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D Recent QCD Results From
Run |l

 What | will talk about:
 Jet physics including

 Inclusive jet cross sections
e Dijet mass cross sections

* Underlying event studies
 Df between jets

« mtagged jets

« What | won'’t talk about (sorry!)
e Diffractive physics
 Direct photon production

« Special topics (Higgs, Top, B physics, etc)
covered in other talks
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”" Main Injector
(new)

Run | (1992-95)
~100 pb- recorded

Run lla (2001-05)
~1 fbt

Run Ilb (2006-09)
~ 4-8 fb

Note the energy Iin
Run Il is also
slightly boosted

e Run | CM energy
was 1.8 TeV

e Run Il CM energy is
1.96 TeV
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=Lt; Experimental Performance

m Run Il Integrated Luminosity [ 3 apm 001 - 13 sprit 2005 |
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i

— Deliverad

| —Recorded
T

T
Apr Jletitan

. Tei/atron has delivered ~0.8
fb-

« Both experiments have
collected more than 0.6 fb!

* Analyses presented here
use from 150 to 400 pb-1
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SEES CDF/DO detectors

Calorimetry is at the heart of these measurements
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%5, x-Q? Reach at the Tevatron

I,
D@’s most complete cross TEQ6M comparison
section measurement extends i
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SLES Run | vs. Run |l

« Entering an era

of precision QCD

> CDF Run Il Prelimi
& 10 | measurements at
2 10 niegmied L =1 RD; Tevatron/LHC
o 0.1 <|ng. ) <0.7
a
d JetClu Cone R =0.7 . N
w10 e Studying "QCD
510° backgrounds’ for
L Uncorrected more speculative
o phenomena
10-5 . . .
T PR s * High statistics at
10-:-' == Run II{\E=1.BETEW 4 CM Energy 196
& I I I I I 1 Tev
1u u 1 | I I1uul | | IEmI | 1 Imul 1 I I4uﬂl I 1 Imul | | Iﬁuul o 5 times higher
Inclusive Jet Measured E, (GeV) Cross section for
jet E;>600 GeV!
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Central Inclusive Jet
Cross Section at CDF
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» Data currently agree with NLO prediction within errors
» Dominant uncertainty — Jet Energy Scale ~3%

APS, April 17, 2005

Recent QCD Results from Run 1l

V. O’Dell, Fermilab 9



2 Central Inclusive Jet
Cross Section at DO
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% v sl/
% )

Inclusive D@ Single Jet
Cross Section vs. y
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o First corrected Run Il cross section for forward jets
* Important PDF information in cross section vs. rapidity
« Jet Energy Scale uncertainties dominate — need to beat these
down!
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Run |l

2 Dijet Production vs. M,

CDF

32,33,3,35,8, ,9,41,10,11/:,13,45,15,17,4 ,19,§5
R
&

E. = 666 GeV
h = 0.43

| E, = 633 Gev |
h=-0.19 Calorimeter LEGO Plot
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<t Inclusive Dijet Cross
¥ Section at DJ

e Good probe of PDF’s

» Place to look for new physics
« Compositeness (high M; excess)
e resonances

35
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o Agrees within uncertainties with NLO/CTEQ6M
e Jet Energy Scale dominant error on measurement
 Adding luminosity/improving Jet Energy Scale
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S Quick aside on jet
algorithms

«So far we have been using only cone algorithms

« Improvements over time make them more stable against soft
radiation/collinear partons

« Still, ambiguity when 2 cone jets overlap
» Experimental prescription for “split/merge”
* In theory, arbitrary parameter introduced to handle this
* Not ideal

«Combining particles by their relative transverse momentum (k)
IS much more robust between data and theory

R :\/Dhu?"'Dj ij2

(D is a “distance” parameter)

K- jet Cone jet
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Inclusive CDF K- Jet
Cross Section

|CDF Run II Prelimina!“ |CDF Run Il Preliminary I
10 i

v Y,
= 'a.)
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3 102 —*— NLO(CTEQ81) © F  NLO:UETRAD p,=p, = P2
= 10—3 NLO Uncertainties 3 5 _ No Had. /Und. Event Correction
'— -
& B s 4E 4
o 10 A ~ . L=145pb
2OF L-uspp s 3f ——
o 10 3 3
‘E 105 NLO: JETRAD 2 3 __
o =1 = PMaX . +
e 10'? ”F; “F T 1 S @&r’—_ —————
x No Had. / Und. Event Correction 05_”.,””,””,____,“”,””,””
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P [GeV/e] 7 [GeVie]
NLO not corrected for Hadronization * Good agreement Data vs Theory
& Underlying Event (important at low Pt) » High-Pt tail?
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Inclusive CDF K- Jet
Cross Section
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»Low P, soft contributions increase with increasing D (underlying event)
»Deviations at high P a bit larger than with cone algorithms (?)
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L&) Underlying Event Studies

“Soft” Collision (no hard scattering) -
No hard scattering.

