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Experimental approach for the AN interaction

The AN interaction was known by the AN scattering data
and the A hypernuclear spectroscopy.

Scattering experiment A hypernuclear spectroscopy

« Major experimental method for ¢ By comparing with theoretical models.

CEMOIID SheiicTdbiinne — Understanding the effective AN interaction

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

nnA Is pure An system
= ltis good system to
study the An interaction.

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 3



The nnA state problem

Experimental suggestion

HypHI Collaboration at GSI reported structure that may be interpreted

as a bound state of nnA system. _ |
Theoretical suggestion

[ t+m
8o invariant mass  «  Theoretical calculation with Gaussian expansion method
S i Ref.) E. Hiyama et al., Phys Rev. C 89, 061302 (2014).
Z sol Bound state of the nnA is not realistic
© [ _ Al : : : :
= 40 * Faddeev calculation with S-wave separable potentials
o oy Ref.) LR. Afnan et al., Phys. Rev. C, 92 054608 (2015).
§ 203 nnA could be resonance state when alAn potentlal IS 5% deeper
& - &
0 ‘. than Ap potentlal (s > 1.05).
I-_. P T T T NS S T N SR T T
2 ass@evy Existence of the nnA is not established
C. Rappold et al, (HypHI Collaboration) Phys. Rev. C - Need more preC|Se SpeCtroscopy measurement
KB DA | We performed nnA experiment at Jeffreson Lab (JLab) |

HIEI2022 | | - March 22nd, 2022 4



High resolution spectroscopy at JLab e
(e, eK*) reaction

(e —» e’ + y*) to produce A in the nucleus. - ; : : )/
The missing mass of A hypernuclei is

My = \/_(Ee Mg Ee’__ EK)Z . (p_e) —_ﬁ 2, E{))Z

- AZ(e,e'KHA(Z - 1)
An experiment in the (e,e’K™) reaction can achievable high energy resolution (a few MeV FWHM)
and precision (a few hundreds keV) due to use

Primary beam with small beam energy spread I |

-~

\Ncchll

N

o

o
|

Energy calibration with known mases of
A and 2V in the p(e,e’K*)A/2Y reaction

®

—
%))
o

North Linac 7 _—
1.1 GeV/pass {v \‘ J pass

B ./‘/
South Linac

Counts/1MeV

—

o

S
|

f 1.1 GeVipass
L EL‘ Continuous Electron Beam e isond RS b i) v
U Accelerator Facility (CEBAF) 0 50 1003 [MeV]

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 5



Study of the An interaction from (e.e’K*) reaction at JLab

There are two ways to study the An interaction from the nnA system.
1. - Analysis of nnA peak (if the nnA peak exists)
2. Analysis of A — QF distribution '

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

i g

- If the nnA peak can be observed, —

0.0 .
An interaction can be o An flnal.state
02 constrained from the nnA peak. C Interaction
Resonance b
04t 5
K . .
£ Shaping analysis of Uasi-free
| —e— ModD | B : q
Chiral | A —QF productions productions
- a " . -
08y —a— Nsco7r] — Effective An interaction Eirlerte)
Unbound —%— Julich04 | SR T
R R Ty Y RN R 20 30 40 50 60
Re[E] -B, [MeV]

HYP2022 | | | June 30, 2022
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nnA experiment at Jefferson Lab

The nnA search experiment (E12-17-003) was performed at JLab Hall A (2018).
» Two high resolution spectrometers (HRSs) (Ap/p ~ 2.0 x 107%)

»  Tritium gas target (84.8 mg/cm?)-

Electron beam Der = 2.2 GeV/c
=

E, = 4.3 GeV Hee,_= 13.2°

I, =225u4 QN _
' %v* @nrm

® 4 _

Target
3H

‘9
= 1.8GeV/c
3H(e, e’ K T)nnA reaction ‘ ZSK _ 13.2° /

By measuring momenta of e’ and K+ with HRSs,
missing mass of nnA (My) is reconstructed by

My = \/(Ee +mp —Egr — EK)Z - (pe — Pe’ — pK)z

3  December 06, 2022 8
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SH(e, e’ K*)X missing mass spectrum

Cross section of missing mass - - pR
*1 . JLab Hall A/C standard Monte Carlo Simulation

- 3 1zt ;
in the "H(e,e'K™ )X reaction Including fermi momentum, kaon decay, radiative
. | correlations .

