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LHCDb and Belle,Belle?2

Particle ID
New Calorimeters
w Reduce PMT gain Muon
electronics + new electronics new electronics
e s
Vertex

M2

NN
CAL
ECA M4 M5 f \
M3 \
CH2 \
""ﬂ l‘l‘\

Detector |

i _1—1‘— BELLE Belle I

New Tracking stations + trigger-less readout & sw trigger on GPUs
« LHCDb » Belle/Belle2
« Spectrometer in the forward direction
(2<n<d)  Constrained kinematics
« Excellent vertexing, tracking and particle
identification « Easy to cross-feed tracks due to low

* Most backgrounds come from other B decays CM momentum of B mesons
rather than underlying event
* Production of all types of b and ¢ hadrons . Electrons ad good as muons

Runl: 3 fb!'@ Vs =7-8 TeV ~10°Y(4S) per ab™!
Run2: 6 fb'@ Vs =13 TeV
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* B » D* |v what we measure
» Case study: Belle recent measurements
« LHCDb: some ongoing analyses

e Semitauonics
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Opportunities with B—>D*lv decays

d*(BY — D*lt ) 5 )
ox | Ve i i(6¢, 0D+,
dg?dcos?0ydcost p-dx < Ve Z.:,/H’qu )fi(0r, 0D+, X)

Electroweak coupling + Form factors
Sensitive to new physics

H:(q?) depend on combinations of helicity amplitudes

* Form factors determination
 New Physics searches

Angles provide observables sensitive to NP: 5
 F-B asymmetry

* Longitudinal polarization

. .Col.omplementary to LFU

\

Transition form factor measurements

LFU test

Vcb /
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Angular coefficients T}"Q‘%

d*T(B - D* ) B 3myms.Ge
dwdcosf, decosfpdy — 16(4r)

New|Veo*[A(w, 8,00, ) AW, ZH w)ki( 0. Op. X)

M

For massless

P ) k6, 6p.X) leptons
D* — D~ D* — Dx"

; g; %8 i 2: gD;[i _—|_ Cos gﬂ}z Hillz fp(1 — cos Ev'”)j

2 < 5 D cOos #) sin 95(1 + cosf,,)

3 Hﬁ 2 sin” B sin’ Ev'“ 4 c U‘-r 20, sin’ 0,

4 H.H_ sin’ #p sin? 0, cos 2y —2sin? 6p sin’ 6, cos 2y

5 H.H, sin20psinf,(1 —cosf,)cosy —2sin26psinb, (1 — cosfb,)cosy

6 H_Hy —sin20psind,(1+cosf,)cosy 2sin26psinb, (1 + cosf,)cosy

- The gq? dependence parametrized using CLN or BGL. The differential rate can
also be expressed in terms of combination of 12 angular terms Ii(g?) (or Ji) that
include both SM and NP effects
 [JHEP 12 (2020) 144]

dT
dqg*dcosfdcosOdy

o Z 1(q*k(0,,0p, %)

1

 The g? dependence is determined by the form factors. Various parametrizations
available: CLN (obsolete), BGL, BCL, BLPR
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o O(10%) modes e D
B-Factories analyses (recent) § / J‘/,W
ha;d A

4 D*
B Tagged analysis: "\ Biug B »A
N e (f) B,/

091801 (first unbinned analysis)

Belle Phys.Rev.D 108 (2023) 1, 012002 " n \
Belle Phys.Rev.Lett 133 (2024) 13, 131801 / 3
Belle II Phys.Rev.D 108 (2023) 9, 9 U=Emics - PrissSced(D\2), J/p) [ €t -
. soofibae @ ] T
ow efficiency - (Signal 1 i
Calibration of absolute efficiency is hard | WBkgd % E 300;
= 400 e 1 3 L
Clean sample + kinematic constraints - & | % 2007
Suited for precise angular analysis § 200! § woj -
L - T
BaBar Phys.Rev.Lett 123 (2019) } | =
Ot —

Belle 1l Jcdr=1891h? Belle 1l Jrar=18910!

