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Introductions



Semi-leptonic decays

Vi
®in the quark level it corresponds to b — cly,
oit is a CKM-favoured decay corresponding to W+
V.p, a fundamental parameter in SM b "
@ we concentrate on the exclusive processes with \\
Xcs beiﬂg D, D:" D:O'DsliDlser:Z c
° . :
for [, we only consider light leptons B, - X..+ v
@ two problems — =
@ tension between inclusive and exclusive V., v= IPWBS p' = ]’;Xcs g
®1/2 vs 3/2 puzzle S e
w=v-v P, = Px T q
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Inclusive and exclusive determinations of |V |?

inclusive exclusive

42i1><10_3\ /38i1><10_3
experimental data

©
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Inclusive and exclusive determinations of |V |?

inclusive exclusive
OPE expansion of 42 +1x1073 \ / 38 + 1x1073
moments for inclusive experimental data
decays
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[Gambino et al.,PRD89.1(2014) | ©
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Inclusive and exclusive determinations of |V |?

inclusive exclusive

OPE expansion of 42 +1x1073 \ / 38 + 1x10-3 lattice data +
moments for inclusive experimental data CLN/BGL parameterizations of
decays exclusive form factors
y ~ }v " gizork 1 i
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~ I —— this work
Ly | I —- Fermilab/MILC
Y B 10 1.1 RN 14 15 4.0‘1|0‘,,,1‘1,,,,1‘2,,,‘;3,,
Ecut (GeV) Equ (GeV) | ' A
dIr’
X =X©O + 5X<1>+(“5) X(2>+(y") X dw = CV T 7)
7T my,
% z Hrs ) F(2) & iu 2, 2(w) = T2 = V2
rG (G) D (D) LS (LS) = F k% 7 =
+(mb) % +(mb) % +(mb) X Pr@)¢r(@ i \/CU‘|'1‘|'\/5
| Aoki et al.,PRD109.7(2024) |

[Gambino et al.,PRD89.1(2014) | ©
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Inclusive and exclusive determinations of |V |?

inclusive exclusive

OPE expansion of 42 +1x1073 \ / 38 + 1x1073 lattice data +
moments for inclusive experimental data CLN/BGL parameterizations of
exclusive form factors

decays

| ' ' N
B > + Belle
46 S _
% % 4.4F H% ;
A A . , =
u £ wf same theoretical basis?
4— S 4.5: -~ this V{OI‘k | Lty
_ . | from the same set of T i D N,
e 00 lattice data? )
dr’
X=X(0>+&X<1>+(&)2X@>+ Fr ) xoo o =6 F1,72)
7T 7T my, N
o'\ o\ s F(z) = ! iu zk | z(w) = w+1-12
rG (© D (D) °LS (LS) - F k% 7 =
+(mb) X +(mb) X +(mb) X + ... Pr(z)pr(z) F [—w+1+\/§
| Aoki et al.,PRD109.7(2024) |

[Gambino et al.,PRD89.1(2014) | ©
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[Bigi et al. EP[C52.4(2007)] ] /2 and 3 /2 puzzle

2.8 e jP ]P

o (1/2=S 0~ D

' 1= D*

24 | (1/2)* = Py 0t Dj
1+ D

99 :_ (3/2)+ — P3/2 1+ D]_
2+ D3

2.0 "

E j= L+ Slight quark
1.8 |-

J=j+ Sheavy quark

©

2024/10/1 Excited-state from inclusive, Lattice Meets Continuum 8 KEK


https://doi.org/10.1140/epjc/s10052-007-0425-1

[Bigi et al. EP[C52.4(2007)] ] /2 and 3 /2 puzzle

pe B (o heavy quark limit my — o

e J J o OPE+HQET
il ap7=s 0 D 3

- (1/2)* =Py, 0% Dy 0 Tip(w=1) K13p(w=1)
24 eq

i 1t D e transition form factors from
2ok (3/2)* =Pz, 1% D, B to D3}, and Dy,, and

- 2t D} thus their decay ratios, can
20 F be expressed by Isgur-Wise

j =L+ Sught quark form factor 74/, and 73/,
1.8 |- - " 5

=1+ Sy g -
Fl/Z < F3/2

. J

[Uraltsev,PLB501.1-2(2001) ]

