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@ Motivation

@ Review on heavy hadrons
spectroscopy during CDF Run Il

@ Latest results

e Evidence of Y (4140)
o Observation of = and Q
e Polarization of T(1S)

@ Conclusion

C. Calancha (CIEMAT) MENU2010 June 2nd 2010 2/25



Fermilab Tevatron Run I

Collider Run Il Integrated Luminosity
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@ Delivered luminosity: ~ 8 fb=!
@ Acquired luminosity: ~ 7 fb~!

@ CDF has excellent vertex and
momentum resolution

This talk: analysis covering up to 4.2 fb—!
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Heavy Spectroscopy

Heavy Spectroscopy it is important:

@ The study of heavy spectroscopy increases our knowledge on
QCD.

e study of B hadrons = study of (non-perturbative) QCD
@ Heavy quark hadrons are the hydrogen atom of QCD

Hydrogen atom Heavy-Light
/// R @ /// Y B
B hadrons = hydrogen / * i ® §: meson
atom of QCD | & ® ) — | ® )
\\_7 QEP// \\ QCIL% qq: baryon
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Bottom Spectroscopy

Tevatron is a suitable place to study bottom spectroscopy

@ All B hadrons are copiously produced.
@ Some states are not accessible to B factories.

@ They are produced boosted

e separation between produced and decay B hadron vertex is
measurable.
o low pt daughters are tracked.

o CDF has a strong program on heavy hadron spectroscopy
that yielded many key results.

C. Calancha (CIEMAT) MENU2010 June 2nd 2010 5/25



Heavy B Hadrons

Baryons with Up, Down, Strange and Bottom Quarks and Highest Spin (J

Until 2006 A° = |bdu) was only
established B baryon

=> Search for

Y, = |bdd)

=, = |bds), @, = |bss)
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Review on CDF Charm and Bottom Results
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Observed by CDF in 2007:
(Phys.Rev.Lett.99:202001,2007)
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BE — Jfyn

m = 6275.6 + 2.9 (stat) +2.5 (syst) MeV/c?
(Phys.Rev.Lett.100:182002,2008)

Theoretical expectations:

@ non-relativistic potential models: 6247 — 6286 MeV/c?
e lattice QCD: 6304 + 12128 MeV/c?
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X (3872) — Jfpmtm

@ m(X(3872)) = 3871.61 + 0.16(stat) + 0.19(syst) MeV/c?

(more precise measurement)

@ Angular analysis — J”¢ = 1** or 2=+ only assumptions
compatible with data

Candidates per 2.5

o
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(Phys.Rev.Lett.103:152001,2009)
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B — BTK~ and
By — B™K~ (B — BT+, with v missing)

CDF Run 2 1.0 fb”
S 4o _BK
Sas) B'K*
« 39 — Signal
Two B* Decay channels T — Background
o

explored:
@ BT — JWK* (I — putu)
e BY - D%t (D° — K—7)

&0 0.65 0.‘10 0.‘15 0.20
M(B'K)-M(B")-M(K) [GeV/c?]
(Phys.Rev.Lett.100:082001,2008)
@ m(Bs;) = 5829.41 + 0.21(stat) +0.14 (syst) +0.6(PDG) MeV/c?
@ m(B},) = 5839.64 + 0.39 (stat)+0.14 (syst) £0.5 (PDG) MeV/c?

(first observation of Bs;)
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Latest Results
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Evidence for Y (4140) — J/y &

@ Since the discovery of X (3872) more exotic mesons with
charmonium-like decay modes have been observed.

@ The possible interpretations beyond standard quark model
such as hybrid (qgg) and four-quark states (qgqqQ)
motivates the interest in exotic mesons in the charm sector.

@ The observation of Y (3930) near the J/i» Q~ threshold
motivates searches for similar phenomena near the J/i ¢
threshold.
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Evidence for Y (4140) — J/y &

BT — Y (4140)K*; Y (4140) — /i &
Q) — prp=; & — KTK?)

@ m = 4143.0 + 2.9 (stat)+1.2 (syst) MeV/c?
o =11.7"33 (stat)+3.7 (syst) MeVi/c?

@ statistical significance 3.8 o
CDF Run I, 2.7 fb”!