B untagged analyses 25.0F [ Signal EOL_:,D‘H-“-QU i EOi;V+”-Up
== True D" background ' T DO

Belle Phys. Rev. D 100 (2019) 052007 200f m Fake D" background  SHEEETeE

i Data # £ 300f
w% MC unc.

Belle II Phys.Rev.D 108 (2023) 092013

15.0r

103 entries / bin

10.01

High efficiency compensate for low
resolution of approximated kinematics

b s v P W
2EFEY — mg — ’7%2’ 0.0

21pgllpyl

-4 B 0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.15¢

AM [GeV]

cosOgy =
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Differential analysis @ Belle

* Belle: 711 fb! @ Y(4s) with hadronic tag-side reconstruction

« Same dataset and selection for two different analysis
« Measure the marginal distributions of the 4D differential decay rate
* Measure the angular coefficients J(w) in bins of w

Strategy
» signal extraction in bins of kinematic variables

« unfolding for resolution and correct for the acceptance

50 495 _ -1

500" + ag , Belle B%-D"*i; JLdt = 71116

Belle B"-D"*eb, JLdt = 711fb — — -

- - - B DI icorrect Mye,)  EEE O°7(-0"R"i0,  @EEE BE Bkg

4 | B‘t’uficorrel:r Msiow) D"t-pl._lnzl.'uj_ = i:niil;quum 105 D0, (wrong ) mmm 0o 0%nsys, EEE Continuum
800 — E,f”'“‘m“g Mo ; o ¥ 5% b £ D°th (D" -0y == Hadronic Bkg + Data
. D, adronic Bkg DIo, _
104 MC normalized to data

MC normalized to data

Entries / (0.06)

102

Signal

Entries / (0.15 GeVZ/cH)
=t
(=]

D v -

Signal, wrong m, 101 BE bkg.
10°
¢ 1.254 Y 1,25
"ErGl.DO—; f ¥ ¥ + * » + + %1.00—5 } } t 4 e } { } |, |
i E ¢ | B 3 boe ¢ by
L B gors4 "ty
o112 13 14 15 16 -10 05 00 05 10 15 20
" MZ,.. [GeV3/c?]
« Background subtraction in independent M2 — (Dotoe — Diag — PD — P )2
variable to reduce model dependency miss ete tag D ()
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Differential analysis @ Belle

First time Belle consider neutral slow pions
» larger kinematic coverage

* but more mis-identified pions and worse resolution

w cosB,; cosOy X

B° - D** (- D°z},D*r?) 200

B~ - D*%(= D°=md)¢v,

Normal
Approximation
Intervals

=
(€ BN
o wu

=
N
i

Acceptance x10°
~J
un

o
o

N
(9]

=
o
o
IIIIIIIIIIIIIJIIIIIIIIlIII|IIJ|IIIIIIIII

o

QQIQG QQO-—!Q?OIQ o O o A O A A ™~ M M =5 W0 oW WL
. "o ogdodg . s SocdodomMmdm S S mMu
DR EEEEE R EEEEEE LR R
- oo o o o O . -~ o0 o C o O o A MMM |
gegF2EEEE M geFEEEEREEE2C ORI NN
233 AN

Difference in the efficiency shape
is caused by the slow pion reconstruction
efficiency
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Phys.Rev.D 108 (2023) 1, 012002

x? / ndf = 46.5 / 36
0.11

BGLs3; LQCD

p=

Ccos Gy
¥? / ndf = 46.8 / 33

CLN Fit
p = 0.06
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cos 6,
x? / ndf = 45.3 /33

BGL,,; Fit
p = 0.07

W

BGLs3z (LQCD)

CLN
BGLia
® B-D'ib

Belle

o
<
(=]
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« Data well described by BGL and CLN parametrizations

* Marginalized distributions + full covariance matrix



Differential distributions

« Measurement of the 12 angular coefficients in 4 bin of w  phys Rev.Lett 133 (2024) 13, 131801

Belle [Ldt = 711 fb~?
6 - : : : 6 - : : : . | 6 4 B-Dth, mmm BGL, CLN”]
m . . . m . L . "
o . . o h . o
%47 5 5 : P : —— X 47
: : ; o ‘ : : v
‘._':'L:Z' -...':2_ c-...r_\_liz_
0 0 0 =
0 0
6_
S —2 o, —2 n
i — —~ 4
X_4_ X 4 - X
<N <« 3 2 A
T -6 -6 -
0

