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EE Fermilab Tevatron - Run 11

: ., °Ecm:1.8->1.96TeV
Chicago « more Bunches 6 > 36
e Bunch Crossing 3500 - 396ns

e Run Il started in March 2001
e Peak Luminosity:

1.7E32 cm=2 sec?
_* Run I delivered: 0.26 fb*
e Run Ila delivered:
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e Run IIb Goal: 8 fb! before 2009
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Run Il Detectors

m Silicon tracking detectors ﬂ,,»f”" | Multi-Purpose Detectors:
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Hadron-Hadron Collisions

proton anti-proton
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two high-energetic hadrons



Hadron-Hadron Collisions

partons inside the hadrons:
parton density functions (PDFs)
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proton C C anti-proton

two high-energetic hadrons



Hadron-Hadron Collisions

outgoing parton(s)

h' h inclusive jets (p. y)
Ign p dijets (M., y)
T i
| \ v, di-y, v + jet
(Z°, W) + jet
top + anti-top .
proton anti-proton

hard interaction

outgoing parton(s) (quark, gluon, y, Z°, W)
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Hadron-Hadron Collisions

outgoing parton(s)

soft radiation
final-state radiation —

-

internal jet structure c

anti-proton
|
Pt )

i
proton .

\\

initial-state radiation
di-photon gy

outgoing parton(s) dijet azimuthal decorrelation
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Hadron-Hadron Collisions

outgoing parton(s)
hard radiation |
Y + n-jet
(Z° WY) + n-jet
multi-jet production

W7
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outgoing parton(s)



Hadron-Hadron Collisions

outgoing parton(s)
' @

hadronization,
fragmentation

fragmentation functions
hadronization corrections

proton e anti-proton
‘q‘ 6 ¢ a
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outgoing parton(s)

WIWoE



Hadron-Hadron Collisions

outgoing parton(s)
' &

multi-parton interactions
underlying event

anti-proton
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J
....
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outgoing parton(s)



Hadron-Hadron Collisions

outgoing parton(s)
' &

hadron-hadron
physics

anti-proton

hard process (2 or more partons)
ISR/FSR

hadronization / fragmentation

& underlying event

outgoing parton(s)

WIWoE 1 1



Outline
@ e W-Asymmetry w

e Photon Production
e Jet Production

e Jets beyond 222

e Vectorboson + Jets
e Heavy Flavor Jets

12



W-Asymmetry

]

| PDFs |




W-Asymmetry

Valence-Quarks

Dominate
!
y > _I_I_IJ’-JJI ] ] | ] I | e
+—antiproton prOton—VV' <a— ani proton direcion ; proton direction rI—IH-
. do(W*)/dy, ~doW )/dy, _d » () = doleD/dn—do(e)/dn ., dx)
- n _ ~ = do(et)/dntdo(e=)/dn — u(x)
do(W*)/dy, +doW)/dy, u

W-Asymmetry Lepton-Asymmetry
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Corrected Asymmetry

Corrected Asymmetry

W Charge Asymmetry

CDF-II, 170 pb'

25 < E. < 35 GeV PRD 71, 051104 (2005)

$

— CTEQ6.1M
--- MRSTO02
MLO RESBOS (F. Landry, et al. Phys Rev.D87.073016,2003)

cIH\‘IIII|IIH‘HII|IIH HI\|IIII‘\HI‘IIII|\H\
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CDF-II, 170 pt5’
35 < E, < 45 GeV

— CTEQ6.1M
--- MRSTO02
NLO RESBOS (F. Landry, et al. Phys Rev.DB7:073016,2003)
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CDF (170pb-1): Electron Channel
In two Electron-ET Bins
(Different Sensitivity)
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| D@ Run Ii Preliminary |
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. ..f..1f.|.4.114.T..T...f...|.. f...

06 08 1 12 14 16 18 2
rapidity

DO prel. (230pb-1): Muon Channel
Limited by Statistics
Potential for 1fb-1! (->Run 1lb)

Important Input in Future PDF Fits!
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€ DO

]

Fixed-Order: NLO
Resummation
PDFs
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Direct Photon Production

Direct Photons come unaltered from the Hard Subprocess
—> Direct Probe of the Hard Scattering Dynamics
—> Sensitivity to PDFs

inclusive photon cross section O<|n| <02
partonic subprocesses
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Isolated Photon Cross Sect.

