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Tevatron Parameter

FERMILAB'S ACCELERATOR CHAIN

Substantial upgrades for Run IT:
>10% energy increase \s: 1.8 — 1,96

—~integrated luminosity increase: x50

TEVATRON

1992-1995 2001-2009

Run | Run lla Run Ilb
Bunches in Turn 6 x6 36 x 36 36 x36
\Js (TeV) 1.8 1.96 1.96
Typical L (cm=2s1) 1.6 x1030 9 x1031 3 %1032
[ Ldt (pb-Yweek) 3 17 50
Bunch crossing (ns) 3500 396 396
Interactions/crossing 2.5 2.3 8
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Tevatron Run IT Performances

Collider Run Il Peak Luminosity Collider Run Il Integrated Luminosity
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Peak luminosity is above 11032 cm-2sec™!

Reliable operation
- in stores ~120 hours/week

Total ~0.7 fb-! delivered in Run IT-> as planned
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Tevatron Long Term Luminosity Plan

Integrated Luminosity (fb™)
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The DO Detector
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The CDF Detector

Plug Calorimeter (E/H)

Wall Calorimeter (H) \////-/ /o Solenoid
Lﬁ_ . _--___.__.__.-'\\ ]

Forward Mu
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muon Cover'age Luminosity Monitor

Time of Flight
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Silicon Vertex Detector
Intermediate Silicon
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Data Collection

CDF and DO experiments are very complex

Typical ratio of "recorded” to "delivered” luminosity is 80%-90%

As of now both experiments recorded ~0.5 fb-!

Results presented correspond to ~0.2 fb!

Total Lumninosity (pb™")
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Jet Physics at 2 TeV

Jet, W, vy

Under
event

\“‘“‘1

fragmentation

Jet
Why @ 2 TeV?

Big increase in cross section
thanks to new +/s

October 21, 2004

- Jet Cross Sections:
* new physics and
PDFs uncertainties @ high P+
- soft contribution @low P+
- Dijet A¢ correlations
* W + jet production

=
=
&0 NLO QCD (JETRAD)
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Jet Physics at 2 TeV : Jet algorithm

Final state partons are revealed
through collimated flows of hadrons
called jets

Measurements are performed at
hadron level. Theory is at parton
level:

hadron - parton transition will
depend on parton shower modeling

“calorimeter jet”

aulJ

Precise jet search algorithms
necessary to compare with theory
and to define hard physics

“parton jet” “particle jet”

Natural choice is to use a cone-
p based algorithm in n—¢ space
(invariant under longitudinal boost)
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Inclusive Jet Cross section

* Run T cone algorithm & unfolding

CDF Run Il Preliminary « Ei¢t range increased by ~150 GeV

Integrated L = 177 pb'1
0.1 <npgl <0.7

Comparison with pQCD NLO

E, dn (nb/GeV)
—
L]

: JetCluConeR=0.7 _ .
S0 (over almost nine orders of magnitude)

PO
~” 10

10° 1 I T 3

5 O 25 Integrated L =177 pb’ =

10 « Run |l Data 5185 04<ny <07 =
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10-8|||||||||||||||||||||||I|IIII| CO'SE_I i i : I...I...._;F

0 100 200 300 400 500 600 N | | e

Inclusive Jet ET(GeV) 54-52_ ®  CDFRunliData, \§=196TeV =

|I.IG_.I 325: |:| Systematic Uncertainty :5

Qm 3;— e NLO pQCD Uncertainty (CTEQ 6.1) —;

% 255 =

Data dominated by jet energy scale 3 e * ‘] E

1 . T {E—eeeeeaS—mssrervy " 3

NLO error mainly from gluon at high x =2 © | , , — 3
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Inclusive Jet Cross section vs 'y

Quark/Gluon Contributions to Cross Sction

Leading Order QCD (MRS0%)
1n,=1,=0

GG Gluon-Gluon Scattering

Important gluon-gluon and gluon-quark

contributions at high- E;

QQ Quark-Quark scattering
QG Quark-Gluon scattering

0.6 NGG

150 20 250 £ As0

Transverse Energy of the Jet
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Gluon pdf at high-x not well known
..room for SM explanation....

