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Angular analyses of \femileptonic b-hadron decays
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(Electroweak) coup[ings + QCD encompassed by Form Factors

» Helicity angles distributions (and derived observables) are sensitive to New Physics
contributions and hadronic interactions (Form Factors)

» Angular analyses: New Physics searches, complementary to Lepton Universality tests

» Hadronic Form Factors measurements

» In this talk: latest results and ongoing Hb —> Hcfy studies at LHCb
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Semileptonic decays @LHChb

Non-reconstructahle neutrino(s)

Primary Vertex
(pp collision)

BO

» Partial reconstruction = unconstrained kinematics: (with a single missing particle we can
solve for the missing 3-momentum, with a quadratic ambiguity)

» Partial reconstruction = large backgrounds: need to fully exploit vertex topology
information, track isolation, available kinematic information

» Millions of signal candidates already collected

» All b-hadron species you can dream of - Not included in this talk: other exclusive decays
(baryons: complementary spin-structure) !
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A word about the leptons

Non-reconstructahle neutrino(s)

*
.
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Primary Vertex
(pp collision)

» Muons: easier to detect, semi-muonic samples are fairly clean

¢ decay mode | BR[%]
T — prr | 17.39+0.0
T —evv | 17.82+0.0
T — 3mrv | 9.31+£0.05
T — 3rmv | 4.62+0.05
T — TV 18.82+0.0
T — pV | 25.49+0.9

» Taus @LHCb: muonic decay (direct comparison with Ho—Hcpv) or hadronic (3-
prong) decay: better constrained kinematics using the tau decay verses

» Electrons @LHCb: fewer electrons than muons (lower selection efficiency) and with worse
resolution (Bremsstrahlung) - but less noticeable once you have already unconstrained

kinematics

On-going efforts using all leptons!
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Backgrounds

B° — D™y

» Analyses with muons: signal dominated
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» Analyses with taus: background dominated

» Essential use of track isolation and control
regions to describe the sample composition
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Partial reconstruction
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With more than one missing neutrino:
B rest frame approximation

With only one missing particle: longitudinal neutrino (or B)
momentum component known up to a two-fold ambiguity
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LHCb Simulation

(’Vﬁz)B — (Vﬂz)D*,u — (pz)B =

Pick one solution randomly
Use linear regression prediction

mp

m(D* )

G. Ciezarek et. al, JHEP 2 (2017) 021

Use a proxy variable

(pz>D*,U»
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Large samples & a variety of decay modes
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Phys. Rev. D96 (2017) 112005

Phys. Rev. D101 (2020) 072004
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Differential measurements
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» Measurement of the shape of e
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JHEP 12 (2020) 144

Hadronic Form Factors measurements

dT'(B® = D*ptv,) G2V Inew |?|ple? (1 - m_i)

dq? 963 M, q2
2 2 2 m, 3M 1o BGL
X | (IHL " + [Hy " + [Hol?) 1—@ +§q—2|Ht‘
1 (©0]
f(z) = D (@
B F (W) P 1+(Z)¢f(z) =0
= gy Hy = TR
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al’l
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» Measurement of the shape of CLN fit
*_

the BY — D~y v, decay rate Unfolded fit p? =1.16 £ 0.05 + 0.07

. Unfolded fit with massless leptons p? = 1.17 +0.05 4+ 0.07

» Fully reconstruct D, — Dy Folded fit p? =1.14+ 0.04 + 0.07
BGL fit

» Signal yield measured in bins of

a; = —0.005 £ 0.034 £ 0.046

DO —p =

hadronic recoil parameter w = vpo - v+ | Unfolded fit

ol = 0.039 £ 0.029 + 0.046

f_ 4+ 0.00 4+ 0.00
a; = 1.007 5937 534

Folded fit
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JHEP 12 (2020) 144

Hadronic Form Factors measurements

4

Measurement of the shape of the B — D:_,u+yﬂ CLN fit

Unfolded fit p? = 116 £0.05£0.07
decay rate Unfolded fit with massless leptons p = 1.17£0.05 £ 0.07
% _ Folded fit p? =1.144+0.04 +0.07