©
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[Bigi et al EP[C52.4(2007)] 1 /2 and 3 /2 puzzle

pe B [o heavy quark limit my — o
2 J / o OPE+HQET
W ap7=s o D 3
(1/2)* = P1/2 0+ D6 Qo ‘tl/z(w =1) K T3/2(w =1)
24 ey
1t D e transition form factors from
2ok (3/2)* =Pz, 1% D, B to D3}, and Dy,, and
2t D3 thus their decay ratios, can
20 F be expressed by Isgur-Wise
j =L+ Sught quark form factor 74/, and 73/,
1.8
=+ Sy g
Fl/Z < F3/2

. J

what is the nature of the remaining 15%?
[Uraltsev,PLB501.1-2(2001) ]

can we understand it from lattice?

v  ©
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Methods



more details from Alessandro’s L atti C e S e tup

talk on Thursday

Gauge ensemble

—————

"data from RBC /UKQCD
lattice size: 243x64

. : 1
lattice spacing: a ~ 0.11 fm, energy unit: —~ 1.785 GeV

-
=
=
© 6 ¢ o

2+1-flavour DWF actions with approximately physical

:f d3xe_ <B ]'|' (x O)B—I:It] (0) ‘B >
- ZM B o g 4 5 masses are utilized for light quarks

S o relativistic-heavy quark action for b and ¢ quarks

M, ~330MeV, My ~5370MeV,  Mp ~1680MeV

R

—_— =

Simulation of 4-pt correlators
. = J(t) ¢ Ji(t)

0 tour — tsre = 20, ty — tg. = 14, fixed
@ t;rangefromOto14=t=1¢, —t; range from14to 0

@ we work in the rest frame of B, v = IpWBS =(1,0,0,0)

Bs Lsrc Lsnk
© —q=(qk,qk,qx) Yiebs (T1, Tsre)
e almost non-perturbative renormalization for the current
| El-Khadra et. al.,PRD.64(2001):014502 ] s
<//€\

L\\}\ ‘\}; \‘/
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Lsrc

2024/10/1

(B;

Four-p Oint Correlato TS see Alessandro’s talk

on Thursday
inclusive process with B
as initial state

I} (x,0)e7H],(0) | B,)

Lsnk

©
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C]y T, (q,1)
eiq-x

(B;

Lsrc

2024/10/1

Four-p Oint Correlato s see Alessandro’s talk

inclusive process with B
as initial state

];; (x’ O)e_Ht]v (0) | BS
possible final states

(B,

];‘(0) |XCS’ _q> <Xcs1 —q |]1/ (O) | BS> e_EXCSt

Lsnk
Lsnk

Excited-state from inclusive, Lattice Meets Continuum

on Thursday

exclusive information
could be extracted
from 4-pt correlators

Lsrc

©
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(B;

Lsrc

2024/10/1

];; (x’ O)e_Ht]v (0) | BS
possible final states

s,

Four-p Oint Correlato s see Alessandro’s talk

on Thursday

inclusive process with B
as initial state

];‘(0) |XCS’ _q> <Xcs1 —q |]1/ (O) | BS> e_EXCSt

pro: don’t need to construct the
complicated operators representing the
final state

four-point correlators ;

Lsnk
Lsnk

Excited-state from inclusive, Lattice Meets Continuum 15

* con: need to perform multi-state fit of the

exclusive information
could be extracted
from 4-pt correlators

Lsrc

©
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Decomposition of four-point correlators

four-point correlators

C b
as the summations of a 0,4 1)
series of three-point _ BITH ()| X.) (X.[].(0)| B Ex,!
correlators ;C‘ZEXCZMB< |ﬂ | C>< clly )

=5t (BIJLO) | D) (D1, @ | Bye~Fe!

1

T 2E2M;

Z (B |]}5(0) |D*,<7> (D*,0|],(0)| B) e~Ep+t

(4

" (B|J(0)| Dg) (D5 11,00 | Bye %'

1
2Ep: 2Mj,

1 / / —E
+3Ep My Y (BI5®)| D}, o) Dy, 0[], | B) e 7%

t

1 —Ep._t
a5 200y & (B0 [D10) (D1, 11,0 1By

t

! —Eps
" 2Ep, 2Mj ;(B J£0)|D3,0) (D3, 0|],(0)|B)e 2

©
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Decomposition of four-point correlators

o o S wave
four-point correlators three-point correlators " e b
as the summations of a parameterized by form (B.0[V,|D.v) = [0+ 0 + [0, — 5| M5 (357)
series of three-point factors and final-state (B.2|4,| Do) =0 (39)
correlators masses/energies = D)

(80| V| D,v,0) = [y eyapyecoPo7 || MshE: (399)

(B,v|A,4 |D”,v',a) = i[(w + Dharey —I(e - v) (hsz,, +hA3v;,) H VMgMp.

