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@ Hard photon removes helicity suppression (my/mg)?

o For large EW(O), simplest decay that probes the inverse moment of the
B meson light-cone distribution amplitude

oo O] w
izfo dw BZ;()

@ A\ important input in QCD factorization approach to exclusive B

decays, currently not well known
[See e.g., Beneke, Braun, Ji, Wei, arXiv:1804.04962/JHEP 2018;

Beneke, Buchalla, Neubert, Sachrajda, arXiv:hep-ph/9905312/PRL 1999]
_ 0
o Belle: B(B+ — (T1y) < 3.0 x 106 (E\Y > 1 GeV)
[arXiv:1810.12976 /PRD 2018]
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https://arxiv.org/pdf/1804.04962.pdf
https://arxiv.org/pdf/hep-ph/9905312.pdf
https://arxiv.org/pdf/1810.12976.pdf

Hadronic Tensor and Form Factors

Jem
S =3 eq@ua, e = by (1 —5)b

T = =i [ dx e (0 T(4M(x) 1224 (0)) |8 (Ba))
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Hadronic Tensor and Form Factors

Jem
S =3 eq@ua, e = by (1 —5)b

T = =i [ dx e (0 T(4M(x) 1224 (0)) |8 (Ba))

. RV
= E,uyTppZ/—VpFV + l[ - g,uu(v : p’y) + V,u(p’y)u] Fa— /(Vlfpy )meB
y
+ (py)u-terms

Fasp = Fa+ fg/ES, EX = pg - p,/ms
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Hadronic Tensor and Form Factors

Jem
I = eqGuug, K = iy (1 - s)b

T = =i [ dx e (0 T(4M(x) 1224 (0)) |8 (Ba))

. RV
= E,uyTppZ/—VpFV + l[ - g,uu(v : p’y) + V,u(p’y)u] Fa— /(Vlfpy )meB
y
+ (py)u-terms

Fasp = Fa+ fa/EL, EQ = pg - p,/ms

Goal: Calculate Fy, Fa sp as a function of E,go)
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Euclidean correlation function

( * all times are now Euclidean )

C3,;u/(tem7 ty) = /d3X /d3y efiﬁy-i’eiﬁl-/-w.jzm(tem’)—(*)Jxveak(o)(ﬁ’lr_l(tl_hy»

¢L ~ Qsu
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Euclidean correlation function

( * all times are now Euclidean )

C3,;u/(tem7 ty) = /d3X /d3y efiﬁy-i’eiﬁH-WJEm(tem’)—(*)Jxveak(o)(ﬁ’lr_l(tl_hy»

¢L ~ Qsu

0
dtemeEv fem C3,;w ( tem, tH)
T

(T = [

T
l,u,>y(Ta tH) = / dtemeEﬂ/tem C3,,ul/(tem7 tH)
0
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Euclidean correlation function

( * all times are now Euclidean )

C3,;u/(tem7 ty) = /d3X /d3y efiﬁy-i’eiﬁH-WJEm(tem’)—(*)Jxveak(o)(ﬁ’lr_l(tl_hy»

¢L ~ Qsu

0
dtemeEv fem C3,;w ( tem, tH)
T

(T = [

T
l,u,>y(Ta tH) = / dtemeEﬂ/tem C3,,ul/(tem7 tH)
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Euclidean correlation function

( * all times are now Euclidean )

C3,;u/(tema ty) = /d3X /d3y efiﬁy-i’eiﬁH-WJEm(tem’)—(*)Jxveak(o)(ﬁ’lr_l(tl_hy»

¢L ~ Qsu

0
dtemeEv fem C3,;w ( tem, tH)
T

(T = [

T
l,u,>y(T7 tH) = / dtemeEﬂ/tem C3,,ul/(tem7 tH)
0

IuV(Ta tH) = I<(T’ tH) + I>(T7 tH)

Show relation between /,,(T, ty) and Ty,
— compare spectral decompositions of both time orderings of /,, and T,
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Euclidean spectral decomposition of /-

%

weak
JI/ :

3 (0] J5™(0) [n(B,)) (n(B-)] J*2*(0) |H(BH))
- 2E,5.(Ey — Enp)

Time ordering: tem, > 0

> _
T, =-
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Euclidean spectral decomposition of /-

%

weak
JI/ :

3 (0] J5™(0) [n(B,)) (n(B-)] J*2*(0) |H(BH))
- 2E,5.(Ey — Enp)

