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1. Introduction

Precise vertex detection has enabled the CDF Detector atilgbrto study a number of prop-
erties of mesons and baryons containing heavy quarks. alkissta report on some of the most
recent CDF results, primarily on bottor) (Quarks. All results are based on the full Run 1l (2001-
2011) delivered sample of 12 fb; recorded totals range from 8.7 to 9.6 th

2. Baryon masses and lifetimes[1]

A ptu~ trigger (pr(p) > 1.5 GeVk) selects events witl/y, giving a sample unbiased
with respect tdo-hadron decay time, while a displaced two-track triggeased in favor of long
decay times, selects events wiil{fand charm) decays. In the dimuon trigger, tracks in theroute
u chambers of CDF are matched with those in the central tradkethe two-track trigger, drift
chamber tracks provide “roads” to an inner silicon verteted®r [2]; events are selected with
flight distance greater than 2Q0m from the beam.

The ground-stat@” = 1/2*+ baryons with ond quark consist of\, = bud, Zg’o’_ =b(uu,ud,dd),
Eg" = bs(u,d), andQ, = bss. Previously [3] CDF had reported the discovery of f(ﬁ.ﬁ‘)i
states, all with the light quarks coupled upJgnt = 1. Now CDF presents updated results on
=0 Ap, =LY, andQ, masses and lifetimes.

To illustrate the power of good vertex detection, the (tamfdm) plots in Fig. 1 denote mass
distributions for charmed hyperon candidates (beforerathe demand that the negative hyperon
be tracked in the silicon detector and the impact paramdtbraspect to the beam line be less than
100 um. The signal-to-noise ratio is greatly improved with thei&idn of the silicon information,
as shown in Table 1.

1 5000
6000l (a) ~ 10000 (C) S ook (©)
L £ 8000 L
S S S 3000
4000 © 6000 )
= S o000 S 2000
w2000 © o0 © 1000
g g g
o L = @ 2000 ” P
Q - o o
g 1009 (b) % 1500 @ F 150 ®
S 8o 3 3
° - =] - =l
= o 2 o I e AR
[S S s I$] 50
225 230 235 240 245 250 255 260 265 225 230 235 240 245 250 255 260 265 255 260 265 270 275 280 285 290 295
— 2 — 2 S 2
M(: T ) GeVic M(: T 17 ) GeV/c M(Q T ) GeVic

Figure 1: (a,b) Signal fo=? — =" (before, after) imposition of vertex constraint; (c,d) safor =0 —
= (e,f) same foQ. — Q™.

Table 1: Purity of signals for some charmed baryons without and wiflermation from silicon vertex
detector.

No silicon  With silicon
=0 purity 015+0.01 063+0.01
=/ purity 011+0.01 061+0.01
Q¢ purity 003+0.01 022+0.05
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The Ay lifetime has been a long-standing problem. Theory has &lofA,)/1(B°) close
to 1 [4, 5] while many experiments saw ratios closert®.8. With more data and better vertex
detection the observed lifetime has moved closer to thieatgiredictions. The effective mass of
Np in theJ /(WA mode has been plotted in four proper time bins and comparédreference plots
for BY — J/@wK* andB® — (3/¢K*?,J/(KQ) which yield meson lifetimes within 1% or better of
world averages.

Lifetimes of singly- and doubly-strandeflavored baryons have also been measured by CDF.
The corresponding mass distributions are shown in FigsdZBan
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Figure 2: Signals for=, — J/@=" (left); =, — =% (middle);= — =¢{ m (right). Solid black curves
denote data; dotted red curves are fits.

N 10 ° :
o L

3 g @ 2 ®
2 =

= o

— 61— u

. @

g o

2 g

- g

5 §=]

E : 1 -8

@ 2 i S

5.7 5.8 5.9 60 6.1 6.2 g.s
M(J/lIJ Q) GeV/c

Figure 3: Signals forQ, — J/@Q~ (left); Q, — Qo7 (right). Curves as in Fig. 2.

The masses obtained by CDF in these channels (as well as dmmaez-strange baryon
masses) are shown in Table 2, while lifetimes are shown iteTalk-or referencec(Bo) =1519+
0.005 ps [6], while CDF and LHCb obtain(Ap)/7(B% = 1.021+0.024+0.013 and 074+
0.006+ 0.004, respectively. A ratio within 1% of 1 is implied by thedtment of Ref. [4], while
Ref. [5] finds 0935+ 0.054.

3. CPviolation in charmless baryon decays

The signal forA, — h™h™ is a composite of contributions, as shown in Fig. 4. Whentgibt
as if all charged particles are pions, it leads to displaaakg wherh #£ 1. The ratio of branching
fractions (N, — prr )/ AB(N\, — pK~) as measured by CDF and LHCb differs from that in
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Table 2: Masses of charmed artdflavored baryons.

Baryon Mass (MeW?) [1]  PDG 2012 [7] Pred. [8]
=0 247085+0.24+0.55 247088 33 Input
= 246800+0.18+0.51 24678 ¢ Input
Np 562015+ 0.31+0.47 56194+0.7 Input (vS.A¢)
= 579344+1.8+0.7  57911+22 5795+ 5
=P 57887+4.3+14 5788+ 5 (Chg. avg.)
Qp 60475+38+0.6 (DO#CDF) 60521456
M(Z9) -M(=f)  2.854+0.30+0.04 31703 -~
M(Z,) —M(ZD) A7+47+07 3+6 6.24-+0.21
Table 3: Lifetimes ofb-flavored baryons.
Baryon CDF (ps) [1] LHCDb (ps) [9]
Ao 1.565+0.0354+0.020 1468+ 0.009+0.008
= 1.36+0.15+0.02 153529+0.03
Q 1.667933+0.02 154928+ 0.05
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Figure 4: CDF spectrum ofith™ treating allh as7.
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Table 4: Measured and predicted rati8(A, — pr )/ B(N, — pK™).

