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w What can w:

® What can we learn by measuring jets?  proton parton distribution functions

- Momentum distribution of ~i
. . o
constituents in protons and Zos | H1 PDF 2000 z 2
antiprotons; These constituents are '~ [ F#== ZEUSSPDF Q=10 GeV
o8 [ | - CTEQ6.1

called partons, and their momentum
distributions are called parton

0.7

distribution functions (PDFs) Y gluon
-~ The nature of the basic interaction os f A 0009
between quarks and gluons i

-~ Hadronization (fragmentation), how 5
partons materialize into jets

-~ New physics like “quark
compositeness’?

10 w” 10° 1

x: momentum fraction carried by individual
parton

f(x,Q?): probability of finding parton with
momentum fraction x in interval dx
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Data-Theo

@ Comparison to analytic next-to-leading-order (NLO) calculation
@ Theoretical physicists make predictions based on these diagrams using perturbation theory
@ Motivation: better PDFs

LO a)
partonic subprocesses for
central inclusive jet cross section
S
S
Q
c
8
b) ‘_E
ke gluon-quark
g gq
NLO 200 400 600
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g jet,
xl Pl
Pl
A Q? = Momentum Transfer
O-ij<0(s) = EF2
B T
PZ
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Sum over Parton Point Cross
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L Renormalization
Factorization Order o™
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Run 178796 Event 67972991 Fri Feb 27 08:34:03 2004

“LegO plOt” of calorimeter energy

deposition

\\ 0, or n=-In tan(0/2)

p \] ¢ azimuth p
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M. = 1206 GeV/c*
360 o= (GeV)
[ z -
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¥ Steps of meas

Double differential :
cross section Number of jets JES

\ dzo_ N/ /
= -C versus E
dE_dn €eLAE AR T

NN

T —— Blgs of tilansve?gsi energy
P and pseudorapidity

N"e S N'e S \
j h m Jet Events move in and

out of E, bins due

Jet detection
efficiency

to calorimeter

\(\ m energy resolution
SN

John Krane
E; E,
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Jet results from Run I
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@ The D@ inclusive jet cross section measurement from Run I was published in
Phys. Rev. Lett. 82 in 1999
@ Good agreement with NLO theory over a wide E,range

Inclusive jet cross section
Phys. Rev. Lett. 82, p.2451 (1999); hep-ex/9807018 -
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IX¥S Inclusive jet ¢

@ The inclusive jet cross section measurement caused a stir in Run I when CDF
seemed to have an excess at high E;

@ Careful statistical analysis made at D@ showed that CDF excess was not
significant and both experiments agreed within errors

CDF to DO comparison

| CTEQ3M,p=05 EF.R_=20
- 0.1<im,/<07
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Phys. Rev. Lett. 82,
p.2451 (1999);
hep-ex/9807018
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@ Complementary to inclusive jet w9 1072k 1 JETRAD
tion measurement T CTEQIM,p = 0.5 £
Cross sec . . | i_i 10} R.,=132 I |<10
@ [Instead of inclusive (1,2,3...) jets use % :
only dijets (2) = 10F
@ Could show signs of quark s 0_5;—
compositeness g o0k
. = = ® D@ Data
@ Probes new particle resonances S :
s 10 1 I 1
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Cross Section Uncermtainty (%)

others) was Jet Energy Scale (JES)
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The leading uncertainty in inclusive jet cross section measurement (and in many

D@ systematics uncertainties

Total Error
Energy Scale (partially correlated) /
Overall Luminosity (fully correlated)
Resclution (fully correlated)

Relative Luminosity (parnially correlated)
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Jet physics from Run 11
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@ Improved luminosity means more statistics, ~100 pb-! in Run I, 4-8 fb-!(= 4000-8000 pb')
expected for Run II

@ Higher center of mass energy, 1960 GeV versus 1800 GeV, means about three times larger
cross section at 600 GeV

@ OQOutstanding questions from Run I (e.g. CDF visual excess at high E;)
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%5 RunII prelimi

@ Preliminary results from Run II presented at the Moriond conference this spring
@  “A good agreement between NLO perturbative QCD and data is found”

Measurement over 8 Inclusive jet Cross section Run I highest 460 GeV
orders of magnitude!
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Complementary to inclusive jet cross section
Instead of inclusive (1,2,3...) jets use only dijets (2)

Could show signs of quark compositeness
Probes new particle resonances

Dijet mass cros

_||||||||| |||||||T| ||||||IT| |||||||T| ||||||IT| ||||||IT| ||||||IT| TT1

i

Y
A
:_"H'

coneR=07,1ly,l<05 T """""""""""
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S section Results from 2004
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@ Why Run II measurement still worse than Run I?

s Detector changed, more material in front of calorimeter: large
systematic uncertainties

s Integrated luminosity only recently surpassed Run I total

@ Much work needed to improve systematics, but:

s Increased statistics can be used to do better calibrations with
physics objects: gamma-+jet, dijet calibration, calorimeter eta-
phi intercalibration with jets, Z mass peak...

s Can benefit from Run I experience

@ Run II integrated luminosity by 2007 should be ~30 times that of
Run I
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Backup slides

NeBIWEmeloFQ .
Mikko Voutilainen (UNL /HIP) — New Perspectives June 10™ 2005 IaLS o @ HELSINKI INSTITUTE OF PHYSICS
INCo!

