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Comment

These slides have all experimental figures and also the structure,
but some elements are still missing.

For the final talk I will add the journal references and
the integrated luminosities for all results



EE Fermilab Tevatron - Run Il

A36x36 bunches

Abunch crossing 396ns
| ARun Il started in March 2001
APeak Luminosity:3.5E32 cm? sec!
ARun Il delivered: ~7 fb -1

Collider Run Il Integrated Luminosity

pp at 1.96 TeV
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presented results 0.3-2.5 fb-1




Run |l Detectors

m Solenoid Coil

m EM calorimeter

m Hadronic
calorimeter

m Steel shielding

m—_Shiciding '=1_=%._.if ]

Avertexing

Aprecision tracking
Acalorimetry

Amuon system
A(hermetic A missing ET)

Multi-purpose Detectors
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Hadron -Hadron Collisions

partons inside the hadrons:
parton density functions (PDFs)

/ \

proton C : anti-proton

two high-energetic hadrons



Hadron -Hadron Collisions

outgoing parton(s)

h' h inclusive jets (py, 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, v, Z°, Wi)



Hadron -Hadron Collisions

outgoing parton(s)

soft radiation

final-state radiation — ¢
internal jet structure >

proton @ . . a anti-proton

\\

initial-state radiation
di-photon g

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

outgoing parton(s)

hard radiation
Y + n-jet
(Z°, W) + n-jet
multi-jet production

proton @ '.1 0 ¢ » ¢ anti-proton
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outgoing parton(s)



Hadron -Hadron Collisions

outgoing parton(s)
' @

hadronization,
fragmentation

fragmentation functions
hadronization corrections

proton @ \ 9 o 'a anti-proton
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outgoing parton(s)



Hadron -Hadron Collisions

outgoing parton(s)
' @

multi-parton interactions
underlying event

anti-proton
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outgoing parton(s)



Hadron -Hadron Collisions

hadron-hadron
physics

_ )
outgoing parton(s)

outgoing parton(s)
' @

anti-proton

ISR/FSR
hadronization / fragmentation
underlying event

hard process (2 or more partons)

Wi



Hard QCD Processes

CTE@.1 gluon uncertainty

2A 2 processes N
high pT A hard partonic scattering S =
kinematic plane — \{{-\.:
NE 10 55 E :;US Bl R PR R R
”; : CDE/DO Inchisive jets <0.7 ) ..
TR R —— sensitive:
03 commwencons A strong coupling constant

E665,SLAC

A protonds parton cont e
A unigue sensitivity to high-x gluon

A dynamics of interaction
-vali dity of approxi|n
- QCD vs. new physical phenomena

10 |

10°® 107 1wt 1w 1w? 1wt 1

A unique pT reach at Tevatron 12




Physics Objects

Jets

(all flavors)

Heavy Flavor
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Physics Objects

Jets photons

(all flavors)

W/Z bosons Heavy Flavor
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Physics Objects

A

Jets Photons

(all flavors)

Underlying Event / Multi Parton Interactions 15



A Jet Production

A Photon Production (+ Jet)
A Vector Boson + Jets

A Double Parton Interaction
A Underlying Event
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& DO

|

SM production well -understood
A use data for SM and NP phenomenology

QCD vs. New Physics? - PDFs - (g
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Jet Production

largest high pT cross section
at a hadron collider

_ »Unique sensitivity to new physics:
A unique energy reach

new particles decaying to jets,
guark compositeness,
extra dimensions,
-e(?) é
1D.D5l _ IDI.1 EIJI.E | 0.4 IXT

inclusive jets: Tevatron Run Il
ly|<0.4

qq — jets |

In the absence of new physics:

0.6 |-

theory @NLO is reliable ( 10%)

A Precision phenomenology
- sensitivity to PDFsA high-x gluon
- sensitive to

0.4 F gq — jets

02 :
- gg — jets
Lo |

fractional contributions

50 100 200 400
pr (GeV) 18



13 [ < 4n7
Lo 107 —— CDF data (1.13 fb™) E 106 DO Run i : gﬁjg?’:)(xm)
L0 100 . . Q10 . .
c % 10 = [ ] Systematic uncertainty ﬁ e = 0.8<|y|<1.2 (x8)
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108 e T 07<yiia 10 Reone = 0.7
= - — 1075 — NLO pQCD
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benefit from: steeply falling pT spectrum:
Ahigh luminosity in Run II 1% error in jet energy calibration
Aincreased Run Il cm energy A high pT A 50 10% (100 25%)
Ahard work on jet energy calibration central (forward) x -section




