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Reminder

Difference: PDFs <- -> Structure Functions

e Structure Functions are observables
- they can be measured

 PDFs are not observables
- they can not be measured

* PDFs are parameters
- defined in a given theoretical framework (factorization scheme)
- they can be extracted/determined in a theory fit to data

* PDFs are universal
- process independent
- determined from one data set - predictions for other data sets
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Eg Fermilab Tevatron - Run Il

Chicago ~ « 36x36 bunches
_ * bunch crossing 396ns
* Run Il started in March 2001
e Peak Luminosity:
2.85E32 cm~ sec”’

Collider Run Il Integrated Luminosity
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m EM calorimeter

Run |l Detectors

Solenoid Coil

Hadronic
calorimeter

Steel shielding

* vertexing

* precision tracking

* calorimetry
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Hadron-Hadron Collisions



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)

/ \

proton C : anti-proton

two high-energetic hadrons



Hadron-Hadron Collisions

partons inside the hadrons:
parton density functions (PDFs)

/ universal = \

proton C process independent : 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)

inclusive jets (pr. y)
dijets (M, y))

v, di-y, v + jet

(Z°, W) + jet

top + anti-top
anti-proton

Standard Model or
new physics?

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
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initial-state radiation
di-photon q;

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

proton @ '.\. 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)
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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

hadron-hadron
physics

_ ()
outgoing parton(s)

outgoing parton(s)
' @

anti-proton

ISR/FSR
hadronization / fragmentation
underlying event

hard process (2 or more partons)
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PDF sensitivity

Cross Sections in Hadron-Hadron Collisions

Ohwh = Z ﬂf;(ﬂr) Z Z Cabn(try bf) @ fal®1, pf) ® fol@2, py)

T '\ PDFflavors @ PDFflavors b A /‘ /’

* Perturbative Coefficients c (include all information on observable)
« Strong coupling constant: alpha-s
 PDFs of the two hadrons: f-a(x1), f-b(x2)
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PDF sensitivity

At a hadron collider:

In principle: every process is sensitive to PDFs

In practice: “When is a process sensitive to PDFs?”
related to ability of data to constrain PDFs beyond present knowledge

Sensitivity:

- If experimental + theoretical (pQCD) uncertainties
are smaller than present PDF uncertainties
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Hard QCD Processes

. CTEQS6.1 gluon uncertainty
high pT / high mass L st
- hard partonic scattering N
- perturbative predictions g i
kinematic plane 3 \{'{-\_:
NE ms? - :::US 0 7.1| e | ) ,5' \-.-8.
N; : | CDE/DO Inclusive jets 1<0.7 ol o
104§ DUln.crusivejeIsq<3 sens‘tlve:
0d  comwepcous « strong coupling constant

E665, SLAC

e proton’s parton content

« dynamics of interaction
- validity of approximations (NLO, LLA, ...)
- QCD vs. new physical phenomena

10 |
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- still: unique pT reach at Tevatron 18




Comment

PDFs are strongly constrained by high precision DIS
structure function data (huge kinematic range of HERA)

e strong direct constraints on quark densities
« strong indirect constraints on low-x gluon density

Tevatron ppbar data - important additional information
« direct constraints on high-x gluon density
e constraints on up/down quark densities

- No Tevatron-only PDFs
- Tevatron Data are input for global fits
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Tevatron kinematic region

*Tevatron data provide 10% of the data-points in the PDF fits
« Complement HERA and fixed-target data providing constraints at high-Q?
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‘ Tevatron: inclusive jets

Tevatron: W/Z rapidity
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W/Z Production

- Z rapidity
- W asymmetry

Jets Production
- inclusive jets
- sensitivity to new physics

Other processes

- prompt photon production
- W+c jet production
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% W & Z rapidity

Data presently being used in global fits:

0.4 fb" DO Z-ee rapidity — Phys. Rev D 76 012003 (2007)

2.0 b CDF Z-ee rapidity  http://www«cdf. f nal . gov/ physi cs/ ewk/ 2008/ dszdy
0.3 b DO W-pv charge asymmetry — Phys. Rev. D 77 011106(R) (2008).
0.2 fb CDF W-ev - Phys. Rev. D71 051104 (2005).

Latest CDF/DO0 W charge asymmetry not included due to inconsistencies

Mainly sensitive to up- and down-quark distributions
but up-quark already well constrained by F, (e,* weighted quark sum)

- Tevatron W/Z data help to constrain down quark




Z rapidity

Z/v* rapidity shape distribution from DY

1/o do/dy
o
w
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D& Run Il with 0.4 fb™

MSTW 2008 NLO PDF fit

large Y, region
probes one high x
+ one low x parton
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do/dy (pb)

Data / Theory

Z/y* rapidity distribution from CDF

MSTW 2008 NNLO PDF fit, ¥ = 51 for 29 points
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Z rapidity

Down valence at Q% = 10* GeV?

T |\|\||\| ||||||| T T T

— MSTW 2008 NNLO
—— MRST 2006 NNLO ITH
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More d,, parameters in new fit as compared to previous fits

—> despite better constraining data, the variance in d,, is now larger !!!

- reminder;: some PDF constraints can be due to fit restrictions 26




W-Asymmetry

dG—)W_ Ua—>W+

+

\N— W
valence-quarks dominate
constrain ratio <+— anfiproton proton —>YW

of d/u PDFs

4o doW")/dy, —doW )/ dy,
doW*)/dy, +do(W™)/dy,

~
~

d
U

W decay: longitudinal neutrino momentum not measured
- can’t reconstruct W rapidity = measure lepton charge asymmetry | 4/




Lepton Charge Asymmetry

V-A structure of W decay favors o '+w's'y" E
Iepton in opp05|te dlrectlon Py : e
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Lepton Charge Asymmetry

_ do(e '"“i,/f,r:r;rmdr:r ~)/dn . di(x)
A'T(T ) do(e™)/dnt+do(e=)/dn — u(x)

cos 6 :\/1—4E%/M€V ylzywi—ln( + cos *)
Angle between lepton and proton in W rest frame 2 1 —cosf

[da(ﬁ)/dmda(l_)/dm ~ u(z1)d(z2)(1—cos 0*)?4-d(z1)u(xs)(1+cos 6*)? d(azl)u(xQ)(lJrcosH*)Q}

Anti-quark term enhanced at low E;
Measurements in E; bins provide separate information on sea & valence
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A(ln 1)

A(ln 1)

CDF data on lepton charge asymmetry from W—ev decays
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DZ data on lepton charge asymmetry from W—uv decays
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s} Z Direct Extraction of A(y,,)

determine p ¥ by constraining M,, = 80.4 GeV
— two possible solutions for y,,

« Each solution receives a weight probability
according to:

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

« Process iterated since a(y,,)

depends on asymmetry
Analysis method: arXiv:hep-ph/0711.2859

* preliminary CDF measurement (1 fb)
(~715,000 W - ev events with |n,|<2.8)

-~ Compared to CTEQ6.1 and MRST2006 PDFs
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B %] Lepton Charge Asymmetry

s, 0.2
new DO W-ev measurement with 0.75fb"’ g I
differential in E; E o \
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% - . ’ a [ E
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£ r 5 i ]
< F ]
o T CDF Runll Preliminary 1 fb™' data .
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In addition to Y, results
CDF provides stat. only n, data.

