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Introduction Motivation

Motivation

@ Measurements of masses/widths of heavy baryons provide input to
critical tests for different non-perturbative QCD approaches to a
spectroscopy of bottom hadron states

HQET framework

Potential models

1/N. expansion methods

and finally several large scale projects on Lattice QCD calculations

© ¢ ¢ ¢

@ The measurement of widths provides the insight into a dynamical aspect
of bottom baryon resonances governed by strong forces. The
comparison of our width measurements with few available theoretical
calculations of widths for bottom baryon resonances will certainly
stimulate further theoretical study.

@ Goal of the analysis: confirm the observation of discovered El()*)i
states with a data driven method and measure their resonance
properties. *
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Introduction History

Published Discovery (Sep 2006) on Heavy Baryons X,

and X7 with CDF I
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Heavy Flavor Hadron Trigger

b- Triggers at ©1.96 TeV gl e o

iy

@ Enormous inelastic total cross-
section of ¢! ~ 60 mb at o
Tevatron.

® oy ~ 20 ub(|n| < 1.0),
©1.96 TeV to compare with

oefe” —7T(4S) ~1nb
(only B%, B*)
oete” 7%~ 7nb

@ Selective three-level triggers

@ Trigger on Hadron Modes:
CDF Two Track Trigger
@ Exploit “long” c7(b-hadrons)
@ Trigger on > 2 tracks with
large |do].

rgDD -400 -200 o 200 400 600
SVT d, (um)
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Data Sample

Analysis Criteria

. e e IR

o Luminosity of % 9000 CDF Run Il Preliminary é

g ~ -1

[Ldt~6.0fb2 5 8000 L=00m

= 7000F E

@ Data collected by CDF £ 6000E A AT E

H K=} c 3

Two Track Trigger g 5000 At spK Tt 4

@ Reconstruct inclusive © 4000E- E

base Ag Signal as 3000? N(A,) = 16300 candidates. 7;

M(AQ — Afm, ) with 2000 E

A$ — pK~xT, applying 1000E E
vertex fits both to A} and %5254 56 58 6 62 64

A9, M, * T0) [GeV]

@ Combine A signal ® c7(AY)/ocr > 12.0
candidates with soft pions o pr () > 1.5Gev/c N(A9) ~ 16300
to reconstruct
SUE L ArE ® pr(nZ,) > 0.2Gev/c, very loose.
candldates °

|do/oa,| (754 ) < 3.0, w.r.t. primary VX.
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Fit Model: Signal, Background and Fitter.

Signal Model

We reconstruct Eé*)i candidates in a mass difference spectrum: Q-value

Q =My — AnZy) — M(AD) — m(7)pps (1)

Improved resolution as AO contribution and many systematic uncertainties get
canceled leaving only 7r it contribution.

@ The signal is described by non-relativistic Breit-Wigner function
@ convoluted with a double Gaussian to model the detector
resolution: o1, o, and fraction f; are fixed from MC.

@ the width of the Breit-Wigner is modified by P-wave factor: width is
variable.

B.-W. width modified by P-wave factor: n;'f)ﬁ emitted in a P-wave.

M(Q; Qo, o)
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Fit Model: Signal, Background and Fitter.

Background Model and Complete Fitter

Phase space motivated background.

BGR(Q;thr,C, by, by) = \/(Q +mg)2 — thr2. (C +b;- Q+hy- (2-Q% —1)
®3)

@ parameter fixed to thr = 0.140

@ Each charge state spectrum, Et(,*)_ and Et(,*”, fit independently to
measure its properties.

@ The independent fits are an essential improvement w.r.t. to discovery
analysis published in 2007

@ Unbinned fitter with extended LH: 2 x 3 4+ 3 = 9 floating parameters in

total. E
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Fit Results Eé* -

- y()-
Q- Spectrum and Results: X

L=6.0fb™
—
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Y, and X~
Parameters  Value ,MeV/c?
Qo, pole X, 56.279°
Qg pole Xy~ 75.7+0.6
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—-2.1
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The projection of the unbinned LH fit
onto the binned Q- distribution of
£~ candidates.
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Fit Results Eé* +

. v+
Q- Spectrum and Results: X

L=6.0fb™

CDF Run Il Preliminary
| I e
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S
\o\

X, and Xp7
Parameters  Value , MeV/c?
Qo, pole £ 52.0733
Qg pole Xt 727407
] o, width £ 9.273%

‘ L g, width ;" 10.4757
11 b Parameters  Value , evts
bl L | b R Ns, yield 2 46875
K9 005 ~ "0l ~ 015 02 N, yield 2;+ 782Jjé§

Q=mA, "1 - m(A, ") - m_ (GeVic?)
The projection of the unbinned LH fit
onto the binned Q- distribution of

ST candidates.

