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The B = D™, decay

Form factors parameterize the
hadronic interactions with the

spectator quark
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Good understanding of the form factors is
crucial for precise predictions and
determinations of observables

R(D™), Agg, B,(D™), F,(DM), |V,



Leptonic Matrix Element (B - DPv,)  |V,|2 G(1) = hy (1)
F(E - D*{’ﬁ{)) o8 |Vcb|2 T(l) - hAl(l)

Specific final
state meson

Hadronic Matrix Elements can not be calculated from first principles
— Can be parameterized with form factors hy, = hy(w) and extracted from data

— Theory must provide (at least) inputs on their

(D(p")Icy*b|B(p))
= h NH+h (v — ) ol =
mpgmp +(v T ) T (v v ) @
= Differential distributions ==
(D" @)lcy"bIB() _ 9B 3t arXiv:2301.07529 (Published in PRD)
VMpMp+ Angular coefficients
D*(»")|cy*y°b|B arXiv:2310.20286 (Accepted by PRL)
D" )|nl/ T);L B®) =hy, w+Det—h, (e -v)vk—hy (e -v)v'*
B'ItD*
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Exclusive B = D*£v,

* Form factors are a function of w only

provide information on, e.g.
* Forward-backward asymmetry
* Longitudinal polarization fraction
* “S” observables sensitive to new physics

dI'(B — D*tv,) Grmpmays \/T oy ,
= —1(1—-2
dwd cos 8,d cos Oy dx 8(4m)* w ( wr +77)Grnigw Ve |

X ((1 — cos ;) sin” Oy HY + (1 4 cos 6,)” sin” 6y H>

+ 4sin” a, cos” BVHS — 2sin” 0, sin” Oy cos2xH  H
— 4sin0y(1 — cos 8,) sin Oy cos By cos xH  H,,

+ 4sin0,(1 + cos 0,) sin Oy, cos Oy, cos XH_HO) :

* Measuring the 4D rate is not feasible
* So, what do we do?
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Measurement Strategy

* Measure the marginal distributions of the Belle, Prim, et al
arXiv:2301.07529

4D differential decay rate (Published in PRD)
* Measure the angular coefficients J(w) in SOVNBRI
bins of w (Accepted by PRL)

Conceptually both analyses are very similar:

 Signal extraction via a model independent
variable M2 ;.

* Correction for migration and acceptance
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Measurement Strategy at Belle
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B - D*#£v, Channels

B - D** (- D%, D nd)tv,

B~ - D*°(- D°=zd)¢v,

First time we consider neutral slow pions

—> larger kinematic coverage

- but more mis-identified pions and
worse resolution
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Background Subtraction B — D*£v,

Belle B°-D"*ev,

JLdt = 711 b1
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Background subtraction in independent I:> Extraction Method: Missing Mass Squared
variable to reduce model dependency.

24.09.2024

0= mlzl = Mrzniss = (pe"'e_ — PB — Pp* — p{’)z

Markus Prim



24.09.2024

ackground Subtraction B —» D*£v,

Repeat in 4 channels, 4 variables, 10 bins each
- 160 fits M2 ;<
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Belle B°-D *ev, [Ldt = 711 /b1
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Unfolding & Acceptance

200 w cosg, cosBy X
. . . 4 — gosp*+ Ve
* We measure the e.g., w distribution smeared by the 175 3 e ?St{ama'lmt
detector resolution, and impacted by acceptance effect: - BTDe
. : : . 150 o —— B~=D"us,
* We are interested in the true underlying distribution N . ’
— u
- Correct for migration effects and efficiencies X 1253
€ 100
B ]
o ]
Y 757
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Simulation assumptions are accounted for in .
] 25
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N

[-0.80, -
[-0.60
[-0.40

[-1.

Difference in the differential efficiency is
caused by the slow pion efficiency:
charged vs neutral
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Systematics

Background Subtraction B — D*#v,
PSS

Repeat in 4 channels, 4 variables, 10 bins each
- 160 fits M}

miss

o 08 o8 10

a4
pValue

The p-value distribution for the 160 fits

Systematic effects enter in the unfolding procedure:

We can check the slow pion & lepton
identification efficiency by testing the
compatibility of different decay modes

Vary the MC simulation according to the size of the systematic
effects, and repeat unfolding and acceptance correction

(simultaneously)

Unfolding & Acceptance

« We measure the e.g., w distribution smeared by the
detectar resolution, and impacted by acceptance effects

= We are interested in the true underlying distribution

= Correct for migration effects and efficiencies

Resolution effect encoded in the migration matrix,
., extracted from simulation. Simulation assumptions are
accounted for in the systematies budget

