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Introduction
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Inclusive By, — X lv
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Inclusive decays formalism

Decay rate

we start by considering the differential decay rate:

dl’ G%|Vep|?
— F’ b‘ Luyﬂ/pu
dq?dq°dE; 82
with:
; (2m)® - 1 3 3(P B
Wil.a) = 5 (BLO)ILO)(T — w)s*(P + ) Ll 5. (0)

Integrating over E:

DS gy

QG Vo dg? — &=V 1
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Inclusive decays formalism

Introducing the kernel
@(Z)(wmax - w) = (wmax - w)le(wmax - w)

We can write

z® (q2) = / dwO® (Wmaz — w)T(l) (w, q2)
0

with:

3 3
TO =W+ 3" dga, W =3 (W + W)
ij=1 i=1

A. Smecca (University of Turin) LQCD Inclusive B-decays LATTICE 22 6/41



Inclusive decays on the lattice

Smooth function
On the lattice we have to introduce the lattice spacing a:
* I
GW(ar;q) = / dwT}J)(w, q)e T
0

If a function is infinitely differentiable (smooth) then we can approximate
it numerically:

flw) =Y gre ™"
So that:
>0 6Maria) = [ duT w,q) 1 (w)
= 0
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Inclusive decays on the lattice

Smeared kernel

Problem
The O-function is definetly NOT smooth J

Solution
We need to introduce a smeared kernel 6, J

@g) (wmal’ - ’LU) = (wmax - w)lea (wmax - w)

oo

l (1 —aw
= mp, E f/g)((1'772(z;z'-(7>6 i

=1
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Inclusive decays on the lattice

Smeared spectral density

[e.e]

Z f/T(“‘nm;l’« (T)G(l) ((LT; Q) = / dwT[(/l) (w7 Q)@g) (wmaaz - w)
= 0
Z‘“((]j) = / dw@(l)(wmax - w)T(l)(wa(IQ)
0
Zz(fl) (qz) = / dQU@((Tl) (Winaz — w)Tg) (w, q2)
0
= Z ar (wmam U)G(l) (aT; Q)
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Inclusive decays on the lattice HLT algorithm

HLT algorithm

The details can be found in:
[Hansen, Lupo, Tantalo '19, Phys. Rev. D 99, 094508]

[hep-lat/1903.06476], see also J. Bulava plenary talk (Tue 9:20) and A. De
Santis parrallel talk (Thu 10:00)
we want to reconstruct:

OY (Wnaw —w) = > gre™ ™7

Walg] = (1 - A)jﬁ 1 ABlg

oW gl
9gr

=0

97':97)-\
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Inclusive decays on the lattice HLT algorithm

Alg?] is the reconstruction bias

Alg] = a/ dw{ e — Z gre” T

Eo =1

B[g"] is the statistical variance

L Cov[GY(ar), GO (ar")]
= > 9:go GO

T,7'=1
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Inclusive decays on the lattice HLT algorithm

o
9
T
g2 defines the approximation of the ' Wl
o)
kernel S oe<:~<:~<:~<:~<:~<:~oooooe06:0»S “ ‘;‘ ||
Tmax o ° ““
A A —awT A |
@O' - Z gre o l
7'_1 -
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the best choice for A can be found
via:
OW (X) —0
o\
A=Ay
] 05 1
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Inclusive decays on the lattice HLT algorithm

Smeared kernel reconstruction

T T T
1.25 F — target .

1.00 — reconstructed |

= 0.75
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(W — Winaz)/MB

Figure: A = X\,
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Inclusive decays on the lattice HLT algorithm

Smeared Kernel \

T T T
1.25 F — target .

