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Study of the An interaction from the nnA system

nnA is pure A-n system—> It is good system to study the An interaction

The eX|stence of the nnA is not establlshed (nnA state puzzle)

7! C. Rappold et al, (HypHI Collaboratlon)
- Experimental data(GSI) — Bound state was reported. ;22782 S8 000 2ors)

e Theoretical calculation - Unbound or Resonance
Iraj R. Afnan et al, Phys. Rev. C 92, 054608 (2015).

0.0 * If the nnA peak is observed, 7 An final state
» Bound> 20% % | An interaction can be constrained from it. it "
. Resonance 3 : interaction
2 Le > 50 Shaping analysis of
% o6 o weap | BEE A —QF productions A quasi-free
sl o Clal | - Effective An interaction (FSI) ps"."d”ft".’“s
Unbound N Juﬁchoﬁ- s : — (Simulation)
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Study of the An interaction from the nnA system

nnA is pure A-n system—> It is good system to study the An mteractlon

The eX|stence of the nnA i E not establlshed (nnA state puzzle)

- Experimental data(GSI) — Bound state was reported. C Rappold et al, (HypHI Collaboratlon) Phys.
~ Rev. C 88041001 (2013)

Theoretical calculation - Unbound or Resonance

Iraj R. Afnan et al, Phys. Rev. C 92, 054608 (2015). . .

An final state

If the nnA peak is observed,
An interaction can be constrained from it.

0.0 Pk

Bound> 20%
&4 We performed the nnA experiment at

s ol JLab (2018).

produchons

L. Tang (Mon-Il) and B. Pandey (Web-IVb) [GENEEY
Y] talked about nnA experiment. woe

0.2 . _ -B, [MeV]
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nnA experiment at Jefferson Lab (E12-17-003)

The nnA search experiment (E12—17—003) was performed at JLab Hall A (201_8).

e Tritium gas target (84.8 mg/cm?) .
» Two high resolution spectrometers (HRSs) (Ap/p ~ 2.0 X 10‘4)

Electron beam Doy = 2.2 GeV/c

Ee — 4.3 GeV 999, — 13 2
I, =22.5uA -
% &nnA
Target @ i

3H Q 3H(e, e! K *)nnA reaction

e px = 1.8GeV/c
_ O,k = 13.2°

My = \/(Ee +mp — Egr — EK)Z - (pe — Pe’ — pK)Z
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SH(e, e’ K*)X missing mass spectrum

C ti Rl 1. JLab Hall A/C standard Monte Carlo Simulation
I:'OSS section of missing mass ' Including fermi momentum, kaon decay,
in the 3H(e, e’ K*)X reaction radiative correlations

nn/A mass threshold

3 30 | « By, ~ 0MeV:nnAresonance??
= [ | Exp. data
'%'l i Upper limit study of nnA (Published)
200 ___MC (w/o. ESI s K.N. Suzuki et al, PTEP 2022, 013001
% 20— ( ) Not enough B 145 (B, T)=(0.25, 0.8) MeV °
[ . “pe & 12HBreit-Wigner+Response) | #
% ] significance \E.;\'Q anermes ‘]
i £ (41
10 % i
- 'C’Z;‘TT'I' 4 %5 -4-3-2-10 12 3 4 5
- (0 B T | —By (MeV)
i
Ofmh  10< —-B) <60 MeV

Due to An final state interaction (An FSI)
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Final_ State I_nteractio'n'(FSI)'

F|nal state mteractlon (FSI) IS reaction between 3 rec0|l A and 3 nucleon

‘within a target (two -body (AN) scatterlng)

2500

Counts/2MeV
g & 8

2

3He(e,e'K1t)X
(JLab at Hall C )

w/. AN FSI
(simulation)

8L
: w/o AN FSI

s (simulation)

(@)  |wler +6) 2<d0>
dsl FSI l/)(kT) sl w/o FSI

Target L

two-body scattering

3.01 302 303 304 305 3.06
M, (GeV)

— Can derive the An FSI from
the3H(e,e’K+)X missing mass spectrum.
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Calculation of the An final state interaction

FSI can be written with influence factor I (k) as following

(da) ke + 8| (da) I(k : (da) | 1 (da) |
Ty ey LS T, rel = S o |
- In the ERA (kcots = —1/a + 1/271,k?), the Jost function is
y +p-oY" +K* - K7

written with scattering length (a) and effective range () as :

]l O(krel) — Kre1— '/

Krel—la

sre(@—f) =1, 1r.af =3
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' Missing mass spectrum including An ES| by SIMC j

Missing mass with -An FSl is written as (dﬂ)FSI [(kyer) (dQ)W/o N

) : (dO') )
| aq w/o F‘SI

I(krel)

. Given by SIMC (w/o FS)

: Calculated W|th Jost function

| —

—_ 12 T

ﬁ i | — w/. FSI Julich A

e - —— w/. FSIl Julich B

J}o 1[] N S S Wf FSI NLO13(600)