24.09.2024

TABLE XII. Uncertainties in % for the B® — D"eb, channel.
Total M2, fit Unfolding and picceptance
MC A 4 FEI
Projection Bin FF(B—D"ft;) B(D—X)| statistics |€(m,,,) €¢(LID) e(a") e(Tracking) e(KY) shape
w [1.00, 1.05) 17.50 16.65 1.48 1.04 491 | 085 032 019 009 002 0.8l
[1.05, 1.10) 1627 15.76 0.63 1.01 378 | 064 020 014 007 001 0.46
[1.10, 1.15) 1338 13.08 0.46 040 | 274 | 020 015 010 004 001 0.2l
[1.15, 1.20) 10.54 10.09 0.52 0.6 | 298 | 012 009 002 000 002 0.3l
2 [1.20, 1.25) 1001  9.69 0.52 0.17 243 | 017 004 001 000 000 0.29
Mmiss almost model- [1.25, 1.30) 942 911 0.59 0.23 229 | 017 005 005 003 0.01  0.18
. [1.30, 1.35)  9.87  9.50 0.41 040 | 257 | 024 010 008 002 0.01  0.41
mdependent [1.35, 1.40)  10.33  10.05 0.23 0.45 228 | 025 018 008 003 0.01 0.4
L . [1.40, 1.45) 962 933 0.61 040 | 219 | 029 021 010 003 0.01  0.06
- No s|gn|f|ca nt systemat|c [1.45, 1.50) 10.86 10.58 1.43 0.60 1.86 | 034 025 009 0.04 0.02 0.0l
cos fl, [-1.00, —0.80) 24.22 23.61 2.19 0.23 479 | 017 089 004 001 001 0.73
effects here [-0.80, —0.60) 15.05 14.63 0.58 0.15 337 | 009 081 005 001 000 0.27
[-0.60, —0.40) 1692 16.39 0.40 0.11 406 | 009 080 002 000 001 048
[-0.40, —0.20) 12.97 12.64 0.30 0.09 284 | 006 047 003 000 000 0.07
[-0.20, 0.00) 12.97 12.60 0.35 0.12 285 | 0.0 016 001 001 001 097
[0.00, 0.20) 17.44 16.88 0.46 0.12 415 | 008 033 000 002 001 1.19
[0.20, 0.40) 1094 10.64 0.41 0.13 246 | 003 032 005 001 000 0.38
[0.40, 0.60) 11.57 11.24 0.32 006 | 271 | 007 037 001 001 001 031
[0.60, 0.80)  10.51 10.11 0.39 0.10 | 280 | 004 034 005 0.00 0.01 0.25
[0.80, 1.00) 800 7.64 1.02 006 | 211 | 006 034 001 000 0.00 0.0l
cosfly  [-1.00, —0.80) 6.66 6.44 0.41 0.50 154 | 033 012 009 004 000 0.02
[-0.80, —0.60) 824  7.88 0.74 0.39 222 | 028 006 005 004 000 0.24
[-0.60, —0.40) 11.30 1097 0.69 0.48 256 | 027 004 007 003 000 0.08
[-0.40, —0.20) 12.97 12.54 0.47 0.31 326 | 024 002 004 003 0.01 0.0l
[—0.20, 0.00) 14.95 14.43 1.16 026 | 372 | 016 017 008 002 001 0.25
[0.00, 0.20) 21.68 21.01 1.14 0.17 520 | 020 008 006 002 001 021
[0.20, 0.40) 17.48 16.95 0.52 030 | 421 | 016 014 005 000 002 035
[0.40, 0.60) 17.02 16.44 0.79 016 | 432 | 023 002 002 002 001 0.28
. [0.60, 0.80) 2678 26.30 0.41 056 | 500 | 043 008 010 005 001 035
Unfolding & Acceptance [0.80, 1.00) 13.60 13.19 0.33 092 | 308 | 058 012 020 006 001 002
¢ e e g, w3 = Py [0.00, 0.63) 1548 15.11 0.34 0.23 336 | 010 009 002 000 001 017
W are Iterestd 1 e i cndering dibution % ] [0.63, 1.26) 15.11 14.67 0.27 0.23 361 | 008 001 000 001 0.01 043
3 Coeetlor miaton elfets and efficencies N [1.26, 1.88) 12.66 1234 0.41 0.15 279 | 005 004 001 001 0.01 024
s et oo el [1.88, 2.51) 10.54 10.21 0.18 0.09 254 | 006 001 002 000 0.01  0.58
Simulation assumptions are accounted for in ::: L [25 l. 3k 14} Iﬁ_ |5 Ij.?u (155 {}.20 3.(’!9 Uk[}ﬁ {}_(]5 {}ﬂ? [}_(“ Uﬂl 058
hesystematies budget T [3.14,3.77) 1141 1102 0.58 016 | 2890 | 006 009 001 003 001 0.20
[3.77. 440) 1174 11.40 0.17 0.05 283 | 010 001 001 000 0.00 0.0l
Difference in the dferentil eficieney i [4.40,5.03) 1170 11.32 0.35 010 | 295 | 007 001 003 000 0.00 031
Caused by et plonefcency: [5.03,5.65) 1211 11.83 0.29 0.10 | 257 | 006 004 000 001 0.00 0.04
[5.65, 6.28) 14.07 13.63 0.31 0.08 344 | 010 005 000 002 000 021
Markus Prim MLC statistics dominant 12
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Angular Coefficients of B = D*£v,
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Angular Coefficients of B = D*£v,