» Fully reconstruct D,;™ — Dy e
» Signal yield measured in bins of hadronic Untolded fit ;-—0 005 = 0.034 = 0.046
. = 1.00
recoil parameter yy = Vgo * Vpr- Foded fi ?‘— 0.039 + 0,020 + 0.046
= 1.007535 " o754
Already a few analyses
» First measurement of ’Vcb‘ using Bg — Dg*)_,uJFVM sensitive to hadronic FF
. a parameters
» Measure rate relative to B — D) ,UJ—I_VM
» Requires external inputs for |Vcb| Parameter Value

: Vep| [1073] 423 +£0.8  (stat) £1.2  (ext)
> Measurement of decay rate as a functlon of 4 1.097 +0.034 (stat) = 0.001 (ext)
h B : do —0.26 +0.05 (stat)+0.00 (ext)
energy in t e D rest frame) by of 006 +0.07 (stat) £0.01 (ext)
1 ’ ag af 0.037 £0.009 (stat) 4 0.001 (ext)
More details in Ricardo's talk . 028 026 (stat) £008 (oxt)
1 a’ 0.0031 £ 0.0022 (stat) 4 0.0006 (ext)

4

Sensitivity to hadronic form factors also from many more measurements, e.g. LFU ratios
(dedicated measurements being worked on) LHCb-PAPER-2022-039

Phys. Rev. D101 (2020) 072004
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Expanding differential measurements

» Fully differential decay rate - in g2 (or w) and helicity angles

» Resolutions (worst case: rest frame approximation)

0.07F
0.06 |- LHCb Simulation | | 1
0.05F
0.04
0.03F
0.02F
0.01F
°s 2 4 o 1 2 3
LHCB-PUB-2018-009, arXiv:1808.08865 % reselution (rad)

Arbitrary units

2 ¥ £ 0.045F

c 012 _ , c 3 : :

> - LHCb Simulation 5 0.04 - LHCb Simulation

= 01F £0.035

S 008F 8 .

< o06F < Resolutions to be modelled,
0.04F but good sensitivity with
0.02F large datasets!

°s T2 a4 o 1 2 3 3 =2 4 0 1 2 3

0 resolution (rad) ¥ resolution (rad)


https://arxiv.org/abs/1808.08865
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Expanding differential measurements

» B = D*uv decays

» Solution of quadratic equation (solid) compared to

B rest frame approximation (dashed)

C— T T T T T
3F LHCb Simulation |

Arbitrary Units
\S]
()}
T

P

LE
S

14

Arbitrary Units
Arbitrary Units

0

-
L 0, [rad]

quad

—r—
T LHCb Simulation

Let's start from the muons,
considerably easier test
bench for the analyses
(kinematic constraints,
hackgrounds, statistics)
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Expanding differential measurements

» Fully differential decay rate |

» Helicity angles (and derived observables) are
sensitive to New Physics contributions and
hadronic interactions (Form Factors)

dl'(B —» D*¢v) 3mpm5.G#

6
2 _
= 1w Vep|> D, Z(W)ki(0,. 6, ) 3
dwdcosf,.dcosb,dy 16(4r) . S
: I~
. o
i Hz (w) kz (9[1/7 HDa X) 6
k >k O
D* — D~ D* — D %
1 H? %(1—1—0082 0p)(1 — cosf,)? sin? 0 (1 — cos 6,,)? 1
2  H? 5(1+ cos?0p) (1 + cosb,,)? sin®fp (1 + cos,,)? =
3 Hg 2sin? 0 sin? 0, 4 cos? fp sin? 0, Q
4 H H_ sin? O sin* 0, cos2x —25in? @ sin® 0, cos2x q>)'
5 HiHp sin20psinf,(1—cosf,)cosxy  —2sin20psinb, (1 —cosb,)cosx [T
6 H_Hy —sin20psinf, (14 cosf,)cosx 2sin20psind,(1+ cosb,)cosx g
c\
al

» Full description using the possible three helicity states of the D* - measuring the angular
coefficients does not separate hadronic and NP effects, but also doesn’t make assumptions

» Measuring the 12 angular coefficients (integrating in g”2) currently pursued for B—D*lv...


