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AS = 1 processes are Cabibbo suppressed as compared to AS =0
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Weak Processes

Single K-meson

vp — I'K'p Vp — 'K p
vin — K% Vp — 'K
vin — ['K'n vin — 'K n

Single Hyperon Production

vp — I'x°
vp — ITA

yn — 'Y
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Weak Processes

YK Prod

Qinala K macan

@ Selection rule AS = AQ restricts AS = 1 single
hyperon production to v rather than v reactions

AS =0, AQ ==+1 Allowed
AS= AQ ==l Allowed

AS= —AQ ==£1 Forbidden
v+ n =1 +zt V+ n —=IT4+X
0 +1 Q0 0 -10
0 -18 0 -1
S—

yn — ITX"
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Single 1 Production

vin — [ pn
Vip — l+nn

Associated Production(Charged Current Channel)

vin — ITKTA Vp — ITK°A
vp — KTzt vp — 17K
vn — "K't Vp — I'K'Z
vn — [TK'ZF vn — ITK%%
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Associated Production(Neutral Current Channel)
Similar to electroproduction with additional
contribution from axial currents

vin —  v;K°A° vyn — vK°A°
vn — vK°2° yn — K20
vin — V1K+27 vin — \_IIKJer
vin vip — V1K+A0 vip — \_/1K+A0
Vip +30 o cty0  E°
vip — VK'Y vp — VK'Y r
Vi yp — vkt yp — VK=t
vin — [ K°XT vin — [TK’YX"
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@ SuperK has not observed nucleon decay—-260kT-year J

@ They have put limits(90% CL) on the partial lifetimes for decay modes
U 34
m > 1.3x107" yrs
B(p+K+\7) > 0.59 x 10* yrs
@ Uniqueness of proton decay signatures in a LArTPC J

o LArTPC technology is expected to out perform water Cherenkov in

o Detection efficiency
o Atmospheric neutrino background rejection

for most nucleon decay modes
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Decay Mode Water Cherenkov Liquid Argon TPC
Efficiency  Background  Efficiency = Background

p— K™V 19% 4 97% 1

p— Kout 10% 8 47% <2

p— Kty ot 97% 1

n—Kte” 10% 3 96% <2

n—setmn 19% 2 44% 0.8

10% HAr 100 kon ‘ Proton decay

i | e ”/,_( = s ’--'*”‘E LAr 34 kton lifetime limit
3 | / //-/"""'/ for p — K™V
X =t i .
s / / = oy as a function
2 104/ B o : of time for
5 f / e S
a r — = S S underground
2 7{.7 / Super-K 260 k-ys (2013, proliminary) "
k- 1/ » ’ LArTPCs

i f - - 4 - :;s;‘;: :“nffic‘\cnﬁy

’ ‘I y ] 0.1 events 86/100 ktan yr A
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Most of the experiments are carried out on detectors containing

complex nuclei such as iron, oxygen or carbon.
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Most of the experiments are carried out on detectors containing
complex nuclei such as iron, oxygen or carbon.

In the case of p — e + 7, maximum detection efficiency is limited
to 40 — 45% because of inelastic intranuclear scattering of the nt°.
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Most of the experiments are carried out on detectors containing
complex nuclei such as iron, oxygen or carbon.

In the case of p — ¢t + 1", maximum detection efficiency is limited

to 40 — 45% because of inelastic intranuclear scattering of the nt°.

We could remember here that some of the major nuclear effects for
pion production are originated by the modification of the A(1232)
properties in nuclei.
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Most of the experiments are carried out on detectors containing
complex nuclei such as iron, oxygen or carbon.

In the case of p — ¢t + 1", maximum detection efficiency is limited
to 40 — 45% because of inelastic intranuclear scattering of the nt°.

We could remember here that some of the major nuclear effects for
pion production are originated by the modification of the A(1232)
properties in nuclei.

Fortunately, this question is much simpler for the kaons.
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First, because there is no K absorption and the final state interac-

tion is reduced to a repulsive potential, small when compared with
the typical kaon energies.
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First, because there is no K absorption and the final state interac-
tion is reduced to a repulsive potential, small when compared with
the typical kaon energies.

Second, because of the absence of resonance channels in the pro-
duction processes.
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Second, because of the absence of resonance channels in the pro-
duction processes.