IIIII|T| IIIIIIII| IIIIIIII| IIIIIIII| IIIIII|T| IIIIIIIII T TTTIT

D@ Run Il preliminary

D@ data, Cone R=0.7
ly] < 0.5

1.5<|y|<20

s 20<|y|<24
—— NLO (JETRAD) CTEQ&M
Reep=1.3, g =g = 0.5 pT

Ns=1.96TeV

L. = 143 pb”

1400 200
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+m Constrain on gluon distribution at high x
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Dijet Mass Cross section

<do/dM >, pb/GeV e S ECT
F 4 D@ Run Il preliminary N D@ Run II preliminary
0E % 3[ NLO (JETRAD) CTEQBM  -=--sssmmmssmecsy
10;_ **_* —«— D@ Data, L = 143 pb’ - Rep = 1.3, g =1 =05 Py
2 *d:+ ________ NLO (JETRAD) GTEQSM 25:_ systematic uncertainty
E LSRR L W pdfuncertainty -
10" é_ - '++ E_ ¢
- e 1.5
10-25_ + ?moo......éé ® l
-3 - —*_‘—' 1k I 1
10° 5 e 1 e 1
4 e '
10" E coneR=07.y,[<05 T ---------------- 0-5F A—
B e [ cone R =07, Iy [ <05
10 """200 400 600 800 1000 1200 1400 0200 400 600 800 1000 1200 1400
My, GeV/c? M, GeV/c®
Resonances or excess at high mass:
o new particles data/theory agree within
o quark compositeness large systematic errors
(mainly jet-energy scale)
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Inclusive Jet P+ Cross section

o 05 Cone 07 Agreement with theory within
§ ¢ [ Systematic uncertintes systematic uncertainties
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Data / NLO (CTEQ61)

Inclusive Jet Cross section: Kyalgorithm

Inclusive K+ algor'i‘rhm

—mln(PZT/,Per)
i :(PT,i)

Infrared and collinear safe

AP/v(y. -y 2+ (o; +o,)

jet size
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| CDF Run Il Preliminary I
10

0 K, D=0.7 - 0.1<|Y|<0.7
%’, 1 —a— Data
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* Reasonable data-theory agreement

* NLO still needs to be corrected for
Hadronization /Underlying Event
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Inclusive Jet Cross Section Ky vs D
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Increasing D data departs from pQCD NLO
= more soft contributions

October 21, 2004 Donatella Lucchesi 16



Dijet Azimuthal Decorrelations

2 leading jets decorrelated
+ Additional hard interaction

jet2 jet2 %
)/ r ﬁ
jet3 jeta -
3
Ay, ( Ad ., 5‘”
1
% _E“
jet1 jet1
LO in A} NLO in Ad
- LO no additional radiative effects:
2 jets correlated in ¢ (Adj.+=n)
- LO + Additional soft radiation:

Ad.rs Significantly lower than =

NLO and data agree within 5-10%

5 r
10 7k DE .IJ
.: ® pm™ 5 B0 Gel (xB000) .
10 0 130 < pf™ < 180 GeV (x400)
R 100 < |:|-|-'m":-c 130 GeV [«21)
1030 75<pf™< 100 Gev
10
10 k
o
1
'Iu ’
asas |
10 S NLOJETe+ (CTEQS.1M)

|'|r=-""| :|:|5|:|-|-m

PR S T
o (M,)=0118 .

At very large Ad,.. calculation not predictive
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Dijet Azimuthal Decorrelations:
Monte Carlo - Data comparison

A¢ distribution shows sensitivity to
different modeling of parton cascades

PYTHIA with enhanced ISR (Tune A)
provides best description across the
different regions in jet p,

HERWTIG similar to PYTHIA Tune A

(underestimates radiation close to leading jets)

October 21, 2004 Donatella Lucchesi
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W + jets production

. [ 000l :  Background to top and Higgs Physics

o ° Lo - Stringent test of pQCD predictions

+m @[ W=jets. Test Ground for Ma‘rr.'ix-Elemen’r +
Parton Shower techniques

9}_< 9;?—< (Alpgen Monte Carlo + Herwig Monte Carlo)
g a 9 d ) | | | |
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.. c L Il 5 |
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5 W-oev+2>2 jetS, 127 pb_ h 8 103__ w/ syst. zo of JetEnergy Scale. |
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E_'_ ....... LO QCD pge= M\ZN g - A LOQCD pge=M% Alpgen .

n . L LOQCD upr=<p>® Alpgen |

% - —— LO QCD pg,=<P3> 1 g I ¢ nrr=<pr> Alpg .

