Introduction

Pion couplings to the scalar B meson J

Antoine Gérardin
In collaboration with B. Blossier and N. Garron

Based on [arXiv:1410.3409]

LPT

January 15, 2015 - Rencontre de Physique des Particules

Antoine Gérardin Pion couplings to the scalar B meson



Introduction

Motivations

o Lattice simulations are often done at unphysical light quark masses (= m, > mh™*)

— Computing the quark propagator at small pion mass is numerically difficult

— solution : use different quark masses and extrapolate to the physical pion mass
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Introduction
Motivations
e Example: chiral extrapolation of the B mesons decay constant [ALPHA Collaboration] :

fa(y,a)/GeV

; T T
| —0—B=52—e— 10.26
—— B =53—=—

| B =554 |

- 10.24
10.22 )
I yZSW}:%
B 0.20

0.18
B T R T

0 002 004 006 008 0.1

yexp Y

Antoine Gérardin 3 Pion couplings to the scalar B meson



Introduction Determination of ¢ Determination of h Conclusion

Motivations

o Lattice simulations are often done at unphysical light quark masses (= m, > mghys)

— Computing the quark propagator at small pion mass is numerically difficult

— solution : use different quark masses and extrapolate to the physical pion mass

@ Heavy-light mesons:
— Light quark dynamics is well described by chiral perturbation theory (xPT)
) _ } HMxPT = HQET + xPT
— Heavy quarks are described by the Heavy Quark Effective Theory (HQET)
— Use HMYPT (Heavy Meson Chiral Perturbation Theory) to extrapolate lattice data

< HMyPT is parametrized by three couplings g, h and g at leading order
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Motivations
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Motivations
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Motivations
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Motivations

o Lattice simulations are often done at unphysical light quark masses (= m, > mﬁhys)

— Computing the quark propagator at small pion mass is numerically difficult

— solution : use different quark masses and extrapolate to the physical pion mass

@ Heavy-light mesons:
— Light quark dynamics is well described by chiral perturbation theory (xPT)
) _ } HMxPT = HQET + xPT
— Heavy quarks are described by the Heavy Quark Effective Theory (HQET)
— Use HMYPT (Heavy Meson Chiral Perturbation Theory) to extrapolate lattice data

< HMyPT is parametrized by three couplings g, h and g at leading order

@ only g is actually considered in chiral extrapolations
— A =mps — Epg is usually not > m on the lattice
— the coupling h is large

— h and g may have important contributions
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Determination of g

Determination of ¢ J
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The soft coupling g
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Z 4 was determined non-perturbatively by the ALPHA Collaboration [Nucl.Phys. B865 (2012) 397-429]

— Two-point correlation functions
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— Finally, the following ratio converge to the coupling § :
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Excited states : “summed’ GEVP

@ Use N = 3 interpolating operators with different overlaps with excited states — matrix of correlators

@ Solve the Generalized Eigenvalue Problem (GEVP):  [Michael, '85; Liischer and Wolff, '90]
C§ (Bt t0) = An(t, )OS (to)va(t, o)

e Eigenvectors (v,) and eigenvalues (\,) can be used to construct the summed ratio MSGEVP (¢ ¢):

(vn(t,to), [K(t,t0)/An(t, to) — K(to,to)] vn(t,to))

(vn(t, t0), C2 (to)un(t, t0)> 2 (vn(t, to), C2 (to)vn t, t0)> 2

MGV (8 t0) = — 8

with : Ky(t,tg) = ZC (t,t1) “summed GEVP" [JHEP 1201 (2012) 140]
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Extrapolation to the physical point
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Determination of h

Determination of A J
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Lattice computation of h

o Continuum

(k)
2 2
N Mps —Mp
g53m = (=B |B ) = /g — o I
07T % /
(static limit) By (p) B(p')
The decay rate I' is given by:
(B — Bm) = Ltg%*m . \/(szg — (ms +mw)2) (m235 —(mp — mw)2>
87rmB8 0 k| =
2m36
o Lattice: Fermi Golden rule [Phys.Rev. D63 (2001)] (McNeile et al.)
I' (B — Br) = (2m)2%p , x = (B}|Bn)
p is the density of final states on the lattice:
L3KkE,
P= "o
I'(Bf —» B 1 /L0\?
% =- (E) (aEy) x (az)? J

e Conclusion: one can access to h through x, computed on the lattice
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Determination of h