Time ordering: tem, > 0

> _
T, =-

T
liu(tHy T) = /0 dtem eEwtem Cuu(tema tH)
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Euclidean spectral decomposition of /-

N

weak
JI/ :

N (0] JE™(0) [n(B~)) (n(Py)| Je2%(0) [H(BH))
To==2"" 2E,5 (Ey — Enp,)

Time ordering: tem, > 0

n

T
liu(tHy T) = /O dtem eEwtem Cuu(tema tH)

., {m(Br)| ¢},(0) |0)
=D e

m,py

A3 (0145 (0) In(p+)) {n(B-)| J=*(0) m(PH)) [1 =

2E, 5

n n,py

(E - En,ﬁy)

- Enﬁv)r}
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Euclidean spectral decomposition of /-

N

weak
JI/ :

3 (0] J5™(0) [n(B,)) (n(B-)] J*2*(0) |H(BH))
- 2E,5.(Ey — Enp)

Time ordering: tem, > 0

> _
T, =-

-
> — Eytem .

Lo (th, T) = /0 dtem €7 Cu(tem, tH)  t;, — — o0 to achieve
ground state saturation

m(pn)| ¢}(0) 0)

m,py

oy OO o) <( E(p7_>| EJW)k(O) m(Bn)) [1 . e(EW,_EW]

n Py
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Euclidean spectral decomposition of /-

%

weak
JI/ :

> (0] J5™(0) [n(B-)) (n(B-)] J**(0) |H(BH))
2E,5 (E, — Enz.)

n Py

Time ordering: tem, > 0

> _
T, =-

-
> — Eytem .

Lo (th, T) = /0 dtem €7 Cu(tem, tH)  t;, — — o0 to achieve
ground state saturation

2E

m,py

Z £ty (M(PH)| ¢1,(0) |0)
0

n,Py

y Z | Jsm(0) | 2([2): ((E( )| Jweak(0) |m(py)) [1 _ olE-E ,)T]

Eng) |
T = oo to remove unwanted exponentials

that come with intermediate states

n
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Final relation

Forp, #0,

Eytem
dtem €775 C3 1 (tem, th)

J/

) ] _2EHefEHtH T
T/U/: ||m ||m _‘—T
Tvectn = (H(pH)| ¢4 10) /T

-~

I;ux( T7tH)

6/19



Calculating 1, (T, tn)

_2E, e Entn T
Tw= lim lim He /

— dtem eErtem C3,,u1/(tema tH)
Tovotn oo (H(Bk)| 6, [0)

-T

IMV( Tth)

Two methods to calculate /,, (T, ty):
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Calculating 1, (T, tn)

_2E, e Entn T
T = lim _lim HeT/ dtem eEvtemC3,W(tem, tH)
Tectn= =0 (H(Pr)| ¢y 10) /-7
IMV(Tth)
Two methods to calculate /,, (T, ty):
Tom

1: 3d (timeslice) sequential propagator
through gi)}L_, — calculate C3 . (tem, tH) Pu
on lattice, fixed ty get all to, for free i

time
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Calculating 1, (T, tn)

) ] _2E e_EHtH T
T = lim lim fT/ dtem €575 C3 1 (tem, th)
Tocth= =2 (H(pH)| ¢4y [0) /T
IMV(Tth)
Two methods to calculate /,, (T, ty):
1: 3d (timeslice) sequential propagator Oty
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Calculating 1, (T, tn)

_2EHe—EHtH T
— dtem eErtem Cau(tem, tH)

T, = lim lim ;
Tectn= =0 (H(Pr)| ¢y 10) /-7
IMV(Tth)
Two methods to calculate /,, (T, ty):
Jt,ty q. prop H

1: 3d (timeslice) sequential propagator
through gi)}L_, — calculate C3 . (tem, tH) Pu
on lattice, fixed ty get all to, for free
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Calculating 1, (T, tn)

_2E, e Entn T
T = lim _lim HeT/ dtem eEvtemC3,W(tem, tH)
Tectn= =0 (H(Pr)| ¢y 10) /-7
IMV(Tth)
Two methods to calculate /,, (T, ty):
Tom

1: 3d (timeslice) sequential propagator Orpy re

through gZ)L — calculate C3 . (tem, tH) Pu
on lattice, fixed ty get all to, for free

2: 4d sequential propagator through Ji"
— calculate 1, (T, ty) on lattice, fixed i,
T get all ty for free

time



Calculating 1, (T, tn)

