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Outline

* Introduction.

* Charged Lepton Flavour Universality and definition of R(D) and R(D*).
* Current status of R(D) and R(D*) experiment and theory.

* R(D) and R(D*) measurement at BaBar with semi-leptonic tagging.

* Results and Conclusion.

All plots and results are currently preliminary.
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Introduction

* In the Standard Model (SM), the decay B — / "
D™ v proceeds through a tree diagram. ol W;rrf 7
* The W* couples equally to all charged leptons = b = > 0 -
- Charged Lepton Flavour Universality (CLFU). a < d
* Physics Beyond the Standard Model (BSM) - - -
could introduce new couplings: new / 7 H f ;
* |f mass-dependent, t lepton predicted to see physlzlcs' Z@L c b {
largest effect. i ———— d ———d
e Individual B = D™ [v decays suffer from eproquark charged Higes
large hadronic uncertainties. Taking a ratio Signal
cancels.many of thg e>.<perimental and . B(B - DM1d)
theoretical uncertainties. R(D™) = BB - DO0) I=ep
Normalization




R(D) and R(D*) status in 2025

e Standard Model predictions:

* HFLAV HQET average: R¢),(D)
 L-QCD HFLAG-24

Rspy (D)

* Experiment measurements (CKIVI 2025)

Experiment R(D*) R(D) Correlation ~ Publication/Year

BaBar 0.332£0.024 £0.018 0.440 £0.058 £0.042 —0.45+0.27 PRL 109, 101802 (2012)
Belle® 0.293 £0.038 £0.015 0.375+£0.064£0.026 —0.56+0.49 PRD 92, 072014 (2015)
Belle® 0.270 + 0.035+9-928 PRL 118, 211801 (2017)
Belle® 0.283 £0.018 £0.014 0.307 £0.037£0.016 —0.53+0.51 PRL 124, 161803 (2020)
LHCb* 0.281 +£0.018 £0.024 0.441 +0.060£0.066 —0.49+0.43 PRL 131, 111802 (2023)
LHCb® 0.267 + 0.012 + 0.019 PRD 108, 012018 (2023)
LHCbH® 0.402 + 0.081 + 0.085 0.248 +0.043 + 0.047 —0.48+0.39 PRL 134, 061801 (2025)
Belle I1° 0.306 +£0.034 £ 0.018 0.418 £0.074+0.051 —0.27+0.22 PRD 112, 032010 (2025)
Belle 11* 0.242£0.018+0.016 0.4294+0.0565+£0.046 —040=0.20 CEKM 2025

Average 0.281 +0.011 0.358 £ 0.024 —-0.374

* Average:

R(D) = 0.358 + 0.024

R(D*) = 0.281 + 0.011

R(D*)
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* Tension with SM 3.80 (p-value = 1.48 x 104)
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0.296 + 0.004 Ry, (D*) = 0.254 + 0.005
= 0.2938 4+ 0.054 R, (D*) = 0.2582 + 0.0051
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https://hflav-eos.web.cern.ch/hflav-eos/semi/ckm25/html/RDsDsstar/RDRDs.html

BaBar Detector at SLAC PEP-II; 1999 — 2008

* Asymmetric beam: Mostly 3.1 GeV e* on 9.0
7 GeV e at Y(4S) resonance:
* Y(4S) — BB pair is major decay process

e “On-peak”: 426 fbl (~471 x 10¢ BB pairs)

o “Off-peak” : 40 fb-* 40 MeV below Y(4S) for
background studies.

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-Il and BABAR

25 [ T T Ty == == 5= " T iy ] ! e =0
= [ BB threshold
Both Rings Housed in Current PEP Tunnel e E, 20 ¥ IrI ', i W
BABAR Detector % R :
o R T 200 40 fb-l ! 426 bt
. == A ]
Drift Chamber T 10 - i :II Ip"-:' .
_;_'CIJ [ ; E ?‘ I:k ]
L 51 | X i + ..’ L .
et (3.1 GeV) B 4 by PR !....--,* H_.#‘“ watl . . ]
N Y(1S)  T@S)  T(3S) Y(4S) 5
044 045 1000 1002 'LD 34 10, 3’]" ID 5-*-1 ’ 10.5% 1062
e Mass (GeVic™)
Electromagnetic . . . .
Chavlay Dot g | ot * One of the first HEP experiments to think seriously

(DIRC)

Detector

about data and software preservation.
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Analysis Strategy: “Tagging” at BaBar

“Hadronic” Tagging: previous BaBar results

* A blinded analysis (signal data region is

opened when analysis strategy is ¢ /4/« \Snm
complete). D( }/ KK O } A
. . “Signal B” >
* Tag one B meson through semi-leptonic ~ ®=p+o" Tag' B
. exclusively
decays (B,,,) and one B meson as signal \ 42-‘ 0 g roconsiuciod
(Bsig)'
. Hadronic tagging required 0(103) “Semi-leptonic” Tagging: this result

exclusive hadronic decays. (See earlier
“BaBar” result on earlier slide).

