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oM R Il Motivation

Motivation: B — D*(~ 7, angular analysis

@ Along with semi-tauonic case, ¢ € {e, 1} hold puzzles as well.

@ |V,| tension, higher order Heavy Quark Effective Theory (HQET)
corrections for the form-factors, ...

e Experimentally very clean, and fully exclusive final-state with hadronic
tagging.

@ With the narrow D* vector meson, excellent system to probe New
Physics (NP) on the leptonic side.
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B — D*0~ 7y theory [GENETEET

The 4-d kinematic variables

@ 4-body decay topology
Y /,/D o /¢?: di-lepton mass.

/ -‘..‘/ - > 4 U
/ FX ST @ 3 angles: 2 € {6,, 6y,

~ W vy 12 s : : .
+3; < —— A/> +2, @ Spin-1 D* retains full spin info of
o X -- 7 D* . . ,
A,/—ei ‘ B>/ D — the recoiling W* in b — cW*~,
- / \ . . . . .
¢ i AT v/ unlike spin-0 D, where this info is
X / / .
! v reduced = richer phenol!
(
@ Two complementary approaches employed in the analysis:
o Angular observables extracted using moments method in 10 ¢° bins.
o Unbinned z-expansion FF fit to the form-factors (today).
@ In either case, we perform a full 4-d analysis.
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PN oMVA R I Angular rate

The generic 4-d pdf [arXiv:1505.02873]

i | ful9) I (¢?)/(kq?)
. . . 0y 0 2 2
o Differential rate (4-d fit pdf): _! FoYo hg + R + 43
14 2 PZOYOO - ( H+h2)+lhg
dr 2 070 2 52
WO(Z]C/(‘Q)F7 Q) 3 POYQ 2\/5 [( H+h )_Qho]
=t 4 PYy —15(hf +h3) — 3h3
5 | P}vV2Re(Yy —32hho cos &
. 2 . . 2 2 51| "0 Il
° Transverzlty g~ amplitudes: 6 | PIvaIm(y, Th. ho Simn
Ho(q™) =ho 7 | POV2Re 3 )
2\ — 0
Hyy (@) =hygy 202 8 | POVERe Y2 (h2 - h3)
NP phase 9 Pg\/éfm Y. \/ghlh” sin(dl — 5”)
10 | POV2Im(Y2) | —Y2h  hysin(6, —6))
@ Orthonormal angular basis: 11 POYD —v/3h hyjcos(61 — )
"] )/l:: i ) 12 P20Y10 \/%hlhu COS((;L 75“)
° I_)l = V27T)/l (9\/,0) 13 P21\/§R6(Y11 %thocOS(sl
14 P%\/ﬁlm(yll —%huho Sin(SH
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https://arxiv.org/abs/1505.02873

The data sample: hadronic tagging

o We use 426 fb~ ! full BABAR data: 7(4S) — BiagBag(— D*( 7))
corresponding to 471M BB pairs.

modes compared to 651 in BABR-09
D/{v, tagged analysis

. »
e
@ Lower purity but higher efficiency.

o Skim-level tag-side requirement: / 7

Yhad

@ Hadronic B, reconstruction: 2968 /

P

\» -

e Similar to B — D*7~ 17, BABAR paper, except no requirement on
purity of tag-side modes, since our signal-side is very clean.

o Still cut-based @, unlike Belle 1l
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LS
The TreeFit to full topology

Only D* — D7y considered. [pr .| <400 MeV in lab frame.
e Am = (mp+~ —mp) within 4 o of PDG expectation.

@ Almost no uds continuum background for the charm system.

TreeFit is critical to this analysis:

o Mass-constrain the following: {Btag, Bsig, D, D*, Viniss }

o 1'(45) is beam-spot constrained. D* vertex-constrained after B flight.

Final background (~ 3%) very small. Estimated from generic BB MC
and assigned as systematic.
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Data analysis Selections

The discriminating variable U

e Signal variable in Bgg rest frame for missing neutrino (from TreeFit
w/o v mass-constraint):

U= Emiss - ‘ﬁmiss’ = Eu - ‘ﬁu’

@ Global comparison:

F T
600+ Data

@
r 4Signal ]

400 . .
— @ Good comparisons found in

other variables.

Events/5-MeV

200}
"] Ntot — 6112, kagd ~ 180
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fISE
Heavy Quark Effective Theory for B — D*

e w: relativistic v factor of D* in B RF

A .
e At “2°C 3 ( limit, only w matters.
Mp,.c

@ Heavy Quark Symm (HQS):
{b", b, ¢!, ¢*} (spin-flavor symm.)

