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Outline

@ Single Hyperon Production
@ Pion Production
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Single Hyperon Production

Generally, these processes are Cabibbo suppressed asedrtgpthe
AS= 0 associated production of hyperons. HoweverHpk 2 GeV,
the associated production of hyperons is kinematicallysegsed by

the phase space.
4163



1Y Prod.

Transition matrix element
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Transition matrix element

Ge .
M = —sinBI" J
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IMis leptonic current and,(AS= 1) is the strangeness changing
hadronic current

Ju=(Y(P)Vu—AuN(p))
Vector and Axial Vector Currents
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The six form factors; (¢?) andg;(¢?) (i = 1,2, 3) are determined
using following assumptions about the weak vector and aeelor
currents in weak interactions:
(a) The assumptions of T invariance implies that all the fornidec
fi(g?) andg;(g?) are real.
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1Y Prod.

The six form factors; (¢?) andg;(¢?) (i = 1,2, 3) are determined
using following assumptions about the weak vector and aeelor
currents in weak interactions:

(b) Assumed thaAS= 0 andAS= 1 weak currents along with the
electromagnetic currents transform as octet representatider
SU(3).
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1Y Prod.

The six form factors; (¢?) andg;(¢?) (i = 1,2, 3) are determined
using following assumptions about the weak vector and aeelor
currents in weak interactions:

(c) fi(g?) (gi(g?)) occurring in the matrix element of vector(axial
vector) current is written in terms of two functiofg?) and
F(g?) corresponding to symmetric octetjgand antisymmetric
octet(8") couplings of octets of vector(axial vector) currents.
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1Y Prod.

The six form factors; (¢?) andg;(¢?) (i = 1,2, 3) are determined
using following assumptions about the weak vector and aeelor
currents in weak interactions:

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

f3(0?) = g2(q?) = 0
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C.H. Llewellyn Smith, Phys. Rep. 3C, 261 (1972)
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INSIDE NUCLEUS

@ Fermi motion and Pauli blocking effects of initial nucleare
considered.

Q@ The Fermi motion effects are calculated in a local Fermi gas
model, and the cross section is evaluated as a function aff loc
Fermi momentunpg(r) and integrated over the whole nucleus.

Differential scattering Cross section

e =2/ [

Phys. Rev. 88, 077301 (2013)
Phys. Rev. Dr4, 053009 (2006).

do
dQ2dE|

free

9/63



YK Prod 1K Prod.

1Y Prod. n Prod

FINAL STATE INTERACTION(FSI) EFFECT
The produced hyperons are further affected by the FSI witemnu-
cleus through the hyperon-nucleon quasielastic and chargeange
scattering processes like

o A4+n—2 +p,

o A+n—3%4n,

o 2 +p—+A+n,

o X 4+p—32%4netc.
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FINAL STATE INTERACTION(FSI) EFFECT
The produced hyperons are further affected by the FSI witemnu-
cleus through the hyperon-nucleon quasielastic and chargeange
scattering processes like

o A4+n—2 +p,

o A+n—3%4n,

o 2 +p—+A+n,

o X 4+p—32%4netc.
This has been taken into account by using a MC code where YaiN|sc

tering xsec is the basic input, the details of the presaonpis given in
PRD 74, 053009, 2006.
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HYPERON GIVING RISE TO PIONS

As the decay modes of hyperons to pions is highly suppressttei
nuclear medium(E Oset et al. Phys. R&g8, 79 1990), making them
live long enough to pass through the nucleus and decay eutsl
nuclear medium.
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HYPERON GIVING RISE TO PIONS

As the decay modes of hyperons to pions is highly suppressdte
nuclear medium(E Oset et al. Phys. R&88, 79 1990), making thern
live long enough to pass through the nucleus and decay eutisel
nuclear medium.

=1

Therefore, the produced pions are less affected by thegstrarac-
tion of nuclear field, and their FSI have not been taken intmaunt.

ot
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Pion Production throughl\ excitation

9i(K)+N(p) = I (K) +A(p)
L N + itk
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1pi Prod.

Pion Production througi excitation

vi(K) +N(p) = 1" (K') + A(pa)

L N + itk

Cross Section in local density approximation
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Pion Production througi excitation

vi(K) +N(p) = 1" (K') + A(pa)

L N + itk

Cross Section in local density approximation
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Eur. Phys. J. A3, 209 (2010).
J. Phys. G37, 015005 (2010).
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scaled by afactor of 2.5i.e ~ 40%
Phys. Rev. 188, 077301 (2013) 19/ 63
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Outline

@ Eta Production
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Photoproduction of Eta Mesons

y(a) +p(p) = p(P') + N (p2)
Cross section in lab frame:
dspn dSp/

< |92
4qoM (2m)32E, (21'[)32E’Z|Mr B

do = (2m*3*(py +p —a—p)

