Run 2 Jets at the Tevatron

[ain Bertram

Lancaster University/D@ Experiment
PIC2003

) =Inclusive Cross Section
/ "Dijet Mass

=Structure




50

?"'

CDF II Upgraded Detector

Upgraded Muon Detectors

New TOF Detector

- ‘--’-

New Plug Calorimeters

New Drift Chamber -

New Silicon Tracking

New Mini-Plugs Calorimeters |

New DAQ System
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The Run 2a DO Detector
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> Silicon Microstrip Tracker (SMT) » Muon central and fm:ward sc.lntlllator
>  Central Fiber Tracker (CFT) » Muon central propotional drift tubes (PDT)
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=X0) Luminosity
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=50 Luminosity 11

= DD Moriond Data Sample
»Results presented £= 34 pb-!

»Summer Conference (EPS/LP) £ =120+ pb-!
= CDF Winter Conference Sample

»>Results presented £ = 85 pb!
»Summer Conferences £ = 160+ pb!

Jk\ June 28 2003 lain Bertram - PIC2003 )

T
"



=200) Hadron-Hadron Collisions

Photon, W, Z, t, H etc.

Hard scattering

Underlying

event
—

fragmentation

) \ Jet
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=50 Why Do We Care? Run 1

, [ CTEQaHI u=05E™ R =13 = Compare DY and CDF
| 01<inl<07 for 0.1<|n|<0.7.

o5 | © CDFDaa
%‘ ' _ A D@ Data + J( }
2 °¢2°‘>°°‘>°°<>0° ,
; 0 |..-aaf AA.AA.A-LA&AA.&A‘A.& ..... + .......... $++ ] Dal‘la Sets agr‘ee
3 | | S x? = 32.1/24 d.o.f.
S for comparison of
B CDF fit and D@
= . data.

| o +

s (DY Data- C[|>F Fit) / CDI|: Fit

40 p—— ' ' , .
= = PDF's adjusted to
> give good agreement
Sl
g
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=0) Inclusive Jet Cross Sections

= Expect significant
Increase in cross
section from Run 1
to Run 2.

L ratio of inclusive jet cross section :
| at sqri(s): 1960 GeV / 1800 GeV

2.5 | cone algorithm R___=0.7

= Factor 2 @ 400 GeV .|

- NLO (JETRAD) o

ratio of cross sections

15 | e
= Eventually expect . e
much higher PR
luminosity 10°
pr/ GeV
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4919,21,23 56[58,27 24 B0,

777/ T LB CDF (¢-r view)
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E; =633 GeV
n =-0.19

Much Higher p;
than Run 1 already
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Dijet Mass = 1364 GeV

E; =666 GeV
n= 043




550) Jet Algorithms

= Modified Cone = CDF/D@ use common

Algorithm! algorithm
> Midpoint seeds

> Massive jets and » R=0.7
rapidity > Split/Merge if share
> aka: Improved Legacy > 0.5 Jet energy
Cone Algorithm > Ref:
» Infra-red safe at hep-ex.....

NNLO
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CDF Inclusive Jet

Luminosity

£ =85 pbt
Rapidity:
0.1<|y| <07
Event Vertex
|z| < 60 cm
Clean-up using
missing E+ and
event scanning
Four Triggers

Ao

—-— Jet 20

= Jet 50

CDF Run Il Preliminary Jzt e

5 Integrated L = 85 pb™ — Jet 100

JetClu Cone R = 0.7

h".w”_ 0.1 < Npel < 0.7
.,‘“’X:G;g
ae o Ty
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Inclusive Jet Measured E ;. (GeV)

Good Match
between
triggers
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CDF Theory Comparison
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E0) Comparison with Run 1

= Change in

oo
on

. IR R RN F AR TN R IR TR TR R E RN ERE T
Cross SZCTIOH '% - CDF Run Il Preliminary :
from Vs =1.8 R S :
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o L v ofs=196Tev) ot =18TeV)
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. Should have O 2__ s CTEQ 6.1 Uncertainty ipi
large 15 k
cancellation of o
. - o i —
systematic _ ;
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Inclusive Jet E .. (GeV)
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) ‘ . °
S Rapidity Dependence
 10° ; CDF Run Il Preliminary
9 E Integrated L = 85 pb”’
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= Luminosity
L =34 pb-t

