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Decay chain: 1 —  + {0, %1} (1)

@ Provide decay parameters to redefine long expressions:

1, ;
ol 7—(1:}200501 |H11\2 (1icos9l)2\H P §s1n20;(|H,%0\7+\H%0|2),
1. ;
ad = —(1 F cos6))? \H:l\z - 7(1 =+ cobé’z)z\H,;,l\z) ismz 9[(\H7%0|2 - |H%0\2),
1 . " *
8y = 7 sin6;((1 £ cos 9[)$(H7%0H_%_,) +(1F Cosé’y)%(H%IH%o)),

1
vy = 7 sin 0;((1 & cos GI)W(Hi%OH,%,I) +(1F COSHI)H?(H%H%O))

@ Relation between the helicity amplitudes and decay parameters doesn’t perform
— Rechecked using Mathematica

[37)’ = y:3 sinzb’,‘é and 'ﬁ?l = D 005457%

@ Relation doesn’t affect the definition of decay parameters

@ Main difference: bog # 1 — bop = 0"le
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Decay chain: 1 — 1+ {0, %1} (2)

@ Non-zero elements of the decay matrix by, :

boo = o5t b1 = — (7§ cos x + B sin x) cos O sin ¢,
bos = asl, — (v sinx — B3 cos x) cos ¢y,
bio = a3} cos ¢y sin by, b = (77 D sin x — B3 cos x) cos 8, sin ¢,
bin = — (7§ cos x + B35 sin x) cos 6, cos ¢, — (73 cos x + B sin x) cos ¢y,
+ (73 sin x — Bi cos x) sin @y, bas = o) sinf, sin ¢,
bia = (yisinx — B cosx)cosbycosp,  bso =i cosby,
+ (73 cos x + B3 sin ) sin ¢y, bsi = (7l cosx + B3 sinx) sin b,
b1z = oD sin @, cos ¢y, b3z = *(W’D sinx — 5D cos X) sin Oy,
bao = s sin 6, sin ¢y, baz = 0} cos O.

@ Main parameters: 0 = 0, ¢ = qﬁp,
USDZEUSDZ(elvq2)7 a%:aD(gh ) SDZE SDZ(9l7q ) FYSDl:’YD(elv )

@ Each element of by, is multiplied by p = /M (¢?)M_(g?)/(2M1)
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Intermediate step (1)

o Uf\lv a 6 and "//S\l = {n7O‘val7a”751,2771,2}(q2): gzlzxv(qQ)v gﬁ;(qQ)
@ Introduce the intermediate parameters:

normalization  n = [Hyy|* + [H_y_,[* +2(|H_yo|* + [Hyol*),

o= Hyl = [H 3 1 + 21 3ol - |Hyol),

o =|Hy|* + [H_y 1 * = 2(H_ 1> + [Hyol*),

a”=‘H‘1‘Z [H_ i- W *2(|H% \H10| ):
Bra=2S(H o H_1 1)+ S(H] Hy)),s
71,2:2(%(H750H7§71)im( g %D))v

where 8, , = LV/n? —a? — (&) + (”)?sin g » and 715 = §1/n? —a? — (/)2 + ()2 cos 1 2

© o+ (o) = ()2 + 2+ + 13 + B + B3) = n?
@ Using the definition of helicity amplitudes the main parameters to describe
semileptonic hyperon decays are:

< FY(0), FY(0), F0)
Lo L O by B (0)
9an(0) = 7o (0)= 70)

2 March 2021

4/14



Intermediate step (2)

@ Relations between intermediate and decay parameters:

n=((M-M)? = ¢) (1 + (92,(a*))?)

7 (A8 ) = )+ (0207 S 022 = YO+ )+ 400 ) 082 — )

M
o =2/ M)~ 22O+ M) + gt [M@ = MM + 208 Y

2
o = (V2 = A0 ) [0+ GE P + ) oy
1

o= 2\/(M—M+)272q2(M?+M3)+q4 [0 (@) (@® + M_M.) +290,(a*)0. (4°)¢°]

where M_ = M; — My and M, = M, + M,

o {01704/:01”7/31,27’71’2}((12)/"(‘12) [S [_17+1}

Intermediate parameters / 1 (d)

e e

- s T
@ (Gevd)

El
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Intermediate step (3)

