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Highlights on Run II Results:

+ Inclusive Jet Cross Section
+ DiJet Mass Cross Section
+ W + Jets Production

+ Underlying Event Studies
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QCD Studies @ Tevatron

Tevatron: ppbar collider at the highest Vs ever reached

@ All production processes are QCD related:
optimal understanding basic for all analyses

> Fundamental parameters (ex.: high x gluon PDFs)

> background for each process of interest

(ex.: W+]ets for top and Higgs production)

> Phenomenology on non-perturbative regime

(ex.: Underlying Event modeling) z
o Highest Q° probed (A ~ 107 cm) ';i
> Precise test of pOCD at NLO :

> Check for deviations = look for new physics

—— -

@ (Qther studies of interest:
diffraction, heavy flavor, hadron spectroscopy

parton jet
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Legacy from Run I Incl. Jet Cross Section

> Great interest about high E excess §
» SM explanation: increased high x AN o 1esess
contribution in gluon PDF Y NLO QCD prediction (EKS)
> New PDFs from global fit including .| e R R
CDEF/D@ high E data: 3
CTEQ6 and MRSTO1
RO T "\I T T I ; ; — TN 10* * Statistical Errors Only
| | “{\ ety o0
o o |  Great residual uncertainty for
S g o ---iiIIIIIIIIIIIn.I || gluon PDF at high x:
g Al L i * Green band: all PDFs fitting data
T E | * Lines: ratio to CTEQSM/H]J, MRST01
3 | Z New Run II high E.. measurement
e e ' )

. NS expected to improve constraint
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Tevatron in Run 11

Perf()rmances (Feb 2004) FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

> L ~6x10%cm 2! (f’ﬂ\
] ] TEVATRON . A\ \*\,
> L_ ~400 pb(delivered) 7 b &‘Q? .

Long term goal (end 2009):
» L ~2x10%cm=s!
> L ~44-85fb1

:Z"’ NLO QCD (JETRAD)
e 1 Cone R=0.7, |n| < 0.5
Vs : 1.8 TeV = 1.96 TeV
10°
10° Ys =196 Tev > Higher o, (~x 5 for P, ~ 600 GeV)
107 x@eooee > Increased kinematic range for jet production
10°F \s = 1.8 TeV
ol I l Sensible improvement over Run I Results
- x2@400GeV
10°6

100 200 300 400 500 | 600
p; [GeV]
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CDF & DO in Run 11

CDF Upgrades:

Si detector & Tracking

Time of Flight detector

“Plug” Calorimeters (up to |n| = 3.6)
Forward detectors

Muon system

DAQ electronics & Trigger

YV V.V V V V

Forward Mini-drift [ Central Scimtillatar | Forward Seintillate D@ Upgrades

- > Si detector & Tracking
> Solenoid
> Preshower detector

> Forward detectors
> DAQ electronics & Trigger

U/LAr Calorimeters : linear, e/t~ 1,
hermetic coverage in Q up to n| = 4.2

New Solenoid, Tracking System N TN TS N N IS NN NN SN N NS M
8i, SciFi Preshowers a & n
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Inclusive Jet Cross Section

CDF E 10°

» NLOpQCD: EKS (u=E2), £
R, =13,CTEQ6.LPDFs S,y

w

> Experimental uncertainty 20
dominated by E scale 510

> Largest theoretical error :z.ﬁ
from PDFs (high x gluon) e
CDF Run Il Preliminary 107

-8
104 100 200 300 7~ 400
Inclusive Jet E . (GeV)

CDF Run Il Prelimlnary
Integrated L = 177 pb™’
0.1 < |Npg) < 0.7

JetClu Cone R = 0.7

= Run |l Data
[ ]+/- Systematic Uncertainty
—NLO pQCD Uncenrtainty (CTEQ 6.1)

=225

g 2 |Integrated L =177 pb'1

5 1.8 01<|ng,| <07

® 1B JetCluCone R=0.7 ] *

8145 . ¥

g 125 =

8 1E -

e D.BE —

—_ 5 T T r T T ‘* *r * " T ‘*t ‘T T T

g 45 ®  CDFRunll Data, ¥8=1.96TeV

o 4

W g g [ ] systematic Uncertalnty

Q 3= HLO pQCD Uncertalnty (CTEQ 6.1) —=

a E_ =

q 25E + =

a 25 =

215: R B |

a 1 M =

© 0.5 E_. P T T S ST R S SR S R S S S R I R _%
D 100 20D 300 40D 500 60D

Inclusive Jet E_ {GeV)
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500 600

Extending Run I reach by ~ 150 GeV !