* In this analysis, semi-leptonic tagging uses
only 3 D" and 10 D decays.

* The BaBar hadronic and semi-leptonic
tagged samples are statistically
independent. “Signal B” (B — D)

y
L))
v “Tag B”

(B—»D%v)
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Event Classification

1. Signal:
* Devent: By~ DWW, Bgy— Dtu;T - e, u+ 2v

B4 decays reconstructed in 4

“subsets”:

* D* event: Byyy = D7lv, Bgjg— D™tu; T > e, u+ 2v D* o~ Do~ DOp= D*0p-

2. Normalization:
* Devent: Bygy— DWW, Bgy— Dlu BF(B — D®1o)
* D* event: By — DMy, Esig - D*lv R(D™) = BF(B — DMID)

3. D** background: At least one B — D**(l, 7)v decay, where D** is any excited
charmed meson not in ground state 1S doublet e.g. includes 1P states

D;, D1, D;, D3; 2S states; and non-resonant states DM
4. Other backgrounds:

« Combinatorial BB: any BB decay not selected as signal, normalization or D**.
e Continuum: non-BB events ete™ — ui, dd, ss, cc.
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Simulation

* Simulation is used to calculate reconstruction efficiencies and distribution of
observables for selection criteria and classifiers.

* Simulation at BaBar is very well understood (EvtGen+JetSet+Geant4):
» Simple initial state; clean events; only one primary vertex; no pileup; typically ~5 charged/ ~5
neutral particles in a BB event; trigger threshold is a step function.
 However, there are large uncertainties in hadronic decays, so simulation uses form
factor (FF) models:
* There are different models available e.g. CLN, BGL, ISGW, LLSW, linear g2, ...

* All model parameters come with uncertainties.
 Different decay simulation e.g. D" and D*" use different models.

 Some PDG branching fractions have changed in the last ~25 years.

* We deal with this by:
* Reweighting events by different FF models and repeating analysis.
* Reweighting events by FF parameter uncertainties and repeating analysis.
* Reweighting events by latest PDG branching fractions + uncertainties and repeating analysis.

e We can compare simulation with data in the on-peak sidebands or off-peak data; any
discrepancies can be used to reweight the simulation in the on-peak region.
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D* and DY selection

* Reconstruct 4 D* and 6 D® decay modes:

Decay Modes Branching Fraction (%) | E - i -
D+ — K_7T+7T+ 9.46 + 0.24 ) a = s—,f;".:r.-n % — Criteria 8 W 2. DvnF  — Criteria
Dt — Kgrt 1.53 + 0.06 o “ “
Dt - Kgntn? 7.24 £+ 0.17 ~ "20% n 0
Dt - K-K+nt 0.99 + 0.026 b DT, nom |
D — K+ 3.88 + 0.05 A
D% —» K—7tnx0 14.3 + 0.80
0 -t t
D —w K nrn—m 8.06 £+ 0.23 _ ~30% . .
D% —» Kgntn— 2.85 + 0.20
DO - KS’TFO 1.20 £ 004 U2 1.53 T84 185 159 s T.88 159
D 5 K- K+ 0.40 + 0.007 / miE (GeV) mi (GeV)
_‘_;'10.0 Continuum W -0ty ‘ _‘311].1] Continuum | B
5 MBS hkas [ 5 B 2R bkas W 8D
[—15' 15] Mev’ no 7'[0 51?.5 W gDy v — Criteria ‘En.s - s-,n"tr,.-'n| % — Crileria
|mp — PDG| € { [-45,30] MeV, D° - r°
’ ’ . 0 : 0
[—36,24] MeV, Dt - r® 12 D+, with ° = D7, with 7t
+ . 1o 10.0
e Other D*/9decays have higher

backgrounds or lower reconstruction
efficiencies.