Other nuclear effects, such as Fermi motion and Pauli blocking will
only produce minor changes on the cross section and can easily be
implemented in the Monte Carlo codes.
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Measurements were performed for 1.5 GeV < E, <3 GeV
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Measurements were performed for 1.5 GeV < E, <3 GeV
@ Neutral current to charged current cross section

o(v+K+A)

—_— 1.5+1.5
o(u=+K++A)
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@ Neutral current to charged current cross section
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—_— 1.5+1.5
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= Perhaps A.P. in NC is stronger than in CC
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@ Neutral current to charged current cross section
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—_— 1.5+1.5
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= Perhaps A.P. in NC is stronger than in CC

@ Charged current A’K* and m—production cross sections:

o(Vy+n—u +K"+A)

= 0.04+0.03
6(Vy+N —u~ +N+mn)
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Measurements were performed for 1.5 GeV < E, <3 GeV
@ Neutral current to charged current cross section

o(v+K+A)

—_— 1.5+1.5
o(u=+K++A)

= Perhaps A.P. in NC is stronger than in CC

@ Charged current A’K* and m—production cross sections:

o(Vy+n—u +K"+A)

= 0.04+0.03
6(Vy+N —u~ +N+mn)

@ Charged current pK(AS = 1) and m—production cross sections

o(Vy+N—u +K"+p)

0.03+0.03
6(Vy+N —u~ +N+mn)
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Bubble Chamber using Freon

@ Ratio of CC Strange particle production accompanied by Kaon
to total CC particle production

All strange particle events(Vy,+N — u~ +S+X)
All charged currents events(CC with W > M + M)

= 0.08+0.02

YK Prod.
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YK Prod.

Bubble Chamber using Freon

@ Ratio of CC Strange particle production accompanied by Kaon
to total CC particle production

All strange particle events(Vy,+N — u~ +S+X)

= 0.08+0.02
All charged currents events(CC with W > M + M)

Osnc(AS =0) 1017
Oscc (AS = 0) —0.09
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Bubble Chamber filled with hydrogen (15 GeV < E, <40 GeV)
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Bubble Chamber filled with hydrogen (15 GeV < E, <40 GeV)
@ Ratio of pK to pn

o(Vy+p—u K'p)

= 0.017+£0.010
G(V,u +p—ump)

YK Prod.
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Bubble Chamber filled with hydrogen (15 GeV < E, <40 GeV)
@ Ratio of pK to pn

o(Vy+p—u K'p)

= 0.017+£0.010
G(V,u +p—uTp)

@ Measured

o(Vy+p—u ntp) =0.80+0.12 x 1073* cm?

YK Prod.

13/80



1K Prod. 1Y Prod. 1M Prod YK Prod.
00000 [e]o]e}

Bubble Chamber filled with hydrogen (15 GeV < E, <40 GeV)
@ Ratio of pK to pn

o(Vy+p—u K'p)

= 0.017+£0.010
G(V,u +p—uTp)

@ Measured

o(Vy+p—u ntp) =0.80+0.12 x 1073* cm?

o Estimated

S(Vy+p—u KTp)=1.4+0.8x 107% cm?
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E, >1.5GeV
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Ey>15GeV

@ Ratio of strange particles to all particles

R— 6(v+d — u~ + strange particles)
N o(V+d— u +all)

> 0.0524+0.018
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Ey>15GeV

@ Ratio of strange particles to all particles

R— 6(v+d — u~ + strange particles)

> 0.0524+0.018
o(v+d— pu +all) -

@ Cut on hadronic masses

1.4 GeV < W <3 GeV
R >0.075£0.027
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For 1 < E, <5 GeV
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For 1 < E, <5 GeV

@ Atmospheric neutrinos
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For 1 < E, <5 GeV

@ Atmospheric neutrinos

o(K°CC)

——F—— = 0.18%0.12
ScC

o(K*tCC)

—— = 0.82+0.12
ScC
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For 1 < E, <5 GeV

@ Atmospheric neutrinos

o(K°CC)
SV L) 0184012
SCC
o(KTCC)
O\ € _ o82+012
SCC
scc(AS = 0) — 0744027

Gscc(AS = 0) +Oscc(AS = 1)
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Formalism

The general expression for the scattering cross-section is given by,

(2m)* - diéf 4 3 2
do= fI;Il o) 8* (ki — k) ZX| M |7,

16/80



1K Prod 1Y Prod 1M Prod YK Prod
00000 [e]o]e}

Formalism

The general expression for the scattering cross-section is given by,

(2m)* - d%f 4 = 2
o= 4MEfI:112kJ9(2n)38 (ki — k) ZX|M |2,

(L)

b
.
-
b=

M = Gr /D) qu(H) _

= %]IJ 3 J/J(H)
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Formalism

The general expression for the scattering cross-section is given by,

_ (2m)
Po= ]l 260 (2m)
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dky
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Leptonic Current
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Formalism

