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Outline

® |[ntroduction

® From hard to soft QCD studies:

=>» Cone and kT jets
=> Dijets

=> W + jets production
>W/Z+Db
=>» Diphotons

=>» Dijet decorrelations
=>» Jet shapes

=» Underlying event studies

® Summary
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hard ME
pdfs

ME + PS
hard radiation
fragmentation to HF
resummation

Photon, W, Z etc.

Under
event

soft radiation

multiple parton scattering
life at high luminosities...

fragmentation

Jet

Not covered: B production, diffraction...
strong efforts exist at both CDF and DY

2

Physics at LHC, 16 July 2004



The Fermilab Tevatron Collider

® The Tevatron is:
=» the highest-energy collider till LHC p——

Js=1.96 TeVinRun Il |
(1.8 TeV Runl)

® Increasing luminosity:
= Runl| (1992-95) ~0.1 fb-?
= Run lla (2001~2005) ~1 fb-"
= Run IIb (2006-2009) ~4-8 fb-"

® Studies of QCD at highest Q2

= Precision tests of pQCD Ao =P,
= Phenomenological models for “soft” o RS
aspects of QCD A gt

& Recycler
=» Tuning of Monte Carlo generators

=» Probing for new physics

=» Understanding backgrounds to
many processes of interest

- e
—_El
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Tevatron Luminosity: Current and Future

Peak Luminosity
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Most results presented today
are from first 130-210 pb

Much more to come by the time
of LHC
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Integrated Luminosity (fb™)
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= Tevatron has operated well
B.00E+31 in 2004
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3 = Already have >400 pb-' of data
: on tape per experiment
E = Recent data taking rate
2 ~10 pb-! per week
= Data taking efficiency 80-90%
10 q -
Design Base
9 Fiscal
Year (fo™) (fo™)
8 - FYO03 0.33 0.33
7 Fy04 0.64 0.56 Design Projection
FY05 1.2 0.93
6] FY06 2.7 1.4
FYO07 4.4 2.2
51 FY08 6.4 3.3
FY09 8.5 4.4 Base Projection

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
Start of Fiscal Year
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Jet Physics at Tevatron

® At s=1.96 TeV, cross section ~5x
larger compared to Run | for jets
with p; > 600 GeV

=> A jet factory...

® Higher statistics important for:

=> better determination of proton
structure at large x

=>» testing pQCD at a new level
(resummation, NNLO theory,
NLO event generators)

=» continued searches for new physics
while testing distances ~10-19 m

«» compositeness, W', Z', extra
dimensions etc...

® New algorithms:
=>» midpoints
=» massive jets, using jet p;
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fractional contribution

NLO QCD (JETRAD)
Cone R=0.7,|n| < 0.5

Inclusive jet spectrum
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Jet Definitions in Run i

® Run | cone algorithm: *01 , .
=>» Add up towers around a “seed” @ oH ‘|< >I'
> lterate until stable S 7
= Jet quantities: E, 1, ¢ S o
® Modifications for Run II: S ., ,
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=>» Use 4-vector scheme, p; instead of E;
= Add midpoints of

jets as additional

starting seeds
=>» Infrared safe

® Correct to particles

=» Underlying event, previous/extra _interactions,
energy loss out of cone due to showering in
the calorimeter, detector response, resolution
® CDF using the Run | JETCLU algorithm for
some results, in the process of switching to
midpoint
® KT algorithm also used — see later

w1 |

“particle jet
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x-Q2 Reach in Run |

® DJ’s most complete jet cross 10
section measurement in Run | CTEQ6M comparison:
=» covers |n| < 3.0 01! L0 tet
= complements HERA x-Q2 range =
B oo centra d Jets (In| < 3.0) - <
3 D@ Central + Forward Jets (|| < 3.0 o)
I CDF/D@ Central Jets (|n| < 0.7) E{_ 0.001
198 SV T & b1 06 19 =2
104 [ ] zEus96-97 & H194-97 prel S
E665
0.00001 0<n<0.5
€ [ ] ccrr
8 E [ ] INRIHEP
~ 102;‘ [] sAB E97-010 2<n< 1.5<n<2 1<n<1.5 0.5<n<1
o ¢ BCDM ‘ :
10 '_ % N;C > ‘/»1 100 200 300 400 500
7l b T GeV
\\ SLAC /@ A 2.0 P [ . ] |
1 ' G 5 E N . : gluon at Q = 3.16 GeV
10'1 X12:—S-r.(e 771+e 2)
| el
® Used in CTEQS and MRST2001 = I
fits to determine gluon at large x £ B B
= Big residual uncertainty
=>» Enhanced gluon at large x E  ror aluon PDE at hiah x
compared to previous fits - 1Or 9 g
05_-‘;'(-)_-‘1'0- I 111 ;2 ‘tl)s I1 .2 .3 ; 5'6 4 tla ;91
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Inclusive Jet Cross Section: Run Il Midpoint

