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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,



['(B = Dtv)) « |V,.p|? G(1) =hy (1)
['(B = D*¢v,) < |V,p|? F(1) = hy, (1)

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
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Exclusive B = D*£v,



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?

31.10.2024 Markus Prim 5



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,
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Background subtraction in independent I:> Extraction Method: Missing Mass Squared
variable to reduce model dependency.

31.10.2024

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

Markus Prim



31.10.2024

ackground Subtraction B —» D*£v,

Repeat in 4 channels, 4 variables, 10 bins each

- 160 fits M2 ;<

Entries
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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
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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
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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 13

systematic effect



Angular Coefficients of B = D*£v,

Belle B°-»D"*ev, [Lrdt = 711 b2
] B DI (correct Muey) B D(~D"n%¢,  mmm BB Bkg ~ S coSs HV ]7 ~S7
800 — = DV (Wrong fsio,)  EEE D°°(-D"z*)i5, EEE Continuum 3 3
1 = D"V, (D*-Dy) [ Hadronic Bkg ¢ Data 1
: MC normalized to data y t
g 600 0 T m 3_71' 27
s ] 2 2 0
N
0
Q2
5 -1
& f ~
COsS Uy 5 5
1
0
-1
T 3m
0 — T — 27
2 2

1.3 1.5

w

1.0 11 1.2 1.4

Measure angular information in bins of w

N (w) —

instead of “full” marginal distributions

NF

(w) +

Belle B"-D"*ep, JLdt = 71171 Belle B°-=D""el,. [Ldt = 71172 Belle B%-D"*ep, Jide = 711077
B 065 (correct naoe) @ D7(~+D"WCMV, @M BB Bkg 1 B D0 (correct My O O7(~+DUInME @R BA Bky B 060 (correct M) @ D7 (-+D"InNG,  EEE B8 Bkg
B DCFG (Wrong M) B O7T(—+0"'ntws,  EEE Continuum : W D00 (Wong Mop) B O7{—DUn?)ed;  EEE Continuum W D00 (wrong fy,) @R 07 (-+D"'nt)g, B Continuum
[ MR ) 3 Hadrenic Bkg + Data 800 £ D5 (D =Dy} =0 Hadronic Bkg 4 Data 500 == D°#5 D" ~Dy) [ Hadronic Bkg Data
[==— =iy 4 [ === Tl [ === elivy
MC normalized to data 4 MC normalized to data o 400 MC normalized to data
—_ —_ o
™~ ™~ 1 =
g < 007 2
= = p € 300
2 2 1 -
= £ 400 ] g
i w 1 S 200
< L
200 100
0=
=} = 1= = 1= =
S 1.25 , S 1.25 ' ' . : g 1.25 ' \ '
© 1.00 = t ; ¥ + + ¥ + + U © 1.00 = N + + ¥ ¥ ¥ g 1.00 = ¥ ¥ + 3 4 ¥ ¥
8 0.75 - 8 0755 8 0.75 4
T T T T T T T T T L B B o B e e e L B e o o e S L e i o e
-1.00 -0.75 -0.50 =0.25 0.00 0.25 0.50 0.75 1.00 =-1.00 =0.75 =-0.50 =0.25 0.00 0.25 0.50 0.75 1.00 0 1 2 3 4 5 6
cos8; cosBy x [rad]

31.10.2024 Markus Prim

14



Angular Coefficients of B = D*£v,

Instead of binning in w, cos 8,, cos 8y, ¥, 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)
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Conceptually same signal e {+} (== 4(w/2)(4/3)
extraction, unfolding and \Jg A Sttt R e A 44/3)
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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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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)
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.C -
———
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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]
B-D"Iv,
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]

31.10.2024 Markus Prim

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]
16



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

arXiv:2310.20286
(Accepted by PRL)

31.10.2024

Belle

e

1.0

115

W3

125 %

25

wl?’g w150
13

JLdt = 711 b7?

<|

BGL(332)

4 B-D zuf BGLE,

CLNFit

Jg X 103

A

Markus Prim

100 +
50_ . .
0
0
_50_.
100 4
50 -+ f §
0
50 - : : :
—50 - . 0|nSM
I I
4115 125 135 150




Form Factors of B > D*£v,

Belle
1.0 1.6
CLNF - BGLSE:I db  JLQCD [2305.14092] # HPQCD [2304.03137] ] MILCIZIDS‘I-’-IDIBJI
0.9
1.4 -
0.8 |
z = 1.2 1
< 0.7- x
< <
0.64 Belle, Prim, et al 1.0 -
arXiv:2310.20286
0.4 T T T T T T T T r r r r
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5

w 1] w[1]

Based on the angular coefficients

31.10.2024 Markus Prim

Ra(w)

1.6

1.4 -

1.0

0.8 A

1.0 1.1 1.2 1.3 1.4 15
w[1]
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Overview on |V, |

