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7\ Jets at the Tevatron

7\
: L. ©
® Mostly Fixed cone-size jets '~ cH
(¢D]
® Add up towers g
® Snowmass : ‘=
] jet tower FH
Algorithm ET = Z E- =
R;<0.7 S Em
........... | IR
® Iterative process =
® Jet quantities: 2
2>E.,N, 0 8

® Correct to Particles
=» Do not include underlying event.

=» Subtract underlying event.
Modeled with Minimum Bias event
(inelastic scattering)

“parton jet”
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Jet Counting: Inclusive Jet Cross Section

® DO and CDF Comparison
® Excellent Agreement

500

® |If we calculate x? between D@
data and fit to CDF and its

uncertainties:

x2 = 30.8 (0.16)
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D@ Forward Jets
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® Measurement extended to |n|

107;
<3.0 -9
O -Q? 6.
Complements HERA DIS x-Q° _ 4 ® 005 <05
Range > O 05<]n <10
i ] ; ) D sl A 10<|nl<15
® Restricts Gluon distribution. o ® ~ " 15<|n <20
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Jets: Comparison to Theory

PDF X2 | X2/dof| Prob

CTEQ3M 121.56 1.35 | 0.01

CTEQ4M 92.46 1.03 0.41
CTEQ4HJ 59.38 0.66 0.99
! MRST 113.78 1.26 @ 0.05
MRSTgD '155.52 1.73 <0.01
MRSTgU 85.09  0.95 0.63

Closed: CTEQ4HJ Open: CTEQ4M

July 2001

90 data bins
CTEQ4HJ is best fit

MRSTgU and CTEQ4M also
good fits

® Now being used by CTEQ and
MRST groups to fit pdf's
woR " @ MRST restrict gluons to 20%
uncertainties.
lain Bertram - EPS 2001 5



K Jet Algorlthm

Er =) Eq Snowmass

July 2001

De---K
r)ij =p; + f)j
E; =E, +E,

n . = Z: ETT?
ot =
J xi By Calorimeter E
alorimeter
S Bhg °® '
Dot = Y, Ei @ Jet Seeds
‘@ 0
' e _-

S —m =

-—=a -
I - ———

AR2
di, j = min( ET i

> ycut T ,Jet

resolution
parameter J‘ ‘; Jet IeEsT
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(Data—Theary) /Theary

Jet Cross Section using K+
[ MRST | ® K, with D=1.0, equals NLO
TOp eTMatematetist e b 4 cross section with Cone R=0.7

® Energy difference between

=05 2: 0
24do.t. X°=27 (31%) KT and cone causes
. difference in cross section
0.5 [,
» | et el | ® 1-2 GeV Difference caused by
) =» Hadronic Showering effects
-0.5 ¥x2=31 (15%) (parton to particle)
- =» Underlying Event
. S = Showering
’ ' ® Difference with theory

-05 [ D@ Preliminary ¥2=27 (29%) largest at low E;.

ad 100 150 200 250 Jo0 3s0 400 450 504

Jet Transverse Momentum (GeV
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® EXxpress Inclusive Jet Cross Section
as dimensionless gquantity

Ratio of Cross Sections

ET3 d%o

as a function of

_2Ey
T s

d’o/dE dn (nb) )

=
o

=
o

=
o

=
o

(Ep¥/2m) dzg/dETdr] (nb)

® Theory uncertainties could be
reduced to 10%

® Experimental Uncertainties Cancel 3
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F N\ Vs = 1800 GeV
— Vs= 630 GeV

)

Vs= 1800 GeV
T~ — Vs= 630GeV

b)

0.1 0.2 0.3 0.4

Jeth

Vvs= 630 GeV/Vs= 1800 GeV

Naive Parton Model =1
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0.1 0.2 0.3 0.4

Jet X+
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//\ Ratio Results
"_!_7
2.5
_ * DO Data ® Comparison with CDF
>
O
S 2+ ® Differences might be caused by
R = Fragmentation effects (parton
Z to particle)
% =» Underlying Event
o 15 =» Hadron Showers in the
o Calorimeter
; JETRAD, L= O.SEEFM _E k PRELIMINARY
E _ CTEQBNI :: 3 EKS KLO L0 with 1. CTEQSMW, om0 IBE,
5‘2 ' CTEQ4M ; 4 :l'.n:p:: :E{
CTEQ4H] = REEEE S
wmess  MRST % T g
1 . I A 1 , ! . & LAl |l'-+”':'
0.1 0.2 0.3 0.4 0.5 2 1 *'_ﬁh:l'l.***.”rﬂr!’ |
X, *‘.f-!-‘ [
Agreement Probability 1 A
2 : A DO 30 0av———-4- COF -4l B
(from X < test) with CTEQ4M, CTEQ4HJ, IR I T O O e '
MRST, MRSTGU: 25_80% rhl naE a1 s a3l M oad RN od O BaE Rk
Nt Xi
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R32: Three Jet vs. Two Jet Cross Section

production.

