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Plan of the presentation

% Quasielastic Hyperon production with 7; and e~

The results are presented only for 7, induced reactions on the
free nucleon target.

Standard model calculation with SU(3) symmetry
o Effect of SU(3) breaking using Holstein-Fasseler et al. model
o Effect of second class currents with and without T invariance

o Effect of SU(3) breaking and second class currents
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Hyperon production

The observation of hyperons produced in the antineutrino (7;+
p—IT+YV, V= A,Eo’f) and electron (¢~ +p — ve+ Y) induced
processes may provide an opportunity to:
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I determine the N — Y transition form factors.
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Hyperon production

The observation of hyperons produced in the antineutrino (7;+
p—IT+YV, V= A,Eo’f) and electron (¢~ +p — ve+ Y) induced
processes may provide an opportunity to:

"I test the SU(3) symmetry, G invariance and T invariance.
I determine the N — Y transition form factors.

" get some information about the second class currents.

The measurement of the hyperon polarization may determine inde-
pendently the form factors appearing in the weak hadronic current.

Using high luminosity electron beam at the JLab and MAMI, or
antineutrino beam at DUNE using LArTPC detector, such studies
could be possible.
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T-violation in weak interactions

o The asymmetry in the angular distribution of pion (A — pr—
or n7° and ¥~ — nm~ ) determines the polarization
component.

o The polarization measurement of the hyperons produced in
the antineutrino and electron induced processes gives an
alternative method to study T-violation.
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T-violation in weak interactions

o The asymmetry in the angular distribution of pion (A — pr—
or n7° and ¥~ — nm~ ) determines the polarization
component.

o The polarization measurement of the hyperons produced in
the antineutrino and electron induced processes gives an
alternative method to study T-violation.

o The measurement of Pp, which lies perpendicular to the
reaction plane, gives information about T violation.
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Matrix element: vu(k)+p(p) — pt(K)+A(p)
M= %ZMJ“ Iy = w(K)yu(1Fv5)u(k) for e~ /v processes
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Matrix element: 1, (k) +p(p) — p (k) +A(p')
M= GF\S/I;QL luJ" Iy = w(K)yu(1Fv5)u(k) for e~ /v processes
Vector operator Axial vector operator

~ 7

T =g (p)) [Vh g0, ) — A%, 5(0',p)] up(p)

Importance of study of hyperon production NDNN (NuSTEC Workshop) 5/ 14



Introduction Formalism Results Conclusion Backup
[ 0000000

Matrix element: 1, (k) +p(p) — p (k) +A(p')
M= GF\S/I;QC luJ" Iy = w(K)yu(1Fv5)u(k) for e~ /v processes
Vector operator Axial vector operator

™~

T =g (p)) [Vh g0, ) — A%, 5(0',p)] up(p)

V@' 0) = 1P (@t i 15 Q) + g 15 P (Q°)

B'B B'B B'B
A%/B(P/7P) =0 (Q )’YH’Y5+ZO—HV75M +M’ g9 (Q )+ Mg +M’ Y593 (Q )

First class current form factors: fi(Q?),
Second class current form factors: fg(Q

f2(Q ?),91(Q%) and g3(Q%)
) and g2(Q%)
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Matrix element: 1, (k) +p(p) — p (k) +A(p')

,sinf, _
M= Gﬁ\s/lg Sl Iy = w(K)yu(1Fv5)u(k) for e~ /v processes
Vector operator Axial vector operator

~ 7

T =g (p)) [Vh g0, ) — A%, 5(0',p)] up(p)

V@' 0) = 1 P (@t i 5 2(Q0) + g 15 P (Q°)

Vector FF Magnetic FF Scalar FF

’ . v v n v

A%/B(Plvp) = 913 B(Q2)’YH’Y5 +10uvY5 MB?:%QBB(QQ) + M,%M]g%gi? B(Qz)
Axial vector FF Electric FF Pseudoscalar FF

First class current form factors: f1(Q?),/2(Q%),g1(Q?) and g3(Q?)