“Min-Bias” event.

AntiProton

“Hard” Scattering

Outgoing Parton

“hard” parton-parton
collision : large transverse
momentum outgoing jets.

Proton AntiProton

Underlying Event nderlying Event

== Initial-State
Radiation

Lry
an
.........
“5a

': Final-State
* Radiation
Outgoing Parton /W

“undérlying event”:
everything but the two
outgoing hard scattered
“Jjets”.

“Underlying Event”

...............
"""" B Initial-State
Radiation

 Underlying event is not the same as a minimum bias event
 Includes ISR/FSR/MPI — not completely independent of hard scatter
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D Charged Particle Density

% s B
Df Dependence
]
Jet #1 Direction Transverse direction sensitive to underlying event
_ _ CDF Run I
Charged Particle Density: dN/dhdf
10.0 -

“Transverse’ ~. “Transverse’ 1CDF Preliminary  |=Back-to-Back 30 <ET(jet#1) < 70 GeV
- ] data uncorrected e Leading Jet
3; = Min-Bias
g
a) "Transverse"
o
L

Leading Jet Event E 1.0
- Y P T
Q) FFFFFF
>
Jet #1 Direction s 1 ,
O {II--IIIIIIII-IIIIIIII--IIIIII--IIIIIE-III.IIII--.III.--I-I.I---.III.
Charged Particles Jetsl
(Jh|<1.0, PT>0.5 GeV/c)
«Toward” 0.1 i i i i i i i i j i i
0 30 60 90 120 150 180 210 240 270 300 330 360
“Transverse” “Transver se” Df (degrees)

“transverse” region defined by leading jet (JetClu R =0.7, |h|
< 2)or by leading two jets (JetClu R=0.7, |h| < 2).

“Back-to-Back” events have at least two jets nearly “back-to-

back” (Df , > 150°) and almost equal transverse energies
Back To Back JetEvent|  (E (Jet,)/E;(Jet,) > 0.8).

Jet #2 Direction
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| “*Associated” Charged
SLPS Particle Density Df

* Associated Charged particle density in back to back jet events
° 30 GeV < E;(Jet)) <70 GeV
° Find PymaxT, the maximum P, particle transverse to Jet,

* Plot charge particle density for charged particles (p; > 0.5 GeV/c, |h| < 1, not
including P-maxT) relative to PymaxT

Associated Particle Density: dN/dhdf CDF Run 1l

10.0

\]etz ] CDF Preliminary Charged Particles Back-to-Back

data uncorrected (Ih<1.0, PT>0.5 GeVic) 30 < ET(jet#1) < 70 GeV - "]etl
PTmaxT not included

\
Jet,

7ity

Jet,

Jet #1 Direction

= PTmaxT > 2.0 GeV/c

Associated Pagficle D
o
1 1 le o iy ||= 1
Ipe!
ak
v
o
e
1 J
LT
i) ,

“Transverse” “Transverse” o PTmaxT > 1.0 GeV/c PTmaxT "Jet#1"
* PTmaxT > 0.5 GeV/c f Region
0.1 f f f f f T f f f f f
0 30 60 90 120 150 180 210 240 270 300 330 360

Jet #2 Direction
Df (degrees)
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“*Associated” Charged
Particle Density Df

Associated Charged particle density in “minimum bias” data
e 30 GeV < E;(Jet;) <70 GeV
° Find PymaxT, the maximum P, particle transverse to Jet,
* Plot charge particle density for charged particles (p; > 0.5 GeV/c, |h| < 1, not

including PrmaxT) relative to PymaxT

CDF Run 11 _ , _
Associated Particle Density: dN/dhdf
1003 Back to Back
1l = PTMaxT > 2.0 GeV/c Charged Particles 30 < ET(jet#1) < 70 GeV

?a 1| e PTmax > 2.0 GeVic (Ihl<1.0, PT>0.5 GeV/c) // Data

c

)

a)

@

2 Jet #1 Direction

F 10

k5

= IXIYYYrowes

'g Min-Bias x 1.65 [1HIHEL]

[%)] © . “Transverse” “Transverse”

< \—LIM'n'B'aS PPTT"rLa:XT CDF Preliminary

PTmaxT, PTmax not included f data uncorrected
0.1 i i i i i ¥ i i i : :
0 30 60 90 120 150 180 210 240 270 300 330 360 Jet #2 Direction
Df (degrees)
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Associlated Charged