Interesting:
e 70% of high E- jet events have a
third jet above 20 GeV

os(pp - 3+ Jets
R = 2PE B H
o:20pp - 2 + Jets)
® Study scale dependence of 08 Fo—s .
additional low ET jet CH =120 Gev, Il <2
0.7 F
= Do we need different scales ; itk
for each jet 0.6 ¢ +H.{
[ ﬁ" » Measured Ry,
051 tofe JETRAD u® = 0.3 H,
++1 — te = 0.3 Hy

* 50% have a third jet above 40 GeV 03

® Jet emission best modeled using the

same scale as the hard scale for all jets

rather than softer scale for additional
jets
> ¥2test used

—- W =1.0E"
..... L = 2.0 E
JETRAD ™ = 1™

- ---,LLR:O-B ETmux
g Data correlated
S uncertainty
| I 1 1 1
100 200 300 400 200 60
H. (GeV)
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de/ddy (ubdmd)
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N\ Low P+ Jet Production
® Compare low ET multi-jet o f o L F ®
- . 1 i_ PRELIMINARY i PRELIMINARY
production to Pythia and Jetrad s F
predictions. LR
; : . EL"“- : 3 r|+ a )
® E. distribution of > 1, 2, 3, and 4 2 Cevere  mewens
Jet events compared with Pythia e ' ‘ =
g8 Lk “
=>» Excess of events for = 3 and 4 at - O ATy PRELIMINARY
low E;. =
B 1.6 1.6 ! S . : o
6 Flab ra | (DPRELIMINARY| 1.4 [ C) PRELIMIN, 2 mw m U o w1
5 ;_PHI-ZI.IMIH.-‘I.HT 3 E; GeV) (= 3 jel) Ep GeV) (2 4jet)
1 E
a3 Two of the three
E leading jets are back to
- back in phi - not typical

b (radh (2 3 dels)
July 2001

| (padd = 3 els) b (radh (= 3 iels)

lain Bertram - EPS 2001

of three jet events
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A\ Subjet Multiplicity in Quark & Gluon Jets
M-otivation X Method: |

- Test of QCD ( Q & G jets are ) iﬁfgﬁeg“j";“f Seg‘r;'glzed & gluon
different)

* Compare jets at same ( E;, h)
produced at different ./s and
assume relative g/g content is

Measure the subjet multiplicity  known
In quark and gluon jets

1800GeV Or 630GeV

e Separate Q jets from G jets (top,
Higgs, W+Jets events)

0]
' Contributions of
different initial

states to the cross
section for fixed Jet

| \ E; vary with,/s

JetE. Jet E-
July 2001 lain Bertram - EPS 2001 12
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Jet Structure at the Tevatron

® Subjets inside jets: perturbative part of fragmentation

® D@ compares 630 to 1800 GeV data at same E; and n, and infers q and g jet

differences

1 d™m
N.. dN

jets jets

0.5

0.4
0.3
0.2
0.1

D@ Data R

HERWIG 5.9
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D@ Preliminary k; algorithm

D=0.5, y,= 102
+ 55 < E.(jet) < 100 GeV
Injetl <0.5

Gluon Jets

=
# Quark Jets

AE

L

| - L -
4 5

Subjet Multiplicity

=1.91+0.04
Mq>_
R=1.86+0.04
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/Z/\  Run Il : Commissioning Now — Physics Fall?

- Vs 2.0 TeV W/Z's >1M/>50k
Luminosity 2x1032 ttbar >1k events
JLdt 2-30fb! Higgs Possible

-

-

Upgrades to both detectors: Silicon, Tracking (Drift-CDF, Fibres-DQ)
Preshowers, Calorimeter Upgrade - CDF, Muon upgrades, new trigger
electronics (bunch spacing), C++ OO code development

lain Bertram - EPS 2001
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Run Il:
~100 events ET > 490 GeV
~1K events ET > 400 GeV

Run |:
16 Events E;> 410 GeV

Great reach at high x and Q2
the place to look for

new physics, constrain
pdf’'s, test QCD
predictions!

July 2001

mber Events > Jet E;

Run |l; Jets
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J/1\\ D@ Calorimeter Jets
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| Trigger jet pt (thresh=8GeV) |

e Jets from June running
ol at DQ.
o Jet Trigger of 8 GeV

July 2001 lain Bertram - EPS 2001 16
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Closing Remarks

AN
4II"":|;;;;”

® Run 11 has started: 1 March 2001
BIG Opportunity for QCD

® In most cases QCD predictions work
exceptionally well.