@ Non-zero elements of the decay matrix by, :

boo = o3(61, ¢2), bo1 = —Acos b, sin ¢, — B cos ¢p,
bos = (61, ¢%), by = Bcosby,sing, — Acos dp,
|blo = a34(0;, ¢°) cos ¢, sin B, | bas = 0 (01,4°) sin B, sin ¢,

b11 = —Acos b, cos ¢, + Bsin gy, |b30 = a3i(6;, ¢%) cos 9p,|
b2 = Bcosfycosd,+ Asing,, by = Asinb,,

b1z = o301, ¢°) sin 0, cos ¢y, bsa = —Bsin 0,
|b20 = a3(0;,¢?) sin 0p sin gZ)p,l bss = o5 (61, ¢%) cos bp,

where A = ﬁ sin @y[cos x(m1 + cosOye) + sinx(B1 + cos6;32)]

and B = 2%/5 sin 6)[sin x (71 + cos Oys) — cos x (1 + cos 0,52)]

0 534(0,,9%) =n+ o' cos? 0, — (a+a') cos b

® ail(01,4%) = o+ cos? ) — (n+ o) cosdy

@ To stabilize behavior of decay matrix elements = normalize all b;; as b;;/boo
— bgg =1
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Joint angular distribution

@ Process ete™ — (A — pe ) (A — prt)

3
Trppwp o« WEw) = Y Csblyaly
u,v=0
o Cus(On; ay, AD)

e by matrices for 1/2 — 1/2 + {0, +1} decays & bﬁo = buo(0p, ©p, Oes X qz;)

o ayp matrices for 1/2 — 1/2+0 decays & “;{}0 = a‘—,o(e—,goﬁ;

° é: = (GAs gpa @ps 6e9X9 qz,ep,ﬁﬁp)

oW = ((}’¢, A(D,

@ Range of ¢2 € (ml2, (My — M>)?) is specific for each decay
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MC generator (step 1)

@ Using YYbar_example package by Patrik, the presented process can be generated
e MC samples: N8 _105 and NepjfpleS

evt

o Generate g2 € (m2,(My — Mp)?)
e Set of input values:

e No negative weights are observed

e Maximal weight ~0.36
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Random samples (Ngg
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Random samples (Nppsp = 108
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Run through fit method (step 2)

@ Set input values in the fit

mainMLL(){

Double_t pp[ 1;
for( 1= ;1< ; t++ ) pp[il=;

Double_t alpha_jpsi =
Double_t dphi_jpsi =
Double_t gav_lam_plnu =
Double_t gw_lam_plnu =
Double_t alpha_lam_pbarpip

alpha_jpsi = gRandom->Rndm();
dphi_jpsi = gRandom->Rndm();
gav_lam_plnu = H

gw_lam_plnu = H
alpha_lam_pbarpip = -

LEELDEYEION
ReadMC();

@ Output value of fit method

Parameter | N, %C =109, Né‘;{; =10° ay AP Gav Guw R
g 0.4570+0.0110 ag | 1 0281 -0.026 0.032 0.151
AD 0.7927+0.0252 Ad 1 0.016 -0.013 0.269
Yav 0.6601-£0.0506 Jav 1 -0.766  0.323
Juw 1.12514+0.2727 Jw 1 -0.411
ax -0.7527+0.0121 g 1

Varvara Batozskaya 2 March 2021 11/14



Sensitivity for extracted parameters (1)

Study the importance of the individual parameters in joint angular distribution and
its correlations using likelihood function [PRDD100(2019)11]

clo) = TP =TT ypieate

N is the number of events in the final selection
&, is the full set of kinematic variables describing i-th event
w is the full set of individual parameters

Reduced asymptotic expression of inverse covariant matrix element:

iy [LOPOP
Y =N | 5 o 0 ™

Sensitivity = o X VN
To eliminate complicated calculation of derivatives the numerical differentiation is
used [Numerical Analysis|:

P - P(wr + h) — Plwg)
h
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https://arxiv.org/abs/1908.03102
https://fac.ksu.edu.sa/sites/default/files/numerical_analysis_9th.pdf

Sensitivity for extracted parameters (2)

@ To simplify estimations, a case where g, and ¢2 equal 0 is considered
@ CP asymmetry Ap and AD:

ap + ap D4+ gP
Ap= 2T g AL, = YT I
ap — Qp Gav ~ Yav

@ Input values of decay parameters [NaturePhys.15(2019)631]

Decay ay AD ap g g
J/¢Y — AA | 0.461 +0.006 0.740 £ 0.010

A—pr~ 0.750 £ 0.010

A — pe~ v, 0.719 0

@ Sensitivities (o X V' N) for extracted parameters (preliminary)

