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D@ Calorimeter

« Uranium-Liquid Argon Calorimeter
stable, uniform response, radiation hard

e Compensating: e/t =1
» Uniform hermetic coverage
n|<4.2, recal n=-In[tan(6/2)]

o Longitudinal Segmentation

— 4 EM Layers(2,2,7,10) X,

— 4-5 Hadronic Layers (6A)
» Transverse Segmentation

An x Agp =0.05x 0.05in EM,

An x A =0.10 x 0.10 otherwise b

Don Lincoln, Fermilab
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m Cone Jet Definition

o AR=JAR? + AP

e Runl
— Add up towers around a “ seed”

— lterate, using “jets’ as seeds, unt
stable

— Jat quantltles EI]’ n, @

- EJ%= ZRS 07 E
« Modifications for Run I

— Use 4-vector scheme

— pginstead of E

— Add midpoints between jets as
additional seeds

— Infrared safe
* Correct to particles

AT ton €1
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¥ Jet Energy Scale

T
E Jel Response vs Jel Energy (R = 0.7 Cone)
 Measured jet energy is corrected to particle level S
E — Euncorr -0 1.2
corr
RS |
» O energy dueto previous events, multiple o
Interactions, noise, etc. (minimum bias, etc.) [ o g
08—
» R calorimeter response to hadrons (includes L
non-linearities, dead material, etc.) o8l
Measured from E imbalanceiny + jet events i e S
Al L L 1
 Snet fraction of particle-jet energy that remains R T
Inside jet cone after showering in calorimeter
(jet transverse shapes)

» Large statistical uncertainties and substantial systematic uncertainties
(increases with energy due to extrapolation)

o Current y + jet statistics extends only to about 200 GeV

Don Lincoln, Fermilab QCD Results from the Tevatron



m Dijetsin Run ||

e Crosssectionat E.,, =1.96 TeV is2-5

times greater as compared to 1.8 TeV

o Higher statistics alow:

fraction

~ 200 400

— Better determination of proton structure at
large X

— Testing pQCD at anew level
(resummation, NNLO theory, NLO event
generators, etc.)

— Improved searches for new physics (quark
COMpOoSiteness, resonances, etc.)

600 800 10001200 7400
Dijet Mass (GeV)
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do/dM ,, [nb/GeV]

LN -
1o’ L\ NLO QCD (JETRAD) - CTEQ6
10°F cone R=0.7, R, = 1.3
'“:I.}E' T - 0.5 EMaX
M- F R st
10 &
10°F
10"k
1']?&_ |TIJ|PI:I < DE
10"k
10°C ~ at\s = 1.8 TeV
10"t — at\ls = 1.96 TeV
NE, | | | n
10 1400

200 400 600 800 1000 1200
M, [GeV]
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Dijet Sample Selection
e Selection criteria:
~ Ng22

— [Njel <0.5
— AR =0.7 conejets

« Data sample
— MET/pJ®<0.7
— Primary vertex:
* |Z o] <50 CM
e Ntracks=>5
— Run selection based on
hardware status, MET

— Jet selection based on
caorimeter characteristicsto
reduce fakes and noise (i.e. hot

cells)

Don Lincoln, Fermilab
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D@ Run Il preliminary raw data — not corrected

s ;
M_I_l e 15:] GEU .: Z- 10 M | > 18[] GEU ..-1
|-1 1
j L] ¥
1 ] r_in.-
i 10 15"5& ] o0 05 1 1 20 25 3D
Ad Adp
%1u
"t M, > 300 GeV = M, > 390 GeV
10
il
a; 1l -r
h L] ¥
+ 1 1
(7] o 1 0 5 oo o 1 D 25 3D
Ab A

Integrated Luminosity: 34 pb1
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Trigger

e + L1 5 GeV Trigger, Prescale=18000| |
86| eCtl On E 10 ﬂ‘;‘ > 25 GeV Trigger, Prescale=150
= Y |
e lLevea 1 E y « 45 GeV Trigger, Prescale=4.7
— Hardware trigger E: 18 1 65 GeV Trigger, Prescale=1.3
— Fast calorimeter readout < i - 95 GeV Trigger, No Prescale
— Multi-tower triggers S
— Coverageisin|<24 - 10° -
+ Level 2 5. L =34pb”
— Software trigger with special E - ‘
hardware >10°L Myl < 0. m
— Fast calorimeter readout E : L
- Simpl et cusein g} 00 Ao ey 8

e Levd 3 0 100 200 300 400 500 600 700 H{]{]