V| = (40.7+03+04+0.5) x 107

exp.shape B LQCD
This Work v
BGLss» @ MILC+HPQCD+JLQCD (p=0.61)
BGLs3; © MILC (p=0.65)
BGLs3z (S HPQCD (p=0.32)
Here we use the BGLss2 ® JLQCD (p=0.67)
current world average o
B(B - D*{’ﬁ{;) o
= (4.97 + 0.12)% o
S o O L S
(both measurements BGLs3. (Update) @ MILC+HPQCD+JLQCD (p=0.16)
only measure shapes!) BGL121 ® ha,(1) (p=0.07)
o
CLN O ha,(1) (p=0.06)
o Excl. CLN HFLAV Summer 2021
Incl. E;, mx Moments —0
Incl. g2 Moments @
37 38 39 40 41 42 43 44 45
|vcb| X 103

31.10.2024

Markus Prim
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LFU Observables of B = D*£v,

Belle Belle
Belle, Prim, et al @ M V S5 @ AAD) @ 0 @5 @) @ J @ Js
arXiv:2310.20286 027 : ' : : 0.015 - 8 e B 8L 8 B 8
(Accepted by PRL) v ; ; g
0.010 - : : :
o. 0.14 :
‘ @ ' &35 0.005 - o 2
ol SRR LTI [\ TP
X 0.0 - - ot = < 0.000 A g1 8L
u 1 r % o 8 §¢0+3g$+& °7 o #
> 8 Y ‘3 -0.005{ ® 2
-0.11 : 8 8 :
- —0.010 A ;
—-0.2 —0.015 A
. . - . - ] —0.020 . . : .
115 125 135 150 115 25 135 150
100 <™ 1154 T e e 35 <V 00 W 15<W T e eV 35 <V
Belle, Prim, et al AMeop = A% — A%, = 0.022 + 0.027
arXiv:2301.07529 FB FB FB -
(Published in PRD) AF, = FL” _ FLG = 0.034 + 0.024
Measured over full w range
31.10.2024 Markus Prim
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Exclusive B = D*£v,



Belle Il

Untagged B — D*#v, Strategy

PhysRevD.108.092013

* E% 2
2ELER — m —m3

* co0s Bpy to discriminate signal from background cosOgy =
* AM to constrain the fake D* background component 2|pg Pyl
Belle Il [ dt=189fb1 Belle Il [ dt=189fb?
25.0F : = * _ [ = * —
: 3 Signal * B°-D"*u-v, 40.0f B°-»>D"*u-v,
. @ True D background i - 0
20.0 mmm Fake D" background 35.0p Z AM =MD ™) — M(D")
C 9 [ o [ L]
= - § Data £ 300}
\150~WMCunc. oz
g g0
§ ‘q&; 20.0 F
10.0
S S 15.0F
i i
5.0}

0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156

AM [GeV]

31.10.2024 Markus Prim 23



Untagged B — D* £V, Result

31.10.2024

dljdw [*%1075 GeV]

dr/dcos By [ 1071° GeV]

Belle Il [edr=1891b? Belle 1l Jrer=1891"1
ED_ED—'D"E Er —JE_ED—'D*'! |_J'p
=
w14
50| ++++ ol ————
—— a 12} ; $ g
af ¥ —= 'g 10b ——
¢ 3
30t —— — 8f
—— s
woGf
20} g
Fitted CLN T af
10} Fitted BGL s .|
W Experimental data
0 : . . : o : : . . . : .
1.0 11 1.2 1.3 1.4 1.5 =1.00 =075 =050 =025 000 025 050 075 1.00
w cos8,
. Belle Il [edt=1891b? Belle II [edt =189
gl " -V o= & =
B'=D ¥ 3L B =D W
18}
X =
15k + U
—— G 3 —— e ——
12— —— T 3kg ———— ’
0 —— —i— =
= e X
"-’—"_._._._. : 2k
6 3
[
h=] 1k
3f
0 . . : . . . o , . ; . . :
-1.00 -0.75 -0.50 -025 000 025 050 075 1.00 o 1 2 3 4 5 [
cos By ¥
Markus Prim

Belle Il
arXiv:2310.01170
PhysRevD.108.092013
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Belle Il

Untagged B = D*fv, Result S

ToDo: Update Slide or merge with previous

\
9‘3(30 - D™ ¢70,) : (4.922 £ 0.023(stat) £ 0.220(sys1) %
Compatible with the current WA: (4.97 £0.12) %

| Vip | gy = (40.57 £ 0.31(star) = 0.95(syst) £ 0.58(th)) - 1073

Compatible with the exclusive (inclusive) WA: 1.56 (1.36) Use FNAL/MILC lattice QCD data at
' zero recoil (w = 1) for normalisation.
= (40.13 £ 0.27(stat) + 0.93(syst) £ 0.58(th)) - 102 BGL truncated using nested

b CLN ™ hypothesis test: BGL(1,2,2).

| Compatible with the exclusive (inclusive) WA: 1.1 (1.66) ‘
i\ J

LFU test by comparing separated results for electrons and muons:

R, = 0.998 £ 0.009(szar) = 0.020(sys?)

