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preparation




Remarks on J /1 photoproduction and J /YN scattering

® What is the main mechanism for the / /1 photoproduction in the near-threshold region?
M.-L. Du et al., EPJC 80 (2020) 1053

O Gluon exchange?
O Coupled-channel mechanism? 5 P
P 5 %/ A
» if open-charm channels are produced with larger rates M? T \:%p

> hinder extraction of gluonic matrix element in the regime
& 5 Unitarity: J/Yp — J/Yp enters w/o
VMD, but cannot be singled out

» Feature: cusps at open-charm thresholds
S/
AL+D . 22861 /868 = 415 MeN

v J/P
"NV S () ﬁ :
T/t]/'rP Co30971 938 = 4035 men

= -
! = o = PO
) : ( . R Ao ey =
</ . \) Measure the open-charm production! = ~i~+++++ )
L
s GlueX, PRC 108 (2023} 025201

_.
<
|

—— Gux
—A— Cornell

------ M.-L.Duetal. (q,, = 1.0 GeV)

3 J/v
DO |
--- M-L.Duetal. (g, =12 GeV)

D(*)(A() i D(*)(A‘) i .':
é 10—2|||:|||||||||||‘||1||||||||||\\||||||
! 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
E, [GeV]




Remarks on J /1 photoproduction and J /YN scattering

® / /YN scattering length mechanisms
O Open-charm coupled channels (J /PN — ACE(*)/ZE*)E(*) —J/YN)
» Based on solution of coupled-channel LSE fitted to P. data (direct J /YN scattering neglected, only via

coupled channels) c M.-L. Du et al., PRL 124 (2020) 072001; JHEP 08 (2021) 157
> Result: O(—(0.1...10)x1073 fm) <y S 1o0of  scraman T
b LHCD: cos&p.—~weighted
[ Soft-gluon exchange Cu < ol st lj
» Based on dispersion relation ~d 3§ gk | ,
=]
»Result: a;/yy S —0.16 fm, a;/yn ay2s)y = (—0.15 fm)? £ oo} M ‘
N scattering = b %
S > > 0 400 . . . .
Eal g SN — 4250 4300 4350 4400 4450 4500
o 2 - / \ . + K ‘/ \ m,wp [MCV]
, Q\ e > consistent with later lattice QCD result

A Y. Lyu et al. [HALQCD], PLB 860 (2024) 139178
TR L g . (.30+0.02+0.00
12 | ™ _ ajyn (s=3/2) = —0.30Z5755 0,02 fm

L A ATLAS data

RV Low-energy J /YN scattering dominated by

gluonic exchange

5 : = 0 : : ! : : : !
L0 L ]'f\ @ \;"3 14 L) 0.3 0.4 0.5 0.6 10 05 00 05 L0
A[GeV] Ten[GoV] cos O+




Pion_and nucleon GFFs

® Definitions

[ Gravitational form factors (GFFs) for spin-0 particles, e.g., for pion:

(v2) [F0)| () = 2 (47 ()PP + D7 (1) (ARA” — tg)
PH = p'H 4 pH AF = p'H — pH l Crossing, for constructing dispersion relations p//j,x
(@) ) [2(0)]0) = &7 (47 A# A" + D7(t) (PP — 1) Mwﬂpﬁﬁ@D
O Nucleon GFFs e
(NN (p) |77 (0)] 0) = 4W1LNﬂ(p/) AArA” + (1) (iale" ¥ B, ) + D(t) (PP” — tg") | u(p)



Unitarity relation for the pion GFFs

v
® Unitarity = discontinuity (imaginary part) of the pion GFFs W;\\@ = W@
. a/. /\_b <1 P \‘zrb P ’
Dise (x°(p')" (p) |T*(0)] 0) NS
5ab

=5 [Disc A™(¢t)A* A" 4 Disc D™ (t) (P* P¥ — tg"")]

_ %(4;) o [ au(x ) )] 7y (P - D) (et (P = 1| T(0)] 0)
_ %(4;)2 ]\9/7% dﬁl% 3A(t, 5,u) + A(s, t,u) + A(u, 5,1)]
x [(A™(t))" (20 — P)*(21 — P)" + (D™ (t))" (P*P¥ —tg"")]
L [ oy F P @)
S-, D-waves S-wave