3 : 10 =

P ) | Energy scale - :

=10 */ K ]
&) C ]

Lﬁ ’x*.u / 10 ? ?

| ¥ CDF Data ) - ]

syst. + Jet Energy Uncertainty i ]
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Charm and Beauty production at Tevatron

> Brief introduction: Theory and experiments

> Run IT measurements:

* Open Charm production cross section
+ J/y Production Cross section measurements

* New Y Production Studies
* b quark and hadron Cross Section

October 21, 2004 Donatella Lucchesi 20




Charm and Beauty production at Tevatron

Since mq > Agep, for ¢ and b quarks, heavy quark production at the
Tevatron should be well-calculable in QCD.

Diagrams at leading order:

q Q

N,
A
by

V'

"_ﬂ_{_ / a:

X <

Full calculations have been done up to NLO (and beyond...)
Therefore how do we explain Run 1 Tevatron results?

o*(pr>p) (nb)

-
(=]
;;

-

102

03

T
Pp—>bX, vs=1.8TeV, KI<1
E Eﬁ? ]
PR E b-quark
L s Dimuons ™ » § ]
4 Muons+Jets E
e Inclusive Muons . E !

- coF

J/¥ RN

_NLO QCD, MRSR2 SN
- Theoretical Uncertainty } 1

S

6 7 89810 20
P (Gev/c)
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B Meson Differential Cross Section

p; (GeV/c)
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Experiment wrong?

Theory prediction
incomplete?

New physics?

21



Recent developments

In past years many (theoretical) developments:

‘Use b-jets (B meson) rather than b-quarks: less dependent on
unfolding and fragmentation uncertainties

» Beyond NLO: resummation of log(p+/m) terms > FONLL
(Cacciari et al). Important for medium/high p+ region

» Extraction of fragmentation function parameters from LEP data
in this scheme: substantially different ¢,

- new PDF's

)

—

=
it

* MC@NLO - match NLO calculation
with PS formalism in HERWIG
(Frixione, Nason, Webber)

—
o
[aw)

-
(o
|
—_
o~

| Dotted; PSFLT[R]=0.5, v=20.4 nk
Dashed: delfault, cr=20.3‘ nb
1 Il 1 1 1 1 Il Il 1

B do(H,, |y|<0.8)/dp; (nb/GeV

-
o
|

n

5 10 15 20 25
PT(Hb)/GeV
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Charm Production: Open Charm meson

CDF: 5.8 pb!, taken with displaced track
trigger. >80% prompt production

DKt A 36804

2

Entrles per 2 MeV/c

g

DO

g

-

=]

M P I
1.85 1.9

18
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D*—=Kn*nt] 28361

< 2000[-

v i

=

= [

E L

Q_ L

§ 1000}

1=

Ll

m(K 1) [GeVic?]
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Entrles per 0.3 MeV/¢

sool. (0) D** D+,
D°— K+
800 5515
400 D*+
200
014  0.156 0.16
m(K 7w n)-m(K w9 [GeVic]
[ . + 1

19 2 .
mK'Kx9) [GeV/c']

2.1

4000

2000

D@ Runll Preliminary, Luminosity=250 pb™

.. Ve 109000+600 D°—Kn
2
40000 . Do -0 . |.L+K+TE-
-- e o
i
o
20000 -
-
0
1.6 1.8 2 2.2
M(Kr) GeV/c?
D@ Runll Preliminary, Luminosity = 250 pb 00 Runil Preliminary, Luminosity = 250 pb"
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22
Mo =) Gevie

DO: 250 pb-!, taken with muon trigger
Most D mesons from B decay with

associated muon.
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Open Charm Cross Section at CDF

Prompt charm production component extracted looking at |

impact parameter of reconstructed D meson

Compare to FONLL theory (Cacciari and Nason): :
A3 0o 107, -

_ _ 10’ _w0t _ } 1

3 S F S 3 Prompt fraction:

DO: 86.6 & 0.4%

% % % T | l D*: 88.1 + 1.1%

p S0l ! 3 D 89.1 + 0.4%

5 | D773 + 3.8%
3 or { (£3-4% syst. err.)