nn/A mass threshold

L
=

B H | : Exp. data

We study following physics from the -
— MC (w/o. FSI) SH(e,e'K*)X spectrum |

daldQ  [(nb/sr) / 2MeV]
M
=
L L B

Upper limit of the nnA cross-section

—
|
-
=y

Spectroscopic study of the XNN state

=i
=
| T T T

. ul 1 Study of the An final state interaction

i | | |
o Preliminary™
IIEI'IIII5|IZ}IIII1{|]'IZ}IIll'lélilII
—B, [MeV]
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SH(e, e’ K*)X missing mass spectrum

Cross section of missing mass
*1'- JLab Hall A/C standard Monte Carlo Simulation

3 T
in the H(e e'K )X reaCtlon | Including fermi momentum, kaon decay, radiative correlations
* nn/AA mass threshold , - , - - 2y e s - - -
- (=B, = 0) We s:udy following physics from the 3H(e,e’K*)X
s 0 H | : Exp. data iRl
T I H‘ I '\.‘H = Upper limit of the nnA cross-section
g I | e — MC (wio. FSI) | e |
= 201  Spectroscopic study of the XNN state
| * Study of the An final state interaction
1oL I Upper limit study of nnA (Published)
i . — K.N. Suzuki et al, PTEP 2022, 013D01
- | i | N_Ot enough ¢ %* 14? (-Bx 1) = (0.25,0.8) MeV
:I | ll::nl-ﬁlJ 5|gn|f|cance E_\lzz(sren-mgnwR%TT)
a | I 1 | | | | | 1 | | | | | | | | | \é 6;_ + -,+,)
0 50 100 150 g o
—B, [MeV] o LS

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 11




SH(e, e’ K*)X missing mass spectrum

Cross section of missing mass
in the *H(e, e’K™)X reaction

nn/A mass threshold

*1'- JLab Hall A/C standard Monte Carlo Simulation
Including fermi momentum, kaon decay, radiative correlations

We study following physics from the *H(e,e’KT)X

5 (=B = 0) spectrum
s 0 : Exp. data
= . Upper limit of the nnA cross-section
_t_ﬂ- -
£ 20| — MC (wio. FSD) *  Spectroscopic study of the XNN state
S ~ : : : :
T Ol . Study of the An final state interaction
B 90F B.(Z°nn) = 76.9 MeV
10— S BUE— B,(X'pn) = 80.4 MeV
- En I Mean - 87.03 : 182MeV  Thare are structure around
: § o0 N\ M=o soseer) NN threshold
ol La Study of the NN state
5 | T 3o — Phys. Rev. C 105, L051001 (2022).
0 50 100 150 10 e T I
—B, [MeV] | )120 130 140 150
e ~,/\M2 (1~ . S . .
NFOVRKITEHEZRISEIBEDY)IE  December 06, 2022 12




SH(e, e’ K*)X missing mass spectrum

Cross section of missing mass

*1'- JLab Hall A/C standard Monte Carlo Simulation

PR 1+ i
in the H.(e’ e K )X r.eaCtlon Including fermi momentum, kaon decay, radiative correlations

We study following physics from the 3H(e,e’K*)X
| Exp. data spectrum

k — SIMC (w/o FSI . it . IR,
m worsh e Upper limit of the nnA cross-section
't

1[ k e 'Spectroscopic study of the XNN state

do/d, [nb/sr/1MeV]

Dre Hmin ary f «  Study of the An final state interaction

Around 10 MeV region, there are excessed
events even considering nnA structure
.................................. N Expected to be produced by the An FSI

‘Excessed-events-existed:

Data/Sim

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 13
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Final State I_nt'eractioh'(FSI)_'

Final state interaction (FSI) is reaction between a recoil A and a nucleon

‘within a target (tw-o—body (AN-) scattering).

' | (g) B ‘w(kr +8)|? (da>
N P d.Q FSI 1/)(](7") d.Q w/o FSI

R e

two-body scattering

2500

Counts/2MeV
g 8

:

— An FSI effect is expected to be apBeared
in the 3H(e, e’ K*)X missing mass spectrum.