The general expression for the scattering cross-section is given by,

(2m)* - diéf 4 3 2
‘PG::me}lzgxmn38(h_kﬁzmmﬂ’

Hadronic Current | Leptonic Current

o~

M = G i) = i) JH(H)

1 g
M3, 22
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Formalism

The general expression for the scattering cross-section is given by,

9 (2W)4 . dié 4 2
d'oc= 4MEH2k0( 27 8" (ki — kp)ZX| M |7,

Hadronic Current | Leptonic Current
L
M = f];(l)]“() \[L)M_zz\_f_]ﬂ()

L= —2% (W (1 —y5)I+ hec.].
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Formalism

The general expression for the scattering cross-section is given by,

Cnt e di
d90—4MEH2kO( )84(k — k) XM,

Hadronic Current | Leptonic Current
L
M = \[]L)]H() WE')M_ZQTJ”()
= W' (1—v5)I+ h.c.
5 \/— [ (1 —1s) ]

Hadronic currents are obtained using Chiral Perturbation Theory
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Meson-Meson Interaction

The lowest order Lagrangian with the minimal number of derivatives describing the

interaction of the Goldstone bosons

L—f’%T TpH
71 r(D”U U)
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Meson-Meson Interaction

The lowest order Lagrangian with the minimal number of derivatives describing the

interaction of the Goldstone bosons

L—f’%T TpH
71 r(D”U U)

U is the SU(3) representation of the meson fields ¢(x) containing the Goldstone

U(x) = exp (z%) ,

boson fields
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Meson-Meson Interaction

The lowest order Lagrangian with the minimal number of derivatives describing the
interaction of the Goldstone bosons

U is the SU(3) representation of the meson fields ¢(x) containing the Goldstone
boson fields
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Interaction of pseudoscalar fields with baryons

. + . -
We consider the octet of % baryons. With each member of the octet

we associate a complex, four-component Dirac field
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Interaction of pseudoscalar fields with baryons

. + . -
We consider the octet of % baryons. With each member of the octet

we associate a complex, four-component Dirac field

1y0, 1 4
- ﬁz 4:\/5/\ 1 % 1 b
B(x) = Zﬁbm)xk_ x —AX0sdA |
k=1 = =0 —%A
6
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The lowest-order chiral Lagrangian for the baryon octet in the presence
of an external current may be written in terms of the SU(3) matrix B
as,

. D_ -
iy = Te[B(ib—M)B] - 2 Tr (BY'¥s {1, BY)
F _
— ST (Yl B),
covariant derivative of B:
D,B=09,B+[[,B],
I = % [uT(a“ —ir')u+u(o* — il“)uT]

DU = HU—ir'U+ iUV
DUt = MUT+iUTH—iltUT,

w =i [ul (04 —irt)u— u(o" —il")u'|
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@ Ssingle Kaon Production
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Currents for single K production by v off the nucleon

Hler
Ples
Plem
Hs
A
Hkp
JHn
My

JH sk

AcT Vus gﬁ(ﬁ) (¥ +Bcr ¥'v5) N(p)

V2o
iAcrzVus(D—F) -~

@)(w 3 g (- F><wfqzﬁ”M24>y5> L N
k

2fn (P —pi)
iAcynVas (D+3F) L‘wp)(w:“—"w Bl zmvS) LAt BN
3 P -M (P—pi)? -

0P SN s I () g - F>{w—m¢}v§)w>

(r+a?
ANVis(D+3F) —=— Y57¢+¢?+MA 7 (v riggoe - CF0 {r i} ) ¥

sz (p+q)?

¢ —M;?
p
@ - M}

g
(¢ p)? —mz?

AkpVis i“ffv(p’wv(p)

MV2
iAn V2

% N YsN(p)

Vus(D+F)

M2 I

iy = o Vius(D — 3F)mN(p’)75N(P)
A
Py

L/ S—
E*f f " P MZ, + T My

N Prsy, (T +THON (D)

271780



1K Prod.
[ le]

