K+N scattering
and
iIn-medium strange quark condensate

Daisuke JIDO

Department of Physics,
Tokyo Institute of Technology

Tokyo Tech

Reimei workshop, “Hadrons in dense matter at J-PARC”
2022.2.21-23



Contents

* In-medium quark condensate
correlation function approach

- K+ nucleon scattering revisited
e possible broad resonance in KN channel

e summary

D. Jido 2 Reimei 2022



iIn-medium quark condensate
. correlation function approach |DJ, Hatsuda, Kunihiro, PLB 670 (2008), |09.'

a correlation function (axial vector )in medium

[2(q) = F.T.0(Q| TIAXx)$2(0)| Q)

axial current A,/ = %q;fﬂ)@r“q, pseudoscalar field @5 = Giyst°q

in soft limit, according to chiral Ward identity

[12°(0) = (Q|[Q%, $211 Q) = — i6(Gq)*
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iIn-medium quark condensate
e correlation function approach |DJ, Hatsuda, Kunihiro, PLB 670 (2008), I09.b

a correlation function (axial vector )in medium

[2(q) = F.T.0(Q| TIAXx)$2(0)| Q)

axial current A,/ = %Qyﬂ)@r“q, pseudoscalar field @5 = Giyst°q

in soft limit, according to chiral Ward identity
[12°(0) = (Q|[Q%, $211 Q) = — i6(Gq)*

- If we calculate the correlation function in medium and take soft limit,
we obtain the guark condensate in huclear medium

- iIn-medium chiral perturbation theory provides diagrammatical calculation

NN®->-0->- NN
W_*_O'*'W ’\/\/b>0+‘\/\/\ /,/ \*\ /\/\/3_+__>_;\/\/\
— etc

Goda, DJ, PRC 88 (2013), 065204 IHijbsch, DJ, PRC 104 (2021), 015202. b
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iIn-medium quark condensate

. ChPT at NNLO, density up to k>, without N-N correlation

- |H'L'|bsch, DJ, PRC 104 (2021),015202. '
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FIG. 1. Density dependence of the in-medium quark condensate,
normalized to the vacuum condensate. The ratio of neutrons to pro-
tons 1s given by p,/p,. At normal nuclear density, p = oo, the quark
condensate is reduced by about 35% compared to its vacuum value.

See also, Kaiser, Homont,Weise, PRC 77 (2008), 025204.
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In-medium strange quark condensate

- extended to SU(3), we can calculate the strange quark condensate

[12(q) = F.T. Q| TIA)$L0)| Q)

taking a,b = 4,5 for kaon sector S. Hibsch,
. . o _ ‘PhDThesis (2021) '
[TH54=5(0) = — i(iiu + 5s)*
5 |Iizawa,Hijbsch, DJ, in preparation b
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In-medium strange quark condensate

- extended to SU(3), we can calculate the strange guark condensate

[12(q) = F.T. Q| TIA)$L0)| Q)

taking a,b = 4,5 for kaon sector S. Hibsch,
. . o _ ‘PhDThesis (2021) '
[TH54=5(0) = — i(iiu + 5s)*
5 |Iizawa,Hijbsch, DJ, in preparation '

. at leading order (SU(3) symmetric)
(55)*
(550

SU(3) chiral Lagrangian
£ =bp Tr {B{X+, B}} + bp Tr {B[X+, B]} + b Tr {BB} Tr{x+}+...

4p

It provides baryon mass terms and meson-baryon contact interactions
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In-medium strange quark condensate

‘S.Hﬂbsch, '

KN scattering
L2r 1 (incomplete NLO)
1J_; 1
20l i set 1,2 determined by
= | | baryon mass (NNNLO)
2 09f ]+ lattice QCD
pn/pp =1.5 |
081 set 1 ]
[ —— et 2
0.7 - set 3 _
—— et 4 1 set 3 determined by

000 025 050 075 100 125 150 17 200 baryon mass (LO)

P/ po
|Iizawa, Hubsch, DJ, in preparation b

® Setl,2: X.L.Ren,L.S.Geng,J. M. Camalich, J. Meng, and H. Toki, Octet baryon masses in next-to-next-to-next-
to-leading order covariant baryon chiral perturbation theory, JHEP 2012, 73 (2012)

® Set 3: B. Kubis and U. G. Meifsner, Baryon form factors in chiral perturbation theory, Eur. Phys.J. C18, 747 (2001)

® Set 4: K. Aoki and D. Jido, Kt—nucleus elastic scattering revisited from the perspective of partial restoration of
chiral symmetry, PTEP 2017, 103D01 (2017)
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K* nucleon elastic scattering revisited



KN Scattering in ChPT ‘;\;;3;7,|03D0|(|7).

