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DE> QCD at the Tevatron

 QCD is the theory of string interactions
— Testing the quality of the predictions/calculations
— Searching for Phenomena beyond the SM

 The Tevatron is a proton-antiproton collider
— Everything is QCD!!
— Complex laboratory to study all aspects of the theory
— Testing models of:
Total Cross Sections; Parton density functions; Diffractive
processes and rapidity gaps; Underlying events .
« Talk Covers
— Photons
— Jets, Heavy Flavour
— W/Z+Jets
— Diffraction and Underlying Event
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w Hadron-Hadron Collisions |

parton
distribution

Underlying

event
—

Jet
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D& D@ Diffractive Z? €2

e Standard Z selection
— Require a rapidity gap (possibly a diffractive event)
— Analysis continuing

Demand Activity North and South Forward Gap (North or South)
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D@ FPD Preliminary Data
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D> CDF Diffractive Dijets

-
o

CDF Run II Prellmlnary
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DE> CDF Heavy Flavour Dijet

 Possible Higgs Channel
— Colourless exchange
— Small background
— ?7?

CDF Runlli Prellmlnary
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PP —P xcP
Yo DIV +y > uu +y

 From inclusive J/y data:
— Cross section upper limit: o (J/Y+y) = 49 + 18(stat) + 39(syst) pb

— Khoze, Martin, Ryskin, and Stirling ~ 70 pb [Eur. Phys. J. C 35,
211 (2004)]
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DE> Photons

* In Principal a simple final state
— Photon is colourless and electromagnetic
— Accurate energy scale
— Minimal fragmentation

* |n actuality

— Purity problems due to presence of 0 in jets

— Effects of underlying event and smearing on cross
sections

J& 21 September 2005 lain A Bertram 10

het



)¢5 Isolated Photon Cross Section at D@

e Data set of 326 pb! e Purity Estimation
 EM cluster satisfying N7
- <09, Po——
— R="(A¢2+An2)<0.2 NtOtaI
— Zy <90 cCm — NN with four input variables

— EM fraction < 0.95

— Isolated (no calorimeter energy
in cone from R=0.2-0.4)

— Related to energy deposition in
EM calorimeter and properties of
nearby tracks

R direct phot
= . mmasees irect photon 1.1
= = =
= B = em-jet = = 5 DO Run II preliminary
© 0.5 data g_ 1 :_ [ _____
E a5 5 oo ke
L i o -
o4 £ oof
B F 0.7
0.3 D.EE—
[ 0.5
: cut E
O.ZT 0.4:—
L 0.3
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01— 0.2 --- Stat. error
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L | TR e, e : o= L Total error
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o 0.2 04 0.6 0.8 1 20 40 60 80 100 120 140 160 180 200 220 240‘( 2&0‘?30
NN output Pt (GeV)
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D@ Photon Cross Section
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CDF Di-Photons
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|
h Jetl Jet?2
A pT = 631 560 GeV

2 SO y= 014 -0.17
180"" N3 . 2 Sy =4z — 21 53

phi

o Mass = 1208 GeV
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IDEJ  Cone Jet Algorithms and pQCD

e |Infrared and Collinear

Safety
— Modified Cone Algorithm!
« Midpoint seeds
* Massive jets and rapidity

« aka: Improved Legacy Cone ——

Algorithm
e Infra-red safe at NNLO g
— Split Merge
' below threshold  above threshold

. > 0. _
D@ |f_share 0.5 Jet energy (nojets et

 CDF if share > 0.75 Jet
energy NP

)\ 21 September 2005 lain A Bertram 15 *



w Data Samples

« CDF
— 385 pb-1
e SN
— Rapidity: 0.1 <y| < 0.7 E 10 D@ Run Il preliminary
— S 405
Event Vertex 5 10 . Jet8 GeV, L=0.025 pb’
|z] <60 cm = 10 o Jet 15 GeV, L=0.111 pb’
— Clean-up using missing ET S 0ol  Jet25GeV, L=1.96 pb
_ P 9 J % 10° o Jet45 GeV, L=24.7 pb"
— 4 Triggers C 10 * Jet65 GeV, L=158 pb'
. DO 3 o Jet 95 GeV, L=372 pb’
8 10 = Jet 125 GeV, L=378 pb'
— 378 pb-1 =
o Q 1k lyl <0.4
— Rapidity: |y| < 0.4, S F
0.4<y|<0.7 S0
— Event Vertex g 10%¢ T
|z| <50 cm 10°F ‘ ﬁﬁﬁ ' ﬁ
— Clean-up using missing ET |||||&
_ 8 Triggers 0 100 200 300 400 500 600 700

p; (GeV)
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w CDF Inclusive Jet
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DO Inclusive Jet

