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Topics in Semileptonic B Decays from Fermilab-MILC

S i

e New physics search with B; — ptuw needs fy/f4:

|

e Fleischer, Serra, Tuning [arXiv:1004.3982 [hep-ph], arXiv:
1012.2784 [hep-ph]] suggest using hadronic modes such

as DsvDK, Dsn/Dit to determine fi/f;

— — == ——— = o = = e ——

e New physics in BR(B — Dtv)/BR(B — DIv):

e BaBar [arXiv:1205.5442 [hep-ex]] quotes ~20 deviation
’ from SM:

e arXiv:1206.4992 [hep-lat] asks if LQCD form factors
relieve tension.
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Actions, Definitions, & Calculations



MILC ensembles
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MILC ensembles used in these analyses

e All MILC asqgtad ensembles:

e | Uscher-Weisz gluon action ...

e Rooted asqtad staggered sea: 2+1.
e Asqtad staggered valence light quarks.

e Sheikholeslami-Wohlert & with Fermilab

interpretation for b and ¢ quarks.
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Targets

e For f,/fs (and, hence, B; — utu-), we need ratios of form factors:

fo M) fy T (M)
fo PMg) Sy P (M)

e For BR(B — D™1v)/BR(B — D™uv), we need ratios of branching ratios, amounting to ratios
of form factors, with an intricate integration over kinematics, e.g., for B — Dtv:

J dg® (M3 152 (q) + ma] P (¢}
quz {Ml% E%D(qz) 2 m%l f(})B—>D(q2) 2}
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Semileptonic Form Factors

e Customary parametrization (g = p — k): f0(0) = 14(0)
_ ‘ M% — M3 M?% — M?
(D(Kk)|eY'b|B(p)) = |(p+k)* qu Pkl fi(g*)A qu Dq’“’fo(qu),
M2 Mz .,
(D(k)|cb|B(p)) = o folg?), W

(D(k)|ea™"b|B(p)) = iMy" (P’ — p*k*) fo(q")

e Heavy-quark parametrization (v = p/Mg, v' = k/IMp, g?> = Mg + M5 — 2wMpMDp):

(D(k)|eY'b|B(p)) = vVMpMp [(v+V')'hy(w) — (V' = v)!'h_(w)]

(D) |eblB(p)) = VMaMp =0 | oy 4 1) () — (w— 1) 2D
My — Me B D

(D(k)|co™b|B(p)) = iMp (v“v’V — vvv"“’) h2 (w)




Relations

e Simple algebra (q2 = Mg + M5 — 2wMpMDp):

1

fi(qd*) = NPT ((Mp+Mp)hy(w)— (Mg —Mp)h_(w)],
ola?) = VM | ) ).

e Heavy-quark relations (heavy b; heavy b&c):

2 a2
B = —f(d) MquMD (£(d?) — fola?)) +O(1/my),

he(w) ~ 140(0t,) +O(1/m),
ho(w) ~ 0+0(0ts) +O(1/mg),




Double ratio and single ratios

_ (D|ey'6|B) (BlpPelD) )
R = DepepyBisp ~ DI alp=0.

_ (D@)ebIBO) _ he(w)—h-(w)
= DO BBO) — 2my (1) Y

- DWIEPHBO) v+ hel0) (0= Dh(0)
= (0(0)&%B(0)) 2 (1) | |
 DW)evep©) v, i4ded

‘e (D(p)|ePc|D(0))  1+w’ wi=1tlof = w= 1—d-d’

5 - w1 w— 1 a-d\
- VR _a
fo(q”) = vVMpMp+/R . My My (c—a-d) —y (c d-d)_

e All ensembles have very high statistics (~2000 configs and 4 sources), enabling a combined
fit to 2- and 3-point correlators to extract R+, a, b = ca, d.
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~ (D(0)|¢y’b|B(0)) 2h (1) |
. _ (D(P)[ey’b|B(0)) _ (w+ Dhy(w) = (w=1)h (w) b=ac
~ (D(0)[¢y’b|B(0)) 2h (1) | |
_ (D(p)[¢v¢c|D(0)) B _1+d-d
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e All ensembles have very high statistics (~2000 configs and 4 sources), enabling a combined
fit to 2- and 3-point correlators to extract R+, a, b = ca, d.