= B C
= i\ D® Run Il preliminary
& 10 =l > 6
— :'-..I.":'E_ D@ data . Cone P=0.7 S [ D®Run ll preliminary
8 a2l A% « |yl<05 S
1n .!'I [3+] - —e < 0.
'E EE *‘. k “‘11 = 1.5= h'l = 2.0 § C —g)l/st:r:atics Cone R=0.7
ey = \ r uncertainties -1
i -In k= j, "'I_‘! & 2.0+« |'!p'| <24 4:_ [] PDF uncertainties Lint =143 pb
g = i . C
- =AY NLO (JETRAD) ':TEG'EMM 3 NLO (JETRAD) CTEQ6M
ﬁ 1| I"*. w__ . R..p=13. ug=pp=05p7 /2_ Reep=1.3, U =g = 0.5 pI™"
- | ; = N I
10 % i"- f \-\x“-‘x Js=1.96TeV 1k — -—— 5 L
L . . C __'ﬁ"“_‘—l_l_l
2 1! e -1 o L L
10 ! \\ mhx Line = 143 pb Olo6 200 300 400 500 600
= ' %Hx pr [GeV/c]
1 n{! - ! H"'-ﬂ
— I 1 1 I ] ] 1 I 1 ] I 1 1 1 I 1 ] 1 I 1
100 200 300 400 500 600
p; [GeVic]
® First corrected Run |l cross section for forward jets
® Important PDF information in cross section vs. rapidity
® Good agreement between data and theory
® [arge uncertainties due to jet energy scale
=» Big improvements already on the way
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Central Inclusive Jet Cross Section: JETCLU

5 10
3 CDF Run Il Preliminary
% 18 Integrated L =177 pt:u'1
= 7
E 0.1 < N < 0.7
N JetClu Cone R = 0.7
010
L 10°
Bl
10
5
10 « RunllData
10" |- []+/- Systematic Uncertainty
10" k- = NLO pQCD Uncertainty (CTEQ 6.1)
1u£ 1 1 1 1 | 1 1 1 ! | 1 1 1 1 | 1 I 1 1 | 1 1 1 1 | 1 1 1 1 I
0 100 200 300 400 500 60O
Inclusive Jet E . (GeV)

e Run | reach extended by 150 GeV
e Data agree with NLO prediction within errors (Run | JETCLU used)

® Need to be corrected for hadronization/underlying event

e Watch the high p-tail...

3.5

~ CDF Run Il Preliminary
T Integrated L =177 pb™
[ 0.1<|npgl <0.7

L JetClu Cone R=0.7
— NLO pQCD Uncertainty (CTEQ 6.1) + |

B s o(Ns =1.96 Tev)/ s(\s = 1.8 TeV)

s |:| 3% Energy Scale Uncertainty

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
50 100 150 200 250 300 350 400 450
Inclusive Jet E . (GeV)
Run IlI/Run |

® Rapidity-dependent measurement in the works
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Central Inclusive Jet Cross Section: kT
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Data / NLO (CTEQ61)

CDF Run Il Preliminary

|

L=145pb"

NLO: JETRAD
e = e = P12

——— NLO (CTEQ61)

® Inclusive Jet Cross Section
K, D=0.7 - 0.1<|Y|<0.7 . .
- Data using KT algorithm
Systematic Errors =>» Uses relative momentum of

particles
=> No split/merge ambiguities
=> Infrared and collinear safe

® Reasonable agreement
between theory and data

NLO Uncertainties

No Had / Und Event Correctlon = NLO still needs to be

“100 200 300 400 500 600 700

corrected for hadronization
P. [GeVIc] and Underlying Event

K; D=0.7 - 0.1<|Y[<0.7
Systematic Errors

—— NLO Uncertainties

NLO: JETRAD ug =up = P#‘AX/Z

No Had. / Und. Event Correction

L=145pb”

AN W A OO N © O
| L

o
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0 100 200 300 400 500 600 700 k-l-jet Cone jet D = Jet Size Parameter

P; [GeVic]
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kT-Jet Cross Section — Sensitive to UE?