D@ hep-ex/0511054, submitted to PRL

d’c/ dp/dn (pb/GeV)

10° ;_ e data
: — NLO QCD DD
10° ;— (Mr=He=1=P7)
; CTEQS6.1M
10
1}
10-1 = IyI <O-9
10'2 ; L — 326 pb-l
10-‘.3 :_l | 1 1 | 1 1 1 l | l 1 1 1 | 1 1 1 1 | 1 1 I 1 | -I 1 ] |
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P (GeV)

Data / Theory
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L=326pb" DO
{ W
.p‘|llj.¥7[J[ |
[ AN ] L
it HT -------------
| ®  ratio of data to theory [JETPHOX)
CTEQ6.1M PDF uncertainty
scale dependence
N l(HFz=l-‘-F=1|1f=U-5p$ ;’:md Epﬁl I
" 50 100 150 200 250 300

P (GeV)

data/theory (NLO: JETPHOX): good agreement over 23<pT<300GeV

- PDF sensitivity requires:
e Reduced exp. uncertainties — dominated by purity uncertainty
e Improved theory (resummation / NNLO)
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éﬁﬁ Di-Photon Cross Section

CDF Collab., Phys. Rev. Lett. 95, 022003, 2005. (207pb-1)

e Pseudorapidity < 0.9
e Photon pT> 13 & 14 GeV

1 DIPHOX: with and w/o

[ NNLO gg-diagram
R
© %
> H W0 % * DIPHOX:
10} ! )' —| - NLO prompt di-photons
S 1| - NLO fragmentation (1 or 2 y)
1 [ E'> 14 GeV, EZ > 13 GeV i 1| ~NNLO gg->yy diagram
s 172 <09 ~.. || = ResBos:
10°%

1 ® COF Il Data (207 pb )
— DIPHOX CTECSM po= p = m 2
' FesBos CTEOSI p = py = m _

1 3| - NLO prompt di-photons
il PrTHnam o - LO fragmentation contribution
s 8 | - Resummed initial state gluon
M, (GeV/c?) radiation (important for gT)
» PYTHIA (increased by factor 2)
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éﬁﬁ Di-Photon Cross Section

L T e Additional measurement for
_ 1“ N Ap (gamma-gamma) < n/2
S f r FesBos CTEQSM g =iy = T, (open markers)
2 | — compared to DIPHOX
10—
g e NLO fragmentation contribution
. I - only in DIPHOX

—> at high T, low A¢, low mass

e P = LA =TT R = ] | R L
® COF Aun Il Data (207 pb") / -

— DIPHOX CTEQSMpp =g = m, /2 A
ResBos CTEQSM b, = ;7 s ]

e Resummed initial-state gluon radiation
— only in ResBos - at low qT

g L lomenees i
g ?}W e ¥ A Important:
§ == [ 3 I Combined Calculation with
¥ ——F— NLO Fragmentation

. g ol & Initial State Resummation




I
DES
®

]

PDFs
New Physics?
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Biggest Misconception:

“A Jet Represents a Parton
from the LO 2-> n Process.”

“The Jet Algorithm should find
this Parton with high Efficiency.”

Nonsense!
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Parton-, Hadron-, Detector- “Jets”

e Use Jet Definition to relate Observables
defined on Partons, Particles, Detector

e Direct Observation:

calorimeter jet

...................................... Energy Deposits / Tracks
j — |* Stable Particles (=True Observable)
3 ______________________ muas o » ldealized: Parton-Jets
5 no Observable (color confinement)
= 15 4 | But only Quantity that can
E | be predicted in pQCD
o
)  -<{EE——
P | \ P - Jet Algorithm:

q required to be IR- / Collinear Safe | 23




Inclusive Jet Cross Section

< 10
> . .y :
5 . inclusive jet cross section « Theory @NLO is reliable (£10%)
& | af \ onedeonim Rene=0s > Sensitivity to PDFs
~ 10 2 (central region) _ .
%ﬁ' . - Unique: High-x Gluon
5 " af e Run II: Increased x5 at pT=600GeV
U - Sensitive to New Physics:
T 10 ¢ :
s Compositeness, LED, ...(?)...
10 f_ \
6f 1
10 Eg— 5 i subprocesses for central
" aF === sqni(s) = 1800 GeV *s ) —E 0.8 B inclusive jet cross section
T e osf @
200 400 8 il
pr (GeV) g o aq
D@ - midpoint cone algorithm E 0 - I

200 400 600 800
transverse jet momentum (GeV)