@ Non-pert. QCD effects pushed into a
single universal FF, ((w).

o In time scales <« A(SICD Dirac structure in the weak current irrelevant

D* ’ i E w + 1
< (’U ’5)|V | (’L))> _ ihv(w)euua,ﬁ‘s:;v;vﬁ Al = D) r/hAl
vmMBmp=
_ rha, +ha Rah s
w/ u Ay — 2 3 — 1
<D (U 76)|A |B(U)> — hAl (w)(w + 1)5*;1, _ hA2 (’LU)(E* ~’U)’U‘u' 2 r! r!
/mpmp= V= hv _ th’Al
—hay )t o VT ==

o HQS limit: {hy,ha,,has} — C(w) and ha, — 0. r/ = 2/"D5

(mpx+mp)
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# expansion
FF parameterization: BGL basis (Boyd et al.)

@ Three versions: BGL95, BGL97 and BGL17.
e BGL FF's: {fo, F1, g} related to conventional {A, A2,V } FF's and

the helicity amplitudes {Hy, Hp}.

fo=(mp+mp-)A;

1 4m%|k|?
F = m% — q* —m3.)(mp +mp<)A; — —B—
1 I (mp —q p-)(mp D*) A1 (mp+ + mp)
=V ¢*Hy
B 2V
'q_mB—i—mD*

Hy = (fo ¥ mpkg)
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https://arxiv.org/abs/hep-ph/9508211
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2 G
The BGL z-expansion

@ z is a conformal map from ¢t = ¢® to unit circle.

_ Vi —t=ViEi —
Vip —t+ .Vt =10
ty = (WLB:l:’InD=«)2

@ Choose tg so that z is small in the
physical region t € [0,¢_]

Z(t, to)

@ Expansion of each FF from dispersion relations + analyticity

1 N @ Blasche-factor P(z) from B poles in
Fi(z) = P22 Zaf’,:,,z” non-physical \/¢? > m(BD*) region.
(2)pi(z
' "7 n=0 o QCD ¢; outer functions.

e NB: P;(z) and ¢;(z) are non-trivial and carry significant part of the
heavy-lifting in the ¢ shape. We follow Gambino'17.
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BGL fits setup z expansion

FF parameterization: CLN tcaprinizon

CLN: similar expansion as BGL, but model-dependent extrapolation to
w — 1. Compact practical form with only 3 fit parameters:

hA1()
Ri(w)
Ra(w) =

=ha, (D)1 = 8p% 2(w) + (53ph — 15)z(w)? — (231ph — 91)2(w)?]
Ri(1) = 0.12(w — 1) + 0.05(w — 1)2
Ra(1) + 0.11(w — 1) — 0.06(w — 1)2

e Curvature and slope related for h4,. Too constrained?

@ The expansions are derived from HQET+QCDSR, but
experimentalists ignore the uncertainties.

Calculations/uncertainties being carefully revisited by several groups
now. O(Aqcp/me) ~ 20% can't be ruled out.
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https://arxiv.org/abs/hep-ph/9712417

BGL fits setup z expansion

The |V |-|Ves| inclusive-exclusive tension saga

48
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E -S-HH_ZUIQ H
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Vel [109

\Vubl, | Ven| tension: inclusive persistently > exclusive at > 30.

2017 Grinstein/Gambino: fits to four 1-d projections (prelim. Belle)

Claim: BGL form-factor parameterization resolves the |V;| tension.

Generated a lot of excitement...
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BGL fits setup BABAR BGL fits

BABAR BGL fits setup

@ Linear BGL expansion till N = 1. (N = 2 terms not statistically
significant but creates problems w/ unitarity)

@ Two relations used to connect coefficients:
° Lattice (MILC) constrains h4; at zero-recoil and

Qmax =2 V BmD hAl

o Also at zero-recoil, Fi(q2,.)
an independent parameter.

= (mp — m3) f(g2ax), 0 that al* is not

@ Slight isospin-dependence in above relations (negligible impact w/
current statistics)

@ Unbinned non-extended ML fit using full 4-d rate and complete BABAR
data in ¢ € [0.2,10.2] GeV2. No normalization.

Sept 237%, 2020 13 /19
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BABAR BGL fts
BGL fits setup — incorporating | V|

e Normalization needed to get |V,;| obtained from HFLAV:

Mode ‘ B(B — D*(~v,)(%) ‘ 78 (PS) ‘ Tior x10% (GeV)
B 4.88 £0.10 1.518 £ 0.004 21.16 £0.38
Bt 5.59 £ 0.21 1.638 £ 0.004 22.46 +0.79

o Add the T,y = [(dI'/dw)dw = B/7 as Gaussian constraints.