Particle Density

PYTHIA Tune A Vs. HERWIG (untuned)

|Associated Pa

Herwig (no MPI) predicts
too few particles in
transverse regions

CDF Run 1l

|I"\DDUL;I
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ed Particle Density: dN/dhdf

10.0 g
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10.0 g
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(Jh|<1.0, PT>0.5 GeV/c)
PTmaxT not included

1CDF Preliminary

data uncorrected
theory + CDFSIM

data uncorrected
theory + CDFSI}
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DF Associlated Charged
Particle Density

PYTHIA Tune A Vs. HERWIG (untuned)

CDF RU n I I bd Particle Density: dN/dhdf |Associated Particle Density: dN/dhdf
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datauncorrected (h|<1.0, PT>0.5 GeVic) 30 < ET(jet#1) < 70 GeV 1  datauncorrected (h|<1.0, PT>0.5GeVlc) 30 < ET(jet#1) < 70 GeV
: theory + CDFSIM PTmaxT not included

theory + CDFSIM PTmaxT not included

Associated Particle Density
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Using Tuned Pythiato
predict LHC

Charged Density dN/dhdfdPT (1/GeV/c)

1.0E-06

Charged Particle Density

1.0E+00 ] n
1.0E-01 é
1.0E-02 ;
1.0E-03 E
1.0E-04 ;

1.0E-05 §

CDF Data

Pythia 6.206 Set A

[hl<1

2

4

6 8
PT(charged) (GeVic)

10

|Hard-Scattering in Min-Bias Eventsl

Pythia 6.206 Set A /.

40%
—8—PT(hard) > 5 GeV/c
——PT(hard) > 10 GeV/c
30% /
()
10% ’./’//.\
0% T T
100 1,000 10,000 00
CM Energy W (GeV) \

% of Events

N
o
X

*Shows the center-of-mass energy
dependence of the charged particle
density, chhg/dhdfdPT, for “Min-Bias”
collisions compared with the a tuned
version of PYTHIA 6.206 ( ) with
P.(hard) > 0.

*PYTHIA Tune A predicts 1% of all “Min-Bias” events at 1.8 TeV are a result
of a hard 2-to-2 parton-parton scattering with Pr(hard) > 10 GeV/c which
increases to 12% at 14 TeV
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=t D@, F Decorrelation

Looking at Df ,, between : :
jets at %Q 3 Jets in pQCD

. jet 2
Leading Order pQCD

ofy mp  2h ik
- n /Z 3
jet 1 . l

/ y 4

Jets are back-to-back

Df,=p Pz <P
. o lim Df ., =p
Df ,, IS sensitive to jet pr,® 0

formation without having to
measure 3" jet directly
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DF Df be_tween_jets —
Comparison with pQCD

5 5 y
B 107 ; = F
;s £ DO 5 oL Do
3 e M sis0GeY (xa000) = 5 !
T 10 E 0 130 < pT"™ . 180 GeV (x400) a . P
b C B 100 < p'* < 130 GeV (x20) o = T T 180 Gev
T yp3L 0 75<p{™<100GeV p . —————
5 E o 1 u,. 1, dependence
nrl - M 2 .
b o —— POF uncerainty
- 107 3 3

E | (= 1.—--=ﬁ-‘=¢|-_-- gt

C 130 < p* < 180 GeV

1 1 1 1 1 1 I 1 1 1 I 1 1 1
10

PDF 2

uncertainties\

‘IIZZIIZZI«:I P = 130 GeV

MLOJET++ (CTEIE 1M

---- LO 5 _

=, =05 pm= =
: |ur. ur |p.T. : o ?5«:IPT”“«:‘ID:J'I%EV

¢+ MLOJET++ (CTEQB.1M)

2 3m/4 T /2 3mid n
Ap dijat (rad} Ap dijat '[rad}

DF as function of Jet, P (Jet, P+ > 40 GeV/c)
Compared to LO and NLO pQCD in 3™ jet
*NLO better than LO
<Both fail at soft jet limit
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7 Df between jets —
Comparison with MC

5 1p L :
- £ DO Using parton shower MC
§ 1otk s fg?}ﬂ' '316;'; f;ﬁj“:’im (Pythia, Herwig) gives us the
E e . . . .
LI 100 < p <130 QoY tﬂm’] soft gluon contribution missing
B yp3[ 0 75«pl™<100GeV in pQCD calculations
5 F
o : : :
= 1% Default Herwig does a better job
- than default Pythia
10
Pythia with tuned (i.e.
1 enhanced) ISR models data
b extremely well
10
HERWIG 5.505
.- G—" .-~ PYTHIAE.225
__ Rl »Another handle on MC tunes
3 I[GTEEIEL)
10 B EE— E— B
2 3m/4 m
A g (rad)
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Studies of Jet
Fragmentation

»Pythia without MPI
tuning too narrow
especially at low Pt

»Pythia Tune A
describes data well
(enhanced ISR+MPI
tuning)

»Clearly we're doing
something right!

