LATTICE 2018

Masses and decay constants of B."” mesons
with Nif=2+1+1 twisted mass femions

o
wi2keq,

Giorgio Salerno (ETM Collaboration) £

Twist

-
Universita di Roma Tre, INFN Roma Tre, LPT Orsay WS

o o O
“aboro™

ROMA
TR INFN !g‘
AETRE <

NIVERSITA DEGLI STUDI

o

Istituto Nazionale di Fisica Nucleare

LPT

D. Becirevic, V. Lubicz, A. Melis, L. Riggio, G. Salerno, S. Simula, C. Tarantino



4 Determine the CKM matrix element V¢p

4 Constrain possible NP effects, implied by R(D(*)) anomalies:

2

2 £2 12 2 2\ 2
mp.m:f5 Gp|Va m m
Br(B. — Tv;) = Tp. /5. G|Vl 1 —— 1+er+ Be €p
& my m,(my + m..)
M. Gonzalez-Alonso, J.M. Camalich,
ArXiv:1605.07114, 2016

possible NP

4 Vector meson decays are dominated by strong and electromagnetic interactions:
fy not directly measurable

4 Vector DCs are involved in the description of semileptonic form factors and
non-leptonic decays of hadrons through the factorization approximation
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Simulation Details

Details of the ensembles used in this Nf =2+1+1 analysis

ensemble | 3 V/at Aftseq = afptg | Negg . ajpy

A30.32 | 1.90 |32 x 64| 0.0030 | 150 | 0.21256,0.25000, | 0.34583. 0.40675,

A40.32 0.0040 90 0.29404 0.47840, 0.56267.

A50.32 0.0050 | 150 0.66178, 0.77836.

Ad024 [ 100 | 245 x 48 | 0.0040 | 150 0.91546

A60.24 0.0060 | 150

A80.24 0.0080 | 150 0.7mP"s < m, < 2.5mP
A100.24 0.0100 | 150

B25.32 | 1.95 | 32° x 64 | 0.0025 | 150 | 0.18705,0.22000, | 0.30433, 0.35794, hus phys
B35.32 0.0035 | 150 0.25875 0.42099, 0.49515. 2.5mg™ S my S 0.9m
B55.32 0.0055 | 150 0.58237. 0.68495.

B75.32 0.0075 75 0.80561

B354 | 1.05 | 245 x 48 | 0.0085 | 150

D15.48 | 2.10 | 4%° x 96 | 0.0015 60 | 0.14454,0.17000, | 0.23517, 0.27659,

D20.48 0.0020 90 0.19995 0.32531, 0.38262,

D30.48 0.0030 90 0.45001, 0.52928.

0.62252

Three different values of the lattice \

Lattice Spacings
spacing: 0.06 fm <+ 0.09 fm Sp S

a(f = 1.90) | 0.0885(36)fm
Different volumes: 2 fm + 3 fm a(f =1.95) | 0.0815(30)fm
Pion masses in range 220 + 440 MeV a(ﬁ — 2-10) O.()619(18)fm

Three values of the bare charm masses are used to interpolate to m "
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Decay Constants and Masses on the Lattice

Asymptotic behavior of 2-point correlation functions:

ZP P (5, 0)) o LAPOUON i r gy — gy einrr

My,
>, [{0IVi(0) [ H (0, A)) |2 My
ZV VT 0, 0)—=o— 30, cosh [Mp: (T/2 —t)] e~ MuzT/?
(1t + 1) (0| P|H,(0)) = fH Mg,
Za OVi(O)| H (0, ) = fuz Mpgze)
Pseudoscalar density Ratios
My
| | . Ry, (my) = —
Simultaneous fit of correlators obtained ]\411c
with local and smeared interpolators: f
f HZ
RHC (mh) — fH
CIIJJL(t), CﬁL (1), Cgs(t) Better control of statistical and
systematic uncertainties
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Decay Constants and Masses on the Lattice

Time distance behavior for the different ratios

Time intervals are chosen differently

for LL, SL and SS correlators

B =190, L/a =32, aptseq = 0.0040, app = 0.66178

Y B
1.2F%4

£ =210, L/a = 48, ajiseq,

= 0.0020, app, = 0.45001

]14£ T [ T ] T | 1 I T ] T | T I 1 [ 1 T | T [ T

I
1
1
L3 i
1
1
1
1

o *I**II;IIIEIIIi!; ;?

T T T T T T T T T T
m  Local i
+ Smeared combination }

ki

| L I DL IR BRI B - '
195 i » Loallocal =~ || L6 S 101217 16 1520 22 24 26 28 30 32 34 3635 40 42 44 46 18
= . i + Smeared-Local t/a
© o 19 - Itt 1 —
= Trersizziialpedsseiniy % B=1.95 L/a =32, afisq = 0.0035, au;, = 0.49515
1,85 . e | E - —— e
: S A [ BN L R B
181 .|.\.|.|.i.\.|.\.|‘|.|.|ﬁ ]’75__' i ]
8 10 12 14 16 18 20 22 24 26 28 30 A : ]
t/a s - . !
1,25‘*—++++*::::" g
17111 T T T e *I;*!Ti iii!iiii%i%i
L1 | T 2_Iz!tlé‘éI1|0I1I2|]|4|1|6I18|2‘0‘2|2I2I4I2|6‘2‘8|30I32
EMIUIOS.' . ‘!;¥!l'iifi!§i'§iii % |1 va
" AR ) ? 17 11l Red and blue curves are constructed
P i from the LL correlators and SL-SS
oosL o L 1oLy 1 I P P R N R A