Reasonable data-theory agreement
within errors

Ongoing: reduce systematics,
MidPoint/K, forward jets



Inclusive Jet Cross Section (2)

c(RunIl) /o (Run)
D [ T T | T T T 1 | T T T T | T T 1 T | T T 1 T | T T T T | T 1 T T | T T T 1 "]
= 3.5 CDF Run Il Preliminary -
o B ]
I'.'l:: —  Integrated L =177 pb-1 ]
o 33— —
E - 0.1 < Npul < 0.7 -
g — JetCluCone R=0.7 -
o 2.5— NLO pQCD Uncertalnty {CTEQ 8.1) + —
E — m  ofNs=198TeV) o(Ns =18 TeV) + | —
O ol [ ] 3%Energy Scale Uncertainty } 7
1.5 ]
1= ]
| | | 111 1 | I I I | | 11 1 1 | 11 1 1 | I I | | | I I I | | 111 1 | 111 1 |

50 100 150 200 250 300 350 400 450
Incluslve Jet E | (GeV)

Higher o in Run II from Vs = 1.8 TeV = 1.96 TeV
Data and theory in reasonable agreement within errors
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S DQ Flun Il prellmlnary

Inclusive Jet Cross Section (3)

Inclusive Jet Cross Sectlion

«D@ Runll Data, L, = 34 pb"

max

—NLO CTEQ6M, R, =1.3, Hy = =&

Cone Algorithm
R =0.7

cone

|1 1<0.5

T

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

Inclusive Jet Cross Section

D& Run 1l preliminary

NLO QCD
(JETRAD)
CTEQ6M
Er=*
2

|

H“—'ls, Lg = U =

i

TreEEF g

/ |

100 151] zﬂu 250 300 350 -II[I'D -EISI:I EDD 550
Jet Transverse Momentum [GeV ! c]

DO
> “Optimized-cone” algorithm (MidPoint)
» NLO pQCD: JETRAD (u = E;™/2),

CTEQ6M & MRSTO1 PDFs

> Results differ with PDFs, both
consistent with measurement

> Reasonable data-theory agreement
within errors dominated by E scale

> Ongoing: reduce errors, K, forward jets

Inclusive Jet Cross Section

£a s
E - D& Run 1l preliminary
a NLO QCD
2_
S8 T |—|7 (JETRAD)
1 5: F;-—-rﬁ MRST2001
) f'_r‘— Emax
Roop = 1.3, Hg=He=—5

B e T

as——— J.

f

| 1 1 [ M AT | I I
o 1ﬂﬂ 151] zuu 250 300 350 -III]'D -EISI:I E'DD 550

Jet Transverse Momentum [GeV ! c]
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Dijet Mass Cross Section

—

— E
 .oEx NLO QCD (JETRAD) - CTEQ6
@ Test of pQCD complementary to 3 0 E ( )
: Ln i : . S ., 2F
inclusive jet cross section analysis <10 F cone R=0.7, R, = 1.3
cr . :”10_3_ _ _ max
@ Great sensitivity to new physics = mf Mg =g =05 E]
@ Limits on theoretical parameters: S
A. , M (new particles) 10°k
. _ 10" F M. <05
Preliminary measurements using 0°E j
similar analysis strategies as for o;: 0k at \s = 1.8TeV
» CDF: comparing with Run I results 10'1°'E — at\s = 1.96TeV
] T e
(JetClu R = 0.7, In| < 2.0, jet corr.) 10 =500 400 600 800 #600 1200 1400

