Charm and Beauty Production
at the Tevatron
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eavy Quark Production

» Tevatron & Detectors

* Plethora of New Results:
Open charm and charmonium
production, B cross sections,
events with b-tagged jets
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Motivation

Heavy Quark Production:

. Test of Quantum Chromodynamics at the transition
from perturbative to non-perturbative regime
masses of ¢, b quarks provide hard scale for
QCD calculations, mq > Agcp
=>heavy quark production should be well predictable

. Beauty and charm cross sections in pp collisions were
measured to be larger than expected in early
Tevatron data.
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* Measurements in many channels higher than original theoretical predictions
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This crisis instigated better theoretical understanding and
improved measurements, now data & theory are in much better
agreement

Resummation schemes are active field of research

Calculations in FONLL are available

Leading Order: Next-to-leading Order:

Flavor Production Flavor Excitation

~ Q
Q g TTr g

9
Q Gluon Splitting

D .
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Collider Run Il Peak Luminosity

m 20x Average
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Intearated Luminosity (fb1)

| /,.'/
| We are here now
|

‘ data analysed ~ 1 fb™"

9/30/03 9/30/04 9/30/05 9/30/06 9/30/07 9/30/08 9/30/09

Main Injeé-t:r v .5
& Recycler = g

T w3 . Highest initial luminosity: 290 1030

' A . More than 2fb-! per experiment collected

% L ] - Bestint. Lum. in 1 month: 165pb-1 (01/07.

T - ~26 month of data taking until 10/09
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Excellent mass resolution &
particle ID (large tracking volume, silicon
vertex detector, ToF system)

Good muon coverage (n<2) and

Displaced vertex trigger: forward tracking = high rapidities,
fast track trigger at Levell, add Silicon high yields
at Level2 _

Strength:

Strength: Hadronic & semileptonic modes  Di-muon & semileptonic modes
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“Classic” Run I Trigger

Di-muon
J/y -> pp
B -> pp(X)
Two muons with:
pr(m) > 15 GeV/c

| J/w Mass Silicon Selection |

x10° CDF Preliminary
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Improved (wrt. Run I)
semileptonic trigger
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Two displaced tracks

B -> hh
D -> hh

Completely new trigger

Two tracks with:
pr>2.06eV/c
>pr>5.5 6GeV/c
d, > 100 mm

CDF Run Il Preliminary
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DO: new measurement of e CDF measurement of
muon tagged jet cross sections inclusive B cross section
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Pt (GeVic) B pr (GeVic)

 Measured cross section still * CDF new modes B-> lvD®/D*X
higher than theory predicts consistent with B->J/yX
 Unfolding uncertainty within uncertainty of FONLL
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COF 1 Pradiniria g 7450 i

CDF Il Freliminary 740 |::||::|'-I
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Fully reconstructed decays
B->J/¥K->Kup
8197+239 candidates in 0.74fb"!

— FOMNLL

-- NLO

A T (196 TeV)
e I/yK™ (1.6 TaV)

O JiWK' (L8 TeV)
sealed to 1,96 TeV

Di muon Trigger, no lifetime bias
Data slightly higher than FONLL
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CDF Run Il (L=5.8 pb'l)
D? Meson Differential Cross Section

DO

2
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CDF CoIIab.,IPRL 241804
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p(D°) [GeVic]

Inclusive charm (D9, D*:, D*, D.*)
cross sections was one of the first
CDF Run ITI results

- factor ~2 higher than expected
- progress in theory reduced deviation
- measurement systematically limited
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Flavor Creation (IFC)

I

Charm-Charm-
Correlation el R
P fara > A 1200
» Study of fully reconstructed ,6, 725 |
charm mesons Lh—-&i;; T];
P T Hadronisation

Gluon Splitting/Fragmentation (GS)
T

D

» Angular correlation: access to
underlying production process
— Flavor creation:
large opening angle A¢
— Gluon splitting: |
collinear charm particles

— Flavor excitation:

large opening pseudo rapidity A Hadronisation 1
I€OP okt PISITY S Flavor Excitation (FE)

« Experimental approach:
— Select triggered charm mesons

— Look for second, Probe charm
meson
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CDF Run Il Preliminary, 1.1 fb™

Trigger Side

‘E'd‘n Primary

Candidates per 5 MeV/c?

