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Isospin symmetry

Proposed by Heisenberg after the discovery of neutronin 1932:

“The proton and the neutron can be regarded as two states of a single
particle” (nucleon)

Motivation: m, = 938.28 MeV/c?
m =939.57 MeV/c?

The mass equivalence can be viewed as an energy degeneracy of
the underlying interactions.

E=m:c?

— approximate symmetry of the strong interaction
(originally believed to be exact).

Werner Karl Heisenberg

— uand d quarks have similar masses m ~m_, interchanging them
works okay u <« d;interchanging other quarks doesn’t work as well.
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Isospin properties

Isospin has exactly the same properties as spin:

[T, T,]=iT, [T, T,]=iT, [T, T,1=iT,
[T2, T]=0 T?= T12+T22 +T32
e Eigenstates analogous to ordinary angular momentum
T2|II>=I(I+1)|II> TALLY=L]1,1)
e T, ,T,andT,arenon-commuting operators = cannot know observables |, |, |, simultaneously
e Isospin Iadder operators for
T=T,-iT, (u—d) T,=T,+iT, (d—u)
TILL)y=vI(1+21)-L(L,-1)]1,1,-1) T, L) =vI{I+1)-L(L+1)[1,1,+1)

e Combination of isospin:

| 1D I )I |2) (2)> — | I,I3) I3 = I3(1)+ I3(2) additive
| = | |V (2 I, |1 -2 |+1,..., ]| |0 4 |2 |
Clebsch-Gordan coefficients
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Iso-multiplets

Isospin multiplets can be defined in the same way as for angular momentum and spin.

Using the notation [ I, I, )we have:
e Iso-doublet
m_ = 938.28 MeV/c?
m_=939.57 MeV/c?

e |so-triplet
m_, =139.570 MeV/c?

m_ = 134.977 MeV/c?
m_ =139.570 MeV/c?

e |so-quadruplet
m, = 1232 MeV/c?
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Heisenberg postulates:
Ip)=| %, %) — p and n are up/down states of |=%
|n)=|%,-%) — pions are +1,0,-1 states of I=1
— strong interaction is invariant under
isospin rotations
+ —
| rr0> [1,+1) — isospin symmetry is violated by
[7)=11,0) electromagnetic and weak interactions
|m)=11,-1) (e.g. Bdecay)

|A)=]3/2,3/2) |A*)=]3/2,1/2)
|A%)=]3/2 ,-1/2) |A)=]3/2,-3/2)
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NN scattering Cross Sections

Isospin conservation is used to estimate the ratio between cross sections.

Example: Nucleon-Nucleon scattering

1) p+p—od+mt . o(pp—dm™) |Tpp—>dn+|2 ? T’Eil?f int= ( l-IJ.fp | V.| W, )f.is the amplitude
O-(Dn—>d]'[0) ﬁ or the transition In — 1IN

2) p+n—od+mP° pn—drn0 — The ratio of the phase spaces is 1.

Reaction 1):

iy s iy _
Clebsch-Gordan initial state | p)=]%,%) X lp)=1%,%) — |pp)=11,1)
coeffEents final state |d)=]0,0) x ImY=]1,1) — |dn*)=]1,1)
1/2x1/72| 11— - .
Fizei2[ 1] o o Reaction 2):
el 1] ¢ initial state lp)=|"%,%) X In)=|%,-%)
[=172-172] 1 — |pn)=1/v2[]1,0)+]0,0)]
final state |dYy=]0,0) x |m°)Y=11,0) — |dn®)=]1,0)
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NN scattering Cross Sections

Isospin conservation is used to estimate the ratio between cross sections.

