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EE Fermilab Tevatron - Run Il

Chicago - A36x36 bunches

_ Abunch crossing 396ns

ARun Il started in March 2001
APeak Luminosity:
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Run |l Detectors

Solenoid Coil
EM calorimeter
Hadronic
calorimeter

Steel shielding

| nner most

New in DO for Run lib:

nL a

Multi-Purpose Detectors:
ATracking

ACalorimeter

AMuon System

[ Muon Chambers

Shielding
Calorirmeter
H Toroid
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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
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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
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Hadron -Hadron Collisions

outgoing parton(s)
' @

hadronization,
fragmentation

fragmentation functions
hadronization corrections
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outgoing parton(s)



Hadron -Hadron Collisions

outgoing parton(s)
' @

multi-parton interactions
underlying event

anti-proton
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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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% A Jet Production w

A Jets beyond 2 A 2
A Photon Production

A Vectorboson + Jets
A Heavy Flavor Jets
A W-Asymmetry

Not shown:
A Diffractive Results
A Underlying Event Studies 15




|

QCD

PDFs
V S .

NNew

Physicso-

13



Parton -, Hadron -, Detector - n J e t

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

A Direct Observation:
Energy Deposits / Tracks

|A Stable Particles (=True Observable)

A Idealized: Parton-Jets
no Observable (color confinement)
only quantity to be predicted in pQCD

parton jet

IR- and Collinear safe jet algorithms:
ATeV4LHC workshop

q ALes Houches 2007 workshop 14
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From Particle to Parton Level

A Measure cross section for pp-barA Jets (on @ PRlaevelcd)e

Corrected for Experiment al Effect:
o 1.5-
Use Models to StUdy Effects é 1.45_ Parton to Hadron Level Corrections
of Non-Perturbative Processes % 1_3:_ ........ Underlying event
(PYTHIA, HERWIG) © B Eﬂdm”'za“on
. . . “r ncertainty
A Hadronization Correction 11
A Underlying Event Correction S — o
of T A
CDF Study for cone R=0.7 s Hn Ty
for central Jet Cross Section 07F L e
0 100 200 300 400 500 600

P; (GeV/c)

A Apply this correction to the pQCD calculation
A to be used for future MSTW/CTEQ PDF results

A First time consistent theoretical treatment of jet data in PDF fits 15




d°c/dp, dy (pb/GeV)

ratio

Inclusive Jet

inclusive jet production

Tevatron

= Run Il sgrt(s)=1.96 TeV

==== Runl| sgrt(s)=1.8TeV

10 oo

400

Production

A Run Il Increased x5 at pT=600GeV

Asensitive t o nNEe
Quark Compositeness,
Extra Di mensi ons

A Theory @NLO is reliable ( 10%)
A sensitivity to PDFs
A unique: high-x gluon
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T L U I 1
@ : inclusive jets: Tevatron Run Il
o 08 ly|l<0.4
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S os | qq = jets -
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= 04 gq — Jets
S
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£ | gg — jets
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pr (GeV) 16



- Inclusive Jet Cross Section

Steeply falling p specirum: |

1% error in jet energy calibration
A 50 10% (100 25%)
central (forward) x -section

Benefit from

ASeven times more luminosity
than in Run |

Alncreased high pT cross section
due to increased Run Il cm energy

ASeven years of hard work on jet
energy calibration

A Result with largest rapidity
coverage and highest precision!

submitted to PRL arXiv:/0802.2400 [ hep-ex]
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£ DO Run |l

ly|<0.4 (x32)

0.4<|y|<0.8 (x16)
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1.2<|y|<1.6 (x4
1.6<|y|<2.0 (x2
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\s = 1.96 TeV
L=0.701fb"
Reone = 0.7

— NLO pQCD

+hon-perturbative corrections
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p, (GeV)
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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 | ]
1.5 L=070fb" —+ +non-perturbative corrections _ + Systematic uncertainty -
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f08<|y|<1.2
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F |ly| < 0.4 +04<|y <08

2335 NLO scale uncertainty =— CTEQ®6.5M with uncertainties ! ]
1.5¢ o T MRST2004 .~ T ’,' ]
el I mmmma ke :
e Y L PR 5
0.5F ! =+ + : 3
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A data are well-described by NLOpQCD
A experimental uncertainties: smaller than PDF uncertainties!!
A data favor lower edge of CTEQ 6.5 PDF uncertainties at highp-
A shape well described by MRST2004