188 1.90

m'g"' (GeV) mg:“ (GeV)
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D* selection

* D* reconstruction through 3 modes:

e D" > DOt Dty
2.5MeV, DOrt

° D*O - DOT[O |mD* - mD - PDGl < 0
2.0 MeV, Dm
D*t - DOx* D*t > D*x0 D*0 —» pDOx0
& FoC— | &y & "
L i e | I £

: [LY
At el ) AT el LT el [ TL ]
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Y(4S) = Btq4Bsig selection

* Btyy decay modes:

. m(D(*) lv) < 5.28 GeV + reconstructed B-vertex quality criteria.
ZEbeamED(*)lv M)_%? mD(*)lv

e Expect to have cos @ - in range [-2,1] where: cos G) . =
P ( —p™ )i ge [-2,1] ( D()lv) 2lpBlIPHo |

* Bsiy decay modes:
e Search among remaining tracks and calorimeter clusters for D[ .

» m(D™W ) < 5.28 GeV + reconstructed B vertex quality criteria.
. sig
cos(@B_D(*)l )<1
* Y(4S):
* Combine B,,,and Esig conserving charge. No extra charged tracks, K¢ or m° particles.

Extra (unassigned) neutral energy E ,trq < 1.2 GeV.
Second Fox-Wolfram moment R, < 0.4

. Esig lepton daughter 3-momenta in Center-of-Mass (CM) frame IplSigl < 2 GeV.
Allocate to 4 By, subsets: BY — D°l*; B® - D™1*; B* - D*°l*; B - D*7I*
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Signal Extraction strategy

* Train two binary classifiers C; and C, to generate
scores z, and z, for each event:
* C,: Normalization+Signal v. Background events

* C,: Signal v. Normalization events. et
ormalization

* Gradient Boosting Decision Tree (BDT) from scikit- SN
learn.

 Classifier observables are chosen based on their Background
importance to the discrimination.

* Create a 2-dimensional density function f(z,,z,) by
fitting z,,z, distributions with a non-parametric
Kernel Density Estimator (KDE).

* Extract data yields with Maximum Likelihood fit to N
f(z,,z,) in each subset and with N=6 event classes:  Prob(z,,z,) = 2 p;fi(z1,2,)
j=1

« D) signal, D) signal cross-feed, D") normalisation, D*)
normalisation cross-feed, D**, and “other backgrounds”.

Science and
Technology 25th June
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Classifier input: example. observables

C,: 24 observables. Most important: E,, -, and signal-side lepton momentum ‘pfl‘g‘

2.00 -
—1 DY, D% 1.4 r I‘i_ I; DMy, DMV
7 =2 Pl al 12 = il Signal + Normalisation
1.50 == ConBintiGm _ r-d = i—_-i l‘1| T~ Continuum
»125 R 3,1-0 | '1:3{'7
©1.00 il W 2081 0 ok
[0} = (0] i) e
00.75 80.6 »
0.4 = -
0.50 e - Backgrounds
0.25 0.2 T b
00905 02 04 06 08 10 12 9800025050075 1.00 1.25 1.50 1.75 2.00
Eextra |p,lg|
sig sig 2
C,: C, observables + cos 0 : Most important: cos 8 and M
D™y’ —_p®™ miss
—1 B-DWY1v, . 0.14 A —1 B-»D™1y,
0.4] &= B-DMIy : 0.12 ' B-D™Iy

ol = 0.10 = Signal
£0.08 i i
C N

0.2 20.06
f 0.04

0.1 ;
e 0.02

0.0~ 3 2 -1 0 1 00015576 5 10 15 20 25 30

Si 2
cosO,ﬁDm, Mm/ss

Normalisation
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Classifier output: Boosted Decision Tree

Signal + Normalisation

\
‘%’ 03571 __ B DMt v, — B DWWy, £ o40r — B DWr v, — B DWWy
- - = - -
8 psol| T~ BDT(/V — BBbkg 8 al — B—D™(t/l) v — BBbkg
' Continuum ' Continuum
025 Backgrounds 0.30¢
Normalisation Si |
0.25+
0.20f / Igha
oisl 0207 — Backgrounds /
0.15+
0.101
0.10F
0.051
0.05-
0.00 - - ~ - ' : | . ‘ . .
10 8 6 4 2 0 2 4 . Scoreﬁ O'OQS s - 5 0 2 3 s 8
2o score

C, Classifier C, Classifier
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Two-dimensional KDE P

2] score

7] score

) score

D°[~ subset

I B— Dt v,
4 D Signal
B—DI v
D Normalisation
! B—D"(z/l) v
+ _D** backgrounds
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z) score

7) score

B—= D1V,

D* Signal

4
0]
8 6 4 [ 4 6
Zp score
B—DIw
6
4

D* Normalisation

Feed-down
! Other bkg.