| CDF Run Il Preliminary I | CDF Run Il Preliminary I

= K, D=1.0 - 0.1<[Y|<0.7 = K, D=1.0 - 0.1<[Y[<0.7
o 7 systematic Errors o 10 systematic Ermors
L . L
- 3 MLO Lncertainties = ;
< g NLOUJETRAD == PR3 S gp L=15pb
3 Mo Had. / Und. Event Correction E
= 4 y = 6
= L =145 pb —— a
2 8
N e i S 2
0
ﬂ{} 0 300 400 500 600 700 0 0 300 400 500 600 700
P, [GeVic] P, [GeVic]
D=1.0
Effect increases with increasing D Pythia tuned to CDF Run | data
Picking up Underlying Event? (Pythia Tune A — see later)
Not well modeled by NLO pQCD Good modeling of UE important
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Dijet Production

10
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1
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% D@ Run Il preliminary

| #
A |
¢+ —— D@ Data, L =143 pb
%
T, e NLO (JETRAD) CTEQEM
l++ H__IP:TE!,I..I.E:I.I_F:CI.EF!T.
-
it
it
T t ................
i P . - | | |
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M, GeVic?

3.5

- NLO (JETRAD) CTEQSM

data / theory
[

2.1 -~ systematic uncertainty

e,

1.5

D@ Run Il preliminar
I pr=1'3’pr':“r=ﬂ'5 p';w

pdf uncertainty ===

1-L e ' i i
0.5 :
U_ f:uneFi=r:|.?,l|;rm|fﬂ:'éwlmn' T
200 400 600 800 1000 1200 1400
M,,, GeVic®

Central region |y,,| < 0.5, data sample ~143 pb™’

Run Il midpoint algorithm

Agrees within uncertainties with NLO/CTEQG6M
Jet Energy Scale (<7%) -- dominant error on the measurement
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b-Jet and bb Dijet Production

® Test heavy-flavor production in QCD
=» Probe HF content of protons, g—bb

Inclusive b-jet spectrum, 150 pb-!

splitting, flavor creation (back-to-back) °F CDF Run il prefiminary
£ - @miu ata .
=» New Physics may show up as “bumps” &L . MC (Pythia)
: G T R TR 8 E ;%s. """ Syst P, scale
in bb mass spectrum ¢ | 5 | o
o028 l;_;.m = B _.. .
® 1 or 2 central tagged jets ¢ B "TJ#@:
. . . . . i, Yo® |- o .'"‘-. ..
- Fit mass distribution in : | fab:%}'ﬁ
ol WF 0.1<lyl<0.7 28
the secondary vertex to .| 107 MidPoint jet R . = 0.7
b, ¢, uds templates L O R T R BTN T R TR T

Secondary vertex mass (GeV) Caorrected Pt (GeV)

® Ongoing work, expect more to come
|_Azimuthal Angle Between Tagged Jets |

[ Raw Differential Cross Section |

— 0.6 v o _
‘T_u - CDE Run Il Preliminary (\l; = 1.961’8\\“) % 0.02 CDF Run ll Prellmlnary '[ \E = 1.961-9\”
© - At | o - (stat. errors only)
= o5 (stat. errors only) zlE
zs L — Data o= E - —Data
Y5 ## Pythia CTEQ 5 o5 | I Pythia CTEQ 5
iz %4 -
03[ ooib -T Dijet Mass
02 -
o 0.005— T
- - | — —
01— -
: - —
u'u_ OIE '1:5:5.1 15 25 I3II 0_IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII
: ) v 60 70 80 90 100 110 120 130 140 150 160
Ad{jet1-jet2) (rad) Di-Jet Invariant Mass (GeV)
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Electro-Weak Bosons + Jets

® A good testing ground for QCD
2> W/Z+n jets ~a."
in lowest order

=» Perturbation theory

should be reliable
** heavy boson « large scale

= NLO calculations available w
for up to 2 jets
® W+jets, Z+jets gluon

=» Important backgrounds for
other physics channels

s Top, Higgs,...
® vy, y+jet, W/Z py

=» Testing resummation
techniques

=» Background to Higgs—yy
discovery channel at LHC

gluon

gluon

gluon

Marek Zielinski, Rochester

P

® Testing ground for Monte Carlo

tools required for precision
measurements and searches for
new physics
=» Multi-parton generators
% Alpgen, MadGraph,...
=>» NLO generators
< MCFM, MC@NLDO,...
=» Combining Parton-Shower and