A data are used in forthcoming MSTW2008 PDFs @ talks at DIS2008) *°
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REVSVERES

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

15 10
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REVSVERES

Cone and kT Algorithms

CDF Run 11 Preliminary IL=1.13 ' Phys. Rev. D 75, 092006 (2007)

> 3.5 = z
o 3 = Tl<0.1 T ey 0.7
2 [Y|<0.1 = 0.1<]Y|<0.7 § "l r <ty
£ 25F = 5 .- o
s * 3 s
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2 1.6<|Y|<2.1 T ) g L v i
Fo25 Data (parton level) / NLO pQCD ks i K, D=0.7 ‘
= i —=— Data {L=008f"}
£ 1.5E PDF Uncgﬂalnty On. pQCD % e Systemnatic uncertainties
g : E [ ] Systematic uncertainty L + _______ PDF uncettainties
1 w ______________________________ H=2xp,=max
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0 400 200 300 400 500 600 oo  Midpoint: R=0.7, f,.,.=0.75 o e o 0 T Ge Vic]
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Midpoint Cone Algorithm KT Algorithm

Interpretations of CDF cone and KT jet results
are consistent with DO cone result
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Inclusive Jets: Tevatron vs. LHC

o 10’ . . PDF sensitivity:
a 8 inclusive jet production _ _
T 135 A Compare Jet Cross Section at fixed
£ 107 XT = 2pT / sqrt(s)
5 10°
o 10
10 | Tevatron ( ppbar )
101';; >100x higher cross section @ all XT
10 4f . >200x higher cross section @ xT>0.5
10 4F Tevatron sgrt(s)=1.96 TeV ‘,‘
10 _EE ==== |HC sqri(s)=14 TeV A
10 4
LHC (pp)
300 | - . ) : :
revatron Runtl  tie A A need more than 1600fb-1 luminosity
:'-:_'EG 200 - e SRR o _ to Compete with Tevatron@8fb_l
B — | A more high-x gluon contributions
100 |- .. ...................... . .......... . ....... . ...... .._ A bUt more Steeply falllng Cross SeCt
0.05 0.1 0.2 0.4

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

A Tevatron results will dominate high-x gl uon f or s o r#le




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

Expectations from MLO pQCD

Excited quark

Il

do / dM_ [pb/(GeV/c?)]

200 400 600 800 1 DDD 1 200
[GeWcz]

CDF Run II Preliminary
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Central Dijet Production |y|<1
sensitive to new particles
decaying into dijets

1

-

o
Y

— _— 1,2 A
Nu . Midpoint, R=0.7, [y " |<1,L,,=1.131b

; 10 - —e— Data

o 102 -!‘ —a— NLO: NLOJET++, CTEQB.1M

g '.. corrected to hadron level

€ 10 ., u=pr=(jet1,2)/2, R, =1.3

'__'_ "_, : Systematic uncertainties
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A data above Mjj = 1.2TeV!
A All described by NLOpQCD

[

g Midpeint, R=0.7, [y""*|<1, L, = 1.13 fb”

I-E —e—— Data /NLO (CTEQB.1M, p=p7=*"(jet1,2)/2=p , R.,=1.3)
—~ 25 l:l Systematic uncertainties

'g' PDF uncertainty from CTEQ

= N o(MRST2004) / o{CTEQG.1M)

o(2 xug) /o)

ofwithout R} / o(R,..=1.3)

1.5

N
|IIII|IIII|IIII|IIII

0.5

CDF Run IT Preliminary

16 % luminosity uncertainty not included
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A Limits on resonances:

excited quarks, massive gluons,
RandallSundrumgr avi t ons,
23

(see: http://www -cdf.fnal.gov/physics/exotic/r2a/20080214.mjj resonance 1b/)



Jets beyond 2 A 2

A Internal Jet Structure
A Dijet Azimuthal Decorrelation

A Radius Dependence of
Jet Cross Sections

|

Underlying Event
Parton Shower
Matched Predictions
3-Jet NLO

24



Integrated Jet Shape:
Fractional pT in Subcone vs.(I/R)