For0.8<n, <20
DO data below CDF




Latest W results

CDF/DO0 inconsistency is significant

S |
3? :_ Using Vrap with different PDFs
L CDF Run Il with 1 fb™
0.81 st o NLO fit without DO data fits CDF o.k.
-~ NLO fit without DZ W—ev data ~
1 i 2 e Weight D high E: errors by 5 / or
06" ‘A NLO fit to weighted DO is below CDF
osf
n.4§
0.3 Under investigation by CDF/DO:
0.2 - backgrounds, cut consistency,
A 12_ E. scale, smearing, charge mis-id.
C 35 i | |
O 05 1 15 2 25
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entering the TeV regime!

- DO0's highest p; dijet in Run lla first jet second jet
p. =624 GeV | p. = 594 GeV

Yo=014 | y, =-0.17
b, =210 | b, =5.27
M =1.22TeV!

Jj
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Biggest Misconception:

“A jet represents a parton
from the LO 2> n parton process.”

“The jet algorithm should find
this parton with high efficiency.”

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

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

* Direct Observation;
Energy Deposits / Tracks

calorimeter jet

— |* Stable Particles (=True Observable)

« |dealized: Parton-Jets
no Observable (color confinement)
only quantity to be predicted in pQCD

parton jet article §

IR- and Collinear safe jet algorithms:
P * TeV4LHC workshop
* Les Houches 2007 workshop 38
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From Particle to Parton Level

* Measure cross section for pp-bar 2 jets (on “particle-level”)
corrected for experimental effects (efficiencies, resolution, ...)

Use models to study effects
of non-perturbative processes
(PYTHIA, HERWIG)

« Hadronization correction

« Underlying event correction

CDF study for cone R=0.7
for central jet cross section

Corrections

1.5
] 45 Parton to Hadron Level Corrections
T e Underlying event
A Hadronization
1'2:_ Uncertainty
1.1:—
o N
0.93_ """"""""""""
B CDF Run Il Preliminary
0.8
0-7: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 100 200 300 400 500 600
P; (GeV/c)

= 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! 39




Non-perturbative corrections

* Non-perturbative corrections from PYTHIA (tune QW)
for DO’s inclusive jet cross section vs. rapidity

Non-perturbative corrections for Total correction
the inclusive jet cross section = = = = Underlying event
for the D@ Run Il cone algorithm  «..ounn Hadronization
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Inclusive Jet Production

< 4
E 10 \ inclusive jet production
@ 10 : :
8 42 largest high pT cross section
2 10 at a hadron collider
é{ 1 - unigue sensitivity
& 10
o -2
T Tevatron X5
-3

10,

10 — Runll sori(s)=1.96 Tev Run II: increased cross section

fo | T777 Runlosqri(s)=1.8 TeV by factor of 5 at pT=600GeV

! I | I | 1 | 1 1
10 |mediosiededed . :
P —> sensitive to new physics:
o - .
@ Quark Compositeness,
[ g — Extra Dimensions,
50 100 200 400
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Threshold Corrections

N. Kidonakis, J. Owens, Phys. Rev. D63, 054019 (2001)

« 2-loop threshold corrections to NLO calculation for inclusive jets
—> Significant Reduction of Scale Dependence

the incleive et aross section in pp-collisions at sgrtfs) = 14 TeV for the ke alorithm with D=0 7

200 < pr < 250 GeV 1500 < pr < 1550 GaV .g 3000« pp< 5050 GeV
o | =10
h 0 00 a1
(0 600 |- % -, .
T . 0075 | e
& o | sEEER 000t |3 P
- " o g | 005 [P tBe g
= 0002 e,
o 200 o o 0.025 T
i |:|.|:|=\._-.'I-\.|:|.5 I:I_I:I-.\__-.l < 0.5 ':U:lh._-.'l-\.cl.E
o 0 0 '
Nt: ZD<y<25 x10 , 20<y<25 025 05 10 =20
= 200 ) a3 N, u.,/
T Hea O Pr - Example for
00 | a---Fa-aiB | g 2, “Inclusive Jets
- g —— MNLO + MMLO-MLL
100 0.1 P - Fo- L0+ HLO-HLL at the LHC
;.:.." - =A== L
0 Ll | R T+
Q25 a5 1.0 20 025 085 10 20
a (M) =0.118 | CTEDS.1M
Bey! Pr By ! Py

First step towards NNLO calculation
- important for including inclusive jet data in NNLO PDF fits 42




Inclusive Jet Production

* theory @NLO is reliable (x10%)
- sensitivity to PDFs
—> unique: high-x gluon
0.05 0.1 0.2 0.4 X

1 i ] ] | | | ] | | Il

@ inclusive jets: Tevatron Run |l
S 08 [ ly|<0.4
! .
S os [ qq — jets
-]
o .
T 04 gq — Jets
S
9 02 :
£ - gg — jets

D 1 1 1 I ] ]

50 100 200 400

pr (GeV)
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cross section per x-bin (arbitrary units)

x distributions

100 < p; < 200 GeV

1400 < p; < 1500 GeV

5000 < p; < 5100 GeV

00<|y|<05

— . 00<|y|<0.5

00<|y|<0.5

0.9
Xparton

Inclusive Jets @LHC
CTEQ6.1M

| 71"'-4..1_ T Xmin
10® 102 10' 05 091 10° 0.5 09 1
Xparton X Xparton f

In the forward region, x1 and x2 can be very different
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Partonic Subprocesses