Matrix Element techniques to
avoid “double counting”

s MLM, CKKW,... prescriptions
=» Tuning of ISR/FSR/MPI and soft

Underlying Event important for
comparisons to data

® All these aspects are being

gluon (parton shower)

exercised/studied at the Tevatron,
will benefit LHC physics
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W + n Jets Cross Section vs n

® Test of QCD predictions at large Q*>~M,,? WM<
= fundamental channel for Top/Higgs/SUSY serches :
= Compared to LO Alpgen + Herwig + detector simulation aueaT

® One energetic and isolated electron + high E; jets —
® Backgrounds: Top dominates for 4-jet bin, QCD contributes to all jet bins
4

.-\10 = | | 3 .
- CDF Run | Prellmlnaryz Results agree with LO QCD
c [ i Woev +>njets, 127pb” predictions within uncertainties
S .3 § CDF Data
10 = JetCluR=0.4 (E>15 GeV, I, |<2.4)
o W/syst. & Jet Energy Uncertainty - o CDFRun I Prellmlnary
0w T ALOQCD u .= M, Alpgen ] ® 0.3 Woev+=njets, 127pb’’ -
% P B YLO QcD b e= <p-2|-> Alpgen_ - JetClu R=0.4 (E>15 GeV,p |<2.4)
o010 : E e
oA E Al
O . - —
i 1 3 it
Q
10F E c A
- . A 0.1 ®LOQCDpp.= My ® Run Il 127 pb |
C ] v 0 LO QCD pipe= <pr> ® Run1108 pb”
L _ | | | |
1L i T Jetmdiplicity (> jets) 2
S | | | ] The ratio R, ) measures the

decrease in the Cross section
with the addition of one jet.
Systematic uncertainty (10% in o, to 40% in c,) It d d
limits the measurement sensitivity epends on Ol
Marek Zielinski, Rochester 15 Physics at LHC, 16 July 2004

1 2 3
Jet Multiplicity ( > n jets)




W + Jets Cross Section: Kinematics

® Reasonable agreement of E; and mass spectra with Alpgen + Herwig
=» Sensitivity to variation of renormalization scale

V777
CDFRunIIPrellmlnarly

W — ev + >3 jets, 127 pb

— LO QCD pge= M},
----- LO QCD pp,e= <P?>

Events / 5GeV
=
o

+ -~ CDF Data

syst. £ Jet Energy Uncertainty
- JetClu R=0.4 (E >15 GeV, |n, [<2.4)

| S ‘ | I ‘ | S ‘ | S ‘ | I

0 50 100 150 200 250
Di-jet Invariant Mass (GeV) /

Highest E; jet in W + 21 jet

Second highest E; jet in W + 22 jet, etc...
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CDF Run I Prellmlnary
W —ev+2>njets, 127pb
-+ CDF Data

JetClu R=0.4 (E >15 GeV, |n, |<2.4)
syst. £ Jet Energy Uncertainty

— LOQCD pg= M,
-- LOQCD pg,=<P3>

.
o Lo el Ty

16

100 150 200 250 300
Jet Transverse Energy (GeV)

Physics at LHC, 16 July 2004



W + 2 Jets with b-tagging

MC: Alpgen+Pythia

® Data sample requires
=>» a central electron with p; > 20 GeV .
= Missing E; > 25 GeV o oF | = oam
> 2 jets: p; > 20 GeV, |n| < 2.5 | mi
=> b-tagging based on \

w s —

+= 20 D@ Run Il Preliminary L=174pb"”
FT) i W += 2 jets events

I.E 1 b-tagged jet

Wi
0 wbb
W other

10|

impact parameter Y
. . AN -
information \ f i
: : : 0 1 2 3 4 5
® Consistent with Alpgen + Pythia AR
=> Several processes contribute E | P Run 1l Pretiminary L= 17a po-
- Mass and AR distributions are s | e briageed e
sensitive to parton radiation :2: al %VQ_‘-’éjgts
process s | Wi
T i £ wbb
% AR is a measure of jet-jet distance 2 . - W other
in n—¢ space [
® Towards the measurement of Wbb F
cross section and Higgs searches! ol

Dijet Mass (GeV)
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Z + b Production

® /+Db signal observed at DY Campbell et al.