@ Nominal results quoted using the MILC result as a Gaussian constraint:

Biplab Dey

ha, (1) iz = 0.906 = 0.013
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http://www.slac.stanford.edu/xorg/hflav/semi/summer16/html/ExclusiveVcb/exclBtoDstar.html

EIE G EEL
Unitarity, stability checks and global minima

@ Six fit variables: {aé, af al™,ad,ad,|Viy|}. BABAR-only version

(without |V,3]) also provided.

@ BGL setup is even more complicated than CLN. Significant effort to
ensure stability and robustness of the global minimum.

@ 1000 fit iterations with randomized start values within [—1, 1] for the
BGL coefficients.

o Fit parameters scaled appropriately such that MINOS cov. matrix diag.
elements are all ~ 1. HESSE and MINOS cov. matrices matches.
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Il O SCC N BABAR BGL/CLN results

Systematics and final results

@ Most systematics cancel since BABAR part uses no normalization.

@ Many cross-checks performed with isospin-separated (different slow
pions), e/ separated fits. Primary remnant source is the background.

@ Final N =1 BGL expansion results, including systematic uncertainties:

af x102 | af x10% | af" x10% | afx102 | afx102 | [Vl x 10
1.294+0.03 | 1.63£1.00 | 0.03£0.11 | 2.74£0.11 | 8.33£6.67 | 38.36 £ 0.90

@ Final CLN results:

Phr | R | Re(l) | [Ve| x10°
0.96+0.08 | 1.29+0.04 | 0.99+0.04 | 38.40 £ 0.84

@ Our BGL |V] is consistent with WA |V |exc1. @and remains in tension
with WA |Kﬁb‘incl.
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Il O SCC N BABAR BGL/CLN results

BABAR results — FF shapes

® LCSR'08

~ —— CLN BaBar

—— BGL BaBar

CLNWA %"

v
0 5 10 0 5 10 0 5 10
o (GeV?) o2 (GeV?) o2 (GeV?)

@ Dashed curves denote 1o error bands
@ BABAR FF's significantly different from CLN-WA. CLN p-value: 0.0017

e Within BABAR, CLN/BGL seem consistent.

o LCSR'08 at ¢ = 0 (large recoil) has huge errors, but central value
more consistent with BABAR.
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BABAR BGL/CLN results
BABAR results — Ry 5 ratios

14 R {1

, — CLN BaBar
1+ CLN WA

108

1_

-~ BGL BaBar 0.9

= CLN'97 |

—
—
| —

1 12 14 1 12 14

w

w

@ Included the R; 5 curves
(w/o errors) from the
original Caprini paper.

@ BABAR BGL: R;(1) ~ 1.2 and the slope is positive; k5 ~ 1 and flat.

o Consistent with HQET, although no HQET constraints used in the fit.
It's what the data prefers.

o Note: CLN R 2 shape is fixed. Too constrained?
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Summary

o First tagged 4d B — D*(7, angular analysis using BABAR data
e BABAR FF's w/ BGL/CLN consistent and deviate with CLN-WA.

e BABAR + HFLAV-BF: |V;| consistent between BGL and CLN-WA.
~ 30 exclusive-inclusive tension persists (in the B — D* sector).

e Ongoing effort: BABAR BGL fit for B — D and joint B — D) HQET
fits. LQCD B — D* w > 1 FFs urgently needed!
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Summary

o First tagged 4d B — D*(7, angular analysis using BABAR data
e BABAR FF's w/ BGL/CLN consistent and deviate with CLN-WA.

e BABAR + HFLAV-BF: |V;| consistent between BGL and CLN-WA.
~ 30 exclusive-inclusive tension persists (in the B — D* sector).

e Ongoing effort: BABAR BGL fit for B — D and joint B — D) HQET
fits. LQCD B — D* w > 1 FFs urgently needed!

Thank you!
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Backup
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The b — cW; ™ (— (" 7y) effective Hamiltonian

In the SM, W]~ acts a left-handed off-shell spin-1 vector boson.

The minimal effective Hamiltonian for light leptons is:

2GRV E _
Hefr = 5{” [(9" evub — g eyusd) v + (...)]

Additional scalar (charged H*) and tensor (Leptoquarks) operators
can occur.