Example: Nucleon-Nucleon scattering

+ _ . .
1) p+pod+m . (pp—dr*) |Tpp—>d]‘r+|2 T = ¢ Wa, | V.| W) is the amplitude
; m) ~ TP for the tre?nsmon in — fin .
2) p+tn—d+m pn—drn0 — The ratio of the phase spaces is 1.
opdns = (AT [V pp)=(1,1|V[1,1)=T_, o(pp—drr) -5
o =(drm®|V|pn)=1/¥2(1,1|V[|1,1)+]|0,0)]= 1/¥2 T_, o(pn—dr) B
Energy of nerilas ‘ Total cross
mi::ii%ir,‘tMev Reaction dis?rig utlion , I%E’C"tl::)’ Reference
580 I p+p—mrdd| |(0.2164-0.033) 4-cos? 0%|| 3.104-0.24 12
600 n+p-n®4d| [(0.2204-0.022) +-cos® 6*| 1.5 40.3 Present
experiment
660 p+pont+d (0.23 4-0.03) + cos? 6% 3.1 40.2 g 5]
610 p+p-nt4d 3.154-0.22
[V.B. Fliagin et al., Sov. Phys. JETP 35(8), 592 (1959)]
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K'N and K" multi-N absorptions

TasirE III. Branching ratios for K~ absorption at rest.

Events/ (stopping K™)
%

Reaction

K~Het — Ztr~H?® 9.3+2.3
— Ztrdn 1.940.7
— 2t~ pnn 1.62:0.6
— It uan 3.24+1.0
—Zt unn 1.0+0.4

Total Z+= (17.0£2.7)%

K~—Het — 2~z TH? 42412
— 2 rtdn 1.640.6
— It pnun 1.4+0.5
— 2770 He? 1.040.5
— =770 pd 1.040.5
— 27 ppn 1.0+0.4
— 32" pd 1.60.6
—3Z" ppn 2.040.7

Total Z-= (13.84+1.8)9,

K—He!* — n—A He? 11.24:2.7
— 7A pd 10.942.6
— 7 A ppn 9.5+2.4
— 7 2% He? 0.94-0.6
— 720 (pd,ppn) 0.3+0.3
— 70 A (Z9) (pnn) 22.544.2
— A (2% (pnn) 117424
— 7tA (Z)nnn 2.140.7

Total A (2) = (69.2:6.6)%
Total=A+= = (1007199,

[P. A. Katz et al,, Phys. Rev. D1 (1970) 1267-1276]
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The first measurement of BRs for K'N and K" multi-N
absorptions were performed in bubble chamber
experiments.

K“N”—=Ym INA pionic process
K “NN”—- YN 2NA
K “NNN” — Y (NN) 3NA non-pionic

K “NNNN” —Y (NNN)
global non-pionic = 2NA + 3NA + 4NA +...

“NN” = bound nucleons
(NN), (NNN) = residual nucleons bound or unbound

Hard to distinguish experimentally:

A1° and 20m°

A(nom) and 2°(nom)
because £°— Ay and n°—yy decayviaEM
interaction.



K'N and K" multi-N absorptions

The first measurement of BRs for K'N and K" multi-N
absorptions were performed in bubble chamber
experiments.

TasirE III. Branching ratios for K~ absorption at rest.

Events/ (stopping K™)
%

Reaction
K~Het— 211‘513 ?gi(z)g
— XTrdn 940, | -« » . .
o 1A e K*N"—>Ym INA pionic process
S S 30410
—Zt unn 1.0+£0.4 « ”
Total Z*+= (17.0+£2.7)% K*NN"— YN 2NA
K-Het — [z—r"H? 42412 -« » -pioni
-t {60 K “NNN” —Y (NN) 3NA non-pionic
—E T pnn 1.4+0. -u ”
— [z~ He? 1.00.5 K™*NNNN"—Y (NNN)
—[En0 pd 1.040.5 o
= gjvr" %,, %gigg global non-pionic = 2NA + 3NA + 4NA +...
—3Z ppn 2.020.7 N
Total == (13.8+1.8)% NN” = bound nucleons
K-Het = =X T 12527 (NN), (NNN) = residual nucleons bound or unbound
— A p 942,
— ™A ppn 9.5+2.4
— [ Z'He? 0.940.6 i H H .
20 (pd, ppm) 0303 Hard to distinguish experimentally:
i it A and 0m°
— A pnn 5 3
T A S A(nom) and 2°(nom)
Total A (29 = (69.2-£6.0)%, 0 A .
Total=A -3 = (100_7*)%, .because. 2°—> Ay and m’ —yy decayviaEM
Interaction.