Jo x103

35 Wl 50

Informations available in HepData
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Form Factor of B—D*HMV and |V.| extration

Shape measurements [arXiv:2301.07529]

Belle
1.0 1.6 1.6
CLMFL m BGLEL g |LQCOD [2305.140092) 8 HPQCD [2304.03137)] O m™LC (2105 lﬂﬂlg,]
0.9 4
1.4 4 1.4 4
0.8 1 3
= T 12 T 124
= 0.7 1 e ".:. s
E = = 0-— o o
0.6 1 1.0 1.0 1 * 5 & I
0.5 1
0.8+ 0.8
0.4 T T T T T T T T T T T T T T T T T T
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5
will w[l] w 1]
B-D"I5, BoD'I, Eur.Phys.].ST 233 (2024) 2, 347-358
1.2 1 BOLEZID™ y2indf = 25.0 / 31 (p=077) ® Excl. BGLiz1 w/ ha,(1)
— * Excl. CLN  w/ ha (1)
1.0 1 + )
s 5 7
081 < 081 o Excl. BGL1z1 W/ ha,(w)
0.6 4 0.6 - rY Excl. CLN  w/ ha,(w)
0.4 T T T T T 0.4 T T T T T
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 15 ° Excl. BGLyay w/ Aa. (W), Ry (W), Ra(w)
w[1] w[l]
L Excl. CLN w/ ha, (W), Ri(w), Ra(w)
B—D"Iv B-D"I,
1.4 1l 1.4 4
’ | + + —_— Excl. CLN HFLAV Summer 2021
12 R 124
= 2 - _.+,__
o 1.0 4 | < 1.04" e — — ncl. Ey, my Moments —
. Fermilab/MILC Eur.Phys |.C 82 (2022) 12, 1141 - " Ao and
0.8 4 V HPQCD 2304.03137 0.8 ncl. g* Moments ®
[l )LQCD JHEP 07 (2023) 145
3 D+HQET
0-6 T T T T T T 0-6 T T T T T T
1.0 L1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 15 CKM Unitarity . E——
w (1] wl] T T T T T T T
37 38 39 40 41 42 43 44 45
|Veo| x 10°

Measured shapes + LQCD inputs + o
BF from HFLAV2021 V| =
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Branching fractions B—D*HVv

ALEPH
529+026+033
OPAL incl
6.13+028 £0.57
OPAL excl
511+020+£036
DELPHI incl
494 +0.14 £0.35
DELPHI exel
505+020+042
CLEO
585+0.19+0.35
BELLE untagged
476 +002+£0.16 i
BABAR untagged
43512004 £033
BABAR tagged
508+0.16 £0.31
BELLE Il untagged
483+002+£020
BELLE II tagged
5.19+0.22+040
Average

490 +£0.01£0.12

¥*/dof =15.3/10 (CL = 12.23 %)

HFLAV

2023
| |

CLEO  (2003)

6.12+020 026

BABAR tagged

(2008)
529+015+033

BABAR untagged (2008)
495+008 £0.32

Average

553+007+021

¥*dof =7.0/ 2 (CL.=2.98 %)

HFLAV
[ 20 | |

]
2 3 4 5

6

7 2 3 4

S

6

7

BB’ - D" 1" v) [%]

BB — D I*v) [%]

Significant systematics common to the N
various measurements Simultaneous analysis of B-D and B- D*

« Slow pion efficiency Ongoing analysis @ Bellell: no soft pion and
« Background from B-D** independent from foo
* foo/f+- %

Beyond Flavour Anomalies Anna Lupato, Marcello Rotondo 12




Differential distribution for Bs—Ds* LV decays

« B-hadron momentum magnitude not known JHEP12(2020)144

gq? € [7.33, 9.17] GeVv?

» B-direction precisely determined by PV and Decay Vertex Jmo—ow
« Kinematic determined with a 2-fold ambiguity ; %EE.‘"“’“‘

» Corrected mass to extract signal yield

Entries [a. u.]