= Rapidity:
lyl < 0.5

= Event Vertex
|z| < 5O cm

= Event Quality:
Missing E/P+!
<0.7
Shower Shapes

= Four Triggers

} \ June 28 2003

DO Inclusive

Uncorrected Inclusive Jet Cross Section
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Gl DG Run Il preliminary

3105;— 5 GeV trigger, prescale = 23000
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=X0) Corrected Cross Section

Inclusive Jet Cross Section

=
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Data / Theory
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Inclusive Jet Cross Section
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Expect 50% reduction 1n JES uncertainty for
summer results
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=55 D@ Dijet Mass
;' B ,{: 2: max
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b ﬁﬁz o o
0 CDF Dyjet Mass
5
3 10 Fit to data to hunt for
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=0) Limits on New Physics
Search for New Particles Decaying to Dijets
o WgrTTTT e g Exclude excited
= CDF Run 2 Preliminary {75 pb™) .
D quarks with mass

1025

LU

10

103153

F A0S M<420 Gev Excluded

Axigluon or Coloron =
200<M <1130 GeV Excluded 3

Excited Quark

/ 200<M <760 GeV Excluded

- Color Octet Technithe
s, 260<M <840 GeV Excluded

SOD<M<C410 Gav Exel. 3,

Ea Diguark

& 95% CL Upper Limit
Mgl <2.0, lcosdI<2/3

| T S N B A B A A L1 |||rﬂ“'|||\|:’r‘k1'-| [
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between 200 and
760 GeV.

Run 1 exclusion

between 200 and 570
GeV and between

580 and 760 GeV

DO Runl> 775
GeV
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=X0) DO A® Distributions

u A(DIZ _3 ; raw data - not corrected j
distribution is 1o Muy > 150 Gev
ey F Im,|<0.5 &
sensitive 1o :

10 DS Run |l preliminary +++

additional jet : f
GCTiViTy Ih event 1 ﬁ r 1 iﬁ W

] Uncorlriec-red ZE 103? raw data - not corrected
Distributions P S .

- DO Run Il preliminary

= Better Balanced t
at High Mass 't HW .

A e
) June 28 2003 lain Bertram - FILzUUS

O
o
o
-k
o))
N
N
a
W



=20) Jet Shape and Energy Flow

= Internal structure o(e) ;
of jet

= Test pQCD/ parton D
shower models

= Hadronization/frag X
mentation, essential
for jet energy N\~ T 77/
determination AN

= Compare with
Herwig/ Pythia
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=%  Jet Shape — CDF Preliminary

Herwig after detector simulation Pythia after detector simulation

= g . o E & . ) uncorrected (ceteohor levell . ) uncerrected {cetector level]
fa & . uncorreted (Saeclo ey ) uncerrested (eatects CATA PYTHLA CATA PYTHIA
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S e o A k] @ 0 L BT < A0 Gel - (75 < EM < a5 Cevl
(0 EM A0 GeV) (75 W mE el L . = o s By S D L)
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o 4 Hl-ﬁ
) . ) 4 - h 4 0
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0 Vi 0
x & r &
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e R e g 14 e oA g - 3 J P ' K .
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=
4
0 0
0 0 0 0.6 0.8 10 0 0 0.6 0.8 : :
. e - 'RI 0 02 o0 0.6 08 10 02 0 0.6 0.8
. r/R r/R

Good agreement with Herwig and Pythia in central region
} \ Slightly wider jets in forward region at low E-
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Energy Flow within a Jet