[P. A. Katz et al,, Phys. Rev. D1 (1970) 1267-1276]
Studies of the isospin symmetry in the hyperon-nucleon interactions Raffaele Del Grande



K'N and K" multi-N absorptions

The first measurement of BRs for K'N and K" multi-N
absorptions were performed in bubble chamber

TasirE III. Branching ratios for K~ absorption at rest.

Events/ (stopping K™)
%

Reaction experiments.
K—Het — Z:w"‘Ii-Is 9323
— Str—dn 940. NINK . .
—’E:%P"” é'gio'g K*N"—>Ym INA pionic process
— Ztrd unn 241
— 2T unn 1.0£0.4 w ”
Total =+ = (17.0£2.71%, K*NN"— YN 2NA
K-Het — =~ +H? 42412 -« » -pioni
2 Tt {60 K “NNN” —Y (NN) 3NA non-pionic
— It pnn 1.440. -« »
= 5 Hes 1.00.5 K™*NNNN"—Y (NNN)
— 210 pd 1.040.5 o
— X7’ ppm 1.040.4 global non-pionic = 2NA + 3NA + 4NA +...
= o T
= pn . . « ”»
Total === (13.8£1.8)7, = bound nucleons
K-Hei— oA He i(l)g:t%g N), (NNN) = residual nucleons bound or unbound
— 7 A P 942,
== T it exoer
o :-xo{(pf%,ﬁn)\ 03503 Hard tod (;stmgwsfg eéperlmentally:
— w0 A (SO humn 1.4
—h j(&zg)(‘%nnj 1%;2)% A and X ]To
— 7. V)nnn 2. .
Total A (%) = (69.246.6)%, /\ (nO ]C-)r) and Z (nO ]T)O .
Total=A -3 = (100_7*)%, .because. 2°—> Ay and m’ —yy decayviaEM
Interaction.

[P. A. Katz et al,, Phys. Rev. D1 (1970) 1267-1276]
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K'N and K" multi-N absorptions

The first measurement of BRs for K'N and K" multi-N
absorptions were performed in bubble chamber

TasirE III. Branching ratios for K~ absorption at rest.

Events/ (stopping K™)
%

Reaction experiments.
K-Het — Zj‘_w"‘li-ls 9323
— Str—dn 9-4-0. NOINK . .
14 s K*N"—>Ym INA pionic process
— E:‘n'° nnn ?(2):!:(1)2
—ZT unn .0=£0. « ”
Total Z*+= (17.0£2.7)% K*NN"— YN 2NA
K-Het — Z~r*H? 42412 » -pioni
_,zﬁ::dn {60 K “NNN” —Y (NN) 3NA non-pionic
— It pun 1.440. -« ”
C e 1.00.5 K™*NNNN"—Y (NNN)
— =~ pd 1.020.5 L
:gjvr"%m }'218"; global non-pionic = 2NA + 3NA + 4NA +...
—3Z ppn 2.020.7 N
Total == (13.8+1.8)% NN” = bound nucleons
K-Het = xA Hel 112227 (NN), (NNN) = residual nucleons bound or unbound
— 1A p 942,
S 2 tinueh exoer
L A, A3toa Hard to distinguish experimentally:
syle 0
R el A and
e 2V nnn 2.1+0.
Total A (2%) = (69.2:6.6)% A(no ]J) and 27 (no ]T)o )
Total=A 42 = (100_74)% .because. 2°—>Ay and ' —yy decayviaEM
Interaction.

[P. A. Katz et al,, Phys. Rev. D1 (1970) 1267-1276]
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K'N and K" multi-N absorptions

The first measurement of BRs for K'N and K" multi-N
absorptions were performed in bubble chamber

TasirE III. Branching ratios for K~ absorption at rest.