> D@: using new techniques My, [GeV]

(MidPoint R = 0.7, In| < 0.5, jet cal.)
Increased Vs in Run II

Experimental uncertaint .
P 4 extending Run I results

dominated by energy scale
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Dijet Mass

Cross Section (2)

Dijet Mass Spectrum

(do/dM ) [nb/GeV]

DE Run Il prellmlnary

1070 b

cone R=0.7, In]etl < 0.5

— Runll, L=34 pb "’
- NLO CTEQS6, R__=1.3
M =pp =05 E""'slx

2[}0 400

60{) 800 1000 1200 1400
M, [GeV]

1™

S0

4
I|III

-t
T

o
Lh
I

(data - theory)/theory

e,

R =13, up=pp=05ET™

NLO QCD
| | (JETRAD)
CTEQBG

\'."J

o
th

- DEF Flun ] ;::nra?:hr*rnnarj.r

T } 1

EDD 4DG
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E-DCI BDD 1 ooo 1200 1400
M, [GeV]

DO
> NLO pQCD: JETRAD (u=E;"™/2),
CTEQ6M & MRSTO1 PDFs

> Differences from PDFs, both consistent
with measurement

> Reasonable data-theory agreement
within errors (E-scale dominated)
> Ongoing: reduce energy scale uncertainty

> 2

D Reep = 13, ng = ug = 0.5 ET™

% e NLO QCD
= 05 MRST2001
= I

%‘H""‘sifil} +
|
D Fiun 1 prellmlr‘lary

L1 1 | T T T T N T T |
200 -’-‘i-DCI E'Dﬂ BGIG 'I'D{JCI 1200 1400

M, [GeV]
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Dijet Mass Cross Section (3)

%a CDF RUN 2 PRELIMINARY

= Ea& e RUN2 ¥Ys=196TeV, 75pb’

;_ 3@4%& O RUN1, ¥s=1.80TeV, 106pb’

= T

- =

1 | cost| <23, Ing,| T

= cost” | <2/3, |1, <2 —Eﬂ—q:

i Not corrected for resolution _“_f

3..|...|‘..|‘.X‘.‘|...\.

200 400 600 800 1000 1200 1400
DIJET MASS (GeV)

> Run I results already extended

by ~ 350 GeV !
> Ongoing: MidPoint, improved

jet corrections

CDF

> Higher Run 1T 6, from higher Vs

> Data and theory (LO) in reasonable
agreement within errors

> Consistency with o; results

RUN 2/ RUN 1 CROSS SECTION

RATIO

N o
(2, L] [3] &
I|+II\‘II\I|I\II|\II\‘II\I|\\II4

N

-
1

o(Run II)/c(Run I)

CDF RUN 2 PRELIMINARY

DATA (BAND IS SYSTEMATIC UNCERTAINTY)

LO QCD (PARTON LEVEL)

RUNZ, Vs =

RUN1, ¥s =

196 TeV, 75 pb'

1.80 TeV, 106 pb’

|\II\‘II\I|I\II|\II\‘II\I|\\II—

H

N
ol

L1 1 11 L1 1
0 300 400 500 600 70O

800 900 1000 1100
DIJET MASS (GeV)

G. Latino - QCD Physics at the Tevatron 11



Run II Highest E Jet

Highest mass dijet event ever (so far...): M, = 1364 GeV

Calorimeter “LEGQO” Plot

E, =666 GeV
n =0.43

132,33,3,35,840,9,41,10,11,12,13,45,15,17 4 ,19,2\1,23,56‘5

oo r-@Vview

E, =033 GeV
n=-0.19
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W + Jets Production

s 1 | | | | | .
10° = > Test pQCD at high Q° (>M,)
= CDF Run Il Preliminary - 5 "
B 10’k i Woevsnjets, 127pb’ > Fundamental channel for SM
- } and new physics processes:
Al I _
N [ * top quark measurements
= L ] :
7 0L { : * Higgs and Susy searches
L% : § CDF Run Il Data i M ' Draliminary
10 E_ JetClu R=0.4 (E;>15 GeV, I, |<2.4) _E CDF Run " Pre"mlnary
E syst. = Jet Energy uncertainty . 04 QCD
| | | | | | Promotion
0 1 2 3 4 5 w To
P

Jet Multiplicity ( = n jets)

> W* — e*v: clean signatuly(
> RunIl: upton jets =6 !

