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|AS| = 1 processes

wced Single Hyperon

Pmdun‘zon
a(k)+p(p) — IT(K)+A®P) e (k)+p(p) — ve(k)+AQR)
k) +p(p) - ITE)+3°0) e (B)+p(p) — ve(k)+2°(p)
7k)+n(p) — ITE)+27(0) e (k)+p(p) — ve(k)+A%(p)

These processes are Cabibbo suppressed as compared to the AS = 0 associated
production of hyperons.
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sinfe

|AS| = 1 processes are Cabibbo suppressed as compared to |AS| = 0 processes by a factor of
tan20. = 0.054.
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- |AS| = 1 processes are important because they enable us to test the SU(3)
symmetry in our understanding of strangeness changing weak processes.

« Study of single hyperon production provides an opportunity to measure
N-Y transition form factors

(which are presently known only at low Q* from HSD).

- In precise predictions of v — A cross section in 0.3 GeV - 0.8 GeV energy
region.

With the availability of luminosity ~ 103 — 1040 /cm? /sec electron beam at
the accelerators like JLab and MAMI, it should be possible to study the
weak production of A and hyperons.

- For the energies By, E. < 0.4 GeV, the Y production cross sections are
comparable to the A production.




Differential cross section

do for the process

do for the process
e (k) + N(p) = ve(K)+ Y (p),

1 1 3K a3y

M|

Ykt p-K -9
GnZ Iy B, kP P)ag, 2E,

do =

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

@ M is the transition matrix element
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Transition matriz element

Vector operator Axial vector operator

M= G*‘Sinacﬁyh) [OQL/(B/B)(P/:P) o*‘/(;’,p)} up(2) X L

2 A(B'B)

o L — (K )yu(145)u, (k) for antineutrino induced process.
o L — Uy, (K)yu(1 —5)ue(k) for electron induced process.

. v /
o gy BB(QQ)

%55y (#'sP) = 1E5(QY v+ Mp+ M2 \

Vector FF Magnetic FF
. B'B( 2 = B'B( 2
OZ(B’B) (r',p) = (@ )vuvs + #Mé%’)gg \(‘Q )
Axial vector FF Induced pseudoscalar FF
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Form factors: vector and axial vector

The assumption of SU(3) symmetry and CVC leads to the determination of f; (Q?)
and fo(Q?) in terms of EM form factors of the nucleon f{¥ (Q?) and £ (Q?) and
91(Q?) is given in terms of two functions F*(Q?) and D4 (Q?).

FF n— 3" p— A p—x°
A(@Q) | —U1(@) +2/(Q) —/311(QY) — (@) +271(Q%)
£(Q%) | —(UB(Q)+2£(Q%) /2@ — 5 (@) +2£(Q%)
0(Q¥) | B0 g, BRI g7 L@@ ,(0?)

F and D are determined from the semileptonic decays and are taken as 0.463 and
0.804 respectively.

1 q?
P 2 — p,n 2 Py 2
1 (Q) - 1— 42 GE (Q)_4M2GM (Q)
4M?2
s 2 1 P 2 P 2
f2 (q ) = o) [GM (q )_GE (q )]
ey e

We assume dipole form for the axial form factor.

2y _ 94(0)
94(Q%) 7(14_5_%)27

g4(0) = D(0) + F(0) = 1.267
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Form factors: pseudoscalar

@ The pseudoscalar form factor g3(Q2) is obtained in terms of axial vector form

factor g1(Q?) assuming PCAC and Goldberger-Treiman(GT) relation extended
to strangeness sector.

9 Marshak et al.(Theory of Weak Interactions in Particle Physics, Wiley-Interscience, 1969. ):

(my+my)? gV (Q%)(m% + Q%) — mZ g}V (0)
Q m + Q2 '

s Nambu(Phys. Rev. Lett. 4, 380 (1960).):

937 (Q%) =

(my +my)?

7+ Q%) a1 (@%).

93" (@) =
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o vs Ey,, for vy+p— pt+A and v, +p— pt + 30 process.
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o vs B, and do/dQ?