Seven Relevant Partonic Subprocesses:  Partonic subprocesses for pp — jets

sqri(s) = 1.96 TeV @ q@' - J:ets
® qg — jets
: ly|<0.5 ® qgq — jets
qgqg — !ets . o Hl(ﬂ:‘.l, :Ifg) @ a9 — jets
qg — Jets  plus qg — jets o< Ha(x1, x2) tastNLO @ gg-—jets (xg>Xx)
gq —jets  plus  gg —jets o  Hsz(x1,73)  NLOJET++/CTEQE.1M @ ga-jets (x;<xp)
: _ : ' ® gg—jets
qiq; — Jets  plus  Gig; — jets o Hua(xi, x2) ,
q:q; — jets  plus G, — jets o  Hg(xp,x9) & . @
qiqi — jets  plus  Giqi —jets o He(x1,72) 3 g75 L
q:q; — jets plus  Gqq; — jets o« Hy(xy, x2) g - ® ® ®
° 05 F
T - F ®
S N
'*Q 025 [ @
= r @
0_|||||I|||||||I||||||||||||||||

100 200 300 400 500 600
pr (GeV)
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o "L — + CDF data (1.13 b > 10" DO Run I . |V|<°|-‘T (x32)
—~ il _ _ O (6 o 0.4<|y|<0.8 (x16)
'g % 1010:: [ ] Systematic uncertainty ‘_‘g_ 105 = 0.8<|y|<1.2 (x8)
Q Lob —s— NLO pQCD - 10 o 1.2<|y|<1.6 (x4)
—_ = *. L) 4
- = el . ) o_'_10 s 1.6<|y|<2.0 (x2)
Nb % 104:: . -.-+++ Midpoint: R=0.7, fmerge—0.75 % 10° A 2.0<|y|<2.4
| > T T o 10
u 10—_ - ++—-—_=_ —_—
i "-.-_._i: —E—+ - . 10
102 . - T —— <0.1 (x10°
= e T W01 6ty T s =1.96 TeV
10° = . +*"...___ = 0.1<]y|<0.7 (x10°) 10" L=0.70 fb"
- s —= — -2 —
10'8 — #** +—-— 0.7<]y|<1.1 10_3 Rcone = 0.7
= - — 10°E — NLO pQCD
107" = == 1.1<ly|<1.6 (x107) 10 E +non-perturbative corrections
1014 E 1.6<y]<2.1 (x10°) 10°g CTEQ6.5M u_=p_=p,
i Y | | 1 1 1 1 | 11 1 1 | I I | | I | | 1 1 1 1 | 1 1 1 1 | _ | | | L ‘ | | | |
0 100 200 300 400 500 600 700 10° 50 60 100 200 300 400 600
GeV
pr (GeV) pr (GeV)
steeply falling pT spectrum: benefit from:
1% error in jet energy calibration * high luminosity in Run Il
- 5—10% (10—25%) * increased Run |l cm energy - high pT
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central (forward) x-section

» hard work on jet energy calibration




- DG Run Il Reone = 0.7 3 NLO pQCD ho=H_ =P T ® Data

DO data 1.5F L =070 fb"  +non- perturbatwe sonons = T Systematic Uﬂce”ai”w’ :
. =~ ~ I e~~~ ¥ S ]

[theory 1o Bifeesdaiia,, F R Wiy, |
0.5F = +} iy =
r ly] <0.4 1 04<]|y|<0.8 T08<|y|<1.2 ]
L}}‘T\T\T\r\\\\\}\\‘\:\\\l\\\l\&'_r\}\:.\lxh\\\\\\\l.\\\‘l\\\\.\\'\\l _:FW‘\W . ]
é >33 NLO scale uncertainty =— CTEQ6.5M with uncertainties / ]
1.5:- o T---- MRST2004 _ .° ¥ ',' ]
OF 1 G frees—— :
1 0_ ey, u""')} 1 ‘n“}?hi' ]
0.5E + k + 2 _'
“F12<ly/<1.6 F1.6<|y/<2.0 I20<|y|<24 ]
0_0-|'|||| L 1 1 ||_“_;\||||i 1 1 1 ||_“_|\||||i 1 II-
50 100 200 300 50 100 200 300 50 100 200 300 P, (GeV)

« consistent with NLO pQCD theory

* experimental uncertainties:
smaller than PDF uncertainties!

« data favor lower edge of
CTEQG6.5
PDF uncertainties at high p; 47

<hane well described bv



Data/ Theory

CDF/DO0 data have similar
experimental uncertainties

CDF/DO0 data are
consistent

IR TN T T N T A T I T O |
200 300 400 500 600 700

Py (GeVic)

e e e by o by b b by L b 1
50 100 150 200 250 300 350 400 450

]
I

Midpoint:

pr (GeVic)

CDF Data (1.13 fb'1) /' NLO
PDF Uncertainty

+ MRST 2004 / CTEQ6.1M

Systematic uncertainty
Including hadronization and UE

R=0.7, fqe=0.75

merge
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Cross Section Ratio (k; / Midpoint)

1.6
1.4

1.2

III|III|III|IIIﬁII|III|IIIF

0.8

0.6

0.4

1.6
1.4

1.2]

0.8
0.8

0.4

1.6
1.4
1.2

Inclusive Jets:

Cone vs. kT Algorithms

’;‘
|
!

L

0.1<|y]<0.7

0.7<|y|<1.1

PRRPR

1.1<|y|<1.6

..n.'t'h*-rr#

o
.

0.5
0.6
1.6<|y|<2.1
0.4
0.2 | 1 1 1 1 1 1
] 100 200 00 400 500 all o0
py°" (GeVic)

| | 1 | 1
100 200 200 400 500 o0l 00
pI=T (GeVic)

Data corrected to the hadron level

[ S—
|:| Systematic uncertainty on data
I

NLO pQCD corrected to the hadron level
PYTHIA hadron level

CDF result for cone algorithm
IS consistent with CDF KT result
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Impact of Jet Data on Gluon

Gluon distribution at Q% = 10* GeV?

&-\ 1 [ T T o
czn B MSTW 2008 NLO (68% C.L.) _
B B 444444 Fit with Tevatron Run | jetdata 7
x i S2=x Fit without any Tevatron jets i
+HHH+ ZEUS 2005 Jets NLO

107 =

0.1 0.2 0.3 0.4 0.5 06 0.7 0.8
X

New jet data prefer a
lower high-x gluon as
compared to previous fits
(and data)

Consistent with fit without
jet data

ZEUS-fit is still softer
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Impact of Jet Data on Gluon

o~ 1 -
C : =
5 MSTW 2008 NLO (90% C.L) -
> §44444 MRST 2004 NLO -
; 9 _
107 — =

10.2 1 1 1 h b

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

X

- Differences between MSTW2008 NLO and CTEQ6.6 NLO
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Impact of Jet Data on Gluon

Gluon distribution at Q2 = 10* GeV?