The transition amplitude i94°
|M(5)|2 _ eZSZ(S)S\(}S)HW
For unknown photon polarization:
i?ilsﬁ(S)s\(’S) — 0w

And for the polarization states of hadrons which are remain
undetected

< (5)2__1- MV
Zer "= 4(929“"|_I 25/ 63



The hadronic tensdid*
HY = Tr[(p+M)FW +M)P],  F=v(F) v
Currents corresponding to the nucleon Born terms are aataising

XPT:
D—3F_ |b+¢1+
N(s) N2 Y5 Pra? 5 ONUN(P)
D- 3F_ p—pr+M
JH = O“* u
N(u) 2\/§f (p) (p p ) szlnys N
where

B N2 N w %o
ok = (@)W +5()io oM

For real photonsf? = 0, therefore, one may write the above
expression as,

q
o = Oy +7(0)ic* 5.
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For the resonant terms, currents corresponding to s-chag(g)eand
the u- channeJl“( are:

p*‘Q+4wR Op
(p+a)2—MZ+iFgMg *
p— o+ Mg
R(p—pn)2 M§+irRMR'd”uN(p)’

Jre = i9nns;Une (P)Ph un(p)

Jw = 19nNs:Un-(P)OR

FY(¢?=0)

Oh = +-2 o

ia*gpys

+(-) sign for s(u) channel diagram.
OnNs, is fixed using the resonant decay width.
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I (S11 — No) partial decay width is:

Ms;-No = Co (f_
Tt

81

W2

gq,>2 IBem| (W2 —M2)2 — m2 (W2 + M2 — 2MMR)

whereCgq = 3 for pion andCq = 1 for eta meson and

o = /W2 — (M +mo)2] (W2 — (M — 2]

W is the energy at resonance rest frame, which for on-mask shel
reduces to the mass of resonance\\Mgn-mass— Mg.
To fix the coupling, following decay fraction for thé¢* resonance are

taken
N*(1535 —
N*(1535 —
N*(1535 —

N*(1650 —
N* (1650 —
N*(1650 —

NTT 35— 50%

NN (42+10)%

NTIT 1-10%

NTT 50— 90%

Nn 5—-15%

NAK 3—11% 28/ 63



0.131
0.0868

0.286
0.106
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A% is generally parameterized as(following MAID convention)

F2(0)

5 M MZ-M2 2M

Table: Parameters fitted using the data from the MAMI Crystal Ball

experiment
Resonancer | S11(1535)| S11(1650)
Helicity A)\(O) A)\(O)
Amplitude] 1073 1073
AFl’ 5(0) 89.38 53.0
ﬁ »(0) -16.5 -3.5
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Photoproduction ofy Mesons

Present Result
PRC82,035208(2010)

15

10

0 (Hb)

1
Ev (GeV)

Crystal Ball detector at the Mainz Microtron(MAMI-C)
E. McNicoll et. al. Phys. Rev. (82 (2010) 035208
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Weak production aff Mesons

The current has structuké— A
Hadronic currents for nonresonant terms us{RJ is obtained as,

gVudD—3F_ p+4+M u
70 u

u ON—————— u

2\/2 2\/§fT[ N(p) N(p p MzdﬂVS N

@+ (@0 tp (@~ (eI
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For the resonarfh (1535 andS$;1(1650 channels the hadronic
currents are given by,

V) _ g\md- — p*‘ﬂ‘%hﬂR ()p
e =y NP vz i CRUN(P)
w9V, op p—p2+Mr
‘]R(U) - zﬁlgn (p) R(p_pr])z_Mng‘i‘irRMRﬁrIUN(p)’
where
FY (o?) FY (o).
| — 1 A2 2 up
Oh = gz 49— GV)¥s 55— 10%0pYs
F 2
Fa@ g
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The isovector form factorgY,, are given in terms of the
electromagnetic transition form factors of protons andimes as

FY(Q) =Fl(Q) —FL(Q%); F}(Q%) =F5Q°) —F3(Q).

FD2(Q?) are obtained from the helicity amplitudé§" andS;",
? 2 2

given as
pn 2me (Mr+M)2+Q? Q_ pn~2y , MR—M pn 2)
Al - \/ M2 M2 4M2Fl (Q )+ 2M F2 (Q )
n [ moe( MR |V| +Q2 (MR+M)?+ Q@ (MR—M _pn o _pn >
g - \/ i (N - F @)
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The parameterA% andS% are generally parameterized as:

AL Q) = A (0)(1+a Q) e
S (@) $(0) (1+aQ?) e Y,

Table: Parameters used for the helicity amplitude

Resonance S11(1535) S11(1650)
Helicity A\ (0) a B A\(0) a B
Amplitude| | 1073 1073

AV (P | 8938161364 0.75879 53 | 1.45 0.62

§,@ | -165 | 2.8261 073735 -35 |2.88 0.76
Al (@) | -5279] 2.86297 168723 9.3 |0.13 155
§,(Q) | 2966035874 155 | 100 |-05 L1565
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It
We derived Goldberger-Treiman relation for
the axial couplings and assumed a dipole
form for Q2dependence for the axial form +

T
factors. .
n P
2 2
FAQ) = FaQ) (1+ %) ,
I\/IA
Mg— MM
Fol@) = U A
FA(O) = 29n Ma = 1.03GeV
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Atmospheric
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YK Prod.