0|

| Other backgrounds

25 score

0.06

0.05

0.04

0.03

0.02

0.01

.10
| oos
0.06
0.04

0.02

71 score

6.

8-

B-Dt v,

D* Signal

-6 4 -2 0 2 4 6
23 score

71 score

B-D'I

S50

D* Normalisation
Feed-up

-85

Feed-down: D* — D with lost T[

-6 0 4

8
Other bkg.

71 score

6

Other backgrounds

o
2l
-4

—6}

8 3 =

Feed-up: D plus random mt to form D*
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g 8
g | B—DIy
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4
|
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0.04

. D Normalisation

-6
8% ~6 = =) 0 2 i 6
2 score
.
0.18 g o
S | B=D™(t/l) v
0.16 5
0.14 4
0.12 2t
0.10
0
0.08
0.06 "
> o
TMM * *
o D** backgrounds
83 6 T 2 0 2 ry 6 ]
2z score
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Classifier projections z, and z, for fitted data

Normalization  Signal Normalization  Signal

= j — - ﬂ DT v — B Dt R|| 2 3 o Gl P — B D"l
T R ‘ /N e S
‘I}‘ II\'\i. B — B=DUw I:' ) \ Y YU
¥ ' *k — \
{ Rﬂ‘*ﬁi o= tt
ore score
% - i iu';;liv, - 8 ,rJ'jL;__-n 3 Foow — aaoen || 2 ! - E—
N o e .
D** ¢~ N 0
— AN * —
JF- ) D**¢ A\ D*0¢
_}j/H X .%f.{,frﬁ#ﬁ% N S o g,
~ = e ~_ _ E——
’ ore : score
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Measured Yields and Ratio Formulae

* Extract event yields y; with Maximum Likelihood fit Subrot | Component Fxtracted Yield

to f(z4,z,) in 4 B;, subsets and up to 6 event . B el
B — D*lv 1261 + 146

classes. B D™ly 3248 % 233
Other Bkgs 7258 + 182

* No constraints on feed-up/feed-down between D B e
and D* channels or background yields. per | B Db 13012+ 50
~ B — D**lv 15594 + 445
* Overall yield N calculated by combining y: scaled by Othor Blgs 22005 + 307
reconstruction efficiency to calculate R(D(*)). | BoDw sz
D=t B — D*lv 1246 + 139

B D**ly 292 54

. Otl'_lzzr Bkes 665 i 42

R(D) = 1 ' N (signal D) B — D*rv 175 + 25
B(r — leptons) \/N(norm D) + N(norm D*) - (\/N(norm D) + N(norm D*) — \/N(norm D*)) D*0] ‘g:;{; 24175941 112469

1 (s . B — D**{v 1387 &= 101

R(D*) = (signal D*) Other Bkgs 1415 + 70

B(r — leptons) \/N(norm D) + N(norm D*) - \/N(norm D)

B(r — leptons) = B(T — evev;) + B(T = uv,v;)

= (35.24 £ 0.05)%

Science and
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Systematic Uncertainties

Reweight 1P states by PDG uncertainties.

Source ARD) (%) AR(D*) (%) Correlation Add 1.5% 2S inclusive states to exclusive sample.
B — Dlv form factor 0.42 0.13 -0.18 Vary non-resonant B(B — D**lv) by +10%.
B — D*lv form factor 0.92 0.31 -0.19
B — D™y fcnm factor 0.48 0.18 -0.90

B(B — Dt ) 0.47 0.38 0.97 o _ _ o

B(b - c?) 0.34 013 1 Limited simulation StatIS.tICS in each

B(B — D**1v) 9 83 1.60 097 subset after reconstruction. Resample
B(D) 0.84 0.70 _0.40 distributions using bootstrap method.
Onepea packgzomnd calfoation | 2.4 oaf g e Usediference in on-peak sideband data and off-
B(T(4S)) - 048 043 ) peak da.ta t.o re.welght simulated background z,;

_ and z, distributions.