Currents for single K production by v off the nucleon

Hler
Ples
Plem
Hs
A
Hkp
JHn
My

JH sk

AcT Vus gﬁ(ﬁ) (¥ +Bcr ¥'v5) N(p)

iAcrs Vs (D~ F)f (p)(#’ M g+ (0 F>(Y’*qzipM24>Y5>(;:”Mz BTN ),
k

V2 M D+3F s P—b+M,
iAceAVus (D+3F) —N(p)(wﬂﬁo‘qv—T(w—qLM#W) (pfpk) A mszv(m

0PV SN s FIE (s “”*Mz””)cwq +<D—F>{wfq2j’”7Mkz¢}v5)N@>

(p+a)?
AnVis(D-+37) M‘f fﬂi*m (#eigmoman- ORI L i o)
e 32NN L
iAn ’Z}ﬁ Vus(D+F) %N@’)ﬁN@)

M2 I

iy = o Vius(D — 3F)mN(p’)75N(P)
A
Py

VL A S—
E*f f " PT M. + T Mys

N Prsy, (T +THON (D)

271780



1K Prod.
[ le]

Currents for single K production by v off the nucleon
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Process Ber | Acr | As | Ax | Ao | Aca | Akp | An | Aq | Axr
vi— 1 Ktn | DF | -1 0 0 -1 0 I S | 0
vp—I"Ktp | -F 2 0 0 -1 1 2 1| -1 0
vi—1"K% | -D-F | -1 0|0 3 1 12010
Vn—I*K—n | D-F 1 -1 0 0 0 -1 1 1 2
Vp—ITKp | -F 2 -1 1 0 0 2 | -1 1 1
Vp — 17K | -D-F 1 i 1 0 0 -1 210 -1

Table: Constant factors appearing in the hadronic current
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Neutrino Induced K-Production
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Outline

Q Hyperon Production
@ Pion Production
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Single Hyperon Production

Vilk)+p(p) — IT(K)+AQP)
Vi) +p(p) = IFK)+Z(p)
vi(k)+n(p) — I"(K)+Z" ()
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+ Study of single hyperon production provides an opportunity to
measure N-Y transition form factors

which are presently known only at low Q? (from semileptonic
decays)

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

* We could remember here that some of the major nuclear effects
for pion production are originated by the modification of the
A(1232) properties on nuclei where Cabibbo suppressed pion
production through hyperons (A and ¥) production may be
important.

* Hyperons decay primarily through pionic decay modes

+ Therefore contribute to the v induced pion production processes
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o This will help independently to test in strangeness sector
SU(3) symmetry

@ G invariance

@ Absence of FCNC

o AQ = ASrule

<
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@ This will help independently to test in strangeness sector
SU(3) symmetry

G invariance

Absence of FCNC

AQ = AS rule

CVC
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Transition matrix element

Gr .
M = V2 sin .1 J,,

I* is leptonic current and J,,(AS = 1) is the strangeness changing
hadronic current

Ju= ¥V~ AN (p)

(¥ (P AN (D)) = iy () [ivsgr +iom s o 8g iy (p)

Axialvector FF Electric FF  Induced Pseudoscalar FF
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The six form factors f;(¢%) and g;(¢*) (i = 1,2, 3) are determined using
following assumptions about the weak vector and axial vector currents:

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

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

(c) fi(¢%) (gi(¢*)) occurring in the matrix element of vector(axial
vector) current is written in terms of two functions D(g?) and
F(g?) corresponding to symmetric octet(8%) and antisymmetric
octet(84) couplings of octets of vector(axial vector) currents.
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a, b are Clebsch-Gordan coefficients

Transitions

p—A

n— X

p—>20
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YK Prod.

@ The assumption of SU(3) symmetry and G-invariance together
implies the absence of second class currents

f(d*) =g(4*) =0

@ The assumption of SU(3) symmetry and CVC leads to the
determination of fi(¢*) and f>(¢?) in terms of electromagnetic
form factors of the nucleon f(¢*) and £ (¢°)

FF p— 30 p—A

A | AR+ 3@
AP | AE@ 24P IR

81(4%) 7oreald)  —imaad)
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@ We assume dipole form for the axial form factor

24(0) =D(0)+F(0) =1.26

@ The contribution of g3(g?) is very small as it is proportional to
the lepton mass in the matrix element. We neglect its
contribution.

YK Prod.
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INSIDE NUCLEUS
© Fermi motion and Pauli blocking effects of initial nucleons are
considered.
© 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 pr(r) and integrated over the whole nucleus.

Differential scattering cross section

dc &p do
- 2l & / -
dQ2dEl / ' (ZE)S nN(p’ r) [szdEl:| free’

43 /80



YK Prod.




1Y Prod.

FINAL STATE INTERACTION(FSI) EFFECT

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

@ A+n—X +p,
o A+n—X0+4n,
oYX +p—>A+tn,
0 XL +p—X04n,etc.