CDF - Run I cone algorithm
- modified midpoint cone algorithm
- kT algorithm 24




From Particle to Parton Level

e Measurement: pp-bar - Jet Cross Section (on “Particle-Level”)
Corrected for Experimental Effects (Efficiencies, Resolution, ...)

n 1.5-
Use Models to StUdy Effects _E ] 45 Parton to Hadron Level Corrections
. o UF
of Non-Perturbative Processes § S+ KB 00000 s Unidirlyingevert
(PYTHIA, HERWIG) °FfF B HiEarniz=tlon
T Uncertainty
1.1f—
Here (CDF Study): B e
e Hadronization Correction pob e
. . = CDF Run Il Prelimi
 Underlying Event Correction aE Hr IR
for central Jet Cross Section SBT3 Y
0 100 200 300 400 500 600
Py (GeV/c)

At pT>150GeV: Non-Perturbative Effects are below 10%
—> Apply this Correction to the pQCD Calculation AH

New in Run Il 1!
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Inclusive Jets

Cone and KT Algorithms

In 2005: published both central cone and KT jets with 400pb-1
Here: new preliminary results with full rapidity coverage for 1fb-1

CDF Run II Preliminary

! »--.'1015 [ —10"0 ¢ —
Q 1013 - Data corrected to the hadron level E = Ky D_Og t
Q0 — — _ p ata
c % 10 \: Systematic uncertainty % 107 = ey J. L=0.98 fb Systematic uncertainties
G107 () = —~— NLO: JETRAD CTEQ6.1M
LI~ , . NLO: EKS CTEQ 6.1M p=Pfo2, R,,=13 E 10 = . corrected to hadron level
— "= = = 4 =p.=maxpE/2=
=100 . Midpoint R =0.7,f _ -0.75 c R VU b T
cone -
(o) % [ - P * 'merge (= o P PDF uncertainties
o 4 I - i e
10 B - e -1 w 10 — H_"t_*"- =Ll
o % — -~ —-— L=1.04 b -Ji o “hmm waﬂr__i &%’:ﬂ::::n
- - L L] e - —
10 - . - = T a2l P N Iv"=71<0.1 (< 10
= - -— - 10 — ‘!1. Py —— Y
- T T o C . s e
102F - |¥]<0.1 (x10%) = il ey o "
L e, - %‘\ 50 b 'L‘h?,i._... 'T9=|3
s - —— ——————— 107 = - S 0.1<y™"|<0.7 (x 10°)
10°F =, e —— 0.1<|Y|<0.7 (x10%) "‘6 — -L‘*i., e
[ ™ —— — = o \'?—“'5'\ JET
10%F . - 0.7<|V]<1.1 108 N fen07<yI1
— e —a— — e ==
1E == 1.1<]Y|<1.6 (x10%) 10" — %ﬁ% 1.1<]y" [<1.6 (x 109)
10 - = .
- ™ . CDF Run II Preliminary = Pt
10-14 __1 T R 161<||Y||<21-l (xl-l? |) ] po e b b 10'14 i 1_G<|y"Er|<2_1 (x 10_8]
0 100 200 300 400 500 GJ[I]E-? 700 G v b bvvn e b Lo b o Lo
PYET (GeVic) 0 100 200 300 400 500 600 700

py ' [GeVic]

Midpoint Searchcone Algorithm KT Algorithm 26




Data / Theory Data / Theory

Data / Theory

CDF Run II Preliminary

Inclusive Jets

Cone and KT Algorithms

jL=1 .04 10"

0.1<|Y|<0.7

= —
-
F =

F - -

1.1<|Y|<1.6

_+_

——

0.5FE

1 E_-E!'“-n-

1

S

0

100 200 300 400 500 600 700
Py (GeVic)

00 200 300 400 500 600 700
P (GeVic)
Data (parton level) / NLO pQCD

[ Systematic uncertainty
I Systematic uncertainty including

hadronization and UE
Midpoint R =0.7, fmerge=0.75
. JET
NLO pQCD: EKS CTEQ 6.1M |,;=PT 2, RSED=1.3

Midpoint Searchcone Algorithm

Ratlo to CTEQS.1M Ratlo to CTEQE. 1M

Ratlo to CTEQE.1M

0.1<|y'™|<0.7

K, D=07
-

|
20

1
50 L 1ETGeic]

KT Algorithm

| L
4qa £4a #EI'[C*\”C]