' M, [GeV]
— Software trigger . 1
— Precision calorimeter readout L3 pyThreshold | Offline M, Cut
— Simple cone agorithm with 25 GeV 150 GeV
AR = 0.7 (no splitting & merging) 45 GeV/ 180 GeV
65 GeV 300 GeV

Don Lincoln, Fermilab o5 GeV 390 GeV




Unsmearing o2

Correction

. - jetl jet2 014
Jet Energy Resolution _p P 54
—Usethedatadijet sample * " jjetl | jjet2 910

pt pt 0.08/

— Asymmetry measurement ]

O-pt — ,/ZO-A n}.m__
0025 D@ Runll preliminary

o o _ OO0 80 100 150 200 250 300
— Correct for third jets and particle jet resolution (Pyy+Pral2 [GeV]

 Dijet Mass resolution unsmearing

1.04

—Smear PY THIA eventsin mass bins g S g,
— Gaussian fit to AMjj/Mjj in each bin 2 pe
—Fitto 5 5 S 08
J(MMJJ): N2 + N +C?2 gm.
2 M3 My, R
— Determine unsmearing correction 0.6
i DO Run Il preliminary

200 400 600 800 1000 1200 1400
Don Lincoln, Fermilab C M,, [GeV]



« Efficiencies
— Estimated from data
— Vertex quality: ~78%
— Jet quality: ~94%

e 10% normalization
uncertainty not shown
(luminosity)

« NLOpQCD JETRAD
compared to data
— All scales set equal
— Rgp=1.3

Don Lincoln, Fermilab

Dijet Mass Cross Section

do _ Nevent 1 Cunsmear
dM |, L AM,, &4
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I
10
m'F

10

T

Jﬁi* cone R=0.7, |r|Jﬂ| <05
”fﬂ% — Run I, L=34 pb’
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Theory Comparison

e Main uncertainties: jet energy scale, p resolution,
jet quality cuts. (Dominated by jet energy scale.)

* 10% normalization uncertainty not shown.

=
n
T

(data - theory)/theory

L RSEF =13, p=p,=05E;

ﬂ;'_ NLO QCD
0.5}

F CTEQ6M

(JETRAD)

max

0.0 i.—.%{-+

s t
.0.5¢ T

-1.0f
- D@ Run Il preliminary

A P L |
200 400 600 800 17000 1200 7400
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M,, [GeV]

- 2.0
S [ R, =13 p=p,=05E7"
S 150 i
= F NLO QCD
E; 1.0- l_- —L (JETRAD)
8 gk MRST2001
= L
0 St ! ¢
‘ +
0.5k B _H—l_,_, }
1.0F '
- D@ Run Il preliminary
| | T N T Y R T T

P i i i il i
200 400 600 800 1000 1200 1400
M,, [GeV]

QCD Results from the Tevatron



<

d_0-> —_ N event X C unsmear
dp, L LAp, € eff
* Event and jet

efficiencies are
estimated from data

e 10% normalization
uncertainty from
luminosity IS not
shown

e Thetheory isNLO
PQCD calculated with
JETRAD

Don Lincoln, Fermilab

(dc/dp,) [pb/(GeVic)]

'

Inclusive Jet Cross Section

Inclusive Jet Cross Section

+D@ Runll Data, L, =34 pb

max
ET

—NLO CTEQ6M, R, =13, iy =pe = =%

Cone Algorithm
R, =0.7

I11<0.5

——

- D@ Run i preliminary

i
—l-llIIIIIlIIIIlI |IIII|III I|IIII|'IIIII|IIII|

100 150 200 250 300 350 400 450 500 550
Jet Transverse Momentum [GeV / c]
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Data / Theory
L] M ]

1.5

0.5

Inclusive Jet Cross Section

__ DG Run Il preliminary
NLO QCD
(JETRAD)
CTEQ6M

E?El
2

T L

H“P =13 Pa=i-=
I +H+
T

I
I

| l

100 150 200 250 300 350 400 450 500 550
Jet Transverse Momentum [GeV / ¢]

