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Motivation� Uncertainty in jet energy calibration dominant systematics for most of
hadron collider analyzes with jets in the final state

Early RunII data
(my thesis)
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⊲ calorimeter jet

- jet is a collection of calorimeter towers

- correct for detector effects (calibration, resolution, . . .)

⊲ particle jet

- no theory from the first principles of QCD

- predictions are model dependent

⊲ parton jet

- hard parton jets (fixed order calculations) or after devel-

opement of parton showers (resummation)

⊲ Jet Cone Algorithm in Run II

- geometrical definition: ∆R =
√

∆2φ + ∆2y

- E-scheme recombination: Pjet =
∑

Ptowers

- add midpoints between jets as an additional starting seed
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Run II cone jets - midpoint algorithm� as in RunI iterative algorithm� draw cone R =
√

φ2 + y2 around calorimeter towers with ET > 1 GeV� calculate “protojet” 4-momentum using E-s
heme

E =
towers
∑

∆R<R

Etower , ~p =
towers
∑

∆R<R

~ptower

� draw new cone around new “protojet” 4-momentum and iterate until
stable direction is found� use midpoints between close proto-jets (∆R < 2R) as additional seeds� merge/split proto-jetsMidpoint algorithm cures some remedies of RunI algorithm

- the infrared/collinear sensitivity of 2 ! 2 NNL0 QCD or 2 ! 3 NLO
QCD calculations
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Calorimeter� uniform and hermetic

- coverage up to jηj < 4.2� nearly compensating

- e/π < 1.05 for E > 30GeV� fine segmentation

- ∆η �∆ϕ = 0.1� 0.1

(3rd EM layer: 0.05�0.05)� particle energy resolution

e : σ
E = 15%√

E

� 0.3%

π : σ
E = 45%√

E

� 4%Run II upgrade

- shorter time between bunch crossings (396 ns) ) faster trigger and readout electronics

- more material in front of calorimeter (magnet, new tracker) ) new preshower detector

- non-linear electronics ) all this call for new calorimeter calibration
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Jet energy scale� correction of the jet energy measured on the detector level to the jet
energy on the particle level
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Ejet
ptcl =

Ejet
det �O

Rjet S kMPFkZSO�set (O) - energy not associated with the
hard interaction (U noise, pile-up from pre-
vious crossings, additional pp̄ interactions)Response (Rjet = RCC � F (η))

- calorimeter response to the jet

- EM part calibrated on Z ! ee mass peak

- measured from ET balance in γ+jet events

- relative scale for forward jets is determined
using both γ + jet and dijet eventsShowering (S) - losses due to showering

the energy in the calorimeter in and out of
the jet cone
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Offset
Z. Hubáček

� noise and pile-up from ZB� multiple pp̄ interactions from MBO(L, nPV ) = OZB(L) +OMB(L, nPV )�OMB(L, nPV = 1)� not corrected for soft underlying
event
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Jet response - absolute scale� measured hadron energy is different from its original energy

- calorimeter is not perfectly compensated : e
π � 1.05 for E > 30GeV

- dead material, module-to-module fluctuations, . . .

Missing ET projection method

- jet response determined from
the pT imbalance in γ+jet events

~ETγ + ~ETrecoil = 0 (ideal)

Rγ
~ETγ + Rrecoil

~ETrecoil = �~ET6 (real)

- after EM energy calibration from the

Z ! ee mass peak (Rγ = 1)

Rrecoil = 1 +
~nTγ · ~ET6

ETγ

- select back-to-back γ+jet events

Rjet = Rrecoil
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Troubles with photons - energy scale
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� electron energy scale from Z !

ee mass peak� photon scale different from elec-
tron one� need to be derived from MC� standart DØ MC simulation is
not good enough� new d0gstar (Geant) simula-
tions with improved electromag-
netic shower description devel-
oped by W Mass Group (60x slower)

� significant change with respect to the photon scale determined from the
DØ standard MC production
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Troubles with photons - purity
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� photon ID

- EMF > 0.96, ISO < 0.07, EM3W < 14 cm2

- Ptrack < 0.1%, HC07 < 1GeV, CPS cuts� loose, medium, and tight photons
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Troubles with photons - purity
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� test the background correction (based on MC) on data� finally, tight photon definition used (smallest correction implies smaller
systematics), loose photons ID only at highest energy bin
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Central jet response
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� quadratic-log fit� about 2% extrapolation error for jet energies around 600GeV
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High energy extrapolation (cone 0.7 jets)
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stead of quad-log ones� stat. error: 0.5% at 600GeV� syst.: 0.9% (fragmentation)

� from CC jets only, no use of EC� quad-log fit: 1.8% error at 600GeV� parametrized single pion response:

Rπ(E) = cC[1� aA(E/E0)
m+B−1]
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Absolute normalization uncertainties
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� photon scale dominant un-
certainty in most of the kine-
matic domain� background important for en-
ergies below 30GeV� jet fragmentation contributes
also at high energies
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Relative response correction� increased statistics of dijet events
allows to determine Fη in very fine
bins of ηdet� γ + jet sample extends the mea-
surement towards the low energies
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� differencies mostly due to differ-
ent jet flavour (increased sensitivity

due to more material in front of calorime-

ter which is causing much smaller response

for low energetic hadrons)
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Relative response vs. eta
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Zero suppression effects
J. Kvita� due to ZS, energy density deposited in

calorimeter in MB events is different to
the energy in jet environment� affects both offset and response� to the first order, the two effects com-
pansate each other (assumption used in
preliminary JES)� in this JES, explicitly corrects for this ZS
effects