=>» Main packground to se'arch for Prier > 15 GeV
associated HZ production

U e AVAVAVAVAVES
> ijet>2O GeV, n|<2.5 83% at LHC
=» Secondary vertex tag ) :
® Ratio (Z+b)/(Z+))=0.024+0.007 1708008
consistent with NLO calculation
E 1 D@ Run Il Preliminary
= [ Dot ® Clean measurement of b-pdf at LHC?
g —Bkga+MC Useful for
® 101 W Bkgd :
o =>» Single top: gb-qtW
I MC: Alpgen+Pythia =» Single top: gb—-tW
g =» (charged) Higgs+b: gb—Hb, H't
. =» Inclusive Higgs: bb-H
0 50 100 150 200

E; (GeV)
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Diphoton Production

g —>—(\NNNY ® Testing NLO pQCD and resummation methods
) ® Signature of interesting physics
. [S—— =» One of main Higgs discovery channels at LHC
—— . .
! =» Possible signature of GMSB SUSY
High My ® Data: 2 isolated ys in central region, E;, , > 13, 14 GeV
W ® General agreement with NLO predictions, except
£ 4 = Low mass and high A® in DIPHOX (no resummation)
‘ = Low A® in RESBOS (resummation helps at large A®)
e L =>» LO Pythia low by a factor ~2.2, but reasonable mass shape
Low Myy CDF Run Il preliminary CDF Run Il preliminary
o LA L L L L DL L L L L L =) :"'I""I""I""I""I""IO‘:
g 1 b 1 ] ‘\E E ®  CDF RunllData (207 pb™) E
2 = e CDF Il Data (207 pb ) 4 2 O  DIPHOX CTEQSM i, =pt, =m /2 0]
2 F o DIPHOX CTEQSM p=pz=m /23 . r A e el
5; - s ResBos CTEQSM . =p=m_ 1 §
§ T 1 Bwop E
%10-1 =i aﬂ — E E
o . i 1
= i [ ]
| E >14 GeV, EF > 13 GeV 00 ] 1E « E
107 2_ n"? <0.9 Mé‘%@; iwfﬁp ]
- E i b i
N - B % %M ]
I ' Ll Lo o] 10-1HIKM%&&.A...|....|....|....|....|r
20 30 40 50 60 70 80 90 100 0 05 1 15 2 55 3
m,, (GeV/c?) A¢,, (rad)
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Dijets: Azimuthal Decorrelations

® |n 2—2 scattering, partons emerge back-

to-back =» additional radiation introduces Dijet production in lowest-order pQCD

decorrelation in A® between the two
leading partons/jets

=» Soft radiation: A® ~ &t

=» Hard radiation: A® < =«

® A distribution is directly sensitive to
higher-order QCD radiation

® Testing fixed-order pQCD and parton-
shower models across A®:
=2 AP~
+ Fixed-Order calculations unstable
+» Parton-Shower Monte Carlo’s applicable

= 21t/3 < AD < 1;

+* First non-trivial description by 2—3 tree-
level ME

«» 2—3 NLO ME calculations became
available recently (NLOJET++)

=2 AP <2n/3 (3-jet “Mercedes”)

s 2—4 processes and higher
Marek Zielinski, Rochester 20

A¢u jet 2

3-jet production in lowest-order pQCD
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A®: Comparison to Fixed-Order pQCD

1/6 gjer A0 jer | AAG i

1 . dadijet
o, JAD
ijet
10 DO data
- e p.._ >180GeV (x10% '
[ 0 130<p; . <180 GeV (x10°)
10 3L ® 100 < py 0 < 130 GeV (x10)
F O 75 < Prax < 100 GeV o
10 %}
- =
- O
1E
10
F — NLO
f ---- LO
10 -2 /NLOJET++ / CTEQ6.1M
= ) e = 1= 0.5 Prpay
[ L L L L L L ‘ L L L ‘ L L L
/2 34 r T

AQ gijer / rad

Marek Zielinski, Rochester

® A distribution:

=>» Sensitive to QCD radiation

=>» No need to reconstruct any other jets

=» Reduced sensitivity to jet energy scale
Data set ~150 pb-'

=» Central jets |y| < 0.5

=» Second-leading p; > 40 GeV
Towards larger p;, A® spectra more
strongly peaked at ~n

=» Increased correlation in AD

Distributions extend into the “4 final-state
parton regime”, AP<27/3

Leading order (dashed blue curve)
=>» Divergence at A® =«
(need soft processes)
=» No phase-space at AD<27/3
(only three partons)
Next-to-leading order (red curve)

=» Good description by NLOJET++ over the
whole range, except in extreme A® regions
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A®: Comparison to Parton-Shower Monte Carlo’s

® Testing the radiation process:

=> 3 and 4" jets generated by parton
showers

® Herwig 6.505 (default)
=>» Good overall description!
=>» Slightly too high in mid-range
® Pythia 6.223 (default)
=>» Very different shape
=>» Too steep dependence
= Underestimates low AD
® A distributions are sensitive to the
amount of initial-state radiation
=» Plot shows variation of PARP(67)
from 1.0 (current default)

to 4.0 (previous default, Tune A)
% controls the scale of parton showers

=» Intermediate value suggested
® More Pythia tuning possible!