Mandelstam variables: t = P2, s = (p’ — 1)?,u = (p — 1)?; only two independent, A'=°(¢t,s) = A'=°(¢, s, u)
Lorentz structures: /dQlAI:O(t, s)(2l — P)* (2l — P)Y = A1 AFAY + Ay (PHPY — tgh”)

Contract with A Ay and g, = 44, 4,



Unitarity relation for the pion GFFs

A;, A, = combinations of isoscalar S-, D-wave rr amplitudes t§(t), t3(t): Al(t,s) = 327rz (2J 4 1) Pj(cos H)tf( t)

51272
3t

/ dA=0(t, s) (20 — P)*(20 — P)” = 1287215 (t) A* A + [19(t) — 19(t)] (P* Pu g")

® Discontinuity of A™ and D™

Disc <7Ta(p’)7rb (p) (T“W(O)‘ o> 5;“) Disc A™(£)A"A” + Disc D (t) (PPY — tg")]
= 22202 (am(o)” (20800 — 8(0) (PP — ™)+ 0A"A" ) + (D7) o) (PP — 19
1 A7 (1) = L2 (150)" 470 \
i D7) = 22 | 222 (13(0) ~ ()" 47(0) + ((0))” D7(c)| mahp Im©7 (1) = 2% (13(1)" €71
° D;composition into JP¢ = 0*", 2*" matrix elements (conserved separately):-’ K. Raman (1971) )

(7@ ) [ o] o) = {5 (9 - P;P")e/gm [A“A”+§—;<P“P”tg“”)] o

@:e part: <7T“(p/)7rb (p) ’T’L(O)’ 0> — 59O (1), O7(t) = —% (4p2 A™ () + 3tD7f(t))] .




ntt-KK coupled channels

® 111t phase shifts known precisely from Roy(-like) equation analyses Bern group; Madrid-Krakow group

® Generalization to coupled channels: isoscalar, scalar nt-KK; f5(500), f,(980) mesons

p
[ Unitarity relation for ®™(t) =| matrix relation for coupled channels (both pion and kaon trace GFFs):

2D
ImO™(t) = =X (t)(t)) O7(¢) ™
vi me(#) = [T3(1)]" Z(1) ©(1) @“):(%S@gm

phase-space factor

»0(t) = diag(o-0(t — tr), ox0(t — tg))

with o;(t \/1—4m2/t (1 =m, K)

n-KK T-matrix

i69 .
w0 - [P lab))e 8
olt) = AN 0(4)e24(¥Y(#)—63(8) _q
g3(1)[e?¥o®  mle S

1) = /1 - dorox|gd(®)/26 (¢ - k)

J. Donoghue, J. Gasser, H. Leutwyler, NPB 343 (1991) 341 7/

J




Muskhelishvili-Omnes representation

® Single-channel: Watson’s theorem = phase of FF = scattering phase shift

disc A™(t) = 2iA™()0(t — ) sin 69 (t)e~ 92 ()

d Omnes solution

a0 = PEO 980 . 98 e { L [T RO

s -1

T

52 replaced by the phase of m partial wave @3 to
account for inelasticity

M. Hoferichter et al., Phys. Rept. 625 (2016) 1

> 62,19 up to Ey = 2 GeV from latest dispersive analysis P Bydzovsky et al,, PRD 94 (2016) 116013

> Beyond matching point EO, B. Moussallam, EPJC 14 (2000) 111

38(0) = 7+ (83 (E) — ) 1= (j%/a))s
o800) = 1+ (1 (B8) =) s

» Polynomial: PJ'(t) = 1 + at matched to NLO ChPT

2L7
A™E () =1 - F;% J. Donoghue, H. Leutwyler, ZPC 52 (1991) 343
7T F2
tensor-meson dominance estimate: Ljs = — 7;
2ms,
1 :
Pr(t)=1+ <—2 — 98(0)> t~1-—(0.01 GeV_2)t
m
fa

Vs

: : : : : : : : : : : :
L oo
6, [BRY
L 1

0.5 1.0 1.5 20

Vt [GeV]

\\

PDG average: mg, = (1275.4 £+ 0.8) MeV PDG2024

We take mg, = (1275 £ 20) MeV for a conservative
error estimate

8
Meson dominance picture, talks by E. Ruiz Arriola, W. Broniowski




Muskhelishvili-Omnes representation

® Coupled-channel: solution known as the Muskhelishvili-Omnées (MO) representation