) ] _2E —Epty T
T = lim _lim HGT/ dtem eEVte’"Cg,,W(tem, tH)
Tectn= =0 (H(Pr)| ¢y 10) /-7
IMV(Tth)
Two methods to calculate /,, (T, ty):
Tom

1: 3d (timeslice) sequential propagator Orpy re

through gZ)L — calculate C3 . (tem, tH) Pu
on lattice, fixed ty get all to, for free

2: 4d sequential propagator through Ji"
— calculate /,,(T, ty) on lattice, fixed ol
T get all ty for free

time



Calculating 1, (T, tn)

) ] _2E —Epty T
T = lim _lim HGT/ dtem eEVte’"Cg,,W(tem, tH)
Tectn= =0 (H(Pr)| ¢y 10) /-7
IMV(Tth)
Two methods to calculate /,, (T, ty):
Tom

1: 3d (timeslice) sequential propagator Orpy re

through gZ)L — calculate C3 . (tem, tH) Pu
on lattice, fixed ty get all to, for free

2: 4d sequential propagator through Ji"
— calculate /,,(T, ty) on lattice, fixed ol
T get all ty for free

time



Past lattice studies

—2E, e EntnH T
TMV = lim lim ﬁ/ dtem eEwtemC&ul/(tematH)
Toctn= =2 (H(pn)| oy [0) /T

I/»“’(Tth)

@ [1] we presented results at Lattice 2019 using 3d method
o fitting to a constant looking for plateaus in T and ty

o all calculations were done in the rest frame of the meson

@ [2] use 4d method to perform realistic physical calculation
e set T = Ny /2 and fit to constant in ty where data has plateaued

@ [3] we presented results at Lattice 2021 comparing 3d/4d methods
e some new data did not plateau
o performed more complicated fits to take lim7_ ., and lim;,__ . limits
using 3d and 4d methods

[1] [Kane, Lehner, Meinel, Soni, arXiv:1907.00279]

[2] [Desiderio, Frezzotti, Garofalo, Giusti, Hansen, Lubicz, Martinelli, Sachrajda, Sanfilippo, Simula, Tantalo,
PRD 2021, arXiv:2006.05358]

[3] [Kane, Giusti, Lehner, Meinel, Soni, arXiv:2110.13196]
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https://arxiv.org/pdf/1907.00279.pdf
https://arxiv.org/pdf/1907.00279.pdf
https://arxiv.org/pdf/2110.13196.pdf

Develop and compare fit methods to take lim7r_, and lim;, — —oo

o fitting only 4d sequential propagator data
e calculate /,,(T, ty) directly (K—, D", D})

o calculate I55,(T, ty) and I, (T, ty) separately (D7)
e fitting only 3d sequential propagator data (K—, D", D;")

@ performing global fits to both 3d and 4d method data

9/19



Simulation parameters

So far we have considered:

K~ =~ D, Dt — yltv, D — vty

e RBC/UKQCD: 243 x 64, m, ~ 340 MeV, a ~ 0.11 fm (K—,D*, D)
e RBC/UKQCD: 323 x 64, m, ~ 340 MeV, a ~ 0.11 fm (K")
e Up/down/strange valence quarks: same domain-wall action as sea

quarks
Charm valence quarks: Mobius domain-wall with “stout” smearing
Light quark deflation

o 243 x 64 calculate lowest 400 eigenvectors

o 323 x 64 calculate lowest 800 eigenvectors

Z»> random wall sources at weak current location

Neglect disconnected diagrams

“Mostly nonperturbative” renormalization

All-mode averaging with 16 sloppy and 1 exact samples per config

see [Kane, Giusti, Lehner, Meinel, Soni, arXiv:2110.13196] for more details
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https://arxiv.org/pdf/2110.13196.pdf

D — ~¢*v runs

RBC/UKQCD Ensembles: 243 x 64, m, ~ 340 (MeV), a ~ 0.11(fm)
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D — ~¢*v runs

RBC/UKQCD Ensembles: 243 x 64, m, ~ 340 (MeV), a ~ 0.11(fm)

3d method:

—tp,/a | 2=pp, | |3p,[* | # configs
{6,9,12} | (0,0,0) | {1234} | 25

11/ 19



D — ~¢*v runs

RBC/UKQCD Ensembles: 243 x 64, m, ~ 340 (MeV), a ~ 0.11(fm)

3d method:

—tp,/a | 2=pp, | |3p,* | # configs
{6,9,12} | (0,0,0) | {1234} | 25

4d method:

T/a ‘ ist ‘ ipv ‘#configs
{6,9,12} | (0,0,0) | (0,0,1) 25
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Compare 4d methods

o fitting only 4d sequential propagator data
o calculate /,,(T,ty) directly (K—, D", D})
o calculate I35,(T, ty) and I7 (T, ty) separately (D;")
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = I5,(T, tn) + 17,(T, ty)
Use fit ranges where data has plateaued in ty, i.e. ty — —o0

Include terms to fit
(1) unwanted exponential from first intermediate state
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = I5,(T, tn) + 17,(T, ty)
Use fit ranges where data has plateaued in ty, i.e. ty — —o0

Include terms to fit
(1) unwanted exponential from first intermediate state

Fit form factors Fy/, Fa sp directly instead of /,,

F(tn, T) = F + By e (BBt EDT 4 g o(B-EDT

B fit parameters
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = I5,(T, tn) + 17,(T, ty)
Use fit ranges where data has plateaued in ty, i.e. ty — —o0

Include terms to fit
(1) unwanted exponential from first intermediate state

Fit form factors Fy/, Fa sp directly instead of /,,

F(ty, T) = F + Bf e (B BntET | g2 o -E7)T
~— N———
tem<0 tem>0

B fit parameters

Only have three values of T, fitting multiple exponentials not possible
— Use broad Gaussian prior on E~ exclude unphysical values
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(ty, T) = F 4+ Bg e (B Bu+ENT | g o(Bs=E7)T
tem<0 tem>0

M fit parameters
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(t, T) = F + Bf e (B=En+EDT 4 g o &-E7)T
tem<0 tem>0

M fit parameters

Calculate time orderings separately:
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(ty, T) = F + Bf e (B BntET g2 o(BH-ET

tem<0 tem>0

M fit parameters

Calculate time orderings separately:
Include terms to fit

(1) unwanted exponential from first intermediate state (/;, and /)
(2) first excited state (/,, only)

Time ordering te;, > 0:
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(ty, T) = F + Bf e (B BntET g2 o(BH-ET

tem<0 tem>0

M fit parameters

Calculate time orderings separately:
Include terms to fit

(1) unwanted exponential from first intermediate state (/;, and /)
(2) first excited state (/,, only)

Time ordering te;, > 0:

F>(tn, T) = F~ + Bf eB7EDT 4 eAFtH

14 /19



Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(ty, T) = F + Bf e (B BntET g2 o(BH-ET

tem<0 tem>0

M fit parameters

Calculate time orderings separately:
Include terms to fit

(1) unwanted exponential from first intermediate state (/;, and /)
(2) first excited state (/,, only)

Time ordering te;, > 0:

—E>
F>(ty, T)=F~ + Bf e EB=E)T 4 ¢ ehEtH
(1) ()
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Fit form: 4d method

Sum of both time orderings 1., (T, ty) = 15,(T, tn) + 17,(T, ty)

F(t, T) = F + Bf e (B=En+EDT 4 g o &-E7)T

tem<0 tem>0

M fit parameters

Calculate time orderings separately:

Include terms to fit

(1) unwanted exponential from first intermediate state (/;, and /)
(2) first excited state (/,, only)

Time ordering te;, > 0:
> — > > (Ey,—E~)T > AEty
F~(ty, T)=F +Bfe - +CFe()
1 2

Look at preliminary data and fit results for Df — v/, form factors
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D — ~¢*v: Compare 4d methods

F 0.000 }1
—0.02 4 V -0.025 T
Neg =25 K If FA,SD T
~0.04 ﬂ -0.050 Nerg = 25 H
-0.075
~0.06 T
-0.100
~0.08 1 ~0.125 ﬁ
T oAdiigg \ T 4diign
~0.10 Ioadily -0150 T 4d: i,
0.0 02 04 0.6 08 10 0.0 0.2 0.4 0.6 08 10
_ op(0) A (0)
x, =2E}" /mg xy = 2Ey" /mg
0<x, <1
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— vTv: Compare 4d methods

. F 0.000 }I
—0.02 4 V -0.025 T
Ng=25 If FA,SD 3
0041 ﬂ i —-0.050 chg = 25 E
-0.075
~0.06 T
-0.100
~0.08 1 ~0.125 ﬁ
T adiis. g J T o4di5.5
~0.10 1 Po4dii -0.150 T 4d: i,
0.0 02 04 0.6 08 10 0.0 0.2 0.4 06 08 10
_ op(0) A (0)
x, =2E}" /mg xy = 2Ey" /mg