Exceptions: Low pr_brocesses are problematic

Areas Requiring Study:
Most discrepancies are at low PT
Underlying Event Modelling
Showering Corrections
Hadronization Effects
Monte Carlo Simulation

July 2001 lain Bertram - EPS 2001 17
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BB Inclusive Jets: D@ Comparisons to NLO Theory
I Comparison to Theory
B Ratio of Cross Sections: CDF

I Ratio of Cross Sections: Renormalization Scale

BB Ratio 3 to 2 Jet x2 Studies

July 2001 lain Bertram - EPS 2001 18
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(Data - Theory)/Theory
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D@ Comparisons to NLO Theory

& ey “g g (é@‘
% . o
L A

p—— ® No indication of an excess above 350 GeV.
PP | ® Good agreement quantitatively
- ! as indicated by X2 test:
|'njet|<0.5
| | | |
2= -1
[ CTEQ4M + X Z (Di-Ti) C ij (DJ-TJ)
| ane 5t ® Y + Jr |
LY LYY F PP PrYE ¥ ) L . .
i T D, and T, data and theory, C; covariance
L . . matrix.
'_CTEQ4HI
:..u.?.a.z.‘.'.aa.ao.u.nu...a vy L.
_ T * In] < 0.5 0.1<|n] < 0.7
| ! ! ! |
- MRs(a) CTEQ 3M 25.3 (0.39) 32.7 (0.11)
SUUDUSN. JUL S S |
B T T CTEQ4M 20.1 (0.69) 26.8 (0.31)
v CTEQ4HJ 16.8 (0.86) 22.4 (0.56)
I ey . 4 1 |
agttantnet®ely L
i ! I MRS(A") 20.4 (0.67) 28.5 (0.24)
100 200 00 a0 MRST 25.3 (0.39) 29.6 (0.20)
B, (GeV)

... Bertram - EPS 2001
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Closed: CTEQ4HJ Open: CTEQ4M  Closed: MRTSgt Open: MRST
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Ratio of Scaled Cross Sections

July 2001
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Ratio Results

FRELIMINARY

FK= H;.D QACH withi: 9. I:TE':.'.HM .tr 0.25E,
_ 12, CTEQ4M, =0.5E,
{3, CTEQAM, u=0.5E,

i 4, MREA, u=0.5E,

e D@ Va=530-GeV-
e Ty CDF ve=546 Gev

Sg.'steﬁ'mtic Llnn:er'h::ini!.-' :I-_= 1o

e COF. vs=B30 eV ..

| i
s LN | 015 .2 .25 0x i35

St s
(- ‘ | Ny ‘}é ;
i e 4

Consistent at high X, possible
discrepancy at low values

Differences might be caused

by
= Hadronic Showering effects
(parton to particle)

= Underlying Event
=» Showering

Difference between
experiments largest at low X;.

Agreement can be obtained
with different renormalization
and factorization scales at the

4 AE nE
Jet Xt two centre of mass energies
lain Bertram - EPS 2001 21
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Ratio (Vs = 630 GeVA's = 1800 GeV)

2

[R—
Lh

| —

Ratio of Cross Sections

* D@ Data

JETRAD, p = 0.5ET™

— CTEQ3M

""" CTEQ4M
CTEQ4HJ

sseess  NRST

L | L
0.1 0.2 0.3

04

® Phys.Rev.Lett.86,
2523 (2001);
hep-ex/0012046

® Data 10-15% below
NLO QCD

® No obvious problem:

Interesting!

Agreement Probability

(from )(2 test) with CTEQ4M,
CTEQ4HJ, MRST, MRSTGU:

0.5 25-80%
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Ratio 3 to 2 Jet x2 Studies
5 ] 1 JETRAD 1 = A H .
5 ‘ e 0= AR Results:
N — .= MH «Jet emission best modeled using the
3] r T
o .
L @ _ @ ~Same scale [J the hard scale for all jets
5L - T rather than softer scale for additional
N B N R MRKJ} — 20 ETW} jEtS
2 L JETRAD pet =

(3
= g

*Best scale is that which minimizes x?
- =y = 0.6 E™

for all criteria

* Uz=0.6E M, for 20 GeV
thresholds

* Ux=A H, A=.3 for all criteria
Introduction of additional scales to
predict the rate of additional jet

production - unnecessary and leads to
poorer agreement with data.
l |
0.4 0.6

*Need higher order terms for more
predictive power !
July 2001
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