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YN interaction

S-wave BgBg interactions of NN & YN

S-wave potentials of NN & YN (by Lattice QCD) BsBs(I) spin-singlet spin-triplet
T. Inoue, AIP Conf. Proc. 2130, 020002 (2019)
1S SD, V, ’SD; Vr NN(I =0) - (10%) Past NN
| T — NN(I=1) (27) — scattering
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NN - : SN(I = 3/2) (27) ‘ (Zp scattering)
R —=[(8s) +3(27)]  —5[—(8a) + (10%)] New exp.
; isive | 5 . .
z I * 2N int. may be strongly repulsive.
: * AN int. is a fundamental input for studying A hypernucleus.
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Haidenbauer, J., Meiiner, UG. & Nogga, Eur. Phys. J. A 56, 91 (2020)
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Ap channel is the 1% key to studying B¢Bg int.
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Broad momentum range of Ap data is necessary

J. Haidenbauer, U.-G. MeiBiner, A. Nogga, Eur. Phys. J. A, 56 (2020).
Differential cross-sections
at the A momentum of 500 and 633 MeV/c.

P or higher waves of Ap int.

Ap -> Ap Ap -> Ap
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';. P, = 500 MeV/ic | oL ¢ Piap = 633 MeV/c P or higher partial waves.
: Chiral EFT NLO13 L 1 Chiral EFT NLO13 _
20 - 5 .
) 35 : Ny 4

Jiilich °04 / : Jiilich °04 : , ]
Nijmegen NSC97f / : Nijmegen NSC97f What’s needed to study partial waves
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’é il | ;g * Precise Ap scattering data for the A momentum
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SN ’. / SN
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S-waves dominate sizable angular dependence




Hyperon puzzle of neutron star

Hyperon Mixing in NS?

« A appears when p,, - uA > myc? - myc? (~176 MeV)?

Uy _eF +muc? + Uy
pa = (ef+) myc? + Uy

quark-hybrid
star

traditional neutron star

N+e
N+e+n

np.e, u

hyperon .
star neutron star with

pion condensate

Hyperon (Y) appears
in the inner core of NS?
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F. Weber.,
Prog.Part.Nucl.Phys.54:193-288,2005 R~ 10 km

Composition of hyperonic neutron-star matter

in the case of MPa(ESC+3BF)
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Hyperon puzzle of neutron star

G.F. Burgio et al., arXiv:2105.03747v1, 2021
EoS for neutrino-free and neutrino-trapped matter for several fixed P.B. Demorest et al., Nature. 467.,2010

entropy values per particle S/A =0, 1, 2 with and without hyperons. Mass-radius trajectories for tlypical EO SS.

400 - | ' l : ' ' : ' '
2.5
= T =0 MeV, untrapped 4 stiff
-==-S/A =1, trapped .
........ SIA = 2, trapped 2.0
3004 _._T1=0 MeV, untrapped, free Y nO¢Y ‘{.f".. i
cr.)_I & J1903+0327
'E 4 soft EG i sl SQM1 PALG
= e
> 200 | % Double n:i;r‘JVt’"‘C-”’u star Steimié
= =
2 10 B
= Quatk st w/ hyperon
uark star
1 OO _ 05 B
0.0 L ! ! I ! : :
g 7 8 9 10 11 12 13 14 15

Radius (km)

| 4 I ) | 4 I ¥ | y
0 200 400 600 800 1000 1200
e [MeV fm™]

Some additional repulsion mechanism is necessary.




Both AN & ANN observations are necessary

* YN interaction has a short-range repulsive force.
* This hyperon repulsion may be seen for both YY and YN interactions.
* However, existing experiments do not show evidence of a repulsive YN interaction.

The first order in the EoS calculation is the AN potential.
We should measure the AN & ANN to restrict the theories.

