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EE Fermilab Tevatron - Run II

|« 36x36 bunches

_ e bunch crossing 396ns

e Run II started in March 2001
e Peak Luminosity:

A i = 2.85E32 cm2 sec!
p|3 at 1.96 TeV e Run II delivered: >4.2 fb!
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Run II Detectors

Multi-Purpose Detectors:
e Tracking

e Calorimeter
== |« Muon System

® Solenoid Coil
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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 : 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
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outgoing parton(s)



Hadron-Hadron Collisions

outgoing parton(s)
' @

hadronization,
fragmentation

fragmentation functions
hadronization corrections

proton @ \ ' a anti-proton
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outgoing parton(s)
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Hadron-Hadron Collisions

outgoing parton(s)
' @

multi-parton interactions
underlying event

anti-proton
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outgoing parton(s)



Hadron-Hadron Collisions

outgoing parton(s)
' @

hadron-hadron
physics

anti-proton

i 14

*:
i".."
iy

hard process (2 or more partons)
ISR/FSR

hadronization / fragmentation

@ underlying event

outgoing parton(s)
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e Jet Production

e Jets beyond 2>2

e Photon Production
e Vectorboson + Jets
e Heavy Flavor Jets

e W-Asymmetry

Not shown:
« Diffractive Results
« Underlying Event Studies
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|

PDFs
QCD vs. "New Physics”?
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Parton-, Hadron-, Detector- “Jets”

parton jet

)

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

e Direct Observation:
Energy Deposits / Tracks

. |* Stable Particles (=True Observable)

e Jdealized: Parton-Jets

no Observable (color confinement)
only quantity to be predicted in pQCD

IR- and Collinear safe jet algorithms:
» TeV4LHC workshop

* Les Houches 2007 workshop
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From Particle to Parton Level

e Measure cross section for pp-bar - Jets
Corrected for Experimental Effects (Efficiencies, Resolution, ...)

Use Models to Study Effects

of Non-Perturbative Processes
(PYTHIA, HERWIG)

e Hadronization Correction

e Underlying Event Correction

CDF Study for cone R=0.7
for central Jet Cross Section

Corrections

(on “Particle-Level”)
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Parton to Hadron Level Corrections

-------- Underlying event
............... Hadronization

Uncertainty

CDF Run Il Preliminary
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- Apply this correction to the pQCD calculation

- to be used for future MSTW/CTEQ PDF results
- First time consistent theoretical treatment of jet data in PDF fits
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Inclusive Jet Production

e Run II: Increased x5 at pT=600GeV
- sensitive to "New Physics”:

Quark Compositeness,
Extra Dimensions, ...(?)...

inclusive jet production

d°c/dp, dy (pb/GeV)
=
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- Inclusive Jet Cross Section

Steeply fallng p spectrum: |

1% error in jet energy calibration
- 5—10% (10—25%)
central (forward) x-section

Benefit from

» Seven times more luminosity
than in Run I

» Increased high pT cross section
due to increased Run II cm energy

» Seven years of hard work on jet
energy calibration

- Result with largest rapidity
coverage and highest precision!

~

(pb/GeV

submitted to PRL arXiv:/0802.2400 [hep-ex]
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- Inclusive Jet Cross Section

submitted to PRL arXiv:/0802.2400 [hep-ex]

- DD Run |l Reone=0.7  § NLO pQCD Mo =Ro=p; f ® Data | ]
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« data are well-described by NLO pQCD
« experimental uncertainties: smaller than PDF uncertainties!!
« data favor lower edge of CTEQ 6.5 PDF uncertainties at high p-
« shape well described by MRST2004

> data are used in forthcoming MSTW2008 PDFs (- talks at DIS2008) '°
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Inclusive Jets

Cone and KT Algorithms

In 2005: published both central cone and kT jets with 400pb-1
Here: 2007/2006 results with large rapidity coverage for 1fb-1

CDF Run II Preliminary
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Inclusive Jets

Cone and KT Algorithms

CDF Run II Preliminary IL=1.13 ' Phys. Rev. D 75, 092006 (2007)
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Interpretations of CDF cone and KT jet results
are consistent with DO cone result
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d°c/dx, dy (pb)

ratio

Inclusive Jets: Tevatron vs. LHC

107 o , PDF sensitivity:

10® inclusive jet production _ _

105 - Compare Jet Cross Section at fixed

m: XT = 2pT / sqrt(s)

10

10

10 | Tevatron (ppbar)

101 :;; >100x higher cross section @ all xT

10 4f >200x higher cross section @ xT>0.5

10 LF Tevatron sgrt(s)=1.96 TeV

10 _EE ==== LHC sgrt(s)=14 TeV '

" { LHC (pp)

500 revtron e f e |4 ¢ need more than 1600fb-1 luminosity

200 - e SRR o _ to Compete with Tevatron@8fb_1
B — | = more high-x gluon contributions

100 | ipe i e L R e T I but more steeply faIIing cross sect.