Instead of binning in w, cos 8,, cos 6y, ¥, we now bin the

data to determine the angular coefficients in bins of w and: _

2 2 2
mg + Mpe) —

2mpmipe

q

— )
Ji nx nff nf v \ normalization N;
Jis {+} {+,a,a,+} {—.cc —}‘ 27(1)2
8 4 Jie {+} {+,a,a,+} {+,d,d,+} 2m(1)(2/5)
T. Jos {+} {—,b,b,—} {—,c,c,—} 2m(—2/3)2
J=1k,l=1 Js  {+ ==+t — =+ {+} {+} 4(4/3)?
ioh b {++-—-=-=-++} {++--} {++--} 4(4/3)?
Weights T {++——— =+ 4} {+} {+.+ = —H | 4a(x/2)4/3)
JGS {+} {+,+,—,—} {—,C, C,—} 27‘—(1)2
Joe {+} {+.+--1 A{+.dd+} 2m(1)(2/5)
Conceptually same signal e {+} (== 4(w/2)(4/3)
extraction, unfolding and \Jg A Sttt R e A 44/3)
. Jo {+,4+,— -+ + - -} {+} {+} 4(4/3)
acceptance correction NS —
- strategy as before!
\L— L/ Instead of measuring the signal yield in bins of the marginal distributions:

Measure signal yield in the bins of 36 angles x 4 bins of w x 4 decay modes = 576 fits in M2
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Fitting the data

And a glance at lattice inputs

24.09.2024
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Lattice Compatibility

As mentioned in the beginning:

B-D"Iy,
We need inputs from LQCD to extract |V | 1.2 4 B BGLSSIP" y2/ndf = 25.0/ 31 (p=0.77)
Exclusive B —» D™ £7, 1.0 1
Leptonic Matrix E ¢ I(B = DEvy) o Ve |2 §(1)=h, g
(B = D v;) |V, | <_ 0.8 =
.C -
———
D,D —
l Hadronic Matrix Elements can not be calculated from first principles 0'6 7
— Can be parameterized with form fact and extracted from data
— Theory must provide (at least) inputs on their ’
e A N
A S Differential distributions E 0.4 ' y ' $ . v
embesviug oL o Bubited W R 1.0 1. 1.2 1.3 1.4 1.5
T T n—— arXivi2310.20286 (Accepted by PRL) w [1]
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1.4
1.2 v
2
Tt
o< 1.0 n \
@ Fermilab/MILC Eur.Phys.).C 82 (2022) 12, 1141
0.8 41 V HPQCD 2304.03137
B )LQCD JHEP 07 (2023) 145
$3 D+HQET
0-6 Ll 1 1 1 1 1
1.0 1180 | 1.2 1.3 1.4 1.5
w[1]
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Ro(w)

Ra(w)

B-D"I) Eur.Phys.J.ST 233 (2024) 2, 347-358

1:2:

g

0.8 A

0.6

0.4 T T T 1 T 1

1.0 1.1 1.2 1.3 1.4 15
w (1]
B—’D'lﬁl
1.4 4
1.2

E
I
.

1.0 '—T—T-T
0.8 4
0.6 1 1 1 | 1 1
1.0 1.1 1.2 1.3 1.4 1.5
w[1]
17



Differential Distributions of B = D*£v,

Mgy

My + My
9

Belle, Prim, et al
arXiv:2301.07529
(Published in PRD)
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Angular Coefficients of B = D*£v,

Belle, Prim, et al —30
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Form Factors of B > D*£v,
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Overview on |V, |

V| = (40.7+03+04+0.5) x 107
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LFU Observables of B = D*£v,

Belle Belle
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Summary & Conclusion

* Both measurements rely on the same background subtraction, but extract the angular information in a
different way

* Both measurements yield compatible results on V., and both show no sign of LFU

e All data is available on HEPData
* https://www.hepdata.net/record/ins2624324
* https://www.hepdata.net/record/ins2715684

* Nota bene: The measurements are done on the same collisions data = As of now no correlation between
the two measurements have been determined = You cannot use both at the same time!
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