Heavy W, can induce gy,4 = (1 = €R) even for light leptons.

The helicity amplitudes { H+, Hy} can acquire phases from complex
€ER.
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NP searches: the sin x terms tarxiv:150s.02873]

@ In SM, the amplitudes are
relatively real. sin x terms
are zero.

e Non-zero I'(59 10,14} would
be clear sign of NP!

@ Formalism developed at
BABAR for both the p and D*

vector mesons.

e w7 S-wave under the p also
very interesting for RH
current searches in b — wu.

i | ) | TE(R)/(ke?)
1

2 =

3

4

5

6 | PIvV2Im(Yy) 2h hosiné)
7

8

o | ROVaIm(YD) | \/Shihysin(L -4
10 | POV2Im(Y2) | —Y2h  hysin(6, —6))
11

12

13

14 | P}V2Im(YY) —Z-hyhosiné)
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4-d rate expression

e Generic amplitude with complex H;'s for B — D*(— D7 ){~vy:

2

MP=| Y VBHadro(Ov)d) i (0)e™
xe{0,£1}

e Expanding this out, leads to:

dr 87|V. 2p2 (2 BD*—>D7r 14
- YorlVa w3 AT

dg?d2 3m (4m)t i
A [(#0 cono? + 120+ con0?) s oy +

° I.F the HZ,'S are r.eal |t boils 2H sin 6; sin 26y, cos x (Hy (1 — cos6;) — H_ (1 + cos 6;))
'
down to the Usual expression: + 4H(2) sin? 0 cos? 0y +2H H_ sin? 0; sin? 6y, cos 2)(]

3
x —2
8(4m)4
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BSemiExc1Add skim

o Charmful seed S € {D®)° D)+ DT 7/} and charmless
Y = nyrt + no K+ + ngKg + ngm?,

@ Hadronic Bi,g reconstruction: 2968 modes compared to 651 in
BaBR-09 D/{D, tagged analysis.

o Charmful seed S € {D(*)O,D(*H,Dg*H, J/1} and charmless
Y = nrt + no K+ + ngKg + ngn?,

@ Purity cut removed. < 120008 g
@ In the eTe™ rest frame:  10000" ]

80001
[ Signal: 39,571
6000[~  Background: 404,313
[ Purity: 8.9%

Entries/ (0.

AE = Etag - \/5/2

mps = \/s/4 — ‘ﬁtag‘Q wm(m?
2000f

i . . [ 51fb~! of data
@ Skim-level tag-side requirement: LTGRO R AT, |
vps (GeV
Tn/ES > 527 GeV, AE‘ < 72 MeV mps (GeV)
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https://arxiv.org/abs/0904.4063

Signal side reconstruction and MC samples

@ Full exclusive event topology reconstructed. No additional charged
tracks. Final BABAR ultimate PID selectors for {e, u, 7, K, 7%}

o Leptons: |piap| > 200 and 300 MeV for e and p. 6%, € (0.4,2.6)
fiducial cut. Brem-recovery for e.

e For a given event all {D° D* D*0 D** 4charmless}/ combinations
sought in disjoint channels. Helps cleaning up the “specific” SL
backgrounds.

@ MC samples:

e Generic BB MC: FF's and BF'’s reweighted to PDG. Used for
background studies/estimation.

e FLATQ2 MC: tag-side same as in generic MC. Signal-side generated flat
in dg?ds2 for acceptance calculation in the angular analysis.
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The 12 individual D*(— Dm)¢ modes

@ [eyira: additional good photons not used in the reconstruction.

@ Only 3 cleanest D” modes used. Cuts on Eeyra and CL from TreeFit.

Particle DY Decay mode | Mode # Cuts
K—nt 1 Fextra < 0.5 GeV, CL > 0.001

D0 - D70 | K—xtx0 2 Eextra < 0.4 GeV, CL > 0.01
Kntn—rnt 3 Eextra < 0.4 GeV, CL > 0.01
K—nt 4 FEextra < 0.6 GeV, CL > 109
D*t = DOt | K—ntx0 5 Eextra < 0.6 GeV, CL > 1076
K ntn—rnt 6 Eeytra < 0.6 GeV, CL > 1076

@ 6 D* modes = 12 D*{ modes.

@ Truth-matching criterion: reconstructed and generated mode must match.

@ Each mode has different acceptance/backgrounds. Analysed independently
and combined at the end.

@ Quite different from BaBar R(D™)) analysis (many modes lumped together)
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Final mode-wise statistics

@ Due to low tagging efficiency, limited MC statistics is critical.