'\ AA;p = (=17 £ 16(stat) = 16(syst)) - 1073 No deviations observed from the SM.
LAFL = (0.006 = 0.007(stat) = 0.005(sys?)) - 1073

Dominant systematic sources:
1) slow-pion reconstruction efficiency — 1.5% on |V, |
B(Y(4S) — B*B)

)f+0

—1.3%on |V,]
B(Y(4S) — BOBO)

31.10.2024 Markus Prim 25



Untagged Combined B — D(*)fﬁ{g Strategy

Ongoing analysis — Today: Sensitivity Study

-ﬁ?nal :: .22]213]]3 B*—-ﬁ"e*ve
. . — . [ D'ty . Post-Fit
Combined analyses allows to utilize B - D*#v, downfeed also as signal 12000 fum a0
Avoids one of the dominant systematics from the slow pion efficiency = 10 o e
Directly fit helicity coefficients via forward folding *~ i~~~~*~ ~hgervables =
‘g 6000 |
DVev Other projections in back @ 4000 F
Belle Il (simulation) g xgzn — Belle Il (simulation) ﬁ o 10" Belle Il (simulaton)
£ o= g 2000 f
8 é% 8 60 0
751_ ollg 5
:: ?:\\250.0. -'. ‘. M '..-".....
FER: : B2 i Es T4 -3 -2 -1 0 1 2
éé [ e & S mse; gé B I T v v p%,[ee\%z ééi‘ 5808 T 12 14 16 18 2 gl;g[Gz(;% COSQBY

D~ ev

£10° Belle Il (simulation) 10° Belle Il (simulation) 16 Belle Ii (smulation)

15
[

Candidates
8

Candidates
Candidates

n
a

—&— Data

[ fake D + continuum
) real D

X

(@ D,

=
o oS
T

-
=)

5

31.10.2024 Markus Prim

Belle Il Preliminary [cdt=189.2fb!

JUd
2ge

—
I

o 4F o 4F o 4 F
oL oL o2
LR : R S2ib e e D, RS\\y stat.unc.
E@ 2F Eg 2F E® 2F []
52 4L n L 5% 4L L n L L L I 52 “Eka L L L L " L L L L -D
zZC 2 -1.5 1 -0.5 0 0.5 1 ZC 08 1 1.2 1.4 16 1.8 2 22 zZ@ 06 08 1 12 14 16 18 2 22 24 1

cost, B} [GeV] P [GeV)
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Untagged Combined B = D™ ¢,

Belle Il (simulation)

—_— Belle Il (simulation)
§ 08 ~ 03
- —|—stat. + syst. unc. \__3_, .
] = 0f
07 | —4— stat. unc. E
02
06 | = expected F | J
0.5 | 1
0.4
0.3
0.2 -0.05 |
0.1""‘""“"'I""I""I -....I....I....I....I\\..
1 1.1 1.2 1.3 1.4 1.5 -0.1
w
? 04 ?elle Il (simulation) .
0.042
= =
Q S 0.04
0.038
0.036
0.034
0.032
0.03
0.028
0.026
0.024
e L e e e PRI ST T W SR T S ST S ST N W SRS NSNS
1 11 12 1.3 1.4 15 0022 | 1.1 1.2 13 14 15

Competitive with world’s best measurements

31.10.2024

) a(w)
AT rw v, 12 L 2w + 2w + 2820w)
dwdcosf, R = 0
b(w) .
o +%[Hf(w) — H2Z(w)]cosb,
—— & Do) [V, 71 GOon | c(w) |
+[HZ(w) + H2(w) — 2H(w)]cos’0

G'(w), measured in 7 bins of w

j

a'(w), b'(w), ¢'(w), measured in 5 bins of w

Relative uncertainties [%] on Relative uncertainties [%] on Relative uncertainties [%] on

AB(B — D) B(B — D*fv) T tfoo
NBB 1.5 15 <0.1
BR(D decays) 1.0 0.7 19
Lifetime ratio 0.2 02 04
track efficiency 0.8 0.8 0.2
BR(D** + gap) 13 12 1.1
Backgrounds modelling 0.6 03 1.0
MC stat 0.1 0.1 0.1
Coulomb factor (th. unc.) 1.0 1.1 23

TOTAL SYST

2.0 (syst) + 1.0 (th.) 1.9 (syst) + 1.1 (th.) 2.0 (syst) + 2.3 (th.)

Stat 0.3 0.2 0.3

Markus Prim 27



Inclusive B = X £V,



Inclusive B = X £V,

The theoretical framework is Operator Product Expansion (OPE)
and Heavy Quark Expansion (HQE)

T ué Pb pis

— T 4
dlI' = dFO + druﬂm—lzj + dFMG m—lzj + dFPD m—g + dI‘pLS m—l?; + O(l/mb)
dI’ are calculated Uz, Ue, Pp, PLs €Ncapsulate
perturbatively non-perturbative dynamics

b Available at O (a?) b HQE parameters must
Fael, Schonwald, Steinhauser be extracted from data
Phys. Rev. D 104, 016003 (2021)

Q requires the spectral

moments of B —» X v

31.10.2024 Markus Prim

Agnostic with respect
to the hadronic system

Challenge: Proliferation of
HQE parameters at higher order

29



Spectral Moments of a Distribution

0.5

mmm Data
—_— N0, 1)
— cut-off

0.4 4

arb. units
o
w

o
[N}

0.1

0.0 -
-4 -2 0 2 4

The moments are
measured with cut-offs
in the distribution

Data points are highly-
correlated

31.10.2024

3rd centralized moment
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i (o]
1 @ @® Mean
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) 00
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1.0 -I..... @ \Variance
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@
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.. o
@9
0.0 -— . . : 2o
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..
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Markus Prim

o = f (- O f()dx

— 00
Raw moment: c = 0
Central moment: ¢ = Mean

First raw moment: Mean
Measures the location

Second central moment: Variance
Measures the spread

Third central moment: Skewness
Measures asymmetry

Fourth central moment: Kurtosis
Measures “tailedness”
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Inclusive B = X £V, - Existing Measurements