O The above can be generalized to nt-K K coupled channels (matching point: ~ 1.3 GeV)

O Take isoscalar scalar mm-KK as example 45/~

- [ Yoy s8m oy =

I e i
U t— £ 05
0.0t
—0.5:’““““"“““““i r ]
0.0 0.5 1.0 1.5 2.0 0.0 05 1.0 15 20
Vit [GeV]

nr phase shifts: Roy equation NEEPZaN
|. Caprini et al. (2012); = |

i — KK: Roy-Steiner equation S
P. Buttiker et al. (2004); =

M. Hoferichter et al., JHEP 06 (2012)063 -3t .. . .. .. ‘% .
0.0 0.5 10 15

Vit [GeV]




Muskhelishvili-Omnes representation

® Pion and kaon trace GFFs:

)] = [Po(t)]" Q(t)

2m3 + frt
( 2 (2m3, + Bct) )

G

(0) — 2m3; (98) (0)

22

OO

5 = 67(0) — 22 () (0 _ i £ (&

Bie = 0% (0) - V3m2 (no)

%

21

® Matching to NLO ChPT J. Donoghue, H. Leutwyler, ZPC 52 (1991) 343
T r m72r r r m72r 3 mﬂ' m72r
. 2 2 2 ] 5
OK(0) =1 — 4L", ”;;f; 24 (LT, — L) ”;gf _ ”;g I, = 0.94(14) Chiral logs: 1, = 7 <1n (51—) - 1)

® Similar coupled-channel analysis for D-wave -KK = coupled-channel results for A", AX and DT, DX

10



°
Pion and kaon GFFs  Pracliction, NOT it
S Pon LQCD (m,, = 170 MeV): D.C. Hackett et al., PRL 132 (2024) 251904
N
1.07E — Single-channel ] E ]
i —— Coupled-channel
0.8- S ] -
I ChPT“ " -@- LQCD,m, = 170 MeV | °‘> 3 E b
= 06/ 1 3
< 4 = -04 6 ]
0.4; -] ?D | —— This work i —— This work
0.2l ] 0.6 --- cuwpT . —0.8*/ --- ChPT ]
i -@- LQCD,m, =170 MeV -@- LQCD,m, = 170 MeV
_08 P P . P P . T _1 0 . . I P . P T .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
—t [GeV] —t [GeV?] )
N

| g ~
i @
0.2} ] 8]
0.0i L L L L 1 L 1 L L . b . L L L L L 1 _1-07 L L | L L L L 1 L L
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
\ —t [GeV?] —t [GeV] t [GeV?]
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Pion GFFs: pion mass dependence

® Using the mm scattering phase shifts at unphysical pion masses (239 MeV, 283 MeV, 391 MeV) obtained

from Roy equation analyses X.-H. Cao et al., PRD 108 (2023) 034009; A. Rodas et al., PRD 109 (2024) 034513

0.2¢ ]

0.0\

— i &
= 04 oM 1T
@ —0.6; — m, = 239 MeV ]
- —— m, = 283 MeV ]
_0'8; my; = 391 MeV 7 7 .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

—t |GeV?] —t [GeV?]

Fast change before m,; = 391 MeV: o
meson becomes a T bound state

R.A. Briceno et al. [HadSpec], PRL 118 (2017) 022002
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Unitarity relation for nucleon GFFs
® Discontinuity: Digc <N(p’)N (p) |T/“/(O)‘ 0>
3 (NEIN () ) (n] T (0)] 0) 6 (0 + ' — pa)

® In the region t € (t,, 16t,;), only T intermediate state

Disc <N(p’)N(p) ‘T’“’(O)| 0>

- MiN a(p') |Dise A(t)A"A” + Disc J(t) (iA0"7 P, ) + Dise D(t) (P*P* — tg™")| v(p)
_ % (4:;)2 % Ay (N (p)N (p)| 7 (1) (P — 1)) <7ra(l)7rb (P —1) |TW(0)‘ o>*
_ %(4;)2 % dQy u(p') (671 <A+ + G _2 /) B*) + i€paeTC (A + i _2 2l) B> v(p)
i —_____lsospin-even_ _ _ _ ___ b Y Isospin-odd _ _ _ _ _
x — [(A™(£))* (2l — P)*(2l — P)" + (D™ (t))" (P*P” — tg"")]