0.05 0.1 0.2 0.4
X1 = 2p{/sqri(s)

- Tevatron results will dominate high-x gluon for some time ... 21

at highest pT (=larger uncertainties)




Central Dijet Production |y|<1
sensitive to new particles
decaying into dijets

CDF Run II Preliminary
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Central Dijet Production |y|<1
sensitive to new particles
decaying into dijets
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—> data above Mjj = 1.2TeV!
- All described by NLO pQCD

> 3
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—>Limits on resonances:

excited quarks, massive gluons,
Randall-Sundrum gravitons, Z'/W’
23
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Jets beyond 2->2
Internal Jet Structure @

Dijet Azimuthal Decorrelation Underlying Event
Radius Dependence of Parton Shower

Jet Cross Sections Matched Predictions
3-Jet NLO
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@ DATA

CDF, PRD, hep-ex/0505013 (170pb-1) — PYTHA Tune A -~ PYTHIA
-- HERWIC .. PYTHIA (no MPI) C.1 < I1Y*® 1< 0.7
a1 | ) |
>~ S | ///4
~ 0.8 F 4 g
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% | |
$ : f |
‘- ! !
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o 1 | :
" ~ L LF
Sensitive to Soft and 4 0.8 -7 -
i i —_ . : = 277 GeV/c | P > 304 GeV/c | > 340 GeV/c
Hard Rad|at|0n and UE 06 [ 2 304 GeV/c|| ™ £ 340 GeV/c|| ™ < 380 GeV/c
0.4 L L
; (4] 0.5 10 0.5 10 0.5 1
Well-Described by (tuned) MCs r/R r/R r/R
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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
tuned PYTHIA gives good
description of data

| 73m gluon

150

Midpoint Algorithm (R=0.7)

@ DATA
— PYTHIA Tune A

0.1

200

------ gluon—jet
quork—jet

<I1Y*"| < 0.7

BO% guark

250 300 350

P (GeV/c)
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Radius Dependence

of Jet Cross Sections

Jet cross section depends on
radius in jet definition

- Important testing ground

L

-
[=]

CDF: radius dependence for
incl. jets (KT jet algorithm)
for D (=radius) parameter
D=0.5 0.7 1.0

d% / dy’™ dp"' [nbi/(GeVic)]
[=]
S

- Results for each D value i..
are compared to NLO pQCD B
calculation + non-pert corr.

- agreement for all D values ¢

(similar analysis in DIS by ZEUS)

Phys. Rev. D 75, 092006 (2007)
- Ky D=05 01<|y" |<07 | = Kr D=10  O1<ly " |<0.7
0 .h —a— [Data B .h —a— Data
C -h Systematic uncerainties C q'q Systematic uncertainties
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— '.‘.‘ —
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— "‘ic" - --- PDF uncerainties — *’:‘ ————— FOF uncertairties

N B e
) l—i‘-l
— = — i
L \“\. [ \\\\\
1 - 1 e
-..L='|.be s IL:'I D fb ‘\“i
— — — LY
LY w w
. ~ -
| "" |
- D=0.5 =—-+ D=1.0 =—
1 1 1 1 1 1 1 1 1

__________

_____

FParton to hadmon level correction

Morte Caro Modeling Uncertainties

—— Farien to hadron level correction

L L Monte Carlo Modeling Uncetainties
1 1

1 | 1 1 1 I 1 1
600
P [GeVic]

200 400 600

P [GeVicl

- ... but effectively only a LO test of radius dependence
- better: study ratios and compute at true NLO (using 3-jet NLO)
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Radius Dependence of

Jet Cross Sectlons @NLO

Ratio of cross sections: R(D) =

= 1 + ciaq —|—(7ﬂc + O« )

- (Dﬁ)
e Jet cross section at LO - no radius dependence
o Jet cross section at NLO > LO contribution to radius dependence
o(D)|n1.c o(D)
[ . .]NL(_} — [ Sl ] _ RLO(D)
o(Do)]nro a(Do) |10
o Jet cross section at NNLO -> NLO contribution to radius dependence

NNLO calculation not available = missing: 2-loop virtual corrections
- but: 2-loop virtual correction don’t depend on radius (22 kinematics)
- contributions from 2-loop corrections cancel in difference

Use three-jet NLO calculation to compute difference
- obtain NLO result for ratio:

[G(D) _G(D“)]NL(Z} 1] = [”(D) ]
[U(DH)]NLO o(Do) | N1.0

= Rnro(D)

- use for first NLO study of radius dependence of jet cross sections | 2®




Radius Dependence of

Jet Cross Sections @NLO

Study cross section ratios: T. Kluge, M.W. — work in progress
(D 1. O/D 0 7) and (D 0 5/D 0 7) and compare with true NLO calculation

r~._
, 1.8 ® CDF rati D‘H:HD D? ]
E CDF C CDF ::t:z: D=0.5/D=0.7 ] | . _
1.-'5,1 1.6 _— —— NLO + non-perturb. corrT —: Scales. mU—pT (05pTl sz)
<) i i
a [ only at highest pT:
bE -2 ¢ '_1 71 | > agreement at the edge of scale
1 [ + ] dependence
08 [ =5=600000 ] .
K i disagreement at lower pT:
- 0.1<|y,/<0.7 ] . .
e "W 9 1 3 Jarger radius dependence in data
50 100 200 400 700

pr (GeV)

- NLO corrections are <20% for Tevatron

- most of pT range: dominated by non-pert. corrections
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Radius Dependence of