£~ —E{)

(E¢) and (My)

2
* DELPHI Babar
(q°)
Eur.Phys.J.C45:35-59,2006 Phys.Rev.D69:111104,2004 . Belle
. CLEO Phys.Rev.D81:032003,2010 11 years > Phys.Rev.D 104 (2021) 11, 112011
Phys.Rev.D70:032002,2004 « Belle . Bellell
Phys.Rev.D70:032003,2004 Phys.Rev.D75:032005,2007

Phys.Rev.D71:051103,2005

Both analyses are conceptually identical

31.10.2024 Markus Prim 31



(g%) Moments — Measurement Strategy

Key-techniques: Hadronic tagging and kinematic fitting
exploit the known initial state kinematics

Belle Il (Simulation) 77771 Kinematic Fit
051 I Reconstructed
i Kinematic Fit )
c Mean: 1.20 GeV?/c* B — XAv Signal MC
S 0.4 | RMS: 2.65 GeV?/c?
2
© Reconstructed
S o3l Mean: 3.43 GeV?/c*
.Y RMS: 5.76 GeVZ/c*
e
—
2
m 0.2
=
c
]
>
w Q0.1
0.0

-4 =2 0 2 4 6 8 10

Psig = Pete- — Prag G2co - Q2en [GOV/C]
Kinematic constraints:
a% = (psig — Px.)” g >0, P, = mi
M, = \/(pxc)ﬂ(pxc)# (}?\f + Dx -I:pv)z =Am129 ) )
(pe+e— ~ PBroy — Pe — Px — pv) =0

31.10.2024 Markus Prim 32



(g%) Moments — Background Subtraction

—
Event-wise master formula
Determine background normalization 2 dataw( ) v
in g2 through fits to My (q?") = qi CIcallb L Comtin X C
» ZNdataW( 2) cali gen
1.0 P CI j
Belle II B B Xy ]_O J
[Ldt = 628" m 55 Bkg. - —
| s neertanty
% + Data
5|  Linear calibration function
Z sl 2n —
%M x10° Qcalip — (%‘eco _ Cn)/mn
2 L1 1.4 | Bellen . 5o Xty . . .
v RN I = s * Bias from assumed linearity
0.0 :_9_ V. t[J)n::rtainty Zn
@ T * Ceatib = (Agen,ser)/{deatin)
< g¢ > 1.5 GeV?/c*
B — S * Reconstruction effects
S 5 & final state radiation
E‘O‘B— w o Zn 2n
gm—,. : Cgen — <Qgen>/<Qgen,sel>
%;M’ 5 10 15 20

14
o

25 50 75 100 125 150 17.5 20.0

31.10.2024pevrc")

q? [GeV?/c*]
Calculate event-wise

signal probability Markus Prim 33




(%) Moments — Result o= | G- er oo

Raw moment: ¢c = 0
Central moment: ¢ = Mean

(q?) Moments

Belle 1 First raw moment: Mean

9t ,IFT;:: 62.8 fb-1 - _ oI * b JLdt = 62.8 b1 .
- sp T Measures the location
%‘ 8 ™ " %- 4 +
B - g - ,
S, . 3 - Second central moment: Variance
o éa = I
" " L7 " Measures the spread
=, #
4 * ¢ Measurement ' 4 Measurement ¢ [ 4
5| te | . . . . 8 x Modell ol * )l(cModeI‘ . | . . . ¥ . .
R S S S S R Third central moment: Skewness

qé, [Gev?/c]

af, [Gev?/c*]

Measures asymmetry

6 } Belle 1 i 10k {# Belle Il ]
_ [rdt = 62.8fb" _ JLdt =628} .
:5| \ 3 %f [ Fourth central moment: Kurtosis
S0 % 50+ .

§" { p + Sol  f Measures “tailedness”
~ 3t =~ o
= f r =30} b
S22 L) k=) +
| * s | 20 F +- .
Tl ! P b ; Systematics
= = , = 10} e . .
Of 1 ecsement HE fore ol !} Messuremen LR e Background yields and shape
. ftose, o

2 3 4 5 6 7
aZ, [Gev?/c®]

/2/3.4 [Gé ]é T8 * Composition of the X, system
q, [Gev?/c*
[ ]

Simulated detector resolution
Markus Prim 34
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(g?) Moments — Systematics

10 x104 x104
Belle II . 5o Xty 1.4 | Bellell B B Xty
[Ldt = 628 b = BB [Ldt = 62.8 07 = pEB.
@ 8 s Uncertai:fy @ L2 g s En:ertai:fy
> t Data % 10l t Data
(G] . .
: 056 errscec | 8 os s | Olzeable uncertainty
504t = 05 from the B - X £V,
L 8 oaf modelling
0.2
005510 15 20 25 30 35 40 0.0 5 10 15 >0
My [GeV/c?] 9? [GeV?/c*]
B(B" — Xtty,) ~ 10.79%
-
— . %% p—
e — 0 o Ton I \L. Better understanding of B —» D™ v,
. e 2% R — Differential measurements
2. Better understanding of D™ states
— Spectroscopy
31.10.2024 Markus Prim 35