]00E

— l();—

(] F

e

— O

@ e +p—vetA g
_ 0 =) F
e +povetd =01
o f

9 e —|—p—>ue—|—A0 ool
0.001-0.2

S

“~e.._ E=08GeV

>

S
DD
>
S

c

Lt -

- do/dQ” (10™* em™/GeV?)_
. do/dQ’ (107" cm’/Gev?)

sl b b el o baa sl
0. 04 0.8 12

|||I|||I|||I|||I|||I|||I|||I|
0.1 . 0.6 0.7

4 0.
@ Gev Q' (GeV)

arXiv:1704.04580; Eur. Phys. J. A (in press)
13 / 45



Hyperon production

INSIDE NUCLEUS
@ Fermi motion and Pauli blocking effects of initial nucleons are considered.

Q The Fermi motion effect is calculated in a local Fermi gas model, and the cross
section is evaluated as a function of local Fermi momentum pg(r) and integrated
over the whole nucleus.

Q Inside the Nucleus: In the local Fermi gas model
o4 = //;(1’) d>1 Otree(Wp+N—pu' +Y)

Local Fermi momentum for neutrons and protons:

pr, = Brlon(M]Y3; pr, = Brlpp(]?

pn(r) and pp(r) are the neutrons and protons local densities in the medium.

Differential scattering cross section

)[ do :|
deEl dQ2dE; froe

Phys. Rev. D 74, 053009 (2006) s



FINAL STATE INTERACTION(FSI) EFFECT

The produced hyperons are further affected by the FSI within the nucleus through the
hyperon-nucleon quasielastic and charge exchange scattering processes like

e A+n—3%X" +p,

e A+n—304n,

@YX +p—A+tn,

o X +p—304n,

o A+p—YT4n

o X4 p— 2t 41 ete

This has been taken into account by using a MC code where Y-N scattering xsec is
the basic input, the details of the prescription is given in
Singh & Vicente Vacas PRD 74, 053009, 2006
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. Phys. G 42, 055107 (2015)
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Pion production: Delta vs Hyperon 160

PIONS —

As the decay modes of
hyperons to pions are highly
suppressed in the nuclear
medium, making them live
long enough to pass through
the nucleus and decay outside
the nuclear medium.

o (x 10® sz)

Therefore, the produced

pions are less affected by the
strong interaction of nuclear
field, and their F'SI have not
been taken into account. ) Phys. Rev. D 88, 077301 (2013)
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Hyperon polarization in antineutrino and electron induced reactions

on of hyperon may provide an alternative way to determine:

o 1N — Ity
» axial dipole mass, M4
» electric neutron form factor, G%(Q?)
» pseudoscalar form factor in the strangeness sector, g3(Q?)

e e p—rY
o axial dipole mass, M4
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In the covariant density matriz formalism, the polarization vector €™ of the

hyperon is given as:

£ = Tr[y™5 pyl
Tr[py]

pf= ﬁa’BA(p/)JaA(p)jBA(p/)

is final spin density matrix.

_— p”p"’) L Tryov5A(p') Jo A(p) Jg]

Lop T7[A (p")Ja(p) 75]
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The vector of the hyperon polarization £7 is given by

do »_ Gpsin®fe (k+K)my A(Q? By, ) + (k—F)B(Q? By, )

Q> 3w mNmyE;u
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The vector of the hyperon polarization £7 is given by

do o Ghsin0 (k+F)ymy A(Q, Bp,) + (k= F)B(Q* By, )
aQ2> 8

2
mNmyEf,u

e (k)+ N(p) = ve(k)+ Y (p')

Unit vectors along: Unit vectors along:
@ longitudinal direction, @ longitudinal direction,
—/ — =/
5 — _ d 2 _ D
€L, = 1= = 137 €1, = 13
L= 19T ~ T4l L= 7]
o transverse direction, ép = kx ke @ transverse direction, €7 = pxk
[kx k| |p’ x|
@ perpendicular direction, @ perpendicular direction,
gPZELXET gngLXET
v v

Component along €7 vanishes due to T—invariance and the absence of second class

current. 22 / 45



(k) + N(p) — IT(K)+ Y(p)

my & =
E,; S €L

Longitudinal component: Pr(Q?) =

do
TQ2PL(Q2)