__ 2 | L |2 | L |
Meorr = \/ Mpyxy T |Pmiss|” T+ [Pmiss
« Published the unfolded and efficiency corrected w i
spectrum
f-;a 3.5: T T T reyrrg 7] f \
8 E ] . . :
% 3f LHCb 2016 - Ongoing: determination of the J angular
s TR - . coefficients in 6 bins of g?
58 25F -
% ~T . —— CLN HFLAV —— CLN HFLAV
= ] - BGL HPQCD - BGL HPQCD
N - — '; 4 Experimental data ';‘ } Experimental data
TE: 3 s “
58k : % 1 ©
< 15 ! E g |
~— N ‘:| Fit with BGL parametrisation ] :I', :‘._
— — .05 s ]
I - [ Fit with CLN paramerisation . 4 &%
0.5 A B B S A RS E SR - |
1 1.1 1.2 13 14 o o
0 2 4 6 8 10 0 2 4 6 8 10
Wunf a? [GeV?] q? [GeV?]

- /

Anna Lupato, Marcello Rotondo 13
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New Physics searches using B—D*MV decays

Wilson coefficients

* Measure directly Wilson Coefficients: flexible to use NP C; = CSM L igNP
model or be model independent
« Extract directly Wilson Coefficients and FF . Gr é o.
parameters from fit to data. First sensitive estimated L >
B. Mitreska [CERN-THESIS-2022-105]
- =

 New Physics search strategies:

* Fit in 5D (includes Mcorr to account for model
dependence in the signal yields extraction)

 Model the New Physics effects in the fitting _lradl] cos(9,)
template using the HAMMER tool [Eur. Phys. J.
C 80, 883 (2020)] to reweight MC eventand  :=f [ 1 L
obtain dynamically the templates

%

« Folding-in the experimental resolution and

% E EE Z
.. B 2 B 8 B 8
J |

acceptance Y B I S———
4 'l {
« Shape analysis: no attempt to measure |[Vep| cos(6) | . [GeV?]
e T T
 Ongoing measurement to provide differential s I e e i
B—-(D—'D"( WY
spectra unfolded £ D
r B! (2430, STX)
» High precision q? spectrum (and angular s Eﬂ;ﬁ‘g"ﬁ?;ﬁ?&u
shapes) r R
33 + ! ' ) xi-s-][l).),,l;i.!m' wy

D comhinatorial

Courtesy H.Nur «weevi
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Longitudinal D" polarization: beyond the LFU

[arXiv:2311.05224]

 New physics can strongly affect the D" longitudinal polarization F.P" also if LFU
ratios align with the SM prediction [arXiv:1907.02257]

 Measured by Belle: 0.60 £ 0.08 £0.04 [arXiv:1903.03102]

0.9F

« The differential decays rate of D*— D°m can be 08}

expressed as STEIN

2 6l

D~ rest frame
d*I’
dg*d coslp

DO

= ay,, (¢*) + ¢y, (q*) cos* Op

 F:P* can be calculated as

o _ 0p(4) + Cop(4°)
g 3ae,(q%) + cop(q°)

where

* agand ceare linear combinations of the angular coefficients

3
aag(qz) — NUmPol. PD}—unpo!|cos 0p=0; Cﬂg(q2) = ENpOJAbm

Beyond Flavour Anomalies Anna Lupato, Marcello Rotondo



Longitudinal D" polarization: template fit

LHCb simulatio:

I polarized
— unpolarized

« F.’*determined in two g?regions:
q? >7GeV?/c?, q? <7GeV?/ct

q? <7 GeV?/c* q? > 7 GeV?/ct

Arbitrary scale
=
[#%]
L

. . 0.25
« F.P* is extracted from aeand ce determined by 02
- . . : s
splitting the simulated signal template in i
¢ Nunpolarized X dg 0.05
¢ Npolarized X Co % 0 1-1 0 1
cosép,
« 4D template fit: 5 e
e T lj.fetj.me E- ; 8 -:EEDDLI“ -;
- q? ;. B |
: COS eD 20 05 1 -T:bimm' _2
* Anti-Ds BDT output o o
LHCh Run 1 (3 fb™) ﬁ - LHCh Run 2 (2 fb™) 3
« Background treatment similar to R(D*) e 38 e
[PRD 108 012018]