4"'&"':';"'1'0"%'é'ih;i:[s(;ié;c'zln 4"'é'"z'a"i'd'i'::."%{i"%éi%%n 4”'t;”'fls”ﬁlo"%lé"L;H%Glé;%o n{"'é"'z';"i'd'i'é'ih:':;’(;i%;'czlo

IO vt oo . ol o o bttt Cross sections for |y|<1:

U B ‘ % DO(pr>5.5 GeV): 13.3+15 ub
i B S R R I S S S D**(p>6.0 GeV): 5.2+0.8 ub

) | E D*(pp>6.0 GeV): 4.3+0.7 ub
e S T £ D.'(p>8.0 GeV): 0.75+0.23 u b

[ E]
PlD) [GeVic]

Theory uncertainty: vary renormalization/factorization scales
data at upper limits of theory prediction

Donatella Lucchesi
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Heavy Quarkonium Production

Prompt production of heavy quarkonium (J/vy, v',Y,..) described by

hon-relativistic QCD (NRQCD). CDF J/+ Data, Run |

....................................
s

BR(JII]J—)],L+].L') do(pp—I/y+X)idp, (nb/GeV) ;
Inl<0.6 1

Run 1 data has shown that color singlet
component only (QQ state has

quantum numbers of cc pair B
produced in hard scattering) is S

not sufficient. (by a factor 50 or so...)

Color octet component in NRQCD described br (G
by matrix elements that must be fit from data
but are universal!

(CO OK: soft gluons take care of color flow)

Interesting to study high p; region and polarization
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Y Production

DO: 159 pb-! of data taken with dimuon trigger: : s,

Pr—>

Fit Y(1S), Y(2S), Y(3S) components:

[ pt{ups) 4-6 GeVic, y(ups) 0.0-0.6 |
"o 300F

GE "9 16 11 12 13
di-muon mass {GeWczj

0.6-1.2

N/0.04 GeV/c?
S & 8

150

di-muon mass {GeWc’)

4-86 GeVic, 1.2-1.8

10 11 12 13

di-muon mass {GeWczj

October 21, 2004

[Cptiups) 68 Gevie, y{ups) 0006 ]

LN
0 11 12 13

8 9
di-muon mass [GeWcaj

| ptiups) 6-8 GeVic, y(ups) 0.6-1.2 |

N/0.04 GeV/c®
[ S R T -

G990 11 iz i3
di-muon mass (Ge\m:z]

[_ptlups) 6-8 GeVic, yjups) 1.2-1.8 |

N/0.04 GeV/c®
833888

8 e 10 11 12 13
di-muon mass (GeWc’]

(d’s/dp,dy)/c o (GeVic)

—y
o,

-y
o,

=]

-k
o,
@

— s Jhy DO Preliminary
50000 /
= c
o1 c
Z 40000F-
S 30000F 0
2 -/ / v Y (1S, 28, 39)
20000 \
10000 M L’
- J“\-\ﬁ
0- i i L PR TR TR RS SR S— | 1 i L i
2 4 6 8 10 12

invariant (1 i) Mass [GeV]

Extract Y(1S) cross section:

T T TTTTTT
-

°  ups(1S)|y|<0.6

. b .

ups(1S) |y| :0.6-1.2
ups(1S) |y| :1.2-1.8

8
-]
- 4
- DZero Preliminary Results b
:l 1 I 1 1 1 l 1 1 1 J 11 1 I 11 1 I 11 1 I 11 1 I 1 1 1 l 1 1 1 I 11 1
0 2 4 6 8 10 12 14 16 18

20

First measurement for forward p.Gevic)
rapidities: pr spectrum varies only

very

Donatella Lucchesi
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Y Production cont'd

Compare to CDF Run 1 result: Cross section per unit of rapidity:
(includes Br(Y=>up))