Outline

© Associated Production
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Processes

YK Prod.
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YK Prod.

Feynman diagram
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YK Prod.
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where#H¥ is the transition current fory < Y’ with Y = Y’ = Nucleon

and/or Hyperon.
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YK Prod.

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

SI.No.  Weak transition F1(Q?) F2(Q?) GA(Q?)

1 p—n Q%) - 11(Q?) Q%) - 15(QP) 0A(@?)

, P A -3 ELLCR ViELw@)
nos A -3 -3 ViELow @)

3 A -/30@ -/35@) V3 r%50(@)

4 s* 30 50+ FLE@) Q)] V2 a@)

. p—20 ~ 5@+ - HRB@) @) PR
n— 30 L0+ 20(Q?) 5 115(Q) +27(Q?) ~ 5 Prb 0A(@)

. n—s- ~t2(Q%) - 2)(@®) ~5(Q?) - 21(@®) Bhon(@)
po st ~1P(@2) - 210(@?) —9(Q%) - 25(@®) BFoa@®
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YK Prod.

Couplings forAS= 0 K production

Process Act Ber Asy Auy Aty An
Y =% Y =A
vp— Itk
0 0 D-F D-F 1D+3F) 0 0
vin— 1~ 2tKO
vip— ITAKO _ _
3 Zo+F  #O+F . /2D-F) 0 “£(D+3F) 3
vin—I1=AK*
Uip— 17ZK° : LD-F +io-F) 3
s ¥ D-F F50D-F) FV2(D-F) 0 7 P-F) 7
vin—17Z°K
vin— I+=-KO
-1 D-F 0 F-D 1D+3F) D-F 1

vip— - ZFK

Table: Constant factors appearing in the hadronic current. Theugign
corresponds to the processes with
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YK Prod.
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YK Prod.

With Resonance
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YK Prod.
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YK Prod.
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YK Prod.

Comparison of total cross section for the ®¢/v,, induced

KA channel with the results of
Shrock et al. PRD12 (1975) 2049.

Process 010 *en?
Ey,=12GeV E, =1.6GeV E, =2GeV
Vin — 1 AKT Present Work 0.2 4.0 15.0
wn—Hu Shrock et al. 0.14 1.8 5.4
— Present Work 0.1 2.0 8.0
+AKO
Vup = HEAK Shrock et al. 0.12 1.4 4.1
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1K Prod.

Outline

© single Kaon Production
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1K Prod.

Phys. Rev. D 85, 013014 (2012)
Phys. Rev. D 82, 033001 (2010)
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Figure: Feynman diagrams contributing to ti&H)
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1K Prod.
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For the background terms we have used

Chiral Perturbation TheoryPT) )
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1K Prod.
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1K Prod.

Currents forAS= 1 K production
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1K Prod.

Process Ber | Act | As | A | Acrs | Aca | Akp | An | Ay | A
T Kin[DF | -1 [ 0] 0] -1 0 A 1] 1] o0
vp—I1"K*tp | -F 2 0 0| -3 1 2 1-1] 0
vn—I"K% | -D-F| -1 | 0 | O 3 1 1|20} 0
wn=IFKn | D-F| 1 | 1] 0 0 0 Al 1] 1] 2
wp—I*Kp | -F 2 | =31 0 0 2 | -1] 1] 1
vp—I*Kn | -D-F | 1 1] 0 0 1] 2] 0] 1

Table: Constant factors appearing in the hadronic current
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1K Prod.
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1K Prod.

Q? Distribution
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1K Prod.

Q? Distribution
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Figure: Differential Cross-section for the processgsl — HN’K (Solid

lines) andveN — e"N’K (Dashed lines)
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1K Prod.

o for vy+p—pt+K +p
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Conclusion
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© Conclusion
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Conclusion

Conclusion

@ We have presented the results for single hyperon prodygiion
production, associated particle production and single
K-production.

@ The study may be useful in the analysis of neutrino as well as
antineutrino experiments at MINBR, NOvA, T2K and others.

o We find the contribution of contact term to be significant in
single kaon production as well as in the associated particle
production processes.

e We find $1(1535 dominance im production.

e We find the contribution fron%;1(1650 interference terms in
production through A.P.P. process to be about 15-20% at
1.5-2GeV, while fromS;1(1720 the contribution is almost
negligible.
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