CDF Run Il Preliminary

Data {L=098f5"}
Systernatic uncertzinties
PDF uncertainties

H=2xpy=maxps

- MRST2004

Data are well-described by NLO pQCD

(only shown for KT Algorithm)

Experimental Uncertainties: Smaller than PDF Uncertainties!!
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Inclusive Jet Cross Section

D@ preliminary (800pb-1)

ﬁ e S LO CTEQ6.1M R
H H ™ T T 6.1 cong = 9.7
“5 105 Dg Run II prellmlnarv E L Hi—_u_irc:n.z:ilri-:.\r- :.'-l:l:lfrl'-_“LIII:.'Ill-'\. applied
g g 2-_ with threshold corrections
4 < . - PDF uncenainty
g 1 D e I}‘rj{a'll 0.4 (X-l U} .E [ =r=r= without threahald carrections
0 L I_'.Ilala.a:'_:;:;aé_l Ii.rmHmr It.-r:.j-i'.il*ﬂﬁ- f e
& '1 US O ﬂ'q- < |y]E‘[I = 0'8 15__ ;G}r;:mn'.:n I:Il:nl;:'-;:l:;l‘3:-;|1|'|:3I~:i.;:rr::|ll:I:.'
2 v ' =eon B
2 R P [ .
107 E 1 petiesemstates 5 e ——
a o -
B 10F \5=1.96Tev "
@) = S=1. e 0.5 DE Run Il preliminary
o E I
= — L~0.8 fo! - Iyl <04 L~0.8fbo'
= ||-||J:;|-|||-||||||||||'|||||--|
e L Reone = 0.7 % 100 200 300 400 500 ﬁgnw??ﬂ
: NLO pQCD i il
= p f 2.5
10-2 e plus threshold corrections (2-loop) E‘ NLO p_ _=p, CTEQE.IM R, =07
E Hadrﬂnizﬂtiﬂﬂ Eorremions applled E r Hadronization corrections applied
-3 — o with threshold corrections
1 0 E_ _ - m - PDOF uncerainty
- CTEQ6‘1 M “"R n “‘F . p-l- -E [ | = without threshald corrections
A L Data scaled to theory for CTEGS, 1M T
1 D Ei T A W 1 1 1 1.5l atp=100Gevicatjy_|<0.4 o
50 1 00 200 300 =1 o removs luminosity ||r:~r.r.~rr::||:1i.'_ i

p_(GeV/c) e —

Compare to NLO pQCD + 2-loop E T

0.5 DS Run Il pml!m]nar%r }

Threshold Corrections (Kidonakis, Owens) | e i T
g = Ii‘-’ll.{ I. — 4

— th""' A, e AL T | [0 R AT 1 O OO 0 O Ll [ A 3
- Sensitive to PDFs!! R A eV




D@ inclusive jet production
in proton-antiproton collisions
10 | Vs =630 GeV
[ ¢ 0.0<y<05 ; (x 8)
- Phys. Rev. D64 (2001) 032003
a i ys. Rev ( )
S \s = 1800 GeV
e i * 0.0<|y|<0.5 (x3)
g A 05<lyl<1.0
o] Phys. Rev. Lett. 86 (2001) 1707
fd
S Vs = 1960 GeV i )
T F °* 00<ly|<0.4 1
H 0_'4 < |Y| <0.8 1 scaled to theory at A
Run Il preliminary with L = 0.8 fb p; =100 GeVic 1
B | and |y| <04
- all pQCD calculations by fastNLO:
o,(M,)=0.118 | CTEQ6.1MPDFs | u=u=p;
NLO plus threshold corrections (2-loop) and non-perturbative corrections
] | ] ] ] ] ] ] ] | ] ] ] ] Ll |
2 3
10 10 10

pr (GeVic)

Good agreement of theory and data over large pT range 20-700 GeV
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Vector Boson + Jets

]

Fixed-order: NLO
NLO + Parton Shower
Matched Tree-Level + PS
(CKKW/MLM)
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W+nJets & 10  W+2 Jets

CDF preliminary (320pb-1)

Cross Section for Restricted W Phase Space (W-sev) + > 2]ets ‘CDF Run I Preliminary