[D]mzi mode Ntot kagd Nsim

0T :
[K~n"]m 0t 486 15114396 § Fing| cut: |U| < 90 MeV.
K~ mtr0r 547 | 19 | 17806
(K~ wi K 1 Jnfe® | 350 | 13 | 3410 o N\ = 6112, Nijuq ~ 180
(K~ m"]m N 418 5 3990 over all 12 modes.
[K-mtr0nte 801 | 14 | 7795
(K~ 7r+71' 7r+]7r+ei 453 8 4472 @ Clean enough that

background is a systematic

[D]7p* mode Niot | Nokgd | Nace from generic BB MC.
[K—nH]nu™ 442 18 14893
[K—at 7m0 n0 574 29 | 18441 e No additional
[K‘WIW::T;]?TOMi 395 16 3577 signal-background
(K=t M 417 10 alrl separation required.

Tmtme u
[K~nt70)nt 768 22 7838
[K—ntr—at]ntu® | 461 11 4446

Biplab Dey B — D*{0~ v, angular analysis Sept 237%, 2020 19 /19



“Model-independent” FF fits: pseudoscalars

e Pseudoscalar cases: z-expansion fits for the single f. (¢*) FF from
both w/ and w/o hadronic tagging at B-factories.

Rate o sin? 0| 2 (¢%)| factorizes = effectively 1d analysis in ¢*.

Reliable theory inputs also exist:
o B — w7, both LCSR (large-recoil) and Lattice (low-recoil)
e B — DI/~ Ty, non-zero recoil Lattice data from both MILC
(1503.07237) and HPQCD (1505.03925)

Latest Belle hadronic tagged results: B — ¢~ 7, (1306.2781) and
B — D¢, (1510.03657).

Biplab Dey B — D*{0~ v, angular analysis Sept 237%, 2020 19 /19


https://arxiv.org/abs/1503.07237
https://arxiv.org/abs/1505.03925
https://arxiv.org/abs/1306.2781
https://arxiv.org/abs/1510.03657

“Model-independent” FF fits: vector mesons

@ Vector meson cases much more difficult than pseduoscalars:
o Three FF's that require a full 4-d amplitude analysis to disentangle.

o Charmless {p,w}: broad resonances and difficult for both LCSR and
Lattice. p can have significant 77 S-wave. Plus p-w mixing.

o Charmful D*: published Lattice data only at w = 1 yet. LCSR at large
recoil unreliable for heavy D*. HQET framework helps, though.

@ Long time goal at BABAR. But hard, analysis-wise as well as little
theory guidance on the QCD input in the z-expansion (till pre-2017).
BGL papers for B — D* were pre-2000.

@ Grinstein B — D* paper in 2017 reinvigorated the discussion. Much
follow-up theory activity by Gambino/Ligeti/Lattice = very helpful!
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https://arxiv.org/abs/1703.08170

BGL: optimal #y and unitarity conditions

e Nominal choice (CLN): @ Optimal choice:
to=1t_ P =t — \ty(ty —t)
t=t t=t_ t=0 4 _ t=t _
" \‘ physical t X ty — Oy ﬂ51cal t=0
T M T > 2 { T | =« > 2
-1 0 Zmax 1 _yopt 0 oDt
o 1" approximately halves the |2| range, for better convergence.
@ The BGL coefficients must satisfy the unitarity constraints:
N N
2 F12 _ 2 _
doladP+lapt P =5 <1, Y faff =5 <1
o In reality, far from saturation: S ~ O(1072).
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|Vep| tension and BGL fits: ICHEP'18

e ICHEP'18 plenary claim:

Belle tagged 2017

o sE__ . oL i LI R
'o | s B —>D*lv E
= L —— DIV Bellejuntagged b——-— -
— [ = B—anlv D018 ]
Z= E —/ Ql_' l:x\'; cl Inclusive | B
C 3 Aver A :',]"' IV,: GGOU 7
L verage &= IV,,J: global fit in KS i
ar 7
351 =
- |Veo| Exclusive- .
3 Inclusive now =

C HFLAV

- agree!
25, PR o PO T TR
34 36 38 40 42 44
IV, [107]

@ But life is not so simple...