1.5
9 = MSTW 2008 NLO (68% C.L.) =
Z 1.4 L...2 Fit with Tevatron Run | jet data =
8 1_3f_ \%&Q‘\ Fit without any Tevatron jets = Dlﬁerences at X>O°3
Q = HHHH ZEUS 2005 Jets NLO
N 1.2 .
E - Fit to Run | data gave
1.1 .
) ﬂ higher gluon
E 1 =
e = R : :
o %% N Uncertainty still large
T osp l Y —> No significant
0.7F | Improvements
0.6
0.5 — 1 1 | 1 1 |
0.1 0.2 0.3 0.4 0.5 06 0.7 0.8
X

*Still expect factor 8 more luminosity - reduce statistical errors at high pT
*Don’t expect significant improvements in systematics (high lumi running)

52



What if there was new physics at high pT?

Important to check, otherwise we may absorb
these contributions into the high-x PDFs!

study further dijet properties:
- mass and scattering angle
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gm Dijet Mass Distribution

central dijet production |y|<1

" 3 CDF Run II Preliminary
« test pQCD predictions =1
oy . . o 02 e E N
* sensitive to new particles decaying g Expectations from NLO pacD
into dijets: excited quarks, Z’, W, & Setedquanc
Randall-Sundrum gravitons, color- == v\ ~_
octet technirho, axigluons, colorons g - S N NG S B B
102
107
10

l2ml 1 Imol 1 Isml L 1 'l 'l -I.' nmﬁ 'l 1 moI 1
M, [GeV/c?]
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gm Dijet Mass Distribution

CDF preliminary

central dijet production |y|<1 — 10° _
L. Yo . 4 Midpoint, RB=0.7, [y™"“|<1, 1, = 1.13 b
e test pQCD predictions S 10°F e Daa
o . . 3 102 G,. —o&— NLO: NLOJET++, CTEQ6.1M
» sensitive to new particles decaying = ., corrected to hadron level
. . . ’ ’ | 10 ‘e u=pre(jet1,2)2, R,=1.3
IntO dIJEtS: eXCItEd quarkS, Z ’ W ’ '—_'_ e [| Systematic uncertainties
) = 1 -
Randall-Sundrum gravitons, color- £ o "
octet technirho, axigluons, colorons g _. gy
> 3 . =
S | Midpoint, R=0.7, [y™"?|<1,L,, = 1.13 b 10° p—
= [ —e— Data/NLO (GTEQS.1M, p=pF**"(jet1,2)/2=p,, R_,.=1.3) -
E 2-5__ I:I Systematic uncertainties 104 e
] S :f:;g;:;;:?;g:;;?w 10° CDF Run II Preliminary =
2(— gl2xp )/ oln -6 ] ' T ' Lo L1 L I
B G:tht":t H::j.. I T 10° 506406600 800 3000 4200 7400
- M, [GeV/c]
1.5 1l
1} ;)} c 00 |
- data with Mjj > 1.2TeV!
0.5  CDF Run IT Preliminary - all described by NLO pQCD
E liﬁ % Iur‘rl'linosity ur‘llcer‘tainty lnot includ(lad I l 9 no indications for resonances

800 1000 1200 1409
I\IIij [GeV/c] 55
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1/0 dG/dxdijet

0.14

0.12

0.1
0.08
0.06

— Rutherford Scattering
ol # B
------- New Physics

2 4 6 8 10 12 14 16
xdijet = exp(|y1—y2|)

variable: , .
Xdijet = exp(Iy:t — sz)

at LO, related to CM scattering angle

N _ 1+cos@”
Xdljet ~ 1l—cos0*

 flat for Rutherford scattering
» slightly shaped in QCD
« enhancement at low Xdijet
- new physics, e.g.:
- quark compositeness
- extra spatial dimensions

not sensitive to PDFs

> normalized distribution L __do

o dXdijet

- reduced experimental and theoretical uncertainties 26




first measurement of angular distributions
of a scattering process above 1 TeV

at highest dijet mass data still agree
with standard model predictions

—> set limits on new phenomena:

* Quark Compositeness
« TeV-1 Extra Dimensions
 ADD Large Extra Dimensions

No indications for any deviations
from the Standard Model

1/6 g6 AO/AY, et

0.1

0.05

—- O
TT T

—e— DO preliminary
— Standard Model

=== Quark Compositeness
A=2.56TeV (A=+1)

ADD Lg. Extra Dim.
M_=1.55TeV (GRW)

-+ = TeV' Extra Dim.
M=1.41TeV

04 <M/TeV <05 -

Mg Ea gy syt

0{.5 < IVIJ-J-/TleV <0.6 |

06 <MyTeV <0.7

i} _i_

0‘.7 < IVIjj/TIeV <0.8 |

-

08<MyTevV<09 |t oot My/TeV < 1.0
+,. M/TeV < 1.1 - MyTevs 1.1

5 10 15 5 10 15

L =0.7 fb-‘] Xdijet = exp(|y-Yal)



Jet world data

i i i i fastNLO
1 O 3 I nCl US Ive Jet p rOd u Ct I 0 n hepforge.cedar.ac.uk/fastnlo
s + in hadron-induced processes
| | (<s00) S = 200 GeV pp
| e STAR 02<y|<08
_ o Hi 150 < Q< 200 GeV?
o Vs =300 GeV = Hi 200 < Q° < 300 GeV*
10 “°F (x100) & Hi 300 <Q”< 600 GeV?
- ! 1 v Hi 600 < Q° < 3000 GeV
. o ZEUS 125<Q< 250 GeV?
> - Vs =318 GeV D IS 0 ZEUS 250 < Q< 500 GeV?
o) - 8 (x35) & ZEUS 500 <Q®<1000 GeV?
D o ZEUS 1000 < Q° <2000 GeV’
c ¢ ZEUS 2000 < Q° < 5000 GeV?
— i
~ Vs = 546 GeV ——t— (< 16)
© o CDF 0.1<l|y|<0.7 % ﬁ% f
©10 | bar
S - Vs =630 GeV
i e DI |y|<05 ; (% 6)
-~ s = 1800 GeV e
i 5 CDF 0.1 <|y| <07 L L4 L SAALSIAR LA (x3)
e DB 00<|y|<05
«» DG 05<|y|<1.0
Vs = 1960 GeV
1 2 0 CDF cone algorithm 4 (x1)
4 CDF k; algorithm
all pQCD calculations using NLOJET++ with fastNLO:
a(M;)=0.118 | CTEQB.AMPDFs | p =p,=p; jot
NLO plus non-perturbative corrections | pp, pp: incl. threshold corrections (2-loop)
| | | | | | | | | | | | | | | | |
2 3
10 10 10

p- (GeVic) >8



& DO
Other Processes



Direct Photon Production

direct photons come unaltered from the hard subprocess
—> direct probe of the hard scattering dynamics
- sensitivity to PDFs (gluon!) ...but only if theory works

inclusive photon cross section D< |n|<0.9
partonic subprocesses

1

S o also fragmentation contributions:
2 0.8
E 0.7 q9
= 0.6 (all quark/anti-quark
& D5 ubprocesses)
S D4
o
— 0.3