https://arxiv.org/abs/2001.03225

Open LHCb workshop on semileptonic exclusive b—c decays 13/04/2023 15

Angular coefficients and CP violating observables

: : ,arXiv:2304.009
dT(B — D*¢v) P P V. Dedu and A. Poluektov, arXiv:2304.00966
= dd
dwdcos0,dcosO,dy 0
. Im(ggp) = 0.1
o L et ~
» P34 =0 inSM, but can have non-zero terms in NP: 3 004 F
=
05 0.02 _g
Amplitude term Coupling Angular function I E
0.0 0.00 B
Im (A Aj) Im[(1+ gz +9gr)(1 + 9 — gr)*] —V2sin26;sin 26p sin x ' g
Im(A| A7) Im[(1+ gz, — gr)(1 + g1 + gr)*] 2sin? 0y sin? O p sin 2 s ~0.02 2
Im(Asp A 1) Im(gpgy) —8v/2sin f sin 20 p sin '
Im(AgAj) Im[(1+ gz — gr)(1 + gL + gr)*] —2v/2sinb;sin 20 sin x —0.04
0 o5 00 05 1.0
Right-handed vector cos b
Interference of pseudo scalar and tensor currents . _
2 0.04 'go
» Express sinx using the momenta of reconstructible decay ¢
) 0.02 g
products and B momentum estimate for quadratic eq. -
Sln)(=Sl'(pﬂapﬂ’pD)+S2'(pBap/,ppD)_l_S?,'(pﬂapB’pD)+S4'(p7pp/ppB) E
—002 &
» siny is P-odd and can be used as per-event weight to
cancel out the P-even contribution in data o

L0 —05 00 05 1.0

cos 0y
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Angular coefficients and CP violating observables

dT(B — D*£v) » ip V. Dedu and A. Poluektov, arXiv:2304.00966
= dd
dwdcos0,dcosd,dy e 0 o
VELO misalignment 7, = 10um Im(ggp) = 0.1
. . q Lo T o 0010 — o 10peemy——T =
» Dedicated analysis E [ (a) i 5% - 004 B
optimised for CPV 05 0005 % 05 x
bservables : 002 g
observa 2 : =
0.0 0.000 g 0.0 0.00 g
» Statistical sensitivity with i g .
Run1+2 BY — D* ~05f ~0.005 <  —0.5 =
sample :~1% for Im(gR), ;W - Ny —~0.04
210 -05 00 05 1.0 TT10 -05 00 0.5 1.0
0.1% Im(ngT*) cos 0 cos 0y
: a 10— . . 0.010 — =
» A number of possible i f@© 5 oot B
systematic uncertainties 05k dpn ; o ;
estimated: double-charm , 6= £ \;z
and D** backgrounds, 0.0 0.000 ;,E% 0.00 g
detection asymmetry and ) B o002 B
- I 0.5 ~0.005 < bl <
detector misalignment ;
[ -0.04
More in Anton’s talk SO 00 05 1o M0 MO 00 05 L0

cos 0, cos by
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EFT: Modelling New Physics (and hadronic) effects

» What if we want to tell apart all possible NP contributions(s)

< .,\)) Wilson coefficients
C;=CyM +C' "

quark, e.g. b

7 @ ” i |

9. C g 80 -
= 10
» HAMMER tool (F. Bernlochner, S. Duell, Z. Ligeti, M. 8 60F
Papucci, D. Robinson, Eur. Phys. J. C 80, 883 (2020)) 0F
to re-weight MC events and obtain “dynamic” ié 305_
templates, (for-)folding in the experimental resolution Z 2f
10

» Extract Wilson Coefficients and hadronic Form Factor ==

parameters from a fit to data (JINST 17 T04006)

More in Patrick’s talk


https://gitlab.com/mpapucci/Hammer
https://link.springer.com/article/10.1140/epjc/s10052-020-8304-0
https://arxiv.org/abs/2007.12605
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Hammer Manual



https://hammer.physics.lbl.gov/HammerManual.pdf
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B° — D™

Ongoing angular analyses

Different strategies considered:
Measure directly Wilson Coefficients

Measure angular coefficients (depend on
amplitudes - g> dependence) which relate to
the Wilson Coefficients

d*T
o I1.cos?04 + I1.sin°0,

dg?dcostdcost,dyx

I5.c08°04 + I5,sin’6,| cos26,

I5.c08%60, + Isssin6 | costy
I3c082y + Igsin2y | sin®6,sin?6,

I,cosy + Igsiny |sin26,sin26,

+ 4+ + o+ o+

Iscosy + I7siny |sinfr,sin26,

CP-violating observables

Gr
11 =5 5 Y CiO;
m
Gr _

+9510,(cb) + gpid,(cysb)
+g710" (Cio,,b) + gT5i8”(E’wWW5b)}
0" (1 — v5)vg + h.c.