/

d°o/dp,dy (pb/GeV)
253 3
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? DO Run Il preliminary
;— * lyl<0.4 (x10)
- o 0.4<lyl<0.8
3 \s = 1.96 TeV
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-~ — NLOQCD
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3 Ug = U = Pr
;_I Cooao0 | 1 | | | |
50 100 200 400
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D@ Inclusive Jet Il

data / theory
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E: D@ Run Il preliminary
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DE> KT Algorithm

e Inclusive KT algorithm

— Merging pairs of nearby

particles in order of increasing
Raw Jet P [GeVi/c]

relative pT ~ JetClu R=0.7
7]

. .2 2 AR T
dij =min(pf,;,PT, ) 52

. —n2
dij = PT ]
— D parameter controls merging

termination and characterizes
size of resulting jets

 PT classification inspired
by pQCD gluon emissions

— Infrared and Collinear safe
to all orders in pQCD

— No merging/splitting

} \ 21 September 2005 lain A Bertram

Only towers with E; > 0.5 GeV are shown
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DE> CDF Jet Production with KT

[y
=
T

 NLO pQCD corrected to hadron ] =
level using PYTHIA-Tune A : 'F s e ST et
« (Good data-theory agreement 1, M Mo
— Over ~ 8 orders of magnitude ) T
— PT reach extended by ~ 150 GeV/c rE '
with respect to Run | L Easerw ra Ly

ST

» Experimental uncertainty LR e T
dominated
by jet energy scale

— +6% luminosity uncertainty . cor e M ey T
not included in the plots S T

« Theoretical error dominated by 5 i
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CDF K jets versus D
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w CDF Underlying Event

« Everything but the hard scattering
process

— Initial state soft radiations il Stae Radition
Proton r

— Beam-beam remnants

— Multiple Parton Interactions (MPI)

« Studied in the transverse region

Underlving Event

Final-State

— Leading jet sample Outging Parion /.~ L Rodition
— Back-to-back sample
Jet #1 Direction "AVE Transverse" Charge Density: dN/dndé
1.0
Away Region CDF Preliminary :
“Toward-Side” Jet data uncorrected oV Tune A Leading Jet
Transverse 0.8 theory + CDFSIM T
Region i -
0.6 iﬁ Ll . =sgpuungfaasnnassj AT EY

Toward Region
L

o
~
|

vs)

)

o

~

A

Q

vs)

)

o

Q

"Transverse" Charge Density

Transverse I
Region 1.96 Tev Charged Particles (Jn|<L.0, PT>0.5 GeV/c)
0.0 ! ! ! !
Away Region 0 50 100 150 200 250
lain A Bertram ET(jet#1) (GeV) 23
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w D@ Dijet azimuthal decorrelations

e Test of higher order QCD
effects in two jet events
without explicitly requiring
additional jets.

— additional radiation causes
deviation of A$ from 1m

— Phys. Rev. Lett. 94 221801
(2005)

« Data Sample
— 150 pb-l
— 2 Jets P >40 GeV, |y| <0.5
— Standard Jet quality criterea
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w D@ Dijet azimuthal decorrelations

1/04iet 040 / AAD e

21 September 2005

® pI'™* > 180 GeV (x8000)

0 130 <pP"™*< 180 GeV (x400)
m 100 <pT™< 130 GeV (x20)
B 75<pT¥<100GeV

— NLO
---- LO

NLOJET++ (CTEQ6.1M)

i

/2 3n/4

W == DSpmax
| L

= Do ,{.

Ad dijet (rad)

Data / NLO Theory

DO

] X L
---------------------- == 2 :Iﬂ‘i‘mﬂnh.

pT**> 180 GeV
- |

|, u; dependence
—— PDF uncertainty

100 qpmax,_: 130 GeV

NLOJET++ (CTEQ8&.1M)

LO QCD fails for Ap=r, and A¢p<2/3m.

Require NLO, to describe data.

lain A Bertram

411,'— = =]
= L ITTIrPrrerrerr—— 5= 2 0CCaa
- I ¢ 7 -=:|. pMéX < 100 Cl-fue\f
n/2 3n/4 T
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« Shower Monte Carlo 1% Do
3
— Describe the A¢=m region ~ T 4 ® Pr">180GeV (x8000)
Hﬁ F O 130 <pT™ < 180 GeV (x400)
We” t;-? - B 100 <pT** < 130 GeV (x20)
— Herwig describes A¢<2/3r  ©_ 10°
— Standard Pythia 6.225 g

2
underestimates A¢<2/3n 107%
 Tune ISR in Pythia to get

10 }
good agreement
e Change in ISR cut-off .k
(PAR(67)) from 1 to 4 GeV :
-1
10}
HERWIG 6.505
2 - == PYTHIA 6.225
10 F "] PYTHIA
B increased ISR
3 (CTEQEL)
10 1 L) L I 1 1 L | 1 L 1 L L |
/2 3n/4 T

A9 g (rad)
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DE> Energy Flow Inside Jets

Jet shapes governed by multi-gluon
emission from primary parton 1) _ L 5 Pr(0,r)
— Test of parton shower models Njets jetSPT(O’ R)
— Sensitive to underlying event structure