A High precision results : BB Runll - Rege=0F 1
_ 1.5 L=0.701fb" =
A Consistency between CDF/DO e -~ " | 4
A well-described by NLOpQCD ; s et F
A experimental uncertainties: S0.5¢ o E
smaller than PDF uncertainties!! il S SN
A sensitive to distinguish between PDFs % 33233 NLO scale uncertainty :
. . @100 : ¢
data are used in PDF fits: : _ g i ™ :
- -SSR RESST :
A Included in MSTW2008 PDFs 14 Sy :
L ¢ o
A Soon: 0'5:_12<|y <1.6 ;
in forthcoming CTEQ results 0. 0SS RTRRESRY .
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central dijet production |y|<1

A
A

CDF Run II Preliminary

test pQCD predictions =10
sensitive to new particles decaying E
into dijets: e x ci t ed quark¥f,
Randall Sundrum gravitons, color- =" F

octet, techni-rho, axigluons, colorons g b

102
1072

10*

10° )

Expectations

%... ...................... RTTTIoN E Red quark
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from NLD pQCD

800

1000

1 200
[Gewc’]
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central dijet production
A test pQCD predictions
A sensitive to new particles decaying

ly|<1l

Intodijets: exci t ed
Randall Sundrum gravitons, color-

octet techni-rho, axigluons, colorons

> 3
. jet1.2 .

3 Midpoint, R=0.7, |y “|<1,L,, = 1.13 fb”
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A data with Mjj > 1.2TeV!
A all described by NLO pQCD

no indications for resonances

A set limits on new particles
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In six |y| -max regions S 1011?_ figggéﬁgi
E =12 < < 1.6 (X
O<|y| -max<2.4 Id_J 105 -I-0.8<|§\::«12(x102]
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. E corrections
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In six |y| -max regions
O<|y| -max<2.4

Extend QCD test to forward region

A data with Mjj > 1.2TeV!
A described by NLO pQCD

Ano indications for resonances

A PDF sensitivity at large |y|-max
ACTEQ6.6 prediction too high

AMSTW2008 consistent w/ data
(but correlation of experimental
and PDF uncertainties!)

[D@ Preliminary

04k | =07 b
L Reope = 0.7

! Mg =Hg =P =P+ P )2

1.6}
1.2<ly _|<1.6
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Dijet Angular Distribution

variable:

5 0.14 :— —— Rutherford Scattering Xdijet = exp(|y1 - yQ')
% 012 I -=== QCD at LO, related to CM scattering angle
= B New Physics | tcos 0
2 0 Xdijet = T—cos 6"
0.08 [ % ™. .
RS PP L A flat for Rutherford scattering
0.06 :_I | L1 1 | L1 | | L1 1 | L1 | | | | | 1 | | L1 1 | A Slightly Shaped in QCD

2 4 6 8 10 12 14 16 | A new physics, like
Yaior = EXP(Y,=Y,)) - quark compositeness
J - ADD large extra dimensions
- TeV-1 extra dimensions
A enhancements at low
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- Dijet Angular Distribution

1 do

A normalized distribution

o dXdijet

A reduced experimental
and theoretical uncertainties

Measurement for dijet masses
from 0.25 TeV to >1.1 TeV

1/6ijer AS/ A g1

-+
0.2|5 < ijfT‘eV <03 |

—— DZ 071"
—— Standard Model

=== Quark Compositeness
A=22TeV (n=+1)

T ADD LED (GRW)
R M, = 1.4 TeV
i --- TeV'ED

D|.3 < ij/TFV <04 I MC =1.3TeV
L "
W W—
— -+

04<M/TeV <05 |

0|.5 < ij/TleV < 0.6 I

QG<M{@V<O7|§

- - - =4 : y

q8<MM@V<a9|§

= em o o e

%T0<MM@V<1JI:

= 10 15

5] 10 15
xdijet = exp(|y1 'y2|)