Current WC Tag wC 4-Fermi/ (i2v2 V3 GF)
SM SM 1 [ey* PLb] [£~.PLy]
V_qLIL XYAY  [exyo"Prb] [EAY v, Prv]
Vector V.griL  XRAL  [exrY"Prb] [EAL P
V_qLIR xXPAy  [ex¥ A" Pub] [EAyyuPry|
V_qRIR XpAy  [exE" Prb] (XY, Pry]
S_qLlL XiAZ [exz Prb] [EX{PLv] ©
. squr xRN [exaPnb] (XS Poy] %
cam xS [P DR S
S_gRIR XPA% [ex3, Prb] [€A3 Pry] E
Tensor Tan XML [exEo" Pub][EATou Puv] g
T_qRIR XiAE  [exho™ Prb] [EA0,, PrY] T



https://hammer.physics.lbl.gov/HammerManual.pdf
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Extract directly Wilson Coefficients and FF parameters from fit to data

20

» Shape analysis only - no attempt to measure ‘Vcb‘ , lose sensitivity to yield changes

4

Jr0000
f%oooo
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20

To be considered also as benchmark study/measurement

;’Toyrnodel é
:T-"-'T"-Liémﬂ*mﬂ’w't (; "i"“"“"‘f“‘““""l"""‘“é“*"h‘"-“:r:

X [rad]
XIp3' L L R T T ]
L Toy model ]
3 | E

~190000
80000
/0000
0000
750000
40000
30000
20000
10000

Events / ( 2.66667 )

Toy model

— [

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII

-1

220

cos(0,)

X
p—
12
w

0.5 1

200

180
160
140
120
100
80
60
40

Toy model

20

xlO3

;; 100 T T L T =
S _'Toyrnodel ]
= 80 [ | —
12 X i
g - _
S 60 7
M C ]
40 -
20 -
0 R T (TITEXIT TITT e e e Pt AT fitm iy i ]
-1 05 0 0.5 1
cos(0)

B> D uv

B—eI)_X

B—>(D1(H) —>DX) uv

B — (D1(2420) —-D X)yuv

B — (D2(2460) — D X)uv
(D1(2430) —-D Xuv
(D1(2420) —-D Xuv
(D2(2460) '~ D X) uv

B—> D (2S) uv

B'— D** TV

B—D =tv

Combinatorial
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An angular analysis of B° — D) v

>

» Extract directly Wilson Coefficients and FF parameters from fit to data

» Shape analysis only - no attempt to measure ‘V

» To be considered also as benchmark study/measurement

, lose sensitivity to yield changes

B—D**uv description using BLR parametrisation (arxiv:1711.03110, Phys. Rev. D 95,

014022 (2017)) and parameter values from R(D) vs R(D*)

Despite the small contribution, care needed to choose
B—D*tv model (and evaluating impact of the choice)

Data-driven techniques when possible (background from mis-
identified particles, random track combinations) —

B'—>D uv

B—> D X

B—>(D1(H) —>DX) uv

B — (D1(2420) —-D X)uv
B'— (D2(2460) —-D X) u v
B"— (D1(2430) —=D X) uv
B'— (D1(2420) —-D Xuv
B"— (D2(2460) ‘> D X) uv
B—> D .2S)uv

B'— D TV

B— D TV

Combinatorial


https://arxiv.org/pdf/1711.03110.pdf
https://arxiv.org/abs/1606.09300
https://arxiv.org/abs/1606.09300
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Hadronic Form Factors with full angular analysis

» SM fits: using CLN (Nuclear Physics B 530 (1998) 153-181), BGL (Phys.Rev. D56
(1997) 6895-6911) and BLPR parametrisations

1 o 1 = BGL
f(@) = bz"  Fi(2) = ¢, 2"
» Statistical precision comparable Py+(2)¢y(2) nz::') 1 P12z (2) %
(Run1 only) to latest B-factory - | 00
Phys. Rev. D 100 @) =—— D az T = 2, 4"
measurements (Phys. Rev. 00, g(z) = RETE 2 Py Qs (2) =
052007 (2019), Phys. Rev. Lett. 123, =0
091801 (2019)), and increased (as Expected sensitivity (stat)
expected) wrt LHCb R(D*) Parameter | with Run1 dataset statistics
measurement on same dataset Aal 6E-05
Aa1 5E-03
Aa?2 8E-02
CLN °
Expected sensitivity (stat) Ab1 6E-04
Parameter with Run1 dataset Ab?2 1E-02
AR1 1.5E-02 Act 8E-05
o
— A 1E-02
ApA2 1.8E-02 do 0
Ad1 3E-01