_ Gsin?6, (E% —Eﬁ+m5) my A(Q?, Eg, ) +|d°B(Q*, Ep,,)

P 2
8m || By my Eﬁu

Perpendicular component: PP(QQ) = g -eép

_ Glz;‘sin2 0. |]_g"| A(Q2,El7u)sin0

47

gl my Ep,
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[4-dependence: -2, Pr(Q?) and Pp(Q?) distributions vs Q.
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[ 4—dependence: dd_c32 Pr(Q?) and Pp(Q?) distributions vs Q2.

vun— ptET at Ep =1 GeV and 3 GeV.
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G%(Q*)~dependence: dd_c32 Pr(Q?) and Pp(Q?) distributions vs Q2.

vun — YT at Ep, =1 GeV and 3 GeV.
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Pseudoscalar FF, g3(Q?): -39, P;(Q?) and Pp(Q?) distributions vs Q2.
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PL(Q?) and Pp(Q?) distributions vs Q.
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Conclusions

The reduction due to nuclear medium and FSI effects in the case of pions
obtained from A excitation is large enough to compensate for Cabibbo
suppression of pions produced through hyperon excitations up to

Ep, <0.5GeV for = production and 650 MeV for 79 production.
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Conclusions

The reduction due to nuclear medium and FSI effects in the case of pions
obtained from A excitation is large enough to compensate for Cabibbo
suppression of pions produced through hyperon excitations up to

Ep, <0.5GeV for = production and 650 MeV for 79 production.

« Pion production from hyperon excitation when folded with the spectra of
MiniBooNE or atmospheric antineutrino fluxes found to contribute
significantly.

- Pr(Q?) and Pp(Q?) are quite sensitive to the value of My for
Q2 > 0.4GeV? and My may be measured independent of o.

- Q? dependence of cross sections and polarization components are found to
be sensitive to the Gg(Q2) especially for X~ .

« Pr(Q?) and Pp(Q?) are sensitive to the pseudoscalar form factor at low
Eg

2
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ko‘ Pr(Q?) and Pp(Q?) distributions vs Q2.

vup — A averaged over MINERVA spectrum.
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dd—é’z, Pr(Q?) and Pp(Q?) distributions vs Q2.

vup — A averaged over T2K spectrum.
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Nuclear Medium effects:
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Expression of N'(Q?, Ey)

f12 (ZEDM (k- 4 +2myEy — mi) — 2K El(my +Eu))+
f22 2 2 2 2
P E—T By — Ep EE 4(E2 +E2 ) —mP)—
s DR Oy B = B, ) Ry (4GB + B ) = )
3m?2 (my +Ey —Ep ))—4m m2 B2 )+
n MY ] M N™p vy,
a2 @E-F (my — By +Bp,) ~Ep, (mﬁ —2myEp))+
2, 7 w2 2 B
9B (F-F)2m (my —my = Bu+ By )+
fifa = PIN2 7 7 2
———— 8(k-k) +k-k (4(my —my)(Ey — Ep ) —6my )+
my +my H L
2miE;u (my —my N+
P 2
For (=4 (B + By, ) = mj By )+
f291 P 2
—29 (a(my +my)E-F (B + By ) —m2 By )+
my +my N Y s Y ")

g103(—2m (K- + By | (my —my)))
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Expression of A(Q?, Ey )

/f(,zg.gl,(mlvfmy)(fzu7Egu)+mﬁ)+
f22 2 2
= ! = !
m (2k- k —m#)(Qk:-k: +(WN—my)(E;L—EDM)—WM))+
G2 (2R F 4 (my + my) (B — By,) = mi)+
fif2

(—2(2k - K (my + By — By ) +my (B — By )2+
my +my Y M " N\ Fp Y
miy (= (my + By = By D)+

