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Motivation

@ Understanding of CP-violation within the
S(tandard) M(odel) + new physics needs a good
understanding of flavor physics, CKM matrix
elements.

@ Precise (non-perturbative, first principles)
determination of | V|, currently the least well
determined.

@ ~ 3o discrepancy (P0G :

@ Inclusive B — Xy¢v :

Vib = (4.41£0.157012) x 103

e Exclusive B — 7/v : Vi, = (3.28+0.29) x 103
e leptonic B tv via f 1 Vi = (4.2240.42) x 1073

@ theoretical and experimental input needed

@ This talk: Non-perturbative determination of form
factors for Bs — K¢v decay
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Semi-leptonic decays B — n/v, Bg — Kév

Bs — K:
@ no experimental data yet — predictions
o easier on the lattice (valence my = m¥® computationally less expensive
than for the x)
@ notfarfromB— =

m2 7m2 m2 7m2
(K(pl)|V*|Bs(ph.)) = £-(¢7) p@gpﬁ—%qﬂ +fo<q2)%qﬂ
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Form factor

B rest frame: pg, = mp v, = mp.(1,0,0,0).

(K|VO[Bs) = /2mgf,

(K|V/|Bs) = \/2mg, KfL

The vector currentis V,, = (X) 7. Wh(X).

— Ex)fL

f,= L fii + L (m

T 2n7|3S I «/szS Bs
\/2m

fo = —% 0 [(mg, — Ex)f| + (EZ — m2)f.]

2 2
mBs — mK

First calculate f, and f| and then relate to f, and f,.

In the static limit:

m
ACOERVESACY

corrections O(10%)
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Experimental decay rates

_ GRIVil?
19273 m3
S

A32(P)| . ()P

2
A(q?) = (m§, +m& —q?)" —4m3_mg

e form factor f, (g?) computed in LQCD
@ = determine V|
@ The so-called BCL (Bourelly, Caprini,

Lellouch) param
to obtain results
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etrization can be used
for a whole range of g?.

-
N

AB/A ¢? (GeV?)
>

_ 4 FNAUMILC

T T T T

s Belle untagged (13 bins)
v BaBar untagged (12 bins)
° BaBar untagged (6 bins)
BCL fit (3+1 par.)
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Challenges in form factor computations

ALPHA
Collaboration
mpa > 1 — effective field theories HQET
eft’s — non-trivial renormalization
higher di ional t NPR by
igher 1inen31ona operators, e.g. matching
Vi = crtby e Diyp
present for HQET, relativistic heavy quark action, NRQCD
a—0, my — mbws extrapolations

Ip| # 0 — signal/noise degradation discuss here
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Heavy Quark Effective Theory |

Problem: L~ <« m; ~140MeV,...,mg ~5GeV < g

Eg. A (charm) quark of mass ~ 1 GeV with lattice spacings a ~ 0.1---0.05 fm
would need lattices L/a~60---120.

Solution: Heavy Quark Effective Theory (HQET)

Non-perturbative effective theory treating the heavy quarks in the background of a
sea of strongly interacting quarks and gluons.

@ (0)0=2Z" fjegs@ 500

For lattice formulation — continuum limit exists, and is unique (for a finite
number of renormalized parameters).

Expansion parameter: 1/m;,.

Higher order terms carry higher mass dimensions [N-O = ¥, 0,0;, w; = miha"),
Non-perturbatively renormalisable (order by order in 1/my,).

well-defined continuum limit with 1/mj, insertions in correlation functions.
valid for kaon momenta px < m,.

in practice px < 1GeV = g close t0 g3 -
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HQET II

For smooth fields, Lpjac = W(mn + Dy yu)w can be split order by order in 1/m:

]
L = Lﬁ‘a‘ﬂﬁ”+L§‘a‘+L§)+O(m—ﬁ)
Ly = Wn(mp+Do)wh: LF™ = 5(mn— Do),
1 1
L =~ 5 (On+ Ospi)
Okin(X) = Wn(X)D?¥i(x); Ospin = Wh(x)5-B(x)yn(X)
1 1
Ok = ES,‘/;(G,'/; Bk:lggijk[Diij]

@ smooth — Dy = O(1) = Gyu; Doy = O(my,)
@ The heavy quark is thus, treated non-relativistically.
@ In contrast to QCD, the renormalizability to all orders in the expansion has not

been “proved”.
@ Matching to observables in QCD can be performed fully non-perturbatively.