Combined fit to Belle & Belle Il {g*)

1 —— Fit Result

¢ Bellell
A Belle

qgut [GeVz]

(g% — (g2))?) [GeV®]

—— Fit Result
Belle Il
Belle

L

A

31.10.2024

—— Fit Result
6 é Bellell
v';‘ ] A Belle
v > ]
S
< 47
I
&2
14
04 T T T T T T T
1 2 3 4 5 6 7 8
qfut [GeVZ]
J —— Fit Result
80+ ¢ Bellell
@ A Belle
% J
60
=]
r:qzm—
|
& 20
0_

qéu [Gev?]

Markus Prim

V.| = (41.69 + 0.63) x 1073

Bernlochner, Fael, Olschwesky,
Persson, van Tonder, Vos, Welsch
JHEP 10 (2022) 068

0.6
0.4 H

0.2 4

—0.2

_04 T T T T T T T T T T
40.5
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R(D™)

Hadronic and Semileptonic Tagged

31.10.2024

Markus Prim
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Generic Strategy at B-Factories

* 3-class classification problem: signal, normalization, background
* Normalization chosen to cancel systematics (same topology and/or final state)

pf " B B ® E
Egcp==m®
\ -lial<-°=195"
Enpy -

Signal

2
>

; n .

= (Pveam — PB.. — Pp* — Pg)” IM1SS > @M‘ /A

tag

Nice illustration
Leverage fully known kinematics and that each reconstructed by F. Bernlochner

particle is assigned to a decay

31.10.2024 Markus Prim 42



Belle Legacy Results

Had. Tag
T-o7
SL Tag
T4

Belle, Phys.Rev.D 92, 072014 (2015)
R(D) = 0.375 + 0.064 + 0.026
R(D*) = 0.293 + 0.038 + 0.015

Belle, Phys. Rev. Lett. 124, 161803 (2020)
R(D) = 0.307 £ 0.037 £ 0.016
R(D*) = 0.283 £ 0.018 + 0.014

31.10.2024 Markus Prim

BaBar, Phys.Rev.D 88, 072012 (2013)

Had. Tag R(D) = 0.440 + 0.058 + 0.042
T4 R(D*) = 0.332 + 0.024 + 0.018
Belle, Phys. Rev. D 97, 012004 (2018)
Had. Tag P.(D*) = —0.38 + 0.51 +3:21
T ,p R(D*) = 0.270 4+ 0.035 +5:928
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And the Start of a New Era

Belle, Phys.Rev.D 92, 072014 (2015)
R(D) = 0.375 + 0.064 £+ 0.026
R(D*) = 0.293 + 0.038 + 0.015

Belle, Phys. Rev. Lett. 124, 161803 (2020)
R(D) = 0.307 £ 0.037 £ 0.016
R(D*) = 0.283 £ 0.018 + 0.014

Belle II

BaBar, Phys.Rev.D 88, 072012 (2013)
R(D) = 0.440 + 0.058 £+ 0.042
R(D*) = 0.332 + 0.024 + 0.018

Belle, Phys. Rev. D 97, 012004 (2018)
P.(D*) ——038+051+8§%
R(D*) = 0.270 + 0.035 +995%

31.10.2024

Belle Il, arXiv:2401.02840
R(D*) = 0.262 £{{35 +5035

Candidates / (0.1 GeV)

N EreT; 0§ 17214 16 18 Markus Prim

Belle Il, arxiv:2311.07248
R(X) =0.228 £ 0.016 + 0.036

Belle I JCdr=189fb~!
MI <1 M2 e€(1.23]| M2 e3.4]| M3 €@.6] | EER Xii—ewly
E Xev
£ 20 24 =3 BB Background
o @ Continuum
‘ @16 : MC tot
Q ¢ Exp.d.
v
M ?
512 : 6.8]) M, 8
38
= 4
b
©w 0
9
¢ - p————
- - oo . .
£ -2 a
S aggasgegn msmsm‘w
Z 9ccAmay PRl D
p? [GeVic]




Chall . Form Fact
dalienges: ror dCLOrs
matic uncertainty [%] Total uncert. [%]
Result Experiment 7 decay Tag MC stats] D™iv |D**iy  Other bkg. Other sources | Syst. Stat. | Total
BABAR ®  {fvv Had. 5.7 2.5 5.8 3.9 0.9 9.6 13.1| 16.2
R(D) Belle® 4% Semil. 4.4 0.7 0.8 1.7 3.4 5.2 12.1| 13.1
Belle® 14977 Had. 4.4 3.3 4.4 0.7 0.5 7.1 17.1| 18.5
BABAR ®  {dvv Had. 2.8 1.0 3.7 2.3 0.9 5.6 7.1 9.0
Belle? 9% Semil. 2.3 0.3 1.4 0.5 4.7 4.9 6.4 8.1
R(D*) Belle® 9% Had. 3.6 1.3 34 0.7 0.5 5.2 13.0| 14.0
Belle? TV, pv Had. 3.5 2.3 2.4 8.1 2.9 9.9 13.0| 16.3
LHCbH® nra(n)y — 4.9 4.0 2.7 5.4 4.8 10.2 6.5| 12.0
LHCb' vy — 6.3 2.2 2.1 5.1 2.0 8.9 8.0/ 12.0