> Backgrounds:
* QCD important in all bins
* fop dominant at higher multiplicity

Measurement dominated by jet E uncertainty
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Wotv+jet

L K RON R

Zsete +jet

\

Backgrqund / (Signal + Background)

| | | |
0 1 2 3 4

Jet Multiplicity ( > n Jets)

o
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W* > e*v +2>n Jet Cross Sectlon

~10 = | =
r- CDF Run Il Prellmlnary 1 65,(W)xBR=(N, -B)/(e,L)
e [ % Woev+>njets, 127pb~
3 CDF Data : :
210° $ CDF Data E15 Gov, o |2y~ En' from data and MC studies
3 - w/ syst. £ Jet Energy Uncertainty _
n B ALOQCD pg .= M, Alpgen | ~ LO PQCD ALPGEN
/ 107 YLOQCD pge=<pr> Alpgen | (CTEQSL, = M,,°, < P >)
o 10 = E . .
G -+ Herwig + detector simul.
i} 71 > Theoretical errors dominated
10 = —
= Syst. Uncert. - by dependence on p
i ~13 % foro,, / 1
1 :— ~Y O ——— | T T | |
- | 45 A f|‘Or 62 ! | | EE'S_ ﬁgfvf‘::j;:::y;‘;!‘naw o LD QGDH = M2, ]
0 1 o 2 3 E ol JetCin A=04 [Ex15 G g <24 8 L0 QGO P g wpp® B
Jet Multiplicity ( = n jets) §1 ] % }
L e } ]
Data-theory agreement within errors 0.5 ] |

Jet Multipliclty { = n jots)
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W*—>se*v +2nJet Cross Section (2)

| — | Ratio 6>,/ G>,_1:
3 CDFRunll Preliminary zn’ Pzn-l
B 031 Woe+2njels, 127 pb — > Measure decrease in cross
- | JICHRAAEAT eV (<24 section for each additional jet
c ,....f::::::::::::::::::::::::%“w
A s - > Related to o value
9 02- ~ H t 7 > Reduced systematics
2 ‘ ?
3
c 1
AN 04 @ LOQCDp.= M ® Runll 127 pb _
¥ 0 LO QCD jipg= <pas ® Run!108pb”
| | | | Run II vrs. Run I:

S I 4
Jet Muiplicity ( > n jets) Osp(RunlIl) /65y (Runl) > 1
with big uncertainties

Results in agreement with theory within errors
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W*—=e*v +2nJet Cross Section (3)

10 :I T T T T T T | T T T T | T T T | T T I | T T I: . n n n n
> F E Kinematic distributions:
s 3 CDF Runli Prellmlnary :
0 r W > ev+2nijets, 127 pb’ 1> Diff. cross sec. vrs. Et for n-th
810 + CDF Data E - ot i N
5 - JetClu R=0.4 (E >15 GeV, |, |<2.4) ] hlghESt ET jetin W+2n jets:
2 F syst. +Jet Energy Uncertainty | reduced dependence on u
10° o Mty - > Dijet invariant mass and angular
- wC QcD }leF: {PT> - .
- ] separation:
: N ozl itive to soft/collinear jet prod.
oL e — — Wi22j_ S.e.r.ls.l .1\.]e o soft/collinear jet pro
- T \ — W+2>3] 3 R " CDF Run i PI‘ElII‘I"III"IEII'}F .
C — W+>4j ] 1[]2—':‘ W — ay + > 2 jats, 12?pb _
i — i = ' - LOGCD p .= M, ]
1= = = [ —— LOGCD p,,.= <P3>
- | 11 | | I“i | | 11 I“I‘\ | | L1 | | | 1 1 ":."L- L1 1 = 5‘3.: [ :
0 50 100 150 200 250 30 [
Jet Transverse Energy (GeV) 10 b E
o [ i
_ | 4 CDF Data o y
Fair data-theory agreement N I Cpriadst i SR
Fev b v b b v b b e b T

