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Motivation

@ Until now: feasibility studies of pp — AA

@ Spin observables extraction using spin density matrix formalism with
spin 1/2 — 1/2 + 0 decay A — pm

@ The = — Ar decay has same quantum numbers
— Same formalism can be used!

In this presentation
@ Formulate selection criteria

@ Use MC truth matching to benchmark signal /combinatorial
background

@ DPM background not considered (yet)
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Simulation parameters

Simulations are done with:
@ Release dec17p2b.
@ fairsoft_mayl6pl
@ Fairroot v17.10b

Decay of = handled by Geant4:

@ Ensures propagation
of = in B-field

@ Event sample: 8726

Parameters:

Forward-peaking distribution

Antiproton beam:
pp = 7.0 GeV/c

Full Detector Setup

Ideal Mass Hypothesis for
Kalman Filter

Ideal Pattern Recognition

Ideal Particle Identification
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Preselection using Decay Tree Fit

Preselection criteria:

@ Combine pr~ to form A candidates T~ p

@ Select [mp — M(pr~)| < 0.1 GeV//c? nt \
- +
o

Combine A7~ to form =~ candidates - =

@ Select |[m= — M(Ar™)| < 0.1 GeV/c?
@ DTF=— > An~ - pr— @~

@ Reject candidate if
P(DTF(A, 7)) < 0.01 p

® Repeat for = candidates

@ Combine = =~ to form Bp system
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Decay Tree Fitof == — Am™ — pr—n~

Decay tree fit of = formulated in following way:
@ Set = and A decay points as unknown variables

@ Mass of A constrained to pdg value

Advantage over cascaded vertex- and mass fits:

@ Two vertex fits and a mass fit performed simultaneously.

@ All constraints being respected at the same time.
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Errors of vertex positions in == — An~ — pr 7~
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Preselection Efficiencies

Sample | True | False | T/F €
A 4850 | 4804 | 1.01 | 56%
A 4995 | 5488 | 0.91 | 57%
=" | 3716 | 3720 | 1.00 | 43%
=- | 3833 | 4078 | 0.94 | 44%
== | 019 | 129 | 7.12 | 11%

@ S/B =7.12 not sufficient for spin observables extraction

Further selection necessary

:+— -
@ Need to select one = =7 candidate per event
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Final selection

Final selection criteria:

A + =
== T p
@ Vertex fit = = . ~ _
To propagate variables +
T~ v’
from vertex to IP ~ A
=t
s =t— , =
@ Four constraint fit = = p m P
=+
@ Select (= =)< 1lcm 5@
A
@ Select > 3 rad .

Select Az = z(A) — z(Z) > 0 cm

o Choose = =— pair with smallest
4C fit 2
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Final selection

deltazbar {McTruthMatch==1}

htem)
Entries 919
Mean 13.58
Std Dev 18.65

|
N
@
3

-100 -50 0

0 100
deltazbar /cm

@ For correctly combined events, A decay point downstream w.r.t =
decay point Az >0

@ Combinatorial background Az centered around 0
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Final selection

Sample True | False | T/F €
A 4850 | 4804 | 1.01 | 56%
A 4995 | 5488 | 0.91 | 57%
=" 3716 | 3720 | 1.00 | 43%
= 3833 | 4078 | 0.94 | 44%
=t=- 919 | 129 | 7.12 | 11%
Final=' =- | 678 | 4 | 170 | 7.8%

o Efficiency of 7.8% after final selection

@ No contamination of combinatorial background S/B = 170.
Suitable for spin observables extraction
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= Invariant Mass

pbarpfit_dom

pbarpfit_dim

htemp htemp

Entries 682 Entries 682
Mean 1322 Mean 1322
Std Dev 0.004414 Std Dev 0.004459
X2/ ndf 66.7/39 X2 nat 55.91/38
Constant 60.47 +3.43 Constant 56.53+3.47
Mean 1.322 £ 0.000 |l Mean 1.322 + 0.000

40 Sigma__ 0.003179 + 0.000126 E Sigma_ 0.003311+ 0,000143

-

Y E

2 wp-

10 w0

| | | o | | | T e
93 T305 13l 138 & iam T 13% T34 i3 T305 Tal 135 & ism T3z 13% Taa

pbarpfit_dOm /GeV pbarpfit_dim /GeV

@ Using output variables of 4C fit

=+ .
@ = mass resolution: o = 3.2 MeV/c?