0.2 qg

01 lag i i o

0 b= suppress by isolation criterion

a0 100 150 200 250 200

pr/ GeV - observable: isolated photons *0




gﬂ?\
S E Incl. Isolated Photons

CDF Runll Preliminary

g L
> F o [ L =380 pb’
5 102 ke —e— CDF data L =451pb™ 244l g DO
-] = . - =L
4 g systematic uncertainties -~ i
— ~ (1]
"_?E— B —&— NLO pQCD (JETPHOX) ® o C J
' Fe= CTEQ6.1M, BFG Il =L i s s
510? = P-R=|-"-F=P-f=p{- - ‘ ---------- }L ....................
C Theory not corrected for 1 - 4»
_ :9:: Underlying Event contribution - .| | L l | | l i n
i ":t: : 1 e . 1’*'. """"""""""""""""
15 = osf- I[TTT] * | .
= h | ’ | | T [ ]
- i i | f
L . . 0.6~ —®— ratio of data to theory
oL [TIE10 180520 GeV —— - CTEQ6.1M PDF uncertainty
= Riso=0.4 — — Lo scale dependence .
- . 04— (uH=uF=uf=0.5p; and 2p;)
= | 1 1 | 1 1 | 1 Il Il I Il 1 1 | 1 1 1 I 1 1 1 | 1 1 1 L1 [ 1 L1 1 | 1 1 11 | 11 1 1 | 11 1 1 | 1 L1 1
40 60 80 100 120 140 160 0 50 100 150 200 250 300

p; (GeV) p; (GeV)

« CDF and DO measurements: 20<pT<300GeV - agreement
« data/theory: different shape at low pT

« experimental and theory uncertainties > PDF uncertainty
- no PDF sensitivity yet

» first: need to understand discrepancies in shape 61




DJ, arXiv: 0804.1107 [hep-eX]

investigate source for disagreement ~ “fpg = vicosyy0 T 15<l<25 yiy" 50 ]
: : Siaf i<t i | :
>measure more differential: e | o> 15 Gov i h*l | |
grab o d ST,
+ tag photon and jet Al G e N T“Hfl __
- reconstruct full event kinematics §osf tf H{H IR J :
T -
* measure in 4 regions of y¥ / yiet N 1 L=1fb! |
s e i i — 3
- phOton: Central b Y| <08, y"y* <0 T 15<y®| <25, y'y™ <0 g
- jet: central / forward 3 E
- same side / opposite side b T 1 Hhi S—
¢ T, <
| TR T | R e RS
it | e
r t T , .
discrepancies if data/theory “F = feoe s ncorany | 3
. . .. 04| T === ratio of MRSTO4 to CTEQESM ]
9 flgure OUt What IS mISSIng. .o 0_2:_ 7.8% is overall normalilzation uncertainty _E e ggg 8}@'@6@8@’?;‘&%%@%3\” _:
30 100 200 30 100

* higher orders?
\
* resummation? P, (GeV)

o 27?77 see talk by K. Hatakeyama for new DO results on
“isolated photon + heavy flavor jet production” 62




é{; Isolated Photon + b-Jet

Motivation: b %
« Sensitive to b-quark content of

proton g
* Background to many new physics

processes

- Technicolor a)TC — }/ﬂ'rc — 7bb o
-SUSY, e.g. X 11-Zi = tb—>bey!. 7, =)

- 4 generation, excited b-quark EM calorimeter (CEM)

Strategy:

« Photon identification
statistical separation from pions
based on measured shower shapes
« B-jet identification
tight secondary vertex tagging

Preshower (CPR) Showermax (CES)



é{; Isolated Photon + b-Jet

S F AR(j)>0.7. n(¥)I<1.1, h{)I<1.5, E~(j)>20 GeV
[ - CDF Run Il Prelimina <
% 4:— nary % CDF Run Il prelminary
a s Data: L~ 340 pb” o | * Data (L =208 pb’)
s 3.5 --I 3 Pythia MIC
Y C Pythia CTEQSL Q
- 3:_ '_‘_:—n—' '--l-_-' 4
s | —— Herwig CTEQSL w
- 25F -
v F Tvrcicra nr Aafac gy SVT(silicon vertex
= F Inclusive y dataset o .+ , \
= 2F o trigger)+ y dataset
- f I (trigger on both
Y 15 -+ o &8 ‘
= F { == photon and b-jets)
a 1= v | —+—
+ | i
T 051
- .
nT IR R T N T T N T " N T T _ I : — M-
30 40 50 60 70 20 40 60 80
Photon Et (GeV) Photon ET (GEV)

Reasonably well described by PYTHIA (LO)
- Waiting for NLO pQCD result
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Isolated Photon + HF Jet

D@ preliminary

g 10 D@ RunIIPreliminary ~ ®y""y'>0
b E L,=10f" .y Py <0
&
s 1 = (x3.0) -8 Y + b jet
= B thjﬂl <08
i - Wi <10
;:;,_10_1 - i :'T p,"" >15GeV
= L
. ¥y E .
Photon + (b/c) jet + X Sl
=y
Photon pT: 30-150 GeV f cmosan o vl

10°

0.01<x<0.3 =2 b, ¢, gluon PDF i | el i
@ WE woe S
£ W PREge

tag photon and jet - T T . ! ey

e geye Y - Je . "l . e P >15Gev
Rapidities: |’3j ’ | < 1.0 |U | <0.8 2 e
o' E
i 1 £ il é
- CTEQ6.6M.p, . =p] ‘
12 | NLOPQCD .
. . . _ :?) N ) ﬂ:r"' - ~ jet ; = -1
> triple differential d”o/(dpdy”dy’") [ L1t
10 0 20 40 60 80 100 120 140

Y (GeV)