Jet Cross Sections @NLO

T. Kluge, M.W. — work in progress

Study cross section ratios:

(D 1. O/D 0 7) and (D 0 5/D 0 7) and compare W|th true NLO calculatlon

~ ~
. 18 | ® CDF ranoawm o? ] . 18 | ZEUS ratmD’lD!D o? -
E CDF C CDF ratio: D=0.5/D=0.7 ] E ZEUS ZEUS ratio: D=0.5/D=0.7
1_:%1 1.6 - —— NLO + non-perturb. cor] h‘fi 1.6 - —— NLO + non-perturb. corr.
= i ] = i --- NLO i
o L c L LO i
~ 14 - — =~ 14 .
< K S et | - { ]
S 12 ¢ . D12 {—E——_ .
& i : ¢ T :
T | L 7
08 =550 . 08 |- &_@__@%9_-——75-—";:—7;%_:
06 |- 0.1yl <0.7 -] 06 [ 125 < Q%/GeV? < 10000 ]
i | | | | | | | | | | ] | | | | | | | | | 1
50 100 200 400 700 10 20 40 80
p1 (GeV) E; (GeV)
- NLO corrections are <20% for Tevatron ~60-100% for HERA
- most of pT range: dominated by non-pert. corrections
> HERA data described / Tevatron data not - underlying event??? 30




Dijet Azimuthal Decorrelation

Idea: Dijet Azimuthal Angle is
Sensitive to Soft & Hard Emissions:

Test Parton-Shower
Test 3-Jet NLO

PRL 94, 221801 (2005)

2
10 "F
= DO 3
J ® PF™ > 180 GeV (xB000)
10 'F 0 130 < pP®< 180 GeV (x400)
C 100 < pT® < 130 GeV (x20)4*
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- —
[ —+ o
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10 | - T
= -
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10 3 —
- —
-2 ——
10 |
F—
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1D Il Il I |
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

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

& Divergence towards pi

ﬂﬁdi}et dﬁdijetf dag dijet

'°F DY
J ® P > 180 GeV (xB000)

10 'F 0 130 <pT*< 180 GeV (x400)
[ ® 100 < p™< 130 GeV (x20)
| O 75<pT™* <100 GeV

- — LO
10 ¢ NLOJET ++ (CTESﬁJM}
4f B ==05p7
1D ] ] ] | 1 ] ] | ] ] ]
/2 2m/3 5m/6 T
AP e (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory: g;— SN
imitati i 3 [ ® p™* = 180 GeV (xB8000)
e LO has Limitation >2pi/3 = 104 5§30 <prere 180 Gov (1400 :
& Divergence towards pi F [ 100<pP< 130 GeV (x20)
) . T 4030 75 < pT* < 100 GeV
e NLO is very good — down to pi/2 T
. o i
& better towards pi = 104 i
... still: resummation needed -
> r T 10 E
g Lk DO g e
= B
S 1 EEE= _F%%%M./ 1
E C . . | Ip-?"‘al">1|8[2l ?e\.-'l
- = g .
F 10 F — NLO
o i ---- LO
> + 10 ¢ / NLOJET++ (CTEQBAM)
1 : eyt R taie, _3: == 05 FI-IH-IE'K
s o 100<pp¥<130GeV 10 ! ! ! | L ! ! | ! ! !
' NLOJET++ (CTEQS.1M) % /2 21/3 5n/6 T
2 -
1 _—‘1-5— ____________ 8% B oo, AP e (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory: g;— 0% DY
e LO has Limitation >2pi/3 o 104:_' pr™" > 180 GeV (x8000)
. . ““E o] 13[3«:[:-?”{ 180 GeV (=400)
& Divergence towards pi F [ ™ 100<pf™<130GeV (x20)
- - ﬁ 3_
e NLO is very good — down to pi/2 -
& better towards pi = 109
... still: resummation needed -
. A\ ” 10 E
e HERWIG is perfect “out-the-box :
e PYTHIA is too low in tail ... 1
_1:
10 E
s HERWIG 6 505
04 === PYTHIA 6225
10'3: L sy
/2 2m/3 5n/6 T
AP ey (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory: g;— 0% DY
e LO has Limitation >2pi/3 = 104:_" pr-" > 180 GeV (x8000)
. . “‘“E 3 o] 13D«:p-|”3”«: 180 GeV (=400)
& Divergence towards pi F [ 100<pP< 130 GeV (x20)
- - ﬁ 3_
e NLO is very good — down to pi/2 -
& better towards pi = 109
... still: resummation needed -
10 k

e HERWIG is perfect “out-the-box” _
e PYTHIA is too low in tail ... 1
... but it can be tuned (tune DW) 1
(“tune A" is too high!) ]

HERWIG &.505

10 === PYTHIA 6225
] PYTHIA
C a increased | SR
-af L iCTEDBL?
1D L Il Il | 1 Il Il Il
/2 2m/3 5m/6 8
AP e (rad)
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Dijet Azimuthal Decorrelation

Compare with theory:
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 ...
... but it can be tuned (tune DW)
(“tune A” is too high!)
e SHERPA is great
e ALPGEN looks good — but low
efficiency - large stat. fluctuations

