia p-|— (GeV)
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Final results

* Good agreement between data and theory at all rapidities; MRST2004
PDFs and low end of CTEQ6.5 PDF uncertainty favored (soft gluon)

* Scale uncertainty in next-to-leading order (NLO) theory
comparable to experimental uncertainty at low p

PRL 101, 062001 (2008)
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* D@ and CDF data are compatible with the latest MSTWOS8 PDF central fit;
improved agreement with extrapolation from new HERA data

* Both favor softer (and more natural) high-x gluon PDF than Run I data

= useful for physics predictions at the LHC

DY Run Il inclusive jet data (cone, R = 0.7)
MSTW 2008 NLO PDF fit (u_=u_=p}"'), x* =114 for 110 pts.
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* Total uncertainty is dominated by the (much improved!) JES

* Unfolding (~p;resolution) uncertainty much smaller than JES
* Luminosity is a significant uncertainty at low p,in CC

* Efficiency uncertainty negligible
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A Short History Of Scattering

* Rutherford shoots alpha particles to
gold foil and finds atomic nucleus

* Higher energy probes start to break
heavier nuclei
Very high energy probes find parton | - >\

) [g—target nucleus

substructure of the nuclei (quarks, o e s = i
gluons, virtual particles)

The scattered intensity dep_arts
* Modern day deep inelastic scattering o ormua at 00 275 M
experiments probe the parton structure i
of the proton in detail and look for the i%
unexpected _ £
] CE#' w %E
q (x,) q jet 28 10 .
q (%) q et ﬁlpnl;:u? e
O o O e
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Inclusive jet cross section can
constrain parton distribution
functions (PDFs), especially the
gluon PDF at high x

PDFs are needed e.g. to reliably
calculate backgrounds at the LHC

X = 2p,/sqrt(s)
1(105 0.1 0.2
] '

inclusive jets: Tevatron Run Il -

0.4

08 - ly|<0.4
06 qq — jets -
0.4 F gq — jets

0.2

fractional contributions

gg — jets
Lo |

200 400

pr (GeV)

50 100
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Proton parton distribution functions

o7

06

0s | N
04

03 K

(up and down show valence only)

H1 PDF 2000
. EEEES ZEUS-S PDF Q’=10 GeV’
\ CTEQ6.1
I:'-.I up
Xu

b xS(x0.05) '---H_ﬂ__
_ strange i, L

0™ 10 10

x: fraction of proton momentum carried

by individual parton

f(x,Q?): probability of finding parton

with momentum fraction x in interval dx
June 3, 2009 Mikko Voutilainen, CERN




- Main components: tracker, electromagnetic calorimeter, hadronic
calorimeter, muon detectors

- Upgraded for Run IT with new silicon and scintillating fiber
trackers, 2 T solenoid magnet (for tracking), preshower detectors,

END CALORIMETER

Cuter Hadronic
[Coarse]

Middle Hadronic
(Fine & Coarse]

CENTHAL
CALORIMETER
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* The inclusive jet cross section measurement caused quite some
excitement in Run I when CDF saw interesting features at high £

CDF to D@ comparison

é - 0.l<i,<07 were later shown to be
E» 0.5 _ ¢ CDF Dara A DO Data % exp|ainab|e by
S ¢ % % | increased gluon PDFs
g 0 _—1%;@?@-@@@@@Mﬁ;@_—&-+¢-+¢r-++--+-*+--+-- +T . g . '
= | renormalization scale
5 in theory and cone
< algorithm; all within
A the allowed parameter
8 = - 4 (D@ Data - CDF Nominal Fit) / CDF Nominal Fit range of QCD

0 " To T He 200 20 5 550 4w 450

E; (GeV)
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Jet algorithm

* Detailed comparison to theory needs a precise definition of jet algorithm

* This measurement uses Run IT Midpoint Cone with R_,,. = 0.7

Run I Legacy Cone:

Draw a cone of fixed size in n-¢ space
around a seed

Compute jet axis from E,-weighted mean
and jet E;from 3 E;s

Draw a new cone around the new jet axis
and recalculate axis and new E-

Tterate until stable
Algorithm is sensitive to soft radiation

Run IT Midpoint Cone:

Use 4-vectors instead of £,

Add additional midpoint seeds between
pairs of close jets

Split/merge after stable protojets found
Improved infrared safety at NLO

We characterize
jets in terms of

pr and y

URA thesis award 2009: inclusive jet cross section at DO
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* Hadronization and underlying event soft QCD effects and cannot be
calculated with perturbation theory

* Pythia tfune A used to calculate the non-perturbative corrections to
theory

Non-perturbative corrections for Total correction

the inclusive jet cross section = = = = Underlying event
for the D@ Run Il cone algorithm  «..o0e Hadronization
c 1'42_5 é_“'
O 13T L ly| < 0.4 S 0.4<]y|<0.8
5 1.2E ~e o 3 S~
D 1T — "~ e e e e . S
= 1] e T Sl
8 0.9F | .oeererrttttY et
@ 08 M ;_ 1
= 14 E N o
W 13E S~ 08<|yl<1.2 B "~ 1.2<|y|<1.6
O 1.2F Seo - Seo
O o ~— T~ e mm oo . ?N" --------
E-" "~~~ "~~~ T Tooo0 e T - m o m e
0.9E | e
0.8F R - . .
1.4F & E .
13 SO 16<|y[<2.0 £ "~ 20<|y|<24
1.2F T e 3 SeeeLL
11 c~—— T~ - -- 3 B
1 __________________________________________
0.9F ., .oemrrenrrrimrimmeee — ..................
0.8:_.| 1 1 L 1 | 1 1 L 1 L 2_-‘I 1 | | 1 I 1 1 1 1 1
50 60 70 100 200 300 400 50 60 100 200 300 400
P, (GeV) P, (GeV)
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Luminosity now ten times that
of Run I = x3 gluon PDF
sensitivity

Center-of-mass energy also
10% higher = three times
higher cross section at pr =
550 GeV

Luminosity + cross section
increase = x5 quark
substructure sensitivity

o/dp; dy (pb/GeV)

4]

d

ratio

4
AF inclusive jet production
2:
- Tevatron
- —— Runll sqrt(s)=1.96 TeV
E ==== Runl sqgrt(s)=1.8TeV
1 1 |
! !

10 |

400
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Triggers

- Triggers fire on single jets above p_threshold

* Measurement spans eight orders of magnitude in six rapidity regions
* Full prspectrum combined from seven different triggers

f 10‘1??l D@ Run Il preliminary 10652"}4; D@ Run Il preliminary
ﬁ 10° .:, 4 ° Jet8GeV, P=33567 105;_ ee . * Jet8GeV, P=33567
S k.. L~0.71b" o jet15Gev, P=7111 = . L L~0.71f" o yet15Gev, P=7111
8 10%k ™ * Jet 25 GeV, P=459 10°F "o o . Jet 25 GeV, P=459
& 10° i -"":'. o Jet 45 GeV, P=41 10° ;_- .- -e- o Jet 45 GeV, P=41
n.l_ Go%dao‘ﬁt * Jet 65 GeV, P=9.6 ‘ ;__D__D_ ¢ “‘_'_:':* * Jet 65 GeV, P=9.6
T 10° -'._.-.._.:,ﬂ : o Jet 95 GeV, P=1.4 102-5—_"'___--:}#_0_ .- o Jet 95 GeV, P=1.4
-8 10 & = Jet 125 GeV, P=1 10 ; - © ‘““*ﬂ*ﬁﬁ = Jet 125 GeV, P=1
k' ly |<0.4 "‘—--_.__.._.__.;I_-*—:gg'ne <ly |<24
5 T . 1 = jet
= = ==
E 1 0'1 :_ 10-1 ;_ -
E E 'ﬁ'_cb
S 10%F 102E el
T 10°F . & ] ¥
310_45 1 1 1 | I I | | 1 11 | Uil I| 10y ﬁliﬁl.ﬁl 1 11 1 10_4EI | | | | | 1 1 | | | | | 1 | | | | | | 1 I_+_I |
0 100 200 300 400 500 600 700 0 50 100 150 200 250
p, (GeV/c) p_ (GeV/c)
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Cosmic background

« Cosmic peak at pr/ MET ~ 1 p.> 200 GeV
comparable to inclusive jet T
cross section at p,> 400 GeV Z10°r DORunII |yjet| <04
- preliminary

* Missing-£; cut is important to
remove cosmic background:

N pr resolution
Cosmic events

- high rejection (100%) 10°F
- low inefficiency (<0.5%) -
) p,>400GeV i |
| el "OF \ Tail due to jet
- | preliminary :