PID Eﬁﬁmen?}r 0.29 0.40 ! + Sideband: E,yerq > 1.0 GeV; || < 0.4 GeV
Soft 7 efficiency 0.84 1.25 1
B(r — " 0.16 0.16 1 e T
Statistical Uncertainty : ! :
Total 20.65 11.07 .82

1% of data used

0.2

01

'
00~

0.0
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Example of validation checks: Background classifier inputs.

hd . hd 1.0 i Dp X P
. — YRy — - 0.175 m B DTV, B BB combinatorial
m B-D%re M BB combinatorial (=)1-¥,
- _ - m B DMy ! Continuum
m By Continuum 0.150
0.8 _ - W 5Dt v
W Bpe(t/l)y v
0.125

background-enriched region: £ ottt o

04
0.050
o A<z7,.<-2 02 ows
— 1 —-— 0,000
2900 y | 250 225 200 -8 -6 -4 -2 0 2 4 6
2 2 = -]
S | BoDt v, 8 | B=Dt v, k] & -
. % C: = S iatryemainns RTPTR TL
D Signal D* Signal : 3 gt T
4 5 4 .
0.05 8 . . . . . . . I g -1 . s L
o 2 400 335 ~3.50 325 “3.00 “275 250 “225 ~2.00 = -8 —6 —4 -2 0 2 4 6
& 0.04 z) score Z; score
9 0 - — — £ v = "
l0.03 20 m B-Dr v B B combinatorial 1 W BDVtv: B BB combinatorial
2 “||m B—DMi-y ! Continuum m BDYiIy Continuum
0.02 W B D (/i) v = B D(sf) v
4 4}
4 Feed-down
=8 -6 -4 -2 0 2 4 6 =8 -6 -4 -2 [J 2 4 6
3 score z score
2 — 2 —
S | B—Dw bis § | B=DI™w 1
5 ¢ 7 F
eed-down | i
4 0.14 4 0.12
- s
2 o 01 2 .10 § 03
o 0.10 l i g T:H}l} 1 ;TITITT I}III P S ¥ osFeitics
| .08 = 1 [ Li T Illli[i}i [ENS 0 : iy
.08 s }
, _osk
i 008 &% 02 03 04 05 06 07 038 09 10 s 0 2'
B - Eeara Miiss
. . 10.04
g D NO rma | Isatlon - 6| D %k NO r al Isatlon 0.02 L + - t?—l-Df')r’\?r M BB combinatorial m B, M BB combinatorial
m ‘ bt H g m 8D Continuum m DUy " Continuum
~Eg 5 =1 = [ 3 ¥ Q 0, =Eg = = =) T 5 ¥ Q ) W B D(e/I) ¥ ) o =
22 score 22 score B D(w/) ¥ W B—+D"(z/)V
2 g2 0.045 +
§ | BoD (/) o 5 | Other bke. 44—#1% |
&0 % % S 0.040 + I
| D** backgrounds v | Other backgrounds | R...
0.020 2| 0.030
0016 0 0025
i = == po— 0020 0. 0.5 0.50 0.75 1.00 125 1.50 175 2.00
0.015 =
@ R 2
0.008 4 \ ( >) a { 3 a 0.25 I
oo e g ts _a . = x, = i =T§161!IIIE;II o T t 1 } 1 7 E I
" g o = 3 e S B S T 1+ lgawli LLE]} {tlll i
E 0.005 : ¥ 5 { {
0.000 5 s 2 025 ) s
5 3 T o 3 0 -85——% 7% 3 3 & 2 000 025 0.50 075 1.00 125 150 175 20 & % Y -3 ) ) o
. i sis
23 score 23 score 2 i3 cos 9;3.[;['1.'
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Preliminary Ratios:

0.40
* This result BaBar®: w 68% CL contours
* R(D) =0.316 £0.06240.019 |l ooz /Bf"e“
* R(D*) =0.226 + 0.022 + 0.012 =
* Correlation: -0.82 6300 Belle’ -
 New WA with this result: S LHCh -
e Ry,(D) =0.336 +0.022 0.25}
* Ry,,(D*) =0.263 +0.010 — —
. BaBar® = “
* Correlation: -0.51 0.20f o HFLAY M ggglz)—:sc?ggg‘_iob?gfo
e (D** and form factor systematics 4 FLAG24 (Nf=2+1 for R(D¥) PGA) = 0.76%
considered 100% correlated) 020 0.25 0.30 0.33([))0.40 0.45 050 0.55
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Summary and Conclusion

* We present a new measurement of R(D™)) using semileptonic B tagging and leptonic t
decays. This result is statistically independent of the published BaBar measurement

using hadronic tagging.

e D** 1P, 2S and D")it states are considered as backgrounds.
* Detailed studies of systematic uncertainties are still ongoing but result is dominated

by statistical uncertainty.