PRL 94, 221801 (2005)

Y

43 ® pma > 180 GeV (xB000)

10 'F 0 130 <pT™* < 180 GeV (x400)
F 100 < pT® < 130 GeV (x20

B I

—— SHERPA
pai ---- ALPGE

1D R I I | I I I | I I I
/2 2m/3 5m/6

T

AP e (rad)
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|

Fixed-Order: NLO (?)
Resummation
... PDFs ?
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Direct Photon Production

—> Sensitivity to PDFs

Direct Photons come unaltered from the Hard Subprocess
- Direct Probe of the Hard Scattering Dynamics

(...but only if we understand theory)

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

qq
(all quark/anti-quark
subprocesses)

99

50 100 150 200 250 200
pr/ GeV

also fragmentation contributions:

q

suppress by isolation criterion
- Observable: isolated photons
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Isolated Photon Cross Sect.

D@ Phys. Lett. B 639, 151 (2006) NLO: JETPHOX
> 10°k data DO 5 T L =380 pb’ DO
o 107 & . =
g : — NLO QCD 214 —
£ 102 — (Mg =He=1;=P7) s [
5 CTEQG.1M 3121 4
1_ i I T RS
s TN
I B L n
S § et
ot YT
10" ;_ |Y| <09 i ;
- 0.6 - —®— ratio of data to theory
102 L =326 pb'l i CTEQ6.1M PDF uncertainty
[ e scale dependence
B 0.4~ (uR M uf =0.5p; and 2p.)
10-3_—,|,||||||||||||||.......l FEETE LN ENE S |||||||||||||||
0 50 100 150 200 250 300 0 50 1 00 150 200 250 300
r (GeV) p;' (GeV)

» data/theory: reasonable agreement over 23<pT<300GeV
 different shape at low pT

« experimental and theory uncertainties > PDF uncertainty
- no PDF sensitivity (need improvements in exp. and thy.) 39




10!

CDF Runll Preliminary

I IIIIIII| I IIIIII.&

$

—e— CDF data L= 451pb™
systematic uncertainties
e —e— NLO pQCD (JETPHOX)
=5 CTEQ6.1M, BFG Il

!

—— Mg = Hg = H¢ = Py
E Theory not corrected for
Underlying Event contribution

=
——

—

In'|<1.0, is0<2.0 GeV —* —

]

1 | 1 1 1 1 1 1 | 1 1
60 80 100 120 140 160

pr (GeV)

&

Measured over 20<pT<170GeV
data/theory - consistent with DO result
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Isolated Photon + Jet

D@, arXiv: 0804.1107 [hep-ex]

investigate source for disagreement § D@, L, =1m" <1, P>15Gev
3 jet Y jet -
in data/theory incl. photon pT shape: £ " . a0 e
g 107 00 A 15<y|<25 yly*s0
. . ) v 15<y|<25 yiy? <0
measure more differential: 2 PF 01 4
- L E — NLO QCD
- tag photon and jet 1‘\% 1£(03) JetPhoX
- reconstruct full event kinematics .o CTEQ 6.5M

do

-1
]
N

« measure in 4 regions of yr/ yet
- photon: central

w

3 3
_|_rr11'|Tf| IIIII]TII IIIII|T|'| IIIIIIT|'| II!III|T| I

- jet: central / forward L=1fb" i
- same side / opposite side 5 o " —
15 30 100 200
- different PDF sensitivity in different Py (GeV)

yr/ yiet regions

- look at ratios for quantitative statement ... 41




Isolated Photon + Jet

D@, arXiv: 0804.1107 [hep-ex]

Observe:

. . . . ;'65— DG Ilfj‘l ;tl).fli‘ly"f- y* > 0 _:— I1.5 <l|y““’;| <I2.;f., yl y* >0 _
- different shape discrepancies in  §wf e t + % + -
different y?/ yiet regions g2t + 0 P b2
% ik "}m'f'i_"r."f_j;:_‘?;}i;iglz\ " HH s

vz S— fiby -
_ *HMI 't I
Checked that effect is notdueto 3, ¥ |
- scale choice Soaf ¥ )

. . L 8 of Lu=1Mm" a2
« PDF uncertainty/variation A PG
. ] ] E Iyl <08, y*“y* <0 15<y”| <25, y "y <0
« fragmentation contributions T ;
2 -+ lil_
Rl i b 3 |='J""T"’T|"-4' —
1 H'*' oeters. | }*i‘l ----- ¥oges

R L S P S AN
0.8E * “ I 1 | I { I ]
0.6 l T _‘— ratio ofdata1otheor_y(JETPHOX} .
. I gTeErc':g?sarff ggieggérgr);ainty g
0.4 r: e ratio of MRST04 to CTEQ6.5M ]
02:_ 7.8% is overall normalization uncertainty _E B ::Eg g; QE*L}@SQ%J%?EE%%EAM ]

- 30 1;]0 200 30 1(I)0

pr (GeV)
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Isolated Photon + Jet

Study ratios of cross sections
in different y¥et regions

e cancelation of correlated
uncertainties

» stronger sensitivity to
differences in different
regions

- biggest problems for
central / forward-opposites

need improved theory
challenge:

- find out what is missing...
* higher orders?

