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b — clvy; semileptonic decays - Vp

» Tension between inclusive and exclusive determinations of V.

» Exclusive favour B — D*{iy, extrapolate data to zero recoil and compare to
lattice.

> Recently (e.g. M.Bordone et al. 1908.09398) shown that using more general
parameterisations when extrapolating reduces tension.

» Desirable to use full kinematic range.
» Complementary determinations possible using Bs — Dg*) L Be — J/4.

» LHCb working on B. — J/4

1LHCb 2001.03225
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b — cli; semileptonic decays - R(D™), R(J/v)

Early experimental results show slight tension with
model results for R(J/v)

I(Bec — J/y7ir)

R(J/¢) - TR
Deviations from lepton flavour F(Be — J/¥uiy)
universality seen in branching
ratios
R(D™)) = LD(*)TIZT) °
r(B — D™ pui,) .
Models L]
SM Exp .
R(D) 0.299(3)  0.340(30) .
R(D*) | 0.258(5) 0.295(14)
[HFLAV 1909.12524]
LHCb - 1711.05623
0.2 0.4 0.6 0.8 1.0

RUIy)
> large spread in model results for R(J/4) in range 0.23 — 0.28
» Model calculations include limited treatment of systematic uncertainties

» Experimental error recieves a large contribution from lack of knowledge about
form factors
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b — cli; semileptonic decays - R(D™), R(J/v)

Projected uncertainties? in R(D*) and R(J/%).
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> Expect factor of & 10 reduction in experimental uncertainty of R(J/v)

2LHCb 1808.08865v4
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B. — J/4 Differential Rate and Form Factors

o Vcb(VrA) vy
SoOwWo
b "\ c
TAGS 44
C
BZ (p) g=p-7p' J/Y(p')

After integrating over angular variables, get differential rate w.r.t. g2

:Trz =Nx [ <|H—\2 + |Hol* + |H+\2) + %(W_F + [Hol? + [Hy|? + 3|Ht|2>]

where
e
(2m)3

(¢ — m2)2|p’|

Inew [*[Ves|?
¢ 12M32 g
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B. — J/4 Differential Rate and Form Factors

Form factors are in turn related to matrix
Helicity amplitudes are functions of form elements:
factors:

(J/9(p', N)|ev* b BZ (p))
=V(¢?) x Kinf,

Ho(q?) =172 A2(q?) + £ A1(¢?), (J/9(p', N)EY"+°b|BZ (p))

He(q?) =f:Ao(q?)

Hi(q%) =1 Au(a®) + Y V(@P),

=Ao(q%) x Kinj,

2 )
where f = (¢, Mp_, M,,y) +A1(q%) x Kinjy,
+A2(q%) x Kinfy,

» Need to compute matrix elements for 4 combinations of current operator and
J/4 interpolating operator in order to extract form factors.
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Heavy Quarks on the Lattice
To simulate precisely need amg < 1, but most lattices have lattice spacing a > 1/my,
on these lattices cannot simulate physical b quarks directly.
» Instead, use unphysically light heavy masses am;, on multiple lattices with
a>1/my
> fit data to polynomial in Agcp/mp, motivated by HQET, and extrapolate to
mp = mp
> use Highly Improved Staggered Quarks (HISQ) — very small discretisation errors,
crucial for calculations involving heavy quarks.
Extract matrix elements in standard way, for multiple heavy quarks with masses my:

Cpt( T, t,0) = (0]cy”c(T) clh(t) h~®c(0)|0)

Fit computed 3pt correlation function

l to
Cape(T,£,0) = > (A”BmJ"”’e’(T’t)E""M’"
13 J +(_1)T+tAZBmJgénef(T7t)E,‘,’ftMm
h Co —1)tA"BM Jnm —(T—t)Ep—tMp,
HC J/’(/) +( ) o Jeo €
+(7]_)TA"B'"J""’e_(T_t)Er?_tMan>
c1 0Po Joo
0
T

8/23



z-space
In order to fit g° dependence we change variables to z(g?)

im(z)
z(ty, to, q2) _V tr—q’—Vir— P 2 )] =1
Vi @iV B 71X
to =(My, = My)° [0
ty =(My + Mp-)? /
to =t_
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Heavy-HISQ Form Factor Fit Function

The fit form we use for the form factors is then given by

@) =P 3 o (5] (7)Y () i

™
nyisj,k

P(q2) incorporates subthreshold ¢h resonances, d, captures sea and valence quark
mass mistuning effects. Physical continuum form factors given by