Sh(x,y) =O(x — yo)8(X — y) e Mx0~%0) ”Pexp{—/ dt Ao(t‘})} P, EXCC =&Y o4+ m
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HQET IllI: Additional symmetries

@ Flavor : For F heavy quarks, there is an additional symmetry
Wh(X) = VYh(X): Wn(x) = Bn(x)V'; V € SU(F)

Emerges in the large mass limit, but not so much useful
phenomenologically

@ Spin : SU(2) spin rotations on the two (non-relativistic) Dirac components

Wh(X) — €/%k% Wy(x); Wn(X) = Pn(x)e 7%

Relates the vector and the axial-vector components, and important for
renormalization properties. Can be used to classify the spectrum, and/or
predict relations between different masses e.g.,

2 2 _ m2 2 2 _ m2 2
mg. — Mg = Mg, S — Mg = mg, —mg

@ Local flavor-number: No space derivatives in the lagrangian, implying

—m3; m

Wn(x) = &M yy(x);  Pp(x) — Pa(x)e 1
Local quark number Qp(x) = wxwp(x) is conserved.
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HQET IV: Predictions, an example

@ Consider the leptonic decay of B-meson: B~ — 77 v,

@ To a good approximation, the transition amplitude A is given in terms of the
effective weak Hamiltonian, which factorizes into a hadronic and a leptonic part:

Ao (79]7(x) 1 (1= 5) V(X)[0)(0]U(X) 1 (1 — 15) (X) | B™)
Using parity and Lorenz invariance for the hadronic part,

(01a(x)7 (1 — %)b(x)|B~(B)) = (0|Au(x)|B(B)) = pufa e
where A, (x) = U(x) . y5b(x) is the flavored axial current.
A single hadronic parameter fg parameterizing the decay.
HQET can determine the asymptotic mass dependence of fg.
In the leading order, AJ9ET (x) = A3t 4- O(1/m), A = T(X) 3075 ¥h(X)
(0[|A3181(0)|B~ (b = 0)) = ®*@" with a mass-independent
opstat — m;/zpo fg = m;/ZfB, non-relativistic normalization of states use

IP)rel = VE(P)IP)
o

¢stat \/me
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HQET: Form Factors

B _ =
vt = y/uyowh+aC\/0(go)W/ZV/s7’/Wh
/

_ _ —
VR = Wunwn—aoy, (90) W Y. V P vk vn
@ Improvement coefficients ¢y, , cy, known to 1-Ioop/ order.
@ The (multiplicative) renormalization of the currents are expressed as:
tat,RGI  _ tat,RGI | /stat
GO = ey
@ HQET parameters (Z;, oy,, w;) determined non-perturbatively:
(D?CD(Lv M, O) = ¢‘;-|QET(L7 M, a)

@ Matching HQET and QCD for certain (finite L) “observables” ®; [Della Morte et al. '13]

@ The matrix elements obtained in HQET can be related to those in QCD via the
so-called matching coefficients:

fr= Cvo_vk(Mb//\M—S)fft.’c‘l‘t,RGl

@ Atthe moment Cy, vy, are known upto 2-loop order, but will be obtained
non-perturbatively fully in the future.
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Extrapolations

At fixed gz, aqhieved by “twisting” [Bedaque '04] the s quark:
w(x+ Lk) = e'% y(x) p® = (2nn+ 0)/L freely tuneable — heavy quark twisting

(keep Bs in rest frame)

@ continuum, a— 0
e chiral, my — mPs
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Ensembles and simulation

@ non-perturbatively O(a) improved Wilson 006 o6 e o
fermions 0.005-
@ N; =2 CLS ensembles g’ 0004 oo 3 °
@ scale setting via f« oy Zzz ce o o
e mylLz4 0'001_
@ Error estimates taking into account — , , ,
autocorrelations 0 01 02 03 o4
m2 [GeV?]
id TxL3 a[fm] my [MeV] m;L # meas. # target
A5 64 x32% 0.0749(8) 330 4.0 500 500
F6 96x48% 0.0652(6) 310 5.0 254 500
N6 96 x48% 0.0483(4) 340 4.0 220 500

@ keep m/fk = phys.

e for now: one value of g2 only, g2 = 21.23GeV?
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Obtaining the form factor
‘ b,u

c{BK} o :-

tiBky

Ratio — plateaux

C (i ta) _
K(p®)|V*Bs(0)) = Iim ——F 2727  oFkik/2gEsl8/2 = |jm fratio(g2
KERIVHBAO) = i dimf(e?)

Factorising Fit

Combined fit to ground and first two excited states of C3,CB

)

! _EMg, _glm 1,1
C3 (o k) =LnmB Mol MrMe e oo B, ") ~ 1 (q?)

CBls)  =Y,BMBMeE L
CK(t) = Em(x™)2e &k

@ Gaussian smearing, y°™(x) = (1+xA) "yi(x), V; « wavefunctions
@ random noise sources, full time dilution

Debasish Banerjee (NIC, DESY) Using HQET to study form-factors in semi-leptonic decays Page 14



Ey [in GeV]

Results: Effective Masses

' ' ' ' " Eg from fit e Eg from fit ' i
0.84 K 1 rB 1
. eff mass —e— 524 1, effmass HYP2
082 | 1 522 |
o
08| { — 52}
[} >
()
0.78 + ° {1 © 518t
% =
0.76 | L %HQ o 516
oo ¢ w
ol s b gk s14 |
072 | i 512 |
07 e 5.1 P ———— :
02 04 06 08 1 12 14 16 18 2 02 04 06 08 1 12 14 16 18 2

t [fm] t [fm]

Figure : Effective energy of Ck (left) and Cgs (right) on ensemble N6. Note that both panels have
equal ranges on the corresponding axes. One can identify reasonable plateaus with small errors
even though the Kaon carries a non-vanishing momentum and we have a static Bs-meson. The
value for the ground state energy as obtained from a two-exponential fit is shown as a red band.
Uncertainties shown here are only those of £512 and E in lattice units, not the ones of My and
the lattice spacing. The data points are shown for the case of maximum smearing, while the fit
involves all the smearing levels.
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Preliminary results

@ Final quoted values from the fits.