=1 E71 T [ T =
. o F - E
- Avoid Model-Dependent Acceptance Corr. 3 | o + gi’,'::ﬂa;?mf[g;; e ]
g r - e .,-'czfl; E= 7
o i 107 Wtqg Jets: rm|u2:§im|di;:§[igea\q |
{w_}ei\‘.’) + 2 n lets CDFRunll PI'E'IITIII'IEI'}F ;:._ = HE hadron level; no UE correction 3
; 75 L Y I O [ I L L L L ) B LI L B OO T C == '—%—'LOA'pgen.‘_PYTHLA T
(3 = + 4 3 5 - =2 Totals normalized to Data —
S 1o Lret CDF Data _[dL: R»opb™ 7 - C 2 .
i— = zndletmw Wkin: ES =20[GeV]; |n|<1.1 3 107 = == =
m ; E 5 B e MY = 20[GeV/c]; E) = 30[GeV] = == =
o ST " - —-= - ]
= = 3%jet ", " he Jets:  JetClu R=0.4; f|<2.0 5 :F
-8 E ] l'l- ..u — hadron lewel; no UE correction E B 7]
R e ~}- LO Alpgen + PYTHIA - 10° - E
= & ml:ﬁ:l == Total o normalized to Data = c | | | | i | ]
1o i - ° ® zgfjet Invariant Mass M(jet_jet,) [GeVic]
103 —— . (W—ev)+=>2jets CDF Run Il Prelimina
I w S L = e S R =
i € as-  CDFData jdL = 320 pb” 4
10 & Wkin:  ES>20[GeV]; if|< 1.1 ]
£ L MY = 20[GeVic’]; Ej = 30[GeV] T
5 ﬁ C Jets:  JetClu R=0.4; m|¢z_u;E!r°‘a1_5[Gav] ]
10 1 I 1 11 1 I 1 1 11 I 1 1 11 I 11 1 1 I 11 1 1 I 1 11 1 I 1 11 1 I 1 -8 2.5 :_ + Lo Alpgl;:jrznplovv:l;}:UE oresten + _:
o] 50 100 150 200 250 300 350 E Total ¢ normalized to Data E
Jet Transverse Energy [GeV] 2:— e 3
150 g . i:i:‘P i -
- = -
o o - E = =
Shape-Comparison with LO Alpgen+PYTHIA: | 1= Huy +7F 5 =
C == ]
05— —]
Reasonable Agreement! =
(Z)II 0.5 1 1.5 2 II2.5I -131-15.511114"—-414.51-

Di-jet A R(jetjet,)



Z+n Jets

DO preliminary (340pb-1)

e Smaller Cross Section than (W+Jets) but cleaner exp. Sighature

Ratios to total inclusive Z->ee

kY v | E } 1“‘3 E - =
SN e D@ Run Il Preliminary _ 2 FE o D@ Run Il Preliminary
= E Zly (— e'e’) +2n jets, 343 pb e [ % Z/y" (— e*e’) + = n jets, 343 pb™”
b 1']-1% .....Q......: Jets: pr> 20 Gevi |'_|'|| <25 ..E 10% - i‘“ Jets: pT = 20 Ge".r', |T|| =25
s F : axsstffpreson 2 E © " + Data (errors: stat)
+ 107k : w B o . veeeaes ALPGEN+PYTHIA MC
- e b W ‘*.{* o (CTEQ5L) (normalized)
B0 i ? Y _t?_ '_*_
10" e Data (errors: stat + sys) : [ L T‘ i
¢ MCFM (CTEQ6EM) .,l “ R
10° & ....... ME-PS (CTEQ6L) (normalized at n=1) ‘{ f
A | 1 A A | 1 | i A | i A i A A A 1 A A L A A -1 A i i A I i 'l i 'l 1 1 'l i i i i i i i A i
0 i 2 3 i 5 Wy 50 100 150 500 250 oo
Multiplicity (=n jets) Jet p; (GeV)

Data are described by:

MCFM: NLO for Z+jet, Z+2-jet
Madgraph: ME+PS (Z+ <= 3 parton) tree-level + PYTHIA parton shower
ALPGEN (pT Dependence)
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Nr. of Events

Data / PYTHIA

10
10°

10°
10
1

b - -

D.2*

PYTHIA does not describe
Higher Jet Multiplicities

data wislat arror

- DO Runll Preliminary| = datawistat & sys eeror

[ Pyihia range stat
[ Pythia range stat & sys
ﬁ' I ;
] 1

0 1 2 3 3 5 6
Jet Multiplicity

+

5 6
Jet Multiplicity

o
.
k-
o
, =

Nr. of Events

Data / SHERPA

10

DO preliminary (950pb-1)
Comparison on Detector-Level: Data vs. PYTHIA and SHERPA