FPhys P(q Za,oo <MQPESS> Z(qz)" (1)
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Lattice Details

Set WO/Q Ny X N amjg amso amco Nconfigs
1 1.9006(20) 32 x 96 0.0074 0.037 0.440 980
2 2.896(6) 48 x 144 0.0048 0.024 0.286 500
3 3.892(12) 64 x 192 0.00316 0.0158 0.188 374
4 1.9518(7) 64 x 96 0.0012 0.0363 0.432 300

0.8 . . > 0.8 .
N .
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Results - g
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Results: z-space, Poles Removed
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Helicity Amplitudes
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Differential Decay Rates and R(J/%))

0.200
E= (B — J/vu ) [U(B; = J/ip )
0175 g 4(B; — /0 0,)[T(B; = J /v 7)
b e/Inew Veb|? =
q 11.52(80) x 10~ 12GeV
0.125
=
é)v Mu/Inew Ve|* =
= 11.47(79) x 10~ 12GeV
%r%: 0.075 5
" F/Inew Vep|® =
2.99(19) x 10~ 2GeV
0.050
0.025 R(J/) = 0.2601(36)
0.000
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Our Result in the Context of Model values and Experiment

R [
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Error Budget

Taw Vel
Source L=p (=1 | R(J/Y)
m, dependence 2.4 2.2 0.6
a—0 3.9 3.6 0.8
0n — 0 3.5 33 0.3
lattice spacing determination 1.2 1.2 0.1
Statistics 3.5 31 1.0
Other 1.4 1.3 0.0
Total(%) 6.9 6.4 1.4

» Dominant statistical uncertainty may be reduced by increasing number of
configurations on finest lattices
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Other Useful Quantities

> Can insert values of V,;, and ngw to find I' = 2.96(20)1a:4(20) v, X 101051

» Then using the measured value of the B lifetime we can compute the branching
fraction Br(B: — J/¢p~u) = 0.0151(10)1a4t (10) v, (3) 75,

Bc branching fractions in the PDG are given in modified form B(b — B)I;/T, Where
B(b — BZ) is the probability for a b to hadronise as a Bc.

> Use branching fraction together with the experimental value of the modified
branching fraction to give B(b — Bf) = 0.00576(57)1att+ V., (66)exp

compare to probability? for B(b — B*) = 0.407(8)

3P. Zyla et al.(Particle Data Group), Prog. Theor. Exp. Phys. , 083C01 (2020)
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Angular Observables

0 = N“(¢%)/D"(¢°)
f T A'%(q?)de?
(o7)
50" + (09

(0=

R(O) =

d2r

2 2
dq2dCOS(0W) 39w(q ) + gw(q )COS( W)

+ co,,(q%) cos®(Ow)

the observables are defined as

bg,, (4°)
A 2 — _ w
(0 =~ g
A, (q2) _ dr)\ngl/Z/qu _ dr)\g:+1/2/dq2
¢ dr/dq?
P gy ~ 9T d
L dr/dq?



Angular Observables
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Integrated Angular Observables and Ratios

SM 8vg gv,
(Arg) | -0.064(12) -0.0153(92) -0.064(12)
(Ax.) | 0.5296(59)  0.5295(59)  0.5296(59)
(F7¥y | 0.4337(82) 0.4343(82)  0.4337(82)

R(Arg) | 0.281(35) 0.067(36) 0.281(35)

R(A,,) | 0.5325(58)  0.5324(58)  0.5325(58)

R(F/Y) | 0.891(10)  0.892(10)  0.891(10)

> 8v, just rescales the helicity amplitudes equally and does not affect these ratios.

> The combination |H4 |2 + |H_|? = |Ha|? + |Hy|? also rescales with |Hp|? and
|H:|> when 8vy, is purely imaginary. As such Ay, and FLJM) are insensitive to gy,

> Arg and R(Agg) are sensitive to NP appearing through the right handed
coupling.
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Conclusions and Outlook

> Computed B: — J/4) semileptonic form factors across full g> range with high
precision, the first time these quantities have been computed using lattice QCD -
form factors available as ancillary files at https://arxiv.org/abs/2007.06957

P> These can be fed into experiments to improve the systematics coming from form
factor uncertainty, as well as used to normalise other B¢ processes through
determination of B(b — BZ).

» Computed R(J/4) with an uncertainty of ~ 1.4%
» Demonstrated efficacy of heavy-HISQ for computing heavy P — V form factors.

> Very similar Bs — D} computation is complete with analysis in an advanced
stage, near completion.
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Thanks!
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