(7 T _ — 2 T * v T * v 1
%@m)ap—ﬁ asy uly'), <A++ 7 > l> B+>v<p> [(A7(8))" (20 = P)*(2L — P)” + (D™())" (P"P" — tg"")]

A*, B*: Lorentz invariant mN scattering amplitudes G. Hohler (1983) 13



rrr — NN amplitudes

® Partial-wave amplitudes for tmr - NN

8T — 1 7 mpy cos 6
Al(t,s) = 2 > (J+ 5) (PxpN) {PJ(COSQ)JP_{@) BN 1)P3(0059)fj(t)} :
/=0 T4 I =+/— for even/odd J;
Lt s) = 87rz pﬂpN) TP (cos ) (1) flL]: i — NN partial-wave amp. with
VI + /— for parallel/antiparallel NN helicities

® Dlscontmmty of the nucleon GFFs

W. Frazer, J. Fulco (1960); G. Hohler (1983)

*

(ImAsm 3x [f2 \f N <mN\f f2(1) t>

3107r

\_

A™(t)

tm J*(6) = 7L (/2(6)" A7(0),
Im D*(1) = s [4317; ((20)" =~ (o) (AO)") A7) + (£20)" D7)

‘Im@s

® Decomposition into JF¢ = 07F, 27F matrix elements

coupled-channel

(NN @) [T(0)] 0) = a(p) (T4 + 1) v(p) Im@*(t) = - - [pe (£4(0)" 0% (0911 ~ 1) + 5o (0 oot~ )
T — % (guu B P;f:”) o° (1) O°(t) = ﬁ [—4pd A®(t) + 2tJ5(t) — 3tD(t)]
T e {A“A” + 5 (PMPY = th)] AS(t) + [@'A{%V}Ppp % (P*PY — )] J5(t) »




/KK — NN S-wave amplitudes

G.E. Hite, F. Steiner (1973)

— — ) 2 . .
® Inputs: mt /KK — NN S-wave amplitudes ff’ , h9 from Roy-Steiner equation analyses
M. Hoferichter et al., Phys. Rept. 625 (2016) 1; PLB 853 (2024) 138698; X.-H. Cao et al, JHEP 12 (2022) 073

20:‘ ]
15"
- 10/ ]
= i 1
<] 5/ ]
= 0
Sy :
-5 ]
-10} 19 ]
T B T T B S Y S O B _15’\ . . . I . . . I . . . I . . . I ]
04 06 08 10 12 14 16 1.8 1.0 1.2 1.4 1.6 1.8
Vit [GeV] Vit [GeV]
L 2 i
P =my 220 - 120 ] ,
& ]
2
O 1 1
_5;\ L L L L L L L L L L L L L L L L L 1 1 1 | 1 1 w7 : 1 | L L L L L L L L L L L L L L L | 1 1 1 | 1 1 1 :
06 08 10 12 14 16 1.8 06 08 10 12 14 16 18

Vit [GeV] Vit [GeV] 15



Nucleon GFFs

G.E. Hite, F. Steiner (1973)
0

— — ) 2 . .
® Inputs: tr /KK — NN S-wave amplitudes .~ , h9 from Roy-Steiner equation analyses
M. Hoferichter et al., Phys. Rept. 625 (2016) 1; PLB 853 (2024) 138698; X.-H. Cao et al, JHEP 12 (2022) 073

. . . oo /
® Dispersive relations for the nucleon GFFs (A J.O)(1) = 1 / 4t Im(/i,/ J, (?)(t )
. _

7

2
mZ

[ Normalization = sum rules

1 [ Im(A ! 1
_/ dt/ m( 7‘],7@)(1;) — (17_7mN)
4

78 t 2

2
mZ

O Introduce S-wave (0**) and D-wave (2**) poles to the spectral functions: 7tcs ,mé 6 (t - mng) to

satisfy the sum rules M.A. Belushkin et al., PRC 75 (2007) 035202; M. Hoferichter et al., EPJA 52 (2016) 331

>0+ mg € (1.5, 1.8) GeV to cover f,(1500) and f,(1710) ] ror estimate
> 2%t mp € (1.5,2.2) GeV to cover f,(1565), f,(1950) and £,(2010)