Events/ (stopping K™)
%

Reaction experiments.
K~Het — S*r~H! 9.3:&2.; .
— St dn 1.920. - uN” i
14 s K*N"—>Ym INA pionic process

Solution: i
Isospin symmetry is used to determine the A ni°

and ° 11° branching ratios.

K—Hej

— 7 A pa 0.9£2.0

- 7I':A0 pp;az 9.25:t2.4

A A, o Hard to distinguish experimentally:

— e A (29 (pnn) 22.54-4.2 0 00

—»E ;zg; (o) 117424 AT and X ]To

— 2V)nnn 2.10.7

Total A (%) = (69.246.6)%, /\ (nO ]C-)r) and Z (nO ]T)O .
Total=A+Z = (100_7"9)% .because. 2°—> Ay and m’ —yy decayviaEM
Interaction.

[P. A. Katz et al,, Phys. Rev. D1 (1970) 1267-1276]
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The controversial nature of the A(1405)

s (1385) A (1405) The A(1405) (I=0) state does not it with the simple
three quarks model (uds) and it is commonly accepted
\ l 1500 that it is, at least partially, a KN bound state.
—~—|—H > A(1405) — (£)° (BR=100%)
l ’ Vs [MeV s
Aﬂf 23‘: | A(1405)
KN
o Chiral SU(3) coupled channel dynamics: =~ _—
the state is given by the superpositions of two poles 0.8 1
of the KN scattering amplitude. 0.6

0.4 >

M = 1425 MeV — mainly coupled to the KN channel 72 .

T——

1460 —
|/~
Re[z] [MeV] 1420 4400

M = 1380 MeV — mainly coupled to the Zir channel

e Phenomenological potentials models: the A(1405) is a pure KN bound state with mass M=1405
MeV, binding energy BE = 27 MeV and width =50 MeV.
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The controversial nature of the A(1405)

> (1385) A (1405) The A(1405) (1=0) state does not fit with the simple
three quarks model (uds) and it is commonly accepted
\ l 1500 that it is, at least partially, a KN bound state.
——— > A(1405) — (= m° (BR=100%
' ’ /5 [MeV ( ) — (Z7)° ( )__ -
Aﬂf ZJI . A{1405)
KN
e ChiralSy do(7*X7) 1 02, 1iraye, 2 0)r(1)s
the state is d‘\[] 0.6 g‘T l +§|T | + %Re (T T , )’ z
of the KN s r ( 5 | ) 5
AT 20) e SO . — (2 _ 2 (0)(1)+
o (%0 —_
M = 1380 ) % x %IT(O)IZ, GOLDEN CHANNEL
VLT 2

e Phenom . the A(1405) is a pure KN bound state with mass M=1405

MeV, binding energy BE = 27 MeV and width =50 MeV.
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Possible existence of kaonic bound state

The existence of kaonic bound state with multi-nucleons
was suggested by S. Wycech (1986) and by
Y. Akaishi, T. Yamazaki (2002) due to the strongly attractive

KN interaction in 1=0 channel.

Role of strangeness in
dense baryonic matter,
kaon condensation?
Strange quark matter?
Hyperons in Neutron Stars?

Studies of the isospin symmetry in the hyperon-nucleon interactions

Quark T =
o de raditional )
hybrid star star jo8 &/cm?

e s 4% 1"
= ;J:ﬁ‘ . ; //‘1”“118|4

Hyperon / /
star '

(no crust)

Kaon

qfé;ia(ns ea,. condensed star

Raffaele Del Grande
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Determination of £°11° and An® BRs

Pionic processes KN" — Y
Final state:

|2 )=1/¥6]2,0)+1/¥2|1,0)+1/¥3]0,0)
| Ty =1/v2[2,1)+1/v2]1,1)

| =)= 1/¥2]2,0)-1/¥2|1,0)+ 1/4/3|0,0)
|5T0) =142 2,-1)- 142 1,-1)

|50 )= 1/4/2[2,-1)+ 1/¥2]1,-1)
| 2°1°) =v2/¥/3|2,0)-1/¥/3]|0,0)
|50y = 1/v2]2,1)- 142 1,-1)