Marek Zielinski, Rochester

ol 3
S 10 °b ..
21’3 - DO preliminary
2 0 b ® Py > 180 GeV (x100)
bf—;’ E O 75<pyp g < 100 GeV
©
g 10
©
L
i
1 E
_1:
10 E
— HERWIG 6.505
107 PYTHIA 6.223
- === default
3 [ variation of ISR
-3[ R CTEQS6L pdfs
10 E»\’I’,I 1 1 1 1 | 1 1 I( | Q p )
/2 3n/4 T
AO dijet / rad

CTEQG6L
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Jet Shapes

o, L
® Jet shape: fractional energy flow a 1 r
#(r) = Eq(r) | E4(R) .75
® Governed by multi-gluon emissions from 5 ’
the primary parton 0.5
=» Test of parton-shower model
=» Sensitive to quark/gluon composition of 0.25
final state
=» Sensitive to underlying event 0

W) 1
(1-¥)

LSRR SR - / 0.8

Midpoint: R = 0.7 /277 < P#* < 304 GeV
0.1<|y|<0.7 06 /' oi1<ivi<or
37 < p; <380 GeV/c | |
0'4 | | | I | | | |
0 0.5 1
®Shapes are nearly identical for I’/R

calorimeter towers and charged tracks
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Jet Shapes vs p-

® p, fraction in outer part of cone
(0.3<R<0.7) vs pg
=» Jet shapes evolve from gluon to
quark dominated profiles
CDF Run Il Preliminary

— 04
Mot MidPoint Algerithm {R=0.7)
- 035 -
ll_ B @ CDF DATA
¥D3l£ — PYTHIA Tune A
T
Tozsf
0.2f
015
0.1f
0.05
a - | | | | | | |

Marek Zielinski, Rochester

=» Data well described by Pythia
Tune A and Herwig

=» Default Pythia too narrow,
especially at low p;

CDF Run Il Preliminary

o, 04—
M MidPoint Algorithm (R=0.7)
DG,S‘&
I @ CDF DATA
S 03 ] —— PYTHIA Tune A
| PYTHIA
T 025 .- PYTHIA (no MI)
----- HERWIG
0.2
0.1<1Y"1<0.7
0.15
0.1
Q.05
0 ' :

50 100 150 200 250 300 350

'rj"'t (GeV)
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“Soft Aspects”: Underlying Event

“hard” parton-parton collision:
=»outgoing jets with large p;
=» but: everything color-connected

Outgoing Parton

Proton

Underlying Event

Final-State

Outgoing Parton Radiation

“Underlying Event”. everything but the
two outgoing hard scattered “jets”

»NOT the same as Min-Bias
=» Not independent of hard scatter
(includes ISR/FSR/MPI)

Marek Zielinski, Rochester

® UE contributes to hard-scatter processes

=>» Not well understood theoretically
= Good modeling essential

® The studies:

=» Look at charged particle distributions (p+
> 0.5 GeV, |n| < 1) relative to the leading
jet(Inl < 2)

=» Focus on the region “Transverse” to the
jet — high sensitivity to UE

Away Region Jet #1 Direction

Transverse
Region 1

Leading '

Jet “Transverse”

“Transverse”

‘Toward Region :

Transverse
Region 2

Away Regi i i
way Region Jet #2 Direction
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UE: Data vs Monte Carlo

® Consider particle density in the
“Transverse” region

=>» Poor desription by default Pythia

=» Good description by tuned Pythia (Tune A

preferred by other studies)

Default Pythia

Jet #1 Direction

“Toward”

“Transverse” “Transverse”

Jet #2 Direction

Tuned Pythia

"Transverse" Charged Particle Density: dN/dnd¢

1.00 — e
CDF Data Pythia 6.206 (default)
data uncorrected MSTP(82)=1
0.75 | theory corrected PARP(81) = 1.9 GeVic %