Calculating /7, and [, separately

— remove prior on the fit parameter £~
— smaller error bars

— more propagator solves needed
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Compare 3d and 4d methods

o fitting only 4d sequential propagator data
o calculate I5,(T,ty) and /7, (T, tn) separately

o fitting only 3d sequential propagator data
o performing global fits to both 3d and 4d method data
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Fit form: 3d method

Include terms to fit

(1) unwanted exponential from first intermediate state
(2) first excited state
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Fit form: 3d method

Include terms to fit
(1) unwanted exponential from first intermediate state

(2) first excited state

Time ordering te, < 0:

F<(ty, T) = F~ + By e BEWHENT 4 5 oAt

M fit parameters

17 / 19



Fit form: 3d method

Include terms to fit
(1) unwanted exponential from first intermediate state

(2) first excited state

Time ordering te, < 0:
()

—~
F<(ty, T) = F~ + By e BEWHENT 4 5 oAt

M fit parameters
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Fit form: 3d method

Include terms to fit
(1) unwanted exponential from first intermediate state

(2) first excited state

Time ordering te, < 0:
(1) ()

F<(ty, T) = F~ + By e BEWHENT 4 5 oAt

M fit parameters
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Fit form: 3d method

Include terms to fit
(1) unwanted exponential from first intermediate state

(2) first excited state

Time ordering te, < 0:
(1) ()

F<(ty, T) = F~ + By e BEWHENT 4 5 oAt
M fit parameters

Look at preliminary data and fit results for D7 — ~v¢* v, form factors
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DS — ~¢*v;: Independent 3d and 4d analysis results

Fv : <= Fasp !

Nefg =25 }_I :[ -0.04 Negg = 25 { 5

~0.04 I -0.06

—0.02 4

-0.08
~0.06
-0.10
~0.08 3 oAdiin g -0.12 3 4diig. 0
¥ 3d ¥ 3d
-0.14 .

0.0 0.2 0, 0.6 0.8 1.0 0.0 0.2 0.4 0./ 0.8 1.0

X, = 2E§O)/mK Xy = 2E7(0)/mK
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— v0*vy: Independent 3d and 4d analysis results

0.00 0.00 }_
L} -0.02
Y ; Fa,sp P
Neg =25 I{ :[ -0.04 Neg = 25 3
—0.04 I -0.06 {
-0.08
~0.06
-0.10
—0.08 4 3 oAdiin g -0.12 ¥ oadiinn
¥ 3d ¥ 3d
. . . . . . -0.14 . . . . . .
0.0 0.2 0.4 (o‘e)s 0.8 1.0 0.0 0.2 0.4 (3; 0.8 1.0
0
xy, =2Ey" /mg xy =2Ey" /mg

@ 3d has similar or smaller uncertainties compared to 4d at same x,
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—0.02 4

~0.04

—0.06 1

—0.08 4

— €ty Combined 3d and 4d analysis results

0.00 ﬁ
Fv N Fa,sp E o
Neg =25 Iﬁ E -0.04 Neg = 25 Iﬂ 18
H ~0.06 ﬂ
-0.08
-0.10
3 4a: Il ¥ 4d: Il
¥ 3d -0.12 ¥ 3d
T 4d+3d T  4d+3d
- - - - - - -0.14 . . . . . .
0.0 02 04 (o‘e)s 038 10 0.0 02 0.4 (o.; 08 10
0 0
xy, =2Ey" /mg xy =2Ey" /mg

@ 3d has similar or smaller uncertainties compared to 4d at same x,

@ Combined fits have reduced uncertainties when 3d and 4d

have data point at same x,
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— vty 3d and 4d analysis results

0.00 0.00 ‘ﬂ
1% -0.02
~0.02 FV s E FA,SD E i
Neg =25 Iﬁ E -0.04 Negg = 25 18
—0.044 H -0.06 ﬂ
-0.08
~0.06
-0.10
3 o4diis.n T oadig.ln
~0.08 ¥ 3d -0.12 ¥ 3d
T 4d+3d T  4d+3d
- - - - - - -0.14 . . . . .
0.0 0.2 0.4 (o.e)s 0.8 1.0 0.0 0.2 0.4 (o.; 0.8 1.0
0 0
xy =2Ey" /mg xy =2Ey7 /mk