D@ preliminary

- photon+b:

agreement over full
pT range: 30-150 GeV
- no PDF sensitivity

- photon+c:
- agree only at pT<50GeV

- disagreement increases

with photon pT

- using PDF including
intrinsic charm (IC)
improves the theory

pT dependence

Data / Theory

Data / Theory

- DO Run II Preliminary ([ - D@ Run II Preliminary
16 ly l, <1.0 _ 1 Iyl <1.0 =
2 L b jet Linl =10fb L b jet L, L= 1.0 fb
Ly 1 <038 S Ty 1 <08 ’“ b iet
1 4 ; yyyhjc( >0 Y J ; yyyhjet < 0 j‘ Y + JE
1 ;_ r T e
o Ratio of data to theory ) I —=— Ratio of data to theory
06| CTEQ6.6M PDF uncertainty - CTEQ6.6M PDF uncertainty
[ === IC BHPS Model ratio to 6.6M L ---- IC BHPS Model ratio to 6.6M
0al IC Sea-like Model ratio to 6.6M P! woniese IC Sea-like Model ratio to 6.6M
B - Scale dcpc%dcncc p PR Scale deper%dence g
0.2 - (HRTMF“:HTO‘SP'I‘ ?nd 219-1-? I | | : (”RJ:Hqul J:OlSPT Tnd ZPT? | | |
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
5r 1= -
[ —=— Ratio of data to theory IyTI_ <1.0 |[ —=— Ratio of data to theory |y{| <1.0
4.5 } CTEQ6.6M PDF uncertainty ch "ul <(.8 } CTEQ6.6M PDF uncertainty |ycj°l| <0.8
L -=-=-- IC BHPS Model ratio to 6.6M y'fy"-i"' >0 Eoe IC BHPS ratio to 6.6M y‘fyfjl‘l <0
L 3 U IC Sea-like Model ratio to 6.6M [ —— IC Sea-like Model ratio to 6.6M
e Scale dependence [ mmnming Scale dependence
35 = (11|2=|,1F=ur=0,5pi and Zpi) :_ (pR:pF:ul:O_fipz and 2]3?)
3f DO RunIl Preliminary % - DO RunII Preliminary |
sigE F L, =10/ l
- E y+cjet z
2 -
151 2
10 -
0'5:_...1\..I\.al..\l...J..\I.HI\:*...[\..I\.;I..\I.i.\..\l..\l\
0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140

L=1fb"

P (GeV)




« strange quark PDF at rather large Q?

strange quark density

"
4
— - PDF fits so far: no direct input on the
2
: - strange quark-PDF errors are small

'u_ because: s=(u-sea +d-sea)/2

,. ! 4 - this small uncertainty is fake
—a —> does not reflect true uncertainty
v « sensitive to |V

« Part of W+jets bkgd to top, Higgs searches

Here: First Measurements of W*+c
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W* + single c-jet

Phys. Rev. Lett. 100, 091803 (2008) Subm. to Phys. Lett. B - arXiv:/0803.2259 [hep-ex]

NOSTSS — \yOS=SS D0: measure ratio
g,. XBRW - tv)="2 o . . .
AlL W+c-jet /| W+jet vs. jet pT
o0 x BR - partial cancelation of syst. uncert.
- CDF: for p;c>20GeV, |n<1.5 pTIepsozn> 20 GeV, [ne<2.5
9.8 + 2.8 (stat) “4_ (syst) £ 0.6 (um) pb - .
.« e 0.16 - a
* N LO pred |Ct|0n (MCFM) =.-0-14 f_ fffff Alpgen (v2.05) + Pythia (v6.323)
oxBR=11.0 *4,, pb ;:;j_ ‘
™M T ——
“E @ Data (~1.8 fb-1) E&,'%M’a?
120:_ @ Wc (measured) °To06-
100 -— [ Drell-Yan 04l T
-'g - Non-W 0_02:_ .
0 80 + [ 1 W+light flavor 03,| ‘ R SR
L [ Other 10 10?
003? o0 overflow jet P, [GeV]
B 40 o(W +single-c
S i ( 8le-¢) _0.071£0.017
2 a(W + jets)
0
|‘| | | AN T T A YT A NN Y YT T AN T A A MO AN | | . .
R R e aps LO prediction: 0.040 + 0.003 (PDF) &g



éiﬁ? Summary

Tevatron data on inclusive jet and W/Z-production
with luminosities of 0.2-2fb-1

- Additional PDF constraints on
* high-x gluon (incl. jets)
« down quark (W/Z rapidity distributions)

Other processes: incl. photon, photon + jet, photon+HF jet, W+c jet
are either limited by statistics, systematics and/or by theory
- hopefully progress on all sides

- 4fb-1 already on tape and soon expect 8fb-1
- Will lead to further progress = PDF constraints
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World Jet Data vs. CTEQ6.1M

fastNLO

Inclusive Jet Data from different

* Experiments

* Processes

* Center-of-Mass Energies
Py

compared to predictions é

 with CTEQ6.1M PDFs P
©
©

Good Description

Everywhere

-
o
N

—
o

inclusive jet production

in hadron-induced processes

www.cedar.ac.uk/fastnlo

' DIS

100 < Q° < 500 GeV?

i e Hi 150 < Q° < 200 GeV?
Vs = 300 GeV m Hi 200 < QF < 300 GeV2

A Hi 300 < Q% < 600 GeV?

- (% 100) o ZEUS  125<QF <250 GeV?
B A ZEUS 250 < Q% < 500 GeV?

500 < Q° < 10 000 GeV?

v Hi 600 < Q° < 3000 GeV?
o ZEUS 500 < Q® < 1000 GeV?

5 T4 I
E‘- T
{ ? % o ZEUS 1000 < Q7 < 2000 GeV?
A ZEUS 2000 < Q% < 5000 GeV?

- s = 630 GeV | v S pp-bar
[ ° DB <05 } *8

[ Vs = 1800 GeV

o CDF 01<ly|<0.7
e DJ 00<|y|<05
4 D@ 05<Jyl<10

& (x 40)

|
i

[x3)

e
il

\/s = 1960 GeV

o CDF cone algorithm
A CDF k; algorithm

(1)

+ I
: all pQCD calculations by fastNLO:

@ (M,)=0.118 | CTEQ6.1 PDFs |

K =U¢ =Py

DISInNLO | ppinNLO +NNLO-NLL | plus non-perturbative corrections
i I | L L | L L I | | L L | L I |
2 3
10 10 10
pr (GeV/c)



World Jet Data H1 2000 PDFs

Inclusive Jet Data from Different

* Experiments
* Processes 102
* Center-of-Mass Energies

-
compared to predictions é
« with “H1 2000” PDFs @10

©

©

Poor Description
1

- need to include Jet Data for
Meaningful PDF Fits Results!

inclusive jet production

in hadron-induced processes

b

fir—%

|
§

- DIS
Vs = 300 GeV
s

:
R T ILI B

[ Vs = 1800 GeV

o CDF 01<ly|<0.7
e DJ 00<]|y|<05
A D@ 05<Jy<10

100 < Q° < 500 GeV?

o Hi 150 < Q° < 200 GeV?
= Hi 200 < Q° < 300 GeV?
A H1 300 < Q% < 600 GeV/?
0 ZEUS 125 < Q° < 250 GeV?
A ZEUS 250 < Q° < 500 GeV?