"Transverse" Charged Density

1.00

"Transverse" Charged Particle Density: dN/dnd¢

0.75 +

"Transverse" Charged Density

0.50 +-

025 -

CDF Preliminary £ PYTHIA 6.206 (Set A) |
data uncorrected PARP(67) 4

theory corrected

1.8 TeV [/<1.0 PT>0.5 GeV PYTHIA 6.206 (Set B)
0.00 — — ; | | ; ; CTEQSL PARP(67)=1 1.8 TeV [n|<1.0 PT>0.5 GeV
0 5 10 15 20 25 30 35 40 45 50 0.00 - | | | | | | | | |
PT(charged jet#1) (GeV/c) 0 5 10 15 20 25 30 35 40 45 50
|— —CTEQ3L = = CTEQ4L ——CTEQSL ® CDF Min-Bias 0O CDF JET20 PT(charged jet#1) (GeVic)
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Emergence of Jets in Hard and MinBias Events

® Find maximum p; particle in the
“Transverse” region (rotated to 180°)
= Labeled PTmaxT for Back-to-Back
events, PTmax for MinBias

=>» Measure “associated” particle or
PTsum density in A® relative to it as
function of PTmaxT
® Observe emergence of 31 jet as
PTmaxT increases!

=» Density shape the same in hard and
MinBias events

=>» Pythia and Herwig: close but not exact

Maximum p; particle in

the “Transverse” region PTmaxT
Jet #1 Direction Diregtion
A0
“Toward” ‘ ’
“TransMAX” “TransMIN” F‘llgg;fn ; F\"]:gt?(;l-n

PTmaxT \
Jet #2 Direction

Marek Zielinski, Rochester

10.0 -

Associated Particle Density: dN/dnd¢

Associated Particle Density
o

1 CDF Preliminary

data uncorrected

= PTmaxT > 2.0 GeV/c

Back-to-Back
30 < ET(jet#1) <70 GeV

Charged Particles
(In]<1.0, PT>0.5 GeV/c)

PTmaxT not included

o PTmaxT > 1.0 GeV/c PTmaxT "Jet#l"
* PTmaxT > 0.5 GeV/c f Region
0.1 f f f f f T f f f f f }
0 30 60 90 120 150 180 210 240 270 300 330 360
A (degrees)
Associated Particle Density: dN/dnd¢
10.0 -

Associated Particle Density
-
o

1| = PTmaxT > 2.0 GeV/c
]| » PTmax > 2.0 GeV/c

2IIXIYTTYYyve

g X
Min-Bias x 1.65 LR

Charged Particles 30 < ET(jet#1) < 70 GeV

(Inl<1.0, PT>0.5 GeVi/c)

oY M

P:Tn::; CDF Preliminary
PTmaxT, PTmax not included f data uncorrected
0.1 f f t f f ¥ f f f f f
0 30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees)
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Using Tuned Pythia to Predict LHC

|Charged Particle Densityl ‘Hard-Scattering in Min-Bias Eventsl
1.0E+00 24\
E 50%
Pythia 6.206 Set A Inl<1
1.0E-01 7 Pythia 6.206 Set A
g : 40%
Q ] —e—PT(hard) > 5 GeVic
g 1:0E-02 < —8—PT(hard) > 10 GeV/c
% *g 30% f----------mm e mmm e
% 1.0E-03 ; Lﬁ
E ] o\,°= 20%
P wl A
E CDF Data
‘ 0% A ‘ ‘
1-08-08 o 2 “‘ "5 ;3 1‘0 1‘2 14 100 1,000 10,000
PT(charged) (GeV/c) CM Energy W (GeV)
m s dependence of the charged particle m Fraction of MinBias events with
density for “Min-Bias” collisions PT(hard) > 5 and 10 GeV vs Vs,
compared with Pythia Tune A expected from PYTHIA Tune A

® Pythia Tune A predicts that 1% of all “Min-Bias” events at 1.8 TeV result
from hard 2-to-2 parton-parton interactions with P(hard) > 10 GeV/c

=>» increases to 12% at 14 TeV

® Work starting on “universal tuning” (Rick Field, CDF)
=» include jets, y, Z, W, DY, HF etc...