Initial state:

IKNY=1/2]0,0)+1/2[1,0)+ 1/42|1,-1)

Studies of the isospin symmetry in the hyperon-nucleon interactions

|Am)=]1,-1)
| A°)=11,0)
[Am)=11,+1)

1/2x1/72| 1]

|+1/2+1/2] 1

1
0

0
0

+1/2 -1/2|1/2 1/2

— 172 +172[1/2-172)1
W fala 4 [F172-172] 1
|01 +1| 1] +1 +1
+1 O0|1/2 1— 1
0 +1f1/2 -1 0
+1 <111/ 1 1/3
0 12/3 -1/3 2 1
-1 +1|1/6 <1/2 1/3}] =1 -1
0-10/2 1/2] 2
-1 Op/2-1/2})-2
I-1-1] 1

Raffaele Del Grande
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Isospin symmetry in S=-1 sector

A\ 11 final states

T
T
T

= (AT°|V|KN)=1/2T,_,
=(AT|V|KN)Y=1~2T _,
=(AT*|V|KN)=0

K-"N"—Am0
K'"N”—)/\N'
K-"N"—>/\]T+

2 1 final states

T =(Z|VIKN)=1/(2v2) T_, + 1/(2¥3) T,
T =(Z'°| V| K'N)=0

KNS+ 7=
K-"N"—Z+ 1m0

T
T

= (T VIKN)=1/(2V3) T, - 1/(2v2) T,
=(TTO|VIKN)=-1/2T_,

KNS - 71+
K-"N"—Z-n0

T
T
T

= (2o |V|K'N)=0
=(ZM°|VIKN)=-1/(2V3) T _,
= (SO |VIKN)=1/2 T,

K-"N"—Z0 7+
K-"N"—Z0 1m0
K-"N"—Z0 m-

Studies of the isospin symmetry in the hyperon-nucleon interactions

BR(Am) 1
BR(AT) 2
BR(ZT)

BR(ZOm) 1

BR(Z%1°) = % [ BR(Z*m) + BR(Z 1) - BR(Z 1Y) |

BR(z°% =%[BR(Z*) + BR(Z) ]

Raffaele Del Grande
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Isospin symmetry in S=-1 sector

K- %He absorptions at-rest: K-12C absorptions at-rest:

[P. A.Katz et al,, Phys. Rev. D1 (1970) 1267-1276] [C. Vander Velde-Wilquet et al., Nuovo Cim. A39 (1977) 538-547]
BR(Z™1m) =(32.0+£6.3) % BR(Z™mm) =(29.4+1.0£5.0) %

BR(ZTm") =(9.3+£1.8)% BR(Z1m%) =(13.1+£0.4+£0.9) %

BR(ZT?) =(3.9+1.0)% BR(ZTY) =(2.6+0.6+1.0)%

BR(Z°1m) = (4.3+2.5)% BR(Z°m)=(2.6+0.6+1.0)%

BR(X°n°) = (18.7 £3.3) % BR(Z°n°) = (20.0£0.7 + 3.0) %

BR(AT) =(9.3+£6.1) % BR(Amm) =(6.8+0.3+£2.0)%

BR(AT?) = (4.7 +3.1) % BR(A°)=(3.4+0.2+1.0)%

BR(Z(nom)) =(2.5+1.0) %

BR(Z (nom)) =(4.6+1.2)%

BR(X°(nom)) = (3.6 £0.8) % measured

BR(A(nom)) =(5.6+2.6)% from isospin relations
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Isospin symmetry in S=-1 sector

K-“He absorptions at-rest:

[P.A.Katz et al., Phys. Rev.D1(1970) 1267-1276]