J. Haidenbauer ef al., Eur. Phys. J. A (2017) 53:
400 T T -

Diego Lonardoni et al., arXiv:1407.4448v2, 2015
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M. M. Nagels et al., PHYSICAL REVIEW C 99, 044003 (2019)
*Experimental data: O. Hashimoto and H. Tamura,
Prog. Part. Nucl. Phys. 57, 564 (2006)
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Study of the Ap scattering in J-PARC E40 (— E86)



J-PARC E40 (2p scattering)

| KURAMA spectrometer

K1.8 beamline spectrometer 55

e 2 production by the .//.

mp—K 1 X reaction

.« SH65M,3:17TM (][]

| Q:D’y :

i gl

CATCH system

Cylindrical Fiber Tracker

T 4

BGO calorimeter

K+

n {missing)

=

3. Energy of proton 2. Scattering angle

2p scattering

m of 2

Liquid H, target

My research

* Feasibility study of the next Ap scattering exp. using the wp—K"A reaction data (= ~1 % of E40 X production data)




Experimental values of 2p do/d£2 in E40

e FSS (larger size parameter) indicating a repulsive interaction increases the
differential cross section, but fss2 & FSS’s repulsions are too large.
* NSC97f reproduces the data here,

K. Miwa et al., arXiv:2104.13608
Differential cross sections of = p scattering
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J-PARC E86 (new Ap scattering)

Simulated MM (it p—K"X)
X With

non-optimized
trigger.
pA, calc

escat

pA, measure
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K. Miwa et al., Proposal for an experiment at the 50-GeV PS.
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Ap scattering !
3. Energy of proton
1
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=

2 production

Ep, calc Ep, measure

K' ID improvement

* CATCH upgrade

* ASIC upgrade

« BH, BFT, and SFT R&D

e SKS momentum resolution: ~0.1% (KURAMA: ~1%)

LH>target BGO CFT PilD

Estimated performance
* Tagged-A beam momentum range: 400 — 800 MeV/c
* Tagged-A beam (58 days): 100 M
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Feasibility study of E86 using E40 data

T. Sakao et al., Proc. 3rd J-PARC Symposium (J-PARC2019) JPS Conf. Proc. 33,011133 (2021)

(1) Conceptual drawing of the detection method (2) J-PARC E40 detector setup.
for the Tt'p—)KOA reaction. BC: Beamline Chamber
SFT: Sc'attered Fiber Tracker s T U —
DC: Drift Chamber DC3 TOF
BGO calorimeter AC: Aerogel Cerenkov counter
CH: Charge Hodoscope \
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Double event optimization (AE & Ap methods)
A bearn\A Scattered A . - 2mp(EAbeam + mp)pAbeam cos” Hp/
san p’,calc —
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Scattered A Bt il ApAbeam €08 Uscath + (QEAbeam +my,)VB
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0 Scatl\v - ‘

il 0 A decay

A beam‘

J AP = Pmeasure — Pcalc
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/Ap spin observables will also be measured in E86

K. Miwa et al., “Proposal for an experiment at the 50-GeV PS”

s . i NSCa7f
Depolarization (Dyy) of Ap scattering Analyzing power e
EFT13
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Dy, is expected to be closely related to the tensor force. A, 1s sensitive to the anti-symmetric LS force (ALS).
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/Ap spin observables will also be measured in E86

= (3—0)0 (14 Ay(8) Py cos ¢),

Johann Haidenbauer et al., arXiv:2105.00836v1 [nucl-th] 3 May 2021
Polarization Depolarization
T L] T T L] L] T T L] L] I T T L] L]

do) _ 1 do s do -5|a;;é33l MeVic S m;ﬁla;,:'éas' Mevic .. .77 "'“'“L“_
ds2 0_ 2 a /), Q) 5/’ | T :

)

0.8} : y .

&

Ay(H) - m (g_gl)L - (d

da do) ’ ;
2P0 (dQ)L+ (dQ)R |
p P+ DY Pp cos ¢ = [~ \
scat — = 02 - \ 0y ]
1+ PPycos¢ ’ e N /
R.D. Baker et. al., B141 (1978) 29-47 ‘ :
Past experimental data of P 4 for the E¢y, 04} .
L oo i - ] 02}
‘*l‘“’L‘]"I‘ﬂ]‘r}r“" th-f g egr - _ SNz ] o2 NLO13
i l -‘J— { " .'. e s [ vy )
Y oH—— - ] 0.6 " . Jilich’04 r Jiilich *04
1847 i 654 L “ < Nijmegen NSCI7f | 041 Nijmegen NSC97f 7
I B Ll S 1.0 ”ol.slluof.o“”ofslll'1.o 1.0”"ol.s""ofo“l'ofs"' 1.0
‘1—‘;““—6“*“*"*"“1 _{—L—*—l—;LLO ) cos 0 cos 0
E40 range E86 range We will approach models with abundant
Ecy = 1841 MeV Ecy = 1699 MeV experimental data of Ap spin observables!
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How to measure A beam polarization (P ,)

If measuring P, in E40, you should analyze the A—m-p decay detected by CATCH.