Dijet Angular Distribution

1 do

A normalized distribution —
o dXdijet

A reduced experimental
and theoretical uncertainties

Measurement for dijet masses
from 0.25 TeV to > 1.1 TeV

First time:
Rutherford experiment above 1TeV

Use full shape information to set limits

1/6 51 AO/AY g4

o
o ©

IIII[IIIlI

&2

—— DJ 0.710"
—— Standard Model

- == Quark Compositeness
A=22TeV (n=+1)

------ ADD LED (GRW)
M, = 1.4 TeV

--=- TeV'ED

e el ke LN S TR B

_+1_0<M/TeV<1‘I

1 1 1 1 I I 1 1 | |

M/TeV>11

| | | I 1 1 1 I | 1 l ] 1

57 10 15
%d”et exp(|y1 y2|)



@N Dijet Angular Distribution
\i{} New Physics Limits

At highest possible energy:
A Probing quark substructure

A Sensitive to Extra Spatial Dimensions
- virtual exchange of KK excitation of graviton (ADD LED)

- virtual KK excitation of gluon (TeV-1 ED)

CDF: DO:

From detector-level comparison of Use full Xgijet Shape

data and PYTHIA: StUdy ratio of corrected data
R = N( %dijet: 15)/N(%dijet' 15)
for 550 < Mjj < 950 GeV Bayesian and Ay°methods 95%CL
A From pseudo experiments:

Feldman Cousins limits95%CL A Quark compositenessg > 2.9TeV

A ADD LED (GRW) Ms>1.6 TeV

Quark compositenessQ > 2.4 TeV A TeV-1ED Mc> 1.6 TeV

all: most stringent limits!




Strong Coupling Constant

inclusive jet cross section is sensitive to as(My) (s

’Tpcrt(“sj — (Z “:“n> & fl{“aj & J'CE [./“5}

T

antiproton

29



Strong Coupling Constant

From 22 (out of 110) inclusive jet cross
section data points at 50< pT<145 GeV - o.(py) from inclusive jet cross section

) ) - in hadron-induced processes
A Exclude data points with 2,4 = 0.25 N

0.2 ) O H1
_ A ZEUS
. - -
- NLO + 2-loop threshold corrections = - * Do
s 015

- MSTW2008NNLO PDFs
- D@ preliminary

‘ ). 004 -
s (AIZ) — 01173i{%g€}j{1} 01 L B2 «,(M,)=0.1184+0.0007

- | (S. Bethke arXiv:0908.1135)

| 1 1 |
— 0.14 -
: o - A
- Extend results from HERA to highpT < 012 ——é—#ﬁLﬁ—ﬁﬂﬂW
= 0-1 __l 1 1 | | | | | 1 11
2
10 10
pr (GeV)
result uncertainty contributions
as(Mz) exp. uncorrel. exp. syst. non-pert. PDF scale pir

— +|u| 00T _|_|_| HIEES _|_ o.oo1mn _I_Iul T +|u| 02T 30
O.- ]. ]. [ 3 —0,0001 —0.0029

—0.0010 —0.0011 —0.0029




Strong Coupling Constant

From 22 (out of 110) inclusive jet cross
section data points at 50< pT<145 GeV

A Exclude data points with z,,,, = 0.25

- NLO + 2-loop threshold corrections

- MSTW2008NNLO PDFs &

oL (

f 5-+0.0041

- Extend results from HERA to highpT

0.2

0.1

| o(py) from inclusive jet cross section
in hadron-induced processes

DO preliminary

E o.(M,)=0.1184+0.0007
- (S. Bethke arXiv:0908.1135)

JII|.III|III|II.I|JII|II

0
Consistent with asymptotic freedom A 0 02 04 06 08 1
1/log(p/GeV)
result uncertainty contributions
Ck‘slf\ﬂ'fzjl exXp. uncorrel. exp. q:sﬁt IlOIl—]J'El‘t., P]:)F scale [ir. f a1
0.1173 Toonny +0.0034 +U.0010 +0.0012 00021
' —0.0001 —0.0029 —0.0010 —0.0011  —0.0029




& DO

|

test theory
fixed order: NLO (?)

Resummation
PDFs (?)