BR(Z*mm) =(32.0+6.3) %

= BRANO)
R(Zno)_( R= BR(ZOTI'O)_

BR(ZOJT-) = (‘r.u T Z.JJ 70

0.25+0.17

BR(Z°r%) =(18.7 £3.3) %

BR(AT) =(9.3+6.1) %
BR(An®) =(4.7+3.1) %

BR(Z(nom)) =(2.5+1.0) %
BR(Z (nom)) =(4.6+1.2)%
BR(Z%no 1)) = (3.6 £ 0.8) %
BR(A(nom))=(5.6+2.6)%

Studies of the isospin symmetry in the hyperon-nucleon interactions

K-12C absorptions at-rest:
[C. Vander Velde-Wilquet et al., Nuovo Cim. A39 (1977) 538-547]

BR(Z'm) =(294+1.0+501%

. 0
BR(ZT) = R= BRAIT) 5 174001+0.06
BR(Z_]TO) — BR(Z ] )

BR(Zm)=(2.6+0.6+1.0)%
BR(Zn%) =(20.0+ 0.7 + 3.0) %

BR(Amm) =(6.8+0.3+2.0)%
BR(A°)=(3.4+0.2+1.0)%

measured
from isospin relations

Raffaele Del Grande
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K™ multi-N absorptions measurement

e First comprehensive study of K multi-nucleon absorptions is performed by the AMADEUS
collaboration at DA®PNE collider in Frascati.

e Analyzed data sample contains K™ absorptions events of 2C nuclei at-rest and in-flight
(pK ~ 100 MeV/c) and was collected by the KLOE collaboration during the 2004-2005 data taking.

AT-REST IN-FLIGHT
K" absorbed from atomic orbitals (p,~ 100 MeV/c)
(p, ~ 0 MeV/c)
©
wmo MeV/c
=

N

-

N\ and proton in the final state are reconstructed. Also in this case it is not possible to disentangle the
direct A production from the Z° production followed by % — Ay .

Studies of the isospin symmetry in the hyperon-nucleon interactions
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Monte Carlo simulations

Processes to be simulated in order to interpret the experimental spectra:
K™ multi-nucleon absorption processes in

A p channel / \ ¥ p channel

(K +12C 5> A+p+R) (K+2C—-3%+p+R 05 A+y)
e 2NAquasi-free (QF): K “pp”—Ap e 2NA quasi-free (QF): K “pp”—Z%p
e 2NA with final state interaction (FSI): °
K “NN”— AN K “NN” - 5°N
/\(N)'l'“N"—)/\(N)'l'N, zo (N)+“N"—>ZO (N)+Nr
e 3NA: K “ppn”—Apn o : K “ppn”—2%pn
° : K “ppnn”—Apnn o 4NA: K “ppnn” — 2%pnn

e 2NAwith Z/A conversion: K “NN”— XN
Z “N" _) /\ N)

— Single nucleon absorption included as a contribution to the systematic errors
[R. Del Grande et al., e-Print: arXiv:1809.07212, Submitted to: EPJC]
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K" multi-N absorptions measurement

—— data
<> 180 52 F I 2NA-QF Ap
S ) | s ‘O p) mmm 2NA-FSIAp
2 g %, 350 B 2NA-QF X°p
= s E  a00f 2NA-FSI=°p
w120 3 . E 2NA-CONV /A
> 100— O 250F M 3NA Apn
T gob 200/ N 3NA X pn
3 B e B ANA Apnn
O 60— ——— Global fit
40 100
20— 50§
05050 2100 2150 2200 2250 2300 2350 2400 0—1—08 06 04 02 0 02 04 06 08 1
my , (MeV/c?) cos(6, )
L 160 2 1s0-
) = o - d)
S 140- s 160¢
(o2} E =
t‘ 120; g 140;
~— 100 : 120~
(2] C =
S 80- 2 100;
S 60 3 80
sob O 6o
20— 40E
= ’ ‘ e Pt 20?
900" 300 400 500 600 700 & r——— -
% 400 500 600 700

P, (MeV/c)

P, (MeV/c)

[R. Del Grande et al., e-Print: arXiv:1809.07212, Submitted to: EPJC]
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Simultaneous fit of:

N\ p invariant mass
angular correlation
proton momentum
A momentum

Reduced chi-square:

x2/ndf = 0.94

Raffaele Del Grande
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K™ absorption at-rest

.