® (Lees et al., 2012, 2013)
® (Caria et al., 2020)  ©(Huschle et al., 2015) ¢ (Hirose et al., 2018)  *(Aaij et al., 2015¢)  f(Aaij et al., 2018b)

F. Bernlochner, M. Franco Sevilla, D. Robinson, G. Wormser
arXiv:2101.08326, Review of Modern Physics

B - D(*)fw form factors impact the efficiency determination
* Lots of progress from lattice community:

nonzero-recoil B = D* form factors

Fermilab/MILC HPQCD JLQCD
arXiv:2105.14019 arXiv:2304.03137 arXiv:2306.05657

* Lots of progress from the experimental community:
new Belle & Belle Il measurements of B — D™ £7,

. . . . . Belle Belle Il
- differential distributions arXiv:2301.07529, PRD  arXiv:2310.01170, PRD

- ﬁr}gquar coefficients Belle
o arXiv:2310.20286

Markus Prim

Source

Uncertainty

Uncertainty [%)

Source B ’
PDF shapes o ~ "

. . . 7.5% Experimental sample size 8.8 12.0 7.1
Simulation sample size 75 Simulation sample size 6.7 10.6 5.7
B — D""{ v; branching fractions i’;i:ﬁ Tracking efficiency 2.9 3.3 3.0

1 . +2.7% Lepton identification 2.8 5.2 2.4
Fixed backgrounds _2.:!3 X.tv My shape 73 6.8 71
Hadronic B decay branching fractions fgié Background (pe, M) shape 5.8 11.5 5.7
Reconstruction efficiency iiﬂfﬁ Xw branchi‘ng‘ fr'cllcti’onsv Tg 11060 17;
Kernel density estimation o X_7(£)v form factors 7.4 8.9 7.8

[ Form factors 'ﬁ Total 18.1 25.6 17.3

Peaking background in AMp« Toan

T~ — £ vrv branching fractions f?]i‘{/i Belle Il R(X)

R(D*) fit method o arXiv:2311.07248

Total systematic uncertainty i#;ifﬁ

Belle Il R(D™)
arXiv:2401.02840
LHCb R(D*+) LHCb-PAPER-2024-007

Source R(DT) R(D*T)
Form factors 0.023 0.035
B — D*| D7 X|u/Tv fractions  0.024 0.025
=+/0 .
B — DtX_.X fraction 0.020 0.034
Misidentification 0.019 0.012
Simulation size 0.009 0.030
Combinatorial background 0.005 0.020
Data/simulation agreement 0.016 0.011
Muon identification 0.008 0.027
Multiple candidates 0.007 0.017
Total systematic uncertainty 0.047 0.086
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Challenges: Form Factors

B-D"Iv B-D"Iv;
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0.4 1 1 A 0.4 Ll L) T
1.0 1.2 1.4 1.0 1.2 1.4
w (1] w(l]
B-D"Iv; B-D"Iv;
. @ Form sb/MLC Eur Phys | C 82 (2022) 121141 -
0.8 1 ; AOCD P 07 (023) 143 0.8 1
£ D4HOET
0.6 L L 1 0.6 L) ) 1)
1.0 e 1.4 1.0 1.2 1.4
w (1] w[1]
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Challenges: Feeddown from B — D**#v,

SystMcertainty (%] Total uncert. [%]
Result Experiment 7 decay Tag MC stats D™ D**iv |Other bkg. Other sources | Syst. Stat. | Total
BABAR ®  {fvv Had. 5.7 2.5 5.8 3.9 0.9 9.6 13.1| 16.2
R(D) Belle® 4% Semil. 4.4 0.7 0.8 1.7 3.4 5.2 12.1| 13.1
Belle® 14977 Had. 4.4 3.3 4.4 0.7 0.5 7.1 17.1| 18.5
BABAR ®  {dvv Had. 2.8 1.0 3.7 2.3 0.9 5.6 7.1 9.0
Belle® 9% Semil. 2.3 0.3 1.4 0.5 4.7 4.9 6.4 8.1
R(D*) Belle® fvv Had. 3.6 1.3 3.4 0.7 0.5 5.2 13.0| 14.0
Belled TV, pv Had. 3.5 2.3 2.4 8.1 2.9 9.9 13.0| 16.3
LHCbH® nra(n)y — 4.9 4.0 2.7 5.4 4.8 10.2 6.5| 12.0
LHCb' vy — 6.3 2.2 2.1 5.1 2.0 8.9 8.0/ 12.0

* (Lees et al., 2012, 2013)

® (Caria et al., 2020)  ©(Huschle et al., 2015)
F. Bernlochner, M. Franco Sevilla, D. Robinson, G. Wormser
arXiv:2101.08326, Review of Modern Physics

4 (Hirose et al., 2018)

© (Aaij et al., 2015c¢)

f(Aaij et al., 2018b)