Biplab Dey B — D*{~ 7, angular analysis Sept 23"7%, 2020 19 /19



HQET implications from these BGL fits

@ Ab initio, huge HQET breaking from BGL fits:

4 2.0
== Ligeti et al B
an 1708.07134 =1

cuon N . o cunon

s ao¥ 5 noHQS
ks 2 o

R _
P FNAUMILC O

Pt PG 0" <
2 of et naumcoa o SRy e— Y HQS FF ratios
S | '
05 R1 2 1.
. .
%0 11 12 13 14 15 0 1.1 12 13 14 1. ° Rl from Gamblno
w w . -
i looks quite weird
™ - Large HQET
3.0fGambino et al. f & . .
2al1707..0509 Ry slope L4 - error bands now o L C S R+ unita I’Ity
20 C HQET R 12} “ HQET R, |
o oy} 1
& e = HQET Ry & 10f HQET R, usage:
10| — BGLR, I / BGL+LCSR R,
05 BGL R, o8 BGL+LCSR R,
0.0 0.6
0oL 12 13 14 15 I R VR

o HQET works pretty well in heavy quark spectroscopy, lifetimes etc.
So, quite surprising, if true...
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Preliminary non-zero recoil Lattice data

@ Preliminary lattice data seems consistent with h4,, hy, Ry ~ O(1)
expectation from HQET. Lattice uncertainties on these ~ 3%.

by

Ay, JLQCD. 7. Kuncko

o tE g

ha, JLQCD, 1. Kancko -

! ‘ h}
[2s P 3 .
iy PR B

* FermilvMILC 14
HPQCD 17

* ha, MILC, . vi hy MILC, A. Var
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@ R uncertainties appear to be large in Lattice.

Biplab Dey B — D*£~ 7, angular analysis Sept 237%, 2020 19 /19



Preliminary non-zero recoil Lattice data (cntd.)
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e HQET: ha, — 0
o Error: ~ 40%

o HQET: hi4, — 1
@ Error: ~ 30%
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BABAR BGL results — FF shapes (cntd.)
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o New LCSR data at large negative ¢* values from 1811.00983

@ BABAR BGL "not inconsistent” with these LCSR data. NB: BABAR fits
did not include any LCSR/HQET inputs.

o Curvature of A; from CLN-WA seems to change at ¢> — —15 GeV?2.
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https://arxiv.org/abs/1811.00983

Ambiguities in ‘product of four 1-d" fits?

o Angle distributions: barred terms, ¢-info integrated away. Very little
sensitivity to ¢g>-dependence.
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@ dI'/dw has info only on sum of FF squares:

dr’

o Vw2 —1(1 — 2wr + ) [|Hy|? + [H-|* + |Ho|?]

@ Can the individual FF's be extracted unambiguously in a fit to product
of four 1-d projections?

o BABAR-BGL'19 instead employs a full 4-d fit.
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Comparisons w/ Belle-17 data

Overlay, not a fit:
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@ Attempted to add
unpublished Belle’17
data as a Gaussian
constraint to the overall
BaBAR NLL.

Fit significantly deviating
from BABAR-only if entire

40 x 40 cov. matrix used.
Single set of 10 x 10 cov.
matrix ok = not used in

the end.

Note: only mild diff. in 1-d
projections between
CLN-WA and BaBArR-BGL.
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https://arxiv.org/abs/1702.01521

Data/MC comparisons: BABAR

@ FLATQ2 accepted MC (incl. eff. effects) weighted by the BGL results
should match the data in all multi-dim. distributions.

1-d distributions: . )
3-d in angles, ¢*-integrated:
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Lattice'19 MILC slide
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BABAR-BGL semi-tauonic predictions

@ We mostly follow the Gambino'17 prescriptions with ~ 15%
uncertainty on the HQET estimation of P;(1) (scalar FF).

@ At maximum recoil, instead of LCSR, we use the BABAR-BGL
prediction from F(wmax)-

R(D*) Description | Value @ ~ 2.80 dev. in R(D*) W/ BABAR-BGL.
HFLAV'10 WA exp. | 0.295 & 0.014
Fajfer 12 CLN 0.252£0.003 @ Predictions stable, but disagreement on
Ligeti'17 BGL 0.257 & 0.003
Gambino'l7 BGL | 0.260 £ 0.008 the errors.
HFLAV'19 SM avg. | 0.258 + 0.005 )
BaBaR BGL 0.253 + 0.005 o Effect of the FF's on exp. efficiencies?

e P,:  —0.48340.027 (BABAR-BGL), —0.38 +0.51702L (Belle’17)
e FP7: +0.454 4 0.011 (BABAR-BGL), +0.60 & 0.08 4 0.035 (Belle’19)
—_—

predictions measurements
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https://arxiv.org/abs/1709.00129
https://arxiv.org/abs/1901.06380
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