Our strategy

e Targets are ratios, so some compromises are acceptable:

e subset of MILC ensembles broad enough to allow chiral and continuum extrapolation;

e tree-level matching, with conservative estimate of one-loop correction p_/p-.

e Targets require fo(g?) for all g2 € [(Mp — Mp)?,0], e.g., g*> = Mz, Mg, so need a robust way to
cover whole kinematic range:

®* mapw +— 7 = \/L}fv‘;\\g which maps form-factor kinematics onto interval z € [0, 0.0644];

e appeal to unitarity to constrain coefficient of series expansion in z.

e \/ast literature on this, e.g., Boyd, Grinstein, & Lebed [arXiv:hep-ph/9508211].
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Chiral-continuum extrapolation for A+(w)

e | O, NLO log (messy expression), NNLO analytic terms:
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e Extrapolations are mild and straightforward.
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B->D: y*/dof=5/20, p-value=1.0
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Chiral-continuum extrapolation for A_(w)

e | O, NLO, NNLO analytic (ho one-loop logs):

B->D: y*/dof=8.3/11, p-value=0.69
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B.->D,: x*/dof=17.6/11, p-value=0.09
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e Extrapolations are more significant but not large (note scale + 2).
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Z EXpansion

e Series in z: fi(z) =
e Blaschke factor P;(z) chosen to factor out poles: here B¢ for fi; no change with or without.

B->D z-expansion: xz/dof=0.3l/l, p-value=0.58
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The Shape of f.(g?), whence f.(0)

e With IVl =41.4 x 10-3, a reasonable value, compare our shape to BaBar:

1.2

:\ —o— Z-parameter.izat.ion f, -
11 L : Z-parameterization f B
T BaBar’10 —@— 1
1 ¢ \\ -
0.9 ’ -
0.8 -
- —C—
0.7 : -
- simulated | extrapolated
0.6 ’ ]
05 :| | IR BT B R BN A S N B

ek

1.1 1.2 1.3 1.4 1.5 1.6

e Agreement with experiment bolsters confidence in f:(0) = fo(0) (g2 = 0 < w = 1.589); cutoff
effects smallest for w =1 (g2 = (Mp — Mp)?), so fo((Mp — Mp)?) should be “easy”.
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New Physics in By — utu- and fi/fq

arXiv:1202.6346 [hep-lat] (in PRD)



http://arXiv.org/abs/arXiv:1202.6346/
http://arXiv.org/abs/arXiv:1202.6346/

00,0
| Z Hh .
B. W' HY,

Standard & New Physics in B — ptu- & .

e The flavor-changing decay B — pru-is
interesting, because extensions of the

+ -
SM can have a very different rate. BR(Bg —> 1 1 ) (log scale)
1 |
CDF (2008)
¢ In models with extended Higgs sector, D0 (2010)
e.g., MSSM or Type Il 2HDM, LHCb(2011a)
2 ~4 2 4M4 6
BR(Bg — ) o< ’CBqMquBqGqumt —‘Xtan B CMS (2011)
M, LHCb(2011b)
. CMS(2012)
e Recent experimental progress has been
dramatic: LHCb(2012)
| ! [ |SM| :|3°|2| |ﬁ+_0°2|) X |1O|_9| (|B|u|r|a|S’HPQCD)

-8 -7

10 10 10

® no large enhancement;

e destructive interference?!? |
e This plot may be out of date next week.
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Measurement at Hadron Colliders

e Measure branching ratio for By — u*u- relative to a well-known B+ or B mode:

Jq € Ny
fS S,u,u NX

e Fleischer, Serra, and Tuning [arXiv:1004.3982 [hep-ph]] propose using nonleptonic modes
for fragmentation fi/fs, namely By — Dyn~ and B — DK~ (B = D™n™):

BR(B) — u"u~) =BR(B, — X)

- O N
M
fs_00743>< Tpo e€px Npn| 1 fo (M%)
fa 0 L€n Nok | Mo | £ M2

e Here, the nonleptonic modes have been simplified with QCD factorization (BBNS):

A(B, - D) = GV Viufafor ™ (M2) a}” (D)
A(B° - DYK™) = GFvcbvustf(?%D(MK) a\") (DK)
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Measurement at Hadron Colliders

e Measure branching ratio for By — u*u- relative to a well-known B+ or B mode:

Jq € Ny
fS S,u,u NX

e Fleischer, Serra, and Tuning [arXiv:1004.3982 [hep-ph]] propose using nonleptonic modes
for fragmentation fi/fs, namely By — Dyn~ and B — DK~ (B = D™n™):

BR(B) — u"u~) =BR(B, — X)

- O N
M
fs_00743>< Tpo e€px Npn| 1 fo (M%)
fa 0 L€n Nok | Mo | £ M2

e Here, the nonleptonic modes have been simplified with QCD factorization (BBNS):

_ ~N—2
A(B; = Din) = GrVa Vi fr for 7P (M2)a)” (D)
A(B° = D{K™) = GrViy vustffﬂMK) a\” (DK)

~ 1+ few %

J
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Results

arXiv:1202.6346 [hep-lat]

e Results: fés

(
£ (M)
fy (M)
£y ()

1.046(44)(15)

= 1.054(47)(17)

e \With Fleischer, Serra, Tuning:

% — 0.283(27)stat(19)syst (241, Dsmt/DK
% - 0-286(16)stat(21)syst(26)lat(22)NE7 DSTC/DTC

e LHCb semileptonic: f;/fa = 0.268(8)swac( 55 )syst
PDG average of LEP/CDF: 0.288(24).
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Source of error 5(f(§s) /f(gd))