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

n combination respectively

LATTICE 2018

Giorgio Salerno 4/15



3.2 i ]
' - _ﬁ» L' + 'Sl T Te i
e :
p= | e B=190 L=32
2.8 ' ¢ B=190 L=24| 7
; m B=195L=32
| o B=195 L=24] ]
. ! A B=210L=48
s ! ® Physical point | |
5 | . | . | . | .
0 0,01 0.02 0,03 0.04 0,05
m, d(GeV)
i [ ' ! I | '
0,46 : - _ —
0,44 : * 4 l -]
042 F— Tﬁ — { %_ T - -
o 04FF S —— = =
ol a B=1.90 L=32
» * =1. =
0,38 ! —
; ¢ B=190L=24
; m B=195L=32]| |
030 o B=195 L=24
034 : A B=210 L=48| |
’ : ® Physical point
0.32 i | 1 | | L
0 0,01 0,02 0.03 0,04 0,05
m d(GeV)

R

Nc and J/P mesons analysis

Chiral and continuum extrapolation
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Nc and J/Y mesons analysis

Results

M,, = 2975 (50)MeV

fn. = 391.4 (8.6)MeV
ME™ = 2983.9 (5)MeV

My = 3080 (50)MeV f1p = 407 (10)MeV
Mjff; = 3096.900 (6)MeV

M
T = 1.0354(21)

f
Jg;w = 1.0409 (80)
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Nc and J/Y mesons analysis

Results

M, = 2975 (50)MeV
ME™ = 2983.9 (5)MeV

M = 3080 (50)MeV

fo. = 391.4 (8.6)MeV

exp
MSP = 3096.900 (6)MeV
/v
I I l 1 I 1 I 1 l 1 I 1 I 1 I ] I 1 1 I 1 I 1 I 1 1 I 1 I 1 I ) I 1 l T
» { This work Nf =2+1+1 = { This work Nf =2+1+1
F—a— HPQDC, 2010 Nf = 2+1 HPQDC, 2010 Nf = 2+1
= ‘ Bailas et. al, 2018 ] Bailas et. al, 2018
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= | ETMC, 2014 | ETMC, 2014
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B.') mesons

HQET predictions in the
static limit mp » o

lim MHC(Ith) =1 lim R%(mh) =1
M, — 00 ”};LOG mp—00

S m)y e . Ry (mp)

lim =1 lim - =1
mp—oo C'y(my,) mp—o0 Cyy(my,)

pole

Ly = my, p(mp, 1)

Perturbative matching coefficients:

| 2
_ 2 as(mp) _¢(3) | 2n2log2 | 4x? | 115 [ as(mpn) D.J. Broadhurst and A.G. Grozin,
Cw(mp) =14 577 + [ o T 727 T T 3% ™ [hep-ph/9410240], 1995

A. Czarnecki and K. Melnikov,

2
[hep-ph/9712222], 1998
Calmy) — 1 — 82stmn) 4455 0 41n (M)
A( h) 3 o ( f) m M. Beneke et al,
[hep-ph/9712302], 1998

LATTICE 2018 Giorgio Salerno 8/15




B.') mesons

. B. Blossier et al [ETMC],
Ratio method arXiv: 0909.3187, 2010
4 Interpolate data to a sequence of reference masses such that 0)
two successive quantities have a common and fixed ratio: my =~ = Me
(A, K) = (1.160, 10)
mgln) _ )\mén—l) n=1....K mglK) — my my, = 5.20 (90)GeV
A. Bussone et al [ETMC],
arXiv: 1603.04306, 2016

4 The next step is to construct at each value of the sea quark mass and lattice
spacing the following ratios

(n) pole
(n) y. _ Mg (my, 75 pe,a) P‘n 1
yM(mh, ) A? l’ljgﬂ a’) T b 1) pole

M, (m\" ™Y pg,a) ph

Fro(mi™;pea) /2o Ca(m{™™Y)

e (my ™V pea) | upete CA(’mh})

yf(mgzn)v A; 27 CL)

4 Perform a chiral and continuum extrapolation for each ratio

4 Interpolate lattice data in 1/mp to mp imposing the static limit constraint
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B."’ mesons
Ratio method

4 Perform a chiral and continuum extrapolation for each ratio
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B.') mesons
Ratio method

4 Interpolate lattice data in 1/mp to mb |mposmg the statlc limit constraint
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Chain equations
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4 Perform a chiral and continuum extrapolation for each ratio

B.') mesons
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B.') mesons
Ratio method

4 Interpolate lattice data in 1/mp to mp imposing the static limit constraint
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B.') mesons

Results

Mg, = 6341 (60)MeV
ME? = 6274.9 (8)MeV

ch = 396 (12)Mev This work

fp., = 434 (15)MeV HPQCD '15

MB*

T = 1.0037 (39)

This work

HPQCD '15

380

fBC(MeV)

/Bx

I B

/B

B

= 0.978 (7) This work

This work

HPQCD '15

= (0.988 (27) HPQCD '15 o5
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Conclusions & Outlooks

We have presented preliminary results for the masses and decay constants
of B mesons using ETMC gauge ensembles with Nf=2+1+1 dynamical
quarks

In order to reach the physical b-quark mass we have employed the ETMC
ratio method

As a triggering point for the analysis, also the mass and the decay constant
of the nc and J/y mesons have been computed

Results still preliminar: the next step is the analysis of systematic
uncertaintes
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Thank you for the attention




Simulation Details

Something on the action:

4 Wilson Twisted Mass action at maximal twist with
N{f=2+1+1 sea quarks

4 Osterwalder-Seiler action for valence c and s quarks

4 Iwasaki gluon action
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