18



I3 The “Run II cone

“particle = {experiment: calorimeter towers / MC: stable particles / pQCD: partons}

three parameters: Rcone = 0.7, pTmin = 8 GeV, overlap fraction f = 50%

Use all particles as seeds
— make cone of radius DeltaR = sqrt(Deltay2+DeltaPhi2) < Rcone around seed

direction
— proto jet: add particles within cone in the “E-scheme” (adding four-vectors)
— iterate until stable solution is found with:  cone axis = jet-axis

Use all midpoints between pairs of jets as additional seeds => infrared safety!!!!

— (repeat procedure as described above)
Take all solution from the first two steps:

— remove identical solutions

— remove proto-jets with pTjet < pTmin

Look for jes with overlapping cones:

- merge jets, if more than a fraction f of pTjet is contained in the overlap region
— otherwise split jets: assign the particles in the overlap region to the nearest jet
(— and recompute jet-axes)

UNIVERSITY JOF °
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w Differences betwe

The cone algorithm used by D@ Run I differed in the following ways:

e Particles were combined in the “E;-scheme” (“snowmass convention’) instead of the

“E-scheme” (adding four-vectors)
= 1in Run I by definition jet four-vectors were massless
— pseudorapidity n was used instead of rapidity y
— transverse energy E; = E-sin 0 was used instead of transverse momentum p

Please note: ETET-scheme > pTE—scheme and MdijetET—scheme < MdijetE-scheme

* No midpoints were used as additional seeds
= procedure not infrared safe = no predictions from perturbative QCD possible

UNIVERSITY JOF ]
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Igclusive Jet Cross Section Unsmearing

—h

- el
® [ —eFour Parameter Ansatz y°/dof = 20.28 / 21
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Ansatz functions compared to
the data after smearing with jet
resolution and fitting
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Unsmearing Correction

Unsmearing corrections

!

Inclusive Jet Cross Section Correction

D@ Run Il preliminary
o8-
Ansatz Functions
0.7 -a _-p./B 2p.\Y
—f4=Np-|- e 1'@
0.6 & 2pT Y
fo=Np; {1- T
| P PR NN I RN FUTUN TP SRR U P

100 150 200 250 300 350 400 450 500 550
Jet Transverse Momentum [GeV / c]
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* Very similar to inclusive jet cross
section measurement

* Instead of inclusive (1,2,3...) jets use
only dijets (2)

e Back-to-back, E, balance, probes Q?

* (Could show signs of quark

compositeness
> ® D@ Data
0.6 | o
S - - CTEQ3M, p = 1.0 E7
ﬁ = CTEQ3M, p = 2.0 E'™
"E, 04+ ___ CTEQ4HJ, n =05 EF™
5
=02 . 1
I - * ,-—’-' -
[an} k-
< e Sy _+ 9.4-
_02 | JETRAD: CTEQ3M, p = 0.5ER™, 2 =13%
1 L 1 1 1 1
200 400 600 800
M (GeV/c)
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Cross section ratio

E 10—25, '~ JETRAD
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= o
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1.5 .
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| Lo AT=25TeV
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05 F i i
— JETRAD: CTEQ3M, u = 0.5Ef™, 2 _ =1.3%
1 X 1 X | , 7\ )
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e Dijet cross section as a function of the azimuthal angle between the two
leading jets (A¢)

jet 2

m;!‘),.1 jet 2 ad,, ek,

jet 1 p/ r:“/jza

jet 1
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I¥5 Azimuthal

* Dijet cross section as a function of the azimuthal angle between the two leading jets (A¢)
* First Run IT QCD paper (submitted to PRL)

Azimuthal decorrelations
hep-ex0409040

& g3 g = -
k DO A8 ¢ D@
3 ® pme o 180 GeV (B000) - }
4 10°% o 130 < prac< 180 GeV [x400) da . !
1 = g ST o
5 ® 100 < pPate 130GeV [x20) = P 180 Gel
T g3 B 75 <ppec 100GeV = - . —
I 1= " M, M, dependence
" o 2r —— POF unceranty
= 10° - -
i
10
R
2
1
i SRR . & iyt s et = S
a 100 « p™* < 130 GaV
10 EE—
. MUDJET++ (CTEQE. 1M
s [ :
-2 -
° HLOJET++ [CTECS.1 I | 80 0 pooog,.
a” By = by =03 PF - | = 75 <P < 100 GeV
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Herwig and Pythia are

Monte Carlo event generators

1 AT | A gy

=]

107
| ]
S Bro = 120 GeV [-3000)
107F & 130 < pmats 180 GeV [«400)
o 00 < pPete 130GeV [+20)
10% ° '
10°%
10
1
-1
10 F
s HERWIS &8.505
o -== PYTHIA 8.225
| PY¥THIA
rcreased 2R
3 (CTEDL)
10 | T T T
2 an/4 T
M gy (rad)
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HL (at HERA)
ZEUS (at HERA)

CDF/DO Inclusive jets 1<0.7

D@

DO Lnchisive jets <3

[ | Fixed Target Experiments:

3 CCFR, NMC, BCDMS,
HERA is an electron-proton

collider near DESY research
center in Hamburg, Germany

E665. SLAC

10

1
-1
10
-6 5 4 3 -2 -1
10 10 10 10 10 10 1
X
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Jet is a spray of particles coming from a hard interaction

@ Jets are formed by collisions of partons (quarks and gluons) from individual particles
@ We study proton-antiproton (ppbar) collisions

p

Photon, W, Z etc.

