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Main motivations

Lepton pair Bg — D: oz
e We have tensions in Vy, Ve and R(D)-R(D*)
w— Uy measurements (see M. Di Carlo talk for instance),
semileptonic decays could help us because:
. . . . e tree-level diagram, EW and QCD
Fg ‘;ii E i g% D e sensitivity to New Physics

s s Additionally:

Hadrons e simpler theoretical computations with respect to

B% and BT (due to s quark)
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LHCb experiment TG

see A. Lupato talk

o HCAL
ECAL Ms
SPD/PS win
Magnet RICH2 M2
T3

Goal: B-Physics, CP violation, etc.
Acceptance: 1.8 <17 < 4.9
Luminosity: 2 - 1032 cm 257!

B's/year: 102
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The decay kinematics

The analysis aims to measure the
decay rate in the space given by the
variables that describe the decay
kinematics:

q2, 927 ed’ X

q* = (PBQ - PD;*)2
6, and 6, are helicity angles
x angle between decay planes

We used Run 2 data, for a total of
~6fb! Z = Pp;/|Pp;|
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The differential decay width G

dr
dq?d cos 6,d cos H4d

x ZL’(QZ) Zi(0¢, 04, )

i

e I;(q?) functions encapsulate the hadronic interaction: we use CLN and BGL' models
to parametrise their expressions, or fit them with a model-independent approach

* Modifying the L-(q2) functions and considering a New Physics coupling constant eyp,
different structures for NP can be implemented:

I(q*) = L(q* enp)

e =i(0y, 04, x) are known functions of the angular variables

'Caprini-Lellouch-Neubert and Boyd-Grinstein-Lebed
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First steps of the analysis Y

Events selection : Channels
e D — KTK~ 7™ selection, ¢ and K* resonances B} — D~y
e D — Dy reconstruction, soft vy selection B} — Dy Ttu,
e charge of the identified muon opposite to that of D; B? — Ds1pvy,

B? — D17V
B® — D;"D&7)
B — D; D)

Bt — D; ' D*°
Ap = DAL

Combinatorial + misID

Then, background channels are rejected with:

e Plot to evaluate and subtract combinatorial
background for the photon emitted by D;

e cut on dedicated variable to suppress the
doubly-charmed decays (H, — H.D;)
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The signal yields TG

2 2
92 € [0.00, 1.83] GeV? q?€ [7.33,9.17] GV’

- 5D NI

1 m= B, — Dty
—Hy— Helv
m== Combinatorial

-5, Dal
= Hy— Helv
== Combinatorial

Extract signal yields using - T
Meorr = /Mo, + [Dil? + Ioissl
corr — Dip Pmiss Pmiss
Template binned fit over 4-d space, . .
extrapolation in two steps: 1] i
e Simultaneous fit over q? bins,
Variable Bin Edges Bins

integrating the angles

2 2

. . .. q° [GeV?] 0. 1.83 3.67 5.5 7.33 9.17 1. 6
e Second fit over all bins, fixing cos 0, 4. -05 0. 1. 3
3
5

cos Oy -. -0.5 0. 1
baCkgrOUnd templates x [rad] 0. 126 2.51 377 5.03 6.28
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The signal yields TG

Bin1211 Bin 6312

- 5DtV -5, DTV

- B; — DV 1{ Wm B; — D5 lv

- Hy— Helv o Hy—Helv

Extract signal yields using = Conper = Comber
} Data } Data

Meorr = /M., + [Piiss|2 + [Prmiss

corr — Dip Pmiss Pmiss £
Template binned fit over 4-d space, "l B

extrapolation in two steps: P RS B T o e—"
e Simultaneous fit over g2 bins,
Variable Bin Edges Bins

integrating the angles

2 2
. . .. q°[Gev"] 0. 183 3.67 55 7.33 9.17 M. 6
e Second fit over all bins, fixing cos 0, 4. -05 0. 1. 3
cos 6, -1 -0.5 0. 1 3
baCkgrOUnd templates x [rad] 0. 1.26 2.51 377 5.03 6.28 5

7/14 F.Manganella | Measurement of the differential distributions of BY — D uw,, decay with the LHCb detector


mailto:federico.manganella@cern.ch

Further steps

Once we extract the signal yield
distribution, we can:

e Unfold the distribution with migration
matrix + efficiency vector to account
for detector effects

77 [Gev?)

e Compare the unfolded distribution
with theory/other experiments

e Use the unfolded distribution to
perform a model-independent fit to
extract I;(q?) functions

Angular bin: cos 6,_cos 04_x
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Comparison with predictions

- El 3 -

2 s s B

5 = = s

= < < =

g 2 2 =

2 g g 2

T 05 05 c 2 o5
c s 3 c

= c = d

= = =

ESS3 CLN HFLAV
W BGL HPQCD
+ Unolded distribution

CLN HFLAV
e BGL HPQCD
<+ Unolded distribution

CLN HFLAV
W BGL HPQCD
+  Unolded distribution

CLN HFLAV
W BGL HPQCD
+ Unolded distribution

9% [GeV?]