~~. 1000

2 E

e; 900: o do/dy: Data
s °  ups(18):Jy|<0.4 (CDF) 2 F
S |
SN . o -
%10 E;} ¢ .. é *  ups(18):ly|<1.8 (DZero) g 700;_
F = E
© ¢ ‘S 00— %
= é -
> K =2 =
© - 500 —
c'l.- ¢ Q =
T . o 400 —
810 s = ..
© ¢ 2 w0 DZero Preliminary
N ] =
- DZero Preliminary (|y|<1.8) . ﬁ 2008
| CDF Run1 Results(|y|<0.4) t o MF
10-: (& o_lIIIIIIIIII|III|IIIIIIIIII||IIIIIII|III
= 0 02 04 06 08 1 12 14 16 18 2
—I L1 l L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1l | L1l | L1 I L1 1 . ™
0 2 4 6 8 10 12 14 16 18 20 Rapidity
Pi{GeVi) lyl<1.8: 695 + 12 + 65 + 45 pb

CDF: s = 1.8 TeV, |y|<0.4: do/dy*Br = 680 + 15 + 18 + 26 pb
DO: Vs = 1.96 TeV, |y|<0.6: do/dy*Br = 749 + 20 + 75 + 49 pb

(PYTHIA predicts factor 1.11 between 1.96 and 1.8 TeV)

Polarization measurement is in progress...
October 21, 2004 Donatella Lucchesi 27



J /vy Production

DO: 4.7 pb-!
J/y: pr>bGeV |y|<1.8

CDF:

[ Jhy Cross Section per 1.2 unit of rapidity |

-y
(=]
5]

E- - Dzero Run2 PRELIMINARY
'5% - o pT(Jhy)>5GeV/c
g - = pT(Jhy)=8GeV/c
B
8 ....... * ....... + + + ®

10 — 17.4 +

S B
L = 4 1 | IS RN SRR R | ]
0 02 /04 06 08 1 12 14 1.6Jm El'aspidilyz
o
81% prompt J/vy

Depending on p+, 10-40% of
J/y are from b-decay.
81% prompt J/v

October 21, 2004

do/dp+(lyl<0.6) . Br(J/y—up) nb/(GeVi/c)

Donatella Lucchesi

p+(Jy) GeV/c

Possible to explore pT~ 0
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J/v Production Cross Section

Separate prompt J/y from Cacciari, Frixione, Mangano,
B—J/vy using lifetime Nason, Ridolfi have compared
these results to FONLL and
. 1 MC@NLO: (THEPO7 (2004) 033)
. 1 , — | N N
CDF Run Il Prefiminary 5.0 < py{'y) < 5.5 double GQUSS'GH - Ny | |
...-|--.-|-;-T.:|..=.:-I--|--. :resOluT|on é |(J/ )‘<06
veeroue TUNCtion E 0 )< |
o smmm iy X CoA UL E ;
— Backgromnd ‘ é
%. B—)J/\IJX % o-1 _Curves: FONLL B
p 10 From MC 3 "~ o(p,(1/¥)>1.25 GeV) BR: B
= & I 19.92% nb (CDF) ™
b , S0 - 18.3'%3 nb (FONLL)
E Solid histogram: MC@NLO, 17.2 nb,
Parname-rer-ized - Dashed his|togram: MC(|@NLO, 16.4 r|1b .
_3 | | | | | | | | | | | | | | | ‘“'
‘ background 7 ° 10 15 2
poli/4) (Ge¥)

-] - 00 L 1004 FLHLH 00

Ll.fl:-_l."u]."p-r(.J."l,f].Ml:-_l."u] nm
Truly remarkable agreement!
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b-hadron from J/vy Production at CDF

To extract do/dp(H,):
Count the observed number of
b-hadrons in a given p(H,) bin:

Z L2 J*TI

is the frac’rlon of b events in the ith
T(’ H,) from thej™ p+(J/y) b in obtained
from MC

B-hadron transverse momentum distributions

o(pp — bx) versus (pr(Hp))

CDF Run Il Preliminary

& Bun Il Incleswe b=y X, cliy<1.0E20 £ 6 pb

B Fun b Exdusive B+ camactad for I’D::I_-i_!