-1 0 1-1 ] 1

 Simultaneous fit to Runl and Run2 R
§ 6 LHCh Run 1 (3 fb™) 3 ”:‘
« Dominant sources of systematic uncertainties: ;- ] £
 limited size of simulations samples; S I

» form factors parametrization; | ;

L] 0.1 0.2 0.3 0.2 0 0.2 0.4
anti-D_ BDT output anti-0, BDT output

* double charm background modelling;
[arXiv:2311.05224]
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Extending differential decays: towards Upgrade 11

[arXiv:2311.05224]

* Possibility to describe the fully differential decay rate thanks to LHCb capability of
resolving the three angles

@ 0.045F &2 0.07F
S 0.04 E LHCb Simulation S 008 . LHCb Simulation
g 0.035 g F

g 003f i

<< <<

B - D* pv 0.02}
0.015E

0.005 E /
0 =1 1

o
=]
k]
w
[T

-3 -2 —1 0 1 2 3 2 3
¥ resolution (rad) 8, resolution (rad)
m =
T 0.12F o
= - LHCb Simulation
g 0.1F
5 0.08F
=< r
0.06
0.04F
0.02}
D'I....I. P PP |
-3 -2 2 3

8y resolution (rad)

 However, broad resolutions demand very large sample to extract the underlying
physics
 Measure the 12 angular coefficients integrated in g2 following a novel approach

[JHEP 11(2019) 133]
* Ongoing feasibility study with B - D* pv

Anna Lupato, Marcello Rotondo 17
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Conclusions

 Paramount to provide enough information (HepData) so the data
can be re-used and re-interpreted

« Different form factor inputs (LQCD/LCSR), different assumptions,
series truncation...

* Various existing measurements already provide informations for
re-interpretation

 Healthy to analyze the same data using different approaches
» Other analysis are ongoing from both LHCb and Belle II

* Crucial to perform ancillary measurements

« B— D** both BF and Form Factors

« Multi-pion production, other decay modes non considered?
« B— DDX: background to LHCb measurements, large uncertainty

* DO not forget about other B-hadrons accessible at LHC

Beyond Flavour Anomalies Anna Lupato, Marcello Rotondo 18




Backup
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Differential analysis

 Belle: 711 fb! @ Y(4s) with hadronic taa-side reconstruction

. dl'(B — D* (i) =E(}’127-;;EE“-|l*"(..],|2-n:'113-run-
dw deos 8 deos By dy 274

= (th sin? By + Jq,. cos® by

+ (Jo, sin? Oy + Jo,. cos” By ) cos 28; + J5 sin” By sin® 6, cos 2y

+ Jy 8in 26 sin 26, cos y + J; sin 20y, sin @ cos x + (Jg, sin By + Jg. cos® By ) cos b,

+ J= sin 20y sin B sin y + Jg sin 20y sin 26, sin y + Jg sin® fy sin® 8, sin 2,\) :

« Measurement of the angular coefficients in 4 bin of w A

84
de v
Ji=+ Z Z Wiy it Rk

s b =1 k=1
¢ Signal yields in bin of angles,w, decay modes determined by N 2
A{miss — (pc-i—e— - ptag - pD* - p{f) '

50 s _ -1
Belle B°-D"*ep J‘Ldt - 711 fb-1 Belle BY=D" * v _det =711 fb
= — - ¥, = eelng -
40, . . = B D80 (correct Myq,) [ D77 (- 0Ma®ed, 25 Bkg
4 | D‘t’u-.aicorrerr Moo Dnt-o;_lnt]ru{ = E:nﬁti';guum 105 O (Wrong M) mm O(-DMrsys, R Continuum
800 = grf’uriwronq o) ; ﬁ dL.L'}E::c 7 o . 0 £5, 40" 2] B adronie Bka 4 Outs
1 Vi adronic Bkg .