* resummation?
. ..?777

-y

Ratio of differential cross sections
o

10

D@, arXiv: 0804.1107 [hep-ex]

DO

]hlt =11b

DIV*' <08, vV <0)

1 D(y®| <08, y'¥'>0)

_ FFevever® "r-i_i- J _f ' }

¥l <1
o' > 15 GeV

/’-

-

DO5<y® <25 vV <0)
D(1.5<ly® <25, yiy" >0)

DY <08, y1y™ > 0)

D(15<ly <25, y'y">0)
K

DYl <08, y' V" <0)
D(1.5< |y <25, yi Y >0)

- 3 J —
- Vd
Al e
) ra
!
Jr'/:)‘ e "
e -—‘s. b _ .
. -y *
¢ ¢
L ' ¢ ¢
D(Y™| <08, y'V*'>0) DY <08, y'V* < 0)
D(5<ly ™| <25, vy <0) D(15<ly™ <25, yiy*" <0)
/:':,'{ ,"‘}
- o “ ’. =
_,-f!' ,"i 4
,";" ’_.":’ 7
L —_A.--"':'.—-" ol | ® data i
Rl __do A LN
d[ﬁidgdﬂsl +_’+ ¢ -- theory, u=y

—--- theory, n=2.0y,

1 1
30 100 200 30 100 pi (GeV)
py (GeV) 43



Y i i
éﬁj Di-Photon Cross Section

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

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

A J

00

A Y

0
g
g

DIPHOX: with and w/o
NNNLO gg-diagram

TE

= d 1| * DIPHOX:
9107 -|| - NLO prompt di-photons
= E T | 1| - NLO fragmentation (1 or 2 y)
= “““—“- E'>14GeV,E°>13Gev S ]| NNNLO gg->yy corrections
E m"™? <09 = ResBos:
107 |-

] ® COF Il Data (207 p&7)
—— DIPHCX CTEQSM = = M2
; ResBos CTECSM = Py =m

- NLO prompt di-photons

- - LO fragmentation contribution

e e e e - Resummeed initial state gluon
M, (GeV/c?) radiation (important for gqT)

= PYTHIA (increased by factor 2)

¥

.I -« P{THIAnorm todata

=] -
=]
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g 9 Di-Photon Cross Section

3'_”" IR Additional measurement for
o jf ¥ oo e A¢ (gamma-gamma) < /2
S i oS CTEQSH 4, =iy =, (open markers)

2 | —_— compared to DIPHOX
107
g : T NLO fragmentation contribution

' E:;j;‘f“ Frme - only in DIPHOX
1072 — .

: - at high qT, low A¢, low mass

T B
0 5

- _oaw | e Resummed initial-state gluon radiation
HesBosCTEOShl‘IpF:p::m‘ - Only In ReSBOS 9 at IOW qT
g 10: FY¥THIA norm to data
3
= Important:
g i need combined calculation with
NLO fragmentation
i & initial state resummation i
-I'\)



JE DO
Vector Boson + Jets

|

Fixed-order: NLO
LO + Parton Shower
Matched Tree-Level + PS
(CKKW/MLM)

Backgrounds to New Physics 46




W + n Jets inclusive

PRD 77, 011108(R) (320pb-1)

Total cross section for jet multiplicity, 7 : "MCFM": NLO
up to W+2 jets

here: no non-pert.
corrections applied

o, ZG(W—>ev+2n—jet;E;‘ >25,|n|< 2.0)

JETCLU cone algorithm

e CDFII/MLM MLM uncertainty

m CDFIl/SMPR SMPR uncertainty
A CDF I/ MCFM

B s }. é'}

------ MCFM PDF uncertainty
_ | MCFM chle uncertaintyl | |

0 1 2 3 4
Inclusive Jet Multiplicity (n)

Opatal O eory
M

- NLO predictions look good / questionable: JETCLU & ignore non-pert. corrections
- matched calc.: up to 40% too low / SMPR: slightly different shape




W + 2 Jets inclusive

Differential jet ET distributions: Second Jet

Opate! Otheory

-
l'.'l']—l- l'.'l‘1M

- =
l'.'l‘1M

=
l'_'l"l_l.

] —
M = th Rk

— o COF Il / MCFM Scale uncertainty --- PDF urh::ertaintly,f
ﬁ%@f %*" ------------------ S
+
% - % % f | . CDF II / MLM Scale uncenamw
@%&Lﬂsﬁ —1
T

L I = CDF Il / SMPR  Scale uncertainty
e = —_—
EE 514— ;

. L . £

20 40 60 80 100 120

T40 160 180
Second Jet Er (GeV)

PRD 77, 011108(R) (320pb-1)

“MCFM":

No non-pert.
corrrections applied

NLO

- NLO predictions look good / questionable: JETCLU & ignore non-pert. corrections
- matched calculations: "SMPR" better than "MLM”

(under investigation)




Z + n Jets inclusive

10° Phys. Rev. Lett. 100, 102001 (2008)

—e CDFData L=171"