SHERPA is pretty good!

ity va'slat ernoe

H - B dala wistal & sys error
"_[ DO Runll Preliminary | =, 500 o
Sharpa range stat & sys
| sherpe renge stat 3 5

—— 3 2
Jet Multiplicity

Jet Muitiplicity
33



Nr. of Events

Data / PYTHIA

=i M Lo

0.2

PYTHIA does not describe
Leading Jet pT Spectrum

data wistatl emor

A DO Runll Preliminary

B Fythia range stat

®  data wistal & sys eror

[ Pythia range stat & sys

P, 1 jet [GeV]
]
: 14
—;1+* P ' 1
:ﬂlﬂd_|FLu_IJ.l—|11|r.uu—dn—1Jﬂu—rthm"lﬂal—me b
50 100 150 200 250 300 350

P, T jet [GeV]

DO preliminary (950pb-1)
Comparison on Detector-Level: Data vs. PYTHIA and SHERPA

SHERPA is pretty good!

daka w'stat emror

Nr. of Events
=)
l'n'nq':}rr
.|

L] dake w'slet & EYE &rmor

I Sherpa range stal
[ Sherpa range stal & sys

DO Runll Preliminary

300 350
p T jet[GeV]

- P
T T

Data / SHERPA

0.2

300 350
p, T jet [GeV]

J=T

200 250



Heavy Flavor Jets

]

Heavy Flavor PDFs
Fixed-Order: NLO
LO + Parton Shower




\uﬁ Inclusive b-Jet Cross Section

CDF preliminary (300pb-1)

(nb/[GeV/c])

y
c|

Reconstruct Secondary
Vertex from B Hadron

Dominant Syst. Uncertainties
- Jet Energy Calibration
- Purity of Tagged B-Jet

T

d2c/dYdP

-‘g CDF Runil Preliminary ~—®— Data

' 'p‘a l:l Systermatic errors

—sm— NLO prediction CTEQEM
corrected at hadron level
HE=Hp=! P12-+m§.f2

----- NLO uncertainties

i
ierge b )

(scale included py /4 < p<py)

MidPoint jets, Rygne=0.7, f0ge=0.75 ===¥==1
Js=1.96 TeV,J L ~ 300 pb’
[Y|<0.7
1111 I ) | I L1 11 I L1 11 I 111 1 I | I T I | I T I 1111 I L L1
50 100 150 200 250 300 350 400
P; jet [GeV/c]

e Agreement of Data / NLO Theory
Within Uncertainties
e Huge Scale Dependence @NLO
CDF Runll Preliminary
5
:§. - —M— Data/NLO prediction (CTEQEM) MidPoint jets. Tmnazo'?‘fmargszo'?s
L a5 E-198Tev.| L~300pL"
E E corrected at hadron level I¥]<07
s -
§ ‘E e
..z_, 35 E— \:l Systematic errors
§ 3§ ===- NLO uncertainties
- (scale p, (lower) andp, / 4 (upper))
25 —
2 :
- s el e - —
e ﬂ*ﬂH e S
I AR LT o el I
R SN i i wwlirwral B D
50 100 150 200 300 350

P, jet [GeVi/c]



éﬁ INnclusive b-Jet Cross Section

CDF preliminary (300pb-1)

Comparison with PYTHIA and HERWIG
e Both low (Factor 1.5-2)

e PYTHIA: pT dependent

e HERWIG: more flat

CDF Runll Preliminary CDF Runli Prelimirary

3 o o g F
E B MidPoint jets, Ryne=0.7. frgrge=0.75 E - MidPoint jets, A, 07,1, =075
Q9  C JL~ acopb’ % 6— _[L~ano ot
€ 5 = -
@ C [¥]<D 7 i C [¥]<0.7
5 F s 5
- - (] -
m 41— n —— Data/Merwig (CTEQSL)
= - —8— Date/Pythis Tune A {GTEQSLY C

— 4 [ -
D-S.; : l:l Tetal Systematic Uncert — | — I:\ Total Systemnatic Uncert R
o 3 ||

: : . C || [ . 3

2— 3 + o + ——

=R 0 2t ihde.4 ‘ 2 .:'ﬁ@.ﬂﬂmw

— B : 1 __ o B i

[ 1 1 | Il 1 1 1 | 1 1 1 1 ‘ Il Il Il Il I 1 1 1 1 | 1 1 Il 1 | 1 1 1 1 | 1 1 Il 1 I 1 1 1 C 1 1 1 | Il 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 I 1 1 1 Il ‘ Il 1 1 1 | 1 1 1 Il | 1 1 1 1 I 1 1 Il