CERN-THESIS-2022-105


https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub
https://arxiv.org/abs/hep-ph/9705252
https://arxiv.org/abs/hep-ph/9705252
https://arxiv.org/abs/1809.03290
https://arxiv.org/abs/1809.03290
https://arxiv.org/abs/1903.10002
https://arxiv.org/abs/1903.10002
https://cds.cern.ch/record/2824477
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Hadronic Form Factors with full angular analysis

Using BLPR parametrisation for New Physics (and possibly SM) fits

)
4

>

<

Incorporates HQET predictions that relate the FFs for NP matrix elements to the SM ones

Calculations by F. Bernlochner et. al. Phys. Rev. D 95, 115008 (2017), using both the
leading and O(Agcp/my)sub-leading Isgur-Wise function - starting values for fit
parameters from fit in Phys. Rev. D 95, 115008 (2017) without any experimental inputs

Intended approach (at least from
HAMMER) was SM fit to B—-D*pv
and use FF HQET parameters as

input for NP fit to B—=D*tv

High statistics B—+>D*uv analysis
still useful - need for BGL and/

or also some more general
parametrisation (in HAMMER
would be great!)

CERN-THESIS-2022-105

Expected sensitivity (stat)*

Parameter | Starting value | with Run1 dataset statistics

p: 1.24+/-0.08 0(0.1)

X2(1) | -0.06+/-0.02 0(0.1)

X2'(1) 0.0+/-0.02 0.3

X3'(1) | 0.05+/-0.02 0.9*

n(1) 0.30+/-0.04 0.1

n' (1) -0.05+/-0.10 0.5

Vao 75 6(10%)

* changes depending on NP scenario

* large correlation between Ay3 and Ap/2


https://arxiv.org/pdf/1703.05330.pdf
https://arxiv.org/pdf/1703.05330.pdf
https://cds.cern.ch/record/2824477
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New Physics Wilson Coefficients

ldeally no assumption about the NP structure (Eur. Phys. J. C 80, 883 (2020))

» In practice easier searches for specific NP models (e.g. Bhattacharya et. al. JHEP 05 (2019)

191)

» Studied different NP scenarios (plan to report fit results for each)

Expected (stat -
Run1) uncertainty

on WC
SqRIL TqLIL
VgRIL VqLIL
WC floating im 9 9 (SqLIL)
el Im O(107?)
9 Re O(1072)
Im O(1071)
VqgLIL
Re —
SqRIL Im O(107 1Y)
(SqLlL) Re O(1071h)
Im O(1079)
Uncertainties increase, TquL Re 0(10—3)
enerally within same
2rderofymagnitude _, VaRIL+VqLIL+ Im 0103 | ZIm 6(10% | Zm 010~ Y| Zm O(107?)
fits less stable | SqRIL+TqLlL | Re O(107%) | Re — Re O(107)| Re O(107?)

CERN-THESIS-2022-105


https://link.springer.com/article/10.1140/epjc/s10052-020-8304-0
https://arxiv.org/abs/1903.02567
https://arxiv.org/abs/1903.02567
https://cds.cern.ch/record/2824477
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B — D™y

» Ideally shape + rate analysis, i.e. R(D) vs R(D*) determination simultaneous to WC

» Sensitivity studies need to include the full set of (at times poorly known) backgrounds

» Additional observables can be used to constrain NP contributions - while preparing/in

addition to simultaneous R(D) vs R(D*) and angular analyses (e.g. longitudinal D*
po|arisation, measured by Belle FLD — 0.60 = 0.08(stat) + 0.04(Sy8t) arXiv:1903.03102, ...)