SHe(e,e'K*t)X
(JLab at Hall C)

w/. AN FSI
(simulation)

] w/o AN FSI
AH s (simulation)

2.99 3 3.01 302 303 304 305 3.06
M, (GeV)

NRFaYHRIEIRISEEEDYIE  December 06, 2022 15



Calculation of the An final state interaction

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

(da) | Ykr + 8) ( > I(k ) (da) | 1 (da) |
T 57 rel = S o |
a0)., " [wtn | \aa),, .o T e s RS T e
- In the ERA (kcot§ = —1/a + 1/27,k?), the Jost function is
y'+p-oY" +K* o K*

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

]l O(krel) — Kre1 '/

Krel—la

1 1 1
cTela—=PB) =1, Sr.af = -

NFBRHICBERISEIEEDYIE December 06, 2022 16



Pp(ﬁp' Ey)

Pnn (_ﬁpl Er*ln)
Prel—if 1 1
]l=0(prel:rera) = e Ere(a _,B) :.1; Ereaﬁ ATl oY

Simulation of the An FSI

I(pa,,) is calculated with Jost function (I(ppn) = 1/1)1=0(Pan)|?)

1

Drel—la& < a

probability

() calcutaton R /... imulation

—~ i | Proton momen tum distribution in *H
12 : : : : - 0.06 0 B T T
F : : : 1 — wi/. FSI Julich A r - : £ 30000[— ! : : : :
B : : E _ 3 - : : : : : g :
B | —— wi.FSlJulich B - . 3 - ﬂ
__\ . i 0.02f i . . O
= N : : : 00_ : ' ' 2&0 ' ' ' 400 ' 600 Blill) * 1000 :
P, MeV/c

" —— wiFsINLO13(600) | Bl el = 28000 ’J_'f LHH

)
: w/. FSI NLO13(650)
| —— w/. FSI NLO19(600)
| )

factor (0.25'S, +0.75°S))

: w/. FSI NLO19(650
| —— w/. FSINSC97f

P
a 1 BNl 3B3He 4 N A i cn00l— i B R
o [
@O B :
3 H H
= H : ’ :
£ L : : ‘
— : i i :
i L | L Ll | L Ll 1 | L L L L | Ll L | Ll

100 200 300 400 500 600 700
P, . [MeV]

1111 | 1111 I 1111 | 1111 | 1111 I 1111 | 1111 I 1111 I 1111 | 1111
0 50 100 150 200 250 300 350 400 450 500
. [MeVic]
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Missing mass spectrum including An FSI by SIMC

Missing mass with -An FSI is written as (Z—;)FSI = I(Kyer) (Z_;)w/é L

dQ
I1(k,0p) : Calculated with Jost function

e (d—a) ~: Given by SIMC (w/o FSI)
w/o FSI

| | Red : w/FSI (NSC97f)
g_ & E— w;. :zg:ju:?c::g - Green: W/O FSI (S'MC)
. T W reiNO1a6s0, | - Successfully reproduced
S 8 || —— w/. FSINLO19(600) - L the enhancement
g | wl. FSINLO19(650) ! C
5 oL M\ ... |——wFsinscorr | Calculating :
PENC T Paand i) E H(e, KX
N each event » (Simulation)

_I 111 I 1111 | 1111 I 111 1 I 1111 | 1111 I 111 1 | 1111 | 111 1 I 1111 - R e
0 50 100 150 200 250 300 350 400 450 500 0 10 20 30 40 50 60
P,, MeVic]

-B, [MeV]

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 18
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Enhancement structure in the H(e, e’ K™)X missing mass

i+ Exp data
wio FSI

30—

do/dQ , [(nb/sr) / 2.0MeV]

_ FSI effect region
—B, < 60 MeV

w/. FSI Julich A

I w/. FSI Julich B

. w/. FSI NLO13(600)
I : w/. FSI NLO13(650)
|

wl. FSI NLO19(600)

w/. FSI NLO19(650)
w/. FSI NSCO7f

There are two structures (0 < —B, < 60 MeV)
e —Bjp ~ 0MeV: Notreproduced by An FSI
. —B, ~ 20 MeV: Produced by An FSI

. S 145 (B, T)=(0.25, 0.8) MeV RIEr L
i e 12;—{BreilfWigner»<Respon 9| A The structure of —B, 0 MeV was
10— S 10! 1 v | reproduced by convolution
- 2 g ¢ | integration function (fzy,) **
i - _- * (Breit-Wigner * Response functions)
! S 4 ' |
] B - L 8 = y
0 50 100 r *1 S.N. Suzuki et al., Prog. Theor. Exp. Phys. 2022 013DO01.
-B, [MeV] o
> - \M2 ([~ : hy - -3 : -
NFOVRKITEHEZRISEIBEDY)IE  December 06, 2022 20




