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The ATLAS Detector
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Parity violation and helicity amplitudes in Ay — J/¢A°

parity violation in hadron weak decays not maximal (cpo_ .- ~ 0.6)
for heavy baryons theoretical predictions are possible (pQCD and FA, HQET)

dN 1 1+ Pay, cosf) In ATLAS the average polarisation P =0

dcost 2( (symmetric interval in pseudorapidity)

use the information of subsequent decays of .J/1 and A°
1 1

Helicity amplitudes: a4 = A(§, 0), a_ = A(_i’ 0) A helicity frame
A()\Aa )\J/w) 1 1
(normalised to unity) by = A(_§’ —1), b= A(§> 1)
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analysis extracts @, and helicity amplitudes from measured averages Vs
Ndata

N;ata Y Fi(©) with a least square fit

n=1 4 ATLAS: PRD 89, 092009 (2014)
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Ay Reconstruction
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Least square fit:

DY (< F > —
i

Fraction / 0.1

expected values of < F; >

Parameter Extraction

< F,>) V!
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Vi; is the covariance matrix of the measured < F; > values

< F; >P = Zflj

Q) F; (Q)dY dQ
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MC re-weighted distributions using the measured parameters
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<Fy> = —0282+0.021,
<Fy> = —0.044+0.017,
<Fs> = 0.001+0.010,
< Fig> = 0.019 4 0.009,
< Fig> = —0.002 0.009.

Main systematic uncertainties:

Results

Fit results
ap = 0.30 + 0.16(stat) + 0.06(syst)

= 0.217037 (stat) £ 0.13(syst)
k. = 0.137079(stat) £ 0.15(syst)
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+
|

corresponding to

lay| = 0.171015(stat) £ 0.09(syst)
MC statistics a_| = 0. 59+8 8?( at) + 0.03(syst)
Background shape modelling by| = 0.7979% (stat) + 0.02(syst)
o ————— ————— - +0.13
S con ATLAS T E b_| = 0.08" 5 s(stat) = 0.06(syst)
o E E \s=7 TeV,fL dt=4.6fb best_o 30 E
©0F 15 7 ay, value consistent with LHCb:
401~ = 0.05 + 0.17(stat) £ 0.07(syst)
- ] (PLB 724 (2013) 27)
30 - : :
= . intermediate between pQCD (-0.17 to -0.14)
201 e and HQET (0.78) predictions
10 - E (PRD 65, 074030 (2002), NPA755, 435 (2005), PLB 614, 165 (2005))
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Observation of an excited 5 - meson state

BZ first observed at the Tevatron, now by the LHC experiments

spectrum and properties predicted by non-relativistic
potential models, pQCD and lattice calculations

mp.(25) ~ 6835 - 6917 MeV

7600 4 7565 7571 7568
: 7475
width ~ 50 keV %_7365 7376 7380 703
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b B.(150)(~ 6400 B. Mass Spectrum
C
mags, — Mag, ~ 2050 MeV 6000

1 3 3 3 3 3 3 3
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DOI: http://dx.doi.org/10.1 103/PhysRevD.70.054017

cannot be separated by this analysis

Peak observed in the mass difference distribution

CDF: PRL 81 (1998) 2432, PRL 96 (2006) 082002, PRL 1000 (2008) 182002

Q — m(Bét’]TW) — M(Bét) — 2m(7'(':|:) DO: PRL 101 (2008) 012001
LHCb: PRL 108 (2012) 251802, PRD 87 (2013) 071103 and 112012,

:|: JHEP 09 (2013) 075, JHEP 11 (2013) 094, PRL 111 (2013) 181801

ground state channel: BT — J/y(ptp™)m
9

ATLAS: ATLAS-CONF-2012-028

CMS: CMS-PAS-BPH-11-003



Data selection and reconstruction

L=49 fb" 7TeV data and £=19.2 fb~! 8 TeV data recorded in 201 1/2
J /1 reconstruction: py*" > 6 GeV phier >4 GeV  mass window: £3 0, o : 40+90 MeV

J/b — pp
trigger

BCi reconstruction: pp > 4 GeV mass constrained vertex fit 3 oE LT ey
= - | ATLAS f Ldt = 4.9 fo”
o N
combinatorial background reduced using IP cut %: 60, + /5 = 7TeV
dy defined w.r.t primary vertex PV *5 50
m -
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B.(25) Reconstruction
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+ .. 10 combinations s
B_" pointing to B.(25) vertex - ]
81— =
best x* candidate kept sE *
unbinned maximum likelihood fit to right-charge combinations 41
signal: Gaussian function, background: third-order polynomial 2
. . . 0
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and background models, selection of best candidate

|
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Results

the significance of the new structure evaluated with
pseudo-experiments using the parameters from the fit

the mean mass value of the signal contribution is not constrained within
the theoretically motivated range to account for a “look elsewhere effect”

significance: calculated as the fraction of the pseudo-experiments in which the difference of
the logarithms of the fit likelihoods A In L with and without signal is larger than in the data

/TeV: 3.70 8 TeV: 4.50
Combined: 5.2 o

local significance (fixing the mean value of the signal component): 5.4 o

A new state observed in the ATLAS detector with
L=49 fb~t 7TeV data and £=19.2 fb~! 8TeV data

error weighted mean mass B N N
of the observed structure: Q = 288.3+3.5(stat) £ 4.1(syst)

corresponding to a mass of 6841 4+ 4(stat) 4+ 5(syst) MeV

consistent with the predicted mass: mp_(25) ~ 6835 - 6917 MeV
|12



Summary

The parity-violating decay asymmetry parameter and the helicity amplitudes in
Ay — J/¢A° decays have been measured by ATLAS

ap = 0.30 £ 0.16(stat) + 0.06(syst)

A new state has been observed in the ATLAS detector with a mass

6841 + 4(stat) + 5(syst) MeV

consistent with B.(295) predicted as: mp,_(25) ~ 6835 - 6917 MeV
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a4 = A(§70)7 a— = A(——,O) ay = |CL_|_|€ip+ b_|_ = |b_|_|€iw+
1 1 10 _ W _
b-l— = A(_§7 _1)7 b_ = A(§7 1) a— = |CL_|€ ’ b_ = |b_|€
v J1i Joi F;
0 ayal+a_a” +b.by +b 0" 1 1
1 ayal —a_a” +b, 0y —b_b" P cos 6
2  agal —a_a® —by by +b_b" ap cos 64
3 ayalt+a_al —bibl —b b Pay, cos 6 cos 0,
4 —a,al —a_a’ + %beri + %b_b*_ 1 = (3cos? 0y — 1)
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8 —3Re(apa™) P oy sin @ sin @, sin” 05 cos ¢,
9 3Im(a a’) P oy sin @ sin 6, sin® 6@, sin ¢,
10 —2Re(b_b%) Pa, sinf sin 6, sin® 6, cos(¢q + 2 ¢s)
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19 —%Im(b_a*_ —a,bl) QA sin 0 sin 0y cos 0y sin(¢q + ¢o)
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kL + k2 — 1)+ ap(k: — K2)

[(3k% —3k3 — 1) +3ap(1 — k2 — k%)
—2[(k3 + k2 — 1)+ ap(3+ k5 — k2)]
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N el
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ko = | |
Va2 +[b-P
Ay =py —wy,
A_=p_ —w_.
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