@ 3d has similar or smaller uncertainties compared to 4d at same x,

@ Combined fits have reduced uncertainties when 3d and 4d
have data point at same x,

@ Almost identical uncertainties otherwise
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Final remarks

_2F, e Entn T
T;u'V = |im [im ﬁ/ dtem eE'YtemC3“u,y(tem,tH)
Trootn =2 (H(pp)| ¢y |0) /-7

IHV( T>tH)

o Started calculations on finer lattice spacing RBC/UKQCD ensemble
to investigate discretization effects (323 x 64, a—! = 2.383(9)GeV)

o Future plans:
— Twisted boundary conditions to get to small photon energies E§O)
— Realistic physical calculation for K and Dy, B(s) mesons
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Backup slides
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Solves required per configuration

3d :Neolves ~ 1+ Np,; X Np, + 1(N,, X Np,)
4d 1y Nsolves ~ 14 Np,, x Np + 4(N1 x Np.)

4d I,E;: Iiy Nsolves ~ 1+ Np,, X NP'Y + 8(Nt x Np.,)
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Time ordering te, < 0:
<

e—(Ex—Ep,+E)T 4 < AEty

Fa, o€

FA sD

0.475 - i i
i i
04504 ! 3! [} ]
i i
i + ; I ()
04254 1 :
i ¥ i
04004 1 i
= ! % = = = =] = =
2 1 = 1
SR 0375 | :
N i ¥ po,=(0, 0, 0) |
1 1
0350 1 . py=1(0,0,1) !
i < i
F
03254 1| ¥ A SD i
H ¥ tweak—tp,=6 H
0.300 - i ¢ tweak — tp,=9 i
=
:I I tweak — ':'Ds=]-2 :
02754 | H
4 6 8 10 12

Summation range T
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D — 0" vy: 4d method pp, , = 2£(—1) p,, = (1)

Time order tey > 0:

Fj(tH, T) = FA> + Bl_fAe—(Ev—EK—i-E;)T + CI?AeAEtH

S

T
1
1
1
1
1
1
1
1
1
1
I 1
1 - 1
i f £
=3 I B 1
T —0.48 | |
~ 1 f 1
= 1 X 1
re 1 =¥
w ! w
~0.50 4 i 1
1 1
I 1
I 1
1 1
1 1
~0.52 4 1 K]
I 1
I 1
1 I
1 If
1 I
~0.54 — ; T —— T " }
200 -175 -150 125 -100  -75 -5.0 —25

tDS/a

4/7



Euclidean spectral decomposition of /,,

Time ordering tem < 0: (for large negative tg)

0
/,U,<1/(tB7 T) = /T dtem eEVtC37NV(tem7 tB) ( * all times are now Euclidean )
1
— (B(B T 0 Egtg
(B(Ee)I #5(0)10) 5
y 1 (0] 4(0) [n(Ps — B~)) (n(Ps — P)| J5"(0) |B(Bs))
2En 555, Ey+ Enps—p, — EBps

X [1 — e(E"’JrE"vﬁB—BWEBaﬁB)T]

Require Ey + E 5,5,
States |n(pg — p)) has same flavor quantum numbers as B meson
— Enpg—p, = EBpg—p, = \/’”23 +(pg — 97)2

Forp, #0, |p,| + \/m,% +(pg —p,)? > \/mlz3 + pg is automatically
satisfied

— Ep 5, > 0 to get rid of unwanted exponential
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Euclidean spectral decomposition of /,,

Time ordering: tem > 0 (for large negative tg)

T
I/i/(tB7 T) = / dtem eE’YtC;Ll/(temy tB) ( * all times are now Euclidean )
0

= (B(68)| $h(0)[0) 5 <"
x> 251 — (0] J5™(0) [n(B)) (n(B,)] 4**(0) |B(B&))

n ”7P'y

1 E,—E, )T:|
X —— |1 — e( Y Enpy
EAY - Envﬁ’}/ |:

Require Ey, — E,5 <0

Because the states |n(p,)) have mass, ,/m2 + p? > |p,| is automatically
satisfied
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Time orderings

Time Clockwise

tmn - tB > T/2

tmn - tH' > T/2

¢'B§

tem <tp <tw
tw + tsep

tem — tw <T/2
tem — tB <T/2
tp < tw < tem

tw +T)/2 )

L tg+T/2
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