1.00 — reconstructed |
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Figure: A < A,
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Lattice computation
ETMC ensemble

B55.32 ensemble
Uses the Twisted Mass QCD action with Ny = 2 4 1 + 1 sea quarks. }

L3XT  Nengy a (fm)
323 x 64 150 0.0815(30)

phys phys phys
Mg mMs Me My

3.70(17) 99.6(4.3) 1176(39) 375(13) (MeV)

Unphysically light Bs mass

h L
Use of m. ~ m~"™® and my, = 2m, which gives a meson mass

Mp, = 3.08(11) GeV

..
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Lattice computation
JLQCD ensemble

M-ud3-sa ensemble
Uses the DWF QCD action with Ny =2+ 1 sea quarks. J

L3XT xLs Nenpg a(fm)
483 x 96 x 8 42 0.055

amyq amsg My

0.0042  0.0025 300(1) (MeV)

Unphysically light Bs mass
Use of m, = mbM*
Mp, ~ 3.45 GeV

and my = 2.44m, which gives a meson mass

s
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Inclusive decays on the lattice Lattice computation

Euclidean 4-point Correlator

[Gambino,Hashimoto'20, Phys. Rev. Lett. 125, 032001, hep-lat/2005.13730]
Cpl/(t.‘snk‘a t?? t1 ; tsrc? Q) = / d3$€iq'mT<0‘q~sBs (Oa tsnk)Jl(iL', tQ)JV(Oa tl)

Oh (0, t5rc)|0)

2
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Inclusive decays on the lattice Lattice computation

G correlators

_ — . Cuy(tsnks t2, t1,tsre; Q)
G(l) t t ; =M J(to — t1; =7 lim prv\lsnk, 2,1, ;
(2= t1;0) wltz = t3q) Bet —too Cl(tonk — t2)C(t1 — tsre)

tsrc—>—00

! 55 ¢ 16O
101 B o IGw|
g 5 ¥ole®)
4
—3 A Z Q
— 10 4B
= < B
O < B
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10 < s
a g
< 8
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10-7 < % 8
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(ta—t1)/a
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Inclusive decays on the lattice Lattice computation

Smeared Spectral Density

Now we can apply the smeared kernel to Zél)(q) which is obtained by
applying the coefficients ¢ to the correlator G (t,q*) and perform the
integral over the allowed phase space

16} B AlgM)/A[0] |
Tt
0.001 0.002 0.003 0.004 0.005 0.006 0.007

AlgM/A[0)

A. Smecca (University of Turin) LQCD Inclusive B-decays LATTICE 22 19 /41



Inclusive decays on the lattice Lattice computation

o — 0 limit
Z0(g?) = lim / dwT " (w, ¢*)OD (wpmay — w)
o—0 0
o ! YR )
;li)% mBs 2 9r (“ max O_)G ((J’T: Q)
HE - P{ 4 4 H% - P
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Inclusive decays on the lattice Lattice computation

Extrapolation to 0 =0

0.0750 - § 00z
Y = e
007250 | SSSsao__ T [ JCEY A
—~ \\\§“::~ T
N@ 00700 [ \\\ = ~ = -~ R -
é\" So ~ X
X 0.0675 F S~k ~ .
0.0650 T ~ B
0.0625 = b
0.0600 £ I I 1 1 L L
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o/mp
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Inclusive decays on the lattice Lattice computation

Differential decay rate

3
=Y W)

q|G3 Va2 dg? &
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OPE comparison

Differential decay rate comparison

After we take the o — 0 limit, we can confront our results with the
analytic results from the OPE

_30f ;
% 25; — V-A ETMC
5;:3 2.0? — V-AOPE
LS?H i+ o3t3 [} ) 3
i 3]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
q’ [Ge\/z]
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OPE comparison

Channel decomposition

One can decompose the contribution to the differential decay rate into V|,

VJ_, All, AJ_

— 44| OPE
— AA| ETMC
= 04r3F F 3
4 i
= 02 i
S 00
00 01 02 03 04 05 06 07
¢ [GeV?
o 10)
— VV 1 OPE S ; — AAL OPE
. 08
— VV 1 ETMC 3 i 3 — AA L ETMC
ER oy
I g B &
T T S
1 1 1 t = 0.4 I :
= i
= = 02 I
X -00s 3 oo
00 02 04 06 03 0.0 0.2 04 06 08
° [GeV? q* [Gev?]
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OPE comparison

T 4& 1
g i
5% 5 1
S
SR ’
= [ — V-AJLQCD
= " — vaore ]
=
ST

07\ Il Il Il Il Il Il -
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OPE comparison