Y(4140) -> J/W @

(Phys.Rev.Lett.102:242002,2009)
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=, And Q_ analysis Strategy

e = — JW=" B
QO — ptp=, =" — Ar)

o Oy — Q-
O — prp=, Q- — AK7)

e = and Q" long lived & charged
(c7(=7) =5¢cm, cr(Q7) ~ 2.5 cm)

@ They are tracked in the silicon vertex
detector

e This improve significanly the purity
of the samples.

@ Likelihood method to extract mass, yield
and significance:

£ = [TV (}sG(mi, Mo, Smo™) + (1 — fs)P"(m;))
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=, |bds)

e M(Z,)=5790.9 + 2.6(stat) + 0.8(syst) MeV/c?
(Phys.Rev.D80,072003,2009)
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Q, |bss)

CDF observed @, in 2009 (Phys.Rev.D80,072003,2009)

° m(Q‘) = 6054.4 + 6.8(stat) + 0.9(syst) MeV/c?
7(Qy) = 1.137933 + 0.8 ps (first time)
Consistent with theory:
@ theory expect: 6010 — 6070 MeV/c?
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), Discrepancy D@ - CDF

Q,, first observation by D@ : 6165 -+ 10 (stat)+13 (syst) MeV/c?
(Phys. Rev. Lett. 101, 232002, 2008)

Measured and Predicted Masses
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® Am = (111 £ 12 + 14) MeV/c? iZQT;”;(Z,R?p%é‘%%‘fgiféﬁg?fé%g)) ;
g . _ . 7727 Karliner et al, (Ann. Phys. 324,2(2008
Dlscrepancy aISO 18] Qb produc“on Systematic Uncertainties
rate: o
= = - - COF
e DO ff((zﬁgbi;i?}i _'3%9 )) = —b S-_— ® o-rre 99, 052001
—Z=p = — = i
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' ’ 70.22 |lllllllllllllI,lJI,I?ﬁI"aLJ,lIIIllllll]lllllll
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T oB(E, —IWET) 0" = o
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T(1S) Polarization

@ Vector meson production and polarization is discussed
within the framework of non-relativistic QCD .

@ Theory predicts the vector meson polarization become
transverse in the perturbative regime (at large pr)

o Recent CDF measurements of polarization for J/i» and (2S) do
not support this prediction.

@ It is helpfull for our understanding test if T(1S) also is in
disagreement with the theoretical predictions.
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T(1S) Polarization

EETT N COF Preliminary, 2.9 fo-1 CDF Il Preliminary, 2.9 16"
08 § 14000 betoser
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@ T(1S +p o 4T« 1+ acos?6*
(1S) — php dcosf*
° |y| <0.6 @ a = +1 — fully transverse
@ 2 < pr(T(1S)) < 40 GeVic @ a = —1 — fully longitudinal

— NRQCD expect transversal polarization at high pr
— CDF observe longitunidal polarization at high pt

0* is the angle between .+ and T(1S) lab direction in T(1S) rest frame.
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Conclusions

@ Very rich heavy flavour program at
CDF

@ Many results on properties of
heavy B hadrons:
¥+ —=—

o Heavy baryons &, ©;*, =,
established

e (2 observation

@ T(1S) polarization

o CDF will keep as a reference in
the study of heavy hadrons next
years

o CDF accumulates more data until
end of Run Il
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=, |bds) Comparison D@ - CDF

CDF:
(=, )B(E, =IN=") +0.037
sy =0-167100% +0.012B
a(Q,)B(Q, =) 40.017
U(S\S)B(KEHJ/W\) = 0.045" 1, =0.004
D@ :
(5 )B(E, =IW=") +0.09
0(7\g)B(leg—>J/¢/\) = 0.28 £ 0.09(stat) "5 ps(SYst)
&, Mass
CDF, D@ results and theoretical DO ——e—— "D‘“
prediction are consistent CDF - =

m(g;) [GeV/c?]
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CDF Detector

) [
LOO + SVXII + ISL’C’
cot

@ Excellent momentum resolution
@ particle ID (TOF & dE/dX)

@ Displaced track trigger and
di-muon triggers
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