(3.100)
o Pwave,j= %
= Dj(0%)
(B,v|V,|Dj,0') =0 (3.101)
(B,le’,lDa,vr> = [g+(v‘u + v;,) +|8_(v, — v;,) ] \/MBMDB (3.102)
= D)

(B,v|VF |D’1,v’,¢7) = [8V1€}4 + | (e-v) (szvy +gv3v;‘) ” JMBMD’I ,  (3.103)
(B,v|A,| D}, v, 0) = —i [] JMzMp, . (3.104)

[] Pwave,j:%
m D, (1)

(B,o|V, |D}, v/, o) = [fwe}, +[(e-) (foav, +fusmy) H JMsMp,,  (3.105)
(B0 44| D4 v, 0) = 1 [[facyapyeoP7 | MM, (3.106)

= D;(2Y
(B,0|V, | D3, v, ) = =i [ky gy €00 007 || [Mgh; (3.107)
(B,v|A,|D3,v,0) = “k,,le,,pvp + (6" 0P) (kaovy + kasv)) H MaMps . (3.108)

©
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Decomposition of four-point correlators

four-point correlators
as the summations of a

three-point correlators
parameterized by form
factors and final-state
masses/energies

series of three-point
correlators

R I S I o v S R Pvp
D ' D D; D D; ' Dj
VoVo | by he | :ngngZIgV3 fvifvafvs :
four-pom.t corr.elators parameterized by a serles.of vV, | hn  gvi8vs foifvs |
e?%Q?fentlatli .w1;h f(t)rm facto;‘s and masses/energies V.V, Chy e fri | ky
of ditferent final states as pretactors VoV, | by |  Gv18var8vs | frrfuadfus |
ApAy | ha1,haz, has | 84,8 : |
Can A4, - ha1,has $+/8— | :
0410 ] | |
A A | h | |
_ et o[(Ep+Mp\, ., Ep, 2 ALAL - hA1 ” 4 Ja ;
_4ED*MD* qk MD* Al A2 MD* A3 o | TAL A2 A3 g+,g_l I
_ED’('t
€ " e (Ep. +M Ep. —Mp )]
+4ED6MD6 |8+ (Epy +Mp;) — 8- (Epy — Mp;) |
o ~Ep3t
...
4Ep,Mp,
2024/10/1 Excited-state from inclusive, Lattice Meets Continuum 18
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Decomposition of four-point cor

relators

N I e V7 S R Pip
four-point correlators three-point correlators N Do 1 D Dr D3
h t f t . d b f VoVo || by, h : : 8v1,8v2,8vs | fvifva.fvs !
as the summations of a parameterized by form ViV, | o T gvi.gve Forfvs |
series of three-point factors and final-state ViV, . hy 8w fri kv
correlators masses/energies VoV || Purh |  8v1-8v2:8vs | fvafvaifvs
AoAo ' hat,haz, has | 84,8 !
A4, . hai,has 8+,8— | :
AA| ! ha1 ! 8A fa !
. : ; ApA, " hat,haz, has | 84,8 |
four-point correlators parameterized by a series of
exponentials with form factors and masses/energies g Bl =log (S) for €, at @ = 0.16 GeV?
of different final states as prefactors | . E Caa,
lattice simulation of B
four-point correlators 12 i i %
E E oz 3
S & ® 3 i i é %
1.1 % % i &
&
values of the masses/energies of the final states o
and the corresponding form factors
o 2 4 6 8 10 12
n=t/a
2024/10/1 Excited-state from inclusive, Lattice Meets Continuum 19
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Zero-recoil results



Four-point correlators at zero recoil

at zero recoil limit, > =0, w = 1,
parity is well defined, thus parity symmetry dedicates the isolation of final states

0
M X Cww | * S—wave:Cy,y, = h% e Mpst,
B pseudo scalar D Caya, “Mov t
g g |h, |2e~Ept V Cas | * Pyyp—wave:Cya, ~gie Pso
10-2 4 # S ! A Cviv fz
e : ~ —Mp,t
2 S s - * Py, —wave: Cyy, = % e "D1
> _
/ﬁ - e
1074 + ? e X
scalar = . R the magnitudes of P-wave contributions
— * o = >
o lgeizeTER R ° _ & | |are around 1/10 smaller than those of the
X - S-wave contributions, but, information
il vector 1 can still be extracted from the lattice
108 - Fual gyt — % i % simulation
S -

©
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Comparison of the effective mass and the fitted mass

n
C4pt

E% = log (W) for Cy,,, at ¢ = 0.0 GeV?