K" multi-N absorptions measurement

K™ absorption in-flight

Process Branching Ratio (%) o (mb) @ p; (MeV /c)
2NA-QF Ap 0.25 &+ 0.02 (stat.) Tooa(syst.) | 2.8 £ 0.3 (stat.) T (syst.) @ 128 £+ 29
2NA-FSI Ap 6.2 + 1.4(stat.) T02(syst.) 69 £+ 15 (stat.) &£ 6 (syst.) @ 128 + 29
2NA-QF =% 0.35 + 0.09(stat.) T0oa(syst.) | 3.9 + 1.0 (stat.) T57 (syst.) @ 128 + 29
2NA-FSI X% 7.2 + 2.2(stat.) T33(syst.) 80 + 25 (stat.) 5o (syst.) @ 128 + 29
3NA Apn 1.4 4+ 0.2(stat.) *93(syst.) 15 £+ 2 (stat.) & 2 (syst.) (@ 11723
3NA X%n 3.7 £ 0.4(stat.) F02(syst.) 41 + 4 (stat.) T2 (syst.) Q 117 423
ANA Apmn 0.13 + 0.09(stat.) 005 (syst.) | -

9NA-CONV T/A 2.1 & 1.2(stat.) +92(syst.)

[R. Del Grande et al., e-Print: arXiv:1809.07212, Submitted to: EPJC]

Studies of the isospin symmetry in the hyperon-nucleon interactions

Raffaele Del Grande

22


http://arxiv.org/abs/arXiv:1809.07212

K™ multi-N absorptions measurement

A - 0 According to the pion exchange model [E. Oset, H.
S Toki, Phys. Rev. C74 (2006) 015207] the K’
| | absorption on 2 nucleons occurs through the
-1 -t exchange of a virtual 1
§5’7r0 A /(5,71-0 i
s R BR(K™ “pp” — Ap) BR(K™“p” — An?)
b A « A = - = = - —
,/ ki BR(K=“pp” — ¥%) BR(K=“p” — X7Y)
K™ p p K— p p

Using BR(A1®) and BR(Z°1°) measured by
[C.Vander Velde-Wilquet et al., Nuovo

. ; - 0
Using the BRs of K2NA in Ap and 2°p Cim. A39 (1977) 538-547]:

channels we measure:

R = 0.7 & 0.2(stat.) 103 (syst.) R=0.17 £0.01 (stat.) £ 0.06 (syst.)

[R. Del Grande et al., e-Print: arXiv:1809.07212, Submitted to: EPJC]
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Isospin symmetry violation

The s-wave (L=0) meson-nucleon interaction in the S=-1 sector is studied in Ref. [E. Oset and A. Ramos,
Nuclear Physics A 635 (1998) 99-120] by means of coupled-channel Lippmann-Schwinger equation:

T=V+VGT
using:

e Lower order Chiral Lagrangians = the potential Vij has the following form:

1

s .0 .10
Vij = —Cijﬁ(k + k™)
e afreeparameterq__ asacutoffintheintegral: M . E = intermediate baryon

175
m, = intermediate meson

[ dq M, Va(k, q) Tii(q, k') 1
VilGlle:Z‘/c 1 Oea D) g 3 L.
(2m)* Ei(q) k° + p° — ¢® — Ey(q) + ie ¢ — mf + ie
to accounts for higher order contributions in an effective way. k k : kq }} Ne S S s
p PP ‘ / P ‘ ‘
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Isospin symmetry violation

e Couplings of K'p to the eight channels

K-p, K°n, 1A, 11920, 115, 1%, N\, nZ° e a—
are considered. The couplings to K*="and K°=° are demonstrated to be negligible.
Fitting procedure: ~ — the coupling constant f and g __ arethe free parameters;

— thefit is performed to get the best reproduction of the threshold
parameter (y, R_and R ) and the A(1405) — Zm invariant mass spectrum.

