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1. Introduction

Although the Ag baryon has been discovered for more than two decades, many of its basic
properties are not measured as precisely as other lighter hadrons. For example, its lifetime had been
a puzzle in the Tevatron days. The measurements from CDF [1] and DO [2] have more than two
standard deviation discrepancy. The CDF measurement of A and BY lifetime ratio R = A / g9
is also more than two standard deviation higher than the theoretical predictions. Another basic
but unknown parameter before LHC is the decay asymmetry parameter of A(b) — J/wA°. The
theoretical predictions of this parameter varies in a large range, from -0.2 to 0.78 (see references
in Ref. [3]). The AY — J/y(u"n~)A%(pm~) events in 2011 collision data collected by ATLAS
detector [4] at LHC are used to measure the lifetime and the decay asymmetry parameter.

2. A) reconstruction

Data taken by ATLAS detector in 2011 using single muon, dimuon and J/y muon trigger
corresponding to an integrated luminosity of about 5 fb~! are used to reconstruct Ag. In the pres-
election, J/y candidates are reconstructed from muon pairs, and A® candidates are reconstructed
by fitting two inner detector tracks. Both J/y and A” candidates are required to be within a mass
window around their mass values [5]. The four tracks are then fitted simultaneously using the
A) — J/y(u"u")A°(pm~) hypothesis, in which the masses of J/y and A are fixed to their val-
ues. Good fit quality x?/Ngof < 3 is required. Furthermore, the refitted A is required to have
pr > 3.5 GeV and transverse decay length L,, > 10 mm with respect to the dimuon vertex to
suppress combinatorial backgrounds. To reject BY background, a BY — J/y(u u™)KJ(xtn™)
hypothesis fit is also performed to the track-quadruplet and the event will be kept only if the cumu-
lative probability for Ag is higher than the Bg hypothesis by 0.05. The reconstructed mass of Ag
and /_\2 candidates are shown in Fig. 1. The Ag and /_\2 events have similar distributions, and they
are combined for these measurements.
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Figure 1: The mass distribution of the reconstructed Ag and /_\2 candidates [6].

3. Ag lifetime measurement

The lifetime of Ag are measured by a two dimensional simultaneous fit of the reconstructed
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mass and proper decay time of each selected candidate [6]. The mass of Ag is also measured from
this fit.
The unbinned likelihood function is given by

N
L= H[fsig%@(milémi)f%(fi‘ari)ws((Smiv 61'1') + (1 _fsig)<%b(mi|5mi)%(Ti‘ari)wb(smiy 51:[)]7 (3.1)
i=1

where f;, 18 the fraction of signal events; m; and 7; are the reconstructed mass and proper decay
time of the ith event. The reconstructed mass distribution and proper decay time distribution are
found uncorrelated, so they can be modeled separately. For the reconstructed mass, the proba-
bility density function (PDF) for signal (.#(m;|5,,)) is modeled using Gaussian distribution, and
for background (.7, (m;|0,;)), a linear distribution is used. The proper decay time PDF of signal
events, 7 (1;|8::), is given by a exponential function. For the proper decay time PDF of back-
ground, % (7;|0z;), the prompt background is modeled using a delta function and a symmetric
exponential function, and non-prompt contribution are modeled by two exponential functions. All
these proper decay time PDFs are convolved by a Gaussian resolution function. The distribution
of reconstructed mass uncertainty and proper decay time uncertainties for signal and background,
Wy (Omi, 0z;) and wy (i, Or; ), are extracted from data and have the same form. The values of mass
and lifetime measurement from the fit is shown in Fig. 2. The PDF is projected to the reconstructed
mass and proper decay time distributions and is compared with data. The major systematic un-
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Figure 2: Mass-proper decay time fit results projected to mass (left) and proper decay time (right) and
compared with data [6].

certainties are related to the A° reconstruction and selection performed at trigger level. The final
measured values of the mass and lifetime

mpo = 5619.7 + 0.7(stat) = 1.1(syst) MeV,
Ty = 1449+ 0.036(stat) +0.017(syst) ps, (3.2)

and the ratio,
R=1y /TS = 0.960 £ 0.025(stat) & 0.016(syst), (3.3)
d

are consistent with the later results from CMS [7] and LHCDb [8]. But the recent lifetime measure-
ment from CDF [9] is still more than two standard deviation higher than this value.
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4. oy, measurement

Taking A and A;/,, to represent the helicity of the A and the J/y, the decay A) — J/yA°
can be described by four helicity amplitudes A(Aa,A;/y): ar =A(1/2,0),a- =A(-1/2,0), b, =
A(—1/2,—1) and b_ = A(1/2,1). The distribution of the five decay angles shown in Fig. 3, Q =
(6,61,01,6,,0,), depends on these helicity parameters, and can be written as [10]:

W(Q 471_ TA\3 Zfll f21 P aA)F(Q) (41)
00—~ T
> E T T ]
A helicity frame 2 . ATLAS ]
o 250 V5= -7 TeV, | Ldt=4.6fb" B
= r o Data2011 ]
P E Ag+hy Fitted model
c | £\ (LTS igna 7
2 200: ----- Bj bkg 1
] C — - Comb. bkg ]
150 .
100[- ]
50~ ]
Production plane ~  ,«—7\ _¢ = 2=z @z EFe de R — ]
0

U BT IT [ o ol Caltelh st e i LT T8 AT
5400 5500 5600 5700 5800 5900
M @) [MeV]

J/y helicity frame

Figure 3: Definition of the decay angles (left) and the reconstructed mass of the selected Ag and /_\2 candi-
dates (right) [3].