: ~ h2 o—Mp_t — 2
* S—wave:Cyyy,~ hie "Ps",Cy g =~ hjy e

1.8
4 Cww

¥ CAIIAII

Caoao P
CVn Vi

5
S
0

1.6 1

Dsq

Dgy | 790 + 81 MeV

56( + 130 MeV

| 14/1.9 H6.3 MeV

D

T 1 < i
1.4 - T & # T
= .
S == 4
: ¥ BE.
E -
1.2 1
b= I T <P
q FE o | L% B Dg
1.0 ~ - |2 o <
q
-
=] L |
0.8 1 1 1 1 T
0 2 4 6 8 10 12

n=t/a

: ~ 2
* Py —wave:Cy4, = gi e

2
: - f
* Py, —wave: Cyy, =

« M, ~ 330 MeV
e Dy /D% and DMK

we obtain reasonable
results for the masses

2024/8/1

P-wave from inclusive, Lattice 2024

—M_. + t
DSO

Mp.t

e "1

PDG values of D
mass differences

Dsl

*

s0 | 568 MeV

DS* 349|MeV

144 MeV

D

©
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Comparision of the fitted and effective form factor

(A2)" = o oxe(Bdem)+ O o (B ) o ) 1 ot g2 = 0.0 GeV? © S-wave form factors at zero recoil (w=1)

pseudo scalar

(Bs|Vu| Ds) o< by (@) (v + )
(BS|AM|D;k , eﬂ) < (w + 1)hA1(a))EM

| _ he(w = 1) = 0.987(14)
axial vector g_ hAl(w — ]_) — 0822(17)

2
fV].’ ED1

compatible with the zeroth order

calculations from the heavy quark
effective theory (HQET)

hiy(w=1)~=hy(w=1) =1

©
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Comparision of the fitted and effective form factor

(42,)" = i exp(Egﬁ.n)wg;;lexp(EgH.(nH)) for C, ;. at g? = 0.0 GeV? @ P-wave form factors at zero recoil
pseudo scalar i\ «
2, T (BS|AH|DSO> X g+ (“))(UM T vﬁ)
e 1 e AU N S (BS|V/J|D51 ’ Eu) X fVl(w)Eu
il . _—
i @ according to HQET [Leibovich et.
) ‘
axial vector T+ “ P Ep: al.,PRD.57.1], at lowest NoN-zero order
o, i o lg.(DI=3 (A" = N1y /5 (1)
8 J— —

o |fin(Dl= NG (A —'A\)/%/z(l)
( )

difference of spin-

heavy quark mass averaged hadron mass

Pi,—S: A=A

e = 7—~ 0.801 V2 =

mc P3/2 - S . A - A
I 1 )

0 2 4 6 8 _ ~ 0.12
n=t/a €p Zmb ~ Y. [Bernlochner et al.,PRD95.1(2017) |
n ©
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https://doi.org/10.1103/PhysRevD.57.308
https://doi.org/10.1103/PhysRevD.95.014022

Comments about 7, 2 K T3)2

T3/2 = 0. 315(4‘2)

T1/2 S T3/2

@ it is valid at infinite heavy quark mass, or zeroth
order of HQET

@ we perform calculations at finite heavy quark mass,

thus consistent but not exactly the same results

@ it is a conclusion valid in the zero-recoil limit

- what about non-zero g*?

2024/8/1 P-wave from inclusive, Lattice 2024

/

heavy quark limit my — o
OPE+HQET

-

Ti2(@=1) L 173,5(w =1)
transition form factors from
B to D3;, and D;;,, and
thus their decay ratios, can
be expressed by Isgur-Wise
form factor 7/, and 73,

-

rl/z < l"3/2

P

[Uraltsev,PLB501.1-2(2001) |

25

©
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Non-zero recoil



Multl State (7) E = cosh (coshM+3 3 cosqy)