Chi-square fitting

. FSI effect region T o i MC with FSI spectra was scaled as

w/. FSI Julich A

wlo FSI
do do
/_ESI Julich B ] =i >, -
wl_ FSl NuLlcr;w(eom do = WEsI I(kl‘el) dQ. + WBWfBW
wl. FSI NLO13(650) FSI w/o FSI
wl_ FSI NLO19(600)

wl FSINLOTO(E50) | (WFS_I,WBW are scaling factor) |
Fixed parameters : (=B, ) = (0.55, 4.7) MeV *!

. *1 V.B. Belyaev et al,, Nucl. Phys. A, 803, 210226 (2008).

30

do/dQ , [(nb/sr) / 2.0MeV]

| wgy and wpgl were given by chi-square 'fitting

" with ranges of

| L Ilgnorable ra;ge for FSI | | e ~ |
I jﬁ] - | (Fitting region of wgg;) - WBw - ( BA 0 MGV)
g | 50 2 %% eI e (60 < _BA 140 MeV)

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 21




Fitting results of the SIMC spectra with An FSI

< 0 < —B) < 60 MeV > | SIMC spectra with An FSI were scaled in the |

region above 60 MeV (FSI ignorable range).

da/dQ , [(nbrsr) / 1.0MeV]

[+ Epda : The goodness of fit of the SIMC spectra in each
j p—_—r s ‘ ‘ An potential model was evaluated by chi-
151 " i FSINLOT3(650) ‘ i ‘ ‘ : squares with a range of 0-< —B, < 60-MeV .
B w/. FSI NLO19(600) . -
| wi. FSINLO19(650) ‘ H ‘ ‘
L Wf:. FSI NSCO7f Hn 5 i
, O_— ARl 2o An Potential Reduced chi-square (x2/ndf) -5, ~ 0 mev structure [nb/sr]
- w/o FSI (w/o nnL peak) 1.24 0.0
. ‘ . w/o FSI 1.09 23.0
- ) Jiilich A 1.40 1.1
sl : Jiilich B 1.15 5.5
- : R NSCO7f 1.05 8.0
irminear / NLO13(600) 1.16 5.1
a NLO13(650) 1.17 4.7
L L NLO19(600) 1.22 4.0
0 20 40 60 NLO19(650)
-B, [MeV]

#2 l . . 4.0 |

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 22
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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).

Using two parameters (a, ) : a=a,=a;, T=1, =1}

(@) e )E)

Minimum chi-square y2.. is 59 at (a,7) = (—2.6,5.0) fm.

] (krel)

Black solid line is the contour line at y2,, + 1.

— It indicates statistical err.

Assuming a = —2.6 fm
(Preliminary) 3.8 < ¥ < 5.3 fm

r [fm]

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

A JulichA S =~ !
v JullchAIS An theoretical

| JulichB S models =
- JulichB s CRASIIN
g—| A  NSC97f s . Exp. Data[1], |
- ¥ NSco7i s ar
o | NLO19(650) S, PR ¢

— dh  NLO19(650) s e .~

- ¥ BestFity?= 500 e
7| —— 1o (1°=60.0) '”

IR ¥2=61.0 -
6| — -« — ¥2=62.0 e
= 2 _
5= Xmin =99 _ ™
JE at (-2.6,5.0) fm
3_?_——_--_-_'_.._"—"—'—"—-"— -y
7 I A | :

Jereuminar / (a®, %) i
— Exp. Data [1] A
11_—l 1 1 | 1 1 1 | 11 | | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | LI |
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2

N A HKICB S RIS EEEDYIE
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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, the potential parameters of An potentials (a,7)
were successful to be restricted by the chi-square fitting.

e Assuming a = —2.6 fm (Preliminary) 7 = 5.0%73 (stat.) fm

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 25
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nnA Experiment at JLab

[ t+m
; : 80l invariant mass
nnA prOdUCtlon reaCtlon E 60: ManA= 2994.3 £1.1(stat.) £2.2(sys.) MeV/cZ
q o
Reaction Target Resolution FEEESEFl
€
(r*,K*),(K~,m™) nnn 3 20|
Heavy ion some A | O e
2.98 3 3.02 3.04
(6, €'K+) 3H O _ Mass (GeV)

C. Rappold et al, (HypHI Collaboration) Phys. Rev. C 88 041001 (2013)

e GSI measured invariant mass and lifetime of t + 7~ in ®Li + 12C reaction at 2A GeV

Not enough peak significance of nnA and enough mass resolution to study An interaction
[1] T. Gogami, Doctoral thesis (2014).