500 < Q% < 10 000 GeV?

v H1 600 < Q° < 3000 GeV?
o ZEUS 500 < Q® < 1000 GeV?
o ZEUS 1000 < Q% < 2000 GeV?
A ZEUS 2000 < Q% < 5000 GeV?

(x 100)

I

f

(x 40)

—He-

———

1
¥ g

+++++++ H

------
0

WY

\/s = 1960 GeV

O CDF cone algorithm
A CDF k; algorithm

: all pQCD calculations by fastNLO:

@ (M;)=0.1185 | H12000PDFs | p = =p;

bar

DISInNLO | ppinNLO+NNLO-NLL | plus non-perturbative corrections
i I | L L L L L I ‘ | L 1 | | - |
2
10 10 10
pr (GeVic)

3



d°c/dx, dy (pb)

ratio

Inclusive Jets: Tevatron vs. LHC

10’ o . PDF sensitivity:
6 inclusive jet production _ _ _
18 5 —> compare jet cross section at fixed
10 XT = 2pT / sqrt(s)
10°
10 °F
10 } Tevatron (ppbar)
101:;: >100x higher cross section @ all xT
10 4F . >200x higher cross section @ xT>0.5
10 aF Tevatron sgrt(s)=1.96 TeV ‘,‘
10 _EE ==== |HC sqri(s)=14 TeV A
0 * LHC (pp)
300 tevaton munl / ue A+ need more than 1600fb-1 luminosity
200 F--:--- e proseeees oo _ to Compete Wlth Tevatron@Sfb_'l
_ - | = more high-x gluon contributions
100 - ...................... .......... ....... ...... e bUt more Steeply falllng Cross SECt.
0.05 0.1 0.2 0.4

X, = EPT;’Eqrt{s} at highest pT (=larger uncertainties)

—> Tevatron results will dominate high-x gluon for some years ... 72
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fractional contribution

From the Tevatron to the LHC

0.75

0.5

0.25

partonic subprocesses for hadron-hadron — jets

® gg —jets @ gg—jets (xy<x) @ qg;— jets ® qg — jets
® gg— jets (xg > xq) ® qq, — jets @ qﬁj — jets
NLO pQCD
RHIC Tevatron LHC CTEQS.1M
00<Jy|]<1.0 00<ly|]<04 0.0<]y|<0.5
pp at Vs = 0.2 TeV pp-bar at Vs = 1.96 TeV pp at Vs = 14 TeV
X
0.1 - 0.2 0.5 0.03 0.1 0.2 0.5 0.02 0.1 0.2 0.5 T
:I I W | @ ] I 1 1 I I: : 1 1 | L | I I®I 1 1 I: : 1 1 1 | L | I| @ 1 ©I 1 | ] I:
¥ ® {1t ® 1 E ®
o i ® 4 F ]
- @ 1 E @ 1 E ) .
N (€)) 1 E 1 F @ :
n a1 1 ® ]
B @ 1 E @ 1 C ]
[ 1 = q = ® ]
- o it ° i :
| ] ] ] [ B C | ] [ i A | Lol | T
2 5 . 2 3
10 20 40 80 50 10 5x10° 10 10

pr (GeV/c)
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Partonic Subprocesses vs. |y]|

fastNLO

CTEQ6.1M

fractional contribution

0.75

O
&

0.25

partonic subprocesses for inclusive jet production at the LHC

® gg —jets ®@ gq — jets (xg < xq) @ 99, — jets ® qgq, — jets
® gg—jets (xg>xg) ® qgq — jets @ qgq, — jets
00<]y|<0.5 10<|y|<1.5 20<|y|<25

: & & : @
- n ®
; ® - ® | E @ ©
— @ — y
: ® o | 2
3 @ 3 @ 3 i
- - o 3
I Ll E L E N

2 3 2 3 3
10 10 10 10 10 10

pr (GeV/c)
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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) 0.1 < 1Y® | < 0.7
Pt |
1
= os)
- 0.8 r
> . L o | "

0.5 ™ > 148 GeV/c | v > 166 GeV/c | T > 186 CeV/c

| P < 166 GeV/c | P™ < 1B6 GeV/c | P™ < 208 GeV/c
o4l ot b e

o 1] | |
™~ | |
0.6 | P > 208 GeV/c | P > 229 GeV/c | PM > 250 GeV/c
: P < 229 GeV/c | P < 250 GeV/c | P < 277 GeV/c
o4l bl
o 1 : :
o~ LA Eo
a. 0.8 | /—‘ : ‘/"" : |

PM > 277 GeV/c | P > 304 GeV/c||

PR < 304 GeV/c|| P < 340 GeV/c||

0.4 L L L
4]

2.5 10 0.5 10
r/R r/R

P > 340 GeV/c
P < 380 GeV/c

0.

5 1
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

Midpeint Algorithm (R=0.7)

@ DATA
— PYTHIA Tune A

0.1

200

—————— gluon—jet
quoark—jet

< 1YY" < 0.7

20% gluon

B0 guork

250 300 350

P (GeV/c)
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Idea: Dijet Azimuthal Angle is
Sensitive to Soft & Hard Emissions:

Test Parton-Shower
Test 3-Jet NLO

PRL 94, 221801 (2005)

o
10 F
- DO K
43 ® pm* - 180 GeV (xB000)
10 'F 0 130 < pT < 180 GeV (x400)
- ® 100 < p™® < 130 GeV (x20) o
B =il
1035_ O 75<pT™<100 GEV{_’.."'
- —
B - o
-
10 % + ol -
E ¥ -Q-GIG
10 E - -
— 2
- } o - 9
1 F el s
F—————&— - -n-u-*:"ﬂ
1: —I—+ o’
- -~
10 E_ —
- —
-2 _n_
10 k
——
_3‘
1D 1 1 1 | |
/2 2n/3 5m/6 T
AP ey (rad)



Compare with theory:

LO has Limitation >2pi/3
& Divergence towards pi

ﬂﬁdi}et dﬁdijetf dag dijet

10

104

PRL 94, 221801 (2005)

= DO
- @ pMa > 180 GeV (xB000)

= 0 130 < p™ < 180 GeV (x400)
[ ® 100 < p® < 130 GeV (x20)
| O 75<pM™ <100 GeV

— LO
NLOJET++ (CTEQS.1M)