Decay ay AP ap gh, (an) Ax (93,) AL,
AKX = (pr)(prT) 3.43 T7.47 6.83 1.76 8.81

AR = (pe= Do) (prt) (¢ = 0,90 =0) |3.19 7.13 6.97 21.0

AA — (pe~e)(petve) (¢° =0,g9w =0) | 2.79 6.61 21.1 2.98 28.9

1/ = AR & (pe ) (pe )

oy

* large correlation between gg\v, g{l\v and aj

2 March 2021

13 /14


https://arxiv.org/abs/1808.08917

ToDo list and next steps

@ Test formalism using

o
2]
o
o

o

Production of mDIY and MC PhSp for ete™ — (A — pr—)(A — prt)

o true and reco mDIY and MC PhSp

o allow to extract true and reco values of ap and aj decay parameters
# aff"¢ and o are extracted and verified

Modification of mDIY to include the semileptonic decay formalism

& Need to rewrite

Production of true and reco mDIY and MC PhSp for A — pe™ ve

o extraction of the gé‘v and 9111\; decay parameters

& Need to reprocess

If all steps work, consider more difficult scenario, mixed MC samples

If previous step works, move to the real data

@ Additional steps:

Estimate sensitivity to gé\v and gf}, decay parameters
& Preliminary result for gé\v when gﬁ =¢2=0

o Include dependence on ¢
o Include g

2
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Backups
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CP violation in non-leptonic decays [Andrzef's slides]

ap + ap
Ay = ATTA
ap — g
@ BESIII result: Ay = —0.006 4= 0.012 &= 0.007 [NaturePhys.15(2019)631]
o CKM: —3-107°% < Ay <4-107° [PrRD67(2003)056001]
Extensions of SM: Ay~ ~ (0.05 — 1.2) - 107 [Chin.Phys.C42(2018)013101]

Experiment Nevt o(Ayp)
BESIII (2018) 4.2-10° 1.2-1072 Ny =1.31- 109
Some estimations
N/, = 1010
.10 103 I/
BESII 310 5-10 £ =0.47-10%3 /em? /s, AE=0.9 MeV
N =2-1012
. 108 .10~ 4 J/P
SuperTauCharm 6-10 3-10 £ =10% /cm? /s, AE=0.9 MeV
SuperTauCharm 9 4 Ny = 1013
+ reduced AE 3-10 1.4-10

£ =10%%/cm? /s, AE<0.9 MeV (?)

Varvara Batozs
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https://indico.ihep.ac.cn/event/9834/session/9/contribution/16/material/slides/0.pdf
https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/hep-ph/0211165.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/42/1/013101/pdf

C'P symmetry test A}’

g2, (0) + g2,(0)

A(w — v
A gh(0) — g2 (0)

FA 0
° 6ul0) = )

e Determination of ) (0) value by CVC hypothesis: F} (0) < 0
e No determination of FlA(O) value by any general theoretical arguments
@ Some assumptions:
e F{4(0) <0 then gou(0) 20
e ? Naive assumption g2, = —g2,
—> Need to be care with sign of gqv

Experiment Nevt Result Reference
. av(0) = 0.719 £ 0.016 £ 0.012
E555 (Fermilab) | 37286 | ¢ C(()n)strain on gw(0) = 0.97
Jgav(0) = 0.70 £ 0.03
measured Fy (0) = 1.32 4+ 0.81
[9aw(0)] = 0.734 £ 0.031
used g, (0) = 0.97

[PRD41(1990)780]

SPS (CERN) 7111 [ZPC21(1983)1]

AGS (BNL) 104 [PLB98(1981)123]
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https://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020
https://lib-extopc.kek.jp/preprints/PDF/1983/8308/8308007.pdf
https://lib-extopc.kek.jp/preprints/PDF/1980/8011/8011271.pdf

Semileptonic A decay

@ Momenta and masses: A(p1, M1) — p(p2, M2) + e~ (pe, me) + 176(1’175:0)

@ Standard set of invariant FF for weak current-induced baryonic %+ — 1% transitions:

My = MZ + M} = (p(pld) AP =
= i(p2) [7,1 (FY(g + F(gys) + A’;V < (FY(g™ + Fi(ghys) + ;1;1 (FY@+F g‘(qz)ys)] u(p)

where g, = (p1 —p2)u

’nl\J

0ForA—>pe_17€at(’)( )%O:>F§/’AHO

® Helicity amplitude is Hx,xy, = (HY, 5, + HMAW) with (A2 = £3; Aw = 0, £1):
M+ M M) - M
v _ M 2 v = A _ A 1 2 pA
N e N e
=1 3
8 ( 2 iy 1(114 2
“\ Y = —((M] +M2)F1V+’1—F;’), g\ A = *(—(MI—MZ)F?+‘I—F§).
Tz T A W
where Mi(qQ) = (M £+ M2)2 — q3; HY/\AQ A +H "\/21:W
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Form factors

n; 1 n; 1
FAq) = FAO [ | ————= F,V*"(O)(l ) s | = 0 (0
n=0 _W n=0 ""V,A
EA0)(A — p) my,a o [Gev—2] ni
1
FY(¢?) —\/§ Enzg*(sgz)o) np =1
JP =1- A
M
FY (¢%) aar Y (0)? ng =
F?Y(QQ) 0? - 0.9 n3g =2
Mg 0
Fi(q?) 0.719FY (0)3 (f; <:12IO+>) ny=1
) 0 - ETEEN
MA(MA+Mp) A (\4 mg
F:‘;q(q2) (mK_)zp F{(0) (JP:O*) ng =2

1 [PR135(1964)B1483], [PRL13(1964)264]

@ 2 pup = 1.793 [Lect.NotesPhys.222(1985)1], [Ann.Rev.Nucl.Part.Sci.53(2003)39],
[JHEP0807(2008)132]

@ 3 [PRD41(1990)780]

@ * Vanish in the SU(3) symmetry limit; Goldberger-Treiman relation [PR110(1958)1178],
[PR111(1958)354]
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https://journals.aps.org/pr/pdf/10.1103/PhysRev.135.B1483
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.13.264
https://old.inspirehep.net/record/220935
https://www.annualreviews.org/doi/abs/10.1146/annurev.nucl.53.013103.155258
https://arxiv.org/pdf/0806.4072.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.41.780
https://journals.aps.org/pr/pdf/10.1103/PhysRev.110.1178
https://journals.aps.org/pr/pdf/10.1103/PhysRev.111.354

Helicity amplitudes of the lepton pair i ,

@ Lepton and antineutrino spinors

o1 £71-1
MI*(:FE,PI*)= \/Ez+m1(X o Xi),

T E +my

1 +
W(E) = \/l'?v(:Y ).

X+

where y, = ((l)) and y_ = (?) are Pauli two-spinors

@ SM form of the lepton current (Aw = A\~ — Ap)

_ 1 1 (=1
Wy et pgerp = B G+ y5)05(3) {6;(0) }

where €(0) = (0;0,0, 1) and €(¥1) = (0; F1, —i, 0)/ V2
@ Moduli squared of the helicity amplitudes [EPJ C59 (2009) 27]

nonflip(Ay = ¥1) : n! P= 8(q2 - mz),

/li/lt

2
1 |

fipCw = 0): I\ )

= 87(‘] _m[)

@ Upper and lower signs refer to the configurations (I7,7;) (A, = 1/2) and (I*, ;)
(Av = —1/2), respectively

2
m
55 —0

@ In case of the e-mode only nonflip transition remains under assumption 2
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https://arxiv.org/abs/hep-ph/0511019

Size estimations of helicity amplitudes

L e A e [ s B e By By s

T

1114

T(A) Dashed lines:
Py (a*) and Fi(a?)

are switched off

;

V,A
T(V,A):=+v/¢2H 1 '1
2 L(A)

L(V,A)::\/qZHZ‘UA
2

\ x helicity amplitudes [GeV]

S(V,A)::\/qZHY‘(A
1y

48t P S S S U S Ul ol
o Sor o5 0 5o B3 2
m2 m2 (m, -mp)
¢ [GeVY]

@ Ifg?=m2=H ‘1/0 and H ’140 are dominated
1 1
@ If g2 = (Mp — Mp)? = H‘fl = —\/§H‘140 are dominated
3 3

@ Using data of the E-555 experiment (Fermilab) [PRD41 (1990) 780]

A \
L -5 FY (0) _
1 _ P B
FIV(O) (A — pe~ e) = 0.731 £ 0.016 and FIV(O) (A — pe” De) = 0.15 £+ 0.30
O (A = pe~ ) = 0.719 £ 0.016 with constraint FY (0) (A = pe~ ) — 0.97 (CVC)
FY(0) w7 0)
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http://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020

Boundary case: ¢,

2 _ 2 .
® g i, =mg —0:

boo = (1 + (9, (0))*) sin” 6,
boz = —2951,(0) sin? 6;,

b1o = bos sin B, cos ¢y,

b13 = bgg sin b, cos ¢y,

b20 = b03 sin 0p sin ¢p,

b23 = bOO sin 01, sin ¢p,

b30 = b03 COS 9;,,

b33 = boo COS 0p
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