191 (2my (By + EDM ) +/193(mi(*m1v +my + By — EDM N+

f291 P 2 2 2 2
—(—4k -k (F Ey — 2F 2EZ ) E 3E;
mN+my( (Ey + V}L)+mN(m/"' i ,,u)+m#(my+ '+ u#))+
f293 2 I 2
m(m#(—mﬂ'k — (my —my)(Ey —EDH)‘FWM))-
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Ezpressions of B(Q?, Ep))

my +my

f12((E;L+EDM)(QE-EI+my(my—mN))+mi(my—2EDM))+
L(M»E’)?w +Ep )42k K ((Bu+Ep )(my(my +2B, —2E; )+
(7’7'1\]+7’7'y)2 13 UH " UH N Y " V/»"
my) =i (my + B 8Ep ) mpy (—my (my (B + By ) + 485 (By — By )+
m? (my +285, )+ m2 (B =385, N+

93 (Bu + By V2R F +my (my +my)) - m? (my +2By N+
fif2
my +my

ED” (2mpy +my))))+

@Oy (B + Bg )F-F 4 my (Bg | — Bp)) +mi (my (my + Bu)—

fro1 (2B (2F - F +m3) — 25, (2F-F 4+ 4my By — 2m,ﬁ +mi)+

Frog(mpy (R-F —my (my +2B5 ) +my (my + By =y D)+
f29 - -

L(—s(k-k/)2+k-k,(6mi—4(m,NEH—mNE,; +m3))

my +my 3
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f293 I
(it (B + By (2K F oy (my —my)) + i (my — 285 1))
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O 5y (#s9) = 1 P( @)+ G 1 B (@) + S 17 P (QP).

B'B 2 b ’ )
Oprp) (F'7) =1 (@) 5+ ;1\11 598 P(QH) + )M/”F/:gj,g B@).
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The siz form factors fi(¢?) and g;(¢*) (i=1—3) are determined using
following assumptions about the weak vector and axial vector currents in weak
interactions:
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and g;(¢?) are real.
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interactions:
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(b) Assumed that AS =0 and AS =1 weak currents along with the
electromagnetic currents transform as octet representation under SU(3).




The siz form factors fi(¢?) and g;(¢*) (i=1—3) are determined using
following assumptions about the weak vector and axial vector currents in weak
interactions:

(a) The assumptions of T invariance implies that all the form factors fi(q?)
and g;(¢?) are real.

(b) Assumed that AS =0 and AS =1 weak currents along with the
electromagnetic currents transform as octet representation under SU(3).

(c) f:(¢®) (9:(q?)) occurring in the matriz element of vector(azial vector)

current is written in terms of two functions D(q?) and F(q?)
corresponding to symmetric octet(8° ) and antisymmetric octet(84)
couplings of octets of vector(azial vector) currents.




The siz form factors fi(¢?) and g;(¢*) (i=1—3) are determined using

following assumptions about the weak vector and axial vector currents in weak

interactions:

(a) The assumptions of T invariance implies that all the form factors fi(q?)
and g;(¢?) are real.

(b) Assumed that AS =0 and AS =1 weak currents along with the
electromagnetic currents transform as octet representation under SU(3).

(c) f:(¢®) (9:(q?)) occurring in the matriz element of vector(azial vector)

current is written in terms of two functions D(q?) and F(q?)
corresponding to symmetric octet(8° ) and antisymmetric octet(84)
couplings of octets of vector(azial vector) currents.

(d) The assumption of SU(3) symmetry and G—invariance together implies
absence of second class currents leading to

£3(6%) = g2(¢*) =0




The last two columns correspond to the SU(3) symmetric values of the Cabibbo
model.

F=0.463, D =0.804, pp = 1.7928, pn = —1.913
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Lepton energy distributions for m— production
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Lepton energy distributions for m° production.
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(k) + N(p) — ve(K)+ Y(p)

The vector of the hyperon polarization £

is given by

€= [k a(Q)+'8(Q%)].

o my (((Q?) k-7 +B(Q) |2
Pr(Q%) = Ep' < 17| Jaﬁﬁa/i

)
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Expression of a(Q?)

a(Q?)

82 [12(0%) ((my +my) (my = my)? =)
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2 2
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2 2
2(@7)91(Q%) + ﬁl(m 2 +t))
(my +my)

2mymZmy —m2 (3m§,+r,) - (m%, +t) (mi — 25— f))]
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Expression of B(Q?)

8(Q%)
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