P{K=p— 573

'K—p—on-Xt)

R, — I'NK—p— Eharged particles) 0,664 0.011
['(K—p— all)
I['(K~p— w°A)

(K~p — all neutral states)

v =
/

= 2.36 £ 0.04

= 0.189 £ 0.015

Mass spectrum (arb. units)

Rn. =
&

1 1 1 1 1 1
1400 1450
C.M. Energy (MeV)

1 1 L
1350
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Isospin symmetry violation

1. Amplitudes can be constructed using isospin formalism for which average masses are used for
the isospin multiplets:

m(m*, 10, ), K(K?, K), K(K*, K°,N (p,n)and Z (£*, 20, %)

The coupled-channel equations are solved in the isospin basis for =0 and |=1 cases and the
amplitude for the physical channels are then constructed.

2. Alternatively the physical states using the physical masses are used.

This allow to investigate the isospin violation effects

[E. Oset and A. Ramos, Nuclear Physics A 635 (1998) 99-120]
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or (mb)

or (mb)

[E.

Isospin symmetry violation

Oset and A. Ramos, Nuclear Ph

p. (MeV/c)

ysics A 63

(1998) 99-120]
=00 100 [+
[ _ K~ ‘
150 PN\ } R 80 L . g
i A‘ = 1 = 60 :—\‘ﬂ\.\.“\ ““ 4
Lal: l S { : T3 CESA
1 ¥ =3 ] L \ = 5 =
1 5 T § O VN FT bho -
20 ¢ ‘, + r /1‘7\:: j{ .. 7 i I e B
[ 20 | \|——L1=t% ii i1
O:')é) 10 150 f)g)o ) — ’ : mt - |
p. (MeV/c) 50 100 . (1\19\:,@)]:)0 200
60 — — T - 300 — y .
1 K’n |
40 b L s 200 | \J
c‘j“‘/ J» 5 i , 5 ’ ;:\ ‘
s « T 3 [~ Y ; )
o IE o o TR
[ ’ i - 7\.\*%5* = T
r ’ 1 = ) VI\*I T
0 : : R i : : S S
50 100 150 200 50 100 150

p. (MeV/c)
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Cross section measurements are
not used in the fit.
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— == = [SOSPIN

=— = nonA,nz°

27



Isospin symmetry violation

Kp — m20%, moA
l O O L- T T 7, T T T T T T T T T T T —A () O C r . I r =
; 00
80 + T L | 7_‘_01..
40 F' O\ :
% 60 - gcs i 2
5 I & : L T,
- ° 20f e
20 : | " 1 I 3
%0 100 150 200 0 ‘ e ,
o] ¢ 50 100 150 200
PL ( MeV /C ) PL ( MeV c )

Isospin symmetry violation effect close to the Kp threshold.
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Summary and Outlooks

Isospin is not an exact symmetry of the strong interaction but Isospin invariance works very
well when is used to estimate the cross sections and branching ratios for NN scattering

|sospin symmetry is used to determine the BR(Z°1% and BR(A°m°)

K-4He: BR(2°%) = (18.7 +3.3) % K- 12C: BR(2%1%) =(20.0+ 0.7 +3.0) %
BR(A1®) = (4.7 +3.1) % BR(A°)=(3.4+0.2+1.0)%
R=0.25+0.17 R=0.17 £0.01 (stat.) + 0.06 (syst.)

Measuring the K- 2NA in Ap and % channels using 1°C target:

R = 0.7 & 0.2(stat.)1D-3(syst.)
Isospin symmetry violation close to K'p threshold is suggested in Ref. [E. Oset and A. Ramos,
Nuclear Physics A 635 (1998) 99-120]

Lack of experimental data for Kp — A1n® and K'p — 2°11° cross sections close to the
threshold - New data can used to test the models
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Conclusions

Thank you for your aftention
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