50 100 150 200 280 300 350 400 50 100 150 200 250 300 350 400
Pt jets [GeVic] P1 jets [GeVic]
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Cross Section Ratio (Z+b-jet)/(Z+jet)

Entries / 10 GeV/c

15

10-

(a) DO
i « Data
- — Expectation
1 B Charm+Mistag
OBkgd
50 100 150
p; (GeVic)

DO (180pb-1), Phys. Rev Lett. 94, 161801 (2005)

pT-jet>20GeV, |eta-jet]|<2.5

o n
- 1 (b) DO
@ 20l  Data
= | ' — Expectation
T @ Charm
W 15- 0 Bkgd+Mistag

10+

5F i

L Ll _
50 0. 50 100
LKY/GX'F

Ratio = 0.023+0.004(stat) +0.002/-0.003(syst)
NLO (MCFM) = 0.018+0.004 (CTEQ6.1M)
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CDF (335pb-1), submitted to PRD, hep-ex/0605099
Z+Db-jet production: pT-jet>20GeV, |eta-jet|<1.5

e Data e Data

Z%+ b jet. CDF RUN Il Preliminary o oeMe Z%+ b jet. CDF RUN Il Preliminary o oeMe
% 30— Tagged Jets b % 40:_Fit of Mass at Secondary Verte .o
°F s=1.96 TeV, L ~ 335 pb' - 35f—‘5=1-95 TeV, L ~ 335 pb’ Nyata=101
25— — Ef'>20 GeV - EX'>20 GeV
- <15 30 1ti<1.5
200 26—
- - 200
15 -
- 15
10— -
C 10—
5 | 50
: o o] |
DD 10 20 30 40 50 SD ?D BD - gD 100 5I -‘I4IIII-3 II-2II -1 D 1 III2IIII3IIII4IIII5
EF'/ Gev Mg,, / Gevic’
sigma = 0.96+0.32(stat)*+0.14(syst) pb NLO: 0.48pb

ratio over (Z+jet) = 0.0237+0.0078(stat) £0.0033(syst) NLO: 0.018%0.004
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Jets beyond 222

Internal Jet Structure

i

Dijet Azimuthal Decorrelation

Underlying Event
Parton Shower
Matched Predictions
3-Jet NLO
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Integrated Jet Shape:
Fractional pT in Subcone vs.(r/R)

Sensitive to Soft and
Hard Radiation — and UE

Well-Described by (tuned) MCs

@ DATA

— PYTHIA Tune A -- PYTHIA
-- HERWIC ... PYTHIA (no MPI) Q.1 < IY® 1< 0.7
i |
> 148 GeV/c | { PM> 166Gev/c | ¢ P> 186 Gev/c
P™ < 166 GeV/c E P < 186 GeV/c P < 208 GeV/c
P/ > 208 GeV/c | P > 229 CeV/c P™ > 250 GeV/c
P < 229GeV/c | P < 250 CevV/c P < 277 GeV/c
P > 277 GeV/c P® > 304 GeV/c (f:;;
< 304 Gev/c L ™ < 340 GeV/c ™ < 380 GeV/c
NI T T T ' N T Y S B I | N T T T T S Y T S I
0 0.5 10 0.5 10 0.5 1
r/R r/R r/R
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é&h 9 Internal Jet Structure

At fixed r=0.3 (38<pT<400GeV)

Study pT Dependence of predicted
Psi(r/R) for Quark- & Gluon-Jets
—> Significant Difference

Quark- & Gluon-Jet Mixture in
PYTHIA gives Perfect Description
of Data

73% gluon

Midpoint Algorithm (R=0.7)

@ DATA

{ — PYTHIA Tune A

--- gluon=jet
quork—jet

0.1 <I1Y" <0.7

BOR guork

s0 100 150 200 250 300 350

P (GeV/c)
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Dijet Azimuthal Decorrelation

. . : g 107
Idea: Dijet Azimuthal Angle is " f DO
.. . § [ ® pma* . 180 GeV (x8000) -~
Sensitive to Soft & Hard Emissions: ~ 10°F o 120 <pI < 180 Gev (x400) _._,,-"
) =) - W 100 < p < 130 GeV (x20) o*
e Test Parton-Shower L o 7s<pmcingey o
e Test 3-Jet NLO g f .
gt T et
— 10°F —+ o =
E : -Dooﬂ -I-.:..
10 ; o -
- — _.-I-_.:.- o
s = 2
e oo
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el —a—
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Dijet Azimuthal Decorrelation