Second class current form factors: f3(Q%) and go( Q%)

Importance of study of hyperon production NDNN (NuSTEC Workshop) 5/ 14



Introduction Formalism Results Conclusion Backup
O ®000000

First class currents (contribution from f(Q?), £(Q?), g1(Q?)

and ¢3(Q?)): M, variation

vu(k)+p(p) — p (K) + A(p')

3IIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIII
1 2 -
e soed — N =09GeV
M= L0 GeV — M =09G:V
~F i = MELGY e == M =106V
; ¥ — MG T M= LGy
$ 5k @ @ M =126V
. ok g =M= L0
o} A &
o b ...MA L066e ]
SR TIEIRCA G
o oM =126
I TSy
,\) IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIII|‘ |||||||||||||||||I||||I||||
[ I S A L S [ N A
E (Gel) E (G E (G:Y)

Importance of study of hyperon production NDNN (NuSTEC Workshop) 6 / 14



Introduction F >rmalism Results Conclusion Backup
O®@00000

First class currents with SU(3) breaking

Uu(k) + p(p) — ™ (K) +A(p')
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SU(3) breaking effects: A. Faessler et al., PRD 78, 094005 (2008)
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Effect of second class currents with T invariance:

Conclusion

Backup

g5(0) variation
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AF, MSA, SKS, Phys. Rev. D 98, 033005 (2018).
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o vs Ej, for the antineutrino induced A production
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Effect of second class currents with T invariance and SU(3)

breaking

vu(k) 4+ p(p) — pt (K) + A(p')
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Effect of second class currents with T invariance and SU(3)

Backup

breaking

Uu(k) +p(p) — ™ (K) +A(p')
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Effect of second class currents with T violation and SU(3)

breaking

vu(k) 4+ p(p) — pt (K) + A(p')
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Effect of second class currents with T violation and SU(3)

Conclusion Backup
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vu(k) 4+ p(p) — pt (K) + A(p')

gt aad ikt s o ARSI aats s ittt sy A RAMAS LA Saats L st
By 7 —— U3 symmety o ]
Wl 8 with SU3) breaking 1 — S0 symnety
} - SU) symmetry wibg, (0)=1 - - - g, vt SU(3) beking
7 oL Ay gty 0=1] ] |- 03 ooy ) |
i u‘f 71 |- g iU g, <1
[ Al i Vm
C L —— SUB) symety s - e
0 = — - g Vil SU breing )
« == SU) symmetry with g:] =1 - i
05F . -g]withSUG]brmkingﬂndg,][[l):1
: 8+
NPT TAORTIOTT FOTS B VU POV FOVRY FOP IO oo B U TP OO AT O Y
05 1 13 ‘2 15 ] . 3 1 15 ] 5 1 15
E (GY) E (V) E, (V)
3 3 b

Importance of study of hyperon production NDNN (NuSTEC Workshop) 12 / 14



Introduction Formalism Results Conclusion Backup
O 0000000

Conclusion

I In the hyperon production processes induced by electrons and
antineutrinos, it is feasible to study the effect of T violation.

"I The presence of SCC form factor with T invariance taken to
be negative in sign (¢3'(0) = —1) and without T invariance
compensates the effect of SU(3) breaking.
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Conclusion

I In the hyperon production processes induced by electrons and
antineutrinos, it is feasible to study the effect of T violation.

"I The presence of SCC form factor with T invariance taken to
be negative in sign (¢3'(0) = —1) and without T invariance
compensates the effect of SU(3) breaking.

I In the absence of SU(3) symmetry breaking effects, the
presence of SCC with or without T invariance would lead to a
smaller value of M.