Sensitive to Soft and
Hard Radiationi and UE

Well-Described by (tuned) MCs

@ DATA

— PYTHIA Tune A -~ PYTHIA
-- HERWIC .. PYTHIA (no MPI) C.1 < I1Y*® 1< 0.7
x 1
= os
~ 0.8/ p
> ' " Lo# o L d om
0.5 ™ > 148 GeV/c | P > 166 GeV/c | P™ > 186 GeV/c
P™ < 166 GeV/c | P™ < 1B6 GeV/c | P™ < 208B GeV/c
P ™ | |
o | |
S | //,_A
h ! !
> 0.6 | P > 208 CeV/c | P > 229 GeV/c | * > 250 GeV/c
: P/ < 220 CeV/c | P < 250 GeV/c | P < 277 GeV/c
o4l ot b B e
o 1 | :
~ L7 Lp
ué_:f 08 : L
0.6 | P™ > 277 GeV/c | P* > 304 GeV/c | P™ > 340 GeV/c
P < 304 GeV/c | P < 340 GeV/c | P™ < 380 GeV/c
0.4 L L
0 0.5 10 0.5 10 0.5 1
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

A significant difference

guark- & gluon-jet mixture in
tuned PYTHIA gives good
description of data

| 73m gluon

Midpoint Algorithm (R=0.7)

@ DATA
— PYTHIA Tune A

0.1

------ gluon—jet
quork—jet

<I1Y*"| < 0.7

150

200

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

A Important testing ground

CDF: radius dependence for
Incl. jets (KT jet algorithm)
for D (=radius) parameter
D=05,0.710

Resultsfor each D value
are compared to NLO pQCD
calculation + non-pert cotrr.

A

L

-
[=]

d% / dy’™ dp"' [nbi/(GeVic)]
[=]
S

Phys. Rev. D 75, 092006 (2007)

Ky D=05 01<|y" |<07
—a— [ata
Systematic uncertainties
—s— MNLO: JETAAD CTEQE. 1M
corrected to hadron level
U =lp=mas pr /2=y,

-- PDF uncertairties

Kr D=10  O1<ly " |<0.7
—a— Data

Systematic uncertainties
—a— MLO: JETRAD CTEQB.IM

corrected to hadmn level

Up=ip=max pr /2=y,

————— FDF uncertairties

FParton to hadmon level correction

—— Farien to hadron level correction

agreement for a” D Values L? b Morte Gario Modeling Unce riainties :_ Morte Garlo Modeling Lnce tainties
P N
gy
(similar analysis in DIS by ZEUS) P [GeVic] P [Gevicl
A é but effectively only a LO test

A Dbetter: study ratios and compute at true NLO (using 3-jet NLO)

27
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Radius Dependence of

Jet Cross Sections @NLO

D .
Ratio of cross sections: R(D) = o(D) — 1+ cra. + ¢ m + O
A Jet cross section atLO A no radius dependence

A Jetcross section atNLO A  LO contribution to radius dependence
o(D) |y - o(D)
[ S ]NL(_} — [ S ] — RLO(D)
17(Do)lnro o(Do) 1o
A Jet cross section atNNLO A  NLO contribution to radius dependence

NNLO calculation not available”A missing: 2-loop virtual corrections

A but:2-l oop virtual correct i oA2kmentts)
A contributions from 2 -loop corrections cancel in difference

Usethree -jet NLO calculation to compute difference
A obtain NLO result for ratio:

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

A use for first NLO study of radius dependence of jet cross sections | %®

= Rnro(D)




Radius Dependence of

Jet Cross Sections @NLO

Study cross sectionratios
(D 1. O/D O 7) and (D 0. 5 /D O 7) and compare with true NLO calculation

T. Kluge, M.\W. T work in progress

scales: mu=pT (0.5pT, 2pT)

r~._ _
s 18 ® CDF ratloD‘1Ux’D D? —
% CDFC‘ CDF ratio: D=0.5/D=0.7 ]
E 16 —— NLO + non-perturb. corr]
D; --- NLO
o a LO
~ 14 [%e -
L e ®
L_:: 1.2 - .'..‘..‘._"..'.T.._-._‘__._— ___'__g:i!_l—_.-l—-_._—.__.iii:: = B
b ----------------------------------
1 |
08 55000 ]
06 - 0.1<y;e|<0.7 -
| | | | | |
50 100 200 400 700
pr (GeV)

only at highest pT:

A agreement at the edge of scale
dependence

disagreement at lower pT:
A larger radius dependence in data

A NLO corrections are
A most of pT range: dominated by non-pert. corrections

<20% for Tevatron
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Radius Dependence of

Jet Cross Sections @NLO

Study cross sectionratios T. Kluge, M.W. T work in progress
(D 1. O/D O 7) and (D 0. 5 /D O 7) and compare Wlth true NLO calculatlon
~ ~