104 MC normalized to data

MC normalized to data

Entries / (0.15 Gev2/c*)
=t
(=]

102
Signal
Signal, wrong T, 10!
10°
Q1,253 g 125
= = = ) =
Frood byt e e F1o0d b, ettty |+}1
80753 8 0.753 ¢ by }
T T T L T T T T T T T T T
1.0 11 1.2 1.3 1.4 15 1.6 -1.0 =05 0.0 0.5 1.0 1.5 2.0
w

M?

miss

« Background subtraction in independent variable to reduce model dependency

[GeVZ/c?]

Beyond Flavour Anomalies
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LFU observables of B—>D*HUV

[arXiv:2311.05224]
« To test LFU between electrons and muons AX = X — X¢
Observable x? / ndf p-value
« AA = AL — A€ AA 1.7/4 079
FB FB FB AFSFD*) 23/4 067
Ay, 53/4 026
« No significant deviation observed Ade e
Ados 46/4 0.33
Ay, 50/4 0.28
AJs T4 4 N0
AJy 25/4 0.64
AJs 48 /4 031
Ads, 21/4 0.72
Adsc 1.1/4 0.89
AJr 1.6 /4 081
AJs 33 10 asl
Ado 46 /4 0.33
AJ; 41 /48 0.76
Belle _ _ _ 0.020 Belle _ _ _
0.2 4 @ LAV S: @ ARIDY) @/ Ok @) @s @ @ s
' v 0.015 1 b B B i B e B B
5 : 0.010 - i
w. 017 5 5 5 5 + 5 :
x é é : - (0.005 : : é 2
. + ; A + | ++ ss+ ; +8+++a 48 +8+ o ow
e . : : : A= E | : [ l.: : 1
P N D LR Y % e ik
< é é é Y ‘F —0005{ ® 8 g g
—0.1 sl | s
5 : 5 —0.010 A 5 g g
-0.2 1 =0.015 A
T 1 T T _0020 T I
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LFU B—D*Hv

Results

@(BD = D*¢7D,) 1 (4.922 £ 0.023(star) + 0.220(syst)) %

Compatible with the current WA: (4.97 £0.12) %

| ch |BGL
Compatible with the exclusive (inclusive) WA: 1.50 (1.30)

| Vipl oy = (40.13 £ 0.27(star) £ 0.93(syst) % 0.58(th)) -

(40.57 + 0.31(star) £ 0.95(syst) £ 0.58(th)) -

10~

Use FNAL/MILC lattice QCD data at

' zero recoil (w = 1) for normalisation.

10—3 BGL truncated using nested
hypothesis test: BGL(1,2,2).

y

K Compatible with the exclusive (inclusive) WA: 116 (1.60)

LFU test by comparing separated results for electrons and muons:

T R
- R, = 0.998 £ 0.009(stat) £ 0.020(sysr)

AApp = (—17 + 16(star) + 16(syst)) - 1073

AFy = (0.006 % 0.007(star) £ 0.005(syst)) - 10~ |

Dominant systematic sources:

1) slow-pion reconstruction efficiency — 1.5% on |V, |

B(Y4S B*B
2) fro=— (T3 = -)*13%0"'\ Ve |

Beyond Flavour Anomalles Anna Lupato, Marcello Rotondo

No deviations observed from the SM.
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New physics sensitive in the loop.

Explore the flavour-specific decays B - D™~ u* X and

BY - D®-pu*X i.e. u charge identifies B flavour at decay.

Explore asymmetry in untagged decays i.e. no need to
determine the B flavour at production.

Beyond Flavour Anomalies Anna Lupato, Marcello Rotondo

[M. Grabalso thesis]
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Longitudinal D" polarization: results

* Results integrated over runl and run?2
FP*(g* < 7GeV?/c*) = 0.51 £ 0.07(stat) = 0.03(syst)
FP*(g* > 7GeV?/c*) = 0.35 £ 0.08(stat)  0.02(syst)
FP*(whole g* range) = 0.43 % 0.06(stat) + 0.03(syst)

« All results are found compatible with the SM within 1o

 Compatible with previous Belle result
[arXiv:1903.03102]

FP* = 0.60 % 0.08(stat) % 0.04(syst)
 Compatible with SM prediction
 Plan to increase the number of bins of the fit

* Plan is to update the F.P* value in parallel with the R(D*) measurement in
hadronic Tt channel.
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