I These results would be important for the experiments like
MicroBooNE and DUNE, which use LArTPC detectors.
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Polarization components of final hyperon

U (k) +p(p) — p* () +A(p')
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o vs B, for A, ¥° and A’ productions induced by electrons
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o vs Ep, for A, Y% and ¥~ productions induced by antineutrinos
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o vs B, for the process Vit+p—pt+n
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A. Fatima, MSA, SKS, Phys. Rev. D 98, 033005 (2018).
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o vs B, for the process Vy+p—pt+A
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o vs By, for the process v, +n— pu~ +pand v, +p — ut+n
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Polarization components vs E. for the process e +p — v+
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o vs B, for the process Upt+p—pt 4+
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Polarization components vs E, for the process e~ +p — v, +3°
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Formalism
O

= 1 processes

Introduction

IAS

Antineutrino induced single hy-
peron production

(k) +p(p) — IT(E)+AQ)
ak)+p(p) — HE)+2°()
g(k)+n(p) — TE)+37 ()

Results Conclusion Backup
0000000

Electron induced single hyperon
production

e (B)+p(p) — wve(K)+AQP)
e (k) +p(p) — ve(k)+2°(p)
e (k)+n(p) — ve(k)+Z7(p)
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Differential cross section

7i(k)+N(p) — 1T (K)+ Y (%),

1 a3k’
do=——— (2 454 L _k/ ! 2
= iy, 2" O (k+p ) Gry5am, | 271' 32E ,ZZ‘M

“(k)+ N(p) — ve(K)+ Y (p),

d3k’

— 2
do = (27)32E, (27) 32E XYM

@2m)*6* (k+p—K —p)

AMyE,

o q=p —p=Fk—Fk is the four momentum transfer

e M is the transition matrix element
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G-parity

I This is a symmetry of strong interactions, defined as
G=Ce™
"M Under G-parity, V* and A" transforms as
GvraTt =y GAF G = —AH

O A(QP), £(Q%), 91(Q%) and ¢3(Q?) transform the same way as
above and are terms as first class currents.

Y f3(Q2) and gg(QQ) transform in opposite way and are termed
as second class currents.
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metry properties

"I T-invariance = form factors are real
M CVC = f3(Q*) =0
" G-invariance = f3(Q?%) =0 and ¢(Q*) =0

"X PCAC = relates g3(Q?) with ¢;(Q?) through GT relation
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Vector form factors

The assumption of SU(3) symmetry and CVC leads to the
determination of fi(Q?) and f>(Q?) in terms of EM form factors of
the nucleon f{(Q?) and f¥(Q?).

Conclusion Backup

FF p—n p— A p— X0
Q) | H@) Q) —/E(Q) —H(T(Q)+2£(QY)
RQY) | B@)-(Q) —/ER@Q)  —FURQ)+2£(Q%)

The EM form factors of the nucleon f{¥(Q?) and fi'(Q?) are
expressed in terms of the electric and magnetic Sach’s form

factors
1 Q
PUQY) = o | GHM@) + oy GRM@)
1 L e
@) = @) -y @)]
+ o

V.
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Axial vector form factors

91(Q%) and ¢2(Q?) are given in terms of two functions F4(Q?) and
DA(Q?).
FF p—n p— A p— 20
A2 A2 Ar 2y A2
01(Q) | 94(Q) L HAE S 0a(QY) s B rream 94(Q?)

DA(O2 FA(O2? DA(O2Y—FA(O?
2(Q) | 20 - T G 2@ I Baienrrarer 92(Q2)

F and D are determined from the semileptonic decays and are
taken as 0.463 and 0.804 respectively.
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Axial vector form factor (Contd.)

94(Q%) %, g4(0) = D(0) + F(0) = 1.267
()

95"(Q%) %, My =1.026 GeV.
(+8)
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Axial vector form factor (Contd.)