Source Reference Value
CDF [10] 066+0.14+0.08
LHCb [11] 0.86+0.08+£0.05

pQCD  [12] 26'53

Table 5: CP asymmetry results from CDF [14].

Decay Nt N i o (b— f)(%)
B - K*tm 5313+109 6348:117 -83+1.3+04
B - K-m" 560+51  354+46 +224+ 742
A — prr 242424 206+ 23 +6+7+3
A)— pK~  271+£30 324431 -10+8+4

one pQCD calculation (Table 4) which may underestimate p@rgominated processes such as
Np — pK~ [13]. Other decays which might be penguin-dominated/gyes =37 andAp — K=.

CDF’s new results on CP violation [14] are shown in Table 5.e Tatio of the first two
asymmetries is as predicted by U-spin [15]. The differenesvben the last two asymmetries is
measured to bgl6+ 12)%, to be compared with a pQCD prediction [12] of —26%.

4. B¢ production

The CDF collaboration has measu@pp — Bs+X) % (B — J/Yuv)/o(pp— BT +X)%(Bt —
J/WK™) [16], with the BT decay as a normalization. TiBg decay invoves a missing neutrino, so
the signal region is taken as4M(J/yu) < 6 GeVE?. Backgrounds include misidentifielf ¢
plus a third muon (accounted for usidgy sidebands)bt_) giving rise to leptons, and modes in-
volving Y(2S),1,.... The fittedM (J/@u™) spectrum is shown in Fig. 5. The turquoise histogram
labeled ‘B Monte Carlo” is the fit to theB; — J/@u™ u signal, with Monte Carlo shape. The
results of this fit (and a corresponding one Br — J/@K™) are shown in Table 6.

Table 6: Results of fits tdB; — J/@utpu andB — J/PK™

Quantity Value

N(Bf — J/yu*v) 7395+39.6'355

N(BT — J/PKT) 14338+ 125 (stat. only)
Relative efficiency ~ 493+0.038"53%

o(BY)+B(Bf—J/yutv 0.021
a((B+))*,%S(B+_>J/ wK+)) 0.211+0.01275 55,




CDF Heavy Quarks Jonathan L. Rosner

CDF Run Il Preliminary: 8.7 fo™

300 . Data
[ Misid. Muon
250 E Misid. J/y
bb Backg.

I Other modes
B; Monte Carlo

[any
o
o

Candidates per 0.25 GeV/c’

s

*#ﬁtﬁ;*:t#_
I | T e by
5 6 7 8 9

Mass(J/yp?) (GeV/cY)

wO

4 10

Figure5: M(J/¢@u™) spectrum including signal fd; — J/@u™v and background contributions.

5. Arg(bb) at high m(bb)

The larger-than-expectefi-g in Tevatron top quark pair production [17] raises the questi
of whetherAFB(bB) is observable. A proposed “string-drag” mechanism [18ggitoo small an
effect fortt production. An “axigluon” of mass 200 Gedf/is one proposal [19] to account for
thett data. The corresponding asymmetryqop— bb is best probed at higM(bE). Expectations
for this asymmetry in the standard model include that of R&€f], quoted in Fig. 6 along with the

CDF results [21]. The CDF values é§g(bb) are consistent with the standard model and with a
345 GeV£? axigluon but not with a 200 Ged axigluon.

6. Excited b mesons

CDF has measured the masses of orbitally-exdd@tkesons and presented evidence for a new
state decaying t8r at 5970 MeV, as shown in Table 7 [22]. The first six decays ind&bare
most likely dominated by D-waves, accounting for the re@atiarrowness of these candidates for
L=1 Bd, Bu, andbs states. The spectra on which these measurements are basstbam in
Fig. 7. In each of these figures, contributions to fits aredish order of increasin@-value.

PredictedB; masses range from 5700 to 5800 Me¥/Awith B 5 to 20 MeV£? higher. Pre-
dicted Bs; masses range from 5800 to 5900 Me&//with By, 10 to 20 MeV£? higher. An un-
quenched lattice gauge theory calculation [23] gMEBq; ».) = (5889+ 52, 5901+ 52) MeV/c?.

7. Conclusions

CDF has demonstrated unique capabilities for studpipbysics. Baryon masses and lifetimes
agree with standard model predictions. Charmlebsryon decays show no CP violation (yet!).
The cross section times branching ratio Bamproduction and decay &y ¢uv has been measured.
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Figure6: CDF results orAFB(bb_) for threeMy; intervals. Pink bands: predictions of Ref. [20].

Table 7: Masses and widths of excit&lmesons reported by CDF [22]. Subscripts denote total spin.

State Mass (Me\¢?) Width (MeV/c?)
BY 57266+0.9'73+0.4 23+3+4
B;C 57367+ 1.2t0,9 +0.2 227312
Bf 5727 + 371 + 2 49+1at2,
Bj" 57369+1.2'33+0.2 117473

BY 58283+0.1+02+04 05+0.3+0.3

B 583974+0.1+0.1+£02 1440.4+04
B(5970° 5978+5+12 70'39+30
B(5970* 5961+ 5+ 12 eofzo +40
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inary, 9.6 fb"'
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Figure 7: Q values for neutraBr (left), charged3m (middle), andB*K ™~ (right) spectra.
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The study ofArg(bb) has ruled out an axigluon of mass 200 Ge// CDF has measured the
masses and widths of orbitally excit&dmesons and observed a new state at 5970 MeV decaying
to Brt. All these results have exceeded expectations!
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