This has been taken into account by using a MC code where Y-N scat-
tering cross section is the basic input.
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HYPERON GIVING RISE TO 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.

Therefore, the produced pions are less affected by the strong interac-
tion of nuclear field, and their FSI have not been taken into account.
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Pion Production through A excitation

Vi(k) +N(p) = IT(K') +A(pa)
L )+ ()
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Pion Production through A excitation

vi(k)+N(p) — I (k’) +A(pa)
L V() + ()

Cross Section in local density approximation

1 oo . Qh 5 [Kmax ol
= — r)dr d dk dcos©
(47.[)5 /rmin pN( ) /Qrzm‘n Q k’min = §
n W|%/| @n‘ 1 S 2
X ddy = | M|,
0 MEJE, E;,—i—ETc (1—%0%6“) ZZ
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Outline

© Eta Production
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M Prod

Eta production induced by virtual and real photons is being
studied theoretically & experimentally

ELSA in Bonn, MAMI in Mainz have revealed properties
associated with eta meson

Recently Mainz Microtron(MAMI-C) reported results for cross
section using

+ Crystal Ball
+ TAPS multiphoton spectrometer

In the energy range of 707MeV < E < 1.4GeV

52/80
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@ Photoproduction of eta meson off the nucleon

Y+N—=nN+N

@ A tool to study nucleon resonances which is dominated by
N*(1535)

@ This process is comparatively more cleaner and selective to
distinguish other resonances

@ MN couples only to nucleon resonances with isospin I = %

YK Prod
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@ The v/V induced m production is interesting because

@ 1 is one of the important probes to search for the strange quark
content of the nucleons
o subtracting the background in proton decay searches
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Weak n Production

@ The v/V induced m production is interesting because

@ 7 is one of the important probes to search for the strange quark
content of the nucleons
o subtracting the background in proton decay searches

@ Precise measurements of the cross section allows to determine
the axial properties of this resonance

o Finally, theoretical models like the present one allow to improve
the Monte Carlo simulations which are being used to analyze
neutrino oscillation experiments.
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@ We have considered

@ §11(1535)
@ 511(1650)
o Contribution from Born diagrams

@ We have studied y induced m production to fix E.M. form factors

@ Made comparison with the results of C.S. from Crystal Ball
experiment

@ Then use to obtain the isovector form factors for v/v induced
scattering

55/80
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% Born terms are calculated using a microscopical model based
on the SU(3) chiral Lagrangian.
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M Prod

Born terms are calculated using a microscopical model based
on the SU(3) chiral Lagrangian.

The vector form factors of the N-Sy; transition are obtained
from the helicity amplitudes extracted from

@ world pion photoproduction data
@ world pion electroproduction data

Properties of the axial N-S; transition current are basically
unknown

Assuming the pion-pole dominance of the pseudoscalar form
factor, together with PCAC one can fix the axial coupling
using the empirical N* — N7 partial decay width

We make an educated guess for the 9> dependence which
ultimately remains to be determined experimentally

56 /80
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vitk)+n(p) — 1 (K)+p@')+n(p2)
Vitk)+p(p) — IT(K)+n()+n(p2).

7/ 7/
4 W*(g) 7
Wt / n(p) 7
@ A n(p)
7/ 7

7/ 7/
(7] N to P i) Po+a) Iy

v

y (p2)

e
7

n(p) N5, (p—p2) P(7) nlp) 7 nlp=p2) ()

@ N(1535) 1 (JP)
@ N(1650) I (J7)

—
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@ N(1535) 1 (JP)
@ N(1650) I (J7)
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—
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Photoproduction of Eta Mesons

Y(@)+p(p) = p(p) +1(p2)
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Photoproduction of Eta Mesons

(@) +p(p) = p(p') +n(p2)
Cross section in lab frame:

d3
do = (21)*8* (o +1 —q—p) Dn

1
4qoM (2m)32E, (27)

32E/Z|M

YK Prod
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Photoproduction of Eta Mesons

Y(@)+p(p) = p(p) +1(p2)

Cross section in lab frame:

1 dp
do = (2m)*&* /—g— - ")
c=(2m) (pn +p —q p)4q0M (271:)32E (2m) 32E/Z|

(s)

The transition amplitude is M,

|%(S)|2 _ 62€;(~V)8\(/‘V)Hyv
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Photoproduction of Eta Mesons

Y(@)+p(p) = p(p) +1(p2)

Cross section in lab frame:

1 dp
do = (2m)*&* /—g— - ")
c=(2m) (pn +p —q p)4q0M (271:)32E (2m) 32E/Z|

The transition amplitude is M(X)
I%(S) |2 _ 62€:(~V)8\(/‘V)Hyv

For unknown photon polarization:

E‘Y: ils,f(S)sS,s) — —gu-

58 /80



M Prod

Photoproduction of Eta Mesons

Y(@)+p(p) = p(p) +1(p2)

Cross section in lab frame:

1 dp
do = (2m)*&* == - ")
c=(2m) (Pn +p —q p)4q0M (271:)32E (2m) 32E/Z‘

The transition amplitude is Mm
‘%(S) ‘2 _ eZEZ(X)S\(/X)HyV
For unknown photon polarization:
Zx:ilglt@ss's} 7 8-

And for the polarization states of hadrons which are remain undetected

Z\M :——eg H"Y
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@ The hadronic tensor H*Y

HY =Te[(p+MF(F+MP], T =)'

@ Currents corresponding to the nucleon Born terms are obtained using
xPT:

D— 3F M
INg = EW ﬁnys%ofvuw(lﬂ)
" ~ D- 3F D— ﬁn—l—M "
JN(u) - 2\/_fn (p)ou(p p ) ﬁﬂ’YS N(p
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YK Prod

@ The hadronic tensor H*Y

@ where

Oy

A+ ()i S

@ For real photons q2 = 0, therefore, one may write the above expression
as,

O = MOr+730)ic? .

VU]

2V3fy 7 Tlp—pn)t M T
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For the resonant terms, currents corresponding to s-channel J" and

the u-channel J" ) are:

p+q+ Mg

u _

Jrisy = 18nnsy in: (p)ph(p TaF It Tos Oy (p)
. _ — b+ M

Jllé(u) = ignws, i+ (p) O e ug U Phun(p),

Qa——pn)z——A4§—%ika4R
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For the resonant terms, currents corresponding to s-channel J" and

the u-channel J" ) are:

P+ q+Mpg
JH = os
R(S) lgnNS“MN (P )m'l (p+ ) _M12e+ lFRMR RuN(p)
. _ — pr + Mp
J’u = * f/ ()IJ ﬁ ﬁz ,
R(w) 18NS UN (P ) R (P —Pn)2 _MI% i iFRMRP/nuN(P)
where

(¢ =0).
le = iZTlGMPQp'YS
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For the resonant terms, currents corresponding to s-channel J" and

the u-channel J" ) are:

p+4+Mg

U g —
Taw =t (P70 — M2+ TrMy Oriun p)
u _ o - / p ﬁZ + MR
JR(u) = ignns,, iy (p )OUR(P—pn)Z—MI%—l—iFRMRﬂnuN(p)’
where

FN(q2 — 0) .
O“R = 42 7 o lG“pqp'y5

+(-) sign for s(u) channel diagram.
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For the resonant terms, currents corresponding to s-channel J”

the u-channel J" ) are:

P+ q+Mpg
JH = os
R(S) lgnNS“MN (P )m'l (p+ ) _M12e+ lFRMR RuN(p)
. _ — pr + Mp
J’u = * f/ ()IJ ﬁ ﬁz ,
R(w) 18NS UN (P ) R (P —Pn)2 _MI% i iFRMRP/nuN(P)
where

(¢ =0).
le = iZTlGMPQp'YS

+(-) sign for s(u) channel diagram.
gnnsy, 18 fixed using the resonant decay width.

and
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o I'(S;; — N¢) partial decay width is:
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o I'(S;; — N¢) partial decay width is:

8_@)2 Beu| (W? = M?)? — m3,(W? + M? — 2MMp)

s, —»nve = Co <fn - e
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M Prod

o I'(S;; — N¢) partial decay width is:

8_@)2 Beu| (W? = M?)? — m3,(W? + M? — 2MMp)

rSn—)Nq:‘ = CCI) <fn 875 Wz

@ where Cp = 3 for pion and Cg = 1 for eta meson and
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M Prod

o I'(S;; — N¢) partial decay width is:

8_@)2 Beu| (W? = M?)? — m3,(W? + M? — 2MMp)

rSn—)Nq:‘ = CCI) <fn STC Wz

@ where Cp = 3 for pion and Cg = 1 for eta meson and

Pem| = (W2 — (M +mg)?] [W?— (M —mg)?].

2W
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M Prod

@ I'(S1; — No) partial decay width is:

8_@)2 Beu| (W? = M?)? — m3,(W? + M? — 2MMp)

s »nve = Co <fn Py W2

@ where Cp = 3 for pion and Cg = 1 for eta meson and

[Pem| = W (W2 — (M +mo)?] [W2— (M —mge)?].