. 18 [ ® CDF ratio: D=10/D=07 . . 18 [ ZEUS ratio: D=1.0/D=0.7 _

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 16 | —— NLO + non-perturb. corr.

e B --- NLO i o B --- NLO ]
© - T LO

~ 14 -® - ~ 14 | -

< : ! S e { :

12 [ T2%%e000 ;.0 | S 12 b B e e

= - ---= ——-—T-_-—-LE:.-_:_ i i~ [ e ee--m===- S irsmamssssmsesesasies: ]

[e) R 1 G ] o I _

T | L §

08 | 565600000 : S = S &

06 |- 0.1<lyjer <0.7 - 06 | 125 < Q%/GeV® < 10000

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

50 100 200 400 700 10 20 40 80

pr (GeV) E (GeV)

A NLO corrections are <20% for Tevatron ~60 -100% for HERA
A most of pT range: dominated by non-pert. corrections

A HERA data described / Tevatron data not A underlying event??? | *°




Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

. : ) Z 10k
Idea: Dijet Azimuthal Angle is s | DO
. . [ @ pmax . {80 GeV (x8000) o~
Sensitive to Soft & Hard Emissions: © 1040 a0 fpgax{ 180 GeV (x400) "
5 B 100 < pT® < 130 GeV (x20) o*
A Test Parton-Shower 8 ool o 75<phci00Gey a0t
A Test 3-Jet NLO g ~
-E = * {F&o
— 10°F -+ q{?ﬂ =
E $ -Q**"'"# _._-I-.:..
0 b _D_—n— *'*._*
— ot of
1 ;_ -.'I- ﬂ.n_'u‘ﬂ
" a0
_1: —* _D-u-ﬂuu
10 E_ —
———
-2f —a—
10 F
%
_3‘
10 — |
/2 2n/3 5m/6 T
AP e (rad)



Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

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

'°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

ﬂﬁdi}et dﬁdijetf dag dijet

. — Lo

10 ¢ NLOJET ++ (GTESﬁJ M)
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;— “3”;— DO
A LO has Limitation >2pi/3 T O PP > 180GeV (B000)
_ _ “‘:q_j F O 130 < pI™ < 180 GeV (x400) N
& Divergence towards pi o [ W 100<pf¥< 130 GeV (x20)
) N . T 4030 75 < pT* < 100 GeV
A NLO is very goodi down to pi/2 - ,-
. bu B )
& better towards pi = 107 !

Vd

é still: resummat i of

NLOJET++ (CTEQB.1M)
M, =py=05p7™

> C T 10 E
S LE DS : 2
= _
|_ -
o L, B s eSSt WO
— = 4 1
= - pI = 180 GeV
“é : L L L | ! L | L ! ! -
g o N 1 n,. n,dependence F
- = PDF uncertainty
] 10 F — NLO
1 Y -
E i -—--- LO
- 1 1 1 _E
¥ $ 10
2 F

1 eyt ee e e gy

- 100 <« p™* < 130 GeV 10 | ! ! L |

o L L L ] . . . | . . .

: NLOJET++ (CTEQS8 1M) % /2 Drr/3 51/6 -
Cal
e — L sE o AP ey (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory:

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

A NLO is very goodi down to pi/2
& better towards pi

ﬂﬁdi}et dﬁdijetf dag dijet

e stil | resummat
A HERWI G i s pteerbfoexcot
A PYTHI A is too | ow

1Db:— Dg
J ® P > 180 GeV (xB000)
10 'F 0 130 < pl'® < 180 GeV (x400)
[ ® 100 < p™< 130 GeV (x20)
10 °F
10 %
of
J0
n o
i 11E
_1_
10
= HERWIG 6.505
-2f === PYTHIA 6.225
10
_af . (CTEQSL)
1D L 1 | 1 1
/2 2n/3 5n/6 T
AD gijer (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory:

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

A NLO is very goodi down to pi/2
& better towards pi

é s trasummation needed
A HERWI G i s pteerbfoexcot
APYTHI A is too | ow
€ but i tuned @ne DoV
(Atune AO0O I s too