Statistics & chiral-continuum 4.2%

Z expansion 0.6%

Scale rq 0.1%

Mistuned mi; 0.1%

Mistuned my 0.1%
eavy-quark () tuning 0.6%
eavy-quark discretization 1.0%

e Error budget of £\" (M2)/ £\ (M2).

e Ratio consistent with lattice QCD
calculations of other form factors

e Ratio different from QCD sum rules
[arXiv:hep-ph/9307290], 1.30+0.08.



http://arXiv.org/abs/arXiv:1202.6346/
http://arXiv.org/abs/arXiv:1202.6346/
http://arxiv.org/abs/hep-ph/9307290/
http://arxiv.org/abs/hep-ph/9307290/

New Physics in BR(B — Dtv)/BR(B — DIv)
arxiv:1206.4992 [hep-lat]

eeeeeeeeeeeeeeeeeeeee


http://arXiv.org/abs/1206.4992/
http://arXiv.org/abs/1206.4992/

Semitauonic vs. semimuonic B — D decays

e B-factory experiments BaBar and Belle have been trying to measure

BR(B — Dtv) . BR(B — D*tv)
R(D) = , R(D*) = .

BR(B — Duv) BR(B — D*uv)
e | arge m: makes the numerator sensitive LT PO
to fo(g2) in the SM (fo(q2) for D). T osl < -
S :
~ 0.6 [ —
e Theoretical uncertainties from f; but not 2 A ]
“folf+” partly cancel in ratio. 504 —
2 —
e Contribution from fo is about half the i SN\ -
tOtaI rate for O [ 1 1 | [ 1| |‘ | [ 1 1 | [ 1 1 | [ 1 1 | | 'T |—

0 2 4 6 8 10 12
q” (GeV?)
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Experimental Measurements
plot from Vera Luth @ FPCP

e BaBar has now observed B— D)ty at 6.80 [arXiv:1205.5442 [hep-ex]]:

R(D) =0.4404+0.058 +0.042, R(D*)=0.332+0.024 £0.018.

e With info from expt (f+; V, A1, A2) and from HQ scaling & quenched QCD (fo; Ao) [Fajfer,
Kamenik, Nisandzi¢, arXiv:1203.2654 [hep-ph] « Tantalo et al., arXiv:0707.0587 [hep-lat]]:

Rsm(D) =0.297+£0.017,  Rgm(D*) = 0.25240.003.

Belle 2007

044+ 012 535M BB
0422013 0302006 232M BB
059 016 047 010 657M BB
034+ 011 043+ 009 657M BB
@ﬂ?ﬁ%@ (33‘3%%@ (471M BB))
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e The measurements deviate from the SM predictions by 2.00 ® 2.70 = 3 40.

o 045
O
~ 04
0.35
0.3
025 Vera Luth @ FPGCP;
- Richard Kass @ CIPANP

0.2 0.4 0.6 R(D)

e \We aim to check Rsm(D) and Rsm(D™) by using lattice-QCD calculations of the form factors.

e Similar work by Becirevi¢, Kosnik, and Tayduganov [arXiv:1206.4977 [hep-lat]].

e For R(D), we have enough information from the previous analysis.

e For R(D™), we will have to calculate all four pseudoscalar-to-vector form factors.
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Charged Higgs Test

* The charged Higgs interferes destructively in both channels and then overwhelms the SM.

0) 0.2 04 0.6 0.8 1
tan /Mu (GeV-)

e BaBar finds no value of tan /My [in 2HDM I1] that can describe both R(D) and R(D*). This
model is (for large tan [3) special: Gs = (tan p/Mu)? = Gp.

22

Wednesday, June 27, 2012



General BSM Expression
arxXiv:0812.2030 [hep-lat]

e |n general, BSM physics could alter the rate in many ways:

2
dl 1 ms\ " [ 2q% +m? 2
_ "M 2 / ‘G vE o Gleb 2112
2my q2—|—2m2 2
Vol | (Grve, + G ) G £ ()5 (@) + o 7 | G5 | 1Aale?)P
B
2 2 2 2 2 12
q ( ~lch M MD BchB_MD 2\ 12
: me (GrVY + G ) G
e E\TE b 7 S T m. fo(q”)]

e BaBar interprets the discrepancy with the Type Il two-Higgs-doublet model (2HDM 1), for
which G&'b GrVepmy(me + my tan? B)/
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Our Results

¢ \With our form factors, discussed above, we find
Rsm(D) = 0.316(12)stat(7)syst, With leading systematic
being the chiral-continuum extrapolation and the 7

expansion.

e The agrees with earlier estimates but reduces the
tension between BaBar and the SM.

e \We also trace out the curve for 2HDM Il and find a
significantly different crossing point.

e QOutlook is to look at all four form factors to
examine R(D™), where BaBar has an even larger

discrepancy.
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