D}, of D’D*" pairs

' Vertex

*i I‘L'l_r':]
AP

1.75

185 49 195
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CDF Run Il Preliminary, 1.1 fb™

Probe Side

D*, .. of D’D* pairs

Candidates per 0.6 MeV/c?

 Background subtraction using
sidebands in 2-dim My~ Mg,
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Prompt D
. Extract prompt and
-------- -' secondary D meson

i fractions from their
impact parameter (Ip)
distributions

fbD - 10-200/0

. Cross checks : Ip, L, of
trigger D, probe D and

0.02  0.04 DD*- pair
D°D*’: Ip D’

£
E . using tagged
- probe side DO:

Probe
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. 1.1fb! analysis

CDF Run Il Preliminary, 1.1 fb™

.Collinear production as |yl 5

important as back-to- & D Iyl <1,5.5<p <20 GeVic

back production = D*:ly|<1,5.5<p_<20GeVic

< 4 !

.Monte Carlo: % - Eatl?. 5 S 5 GeV

Pythia Tune A E —— Pythia, ¢¢, p. > 5 Gevie
Flavor Creation

. Pythia under estimates Flavor Excitation

collinear (over estimates Gluon Splitting

back-to-back)

production

-Error: staf + syst ~157% 20 40 60 80 100 120 140 160 180

Similar result for D+D*- A [7]
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Quarkonia Production

Color Singlet Model: Non relativistic QCD introduces
cc pair is "bleached” by radiating Color Octet Mechanism:
off a hard gluon . Soft gluon radiation
Underestimates J/y (1/10) and . Adjustable hadronization
y' (1/50) production parameter allows to match the
Feed down from 3, dominates observed P spectra and
(>90%) J /v production production cross sections
(CDF Run I finds 30%) . Predicts transverse
P, spectrum does not match polarization for J/vy, deviates
data from data
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Quarkonium Production

New pomeron inspired idea:

. Fusion of a symmetric color octet
state and a gluon

. Predicted cross sections and P+
spectra match data (calculation in
LO pQCD )

. P+ spectra match data

. Expect longitudinal polarization of
prompt J/vy increasing with p+

V.A. Khoze, A.D. Martin, M.G. Ryskin and
W.J. Sterling hep-ph/0410020

E.L. Berger, J. Qiu, Y. Wang hep-ph/0411026 Pomeron =»Gluon ladder
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*k

0

with (-1 a <1)

L

helicity =0 &* angle between p*in J/y

\ rest frame and J/v in lab

AT o polarization parameter
Transverse (¢ =1) Longitudnal: (¢ =—1) =0 all 3 helicity states are
equally populated

< MC polarization templates
(trigger efficiency from
data)

Separate prompt and
secondary J/v using the

| . L )
798 a8 a8 42 0 02 04 48 dF i T 48 a8 4a 42 U 02 04 a8 68 1

impact pararm. of both p
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CDF II Preliminary, 800 1:)b_I CDF II Preliminary, 800 pb'I

r___: Prompt J/y Polarization
nrompt

+ o J/y Polarization from B-decays

zero polarization

average oy W/ 1o error band

15 20
Pr (J/y) [GeV/e]

. independent of P . Corrected for residual
. Qg = -.0.0f)éi(.).050 secondary J/y
. Consistent with BaBar . a<0: longitudinal polarization

(ap = -0.129+0.009)
CDF result includes
B.and Bbaryons
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/' Polarization

Analysis analogous to J/V¥

Prompt v’ polarization(c)

. Same theory framework
applies to prompt v’ and J/vy
production

® CDF Run Il Preliminary
CDF Run |

ho contribution from feed
down from higher states
=> v' is a cleaner system to
test direct charmonium

production
20 25 30

pr (V) [GeVic]

Polarization in B decays .~ Polarization of prompt '
. First measurement of ag for y . Longitudinal polarization

. ag = 0.28+0.27+ 0.03 t hiah e
(consistent with J/y within stat.) af high pr, just as for J/y
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X.3 Production

. Models of prompt charmonium production in
hadron collisions always contain significant y;
contributions

. The measurement of o(y.,)/ o(x.1) has been
performed at several energies and beam types
over the years.