10:—

—]
IIIII

0 67 8 9 i p. / missing E
p / missing E; T T
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Vertex cut

« Interaction vertex position is required to be within |z,,| < 50 cm of
the calorimeter to improve jet prresolution

« Jets at large z,, can hit the calorimeter at a weird angle and at worse
miss most of the calorimeter
n=00 02 04 06 08 10 * Vertex is needed for
i e S Aty S prreconstruction (€

from the calorimeter,
prwith the vertex)

* Tracking efficiency
quickly degrades
beyond | z,,|=40—50
cm
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Vertex acceptance with |z| < 50 cm cut (60 cm fit)

* Vertex cut efficiency is P
. . = L :
calculated from the longitudinal ¥ - F D@RunII
beam shape - preliminary
0.96[ *
* Time and luminosity dependence 0.04f-
- Beam parameters (8*) voof ' |
changing in epochs T F
D-g__ ’ . : . : nns
N : : . B : #— runs 0--180956
- Beam heating with time in 3 / T I s
store (luminosity ~ 1/ time) %38} —e— runs 191286104565
B =& runs 194567196554
. .. D.86[ runs 200000-2 04805
* Average inefficiency 7.0+0.5% - —e— runs 204808206113
0.34:— runs 206162-206122
* Leading inefficiency, others - L e
mUCh Sma“er- 0-82:_ —e— [uns 212900-2 15670

IIIIIIIIIIIIIIIIIIIIIIIIIIIiI
U'BD 20 40 60 80 100 120 140

Llick-inst x 36 [Eau cm'zg' 1]
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JetID inefficiency

« JetID efficiency determined with the tag-and-probe method:
- Tag is a good jet (or a photon) and an opposite track jet = good event
- Probe is a reconstructed jet close to the track jet

* Cross checks with different samples and direct cut fraction

00< T, [<04

JetlD efficiency (Data)

[w] » | =

v+et TagAndProbe
Dijet TagAndProbe

Inclusive jets D@ RUH II
preliminary

Dijets

o

JetID everywhere

98—99% efficient
. for p->50 GeV/c

] PR T N ST T W T (N WO T ST TN N SN WA S T NN R T W
D'QO 50 100 150 200 ﬂpEED} {Ge'iffgﬁn
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EM-jet background

* Even with the tightest photon ID, y+jet sample has significant EM-jet
(leading °—y+y) background (dijet cross section x1000)

* To reduce systematics, derived purity and energy scale for EM-jets, which
are considered as part of the calibration sample = (y/EM-jet)+jet sample

h I T T 1 T T T 1 I I T 1T 1 I I T T 1 I T T T T | T 1 ?_.I 10__ I I I I I C I I I I Ii
= 1.0 ] - - = 0.0 ]
3| ; - o DORunll M E
ol - - = preliminary  medium photon 3
0.8~ — b) 6__ ]
L - ) C ]
B - = 41— ~
L i P - .
BB : > 2 E
= ] ; o \ =
L/ 9% n <04 >t T —ry K
aur® § M, I<0- . > 2F =
- s tight . % 4 — combined corr. =
0.2 D@ Run I —— medium - 8F background corr. -
preliminary  _ T~ o |yenergy scale E
1 1 1 1 | | T | I 11 1 1 I | | | 11 1 | | 1 1 1 L L I l T I ! . I L1
50 100 150 200 250 <l [0 100 200 S

) - S
E’ [GeV] [GeV]
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* Over 2% extrapolation uncertainty

reduced by scaling single pion R | ]
response in MC to y+jet data 0.80( mjet|<0'4 =
S . - D@RunII -
* Predict high p; jet response by 0.75[ o -
o , - preliminary .
fitting low p,pion response B a
0.70— ]
* Agreement with isolated track data B
5 | E
s H o D100 oV, < Y. a0 G55 Q.60
c .0’]7! vvvvvvvvvv p:pm:bsoo GeV; <Ei>;]-l.4Ge\’f. fract(]:i >3OGeV;=.8.S% i
'-8 :1- D@ R II r 1 : I 4 —
i [o) — 3
2 S & 3E E
5. preliminary o 2F T 5 E
£ : O £ S0 ¢ T I -
g ! “7‘:;_' EF 9 0;— et =T -::_.ég :;:léf TZ _‘i‘:':':l':'_.: i:l::::::—;
Bl e o - ee 1 I K | ‘ 3
S Pl Tk = 25 ® l =
e | ‘ R O e oo st | =
-9 - | ) f o = : : 5 L4 —f—& ¢l 3 : : =
o W W o e 20 30 40 100 200 300
Fo I A E’ [GeV]
0 20 40 60 80 E (GeVI)OO J
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Eta-intercalibration

