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b quark discovered - 1977
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"It now appears .... that there may be a fifth quark"
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20 years later.....

® |n 1997, b production cross-sections were still > 2 X larger than QCD

predictions. At that time only a small portion of the b hadron inclusive

cross-section, pr > 0.0 GeV/c, had been measured.
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Outline

® Recent advances in the theory of heavy quark production
cross-sections in pp collisions.

® Description of the Run Il CDF and DO detectors at the Tevatron.

® Run Il results on beauty and charm hadron production
cross-sections.

® Quarkonia production (including diffractive!)

® Exotic baryon spectroscopy:
» confirmation of Belle’s X (3870) — J /vy
» New: Pentaquark searches at the Tevatron
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THE THEORY
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Heavy Quark Production in pp
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NLO: Gluon splitting
q>AAAM< Q
q Q
LO Heavy Quark Production
NLO: Flavour excitation

Factorization theorem: factorize physical observable into a
calculable part and a non-calculable but universal piece:

do(qq/99/q99 — bX) o P @ DB do(pp — BX)
dpr(b) N ~—— dpr(B)

~ ~~ “  Proton structure fragmentation N -~
NLO/NNLO QCD observed
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Parton Density Functions (PDF)

ZEUS
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fits to the data
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Evolution of PDFs

By 2004, recalculating the cross-section with updated PDFs increases
theoretical value by almost 2X!

30
. PDF dependence: !
UL time evolution -
gL i
L L A (P
— - 2 e
E T x 5 T 6 ) q
E il { o Ty
3 ! ) 2 IH
= i o il o) I8 2 ey Se
b L X o E '§' % E‘ % % s
15 (— = & 5 5 55—
_ ! _
i o i
ol (lglligd ] |18 oDefault A =
i & EE = XA = 0.226 GeV i

Time —

Marv Bishai. Fermi National Accelerator lab 8 — p.8/5«



2001: &£+ Factorization Scheme

Standard PDFs are functions of z, the fraction of the momentum
carried by the parton longitudinal to the hadron direction. Partons
also have a small transverse momentum component:

kr factorization : f(z) — f(x,kr), 0(x,s) — o(kp,x, s)
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Fragmentation Functions D7
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Recent Theory Advances
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#® Next-to-Leading-log
resummations (2001): In pQCD
calculations powers of
«s log pr/mgo modify shape of
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#® Moment analysis (2002): Mellin i
transformation into moment s | orhutions
a _ N—-1 =47 | “niaco
Space D(N) T f L D('Q;‘)Claj fg — NLL+DGE QCD (preliminary)
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Non-perturbative functions used must match perturbative assumptions
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Comparison with Run | Data - NLL

Fixed order (FO) QCD NLO cal-
culation + Resummation of nexi-
to-leading logs (NLL). Method of

moments instead of a fragmenta-
tion model = Better agreement with

CDF and DO Run | data
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Theory Summary

® Agreement with the Run | b cross-section data for pr > 5.0
GeV/c has greatly improved without the need to invoke exotic
sources of excess b quarks. Most of the improvement is due to
improved treatment of experimental inputs.

® BUT: Different theoretical approaches: different factorization
schemes, FONLL calculations, new methods to extract the
non-perturbative part of fragmentation function. Which is the
correct approach?

Total cross-sections do not depend on the fragmentation model!

= powerful experimental test of QCD calculations.

Charm quark mass and production cross-sections are close to b-quark

but fragmentation is very different - test theory predictions
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THE EXPERIMENTS

Main Injector
& Recycler

T
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The Tevatron Today

® |n 1985, Tevatron collider begins operating @+/s = 1.6 TeV

#® Run | of the Tevatron collected collider data at /s = 1.8 TeV
from 1992-1995. ~ 109 pb ~! of data was collected by the 2
collider detectors with £¥Pcl = 1.6 x 103 cm 2571

Run Il : Summer 2001 - present. 4X more data already!
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CDF Run Il - Overview

Signals: J/v — uu, D — K, displaced b vertices

© CenralMuon  (CMU) 11=06

Central Hadron Calorimeter | EndWall

(CHA)

3
o
—l
~ (W
c
c
:

R=150 cm Solenoid Coil .~

_~Hadron
Cal.