Sizeable systematic impact from B — D" /v, decays

31.10.2024
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Source Uncertainty Source Uncertainty [%)
PDF shapes fgl;’/f ¢ " ¢
. . . +7.5% Experimental sample size 8.8 12.0 7.1
?mula.tlon sample size A Simulation sample size 6.7 10.6 5.7
[ B — D""{ v; branching fractions t;:g?/t Tracking efficiency 2.9 3.3 3.0
A - T Lepton identification 2 8 5.2 2.4
Fixed backgrounds -2.3% X.lv My shape 7.3 6.8 7.1
Hadronic B decay branching fractions fgiz Background (p,, My ) shape 5.8 11.5 5.7
Reconstruction efficiency tggi 0.¢4% branchi‘ng fractif)ns 7.0 10.0 7.7
. . ) f20% X7v branching fractions 1.0 1.0 1.0
Kernel density estimation ~0.8% X .7(£)v form factors 7.4 8.9 7.8
Form factors tg;’zi Total 18.1 25.6 17.3
Peaking background in AMp« igj:i
T~ — £ vrv branching fractions fgif’/i Belle Il R(X)
R(D*) fit method o arXiv:2311.07248
Total systematic uncertainty i%ji?/‘:’
Belle Il R(D™)
arXiv:2401.02840
LHCb R(D*) LHCb-PAPER-2024-007
Source R(D*) R(D*)
Form factors 0.023 0.035
(B = D¥[DTX]p/7v fractions  0.024 0.025 |
—1/U .
B — DtX_.X fraction 0.020 0.034
Misidentification 0.019 0.012
Simulation size 0.009 0.030
Combinatorial background 0.005 0.020
Data/simulation agreement 0.016 0.011
Muon identification 0.008 0.027
Multiple candidates 0.007 0.017
Total systematic uncertainty 0.047 0.086
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Challenges: Feeddown from B = D**£v,
BB' - X%tTy) ~10.79%

-

D"y,
2.31%

D*°¢ty,

5.05 %

D**°¢*y, + Other||| Gap
2.38% ~ 1.05%

Discrepancies in the measurements of B - D™ v,
 Tension in the available measurements
« Tension with theory prediction: 1/, & 3/, puzzle
 The nature of the D** states is unclear

31.10.2024

)

inclusive # sum of exclusive

These poorly understood components lead to a sizeable
systematic effect in the experimental measurements

Common for Belle Il & LHCb
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U.G. MeiBner
arXiv:2005.06909, Symmetry

Challenges: Feeddown from B = D**£v,

* Isthe Dy(2300) a resonance from the quark model, or a more
complex structure described by Uy PT?

8=0,1=1/2 k4
A * Form factors for semileptonic B = D**#v, decays assume the
.Sy || I narrow width approximation for the broad D**
- === A
2.5 D3(2460)
Dy (2420
= 124200 LHCb B~ > D*m™m™ by R
Jiight = (%) ] L e B A A
231 N
o ) Flavor
>Q) - D;(2300) s 0or i physics
" Jiighe = (5) " D1(2430) 5 Hadron
% 2.1+ %04_ ] physics
é —  D*(2007) D % D5 (2300) ?
l 9 'I]:-_'h! (—l»-) 3027 I | 1
L uem =3 , Inputs from hadron physics
< ol L (theory and experiment) will
2 2.1 2.2 23 24 25 2.6

g 18 1 2 S My (Gevi T drive us forward
[llustration by C. Hanhart
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Challenges: Feeddown from B = D**£v,

* Isthe D3(2300) a resonance from the quark model, or a more

B - DJ* (- Dn)tv
0.45
~—— This work
0.40 1 Bernlochner, Ligeti,
" Robinson (2018) amm— TS -~
035 T Belle(2008) ==
0.30
2025
5
< 0.20
0.15
7
4
0.10 ’
7
4
0.05 4
0.00 T T T T T T T
1.00 1.05 1.10 1.15 1.20 1.25 1.30
w

Modelling of B - D**#v, decays in
simulation depends on proper
knowledge of form factors
Background estimation challenging
Active progress from our theory
colleagues

31.10.2024

complex structure described by Uy PT?
* Form factors for semileptonic B - D**#v, decays assume the
narrow width approximation for the broad D**

B*->D-n*t*v TR o
100 ——— 7 =30k
ombined
—— B-DJ v 20 — OSR+HQET 1
Fixed-width
—— B-(Dn)stv T Breit-Wigner
801 _ popr ) Breit-W
R + Belle (2023) e 15
2 e =3
c =10
% 40 i} * :—l‘é )
201 * ]l ][ ]l]lﬂ ]l]l 0
*I' .} 1 1 |l +
o LT
] O s o - 3 : , . .
0 21 2.2 23 24 25 %0 2. 22 23 24 925 26 27 28
Mpn (GeV) mpr (GeV|
BGL generalization On-shell recursion + HQET
E. J. Gustafson, F. Herren, R. S. Van de Water, R. C. A. Manzari, D. J. Robinson
van Tonder, M. L. Wagman: prim arXiv:2402.12460 50