« KN elastic scattering in chiral perturbation theory
LO + NLO, 4 LECs, (incomplete, some terms missing)

\\\ K+ K+ PN K+ K "; _-” \\\ 1(+ K+ F
S ’ Sso Pt ’
\«\ ,/i *‘sw¢’, \«\ /'i
\\ R PRI S s’
——> O O p——>
p p p T ANT P p p

experimental data

K™p elastic differential cross sections, 1=0 total cross section

=0 LECS determined with baryon masses

Table 1. Determined parameters for the tree-level amplitude. 5'=° can be fixed by '=!, by, and bp.

b= 1.01 x 10=5 MeV~! x2/N = 0.83
d'=! 433 x 1074 MeV~!
p!=0 1.55 x 1074 MeV~!
d'=0 3.91 x 1074 MeV~! x2/N = 12.0
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KN SCattering in ChPT ‘ﬁi;z?l’7,lo3Doul7)'

. |I=1 (K™p) cross sections are reproduced well

16 I I I I I I I
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© P-wave - )
6 + D-wave -:-:-- _
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Adams 1971 —e—
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Campron 1974 —v = | | o
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Aoki, DJ,

KN SCattering in ChPT PTEP2017,103D01(17)

. |I=1 (K™p) cross sections are reproduced well

8 : 8 \ ; ‘ \ :
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KN SCattering in ChPT ‘:\;;2?;7"03[)0”'7)'

- |=0 cross sections are not reproduced so well at low energies

25 | | ' ' T T T
Total
S-wave -------
P-wave -
20 ¢ D-wave ---::-
Bowen 1970
Bowen 1973 —e—
15 Carroll 1973 —e—
fe)
£,
o
10 |
5 | —
O d . ., — eememeeemgeresemeanasemsE e T

Pap [MeV/c]
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KN SCattering in ChPT ‘§$:;2?>J;7,103D01(|7)'

- |=0 cross sections are not reproduced so well

1o Piap=434MeV/c 1> Plap=526MeV/c’
12} 12 -
> _ 1 5 _ ]
M ammiKIKIEE M
® i 5 byta
S 3 ¢
0.3 0.3
O : ' : 0 L 1 A
1 05 0 0.5 1 1 05 0 0.5 1
cosO. . cosO; m
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K+ - nucleus scattering revisited

- self-energy of K* in Fermi gas approximation

NN

TK+N(p9 Q)

- wavefunction renormalization

can be one of the corrections beyond linear density
- energy dependence of self-energy provides WFR

opt —

Kolomeitsey, Kaiser, Weise,
PRL90, 092501 (03)

ol 1
wavefunction renormalization Z =1 + —
ow?

W=Mg+

ChPT leading order calculation of KN scattering amplitude

Aoki, DJ,
PTEP2017,103DO01(17)
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wavefunction renormalization ||

- leading order (Weinberg-Tomozawa term)

3
Po P -1+ 0.082£, 8% enhancement at P = Po

Z=1+ -
SMx f & po £0

- + next-to-leading order (without medium modification on kaon)

1.14

py+=488 MeV/c
112 |

11t
1.08 |
1.06 |
1.04 |

1.02

0 0.5 1 1.5 2
p/pg

a few % enhancement with pg. ~ 500 MeV
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KN SCattering in ChPT ‘:\;;2?;7"03[)0”'7)'

- |=0 cross sections are not reproduced so well

25 | | ' ' T T T
Total
S-wave -------
P-wave -
20 ¢ D-wave ---::-
Bowen 1970
Bowen 1973 —e—
15 Carroll 1973 —e—
fe)
£,
o
10 |
5 | —
O d . ., N eememeeemgeresemeanasemsE e T

0 100 200 300 400 500 600 700 800
Pap [MeV/c]

In particular, increase at pi,, ~ 500 MeV is not reproduced
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Possible wide resonance with S=+1

in unitarized amplitudes



wide resonance in I1=0 and S=+1

Aoki, DJ,
- unitarized amplitude T ‘PTEP20I9,0I3DOI(I9) |

I'=V+VGT

V: interaction kernel, given by ChPT
G: KN loop function (1=0, I=1)
one subtraction constant is fixed as a natural value

- chiral Lagrangian

most general form up to next-leading-order |L.-S.Geng, Frontiers of Physics 8, 328 (20|3)j

8 LECs (4 LECs for |=1, 4 LECs for |=0)

- data

up to 800 MeV, where inelastic contributions start to be significant

K*p — K™p, total and differential cross sections, piab =145 to 726 MeV,

which determine |=1 amplitudes very well

K*™n — K*n, K'p, differential cross sections, piab =526, 604, 640 MeV,

total cross section |=0
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I[I=1 total cross sections

. Aoki, DJ,
- we have two solutions PTEP2019,013D01(19)

Solution 1

Solution 2

16

O Tota] —
E 8 L S-wave — =—
— P-wave
O D-wave = = =
Bugg 1968 Bugg 1968
4+ Bowen 1970 —6&— . 4 t Bowen 1970 —6&—
Adams 1971 —e— Adams 1971 —@—
Bowen 1973 —&— Bowen 1973 —&—
Carroll 1973 —a— Carroll 1973 ——A—
0 Cameron 1'974 —v L - | 0 Cameron 1|974 ——
0 200 400 600 3800 0 200 400 600 300