S P P )
) AU . SRR S 2. exc1ted-state contribution estimations
D | D* D; | Dj D, | D; e ignoring the w/G* dependence of form factors
| | | flw) = f(1)
VoVo || By he | | gv1.8v2.8vs | fvufvaifvs | @ use the lowest order relation from HQET
ViVi | by b - 8v1/8Vv3 fvufvs | hAé ~ haz, haz ~ 0
V.V, : hy 8N fri i ky g+~ —7(ec T &) = A)g-
| | | e we only need the values of hy;(1) and g, (1) to
VoV | by b | 8v1,.8v2,8vs | fvufvafvs | estimate the prefactors and thus the
| , | o .
AgAg | hiat, han, has T | contributions from different states )
AA " hypq,h 9 | ~Epet ¢ Eps! 2
Il : WA 8+/8- : : Capa, = iE, My, 3T + B, My, (3Ep; —Mp;) 83(1)
A A | h | [ —Epet ° —Epyt
14 | Al , SA fA . Can = 4—2 ~— (Ep. +Mp)2E2(1) + 4,: =78 (D
| | [ o Do
AOAII | hAllhAZI hA3 8418 ! o—Epet o Eppt
* : Capa, = W\/—qk (Ep- + Mp-) ¢*(1) + W\/_Qk(%pg —3Mp;)g3 (1)
-~ ntributions from exci
G2 = 0.08,0.16,0.25 GeV? contributions from excited state
2024/8/1 P-wave from inclusive, Lattice 2024 27 (E)
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Let the data talk

o we fit Agdy, Ag4) and A4, separately with multiple exponentials without

assuming the functional forms of the prefactors
Nt

C]ujﬂ EALm] Jv exp El in]u]vXt)

o Nt = 1,2,3, ... ... step-by-step f1_ttmg, with prior from the outcomes of the previous
fit
o full loop over t,i, and tax, the fitting range

@ chose the best fit to be the fit with smallest

@ tmax to be fairly large for all fits
® tmin to be fairly large for N¢;; = 1 fits
® tmin to be fairly small for Ng;; > 1 fits
@ look at the fitting results to manually the physics of the fitting results are correct

2

dof _1‘and

2024/8/1 P-wave from inclusive, Lattice 2024 28 e
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Clear sign of non-existence of excited states

@ The fitted parameters are occupied by error and/or the central values
are extremely small

x%/d.of. =3.229 , tgtted = [4,11] x2/d.of. =0.496 , tgttea = [4,11]
AFE#tea = {1.0711(74), 0.20(20) } AEgeqa = {1.0563(34), 0.51(19), 0.20(20)}
A?ittcd = {0.1340(92), 3.37254e — 111.2¢ — 05} A?ittcd = {0.637(24), 0.30(18), 0.07(34)}

Ly ratios for Cy,, at g* = 0.08 GeV? s ratios for Cjy, 4, at g> = 0.08 GeV?
X % %%ﬁﬂf% """""""""""" I 5] S e %ii\ig%@@ﬁj_@ """"

| PR e 8 B ;O r ®

| i O . i
0.8 % i i 0.8 1 il = ! !

Y .

i . % fitted (full) / original
0.6 - i % fitted (full) / original 0.6 - > fitted (GS) / original

i 3 fitted (GS) / original T

. 0 fitted (EX1) / original
L fitted (EX1) / original ¢
0.4 - i i 0.4 - X  fitted (EX2) / original
2
0.2 1 e 024 M
______________________ e — S SO FERE R S S R S S | | SR e

I [} )( }

Y U D S P D S SN S - T B . i———@———ﬂ———SE———@——%——E———$———B———&——ﬂ-——
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
t/a t/a
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Positive sign for the existence of excited states

@ the turn in the correlators at small time slice and clear portion of
contributions from the excited states = >
Caya, at @ = 0.08 GeV

X2/d0f = 0.472 ) tﬁttcd - [3, 13]
AFEguea = {1.068(30), 0.59(30)}
A2, . = {0.0274(98), 0.125(88)}

Caon, at g =0.08 GeV?

JLER -

ratios for Cy, 4, at g = 0.08 GeV?