@ W is the energy at resonance rest frame, which for on-mass shell
reduces to the mass of resonance i.e. Won-mass = Mg.
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To fix the coupling, following decay fraction for the N* resonance are taken

N*(1535) — Nz 35— 50%
N*(1535) — Nn (42+10)%
N*(1535) — N=n 1—10%
N*(1650) — Nz 50 —90%
N*(1650) — Nn 5-15%
N*(1650) — AK 3-11%
N*(1650) — Nrn 10— 20% .
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To fix the coupling, following decay fraction for the N* resonance are taken

N*(1535) —
N*(1535) —
N*(1535) —

N7 35 —50%
Nm (42+£10)%
N7 1—10%
N7 50 —90%
Nm 5—15%
AK 3—11%
N7 10—20% .
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oA ! is generally parameterized as(following MAID convention):
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oA ! is generally parameterized as(following MAID convention):

o \/Znoce (Mg +M)>?>Mg—M _y,
2

FY (0
M Mi-M> 2M 2(0)
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oA ! is generally parameterized as(following MAID convention):

7w 210, (Mg +M 2A4R——A4
a2 Mnt MY M =M g
} M ME-M2 2M

Parameters fitted using the data from the MAMI Crystal Ball

experiment
Resonance— | S11(1535) | S11(1650)
Helicity Ay (0) Ay (0)
Amplitude| 1073 1073
A’l’ »,(0) 89.38 53.0
St 5 (0) -16.5 -3.5
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Photoproduction of | Mesons

20 T T T T I T T T
L Present Result _
. PRC82,035208(2010)
15— —
< oL Y+P p n
— 10
o
5 =
|| Iﬁﬂﬂzﬂﬁlﬁzﬁfgﬂﬂ_
0 1 I 1 1 1 I 1 1 1
0.8 1 1.2
Ey (GeV)

Crystal Ball detector at the Mainz Microtron(MAMI-C)
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Weak production of n Mesons

The current has V — A structure
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Weak production of n Mesons

The current has V — A structure

Hadronic currents for nonresonant terms using Y P7 is obtained
as,
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Weak production of n Mesons

- The current has V — A structure

-~ Hadronic currents for nonresonant terms using xP7 is obtained
as,

w _ 8YwD-3F_
VO T 2V o

M
p’n'Ys [5+4+ — M2 OK”"N(P)
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Weak production of n Mesons

- The current has V — A structure

-~ Hadronic currents for nonresonant terms using xP7 is obtained

as,
Via D—3F +q+M
Mo = ix/(’i 2 A pl’ﬂs 15 4 oo N®)
. gVuD-3F_ —ph+M
Mo = 3 2V3fr uN(p)OIHV(P )= Pt P,
where
O = K@ +H(@)ic" 5o @Y ~frla)a'Y
N
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For the resonant S (1535) and S;;(1650) channels the hadronic
currents are given by,
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For the resonant S (1535) and S;;(1650) channels the hadronic
currents are given by,

&Vd . _ b— P2+ Mg
J’u = — ()u )
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For the resonant S (1535) and S;;(1650) channels the hadronic
currents are given by,

Cyl p'_pZ‘%AlR
®(p—pn)* — M3 +iTrMp

8Vud .
Tewy = SN ()

Wi Phun (p),
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The isovector form factors F }/2, are given in terms of the
electromagnetic transition form factors of protons and neutrons as
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The isovector form factors F }/2, are given in terms of the
electromagnetic transition form factors of protons and neutrons as

FY(Q%) =F(Q*) - F}(Q%); F3(Q%) =F5(Q%) —F5(Q°).
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The isovector form factors F }/2, are given in terms of the
electromagnetic transition form factors of protons and neutrons as

FY(Q%) =F(Q*) - F}(Q%); F3(Q%) =F5(Q%) —F5(Q°).

F) (Q?) are obtained from the helicity amplitudes A7" and S"",
: 2 3

given as

YK Prod
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The isovector form factors F }/2, are given in terms of the
electromagnetic transition form factors of protons and neutrons as

FY(Q%) =F(Q*) - F}(Q%); F3(Q%) =F5(Q%) —F5(Q°).