0 50 100 150 200 250 300 ?:5[]
Di-jet Invariant Mass (GeV)
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Underlying Event Studies

Underlying Event:
> Everything except the two
outgoing hard scattered jets: ¥ e Radiation
* hard initial/final state radiation Proton , z A 'X]kipmton
* beam-beam remnants Underying Event =g —Updertying Event
* multiple parton interactions <
> Unavoidable background NOT
well defined/modeled theoretically

Outgoing Parton

Final-State

Outgoing Parton Radiation

Jet #1
Direction

Phenomenological studies:
> Leading calorimeter jet (JetClu R=0.7, n| <2)
defines 3 regions of same size in n-¢ space

Ad

> “Transverse” region very sensitive to U.E.

“Toward” Reglon

P 5" > Charged particle (pr > 0.5 GeV/c, n| < 1)

Region

A¢ correlations with respect to jet #1

> Min-bias & jet data vrs. Pythia and Herwig
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Underlying Event Studies (2)
|Charged Particle Density: dednd}l
“Leading jet” 100 5

Jet #1 Direction

N

o Back-1o-Back
= Leading Jel
= Min-Bias

Jet #1 Direction
Charged Parficles

Fr (Igl<l.0, PT»0.5GeVic)

“Toward™

104-- g ----- ...

“Trans 1> “Trans 2™

“Back-to-back”

Chaiped Particle Depsity

?-I---III--III--I---I--I-lI-III--I-IIII-I--J-E.m--l--lll--lllf

|1 CDF Preliminary Run II “Transverse” T

data uneo mected Reqgion
01 I I I I I I I ! ' !

] 30 60 90 120 150 180 210 240 270 300 330 360
“Transverse” region for 2 topologies: A} (degrees)

Charged particle density vrs Ad:

Jet #2 Direction

> “Leading jet”:

no prescription on jet #2 e “leading jet”: ISR/FSR E;" dependent
> “Back-to-back”: e “back-to-back”: stable versus E;"

Ad1r >150°, ETtiZ/ETjl >(.8 * lower density in “min-bias” events

= hard ISR and FSR suppressed Similar results for scalar P_Sum density
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Underlying Event Studies (3)

Involving non-pQCD physics:

h
-
]

> Data not well reproduced by current g |, | COF Preliminary Run II Leading 3]
. & data uncorrected ne 7
MC with default parameters S g | e cors ""’ Tl {
E . - ! ", -
> Pythia (6.206) tuned on Run I £, poett
data with multi-parton interactions :
2 s st B
Comparing data with Pythia & Herwig: % 04 - NN S
> Consider average charged particle £ 02, PV (R
and scalar PrSum density in the " 0o i —
“transverse” region versus Er" in events 0 %0 100 o 2 20
13 . S | 13 " ETi(} GeVN
leadlng JEt and baCk_tO_baCk Jet #1 Diregtion et | Jet #1 Dirkction

Aty

> Compare data with MC dijet events  “Leading jet” .

after detector simulation N

> Pythia (tuned on Run I data) in good
agreement with Run II data

“Toward™

“Trans 17 “Trans 2™ “Trans 2™

> Herwig (no multi-parton interaction)
works only at high E" “Back-to-back”

Jet #2 Direction
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Conclusions

+ A very exciting and important QCD physics program is
ongoing at the Tevatron with the increased Vs and higher
statistics of Run II extending measurements at high Q°

# Some Preliminary results:

> measured inclusive jet and dijet mass cross sections in
reasonable agreement with NLO pQCD + CTEQ6.1/MRSTO01;
jet E scale (high x gluon PDF) uncertainty dominant
error for data (theory)

> W + jets production fairly described by LO MC
(Alpgen) + Herwig

> Underlying Event well described by Pythia
(tuned on Run I data)
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