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Motivation for determining a,, 3 DARMSTADT
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Hard knockout reaction DARMSTADT

m goal: obtain nn scattering length a,, with
SHe(p, pa)nn
t(p, 2p)nn Y

o — Qo —_—

= assumptions:
o sudden knockout -> strong separation of proton and two neutrons in momentum space
o nn final-state interactions dominate
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Description of the three-body state DARMSTADT

= |p,§), here

p.a),
m use absolute momenta: |p, g; Q>p

I,s)j

(Ao)l!
® 1So(nn) +p nn singlet °
® 1Sy(np) +n  np singlet

® 35,(np) +n np triplet: deuteron J,.M
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Faddeev formalism

o @

)= with e (R )
B Faddeev amplitudes Got; |F;) = |¢i) = GoV; |W)
" coupled equations |F;) = 3, ; Got; |F;) for the interaction channels — t,1  t,

{0 (0 0

np

@
&/ O /@

m 3-body force h(A) fixed to triton binding energy B = 8.48 MeV
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Parameterizing the t-matrix ' DARMSTADT

effective range expansion mod. effective range expansion around pole

1 1 1 1
= 2020 AJar T 2 i [ 7 v B S

7i(P)
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Parameterizing the t-matrix DARMSTADT

effective range expansion mod. effective range expansion around pole

1 1 1 1
= 2020 AJar T 2 i [ 7 v B S

7i(P)

unphysical poles around momenta of p ~ 150 MeV:

1 B 1 < B rip?/2 N >
~1/aj+rp2/2—ip  —1/a;—ip -1/aj—ip
N————

LO t-matrix

e

21.01.2026 | Technical University of Darmstadt | Institute for nuclear physics | Tanja Kirchner | 5 ) "'f.
L. o



TECHNISCHE

Obtaining the density distribution DARMSTADT

DARMSTADT

= 1Q), = [(1,s)], (A, 0)l; J. M), P2RW(P, PP e
’ o o 300 L4 3
® wave function in partial wave Q:
2
wp;Q(paq) :p<Paq;Q|W>p >0
_ 200
?
= 150
(e
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0
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Obtaining the density distribution 3 DARMSTADT

= Q) = |(I,8)), (N, o)l; J, M), 0.010¢ 1
® wave function in partial wave Q: 0.008¢  — o000
) ~ 0.006k | — 1=1,2=1
WP§Q(paq) :p<paqu|w>p §0006 —=1,A=1
p2G2|W(p, g)? < 0.004 1 — I1=1,2=1
— =1,A=1
0.002 1 — I=LA=3
=2,A=2
0.000 - - - ] — I=2,4=2
0.0010 . . , i I=3,A=1
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pn(P) = Y q [ dap®q? |WP:Q(P7q)|2 Pon [MeV]
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Results for the groundstate

LO groundstate

_1.2f
>
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Q —— app =-23.7fm
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anp [fm] 4y [MeV]
—23.736 45.7021
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~== ap, =-187fm LO |
—— ap, =-16.7fm
—— app, = -18.7fm b
— ap, =-207fm |
— apy = -23.7fm
2 4 6 8
Enn [MeV]
ron [fM]  rop [fM]  pg [fm]

2.84 2.704 1.752
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Including final-state interactions DARMSTADT

nn-final-state interactions included via the t-matrix

2 1

\UI(JWFS’)(p7q) = \Up(pa q)+; m
—/_’

nn t-matrix

, P2, (p',q) — 2\l!p(p,q)_ im 1, (A+p
V i 9 7 2" (7op) pvelea)

%\
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FSI results with uncertainties
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m NLO groundstate curve with nn '

FSI applied > 20r

m conservative error band given by %
the difference to the LO curve s 15T

® all curves normed at 'L
Enn = 0.8 MeV w 1.0

2
f05f

possible to distinguish a,, w
within 2 fm < 0ok

ann = -16.7fm
app = -18.7fm
apn = -20.7fm T
ann = -23.7fm

T. Kirchner, M. Gobel, HW. Hammer,
Phys. Rev. C 111, 044002 (2025)]
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Summary & Outlook DARMSTADT

N
)
T

-
wn
T

m calculate NLO groundstate curve for the triton
= include nn-FSI
m distinguish peaks for different a,, within the uncertainties

anpn = -16.7fm
——— app =-18.7fm
apn =-20.7fm
apn = -23.7fm

o
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Summary & Outlook DARMSTADT
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® Going to NNLO: include another three-body force (e.g. determine from radius)
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Summary & Outlook DARMSTADT
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® Going to NNLO: include another three-body force (e.g. determine from radius)

Thank you for your attention!
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