F!}(Q?) are obtained from the helicity amplitudes A}" and 7",
given as ’ ’

pn 270, (MR+M) +Q2 Q 2 —-M D1 (2
A% - \/ M M% — M2 wr’ 1@+ 2M R0
D T (MR _M)Z +Q2 (MR +M)2 +Q2 D ¢ 2 D ¢ 2
A \/M (@) @)
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The parameters A1 and S are generally parameterized as:
2 2

41(0%) = A (0)(1+0Q?) e P
$1(0%) = $,1(0)(1+aQ?) P,
Parameters used for the helicity amplitude
Resonance— S11(1535) S11(1650)
Helicity Ay (0) o B Ay (0) o B
Amplitude] | 1073 1073
p (Qz) 89.38 | 1.61364 0.75879 53 1.45 0.62
(QZ) -16.5 2.8261 0.73735 -3.5 2.88 0.76
n (0% | -5279 | 286297 1.68723 93 013 155
S'; (0% | 2966 | 035874 155 100 | -05 155
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_ %\ 7[+

n P*

F(0) = 2gy My =1.03GeV
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Outline

@ Associated Production
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Channels Considered

Neutrino

vin
vin
vin
Vip

L4 L

YK Prod.

Anti-neutrino

vip
vip
Vip
Vﬂl

LLLd

I's K+
ITAK®
AN &
Itr K°
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Feynman diagram

Ve
/ i) g
g P
I (q] AU}J / ~ Kipy)
1 , / B il((P’P/] 4
- > / > - > / —)-
M M) W) T 1) N7 vp-p) VW)
/ ) /
g A (. /K
/ ull
D / \ /
/ N/
T 1y) N Yy
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Pl = sV w00t )

Pl = zAvaudgf @w%p Fux(p)
Pl = iV O1-4-M0) 5 ) () #ﬁ’f’imz
Fler = zACTVudfuy@)( +Ber YY) un (p)

Flar = iAs ud%w(p)(wpk)um —~

= Fpritiots (v M)y

where H* is the transition current for Y S Y/ with Y =Y’ =
and/or Hyperon.

Nucleon
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Fs = lASYVud\/_ iy (0 )by (pp:_f—i_M “uy(p)
Fla = lAUYVud\chf (' )'{]{H%p YS”N(P)

. . \/i — / q’u_zp‘u
Fle = lATYVud?(MﬂLMY) ity (P')Ys un (p) Wz—kmz

Fler = lACTVudfMY(P)( -l—BCTY”YS)MN(P)

jy‘nF = iAgV, ud£ “Y(P)(é'i‘lﬁk)uN(P)

4fn m3
Fy a?q
H' = Flv¥+i—206"g,—G —
1w+l MG qv A ’Yu qziln% ’st

where H* is the transition current for Y S Y/ with Y =Y’ =
and/or Hyperon.

Nucleon
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The standard form factors for weak CC transitions of the
SU(3) baryon octets.

SLNo.  Weak transition F1(0%) F2(0%) Ga(Q%)
1 p—n eH—11(0%) Q) ~13(0%) 84(Q%)
, P A -3 -3z -/3Ep
N A -3 -/3R@) -/3Ep gA<Q2
3 st A -3 -3 V3 #2580
4 Tt o1 FHA@) Q) FHLRAE)+R@) FV2rpea@?)
S p—x - @)+2A@] —FBE)+2HQ] J5Phea@)
n—x ST Q)+ 277 ()] f[f Q)+ ()] -5 Frbaal@)
. n—I- —(Q%) —2f{(@%) —5(0%) —2f5(%) Phsa(@?)
p—EF Q%) - 211(0%) —5(0%) —2f5(%) Prbea(0?)
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Couplings for AS = 0 K production

YK Prod.

Process Acr Ber Asy Ayy Aty Ag
Y =% Y'=A
Vip > ITE Kt
0 0 D-F D-F 1(D+3F) 0 0
vin — "5t KO
Vip — I AKO _ B
/3 F0+3F) {D+3R) ,\/gw,p) 0 Z(D+3F) 3
vin— I AKT
Vip — X0k . . . .
o 5 D—F F5((D-F) FV2(D—F) 0 £ 5D-F) *5
vin — I~ XK+
Vin — ITE KO
~1 D-F 0 F-D 1(D+3F) D-F 1
vip = ITEFKT ’

Table: Constant factors appearing in the hadronic current. The upper sign
corresponds to the processes with v
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2

Full Model
— — - Contact Term
- Pole
— 5 Channel
u- Channel (2
« — + = - Channel (K Exchange Term)

[V +n +K A

YK Prod.

20

Full Model
— — - Contact Term
- Pole
— 5 Channel
u- Channel (
« — + = t- Channel (K Exchange Term)

V4D +K A
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With Resonance
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