dei. A FRunla Exdusive Bs comacted for fo=0.4 3

0100 =——————

Fraction of b-hadrons in 0.2 GeV/ic
—

T
1 25<pt(JIy)<1.5 GeVic

o 2. 25pt(Uhy<2 5 GeVic
= 3.9pt(Jiy)<3 75 GeVic

===~ 8.0<pt{JNy)<9.0 GeVic

i w
o031 A S o e NP LI P S S i K

20 30
pT(Hb) GeVlic

October 21, 2004

40

do/dp(H,) nb/ (GeV/c)

o PO CTEQIEA T md 75, pmpel, 7275, i
=== FOMLL umcertanty Fom POF| 10, mass, factorzalon

fyl=1.0

0 5 10 15 20 25
p{H,) GeVic

o(J/y from H,) = 19.9 + 3.8 nb
o(H,~>J/vy, |y|<0.6) = 245 + 47 nb
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B-jet Production

CDF: DO:

"+ bquark tagged using  muonsjets data
verErices 4 * b-tagging using p of

R muon relative to jet axis.
secondary vertex mass e InVClr‘lClnT mGSS Of

tracks belonging to
these vertices
determines b fraction

- DO Run 2 Preliminar
00 L L=150 pb‘1 CDF Run Il preliminary s = Q u e ary
T F & ® Data & L. +
> o - g
Eo-s _ % ;‘é; ----- MC (Pythia) gﬁlﬁl o’ - -.“‘:.“. —e— Data
% ; #}'- i Syst P, scale © F N Pythia, CTEQ4M, 5R<0.3
-7 . " . - . *
= oy, ‘
2 r S SR
E_B‘ L:?? 10'2:—
Rl = 'ﬁ; qk: _____ -
- 0.1<lyl<0.7 :%: 28 -
10° = MidPoint jet R , =0.7 B
é\ ‘ L1 1 | L1 | | 111 | L1 1 | 11| ‘ 111 ‘ 111 | 111 ‘ 1l | | - 10-3 E— § “‘h
60 80 100 120 140 160 180 200 220 240 il | ! Lov iyl [ U
Corrected Pt (GeV) 20 30 40 50 60 70 80 90 100
E® (GeV)
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Pentaquarks search

uudds OT  — pK?, K — ntrw

ddssi E;;._z — =27, 2 —=Arm, A > pr~
uussd ngz S E 77, ET s An, A= pr”
uudde (T)E —D*p, D*~ = D%, D’ 3 K—nt
uudde OV — D™p D™ — Kntrn™

uuude O©F  — DY D’ - K—nt

uuude OF  — D% DY —» Ktn~

Data: 250 pb!

* hadronic trigger data:

- at least 2 displaced tracks

* dominated by cc and bb

- jet20 data

- at least 1 jet with E=20 GeV/c

» dominated by light quarks

- minimun bias and zero bias data

» soft inelastic scattering
Donatella Lucchesi
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Pentaquarks reference signal

| CCF Pon l Pealiminey |

L= Fan I Prelom -
,_E:E-E : I .I . . . __mpbl 4 | "
o5 i £ —_—
: | oo onesn ] D** =D T i
S | N=ITOELETT ] for ©, —=D* " p3
~ 2ronof= - o 800
= L m
150004=
2.0 2.3 24 _ 18 28 T o
M(D ) [Gelic’]
. COF Run Il prefminany .
= Hm: minblas data A— £ TO00
- 3 /! - : L
%12.].;.:_ ;1 — I!TJI'L iu-mn
g """':'E' —. g 5000
il C ™ 4 ~{1¥Y a4ooo
zo0p K*t — 7T K : §
so0f T Ao
. At 4l
ek for @7 — pK.
: M{ ~A{1520]) = 3TTE+ 327
zo0f 1000
S - . - o

mipk , T ") (Sevic)
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24 128

Ch

L= z20pt"
= fraok found In 8VX
H=32,000

12 134 138 938

M Am) [GevicT

iz 12

COF Run Il preliminary
milnblas oata

NiK™ ™ § = 1eHEL TTE

1.8 1. 5
i == 2 EEVis )

t=—rr—ra
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Search for ®*and =5,

Search for ©*—pK;