_94(0) 94(0) = D(0) + F(0) = 1.267

0
_ 20 Ms = 1.026 GeV.

gg(QQ) is determined in terms of gl(QQ) assuming PCAC along

with the GT relation.

n 2M%g4(Q)
!Jgp(Q2) = m%g_ﬁ Q2
Ny, 2y (M4 My)? Y (Q%)

NDNN (NuSTEC Workshop) 14 / 14
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Differential and total scattering

2 2
do _ Gra Lo THY
dQ? ~ 8rM2E2TM

e a=sinfg for AS =1 processes, J

@ a=cosfo for AS =0 processes.

Ly = bTr [ (1 £ 75)AGK 10 (1 £75)A(K)]

e b=1 for v/v induced processes, b= % for ¢~ induced processes.J

T = 3T [AGITuA )T

Fu = Vu —A/u f‘v = ’YO’th’YOv A(P) = P+ MP
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Helicity projection operator

"I projects spin states of the particle

"I must commute with P
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Helicity projection operator

"I projects spin states of the particle

"I must commute with P

% a four-vector for spin polarization ¢ is required J

&F satisfies the following relations:
0 £2=-1
0 §-p=0

A@) = 5 (1 =750 (p+ My)
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In the covariant density matrix formalism

o the spin density matrix

pr=LAG) JaA(p)TA(D")

o the polarization vector &; average of the spin density matrix

r_ Ty oy
Tr[py]

(W B p’fp’“> LTr (o5 A(p) JaA(p) Ts]

LABTI[A(p) Ja A(p) Tg]
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Case I: When T-invariance is assumed

The vector part of the hyperon polarization ¢7 is given by

€= A(Q*) k+B(Q*) 7
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Case I: When T-invariance is assumed

The vector part of the hyperon polarization ¢7 is given by

€= A(Q*) k+B(Q*) 7

E=¢pep+ére J

the independent unit vectors are taken along:

=/

o longitudinal direction, €, = %
. q = 7' x E
o transverse direction, €p = ===
[P’ x|

o perpendicular direction, ép = €1, X €

-

§r=¢&-€r; ¢p=E-2p; Er

Il
"y
L

=5
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Polarization of the final hyperon

Perpendicular component: PP(QZ) = E ép

Pp(@Q%)

_A@(kF)* — kPP )
7| |7 x K
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Case II: When T-violation is assumed

The vector part of the hyperon polarization ¢7 is given by

E=AQ*) k+B(Q*) 7+ C(Q%) Mp(kx 7
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Case II: When T-violation is assumed

The vector part of the hyperon polarization ¢7 is given by

€= A(Q%) E+B(Q%) F + C(Q%) Mp(kx7)

E=¢pep+Erer+Eper J

-

Transverse component: PT(QQ) =¢-ép

2 7 =N\2 7121712
pr(o? = 2@ )Mp[|(;~z;)E| K717 1] J
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Expression of A(Q?), B(QQI) and C(Q?)

Conclusion Backup

AQ) = FAUQD)+EA2Q%) + g1 A3(Q%) + 95 Aa( Q%) + fio A5 (Q7)
+  f10146(Q%) + f291A7(Q?)

B(Q*) = fBi1(Q*)+fB2(Q) + 9t Bs(Q*) + 65 Ba(Q°) + fifo Bs(Q?)
+ A0Bs(QY) + fog1Br(Q)

C(Q%) = Im(g192C1(Q%) + f1g2 Co( Q%) + f292 C3(Q?))
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Expression of A(Q?), B(QQI) and C(Q?)

Conclusion Backup

AQ) = FAUQD)+EA2Q%) + g1 A3(Q%) + 95 Aa( Q%) + fio A5 (Q7)
+  f10146(Q%) + f291A7(Q?)

B(Q*) = fBi1(Q*)+fB2(Q) + 9t Bs(Q*) + 65 Ba(Q°) + fifo Bs(Q?)
+ A0Bs(QY) + fog1Br(Q)

C(Q%) = Im(g192C1(Q%) + f1g2 Co( Q%) + f292 C3(Q?))

If T-invariance is assumed

C(Q*) =0, Pp(Q*)=0
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