- Best measurements have ~100 events, 30%
statistical uncertainty on the cross section
ratio.

- Results like 1.0+0.3 are consistent with most
models.
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Measurement of o(y.,)/o(¥.,)

Measurement of properties of y.;
production has always been an
experimental challenge

Low energy photon from y ;>J/yy is
difficult to measure (~400 MeV in
Xy rest frame)

Calorimeter measurements have
good efficiency but poor resolution
and high background in a hadron
collider environment

Conversion measurement
- good resolution
- poor efficiency
&ow compensated L=1fb)
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CDF Preliminary — 1.1 fb™

2

<
o
o

Total x,. 2526+ 69
Total x,: 1104143

0
]
Q

Here we reconstruct:
Xeg2 I/ vy, Jy>ptu, y>e'e

jo)}
o
o

. J/v selection as polarization
analysis

. Photon conversion gives excellent
energy (mass) resolution.

. Prompt and B-decays are easily
separated

Entries/5 MeV/c

O o i Bl

3.3 335 34 345 35 355 36 365 3.7 375 3.8

CDF Preliminary — 1.1 fb™

Simultaneous fit o the mass and
Flight distance distributions is used
to extract the relative yields for
prompt x.; and y.; from B decays

=
3
)
N
N
2
o
C
4
-
()
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* New level of precision . - Doto (stot)

il — Systematic Unc.

for measurement of ' — Branching Frac. Unc.

G(Xcl)/G(X(Q) : .

 Should provide nice
constraint on models of
production mechanisms

* Result for prompt .

o(¥e2) _()70+0.04(stat.) +0.03(syst.) £ 0.06(B.F.)
o (Za ) for 4 < pr(y.;) < 20 GeV/c
. Color Octet predicts 5/3 (counting of Spin states)
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Y(1S),Y(25),Y(3S)
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Analysis in progress: Measurement of Y Polarization (differential in Py)
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Measurements with b-Jets

. Inclusive b-Tagged Jets
. b-Tagged Di-Jefts
. b-Tagged Jet + Photon Events

See also talk by Sofia Vallecorsa in QCD parallel session
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Jets + Photon

i CDF Run Il Preliminary . =11, m()I<1.5, p,(i)>12 GeV
§ . - Dalal g 107 % Data - systematics (%_'-)) I (TLR;Z:; T[e:n;i{;? r:b.w)
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Summary

Heavy flavor production is an important topic at the Tevatron
Theory improves but still does not match data perfectly

Improved statistics of Tevatron Run IT, thanks to larger
integrated luminosity and improved triggers, allows detailed
studies of heavy production:

~ Cross sections of fully reconstructed B mesons,

— Charm-charm correlations: access to production mechanisms

- Cross section and polarization in Quarkonium production is

described by new ansatz

Many new and interesting results. Sorry it has just been impossible
to do justice to all of them.

Future measurements (6-8 fb!) will allow an even more precise look
into the details of heavy quark production in proton anti-proton
Will impact our understanding of heavy quark production at the
startup of the LHC.
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CDF Runlli Prallmlnag 1.1 fb™
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CDF Run Il Preliminary, 1.1 fb™

D":ly|<1,7.0< p, <20 GeVic
D*:ly|<1,55< p. < 20 GeV/c

Data
Pythia, ct, ﬁT =5 GeV/ic +

Flavor Creation

%'w;'w'

Flavor Excitation
Gluon Splitting

8 &

S S s s B e e s B S e R IR T -
% 20 20 60 80 100 120 140 160 180
A¢ [°]
Significant shape discrepancy consistent for both 0°D* and O*D*
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ot Prompt Candidates: p(up) = 5 GeVie, S<8

B-decay Candidates: py(up) = 5 GeVie,S> 16

:_ CDF I Preliminary Yield: 783,600

J/y selection
Central: |y|<0.6
5<P<30GeV/c
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Updated sample with full statistic

Analysis in progress:

Measurement of
Y Polarization
Differential in P+
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