Lattice computation: x = (B;|Bm)

e Two-point correlation function: = = (Bg|Bm)

Cs (1) = (OPT (O (0)T) = 3~ (0105 |Bg)e 75" x & x (Bx|OP|0) ===

t1 e

o Near threshold (mp: ~ Epx)

Cps—pr(t) = (0|07 |Bj) x (Br|OP™|0) te ¥

@ Consider the following ratio

c® ()
R(t) = By—br ~ xt + excited states

1/2
(55 (OCE) )
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Lattice computation: x = (B;|Bm)

e Two-point correlation function: = = (Bg|Bm)

Cs (1) = (OPT (O (0)T) = 3~ (0105 |Bg)e 75" x & x (Bx|OP|0) ===

t1 ~

o Near threshold (mp: ~ Epx)

Cps—pr(t) = (0|07 |Bj) x (Br|OP™|0) te ¥

@ Consider the following ratio

c® ()
R(t) = By—br ~ xt + excited states

1/2
(55 (OCE) )

@ Or the GEVP ratio to reduce the excited states contribution

v (t,10), Cpe—pn(t) vpn(t, b _
ROEVP (¢ 1) = (vB; (¢ to), OB (t) v (t, f0)) ~ xt + excited states

\/(Usg (t,to), Cy -y (t) vy (t,t0)) X (vBx(t,t0), Cor—px(t) vBx(t, t0))

2°7(t) = ARV () —=— @ J
o=t—a
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Lattice computation: x = (B;|Bm)

@ We have considered the corrections coming from A = mp: — Ep; # 0

@ We have considered the contribution from excited states
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t/a t/a
a = 0.065 fm, m, = 440 MeV a = 0.048 fm, m, = 340 MeV

my 280 MeV 310 MeV 340 MeV 435 MeV
ax —0.0156(4) —0.0159(3) —0.0174(6) —0.0241(10)
h 0.86(4) 0.86(3) 0.85(4) 0.84(5)
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Determination of h
h: chiral and continuum extrapolations
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Conclusion

@ We have computed the soft pion couplings i and § with Ny = 2 dynamical quarks

h=084(3)(2) , §=—0.122(8)(6)

Good control under/over systematics:
— in both case, the continuum and chiral extrapolations are performed

— we used the GEVP to reduce the contamination from excited states

These couplings can be used in the chiral extrapolations of relevant heavy-light meson properties

@ h > ¢ : B meson orbital excitations cannot be neglected in chiral loops

[Becirevic et al. (2012)]:  h = 0.66(10)(6)
— They used three-point correlation functions to obtain the form factor A, (A?)

— They compute the radial density to obtain the form factor in the correct limit A, (A?) — A, (0) ~ 9B Br

o PDG: Ip: = 267(40) MeV, mp; = 2318(29) MeV = h = 0.74(16)

— 1/m, corrections are expected to be sizable for D meson
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Lattice setup

Lattice discretization

e Ny =2 O(a) improved Wilson-Clover Fermions
@ HYP1-2 discretization for the static quark action

Discretization effects

@ 3 lattice spacings a :
(0.048, 0.065, 0.075) < 0.1 fm

Light quark mass chiral extrapolations

o different pion masses in the range [280 MeV, 440 MeV]

CLS

based

= total of 4 ensembles )
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Correlation functions

e quark-antiquark interpolating operators

O, (1) =3 3 [d" (@)ri(e)|

@ meson-meson interpolating operators

— @mw—(m— %”O(O)PO(O)

OF = 12 Y 2 [ ute)] [ o) Ten)] — [ e ruten) — e raen )

X [Em)(m)rb(m)}
@ local (I" = 7o, 75) and derivative (I" = ;05 Vi, 7: Vi) interpolating operators

@ 4 levels of gaussian smearing
Y2,75

z, 'y Y1 1 Y1 T
S i R T
Y2 T2 Y2 Z2

Y1,75
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Systematic errors on h: corrections from A = mp; — Ep, # 0

Neglecting excited states, at threshold we have:

CBg—Bw(t)ZZ<0|@BS|BS>:U(B7T|@B”|O>e_th‘*Jtle_EB“(t_tl) ~ (0|05 Bg) x (Br|OB™|0) t e E
t1

when the threshold condition is only approximately fulfilled, the linear time dependance becomes:

2 A A?¢3
my, 280 MeV 310 MeV 340 MeV 435 MeV
272
(31524A <1 for tel0— 20]) aA  0.036(4) 0.026(8) 0.010(3) —0.012(6)
Table: A = mBs — EBﬂ-
0 0
-0.005 -
-0.005 |
-0.01 |
20.01 |
-0.015 |
= =
5 -0.02 | ® 4 5 -0.015
= 0.025 o © 'i—’% =
R «°° ] -0.02 | «*
0.03 | ° . °
[ ]
ooz Lo ® | -0.025 |
-0.04 L : : : : : : : oL ..
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 18 20
t/a t/a
a = 0.065 fm, m, = 440 MeV a = 0.048 fm, m, = 340 MeV
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Systematic errors on h: Excited states contribution

Cgelt) = (0% (1O (0)1) = S (0105 | Bi) w (Bl OB o) e "' e~ Ean(t=)

t1

When excited states are taken into account (X; = B, X2 = Bm) :

////* Tam = (Xn| Xom)
Chi—pr(t) =D _ > (0|OP|X,) a0 (X |OPT|0)e Frit e Bmli=ty)
nm 1

Assumptions:

o | consider only the contribution from the first excited state X3 : mp: ~ Epr < Ex, < Ex, <
@ X3 has a non-negligible overlap with OB — (0|0F0|X3) # 0 and (0]OP™| X3) ~ 0

— the symmetric case (a non-negligible overlap with (QB”) is similar

Z<0|@Bg | X3)x30 <B7r|@B7T|O>e_E3t1 e~ E(t—t1)
t1

ABx AB _E 1 <0|(’) \X3 T32
= (0|00 |B})x(Br|OP™|0) et x - 20 e(Es—E)t
(0] | By)x(B| 10) p <O\OB*| o E

~
ground state contribution

— Excited states contributions are suppressed by a factor ¢
— To be compared with the usual exponential suppression

REEVP(t) m A + ot J
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Cross-check: box and cross diagrams

Determination of

g

Determination of h

Conclusion

[Phys Lett B556 (2004)] (McNeile et al.)

W T1
=~ (UBW (tv tO) connected (t) UBn (t, tO)) 1 2,2
R(t) = =B+ -zt + Ot
O = onaltto), CorpeDyvme(tt0) © 2 2
3 1 Y2 2
Cconnected( ) = 2Cbox( ) + §Ccross(t) .
n Ha
0.1 Y2 )
0.08
0.06 | o B(t) = O,R
g ,z'
0.04 a @ Previous analysis x = —0.0241(10)
ﬁ-"’?"a/
0.02 1 "oﬁ”“.& @ Box + Cross diagrams : ax = —0.0237(8)
0 \.09"‘ o
— Perfect agreement!
-0.02 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 50 100 150 200 250 300 350 400
(t/a)?
a = 0.065 fm, m, = 440 MeV
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Mass of the scalar B meson

. _ Mt to
alAm(a,my) = Ea(a,myg) — Efi(a,my) with Egﬁ(t, tg) = a 'log M
An (t + a, to)
Amg (z,my, a) Amg (z,mg, a)

450 . . . . 450 . . . .
400 | g - L 4 400 | !

‘ i

%’
350 | 1 350 | 1
300 | 1 300 |
250 . . ' . 250 s - s .
0 Yohys 0.04 0.06 0.08 0.1 0 Yonys 0.04 0.06 0.08 0.1
y y
AmBS = 385(21)stat(30)syst J
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Local vs Derivative interpolating operator

Jr Local Derivative
0f D=~ TI'= %%i — Interpolating operators built from covariant derivatives
are beneficial to reduce the contamination from higher ex-
1" =95y I'= 'y5$i cited states
Table: Interpolating operators
0 T T T T 0 T T T T T
derivative —e— derivative —e—
-0.05 ¢ local @ T -0.05 ¢ local --@- )
'y
0.1} . -0.1 ‘
q ‘ ‘ 'y i
-0.15 [ ° ° PY 8 ’ é‘ , ? b '0.15“ Y PY ° ° ® ® ‘ *
o i L ¢
° °
-0.2 o L - 02 °
°
GEVP EVP
Ry° 3 Ry¢°
-0.25 + 1 -0.25
0.3 L L L L L 0.3 L L L L L
0 2 4 6 8 10 2 4 6 8 10
t/a t/a
E5g : a = 0.065 fm, m, = 440 MeV F6 : a = 0.065 fm, m, = 310 MeV
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