Candidates per 3 MeV/c?
= N
o o
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Fit Results Signal Significance

Significance of the Signals: E ~and E

Null Hypothesis | —2-A(log£) | Andf | Prob(x*) [ N, | Comment
Xy, X}~ Signals
Any single peak | —2-(—32.0) 3 ~82-100*% | 75 | w.rt. doub.

peak

No signal —2-(-55.0) 3 | ~11-10% | 10.0 | w.rt. single
peak

No signal -2.(-87.0) 6 | ~6.4-107% | 12.3 | w.r.t. doub.
peak

Y, X" Signals
Any single peak | —2-(—30.0) 3 ~59.1002 | 7.2 | w.rt. doub.

peak

No signal —2-(-79.0) 3 | ~49-107% | 12.2 | w.rt. singl.
peak

No signal -2-(-109.0) | 6 | ~28-10"* | 14.0 | w.rt. doub.
peak

Tests of the baseline fit hypothesis against several null hypotheses.
Robust significance above Gaussian 7.0c. ‘P
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Systematic Uncertainties

Systematics Uncertainties

@ Mass Scale: B field knowledge, uncertainties of dE /dx corrections to
the momentum scale.

@ Detector resolution model and its parameters.
@ Choice of a Background Model.
@ Fit procedure.

@ Systematics propagated from the external source:
M(AD) = 5619.7 + 1.2(stat) + 1.2(syst), MeV/c?

taken from CDF published results.
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Systematic Uncertainties Signal Resolution

Resolution studies with D** as a reference

Detector resolution is a critical parameter for our measure ments
especially for the fits of natural widths. . D** is a good candle, has a
similar pr (7soft) SPectrum but very narrow intrinsic width.

CDF Run Il Preliminary

o 71 T CDF Run Il Preliminary
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Conservative 25% is included into
systematics uncertainties E

Fitted Gaussian o of D**: various
data taking periods w.r.t. MC
prediction.
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Systematic Uncertainties Systematics: Summary

Systematics Uncertainties

Signal Pars. Mass Scale Fit Procedure Res. Back. Total %
o 0.07 0.05 0.09 0.2
b —0.35 —0.12 —0.05 —0.37 1
s+r 0.20 0.94 0.40 1.04 11
b —0.20 —0.38 —0.89 —0.40 —1.07 12
+ 16 9 18 4
Eb events 11 9 15 3
- 0.05 0.04 0.07 0.1
b Q —0.38 —0.07 —0.04 —0.39 1
s 0.20 0.85 0.50 1.01 23
b —0.20 —0.27 —0.87 —0.50 —1.06 25
o N 9 34 35 11
p events -8 —34 —35 10
st o 0.06 0.10 0.12 0.2
b —0.52 —0.13 —0.10 —0.55 1
s 0.20 0.64 0.50 0.83 8
b —0.20 —0.29 —1.01 —0.50 —1.18 11
*4 7 24 25 3
&y events —13 —24 —27 4
=*Q 0.06 0.06 0.08 0.1
b —0.56 —0.08 —0.06 —0.57 1
s 0.20 0.65 0.30 0.74 12

b —0.20 —0.23 —0.96 —0.30 —1.05 16
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Summary of Results

Summary on Q and I Results

Mass Difference and Natural Widths Measurements with [£dt ~ 6fb".

State Qo, Mev/c? Mo, Mev/c?

DA HEOR HCEY 2+§’2'8(51t<’:'1)+l 1(yst)
Tyt 727207 0 (s 10, 4€2i£(aat)+1 2(9S)
Ty 56.270%(sta) Y (syst) 4373 (stat) ) (syst)

ST 757 +0.6(sta) ¥ (syst)  6.472 g(aat)w 7(%/3)

Isospin Mass Splitting in X, and X} | = 1 Isotriplets.

State AM*, Mev/c?
El;ir — 5 —4.2fé:$(5tat)+8 §§1(zsyst)
It — Xy~ —3.0£0.9 (stat) Tp5(syst)
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Summary of Results
Summary on Absolute Masses

Results on Absolute Masses with [£dt ~ 6fb ™.

State M, MeV/c?

oy 5811.2702 (stat) + 1.7 (syst)
Xyt 5832.0+0.7 (stat) = 1.8 (syst)
o 5815.5108 (stat) + 1.7 (syst)
Y7~  5835.0+ 0.6 (stat) + 1.8 (syst)

To determine the absolute masses for E(*)i

m(A9) = 5619.7 + 1.2 (stat) + 1.2 (syst), |v|ev/c2 (CDF II).
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Conclusions

Conclusions

@ The first observation of Et(,*)i bottom baryons made by CDF
Collaboration (Sep 2006) is confirmed: all signals are significant with
2 7o in Gaussian terms.