;ug, o —— w/. FSI NLO13(650)

ST Y R S SR B S —— w/. FSI NLO19(600)

g - | ——— w/. FSI NLO19(650)

CRP AN NN S S | —— wi. FSINSCO7f

“__E i '3_.,:?5 : ; I + 31t
4__ ........... --------- .............. ______ I(pAn) —
N N TR W s SO ARSI SRS R
R T R TV R R R R 1V R =

Red

- w/ FSI (NSC97f)
Green : w/o FSI (SIMC)

-

Calculating

each event

HYP2022

P, [MeVic]

ﬁAn and | (ﬁAn) '_

b Successfully reprod

L the enhancement

3H(e, e’K™)X
(Simulation)

0 10 20 30 40 50 60

-B, [MeV]
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x~ fiiting with missing mass spectrum

Experimental data ( *H(e,e’K*)X missing mass spectrum)

* Excess events.around nnA mass threshold (=B, ~ 0 MeV)

— Assuming resonance state of nnA (I, —B,) = (4.7,0.55) MeV * V.B.Belyaev etal, Nucl. Phys. A, 803(2008).

* Including An FSI effects (0 < —B, < 60 MeV) s Exp. dala
. — — . : S | — woFs ‘ ‘ ‘ ‘
| i g S LA =i Z  15] —— w/. FSl Julich A » ! ‘ :
ey Z (Ydata WFESI'YFSI—WnnA ynnA) § —— w/. FSINLO19(600) i ‘H ‘ “ ‘ ‘
5 S Ucil e S | —— w.FSINSC97i ‘ ‘ ‘ o
ata S F R
(Wgs1, Wnnpa are scaling factors) E 10 ]
Missing mass spectra with FSI : 5:_
» Succeeded in reproducing enhancement L e e e
structure (0 < —B, < 60 MeV) P .
0 l...f el s LR
- Better agreement with the experimental data e S |B [lw;]
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Search for the best An potential parameters

An FSI : calculated by Jost function with the (a,r) potential parameters

- Study of the (a, r)-.dependence of x° (Search for the best (a, r).pararheters).

[1] Eur. Phys. J. A 21, 313-321 (2004).

_ e AL i A 2 Sy o TehA 'S, = |
USIHg two parameters (Cl, 7") . d=0Ag =0, T =75 = T1¢ # Jﬂl:ghﬂ ’s, An theoretical
= Juli hB'S )
s F JuichB S, s, models (a?, )
_ _ = g NSC97f s . 1
g dO' 95 # NSC971 °s, Exp. Data [l}/ |
of | NLO19(650) S, PR ¢
i ](k 3 . E | <p NLO19(650) s e /’J
o - Best Fit 2= 59.0 et -
_ FSI w/o FSI : 7E- ¥ 11:?1 iﬁ%.m -
IR ¥2=61.0
| —  — 1?=620
Minimum chi-square y>. is 59 at (a,7) = (—2.6,5.0) fm. = —
g | | i3 Hinin = 59 ¥
Black solid line is the contour line at y2,, + 1. JF

Assuming a = —2.6 fm -
3.8 <7 < 6.3 fm (Preliminary) L T T Ve R T 'JB' S

(-2.6,5.0) fm
— |t indicates statistical err. 3?___________ ..... =
: ; : ; J P # m \
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Summary

AN final state interaction can be studied by the shaping analysis of the
A —QF distribution. | | | | |

* An FSI| was investigated from the A —QF productions in the
3H(e, e’ K*)X reaction. | |

» Using the Jost function, scattering length and effective range (a,r)
were successfully restricted by the chi-square fitting.

 For a=-2.6fm, 3.8 <7 < 6.3 fm (Preliminary)

HYP2022 ' ' -~ June 30, 2022 185



Backup
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Estimation for the relative An momentum

A momentum calculation
Ba =P + By — P

Neutron momentum calculation

*
nn) ‘ Stopped tritium target » p, +Pn1 + P2 =0

My Dn1—MnDPn2
2

Relative momentum was defined as p,.,; =

S 1 = S5
Pni(n2) = D Pp T+ DPrel

* Proton momentum (p,) : Fermi momentum distribution
Ref.) R. B. Wiringa Phys. Rev. C 43, 1585 (1991).

* Angle between p, and p,; (0) : Assuming spherical uniform distribution
* Relative momentum (p,.;) : Given by an excited energy of nn system (E;;,,)

E;., was estimated by spectral function of 3H Ref) C. Ciofi degli Atti et al., Phys. Rev. C, 21 (1980).
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Experimental approach for the AN interaction

The AN interaction have been understood with the data
for AN scattering and the A hypernuclear spectroscopy.

Scattering experiment A hypernuclear spectroscopy

 Major experimental method for * By Comparing with theoretical models

ety e o oh ictaghions ) Understanding the effective AN interaction

Ap scattering
— Limited data
An scattering
— No data (Not realistic)

nnA Is pure A — n system
— |t is good system to study !
the An interaction.
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