Data / Theory
L] M ]

0.5

b
(2]

1.5;_|~-

0

Inclusive Jet Cross Section

Inclusive Jet Cross Section

__ DG Run Il preliminary

NLO QCD
(JETRAD)
MRST2001

E?El
2

_|—|_|_

_.__,_.--—._l"_"l.
H“P =13 Pa=i-=

:-'.i“'m....‘*!_!__i__{_ { I

| |
100 150 200 250 300 350 400 450 500 550
Jat Transverse Momentum [GeV / c]

Systematic error band, dominated by energy scale

(10% luminosity normalization not included)
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E; =546 GeV (raw)
Mger = -0-30

Jetl
E; =583 GeV (raw)
Mger = 0.31

CDF Run Il Preliminary

Don Lincoln, Fermilab

Collider Detector at Fermilab (CDF)

* New plug calorimeter (1.1<|n|<3.6)
* New tracking system
* Upgraded trigger

QCD Results from the Tevatron



| nclusive Jet Cross Section

« Event salection cuts

 Repeat Run | analyses

. . — < m — <
— Use CDF conejet algorithm Iz"e”_ex_l 0 ¢ 2 By <1500 Gev
with R = 0.7 (JetClu) — ETm'&““g / Z E, <2to7
=10° ~ Jet 20
L 103 - o = Jet 50
o - CDF Run Il Preliminary — Jet70
T10'E, s Integrated L = 85 pb™ ©
B GE e, niegra =8op — Jet 100
E 105 gl ..I
u:’j‘l 4 JetClu Cone R =0.7

do

— 3 0.1 < gyl < 0.7
dE, eLAE,An “\h..ﬁ

S S A i T RE.

| - 6 100 200 300 400 500 600
* Requirefully efficient trigger Inclusive Jet Measured E | (GeV)
 Applyjet energy corrections (sameasin Run |)

if
&
/
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Systematic Uncertainties ’

Luminosity
uncertainty
= 6%

Largest
uncertainty

Don Lincoln, Fermilab

CDF Run |l Preliminary

20 Underlylng Event Elecimon'Photon

10 \___ e
0
_'Iu f'—_ T,
20
Y op ngl:lP Respons ' Low P_ Respons | |
T pﬂnﬂE i W T F:I'IEE
§ w0 * -
-E-l' (1]
E o .-""-..______ \
8 4 —
E = i : : : : = = . , , - . =
| Fragmentatlon = = Resolutlon —
= S " E 3
£ % ER .
1] 1] = — — —
Q E 1 E - 3
i 10 — — —
1] = __-----'--.‘ = = 3
a -2of =S I =
100E- Energy Scale 3 E Tutlﬂl | | | | =
B -3 E —
oF iE E
-0 4 E —
100 iE E
O 100 200 S0 400 5t O 100 200 500 400 G500 600

Inclusive Jet E _{GeV) Inclusive Jet E _(GeV)
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E. dn (nb/GeV)
L o=t E E

d
=

2

dc
—
o

-y
L

* 8 orders of magnitude!

ha

'y
9
ka

£

E

Dﬂ'nnq—n'nnrrnmrnnnrmml]—nml]—n'mrrrmrnnnrrmln

Corrected: Log

CDF Run Il Preliminary
Integrated L = 85 pb'1

0.1 = [Ny < 0.7
JetClu Cone R=0.7

= RBun Il Data

— CTEQ 6.1 Uncertainty
+/- b% Energy Scale Uncertainty

100 200 300 400 500 600
Inclusive Jet E ;. (GeV)

CTEQ 6.1: hep-ph/0303013
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CDF Run Il Preliminary

2E- ! ' l | 3

1.8 —=

1 186E =
S 14E =
-
= 08E ‘ =
O o0af JetClu cone R = 0.7, Vs = 1.96 TeV =
— 025 | | | . , E
(.6 ?§ — Tt 1t [ T r Tt Tt [ Tt T T T [ Tt T T T [ T T T T ] —EI-
A 8 = CDFdata =
55 [_] 5% Energy scale uncertainty =