As the overall polarization is 0 due to the symmetry of the detector, the PDF is simplified and
only six out of twenty terms remain, for i = 0,2,4,6,18, and 19. Five unconstrained parameters
can be determined from data, and they are chosen as: the decay asymmetry parameter o, = |a |> —
la_|*>+|by|> — |b_|?, two helicity amplitude ratio parameters (k = S b |

k= —~—
Vl0agP+b 2 |a7|2+\b7|2)

and two relative phase parameters (A, A_). Table 1 shows the form of f}; and F; of these six

terms. The parameter f»; equals the value of the decay asymmetry parameter of A° — pr~, op =
0.64240.013 [5], for i = 2,6,18,19, and is unit for i = 0 or 4.

Table 1: The coefficients fj;, and F; of the remaining six terms of the simplified PDF [3].

i S F;

0 1 1

2 (K+ k — 1)+ (k3 —k2) cos 6,

4 1[BKE =3k —1)+305(1 — k2 —k2)] 1 (3cos?6,— 1)

6 ﬂ(kz +k2 — 1)+ op(3+k3 —k2)] 3 (3cos?6, — 1) cos O,

18 % ﬂ\/kz_ 1—k%)cos(—A_) — L% \/k2 1 —k%)cos(A4)]  sin®, sin6, cos 6, cos(¢; + ¢,)
19 7%[1 % K2 (1 —k2)sin(—A_) — Hab K2(1—k2)sin(AL)] sin®, sin®, cos 6, sin(¢; + ¢,)

To determine the value of the helicity parameters, the following function of the helicity pa-
rameters,

x _ ZZ expected <E>)V1J_1 (<Fj>expected _ <Fj>), (4.2)
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is minimized, where (F;)®*P*¢®®d i5 the expected value of F; predicted by the given helicity parame-
ters; (F;) and V;; are the measured average values and their covariance matrix elements [3].

The expected values are calculated from the PDF (Eqn. 4.2) and corrected for the detector
effects, which is estimated from Monte Carlo (MC) simulation. Fig. 4 shows the expected distri-
butions of cos 8; and cos 0, for various o, values.
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Figure 4: cos 0; and cos 8, distribution of MC events for various ¢, value settings. In the flat PDF, o, =0
and other parameters are set so that the distributions are flat at generator level. For o, = —1,0.3 and 1, other
parameters are set to k4 = 0.21 and k_ = 0.13 (measured values), and Ay =A_ =0 [3].

To further reduce the combinatorial background, proper decay time 7 > 3.5 ps is required, and
the events are selected requiring cumulative probability for Ag larger than the one for BS hypoth-
esis. The reconstructed mass distribution of the selected events is shown in Fig. 3. The combi-
natorial background is estimated from sidebands. Both data and MC are used to estimate the Bg
background.

The final result of the helicity amplitude measurement is

0 = 0.30+0.16(stat) £ 0.06(syst),
ki =0.211021 (stat) £0.13(syst),
k= 0.137029(stat) £ 0.15(syst), (4.3)

corresponding to the magnitude of helicity amplitudes

lay| = 0.177012(stat) +0.09(syst), la_| = 0.5970:5(stat) +0.03(syst),
b | = 0.7970 53 (stat) +0.02(syst), |b_| = 0.08"0: 43 (stat) +0.06(syst). (4.4)

The phase parameters (A and A_) are consistent with the entire allowed range. The systematic
uncertainty mainly come from combinatorial background shape estimation and MC statistics.

The AY decay has large amplitudes |a_| and |b. |, which means the negative-helicity states for
A are preferred and the A® and J/y from Ag decay are highly polarized. Adding in quadrature
the statistical and systematic uncertainties, the observed value of ¢, is consistent with the recent
measurement o, = 0.05 4 0.17(stat) £0.07(syst) by LHCb [11] at the level of one standard devi-
ation. However, it is not consistent with the expectation from pQCD [12] (o in the range from
—0.17 to —0.14), and HQET [13] (¢, = 0.78) at a level of about 2.6 and 2.8 standard deviations,
respectively.
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5. Summary

The A) — J/y(u"u~)A°(pm~) events in ATLAS 7 TeV collision data taken in 2011 are
used to measure the Ag lifetime and decay helicity amplitudes. Ag lifetime is measured to be Tp) =
1.4494+0.036(stat) =0.017(syst) ps, consistent with the world average and the later measurements
by other experiments, and the parity violating decay asymmetry parameter ¢, is measured to be
o = 0.30 +0.16(stat) +-0.06(syst), compatible with the LHCb results [11] but lying in the middle
of two theory predictions, both separated by more than two standard deviations. The A° from Ag
decay is found highly polarized.
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