¥(r/R)

1

0.8

0.2

CDF Il Preliminary

Y (r) measures the narrowness of the jet
*Dictated by multi-gluon emission
from primary parton
*Good test of parton shower models
*Also sensitive to underlying event

COF Il Preliminary

.-""Hud
@ DATA _Eti Midpoint Algerithm (R=0.7)
= PYTHIA Tune A 0.35
1A Tune M2 @ DATA
PYTHIA o BYTHIA Tune A
1 Hr 1k une
. PYTHILA ;;nc\- I..H:'I:I B a' P 1' i
__ | P%TI _;',.
-- HERWIG ~ go8 PYTHIA [I'-l.‘,l HDF'}
0.2
37 <P < 45 GeV/c
15 -
0.0 <17 < 0.7
@1
0.05
o o4 0.6 0B i a 50 100 150 200 250 300 350
et
/R P/ (GeV/c)
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=5, m+ jets cross section

12 * using mtagged jets
DO Preliminary enhances heavy flavor
content

 Good place to look for new
physics? Compositeness?

Heavy Flavor Fraction

25

DD 50 100 150 200 250 300 350 400 450 500 i SEREEL D

Pt (GeV) (MC Particles, Collinear)

Fraction of mtagged jets
coming from heavy flavor

Data/Theory

o5l [_]All Error

- JES Onl .
| i E NO HFn y DO Preliminary

Comparing mtjets
Cross section result N T T
tO Pythla and NLO 0 100 150 200 250 SBOH?SG{}EWS;]{]
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Data/Pythia Tune A(CTEQSL)

d*c/dYdP | [nbi{GeVic)]
-
=

~ b jet cross section (CDF)

—a— Data
—&— Pythia Tune A (CTEQSL)

l:l Systematics
CDF Preliminary

MidPoint jets Rugns=0.7, T =0.75
|Y|<0.7

s = 1.96 TeV, L~300 pb™’

1
50 100 150 200 250 300 350

P, jet [GeVic]

« Data/Pythia Tune A (CTEQSL)
[ ] systematics

Fusteas %++++H+++

L
P Jet [GeVic]

Extracted b jet cross
section using b tagged
jets

b tagging demands
displaced vertex

Compared with Pythia
 NO surprises?

New measurement
from CDF coming soon
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SLES Conclusions

 New results from Run Il on jet properties and cross sections
* No real surprises

» EXxpect more good input for pdf's

* Tuned Pythia (Pythia Tune A) with enhanced ISR/FSR models
data well

 NLO does well (except in limits of soft jets)

» Using tuned Pythia gives us some confidence in predicting LHC jet
properties

« Both experiments will be measuring inclusive jet cross
sections in the forward direction

* Better understanding/constraints of pdf's/gluon contributions at high
jetpy
« Jet Energy Scale is dominant error in inclusive cross sections
* Both experiments actively working to reduce uncertainties
« Will improve with better understanding, more luminosity

 And for the future...

APS, April 17, 2005 Recent QCD Results from Run Il V. O’Dell, Fermilab 30



Peak Luminosity (x103°cm-2sec-1)

% v sl/
% )

Run Il Luminosity

Projections

Luminosity just keeps on coming!

(note “base goal” is 4fb-1 integrated)

~2.8e32 peak
~8 fb-1 integrated

300 7 Phase 4 - 12
(Stacktail upgrade) //' S R
250 - \ ‘e".l . . T 10
Phase 3 ‘."‘ )
i (Recycler & s N i
200 Electron Cooling) d N 8
150 - Phase 2 \ -6
(Sip Stacking) $
Phase 1 :
100 1 (FY04) : L4
50 { We are - 2
J|  here

0 . - - - -y 0
9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
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L5 Future Runll upgrades

 Accelerator upgrades
 Electron cooling, accumulator stacktail upgrades
e (basically continue to increase and use antiprotons)
e Tevatron is on track for delivering 8 fb-1 by end of 2009
 Base goal 4 fb-!
« Collider experiments upgrading to take advantage of
Increased luminosity
« CDF Runllb
« Faster readout electronics
 Improved tracking triggers
o Calorimeter upgrade (being commissioned now)
DO Runllb

 New silicon Layer O detector
* Improves impact parameter resolution
» Mitigates loss of efficiency due to radiation damage of current silicon
inner layer

 Improved calorimeter trigger, tracking triggers, and
processing triggers

APS, April 17, 2005 Recent QCD Results from Run Il V. O’Dell, Fermilab 32