TOF —~

Central i
Outerg‘(C\OT) :

Tracker

R=14cm ot |

T
\
\
WY
\

End Plug
Hadron

[y
WY
WY
\

SVX-II Intermediate Silicon Layers

n=—1/2Intan6/2

=10 @ central Muon detector: Prop.

chambers outside central
calor. ~ 57 interaction
lengths.

96 layer COT:

o(pt)/pt = 0.002p,

Silicon vertex detector: 8
Layers of 3-D Silicon up to

In| = 2, 700,000 readout
channels, o(dg) ~ 30um
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DO Run Il - Overview

®» New forward muon system with |n| < 2 and good shielding
® 16 layer Fiber Trackers in 2T

® 4 layer Silicon, o(dy) = 54pum at 1 GeV/c
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RUN Il MEASUREMENTS OF THE J/¢) AND 5-HADRON
INCLUSIVE CROSS-SECTIONS
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J /v — pp signals

YY=>pp

Event : 21462 Run : 127369 EventType : DATA | Unpresc: 43,49,21,53,23,55 Presc: 49 Myron mode: 0
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L1 Muon triggers (CDF)
Tracks are reconstructed in the [i[[:i]i]

COT by the Level 1 Trigger eX- | m SR
tra Fast Tracker (XFT). Amatchis |

Calorimeter

made to hits in the Muon Cham- | Wwedse
bers. (Offline e = 0.986 £+ 0.010)

CDF Run Il Preliminary

- 1.00_
S oosfs ¥ g% ; [
2 ok A EXTRAPOLATED TOWER
E 0.943—
O o92f L1 XFT TR
o " TRIGGERED TOWER
= 0.902—
- 0.88F
> -
O 08 ® Jower p; reach:
0.84|—
osaf- pe(p) > 1.5(|n| < 0.6).
ogpr—r—-7b———
o2 InverseMuon(Iz’.j,(GeV/c)-1 o0 pt(lu“) > 20(06 < |77| < 10)

L1 muon trigger efficiency .vs. 1/pr Can now reach pt(J/w) = 0 GeVl/c.
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Counting J/vy's (pr = 0 to 20 GeV/c)

0 <pr(J/¢) <0.25GeV/c 12 < pr(J/9¥) < 14GeV /e

CDF F'hJ'nIII'P're'Iir'nilr‘lflr)'/ ' C'><IP't(1L'tu')<'0|-2f5 GeV/c CDF Run Il Preliminary 12.0<Pt(uu)<14.0 GeV/c
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- ; iy, -1 _|
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% B u§3 50 _
2 40 - 5 L
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CDF Run Zl?,lPﬂr(elm/ﬁ?fa)ry 5. O<Pt(c:,u,t)£§ 5 GeV/c '. Transve rse momentu m

- 18, 200+200 Events

- Luminosity - 39.7 pb” : resolution:
5(pr)/pr = 0.003pr

® A detector simulation is used

: _ to model the expected shape
3.5_35 2.95 305 o8 : 3.25 3.35 Of the J/?vb Slgnal

1000
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Muon triggers (D0)

® [arge rapidity coverage up
to |n| < 2.0

® Offline reco eff:

loose € = 0.905 + 0.0033
medium € = 0.8 £+ 0.0045

=, 1

& E R o e L2 'medium’' wrt offline 'medium’
— {ln:_ -+ +—|— = e _ L2 ffT = = el —
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5. 3P I | = + offline 'lcose’
o
E :— ;58_; = R — i o e T
© °>°F S osf v
.-f L1 wire trigger wrt B ol
- L1 tight scintillator trigger + =
a.2 - [
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ﬂ_= A E -I-I i i i i nI i i i i .: A i i i - u: ll‘ s . ‘I. s BI
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J /1) Cross-sections - Run Il

do(pp—J /v X) Number of J/v
dpr(J/v¥) ~ luminosity X acceptance xefficiency X Apr

o(pp — J/¢YX,|y| <0.6) vs pr(J/¢)
CDF Run Il Preliminary o(pp — J/vX,pr > 5,8GeV/c) vs y(J /)

2
10 E e | ! | Jly Cross Section per 1.2 unit of rapidity |
@® Data with stat. uncertainties I
\— Systematic uncertainties -
, e | Dzero Run2 PRELIMINARY
"§ | o pT(JNy)>5GeVic
10’ @ L upT(Jiy)>8GeVic
)
0 L
5 % : I S
10 —