* The preliminary BaBar result is:
« R(D) =0.316 +0.062 4+ 0.019
« R(D*) =0.226 +0.022 + 0.012

* The agreement between ratios presented here
and the SM HFLAV prediction is 1.50, taking
correlations into account.

* The “new” estimated WA is now 2.0c from SM
HFLAV (down from 3.80).

e Paper will be published soon.
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Additional
information
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https://hflav-eos.web.cern.ch/hflav-eos/semi/ckm25/html/RDsDsstar/RDRDs.html
https://arxiv.org/abs/2411.04268

24 Classification Observables

number of charged tracks;
second Fox-Wolfram moment;

missing mass squared of the event in the CM frame
(ml?niss);

extra neutral energy in the calorimeter (Eeyxira);

angle between the thrust axis of the event and the
beam momentum:;

3-momentum magnitude of Bi,,’s and Bg;,’s lep-
tons in the CM frame;

cosine of the angle between the 3-momentum of
Biag and the sum of its D) and charged lepton

daughters in the CM frame (cos 9?% )i

angle between the 3-momentum of the DD meson
and the lepton for both the tag and the signal side;

reconstructed mass of D meson in both tag and
signal side;

Science and

Facilities Council

e AM on both the tag and the signal side if applica-
ble;

e the CM angle between the D* mesons’ daughters
in both tag and signal side;

e 3-momentum magnitude of the D*’s pion daughter
in the CM frame for both tag and signal side;

e y? of the Bgig vertex fit;

e angle between the tag and signal side D*){ systems
in the CM frame;

e clectron and muon PID level for both tag and signal
side.

Technology 25th June 2026 Measurement of R(D) and R(D*) with semileptonic tagging at BaBar, PASCOS 2026 Fergus Wilson, RAL/STFC
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Signal
Events
Normalization
Events

Background
Events
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Simulation Samples and Form Factor reweighting

* Simulations of hadronic decays rely on Form Factor parameterizations.

 Signal and Normalization:

. l? - DMt~V and B —» DI~ : generated with hadronic form factors based on ISGW2.
* B —» D*l™v: generated with linear g> model.

* Each event is reweighted to match the CLN form factor parametrization (same
parameterization used in BaBar 2012 hadronic tagged result).

* D** background:

 Resonant D**(1P) states: B — D**(1P)l~ /T~ ¥ generated with ISGW2 model and
reweighted to LLSW B1 parameterisation.

* Resonant D**(2S) states: used to fill nominal 1.5% difference between inclusive and sum
of exclusive B = D™[~9 branching fractions.

* Non-resonant states: B - D**|~0,D** — D*m generated with Goity-Roberts model.

 Generic Y(4S) - BB, cc, uds:

 Produced in ratio based on cross-sections: BB, ¢, uds :: 1.05 nb: 1.3 nb: 2.1 nb.

Science and
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Systematic Uncertainties — Form Factors

* Form Factors affect simulation samples
used to train event selection:
B> D(*)lv,l = e, i, T:vary CLN form
factor by uncertainties; reweight each
event; repeat analysis.

* B - D"v,l =e,u,1:change form LLSW
B1 model to LLSW B2; reweight each
event; repeat analysis.