Z 10°L
3 43 ® pm* > 180 GeV (xB000)
~; 10 F o 130 <pf™< 180 GeV (x400)
5 [ ® 100 < pf™< 130 GeV (x20)
1:# 103;
o :
.
— 10
~O E
n G
i 11E
_1_
10
hi & ) HERWIG 8.505
m-f' - . --=- PYTHIA 8.225
F [ PYTHIA
i increased | 5R
-ar o iCTEDBL?
1D L | 1 1
/2 2m/3 5m/6 T
AP ey (rad)
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Dijet Azimuthal Decorrelation

PRL 94, 221801 (2005)

Compare with theory: ;93% °F D@
A LO has Limitation >2pi/3 Eﬁ 104;—; ?g::p;”ijiega SSEDELLDD)
& Divergence towards pi & [ 100<pI<130GeV (x20
A NLO is very goodi down to pi/2 E_ 0%
& better towards pi = 107

é s trasumimation needed

10 E

A HERWI G i s pteerbfoexcot 1 g U/
APYTHIA is too |low imFy

€ but i tuned @une DbV e
(Atune A0 is too higmm) +~ o
A SHERPA is great 0 E = —— SHERPA
A ALPGEN looks good but low ot T A
efficiency A large stat. fluctuations w2 23 Sm/6 %
y A J AP ey (rad)
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& DO

|

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

Direct Photons come unaltered from the Hard Subprocess
A Direct Probe of the Hard Scattering Dynamics
A Sensitivityto PDF s (ébut only 1f| we

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

1 . " .
0.9 also fragmentation contributions:
0.a
0.7
0.6
0.5
0.4
0.3

0z qag

0.1 qg . 5 - .
0 b— suppress by isolation criterion

a0 100 150 200 250 200

pr/ GeV A Observable: isolated photons

qq 9
(all quark/anti -quark g
subprocesses)

fractional contribution
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|Isolated Photon Cross Sect.

d’s/ dp/dn (pb/GeV)

—t

107!

1072

107

D@ Phys. Lett. B 639, 151 (2006)

- s data D@

— NLO QCD
- (Mg =He=1;=P7)

CTEQB.1M

i ly|<0.9
L =326 pb-!
N D T R A
0 50 100 150 200 250 300

P79 (GeV)

dld / 1neory
-
=

0.8

0.4

NLO: JETPHOX

.y
N
T T T T

0.6

L =380 pb”

—a— ratio of data to theory
CTEQ6.1M PDF uncertainty
scale dependence

(uR=uF=p,f=0.5p1 and 2p1)
| | | 11 1 1 |

50 100 150 200

P79 (GeV)

250

A no PDF sensitivity

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

A experimental and theory uncertainties > PDF uncertainty
(need improvements in exp. and thy.) 39




CDF Runll Preliminary

—e— CDF data L= 451pb™
systematic uncertainties

e —s— NLO pQCD (JETPHOX)
yd e CTEQS6.1M, BFG II

!

Mr =Hp = W =Py
E Theory not corrected for
Underlying Event contribution

2
I IIIIII.&
¢

i

=
——

—

In'|<1.0, is0<2.0 GeV —* —

]

10!

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

P9 (GeV)

&

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

DY, arXiv: 0804.1107 [ hep-ex]

Investigate source for disagreement § D@, L, =11b" <1, PF>15Gev
I : = 03 jet . Yo et
in data/theory incl. photon pT shape: 4’ . a0 e
~ 5.0 =y ¥ =
g 107 00 A 15<|y"|<25, yly* 50
. ) 5 v o15<y¥ <25 y.y* <0
measure more differential: 2 19F w01 a
v I S — NLO QCD
. o
A tag photon and jet | B 109 JetPhoX
A reconstruct full event kinematics .o CTEQ 6.5M

d

-1
]
N

)
_|_|_|"|T|T|'| IIIII]TII IIIII|T|'| IIIIIIT|'| II!III|T| T

A measure in 4 regions of y9/ yiet
- photon: central 10
- jet: central / forward
- same side / opposite side

A different PDF sensitivity in different
y9/ yiet regions

Al ook at ratios for qujantitat




|Isolated Photon + Jet

DY, arXiv: 0804.1107 [ hep-ex]

Observe:

] ] ) ] }1'65— DQ Ilf_f'l ;tl)-fli‘ly"“ y® > OI _:— 1.5 < |y <I2.Lf., IyY- y*' >0 _
A different shape discrepancies in ~ §uf L . . H* ;
different y9/ yiet regions gt F ] i._+____}._.¥ _____________________ =
R e e e
| DR -
Checked that effect is not due to 2 ook ¥ |
A scale choice Soaf ¥ :
: .  of =10 . 2
A PDF uncertainty/variation L ————} PR T