- (Run 1l 18.7+/-2.0 nb)
- (Run 1l 3.1+/-0.4 nb)

do/dp-(ly|<0.8) . Br(J/y—up) nb/(GeV/c)

107}

| | T 0 02 04 06 08 1 12 14 16 18 2
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p(J/y) GeV/c
— o (pp — J/YX, | y(J/1p) |< 0.6) = 4.08 & 0.02(stat) 559 (syst) ub —
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Separate H, — J/¢y X from Total

® The J/4 inclusive cross-section includes contributions from
» Direct production of J /v

» Indirect production from decays of excited charmonium
states such as ¢(25) — J/yntn~

» Decays of b-hadrons suchas B — J/¢X

® bH-hadrons have long life-
b-hadron direction times, J/w from Hp — J/IDX

""""" will be displaced.

““““““ J/V vertex
"""""" b-hadron decay vertex

Primary vertex
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Extracting the i-fraction

® A maximum likelihood fit to
the flight path of the J/+ in
the r — ¢ plane,
to extract the b-fraction.

Events/50um
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b=-Production cross-section

o(pp — BT X) vs (pr(B™T)) o(pp — bx) versus (pr(Hp))
B* Meson Differential Cross Section CDF Run Il Prellmlnary
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High p; b-Jet Production (DO)

® b-jets include much of the quark fragmentation remnants = jet
cross-sections have small dependence on fragmentation.
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CHARM MESON
ON

CROSS-SECTIONS
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L2 Silicon Vertex Trigger (CDF)

1 COT track ( 2 parameters)

5 SVX coordinales

impact parameter
(transverse projection)
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Charm Production in Run i

ED0_>K_75+ s (a) . 300:_(b) DH%DOTC*',
~§ 3000; [ % - DK+
Q
s E 600
gzooo' S
[ S 400l : _
g | > ® Analysis uses 5.8pb ~! of
+= 1000 = -
§ E 2°°_-J early 2002 data.
of EF-BNE - R ¥ R e:0.14' ——05 o 0d6 9o Cha”enges: SVT not
m(Kn*) [GeV/c’] m(K+r+)-m(Kn+) [GeV/c’]
: : fully efficien he time.
D" Kt © il Diwor (@ u .y.e C e- t at the time
Lo % Efficiency is a complex
L O .
a 2 a0 function of pr, z, cot(6)
o o .
2 1000] g | and time.
= = 100
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Direct Charm Production Run li

Use impact parameter of reconstructed charm mesons ' (dy) to
distinguish directly produced charm from B — DX, Fp(dy)

CDF Runll Preliminary

10* .
From K. — mr data we find
g 10° .
s Fp(dyg) = Gaussian + exp
-~ 10° .
£ tails. From B — DX MC :
= 10
2 Fp(dy) = a double exponen-
1 "
Al | tial.
-0.04 -0.02 0 0.02 0.04
K(S) Impact Parameter [cm]
CDF Run Il Preliminary 5.8pb™ . CDF Run Il Preliminary 5.8pb _CDF Run Il Preliminary 5.8pb’”
§D° SKT f,=86.60.4£3.5% %D*+ N, f,=88.1£1.1£3.9% o DI or’ < fp=77.313.812.1%
£ 10° LP;25.5GeV/c g, D-Km g 0-KK'
- =10 Fp,>6GeVic > fp;28GeVic
2 = 10 ¢ PN
8.10 3 8.10 L g | NG| Hf
0 F 7] E ® // . WL
:I__J i :1__) r 0=J i 11B= Ds
510 } E 1 E E i i
i 10" |
1 I R ‘M“ AR E ‘ PSR ISR N1 P O
-0.02 0 0.02 0.04
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D° Impact Parameter [cm] D; Impact Parameter [cm]

D° Impact Parameter [cm]
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Charm cross-sections

