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motivation

@ measure the polarization of the A9 and A .

@ Test the TRV and the CPV in weak semileptonic decays.

@ measure directly some important parameters for particle
physics.

@ full anguar distribution studies for different decay channels.

@ New startegy for searching for TRV or CPV.
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Phenomenological Study of the Weak Semilptonic A, Decays (
Np — /\gﬂ_’/_u)-

@ Note that these particles decay via weak interactions due
to the presence of the W-boson.
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Phenomenological Study of the Weak Semilptonic A, Decays (

Np — /\g:u_V_u)'

@ The presence of the neutrino results in a missing energy
needed to be reconstructed.

@ Flight distance and other @ The Ap momentum up to a
kinematics determine A two-fold ambiguity is given
momentum . by:
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Study of the T odd observables

Test TRV — search for T odd observables (change sign under
time reversal symmetry).we have two types:

@ The special angle (sine and cosine) to be defined later.
@ The polarization of the resonating particles.
— 4 posibilties of testing TRV in one event.
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Definition of the Observable:The Special Angles

As illustrated in the figure below, consider the normal vectors to
the production plane of A and the W-boson :

—  — —
n—+> _ Pro X Pr+ n—> . p,u,_ X pVM (1)
AT T— — > w- T T —
¢ |p/\0 X pﬂ'+| boson |pu— X pVM|
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mixed product of the polar vectors:
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Definition of the Observable

Vectors above are even by T symmetry but the cosine and the
sine of their azimutal angles are odd by T and written as a
mixed product of the polar vectors:

special angles

ez X Myt ex X Myt

— 4 AT . — X AT

COSP(p ,) =€y ———=, SiNPp =6z —=——= (2)
A |6z x Ny« S |6z x Ny«

These two quantities will be denoted as the Special angles.
The relation 3 recalls the transformation by T of the vector base
of the Transversity frame used in this decay.
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Definition of the Observable

— — —
— €p1 X Pps — — o1 — = = — —
ey = — +E6z7,6x = — — —€x,ey = €;Xex — —€ey
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Definition of the Observable

B — —
— €p1 X Pps — — Pp1 — = = — —
7= ————= — +€67,8x = — — —€x,ey = €;XEex — —€Ey
8p1 X Pz |Pp1 |

(3)
Remark: the quantities cos gb(%) and sin ¢(”A+) are constructed
from the momentums. Since the momentums are odd by T and
P, the special angles therefore change sign under these two
symmetries.
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Polarization of the Intermediate Resonaces

/\g comes from strong interaction — its polarization can’t be
considered as a signature of Time Reversal Violation. The
polarization vectors of the A} and the w-boson seem to be
more relevant.

Decompose the polarization vector of these resonances,—
construct the helicity frames: (Af, e+, er1, en) and

—_— — —

(W, ity €12 €T2, EN2)-
Figure below, shows frames constructed starting from the /\?7
transversity frame. Their vector bases are defined as follows:
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Polarization of the Intermediate Resonaces

— —
> pAZ’ — €7 X €1 —_— = =

==, N1 = = — ., €711 =E6nN1XEl (4)
|P/\;| €z X er4
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— —
> pAZ’ — €7 X €1 —_— = =

==, N1 = = — ., €711 =E6nN1XEl (4)
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Polarization of the Intermediate Resonaces

—
= Pa¢ — €z X €1 T gpe—
el=—5, eni=— —, ert=6entxen (4

Pax | €z X ery
Pw; ez x e
— rtual — 2 —s = —
B2 = —25-, en2= ———, ere=6en2xer (9
Py | ez X €2

virtual
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LHCB frame of the A}

« Transversity frame from the
Standard Laboratory
frame.

e
ez = o il

- |ez><p/\2»|
ex = pp(lab)
ey = €, X €y
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LHCB frame of the A}

« Transversity frame from the
Standard Laboratory

frame.
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(%
ex = Py(/ab)
ey — e, X ey

+ A Transversity rest frame:
From Transversity frame by
Lorentz Boost along Pas
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LHCB frame of the A}

« Transversity frame from the
Standard Laboratory

frame.
erpAz,
€2 = leoxpyl
(%
ex = Py(lab)
eY == ez X ex

+ A Transversity rest frame:
From Transversity frame by
Lorentz Boost along Pas
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Phenomenological Study of the weak A/ Decays

@ Cascade decay Ay — A7t and A\® — pr—

@ Final states are p pi- pi+ mu nu, why ?