I
E I
O i X _ i | - I
102 ] $ : 0.8 | 0 1 [ ] :
| - i T | ] a
10—4 _ i = i 0.6 - W \4 ! X  fitted (full) / original i
i e i ' + @ fitted (GS) / original i
107° 5 i ® B i ) | ¥ fitted (EX1) / original i X
i : : 0.4 :
: U Sl i
] 1 1 Q
] : @ : 0.2 - ' \'4 |
107" ; E ol o ! N B % ..........................
] i d tte I i
_ i i L
107° E i 0 fitted (GS+EX1) i é 0.0 '"""""""""E —————————————————————— %——-—%——--ﬁ——-é@——-i ————— -1
- A : !
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
t/a t/a
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ca

Positive sign for the existence of excited states

@ steps in the etfective energies

effective energies for the original Cy 4,

n
C4pt

E" = log (Cm) for Cp 1, at g% = 0.08 GeV?
4pt

effective energies for

Ca,a, — the fitted ground-state contribution

1
P

E” =log (c%%) for C g4, at g2 = 0.08 GeV?

3.0
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1.6 -
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N
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Positive sign for the existence of excited states

@ changes of the parameters vs t,i, and tyax

X2/d.o.f. = 0537, thuea = [9,13]

AFged = {1.072(50)} , A2, = {0.029(17)}

APEgieq for Caya, at g = 0.08 GeV?

fitted value of the ground-state
energy in 1-state fit for

CAOAO at C_iz = 008 GeVz

AFEgieq for Cpya, at g% = 0.08 GeV?

1.20 1 T 1.20 -
1.15 - "/ 1.15
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1.00 - 100 “E tmin =7
é_ tm'n =38
_5_ tmax:]-]- _E_ tmn:9
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Positive sign for the existence of excited states

fitted value of the excited-state
energy in 2-state fit for

CAOAO at C_iz = 008 GeVz

@ changes of the parameters vs t,i, and tyax

X2/d.0.f. . 0.472 3 tﬁtted . [3, ].3]
AEguea = {1.068(30), 0.59(30)}
A2, = {0.0274(98), 0.125(88)}

AFjgieq for Caya, at g% = 0.08 GeV~ APEggieq for Cuya, at g2 = 0.08 GeV?
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J— N 4 4l
1.25 - T i = 12 1.25 - i
£ tmax =13 L A4 A £
1.00 A 1.00 A
0.75 0.75 A
0.50 A 0.50 -
0.25 0.254 —F ¢ =1
_E_ tmin = 2
0.00 0.00 T —F— bmin =3 +mmmmmTEm e e
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tmin tmax
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Consistency check

* Do we recover the estimation from the previous estimations of the
contribution ratio?

2024/10/1

estimations of the contributions from excited state

AgAo(~50%) > AgAy(~10%) > 4;A (< 10%)
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Consistency check

* Do we recover the estimation from the previous estimations of the
contribution ratio?

ratios for Cjy, 4, at g* = 0.08 GeV?

1.2

ratios for Cyya, at q®> = 0.08 GeV*

- i 1‘- — i 1.2 Lo ratios for CAuAu at g% = 0.08 GeV?
R rf LT - R | : :
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%7 i Lo 084 _ i i 05 - | !
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fitted contributions from excited state
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E"
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Consistency check

e are there the same set of states? E = cosh™ " (coshM + 3 — 3cosqy)
E - a for the ground state E - a for the first excited state
1.16
—— fitted by lattice dispersion 2.0 9 —— fitted by lattice dispersion T
Y from CAvo X from CAOAO
1.14 1 from CA”A“ 1.9 A from CAHAH
i from CAOA” &
1.12 A 1.8 A
1.10 1 X X
1.6 X
1.08 1
1.5 1
1.06 y
J 1.4 1
1.04 4 ==
131 F T
1.02 A 1.2 f
0.00 0.05 0.10 0.115 0.120 0.125 O.IOO 0.65 0.110 0.115 O.IQO 0.125
q% - a? q° - a?
\S
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Resulting form factors

< Caoa,
!
E . :lA’1| e_ED*t 3 5 l(ED* +MD* ) h h ED* h ]2
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Summary and prospect



Summary

@ as a preliminary study, we show the feasibility to extract exclusive
informations from inclusive correlator

Prospect

e can we do the fit just blindly using the functional form?
@ we should investigate the continuum and infinite volumn limit

Caoa, CA"A” ) Caoa, = Caya,
e Eot Ep- + Mp- Ep-, T e~Ept [ (Ep« +Mp) Ep- 3q£] e~Fort Ep + Mp-\\ 2 343ED-
- 3 har = hap — ~2oh = h —h h D D2V ) Epe + (hag)” ==
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~Ep:t —Epst
e 2 e DO E +M * E * +M * 2E2x-
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~Epst —Epst
+4§ IVZI i +hashao qu]
P 4EpsMp .

2024/8/1 P-wave from inclusive, Lattice 2024 39