E ? (@) Systematic uncertainties
ol 7 Comcieato hadroneve o Z/y¥*>ete
- — o e o — Two E; > 25 GeV electrons
2 ol e - 66 < M, < 116 GeV
X F : e Midpoint Cone algorithm:
*f-‘zﬂmz:_ - pr>30, |yl <2.1
+ — R=0.7
o 14
| p— P S P — l Integrated cross sections
S 120 - | for n=1,2,3
1 1 " " Non-pert. corrections: 1.1-1.4

>N

= jets

- NLO prediction + non-pert corrections describe data for n=1,2
- same deviation from LO for n=1,2,3 (success, if k-factor is constant)




Phys. Rev. Lett. 100, 102001 (2008)

differential jet pT distributions
for n=1,2

As for W+jets:

- NLO describe n-th jet differential
pT distribution for n=1,2

Z+2 jet sample would benefit from
more statistics

[fb/(GeV/c)]

jet
T

do/dp

Data / Theory

Data / Theory

@ CDFData L=17fb"

[ ] Systematic uncertainties

—o— NLO MCFM CTEQ6.1M
Corrected to hadron level
ug = M3+ pHZ), Ry, =13

......... =20 i =p/2

..... PDF uncertainties




Z + n Jets

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

PYTHIA does not describe
Higher Jet Multiplicities

SHERPA is pretty good!

data wislat armor data wisial error

"—| DO Runll Preliminary| = oaawista & eys eror == DO Runli Preliminary | =t 2o = e e

107 [ Fythiz range stat | [ Sharpa range stat 8 sy
10° [ Pyihia range stat & sys

Nr. of Events

Nr. of Events
g,

107
10 . 1 10
1 ' 1E .
= 3 5 6 it T & % & ° B 6
Jet Multiplicity Jet Multiplicity
! <
= 4 4r
E 3T 14 | l E ;3 o
i
& o ‘ 5 | |
w TE™ =3 + : -~ 1% ¥ + + i ¥
— - E -
o - B =
: i -
A ! ' A | | — i_ 1 ||
02— : 3 3 " 5 6 025 1 2 3 4 5 6
Jet Multiplicity Jet Multiplicity

51



2 %] Z + 1Jetinclusive

-

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

PYTHIA does not describe

SHERPA is pre ood!
Leading Jet pT Spectrum pretty 9

data wistat emor

] : : i E - - X dat? '.\:-:E-Eﬁl Lol [ )
% o ] DO Runll Preliminary - fﬁgiﬁg: :L’: IR < . DO Runll Preliminary — 2:?:15’:‘;?;”'”
Iﬂ [ Pythia range stat & sys u:'" 10° [ sherpa range stal & ays
5 10E 5 10°
S 10F Z 10
1 1 ]
B0 100 150 200 250 300 350 e TTTi00 150 200 250 300 350
p, T jet [GeV] p 1 jet [GeV]
{ 4 - ‘ L
£ 3 i £ 3f
E 2 . ¢ 08 H 5
— ar - 1 0 ol
§1§H ’ E‘#***a TEERL T
m
a | 8 [
Dz S e [ S— I S— T B T s U2 N i . i 2 1 N 1 N I L 1 I. 1
50 100 150 200 250 300 350 ;i 50 100 150 200 250 300 350
P, T jet [GeV] P, T jet [GeV]

JL



& DO
Heavy Flavor Jets

|

Heavy Flavor PDFs
Fixed-Order: NLO
LO + Parton Shower
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v « probe strange quark PDF at rather large Q?
_, v - PDF fits so far: no direct input on the
000000 — — strange quark density
:‘ - strange quark-PDF errors are small
T because: s=(u-sea +d-sea)/2

- this small uncertainty is fake
—~V - does not reflect true uncertainty

sensitive to | I/
Part of W+jets bkgd to top, Higgs searches

n
2
| 4

Event selection similar to W4jets: W—e/u v

Exploit feature of W= +single ¢ :
- Opposite charge of W and semileptonic daughter of charm hadron
- almost no charge correlation for backgrounds

Here: First Measurements of W*+c

54




Phys. Rev. Lett. 100, 091803 (2008)

OS-SS OS-SS

o, XBRW — (v) = —% w;

o x BR
- CDF: for p:¢> 20 GeV, |n¢|<1.5

9.8 + 2.8 (stat) +14 , ((syst) + 0.6 qum) pb

- NLO prediction (MCFM):
O X BR - 11.0 +1.4 3.0 pb

E o Data (~1.8 tb-1)
120— [ Wc (measured)
wwo— | [ Drell-Yan
< B Non-W
Q 80 [ ] W+light flavor
IcJ;)J [ Other
w 50 overflow
w
S 40 i
20 ——
0
F||||||||||| | | ||||||||||||
5 10 35 40

I15IIII2GIIII25III 30
SLT Muon Pt [GeV/c]

Subm. to Phys. Lett. B - arXiv:/0803.2259 [hep-ex]

D0: measure ratio
W+c-jet /| W+jet vs. jet pT
—>partial cancelation of syst. uncert.

plePton> 20 GeV, |njet|<2.5

DO
L=1fb"

0.18 [
0.16 |
Alpgen (v2.05) + Pythia (v6.323)

o

-

=y
|

o

-y

N
|

——

o(pp — W+c-jet)
o(pp — W+jets)
S o
0
] |

? 1i:—‘):p,[G@-‘V]
oW +sngle =) _ 4 17140.017
o(W + jets)