@ The direct mass difference measurements  have been found with the
statistical precision by a factor of > 2.3 better w.r.t. to the published
(CDF) numbers and according to the amount of the available statistics
with [£dt ~ 6fb ",

@ The measurements are in agreement with the published CDF
results

@ The isospin mass splitting ~ within isotriplets X, and Xy is measured for
the first time.

@ The natural widths  of both X;° and X;* are measured for the first
time.

@ The measurements are in a good agreement with the theoretical
predictions made by Korner et al., arXiv:hep-ph/9406359, *
by Guo et al., arXiv:0710.1474 [hep-ex].
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Backup slides

Fwd Calor.

Plug Calor.

Front End Electronics

Triggers / DAQ (pipeline)
Online & Offline Software

@ Critical: COT (central tracker), Si vertex detector (SVX II)

@ Muon system.

relov (University of New Mexico)

CDF detector

Time-of-Flight

Drift Chamber

CcOoOT
Microstrip

Tracker
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@ CDF Il detector at Tevatron @ p and p beams

@ Critical for this analysis: Si @ 36 x 396 ns bunches with
vertexing with SVX I Epeam = 980 Gev

@ Critical for this analysis: @ collisions in CDF Il and in D@
central tracker, COT @ [Ldt>9.0fb~* delivered.

@ [£dt>7.5fb! ontape,
accessible for CDF I1.
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Backup slides

Fitter: unbinned, — log(likelihood), extended.

The full model for Q —value spectra of every isospin partner state

Eé*”, El()*)’ describes two peaks sitting on top of a smooth background with
a threshold behavior:

Nobs
—log(£) = =) 10g(Ns1-S1+Nsz-S2+Np - BGR)
k=1
+(Nsl + Ns2 + Nb)

_Nobs . IOg (Nsl + NSZ + Nb)

@ NLL constructed individually per X" and X

@ The fits over unbinned ensemble of experimental Q —value, Qx (Ei’i) are
performed for every charge state separately.
@ 9 floating parameters: 2 x 3 (signals) +3 (background)

@ CPU timing: 10 minutes (2.8KHz core)/spectrum, with MINOS error *
calculation activated.
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Backup slides

Significance of the Signals: Et()*)_

Null Hypothesis —2-A(log £) | Andf Prob(x?) N, | Comment
Any single peak -2-(-32.0) 3 ~82-107% | 75 | w.r.t. doub.
peak
No X, with Xy~ | —2-(—35.0) 4 ~23-107% | 7.6 | w.r.t. doub.
peak
Moz = 12M
No X;~,with ¥y | —2-(-57.0) | 4 |~1.0-102 | 10.0 | w.rt. doub.
peak
o1 = 7Me
No any signal —2-(-55.0) 3 | ~1.1-1072 | 10.0 | w.r.t. single
peak
No any signal -2-(-87.0) 6 | ~6.4-107% | 12.3 | w.rt. doub.
peak

Tests of the baseline fit results against several null hypotheses.
Robust significance above Gaussian 7.0c.
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Backup slides

Significance of the Signals: Eé*”

Null Hypothesis —2-A(log£) | Andf Prob(x?) N, | Comment

Any single peak —2-(-30.0) 3 ~59.1078 | 7.2 [ w.rt. doub.
peak

No X, with X+ | —2.(-33.0) 4 | ~16-107 | 7.4 | wrt doub,
peak
[o2 =12 M

No Xp*, with Xf | —2-(—84.0) 4 | ~28-107% | 12.4 | w.rt. doub.
peak
Fop = 7 Mé

No any signal —2-(-79.0) 3 ~49-107% | 12.2 | w.r.t. singl.
peak

No any signal -2-(-109.0) | 6 | ~28-10"* | 14.0 | w.r.t. doub.
peak

Tests of the baseline fit results against several null hypotheses.
Robust siginificance above Gaussian 7.0c.
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Backup slides

First Observation of Zl()*)i by CDF Collaboration (Sep
2006)

Results on Mass Measurements and Yields
State Yield Q or Az (Mev/c?) Mass (MeV/c?)
Yy 82037 Qur=485133570% 5807.8750 £ 1.7
Yy o 59%5*; Q.- =559+10£02 58152+1.0+17
* 17410 1.6+1.7

Sl TR as—mapgn SRR
s egtledl b 9-0. 5836.4 + 2.0718
A2 3180+ 60

The combined 4-peak, Zk()*)i, signal significance w.r.t. to null (no any

peak, background only) hypothesis exceeds 5.2 Gaussian o.
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