0 | | _secti .
D" Meson Differential Cross-section D Meson Cross-sections Data/Theory
105 —— ————————————T—T—T———T—T—T—73
3 [ [ [ | E
] B0 pr T T T T L T
] 2.5 :_ D° _::_ D+ —:
o 10t |- Dashed band: ¢ quark — E ({) T % ]
) E . 0 E 2.0 — I —
&) Solid band: D 3 - I 3
= i 15 M =+ —
a r Fr 3
= 100 e T w0 ——-———— - - =
= ] ) F T ]
3 - i
s 102 | e 3 00 Pt e b b b L
3 3 < U F I I | | 3 5 10 15 20 25
S s | bt Pr
1ol - . 20 =
E X CDF preliminary data i 5 E_ _E
100 -| 11 | T R L1 | L1o1 L1 [ | 1.0 E_ ————————— _E
0 5 10 15 20 25 30 c //—'—"’"“ ]
pr (GeV) 05 = =
O.o :I 11 | | 11 1 | | 11 1 | | 11 1 | | 11 | I:
0 5 10 15 20 25

M. Cacciari, P. Nason. hep-ph/0306212.
o(pp — DX, |y |< 1.0,pr > 5.5 GeV/c) = 13.3 £ 0.2(stat) £ 1.5(syst) ub

o(pp — DTX,|y|< 1.0,pr > 6.0 GeV/c) = 4.3 = 0.1(stat) & 0.7(syst) ub
o(pp — D*TX, |y |< 1.0,pr > 6.0 GeV/c) = 5.2 + 0.1(stat) & 0.8(syst) ub
o(pp — Ds X, |y |< 1.0,pr > 8.0 GeV/c) = 0.75 + 0.05(stat) 4+ 0.22(syst) ub
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Charm .vs. Beauty (FONLL)

do/dpy (nb/GeV)

1 (nb/GeV)

do/dp

1% T T T g
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C Q ]
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Charm and Beauty meson crossection predictions are consistent
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QUARKONIA PRODUCTION

&80
242 Ewvents ;1-—
o b SPECTROMETER
= ﬂ-. porms] carmel
&0 | [ -0 sennesd
= 50
E
m_ =
Dl
.“" —_
W e ] .
..—
-_— ==
Ll
=
it 20 -
20 &= f"
[o] l_
3 -~
o - 2 ] (8
2.5 =275 3.0 25 25

meve—[Gev]

Quarkonia = discovery. J /1 signal at Brookhaven in 1974
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Prompt Quarkonia Production

Quarkonia bound states are non-relativistic. NRQCD LO perturbative expansion is
O(av?) as in the color singlet model (CSM) + higher order O(a3v?).

Fragmentation processes o< color octet matrix element dominate. CO matrix

elements extracted from fits to data - agree well with Run | data at high py.

do/dP*Br(nb/GeV/c)

I T I T I T I
, M(S®) = 11.0 + 0.8 x 1072 GeV*
0 - -
E Forcing J/¢%
L and ¥ M('SP,’PS) = 29.9 x 107° GeV®
| amplitudes
to have the "
1 E same ratio
_17 — Sum
10 £
E o 33(,5)
3 1c(8) 35(8)
— 'Sg”,7P,
_2 () o
10 b
E — Singlet
10_3 L | L | L | L | | L | L | L | : | L
[0} 2 4 6 8 10 12 14 16 18 20

CDF Preliminary

P+(J/¥) (GeV/c)

Prompt J/¢ production (Run [)

do/dp-(Jhy) . Brd/y—pp) nb/(GeVic)

10°

10’

10

CDF Run Il Preliminary

I I
@ Data with stat. uncertainties

Systematic uncertainties

(includes correlated uncertainties)

Q

p(J/y) GeV/c

Prompt J/+ production (Run II)
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Bottomonium production

At lower pr NRQCD non-fragmentation diagrams from other octet matrix elements

are important, soft gluon effects cause rates to diverge.

Pﬁ - ups(is)lyl<0.4
102 _-;.“10- 1 = ups(1s)yj<1.8
—_ L'b“ - -
> T
Q e
2 10
>
ho]
=
)
®)
=
m o1
-1 7‘ o o T o > i:.'f:lﬁf'ﬁl."..'? S
104 5 0 15 20 25 30 0 2 4 8 & 10 12 14 16 18 20
py (GeV) Y(1S) p,1n GeV
Y (1S) production (CDF Run I) T (1S) production (DO Run Il)

No new theoretical predictions for low pr quarkonium at pp yet.
— BUT: resummation of color octet matrix elements by summer 2004 ?.
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Charmonium Polarization Mystery

BUT Inclusion of color octet in NRQCD leads to a prediction of increasing

fransverse polarization of charmonium at high py.