— VvV OPE

— VV | JLQCD

=
o 0.0EL -
0.0 02 04 0.6 08 1.0 12
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Conclusion

Final Results

The last thing to do is to perform the integration over g°

ETMC OPE

L'/|VZ2] x 1013 (GeV) | 0.987(60) 1.20(46)
(Ey) (GeV) 0.491(15) 0.441(43)
(E?) (GeV ?) 0.263(16)  0.207(49)
(E2) — (Ep)*(GeV?) | 0.022(16) 0.020(8)
(M%) (GeV?) 3.77(9)  4.32(56)

Table: Total width and moments in the ETMC case.
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Conclusion

JLQCD  OPE
L/|V3| x 1013 (GeV) | 4.46(21)  5.7(9)
(Ep) (GeV) 0.650(40)  0.626(36)
(M%) (GeV?) 3.75(31)  4.22(30)

Table: Total width and moments in the JLQCD case.
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Conclusion

Summary & future prospects

@ Calculated the inclusive decay rate of semileptonic By decays
@ Comparison with OPE promising, need full lattice calculation

@ Perform the analysis with several values of lattice spacing, volumes
and b—quark masses in order to perform the extrapolations: a — 0,

V — 0o, mp — mfhys

@ Apply this method to other inclusive semileptonic decays for which we
have good experimental results for Branching ratios, such as those
involving the D,)—meson

@ Extend this method to semileptonic decays needed to estimate V;
such as B — X, lv
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Conclusion

BACKUP SLIDES
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Conclusion

Tensor Decomposition

Accoding to Lorentz invariance and time-reversal symmetry, the Hadronic
Tensor can be decomposed as follows

pHp” i Ppag
WH(p,q) = —g"' Wi(w,q?) + mTWQ(qu2) - T‘MWg(w,qz)
B B,
ey v UL
g +p'q
+ - Wi(w, ¢%) + 5 Ws(w, %)
B, mp,
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Conclusion

Systematics
1.0 4
2. 084 I [
.
He 064
=] 0.6 E
mtgg
She ®
O 0.4
&
O drA ¢ drE & dare
024 70 $ ars dar F A arl
. dr ¥ dI'H ® dJrJ
70 E darp
00 01 02 03 04 05 06 07
q* [GeV?]
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Conclusion

Extrapolation

T T T !
! 831(0)Z§0) i Comb. Fit Linear |

o ® oz A Comb. Fit Quadr.
0.085 $ 00070 |
7, 0.080 |
% 0.075 ~—e_ |
0.070 L ~"‘~~§“ %I |
0.065 I %.‘i |

1 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

o/mpg E
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Conclusion

Three kernels

S 1 S 1
O'(x): _ ’ 90'1(:17)_ _sinh( —% )
l+e o 1+e Sln(sl)
1+ erf (2
ba(o) = L)
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Conclusion

T T T
125 F — target .
— reconstructed

-1 0 1 2 3
((,d - wmaz)/mB

Figure: A = A\,
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Conclusion

T T T
125 F — target .
— reconstructed

-1 0 1 2 3
((,d - wmaz)/mB

Figure: A = A\,
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Modified Sigmoid

T T .
135 r — target .
1.00 — reconstructed |
S 075k |
~i
n b
@ o050F |
0.25 i
0.00 -
1 1 L

(W = Winaa) /mp

Figure: A = A,
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Conclusion

Error Function

T T |
135 r — target .

1.00 — reconstructed |

= 0.75
T o

0.50 - |

0.25 i

0.00
1 L |

(W = Winaa) /mp

Figure: A = A,
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Conclusion

Lepton Energy Moment

We also looked at the Lepton Energy Moment defined as

dl’
f qudElEl |:dq2dq0dEl }

2
Li(q°) =
quodEl[dq2dq0dEl:|
0.6 1
b 4]
05555 5 3533 & 3 *
m
— 04— ]
3
= 03] 1
~
02f — V-AOPE 1
0.1F — V- AETMC 1
0.0F, ‘ ‘ ‘ ]
0.0 02 0.4 0.6 0.8

q* [GeV?]
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Conclusion

0.5 : .
I8 B Alg]/A[0]

0.4 ]
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Conclusion
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