. 4=~ —— CTEQ 6.1 uncertainty " =
O 3= =
T 2E =
A 1;———lﬂl=m_'_-._.__.__—i—__- =
O oF =
0 100 200 300 400 500  &00

Good agreement (within uncertainties) Inclusive jet E; (GeV)
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Dijet Mass

e
-
Q 3
& 10 5
& S CDF RUN 2 PRELIMINARY
Q 2 M
= 10 = ﬁﬁ e RUN2 Ys=196TeV, 75pb™
S C ﬁ;@ O RUMT Ys=180TeV 106pb”~
o 10 E »
LLJ = =
e *
7] = S =
0 = ==
D A ——
10 = T e
o = g
2 ——
10 ——
_D_
——
10~ | cos8* |<23, |ny <2 —Eﬂ—$
4 Mot corrected for resolution f
10 T
1 | | | | 1 1 | | 1 1 | 1 | | | 1 | 1 | | 1 1 | |
200 400 600 800 1000 1200 1400

DIJET MASS (GeV)
« Higher o in Run Il due to higher s

« 3 more bins at high dijet mass
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DES Summary

* We have made significant progress on two
Important QCD measurements
— Inclusive jet cross-section
— Di-jet mass cross section

o Dataltheory agreement excellent, although errors
In this preliminary measurement are larger than
our published results.

* Improved statistics for calibration will yield a
measurement competitive with published results
by summer, with superior results following.

e Analysisefforts ongoing, including arich
diffractive physics effort.

Don Lincoln, Fermilab QCD Results from the Tevatron



DES Our Jet Algorithm

e Weuseafour vector cone
algorithm with aradius of 0.7 in

N-¢ space
— ldentify seed tower in the
calorimeter
— Using the event’ s vertex, assign a o
four vector to that seed The Jet Definition
— Add al other other four vectors p’ =(E’,p’) = Z(Ei’ p..p., p.)
inside R to generate the jet’ s four K ’
vector . , :
— |If thejet’ sfour vector does not line The Jet's Properties
up with the seed’ s repeat using the . .
new jet four vector as the seed. o :\/(pj) +(pj)
e Changesfrom Tevatron Run | 1 (E+p) ) ([:/J
. . ) yJ =1In z ¢ =arctan| "/
— We use the midpoints between jets 2 (EJ - pz’) X

as seeds for new jets

— We use four vectors instead of

scalar quantites
Don Lincoln, Fermilab QCD Results from the Tevatron



m U nsmearl ng Steeply Falling

_ _ Spectrum
e The steeply falling cross section means

that we get more jets migrating into a
bin from its left than its right

e To unsmear this, we guess an ansatz
function for the true cross section and
smear it with our jet resolution ~

 Wevary the ansatz’ s parameters to get

the best possible fit I ~
e Lastly, we multiply our data by the O

same amount that the ansatz iS 1¢Bin  20dBin  3rdBin  4thBin
multiplied by to get the smeared ansatz
that matches the data

Js
F(MJJ):IO dMm lJJ f(M 'JJ )G(M lJJ_MJJ’M lJJ)

Don Lincoln, Fermilab QCD Results from the Tevatron



Unsmearing the Cross Sections

» Because the cross section is steeply falling, imperfect jet
resolution causes the cross section to shift to the right.

Igclusive Jet Cross Section Unsmearing

—

o il
® | —=Four Parameter Ansalz xZ/dof =20.28 / 21
: -
Iq1.6_ . Th 2 —
T = Three Parameter Ansatz y“/dof =24.72/ 22
o E -
84 4l
E1.4_
an N
a-’ =
61.2_—
s | o4 |
B (fh ooty FET Lt
z | ¢ 1
@
e °

U.ﬁ_—

0.6

I I?Q Fllun |II erIirrllinaTy o

o
=

100 150 200 250 300 350 400 450 500 550
Jet Transverse Momentum [GeV / c]
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Inclusive Jet Cross Section Correction

1

)
<)
|

Unsmearing Correction

=
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|

=
-..,l
I

0.6

DO Run Il preliminary

2 100 150 200 250 300 350 400 450 500 550

Jet Transverse Momentum [GeV / c]