arXiv:2311.00864




Challenges: Simulation Sample Size

o Systematic uncertainty [%)] Total uncert. [%]
Result Experiment 7 decay Tag MC stats| D™y D**ly  Other bkg. Other sources | Syst. Stat. | Total
BABAR ®  {fvv Had. 5.7 2.5 5.8 3.9 0.9 9.6 13.1| 16.2
R(D) Belle® 4% Semil. 4.4 0.7 0.8 1.7 3.4 5.2 12.1| 13.1
Belle® 14977 Had. 4.4 3.3 4.4 0.7 0.5 7.1 17.1| 18.5
BABAR ®  {dvv Had. 2.8 1.0 3.7 2.3 0.9 5.6 7.1 9.0
Belle? 9% Semil. 2.3 0.3 1.4 0.5 4.7 4.9 6.4 8.1
R(D*) Belle® fvv Had. 3.6 1.3 3.4 0.7 0.5 5.2 13.0| 14.0
Belle? TV, pv Had. 3.5 2.3 2.4 8.1 2.9 9.9 13.0| 16.3
LHCbH® nra(n)y — 4.9 4.0 2.7 5.4 4.8 10.2 6.5| 12.0
LHCb' vy — 6.3 2.2 2.1 5.1 2.0 8.9 8.0/ 12.0
® (Lees et al., 2012, 2013)
P (Caria et al., 2020)  ©(Huschle et al., 2015) @ (Hirose et al., 2018)  ©(Aaij et al., 2015c¢)  F(Aaij et al., 2018b)

F. Bernlochner, M. Franco Sevilla, D. Robinson, G. Wormser
arXiv:2101.08326, Review of Modern Physics

IVIC statistics is often the leading systematic uncertainty, needed

for:

* Fit templates

» Efficiency determination
* Training of MVA classifiers

“trivial but costly” to improve

31.10.2024
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Source Uncertainty Source Uncertainty [%)
PDF shapes 19.1% ¢ " ¢
. . . +7.5% Experimental sample size 8.8 12.0 7.1
E_lmula.tlou sample size *7-;‘;_l [[bimulation sample size 6.7 10.6 5.7
B — D""{ v; branching fractions i’;f(/‘[ Tracking efficiency 2.9 3.3 3.0
1 . +2.7% Lepton identification 2.8 5.2 2.4
Fixed backgrounds _2.:!3 X.tv My shape 73 6.8 71
Hadronic B decay branching fractions fgié Background (pe, M) shape 5.8 11.5 5.7
Reconstruction efficiency tgg(‘?/}[ Xt branchi‘ng fractif)ns 7.0 10.0 7.7
. . ) f20% Xrv branching fractions 1.0 1.0 1.0
Kernel density estimation Toa% X 7(€)v form factors 7.4 8.9 7.8
Form factors tg;?}r Total 18.1 25.6 17.3
Peaking background in AMp« igj:i
T~ — £ vrv branching fractions f?]i?/i Belle Il R(X)
R(D*) fit method o arXiv:2311.07248
Total systematic uncertainty i#;sﬁ
Belle Il R(D™)
arXiv:2401.02840
LHCb R(D*+) LHCb-PAPER-2024-007
Source R(D*) R(D*)
Form factors 0.023 0.035
B — D*[D* X]u/Tv fractions  0.024  0.025
=+/0 .
B — DtX_.X fraction 0.020 0.034
Misidentification 0.019 0.012
Simulation size 0.009 0.030
Combinatorial background 0.005 0.020
Data/simulation agreement 0.016 0.011
Muon identification 0.008 0.027
Multiple candidates 0.007 0.017
Total systematic uncertainty 0.047 0.086
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Status Quo & Quo Vadis

0.4 L | L I L] L | ] | L) | | L |
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025
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: World Avcragc 035k 68.3% CL contours
0.2 =  $#HFLAV SM Prediction R(D) = 0.344 % 0.026, g
B R(D)=0.298 *0.004 R(D*)=0.285 £ 0.01
= R(D*)=0.254 %0.005 p =j—ﬂ .39
" : : : P(x?) =29%
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Searching for New Physics
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New physics contribution alter signal and
background decay distributions — Impact on
the acceptance and fitting templates
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Searching for New Physics

Challenge: We need MC for each NP working point It also allows us to perform truly global fits for b —

V. itions that avoid biases and remove SM
e Our standard generator EvtGen does not CTVy transiti

incorporate NP effects priors
* Very costly to re-produce MC at various NP i} Belle Il R(X
working points Belle Il R(D™) elle 11 R(X)
Luckily for us, this problem has been solved! Belle P,(D*) LHCb R(D™)

e

NG [1;£;(C, 0)
f

Full experimental Correlation of common
systematic uncertainties

\V4

Helicity Amplitude Module Likelihood
for Matrix Element Reweighting
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Searching for New Physics

Proof of concept based on LHCb simulation and a It also allows us to perform truly global fits for b —
Belle toy ctv; transitions that avoid biases and remove SM
priors
/\-92 L L L DL L L L L
T Belle
Fﬁ“ % LHCb 1 Belle Il R(D*) Belle Il R(X)
\é/().l | [—] Combination ]

| Belle P.(D*) LHCh R(D(*))

_— e

—0.1—
_ Work in progress | HlLl (C, H)

_0 2 1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1
— -0.04 -0.02 0 0.02 %04
Re(T ) .
- Full experimental Correlation of common
J. Albrecht, F. Bernlochner, M. Colonna, B. Mitreska, M. Prim, I. Tsaklidis Likelihood systematic uncertainties

Work in progress
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