=g 0222—0.49.' 035} Toy
..... Il gv= -2. 03F 1
0.6 gv=12i A i Run T+IT+IIT _
_ W ev=-12i ‘
0.4 i ' ' ' ~ 0.2 _+_
. LTSS
- m ’ [
::E 0.2 < 005} .
. O fommmmm e e ke DOPPPNI .
0.0¢ ~0.05f
f -0.1F
-02}  vwwws WU ~0.15}
3 4 8 9 10 -0.2 :
i i 3 9 10 11
g~ [GeV~©] q? [GeV?/c4]

Becirevic et.al. arXiv:1602.03030

Well advanced: D* polarisation and angular coefficient analyses


https://arxiv.org/abs/1602.03030
https://arxiv.org/abs/1903.03102
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BY 5 D™y

» Ideally shape + rate analysis, i.e. R(D) vs R(D*) determination simultaneous to WC

» Sensitivity studies need to include the full set of (at times poorly known) backgrounds

» Better angular resolutions when using 3-prong hadronic tau decays

(m3 +m%,) |y | cosfpgoy + Ey\/(szo —m2,)2 — 4m%,|Py |2 sin® o y
2(EZ — |py|? cos? Opo y)

|[Ppo| =

Y = D* 17, estimated up to a two-fold ambiguity

I1s1

12¢

—_—
= W

B — D" 3x(X)
1 B - D" DYX)

—
at

Coefficient

—0.5 0.0 05 2 16¢

OOSGD

1.0 -1.0 —0.5 0.0

—-1.0 X
cos by,

0
x [rad]

P (

JHEP 06 (2021)177 |,

» Lower statistics than muonic decays samples, 18

large backgrounds, external inputs needed for
R(D), R(D¥)

D. Hill et.al., JHEP 11 (2019) 133

-+ Parametric fit

to true angles

+« 9! template fit to reco. angles & BDT

s~ 23 fb~! template fit
s~ 50 fb~! template fit

Ile

JJ ' 12s
_h;_Ll?;___‘_’_\__’_r—T:r— 1 B D7ty 1
—Ll ﬁ BT = D*r'v
- | [ B—= D" D!X) |
—— [ B - D DH(X) )

16s-

191

competitive —
with Belle-| e
(3-prong) e
06 —04 —02 00 0.2 0.4 0.6

g*integrated value



https://arxiv.org/pdf/1908.04643.pdf
https://arxiv.org/pdf/2105.02596.pdf
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» Probing baryonic decays - different spin structure

» Measurement of the shape of the

differential decay rate using Run-I dataset

» Low background level and smooth

acceptance across decay variables

v
-
<
wn

ys. Rev. D96 (2017) 112005

o O O
o O O

Candidates / (4 MeV)

x10°_

(b)

1
LHCb

(grey band)

Unfolded data distribution described

13/04/2023

Lattice Phys. Rev. D92 (2015) 034503

by single form factor fit (blue line)

27

dN.../ dg° [GeV?]
(\©)

o
N
TTTTTTTT]

LHCb

2300

2350
m(pK 7+) [MeV]

I S S
Final state Yield
Ac(2595)T 1" v, 8569 + 144
Ac(2625)T "7, 22965 + 266
Ac(2765) " w, 2975 4 225
Ac(2880) 7w, 1602 £ 95

AT v, X

(2.7440.02) x 10°

8

10

[GeV?]

unfolded


https://arxiv.org/pdf/1709.01920.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
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Baryons: A — Aty o

4

Study of the sensitivity with collected samples
to Real NP Wilson Coefficients for decays with
zero and non-zero Ab polarisation

2D Fits to gq2and cosBp for zero polarisation

case

Sensitivity compared to global fits to B—D(*)Iv
(M. Jung, D.M. Straub, JHEP 01 (2019) 009)

Free parameters | pK{ case | pK 7" case
e 0.005 0.001
o 0.046 0.018
e 0.020 0.007
o 0.091 0.039
Pyo 0.13 -

m 0.003 :

Re(CTL)

-0.1 1

-0.2 -

-0.3 1

-== SM
. B-D'Iv (JHEPO1 2019 009)
[ B-Dlv (JHEPO1 2019 009)

" B-Xv (JHEPO1 2019 009)
I pKs sensitivity
B pKn sensitivity

95% confidence intervals

-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20
RE(C VR)

-—- SM

0.3 1
o B-D™puv (JHEPO1 2019 009)
L B-Duv (JHEPO1 2019 009)
0.2 1 B pKs sensitivity

B pKn sensitivity

0.1 -

0.0

95% confidence int

15 1.0 0.5 0.0 0.5 1.0 15
Rre(Cs,)

M. Ferrillo et. al., JHEP 12 (2019) 148



https://arxiv.org/pdf/1909.04608.pdf
https://arxiv.org/abs/1801.01112
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Summary

» Angular analyses of SL decays are possible at LHCb ...
» ... with different challenges with respect to the B factories
» Started developing these analyses mainly from the semi-muonic decays

» More leptons, observables, b-hadrons and decay modes to come!