CDF Run |

Method: Fit the production angle, s -
cos 0, distribution to MC distribu- ‘°§§ ‘ """"""""""""""""""""""""" —
tion which is a mixture of trans- ~=¢ ~~ Prompt °
verse and longitudinal polariza- =~ ° ° 7 7 R/ Gev/e)
tions. Use lifetime fit method to o=
separate promptand b — J/p X °5E I Lo
dN/d cos0* < (1 + o cos® 0*) os ! ;
~neloo o B-decay 3

)

Puu/Y) (Gev/c
Run Il :Need more precise measurements

N.B. Accurate measurements needed to reduce systematic uncertainty on detector accep-

tance
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Diffractive production of y.

® At LHC SM Higgs boson could be produced by exclusive
production with NOTHING else in the interaction (o ~ 40 fb ?):
p+p—p+H+p

#® To test prediction, search for a similar process at the Tevatron:
p+p—p+x.+p—p+J/Py+p
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Exclusive \. candidate 1

Event : 119697 Run : 155318 EventType : DATA | Unpresc: 23,56 Presc: 56
[ —]

East West

00 OO0 ®©

Channl D : anc:

227

%
o,
L2

TOSRS0307A 7
509932522
oS A

e e %
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Exclusive y. candidate 2

Event : 149270 Run: 156365 EventType : DATA | Unpresc: 23,56 Presc: 56
[

L1 =

East West

A\

5000 ——_—
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Analysis of exclusive events

24F £ 10
S ol § CDF Run 2 Preliminary - data
i fgi M | & 8 E 4t I I —— FakeEvt
16 ] 2
I = 5
12} } | L% 3.5
10} I
Y LU |
st
1 I i M“MH
I
0 - : : : 0 - : - - o
28 3 32 34 36 38 4 28 3 32 34 36 38 4
Di-muon mass (GeV) Exclusive Di-muon mass (GeV) Exclusive+cosmic veto
1.5¢
S as} 5 45} 1r 1
Y " as) 05¢
3: 3: 0 y I _|| I
25 25
| | 28 3 32 34 36 38 4
1.5} 15} Di-muon + photon invariant mass (GeV)
1} 1}
0.5} 0.5} . .
02.8 3 3i2 3j4 3j6 3j8 4 02.8 3 3i2 3j4 316 3?8 4 EXCIUSIVe XC Candldates

Di-muon mass (GeV) Exclusive(1 EM) Di-muon mass (GeV) Exclusive(1 EM)+cosmic veto

Need to understand backgrounds!. [F all 10 events are signal
then: o(pp — ppuuy, ly| < 0.6) = 49 + 18(stat) + 39(syst) pb

Prediction: ¢ =~ 200 pb hep-ph/0011393
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EXOTIC SPECTROSCOPY




Belle observes X (3870) — J/ymm

® At LP 2003, the Belle collab-
oration announced the ob-

. ® Belle signal favors large nm
servation of a new state de-

: : Mass
caying into J/ymm from anal-
H 5 | — T T T T 30 T
ysis of B decays. [ o2 s rogon |
O S L I L L Y I
o) signol region { [b)¥ region 3 20 -
s {300 0 -
R l9]
% S
> i 4 A
15 = g
S [ 1200t - 0 ]
2 | 1 it i
h i H | J1oo
0 11' I + ' + ;l' [ 0 ' |
1. f Lo 1] ok 0.40 0.60 080 040 0.60 0.80
3820 3860 3900 3630 3670 3710
M(r'r) (GeVic) M(r'r) (GeVic)
M(r" T Jhy) (MeVic?) M(r"zJAy) (MeVic?)