Models used: HFLAV averages for CLN, HPQCD predictions for BGL

Visible tension in some bins

Something similar was observed comparing Belle data with HPQCD predictions, but
with different binning and with B — D*
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Model-independent I;(q?) determination

We can explicitly fit the Ii(qz) functions integrated over the q2 bins, without any
assumption on the hadronic model:

ds?

dr
NPred / / / / dq2 d cos 0yd cos Ogdx
k,p,q,r A2 JAcostyy A cos0a, Jax, dq?d cos 0,d cos Ogdx

2,5 —
& Z/A 2 (1 - mi/qz) ‘pD;‘ (qz)’L(qz) dq2 : / :‘i<9£70d7X) ds2
i 4ic

A

B Z ]i,k(qz) + Gi1(0e, 04, x) q* bins Ii(q?) functions
i

e

where ¢ 1(6¢, 04, x) are analytically computable. We have ~ 6 x 10 free parameters.
After the fit we can extract CLN/BGL parameters from the ],-(qz) shapes.
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Model-independent I;(q

2

) determination

1/14

Is |po; | (1 —m?/g?)? [a. u.]

—— CLN HFLAV —— CLN HFLAV
— BGLHPQCD — BGL HPQCD
4 Experimental data = + Experimental data
s
T 1
3
1
=)
T 05
S
- 2 |
0
o 2 4 & 10 o 2 4 6 10
q? [GeV?] 97 [GeVv?]
—— CLN HFLAV —— CLN HFLAY
— BGLHPQCD — BGL HPQCD
4 Experimental data = + Experimental data
S
~ 0
&
3
[
- 05
o
s
I |
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6
9% [GeV?]

9% [GeV?]

ar 9 5
. _x 1(q%)=i(6e, 6a,
dq?d cos 0,d cos 04dx (@ )Z H@)Zi(0e, 94, x)
o [Ils sin? 04 + Ic (3 + cos 204) + Iy sin? 04 cos 20,
+ Ipe(3 4 cos 264) cos 20, + I3 sin? 04 sin? 0p cos 2x
+ I4 sin 204 sin 20, cos x + Is sin 264 sin O, cos x

+ Igs sin® 04 cos 0y + Ic(3 + cos 264) cos O,
+ I7 sin 260, sin O, sin x + Ig sin 204 sin 20, sin x

+ Iy sin’ 04 sin’ 6y sin 2)4

We could extract information about NP,
because we expect some I;(q?) functions
to be zero in SM picture
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Other studies: Az asymmetry

We can build several observables to evaluate the
contribution of New Physics interaction, for instance the —

— BGL HPQCD

forward-backward asymmetry: ¥ Bxperimentalcata

tdr ° ar
2
= ———dcosby — L Py e
Arp(q”) {/o dq?d cos 0, cos b, /71 dq2d cos 0, cos O, /dq2
o 3 (Iés + 4160)
" 6l + 2461, — 2@y — 81y /

)
0

Ars(q?) [a. u.]

8 10

Compute the asymmetry for each g2 bin I —
using the fitted I;(q?) values

6
g2 [Gev?]
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Conclusions TG

e This work will lead to the first measurement of BY — D} uv,, differential distributions

* Computation of systematic uncertainties is ongoing, a first version of the internal
Analysis Note will be published soon

e |tis possible to directly test different New Physics scenarios, with both a
model-dependent and a model-independent approach
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Measurement of the differential
distributions of BY:=5 D¥uwy, decay

with the LHCb detector

Thank you for listening!