* Response n-dependence calibrated with respect to central jets and photons

* Dijets increase statistics at high prin the forward region compared to

y+jets
* Simultaneous fit to R Rl =aasnasasnansssasssnssssnassseasssnsss=
dijet and y+jet - R..=07 24<n®<28 D@RunII -
samples taking into 199" Fleone = - F Mo == ! =" e
account sample 1.001- v°/ndf = 1.14 preliminary e
differences 0.95F- k
 Resolution bias for 0.90 =
central jet in dijets 0.85( -
explicitly corrected 0.80F- =
for and calibrated .
. . 0.75
using central jet =
pairs 07004 ¢ iw en wla s Iovsalav el eaw sl oon vly iy
100 200 300 400 500 600 700 800
E [GeV
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* MC with single pion
response scaled to data is
used to derive the ratio
of dijet and y+jet
responses in CC (-4% at 50

MC truth RF (scaled)

GeV, +2% at 400 GeV)

* Showering and bias
corrections also rederived _
for dijets using funed MC  %°

* n-intercalibration for ":u:ﬁi
dijets directly from data  :

o
=

* Additional corrections for
E/ prdifference and
rapidity bias = four-
momentum calibration

0.85

0.80

0.73

0.70

0.65

0.60

0.55

0.0z

0.00

-0.02

-0.04

-0.06

rl i
T

DY Run IT
preliminary

|

|yim| <0.4
o y+jet MC
o dijet MC
— powerlaw
---quad. log

III|I IIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIIII
=allk .

v2/NDF: 68.1 / 14 [4.86]

I-1I|I"IIIIIIIII|IIII|IIII|IIII|IIII|II'i|

power law: 0.026 -2.29 = p]'“”
2] 2]
quad. log: -0.00887 +0.0344 In=L-0.0118 In° ==

Pra Pra
ratio of powarlaws
¥
B y ratio of quad. logs
- !*" ----- default: 0.0116 -2.17=p; =
1 L L It L L i I L L L It I L
20 30 40 50 G070 100 200 300 400 1000

pf"' [GeVic]
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S 5. \.D@Runll .. — Total
"g - Reone = 0.7, njﬂ:u.u, Dijet ... F{esponse
= 1.8 IR --- Showering
o NG
O 460 Offset
140
1.2
| e e SN XL N - embmmeron
0.8 |
67 10 20 30 100 ZQD
Uncorrected jetp; (GeV)
S
2 2-D@Runi — Total
o A - Response
g F -- Showering
N AL O /
1.2
1:_ Kot 1 LL YT TP CRPPpRPP Jppapppppy dmimgamsnrsimim e
0.8f | Rigne 20,7, |:¥",§"|= 50'GeV, Dije
-3 -2 -1 0 1 2 3
Detector n
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.E 2F \DE! Run.li i = Tt
- B Rc =0.7, 'r]jﬂ1 = 2.0, Dijet .... Response
@ .
= 1.8 BN | -+ Showering
o IR R Y R R R
O 460 Offset
140 T
1.2F '
| P R e e
0.8 . .
6 78910 20 30 4050 100
Uncorrected jet p; (GeV)
c T
2 2 inH — Total
o --- Response
1.8 ]
o -- Showering
© 1.6f /
1.4
1.2
1_ -
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JES: Closure tests

* y+jet closure tests consistency of JES corrections for absolute scale in CC

* Dijet closure tests the consistency of forward JES relative to CC
* Closure calculated from dijet asymmetry A = (prsw = Prec) / (Priwa* Prec)