M = 3872.0+ 0.6 + 0.5 MeV
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X (3870) — J/¢¥mm observed in pp

CDF Run Il CDF Run Il DO Run I

all candidates m(mm) > 500 MeV AM (/) — M(J /)]

6000 CDF Il 220 pb” 30007CDF Il 290 pb” N 5007
1400] o (DO
22001 <
2100 1300 % i
N 2000 i
3 1900 9 1o 2
24000] 320001 | 1000} ~ a0l
> 1800 s o 300
> 1700, 0 - 2
230001 380 385 390 395 21500 ‘ 5
: g 5 200
£20001 21000 g |
O S 0 |
100~
1000, 500 : } ° 1<yl <2
0‘5 [
o A 06 07 os 09
3.65 3.70 3.75 3.80 3.8 3.90 3.85 4.00 3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00 M. (GeV/c )
Jyn'n Mass (GeVic') Jyr'n Mass (GeVic’) wwr

M(CDF) = 3871.3 + 0.7 & 0.4 MeV
Yield : 730 = 90 (CDF) 522 + 100 (DO).
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What is it?

PDG Quark Model: ccC
ud,uw,dd wudd,ss cc b su, sd — cu,cd cs - bu, bd ~ b B
N 25+1p ;| gPC I =1 I =0 I =0 I =0 I =1/2 I =1/2 I =0 I=1/2 |1 =0|I=0
115 o—+ s 7, 1’ 7-(1S) 75(1.5) K D D, B B, B.
135, 1—— P w, ¢ J/p(1S) | |[r@as) K*(8982) | D*(2010) D B* B*
11p ) 1+— b1 (1235) R1(11706), h1(1380) he(1P) Kipt 4 (2420) | D.1(2536)
13P, ot++ ag(1450)* | fo0(1370)*, fo(1710) xc0 (1P) | Xp0(1P) | K5(1430)
1 3PD 1++ a £5), F1(1420)| | xc1 (1 P) | Xp1 (1L P) Kyt
1 3P, 2++ a.O), F5(1525) Xég(lP) w(lp) KX%(1430) | D%(2460)
11D, 2—+ 72 (1670) 72(1645), 72(1870) K2 (1770)
13D, 1—— p(1700) w(1650) (3770) K*(1680)%
13D, 2—— K5 (1820)
13Dg 37— P,3(1690) | w3(1670), ¢p3(185 K3%(1780)
Lane i E: T3 Z0T0) KI(2015)
2 15¢ (J/‘*II TC+7'C_ 295), 17(1440) n:(2S) K (1460)
235, 1~ p(1450) w(1420), ¢»(1680) P (2S) r(2s) | K*(1410)*
2 3P, 2++ a2 (1700) f2(1950), f2(2010) *s2(2P) | K3(1980)
3 150 o—+ 7(1800) 7(1760) K (1830)

BUT: ° D, expected around 3810 MeV/c?

Is this a DD* molecule? Can CDF/DO0 determine production mech-

anism? |f mostly prompt, looks like a quarkonium rate.ls the =r a p?
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Pentaquarks at the Tevatron?

[ CDF Run Il Preliminary ]

O 1530)  uuddd "
- 1

Ini™ or pH") = N 1500'"'"""""|""|""|"1"I""|'"'|
2 - L~220pb’ g
> [ ]=n+ = track found in SVX
- alml = [ = E(1860)
§ = 1000
= = i
Al oo

/\/\/\ s00
=l ] [ — :

Evidence for ©(1540) (CLAS)
(1860) (NA49) M (D*p) = 3099 (H1)

[1]

800 —

CDF Run Il preliminary

600|-

N /2 MeV/c?

£ 300 et20 data
= | i
E -
~ 2504
= -
@ i 400
2 200} -
=
Ll - -

150 i

200
100 I
50 o L L L | L L L L | L L L L | L L L L
| 3.0 3.1 3.2 3.3

[GeV/c?]

o 1 1 1 1 1 1
14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.
m(pK 2) (GeVv/c?)

No evidence for “pentaquark” states at CDF with larger statistics.

M(D “p)
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Summary

Studies of heavy quark production are precision tests of NLO pQCD.

® NEW: Run Il measurements of heavy flavor production at the
Tevatron:

» Quarkonia: New measurements of the inclusive J/
cross-sections down to pr = 0 GeV/c (CDF) and |y| < 2.0
(D0). New T cross-sections (D0). Diffractive production of
exclusive uu~y candidates observed (CDF).

o Measurement of the central b-hadron cross-sections over all
pr (CDF) and b-jet cross-sections at \/(s) = 1960 GeV (D0)

s D1T0* D, cross-sections published (CDF).