T
p’

50 100 150 200 250 300 350 400

T
p’

50 100 150 200 250 300 350 400

Z
S

R
 / 

k
Z

S
Ok

0.95

0.96

0.97

0.98

0.99

1

1.01

1.02

1.03

1.04

1.05
/NDF = 1.782χ

| < 0.4
det

η |≤0.0 

PV average

 = 0.7coneR

T
p’

50 100 150 200 250 300 350 400 450 500

T
p’

50 100 150 200 250 300 350 400 450 500

Z
S

Ok

0.9

0.95

1

1.05

1.1
| < 0.4

det
η |≤0.0 

1 PV

PV average

 2 PV≥

 = 0.7coneR

T
p’

50 100 150 200 250 300 350 400 450 500

T
p’

50 100 150 200 250 300 350 400 450 500

Z
S

Rk

0.9

0.95

1

1.05

1.1

| < 0.4
det

η |≤0.0 

1 or 2 PV

 = 0.7coneR

page 17



MPF bias� bias of MPF method due to kine-
matic cuts (Njet = 1, ∆Φ > 3.0),
jet mass effects, etc� derived by comparing “true” re-
sponse obtained in MC by track-
ing individual energy depositions
in cal. cells with MPF response
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� bias would be tiny for CC jets if we
would be calibrating jet pT , MPF
bias on jet energy is large mostly
because of jet mass� in forward region, it is rather a dif-
ference between actual jet and re-
coil
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Showering
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� two methods

- “true” showering in MC derived
by tracking individual energy de-
positions in calorimeter cells of
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- template fit of jet profiles� both methods give compatible re-
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Closure tests
J. Kvita

� Direct closure in MC

- compare corrected jets directly
with the matched particle level
jets

� Closure in data

- hemisphere method

- ∆S = pTjet/pTγ � 1

- physics analyses on their own

- need to understand the biases at
the same 1% level as for MPF
method
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Closure tests
J. Kvita

� Direct closure in MC

- compare corrected jets directly
with the matched particle level
jets

� Closure in data

- hemisphere method

- ∆S = pTjet/pTγ � 1

- physics analyses on their own

- need to understand the biases at
the same 1% level as for MPF
method

Closure in data

 [GeV]ηE’ / cosh 
0 50 100 150 200 250 300 350 400

 [GeV]ηE’ / cosh 
0 50 100 150 200 250 300 350 400

>
M

C
je

t
>/

<E
d

at
a

je
t

<E

0.90

0.95

1.00

1.05

1.10

DØ Run II

 0.4≤| 
det

η |≤0.0  = 0.7coneR

 [GeV]ηE’ / cosh 
0 50 100 150 200 250 300 350 400

 [GeV]ηE’ / cosh 
0 50 100 150 200 250 300 350 400

>
M

C
je

t
>/

<E
d

at
a

je
t

<E

0.90

0.95

1.00

1.05

1.10

DØ Run II

 1.6≤| 
det

η |≤1.2  = 0.7coneR

page 21



Overall performance
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Correlations

page 23



QCD sample specific JES
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RunIIa JES Team
� possible only due to dedicated work of O(10) people in last 2 years� now, we are trying to do the work for RunIIb with 5 people
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Jet pT spectra

Run II
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� more precise than Run I and CDF Run II results
in wide kinematic range

� at high energy, the errors are smaller than current CTEQ6.5 uncertainties) data are carrying new information about gluon content in proton at
large x
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Dijet angular distribution and quark compositeness
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Quark Compositeness
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χ = exp(jη1 � η2j)
� distribution normilized to 1� reduction of many systematic and theo-

retical unceratinties� still understanding JES, namely, the cor-
relations between different parts of the
detector is important for estimation on
new physics searches
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Top mass
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� up-to-date results even more
precise� DØ as a single experiment
measures top mass with pre-
cision better than 1%

� RunIIa (1 fb−1) from lepton+jet

mtop = 170.5�2.5 (stat+JES)�1.4 (syst) GeV

� absolute scale is floating with JES prior
(fixed by W mass)

JES = 1.039� 0.024

160 180

D           * = preliminary

Top Quark Mass  [GeV]

World average  (March 2008) 172.6  ±  1.4  GeV

Summer 2008

Run II  dileptons *  up to 2.8 fb
–1 174.4  ±  3.8  GeV

Run II  lepton+jets *  2.2 fb
–1 172.2  ±  1.7  GeV

D    combination  (July 2008) 172.8  ±  1.6  GeV

Run I  lepton+jets  0.1 fb
–1 180.1  ±  5.3  GeV

Run I  dileptons  0.1 fb
–1 168.4  ± 12.8  GeV

170

Run II  σ(l+jets, ll, l+τ) *  ~1 fb
–1 169.6  ±  5.5  GeV
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