— Sensitive to quark and gluon mixture
in the final state

hep-ex/0505013

(Accepted by PRD)
— —~ 04
n: o f idpoi ithm (R=
‘-P[r} } L @ DATA - ~ | Midpoint Algorithm {(R=0.7)
N — PYTHIA Tune A S M03S L ® DATA
(1 -‘P) < -~ PYTHIA o b
~osl —PYTHIA Tune A
0.8 — .. PYTHIA (no MPI) 072" %I r t PYTHIA
— HER P
HERWIG o o2s- % PYTHIA (no MPI)
0.6 - HERWIG
0.2l
37 < P/ < 45 GeV/c i 0.1 <IY*I<07
o4 0,15
0.1<IY"<0.7
R
0.2 L LY.
0.05 -

- 37<p;<380GeV/c
00 0.2 0.4 0.6 0.8 ': 0= 5‘0 I 1(‘)0 ‘ 1;0 ‘ 2[‘)0 I 2;0 }d3$0 ‘ 35‘0 I
21 September 2005 r/R 7 (GeV/c)
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IEJ Tests of b and c production at Run2

Direct and combined
measurements

e 4 analyses presented:
— Muon tagged jet production
— Inclusive b production
— bbbar production
— Photon + heavy flavour produttt

) & 21 September 2005 lain A Bertram 28
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w D@ u tagged jet production

« Data Selection ol = PL>25
— Require events Lo
with at least 1 jet, 10 ¥ Pt>95
ly|<0.5, containing s — Unsmeared
- i ¥ Smeared Fit
a muon g 1
(pT>5 GeV) 3 f Pvthia MC
— JetpT90-400 E"F ythia
GeV considered 3 roil
— 294 pb-1 data
analysed 103 DO Preliminary 50 Prelimi
E reliminary
« Extract heavy flavour F
A bl oo b b b Lk R
component from 107350 100 150 200 250 300 350 400 450 500
simulation g ~Ef
— Measurement 5 06
sensitiveto b + ¢ g i
production 2 oal
T [
0.2}
n_lllllllllllllllllII|IIII|IIII|IIII|IIII|IIII|IIII
i 0 50 100 150 200 250 300 350 400 450 500
} \ 21 September 2005 lain A Bertram Pt (GeV) (MC Particles, Collinear) =
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D&y DY p tagged jet production ~

 Results consistent 2.5r
with LO (Pythia
CTEQ 6L) and NLO
(NLOJET++
CTEQ6M)

— NLOJET++: Z.
Nagy, Phys.
Rev. Lett. 88
122003 (2002);
Phys. Rev. D68

094002 (2003) 0.5 [_1AIllError

JES Onl .
E NO HE d DO Preliminary

Data/Theory

1 11 1 | 1 11 1 | 1 1 1 1 | L 111 | L 111 | L 111 | 1 11 1
%ﬂ 100 150 200 250 300 350 400
Pt (Gev/C)
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DE> CDF Inclusive b production

 Require 1 jet, |h|<0.7, "

with separated
secondary vertex

— Jet Et 38 — 400 GeV

d’c/dYdP | [nbiGeVic)]
-
=

—a— Data

—— Pythia Tune A (CTEQSL)

I:l Systematics

CDF Preliminary
Vs = 1.96 TeV, L~300 pb~’

— 300 pb-1 data analysed y o Fiary

1

« Determine b fraction by e
fit to secondary vertex FE T =
Mass L T R R T T 'PT'aj:'?'[G'e\;!;]
« Results compared to B T p—
LO (no NLO yet) : ratio S L [ systematcs
~1.4 as expected s
£ b

wa%ﬁ%

0 50 I1l:ll:|II I15{]II I20{]'I
21 September 2005 lain A ertram

1 1 1 1
250 300

1 1
350

P; jet [GeV/c]

Sl
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DE> bb production

CDF Run Il Preliminary

 Require 2 jets, In|<1.2, both 5 =& -
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DE> CDF bb production

* ¢ (bb)(In|<1.2, Et;>30GeV, Et,>20GeV) = 34.5 *
1.8+ 10.5nb

— LO:38.7+£0.6 nb
— NLO: 35.7+2.0nb

e Results consistent with LO (Pythia CTEQ5L) and
NLO (MC@NLO + JIMMY U.E. simulation)

* Note: selection enhances flavour creation (LO)
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bb production

CDF Run Il Preliminary

CDF Run Il Preliminary
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DE> CDFy+ b /y+ c production
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w CDFy+ b /+y+ c production
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DE> CDF o(y + ¢) / o(y + b)
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D@ ¥(1S) Production

i * lyl<06 olittle variation in the shape of

| = 06<lyl<1.2 the cross section as a function
s 12<lyl<1.8 of rapidity

sreasonable agreement with
calculations byBerger et al,

hep-ph/0411026

— Ref. [8,9] Iyl < 0.6
----- Ref. [8,9] 0.6 <lyl < 1.2

(d°o/dp.dy)/o,; (GeVic)®
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CDF W + jets
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DD Z (+ n jets)
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