32



Direct Photon Production

direct photons come unaltered from the hard subprocess
A direct probe of the hard scattering dynamics

inclusive photon cross section D< |n|<0.9

1
D.2
D.8
0.7
0.6
0.5
0.4
0.2
0.2
0.1

8]

fractional contribution

partonic subprocesses

also fragmentation contributions:

qq %
(all quark/anti -quark g
subprocesses)
g 5 v

499 v'q
ag . . .
o suppress by isolation criterion

50 100 150 200 250 200

pr/ GeV A observable: isolated photons

Asensitivity to PDFs (gl uont!)
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CDF Run Il Preliminary

-
2

3 ey E DY
= 10_5 eﬂ& —=— NLO pQCD JETPHOX £ 1.4 __
= = - CTEQ6.1M / BFG I pe -
g 1 = *-9- M=ty =Hg =P7 ] L
P E —— - CTEQS.1M PDF uncertainties D1'2_ J...
§ 10 L = - scale dependence - L --------------------------------------------------
'8 ? =e=+ n=0.5p% and pu=2p} 5 = ﬂ Jr 4» }L
102 —e— R i i [ ]
g R
S, st ITTTT 1 |
«F n']<=1.0 and iso<2.0 GeV, R=0.4 " L _I_
31‘?.35" < e e e 0.6 - —®— ratio of data to theory
& 18F i CTEQ6.1M PDF uncertainty
§ 1.45T L e scale dependence )
S 120 | 0.4 (M=h =1, =0.5p, and 2p))
= 1 o5_'-:&;5;;5:—:‘*;":'5&331;_"““'="""*"'—-':':'-_'-'-'f:':'-_'-'-"- IR A A RPN BT AT AT ST AR
D:B %_'—"—"—'-' e e DI LTSI 0 50 100 150 200 250 300
0.6 | L
0 ion g hod ke g0 sge o P9 (GeV)
A CDF and DO measurements: 20<pT<400GeVA agreement
A data/theory: different shape at low pT
A experimental and theory uncertainties > PDF uncertainty
A no PDF sensitivity yet
A first: need to understand discrepancies in shape 34




|solated Photon + Jet

DG, arXiv: 0804.1107 [hep-exX]

Investigate source for disagreement SED@  i<osyiyts0 T T

) : il ] <1 k2 ]

A measure more differential: g1 ' > 15 Gov i H“ | ; ]
A tag photon and jet i ;H—*'}'_"+f_'+i.'|"?_fii.'?if;ﬁ_%féj%s + S—— U‘H'f b
A reconstruct full event kinematics  §osf ”H{HI }

A measure in 4 regions of y9/ yie :“ . L=1fb1 |
- photon: central L TP, R SN

- jet: central / forward e T j

_.
[+
|
|
T
4 5
-2
di

- same side / Opposite side ' e ,

e o H‘*‘T‘—-}lfriz [riTiTingmeocm. ]
1 H1 | = | }-L-l ...... }
i s A P —
0.85_ 1 ++*${{%J _-_ ........... | t I
discrepancies if data/theory el £ e seuneenany |
. 04r, ) I B e ratio of MRST04 to CTEQ6.5M 7
Afigure out whaft i SsocaldaSnSad |R-Q (@0 of Akin0z 0 CTECO SN
- 30 1|00 200 30 1(I)0

Ahigher orders?
Aresummation?
Aé ? 27

P9 (GeV)
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|Isolated Photon + HF Jet

Photon + (b/c) jet + X
Photon pT: 30-150 GeV

0.01<x<0.3 A b, c, gluon PDF
A test gluon splitting contribution

tag photon and jet
Rapidities:

A triple differential

D@ preliminary

| D@ RunII Preliminary ~ ® ¥"y'>0

e
S 10 g .
% E Li,=10fb - beLly:‘<0
_;ﬁ 1 3.0 -8 v :'_ Pjet
= E i - IyY <08
o - " 1 <10
B b jet
;g;r_10-1 - o pT' > 15 GeV
;
) -2
10 -y
[ CTEQ66M.p  =p! e
169 b NLopacD o
1 0_4 11 1 I 11 1 I 11 1 | 1 T | | L1 1 | 11 1 I 11 1 I 1
0 20 40 60 80 100 120 140
p, (GeV)
L=1fb1
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