Compare with theory:
e LO has Limitation >2pi/3
& Divergence towards pi

°F DY
J @ Pr > 180 GeV (x8000)

10 E 0 130 <pT*< 180 GeV (<400)
C W 100 <pT® < 130 GeV (x20)
| O 75<pf™ <100 GeV

”Gdi}et dﬁdijet /dAg dijet

_2 — Lo
10 " NLOJET++ (CTEQ8.1M)
af W =p=05p7
1D 1 1 1 | 1 1 1 | L 1
/2 2n/3 5n/6 T

AP e (rad)
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Dijet Azimuthal Decorrelation

Compare with theory: ?1% 0t po
e LO has Limitation >2pi/3 S 4 PIY > 180GeV (x8000)
- . HHE s © 130 < p7™ < 180 GeV (x400) N
& Divergence towards pi G W 100<pP<130 GeV (x20) .
) . T 403U 75 < pT*< 100 GeV
e NLO is very good — down to pi/2 5 f
. B -
& better towards pi = 107 -
... still: resummation needed i
= C T 10 E
8 LL DO g o
g 2f
o B +=Fmﬁa-w 1
E C . . | . . p-';-"al” > 1|80 ge\.-’l .
g e | e .
L 10 — NLO
e . ---- LO
> % 10 /' NLOJET++ (CTEQBAM)
B asdazase 5 B, =H=05pP
| 100<pf*<130 GeV 10 ! | | | . . . | L ! !
NLOJET++ (CTEQE 1M} /2 2m/3 5n/6 T
2
Bl et tieen. AQ et (rad)
75 < pf™=< 1|CIO ge\.’l .
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Dijet Azimuthal Decorrelation

Compare with theory:
e LO has Limitation >2pi/3
& Divergence towards pi
e NLO is very good — down to pi/2
& better towards pi
... still: resummation needed
e HERWIG is perfect “out-the-box”
e PYTHIA is too low in tail ...

Y DO

J @ Pr > 180 GeV (x8000)
10 E 0 130 <pT*< 180 GeV (<400)
[ W 100 < pT® < 130 GeV (x20)

”Gdi}et dﬁdijet /dAg dijet

| g (CTESL)
/2 2m/3 5m/6 T
AP e (rad)
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Dijet Azimuthal Decorrelation

Compare with theory: ?1% °F D@
e LO has Limitation >2pi/3 c oot }pﬂ’ ey g:gf’izﬁm
, : 3 : sPr o=
& Divergence towards pi & ™ 100<py®<130 GeV (x20)
. ] -U 3_
e NLO is very good — down to pi/2 .
& better towards pi = 107
... still: resummation needed
. 10
e HERWIG is perfect “out-the-box” g
e PYTHIA is too low in talil ... 1 E
... but it can be tuned m-[
(“tune A” is too high!) - — HERWIG 505
i --=- PYTHIA 6.225
g [ ] PYTHIA
i o increased | SR
_aF - (CTEQSL)
10 B —
m/2 2m/3 5m/6 T
AP e (rad)
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Dijet Azimuthal Decorrelation

Compare with theory:

LO has Limitation >2pi/3
& Divergence towards pi
NLO is very good — down to pi/2
& better towards pi
... still: resummation needed
HERWIG is perfect “out-the-box”
PYTHIA is too low in tail ...
... but it can be tuned
(“tune A” is too high!)
SHERPA is great
ALPGEN looks good — but low
efficiency - large stat. fluctuations

43 ® pm™* s 180 GeV (x8000)
= 0 130 < pl'® < 180 GeV (x400)
[ W 100 < pI"™ < 130 GeV (x20

------
£

ALPGEN

/2 2m/3 5m/6

T

A ey (rad)
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Summary

This Presentation: Broad Spectrum of Processes

Tevatron is more than “the Place to Develop Tools for the LHC”

Jets, Photons, W-Asymmetry, Vector-Boson + Jets,
Heavy-Flavor Jets, Jet Production at higher Orders

“Bread-and-Butter Physics”:

Precision Measurements of Fundamental Observables @2TeV

Successfully Testing various Approximations of QCD

Significant Impact in Constraining Proton PDFs

Run I1b has just started!!
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