@ Itis a new channel to be studied.

@ 2 pseudo scalar particles (spin 0) necessary for the
angular equations.

@ A, comes from strong interactions— deduce its
polarisation.
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Polar angle of A in A rest frame:
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Phenomenological Study of the weak A/ Decays

Polar angle of A in A rest frame:
do N pAE
® Joosoy X 1+ ozA‘fSPZC COS Ox

AL AE o T
e P,° and o5 are polarization and decay-asymmetry of A¢




JRJC-2016
Decay Af — Ax CP violation

Phenomenological Study of the weak A/ Decays

Polar angle of A in A rest frame:

o 97 _ 14l PN cos
dcos O AS' Z A

At AT . 0 +
e P,° and o5 are polarization and decay-asymmetry of A¢

Costheta Lambda_0 in Lc frame [T ]

bt

x°/ndof = 0.88

f
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Phenomenological Study of the weak A/ Decays

Polar angle of proton in A rest frame:
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Phenomenological Study of the weak A/ Decays

Polar angle of proton in A rest frame:

do AE A
¢ dcos bp o1+ aAfSO‘AS cos GP
0 0 - g
e PN and aﬁs are polarization and decay-asymmetry of A°

A0 A
where PV = Aps
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Phenomenological Study of the weak A/ Decays

Polar angle of proton in A rest frame:

do AE A
¢ dcos bp o1+ aAfSO‘AS cos GP
0 0 - g
e PN and aﬁs are polarization and decay-asymmetry of A°

A0 A
where PV = Aps

Costheta Pplus in LO frame
[ =533% o088 ]

«’ndof = 0.69
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What can we measure

@ decay-asymmetries of Aj(aﬁé) and /_\;(af\é), using the
known values 04//4\\(;3 =0.642 +£0.013

@ With 042; = —042”;, any disagreement of the above angular
distributions — could reveal direct test of CP symetry

@ based on the 6, distribution, we can measure also the
transverse polarization of /\j(PQg) using the estimated aﬁzs

Note: each particle is charactarized by a specific parameter
Ca”ed the aasymmetry.
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DataSet

« Data samples :2011 and 2012
« MC Simulation :2011 and 2012
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PID Cuts

PID (particle identification
Jrequirements to reduce s S S
mis-identification:

« piminus — ProbNNpi > 0.2

x piplus — ProbNNpi > 0.2

x pplus — ProbNNp > 0.2

3000

Lambda_cplus_M
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2000
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some variables for TMVA :
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BDT and TMVA studies

TMVA response for classifier: BDT

(1/N) dN/ dx

© 3 Sign ARAAR:
HZ) Background
F bdt cut =-0.095
s
2
H
3F H
i
5
2 B
3
1 B
H
0 H

04 03 02 01 0 01 02 o0
BDT response

Background rejection versus Signal efficiency

Background rejection

TMVA
T

. L
01 02 03 04 05 06 07 08 09 1
Signal efficiency
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MC Model

MC Model

mass of {A); MC

o oz o
et o L we used a double crystal ball
o s s o function to model the MC signal
800 Nggy = 129 £0.16

C Negy = 1.69 2028

L . 4 |7 L
B SR 220 2260 200 2080, 2340 . 2360

Al mass (MeV/c?)
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final Results

After the cuts above, we come to the A} mass spectrum:
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final Results

After the cuts above, we come to the A} mass spectrum:

mass of the lambdac_plus

=
&
=]

Mean1 = 2289.00 £ 0.39 Signa
|_Sigmal = 5.44 £0.42 /
[mean_gaus1 = 2288.9 + 7.6
[ mean_gaus2 = 2290.3 + 6.0
En_expo = 407 +39

" h_gauss = 687 £33 f
200 —IL_gauss1 = 307 +271 |
[—n_gauss2 = 473 + 266
150 —7_signal = 1280 £ 124
sigma_gaus1 = 8.4 +1.9

__ ¥%ndof =0.60

" Total PDF
____|Signal PDF
——
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2

I
8

Events / ( 3.08 Mev/c? )
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Conclusion

@ Phenomenological Study of the weak /\g and A} Decays

e Direct test of TRV from A decay
o Direct test of CPV from A} decay

@ Angular analysis of the above decays.
@ extraction of some important particle parameters.
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Thank you for your attention. |
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