» Exotic Spectroscopy: X(3870) confirmed at pp (CDF/DO).
CDF observes no pentaquark candidates.
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# Lots of theory advances:

» New PDF fits to proton structure data and better
understanding of uncertainties.

» New factorization schemes: kr

» Resummation of NLL for factorization schemes
where quarks are massive - now valid for all py

» New and improved treatments of heavy quark
fragmentation

Total inclusive b-hadron cross-sections are in agreement

with theoretical predictions within uncertainties.

Charm cross-sections in reasonable agreement with theory
and consistent with beauty meson results.
Mysteries: Quarkonia production/polarization, X(3870), ©
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BACKUP
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CDF Data Flow

L1 latency: Pipeline depth = L1
processing time ~ 5usecs.
2.5 MHz Grossing rate The SVXII detector is readout on

Dataflow of CDF "Deadtimeless"
Trigger and DAQ

396 ns Bunch Spacing

L1 Accept.

A

L1 Storage Leveld:

Pipeline: L1 2.5 MHz Synchronous pipeline - - e

2 ook ‘ Trigger \ "™ L2 processing time: The Silicon
Vertex Trigger is in L2 =

L2 Butters: T ]L'z readout of the Silicon takes place

4 Events Trigger 300 Hz Accept Rate

in ~ 15usecs + ~ 15usecs SVT

L1+L2 rejection: 20,000:1

processing time

DAQ Buffers

Data logging rate: sustained
rate of 18MB/s (150-200

Mass

250 pb ~! = 480TB on tape
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Detector Acceptance (CDF)

A detector simulation is used to estimate acceptance:

b
<

J/v Acceptance

1021

CDF Run Il Preliminary

Transverse momentum

"'_._ S
...l ]
.uf'
1 I 1 1 1 I 1 1 1 I 1 1 1 I
4 8 12 16
Pt(J/y) GeV/c

0.100

S
N
(&)}

1<Pt<20GeV/c)

~0.050

0.025

J/y Acceptance

0.000

CDF Run Il Preliminary
— T T T T 1

0.6

-0.4

-02 0.0 0.2 04 06
Jhy Rapidity

Rapidity
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do(pp — HpX)/dpr(J/9)

Fraction of J/vys from H,
CDF Run Il Preliminary

060 T T T T | T T T T | T T T T | T T T T
050 @ Run Il (stat. uncertainties only)
' B Run | (stat. uncertainties only)
No) B i
g 0.40 — . _
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w— 030 1 —
(@]
c - t -
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S
L s nt 1
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e []
010 +¢:." —
000 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
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20

do(pp — Hy X, Hy — J/YX)/dpr(J /)

10 F T T T T | T T T T | T T T T | T T T T =

—_
(=]
o

o(pr(J/¥)>1.25 GeV):

Points: CDF, 19.973% nb

107% £ Solid: FONLL, 19.9*%4 nb

[
—
H
(X

Dashes: MC@NLO, 17.2 nb

do/dp:(J/¥) BR(H,~»J/%) BR(J/¥->uu) (nb/GeV)
1)
|

10—3 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 5 10 15 20

pr(1/¥) (GeV)

Theory:  M.Cacciari, S. Frixione, M.L.
Mangano, P. Nason. G. Ridolfi (Dec, 2003)
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Algorithm to extract do/dp(H)

» Count the observed number
Of b-hadrons in a given Eé(g)mplclas O.f b:hacliro? Tran?velrselMolmeIntulm [I)istlributions
pT(Hb) bin

— 1.25<p(Jy)<1.5 GeV/c

0.060 [—

N
b J/p
Nz- = waN]/
1=1

0.040 [

w;; 1S the fraction of b events
in the " pp(H,) from the 51"
pr(J/v¢) bin obtained from N R e,
MC 0'0000 10 20 30

® Correct the observed number of b-hadrons for the kinematic
acceptance

0.020 -

Fraction of b-hadrons in 0.2 GeV/c
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Iterating...

X2 per iteration

® Afterado /dpr(Hy) spectrum is L e A

¥ oomets Data
obtained, the MC weights w;; are —MC
recomputed using the new 75* —
spectrum and the algorithm L(;:
a
repeated. s o -
S .
® A?testis performedonthe = | _
250 i, .

input and output spectra until
no difference is seen.

iteration
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