—
—
—
—> -
Hard scattering :: gcgrt‘etrlylng

—
—

A —

P —

* Complicated by :
fragmentation
— parton distributions —
* a hadron collider 1s really a broad- Jet

band quark and gluon collider

* both the initial and final states can be
colored and can radiate gluons

— underlying event from proton remnants

UNIVERSITY JOF ]
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@ Experimentally jets are clusters of calorimeter energy \

. e . 5 oen < N/
@ Experimental difficulties: = ' 1
s Jets come in varying shapes E : dra ,'
s Jets may overlap 5 S )
s Event may contain soft radiation outside the jet “cone” © Em ,

@ Jet algorithm needs to address these issues to successfully
relate data to theory:

= Fixed cone size or k;
= Split-merge procedures
= Infrared safety (results stable with soft radiation)

@ Run II cone algorithm, Run I cone algorithm, k; jets

Cone size Split-merge Soft radiation

3]
—
o
2]
3
(ol
p
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Improved Run II Cone : “Joint Jet
Working Group”
%% v Use 4-vectors instead of £,
Add additional midpoint seeds between

pairs of close jets
Run I Legacy Cone: Split/merge after stable protojets found
Draw a cone of fixed size in n—¢ space ~ Improved infrared safety at NLO

around a seed (DO Run II/CDF MIDPOINT)

Compute jet axis from E -weighted
mean and jet £, from 2E. s

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

Iterat til stabl : ‘ '
erate untii stapbie KTJet COH€]€t

Algorithm is sensitive to soft radiation
V. ODell
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e So far we have been using only cone algorithms

— Improvements over time make them more stable against soft radiation/collinear partons
e Still, ambiguity when 2 cone jets overlap
— Experimental prescription for “split/merge”
— In theory, arbitrary parameter introduced to handle this

e Not ideal

« Combining particles by their relative transverse momentum (k,) is much more

robust between data and theor
J Kk, .(some DO Run I/new CDF runll)

Uses relative momentum of particles

Infrared/collinear safe (in principle)
Fewer split/merge ambiguities

2
2 2 A Ri j
d.=min (P, P )
] T,i T,j 2
D
R.= \/ An‘+A¢p:
ij ij ij
(Dis a “distance” parameter) V. O'Dell
UNIVERSITY JOF J
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Jet Ene

Leading uncertainty

Need to correct for detector,

Complex detector algorithm and physics effects to
properties obtain the true energy of the jets:
Jet Energy Scale (JES)
Measured jet Offset Correction
| | energy (for energy not
Algorithms with (as measured in associated
complex behavior calorimeter) with hard scatter)
- \
%
Ecalor E
particle jet offset
3 E . —
= jet R - F
g, Complex Jet
underlying
physics .
p _ Showering
Corrected jet energy Correction
(to particle level) Jet response  (for energy
leaking

in/out of cone)

NeBqumeloFQ .
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w Jet resolu

Resolution needed for unsmearing Jetresponse R = Ey,./E puriae
@ JES is also important for other physics results Resolution o N2 §2
(e.g. top mass in lepton+jets) — =t —+C
pT pT pT
1.6
3 Jet Response vs Jet Ener R =0.7 Cone .
& Po | o ,( | : Jet resolution
o L
) IS N S N S a f
-4 2 0.2F
I ° 018
1 2:.. .................................................................................................................................................. - E |Tl|e‘t| < 05
L 0.16
I - cone R=0.7
i 0.14
0.12}
0.1f
0.08}-
0.06
0.04F
- Do Hun ] Prehmma 3 .
i _ | o 0.02" D@ Runll preliminary
| I 1 | | i | t B | L1 1 | L1 1 1 | I | L1 1 1 | L1 1 1 | | L1 1
04 50 100 150 200 250 0O 50 100 150 200 250 300
E (GeV) (P, +P1,)/2 [GeV]
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JES (leading systematic uncertainty) will cancel in the ratio of cross sections at different s

Ratio of scaled cross sections at 630 GeV / 1800 GeV
Phys. Rev. Lett. 86, p.2523 (2001);.hep-ex/0008072

o 10 7
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Luminosity just keeps on coming! -
(note “base goal” is 4fb-' integrated) 2°8332_ peak
~8 fb-! integrated
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@ Absolute jet trigger efficiencies: formerly trigger efficiencies studied relative two each

other, poor knowledge of absolute efficiency
@ Muon triggered events used to check efficiency

Turn on of JT_95TT
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