T. Sakao et al., HYP2022. 271, 02008 (2022)

Detection of the A—7-p decay from tagged-/A beam in E40

KURAMA = T
magnet DC2

. Tagged by SET
A decay in ihe rest of A MM( 7 p—KOA) CATCH

0, Decay proton

'~/

Reconstructed
by m- & ™
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How to measure A beam polarization (P ,)

A decay (parity violation (P,=+1, P;=-1))
0,=0 Op=m

P o o
[ ] [ i

Due to A polarization (spin), the parity of

the A—m-p decay violates. ‘ Y Amplitudes of the 7t-N system
| ‘ Sl /2. A
* Due to that violation, the scattering angle ‘ 1 Pi»: B
distribution of the Qecay proton (6,) Mirror
becomes asymmetric. 1+a |A+B|?

(= Up/Down asymmetry) 1-a |A-B|?

* We can obtain P, By measuring cos6, and T.D.Ieeand C.N. Yang
.. . . . p Phys. Rev. 108, 1645 — Published 15 December 1957
fitting it with the equation.

Amplitude A+B Amplitude A-B
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Counts
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/A beam polarization (P ,) measured in E40

Missing mass (rp—K°X) (r'p detection by CATCH)

3 IMinary

:l 1 11 1 l | 1 1 l : | | I [ ] | I | I o [ |

9 095 1 1.05 1.1 115 12 126 13 135 1.4
[GeV/cT)

A beam tagging method for P ,study was established.

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

2

P, in the wp—K°A reaction

+ Present data (J-PARC E40)
+ R.D.Baker et al. (1978)

Pr. eliminary

|III|III|IIIII

'U.I—HIIIII|III|II"

Table 1: Numerical values of parameters obtained by the fitting for the missing mass
of the 77p — K°X reaction with an Equation (??).
All entries

A peak integral range A entries Background entries S/N ratio

5.56 x 10*

1.07 — 1.16 (GeV/c?) 2.92 x 10* 1.25 x 10 2.66

Better accuracy than past.

A beam is ~100 % polarized in the cosOq cm range of 0.6 —0.9.
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Scattering theory

f(0): scattering amplitude

T. Sasakawa, “Scattering theory”, Shokabo, Tokyo (1991) Scattering matrix (spin matrix g(0): green function
The scattering plane with polarization M=f(6)Ho -ng(d)
_ (0 1 (0T =1 — (1 0
y f “x_(1 o)’“y_(i o)’“Z‘(o —1)

0y 18 the spin-flip operator,

so the back term of M is called the ”spin-flip term.”

R Scattering matrix (Spin matrix)
X M=f(6)+0 - ng6)

=1 o) =0 9)e=( )

The polarization in the final state

(no polarization in the incident state)

p: incident beam vector p, — Ir(opy) _ TrMM*o) _ (f"(6)g(O)+g"(O)f @) ]
p’: scattered particle vector I~ Tr(pp) Tr(MM™) 7 (0)12+1g(6)|2

P: polarization vector

* In the wp—KO A reaction, if Oy, cp = 0 or 180°, the normal vector n = 0. — P, becomes 0.
* if Oko.cm = 90°, P would correspond to f{0)?




Study of the Ad scattering in Jefferson-Laboraty CLAS g10
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CLAS detector located in Hall B of
Jefferson Lab with subsytems labeled.

Torus Magnet

N

Beam Line

Target

Drift-Chambers

Time-of-Flight

Cerenkov Counters

Electrocalorimeters

Drift Chambers

Region
Region 2
Region 3

Cross sectional view of the
CLAS detector with two
tracks created at the target.

///
T%
TOF Counters. — Cerenkov Counters

CEBAF Large Acceptance Spectrometer (CLAS)

Front view of the CLAS detector
seen from the beamline.

Drift Chambers
Region 1
Region 2
Region 3

f TOF Counters

Main Torus Coils—

Large-angle Calorimeter

Electromagnetic Calorimeter
\\\
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