CDF Run Il Preliminary CDF RUN Il Preliminary
1
cccccccc ed (detector level) uncorrecte etector level >
0.1<17®1<0.7 o tosiest ‘_ .‘ 0.1 <17®1<0.7 e et ; ] | ,ﬁl) |\ uncorrected (detector level)
et g o @DATA (0.1 < I17*1< 0.7
*DATA HERWIG DATA HERWIG =
I g A I = jel PP
- (30 < £ < 40 GeV) - (75 < £/ < 95 GeV) } 0.96 M DATA (0.7 <I17®1< 1.4)
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O .
|L|_ 0.94 ADATA (1.4 <I7"1<2.3) )|
~ .f—
0.7 <I9*1< 1.4 . . 0.7 <17*1< 1.4 . . R o1
= * o * 0.92
. . ‘E'
" 0.9 '.+ -
0.88 .
C _:
1.4 <In™1<2.3 . - 1.4<|7;1"|<2,3. . . - 0.86 1
L ]
| ]
0.84 +
) 0.82
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Jets become narrower as their Et increases.
Smaller fraction of energy in R=0.4 as n of the jet increases.
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Event Energy Flow

) o o,
An (jets) jet

Q : %102

-4 0 An 4 ry
. %10

= Reconstruct jet <,
= Measure transverse 10°

energy along @ °

direction within An for o

various separations 0

between two leading jets. |
|

h\

Compare with

CDF Il Preliminary

0.1 <n*<0.7

EJ¢ > 30 GeV

0.7 <7< 1.4

uncorrected(detector level)

1.4 <" <23

0.7 <IAP™1< 1.4

1A < 0.7 1A < 0.7 IAn** < 0.7
@® DATA
- PYTHIA
. [ Ld
L e o LI * e e w
0.1 <y <0.7 0.7 <7< 1.4 1.4 <" < 2.3

0.7 <I1AP™ 1< 1.4

0.1 <" <07
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0.1 <" <07
2.1 < 1A 1< 2.8

2
| A |

0

0.7< 7" < 1.4

1.4 <A™ 1< 2.1
LI

0.7 <9< 1.4
21 < 1an™* 1< 2.8

2

| Ad |

1.4 < "< 2.3

1.4 <1Aap™1< 2.1

1.4< <23

2.1 < 1M1 < 2.8
. * . L)
0 2

| A |

Pythia/Herwig prediction
after detector simulation.

Good agreement between data and

Event)

Pythia/Herwig (Parton Shower+ Underlying
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=55) Conclusions

= Tmproved analysis around corner
»Reduced Uncertainties
> Bigger Samples
»Stay Tuned
»More Analyses

= Current results Look similar to Run 1
>»No k; as yet.
»No big surprises!
»Need more data
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55 Backup Slides
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=% D@ K Inclusive Jet Cross Section W&

= Phys.Lett. B525 o 102 SN
(2002) 211-218 R :
S10F e — QCD JETRAD (CTEQ4M)
= -05<n<05 ;1 :
D=10 § _if
(Match Cone at NLO)  £'° F E
S0l .
= Predictions IR and Vo
UV safe 0 E E
10k .
= Merging behavior I :
well-defined for both 10 F 3
exp. and theory o0 :
10 covo e oy by v o by by Ly
¢ 100 200 300 400 200

} Jet Transverse Momentum (GeV)
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=10) Jet Cross Section using K

= K; with D=1.0, equals NLO cross section with Cone R=0.7

= Energy difference between KT and cone causes difference in cross
section
= 1-2 GeV Difference caused by
> Hadronic Showering effects (parton to particle)
» Underlying Event
» Showering ’

:I LI I LI I LI LI LI L LI | ||||:
308 £ CTEQ4H =
I_L 0.6 £ =
Tod ;_-"'ll _;
0.2 ;—\N\H_:'_'H:::l--l-l .~ %y | -
c ;________________________: L bl -_'_—_'—_—.:::_‘___':;:—-_; _____________ }\:—_—___:
0.2 | \ -
04 f @ kT (D=1.0) ]
0.6 | E
-0.8 £ W Cane (R=0.7} PRL S
[ ||I||||I|||| I L1 1 | | 11 1 1 I 11 11 | 11 1 1 I 11 1 | |||_

0

-1 1 1 ]
100 150 200 230 H0 330 400 450 300

Ln

} \ Jet Tronsverse Energy (GeV)
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