Back-up
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Candidates per 0.1 GeV/c?

Hadronic Form Factors measurements and |V, |

° . _— R Data ﬂ-
» First measurement of ’Vcb| using Bg — Dg*) /L+VM 45210 2156 ata LHCb o
o : 3 Al
_ > N
» Measure rate relative to B — D) /L_I_V,u E S
: : o
» Requires external inputs for ’VC()| a q
Q
_ C\J
» Measurement of decay rate as a function of p (D ), 2 T
IS o
proxy for g2 or recoil w (D< i energy in the Borest frame) é =
c
< >
AN s _NdF(]VCb],hAl,...) O 2
o X €(pL,Meorr) %60 7850 1900 1950 2000 205
dp | dMcorr dp | dmcory %00 1850 1900 1950 2000 20 0
My [MeV/c?] E
x103|”|””|””|” x10° o
B : D I I I I I I I
355— BO DS{ﬁvM LHCb— S BGL
30;_B2 —D; M+V“ . _ 8 Parameter Value
25 }Phys'bkg' """ jw V| [1073] 423 +0.8 (stat) 1.2 (ext)
[l Comb. bkg. ] — G(0) 1.097 +0.034 (stat) +0.001 (ext)
20F 1 O d —0.017 +0.007 (stat) & 0.001 (ext)
- AL 15 ds ~0.26 +£0.05 (stat)+0.00 (ext)
15} ] & b al ~0.06 +0.07 (stat)+0.01 (ext)
- 1 3 ap ag 0.037 £0.009 (stat) £0.001 (ext)
10¢ = w af 0.28 +0.26 (stat)+0.08 (ext)
N: 1o ¢ a’' 0.0031+0.0022 (stat) = 0.0006 (ext)
(= R =
4 4.5 5 55 @) 0.5 1 1.5 2 2.5
Mo [GEV/C?] D l(D ) [GeV/c!



https://arxiv.org/abs/2001.03225
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: Csbus LHCH
» First measurement of ’Vd,|using BO N D(*)_M+Vu % 3(5);1.0.. Y BS
» Measure rate relative to B° — D )_,u v, % :g
» Requires external inputs for ’Vd)| 5 255
» Measurement of decay rate as a function of p, (D ), g 20
proxy for g2 or recoil w (D< i energy in theBOrest frame) ?; ij
O s

1%00 1850 1900 1950 ‘2000 2050

2
AN pbs _N,dF(\VCb\,hAl,...) M- [MeV/c?]
d d - d d X 6(]&, mcorr)
P1LAMcorr P1LAM coryr
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I E 1 1 1
LHCb Slmulatlon 1 ALEPH [PLB 395, 373 (1997)] | :
= 1458 CLEO [PRL 82, 3746 (1999)] :
o 09 g Belle [PRD 93, 032006 (2016)] ax '-L._':'_.
= 14 ) E BaBar [PRD 79, 012002 (2009)] 1—'*"'—'
*g 0.8 . v BaBar [PRL 104, 011802 (2010)] 11
1.35 07 = ALEPH [PLB 395,373 (1997)] e |
. CLEO [PRL 89, 081803 (2002)] a
1.3 06 = OPAL [PLB 482, 15 (2000)] ....|__...
125 S OPAL [PLB 482, 15 (2000)] i
) 05 o DELPHI [PLB 510, 55 (2001)] ——
> DELPHI [EPJ C33, 213 (2004)] e
1. 04 :
e BaBar [PRD 77, 032002 (2008)] el
1.15 03 < BaBar [PRL 100, 231803 (2008)] '-':L
8 BaBar [PRD 79, 012002 (2009)]
1.1 0.2 o Belle [PRD 100, 052007 (2019)] oLy red
105 01 © BaBar [PRL 123,091801 (2019)] == Two FF
: . ‘= LHCb [LHCb-PAPER-2019-041] |'-'**._..;'._. G
L L L L O g T M
1 05 1 15 2 25 0 ‘a —Exclusive average (HFLAV 2019) | pa ram etrl Satl ons
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10 20 30 40
Phys. Rev. D101 (2020) 072004 V.1 [107]
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