GEVP is used to guess the Bs energies.

@ GEVP guesses used in the combined fit to the CK, CBs and the C3-point
functions.

@ Large tr’Tfin is used to get rid of the excited state contribution but the wrappers also
need to be accounted for.

@ Two excited state parameters for the Bs state considered.

(00)
° f‘bare _ (pC()OA'O) V2E; fEare _ %T{; 2Ex.

116 0.60
114 059
_ 112 _ 058
S S
110 057
1.08 056
1.06 055
13 14 15 13 14 15
i/ 2 /2

Figure : Stability of fit parameters with the choice of fit range
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Form factors from ratios

Different ratios can be defined to extract the form factors:

Ri(tk,tg)

Ri(lk, g)

Ry(tk,tg)

Rtk t)

C(tk.tg)

C3(tk tg) Cl () CF (1)

[Ci,:‘((tK)CJJB(fB)]VQ [Ci}i((tB)C/?(tB)

C3 (k. tg)

[CK (1) CB(ts)]
C,:';(tK7 tB)

Ci (t)CF (ta)

|

— e ((B5T(0) - ER(0)(ts - 16)/2)
[0

73 &P (ngf(t)ts 2+ ES (1)t /2)

The ratios asymptote to the respective form factors, the last one however, has a

non-trivial normalization.

To get improved convergence, used summed ratios:

Si=Y Ri(t—tg,tg)

s

Obtain form factors using a fit or a numerical derivative.
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Ratios: R; and R; (A5 ensembles)

1.35 ‘IK =7 T T T T T
te=4 —es
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=8 —o
125 W10 ThT 1
&) mb—jﬁ%
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Ly il
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Summed ratios (A5 ensembles)

35

md=0 _
mu=1 —e—
30 mean - 1-sigma ———
mean + 1-sigma ———

25

g o0 | mean[mu=0] = 1.15 (1) P |
S mean[mu=1] = 0.625 Ve
S o15f =
=
10
5 L
0 & 1
0 5 10 15 20 25 30

t=tK+tBS
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fit slope ()

Form factors from summed ratios (prelim.)
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Ratio fits (prelim.)

1.2 T T T T T T T
115t P —
11+ 1
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Towards the continuum limit

033
HYP1 = HYP1 =
HYP2 —o 36
0.32
. o 34
o
F 0.31 =
~ o
2 = 32
5] (o}
_o30f— 2
= E= B
3
0.2
28
028 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 0001 0002 0003 0004 0005 0006 0 0001 0002 0003 0004 0005 0006

a?[fm?] 2 [im?]
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A little comparison

2.2 T T T T T T T T T
«[HPQCD '14]
othis work Preliminary
2k |#RBC/UKQCD Preliminary -
]
1.8F b
16F -
ey
14F M -
1.2F -
3
1t % .
17 175 18 185 19 195 20 205 21 215 22

Debasish Banerjee (NIC, DESY)

G?/GeV?

Using HQET to study form-factors in semi-leptonic decays

@ blue: HPacD 147,

a=0.09fm m,; =
320MeV Pert.
renormalisation

brown: this work,
continuum, static,
m; = 340MeV, NP
renormalisation
[Della Morte et al. '07] .
Preliminary.
green:
RBC/UKQCD
Preliminary, chiral,
continuum. Pert.
Renormalisation
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Error budget — rough estimates

extraction of FF through fits / ratios (~ 2%)

lattice spacing (scale setting): determination of ¢? (~ 1%)

continuum extrapolations (2...5%)

chiral extrapolations (seems flat: small)

BCL parameterisation, experimental data (none yet, for B — 7 ~ 10%)

N; = 2 (“To date, no significant differences between results with different values of N; have
been observed.” )

@ HQET truncation (static: ~ 10%, at O(1/my): ~ 1%; [< 1% for fg,
)
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Conclusions and Outlook

Conclusions
@ f,(g?) for Bs — Kin HQET
@ fully non-pertubative renormalisation setup (at LO, soon at NLO in 1/my,)
@ small discretisation errors
@ rough agreement with recent HPQCD results — V|, puzzle remains

Outlook
@ Chiral extrapolation: m; — m2™s.

@ Inclusion of O(1/my) effects in analysis (matching to be done, large
volume measurements available).

@ Measure at one or two more g2.
@ N;=2+1, open BC, wrappers gone.
e B—m.
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Parameterisation of (g2) x Vp,

Our ultimate plan:
BCL-Parameterisation [Bourrely, Caprini, Lellouch '09] :

_kk
= ¥ b |2K(P) - (1) K2 ()
@ Correlated, combined fit of our data and experimental data

o Minimise x? = x2 + 2
o fit parameters by, Vip
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