Science and
Technology
Facilities Council

25th June 2026

Source | AR(D) (%) AR(D*) (%) Correlation
B — Dlv form factor 0.42 0.13 -0.18

B — D*lr form factor 0.92 0.31 -0.19

B — D**lv form factor 0.48 0.18 -0.90
B(B — DWly) 0.47 0.38 0.97
B(b — cc) 0.34 0.13 1

B(B — D**lv) 2.83 1.60 -0.97
B(D) 0.84 0.70 -0.40
PDF shapes MC statistics 4.12 4.37 -0.15
On-peak background calibration 2.45 0.44 -0.05
B(Y(45)) 0.48 0.43 1

PID efficiency 0.29 0.40 1

Soft 7 efficiency 0.84 1.25 1

B(r — 1" mvy) 0.16 0.16 1
Svstematic Total 5.86 4.96 -0.20
Statistical Uncertainty 19.8 9.9 -0.92
Total 20.65 11.07 -0.82

Fergus Wilson, RAL/STFC 27
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Systematic Uncertainties — Branching Fractions
* Branching Fractions used in simulation not

necessa rily accurate. gmrc:;g f f | AR(D) (%) AR(D*) (%) Correlation
— Dl form factor 0.42 0.13 -0.18
* B — D lu: use World Average (WA) + ARG va  om  ow
uncertainties; reweight each event; repeat ggfj(g%) 047 038 097
ana Iysis. B(B —>'D*’-fu) 2.83 1.60 -0.97
B(D) 0.84 0.70 -0.40
B — D™ lv: use WA or generate inclusive Onpealk peckgrond calration | 245 044 005
samples or adjust phase-space as function of Brus) 048 043 }
possible m(D**) excited states in range [2300, g*zftf;iﬁici“)m’ 084 L2 !
. T ViVr . .
3300] MeV; reweight each event; repeat Systematic Total 5.86 1.96 -0.20
. Statistical Uncertainty 19.8 9.9 -0.92
dand Iys IS. Total 20.65 11.07 -0.82
D decays: Not feasible to fluctuate all D decays
so use most common decay D — Kn;
reweight each event by 0.992; repeat analysis.
B(t~ = ["v;v,): propagate World Average
uncertainties as systematic.
Science and
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Systematic Uncertainties — Detector Efficiencies
* B(Y(4S)):

° Uncertainty in BOBO and B+B_rati0. Va ry Source | AR(D) (%) AR(D*) (%) Correlation
. o B — Dlv form factor 0.42 0.13 -0.18
ratio by 1.1 A) B — D*lr form factor 0.92 0.31 -0.19
B — D**lv form factor 0.48 0.18 -0.90
e PID efficiency: B(B — DWly) 0.47 0.38 0.97
B(b — cz) 0.34 0.13 1
* Mostly cancels in ratio except for signal Bﬁﬁﬁ D**lv) ggj éﬁg gi;
: . .84 T 0.4
side lepton due to different momentum PDF shapes MC statistics 412 1.37 015
: : ; On-peak background calibration 2.45 0.44 -0.05
distribution. B (45)) e 013 |
0 . . PID efficiency 0.29 0.40 1
*Tt effICIG ncy: Soft 7 efficiency 0.84 1.25 1
o B(r — I~ 7us) 0.16 0.16 1
* Momentum-dependent but majority in Systematic Total 5.86 1.96 0.20
. Statistical Uncertainty 19.8 9.9 -0.92
range [0.1-1.0] GeV/c so reweight by — e e e
0.958 + 0.009.
Science and
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Systematic Uncertainties — On-peak background validation
* On-peak background calibration:

_ ] ) Source | AR(D) (%) AR(D*) (%) Correlation
* Use difference in on-peak sideband data 5= bt form factor 0.42 0.13 0.18
; ; B — D*lv form factor 0.92 0.31 -0.19
and off-peak data to re.we-lght. simulated 57 p. b 0 048 018 090
background z, and z, distributions. B(B — D™)iv) 0.47 0.38 0.97
_ B(b — c7) 0.34 0.13 1
e Sideband: B(B — D**1v) 2.83 1.60 -0.97
ig B(D) 0.84 0.70 -0.40
° Eextra > 1.0 GeV |pl | <04 GeV PDF shapes MC statistics 4.12 4.37 -0.15
On-peak background calibration 2.45 0.44 -0.05
e | 1 BB background | *° [ BB background B(T(-—lS}) 0.48 0.43 1
o t Data t Data PID efficiency 0.29 0.40 1
o Soft 7 efficiency 0.84 1.25 1
B(r — I"iw,) 0.16 0.16 1
o ° Svstematic Total 5.86 4.96 -0.20
| 1% of data used =, Statistical Uncertainty 19.8 9.9 -0.92
0z Total 20.65 11.07 -0.82

0.0

* Discrepancies mainly due to mis-
modelling of BB background
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Normalization PDF shape validation

° e ° m DT 0, m B85 combinatorial 051 iyt (W B-DYT0, m B85 combinatorial
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