* (e,e'K™) reaction enable to achieve high resolution (=B, ~ 0.5 MeV in FWHM) [1]

Need radioactive material of 3H for the target

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 27



nnA Experiment at JLab

t+m
A diicti t 8oL Invariant mass
nn pro uction reaction E 60 MpanA= 2994.3 £ 1.1(stat.) £2.2(sys.) MeV/cZ
: ' @ /
Reaction Target Resolution S of A
2
(%, K*),(K~,m™) nnn E [
o 20 2
. o S TheRRL
Heavy ion some A N
1+ 3 298 3 3.02 3.04
(e’ e K ) H O Mass (GaV)

Jefferson Lab (JLab) meets the

requirements

High quality electron beam accelerator (CEBAF)
Able to handle tritium target (Tritium Campaign 2017- 2018)

(e,e’K™) reaction enable to achieve high resolution (—Bj ~ 0.5 MeV in FWHM) [1]

Need radioactive material of 3H for the target

AFD)ﬁ%kS%E Zﬁ EDY)F

-

December 06, 2022 28



Calculation of the A momentum (p,)

A momentum (p,) :

ﬁA.:ﬁp‘F

.ﬁy* _.ﬁK

|pp| was given by Fermi momentum probability.

Measured values
P = 1800 + 80 MeV/c
~ p,+ = 2100 + 100 MeV/c

(6,, ¢,) was generated by a spherical uniform distribution.

probability

N A HKICB S RIS EEEDYIE

0.14

=
Y
M

o
=

0.08

0.06

0.04

0.02

- | R.B. Wirinaga Phys. Rev. C 43, 1585

B —~— | Proton momentum distribution in 3H

1 1 1 1 1 j
0 200 400 600 800 1000

P, [Me\a.’!c]

...........

w
=]
(=]

A momentum [MeV/c]

500

100
‘\HI‘HH‘HI\‘HH‘HH‘\IH‘HH'HH'HH:O DZI Ll I  — | — I — - -- |IIII illlli IIIIII IIIIII L1 0
§ § § § § § g g § o 0 100 200 300 400 500 600 700 800 900 1000
T8 s 88" proton momentum [MeV/c]
sssss 0 . .
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Estimation of each neutron momentum (p,,)

Stopped target (*H)— p, + Bp1 + Pn2 = 0
with nn relative momentum pL2, a neutron momentum (B,1(n2)) Were
1
Trel

Pnn(ﬁpj‘;n) | | | ﬁnl(nZ) = _E ﬁp T Pnn

- -
- Pan T

L
Pracn| = J s+ 221 % I, oo
| | | unknown

0: sphérical uniform, Pyt Fermi momentum

Each neutron momentum cannot be determined.

— prel is given by 3H spectral function (SF)

NFOVRKISHBEZRISEIBEDY)IE  December 06, 2022 30



Spectral functions of three body system
One of the nucleon momentum in 3H is given by spectral function (SF)

However, spectral function of 3H could not reproduced

Mirror system

— Using SF of'3He assum'ing charge symmetry

SF(kn, Epp) The relative momentum was written by the

3He excited energy of residual system
: |->rel|2 -|->rel|2
st Bl = P
K my,

The proton momentum in 3He

3 S A RS
B3] = jmpEpp + —— F Bl (myEpp)cost

4 Assuming charge
symmetry
S 12
= * |p | - |2 * E* — E*
100 | = |p34| = \/mnEpp + % + |pp|(mnEpp)cosH L pp
E;, [MeV]
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Jefferson Lab (JLab)

175 > .= Jefferson Lab (JLab) has continuous electron
18 bz | 1 GeV/pass beam accelerator facility (CEBAF) which provides
R k9 us high current and quality electron beam.