Plap [MeVic] P, [MeVi/c]

good agreements
solution 1 is consistent with Martin’ amplitude and SAID
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do/dQ [mb/sr]

do/dQ [mb/sr]

do/dQ [mb/sr]

K+p differential cross sections

8 : :
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do/dQ [mb/sr]

do/dQ [mb/sr]

do/dQ [mb/sr]
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do/dQ [mb/sr]

do/dQ [mb/sr]

do/dQ [mb/sr]

Aoki, D],
PTEP2019,013D01(19)

P1ap=295 MeV/c

Solution 1
Solution 2 ——

‘s

3
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SFRES s L
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Solution 2 ——
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[=0 total cross sections

- increase at piab ~ 500 MeV is reproduced

Solution 1 Solution 2

25 ”llotal — 25 ”llotal —

S-wave — =— PS—Wave —_—
Py-wave ® oj-wave ®
20 Py;-wave = - - - ® ﬂ) 20 Py;-wave = - - - ® CI) ﬂ)
D_Wave o oE ([ ) i @ D_Wave EEoE I [ )
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0 200 400 600 800 0 200 400 600 200
Prap [MeV/c] Plap [(MeV/c]

- solution 1: Po1 amplitude dominate

- solution 2: Po3 amplitude largely contributed

D. Jido 22 Reimei 2022



n elastic scattering

solution |
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K+n — KYp charge exchange scattering

solution 2

solution |
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Possible broad resonance with S=+1

. a resonance pole around 1650 MeV (piab = 500 MeV) with a large width

D. Jido

Table 3. The resonance states of Solutions 1 and 2.

amplitude (J*)

mass [MeV]

width [MeV]

%MManm(

Solution 2 Py;

+) 1617

(

*) 1678

305

463

Im[z]

-140

-160 |

-180 ¢

-200

-220 1

-240 |

+ Solution 1

Solution 2

-260
1600

1620 1640 1660
Re[z]

25

1680

1700
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Possible broad resonance with S=+1

- increase around plab = 500 MeV is explained by a resonance

Solution 1
25 Toty] we— ' Table 3. The resonance states of Solutions 1 and 2.
pofixizg o ® amplitude (J*) mass [MeV] width [MeV]
20 i P03-WaVe == = = . . 1+
D_Wave LI I o i @ SOluthnl PO] (5 ) 1617 305
Bowen 1970 ® ¢ n
= 15  Bowen1973 —o— | Solution 2 Py; (% ) 1678 463
= Carroll 1973 —@— } P ;
~ ¢
© 10+t
5t
s I
0 —— = T
0 200 400 600 300

- resonance does not always have a peak structure
— Fano resonance
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Fano resonance

- resonance pole + back ground with a relative phase

0=0

l

JE) =

+ be'®

E-—M+i1'/2

o= ml2

O=T

S

/\

\/

1500 1600 1700 18001500 7600 700 300 1500 1600 1700 1800 1500 1600 1700 1300

E. , [MeV]
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E. , [MeV]
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Possible broad resonance with S=+1

- increase around plab = 500 MeV is explained by a resonance

Solution 1
25 Toty] we— ' Table 3. The resonance states of Solutions 1 and 2.
pofixizg o ® amplitude (J*) mass [MeV] width [MeV]
20 i P03-WaVe == = = . . 1+
D_Wave LI I o i @ SOluthnl PO] (5 ) 1617 305
Bowen 1970 ® ¢ n
= 15  Bowen1973 —o— | Solution 2 Py; (% ) 1678 463
= Carroll 1973 —@— } P ;
~ ¢
© 10+t
5t
s I
0 —— = T
0 200 400 600 300

- resonance does not always have a peak structure
— Fano resonance
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summary

in-medium quark condensate can be evaluated by correlation function in soft limit
- it connects to quark condensate to the low energy constants or scattering properties

- S=+1 channel is much better than S=-1, because it is free from baryon resonance.

NNLO chiral perturbation theory
- describes I=1 (K*p) elastic scattering amplitude very well up to 800 MeV
- poorly reproduces |=0 scattering amplitudes

- cannot provide increase at piab = 500 MeV in 1=0 total cross section

unitarized KN amplitude

- describes K*p elastic scattering amplitude very well again

- reproduces well K*n = K*n, KOP amPIitUdes Table 3. The resonance states of Solutions 1 and 2.
- provides a broad resonance with S=+1| and |=0 amplitude (/) mass [MeV]  width [MeV]
Solution 1 Py (§7) 1617 305
* owing to presence of resonance at pip = 500 MeV, | .
Solution 2 Pys (37) 1678 463

one need K*n = K*n, K% amplitudes below there

for better extrapolation to extract in-medium quark condensate.
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