16



T ——

Nucleon GFFs: results [Precliciion, NOT i

1.0 —— This work *
i —8— LQCD,m, = 170 MeV 0.5¢ LQCD (m,; = 170 MeV):
0.8 04l D.C. Hackett et al PRL 132 (2024) 251904
~ 0.6 =
< I =
0.4
0.2t
0.07\ | | | | | | | | | | | | | | | | | | | \7
0.0 0.5 1.0 1.5 2.0
—t [GeV?]
1.0 -
0.8k & LQCD,m, =253 MeV |
(gluon)
= 0.6 ]
% i
o, . =
— 0.4 - 8 S
o 0.2F L
0.0- L2200
: J l 1 ' l I ]
-0.2 % S TS R S RS EN S B *\ . % -4 R R SRS
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
—t [GeV?] —t [GeV?]

LQCD (m,; = 253 MeV), gluon part only:
B. Wang et al. [xQCD], PRD 109 (2024) 094504 17



Spatial density profiles

M. Polyakov, PLB 555 (2003) 57; M. Polyakov, P. Schweitzer, IJMPA 33 (2018) 183005;

® Consider various densities: C. Lorcé et al., EPIC 79 (2019) 89; C. Lorcé et al., PLB 776 (2018) 38;
_ X. Ji, Front. Phys. (Beijing) 16 (2021) 64601; D.E. Kharzeev, PRD 104 (2021) 054015; ...
por) = my [ ((;jA A()— g (A0 =20 () + 3D <t>1] - [ éﬂ?A@ (0.
P () = my [ gﬂﬁA :A ()= g A0 =27 () +D <t>]] - [ ((;jA [@ (0 + 5 D(1)]
o) = [ e s 10+ 2 0]
i) = my [ e [ i LD =5+ 3500, 1) =00) — 30
p(r) = 677%1,]\7 r12 (frrz (S“D(T) 8 = —47711]\[7“;?4%;?4[?(74) D(T) = / (05;33 "D 9

Zero-average-momentum frame (ZAMF) E. Epelbaum et al., PRL 129 (2022) 012001; J.Y. Panteleeva et al., EPJC 83 (2023) 617; ...
1

pEAME (1) — @/ dA Asin (AT)/ da A [(@® — 1)A?]
0

47T'r -1

- | BA
p%?:;"e(?a) = lim pEner.<T) — mN/ e AA (t)

my — o0 (27‘(‘)3 18



Spatial density profiles
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Nucleon GFFs: results

® D-term: D = D(0) M

® Various radii in the Breit frame +(0.18)chpr(0.12) pywa (0.26) ot
: D-term —3.38793¢
[ From the trace FF: 035 —(0.16)chpr(0-12) piya (0.29)
() = 90 _ i) - 2D L +00Dp1(0.0D)pa (003)er
o iy ) tfm] 097003 0.02) cnpr(0.01) s (0.02)
O Radius of the energy density: (0.02)cnpr(0-01)pwa(0-02)est
< 9 > 6A(0) 3D 10.03 +(O'02)ChPT (O-Ol)pwa (O-OZ)eff
TEner/) = - 2 r [fm] 0.70Z 0.04
QmN ( B ) _(O-OZ)ChPT(O-Ol)pwa(O-OB)eff
[0 Mechanical radius: . polyakov, PLB 555 (2003) 57; M.
Polyakov, P. Schweitzer, LJMPA 33 (2018) \/ﬁ ] 072°992 +(0.02)chpr(0.00) pwa (0.09) ot
61D 183005; C. Lorcé et al., EPIC 79 (2019) 89 7 m 0.08
(i) = — A Mech —(0.03)chpr(0.01) pwa(0.07) gt
J_. dt D(t)
2 d](t) +(O-Ol)ChPT(O-O1)pwa(0-01)eff
O Radius of the density J(t) + = St : /(,}2) [fm] 0.70%9-05
/ _(0-01)ChPT(O-Oo)pwa(o-oz)eff
<r,«J> = 20J(0) M. Polyakov, PLB 555 (2003) 57;
C. Lorcé et al., PLB 776 (2018) 38 » ChPT: NLO ChPT inputs