=~ mass resolution: o = 3.3 MeV/c?

11/16



Conventional fitting tools

Comparison with cascade of fits
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Preselection and event reconstruction

Preselection criteria:
@ Combine pr~
@ Select |[mp — M(pr~)| < 0.1 GeV/c?

@ Vertex & Mass fit, reject candidate if
P(Vtx(p,7)) < 0.01
P(Mass(p, 7)) < 0.01

@ Combine A~

@ Select [m=z — M(Ar™)| < 0.1 GeV/c2

@ Vertex fit, reject candidate if
P(Vtx(A,77)) < 0.01

@ Repeat for =" candidates

o Combine = =~ to form pp system
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Conventional fitting tools

Decay Tree Fit

Conventional Fits

Sample True | False | T/F Sample True | False | T/F
A 4850 | 4804 | 1.01 A 4850 | 4804 | 1.01

A 4995 | 5488 | 0.91 A 4995 | 5488 | 0.91

= 3716 | 3720 | 1.00 = 3688 | 1355 | 2.76

= 3833 | 4078 | 0.94 = 3782 | 1468 | 2.58
== 919 129 | 7.12 ='= 1382 | 885 | 1.56
Final= =- | 678 | 4 | 170 Final= =- | 895 | 42 | 213

+ Overall efficiency higher using conventional fits
Conventional fits: 10%, Decay Tree Fit: 7.8%

- Worse supperssion of combinatorial background
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Conventional fitting tools

Comparison of =" momentum pull distribution from 4C fit

pharpfit_dopullpx pbarpfit_dopullpy pbarpfit_dopullpz
htemp htemp htemp
s 662 Entries 682 Entries 682
b 0.01504, Mean -0.004847 Mean -0.02693
1.924 Std Dev 1791 Std Dev 2375
sE 74.46 /60 3 2
X2/ ndf 57.85/53 X2 ndf 99.60/67
*E 3613 +202 Constant 38932214 Constant 27417
5E o ““m]‘;a: f’ﬁsz;: Mean  -0.007973 £ 0.052145 Mean 0.1024 + 0.0700
Wl E sigma 12540049 Sigma 1,639 £ 0,074
s
1of-
SE
il o call o ro 00 L pfl0 T SCL I R
G I LI R . L T R E
poarpt. opulok [-— —
pbarpfit_dopullpx pbarpfit_dopull pbarpfit_dopullpz
hiemp Tiemp - htemp
937 Entries 937 P Entries
-0.08016 Mean 01253 £ Mean -0.04228
265 Std Dev 2.443 £ Std Dev 3.483
1397179 X2/ ndf 1318/80 =E X/ ndf 88.68/91
3169£170 Constant 34.56 +1.93 £ Constant 186+09
-0.08047 + 0.06760 Mean 006963 + 0.06158 s Mean  -0.2546 £ 0.1177
1752007 Sigma 1.638 + 0.068 £ Sigma 3,088+ 0.111
e
ol o 4ll L = Ll
T R S S S R S o LR R B
[ poarp opul [

@ Pull variables should be N(0,1) distributed

@ Pulls with conventional fitting tools larger deviation and bias

— Suggest poorer quality of input variables for 4C fit )
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Summary & Outlook

Summary:

@ Simulation and analysis tools updated

. . =+__ _
@ Exclusive reconstruction of = =7, = > A, A — pm

- Efficiency: ¢ =7.8 %
- Signal/background: S/B =170

(not considering DPM background)
=" mass resolution: o = 3.2 MeV//c2
=~ mass resolution: o = 3.3 MeV/c?

Outlook:
@ Simulation of DPM background
o(pp — inelastic) = 44.5 - 10% ub, o(pp — §+E*) =2 ub

@ Spin observables extraction
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Thank you for your attention!
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Backup
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