M, =py=05p7™
| L 1 1 | 1 1 1

/2 2m/3 5m/6 T

AP ey (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

. = 5 T
Compare with theory: %% % DO
+ LO has Limitation >2pi/3 S ol fg;”:pﬂ’ffg’a o0 ‘
o - T '
& Divergence towards pi S | W 100<p7< 130 GeV (x20)
. . T 4030 75 < pT* < 100 GeV
 NLO is very good — down to pi/2 i f
. o [
& better towards pi = 107 -
... still: resummation needed
= n T 10
g Lk D@ E
§ ] - _$_—i-—§—_,_=ei_~l£=!£&-g-_/ 1
= |  pMei@0cev
- e .
i 10 F — NLO
E U ---- LO
> + 10 NLOJET++ (CTEQB.1M)
1 : e gt taie gy _3: }-l-r = }.lf = D5 p_|'||_1a.x
s o 100<pp¥<130GeV 10 ! ! ! L ! ! | ! ! !
' NLOJET++ (CTEQS.1M) % /2 21/3 5n/6 T
2 -
1 — 0 8% T ooo_ AP ey (rad)
- _Ql_ I?5~—TpT"EI’=q1loo Gev
w2 2n/3 5m/6 T 81
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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 ...

PRL 94, 221801 (2005)

43 ® pMa - 180 GeV (xB000)
= 0 130 < pI'®* < 180 GeV (x400)
[ 100 < p"™ < 130 GeV (x20)

ﬂﬁdi}et dﬁdijetf dag dijet

=== PYTHIA 8.225

(CTEQBL)

HERWIG &.505

5m/6

T

AP ey (rad)
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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 DW)
(“tune A” is too high!)

PRL 94, 221801 (2005)

ﬂﬁdi}et dﬁdijetf dag dijet

DI

[ @ pMa* . 180 GeV (x8000)
E 0 130 < p'® < 180 GeV (x400)
[ ® 100 < pf™< 130 GeV (x20)

HERWIG 6 505
-== PYTHIA 8225
1 PYTHIA

increased | 5R
(CTEQR Lil

5n/6 T
AP ey (rad)

83



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 DW)

(“tune A” is too high!)

Matched predictions:

SHERPA is great

ALPGEN looks good — but low
efficiency - large stat. fluctuations

PRL 94, 221801 (2005)

4
= 0 130 < pM*< 180 GeV (x400)

= DO

@ pr* = 180 GeV (xB8000)

C 100 < pT® < 130 GeV (x20

—— SHERPA

= e

==== ALPGEN
| L L L I L L L

/2 2m/3 5m/6 T

AP ey (rad)

84



Radius Dependence

of Jet Cross Sections

jet cross section depends on
radius in jet definition

—> important testing ground

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

results for each D value
are compared to NLO
PQCD calculation + non-
pert corr.

- agreement for all D values

A

-
=]

d%/ dy’" dp}" [nb/(GeV/c)]
o
S

Phys. Rev. D 75, 092006 (2007)

107

K; D=05  O1<ly’"|<07
—a— Data
Systematic uncerginties
—e— MNLO: JETRAD CTEQBE. 1M
corrected to hadron level
Ha =Wp=maxpr /2=y,

-- PDF uncerairties

K; D=10  01«y' " |<0.7
—a— Data
L} Systematic uncerainties
—a— : .
.‘ WLO: JETRAD CTEQS 1M
corracted to hadmon level
Vi Hp=Hp= max |::o'1J—!=—r.l'2=|_|U
b PDF unce rtainties

Parton to hadmon level correction

Morte Caro Modeling Uncerairties

——  Parien to hadron level correction

- L Wornte Carlo Medeling Uncerainties
1 1

600

pyT [GeVid

200 400 600

py [GeVicl

(sipilar apply BFEEIVEY Frify)a LO test of radius dependence
= better: study ratios and compute at true NLO (using 3-jet NLO)
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVDAQ000075000009092006000001&idtype=cvips&gifs=yes

Radius Dependence of

Jet Cross Sectlons @NLO

Ratio of cross sections: B(D) _

—— =1 + cjay —|—(:~ﬂ —|—OG
g(D”) 1 ()

« Jetcross section at LO - noradius dependence (R=1)
« Jetcross sectionat NLO - LO contribution to radius dependence
o(D)|n1c o(D)
[ Sl ]NL(_} — [ Sl ] — RLO(D)
o (Do)lNLo a(Do) |10
« Jetcross 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 (222 kinematics)
—> contributions from 2-loop corrections cancel in difference

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

(D) —a(Do)lnro L] = [”(D) ]
[7(Do)lxro (Do) Invro

= Rnro(D)
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—> use for first NLO study of radius dependence of jet cross sections




Radius Dependence of

Jet Cross Sections @NLO

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

r~._
. 18 | e CDF ratio: D=1.0/D=0.7 jlus non-perturbative corrections
T CDFF CDF ratio: D=0.5 / D=0.7 IS P

1.6 :— —  NLO + non-perturb. corf] scales: mu=pT (OSpT, ZpT)

only at highest pT:

- agreement at the edge of scale
T dependence

- L 71 | disagreement at lower pT:
0.6 D-1<|}'jet|‘:0-? _

—— ~+ .+ .1 | = larger radius dependence in data
50 100 200 400 700

bt (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

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

~ ~ .

. 48 | ® CDF ratio: D=10/D=07 ] - 1,8% ® ZEUS ratio: D=10/D=07 ]

E CDFF CDF ratio: D=0.5/D=0.7 ] E _EU O ZEUS ratio: D=0.5/D=0.7

1_:%1 1.6 - —— NLO + non-perturb. cor] h‘ji 16 | —— NLO + non-perturb. corr.

L B --- NLO ] o i --- NLO )

© - T LO

~ 14 -® s ~ 14 s

9.. B - ¢ b 9, - .;"‘;——i_.__:__!_ - { |

i}— 12 | R :—-:——.__i_!__!-_!._. e iﬁ.- - E 12 L TS _:“‘i—:%ij- ————1 |

= - --itI== -_:____E:E; == i~ [ o eeeemm ===~ S ]

© I : © T TLIIIL ]

(ln 1 7 L §

08 [ 5560000 g N = S E

06 | 0.1<]yjeql<0.7 - 06 - 125 < Q%GeV? < 10000 -

i 1 1 1 | 1 1 1 1 1 1 1 B 1 1 | 1 1 1 1 1 1 ]

50 100 200 400 700 10 20 40 80

o1 (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??? 88