F. Manganella - November 13t 2024
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The differential width THED

arXiv:1801.10468

I(q*) = L(q* Ho,H+,He)

— IC(qZ) Zli(q2>3i(94, 04, X) and H; are written using
i CLN/BGL models

dr’
dq?d cos 0,d cos Oad

2
m?2
= N,|po; (¢%)] <1 - q;) : {Ils sin? 0y 4 I1c(3 + cos 26,)

+ Iys sin? A cos 20 + Ire(3 + cos 264) cos 26,
+ I3 sin? 6, sin? 6, cos 2x + Iy sin 204 sin 26, cos x + Is sin 204 sin 6, cos x

+ Igs sin? 04 cos 0y + Iec (3 + cos 264) cos by

+ I sin 20y sinfl7sin x + Ig sin 20, si gsmx-ﬁ-W@inx}

1/2(,.2 2 2
3G}|Vw|2B(D; — Dyy) ., A T(mpo,mpe,q%) s 9
- 128(27r)1m§0 Bo: (7)) = ———=—— Ax,y,2) =X +y’+7" —2xy—2x2—2yz

27

A
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CLN model

(mgp + mp: )2AV2(my, md., 42)As (q2) — A(mEy, m3, . ?)Aa(¢?)

Hy =
2mp; (mpo + mp:)+/q*
(mpo + mp; )?A1(q%) F A/?(m3y, mj., q*)V(q?)
Hy = - :
mBg + mDS*
N2 (mdy mb q?) m2, +md, — q?
Va mpoMp;
Ry (w)

Y = T ) ha, (W) = ha, (1)[1 — 8p%z(w) + (53p> — 15)z(w)?
ao00) = 2y, ) ~(231p% — 91)z(w)]]
Ar(w) = WT“R%M Ry(w) = Ry(1) — 0.12(w — 1) 4 0.05(w — 1)?
g (w) = < W ) Ry(w) = Ry(1) +0.11(w — 1) — 0.06(w — 1)?




BGL model

.7:1 (W)
Ho(W) = \/qu
Ha(w) = f(w) T mpmp, Vw2 — 1g(w) z(w) = ﬁm
()2 —1
He(w) = mp Y4 R o Fa(w)

n=0

1 g n F1
10 =5 d)f(z);aﬁz Fil®) = 5 %Z Za z"
1

n V)
P (2)g(2) = B wﬁ Z“ “

n=0




New Physics tensor

Gr B -
Hﬂe Heﬁc + ﬁVcb [el%cawj(l — v5)bla" (1 — vs5)vp + h.c.] oM =

c
A(B® = DX wy) = —L v, [HZML“’SM + e%HEEL““’NP}

NG
Hh = (D} (p;, em)| €OY(1 = 75)b |B)(pgp)) LY = OI(1 = 5)u

= HY = H\(T,, Ty, T)) IjNP = IJNP(H,“,‘f)



Kinematic variables reconstruction

We assume there is only one missing particle in the
final state and that Mpo is known (see JHEPo2(2017)021)

= Two fold ambiguity

pi:p\‘/‘is_a:t\/;

(mB? - msis - 2(p\fx})2) : p\Uis

2- ((p\Uis)z - Egis)

a =

2 2 1N\2y | 2
L (mBg = My — 2(py;)7) - Eyg (Eyis - p‘*,s)z
- 2 Il
4- <(p\"‘is)2 - E\%is) (pvis)2 - Egis

Regression algorithm gives a rough
estimate of pgo, we resolve the
ambiguity using
As = (Preg — P+)


https://link.springer.com/article/10.1007/JHEP02(2017)021

Two symmetric approaches

. 2 ATmeas ATpred T 1 ATmeas ATpred
Folded fit 2= (N L ) _ (N L )
C(Nmeas)

where NP =k-YL my- (AL(F)-E);  (AL(B) €)= ATy(F) - &

AT = expected yields distribution p = CLN/BGL parameters

1
C(Nunf)

- T -
Unfolded fit 2= (Nu"f /€~ k- AF(ﬁ)) (Nunf /€~ k- Ar(ﬁ))

where NU"f s obtained using Bayesian unfolding



Belle and HPQCD

arXiv:2304.03137
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CLN and BGL shapes from fitted I;(q?) functions

—— CLN model-dep fit —— CLN model-dep fit
——— CLN model-indep fit ——— CLN model-indep fit
- ¢ Experimental data _ { Experimental data
Q 0
3 3
= S 4
&~ 14 =
g g
& A
€ 13
|
o + 1054
§ 051 E *
= = o
04
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Where:

Is |po; | (1 = m?/q?)? [GeV®]

—— CLN model-dep fit
——— CLN model-indep fit
{ Experimental data

q? [GeV?]

e Model-dependent shape = extract model parameters from differential distribution

e Model-independent shape = extract model parameters from the fitted integrals
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