LO prediction: 0.040 + 0.003 (PDF) 55



Measure cross section for W+b-jet production
in events
with a high p; central lepton,
high p; neutrino and 1 or 2 total jets

improve background estimate for Higgs search

e ~1000 tagged jets

e among which ~700 are consistent with
coming from a b quark

(4]

®
o

Jetslq.1 GeV/c

Vertex Mass Fit

w
o
TTT

60[
50

40

CDF Run Il Preliminary - 1.9/tb
‘ 4 Data
A

A

bottom contribution

charm contribution

LF contribution
------ Summed contribution

b= 71.3+ 4.7(stat) + 6.4(syst) %
c= 15.9+ 5.5(stat) %
LF = 12.6 + 3.5(stat) %

KS Prob = 84.8 %

3 3.5 4 5

45
M, (GeV/ic~)

1 1.5 2 2.5

Default ALPGEN:

CDF: Op.s( WHD-jets) x BR(W-1v) = 2.74 + 0.27 (stat) + 0.42 (syst) pb
o X BR =0.78 pb

- Difference by factor of 3.5 - under investigation (other predictions?)

19)

A4




e Use Z» eeand uu

e jet reconstruction
— Cone algorithm with R=0.7
— Secondary vertex tags
— Corrected E; > 20 GeV, |n| < 1.5

Normalize by inclusive Z cross sect.
- Helpful to compare to LO and NLO

« PYTHIA good at low ET

« ALPGEN (LO) and MCFM (NLO)
undershoot data in several bins

107 Z+ b jet. COF RUN Il Preliminary
ML L | I B L L B BN
E U16: \s=1.96 TeV e CDFData .
P -1 -
c L:M:e\w —— PYTHIA incl. :
0.14 20 ]
NS Ef; —— ALPGEN .
2 g12f n®|<1.5 e
o1z r o T e MCFM ]
5 04 —— MCFM +Had Comr.
- E B
= 0.08 4
TR ]
2 F =
* D.CE_— -
A = .
[#] D.M_— —
E - et -
0.02— -

: $
1 1 1 I 1 1 | 1 | -I 1 r Il Il 1 .l 1 1 r. Il 1 1
%U 30 40 50 60 70 80 90 1
EFt  [GeV]
ﬁ- [ ] | ] | N :
v 5 N=196TeV o (CDFData 3
- 4 1
i Iér;m:;v — PYTHIA IS, ]
= — =20 ]
r —— ALPGEN ]
2 r In*|<1.5 R
."1 - aeeas MCFM ]
" — MCFM +Had.Corr. -
5 a0 . . =
[#] | ' -
T | .
F I ]

1 | | L1 | ] |
0 0.2 0.4 0.6 08 1 1.2 1.4




& DO
W-Asymmetry

|

| PDFs |




W-Asymmetry

e du—»W-  ud—->Ww*
U . W+ d
proton , 4 anti-proton | W- w
o

valence-quarks dominate

1

constrain ratio R
of d/u PDFs Yw

<«—antiproton  proton

L _doO ) dy, ~doW )/ dy, _d

~y

do(W*)/dy, +do(W™)/dy, u

W decay: longitudinal neutrino momentum not measured

—> can'’t reconstruct W rapidity >



- Lepton Charge Asymmetry

W decay: longitudinal neutrino momentum not measured
—> can’t reconstruct W rapidity

T

‘ A{(T,?) __do(e"}/dn—da(e”)/dn  d(x)

~ do(et)/dn+do(e™)/dn — u(x)
V-A structure of W*) decay favors ! ?

backward (forward) charged lepton

—&—— W production charge asymmetry

0.3 fb'! D@ measurement

08y [ ety | ~190,000 W—pv events with |n |<2
_ | : | | - DO.L=0.3fb" PRD 77, 011106(R) (2008)
015
. 1 - * ---------
: 0.1
0al S SN SN S KV e L
. :_ ............. .. ............. .............. ..... PO E :
06— . ....f .................... .............. A E 0.05__
L | Lol | | £ -
3 2 1 0 1 2 3 > B
generated rapidity[y,, & n.] 2 0 . 3 s
- CTEQ6.1M uncertainty band A
Lepton Charge Asymmetry -0.05F- — CTEQ6.1M central value
v IECERRER MRSTO04NLO
"0-1__ | | i

PRI TR L1 L b b b v by by
0 02 04 06 08 1 12 14 16 1.8 2
W'Asymmetry Muon pseudorapidity




Direct Extraction of A(yy )

e
(-]
T

S R
e determine p,¥ by constraining My, = 80.4 GeV o7 ™ :'b.'f:a:e:":'i"fiw'[fmb i
— two possible solutions for vy,

o
o

NLO Prediction(CTEQ6:1M) ]

PDF uncertainty(CTEQ6.1M)

o
(2]

e ¢
W
TT T TT T[T TT T I TTT TIT

e Each solution receives a weight probability
according to:

— V-A decay structure
— W cross-section: o(yy,)

o
N
TTTTT

W Charge Asymmetry
=

e
—

e
[--k)
T TTT 17T

o | L I B | | I I I | [ I | I I N | | I N |
- T T | T 17T T 17T T L T | T 17T T 17T
" CDF Run Il Preliminary | L = 1fb™

3
TT

+

e Process iterated since o(yy,)
depends on asymmetry

1 fb™ data(stat. + syst.)

o
T TT

- ——— NNLO Prediction(MRST2006)

o
o

e ¢
W
TT T T T T[T TTT[T

PDF uncertainty(MRST2006)

Analysis method: arXiv:hep-ph/0711.2859

e preliminary CDF measurement (1 fb1)
(~715,000 W—ev events with |n.|<2.8) _
- Compared to CTEQ6.1 and MRST2006 PDFs A

% o5 115 2 25 3
ly,,| 61

W Charge Asymmetry
0 =

(=]
-




This Presentation: Broad Spectrum of Processes
Jets, Photons, W-Asymmetry, Vector-Boson + Jets,
Heavy-Flavor Jets, Jet Production at higher Orders

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

“Bread-and-Butter Physics”:
Precision Measurements of Fundamental Observables @2TeV

PDF knowledge (for searches at Tevatron and LHC)
- Inclusive Jets, W Asymmetry = strong PDF constraints

Testing QCD at higher orders & transition soft - hard QCD
Internal jet structure, jet radius dependence, dijet azimuthal
decorrelation - novel QCD tests and MC tuning

Differential Measurements of Vectorboson+Jet production
to test predictions for “"New Physics” backgrounds & model tuning

Provide data to identify theory shortcomings: photons, HF jets

62

- Significant improvements with 8fb-1
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PRD 77, 011108(R) (320pb-1)

“MCFM”: NLO
51 5[ & CDFIl/MCFM Scale uncertainty --- PDF uncertainty
I T S—— No non-pert.
T o - et e apn | ]
b PR 4—§—r% -------------- ]I --------------- corrrections applied
L0055 ——a— :
l::ﬁE '
158 e
T 3
I A
05 « COF Il /MLM t
L Scale uncertainty
155 - 1
Bpa i 4
1 Rt ab I—i—|_i_|
05L = CDFIl/SMPR : } "
- Scale uncertainty T
50 00 50 200

50 300 3
First Jet E_ (GeV)

- NLO predictions look good / questionable: JETCLU & ignore non-pert. corrections
- matched calculations: don’t describe ET dependence




W + 3 Jets inclusive

PRD 77, 011108(R) (320pb-1)

Differential jet ET distributions: Third Jet

31 e COF Il / MLM Scale uncertainty

Opata! O Theory
| 'T"H
1
hi
_TH

3r « CDF I/ SMPR ~ Scale uncertainty
2 +

SR TP :

2 £ BT | R || !

B0 70 80
Third Jet ET (GeV)

- not computed to NLO
- matched calculations: "SMPR"” better than "MLM”  (under investigation)




Isolated Photon + Jet

O<lyl<t |y|<08 y'y*>0
17 62> 15 Gev y*1<0.8, y'y*<0
L s e 15<|yJEt|<25 yYy'e‘>o

15< |y <25, y'y<

o
o
I

Fraction of qg — qy process

-~ PYTHIA 6.3, CTEQ6.5M

0 ] 1 ] i | ] ]
30 100 200

Y (GeV)

quark-gluon subprocess fraction in
different rapidity regions versus pT
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Dedicated silicon vertex trigger data
e Displaced tracks with IP > 120 um
e Secondary vertex b-tagging algorithm

Fit signal+bkd template to mass distribution
of tracks from secondary vertices to extract

heavy flavor contribution

Number of events

CDF Run Il Preliminary

—&— 2 SVT-tag jets sample

I
ey
Total fit

]

7
/ % bb contribution

R S
Sum of 2 jets sec. vertex inv. mass (GeV/c?)

CDF Run Il Preliminary

c“:10’ =
2 E Ry
- B —=a— Data - Syst. uncertainty
§ fe =~
= 1o0L* - — = Pythia (CTEQSL) Tune A
" =
g E Herwig (CTEQSL) + Jimmy
= = ==
s - —&— MC@NLO (CTEQBM) + Jimmy
= 1 x
E —
£ |—|l|—|
E JetClu R_,,,,=0.4, |<1.2 —g
- E;>35 GeV, E,,>32 GeV
102|L¥S = 1.96 TeV, L~260 pb™" ]

d?c/dn d(A ¢) [pbirad]

2

2,
I

i TR S T R SR A SR S
50 100 150 200 250 300 350 400 450

Di-jet invariant mass (GeV/c?)

CDF Run Il Preliminary

E —=— Data - Syst. uncertainty

- —s=— Pythia (CTEQSL) Tune A
Herwig (CTEQSL) + Jimmy

L —=— MC@NLO (CTEQSM) + Jimmy

——

——

= : JetClu R,,,=0.4, fy<1.2
E;»35 GeV, E_,>32 GeV

s = 1.96 TeV, L~260 pb™
PR T N T T TN T S S N

0 0.5 1 1.5 2

2.5

3
A ¢ (rad)
K7

Data/theory agreement improves as we go from LO to Herwig or MC@NLO + Jimmy