> pwa:tr/KK - NN
»> eff: effective poles mg, mp 20



Nucleon GFFs: results

® Comparison with other results

Bag Model

Neubelt et al. '20
yQSM

Goeke et al. '07 -
Wakamatsu '07 -

Jung et al. '"14

Kim et al. '21

Cebulla et al. '07 |-
Kim et al. '"12 -

Fujita et al. '22

Guo et al. '23 -
Wang et al. '24 -

Faddeev Equation

Yao et al. '24 -

LQCD
Hackett ef al. |l '24
Hackett et al. | '24

This work
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Skyrme Model

Cebulla et al. '07
QSM

Goeke et al. '07
Kim et al. '20

Mamo-Zahed '22

Kou-Chen '23 -

Kharzeev '21
Wang et al. '21
Wang et al. '22
Wang et al. '22

Duran et al. Il '23+

Duran et al. 1 '23
Wang et al. '23
Guo et al. '23
LQCD

Hackett ef al. '24 -

Wang et al. '24

This work
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Nucleon GFFs: results

® Comparison with other results

Skyrme Model

Cebulla et al. '07 -

y QSM

Goeke et/al. '07
Jung et al. '"13
Kim et al. '20

Choudhary et al. '22

Mamo-Zahed '22 -
Kou-Chen et al. '23

Guo et al. '23
Wang et al. '24
Duran et al. 1l '23
Duran et al. 1 '23
Faddeev Equation
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Summary and outlook

® The pion, kaon and nucleon GFFs are precisely determined using dispersive method with inputs:
O Coupled-channel nr-KK, nm/KK — NN amplitudes

O Low energy: NLO ChPT with LECs estimated using resonance saturation, improvable with lattice
calculations

[ High energy: highly excited meson resonances

® DNV = 338103 /(rg) = 0.97%8.03 fm > [(r7,) = 0.84 fm > \/(rﬁner ) =0.70%3:03 fm

proton electric radius
® More results to come

® Outlook:
[ Pion mass dependence
[ Extension to hyperons

Thank you for your attention!
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1tN amplitudes

® Amplitudes for t%(q) + N(p) » t%(q") + N(p")

, 1
T3 (s, t,u) = X {5a'aT+(87tau) +35 [Tars Tal T_(SataU)} XN  with isospinors xy, Xn

® Lorentz and isospin decompositions:
/ 1
7 (s t0) = 1) () {45t + 3 (6 + ) B o) [

ATEV2 = AT 4 24~ AI=3/2 = At — A~
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Nucleon GFFs: results

® Comparison with other results

Bag Model Skyrme Model Skyrme Model Bag Model
Neubelt et al. '20 - ° Cebulla et al. '07 |- ° Cebulla et al. '07 - ° ,
xQSM QsM yQSM Neubelt et al. '20 °
Goeke et al. '07 - ° Goeke et al. '07 - ° Goeke et al. '07 - ° xQSM
Wakamatsu '07 - ° Kim et al. 20 ° Jung et al. 13 ° Kim et al. '20 | o
Jung et al. "14 ° Kim et al. 20 - °
Kim et al. '21+ ° Mamo-Zahed 22 \
Kou-Chen 23 Choudhary et al. '22+ Choudhary et al 22 r
Cebulla et al. '07 -
Kim et al. 12| Kharzeev 21| Mamo-Zahed '22- Wang et al. 23+
Wang et al. 21+ Kou-Chen et al. '23 Wang et al. '24 -
Fujita et al. '22| Wang et al. 22 g "
Wang et al. '22 Guo et al. '23| Faddeev Equation
Guo et al. '231 Duran et al. 1l '23f Wang et al. ‘24 Yao et al. 24 ¢ L
Wang et al. '24 - Duran et al. 1 '23+ IZI)Duran efta/-l |: gg " LQCD
Faddeev Equation Wang et al. '23[- uran et al. r '
Yao e? al. 241 ° Gug et al. 23| Faddeev Equation Shanahan-Detmold II 119 e
LQCD LQCD Yao et al. ‘24 —0— Shanahan-Detmold | 19 L
Hackett et al. |1 '24 + —o— Hackett et al. '24 —e— LQCD Hackett et al. '24 ——
Hackett et al. | '24 - —e— Wang et al. '24| —— Hackett et al. 241 1
This work - = This work - o ThisworkiwH\HH\HH\HH\HH\H Thisworki‘\uH\H‘muumumuumumu
T8 6 4 2 o 06 08 10 12 04 05 06 07 08 09 0.5 0.6 0.7 0.8 0.9 1.0 1.1
D 2 2
r r 2
< @> < Ener> <r1\lech>
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