No signal found

=0,
Search for 295,

P

20, B, B AT

| channel yield
fit limit
= h7+bl <144
= h4+47 <63

October 21, 2004

COF Fun Il preSminary

180F

CDF Run |l predminary

§ minkéac data -"ﬁl Joi2n data
* qpnl » |
: .
§ t1e0f :
§ a0l g 400
— =
a0 |-
=11 .
gl i
8 iz 184 B8
el -:-EEEWHDLI s ETi= 584 103
- 100l (478 mBIRCL)
1 1 1 1 1
0a 1as 15 1sE 18_ 186 1.7 e
mlpk S FeA ) (B 4 146 1.5 186 18 188
ik L ) (@)
| coF Run i Predmessry |
[} 15“ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= ! t L~220pb” T
3(1530)—)5'75“ [ ] ==  =track found In SVX i
\ g E(1880) i
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Search for @,

Decay channels: e
E'l::’ — D" p, D*7 — DV~ '
) - Dp, D s K atn

e — E_i'”p, DY 5 K—xt

i

©r — DY, DV Ktg—

L-240ph”

a0t

1
1z 13

[Eevic]
L i el iy | - 3 L=250gb’
I

RN

13

19 f:!l:l:'ﬂup]:. e

Search channels
Q. — D*tp <« 21Q90%CL
No signal found ©.— D p <89GI%CL
0. — D% < 8T@90%CL
0, — D" < 97@90%CL
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Summary & Conclusions

» QCD
= Measurement of jet cross section:
to search for new physics
to study soft production
constrain gluon PDFs at high x
= Test of NLO
= Study boson +jet physics

> Heavy Flavor

» Charmed meson production measured for the first time

* New J/w and Y production analysis in progress

* b-jet analyses in progress

* b-hadron production: Tevatron b quark “"excess" not an excess
anymore

» Pentaquark search: No evidence. Production in fragmentation may be
severely suppressed with respect to normal baryons

lots more data coming: 400 pb-! in the bag, 1.5 fb! summer 2006...
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Improved Jet Clustering Algorithms

JdetClu: Run I Jet Algorithm
Mot infrared safe (at NNLO)

Freclustering and Ratcheting: — difficuit to implement at the parton/hadron
level, depends on the detector geometry

More difficult to compare to theory and between experiments

MidPoint: Run II Cone Algorithm

Uses rapidity, y, instead of pseudorapidity, n and transverse momentum pr
instead of transverse enerqgy, Er

Infrared safe and well defined
No preclustering, no ratcheting
— Able to make more direct comparisons with theory and between expariments

Kt Clustering:
Precluster towers with Pr = 0.1GeV

Merge preclusters until all jets are separated by AR = D) where [ is the scale
of the jet.

No use of seeds — infrared and collinear safe
Towers uniguely assigned to jets — no splitting/merging

October 21, 2004 Donatella Lucchesi
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Uncertainty in the energy scale is the dominant source

of systematic error, can expect this to improve...

= 80

] L

H B0 CDF Run Il Preliminary

A ank

®  F

S 20 The effect of a 3% en-
L C B

c o= ergy scale uncertainty
5 = contribution to the to-
b= ~ .

W 40E tal systematic error

= = +i- Total Uncertalnty

a - ———- +i- 3% Enengy Scale Uncetanty

e T N A N T A T T T A T I I

E 'H“D [} 200 00 400 0D GO0

Inclusive Jet E. (GeV)

For a faster falling Ev spectrum, the error on the measured cross
section becomes larger

— Errors become larger when measuring forward jets
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We now have even more data available (plot includes 353 pb™1)

T 0 COF Run Il Prallminary
g 10 Integrated L = 353 po!
£ 0.1 < g | < 0.7
"1-1 I]q JatCiu Cora R =07
=
e’
s Uncorrected
10"
10"
10" g =  Runi ple=1.80 Tew a
- ——  Run il fE=1.88 T i
1['"|||||||||||||||||||||||||||||
L] 100 00 300 400 SO0

Inciesive Jot Maasured £, [3&V)

— When including more data, rise at high

The increased center-
of-mass  energy  en-
ables us to extend our
Run I results by about
200 GeV

— Able to probe
shorter distances with
higher precision

Er is not as dramatic

In addition to being able to study the high Ep region we have

maore data in the low E7 region.