Marek Zielinski, Rochester 28 Physics at LHC, 16 July 2004



Summary

® Tevatron, CDF and DJ are performing well

=» Data samples already significantly exceed those of Run |
=» On track for accumulating 4-8 fb-' by 2009

® Robust QCD program is underway
=> Jets, photons, W/Z+jets, heavy flavors
* Jet energy scale is the dominant systematics — improvements on the way

*»* Heavy flavor identification is working well

=> Probing hard scatter Matrix Elements to 10-'®* m, a, pdfs, soft and
hard radiation, jet structure, Underlying and MinBias Event properties

=>» Verifying and tuning tools: NLO/NNLO calculations, Monte Carlo
generators, resummation techniques, combining ME with PS

“* NLO does well for hard aspects
* LO + Pythia give reasonable description of W/Z+n jets
“* Tuned Pythia models soft aspects well

® QCD knowledge from Tevatron is essential for

=» Precision measurements and searches for New Physics
=» Expectations for LHC
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CDF and D@ Detectors

® New silicon and drift chamber

® Upgraded calorimeter and muon
systems

® Upgrade of Trigger/DAQ

& ——— ———————————

Muon Chambers A
n=2

| Muon Scintillators

New silicon and fiber tracker

Solenoid (2 Tesla) Calormetar “
Upgrade of muon system “ “ Toroid “ ‘
Upgrade of Trigger/DAQ
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Run Il High E; Jets

A high mass di-jet event: M; = 1364 GeV/C?

CDF

E; =666 GeV
n = 0.43

Calorimeter GO PIo

Marek Zielinski, Rochester 31 Physics at LHC, 16 July 2004
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vy + b/c Cross Section

® Test heavy-flavor production in QCD

3 03 = = Probe HF content of protons, g—bb splitting
g 2sf uds | =» Possible signatures of New Physics

5 o ¢ | e Data:1isolated y E; > 25 GeV,

g 1 jet with secondary vertex (“b/c-like”)

=» Fit mass distribution in the secondary vertex

0.1 .
' ] to b, ¢, uds templates
0.05[ . . .
5 | ® QCD consistent with data
| . L R . . . .
% R S S => Still big uncertainties
Secondary vertex mass (GeV) =>» No new physics seen yet...
% B T T T '\""\""I"": gsso_ geo""\‘"'ll“w"H\H"\“Hlll"
o - i i - — —
~ 10F + RN IS £ 200 CDF Run 2 Preliminary = CDF Run 2 Preliminary
S 140f 1 = g1 ] = 1
| _ - [&] [&]
% ool I L=66.7 pb ] S ool I L=66.7 pb" a I L =667 pb"
o — ! ] h o 40+
Z ooF — Fittodata E g ——LO (Pythia CTEQSL) 3 ——LO (Pythia CTEQSL)
L N b fraction ] G 200 ] o
N O o 30
©F E t 150k +
N C C
12 y+e | gl y+b
40 3 x 1% ,_,_I_ ] T ] |
B ] 10 F
20F - 50 4 |
N —_——
07 i B i # et oo e L N
0 1 2 3 4 5 6 0 ‘ ' ‘ ‘ ‘ ' 0 ‘ ' ‘ ‘ ‘ '
25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
LSS R A S(E) Photon Et (GeV) Photon Et (GeV)
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Central Inclusive Jet Cross Section: JETCLU

e Run | reach extended by 150 GeV

e Data agree with NLO prediction within errors (Run | JETCLU used)

d’c / dE; dn (Nb/GeV)

2
L CDF Run Il Preliminary
18 Integrated L =177 pb'1
1
z 0.1 < Np < 0.7
0 JetClu Cone R= 0.7
10
-3
10
4
10
]
10 » Runll Data
10" k- []+/- Systematic Uncertainty
107 & = NLO pQCD Uncertainty (CTEQ 6.1)
10-8 | 1 1 ] | 1 1 1 1 | 1 | [l 1 | 1 I 1 | | 1 1 il 1 | 1 1 1 1 i
0 100 200 300 400 500 600
Inclusive Jet E ; (GeV)

® Rapidity-dependent measurement in the works

Marek Zielinski, Rochester
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' coFrniDel, e-1057y  Data/Theory

=N

|:| Systematic Uncertainty
=== NLO pQCD Uncertainty [CTEQ £.1)

[ ]

[ =]
L — Ln R LR G D B LR LA

—

o ratio (Data/CTEQE.1)

=]

3

W0 50 600
Inclusive Jet E (GeV)

L e e e e e
35[0 CDF Run Il Preliminary

[ Integrated L = 177 pb™
3 0.1 <npyl <0.7
JetClu Cone R=0.7
s NLO pQCD Uncertainty (CTEQ 6.1) +
s o(\s =1.96 TeV)/ o(\s = 1.8 TeV) i

B

[ =]

25

Cross Section Ratio

I:l 3% Energy Scale Uncertainty

15

T Run I/Run |
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