. . - E Iyl <08, y*“y* <0 T 15<y”| <25, y "y <0
A fragmentation contributions “r T ;
Bl s I I
el P 3 |=.Jf._1-.,+._4:v_ T—— anlll
1 H' | PR
e T,
of TR L
0.6F L l —+ —*— ratio of data to theory (JETPHOX)|
. I gTeErc':g?sarff ggieggérgr);ainty g
04 o= ratio of MRST04 to CTEQ6.5M 7

r . o ) - B e ratio of Alekhin02 to CTEQ6.5M
0-2“_ 7.8% is overall norma\llzahon uncertainty } T ----=- ratio of ZEUS05 to CTEIOS.SIVI ]

30 100 200 30 100

P9 (GeV)
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|Isolated Photon + Jet

DJ, arXiv: 0804.1107 [ hep-ex]

Study ratios of cross sections DO auwicon vl RSl <2l a0
]{m=”-51 Dy~ <08, y-y >0) D(1.5<ly™| <25, y'y" >0)
. et . p il |
in different yt regions N T — ok (,1 :
A cancelation of correlated £ | N b s ¥ |
uncertainties : o jj Je
e . E
A stronger sensitivity to 5
: . - - <08 vy > 1 <08 v <
differences in different £ P PrTRr S TESATE T
. "310-_ /" g = 4 -]
regions S {1 Ve
A biggest problems for ° Pes A
. - S i T _/,,—.'o
central / forward -opposites = Sy ! +--+-:,.
- 1— [ — —
need improved theory _ ooricon 1 | T
D5 <y <25, yiy* <0 S<ly™ <25, yiy'<
Challenge: saraly™ .,,.{V ) D(15<y™ 25:‘y!/ 0)
Afind out what| s mi#singi AT 3
Ahigher orders? : :;5-.}‘?""” e 1 T R S
g - F =dﬁ.dgdﬂsl 1 +_"'+-’.+. === theory, u=y
Aresummation? | e meoryue 200
Aé ? ,? 7 30 100 200 30 100 pi(GeV)
pTg (GeV) 43




Eﬁ Di-Photon Cross Section

CDF Caollab., Phys. Rev. Lett. 95, 022003, 2005. (207pb1)

APseudorapidity < 0.9

APhoton pT> 13 & 14 GeV

I L 1 1 I LI LI I LI B I | LI
TE
o v Tees
g D -
D 30 40 5|
% 107 =
& N - ]
= e " e ]
% E}‘:-14 GeV, E; >13 GeV = .

"~ 1.2 L) N

“_g . _ m"™ <0.9 |
107 | ] ® COF Il Data (207 p&7) | -
— DIPHOX CTEQSM U == m 2 -
! ResBos CTEQSM p = pg=m ]
B .I - = PYTHIAnorm 1o data . _
_l ! T_I .rll I 1] 1 ] I | I I I L1 11 I 1 1 | I 11 1] I 1 1 1 I L1 | I 1 1 | |_
10 20 30 4a 60 _ Ta 80 90 100

M, {GeVic ?)

.
»

00

A Y

0
g
g

F 3

DIPHOX: with and w/o
NNNLOgg-diagram

ADIPHOX :

- NLO prompt di-photons

- NLO fragmentation (1 or 2 @)

- NNNLO gdA g gorrections
AResBos:

- NLO prompt di-photons

- LO fragmentation contribution

- Resummed initial state gluon

radiation (important for qT)

APYTHIA (increased by factor 2)
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£ N
J1j D

1071

do/dq; (pb/GeV/c)

102 —

I I...'—I__I.‘.I.I.r.__‘ ‘-I.I I I:

uuuuuuuuuuuuuuuuu

® CDF |l Data 207 pb '
O COF II Data, Ad_ < ©2

— DIPHOX CTEQSMu, = up = /2
DIFHOX, A, < x/2 ]
ResBos CTEQSM U =ugp=m,,

--- PYTHIA nom to data

D # $rad)

-Photon Cross Section

Additional measurement for
D f(gamma-gamma) < p/2
(open markers)
compared to DIPHOX

A NLO fragmentation contribution
- only in DIPHOX

A at high T, low D f low mass

A Resummed initial-state gluon radiation
I only in ResBosA atlow T

Important:
need combined calculation with
NLO fragmentation
& Initial state resummation