CEBAF Main Specifications
« Max Beam Energy : 12 GeV (6 paths)
e Max beam current : 85 A

. Beam spread (AE/E): 1.8 X104 (FWHM)

Contlnuous E‘lectron Bearr.\'
| Accelerator Facility (CEBAF)
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Missing mass spectra with An FSI

Experimental data (3H(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

* Including An FSI effects (0 < —B, < 60 MeV)

et Lt > Exp. data
S | — wioFsl ‘ ‘ ‘
| | | | = 15| —— wi. FSI Julich A ‘ Lo ‘ ‘
Experimental data was fitted with chi-square as § | w.FSINLO19(600) ‘ ‘ ‘ H‘ ‘ ' ‘ ‘ ‘
= .
, TS FRe - = | —— wl.FSINSC97f JL _‘_ b
) (ydata_WFSI'YFSI_WnnA'ynnA) : S r iy e
A= : (Wrs1, Wana are scaling factors) 3 10— |
Odata T
Missing mass spectra with FSI : i
» Succeeded in reproducing enhancement L el e D e
structure (0 < —B, < 60 MeV) P .
] ] 0 ﬁ;; ---=I | | | E%ﬂ:;!aT:nmen.4-..r.e.-_.:-:-...-:-.;........._.I......-_...I I-.-..I.-.-.I..-.-.-.-.-I-.-..I.
« Better agreement with the experimental data 0 20 20 '
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The scaling of MC spectra

The enhancement by An FSI

Low mass region (—B, < 60 MeV) — Effective

High mass region (—B, > 60 MeV) — Ignorable

MC with FSI spectra was scaled as

(@), = o150 ()
- FSI ° rel
df) FSI df) w/o FSI

(frs1 is scaling factor)

bin

e

frs; was determined by the value with the smallest |
chi-square within (60 < —B, < 140 MeV)

(y data .
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The scaling of MC spectra

5 Exp. data

wio FSI

w/. FSI Julich A

w/. FSI Julich B

w/. FSI NLO13(600)
w/. FSI NLO13(650)
w/. FSI NLO19(600)
w/. FSI NLO19(650)
w/. FSI NSCO7f

With influence factor I(kq),

MC with FSI spectra was '
&, el
TRy 1) 8 rel) \ 5~
afl FSI ' ail w/o FSI

frs1 is scaling factor.
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SH(e, e’ K*)X missing mass spectrum

Cross section of missing mass
in the 3H(e, e’ K™)X reaction

nn/A mass threshold

*1 - JLab Hall A/C standard Monte Carlo Simulation
Including fermi momentum, kaon decay,
radiative correlations

S ° ~ : 27
% s0l- | Exp.data By ~ 0 MeV : nnA resonance?:
s | — MC (wlo. FSI) Not enough e e O o)
I_:I: 20— . . g N < 14F o =(0. . e
% significance | \%%?Bﬂi’iﬁénef?if;pﬁﬁf v:f, 3
10— ] i T +
I I3 2_ e \ .
i PRI/ v ~B), (MeV)
Ot * 10 < —B) < 60 MeV
| Due to An final state interaction (An FSI)
—B, [MeV] _ _
> S =D B s S ! :
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Target system in nnA expereiment

Target cell material
Al alloy (ASTM B209 AL 7075-Té651)

This picture was taken in vacuum chamber

g
o \
-
- 7/
-
o
P
e -
Py -
- -
- -
» -
- -
- -
- -
- -
- -
pt -
’—’ -
-
e
i

-7
- P
- -
- -
-7 -

: —————— ey 40 TBq (0.1 g)
' 40 K
84.8 mg/cm?2

https://wiki.jlab.org/jlab_tritium_target_wiki/index.php/Main_Page

Tritium decays to herium3 with half-lifetime
at 12.32 +0.02 years (°H - 3He + e~ + 1,).

NFOVRKICEHEZRISEIBEDYIIE  December 06, 2022 37




The scaling of MC spectra

The enhancement by An FSI

Low mass region (—B, < 60 MeV) — Effective

+ Exp.data

w/o FSI

w/. FSI Julich A : . .
wl. FSI Julich B High mass region (—B, > 60 MeV) — Ignorable
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w/. FSI NLO13(650)
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' (da) fl () (da)
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i
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Simulation of the An FSI

Missing mass with An FSl is written as (Z—;)FSI = 1(kyer) (Z_;)W/d i

: do : . :
. (E)W/o o Given by SIMC (w/o FSI)

I(k,..,;) :Calculated with Jost function (free p)

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