* Explicit correction for residual resolution bias

~ 0.0B ———t
AT T T T ] 1 o ' ! UE.IE:
EI:I._IE-1E|5_ ........................................................................................... — ﬁ : Etat :
v | 1 7y o002 —- .
I T T i -
- -—é.—: ------------------------------------ -] . |
1.00}— s -
B g7 SUNRSIP U Rern S l 1 3 o :
i —+— 1 = 002} :
0.95— - : ]
i i ook D@ Run Il ;
- DO Runll Tt preliminary ;
D.BD_' i i I i 1 1 1 I 1 i 1 1 I 1 1 i 1 I 1 1 1 i I 1 1 1 1 | 1 1 1 1 I i 1 1 I_I ':I':IE“ , . \ Cw e || \ ; . ; . 44y
0 50 100 {50 200 250 300, 98O . 400 e 00 200 ; {GEWJ: Tm
.
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G [ I L R | | L | I I L L L 0'(% |I< éO [I18i|2]| L
- 'E"' — 20 < €§c| < 30 {27£3) —
%0.06[ D@ Run Il — e B
" prelimi — oiaea o
| B pre ]m]nary 80« E“jmzo[m_?iﬁ) 1
0 i By,
o = e— phcl: ‘_ —
& 50.04r —r e
 ui.. 430 Ezm“ﬁm (518+46)
> - 640 <E' <980 (713245) -
Il 0.021- =
<>]s i d
i / 7]
0.00 > "‘\\ B
- / \ / -
| \\ | / _|
-0.02} -
i . i
-0.04 -
-0.06/ -
ool b by brv e b v b
-3 -2 -1 0 1 2 3
yptcl
jet

Small detail: correction
to pris much more
important

Jets are biased in
rapidity on average
toward the center of
the calorimeter

At most (in ICR), bias
little less than half a
cell width
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Soft radiation correction

* Soft radiation estimated by
increasing reconstruction threshold

Pros and the bias YT T D@ Runl
« Extrapolation to pr.“"—0 gives ’rhex 1.05 Dijet DATA preliminary
correction 1.00 Reone = 0.7
* Soft radiation correction vanishes 0.95 ¢

asymptotically at high p;:

0.90
ksoft(pT) =1 — exp(_ao_alpr)
0.85
* Particle level imbalance from 0.80
asymmetry in pure particle level MC L
after soft radiation correction 0,75 e
0 50 100 150 200 250 300 350 400
* Small correction, <10% everywhere (pT +P; 2).[2 [GeV/c]
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Jet P unfolding

* Observed cross section is higher than true because more events migrate
from high (and low) pr,. into a given bin of measured p; than migrate out of
the bin due to jet p; resolution = netincrease

* Model the true cross section (ansatz method) and smear it (=resolutionl) to
obtain the observed cross section and then iteratively fit this to data

Unfolding correction
o
o
I | | 1
Unfolding correction
o
T

| --- p, unfolding ... p_unfolding

- . T R
O y unfolding 04r ... y unfolding

i — Py unfolding i — P+ unfolding
02" D@ Run Il preliminary 02- D@ Runll -

l I\Yjet\ - 0.4 | o | j Preliquary

1 1 1 11 11 1 1 11 I 1 1 | I 1 11 | 1 1 11 1 1 1 1 L I | | | | | 1 | | | | 1 1 | 1
0 100 200 300 400 500 600 700 0 50 100 150 200 250
p, (GeVic) p. (GeVic)
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* The uncertainty correlations are

: : prbin
provided in the format CTEQ uses:
set of independent variations pr bin
(sources) describing how points move  |y=00 04 0.8
together o MR
* Average bin-to-bin correlation of :
about 80% with RMS of 10% -

1.2

* Using the correlation information in
the global PDF fit should further
reduce the effective uncertainty in
the measurement

0.8

0.4

T|=EH"=|‘.'| .E||E||.E

08 1.2 1.6 2.02.4"
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* Leading sources are from JES:

EM energy scale (Z—ee
calibration)

Photon energy scale (MC
descriptionof e/ y
response, material budget)

High p; extrapolation
(fragmentation in
Pythia/Herwig, PDFs)

Rapidity decorrelation
(uncertainty in n-
dependence)

Detector showering
(goodness of template fits)

* Only five highest out of 23
correlated systematics shown

Relative uncertainty (%)

50r

PRL 101, 062001 (2008)

20<|y| <24

ly| < 0.4 DA Run Il
— EM energy scale

)

— Photon enérgy scale

o High P, extrapolation

e

\

- n-intercalibration

- Detector showering

P

- Uncorrelated uncertamty =
- Total uncertalnty
#i
50 100 200 1 00 200
P, (GeV)
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