October 21, 2004 Donatella Lucchesi
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B-B di-jet Production

CDF: study b-bbar di-jet production at high p, [n|<1.2
Tag b-quarks with secondary vertex tag, determine b-fractions by using
additional soft electron tag, fit templates of p;of electron relative

1-0 JeT ax | S and Ver'Tex mas ‘ Templates for Electron p, Relative to Jet Axis |

.....

.....

; CDF Run Il Preliminary (Vs = 1.96TeV)

— b jet template
- ¢ jet template
light jet template

________

\ Azimuthal Angle Between Tagged Jets |

—~ 06
o C CDF Run Il Preliminary (Vs = 1.96TeV)
£ 0.5 - (stat. errors only)
Z ;*?‘ - — Data
Y5 #% Pythia CTEQ 5
iz 04
03
02
01—
0 = [

1-5 2 1 1 1 I2-5I 1 1 1 3
Ad(jet1-jet2) (rad)

=
il
wm
-

001 002 003 004 005 006 CIOT IJOB 009 0.1

p rel/ jetE,

\ Templates for Secondary Vertex Mass |

% 035 i CDF Run Il Preliminary (s = 1.96TeV)
o i i

o= 03 1

%l% : o : — b jet template
“lZgzsf i i -- ¢jet template

E i---- . ight i
02f ! : light jet template
i

57 25 3 35 4
Secondary Vertex Mass (GeV)

Raw Differential Cross Section |

-ella Luc

0.01

0.005

CDF Run Il Preliminary (Vs =
(stat. errors only)

1.96TeV)

%||||||||||||||| ||||||
0 70 80 a0 100

130 140

120
Di-Jet Invariant Mass (GeV)

110 150 160



X(3872) Observation at CDF

Belle announces in August 2003
B— KJ/Un"w

CDF confirms within a month:
X(3872) — J/¥Untm

both at > 10c level

The mass: |
e not easily explained as *D; cf

o CDF: myx =3871.340.740.4 MeV /c?.

1The width:

e compatible with zero
o CDF: 0=5.4440.72 MeV /¢?

e Belle: ['=1.440.7 MeV/c?

October 21, 2004 Donatella Lucchesi

'D" Threchiold B

Belle F PRL $1, 282001 (2005
...... M-HFLWD!*]E.E]
COF Il PRL 83, 072001 (2004

------ [rezp-axi3312021)

o0 ————=— — [Foap-mci40EN 0L

BEBEF ...... [heap-axia402027]

1 PR T T | IR T [N TR TN TR TR NN T T
38E5 70 3575 = 3880
KidavIiMass (MeWic )

e [ TR

1300

23007 1200
o4

1100 } F
i 1000
200

:

28D 3.BE 3.50 1.5

Candidates! & Me'\lic
r
g

;

W) = 0.5 G

g
L

o r r r r r r
3.685 3.70 3.75 3.80 3.8% 3.EIIII:| 3.95 4.00
Jiynta Mass (GSWcT)
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Nature of X(3872)

* F
COF Il Prallminsy +2.6i Projeotion &round wiZs)

Primary hypotheses:

WEZE = Jiyr ¥  —— paka —2230 pi”

3 f:harm::rmum state? i’ T ———
. B cng-Lived yizE
— 13D, most natural choice f EEY Prompt Baskground

L EE] Long-Lived Baokgrownd

— others possible, hep-ex/0407033
— problems in each case! -

4y

e a2 DD* molecule? not clear :

Unzorreated Proper Time [e=m)

fh”“l“r“”ll 28.3 = 1.0 x=10). I-E/‘

ZOF 1l Prallmdnary +2 6 Projsolon &round XSETT

Measure properties:
e quantum numbers, other decays

e “lifetime”, production, m;

At CDF:

e measure lifetimes
— charmonium-like production

o study 1
= 5.|gna| enhancement for high m

= possibly X (3872) — J/W¥p
— My, shape analysis in progress

E[EETI) =y X & —— Dakx -221 pb™
B Frompt miEeTI)

I ong-Lived x872)
EH Prompt Baskground
EE] Long-Lived Baakground

Candidates per 20 pm

!.Iluun'u-nlul:l PFropsr Time (am)

fr(5872) 161 + 4.9 + 2.0%

-!.-'.'n'l',llrl'-' £ I'II
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